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Packed PilotDO.bootmesa (last edited by Luniewski on .October 16, 1980 2:39 PM) 

All RESIDENTDESCRIPTOR modules must also be IN! (An implementation restriction of PilotControl.) 
WARNING: If a procedure is RESIDENT, the entry vector for its containing module must also be RESIDEN 

**T. If a procedure is RESIDENTDESCRIPTOR,' the entry vector for its containing module must be RESIDENT 
**DESCRIPTOR or RESIDENT. Finally, if a procedure is IN, the entry vector for its containing module mu 
**st be IN or RESIDENT. 

WART: PilotControl; 

RESIDENT: 
BasicHeadsDO[EthernetOneHeadDO, EthernetHeadDO, GMTUsinglntervalTimer, ProcessorHeadDO, 

SA4000HeadDO, SA800HeadDO, UserTerminalHeadDO, SetGMTUsingEthernet, 
StartChainPlug], 

SPACE [Resident], 
FRAME [ResidentFrames]; 

RESIDENTDESCRIPTOR: 
FRAME [RandomCoolFrames], 
SPACE [SwappableSwapper], -- Yes, parts of the Swapper ARE swappable 
SPACE [FileAttributes, FileCreate, FileDelete, FileHelperProcess, 

Othello, OtherFileStuff, PhysicalVolume, Scavenger, 
VFMChangingSize, Volume], --FileMgr 

SPACE [SpaceCodeHacking, SpaceCopying, SpaceCreate, SpaceDelete, 
SpaceMap, SpaceMisc, SpaceRemap~ 
SpaceStatusOps, SpaceUnmap, VMMgrCommon, VMMHelperProcess], -- VMMgr 

SPACE [Frames, Processe~Hot, frocessesCold], -- MesaRu~time [FrameImpl, Processes] 
SPACE [SwappableSystem], -- Control [SystemImpl] 
SPACE [Abort, TransactionsCommon, TransactionsRunning]; 

IN: 
-- The following must be IN since they are RESIDENTDESCRIPTOR 
FRAME [RandomCoolFrames], 
SPACE [SwappableSwapper], -- Yes, parts of the Swapper ARE swappable 
SPACE [FileAttributes, FileCreate, FileDelete, FileHelperProcess, 

Othello, OtherFileStuff, PhysicalVolume, Scavenger, 
VFMChangingSize, Volume], '-- FileMgr 

SPACE [SpaceCodeHacking, SpaceCopying, SpaceCreate, SpaceDelete, 
SpaceMap, SpaceMisc, SpaceRemap, 
SpaceStatusOps, SpaceUnmap, VMMgrCommon, VMMHelperProcess], -~ VMMgr 

SPACE [Frames, ProcessesHot, ProcessesCold], -- MesaRuntime [FrameImpl, Processes] 
SPACE [SwappableSystem], -- Control [SystemImpl] 
SPACE [SwappableDiskDrivers], -- they make themselves resident when appr.opriate 
SPACE [Abort, TransactionsCommon, TransactionsRunning], 
-- The following are IN due to initialization requirements 
SPACE [CreateDelete], -- For ResidentHeap initialization 
SPACE [FileMgrInitialization], 
SPACE [ResidentInitialization], 
SPACE [Transactionslnitialization], 
SPACE [VMMgrInitialization]; 

NOTRAP: PilotControl, Traps; 

GFT: 512; 
MDSBASE: OB; 
PDABASE: 400B; 
PDAPAGES: 2; 
CODEBASE: 400B; 



UnpackedPilotDO.bootmesa 20-Nov-80 17:21:50 Page 1 

UnpackedPilotDO.bootmesa (last edited by: Forrest on: October 4, 1980 3:46 PM) 

Note: This version is for the DO only! (Dlion version has different Heads.) 

Note: 
** rol . ) 

All RESIDENTDESCRIPTOR modules must also be IN! (An implementation restriction of PilotCont 

-- Anything called from inside the FileImpl / VolumeImpl / SpaceImpl monitors must be Resident or Resid 
**entDescriptor because a pageFault would lock out the File Helper or VM Helper. 

-- In the text below, configurations are in alphabetical order; within a config, alphabetically by mod 
**ule or instance. 

WART: PilotControl; 

RESIDENT: 
BasicHeadsDO[EthernetHeadDO, EthernetOneHeadDO, GMTUsingIntervalTimer, 

ProcessorHeadDO, SA4000HeadDO, SA800HeadDO, UserTerminalHeadDO, 
SetGMTUsingEthernet, StartChainPlug], 

Control[SystemImpl], -- Has a cleanup procedure. 
DiskDrivers[DiskChannelImpl, StartChainPlug, DiskDriverSharedImpl, SA4000Impl], 
Filer[FileCacheImpl, FilerControl, FilerExceptionImpl, FilerTransferImpl, 

FileTaskImpl, SubVolumeImpl], 
-- Processes is temporarily resident until the replacement process is fixed 
MesaRuntime[BootSwapCross, Instructions, PilotNub, Processes, Signals, Traps], 
Misc[ResidentHeapImpl, StreamImpl, UtilitiesImpl, ZoneImpl], 
Runtime~erf[PilotCounter, PilotPerfMonitor], 
Swapper[CachedRegionImplA, CachedRegionImplB, CachedSpacelmpl, 

MStoreImpl, PageFaultlmpl, ResidentMemoryImpl, SimpleSpacelmpl, 
SwapBufferImpl, SwapperControl, SwapperExceptionlmpl, 
SwapTasklmpl], 

UserTerminal[UserTerminallmpl]; 

RESIDENTDESCRIPTOR: 
FileMgr[FileImpl, PhysicalVolumelmpl, VolAllocMapImpl, VolFileMaplmpl, VolumeImpl, 

MarkerPagelmpl, ScavengeImpl], 
Runtime[FrameImpl], 
RuntimePerf[PilotPerfMonitor], 
Transactions[TransactionImpl, TransactionLoglmpl], -- may be called from 

-- inside the FileImpl monitor. . 
VMMgr[MapLogImpl], HConfig[HierarchyImpl], PConfig[Projectionlmpl], 

VMMgr[SpacelmplA], -- contains VM Helper process. . ......... ) - J 1'­

--SpaceImplB is not necessary for VM Helper process. ~- \tJ !'<c) I'\. Lq 
VVMMgr[STLeaflmpl], HConfig[STreeImpl]; 

IN: 
Control[PilotControl], 
FileMgr[FileImpl, PhysicalVolumeImpl, VolAllocMapImpl, VolFileMapImpl, VolumeImpl, 

MarkerPagelmpl, Scavengelmpl], 
Runtime[FrameImpl], 
RuntimePerf[PilotPerfMonitor], 
Transactions[Transactionlmpl, TransactionLoglmpl], 
VMMgr[MapLoglmpl], HConfig[Hierarchylmpl], PConfig[Projectionlmpl], 

VMMgr[SpaceImplA], 
VMMgr[SpaceImplB], -- not necessary for VM Helper process. 
VMMgr[ STLeafImpl], HConfig[STreelmpl], 
VMMgr[VMMControl]; not necessary for VM Helper process. 

NOTRAP: PilotControl, Traps; 

GFT: 512; 
MDSBASE: OB; 
PDABASE: 400B; 
PDAPAGES: 2; 
CODEBASE: 400B; 

Change Log: 
Knutsen Aug 13, .1980 11:24 AM Made Pi)otControl an IN; deleted TransactionStateImpl; SpaceImplB 

**didn't need to be ResDesc 
-- Jose/Knutsen August 14, 1980 3:54 PM Added SA800HeadDO to HeadsDO; VMMControl didn't need to b 
**e ResDesc 
-- McJones August 19, 1980 5:04 PM Renam~d from Pilot.bootmesa; HeadsDO=)BasicHeadsDO 
-- Luniewski August 22, 1980 4:49 'PM Made SystemImpl (temporarily?) resident 
--.Luniewsk~ August 27,1980 9:10 AM Made Processes (temporarily?) resident 
--.BLyonAugust 28, 1980 9:29 AM Renamed Ethernet· to EthernetOne* 

------_ .. _-_._-_ ... __ .. ... - -----_ .•.. _. __ .-.. -_._--_ .... __ ... _-_._-----_._----'-------
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McJones August 29, 19ao 3:09 PM Deleted InterruptKey 
HGM September 9, 19aO 1:19 AM Add EthernetHead . 
McJones September la, 19ao 11:27 AM Changed PDABASE to 400B, PDAPAGES to 2, and GFT to 512 
Forrest September 20, 1980 3:48 PM made from DO Version 
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UtilityPilot.bootmesa (last edited by: McJones on: September 17, 1980 1:08 PM) 

WART: PilotControl; 
RESIDENT: ALL; 
NOTRAP: PilotControl, Traps; 

GFT: 256; 
MDSBASE: OB; 
PDABASE: 400B; 
PDAPAGES: 1; 
CODEBASE: 4008; 

Knutsen Jul 2, 1980 12:20 PM ? 
-- McJones September 17, 1980 1:08 PM Changed PDABASE to 400B 

------.-.---- .. -._-- ----------------'--------~-

Page 1 
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-- DiagnosticPilot.bootmesa (last edited by McJones on ,September 18, 1980 11:34 AM) 

WART: PilotControl; 
RESIDENT: ALL; 
NOTRAP: PilotControl, Traps; 

GFT: 256; 
MDSBASE: OB; 
PDABASE: 400B; 
PDAPAGES: 1; 
CODEBASE: 400B; 

Fay July 23, 1980 2:59 PM ? 
-- McJones September 18, 1980 11:34 AM Changed PDABASE to 400B 

Page 1 
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Germ.bootmesa (last edited by: McJones on: July 11, 1980 4:18 PM) 

WART: BootSwapGerm; 
RESIDENT: ALL; 
NOTRAP: BootSwapGerm; 

GFT: 128; 
MDSBASE: 7000B; 
CODEBASE: 7002B; 
PDAPAGES: 1; 
FRAMEPAGES: 0; 

FRAMEWEIGHT: 0,19; 
FRAMEWEIGHT: 1,4; 
FRAMEWEIGHT: 2,4; 
FRAMEWEIGHT: 3,3; 
FRAMEWEIGHT: 4,1; 
FRAMEWEIGHT: 6,2; 
FRAMEWEIGHT: 6,3; 
FRAMEWEIGHT: 7,0; 
FRAMEWEIGHT: 8,1; 
FRAMEWEIGHT: 9,0; 
FRAMEWEIGHT: 10,0; 
FRAMEWEIGHT: 11,0; 

. FRAMEWEIGHT: 12,0; 
FRAMEWEIGHT: 13,0; 
FRAMEWEIGHT: 14,0; 
FRAMEWEIGHT: 16,0; 
FRAMEWEIGHT: 16,0; 
FRAMEWEIGHT: 17,0; 
FRAMEWEIGHT: 18,0; 

...... -...... -.-..... -.- -------_._--'--
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-- TotaIPack.pack, last edited by Luniewski on: October 16, 1980 3:06 PM 

-- Communication.pack, last editted by BLyon, on October 14,1980 9:43 AM 

LowestCommLevels: SEGMENT = 
BEGIN 
QueuesCantSleep: CODE PACK = 
BEGIN 
-- this stuffis always doing sometihing when communications is on 
DispatcherImpl [ 
MainDispatcher, PutOnGlobalInputQueue, PutOnGlobalDoneQueue, DummyInputer]; 

SystemBufferPoolImpl [RetumFreeBuffer, GetInputBuffer]; 
Queuelmpl [Enqueue, Dequeue]; . 
StatsHot [StatIncr, StatBump]; 
END; 

QueuesHot: CODE PACK = 
BEGIN 
-- this stuffis very active when some communications is running 
DispatcherImpl [SendToNextNetwork]; 
SystemBufferPoolImpl [ 
GetFreeBuffer, MaybeGetFreeBuffer, GetFreeOisBuffer, MaybeGetFreeOisBuffer, 
GetFrer.PupBuffer, MaybeGetFreePupBuffl!r]; 

BufferPoolImpl [ 
GetFreeSendBufferFromPool, GetFreeReceiveBufferFromPool, 
MaybeGetFreeSendBufferFromPool, MaybeGetFreeReceiveBufferFromPool, 
GetFreeSendOisBufferFromPool, GetFreeReceiveOisBufferFromPool, 
GetFreeSendSppBufferFromPool, GetFreeReceiveSppBufferFromPool, 
MaybeGetFreeSendOisBufferFromPool, MaybeGetFreeReceiveOisBufferFromPool, 
MaybeGetFreeSendSppBufferFromPool, MaybeGetFreeReceiveSppBufferFromPool, 
RetumSendBufferToPool, RetumReceiveBufferToPool, RetumBufferToCorrectPool]; 

END; . 

EthemetCantSleep: CODE PACK = 
BEGIN 
-- this stuff is always active if communications is turned on 
EthemetDriver [Watcher, SmashCSBs, AddEntry]; 
END; 

EthemetOneCantSleep: CODE PACK = 
BEGIN 
-- this stuff is always active if communications is turned on 
EthemetOneDriver [Watcher, SmashCSBs, AddEntry]; 
END; 

SocketsAndRouterCantSleep: CODE PACK = 
BEGIN 
-- this stuffis always active ifcommunications is turned on 
RoutingTableImpl [RoutingTableUpdater, FindNetworkNumber, RemoveEn~, AddEntry]; 
~D; .. . 

EthemetOneHot: CODE PACK = 
BEGIN 
EthemetOneDriver [ 
DecapsulateBuffer, InInterrupt, AddAddressPair, DeallocateEntry, Demon, 
SendRequest] ; 

END; 

EthemetHot: CODE PACK = 
BEGIN 
EthemetDriver [ 

1 



-- TotaIPack.pack, last edited by Luniewskz on: October 16,1980 3:06 PM 

DecapsulateBuffer, InInterrupt, AddAddressPair, DeallocateEntry, Demon, 
SendRequest]; 

END; 

EthernetOneOut: CODE PACK = 
BEGIN 
EthemetOneDriver [ 
OutInterrupt, EncapsulatePup, EncapsulateOis, ForwardBuffer, 
SendBuffer, SendBufferinternal, Translate, FindEntry, RemoveEntry]; 

END; 

EthernetOut: CODE PACK = 
BEGIN 
EthemetDriver [ 
OutInterrupt, EncapsulateOis, EncapsulatePup, ForwardBuffer, SendBuffer, 
SendBufferintemal, Translate, FindEntry, RemoveEntry]; 

END; . 

PhonesHot: CODE PACK = 
BEGIN 
PhoneNetworkDriver [ . 
FrameAny, OISFrameIt, PupFrameIt, TypeOfBuffer, SendFrame, 
SendWait, TranslateChannelStatus, PreemptedSending, ForwardFrame, 
Receiver, AwaitAndDisposeOfFrame, StatsNop; InterruptNop, 
DoGet, StatusChange Wait, ProcessStatusChange, StatIncr, StatBump, 
EnqueueSend, Sender, DequeueSend]; 

END; 

PhonesHalIDup: CODE PACK = 
BEGIN 
HalfDuplexImpl [ 
TimerProcess, WaitTimer, StartTimer, SetTimer, WaitToSend, 
SendCompleted, CheckForTumAround, NotifyOurTurnToSend, 
AwaitCTS, SendL T A, ClearOurTurn, A waitNoSending, StatIncr, 
StatBump, MAIN, Initialize, Destroy]; 

END; 

SocketsAndRouterHot: CODE PACK = 
BEGIN 
Socketlmpl [packagelntoCrate]; 
RouterImpl [ReceivePacket, DeliveredToLocalSocket, PacketHit]; 
PilotCommUtil [CopyLong]; 
ChecksumsImpl [TestChecksum]; 
END; 

SocketsReceive: CODE PACK = 
BEGIN 
SocketImpl [Get, TransferWait, TransferWaitAny, GetPacket]; 
END; 

SocketsAndRouterSend: CODE PACK = 
BEGIN 
Socketlmpl [put, PutPacket]; 
Routerlmpl [SendPacket, SendBroadcastPacket]; 
RoutingTableImpl [ 
FindNetworkAndTransmit, N otifyTransmitCompleted, ForwardPacket, 
FindDestinationRelativeNetID]; . 

ChecksumsImpl [SetChecksum]; 
END; 
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-- TotaIPack.pack. last edited by Luniewski on: October 16.1980 3:06 PM 

Cool: CODE PACK = 
BEGIN . 
QueueImpl [QueueInitialize, QueueCleanup]; 
BufferPoolImpl [ 
RetumBufferToPool, RetumReceiveBufferToCorrectPool, EnumerateBuffersInPool]; 

SystemBufferPoolImpl [ 
GetSystemBufferPool, GetWordsPerIocb, GetBufferPanns, BuffersLeft, 
DataWordsPerPupBuffer]; 

RouterImpl [AssignOisAddress]; 
SocketImpl [AssignNetworkAddress]; 
Boss [GetDeviceChain]; 
EthemetOneDriver [GetEthemetHostNumber]; 
END; 

SocketCreation: CODE PACK = 
BEGIN 
RouterImpl [AddSocket, AssignDestinationRelativeOisAddress]; 
SocketImpl [ 
Create, CreateInternal, SetWaitTime, MilliSecondsToPulses, GetBufferPool]; 

BufferPoolImpl [BufferPoolM(;lke]; 
PilotCommUtil [AllocateBuffers, AllocateIocbs, LockBuffers]; 
END; 

SocketDeletion: CODE PACK = 
BEGIN 
SocketImpl [Delete, Abort, Reset, GetStatus]; 
RouterImpl [RemoveSocket]; 
BufferPoolImpl [BufferPoolDestroy]; 
SystemBufferPoollmpl [FreeQueueDestroy]; 
PilotCommUtil [FreeIocbs, FreeBuffers, UnlockBuffers]; 
END; 

RouterCool: CODE PACK = 
BEGIN 
RouterImpl [ 
FindMyHostID, GetOisPacketTextLength, SetOisPacketTextLength, 
SetOisPacketLength, SetOisStonny, SetOisCheckit, SetOisDriverLoopback]; 

RoutingTableJmpl [ 
AddNetwork, AddNetworkLocked, RemoveNetwork, RemoveNetworkLocked, 
StateChanged, ProbeAnlntemetRouter, FindNetwork]; 

END; 

QueuesCool: CODE PACK = 
BEGIN 
DispatcherImpl [ 
Dummy AddDelete, Dummy Broadcaster, DummyStateChanged, GetPupROl.].ter, 
GetOisRouter]; . ' 

SystemBufferPoollmpl [ 
Data WordsPerRaw Buffer, Data WordsPerOisBuffer, Data WordsPerSppBuffer, 
GetClumpOfPupBuffers]; 

BufferPoolImpl [ 
RetumSendBufferToCorrectPool, BuffersLeftlnPool, SendBuffersLeftInPool, 
ReceiveBuffersLeftInPool] ; 

QueueImpl [ExtractFromQueue]; 
END; 

PhonesCool: CODE PACK = 
BEGIN 

3 



-- TotaIPack.pack, last edited by Luniewskl on: October 16, 1980 3:06 PM 

PhoneNetworkDriver [ _ 
MAIN, ActivateTransporter, KillTransporter, CreatePhonePath, PreemptCleanup, 
Initialize, Destroy, CreateSendReceiveProcesses, CheckPath, 
RemoveSendReceiveProcesses, N otifySenderToGoAway, NotifyDialComplete, 
WaitDiaIComplete]; 

PhoneNetworkImpl [ 
MAIN, FindPhonePath, Know AboutPhonePath, ForgetAboutPhonePath, 
AppendString]; 

END; 

CommonCold: CODE PACK = 
BEGIN 
PilotCommUtil [SecondsToTocks, MsToTocks]; 
Boss [GetGiantVector, AddDeviceToChain, RemoveDeviceFromChain, 
SmashDeviceChain, GetNthDevice, GetNetworkID, SetNetworkID]; 

DispatcherImpl [SetOisRouter, SetPupRouter]; 
SystemBufferPoolImpl [AdjustBufferPanns, Set W ordsPerIocb]; 
EthernetOneDriver [AdjustLengtoOfDOEthernetInputQueue]; 
EthernetDriver [AdjustLengtoOfDOEthernetInputQueue]; 
RoutingTableImpl [SetRouterFunction, GetRouterFunction]; . 
END; 

CommunicationTumOn: CODE PACK = 
BEGIN 
-- start-up + finish-up procedures 
CommunicationControl [OiscpPackageMake]; 
Boss [OiscpPackageReady, CommPackageReady, CommPackageGo];· 
EthernetDriver [ . 
MAIN, CreateDefaultEthernetDrivers, CreateAnEthernetDriver, SetupEthernetDriver, 
ActivateDriver]; 

EthernetOneDriver [ 
MAIN, CreateDefaultEthernetOneDrivers, CreateAnEthernetOneDriver, 
SetupEthernetOneDriver, ActivateDriver]; 

PilotCommUtil [Zero]; 
DispatcherImpl [DispatcherOn]; 
SystemBufferPoolImpl [FreeQueueMake]; 
RouterImpl [OisRouterOn]; 
RoutingTableImpl [RoutingTableOn]; 
SocketImpl [SocketOn]; 
END; 

CommunicationTurnOff: CODE PACK = 
BEGIN 
Communication Control [OiscpPackageDestroy]; 
Boss [ConunPackageOff]; 
EthernetDriver [DeactivateDriver, DeleteDriver]; 
EthernetOneDriver [DeactivateDriver, DeleteDriver]; 
DispatcherImpl [DispatcherOff]; 
RouterImpl [OisRouterOff]; 
RoutingTableImpI [RoutingTableOff]; 
END; 

CommunicationDeepFreeze: CODE PACK = 
BEGIN 
-- in order olST ARTs 
Communication Control [ 
MAIN, InitializeCommunication, Startup Communication] ; 

StatsHot [MAIN]; . 
PilotCommUtiI [MAIN, CaptureErrors, DefaultErrorHandIer, Glitch]; 

--_. ----------
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-- TotaIPack.pack, last edited by Luniewski on: October 16, 1980 3:06 PM 

Boss [MAIN]; 
SystemBufferPoolImpl [MAIN]; 
QueueImpl [MAIN]; 
BufferPoolImpl [MAIN]; 
DispatcherImpl [MAIN]; 
ChecksumsImpl [MAIN]; 
RouterImpl [MAIN]; 
RoutingTableImpl [MAIN]; 
SocketImpl [MAIN]; 
END; 

SocketsAndRouterINRs: CODE PACK = 
BEGIN 
RoutingTableImpl [ 
InternetRouterServer, SendRoutingInfoResponse, RoutingInformationPacket]; 

ChecksumsImpl [IncrOisTransportControIAndUpdateChecksum]; 
END; 

ShitCan: CODE PACK = 
BEGIN 
B<.'ss [Get1)oStats, GetUseCount]; 
ChecksumsImpl [SlowlyComputeChecksum]; 
SystemBufferPoolImpl [ 
GetClumpOfRppBuffers, GetFreeRppBuffer, MaybeGetFreeRppBuffer]; 

END; 
END; 

HighCommLevels: SEGMENT = 
BEGIN 
Hot: CODE PACK = 
BEGIN 
PacketStreamInstance [ 
TakeFromUser, GetForUser, WaitForAttention, 
ReturnGetSppDataBuffer, SendSystemPacket, PutPacketOnSocketChannel, 
Retransmitter, Receiver, GotSequencedPacket, AttentionPacketProcessed, 
UpdateAttnSeqTable, GotErrorPacket]; 

NetworkStreamlnstance [SendNow, FlushOutputBuffer]; 
END; 

Warm: CODE PACK = 
BEGIN 
NetworkStreamInstance [ _ 
GetByte, GetW ord, GetBlock, PutBlock, PutByte, PutWord, SetSST, 
SendAttention, WaitAttention]; 

END; 

Cool: CODE PACK = 
BEGIN 
PacketStreamInstance [ 
MAIN, SuspendStream, SuspendStreamLocked, SetWaitTime, 
FindAddresses, GetSenderSizeLimit, EstablishThisConnection, 
ActivelyEstablish, WaitUntilEstablished, Delete, MilliSecondsToPulses]; 

PacketStreamMgr [ 
MAIN, Make, Destroy, GetUniqueConnectionID, InsertIntoConnectionTable, 
RemoveFromConnectionTable, ConnectionAlreadyThere]; 

NetworkStreamInstance [MAIN, Delete]; 
NetworkStreamMgr [ _ 
MAIN, Create, AssignNetworkAddress, FindAddresses, SetWaitTime, 
CreateListener, DeleteListener, CreateTransducer, Clo~e, CloseReply, 

----------,--,-------------,--,-,-----,---------,-
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-- TotaIPack.pack, last edited by Luniewski on: October 16, 1980 3:06 PM 

Listen]; 
END; 

TheEchoServer: CODE PACK = 
BEGIN 
EchoServerImpl [MAIN, Create Server, DeleteServer, EchoServer]; 
END; 

END; 

-- ControlPack last edited by Luniewski September 2, 1980 12: 11 PM 

Control: SEGMENT = 
BEGIN 

ResidentSystem: CODE PACK = 
BEGIN 
SystemImpl [InitializeUIDCleanup]; -- A cleanup procedure 
END; 

SwappableGystem: CODEPACK = 
BEGIN . 
SystemImpl EXCEPT Initialization, ResidentSystem; 
END; 

Initialization: CODE PACK = 
BEGIN 
PilotControl; 
SystemImpl [MAIN]; 
END; 

END; 

-- DiskDriversPack last edited by Forrest September 20,1980 8:16 PM 

DiskDrivers: SEGMENT = 
BEGIN 

Resident: CODE PACK = 
BEGIN 
DiskChannelImpl EXCEPT Initialization; 
DiskDriverSharedImpl EXCEPT Initialization; 
SA4000Impl EXCEPT Initialization; 
DiskDrivers.StartChainPlug [Start]; 
END; 

SwappableDiskDrivers: CODE PACK = 
BEGIN 
FloppyChannelImpl EXCEPT Initialization; 
SA800Impl EXCEPT Initialization; 
END; 

Initialization: CODE PACK = 
BEGIN. 
DiskChannelImpl [MAIN]; 
DiskDriverSharedImpl [MAIN]; 
FloppyChannelImpl [MAIN, RegisterDrives]; 
SA4000Impl [InitGlobals, MAIN, RegisterDrives]; 
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-- TotaIPack.pack, last edited by Luniewski on: October 16, 1980 3:06 PM 

SA800Impl [MAIN, RegisterDriverProcs]; 
DiskDrivers.StartChainPlug [MAIN]; 
END; 

END; 

-- FileMgrPack last edited by Luniewski October 14, 1980 8:51 AM. 

FileMgr: SEGMENT = 
BEGIN 

-- The hottest pack - in the center o/the page/ault loop 

FileHelperProcess: CODE PACK = 
BEGIN 
FileImpl [FileHelperProcess, GetFileDescriptorSignals, GetFileDescriptor]; 
VolAllocMapImpl [Close]; 
VolFileMapImpl [Close, ContextSet, Find, Get, GetPageGroup, Lower, ReadNext]; 
-- We include GetAttributes, GetLabelString, GetLogicalRootPage and GetStatus here as they fit and are (or are presumed 

tobe) calledjrequently called in the development environment 
Volumelmpl [Activate, Deactivate, GetAttributes, GetLabelString, GetLogicalRootPage, GetNext, 

GetStatus, LogicalVolumeFind, LVGetEntryPointer, LVGetStatus, VolumeAccess]; 
END; 

-- Procedures needed by the VMMHelperProcess 

VMMHelperProcs: CODE PACK = 
BEGIN 
FileImpl [GetFileAttributes]; 
END; 

-- Volume File Map growing/shrinking 

VFMChangingSize: CODE PACK = 
BEGIN 
VolAllocMapImpl [AccessVAM, AllocPageGroup, FreePageGroup]; 
VolFileMapImpl [Create VPage, Delete, DeletePageGroup, Free VPage, Insert, InsertPageGroup, 

. Merge, PutNext, Split, Xtra]; 
END; 

-- File Creation 

FileCreate: CODE PACK = 
BEGIN 
FileImpl [Create, Create WithID, Create WithIDExternal, Create WithIDInternal, TmpsEnter, 

TmpsGet, TmpsGrow]; 
END; 

- File Deletion 

FileDelete: CODE PACK = 
BEGIN 
FileImpl [Delete, DeleteCommon, DeleteFileOn Volume Internal, DeleteImmutable, 

TmpsRemove]; 
END; 

-- File Attributes 

FileAttributes: CODE PACK = 
BEGIN 
FileImpl [ChangeAttributes, ChangeAttributesInternal, GetAttributes, GetSize, IsOn Volume, 

MakeImmutable, MakeMutable, MakePermanent, MakeTemporary, SetSize, SetSizelnternal]; 
END; 

-- Used by map logging 

...... _ .... __ ....... _ .. _ ... _ ....... _._ .............................. ------------~----. 
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-- TotaIPack.pack, last edited by Luniewskl on: October 16,1980 3:06 PM 

MapLogging: CODE PACK = 
BEGIN 
Filelmpl [GetFilePoint, GetVIDAndGroup]; 
END; 

-- Miscellaneous File stuff 

OtherFileStuff: CODE PACK = 
BEGIN 
Filelmpl [GetBootLocation, MakeBootable, MakeBootableOrUnbootable, MakeUnbootable, 

SetDebuggerFiles] ; 
END; 

-- Transactions related stuff 

TransactionRelated: CODE PACK = 
BEGIN 
FileImpl. [LogContents, TxCreate, TxMakePerm, TxSetSize]; 
END; 

-- Scavenging stu./l 

Scavenger: CODE PACK = 
BEGIN 
Scavengelmpl[Vam, DeleteLog, DeleteLogFile, DeleteOrphanPage, GetLog, ReadBadPage, 

ReadOrphanPage, RewritePage, Scavenge, OpenScavengeContext, CreateLogFile, 
CloseScavengeContext, OpenLogFile, PutWords, EnumerateFiles, PutHeader, CloseLogFile, 
GetBadList, ScavengeVolume, VamFind, Vfm, VamSize, Vamlnit, VamMarkBadPage, 
VamPieceErase, VamPieceRebuild, VfinPieceRebuild]; 

VolFileMapJmpl [InitMap]; . 
Volumelmpl [BeginScavenging, EndScavenging]; 
END; 

-- Volume stuff- it should seldom be used 

Volume: CODE PACK = 
BEGIN 
Filelmpl [Close VolumeAndFlushFiles, DeleteTempslntemal, DeleteTmpsIntemalN ew, 

DeleteTmpslntemalOld, Open VolumeAndDeleteTemps]; 
VolFileMaplmpl [GetNextFile]; 
Volumelmpl [Close, CloseLogicalVolume, GetRootFile, IsOnServer, Open, OpenLogicalVolume, 

OpenLogicalVolumelntemal, OpenVolume, PutRootFile, SetRootFile, SignalVolumeAccess]; 
END; 

.- PhysicalVolume stuff- it should seldom be used 

PhysicalVolume: CODE PACK = 
BEGIN 
MarkerPagelmpl [Enter, EnterMarkerID, Find, Findlntemal, Flush]; 
PhysicalVolumeImpl [AssertN otAPilotVolume, AssertPilot Volume, AwaitStateChange, 

CheckPhysicalRootLabel, DriveSize, Finish WithNonPilotVolume, GetAttributes, GetDrive, 
GetHandle, GetHints, GetNext, GetNextDrive, GetNextLogicalVolume, GetPVDrive, 
InterpretHandle, IsReady, Offiine, PhysicalRootPageAccess, PhysicalRootPageAccesslntemal, 
PhysicalRootPageCheck, PhysicalRootPageMap, PhysicalRootPageUnmap, 
PhysicalVolumeOffLinelnternal, PhysicalVolumeOnLinelnternal, RegisterPv Info, 
RegisterSubvolumeMarker, ValidateDrive]; 

Volumelmpl [CheckLogicaIVolume, EnterLV, FindLogicalVolume, GetL VStatus, 
LogicalVolumeCheck, LogicalVolumeDebuggerCheck, LogicalVolumeLike, 
LogicalVolumeOffLine, L VDecrementPieceCount, PinnedFileEnter, PinnedFileFlush, 
ReadAndCheckLogicalRootLabel, RegisterLogicalSubvolume, RegisterVFiles, 
SubvolumeOffiine, SubvolumeOnline, UnregisterVFiles, VFileEnter]; 

END; 

-- Code used primarily by Othello 

---------'-----_._--_ ........ _ ............. . 
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-- TotaIPack.pack, last edited by Luniewski on: October 16, 1980 3:06 PM 

Othello: CODE PACK = 
BEGIN 
MarkerPageImpl [CreateMarkerPage, GetNextPhysicalVolume, MarkerPageMap, 

MarkerPage U nmap, UpdateLogicalMarkerPages, UpdatePhysicaIMarkerPages]; 
PhysicalVolumeImpl [AccessPhysicaIVolumeRootPage, CreateLogicalVolume, 

CreatePhysicalVolume, EraseLogicalVolume, GetContainingPhysicalVolume, 
GetNextBadPage, GetNextSub Volume, GetPhysicalVolumeAttributes, 
GetPhysicalVolumeBootFiles, GetSub VolumeAttributes, MarkPageBad, . 
SetPhysicalVolumeBootFiles]; 

VolumeImpl [DriveSize, GetContainingPhysicalVolume, GetLogicalVolumeBootFiles, GetType, 
LogicalVolumeCreate, LogicalVolumeErase, SetLogical VolumeBootFiles]; 

END; 

-- The coldest pack - initialization code 

FileMgrInitialization: CODE PACK = -- initially resident 
BEGIN 
FileImpl [InitializeFileMgr, MAIN, Move, Pin]; -- Pin is onlycalled by PilotControL Move is here only since it is 

unimplemented ReplicateImmutable is also implicitly here as it is the same procedure body as Move. 
MarkerPageImpl [MAIN]; 
PhysicalVolumeImpl [InitDisks, MAIN]; 
SrcwengeImpl [Initialize, MAIN]; 
VolAllocMapImpl [MAIN]; 
VolFileMapImpl [MAIN]; 
VolumeImpl [OpenInitiaIVolumes, MAIN]; 
END; 

END; 
-- FilerPack last edited July 10,1980 1:20 PM by Luniewski. 

Filer: SEGMENT = 
BEGIN 

-- Resident code - by definition! 

Resident: CODE PACK = 
BEOIN 
FileCacheImpl EXCEPT Initialization; 
FilerExceptionImpl EXCEPT Initialization; 
FilerTransferImpl EXCEPT Initialization; 
FileTaskImpl EXCEPT Initialization; 
Sub VolumeImpl EXCEPT Initialization; 
END; 

-- Initialization code 

Initialization: CODE PACK = -- initially resident 
BEGIN 
FileCacheImpl [Initialize, MAIN]; 
FilerControl; 
FilerExceptionImpl [MAIN]; 

. FilerTransferImpl [MAIN]; 
FileTaskImpl [MAIN]; 
SubVolumeImpl [MAIN]; 
END; 

END; 
-- MesaRuntimePack last edited by Luniewski October 16, 1980 11:33 AM 

MesaRuntime: SEGMENT = 
BEGIN 

Resident: CODE PACK = 
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-- TotaIPack.pack, last edited by Luniewsk'i on: October 16, 1980 3:06 PM 

BEGIN 
BootSwapCross EXCEPT Initialization; 
Instructions EXCEPT Initialization; 
PilotNub EXCEPT Initialization; 
Processes [Yield]; 
Signals EXCEPT Initialization; 
Traps EXCEPT Initialization; 
-- make these resident so BootButton will always work 
-- and on the Dandelion the funny memory crockery will work 
SnapshotImpl [BootButton, InLoadFromBootLocation]; 
END; 

Frames: CODE PACK = 
BEGIN 
FrameImpl EXCEPT Initialization; 
END; 

ProcessesHot: CODE PACK = 
BEGIN 
Processes [CheckProcess, Detach, End, Fork, GetPriority, MsecToTicks, Pause, SecondsToTicks, 

SetPriority, SetTimeout, TicksToMsec]; 
END; 

ProcessesCold: CODE PACK = 
BEGIN 
Processes EXCEPT Initialization, ProcessesHot, Resident; 
END; 

InLoadOutLoad:-CODEPACK = 
BEGIN 
SnapshotImpl [BootFromFile, BootFrom Volume, BootFromPhysicalVolume, GetBootFileSize, 

GetDevice, InLoad, OutLoad]; -
END; 

SnapshotMisc: CODE PACK = 
BEGIN 
SnapshotImpl [Insta1IPhysicalVolumeBootFile, InstallVolumeBootFile, MakeBootable, 

MakeUnbootable]; 
END; 

Initialization: CODE PACK = 
BEGIN 
BootSwapCross [MAIN]; 
FrameImpl [InitializeFrames, MAIN]; 
Instructions [Initialize, MAIN]; 
PilotNub [InitializeInterrupt, InitializePilotNub, Install, MAIN]; 
Processes [Initialize, MAIN]; 
Signals [Initialize, MAIN]; 
SnapshotImpl [InitializeSnapshot, MAIN];­
Traps [Initialize, MAIN]; 
END; 

END; 

-- MiscPack last edited by Luniewski October 16,1980 2:08 PM 

Misc: SEGMENf = 
BEGIN 
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-- TotaIPack.pack, last edited by Luniewski on: October 16,1980 3:06 PM 

Resident: CODE PACK = 
BEGIN 
ResidentHeapImpl [FreeNode, LargeNode, MakeNode, NodeSize, RelativePointerToPointer, 

SplitNode, WordsToPages]; . 
Streamlmpl [ByteBlt]; 
UtilitiesImpl EXCEPT Initialization; 
Zonelmpl [AddSegment, FreeNode, MakeNode, Split, SplitNode, ValidateZone]; 
END; 

Streams: CODE PACK = 
BEGIN 
StreamImpl EXCEPT Initialization,· Resident; 
END; 

-- The/ollowing code packs are non-resident and depend upon the resident heap only creating, deleting, splitting nodes and adding 
segments. 

Nodes: CODEPACK = 
BEGIN 
Heaplmpl [Expand, ExpandHeap, ExpandMDS, FreeLargeOrRegularNode, FreeMDSNode, 

Fr~eNode, MakeLargeNode, MakeMDSNode. M~keNode, MakeSpace, Narrow, 
PagesForNewSegment]; 

END; 

HeapPruning: CODE PACK = 
BEGIN 
Heaplmpl [EnumerateSpaces, Prune, PruneHeap, PruneMDS, SpaceFromLongPointer]; 
ZoneImpl [GetAttributes, GetSegmentAttributes, RemoveSegment]; 
END; . 

Attributes: CODE PACK = 
BEGIN 
Heaplmpl [GetAttributes, GetAttributesHeap, GetAttributesMDS]; 
ZoneImpl [NodeSize]; 
END; 

CreateDelete: CODEPACK = 
BEGIN 
Heaplmpl [Create, CreateHeap, CreateMDS, Delete, DeleteHeap, DeleteMDS, FreeSpace, 

MakeResidentHeap, MakeResidentMDS, MakeSwappableHeap, MakeSwappableMDS]; 
ZoneImpl [Create]; 
END; 

. Miscellaneous: CODEPACK = 
BEGIN 
HeapImpl [CheckOwner, MakeResident, MakeSwappable]; 
END; 

Checking: CODE PACK = 
BEGIN 
HeapImpl [SetChecking, SetCheckingHeap, SetCheckingMDS]; 
ZoneImpl [CheckNode, CheckZone, SetChecking]; . 
END; 

Initialization: CODE PACK = 
BEGIN 
HeapImpl [InitializeHeap, MAIN]; 
ResidentHeapImpl [InitializeResidentHeap, MAIN]; 

--_ .. ,.._._._-------,. , .... " ...... _ .... _-,,_. _.-----------------------_. 
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Streamlmpl [InitializeStream, MAIN]; 
Utilitieslmpl [Initialize Utilities, MAIN]; 
Zonelmpl [InitializeZone, MAIN]; 
END; 

END; 

-- RuntimeLoaderPack last edited by Sandman October 7, 1980 10:47 AM 

RuntimeLoader: SEGMENf = 
BEGIN 

LoaderUnloaderCommon: CODE PACK = 
BEGIN 
BcdOperations [processModules]; 
PilotLoaderSupport [CloseLinkSpace, FreeSpace, GetSpace, OpenLinkSpace, ReadLink, 

WriteLink]; 
PilotLoadState [AcquireBcd, EnterModule, GetMap, GetModule, InputLoadState, ReleaseBcd, 

ReleaseLoadState, ReleaseMap]; 
END; 

Loader: CODE PACK = 
BEGIN 
BcdOperations [processConfigs, ProcessExports, Processlmports, ProcessSegs]; 
PilotLoaderCore [AssignControIModules, BadVersion, Bindlmports, CheckTypes, ConvertLink, 

EqualNames, EqualVersions, LoadModules, New, NextMultipleOfFour, ProcessFramePacks, 
ProcessLinks, ProcessTypeMap, GetModule, SetLink]; 

PilotLoadState [MapConfigToReal]; 
PilotLoaderSupport [AllocateCodeSpaces, AllocateFrames, AppendName, BadFile, DestroyMap, 

FindCode, FindMappedSpace, FindSegments, FindSPHandle, InitBinding, InitializeMap, 
InvalidModule, Load, LoadBcd, LoadConfig, NewConfig, ReleaseBinding, ReleaseCode, 
ReleaseFrames, Run, RunConfig, SgiToLP]; _ 

PilotLoadState [BcdExports, BcdExportsTypes, BcdUnresolved, UpdateLoadState]; 
END; 

Unloader: CODE PACK- = 
BEGIN 
PilotLoadState [EnumerateBcds, MapRealToConfig, RemoveConfig]; 
PilotUnLoader EXCEPT RuntimeLoaderInitialization; 
END; 

Misc: CODE PACK = 
BEGIN 
BcdOperations [FindName, ModuleVersion, ProcessExtemals, ProcessFiles, ProcessNames, 

ProcessSpaces]; 
PilotLoadState [EnumerateModules, ForceDirty]; 
END; 

RuntimeLoader Initialization: CODE PACK = 
BEGIN 
BcdOperations [MAIN]; 
PilotLoaderCore [MAIN]; 
PilotLoaderSupport [MAIN]; 
PilotLoadState [InitializePilotLoadState, MAIN]; 
PilotUnLoader [MAIN];' 
END; 

END; 
-- RuntimePerfPack last edited by Forrest September 20, 1980 7:30 PM 
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-- TotaIPack.pack, last edited by Luniewski on: October 16,1980 3:06 PM 

RuntimePerf: SEGMENT = 
BEGIN 

Resident: CODE PACK = 
BEGIN 
PilotCounter EXCEPT Initialization; 
PilotPerfMonitor EXCEPT Initialization; 
END; 

Initialization: CODE PACK = -- Initially swapped in 
BEGIN 
PilotCounter [InitializePilotCounter, MAIN]; 
PilotPerfMonitor [InitializePilotPerfMonitor, MAIN]; 
END; 

END; 
-- SwapperPack last edited August 27, 1980 4:49 PM by Luniewski. 

Swapper: SEGMENT = 
BEGIN 

Resident: CODEPACK = 
BEGIN 
CachedRegionImplA EXCEPT Initialization; 
CachedRegionImplB EXCEPT Initialization; 
CachedSpaceImpl EXCEPT Initialization; 
MStoreImpl EXCEPT Initialization; 
PageFaultImpl EXCEPT Initialization; 
ResidentMemoryImpl EXCEPT Initialization; 
SwapBufferImpl EXCEPT Initialization; 
SwapperControl EXCEPT Initialization; 
SwapperExceptionI1lJ.pl EXCEPT Initialization; 
SwapTaskImpl EXCEPT Initialization; 
END; 

SwappableSwapper: CODE PACK = 
BEGIN 
SimpleSpaceImpl EXCEPT Initialization; 
END; 

·Initialization: CODE PACK = 
BEGIN 
CachedRegionImplA [InitializeInternal, InitializeRegionCacheA, InitializeRegionCacheB, MAIN]; 
CachedRegionImplB [Initialize, MAIN]; 
CachedSpaceImpl [MAIN]; 
MStoreImpl [Initialize, InitializeMStore, MAIN]; 
PageFaultImpl [MAIN]; 
ResidentMemory Imp I [InitializeResidentMemory A, InitializeResidentMemory B, MAIN]; 
SimpleSpaceImpl [AllocateVM, Create, DescribeSpace, DescribeSpaceInt~rnal, 

DisableInitialization, HandleFromPage, InitializeSimpleSpace, MAIN, SuperFromPage]; 
SwapBufferImpl [InitializeSwapBuffer, MAIN]; 
SwapperControl [InitializeSwapper, MAIN]; 
SwapperExceptionImpl [MAIN]; 
SwapTaskImpl [MAIN]; 
END; 

END; 
-- TransactionsPack (Last edited by Gobbel October2, 1980 11:13 AM) 

Transactions: SEGMENT = 
BEGIN 
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-- TotaIPack.pack, last edited by Luniewskz on: October 16,1980 3:06 PM 

RunningTransaction: CODEPACK = 
BEGIN 
TransactionLoglmpl [AssureLogRoom, Loglnternal]; 
TransactionStatelmpl [AddToTransaction, Log, MakeNode, MaybeCrash, NullProc, 

UpdateStateFile, Withdraw FromTransaction]; 
END; 

AbortBeginCommitCommon: CODEPACK = 
BEGIN 
TransactionImpl [ReleaseLog, ReleaseLoglnternal]; 
TransactionStateImpl [FreeNode, NoMoreOperations, ReleaseTransaction]; 
END; 

BeginTransaction: CODE PACK = 
BEGIN 
TransactionStateImpl [Begin]; 
END; 

Abort: CODE PACK = 
BEGIN 
TransactionImpl [Abort, RestoreFilesInTransaction];. 
END; 

Commit: CODE PACK = 
BEGIN 
TransactionImpl [Commit]; 
TransactionStateImpl [RecordCommit]; 
END; 

TransactionsInitialization: CODEPACK = 
BEGIN 
TransactionImpl [CheckS tate, CompareStateEdition, DisableTransactions, 

InitializeTransactionData, MAIN, RecoverState, RecoverTransactions, ValidateLogFile]; 
TransactionLogImpl [InitializeLogsA, InitializeLogsB,MAIN]; 
TransactionStateImpl [InitializeStateA, InitializeStateB, MAIN, SetCrashProcedure]; 
END; 

END; 
-- UserTerminalDriverPack last edited by Luniewski July 29,1980 4:41 PM 

UserTerminalDriver: SEGMENT = 
BEGIN 

Resident: CODE PACK = 
BEGIN 
UserTerminalImpl EXCEPT Initialization; 
END; 

Initialization: CODE PACK = 
BEGIN 
UserTerminalDriver.StartChainPlug [MAIN, Start]; -- Explicit qualification is needed to avoid ambiguous 

references when all of Pilot is packaged via a merged segment. 
UserTerminalImpl [MAIN, Stait]; 
END; 

END; 
-- VMMgr Pack last edited by Luniewski October 16, 1980 2: 59 PM 

VMMgr: SEGMENT = 
. BEGIN 

VMMHelperProcess: CODEPACK = 
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-- TotalPack.pack, last edited by Luniewski on: October 16,1980 3:06 PM 

BEGIN 
Hierarchylmpl [Touch, LoadDesc]; 
Projectionlmpl [Touch, Get]; 
SpacelmplA [VMMHelperProcess]; 
STLeafImpl [Close, Open]; 
STreelmpl [Get, KeyFromPDesc, SearchLeaf, SearchRoot,Update, UpdateRoot]; 
END; \''-_.. . .. ,_' / 

SpaceOpsCommon: CODE PACK = 
BEGIN . 
-- we include the operations needed to get space handlesjrom long pointers here as most clients will keep pointers to spaces 

instead of space handles, thus necessitating a translation before calling into the Space operations. GetAttributes is 
included here: 1) itfits, and 2) in the development environment, it isfrequently calledjrom 
HeaplmpLSpaceFromLongPointer which is calledfrom HeaplmpLPruneMDS which isfrequently called The presence of 
GetAttributes here = > FindFirstWlthin must also be here. 

HierarchyImpl [GetDescriptor, FindFirstWithin, GetInterval, Update]; 
Projectionlmpl [TranslateLevel]; 

, ____ '---, MapLoglmpl [WriteLog]; 
. Projectionlmpl [ForceOut]; 

SpacelmplA [ApplyTolnterval, ForAllRegjons, GetAttributes, GetHaridle, 
PageFromLongPointer]; . 

fpacelmplB [EnterSpace, GetSpaceDesc, JohTransactio~, ProcessWinrlow, 
ReleaseDefaultWindow]; , 

END; 

SpaceStatusOps: CODEPACK = 
BEGIN 
SpacelmplA [Activate, ApplyToSpace, Deactivate, ForceOut, Kill]; 
SpacelmplB [MakeReadOnly, MakeWritable]; 
END; 

SpaceMap: CODE PACK = 
BEGIN 
SpacelmplB [Map]; 
ST~eafImpl [Allocate Window]; 
END; 

SpaceUnmap: CODE PACK = 
BEGIN 
SpacelmplB [Unmap, Unmaplnternal]; 
STLeafImpl [Deallocate Window]; -- Also used by SpacelmpLRemap 
END; 

SpaceCreate: CODE PACK = 
BEGIN 
Hierarchylmpl [Insert]; 
Projectionlmpl [Split]; 
SpaceImplA [Create, CreateAligned, CreateUniformSwapUnits, CreateInternal]; 
STLeafImpl [Create]; 
STreeImpl [AllocateRoot, ExpandRoot, Insert]; 
END; 

SpaceDelete: CODEPACK = 
BEGIN 
HierarchyImpl [Delete]; 
ProjectionImpl [DeleteSwapUnits, Merge]; 
SpaceImplA [Delete, DeleteSwapUnits, Deletelnternal]; 
STLeafImpl [Delete]; 
STreeImpl [Delete]; 
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-- TotaIPack.pack, last edited by Luniewski on: October 16, 1980 3:06 PM 

END; 

SpaceCopying: CODE PACK = 
BEGIN . 
SpaceImplB [CopyIn, CopyOut, GetCopyInfo]; 
END; 

SpaceTransactions: CODE PACK = 
BEGIN 
SpaceImplB [ReleaseFromTransaction]; 
END; 

SpaceRemap: CODEPACK = 
BEGIN 
SpaceImplB [Remap]; 
END; 

SpaceCodeHacking: CODE PACK = 
BEGIN 
SpaceImplA [CreateForCode, MakeGlobalFrameResident, MakeGlobalFrameSwappable, 

MakeProcedureRcsident, l\lakeProcedureSwa~pable, MakeResident, MakeSwappat Ie, 
MaxIntervalForCode, SpaceForCode]; 

END; 

SpaceMisc: CODE PACK = 
BEGIN 
HierarchyImpl [ValidSpaceOrSwapUnit]; 
SpaceImplA ILongPointerFromPage, GetWindow, LongPointer, Pointer, VMPageNumber]; 
END; 

VMMgrInitialization: CODEPACK = 
BEGIN 
HierarchyImpl [MAIN]; 
MapLogImpl [Initialize, MAIN]; 
ProjectionImpl [MAIN]; 
SpaceImplA [InitializeIntemal, InitializeSpace, MAIN]; 
SpaceImplB [Handle W riteProtectTrap, InitializeSpaceImplB, MAIN, W riteProtectTrap]; 
STLeaflmpl [AllocateMapLogFile, InitVMMgrStore, InitSTLeaf, MAIN]; 
STreeImpl [Initialize, MAIN]; . 
VMMControl [CreateSpace, FillHierarchy AndProjection, Initialize VMMgr, IsDiagnosticPilot, 

MAIN]; 
END; 

END; 
-- TestPilotPack last edited by Luniewski October 16,1980 2:11 PM 

TestPilotResident: SEGMENT MERGES Control, DiskDrivers, Filer, MesaRuntime, Misc, RuntimePerf, 
Swapper, UserTerminalDriver = 

BEGIN 
-- This segment merges all of the resident code so as to minimize resident breakage 

Resident: CODE PACK = 
BEGIN 
Control.ResidentSystem; 
DiskDrivers.Resident; .. 
Filer.Resident; 
MesaRuntime.Resident; 
Misc.Resident; 
R untimePerf.Resident; 
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-- TotaIPack.pack, last edited by Luniewski on: October 16, 1980 3:06 PM 

Swapper.Resident; 
UserTerminalDriver.Resident 
END; 

Control. SwappableS ystem; 
DiskDrivers.SwappableDiskDrivers; 
MesaRuntime.Frames; 
MesaRuntime.ProcessesHot; 
MesaR untime.ProcessesCold; 
MesaRuntime.InLoadOutLoad; 
MesaRuntime.SnapshotMisc; 
. Misc.N odes; 
Misc.HeapPruning; 
Misc.Attributes; 
Misc.Checking; 
Misc.CreateDelete; 
Misc.Miscellaneous; 
Misc.Streams; 
Swapper.SwappableSwapper; 

ResidentInitialization: CODE PACK = 
BEGIN 
Control.lnitialization; 
DiskDri vers.lni tialization; 
Filer.Initialization; 
MesaRuntime.lnitialization; 
Misc.Initialization; 
RuntimePerf.lnitialization; 
Swapper.Initialization; 
UserTerminalDriver.Initialization 
END; 

END; 

SwappableStore: SEGMENT MERGES FileMgr, Transactions, VMMgr = 
BEGIN 
-- This segment merges all of the swappab/e code in the Store config 

. FileMgr.FileHelperProcess; 

VMMHelperProcess: CODEPACK = 
BEGIN 
VMMgr.VMMHelperProcess; 
FileMgr.VMMHelperProcs; 
END; 

FileMgr. VFMChangingSize; 
FileMgr.FileCreate; 
FileMgr.FileDelete; 
FileMgr.FileAttributes; 
FileMgr.OtherFileStuff; 

. FileMgr .Scavenger; 
FileMgr.Volume; 
FileMgr.PhysicalVolume; 
FileMgr.Othello; 
Transactions.Abort; 

VMMgrCommon: CODE PACK = 
BEGIN 
FileMgr.MapLogging; 
VMMgr.SpaceOpsCommon; 
END; 

VMMgr.SpaceStatusOpS; 
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-- TotaIPack.pack, last edited by Luniewsk'i Oil: October 16,1980 3:06 PM 

VMMgr.SpaceMap; 
VMMgr.SpaceUnmap; 
VMMgr.SpaceCreate; 
VMMgr.SpaceDelete; 
VMMgr.SpaceCopying; 
VMMgr.SpaceRemap; 
VMMgr.SpaceCodeHacking; 
VMMgr.SpaceMisc; 

TransactionsRunning: CODEPACK = 
BEGIN 
FileMgr.TransactionRelated; 
Transactions.R unningTransaction; 
VMMgr.SpaceTransactions; 
END; 

TransactionsCommon: CODE PACK = 
-- M ergedfrom AbortBeginCommitCommon, BegTransaction, Commit. VMMgr.SpaceTransactions. This assumes that commiting 

a transacion is the normal mode of operation and that aborting is "rare". 
BEGIN 
Transactions.AbortBeginCommitCommon; 
Transactions.BeginTransaction; 
Transactions.Commit; 
END; 

FileMgr.FileMgrInitialization; 
Transactions.TransactionsInitialization; 
VMMgr.VMMgrInitialization; 
END; 

ResidentFrames:FRAMEPACK = 
BEGIN 
-- Control 
SystemImpl; 
PilotControl; -- Must be resident due to its exported variables 
- DiskDrivers 
DiskChannelImpl; 
DiskDriverSharedImpl; 
FloppyChannelImpl; 
SA4000Impl; -- Must be resident until Pilot knows how to dynamically make it resident 
SA800Impl; -- Must be resident until Pilot knows how to dynamically make it resident 
-- Filer 
FileCacheImpl; 
FilerExceptionImpl; 
FilerTransferImpl; 
FileTaskImpl; 
Sub VolumeImpl; 
•• M esaRuntime 
BootSwapCross; 
Instructions; 
PilotNub; 
Processes; 
S.ignals; 
SnapshotImpl; 
Traps; 
•• Misc 
ResidentHeapImpl; 
UtilitiesImpl; 
ZoneImpl; 
;... RuntimePerf 
PilotCounter; 

18 



-- TotaIPack.pack, last edited by Luniewski on: October 16, 1980 3:06 PM 

PilotPerfMonitor; 
-- Swapper 
CachedRegionImplA; 
CachedRegionImplB; 
CachedSpaceImpl; 
MStoreImpl; 
PageFaultImpl; 
ResidentMemory Impl; 
SwapBufferImpl; 
SwapperControl; 
SwapperExceptionImpl; 
SwapTaskImpl; 
-- UserTerminaWriver 
UserTerminalImpl; 
-- In addition, due to the need to swap writable/rame packs to a temporary file and not to the bootfile, it is necessary that 

anything that PilotControl calls before mapping initially out spaces have their frames be resident (even though, in a strictly 
logical sense, they need not be reSident). A.t the momen~ this means everything in the Store config. 

SimpleSpaceImpl; 
FileImpl; 
VolAllocMapImpl; 
VolFileMapImpl; 
VolumeImpl; 
Hierarchy Impl; 
MapLogImpl; 
ProjectionImpl; 
SpaceImplA; 
SpaceImplB; 
STLeaflmpl; 
HConfig.STreeImpl; 
PConfig.STreeImpl; 
MarkerPageImpl; 
PhysicalVolumeImpl; 
ScavengeImpl; 
Transactions; 
Framelmpl; 
StreamImpl; 
-- The/ollowing are inc/uded here as they fit are hot in the development environment 
HeapImpl; 
END; 

CommunicationLowestLevelFrames: FRAME PACK = 
BEGIN 
Communication.PilotComm Util; 
Communication. Boss; 
Communication.CommunicationControl; 
Communication.QueuePackage; 
Communication.LevelO; 
Communication.Levell; 
Communication.Level2 [packetStreamMgr, NetworkStreamMgr, EchoServerImpl]; 
END; 

CommunicationStatsFrame: FRAME PACK = 
BEGIN 
Communication.StatsHot; 
END; 

CommunicationInstanceFrames: FRAME PACK == 
BEGIN 
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-- TotaIPack.pack. last edited by Luniewski on: October 16,1980 3:06 PM 

Communication.Level2 [PacketStreamlnstance, N etworkStreamlnstance]; 
END; 

RandomCoolFrames: FRAME PACK = 
BEGIN 

BcdOperations; 
PilotLoaderSupport; 
PilotLoadState; 
PilotLoaderCore; 
PilotUnLoader; 
-- The/ollowing are initialization only frames. They are included here since they do not increase the size o/this swap unit, thus 

saving one page 0/ MDS 
DiskDrivers. StartChainPlug; 
FilerControl; 
UserTerminaIDriver.StartChainPlug; 
VMMControl; 
END; 
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., Pilot.conlia (lJ$t edited fJY: Luniewski Oil: Octobcr 9, 1980 1:58 PM) 

Pilol: CONFIGUnATION 

IMPOrrrS 

•• cJevice faces .. DisplayFace, ElhernetFace, ElhcrnelOneFace, HeadSlarlChain, KeyboilrdFaco, MOliseFaco, 

ProcessorFace, nS232CFaco, FlS366Face, SI\4000Fnce, SAUOOFaco, TcmpororySolGMT, 

•• client •. PilolClient 

EXPORTS 

., pubtic •• 8yleBIJ, Dinlup, Frto, FtoppyChannel, Ile.,p, NolworkStream, PhoncNetwork, PhysicalVolume, Process, 

RS232C, RS232CManager, nuntime, Scavenger, Sockel, Space, SpecialComrnunication, Stream, System, 

TcrnporaryDooling, TemporaryTransaction, Transaction, UserTerrninal, Volume, Zone, 

•. _ communication private .. OISCPDefs, StatsDefs, StalsOps, SpecialSystoll1, 

.. PUP package only·· BufforOefs, CommlJlllDcfs, OriverDefs, PupDefs, 

•. insicJers only .. Disl~Channel, FloppyChanmllintcrnal, PilotSwitchcs, Speci::lIVolume, SubSys, VolurncExtras, 

•. iJeads only·· DeviceClc<lnup, Processlntcrn<ll, l1esidentHeap, Runtirnclntcrnal, Special Heap, SpccialSpaco 

{ TestPilot; RS282CIO; SpeciZlITransactionStub LINKS: CODE; }. 

LOG 
Time: February 5, 1980 9:54 AM 

Time: April 28, 1980 1:54 PM 

Time: July 19, 1980 3:20 PM 

Time: August I, 1980 4:01 PM 

Time: August 6, lD80 2:46 PM 

Time: August 6, 1980 2:46 PM 

nS232CIOfleadsDo out 

Time: August 27, 1980 4:58 PM 

Time: August 29, 1980 1:20 PM 

Tim!:: Septembl:r 3, 1980 1':27-AM 

Time: September 9, 1980 5:36 PM 

Time: October 2, 1980 1:46 AM 

Time: October 2, 1980 5:51 PM 

Time: Octol)er 3, 1980 5:52 PM 

Time: October 9, 1980 I:SB PM 

Action: Export PhoneNetwork By: Garlick 

By: Danielson Action: MOI'e HS232C driver and 11Cild up from TeslPilot 

By: Mc,Jones 

By: Gobbel 

By: Gobbel 

By: McJones 

Action: Export Heap, Transaction, Speci<rITrnnsactiol1: StatsPrivdleDefs = )StatsOp::; 

Action: SpecialTransaction -, )Tell1poraryTransaction 

By: Forrest 

By: DLyon 

By: Forrest 

By: Forrest 

By: Gobbel 

Action: Move HeadsDO out 

Aclion: Don't export ByleBI/De's: import HeadSlarlClwin, SA800Face: move 

Action: Exporl sluff for heads 

Action: ronamed EllremelFJce to EliJernetOneFace. 

Action: Delete PPDal,1, Add special communication. 

Action: Add EthemetFace •. 

Aclion: Add·stub for SpeciaITfc1llsaclion. 

By: Jose Action: Export FloppyChannellnternal, DiskChannel, SpecialVolllme. 

By: Forrest 

By: Luniewski 

Action: Imporl TemporarySetGAIT: export PilolSwitches. 

Action: Export VolumeExtrns. "'~ove SubSys to "For insiders" section. 



.• UnrackcdTcslPilol.cullfiO (I,1S/ edi/ed by: LUlliClvshi all: Oc/o/wr 9, W80 1:55 PM) 

•• No/e that/he confiouration flame is Tes/Pilo/; tllis serves as illplJttO /lIe Pllclwoer /0 produce Tes/Pilo/.bcd 

•• 1/ may also be usecl by usillO tJillc/er command 'line options/Directory Statements 

PACK .• residen/ code; some modules correspond to PAC/( IVI/hin a smaller configumtiofl 

l3oolSwopCross, .- Tes/Pi/o/Kernel 

UserTerminallmpl, .• UserTermin,1lDriver 

Diskl)riverSharedlmpl; .• DiskDrivors 

TestPrlo\: CONfiGURATION 

IMPOnlS Dialup, DisplayFace, ElhernetFace, E.lherne,lOneFace, HeadSt;l.rtCh;l.in, Inline, KeyboardFace, MouseFace, PllotClient, 

PilolDis\{, ProccssorFace, BS232C, SA4000facc, SA800Face, SpecialTrallsaction, TemporarySelGMT 

EXPORTS 

.- pubfic _. By teO It, File, Heap, NetworllStrcam, OISTransporter, PhoneNclwork, PhysicnlVolume, Process, Runtime, 

Scavenger, Socket, SpLice, SpecialCommunicalioll, Siream, System, Temporo/'yBooting, TcrnpormyTransaction, Transaction, 

UserTerminal, Volume, Zone, 

.- flead support .- DeviceCleanup, 

•• Communication privil/e·- Checksums, OISCPDcfs, SockeUnlernal, StatsDcfs, StalsOp~, 

.• for PUP paclwge only·· BufferDefs, ComrnUtilOefs, DriverDefs, 

PupDefs, 

-- insiders -- BcdOps, DebuggerSwap, DisllChannel, DiskChannelBackend, Dislll)riverShared, FloppyChannel, 

FioppyChannellnternal, KcrnclFile, PackelStrcam, PilotLoadStateOps, l'ilot3witches, Process Internal, Residenlfleap, 

ResidentMemory, Router, Runtimelntcrnal, Snpp~)hot, SpccialFile, Special Heap, SpecialSpacc, SpecialSystem, 

SpccialTransaction, SpccialVolumo, SubSys, System Internal, Utilities, Volume Extras = 

BEGIN 

TeslPilotl(ernel[Dialup, DiskChannel, DriverStartChain1, ElhcrnctFace,· EthernclOncFnce, HcadStartChain, KcyboardFace, PilotClient, 

Processlnternal, ProcessorFace, IlS232C, Runtimelnternal, SpecialTransaction, StoreDriverStartChain, TemporarySetGMT]; 

[DiskChannel, DiskChannelOackend, DiskDrivcrShared, DrivcrStartChain1, FloppyChannel, FloppyChannellntcrni1I, PhysicalVolumc, 

StoreDriverStartChain] .. DiskDrivcrs[DriverStarlChain, Inlinc, PhysicalVolumc, PilotDisk, Process, Processlnlcrnal, ResidcnlHcap, 

Runtimelnlernal, SA4000Face, SA800Face, Space, SpecialSpace, Transaction, Utilities); 

[DriverStartChain, UserTerminal] .. UscrTerminalDriver[DisplayFace, l<eyboardFace, MouseFace, PilotSwitchcs, Process, 

Process Internal, ResidentHeap, Runtime, Space, SpacialSpace, System, Transaction]; 

END. 

LOG 

(For earlier log entries see Pilo/ 4.0 arcllive version.) 

Time: April 16, 1980 5:33 PM By: McJones Action: Add Se/GMTUsingEthernet 

Action: Don't export IOCS Time: April 13, 1980 11:00 PM 

Time: April 28, 1980 1:52 PM 

Time: April 29", 1980 8:57 AM 
Time: May 2, 1980 12:51 PM 

Time: June II, 1980 11:47 AM 

Time: June 19, 1980 2:03 PM 

Time: June 26, 1980 2:16 PM 

Time: July 16, 1980 11:25 PM 

Time: July 19, 1980 3:12 PM 

Time: July 29, 1980 11:29 AM 

Time: August 12, 1980 10:11 AM 

Time: August 13, 1980 5:48 PM 

Time: August 26, 1980 10:53 AM 

Time: August 29, 1980 7:23 PM 

Time: September 6, 1980 3:00 PM 

Time: September 15, 1980 11: 1 I AM 

Time: September 20, 1980 3:05 PM 

Time: September 25, 1980 4:48 PM 

Time: October 2, 1980 5:47 PM 

Time: October 3, 1980 5:45 PM 

Time: October 9, 1980 1:55 PM 

By: Forrest 

By: Danielson 

By: Schwartz 

By: Forrest 

By: Luniewski 

By: Luniewski 

By: Lunie~ski 

By: Gobbel 

By: McJones 

By: McJones 

By: BLyon 

By: Jose 

Action: Remove RS232 lIead anef channel 

Action: Don'/ export Dialup and PlloneNetwork; export DOfnpu/Ou/put 

Action: CII,1nge pack;; 

insiders 

Action: export PhysicalVolume as public 

Action: export Scavenger as public 

Action: Export BcdOps and Pi!otLoadSta/eOps to Pilot 

Action: Export Transaction, SpecialTransaction 

Action: Expor/ /leap, Specia/Heap, DiskChannelBackcnd, DishDriverShared, 

O/STranspor/er, PhoneNe/work, Sockelfn/erna/, Transaction; import Dialup, 

RS232C; S/a/sPrivClleDefs = >S/atsOps, O/SProcessorFace = >P(ocessorFace 

Action: Remove /leadsDO 

Action: Removed By/eBI/Defs. 

Action: Impor/lnline, PiiolDisk, and SA800Face, export F/oppyCllal1nel, link 

Floppy into DriverS/artChain 

By: BLyon 

By: Forres/ 

Action: renamed e/heme/Face to EthernetOneFace. 

Action: Killed PPDa/a Export. 

By: HGM 

By: Forrest 

By: Forrest 

By: Gobbel 

Action: IMPORT E/llerneIFace. 

Action: Links: CODE. 

Action: Cllange outer name /0 Tes/PilolUnpacked. 

Action: Added import and export of SpecialTransaction. 

By: Jose 
By: Forrest 

Action: export FloppyCllannelln/ernal. 

Action: Import TemporarySe/GMT. 

By: Luniewski Action: Add Export of Volumeex/ras. Move SubSys /0 "For insiders" section. 



.. Test Pi lot I(e rnel.conlig (last editod by: Luniowski on: October 9. 1980 1:53 PM) 

PACK _. resident codu: each module corresponds to a PACK in n smaller configuration 
SootSwapCross, .- MesaRuntimo 
PilotCounter, -- Pi/alPerf 
ResidentHenplmpl, -- Misc 
FilerControl; -- Store 

TcstPilotl<ernel: CONFIGURATION 
IMPOIHS 

Dialup, DiskChannel, DriverStartChain, Ethernetrnce, EthernetOneFace, HeadStartChain, KeyboardFace, PiiotClient, 
Proccsslnternal, ProcessorFace, RS232C, RlIntimelnternal, SpecialTransaction, StoreDrilJerStartChnin, TemporarySetGMT 

EXPORTS 

BEGIN 

•• public -- ByteSlt, File, Heap, NetworkStream, OISTransporter, PhoneNetwork, PhysicalVolume, Process, Runtime, Scaveliger, 
Socket, Space, SpecialCommunication, Stream, System, TemporaryBooting, TemporaryTransaction, Transaction, Volume, 
Zone, . 
-- for heads Clnd drivers Only -- DeviceCleanup, PilotSwitches, Processlnternal, ResidentHeap, Runtimelnternal, SpecialSpace, 
Utilities, 
.- Communication private -- Checksums, OISCPDefs, Socketlnternal, StatsDefs, StatsOps, 
.- for PUP package only -- BufferDefs, CommUtilDefs, DriverDefs, 
PlIpDefs, 
•• for insiders only -- BcdOps, DebuggerSwap, l(erneIFile, PacketStream, PilotLoadStatoOps, ResidentMemory, Router, 
Snapshot, SpeeialFile, Special Heap, Special System, SpecialTransaction, SpecialVolume, SubSys, Systemlnternal, 
VolumeExtras = 

Control; 

MesaRuntime; 

RuntimePerf; 

Mise; 

Store; 

RuntimeLoader; 

Commu nication; 

END. 

LOG 

(For earlier log entries see Pilot 3.0 archive version.) 
Time: April 16, 1980 5:35 PM By: McJones Action: Add import of TemporarySetGMT 
Time: February 25, 1980 1:19 PM By: Forrest . Action: Remove 10 
Time: April 30, 1980 1:55 PM By: Forrest Action: Add RuntimePerl; change packs 
Time: May 2, 1980 5:06 PM By: HGMIBlyon Action: Don't import DOlnputOutput (EthernetDriver now uses EthernetFace) 
Time: June 11, 1980 1:20 PM By: Luniewski Action: Export of PhysicalVolume as a public interlace 
Time: June 19, W80 ·2:02 PM By: Luniewski Action: Export Scavenger as a public interface 
Time: June 26, 1980 2: 16 PM By: Luniewski Action: Export BcdOps and PilotLoadStateOps to Pilot insiders 
Time: July 16, 1980 11:23 PM By: Gobbel Action: Export Transaction, SpecialTransaction 
Time: July 19, 1980 3:11 PM By: McJones Action: Export Heap, SpecialHeap, OISTransporter, PhoneNetworl<, Socket/ntemal; import 

Dialup, RS232C,· StatsPrivateDefs = > StatsOps, OISProcessorFace = > ProcessorFace 
Time: August 1, 1980 3:58 PM By: Gobbel Action: Change SpecialTransaction to TemporaryTransaction. 
Time: August 12, 1980 10:08 AM By: BLyon Action: Removed ByteBltOefs. 
Time: August 26, 1980 10:50 AM By: BLyon Action: renamed EthemetFace to EthernetOneFace. 
Time: September 6, 1980 3:00 PM By: HGM Action: IMPORT EthemetFace. 
Time: September 25, 1980 4:46 PM By: Gobbel Action: Added import and export of SpecialTransaction. 
Time: October 9, 1980 1:53 PM By: Gobbal Action: Added Export 01 VolumeExtras. Moved Sub~ys to "For insiders" section . 

... _._---_._,,-_._-----------------------._--_., ...... _ ... __ . __ . __ ._-, •. _------



-- Cont rOI.conlig (last edited by: Formst 011: Septomber 15. 1980 10:40 11M) 

Control: CONr-IGURATION LINKS: CODE 
IMPOmS BootSwap, CommunicationPrograms, DebuggerSwap, DeviceCleanup, DriverStartChain, HcadStartChain, Inline, 

KcrnelFile, MiscPrograms, PerformancePrograms, PiiotClient, Process, ProcessorFacc, Runtime, Runtimelntcrnal, 
RuntimePrograrns, Space, StoragePrograms, StoreDriverStartChain, TemporarySetGMT, Transaction, Volume 

EXPORTS DebuggerSwap, PiiotSwitches, SpecialSystem, StoragePrograms, System, Systemlnternal = 
BEGIN 

PilotControl; 

Systemlmpl; 

END. 

LOG 

(For earlier log entries, see Pilot 4.0 archivo version.) 
Time: AprilB, 19BO 8:38 AM By: I<nutsen 

Time: AprillB, 19BO 5:114 PM 

Time: May I, 19BO 4:55 PM 
Time: June 27, 19BO 3:03 PM 
Time: July II, 19BO 12:06 PM 

By: Mc,Jonos 

By: Forrest 
By: Knutsen 
By: McJones 

Time: August 29, 1980 5:25 PM By: Forrest 
Time: September 15, 1980 10:40 AM 

Action: Export StoragePrograms; don't import '1/1Storo, Procosslntornal; don't 
export Resic/entMemory 
Action: Import TemporarySotGMT instead of exporting ControlProgmms and 
importing DOlnputOutput 
Action: Doloto pac/( statements 
Action: Don't import SpecialSpace 
Action: Import Transaction; don't import EtfJernetFace; 
OISProcessorFace = > Proc.essorFace 
Action: Don't use PPData 
By: Forrest Action: clJange to use code links 

~----------'" .... _ ..... _ ... _ ... __ ._---_ .. _--



.. Sto re.conlig (last odited by: L,JlJiewski on: Octobor 9, 1980 1:119 PM) 

PACK -- resident coLie; ouch compollellt corresponds to a PACK in a smaller configuration 
FilerControl, -- Filor 
SwappcrControl; .- Swappor 

Store: CONFIGURATION 
IMPORTS Disl<Channel, PiiotSwitches, 'Process, ProcessorFace, ResidentHeap, Runtime, Runtimelnternal, SpecialTransaction, 

StoragePrograms, System, Systcllllnternal, Utilities, Zone 
EXPORTS File, l<ernelFile, PhysicalVolumc, ResidentMemory, Scavenger, Space, Special File, SpecialSpace, SpecialTransaction, 

SpecialVolume, StoragePrograms, TemporaryTransaction, Transaction, Volume, VolumeExtras = 
BEGIN 

Filer; 
Swapper; 
FileMgr; 
VtvlMgr; 
Transactions; 

END. 

LOG 

(For earlier log ontries see Pilot 4.0 archive version.) 
Time: April 1/, '1980 4:41 PM By: Knutsen 

Time: May 21, 1980 11:12 AM By: Luniews/(i 
Time: June 19; '1980 2:00 PM By: Luniewski 
Time: June 30, 1980 11:20 PM By: Gobbel 
Time: July 16,1980 11:21 PM By: Gobbel 
Time: August 1, 1980 3:56 PM By: Gobbel 
Time: August 12, 1980 12:20 PM By: McJones 
Time: August 29, '1980 5:27 PM By: Forrest 
Time: September 25, 1980 4:44 PM 
Time: October 9, 1980 1:49 PM· By: Luniews/(i 

.. -_._---... ,,,.,,-_.--... ,, -------------------

Action: Import (rather than exporting) AesidentMemory; import 
StoragePrograms 
/lction: Import Zone; export PhysicalVolume 
/lction: Export Scaveng~r 
Action: Export Transaction 
Action: Export SpecialTransaction 
/lction: SpecialTransaction = > TemporaryTransaction. 
Action: Import ProcessorFace 
/lcticn: Kill PPO· 
By: Gobbel Action: Added import and export 01 SpecialTransaction. 
Action: Added export of VolumeExtras. 



-- Store) Fi leMg r.confia (last odi/od by LUl1icwski on Octo/)er 9,1980 1:·18 PM) 

PACK 

Filelmpl, VolFileMaplmpl, Volumelmpl; 
--MarkorPage/mp/, Pl1ysica/Vo/ume/mp/, Scavenge/mp/, and VoIAllocMap/mp/ will only be called infrequently, hence are not 

packod. 

FileMgr: CONFIGURATION LINKS: CODE 

IMPORTS DiskChannel, FileCache, FilePageTransfer, FilerExccption, LabelTransfer, MStore--temporary--, PilotSwitches, Process, 
SimpleSpace, SubVolume, System, System Internal, Transaction, TransactionState, Utilities 

EXPORTS File, KernelFilc, LogicalVolume, PhysicalVolume, Scavenger, SpecialFile, SpecialVolumc, StorageProarams, VolFileMap, 
Volume, VolumeExtras = . 

BEGIN 

Filelmpl; 

MarkerPagelmpl; 

PhysicalVolumelmpl; 

Scavengelmpl; 

VolAllocMaplmpl; 

VolFileMaplmpl; 

Volumelmpl; 

END. 

LOG 

For previous log entries, see version archived with Pilot 3.0. 
January 28, 1980 4:48 PM 
March 10, 1980 10:25 AM 
April 18, 1980 4:04'PM 
May 29, 1980 '1:35 PM . 

Forrest 
Forrest 
Luniewski 
Luniewski 

June '17, 1980 4:39 PM Luniewski 
July 6, 1980 6:09 PM Gobbel 
July 22, 1980 11:41 AM Fay 
August 1, 1980 3:54 PM Gobbel 
August 28, 1980 1:04 PM Knutsen 
September 9, 1980 5:52 PM Luniewski 
Time: Septomber 15, 1980 10:40 AM 
Time: October 9, 1980 1:47 PM By: Luniewski 

Suppressed export of Temporary Booting 
Deleted Import of Space 
Added Export of Transaction. 
Added export of PhysicaIVo/umo. Inc/ude physica/Volumelmpl and deleted 
Volumeln1plB. . 
Import Space. Export Scavenger. 
Import Transactionlntema/. 
Import Transaction. 
Change Transactionlntemal to SpecialTransaction. 
Change SpecialTransaction to TransactionStato. 
Delete Import of Space. 

By: Forrest Action: change to usa code links 
Action: Export VolumeExtras 

.. __ ..... _-_ ..... __ ._-,-------



-- Fi Ie r.confin (last oditecf by: Forrosl 011: Soptember 15. 1980 10:54 AM) 

PACK 
--AltoDisklmpl, 
FileCachelmpl, 
FilerControl, 
FilerExceptionlmpl, 
FilerTransferlmpl, 
FileTasklmpl, 
--RemotcPageTransferlmpl, 
SubVolumelrnpl; 

Filer: CONFIGURATION LINKS: CODE 
IMPmnS Di::;kCl1annel, Process, ResidentHeap, RcsidcntMemory, Runtimelnternal, Zone 
EXPORTS --AltoDisk,-- FileCache, FilePageTransfcr, FilerException, LabelTransfer, StoragePrograms, SubVolume = 

BEGIN 

·-AltoDisklmpl; + + archived on {lris]<APilot>30> 

FileCachelmpl; 

FilerControl; 

FilerException Impl; 

FilerTransferlmpl; 

FileTasklmpl; 

··RemotePageTransferlmpl; .f- + arcl1ived on [Iris]<APilot)30> 

Su bVolumelmpl; 

END. 

LOG 
Timo: January 30, 1980 4:17 PM By: Gobbel Action: AltoDisklmpl and RemotePageTrans;erlmpl commonted o'ut 
Time: May 19, 1980 5:17 PM By:. Luniewsld Action: Imports of ResidentHeap and Zono added 
Time: August 29, 1980 5:47 PM By: Forrest Action: Kill PPD· 
Time: September 15, 1980 10:54 AM By: Forrest Action: Trim Long: Links: CODE. 



-- Stora:> Sw appe r.config (last eclitecl/)y Forrest 011 Septolll/Jer 15,1980 10:55I1M) 

PACK 
-- Residont Modules: 
CaciledRegionlmplA, 
CacllCdRegionllllplB, 
CaciledSpacelmpl, 
MStorelmpl, 
PaaeFaultimpl, 
ResidentMemorylmpl, 
SwapBufferlmpl, 
SwapperControl, 
SwnpperExceptionlmpl, 
SwapTasklmpl; 

-- SimploSpacelmpl is not logically a part of tl10 Swapper, and does not need to be resident for its oporation. Thus is not packed 
with tile resident mod/Jles. 

Swapper: CONFIGURATION LlNI(S: CODE 

IMPOrrrS FilePagoTransfer, PilotSwitches, Process, ProccssorFace, ResidentHeap, Runtimelntcrnal, StorageProgrnms, Utilities 

EXPORTS CachedRegion, CachedRegionlnternal, CachedS'pace, MStore, ResidentMemory, SimplcSpace, SpecialSpace, 
StoragePrograrns, SwapperException = 

BEGIN 

CachedReoionlmplA; -- tho region cache. 
CachedRegionlmplB; -- region operations. 
CachedSpacelmpl; 
MStorelmpl; 
PageFaultlmpl; 
ResidentMernorylmpl; 
SimpleSpacelmpl; 
SwapBufferlmpl; 
SwapperControl; 
SwapperExceptionlmpl; 
SwapTasklrnpl; 

END. 

LOG 

(For earlier log entries, see Pilot 4.0 archive version.) 
April 16, 1980 12:31 PM Knutsen import StoragePrograms 
July 22, 1980 11:46 AM Fay Import Transaction 
August 12, 1980 12:09 PM . McJones Import ProcessorFace 
September 2, 1980 6:18 PM Knutsen Don't import Transaction. Eleminate PPD*. 
September 15, 1980 1O:5511M Forrest Links: CODE 

--------------------------'-._---------_ .. _._._------_ .. _---



-- Stora > Transactions.config (fast oelited by Forrest on October3, 1980 6:14 PM) 

PACK 
TransactionLoglmpl, 
TransactionStatelmpl; 
-- Truflsactionllllpi is not paclwd with the above two 1II0duios since its coda is only needed at Commitll and Abortll time, whereas 

the above mac/Illes are needed continuously w/lOnevor a transaction is in progress. 

Transactions: CONFIGURATION LINKS: CODE 

IMPORTS File, KernelFile, KernelSpace, PiiotSwitches, Runtime, ResidentHeap, SimpleSpace, Space, SpecinlTransaction, Volume' 

EXPORTS SpecialTmnsaction, StoragePrograms, TernporaryTransaction, Transaction, TransactionState 

CONTROL -- (to initi,1/iz() exported variables) 
Transactionlmpl, 
TmnsactionStatelmpl, 
TransactionLoglrnpl = 

BEGIN 

Transactionhnpl LINKS: FRAME; -- since this imports Speci;J/Tral/s(lction.ClientStart illto soml) boot filos. it can't use code lin/(s 

TmnsactionLoglmpl; 

TransactionStatelmpl; 

END. 

LOG 

June 15, 1980 10:42 PM 
September 2, 1980 5:14 PM 
September 19, 1980 4:12 PM 
September 25, 1980 4:43 PM 
October 3, 1980 6:'13 PM 
October3, 1980 6:15 PM 

Gobbel 
Knutson 
Gobbel 
Gobbel 
Gobbel 
Forrest 

Created file. 
Added TransactionStatelmpl. 
Removod import of Systemlntemal. 
Added import and export of SpecialTransaction. 
Added import and export 01 SpecialTransaction. 
October 3, 1980 6: 15 PM. 

,------------'--------------------------------------------"-"""---



-- Stom) V iVl Mg r.config (lnst oc/itoe) by Forrost on Soptom/Jor 15, lOBO 11:02 AM) 

PAC\( 
Hierarchylmpl, 
MapLoglmpl, 
Projectionlmpl, 
SpacelmplA, 
SpacelmplB, 
STLeaflrnpl, 
STreelmpl; 
-- VMMContro/ is not packed since it is only nooe/ed during initialization, and wil/lJe swapped out forover aftor that. 

VMMgr: CONFIGURATION LINKS: CODE 

IMPORTS Cached Region, CachedSpacc, File, KernelFile, PilotSwitches, Process, RcsirJentHeap, Rllntime, Runtimelnternal, 
SimpleSpace, StorageProgranas, SwapperException, Systemlnternal, Transaction, TransaclionState, Utilities, Volume 

EXPORTS KernelSpace, Space, SpecialSpacc, StoragePrograms '= 

BEGIN 

-- Put tho two instances of STroolmpl in separate configurations to get around debugger Set Octal Context bug 

HConfig: CONFIGURATION 
IMPORTS Cached Space, ResidcntHeap, STLeaf, Transaction, Utililies EXPORTS Hierarchy, STree, VMMPrograms = 
BEGIN . 

Hierarchylmpl[CachedSpace, STree, Transaction]; 
STree t- STreelmpl[]; 
END; 

PConfig: CONFIGURATION . 
IMPORTS CachedRegion, ResidentHeap, STLeaf, Transaction, Utilities EXPORTS Projection, STree, VMMPrograms = 
BEGIN 
Projectionlmpl[CachedRegion, STree]; 
STree t- STreelmpl[]; 
END; . 

[Hierarchy, STreeHier: STree, VMMPrograms] t- HConfig[]; 

[Projection, STreeProj: STree, VMMPrograms] t- PConfig[]; 

MapLoglmpl; 

SpacelmplA; 

SpacelmplB; 

STLeaflrnpl; 

VMMControl[CachedRegion, Cached Space, Hierarchy, MapLog, Projection, SimpleSpace, StoragePrograins, STnieHier, STreeProj, 
VMMPrograms); 

END. 

LOG 

For entries previous to Dec .17, 1979, please see version archived with Pilot 3.0. 

April 8, 19BO 5:20 PM 
AprillB, 1980 4:07 PM 
May 29, 1980 3:49 PM 
June 27, 1980 5:56 PM 
August 1, 1980 11:22 AM 

Knutsen 
Luniewski 
Knutsen 
Gobbel 
Knutsen 

August 28, 1980 12:51 PM Knutsen 
September 15, 1980 11:02 AM Forrest 

VMMControl now imports StoragePrograms. Don't PACK VMMControl. 
Added Import of Transaction. 
Don't import PPData, PPDStorage. 
Spacelmpl split into SpacelmplA and SpacelmplB. 
Add Transaction to STreelmpllMPORTS in HIPConUg and to Hierarchy/mp/, export 
KemelSpace. . 
Spacelnlemal renamed to Keme/Space, SpecialTransaction to TransactionState. 
Links: CODE. . 



-- ~\ilesaRuntjme.coflfig (last oelitod by: Mc.Jol1fJS Oil: Suptcl11/)ur 17, /980.2:,'35 PM) 

PACK .- these modules oro resident 
BootSwapCross, 
Instructions, 
PilotNub, -- can SOI/IO of this be swappable eventually? 
Processes, -- resie/ent because Swapper's HoplacementProcoss is LJsing Yield 
Signals, -- should be rosidentDescriptor or swappable 
Traps; 

MesaRuntime: CONFIGURATION LINKS: CODE 
IMPORTS DebuggerSwap, File, l<ernelFile, l<eyboarclFace, PhysicalVolume, 
PilotSwitches, ProcessorFace, ResidentMemory, Space, Special File, Special Volume, 
StoragePrograms, TemporarySetGMT, Transaction, Utilities 

EXPORTS BootSwap, DeviceCleanup, Process, Processlnternal, Runtime, 
Runtimelnternal, RuntimePrograms, Snapshot, TemporaryBooting =. 

BEGIN 

BootSwapCross; 
Framelmpl; 
Instructions; 
PiiotNub; 
Processes; 
Signals; 
Snapshotlmpl; 
Traps; 

END. 

LOG 

Time: April 8, 1980 1:20 PM 
Time: April 16, 1980 5:38 PM 
Time: Apri/30, "1980 4:58 PM 
Timo: June 26, 1980 10:38 AM 
Time: August 1, 1980 2:28 PM . 
Time: August 26, 1980 10:36 AM 
Time: September 17, 1980 2:35 PM 

By: Knutsen 
By: McJones 
By: Forrest 
By: McJones 
By: Luniewski 
By: McJones 
By: McJones 

Action: MStore = > StoragePrograms 
Action: ControlPrograms = > TemporarySetGMT 
Action: Move perf stuff to RuntimePerf 
Action: OISProcessorFace = > ProcessorFace; import Transaction 
Action: Import Pl1ysicalVolume; Frames = > Framelmpl 
Action: Merge Interrupt Key with Pi/otNub 
Action: Don't import Systemlnternal 



·, RuntimeLoader.config (last edited by: Sandman on: September 15, 1980 11 :46 AM) 

RuntimeLoader: CONFIGURATION L1NI(S: CODE 
IMPORTS File, Heap, Huntime, Runtirnelnternal, RuntimcPrograms, 
Space, SpeeialSpace, Transaction' 

EXPORTS BedOps, PilotLoadStateOps, Runtime, RuntimePrograms, SubSys 
CONTROL PilotLoadState = 
BEGIN 
PilotLoaderCore; 
PilotLoaderSupport; 
PilotLoadState; 
PilotUnLoader; 
BcdOperations; 
END. 

LOG 
Time: January 3'1 , 1980 12:48 AM 
Time: June 26, 1980 2:04 PM 

PilotLoadStateOps 
Time: June 26,1980 3:01 PM 
Time: August 15,19803:46 PM 
Time: Aug 27,1980 11:30 AM 
Time: September 15, 1980 11:47 AM 

By: Forrest Action: Create from Tnjo)PilotLoader.r.onfig 
By: Luniewsl<i Action: Export BcdOps and 

By: McJones Action: Import Transaction 
By: Fay Action: Replaced PilotBcdOperations by BcdOperations (from Mesa group). 
By: Sandman Action: Import Heap. 
By: Howard Action: LINKS: CODE. 

. . ................ _ .. __ .. _._---'-----------



-- Ru ntime Pe rf.conlig (last edited by: Formst on: Soptombor19. 1980 11:14 AM) 

PACK 
PilotCounter, 
PilotPerfMonitor; 

RuntimePerf: CONFIGURATION LINKS: CODE 
IMPOnTS Processlnternal, ProcessorFace, ProcessOperations, Space, SpecialSpace, System, Transaction 
EXPORTS PerformancePrograms = 

I3EGIN 
PilotCounter; 
PilotPerfMonitor; 
END. 

LOG 

Time: April 30, 1980 4:40 PM By: Forrest 
Time: June 26. 1980 10:44 AM By: McJones 
Time: July 29, 1980 11:25 AM By: McJones 
Time: August 29. 1980 5:20 PM By: Forrest 
Time: September 19, 1980 -11: 14 AM By: J?"nsson 

Action: Create from MesaRuntime 
Action: Import Transaction 
Action: Don't import J<eyboardFaco or TomporaryBooting 
Action: /(il/ PPDatalmpl -
Action: delete PerfBreakHandler; add imports 



-- Mis C.conlig (last editod by: Forrest 011: Septomber IS, 1980 I! :05 AM 

PACK -- resident code . 
ResidentHeapl~pl, Streamlmpl, Utilitieslmpl, Zonel~pl; 

Mise: CONFIGURATION LINKS: CODE . 
IMPOHrs PilotSwitehes, Process. ResidentMemory, Runtime, Runtimelnternal, Space, SpecialSpace, Systemlnternal, Transaction 
EXPonTS ByteBlt, I-leap, MiscPrograms, ResidentHeap, SpecialHeap, Stream, Utilities, Zone = 

BEGIN 

Heaplmpl; 

ResidentHeaplmpl; 

Streamlmpl; 

Utilitieslmpl; 

Zonelmpl; 

END. 

LOG 

(For earlior log entries see Teak archive version.) 
Time: January 27, 1980 6:26 PM By: Forrest Action: Export Space 
Time: January 28, 1980 1:33 PM By: Forrost Action: Eliminato export of Space 
Time: January 28, 1980 1:17 PM By: Forrest Action: Import Systemlntemal for new Streamlmpl 
Time: April 30;1980 4:51 PM By: Forrest Action: Move PPDatalmpl to RuntimePerf.config 
Time: June 26, 1980 9:48 AM By: McJones Action: Add Heaplmp/; import PilotSwitc/7es, Transaction 
Time: July 22, 1980 4: 12 PM By: Fay Action: Export SpecialHeap. 
Time: September 15, 1980 11:05 AM By: Forrest Action: Links: CODE. 



-- Commu n ication.config (Jast oditec/ by: BLyoll on: September 26, 1980 3:28 PM) 

Commun ication: CONFIGURATION LINKS: CODE 
IMPORTS 
ByteBIt, Dialup, EthernetFace, EthernetOneFace, Heap, Inline, 
PilotSwitches, Process, Processlnternal, ResidenlHeap, RS232C, 
Runtime, Space, SpecialSpace, SpecialSystem, StalsDefs, 
Stream, System, Transaction 

EXPORTS 
-- public communication --
NetworkStream, OISTransporter, CommunicationPrograms, 
PhoneNetwork, Socket, SpecialCommunication, 

-- pup private -- BufferDefs, CommUtilDefs, DriverDefs, PupDefs, 
-- communication private --
OISCPDefs, StatsDefs, StatsOps, Socketlnternal, 

-- OISCP private -- Pac'ketStream, Router, Checksums 
CONTROL CommunicationControl = 

BEGIN 

QueuePacl<age: CONFIGURATION 
IMPORTS 
BufferDefs, CommUtilDefs, DriverDefs, Process, PupDefs, StatsDefs 

EXPORTS BufferDefs, DriverDefs, OISCPDefs, PupDefs 
CONTROL SystemBufferPoollmpl = 
BEGIN 
Queuelmpl; -- STARTED by SystemBufferPool/mpl.MainlineCode 
BufferPoollmpl; -- STARTED by SystemBuflerPoollmpl.MainlineCode 
SystemBufferPoollmpl; -- STARTED byBoss.MainlineCode 
END; 

LevelO: CONFIGURATION 
IMPORTS 
BufferDefs, CommUtilDefs, Dialup, DriverDefs, EthernetFace, 
EthernetOneFace, Half Duplex, Heap, Inline, PilotSwitches, Process, 
Processlnternal, RS232C, Runtime, SpecialSystem, 
StatsDefs, System 

EXPORTS CommUtilDefs, DriverDefs, OISTransporter, PhoneNetwork 
CONTROL Dispatcherlmpl = 
BEGIN 
EthernetDriver; -- not STARTED? (CreateDefaultEti1ernetDrivers from Boss) 
EthernetOneDriver; -- not STARTED? (CreateDefaultEthernetOneDrivers from Boss) 
Dispatcherlmpl; -- STARTED by Boss.MainlineCode 
-- Follow three need frame links because they have imports that come into .boot files. 
Phone Network Driver LINKS: FRAME; -- not STARTED 
PhoneNetworklmpl LINKS: FRAME; -- not STARTED 
HalfDuplexlmpl LINKS: FRAME; -- not STARTED 
END; 

Level1: CONFIGURATION 
IMPORTS 
BufferDefs, ByteBlt, CommUtilDefs, DriverDefs, Heap, Inline, 
OISCPDefs, Process, SpecialSystem, StatsDefs, System 

EXPORTS 
Checksums, Communication Internal, OISCPDefs, Router, Socket, 
Socl<etlnternal, SpecialCommunication . 

CONTROL Checksumslmpl = 
BEGIN 
Routerlmpl; -- STARTED by CommunicationControl.lnitializeCommunication 
RoutingTablelmpl; -- STARTED by CommunicationControl.lnitializeCommunication 
Socketlmpl; -- STARTED by CommunicationControl.lnitializeCommunication 
Checksumslmpl; -- STARTED by CommunicationControl.lnitializeCommunication 
END; 

Level2: CONFIGURATION 
IMPORTS BufferDefs, ByteBIt, DriverDefs, Heap, OISCPDefs, Process, Router, 
Runtime, Socket, Socketlnternal, StatsDefs, Stream, System 

EXPORTS Communicationlnternal, Echo, NetworkStream, PacketStream 
CONTROL EchoServerlmpl = 
BEGIN 
EchoServerlmpl; -- STARTED by CommunicationControl.lnitializeCommunication 
NetworkStreamMgr; -- STARTED by CommunicationControl.lnitializeCommunication 
NetworkStreamlnstance; -- multiple instances STARTED by Netwoi1(StreamMgr 



· .. Commu n ication.config (Jast e(/ited by: BLyon on: September 26. 1980 3:28 PM) 

PacketStreamMgr; .. STARTED by CommunicationControl.lnitializeCommunication 
PacketStreamlnstance; .. multiplo'instances STARTED by PacJwtStreamMgr 
END; 

CommunicationControl; .. STARTED by Pi/otContraJ 
PilotCommUtil; .. STARTED by CommunicationControl.lnitializeCommunication 
Boss; .. STARTED by CommunicationControl.lnitializeCommunication 
StatsHot; .. STARTED by CommunicationControl.lnitializeCommunication 
QueuePackage; 
LevelO; 
Level1; 
Level2; 

END. 

LOG 

Time: January 8, 1980 1:18 PM By: Dalal Action: conversion to Pilot 4.0. 

2 

Time: May 6, 1980 6:19 PM By: BLyon Action: Temp removed CommunicationPrograms from the EXPORTS. Removed DOfnputOutput 
from IMPORTS; replaced DOEtflemetDefs with EthernetOneFace; Added CONTROL clause so tflat communications can be built/started 
seperately from TestPi/otKemal .. tajo. 
Time: July 2, 1980 11:53 AM By: Garlick Action: Added PhoneNetworkDriver to Level 0 and PhoneNetworklmpl to main config. 
Time: July 7, 1980 11:18 AM. By: BLyon Action: Made config for Pilot integration. 
Time: August 11, 1980 4:56 PM By: BLyon Action: Put in CONTROLs for start trapping and changed ByleBItDefs to ByteB/t. 
Time: September 6, 1980 2:57 PM By: HGM 'Action: IMPORT EthernetFace and Pi/otSwitches. 
Time: September 15, 1980 10:38 AM By: Forrest Action: Code Links. 



-- Use rTe rm i n at Drive r.config (fast eeliteel by: Formst on: September 15, 1980 11:07 AM) 

PACK UserTerminallmpl, StartChainPlug; 

UserTerminalDriver: CONFIGURATION LINKS: CODE 
IMPORTS DisplayFace, KeyboardFace, MouseFace, PilotSwitches, Process, Processlnternal, ResidentHeap, Runtime,Space, 

SpecialSpace, System, Transaction 
EXPORTS DriverStartChain, UserTerminal = 

BEGIN 

UserTerminallmpl[DisplayFace, DriverStartChain1, KeyboardFace, MouseFace, PilotSwitches, Process, Proccsslnternal, ResidentHeap, 
Runti!11c, Space, SpecialSpace, System, Transaction]; 

[DriverStartChain1, HeadStartChain, StoreDriverStartChain] to StartChainPlug[]; 

END. 

LOG 

(For earlier log entries see Pilot 4.0 archive version.) 
Time: April 11, 1980 4:53 PM By: Forrest Action: Fix imports in BitBltlmpl 
Time: June 26, 1980 4:24 PM By: McJones Action: Import Transaction into config and UserTerminallmpl 
Time: July 26, 1980 12:43 AM By: Forrest Action: Kill BitBltlmpl 
Time: July 29, 1980 11:18 AM By: McJones Action: Import MouseFace into config and UserTerminallmpl 



-- Disl<D rive rS.config (/asi edited by: Jose 011: October 1, 1980 12:42 PM) 

PACK 
DiskChannellmpl, 
DiskDriverShared Impl, 
SA4000lmpl, 
StartChainPlug; 

PACK 
FloppyChannellmpl, 
SA8001mpl; 

DiskDrivers: CONFIGURATION L1NI(S: CODE 
IMPOI1TS DriverStartChain, Inline, PhysicalVolume, PilotDisk, Process, Processlnternal, ResidentHeap, Runtimelnternal, 

SA4000Face, SA800Face, Space, SpecialSpace, Transaction, Utilities 
EXPOI1TS DiskChannel, DiskChannelBackend, DiskDriverShared, DriverStartChainl, FloppyChannel, FloppyChannellnternal--for use 
by disk formatters only--, PhysicalVolume, StoreDriverStartChain1 = 

BEGIN 

DiskChannellmpl; 

DiskDriverShared Impl; 

StoreDriverStartChain1 .. SA4000Impl[DiskChanneIBackend, DiskDriverShared, Inline, Process, Processlnternal, ResidentI-Jeap, 
Runtimelnternal, SA4000Face, StoreDriverStartChain, Utilities]; 

[DiskChannel, DriverStartChain1, FloppyChannel, FloppyChannellnternal, PhysicalVolume] .. 
FloppyChannellmpl[DiskChanneIBackend, DriverStartChain2, Inline, PhysicalVolume, Process, Processlnternal, ResidentHeap, 
SA800Face, Space, SpecialSpace, Transaction]; -- FloppyCl1annellmpl must be started before SA800lmpl 

[DriverStartChain2, PhysicalVolume] +- SA800Impl[DiskChannel, DiskChannelBackend, DriverStartChain, FloppyChannel, 
FloppyChannellnternal, Inline, PilotDisk, Process, Runtimelnternal, SA800Face, Space, SpecialSpace, Transaction, Utilities]; 

-- ... other disk drivers ... 

[DriverStartChainDontCare, HeadStartChainDontCare, StbreDriverStartChain] .. StartChainPlug[]; 

END. 

LOG 

Time: April 13, 1980 10:24 PM By: Forrest Action: Trim log to Amarsosa;'move in DiskChannellmpl,' delete comments re/aring to 
Model31 

Time: July 19, 1980 1:42 PM By: Jose Action: Export DiskDriverS/lared. 
Time: August 13, 1980 4:10PM By: Jose Action: Add Floppy Disk driver. 
Time: September 15, 1980 5:40 PM By: Jose Action: Add FloppyChannel (0 SA800lmpl imports. 
Time: September 20, 1980 3:30 PM By: Forrest Action: Code links. 
Time: October 1, 1980 12:42 PM By: Jose Action: Export FloppyChannellnternal. 



.• File: RS232CIO.config 

•. LastEdited: October 10,1980 4:39 PM By: Artibee 

RS232CIO: CONFIGURATION 

LINKS: CODE 
IMPORTS Heap, OISTransporter, Process, RS232CFnce, RS366Face 
EXPORTS Dialup, RS232C, RS232CManager 
CONTROL RS232CDriverA = 

BEGIN 
•• channel and reserving it 

RS232CDriver A; 
RS232CDriverB; 
RS232CManagerlmpl; 

•• dialing 
Dialuplmpl; 

END. 

LOG 

Time: June 6, 1979 11:29 AM By: VSS Action: Created file 
Time: May 23, 1980 5:57 PM By: VSS Action: removed all pre-Amargosa log entries 
Time: May 23, 1980 5:57 PM By: VSS Action: Replaced RS232CFrontEnd with RS232CDriverA and RS232CDriverB, as part of code to 

handle multiple RS232C Channels. 
Time: June 24, 1980 4:07 PM By: VSS Action: Remove OISTransporterlmpl and PhoneNetworklmpl from this configuration (they 

go to Communication.configJ.. 
Time: July 22, 1980 3:12 PM By: CRF Action: Add Transaction to the IMPORTS for RS232CHeaplmp/'s use. 
Time: August 4, 1980 2:56 PM By: VSS Action: Remove RS232CHeapimpl, and IMPORT Heap instead. Remove IMPORTs of Space, 

SpecialS pace and Zone. 
Time: October 10, 1980 4:39 PM By: Artibee. Action: Added LINKS: CODE. 

.. _------------_._------------------------------_ ...••. _-._._-_.-._. __ .. _-_ .. -.... _-,.--_. __ ._ .. __ .. ---



•• HoadsDO.confia (llIsl edited by: Forresl on: OClober 3, 1980 5:44 PM) 

HeadsDO: CONFIGUnATION 
IMPORTS 8yteBIt, DcviceCleanup, Heap, Process, Processlntf;lrnal, RcsidentHeap, Runtime, Runtimclntcrnul, Spuce, Spc'ciaIHe(lp, 

SpecialSpace, Zona 
EXPORTS DisplayFuce, EthernetFace, EthernetOneFace, HeadStartChain, KeyboardFace, MOliseFace, ProcessorFace, 

RS232CFace, RS366Face, SA4000Face, SA800Faco, rfYPortFace, TemporarySetGMT = 

BEGIN 

BasicHeadsDO; 

RS232CIOHeadsDO; 

END. 

LOG 

Time: April 21, 1980 5:34 PM By: McJones Action: Creale file 

Time: August 26, 1980 10:58 AM By: Biyon Action: renllmed EthernetFace 10 ElheftletOneFllce 

Time: September 6, 1980 3:47 PM By: .HGM Action: EXPORT EthernelFace 

Time: October 3, 1980 5:33 PM By: Forrest Action: Remove SoftwareTextBIt export; IIdd TemporarySelGMT 



•• BnslcHendsOO.confiO (last r.1ditcd by: Forrest on: October 3, 1980 5:3 I PM) 

PACI( •. resident 

ProcessOl HeadOO, 

EthcrnetHeadDO, 

ElhernelOneHcudDO, 

GMTUsinglnlcrvalTimer, 

SA4000HcadDO, 

SA800HcudDO, 

UserTcrminalHeadDO, 

SturtChuinPlu9, 

SetGMTUsingEthernet; 

BasicHcadsDO: CONFIGURATION LINKS: CODE 

IMPORTS DevicoClcanup, Inline, Procosslnternul, BDC, nunlimelnlernal, SA600NeckDO 

EXPORTS DOlnpulOulpUl, DisplayFace, EthernetFacc, Ell1ernelOnoFace, HeadStariChain1, KeyboardFace, MouseFace, 

ProcessorFace, SMOOOFace, SA800Fuce, TcmporurySetGMT = 

BEGIN 

[DOInpulOutpul, ProcessorFaco1] .. ProccssorHeadDO[); •• NOT in head start ch,1in 

[EthernetFuce, HeadStartChuin1] .. EthcrnetHeadDO[DOlnputOutpul, DeviceCleanup, HcadSIartChain2, Inlinej; 

[EthernelOneFacc, HeadStartChuin2] .. EthernetOneHoadDO[DOlnputOutput, DeviceClcanup, HeadStartChuin3, In line]; 

[HeudSlartChuin3, ProcessorFace2] .. GMTUsinglntervuITimer[DoviceCleanup, HeudStartChain4, Processlnternal, ProcessorFuce]; 

[HeadStartChain4, SA4000Facc, System] .. SA4000HeadDO[DOlnputOutput, DeviceClcanup, HeadStartChain5, Inlinc, ROC]; 

[SA800Facc, HeadStartChain5] .. SA800HeadDO[DOlnputOutpul, DeviceCleanup, HcadSIartChain6, Inlinc, SA800NcckDO, Syslem]; 

[DisplayFace, HeadSIariChain6, KeyboardFa~e, MouseFace, ProcessorFace3] to UserTerminaIHeadDO[DOlnputOulput, DeviceCleanup, 

HeadSturtChuin, Inline, ProcessorFace, Runtimelnternal]; 

ProcessorFace .. ProcessorFace1 THEN ProcessorFace2 THEN ProcessorFace3; 

StartChuinPlug; 

SetGMTUsingEthernct; 

END. 

LOG 

(For carlier 100 entries see Amargosa archive version.) 

Time: April 21, 1980 5:34 PM By: McJones Action: Delete DOEther import to EthernetHeo.dDO and commented·out Diabl031 :;tuff 

Time: April 28, 1980 2:04 PM 

Time: May 2, 1980 12:48 PM 

Time: May 14, 1980 6:40 PM 

Time: May 19, 1980 12:47 PM 

By: Danielson/Schwartz Action: Remove RS232 head and its imports from config 

By: Forrest Actio.n: Add PrincOpsBitBltlmpl (temporary) 

By: McJones Action: Remove O/SProcessorHeadDO from HeadStartChain 

By: McJones Action: Define O/SProcesso;Face with THEN to avoid conflict with 

By: Forrest Action: Remove PrincOpsBitBllfmpl 

HeadStartChain.Start 

Time: May 30,1980 2:40 PM 

Time: June 26, 19BO 10:33 AM By: McJones Action: O/SProcessorFace = >ProcessorFace; don't import O/SDisk; import ROC; 

SA4000HeadDO exports System; UserTerminalHeadDO doesn't import DisplayFace or KeyboardFace 

Time: July 29, 1980 11:09 AM By: McJones Action: Export MouseFace from UserTerminalHeadDO and config 

Time: August 13, 1930 5:57 PM By: Jose Action: Add SABOOHeadDO. 

Time: August 15, 1980 3:54 PM By: Fay Action: Add TextBl/lmpl 

Time: August lB, 1980 5:43 PM By: McJones Action: Renamed from HeadsDO 

Time: August 20, 1980 6:29 PM By: BLyon Action: renamed Ethernet' to EII1ernetOne&. 

Time: September 6, 1980 ':44 PM By: HGM Action: Add ElhernetHeadDO, EXPORT EthernetFace. 

Time: September 15, 1980 11:10 AM By: Forrest Action: Linl<s: CODE. 

Time: October 3, 1980 5:30 PM By: Forrest Action: remove software texIBIt temporarily. This will be put back in when operable, 

but won't have to be exported since the unimplemented trap is now in the ProcessorHead. 

._------------" .. _ .. _ .. ""." .. _ ... __ . 



-- RS232CIOHeadsOO.config (last editoc/ by: IIrtibee on: Octobor 10, 1980 4:30 PM) --

RS232CIOHeadsOO: CONFIGURATION 

LINKS: CODE 
IMPORTS ByteBlt, OeviceCleanup, OOlnputOutput, Heap, Process, Processlnternal, ResidentHeap, Runtime, Runtimelnternal, 

Space, SpecialHeap, SpecialSpace, Zone .' 
EXPORTS RS232CFace, RS366Face, TTYPortFace = 

BEGIN 
RS232CHeadF rontEndOO; 
MIOCCommCmdsOO; 
MIOCCommlmpIDO; 
MIOCHardwareDO; 
TTYPorlHead DO; 
X800TablesDO; 
System6TablesOO; 
RS232CAsyncMicrocodeOO; 
RS232CByteMicrocodeDO; 
RS232CBitMicrocodeDO; 
RS232CTtyMicrocodeDO; 
END. 

LOG 

Time: October 15, 1979 4:47 PM By: Bill Danielson Action: Created fifo . 
Time: April 29, 1980 8:50 AM By: Victor Schwartz Action: (See Amargosa archive for a/l pre-Amargosa-release log entries) Change 

name to RS232C/OHeadsDO.config as part of removal of RS232C stuff from TestPilot.config. . 
Time: May 1,1980 1:03 PM By: Victor Schwartz Action: Added TTY microcode variant. 
Time: July 22, 1980 3:15 PM By: Chuck Fay Action: Added Transaction to IMPORTS for RS232CHeaplmp/'s use. 
Time: August 4, 1980 3:03 PM By: Danielson Action: Added TTYPort head to configuration. 
Time: October 10, 1980 4:39 PM By: Artibee Action: Added LINKS: CODE. 

..... _--------------------------



" UtililyPilolconfig (fast odiloc/ by: Luniowski on: OCloberg. 1980 2:02 PM) 

.. To fully pac/( UtilityPilot. one should uttor ... 

.. PACK PilotControl. Filolmpl. FilorCol1trol. UtilitySpacelmpl. SwapperControl. Boo{SwapCross. ResidentHeaplmpl. 
CommunicationControl. UserTerminallmpl; 

PACK 
PilotControl, Systemlmpl; 

PACK 
UserTerminalimpl, -- UserTorminalDriver 
DiskDriverSharedlmpl, SA8001mpl; .- DiskDrivers 

UtilityPilot: CONFIGURATION 
IMPORTS 

Dialup, PilotClient, RS232C, RuntimePrograms·-Piiot Loader··, 
--heads-- DisplayFace, EthernetFace. EthernetOneFace, HeadStartChain, KeyboardFace, MouseFace, ProcessorFace,. 
SA4000Face, SA800Facc, TemporarySetGMT, . 
'- inlines to make Binder happy·· Inline, PilotDisk 

EXPORTS 
_. public -. ByteBlt, File, Heap, NetworkStream, OISTransporter, PhoneNetworl<, PhysicalVolume, Process, Runtime, Scavenger, 
Socket, Space, Stream, System, TemporaryBooting, Transaction, UserTerminal, Volume, Zone, 
•• Communication private·· OISCPDefs, StatsDefs, StatsOps, 
_. for PUP package only -. Buffer£;:>efs, CommUtiiDefs, DriverDefs, PupDefs, 
•. for test puposeslinsidersllw[/ds only _. DebuggerSwap, DeviceCleanup, DiskChannel, FloppyChannel, FloppyChannellnternal, 
KernelFile, PilotSwitches, Processlnternal, PacketStream, ResidentHeap, ResidentMemory, Router, Runtimelnternal, 
Snapshot, SpecialFile, Special Heap, SpecialSpace, Special System, SpecialVolume, Systemlnternal, Utilities,. VolumeExtras = 

BEGIN 

UtilityPilotKernel[Dialup, DiskChannel, DriverStartChain1, EthernetFace, EthernetOneFace, l(eyboardFace, HeadStartChain, PilotClient, 
ProcessorFace, RS232C, RuntirnePrograms --(tor loader}·-, StoreDriverStartChain, TemporarySetGMT]; 

[Disl,Channel, DiskChannelBackend, DiskDriverShared, DriverStartChain1, FloppyChannel, FloppyChannelinternal, PhysicalVolume, 
StoreDriverStartChain] to 

DiskDrivers[DriverStartChain; Inline, PhYsicalVolume, PiiotDisk, Process, Processlnternal' ResidentHeap, Runtimelnternal, 
SA4000Face, SA800Face, Space, SpecialSpace, Transaction, Utilities]; 

[DriverStartChain, UserTerminal] to 

UserTerminaIDriver[DisplayFace, l(eyboardFace, MouseFace, PilotSwitches, Process, Processlnternal, ResidentHeap, Runtime, 
Space, SpecialSpace, System, Transaction];' . 

END. 

LOG 

(For earlier log entries see Pilot 4.0 archive version,) 
Time: April 16. 1980 6:21 PM By: McJones 
Time: April 13. 1980 11:01 PM By: Forre.st 
Time: April 21. 1980 4:01 PM By: Luniewski 
Time: May '1, 1980 9:55 AM By: Forrest 
Time: May 1, 1980 9:55 AM By: Forrest 
Time: June 11, 1980 5:46 PM By: Luniewski 
Time: June 18, 1980 10:36 AM By: Luniewski 
Time: June 27, 1980 11: 19 AM By: McJones 

Time: July 30, 1980 8:36 AM 
Time: August 18, 1980 5:35 PM 

Time: August 29, 1980 8:55 AM 
Time: September 9, 1980 5:37 PM 
Time: September 15, 1980 11: 18 AM 
Time: October3. 1980 2:18 PM 
Time: October3. 1980 10:35 PM 
Time: October 9, 1980 2:02 PM 

By: Forrest 
By: McJones 

By: BLyon 
By: Forrest 
By: Forrest 
By: Jose 
By: Forrest 
By: Luniewski 

Action: Add SetGMTUsingEthernet 
Action: Don't export IOCS' 
Action: Delete SetGMTUsingEthernet from leading comment 
Action: Add SetGMTUsingEthernet to packs 
Action: Change UtilityHeadsDO to HeadsDO 
Action: Export Physica/Volume 
Action: Export Scavenger 
Action: Export Heap. OISTransporter. PhoneNetwork, Transaction; import 
Dialup, RS232C; OISProcessor = > Processor, StatsPrivateDefs = > StatsOps 
Action: Move out heads, StatsPrivateDefs:: > StatsOps 
Action: Link floppy driver into DriverStartChain; import SA800Face; don't export 
ByteB/tOefs 
Action: renamed EthernetFace to EthernetOneFace. 
Action: add EthernetFace. 
Action: LINKS: CODE. Add SpecialHeap to exports. 
Action: export FloppyChannel and FloppyChannellnternal. 
Action: Import TemporarySetGMT. 
Action: Export VolumeExtras. 

-_ ... - ..... - .. - -------



-- Uti I ity Pi lot K e rnel.c~n(ia (last ocfitad by: LuniowsM on: October 0, 1080 2:00 PMPM) 

PACK BootSwapCross, Frarnelmpl, Snapshotlmpi; .. MesaRuntimo 
PACK Heaplmpl, ResidentHeaplmpl; .. Misc . 
PACK Queuelmpl, BufferPoollmpl, SysternBufferPoollmpl, EthernetDriver, EthernetOneDriver, Dispatcherlrnpl, PhoneNetworkDriver, 
PhoneNetworklmpl, HalfDuplexlmpl, Routerlmpl, RoutingTablelmpl, Socketlmpl, Checl<sumslrnpl, EchoServerlmpl, NetworkStreamMgr, 
Networl<Streamlnstance, PacketStreamMgr, PacketStreamlnstance, CommunicationControl, PiiotCommUtil, Boss, StatsHot; -­
Communication 

UtilityPilotl<ernel: CONFIGURATION 
IMPORTS 

Dialup, DiskChannel, DriverStartChain, EthernetFace, EthernetOneFace, KeyboardFace, HeadStartChain, PilotClient, 
ProcessorFace, RS232C, RuntimePrograms -·(for loader)··, StoreDriverStartChain, TemporarySetGMT 

EXPORTS 
.. public _. ByteBlt, File, Heap, NetworkStream, OISTransporter, PhoneNetwork, PhysicalVolume, Process, Runtime, Scavenger, 
Socket, Space, Stream, System, TemporaryBooting, Transaction, Volume, Zone, 
.. for Drivers Only·· DeviceCleanup, PilotSwitches, Processlnternal, ResidentHeap, Runtimelnternal, SpecialSpace, Utilities, 
.. Communication privdte -- OISCPDefs, StatsDefs, StatsOps, 
.. for PUP package only .- BufferDefs, CommUtiiDefs, DriverDefs, PlIpDefs, 
.- for insiders only·- DebuggerSwap, KernelFile, PacketStream, ResidentMemory, Router, Snapshot, SpecialFile, Special Heap, 
SpecialSystem, SpecialVolume, Systemlnternal, Vollln;eExtras = 

BEGIN 
Control; 
MesaRuntime; 
-- RuntimeLoader is not used. 
-- RuntimePerl is not used. 
Misc; 
UtilityStore; 
Communication; 
END. 

LOG 

(For earlier log entries see Pifot 4.0 archive version.). 
Time: April 13, 1980 10:21 PM 
Time: Aprif 17, 1980 2:43 PM 
Time: May 1, 1980 9:54 AM 
Time: June 11, 1980 5:48 PM 
Time: June 18, 1980 10:37 AM 

Time: June 27, 1980 11:16 AM 

By: Forrest 
By: Knutsen 
By: Forrest 
By: Luniewski 
By: Luniewski 

By: McJones 

Time: August 1, 1980 2:38 PM By: Luniewski 
Time: August 18, 1980 3:56 PM By: McJones 
Time: August 29, 1980 9:40 AM By: BLyon 
Time: September 9, 1980 5:31 PM By: Forrest 
Time: September 17, 1980 10:07 AM 
Time: September 18, 1980 1:27 PM By: McJones 
Time: October 9, 1980 2:00 PM By: Luniewski 

Action: Remove 10" 
Action: Actually remove 10 
Action: Fix up packs 
Action: Export PhysicalVolume 
Action: Export Scavenger 

Action: Export Heap, OISTransporter, PhonHNetwork, Transaction,· import Dialup, 
RS232C; OISProcessorFace::: > ProcessorFace, StatsPrivateDels::: > StatsOps 
Action: Frames ::: > Framelmpl 
Action: Don't export ByteBItDels 
Action: renamed Ethernet * to EthernetOne"'. 
Action: Fix up packs 
By: Forrest Action: SpecialHeap added to exports 
Action: Don't PACK Processes 
Action: Export VolumeExtras 



-- Util it ySto re.config (last oditod by: Luniowski 011: Octobor 9, 1980 1:59 PM) 

PACK 
--FileMgr: 
Filelmpl, 
PhysicnlVolumelmpl, 
Scavengelmpl, 
VolAllocMaplmpl, 
MarkerPagelmpl; 

PACK 
-- Swapper: 
SwapTasklmpl, 
SimpleSpacelmpl; 

PACK 
-- UlilityVMMgr: 
UtilitySpacelrnpl, 
UtilityVMMControl; 

UtilityStore: CONFIGURATION 
IMPORTS DiskChannel, PilotSwitches, Process, ProcessorFace, ResidentHeap, Runtime, Runtimelnternal, SpecialVolume, 

StoragePrograms, System, Systemlnternal, Utilities, Zone 
EXPORTS File, KernelFile, MStore, PerformancePrograms, PhysicalVolume, ResidentMemory, RuntimePrograms, Scavenger, 

Space, SpecialFile: Special,Space, SpecialVolume, StoragePrograms, Transaction, Volume, VolumeExtras = -

BEGIN 

Filer; 

FileMgr; 

Swapper; 

-- UtifityVMMgr: 

END. 

LOG 

UtilitySpacelmpl LINKS: CODE; 

UtilityVMMControl LINKS: CODE; 

(For earlier log entries see Pilot 4.0 archive version.) 
Tim.e: April 17, '1980 2:32 PM By: Knutsen 

Time: April. 23, 1980 11 :29 AM 
Time: Apri/30, 1980 6:36 PM 
Time: June 4, 1980 3:56 PM 
Time: June 11, 1980 5:45 PM 
Time: June 17, 1980 4:53 PM 
Time: June 27, 1980 11:57 AM 
Time: August 18, 1980 3:54 PM 
Time: August 29, 1980 5:28 PM 
Time: October 9, 1980 1:59 PM 

By: Knutsen 
By: Forrest 
By: Luniewski 
By: Luniewski 
By: Luniewski 
By: McJones 
By: McJones 
By: Forrest 
By: Luniewski 

Action: Import Storage Programs, export ResidentMemory. Add 
. Utility VMMCo n tro I . 

. : Action: Export RuntimePrograms 
Action: Export MiscPrograms, PerformancePrograms, PPData 
Action: Import Zone 
Action: Export Pl1ysicalVolume 
Action: Export Scavenger 
Action: Export Transaction 
Action: Import ProcessorFace 
Action: Kill PPD"; Links: CODE 
Action: Export VolumeExtras 

---------------------------------------------------_ .... __ ............ _----



-- Diagnostic Pilot.confia (last edited by: McJol1es 011: September 2, 1980 2: 15 PM) 2 

Time: September 2, 1980 2:15 PM By: McJones Action: Remove Interrupt Key 
Time: October 6, 1980 1:24 PM By: Forrest Action: Export SpecialSpace (for DonateDedicalodnealMemory) 

----.----.-.------.-------------- .---



-- Ge rnl DO,config (last edited by: BLyon on: August 29, 1980 11:20 AM) 

PACK 
BootSwapGerm, 
BootSwapCross, 
Teledebllglmpl, 
BootChannelOisk, 
BootChannelEther, 
MiniEthcrnetDriver, 
ProcessorHeadOO, 
SA4000HeadDO, 
EthernetOneHeadDO; 

Germ: CONFIGURATION LINKS: CODE 
IMPOFHS Boot, DeviceCleanup, Frame, Inlinc. PageMap. PilotDisk. PrincOpsRuntime, ProcessOperatiolls. ROC, Trap = 

BEGIN 

[BCnull. HSCnuJl, ResidentMemory] f- BootSwapGerm[Boot, BCO. BootSwap. Frame. HSCO, Inline, ProcessorFace, PageMap, 
PrincOpsRuntime, ProcessOperations, ResidentMemory. Teledebug, Trap]; 

BootSwapCross; 

-- Te/edebugger 
Teledebuglmpl; 

-- BootC/Jannel implementations 

-- Tl7e modules implementir:g various types at BoolChanneJ's aro daisy chained together. 
-- BootSwapGorm is the "real" importer of BootChannel and also Qxports BCnull, a Clummy BootChannel to terminate tl1e c'11ain. 
-- To add a new driver namecl "BootChannelNew" to the chain: 
-- 1) Find the end of the chain, i,e, "BCn fo BootChanneIX{ ... BCnull ... };" 
-- 2) Change it to "BCn fo BootChanneIX{ ... BCn + I...};" 
-- 3) Append.after it "BCn +1 r- BootChanneINew{ ... BCnull ... };" 

-- (Similar remarks apply to tho HeadStartChain (HSCn) linking heads.) 
BCO +- BootChanneIOisk[Boot. BC1. Inline. PilotDisk, SA4000Face]; 
BC1 +- BootChanneIEthcr[Boot, BCnull, --EtherFace,-- MiniEthernelDefs, ProcessorFace, ResidentMemory]; 

-- Communication 
MiniEthernetDriver; 

-- Heacls 
ProcessorHeadDO; -- NOT in t1eaclStartChain 
[HSCO. SA4000Face, System] f- SA4000HeadDO[DOlnputOutput. OelJiceCleanup, HSC1, Inline, RDC]; 
[EthernetOneFace, HSC1] +- EthernetOneHeadDO[DOlnputOutput, DeviceCleanllp, HSCnuJl, Inline]; 

END. 

LOG 

Time: February 7, 1980 2:5·1 PM 
Time: February 15, 1980 1:51 PM 
Time: March 11, 1980 '11:16AM 
Time: April 10, 1980 12:29 PM 
Time: April 22, 1980 5:56 PM 
Time: May 14, 1980 6:44 PM 
Time: July 1,1980 1:21 PM 
Time: July 22, 1980 2:53 PM 

Time: August 21, 1980 10:05 AM 
Time: August 29, 1980 11:20 AM 

By: Knutsen 
By: McJones 
By: Forrest 
By: Forrest 
By: McJones 
By: McJones 
By: McJones 
By: Fay 

By: McJones 
By: BLyon 

Action: Create file from GermDisk.config of February 6, 1980 
Action: OISP'rocessorFaceDOlmpl:: > O/SProcessorHeadDO 
Action: Commented out Diabl031 
Action: Added Teledebug 
Action: MiniDODriver = > MiniEthernetDriver+ Etl1ernetHeadDO 
Action: Remove O/SProcessorHeadDO from HeadSt'cutChain 
Action: 48-bit processor ids, OISProcessor ... = > Processor ... 
Action: Reordered BootSwapGerm{ ... } to get PageMap and PrincOpsRuntime 
in tho correct order. 
Actioll: Re'named file Germ.contig =. > GermDO.config 
Action: Renamed Ether 01< to EthernetOne·. 



------------------------------

.. TTYPortChannel.config 

.. Last edited: September 3,1980 12:33 AM By: Mary Artibee 

TTYPortChannel: CONFIGURATION 
IMPORTS Heap, Process, Processlnternal, TTYPortFace 
EXPORTS TTYPort CONTROL lTYPortDriverA, TTYPortDriverB = 

BEGIN 
TTYPortDriverA; 
TTYPortDriverB; 
END. 

LOG 

Time: July 30, 1980 8:20 AM By: Mary Artibee Action: Created. 
Time: August 4, 1080 3:53 PM By: Mary Artibee Action: Import TTYPortFace (trom RS232CIOHeadsDO). 
Time: August 5, 1980 6:55 PM By: Mary Artibee Action: Import ResidentHeap, Zone. 
Time: September 3, 1980 12:33 AM By: Mary Artibee Action: Remove ResidentHeap, Zone. 



PiiotControl.mesa. 10-0ct-80 16:42:05 

-- Pi/otContro/.mesa (last edited by: Forrest on: October 10, 1980 4:41 PM) 

DIRECTORY 
Boot USING [Location, LP, LVBootFiles, nuliDiskFilelD, pRequest, Request], 
BootSwap USING [ 

GetPStartListHeader, Initialize, InitializeMDS, mdsiGerm, sPilotSwitches], 
CommunicationPrograms USING [lnitializeCommunication], 
Control Programs USING [Systemlmpl], 
DebuggerSwap USING [Parameters], 
Device USING [nuIlType, Type], 
DriverStartChain USING [Start], 
Environment USING [ 

maxPageslnMDS, PageCount, PageNumber, PageOffset, wordsPerPage], 
File USiNG [Capability, !D, nulllD, PageNumber, Permissions, read, write], 
Frame USING [Free, GetReturnFrame, SetReturnLink], 
HeadStartChain USING [Start], 
KernelFile USING [Pin], 
MiscPrograms, 
PerformanceProgra'ms USING [lnitializePiiotCounter, InitializePilotPerfMonitor] , 
PilotClient USiNG [Run], 
Pi/otMP USING [ 

Code, cBadBootFile, cClient, cCommunication, cControl, cMap, cStorage], 
PilotSwitches USING 0, 
PrincOps USING [StateVector, TrapLink], 
Process USING [Detach], 
ProcessOperations USING [WriteWDC], 
ProcessorFace USING [SetMP, Start], 
Runtime USING [CaIlDebugger], 
RuntimePrograms USING [ 

InitializeFrames, Initializelnterrupt, Instructions, InitializePilotLoadState, 
InitializePiiotNub, Processes, Signals, InitializeSnapshot, Start, Traps], 

SDDefs USING [SO], ' 
Space USING [ 

Copyln, Create, defaultWindow, Delete, Handle, Kill, LongPointer, Map, 
nuIIHand!e, PageNumber, WindowOrigin], 

StartList USING [ 
Entry, Index, Header, Spacelndex, SpaceType, ~tartlndex, SwapUnitinfo, Base. 
VersionlD], , 

SpecialSystem USING [NetworkAddress, nuIiNetworkAddress], 
StoragePrograms USING [ 

DescribeSpace, empty. free, HandleFromPage, InitializeFileMgr, 
InitializeFiler, InitializeMStore, InitializeRegionCacheA, 
InitializeRegionCacheB. InitializeResidentMemoryA. InitializeResidentMemoryB, 
InitializeSimpleSpace, InitializeSwapper, Initialize Transaction Data, 
InitializeVMMgr, IsUtilityPi!ot, LongPointerFromPage, nuIlSpaceHand!e, outlaw, 
PageFromLongPointer, RecoverTransactions, ReplacementProcess, SpaceOptions, 
StartListProc, SuperFromPage], 

StoreOriverStartChain USING [Start], 
System USING O. 
Systemlnternal USING [Unimplemented], 
TemporaryBooting USING [Switches], -- Trap USING [WriteXTSJ, 
VMMapLog USING [ 

Descriptor, EntryPointer, PatchTable, PatchTableEntry, 
PatchTable~ntryPointer], 

XferTrap USING [WriteXTS]; 

·PilotControl: PROGRAM 
IMPORTS 
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Pi/otContral.mesa. 10·0ct-80 16:42:05 

Boot, BootSvJap, CommunicationPrograms, ControlPrograms, DriverStartChain, 
Frame, HeadStartChain, Keme!File, MiscPrograms, PerformancePrograms, 
PilotCHent, Process, ProcessOperations, ProcessorFace, Runtime, 
RuntimePrograms, Space, StoreDriverStartChain, StoragePrograms, 
Systemlnternal, XferTrap 

EXPORTS DebuggerSwap, PiiotSv>'itches, StoragePrograms, System 
SHARES File, RuntimePrograms = 
BEGIN OPEN Environment; 
PEntry: TYPE = ROINTER TO StartList.Entry; -- for debugger 

-- PilotSwitches 
switches: PUBLIC TemporaryBooting.Switches; 

-- StoragePrograms 
. countVM: PUBLIC PageCount ~ 40000B; 

2 

-- size of VM implemented on a DO. Should come from ProcessorFace! ("+-" due to compiler glit 
**ch) . 

pageMDS: PUBLIC Env:ronment.PageNumber; -- first page of Pilot's (only) MDS. 
IpMOS: PUBLIC LONG POINTER; -- to Pilot's (only) A1OS. 
pageHyperspace: PUBLIC Elivironment.PageNumber; • 
-- first page of non-MDS non-Germ VM. (Hyperspace is assumed to follow MDS.) 
countHyperspace: PUBLIC Environment.PageCount; 
pageMOSGerm: PUBLIC Environment.PageNumber; -- first page of Germ's MDS. 
tableBase: PUBLIC Startu'st.Base; -- base pointer of the Start List. 

-- System (exported here until directed exports appear) 
NetworkAddress: PUBLIC TYPE = SpeciaISystem.NetworkAddress; 
nullNetworkAddress: PUBLIC NetworkAddress ~ SpeciaISystem.nuIiNetworkAddress; 

-- DebuggerSwap 
canSwap: PUBLIC BOOLEAN ~ FALSE; -- can we get to the debugger 
parameters: PUSUC DebuggerSwap.Parameters; 

-- Parameters: 
request: Boot.Request +- LOOPHOLE[Boot.LP[ 

highbits: BootSwap.mdsiGerm, lowbits: Boot.pRequest]. LONG POINTER TO 
Boot.Request]t; -- parameter to the germ which loaded us 

-- Assorted global variables: 
h: POiNTER TO StartList.Header; 
-- Map log and patch table descriptor (see also CachedRegionlmp/): 
mapLogOescriptor: VMMapLog.Descriptcr ~ 
. [self:, writer: FIRsT[VMMapLog.EntryPointer], 

reader: FIRsT[VMMapLog .Entf'jPointer], limit: FIRsT[VMMapLog .EntryPointer]. 
patchTable: @dummyPatchTable,patchTable]; -- overwritten by CachedRegionlmpl 

OummyPatchTable: TYPE = RECORD [ 
patchTable: VMMapLog.PatchTab!e, 
entries: ARRAY [0 .. 5} OF VMMapLog.PatchTableEntry]; 

dummyPatchTable: DummyPatchTable ~ 
[[limit: FIRsT[VMMapLog .Patch TableEntryPointer], 

maxLimit: 
FIRsT[VMMapLog.PatchTableEntryPointer] + 5*SIZE[VMMapLog.PatchTableEntry], 
entries:], ]; 
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Bug: PRIVATE --PROGRAMMING--ERROR [type: BugType] = CODE; 
BugType: TYPE = {bugO, bug1, bug2, bug3, bug4, bug5, bug6, bug7, bug8, bug9}; 

-- Heart of Pi/otControl 
ProcessStartList: PROCEDURE = -- Assume called from main body 

BEGIN 
pSwitches: LONG POINTER TO TemporaryBooting.Switches = LOOPHOLE[Boot.LP[ 

highbits: BootSwap.mdsiGerm, lowbits: @SDDefs.SD[BootSwap.sPiiotSwitches]]J; 
IvBootFiles: Boot.LVBootFiles; 
dT: Device.Type; _. device type for debugger boot files 
dO: CARDINAL; _. device ordinal for debugger boot files 
state: PrincOps.StateVector; 
pageEndHyperspace: Environment.PageNumber; 
pageExcessRealMemory: PageNumber; -- real pages not backing bootloaded stuff. 
pageFreeVM: PageNumber; -- VM following that allocated by StartPilot. . 
Frame.Free[Frame.GetReturnFrameDl; .- Get key switch settings. 
switches +- pSwitchest; 
switches.u +- up; _. only Pilot sets UtilityPilot-ness 

ProcessorF ace.SetMP[PilotMP .cControl]; 

_. Get start traps working first. 
RuntimePrograms.Start[LOOPHOLE[RuntimePrograms.Traps]1; 

·-Initialize processor face. 
ProcessorFace.StartD; 

BootSwap.lnitializeMDS[]; .. sets pMon 
h +- BootSwap.GetPStartListHeader[]; 
tableBase +- h.table; 
IF h.version - = StartList.VersionlD THEN Punt[PilotMP.cBadBootFile]; 
.- not the version of StartList we were compiled with 
pager",1DSGerm +- BootSwap.mdsiGerm*maxPageslnMDS; 

3 

-·pageMDS +- 'storagePrograms.PageFromLongPointer[LOOPHOLE[1, POINTER]]; + + ("1" s 
"ince "0" collides Witli NIL) (StoragePrograms version can be used in Mesa 6) 

pageMDS +- StoragePrograms.PageFromLongPointer[LOOPHOLE[1, POINTER]]; 
IpMOS +- StoragePrograms.LongPointerFromPage[pageMOS]; 
pageHyperspace +- pageMDS + maxPageslnMDS; .- follows MDS. 
pageEndHyperspace +-

IF pageMDSGerm > pageHyperspace THEN pageMDSGerm 
ELSE FIRST[PageNumber] + countVM; -- ends at Germ or end of VM. 

countHY;Jerspace +- pageEndHyperspace . pageHyperspace; 
pageFreeVM ~ h.lastVMPage + 1; 
pageExcessRealMemory +- h.lastBootLoadedPage + 1; 
MiscPrograms.lnitializeUtilities[]; •• (IMPORTed by Frames.) 

.• Initialize Mesa runtime. 
Ru ntimePrograms.lnitializeFramesD; 
START RuntimePrograms.lnstructions; 

. Frame.SetReturnLink[PrincOps.TrapLink]; _. so it can be set to Processes. End 
START RuntimePrograms.Processes[pagePDA: h.pdaBase, countPDA: h.pdaPages]; 
START RuntimePrograms.Signals; 
RuntimePrograms.lnitializePilotNub[ 

pageLoadState: 
tableBase[tableBase[h.initLoadState].parent].vmpage +. tableBase[ 

h.initLoad State] .base, countLoad State: tableBase£h.initLoadState] .pages, 
pVMMapLog: @mapLogDescriptor]; 

BootSwap.lnitialize[mdsiOlher: BootSwap.mdsiGerm]; 
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InitializeDebuggerSwap[]; -- read in germ fOi debugger's world. 
--lnterruptKey is started below after .l<eyboJ..'dFace implementation is started. 

4 

_. Snapshotlmpl and PerformancePrograms are started be/ow after the virtual memory.is runni 
·*ng. 

.- Mesa runtime now fully operational; can swap if debugger pointers set with Othello comman 
**d. 

IF switches.zero = down THEN Runtime.CaIlDebugger["Key Stop Oil]; 

.. Get basic real and virtual memory facilities working. 
StoragePrograms.lnitializeMStore[J; 
StoragePrograms.DescribeSpace[ 

StorageProgramsJree, pageExcessRealMemory, 
pageEndHyperspace - pageExcessRealMemory, Space.defaultWindow]; 

_. gives excess real memory to !:AStore. . 
StoragePrograms. InitializeSimpleSpace[]; 
.- (enumerates non-empty initiaf1y resident spaces, initializes VM alfocator). 
StoragePrograms.DescribeSpace[ 

StoragePrograms.empty, pageFreeVM, pageEndHyperspace - pageFreeVM, 
Space.defaultWindow]; 

_. tells SimpleSpace about unused hyperspace VM in which it can create SimpleSpaces. 
StoragePrograms.lnitializeRegionCacheA[]; 
.- creates region cache, initializes AllocateRuthless/y. 
StoragePrograms.1 nitial izeResid en tMemory A[J; 

~. ResidentMemory now operational. 
MiscPrograms.lnitializeZone[]; 
MiscPrograms.lnitializeResidentHeapD; 
HeadStartChain.Start[]; .. start heads 

RuntimePrograms.lnitializelnterruptD; , 
-- now that KeyboardFace.keyboard is defined 
START ControIPrograms.Systemlmpl; 

--Initialize more of Misc configuration. 
MiscPrograms.lnitializeStream[]; 
StoreDriverStartChain.Start[]; .- start drivers used by Store 

-·Initialize the Store configuration. 
BEGIN OPEN StoragePrograms; 
ProcessorFace.SetMP[PilotMP .cStorage]; 
switches.u +- IF IsUtilityPilot[J THEN down ELSE up; 
InitializeFiler; _. Initialize Sivapper. 
InitializeSwapper[@mapLogDescriptor]; .• SimpleSpace I/O is now operational. 
_. Describe inita!lrResident, cacnedDescriptor, and ouUaw Spaces to Swapper; . 
InitializeRegionCacheB[]; _. dGscribes region cache space .. 
InitializeRes:dentMemoryB[]; -- describes resident memory spaces. 
DescribeSpace[ 

StoragePrograms.outlaw, pageMOSGerm, maxPageslnMDS, Space.defaultWindow]; 
_. describes Germ MDS space. 
DesCiibeSpace[ 

StorageProgrCl-ms.outlaw, FIRsT[PageNumber], 1, Space.defaultWindow]; 
-- plant outlaw space on unmapped page 0 (LONG[NIL]t). 
IF pageMDS # FIRST[PageNumber] ·THEN 

DescribeSpace[StoragePrograms.out!aw, pageMDS, 1, Space.defaultWindow]; 
•• plant outlaw space on unmapped mds page 0 (NIL t). 
Enumerate8.tartList[DescribelnitiallyResidentSpaces]; 
_. describes non-empty initallyResident spaces. 
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-- Start the virtual memory replacement process. 
BEGIN . 
countThreshold: PageCount ~ 4; 
-- for replacement algorithm in MStore.AwaitBelowThreshold. 
Process.Detach[ 

FORK ReplacementPrOcess[!F IsUtilityPilotD THEN 0 ELSE countThreshold]]; 
END; 

-- Part one of Transactions initialization: exported variables and simple spaces. 
InitializeTransactionData[]; 

-- Start FileMgr, which will find system volume and debugger booting information. 
[debuggerDeviceType: dT, debuggerDeviceOrdinal: dO] +- InitializeFileMgr[ 

@LOOPHOLE[requestlocation, disk Boot.Location), @lvBootFiles); 
IF -switches.u = down THEN 

En u merateStartList[Pi nResidentDescri ptorPageGrou ps]; 
IF switches:r-=-tfp-ro'm- ,/' rJ!) e 

--{-ciT f Device.nul/Type@ IvBootFiles[debuggeff,da f Boot.nullOiskFileIO.da) 
THEN switches m ~ down-disable-map/Cigging.if..no-debugger- . 

-RoSE-
BEGIN 
parameters.locOebugger +-

[deviceType: dT, deviceOrdinal: dO, 
vp: disk[diskFilaIO: IvBootFiles[debugger]]]; 

parameters.locDebuggee +-

[deviceType: dT, deviceOrdinal: dO, 
vp: disk[diskFileIO: IvBootFiles[debtiggee]]]; 

can Swap +- TRUE; -- now can get to debugger 

<:! 
END; 

5 

~IF ;;J c: q It"\. J".,j .:_:p 
I 

n l D ·J) .. r (- I 11-....-"\ J .. r-J IVSl,Jl,l .... '>t.J, - ctot.Jlt h ......... 

Initialize VMMgr[ cou ntVM, @mapLogDescriptor]; 
51..) ~b~J/\\"\~" ({vw~ 

-- also MapLogs the unitary and family spaces in the boot file 

ProcessorFace.SetMP[PilotMP.cMap]; 
En u merateStartList[ Createln iti all yOutSpaces]; 
-- creates swap Units of non-initallyResident, non-cachedDescriptor spaces 

-- No~v everything allocated by StartPilot has been placed in the VMMgr databases and MapLo 
Hgged. 

IF switches.one = down THEN Runtime.CallDebugger[" Key Stop 1 "]; 

RecoverTransactions[]; 
END; -- of OPEN StoragePrograms 

PerformancePrograms.lnitializePilotCounter[]; 
PeiiormancePrograms.lnitializePilotPerfMonitor[]; 

RuntimePrograms.lnitializeSnapshot[]; -- not initially resident 
MiscPrograms.lnitializeHeap[]; -- uses Space 
DriverStartChain.Start[]; -- start remaining drivers 
ProcessorFace.SetMP[PilotMP.cCommunication]; 
IF switches.c = up THEN CommunicationPrograms.lnitializeCommunication[]; 
RuntimePrograms.lnitializePilotLoadState[ 

t.ableBase[tableBase[h .initLoadState] .parent]. vmpage -:- tableBase[ 
h.initLoadState].base. tableBase[h.initLoadState].pages]; 

Space.Kill[ 
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-- so that UtilityPilot can do the Dc/ete of the space 
StoragePrograms.HandleFromPage[ 
StoragePrograms.PageFromLongPointer[tab!eBase]ll; 

Space.Delete[ 
StoragePrograms.HandleFromPage[ 
StoragePrograms.PageFromLongPointer[tableBase]]]; -- delete the StartList 

-- Ready to start the client. 
ProcessorF ace.SetMP[PilotMP .cClient]; 
IF switches.two = down THEN Runtime.CaIlDebugger["Key Stop 2"L]; 
state.instbyte +- state.stkptr +- 0; 
state.c;lest +- PilotClient.Run; 
state.source +- Frame.GetReturnFrame[]; 
R~RN WITH state; -- transfer to PilotClient.Run, freeing our frame as we go 

END; 
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. -- DescribelnitiallyResidentSpaces: Creates entries in the Swapper caches for (non-empty) initall 
HyResident spaces . 
. -- The motivations for this section are as follov/s: The facility provided by the Swapper's Describ 

HeSpace proceduie is the only way to cfeat'e and initialize space and region descriptors for data t 
Hhat are already in memory. It is also the only way to create cachedDescriptor space and region 
"descriptors. Therefore, all initiallyResident or cachedDescriptor spaces and swapUnits must be 
"processed by DescribeSpace, before the VII1t-1:gr is initialized. To simplify our life. we require th 
"at all CachedDescriptor items be ini:iallyResident, thus restricting the processing here to only in 
"itiallyResident items. (We don't process non-initiallyResident spaces and swap Units here so as 
Hto minimize the amount of region cache space required during initialization, and to simplify tite 
"coding.) 

-- VMMControl.lnitializeVMMgr uses the space and region cache entries created here to constru 
Hct the initial Hierarchy and Projection databases, and to MapLog the mapped spaces. For this p 
"rocess, the requirements on tna caci7es are: there must be a space cache entry for any space t 
.. hat is (itself) mapped; there must be a ragion cache entry for every swap Unit. 

Oescribe!nitiallyResidentSpaces: StoragePrograms.StartListProc --[index]-- = 
-- Creates and maps spaces for: alf initiaflyResident unitary or family spaces. 
-- Creates regions for: all initiallyResident swap units. and unitary spaces. 
-- For the convenience of CreatelnitiallyOutSpaces, the handle of each space entry is initialize 

ud to Space. nul/Handle. 
-- Note: We assume that a family is entirely til9d with sViap units (no holes). 
BEGIN 
defaultOptions: StoragePrograms.SpaceOpiions = 

[ -- (the most probable options) 
-- The program logic below assumes these options as defaults! 
createSpace: FALSE, -- assume. 
pinS paceD: FALSE, -- assume. 
mapped: TRUE, -- any non-empty space or swap unit is mapped. 
createReglon: TRUE, -- assume. . 
pinRegionD: FALSE, -- assume. 
subspace: FALSE, -- assume. 
initiallyResldent: TRUE, pinned: FALSE]; -- assume. 

options: StoragePrograms.SpaceOptions +- defau!tOptions; 
-- set up the most probable options. 
WITH e: tableBase[index] SELECT FROM 

space =) -- create space descriptor: 
BEGiN 
If e.vrnpage + e.pages) h.!astVMPage + 1 THEN ERROR Bug[bug1]; 
e.handle ~ LOOPHOLE[StoragePrograms.nuIlSpaceHandle]; 
-- for CreatelnitiallyOutSpaces. (Note: Space. nul/Handle is not initialized yet.) 
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IF -e.bootLoaded THEN RETURN; 
WITH t: e. type SELECT FROM 

empty = > RETURN; -- (handled separately by InitializeSimpleSpace) 

unitary => 

options. pinS paceD +-
(tableBase[t.swapUnit] .info.state = residentDescriptor); 

family = > options.pinSpaceO +- t.anyResidentDescriptorChiidren; 
ENDCASE = > ERROR Bug[bug2]; 

options.createSpace +- TRUE; 

options.createRegion +- FALSE; 

StoragePrograms.OescribeSpace[ 
options, e.vmpage, e.pages, WindowForSpace[LOOPHOLE[index]]]; 

END; 

swapUnit = > -- create region descriptor: 
BEGIN 
readOnlyWindow: Space.WindowOrigin = 

[file: [File.nuIlID, File.read], base: 0]; 
readWriteWindow: Space.WindowOrigin = 

[file: [File.nuIllD, File.read + File.write], base: 0]; 
IF tableBase[e.parent].bootLoaded THEN 

BEGIN 
options.subspace +- (tableBase[e.parent].type.class family); 
SELECT e.info.state FROM 

resident = > options. pinned +- TRUE; 

residentDescriptor = > options.pinRegionO +- TRUE; 
swappable => --options.mapped +- TRUE--NULL; 
ENDCASE = > ERROR Bug[bugO]; 

StoragePrograms.DescribeSpace[ 
options, tableBase[e.parent].vmpage + e.base, e.pages, 
IF e.info.readOnly THEN readOnlyWindow ELSE reariWriteWindow]; 

END; 
END' 

ENDC~SE = >'ERROR Bug[bug3]; 
END; 

PinResidentDescriptorPageGroups: StoragePrograms.StartListProc --[index]-- =' 
BEGIN 
WITH e: tableBase[index] SELECT FROM 

space = > NULL; 
swapUnit => 

IF e.info.state = residentDescriptor THEN 

KerneIFile.Pin[ 
file: [requesUocation.diskFileID.fID, File.read], 
page: tableBase[e.parent].backingPage + e.base, count: e.pages]; 

ENDCASE = > ERROR; 

END; 

-- Creates and maps non-initiallyResident spaces. 

7 

CreatelnitiallyOutSpaces: StoragePrograms.StartListProc --[index]-- = 
_. Note: DescribelnitiallyResidentSpaces has initialized the handle of each space StartList.entr 

**y to Space.nuf~Hand/e. 
BEGIN 
WITH e: tableBase[index] SELECT FROM 

space = > NULL; -- defer creating ALL spaces so the spac.e can be 
-- correctly mapped to either the boot file or a temporary file 
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swapUnit = > -- We ASSUME that all swap Unit's of a space have the same 
-- resident and readOnly attributes!!! 
BEGIN OPEN e; 
IF tableBase[parent].bootLoaded THEN RETURN; 

IF LOOPHOLE[tableBase[parent].handle, Space.Handle] Space.nullHandle 
THEN CreateParent[parent, e.info.readOnly OR e.info.state = resident]; 

-- (sets handle) 
IF tableBase[parent].type.class = family THEN o +- Space.Create[e.pages, LOOPHOLE[tableBase[parentj.handle], base]; 
END; 

ENDCASE => ERROR Bug[bug4]; 
END; 

CreateParent: PROCEDURE [parent: StartList.Spacelndex, mapToBootFile: BOOLEAN] = 
BEGIN OPEN p: 'tableBase[parent]; 
parentsParent: Space.Handle; 
pageParentsParent: Space.PageNumber; 
window: Space.WindowOrigin; 
IF p.type.class = empty THEN ERROR Bug[bug5]; 
[parentsParent. pageParentsParent] +- StoragePrograms.SuperFromPage[p.vmpage]; 
p.handle +- LOOPHOLE[Space.Create[ 

p.pages, parents Parent, p.vmpage - pageParentsParent]]; 
window +-

IF mapToBootFile THEN WindowForSpace[parent] -- map to boot file 
ELSE Space.defaultWindow; _. map to temporary file 

Space.Map[LOOPHOLE[p.handle], window]; 
IF -mapToBootFile THEN -- must copy contents into the space in this case 

BEGIN 
--TEMPORARY BUG WORKAROUND. We first touch the space before doing the 
-- Copyln as Copyln doesn't read the file if the space is out and dead as ours is. 
ptr: LONG POINTER TO VvCRD = Space.longPointer[LOOPHOLE[p.handle]]; 
ptr1' +- 0; _. THE WORKAROUND - touch the space 
Space.Copyln[LOOPHOLE[p.handle], WindowForSpace[parent]]; 
END; 

'WITH t: p.type SELECT FROM 
family =) 

IF t.anyResidentDescriptorChildren TH::'N 
ERROR Systemlnternal.Unimplemented; 

ENDCASE; 

END; 

WindowForSpace: PROCEDURE [space: StartList.Spacelndex] 
RETU'RNS [Space.WindowOrigin] = 
BEGIN 
RETURN[ 

Space.WindowOrigin[ 
file: File.Capability[ 
flO: 
SELECT tableBase[space].backingStore FROM 

null => File.nulllO, 
self = > request.location.diskFileID.fID, 
ENDGASE = > ERROR Bug[bug7], 

permissions:· 
IF tableBase[space].readOnly THEN File.read ELSE File.read + File.write], 
base: 
table,Base[space].backingPage + request.!ocaticn.diskFileIO.firstPage]] 

END; 

PilotControl.mesa. 10·0ct·80 16:42:05 

8 

8 



I 
I 
I 

! 
! 
i 
i I 

PilotControl.mesa. 10·0ct·80 16:42:05 

"'-··-"'rateStartList: PUBLIC PROCEDURE rproc: StoraaeProarams StartListProcl _ 
J::IIUllh .... - - _. _.' .--- _.- ----_. -.- --- -- -- L' . - -- _._. --.. - ...... --_ .. _._._.- .--_ •.. - -4 -

BEGIN OPEN StartList; 
index: Index; 
size: CARDINAL; 
FOR index +- Startlndex, index + size UNTIL tableBase[index].option = stop DO 

Proc[index]; 
size +-

WITH tableBase[index] SELECT FROM 
space =) SlzE[space Entry], 
swapUnit = > slzE[swapUnit Entry], 

-ENDCASE =) ERROR Bug[bug8]; 
ENDLOOP; 

END; 

InitializeDebuggerSwap: PROCEDURE = 
BEGIN OPEN parameter5; 
locDebuggee +- LOOPHOLE[h.locDebuggee]; 
10cDebugger +- LOOPHOLE[h.locDebugger]; 
-- Now can get to debugger if info was in boot file. 
IF locDebuggee.diskFileID.da ..... = LOOPHOLE[LONG[O]] THEN canSwap +- TRUE; 
pMicrocodeCopy +- pGermCopy +- NIL; -- until microcode swapping installed 

END; 

-- When al/ else fails . .. 

Punt: PROCEDURE [c: PilotMP.Code] = IN LINE {ProcessorFace.SetMP[c]; DO ENDLOOP}; 

.- Main Body code: 

Pro cessOperations. WriteWDC[ 1]; 
•• interrupts off (necessary for now on Dandelion) 
XferTrap.WriteXTS[off]; 
ProcessStartListO; -- never returns! 

END. 

(For earlier log entries see Pilot 4.0 archive version.) 
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April 16, 1980 9:18 AM Knutsen Unbundle ResidentMemory into separate module. Expl 
""icitly start MStore, SimpleSpace, ResidentMemory, ResidentHeap, and CachedRegionlmp!A, ea 
Hrly. Exports countVM, etc. Unbundle Store initialization functions. Changes for moving to nonz 
""ero MDS. Changes for eliminating DiagnosticPilotControl. 
April 30. 1980 5:35 PM Forrest Change to turn interrupts off at startup, on after startin 
**g heads -
May 3, 19.80 1:00 PM Forrest ControlDefs = >PrincOps, FrameOps = >Frame, ProcessOps = >Pro 
" "cessO perations 
May 14. 1980 6:22 PM McJones Start processor iace implementation; move starting of i 
**nterrupts back to Processes 
May 17. 1980 9:04 PM Forrest? 
July 9, 1980 7:15 PM Knutsen/Luniewski New StartPilotlStartList 
July 14, 1980 4:36 PM Gobbel Add transaction initialization 
July 19, 1980 1:57 PM McJones O/SProcessorFace = >ProcessorFace; initialize Heap 
August 15, 1980 11:49 AM McJones Allow map logging when teledebugging 
August 28, 1980 4:39 PM McJones START InterruptKey = >Initializelnterrupt[j; add PinResi 
**dentDescriptorPageGroups and add firstPage in WindowForSpace 
August 29, 1980 9:02 PM Forrest Eliminate references to PPData 
September 2, 1980 2:43 PM Forrest Temporarily remove Trap 
September 8, 1980 9:32 PM Johnsson Add XferTrap 
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SeotembE'~ 15 1980 11.49 AM Luniewski Make CreateParent .71ao writable swaooable S08ces to 
;;~·t~",np~r~;;'iiie-~nd·~~ttheb;;tiile'-····· _. - - _ ... _. -.- - .. _._--, - -_',., .. '--- -, .. --_.-

October 10, 1980 4:40 PM Forrest Unmap Page 0 pageMDS (if #0). 
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-- Systemlmpl.mesa (last edited by: Forrest on: October 3, 1980 8:21 PM) 
-- THINGS TO DO: 
-- 1) Get rid of call to TemporarySetGMT.SetGMT after through with gmt clock simulation 

DIRECTORY 
Control Programs USING 0, 
DeviceCleanup USING [Await, Item, Reason], 
Ehvironment USING [Long], 
Inline USING [LongDiv, LongDivMod, LongMult], 
Process USING [MsecToTicks, SetTimeout], 
ProcessorFace USING [ 

GetGreenwichMeanTime, gmtEpoch, microsecondsPerHundredPulses, PowerOff, 
processorlD, ResetAutomaticPowerOn, SetAutomaticPowerOn], 

Runtimelnternal USING [WorryCaIlDebugger], 
SpecialSystem USING [ProcessorIO], 
System USING [ 

GetClockPulses, GreenwichMeanTime, Microseconds, Pulses, TimerHandle, 
UniversaIlO], . 

Systemlnternal USING [UniversaIlD], 
TemporarySetGMT USING [SetGMT], 
Volume USING [Close, GetNext, 10, nuIIlO]; 

Systemlmpl: MONITOR 
IMPORTS 

DeviceCleanup, Inline, Process, ProcessorFace, Runtimelnternal, System, 
TemporarySetGMT, Volume 

EXPORTS SpecialSystem, System, Systemlnternal, Control Programs = 
BEGIN OPEN System; --Interval tim{:rs 
GetlntervalTime: PUBLIC PROC [t: TimerHandle] RETURNS [Microseconds] = { 

RETURN[Ru Ises T oMicroseconds[[ GetClockPulses[] - LOO PH 0 LE[t, Pu Isesm}}; 

PulsesToMic roseconds: PUBLIC PROC [p: Pulses] RETURNS [Microseconds] = 
BEGIN -- (p '" msPerHp)/(1 OOunits/hundred) 
RETURN[Mu ItThenDiv[p, ProcessorFace.microsecondsPerHundredPulses, ·100]] 
END; 

MicrosecondsToPulses: PUBLIC PROC [m: Microseconds] RETURNS [Pulses] = 
BEGIN -- (microseconds"'100units/hundred)/microsecondsPerHundredPuIses . 
RETURN[[MultThenDiv[m, 100, ProcessorFace.microsecondsPerHundredPulses]]] 
END; 

MultThenDiv: PROC [m1: LONG CARDINAL, m2: CARDINAL, dv: CARDINAL] 
RETURNS [result: LONG CARDINAL] = 
BEG!N OPEN Inline, mm1: LOOPHOLE[m1 J num Environment.Long]; 
t: MACHINE DEPENDENT RECORD [ 

SELECT OVERLAID * FROM 
separate = > [low, mid, high: CARDltL~L], 
lower = > [lowlong: LONG CARDINAL, junk: CARDINAL], 
higher = > [junk: CARDINAL, highlong: LONG CARDINAL], 
ENDCASE]; 

t.lowlong +- LongMult[mm1.lowbits, m2]; 
IF mm1.highbits # 0 THEN 

BEGIN 
t.highlong To LongMult[mm1.highbits, m2] + t.mid; 
IF t.high # 0 THEN 

BEGIN OPEN q: LOOPHOLE[result, num Environment.Long]; 
. -- have to do triple divide 

IF t.high > = dv THEN t.high to t.high MOD dv; 
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-- overflow; lowbits will be right 
[quotient: q.highbits, rema.inder: t.mid] to LongDivMod[t.highlong, dvJ; 
q.lowbits .... LongDiv[tlowlong, dV]; 
RETURN; 
END; 

END; 
-- t.high is 0, so let mesa do the work ... 
RETURN[t.lowlonglLoNG[dv]]; 
END; 

-- GMT 

-- This is an entry procedure to serialize access to ProcessorFace.GetGreenwichMeanTime 

GetGreenwichMeanTime: PUBLIC ENTRY PROC RETURNS [GreenwichMeanTime] = { 
RETURN[LOOPHOLE[ProcessorFace.GetGreenwichMeanTime[]]]}; 

. -- Processor ident~fication (SpecialSystem) 

.GetProcessorID: PUBLIC PROC RETURNS [SpeciaISystem.ProcessorID] = { 
RETURN[LOOPHOLE[ProcessorFace.processorID]}}; 

-- Universal identifiers 

Universal!O: PUBLIC TYPE Systemlnternal.UniversaIID; 

-- Generate new universallD from the processorlD and universal id counter. 
-- Sequence field of resultant value always less than 
-- SecondsSinceEpocl7[GetGreenwichMeanTime]. 

GetUniversallD: PUBLIC ENTRY PROC RETURNS [UniversaIlD] = 
BEGIN 
secondsSinceEpoch: LONG CARDINAL; 

. nextUID: Systemlnternal.UniversallD; 
--If clock isn't set, GetGreenwichMeanTime returns gmtEpoch, so uidCounter = 0 
DO 

secondsSinceEpoch to 

ProcessorFace.GetGreenwichMeanTimeD - ProcessorFace.gmtEpoch; 
IF secondsSinceEpoch = 0 THEN . 

RuntimelnternaI.WorryCaIlDebugger["GMT clock not set: GetUniversaIlD"LJ; 
IF -uidCounterValid TH~N 

BEGIN 
. uidCounter To secondsSinceEpoch; -- clock set after initialization 

uidCounterValid .... TRUE; 
END; 

IF uidCollnter < secondsSinceEpoch TH!:N EXIT; 
WAIT oneSecond; 
ENDLOOP; 

nextUID .... 
[processor: LOOPHOLE[ProcessorFace.processorIO], sequence: uidCounter]; 

uidCounter .... uidCounter + 1; 
RETURN[nextUID] 
END; 

oneSecond: CONDITION; 
uidCounter: LONG CARDINAL; -- always ( = SecondsSinceEpoch[GetGreenwichMeanTime[]] 
uidCounterValid: BOOLEAN To FALSE; 
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InitializeUIDCleanup: PROC = 
BEGIN OPEN DeviceCleanup; 
item: Item; 
reason: Reason; 
DO 

reason f- Await[@item]; 
SELECT reason FROM turnOff = > uidCounterValid f- FALSE; END CASE; 

ENDLOOP; 

END; 

-- System Power Control 

PowerOff: PUBLIC PROC = 
BEGIN 
vlD: Volume.lD f- Volume.nuIllD; 
UNTIL {vlD f- Volume.GetNext[vID]} = Volume.nulllD DO 

Volume.Close[vID] END LOOP; 

ProcessorFace.PowerOff[]; 
END; 

SetAutomaticPowerOn: PUBLIC PROC [ 

time: GreenwichMeanTime, external Event: BOOLEAN] = { 
ProcessorFace.SetAutomaticPowerOn[time, externaIEvent]; }; 

ResetAutomaticPowerOn: PUBLIC PROC = {ProcessorFace.ResetAutomaticPowerOnO;}; 

-- Systemlntema/ 

Unimplemented: PUBLIC SIGNAL = CODE; 

-- /nitialization 

TemporarySetGMT.SetGMT[]; -- move this call to Pi/otContro/? 
Process.SetTimeout[@ oneSecond, Process.MsecTo Ticks[1 024]]; 
-- set timeout to (approx) one second 
InitializeUIDCleanup[]; 
END: 

LOG 
(For earlier log entries see Teak archive version.) 
Time: February 4, 1980 3:56 PM By: McJones Action: Move gmt-keeping below 

. .... 0 IS ProcessorFace 
Time: February 26, 1980 12:22 PM By: McJones AR1840: Reset uidCounter on ret 
Hum from debugger . 

3 

Time: April1S, 1980 3: 11 PM By: McJones Action: Move /nitializeGMT to another modul 
.... e 
Time: June 24, 1980 4:39 PM By: McJones Action: Convert to 48-bit proce.ssor ids and 8 
HO-bit universal ids; O/SProcessorFace = >ProcessorFace 
Time: October 3, 1980 7:56 PM By: Forrest Action: Convert to use 48 bit arithmetic in us 
HeC< = >pu/ses 
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-- Filelmpl.mesa (last edited by: McJones on: September 26, 1980 4:29 PM) 

-- Note on monitors in this module: All procedures in this module that must read or change entries 
"in the FileMgr's caches do their actual work through LogicalVolume. VolumeAccess, and are thu 
* * s protected by Volumelmpl's monitor lock from inconsistencies that might otherwise result if ca 
"che accesses were interleaved. Simply (J hope) stated: Volumelmpf's monitor is used to insure t 
* * he consistency of individual cache entries, FileCachelmpJ's monitor insures consistency of the 
"global state of the caches, and Filelmp/'s monitor is used to serialize access to files at a higher I 
* *evel (i.e., above the level of the caches). There is at least one procedure, GetFileDescriptor, whi 
• ·ch must be outside of Fi/e/mp/'s monitor (because it is used by the Fi/eHe/per), but which must a 
"ccess the FileMgr caches. 

DIRECTORY 
--A/toFileDefs USING [FA, LDJ, 
Boot USING [Location, LVBootFiles], 
Device USING [Type], 
DiskChannel USING [ 

Address, Handle, Drive, GetAttributes, GetDriveAttributes, GetDriveTag], 
Environment USING [PageCount, PageNumber, wordsPerPage], 
File USING [ 

Capability, delete, ErrorType, grow, ID, lastPageNumber, nullCapability, 
nulllD, PageCount, PageNumber, Permissions, read, shrink, Type, write], 

FileCache USING [ 
FlushFile, GetFilePtrs, GetPageGroup, SetFile, SetPageGroup, ReturnFilePtrs], 

Filelnternal USING [ 
Descriptor, FilePtr, LocalFilePtr, maxPermissions, PageGroup], 

FilePageTransfer USING [Initiate, Request], 
FilerException USING [Await], 
FMPrograms USING [ 

MarkerPagelmpl, PhysicalVolumelmpl, VolAllocMaplmpl, VoIFileMaplmpl], 
Inline USING [BITAND, LowHalf], 
KernelFile USING [defaultPageCount, GetNextFile, GetRootFile], 
LabelTransfer USING [ReadLabel, VerifyLabels, WriteLabelAndData], 
LogicalVolume 'USING [ 

CloseLogicalVolume, FileVolumeStatus, FreeVolumePages, Handle, nullVolumePage, 
OpenLogicalVolume, PageNumber, PutRootFile, VolumeAccess, VolumeAcce~Proc, 
VcilumeAccessStatus], 

MStore USING [Promise], 
PilotDisk USING [ 

Address, GetLabelFilePage, Label, LabelCheckSum, SetLabelFilePage], 
PilotFileTypes USING [PilotRootFileType, PilotVFileType, tTempFileList], 
PiiotSwitches USING [switches --.f--] , 
Process USING [Detac~], 
Runtime USING [CaIiDebugger], 
SimpleSpace USING [Create, ForceOut, Handle, Map, Page, Unmap], 
Space USING [defaultWindow], 
SpecialFile USING [Link], 
SpecialVolume USING [GetLogicaIVolumeBootFiles, SetLogicalVolumeBootFiles], 
Storage Programs, 
SubVolume USING [Find, GetPageAddress, Handle], 
System USING [GetUniversaIlD, VolumeID], 
Systemlnternal USING [ --altoFPSeries,--Unimplemented], 
Transaction USING [Handle, nuIiHandle], 
TransactionState USING [FileOps, Log, LogEntry], 
Utilities USING [LongPointerFromPage], 
VMMapLog USING [Entry], 
VolAllocMap USING [AllocPageGroup, FreePageGroup], 
VolFileMap USING [DeletePageGroup, GetPageGroup, InsertPageGroup], 
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Volume USING [ 
GetNext, ID, InsufficientSpace, NeedsScavenging, NotOpen, nulllD, systemlD, 
TypeSet, Unknown]; 

--Volumelnternal USING [altoVolume, PageNumber]; 

Filelmpl: MONITOR 
IMPORTS 

DiskChannel, FileCache, FilePageTransfer, FilerException, FMPrograms, Inline, 
KernelFile, LabelTransfer, LogicalVolume, MStore, PilotDisk, PilotSwitches, 
Process, Runtime, SimpleSpace, SpecialVolume, SubVolume, System, 
Systemlnternal, Transaction, Transaction8tate, Utilities, VolAllocMap, 
VolFileMap, Volume 

EXPORTS File, LogicalVolume, KernelFile, Specia!File, StoragePrograms 
SHARES DiskChannel, File, System, Systemlnternal' = 
BEGIN OPEN File, Filelnternal; 
VolProc: TYPE = LogicaIVolume.VolumeAccessProc; 

-- One-page buffer used by MakePermanent, Makelmmutable, MakeBootable: 
pageBuffer: SimpleSpace.Handle = SimpleSpace.Create[1, hyperspace]: . 
bufferPage: Environment.PageNumber = Simp!eSpace.Page[pageBuffer]; 
bufferPointer: LONG POINTER = Utilities.LongPointerfrcmPage[bufferPage]; 

-- Temporary File list used by DeleteTemps and Enter/nTempFileList 
(these values assume Ust entries do not overlap pages) 

tmpsBuffer: SimpleSpace.Handle +- SimpleSpace.Create[1, hyperspace]; 
tmpsVolume: Volume.ID +- Volume.nuIlID; 
tmpsFile: File.Capability; 
tmpsFileSize: File.PageCount; 
tmpStart: LONG POiNTER TO File.ID = Utilities.LongPointerFromPage[ 

SimpleSpace.Page[tmpsBufferll; 
tmpsLast: LONG POINTER TO File.ID = 

tmpStart + (Environment.wordsPerPage/sIZE[File.ID])*sIZE[File.ID]; 
tmps: LONG POINTER TO File.ID; 

nUJlTransactionHandle: Transaction.Handle = Transaction.nuJlHandle; 

AttributeAction: TYPE = {immutable, permanent, mutable, temporary}; 

Error: PUBLIC ERROR [type: ErrorType] = CODE; 
Invalid Parameters: PUBLIC ERROR = CODE; 
LabelError: SIGNAL = ceDE; 
Unknown: PUBLIC ERhOR [file: Capability] = CODE; 
ExistingFile: PUBLIC ERROR = CODE; 
FilelmplError: ERROR [ 

{ 
disappearedOrRemoteTempFile, fileWithHole, illegalAttributeAction, 
impossibleFile Type, makeBootablePageGroupNotFound, 
makeBootablelmpossibleError, missingPageO, rpissingPageGroupSetSize, 
missingPinnedPageGroup, remoteTmpsFi!e, remoteTxLog, 
SubvolumeNotFoundlnGetFilePoint, tmpsFileProblem, tmpsFileWentAway, 
tmpsVolumeWentAway, volumeWentAwayDuringDeleteTemps, 
setSizelmpossibleError}] = CODE; 

-- MONITOR EXTERNAL PROCEDURES 

Create: PUBLIC PROCEDURE [ 
volume: System.VolumeID, initialSize: PageCount, type: Type, 
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transaction: Transaction.Handle] RETURNS [file: Capability] = 
BEGIN 
IF type IN PilotFileTypes.PilotVFileType THEN ERROR Error[reservedType]; 
file +- [[System.GetUniversaIlDDl, Filelnternal.maxPermissions]; 
CreateWithIDExternal[volume, initialSize, type, file.fID, transaction]; 
END; 

CreateWithlD: PUBLIC PROCEDURE [ 
volume: System.VolumeID, initialSize: PageCount, type: Type, id: ID] = 
-~ Create file given the file identifier 
{CreateWithIDExternal[volume, initialSize, type, id]}; 

Delete: PUBLIC PROCEDURE [file: Capability, transaction: Transaction.Handle] = { 
DeleteCommon[@file, NIL, transaction]}; 

Deletelmmutable: PUBLIC PROCEDURE [ 
file: Capability, volume: System.VolumelD, transaction: Transaction.Handle] = 
{DeleteCommon[@file, @volume, transaction]}; 

FileHelperPrC?cess: PROCEDURE = 
BEGIN 
countlnitiated: Environment.PageCount; 
helpCount: CARDINAL +- 0; 
fileD: Filelnternal.Descriptor; 
mappedOffMessage: STRING = "Mapped off File (Helper)"L; 
-- save the frame space in Helper1 
req: FilePageTransfer.Request; 
DO . 

req +- FilerException.AwaitO; 
GetFileDescriptorSignals[@req.file, @fiIeD]; 
-- file cache updated as side effect 
WITH fileD SELECT FROM 

local =) 

BEGIN 
Helper1: VolProc = 

BEGIN 
fPtr: Filelnternal.FilePtr; 
success: BOOLEAN; 
group: Filelnternal.PageGroup; 
updateMarkers +- FALSE; 
[success, fPtr] +- FileCache.GetFilePtrs[1, fiieD.fileID]; 
IF "'success THEN RETURN; 
-- fell out of cache, let excepton happen again 
[success, group] +- VoIFileMap.GetPageGroup[ 

volume, @fi!eD, req.filePage]; 
IF (success +- success AND (req.filePage < group.nextFileP~ge)} THEN 

FileCache.SetPageGroup[req.fileJID, group, FALSE]; 
-- page is vlithin fife? 
FileCache.ReturnFilePtrs[1, fPtr]; 
IF "'success THEN Runtime.CaIlDebugger[mappedOffMessage] 
END; ° 

SELECT LogicaIVolume.VolumeAccess[@fileD.volumeID, Helper1] FROM 
ok =) NULL; 
ENDCASE =) 

Ruritime.CaIIDebugger[ 
"Volume vanished between Descriptor and PageGroup (Helper)"L]; 

END; 
remote = > NULL; 
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ENDCASE; 
countlnitiated +- FilePageTransfer.lnitiate[req]; 
IF req.promise THEN" MStore.Promise[countlnitiated]; 
helpCount +- helpCount + 1; 
ENDLOOP 

END; 

GetAttributes: PUBLIC PROCEDURE [ 
file: Capability, transaction: Transaction.Handle] 
RETURNS [type: Type, immutable, temporary: BOOLEAN, volume: System.VolumeID] = 
BEGIN . 
f: Fileinternal.Descriptor; 
GetFileDescriptorSignals[@file, @f]; 
WITH f SELECT FROM 

local =) RETURN[type, immutable, temporary, f.volumeID]; 
ENDCASE = > --RETURN[FUe. Type[O], FALSE, FALSE, Volumelnternal.alto Volume] 

ERROR Systemlnternal.UlIimplemented 
END; 

GetBootLocation: PUBLIC PROCEDURE [ 
file: File.Capability, filePage: File.PageNumber] 
RETURNS [ 

deviceType: Device.TYP'e, deviceOrdinal: CARDINAL, link: SpeciaIFile.Lirik] = 
BEGIN . 
v: Volume.ID; 
grp: Filelnternal.PageGroup; 
channel: DiskChannel.Handle; 
GetVIDAndGroup[@v, O@grp, @file, filePage]; -- set v/D, group 
[channel, LOOPHOLE[link, DiskChanneI.Address]] +- SubVolume.GetPageAddress[ 

v, grp.volumePage + (filePage - grpJilePage)J; 
[deviceType: deviceType, deviceOrdinal: deviceOrdinal] +­

DiskChannel.GetDriveAttributes[DiskChannel.GetAttributes[channel].drive]; 
END; 

GetFileDescriptor: PROCEDURE [ 
file: POINTER TO READONLY File.Capability, fileD: Filelnternal.FilePtr, 
vP: POiNTER TO READONLY Volume.lD +- NIL] RETURNS [found: BOOLEAN] = 
-- Look up file in cache and than in given volume or all volumes (vP = NIL), 
-- and set the descriptor. Return Sllccess 
BEGIN 
fPtr: File!nternaLFilePtr; 
success: BOOLEAN; 
v: ·Volume.ID; 
getAII: Volume.TypeSet = 

[normal: TRUE, debugger: TRUE, debuggerDebugger: TnUE]; 
GetFileDescriptor1: VolProc = 

BEGIN 
group: Filelnternal.PageGroup; 
label: PilotDisk.Label; 
If: local Filelnternal.Descriptor +- [fileJID, v, Icca![, , , ]]; 
updateMarkers +- FALSE; 
[success, group] +- VoIFileMap.GetPageGroup[volume, @If, 0]; 
IF "'success THEN RETURN; 
label'"" LabeITransfer.ReadLabel[lf, 0, group.volumePage]; 
IF label.filelD # If.filelD OR PiiotDisk.GetLaoeIFilePage[@label] # 0 THE:o~ 

SiGNAL LabelError; 
If.body +- local[ 

immutable: labeLim:nutable, temporary: label.temporary, 
size: VoIFileMap.GetPageGroup[ 
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volume, LONG[@lf], File.lastPageNumber].group.filePage, type: label.type]; 
-- success?? 
fileDt +- If; 
DO 

FileCache.SetFile[lf, FALSE]; 
[success, fPtr] +- FileCache.GetFilePtrs[1, If.fileID]; 
IF success THEN 

BEGIN 
FileCache.SetPageGroup[lf.fileID, group, FALSE]; 
FileCache.ReturnFilePtrs[1, fPtr]; 
RETURN; 
END; 

ENDLOOP; 
END; 

IF file.fID = File.nulllD THEN RETURN[FALSE]; , 

5 

--IF LOOPHOLE[file.flD, Systefnlnternal.UniversaIlD}.series = Systemlnternal.altoFPSeries THE 
··N 

--IF GetAltoSize[filej = b THEN ERROR Unknown[filetJ ELSE RETURN[[file.f10, Volumelnternal. 
"'altoVolume, remote[]]]; 

[success, fPtr] +- FileCache.GetFilePtrs[1, file.fID]; 
IF success THEN 

BEGIN 
fileD'!' +- fPtr't; 
FileCache.ReturnFilePtrs[1, fPtr]; 
IF vP = NIL OR fileD.volumelD = vP'!' THEN RETURN[TRUE]; 
END; 

v +- IF vP = NIL THEN Volume.GetNext[Volume.nuIlID, getAIl] ELSE vPt; 
WHILE v # Volume.nulllD DO . 

IF Logi~aIVolume.VolumeAccess[@v, GetFileDescriptor1] = ok AND success THEN 
RETURN[TRUE]; 

IF vP # NIL THEN EXIT ELSE V +- Volume.GetNext[v, getAII]; 
ENDLOOP; 

RETURN[FALSE]; 
END; 

GetFileDescriptorSignals: PROCEDURE [ 
file: POINTER TO READONLY File.Capability, fileD: Filel nternal. FilePtr, 
vP: POINTER TO READONLY Volume.ID +- NIL] = 
BEGIN 
IF -GetFileDescriptor[file, fileD, vP].found THEN ERROR Unknown[filet]; 
END; 

GetFilePoint: PUBLIC PROCEDURE [ 
pEntry: LONG POINTER TO VMMapLog.Entry, pFile: POINTER TO File.Capability, 
filePage: File.PageNumber] = 
BEGIN 
countMax: CARDINAL = 4096; 
vlD: Volume.ID; 
group: Filelnternal.PageGroup; 
IvPage: LogicaIVolume.PageNumber; 
success: BOOLEAN; 
svH: SubVolume.Handle; 
label: PilotDisk.Label; 
GetVIDAndGroup[@vID, @group, pFile, filePage]; 
IvPage +- filePage - group.filePage + group.volumePage; 
-- file = > logical vol page 
[success, svH] +- SubVolume.Find[vID, IvPage]; 
IF "'success THEN ERROR FilelmpIError[SubvolumeNotFoundlnGetFilePoint]; 
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label.filelD +- pFileJID; 
PilotDisk.SetLabeIFilePage[@label, filePage]; 
pEntryt +-

[page:, writeProtected:, fill:, 
count: MIN[countMax, Inline.LowHalf[group.nextFilePage - filePage]], 
filePoint: disk[ 
driveTag: DiskChannel.GetDriveTag[ 
DiskChannel.GetAttributes[svH.channel].drive], 
diskPage: IvPage - svH.lvPage + svH.pvPage, 
--logical vol =) physical vol page, 
labelCheck: PiiotDisk.LabeICheckSum[@label, 0]]]; 

END; . 

Ge~Size: PUBLIC PROCEDURE [file: Capability, transaction: Transaction.Handle] 
RETURNS [size: PageCount] = 
BEGIN 
fileD: Filelnternal.Descriptor; 
GetFileDescriptorSignals[@file, @fileD]; 
RETURN[ . 

WITH fil~D SELECT FROM 
. local = > size,' 

ENDCASE = > --GetAltoSize[@filej--ERROR Systemlnternal.Unimplemented] 
END; 

IsOnVolume: PUBLIC PROCEDURE [file: Capability, volume: System.Volume!D] = 
BEGIN 
fileD: Filelnternal.Descriptor; 
IF -GetFileDescriptor[@file, @fileD] THEN 

FileCache.SetFile[[file.fID, volume, remote[]], FALSE]; 
END; 

MakeBootable: PUBLIC PnOCEDURE [ 
file: File.Capability, firstPage: File.PageNumber, count: File.PageCount, 

. lastLink: SpeciaIFile.Link] RETURNS [firstLink: SpeciaIFile.Link] = 
BEGIN 
RETURN[ 

LOOPHOLE[MakeBootableOrUnbootable[ 
bootable, @file, firstPage, count, LOOPHOLE[lastLink]]]]; 

END; 

Makelmmutable: PUB!..IC PROCEDURE [ 
file: Capability, transaction: Transaction.Handle] = { 
ChangaAttributes[@fi!e, immutable, transaction]}; 

MakeMutable: PUBLIC PROCEDURE [file: Capability] = { 
ChangaAttributes[@file, mutable]}; 

MakePermanent: PUBLIC PROCEDURE [ 
file: Capability, transaction: Transaction.Handle] = { 
ChangeAttributes[@file, permanent, transaction]}; 

MakeTemporary: PUBLIC PROCEDURE [file: Capability] = { 
ChangeAttributes[ @file, temporary]}; 

MakeUnbootable: PUBLIC PROCEDURE [ 
file: File.Capability, firstPage: File.PageNumber, count: File.PageCount] = { o +- MakeBootableOrUnbootable[unbootable, @fiIe, firstPage, count, ]}; 
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Move, Replicatelmmutable: PUBLIC PROCEDURE [ 
file: Capability, volume: System.VolumelD, transaction: Transaction.Handle] = 
{SIGNAL SystemlnternaI.Unimplemented}; 

SetDebuggerFiles: PUBLIC PROCEDURE [debugger, debug gee: File.Capability] = 
BEGIN 
bootFiles: Boot.LVBootFiles; 
fileD: FilelnternaLOescriptor; 
dTEr, dTEe: Device.Type; 
dOEr, dOEe: CARDINAL; 
linkEr, IinkEe: SpeciaIFile.Link; 
id: Volume.ID = Volume.systemIO; 
[deviceType: dTEr, deviceOrdinal: dOEr, link: linkEr] +- GetBootLocation[ 

debugger, 0]; 
[deviceType: dTEe, deviceOrdinal: dOEe, link: HnkEe] +- GetBootLocation[ 

debuggee, 0]; 
GetFileDescriptorSignals[@debugger, @fileD]; 
IF dTEr # dTEe OR dOEr # dOEe OR fileO.volumelD # id THEN 

ERROR Invalid Parameters; 
SpecialVol ume.GetLog icalVolumeBootFiles[id, @bootFiles]; 
bootFiles[debugger] +- [debugger.fIO, 0, LOOPHOLE[linkEr]]; 
bootFiles[debuggee] +- [debuggee.fID, 0, LOOPHOLE[linkEe]]; 
SpeciaIVolume.SetLogicaIVolumeBootFiles[id, @bootFiles]; 
END; 

SufficientPermissions: PROCEDURE [given, needed: Permissions] 
RETURNS [BOOLEAN] = INLINE {RETURN[lnline.BIT AND[given, needed] 

-- ENTRY PROCEDURES 

ChangeAttributes: ENTRY PROCEDURE [ 
file: POINTER TO READONL Y File.Capability, action: AttributeAction, 
transaction: Transaction.Handle +- nullTransactionHandle] = 
BEGIN . 
ENABLE UNWIND = > NULL; 
fileD: Filelnternal.Oescriptor; 

needed]}; 

IF-GetFileDescriptor[file, @fileD] THEN RETURN WITH ERROR Unknown[file1']; 
WITH f: fileD SELECT FROM 

local =) 
BEGIN 
IF f.immutable AND action # mutable THEN 

RETURN WITH ERROR Error[immutable]; 
IF action = permanent AND -f.temporary THEN RETURN; 
IF transaction #. nullTransactionHandle THEN 

BEGIN OPEN TransactionState; 
entry: Log Entry +-

SELECT action FROM 
immut&ble =) [makeMutable[file: file't]] , 
permanent =) [makeTemporary[file: file't]], 
END CASE = > ERROR FilelmpIError[illegaIAUributeAction]; 

Log[transaction, @entry, txFileProcs]; 
END; 

SELECT ChangeAttributeslnternal[@f, action] FROM 
ok =) NULL; 
volumeUnknown =) RETURN WITH ERROR Volume.Unknown[f.volumeIO]; 
volumeNotOpen =) RETURN WITH ERROR Volume.NotOpen[f.volumeID]; 
ENDCASE; 

END 
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ENDCASE = > RETURN WITH ERROR Systemlnternal.Unimplemented; 
END; 

CloseVolumeAndFlushFiles: PUBLIC ENTRY PROCEDURE [ 
v: POINTER TO R=:ADONL.Y Volume.IO] = 
BEGIN -- Someday, flush file caches & make sure nobody is mapped to the bugger 
IF tmpsVolume = v't THEN TmpsUnmap[]; 
LogicaIVolume.CIDseLogicaIVolume[v ! Volume.Unknown =) GOTO unknown]; 
EXITS unknown =) RETURN WITH ERROR Volume.Unknown[v't]; 
END; 

CreateWithlDExternal: PROCEDURE [ 
volume: System.VolumelD, initial Size: PageCount, type: Type, id: ID, 
transaction: Transaction.Handle +- nullTransactionHandle] = 
BEGIN . . 
file: Capability +- rid, Filelnternal.maxPermissions]; 
fileD: Filelnternal.Descriptor; 
CreateWithlDEntry: ENTRY PROCEDURE = --!NUNE-­

BEGIN 
ENABLE UNWIt-.:D = > NULL; -- Should check for existence of file with this /D. 
IF type IN PilotFiIeTypes.PilotVFileType THEN 

ERROR FilelmpIError[impossibleFileType]; 
IF GetFileDescriptor[@file, @fileD, @volume] THEN 

RETURN WITH ERROR ExistingFile; 
IF transaction # nuliTransactionHandle THEN 

BEGIN OPEN TransactionState; 
entry: LogEntry +- [delete[file: file]]; 
Log[transaction, @entry, txFiIeProcs]; 
END; . 

SELECT CreateWithIDlnternal[@volume, @initialSize, type, @id] FROM 
ok =) NULL; \ 
insufficientSpace =) RETURN WITH ERROR Volume.lnsufficientSpace; 
END CASE; 

END; 
.TmpsEnter[@file, @volume]; 
CreateWithfDEntry[]; 
END; 

DeleteCommon: ENTRY PROCEDURE [ 
file: POINTER TO READONL Y File.Capability, 
volume: POINTER TO READor.LY Volume.ID, 
-- NIL jf Delate, volume if Dejatelmmutable-­
transaction: Transaction.Handle] = 
BEGiN 
ENABLE UNWIND =) NULL; -- we only expect to get this from tx logging 
fileD: FiIelnternal.Descriptor; 
IF -GetFileOescriptor[file, @fileD, volume] THEN 

RETURN VJlTH ERROR Unknown[file't]; 
IF -SufficientPermissions[file.permissions, File.delete] THEN 

RETURN WITH ERROR Error[insufficientPermissions]; 
WITH f: fileD SELECT FROM 

local =) 
BEGIN . 
IF volume = NIL THEN { 

IF f.immutable THEN RETURN WITH ERROR Error[immutable]} 
ELSE IF -f.immutable THEN RETURN WiTH ERROR Error[notlmmutable]; 
IF transaction # nuliTransactionHandle THEN 

B::GIN OPEN TransactionState; 
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entry: Log Entry ~ 
[setContents[ 

window: [[f.fileID, file.permissions], 0], size: f.size, 
makePermanent: .... f.temporary, makelmmutable: f.immutable]]; 

Log[transaction, @entry, txFileProcs]; 
entry ~ 

[create[ 
id: f.fileID, volume: f.volumelD, size: f.size, type: f.type]]; 

Log[transaction, @entry, txFileProcs]; 
END' 

SElEC~ DeleteFileOnVolumelnternal[@f] FROM 
ok =) NULL; 
volumeUnknown =) RETURN WITH ERROR Volume.Unknown[f.volumeID]; 
volumeNotOpen =) RETURN WITH ERROR Volume.NotOpen[f.volumeID]; 
ENDCASE; 

IF f.temporary THEN TmpsRemove[file, @f.volumeID]; 
END; 

ENDCASE ~ > RET\JRN WITH ERROR $ystemlnternaI.Unimplemented; 
END; 

GetFileAttributes: PUBLIC ENTRY PROCEDURE [file: Capability] 
RETURNS [size: PageCount, immutable: BOOLEAN, readOnly: BOOLEAN] = 
BEGIN 
ENABLE UNWIND = > NULL; 
f: Filelnternal.Descriptor; 
GetFileDescriptorSignals[@fiIe, @f]; 
WITH f SELECT FROM 

local =) . 

RETURN[size, immutable, -SufficientPermissions[file.permissions, write]]; 
ENDCASE = > ERROR Systemlnternal.Unimplemented 

END; 

--Delete Temps: PUBLIC PROCEDURE [volume: Volume.ID} = 
--BEGIN 

--DeleteTempsEntry: ENTRY PROCEDURE = 
--BEGiN 
--SELECT Delete Tempslnternal[ 
--@volume} FROM 
--ok :: > NULL; 
--volumeUnknown :: > RETURN WITH ERROR Volume.Unknown[volume}; 
--volumeNotOpen = > RETURN WITH ERROR Volume.NotOpen[volume}; 
--ENDCASE; 
--END; 

--Delete TempsEntry[]; 
--END; 

-- Maintained by AltoSize 
-- cacheA, cacheB: RECORD[file: File.lD, size: PageCount] ~ [File. nuli/O, 0]; 
-- Access file attributes in label given fi/eID keeping 2 element MRU cache 

9 

--GetAltoSize: ENTRY PROCEDURE [file: POINTER TO READONL Y File. Capability] RETU,c?NS[siz 
**e: PageCount] = 

--BEGIN 
--faP: LONG POINTER TO AltoFileDefs.FA = @LOOPHOLE[bufferPointer, LONG POINTER TO A 

'* '* JtoFileDefs.LD].eofFA; 
. --IF file.f1D = cacheA.file THEN RETURN[cacheA.size}; 

--IF file. flO = cacheB.fiIe THEN size ~ cacheB.size ELSE 
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--BEGIN 
--SimpleSpace.Map[pageBuffer, Space. WindowOrigin[filet, OJ, FALSEj; 
--size ~ taP.page + MIN[taP.byte, 1]; 
--SimpleSpace.Unmap[pageBuffer] 
--END; 
--cacheB ~ cacheA; cacheA +- [file.f1D, size} 
--END; 
-- Look up file in cache and then in al/ vim's, set vlD and page group descriptor or signal error. 

GetVIDAndGrol,lp: ENTRY PROCEDUR= [ 
pVID: POINTER TO Volume.ID, pGroup: POINTER TO Filelnternal.PageGroup, 
pFile: POINTER TO READONLY File.Capability, filePage: File.PageNumber] = 
BEGIN 
fileD: Filelnternal.Descriptor; 
tF -GetFileDescriptor[pFile, @fileD] THEN RETURN WITH ERROrt Unknown[pFile't]; 
WITH fileD SELECT FROM 

local => 
BEGIN 
GetVIDAndGroup1: VolProc = 

BEGIN 
success: BOOLEAN; 
updateMarkers ~ FALSE; 
[success, pGroup-t].~ FileCache.GetPageGroup[fileDJileID, filePage]; 
IF .... success TH=N . 

[success, pGroup-t] +- VoIFileMap.GetPageGroup[ 
volume, @fileD, fi!ePage]; 

IF .... {success AND .filePage < pGroup.nextFilePage) THEN 
ERROR FilelmpIError[fileWithHole]; 

END; 

pVID't +- fileD.volumeID; 
SELECT LogicaIVolume.VolumeAccess[pVID, GetVIDAndGroup1] FROM 

ok => NULL; 
volumeUnknown => RETURN WITH ERROR Volume.Unknown[pVIDt]; 
volumeNotOpen => RETURN WITH ERROR Volume.NotOpen[pVIDt]; 
END CASE; " 

END; 
remote = > RETURN WITH ERROR Systemlnternal.Unimplemented; 
ENDCASE; 

END; 

Log-Contents: PUBLIC ENTRY PROCEDURE [ 
transaction: Transaction.Handle, file: Capability, base: PageNumber, 
count: PageCount] = 
BEGIN OPEN TransactionState; 
ENABLE UNWIND = > NULL; 
entry: LogEntry +- [setContents[v/indow: [file, base], size: count]]; 
Log[transaction, @entry, txFileProcs]; 

" END; 

MakeBootableOrUnbootable: ENTRY PROCEDURE [ 
op: {bootable, unbootable}, file: POINTER TO READ ONLY File.Capability, 
firstPage: Fiie.PageNumber, count: File.PageCount, 
lastLink: DiskChanne!.Address] RETURr~s [firstLink: DiskChannel.Address] =: 
BEGIN 
fileD: Filelnternal.Descriptdr; 
group: Filelnternal.PageGroup; 
limitPage": File.PageNumber = firstPage + count; 
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nextLink: DiskChannel,Address; 
page: File.PageNumber +- firstPage; 
success: BOOLEAN; 

GetStuff: VolProc = 
BEGiN 
updateMarkers +- FALSE; 

[success, group] ~ VoIFileMap.GetPageGroup[volume, @fileD, page]; 
IF -success THEN ERROR FilelmpIError[makeBootablePageGroupNotFound]; 
IF firstPage = page THEN 

firstLink +- SubVolume.GetPageAddress[ 
fileD.volumelD, 
group.volumePage + (firstPage - group.filePage)].address; 

SELECT TRUE FROM 
op = unbootable =) nextLink +- [a, 0, 0]; 
group.nextFilePage ) = IimitPage =) { 

group.nextFilePage +- limitPage; nextLink +- lastLink}; 
ENDCASE =) -- should check success of GetPageGroup in next statement 

nextLink +- SubVolume.GetPageAddress[ 
fileD.volumeID, VoIFileMap.GetPageGroup[ 
volume, @fileD, group.nextFilePage].group.volumePage].address; 

IF group.filePage ) = group.nextFilePage THEN 

ERROR FilelmpIError[makeBootablelmpossibleError]; 
group.volumePage +-

group.volumePage + (group.nextFilePage - group.filePage) - 1; 
group.filePage +- group.nextFilePage - 1; 
END; 

TransferLabels: PROCEDURE =. INLINE 

BEGIN 
SimpleSpace.Map[ 

pageBuffer, [[fileD.fileID, File.read], group.filePage], TRUE, 1]; 
LabeITransfer.WriteLabeIAndData[ 

fileD, group.filePage, group.volumePage, bufferPage, nextLink]; 
SimpleSpace.Unmap[pageBuffer]; 
END; 

IF -GetFileDescriptor[file, @fileD] THEN RETURN WITH ERROR Unknown[filet]; 
IF (WITH tD: fileD SELECT FROM local ::) IimitPage ) fD.size, ENDCASE =) TRUE). 

THEN RETURN WITH ERROR I nvalid Parameters; 
WHiLE page < limit Page DO 

SELECT LogicaIVolume.VolumeAccess[@fileD.volumeID, GetStuff] FROM 

ok =) NULL; 

volumeUnknown =) RETURN WITH ERROR Volume.Unknown[fileD.volumeID]; 
volumeNotOpen =) RETURN WiTH ERROR Volume.NotOpen[fileD.volumeID]; 
END CASE; 

IF success THEN TransferLabelsO; 
page +- group.nextFilePage; 
ENDLOOP; 

END; 

OpenVolumeAndDeleteTemps: PUBLIC ENTRY PROCEDURE [ 

volume: POINTER TO READONLY Volume.m] = 
BEGIN 
SELECT LogicaIVolume.OpenLogicaIVolume[volume] FROM 

wasOpen =) RETURN; 

ok =) NULL; 

Unknown =) RETURN WITH ERROR Vo!ume.Unknowr.[volume1']; 
VolumeNeedsScavenging =) RETURN WITH ERROR Volume.NeedsScavenging; 
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ENDCASE; 

IF PiiotSwitches.switches.u = up THEN 

IF DeleteTempslnternal[volume] # ok TH=N 

ERROR FilelmpIError[volumeWentAwayDuringDeleteTemps]; 
END; 

Pin: PUBLIC ENTRY PROCEDURE [ 

file: File.Capability, page: File.PageNumber, count: File.PageCount] = 
BEGIN 
fileD: Filelnternal.Descriptor; 
after: File.PageNumber; 
IF -GetFileDescriptor[@file, @fileD] THEN RETURN WITH ERROR Unknown[file]; 
WITH f: fileD SELECT FROM 

local =) 

BEGIN 
p: Filelnternal.LocalFilePtr +- @f; -- FOR COMPILER BUG 
Pin1: VolProc = 

BEGIN 
success: BOOLEAN; 
group: Filelnternal,PageGroup +- [, , page]; 
updateMarkers ~ fALSE; 

WHILE group.nextFilePage < after DO 

[success, group] +- Vol~ileMap.GetPageGroup[ 
. volume, p, group.nextFilePagej; 

IF -success THEN ERROR FilelmpIError[missingPinnedPageGroup]; 
FileCache.SetPageGroup[fiIeJID, group, TRUE] 

ENDLOOP; 

END; 

after +-
IF count = KernelFile.defaultPageCount THEN p.size ELSE page + count; 

FileCache.SetFile[f, TRUE]; 
SELECT Logica!Volume.VolumeAccess[@f.volumeID, Pin1] FROM 

ok =) NULL; 

volumeUnknown =) RETURN WITH ERROR Volume.Unknown[f.volumeID]; 
vo!umeNotOpen =) RETURN WITH ERROR Volume.NotOpen[f.volume!D]; 
ENDCASE; 

END; 
remote =) RETURN WITH ERROR Systemlnternal.Unimplemented; 
ENDCASE; . 

END; 

SetSize: PUBLIC ENTRY PROCEDURE [ 

tile: Capability, size: PageCount, transaction: Transaction.Handle] 
BEGIN 
ENABLE UNWIND =) NULL; 

fileD: Filelnternal.Descriptor; . 
IF -GetFileDescriptor[@file, @fileD] THEN RETURN WITH ERROR Unknown[file]; 
IF -SufficientPermissions[file.permissions, File.write] THEN 

RETURN WITH ERROR Error[insufficientPermissions]; 
WITH f: fileD SELECT FROM 

local =) 

BEGiN 
If f.immutable THEN RETURN WITH ERRO? Error[immutable]; 
IF trailsaction # nullTransactionHandle THEN 

IF size # f.size THEN 

BEGIN OPEN TransactionState; 
entry: Log Entry ... 

(SELECT size FROM 
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) f.size =) [shrink[file: file, size: f.sizell, 
ENDCASE =) 

[setContents[window: [file, size], size: f.size - size]]); 
. Log[transaction, @entry, txFileProcs]; 
END; 

SELECT SetSizelnternal[@f, @size, file. permissions] FROM 
ok = > RETURN; 
insufficientSpace =) RETURN WITH ERROR Volume.lnsufficientSpace; 
insufficientPermissions = > 

RETURN WITH ERROR Error[insufficientPermissions]; 
ENDCASE; 

END; 
remote = > RETURN WITH ERROR Systemlnternal.Unimplemented; 
ENDCASE; 

END; 

-- this is its own entry procedure since it can get many nasty errors 

TmpsEnter: ENTRY PROCEDURE [ 
f: POINTER TO READONL Y File.Capability, v: POINTER TO READONL Y Volume.lD] = 
BEGIN 

Findlt: INTERNAL PROCEDURE RETURNS [BOOLEAN] = INLINE 
BEGIN 
tOriginal: LONG POINTER TO File.ID ... tmps; 
DO 

IF tmps1' = File.nulilD THEN RETURN[TRUE]; 
IF (tmps +- tmps + slzE[File.ID]) = tmpsLast THEN tmps +- tmpStart; 
IF tmps = tOriginal THEN EXIT; 
ENDLOOP; 

RETURN[FALSE]; 
END; 

SELECT TmpsGet[v, last] FROM 
ok =) NULL; 
volumeUnknown = > RETURN WITH ERROR VOlume.Unknown[v1']; 
notOpen => RETURN WITH ERROR VOlume.NotOpen[v1']; 
noFile =) RETURN; -- next delete tmps will be hard way 

END CASE; 
IF -Findlt[] THEN 

IF - TmpsGrow[] THEN RETURN WITH ERROR Volume.lnsufficientSpace; 
tmps1' +- f.fID; 
SimpleSpace.ForceOut[tmpsBuffer]; 
END; 

--INTERNAL PROCEDURES 

ChangeAtt ributeslnternal: INTERNAL PROCEDURE [ 
fileD: LocalFilePtr, action: AttributeAction] 
RETURNS [s: LogicaIVolume.VolumeAccessStatus] = 
BEGIN 
file: Capability +- [fileDJileID, maxPermissions]; 
link: DiskChannel.Address'" LOOPHOLE[LONG[O]]; 
volumePage: LogicaIVolume.PageNumber; 
vollD: Volume.ID +- fileD.volumeID; -- FOR COMPILER BUG 
GetGroupO: VolProc = 

BEGIN 
group: Filelnternal.PageGroup; 
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success: BOOLEAN; 
updateMarkers ... FALSE; 
[success, group] ... VoIFileMap.GetPageGroup[vofume, fileD, 0]; 
IF -success THEN ERROR FilelmpIError[missingPageO]; 
vofumePage ... group.volumePage; 
END; 

SELECT S +- LogicaIVolume.VolumeAccess[@voIlD, GetGroupO] FROM 
ok =) NULL; 
volumeUnknown, volumeNotOpen = > RETURN; 
ENDCASE; 

IF ... LabeITransfer.VerifyLabels[fileDt, [0, volumePage, 1]].labelsValid THEN 
SIGNAL LabelError; -- smash time, folks. Watch out for zero size file 

IF action = permanent OR action = temporary THEN 
BEGIN ' . 
IF fileD.type IN PilotFileTypes.PilotRootFileType THEN 

LogicaIVolume.PutRootFile[ 
@vollD, fileD.type, @file ! Volume.Unknown = > GOTO VUnknown; 
Volume.NotOpen =) GOTO VNotOpen]; 

fileD.temporary .... action = temporary; 
EXITS VUnknown =) RETURN[volumeUnknown]; VNotOpen =) RETURN[volumeNotOpen]; 
END 

ELSE fileD. immutable .... action = immutable; 

SimpleSpace.Map[ 
pageBuffer, IF fileD.size = 0 THEN Space.defaultWindow ELSE [file, 0], 
TRUE]; 

FileCache.FlushFile[file.fID]; 
LOOPHOLE[link, PilotDisk.Address] +- LabeITransfer.ReadLabel[ 

fileDt, 0, volumePage].bootChainLink; 
LabeITransfer.WriteLabeIAndData[ , 

fileDt, 0, volumePage, SimpleSpace.Page[pageBuffer], link]; 
SimpleSpace.Unmap[pageBuffer); 
FileCache.SetFile[fileDt, FALSE]; -- could restore group, but lazy 

·IF action =. permanent THEN TmpsRemove[@file, @vOIIDJ; 
END; 

CreateWithlDlnternal: INTERNAL PROCEDURE [ 
volume: POINTER TO READONLY System.VolumelD, 
initialSize: POINTER'TO READONL Y PageCount, type: File.Type, 
file: POINTER TO READONLY File.ID] 
RETURNS [s: LogicalVolume .FiieVolumeStatus[ok . .insufficientSpace]] = 
-- Create file given the ffle identifier (called by Createlf'.iithIDExternal, 
-- OpenVolumeAndDeleteTemps). Expect to see Volume. Unknown, 
-- Volume.NotOpen, Volume.lnsufficientSpace 
BEGIN 
fileD: local Filelnternal.Descriptor +-

[filet, volumet. local[FALSE, TRUE, 0, type]]; 
Createinner: VolProc = 

BEGIN 
group: Filelnternal.PageGroup +- [, 0, 0]; 
updateMarkers +- FALSE; 
IF LcgicaIVolurne.FreeVolumePages[volume] < = initialSizet THEN 

s .... insufficientSpace 
ELSE 

DO 
group +-

[group.nextFilePage, 
group.volumePage + group.nextFilePage - groupJilePage, 
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initialSize1' ]; 
VoIAllocMap.AllocPageGroup[volume, LONG[@fileD], @group, TRUE]; 
-- results in modified group and FilePtr.size 
VoIFileMap.lnsertPageGroup[volume, LONG[@fileD], @group]; 
IF fileD.size = initialSize1' THEN EXIT; 
END LOOP; 

END; 

s +- ok; 
SELECT LogicaIVolume.VolumeAccess[@fileD.volumeID, Createlnner, TRUE] FROM 

ok. => IF s = ok THEN FileCache.SetFile[fileD, FALSE]; 
volumeUnknown = > s +- volumeUnknown; 
volumeNotOpen = > s +- volumeNotOpen; 
ENDCASE; 

END; 

DeleteFileOnVolumelnternal: INTERNAL ~ROCEDURE [ 
fileD: Filelnternal.LocalFilePtr] 
RETURNS [s: LogicaIVolume.VolumeAccessStatus] = 
BEGIN 
vlD: Volume.lD; 
Deletelt: VolProc = 

BEGIN 
g: Filelnternal.PageGroup; 
success: BOOLEAN; 
updateMarkers +- FALSE; 
DO 

[success, g] +- VoIFileMap.GetPageGroup[ 
volume. fileD. File.lastPageNumber]; 

-- group.nextFile page is last page in file 
IF .... success THEN EXIT; 
9 +- [0. LogicaIVolume.nuIlVolumePage, g.nextFilePage]; 
VoIFileMap.DeletePageGroup[volume, fileD, @g]; . 
-- results in modified group 
VoIAllocMap.FreePageGroup[volume, fileD, @g, TRUE]; 
-- results in modified fileD 

ENDLOOP; 
END; 

FileCache.FlushFile[fileDJileID]; 
vlD +- fileD.volumeID; 
RETURN[LogicaIVolume.VolumeAccess[@vID, Deletelt, TRUE]]; 
END; 

DeleteTempslnternal: INTERNAL PROCEDURE [v: POINTER TO READONLY·Volume.ID] 
RETURNS [s: LogicaIVolume.VolumeAccessStatus] = 
BEGIN 
one: File.PageCount +- 1; 
SELECT TmpsGet[v, first] FROM 

noFi!e. =) s +- DeleteTmpslnternaIOld[v]; 
ok => s +- DeleteTmpslnternaINew[v]; -- also deletes temp File 

volumeUnknown = > RETURN[volumeUnknown]; 
notOpen :;:) RETURN[volumeNotOpen]; 
ENDCASE; 

IF s # ok THEN RETURN; -- Create a tmps file. 
tmpsFile +- [[System.GetUniversaIlDDl, Filelnternal.maxPermissions]; 
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SELECT CreateWithlDlnternal[ 
v, @one, PilotFileTypes.tTempFileList, @tmpsFile.fID] FROM 

insufficientSpace = > RETURN; -- there will be no temp file; that's Ok 

volumeUnknown, volumeNotOpen = > FilelmpIError[tmpsVolumeWentAway]; 
ENDCASE; 

LogicaIVolume.PutRootFile[ 
v, PilotFileTypes.tTempFileList, @tmpsFile ! 
Volume.Unknown, Volume.NotOpen = > FifelmpIError[tmpsVolumeWentAway]]; 

END; 

DeleteTmpslnternalNew: INTERNAL PROCEDUR= [v: POINTER TO READONLY Volume.lD] 
RETURNS [8: LogicaIVolume.VolumeAccessStatus] = 
BEGIN 
cap: File.Capability +- [File.nuIlID, File.delete]; 
fileD: Filelntern8.I.Descriptor: 
p: File.PageNumber; . 
t: LONG POINTER TO File.ID; 
FOR p +- 0, p + 1 WHILE P < tmpsFileSize DO 

TmpsMap[p]; 
FOR t +- tmpStart, t + SlzE[File.lD] WHILE t # tmpsLast DO 

IF tt = File.nulllD THEN LOOP; 
cap.fID +- tt; . 
IF GetFileDescriptor[@cap, @fiIeD. v] THEN 

WITH f: fileD SELECT FROM 
local => 

IF f.temporary·THEN 
IF (s +- DeleteFileOnVolumelnternal[@f]) # ok THEN RETURN 
ELSE LOOP; 

ENDCASE; -- ingore remote files (can't happen), and delete errors 

ENDLOOP; 
ENDLOOP; 

TmpsUnmap[J; -- finally, delete the fife itself. 
IF GetFileDescriptor[@tmpsFile, @fiIeD, v] THEN 

WITH f: fileD SELECT FROM 
local = > RETURN[DeleteFileOnVolumelnternal[@f]]; 
ENDCASE; 

ERROR FilelmplError[ disappeared OrR emote TempFile]; 
END; 

DeleteTmpslnternalOld: INTERNAL PROCEDURE [v: POINTER TO READONLY Volume.ID] 
RETURNS [s: LogicaIVolume.VolumeAccessStatus] = 
BEGIN 
lastCap: File.Capability +- File.nullCapability; 
thisCap: File.Capability; 
fileD: Filelnternal.Descriptor; 
DO 

thisCap +- KerneIFile.GetNextFile[ 
vt, lastCap ! Volume.Unknown = > GOTO unknown; 

. Volume.NotOpen = > GOTO notOpen]; 
IF thisCap =' File.nullCapability THEN EXIT; 
IF GetFileDescriptor[@thisCap, @fileD, v] THEN 

WITH f: fileD SELECT FROM 
local =) 

IF f.temporary THEN -
IF'(S +- DeleteFileOnVolumelnternal[@f]) # ok THEN RETURN ELSE LOOP; 

ENDCASE; -- ignore remote files (can't happen) 
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lastCap ~ thisCap; 
ENDLOOP; 

RETURN[ok]; 
EXITS unknown => RETURN[volumeUnknown]; notOpen => RETURN[volumeNotOpen]; 
END; 

SetSizelnternal: INTERNAL PROCEDURE [ 
fileD: Filelnternal.LocalFilePtr, size: POINTER TO READONL Y File.PageCount, 
permissions: File.Permissions] RETURNS [s: LogicaIVolume.FileVolumeStatus] = 
BEGIN 
vs: LogicaIVolume.VolumeAccessStatus; 
vlD: Volume.ID; 
Sizelt: VolProc = 

BEGIN 
success: BOOLEAN; 
group: Filelnternal.PageGroup; 
updateMarkers ~ FALSE; 
SELECT fileD.size FROM 

< size't => 
BEGIN 
IF -SufficientPermissions[permissions, File.write + File.grow] THEN 

s .. insufficientPermissions 
ELSE 

IF LogicaIVolume.FreeVolumePages[volume] < size't - fileD.size THEN 
s ~ insufficientSpace 

ELSE 
BEGIN 
[success, group] ~ VoIFileMap.GetPageGroup[ 

volume, fileD, fileD.size - MIN[fileD.size, 1]]; 
IF .... success THEN ERROR FilelmpIError[missingPageGroupSetSize]; 

.WHILE fileD.size < sizet DO 
group ~ 

[group.nextFilePage, 
group.volumePage + (group.nextFilePage - groupJilePage), 
sizet]; 

VoIAllocMap.AllocPageGroup[volume, fileD, @group, FALSE]; 
•• change group + fileD 
VoIFileMap.lnsertPageGroup[volume, fileD, @group]; 
ENDLOOP 

END 
END; 

> size't => 
BEGIN 
IF .... SufficientPermissions[permissions, File.write + File.shrink] THEN 

s .. insufficientPermissions 
ELSE 

BEGIN 
WHILE fileD.size > sizet DO 

group ~ [size't, LogicaIVolume:nuIlVolumePage, fileD.size]; 
VoIFileMap.DeletePageGroup[volume, fileD, @group]; -- changes group 
VoIAllocMap.FreePageGroup[volume, fileD, @group, FALSE]; 
_. changes FiJePtr 

ENDLOOP; 
END; 

END; 
ENDCASE; 

END; 

s .. ok; 
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. FileCache.FlushFile[fileDJileID]; 
vlD ~ fileD.volumeID; 
IF (VS .. LogicaIVolume.VolumeAccess[@vID, Sizelt, TRUE]) # ok THEN RETURN[VS]; 
FileCache.SetFile[fileD't, FALSE]; 
END; 

TmpsGet: INTERNAL PROCEDURE [ 
v: POINTER TO READONLY Volume.ID, pg: {first, last}] 
RETURNS [{ok, volumeUnknown, notOpen, noFile}] = 
BEGIN 
IF v't = Volume.nulilD THEN RETURN[volumeUnknown]: 
IF tmpsVolume # v't THEN 

B:::GIN 
fileD: Filelnternal.Descriptor; 
TmpsUnmap[]; 
tmpsFile ~ KerneIFile.GetRootFile[ 

PilotFileTypes.tTempFifeList, v't ! Volume.Unknown => GOTO unknown; 
Volume.NotOpen = > GOTO notOpen]; 

IF -GetFileDescriptor[@tmpsFile, @fileD, v] THEN RETURN[noFile]; 
WITH fileD SELECT FROM 

local = > tmpsFileSize ~ size; 
. ENDCASE = > ERMOR FilelmpIErrcr[remoteTmpsFile]; 
TmpsMap[1F pg = first THEN 0 ELSE tmpsFileSize - 1]; 
tmpsVolume ~ V't; 
EXITS unknown => RETURN[volumeUnknown]; notOpen => RETURN[notOpen]; 
END; 

RETURN[ok]; 
END; 

TmpsGrow: !NTERNAL PROCEDUME RETURNS [BOOLEAN] = 
BEGIN 
fileD: Filelnternal.Descriptor; 
newSize: File.PageCount ~ tmpsFileSize + 1; 

. IF -GetFileDescriptor[@tmpsFile, @fileD, @tmpsVolume] THEN 
ERROR FilelmplError[ tmps:=ileWentAway]; 

WITH f: fileD SELECT FROM 
local =) 

SELECT SetSi!elnternal[@f, @newSize, File.grow + File.write] FROM 
insufficientSpace = > RETURN[FALSE]; 
ok => NULL; 
ENDCASE = > FilelmpIError[tmpsFileProblem]; 

ENDC.';SE => ERROR Fi!elmpIError[remoteTmpsFile]; 
TmpsMap[tmpsFileSize]; 
tmpsFileSize ~ tmpsFileSize + 1; 
RETURN[TRUE]; 
END; 

TmpsMap: INTERNAL PROCEDURE [page: File.PageNumber] '= It~LlNE 
BEGIN 
IF tmpsVolume # nulllD THEN SimpleSpace.Unmap[tmpsBuffer]; 
SimpleSpace.Map[tmpsBuffer, [tmpsFile, page], FALSE]; 
tmps ~ tmpStart; 
END; 

TmpsRemove: INTERNAL PROCEDURE [ 
f: POINTER TO READONLY File.Capability, v: POINTER TO READONLY Volume.ID] = 
BEGIN 
t: LONG POINTER TO File.ID ~ tmps; 
IF vt # Volume.nulllD •• impossible, he says-- AND tmpsVolume = vt THEN 
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DO 
-- only cheap wins 
IF t't = f.fID THEN BEGIN tt +- File.nuIIlD; RETURN; END; 
IF t = tmpStart THEN t +- tmpsLast; 
IF {t +- t - SlzE[File.IO]} = tmps THEN EXIT; 
ENDLOOP; 

END; 

TmpsUnmap: INTERNAL PROCEDURE = INLINE 
BEGIN 
IF tmpsVolume # Volume.nulllD THEN 

BEGIN SimpleSpace.Unmap[tmpsBuffer]; tmpsVolume +- Volume.nuIlIO;END; 
END; 

-- Here follows a gross kludge to allow the transaction machinery to sneak 
-- past our monitor lock. 

txFileProcs: TransactionState.FileOps = [TxCreate, TxMakePerm, TxSetSize]; 

TxCreate: INTERNAL PROCEDURE [size: PageCount, type: Type] RETURNS [file: 10] = 
BEGIN 
valiD: Volume.1D +- Volume.systemIO; 
file +- [System.GetUniversaIlD[]]; 
SELECT CreateWithIOlnternal[@voIlO, @size, type, @file] FROM 

ok =) NULL; 
insufficientSpace =) ERROR Volume.lnsufficientSpace; 
ENDCASE; 

END; 

TxMakePe rm: INTERNAL PROCEDURE [file: 10] = 
BEGIN 
fileC: Capability +- [file, maxPermissions]; 
fileD: Filelnternal.Oescriptor; 
IF -GetFileOescriptor[@fileC, @fileO] THEN ERROR Unknown[fileC]; 
WITH f: fileD SELECT FROM 

local =) 

. BEGIN 
SELECT ChangeAttributeslnternal[@f, permanent] FROM 

volumeUnknown =) ERROR Volume.Unknown[f.volumeID}; 
volumeNotOpen =) ERROR Volume.NotOpen[f.volumeIO]; 
ENDCASE; 

END' 
ENDC~SE =) ERROR FilelmpIError[remoteTxLog]; 

END; 

TxSetSize: INTERNAL PROCEDURE [file: 10, size: PageCount] = 
BEGIN 
fileC: Capability +- [file, maxPermissions]; 
fileD: Filelnternal.Oescriptor; 
IF -GetFileD€scriptor[@fileC, @fileD] THEN ERROR Unknown[fileC]; 
WITH f: fileD SELECT FRO~ 

local => 
BEGIN 
SELECT SetSizelnternal[@f, @size, maxPermissions] FROM 

insufficientSpace =) ERROR Volume.lnsufficientSpace; 
volumeUnknown => ERROR Volume.Unknown[f.volumeIO]; 
volumeNotOpen =) ERROR Volume.NotOpen[f.volumeID]; 
ENDCASE; 

END; 
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ENDCASE =) ERROR FilelmpIError[remoteTxLog]; 
END; 

-- Initialization 

InitializeFileMgr: PUBLIC PROCEDURE [ 
bootFile: LONG POINTER TO disk Boot.Location, 
pl VBootFiles: PO:NTER TO BooLl VBootFiles] 
RETURNS [debuggerDeviceType: Device.Type, debuggerOeviceOrdinal: CARDINAL] = 
BEGIN 
IF PiiotSwitches.switches.f = down THEN Runtime.CaIlDebugger["Key Stop F"L]; 
Process.Oetach[FORK FileHelperProcess[]]; 
START FMPrograms.VoIAllocMaplmpl; 
START FMPrograms.VoIFileMaplmpl; 
START FMPrograms.MarkerPagelmpl; 
[debuggerDeviceType, debuggerDeviceOrdinal] +- START 

FMPrograms.PhysicaIVolumelmpl[bootFile, pLVSootFiles]; 
-- This will also start Volumelmpl and Scavengalmpl. 

END; 

END. 

(For earlier log entries see Pilot 4.0 archive version.) 
April 1, 1980 2:47 P!v1 Gobbel Added transaction handles 
April 15, 1980 4:37 PM Gobbel Added nullTransactionHandle 

20 

April 17, 1989 10:08 PM LunieViski Added TransactionHandle argument to GetSize and Ge 
* *tAttributes 
April 18, 1980 2:59 PM Luniewski Temporary exportation of transaction.nul/Handle adde 
*·d 
May 15, 1980 6:11 PM McJones Add page and count parameters to Pin 
May 30, 1980 3:07 PM Luniewski Physica/Vo/ume removed from DIRECTORY. Made co 
• *mpatible with Filelnternal.FileDascriptors being LONG POINTERs. STARTed PhysicalVolumelm 
"pl. Removed START of Volumelmpl as it is now started by Ph)'sicaIVolumelmpl. LogicalVolume 
u.{Open Close}Volume =) LogicaIVolume.{Open Close}LogicaIVolume . 
June 10, 1980 1:20 AM Gobbel Added MakeTemporary and MakeMutable 
June 10, 1980 3:10 PM Gobbel Added transaction logging code 
July 19, 1980 11:15 AM t.,,1cJones Deleted nullTransactionHandle and (Transaction.)nuIlH 
Handle; adapted for new PiiotDisk.Label; removed dependency in initialization of tmpsLast on Sf 
"ZE[FiJe.IDj 
July 25, 1980 3:32 PM Luniewski SpeciaIVolume.(NotOpen VolumeNeedsScavenging) = 
U) Volume. (NotOpen NeedsScavenging) 
August 11, 1980 5:24 PM Gobbel/Knutsen Restructure Create to aI/ow export of Create 
• * WithID to KemelFile for transaction crash recovery . 
August 14, 1980 11: 15 AM McJones Delete dependencies on tBootFiJe; FifePageLabal = )PiI 
**otDisk; require File.write in SetSizelnternal . 
August 21, 1980 2:10 PM Gobbal Restructure transactional operations to use new interia 
Hce for managin9/09 files 
September 12, 1980 12:07 PM Gobbel Make GetFileDescriptor lool<. at all volume types 
September 17, 1980 3:07 PM Luniewski Mods for new priocedure type passed to Logica/Volu 
·;me. VolumeAccess. 
September 26, 1986 4:29 PM McJones GetBootLocation forgot to add offset to volume page 
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-- MarkerPagelmpl.mesa (last edited by: Luniewski on: September 17, 1980 2:44 PM) 
-- It is not clear to me how much checking to do when something comes on line. For the time bein 
*.*g. We do no real checking. assuming that marker pages are set up right. This may be the carre 
* .. ct philosophy, since marker pages are copies of the truth for the scavenger_ 

DIRECTORY 
DiskChanne! USING [Drive, GetAttributes, nullDrive], 
File USING [10, nulllDJ, 
FMPrograms USING 0, 
Filelnterna! USING [maxPermissions]. 
LabelTransfer USING [Write Labels] , 
LogicalVolume USING [Handle, LogicaISubvolumeMarker], 
MarkerPage USING [CacheKey, SubVolumeMarkerPage], 
PhysicalVolume USING [Error, ErrorType. 10, nuIIlD]. 
PhysicalVolumeFormat USiNG [Handle. PageNumber, PhysicaISubvolumeMarker], 
PilotFileTypes USING [tSubVolumeMarkerPage]. 
Simp!eSpace USING [Create, Handle, Map, Page, Unmap], 
SubVolume USING [Find, Handle], 
Utilities USING' [LongPointerFromPage]; 

MarkerPagelmpl: MONITOR 
IMPORTS 

DiskChannel, LabelTransfer, PhysicalVolume, SimpleSpace, SubVolume, Utilities 
EXPORTS FMPrograms, MarkerPage 
SHARES File = 
BEGIN 
-- Buffer variables for accessing marker pages 
markerPageBuffer: SimpleSpace.Handle = SimpleSpace.Create[1, hyperspace]; 

. marker: LONG POINTER TO MarkerPage.SubVolumeMarkerPage = 
Utilities.LongPointerFromPage[SimpleSpace.Page[markerPageBuffer]]; 

cacheSize: CARDINAL = 5; -- should be one for each possible disk 
cache: ARRAY [O .. cacheSize) OF RECORD [ ......, 

occupied: BOOLEAN, 
drive: DiskChannel.Drive, ,,~ 

physica!ID: PhysicalVolume.ID, 
markerlD: File.IDJ +- ALL [[FALSE, , , ]]; 

NotFound: PUBLic ERROR = CODE; 
MarkerPageError: ERROR [ 

{cacheFull, impossibleCacheVarient, subvolumeNotFound}] = CODE; 
-- Create the marker page for the i'th subvolume. The ID is in the cache, and the page groups ha 

"'ve been set up properly 
CreateMarkerPage: PUBLIC ENTRY PROCEDURE [ 

pvHandle: PhysicaIVolumeFormat.Handle, IvHandle: LogicaIVolume.Handle, 
physicalSubvolumeNumber: CARDINAL] = . 
BEGIN OPEN sv: pvHandle.subVolumes[physicaISubvolumeN,umber]; 
page:. LONG CARDINAL +- sv.pvPage + sv.nPages; 
LabelTransfer. WriteLabels[ 

file: 
[FindMarkerID[[physicaIID[pvHandle.pvID]]], LOOPHOLE[pvHandle.pvID], local[ 

FALSE, FALSE, page --ShOUld be driveSize--, 
PilotFileTypes.tSubVolumeMarkerPage]], pageGroup: [page, page, page + 1]]; 

MarkerPageMap[FindMarkerlD [[phys!caIlD[pvHandle.pvID]]], page]; 
marker't +­

[physical: 
[pvID: pvHandle.pvID, label: pvHandle.label, 

bootinglnfo: pvHandle.bootinglnfo, maxBadPages: pvHandle.maxBadPages, 
labelLength: pvHandle.labelLength, svNumber: physicalSubvolumeNumber, 
descriptor: sv], 
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logical: 
[iabeILength: IvHandle.labeILength, type: IvHandle.type, 

label: IvHandle.label, booting Info: IvHandle.bootinglnfo, 
clientRootFile: IvHandle.clientRootFile]]; 

MarkerPageUnmap[] ; 
END; 

Ente r: PUBLIC EHTRY PROCEDURE [ 
drive: DiskChannel.Drive, physicallD: PhysicaIVolume.ID] = 
BEGIN 
i: CARDINAL; 
FOR i IN [O .. LENGTH[cache]) DO 

Ii:: drive = cache[i] .drive THEN 
BEGIN cache[i] +- [TRUE, drive, physicallD, File.nuIlID]; RETURN; END; 

END LOOP; 
FOR i IN [O .. LENGTH[cache]) DO 

IF -cache[i].occupied THEN 
BEGIN cache[i] +- [TRUE, drive, physicallD, File.nuIlID]; RETURN; END; 

ENDLOOP; 
MarkerPageErrcr[cacheFull]; 
END; 

EnterMarkerlD: PUBLIC ENTRY PRPCEDURE [ 
c: MarkerPage.CacheKey, markerlD: File.lD] = 
BEGIN 
ENABLE UNWIND =) NULL; 
i: CARDINAL ~ Findlnternal[c]; 
cache[i].markerID +- markerlD; 
END; 

-- Find is exported because some of Special Volume operations use it. 

Find: PUBLIC ENTRY PROCEDURE [c: MarkerPage.CacheKey] 
RETURNS [ -

drive: DiskChannel.Drive, physicallD: POINTER TO READONLY PhysicaIVolume.ID, 
markerlD: POINTER TO READONLY File.ID] = 

BEGIN 
ENABLE UNWIND =) NULL; 
i: CARDINAL .... Findlnterna![c]; 
RETuRN[cache[i] .drive, @cache[i].physicaIlD, @cache[i].markerID]; 
END; 

Flush: PUBLIC ENTRY PROCEDURE [c: MarkerPage.CacheKey] = 
BEGIN 
ENABLE UNWIND =) NULL; 
i: Ct'''RDINAL +- Findlnternal[c]; 
cache[i].occupied +- FALSE; 
END; 

GetNextPhysicalVolume: PUBLIC ENTRY PROCEDURE [thisPvID: PhysicaIVolume.ID] 
- RETURNS [nextPvID: PhysicalVclume.ID, drive: DiskChannel.Drive] = 

BEGIN 
i: CARDINAL; 
found: BCOLEAN +- (thisPvlD = PhysicaIVolume.nuIlID); 
FOR i IN [O .. LENGTH[cache]) DO 

IF cache[i].occupied THEN 
IF found THEN RETURN[LOOPHOLE[cache[i].physicaIlD], cache[i].drive] 
ELSE found .- (thisPvlD = LOOPHOLE[cache[i].physicaIlD]); 

ENDLOOP; . 
IF found THEN RETURN[Phys:caIVolume.nuIIlD, DiskChannel.nuliDrive] 
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ELSE RETURN WITH ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 
END; 

UpdateLogicalMarkerPages: PUBLIC ENTRY PROCEDURE [ 
IvHandle: LogicaIVolume.Handle] = 
BEGIN . 
svH: SubVolume.Handle ~ NIL; 
Ipage: LONG CARDINAL ~ 0; 
found: BOOLEAN; 
WHILE Ipage < IvHandle.volumeSize DO 

[found, svH] ~ SubVolume.Find[lvHandle.vID, Ipage]; 
IF -found THEN ERROR MarkerPageError[subvolumeNotFound]; 
MarkerPageMap[ 

FindMarkerID[[drive[DiskChannel.GetAttributes[svH.channeI].drive]]] , 
svH.pvPage + svH.nPages]; 

marker.logical.bootinglnfo ~ IvHandle.bootinglnfo; . 
marker.logical.clientRootFile ~ IvHandle.clientRootFile; 
MarkerPageUnmap[]; 
Ipage ~ svH.lvPage '+ svH.nPages; 
ENDLOOP; 

END; 

UpdatePhysicalMarkerPages: PUBLIC ENTRY PROCEDURE [ 
pvHandle: PhysicaIVolumeFormat.Handle] = 
BEGIN 
i: CARDINAL; 
FOR i IN [O .. pvHandle.subVolumeCount) DO 

OPEN sv: pvHandle.subVolumes[i]; 
MarkerPageMap[ . 

Findty1arkerID[[physicaIlD[pvHandle.pvID]]], sv.pvPage + sv.nPages]; 
marker.physical.bootinglnfo ~ pvHandle.bootinglnfo; 
MarkerPageUnmap[]; 
ENDLOO?; 

END; 
--Internal Procedures 

Findlnternal: INTERNAL PROCEDURE [c: MarkerPage.CacheKey] 
RETURNS [i: CARDINAL] = 
BEGIN 

. FOR i !N [O .. LENGTH[cache]) DO 
IF cache[i].occupied THEN 

WITH C SELECT FROM 
drive => :F h = cache[i].drive THEN RETURN; 
physicailD = > IF id = cache[i].physicaIlD THEN RETURN; 
ENDCASE = > ERROR MarkerPageError[impossibleCacheVarient]; 

ENDLOOP; 
ERROR NotFound; 
END; 

FindMarkerlD: INTERNAL PROCEDURE [c: MarkerPage.CacheKey1 RETURNS [File.lD1 = 
INLINE BEGIN RETURN[cache[Findlnternal[c]].markerID1; END; . 

MarkerPageMap: INTERNAL PROCEDURE [ID: File.ID, page: LONG CARDINAL1 = 
BEGIN 
SimpleSpace.Map[ 

markerPageBuffer, [[ID, Filelnternal.maxPermissions], page], FALSE]; 
END; 
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MarkerPageUnmap:INTERNAL PROCEDURE = 
BEGIN SimpleSpace.Unmap[markerPageBuffer]; END; 

END ..... 
LOG 
Time: October 1, 1979 12:20 PM . 
"mesa 
Time: October 16, 1979 12:44 PM 
"ges 

By: Forrest 

By: Forrest 

4 

Action: Created from volumelmpl. 

Action: Fix bug in Update SVM pa 

Time: May 20, 1980 4:14 PM By: Luniewski Action: PhysicalVolume = > PhysicalVolume 
"Format 
Time: July 24, 1980 9:14 AM By: Luniewski Action: Deleted Export to SpecialVolume. M 
··ade GetNextPhysicalVoJume export to MarkerPage. 
Time: September 17, 1980 2:44 PM By: Luniewski Action: Added maxBadpages to 
"marker page. 
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Phvsica/Volumelmol mesa (fast edited bv· Luniewski on: October 7. 1980 3:01 PM) 
, __ • - - __ 0- ___ .. ___ • ___ '_". _ __ .... _ _ _ _ .. _ • 

DIRECTORY 
Boot USING [Location, LVBootFiles, PVBootFiles, VolumeType], 
Device USING [nuIlType, Type], 
DiskChannel -US!NG [ 

AwaitStateChange, Create, DiskPageCount, Drive, DriveState, DriveStatus, 
GetAttributes, GetDriveAttributes, GetNextDrive, GetPageNumber, nullDrive, 
nullHandle, PVHandle, SetDriveState, SetDriveTag], 

Environment USING [wordsPerPage]. 
File USING [Capability, 10, nullCapability, PageCount, Permissions, read, Type], 
Filelnternal USING [maxPermissions], 
FMPrograms USING [Scavengelmpl, Volumelmpl], 
Inline USING [LowHalf], 
LabelTransfer USII~G [LabeIStatus, ReadRootLabel, WriteLabels], 
LogicalVolume USING [Handle. rootPageNumber], 
MarkerPage USING [ 

CacheKey, Enter, EnterMarkerlD, Find, Flush, GetNextPhysicalVolume, NotFound, 
Upd atePhysicalMarkerPages], 

PhysicalVolume USING [ 

CanNotScavenge, Error, ErrorType, 10, Layout, nullBadPage, nullDevicelndex, 
nulllD, PageNumber, VolumeType], 

PhysicalVolumeFormat USING [ 

currentVersion, descriptorSize, Handle, IDCheckSum, maxSubVols, nullBadPage, 
nullPVBootFiles, PageNumber, rootPageNumber, Seal, seal], 

PiiotDisk USING [Get Label File Page, GetLabelType, Label], 
PilotFileTypes USING [tPhysicalVolumeRootPage, tSubVolumeMarkerPage], 
PilotMP USING [cDeleteTemps, cDriveNotReady], 
PilotSwitches USING [switches], 
ProcessorFace USING [SetMP], 
Runtime USING [CaIlDebugger], 
SimpleSpace USING [Create, ForceOut, Handle, Map, Page, Unmap], 
SpecialVolume USING [nuIlSubVolume, SubVolume, SubVolumeUnknown], 
SubVolume USING [completion, Find, GetNext, Handle, Offline, Online], 
System USING [GetUniversaIlD, nulllD], 
Utilities USING [LongPointerFromPage], 
VolAllocMap USING [Close], 
VolFileMap USING [Close], 
Volume USING [ID, nulllD, PageCount, systemlD, Type, Unknown], 
Volumeimpllntertace USING [ 

BarePvlD, CheckLogicalVolume, FindLogicalVolume, GetLVStatus, 
LogicalVolumeCreate, LogicalVolumeErase, OpenlnitialVolumes, PinnedFileFlush, 
readOrWrite, RegisterLcgicalSubvolume, SubvolumeOffline, SubvolumeOnline, 
VFileEnter], 

Volumelnternal USING [PageNumber]; 

PhysicalVolumelmpl: MONITOR [ 

bootFile: LONG POINTER TO disk Boot.Location, 
pL VBootFiles: POINTER TO Boot.LVBootFiles] 
RETURNS [debuggerDeviceType: Device.Type, debuggerDeviceOrdinal: CARDINAL] 
IMPORTS 

DiskChannel, FMPrograms, Inline, LabelTransfer, MarkerPage, PhysicalVolume, 
PhysicalVolumeFormat, PiiotDisk, PilotSwitches, ProcessorFace, Runtime, 
SimpleSpace, SpecialVolume, SubVolume, System, Utilities, VolAllocMap, 
VolFileMap, Volume, Volumelmpllnterface 

EXPORTS FMPrograms, PhysicalVolume, SpecialVolume, VOlumelmpllnterface 
SHARES File, PhysicalVolume 
BEGIN 
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-- A note about deoendencies. Locical/v. ohvsical volumes lie below loaical volumes. 
- .. - _. - - - - -- -,- - - - . - - - - - -...., - -- .,,',- .I - - -. - - - - - - - -..., _ .... 

-- Thus, this module mal not caff any of the logical volume entries while it has the 
-- monitor locked. The volume online/offline machinery is special in that it is logically 
-- above logical volumes. Thus, it has need to call into that machinery. The current 
-- implementation of these functions imply assumes that no calls back into this module 
-- will occur. 

PhysicalVolumelmplError: ERROR [ErrorType] = CODE; 

ErrorType: TYPE = { 
impossibleDriveStateChangeFailure, impossibleOffLineFailure, 
impossibleSelectError, invalidSubVolumeNumber, physicaIVolumeNotFound}; 

LvHandle: TYPE = LogicaIVolume.Handle; 
PvHandle: TYPE = PhysicaIVolumeFormat.Handle; 
debugClass: Boot.VolumeType; 
debugSearchSt·ate: {tooSoonToLook, looking, done} +- tooSoonToLook; 
pvRootPage: PhysicalVolumeFormat.PageNumber = 

PhysicaIVolumeFormat.rootPageNumber; 

-- Buffer variables for accessing physical volume root page 

-- Eventually, set rootPagePages based upon the device type of a volume. When this 
-- happens, we .vill have to arrange to have (arbitraril';,"?) larger buffers. 
rootPagePages: File.PageCount = 

PhysicaIVolumeFormat.descriptorSize/Env:ronment.wordsPerPage; 
-- the following space MUST be used by PhysicalRootPageAccesslnternal as there 
-- procedures that do ForceOut's on this space before returning to this procedure 
physicalRootPageBuffer: SimpleSpace.Handle = 

-- WE ASSUME that the root page isn't too big 
. Simp!eSpace.Create[LOOPHOLE[ln!ine.Lo'l/Ha!f[rootPagePages]], hyperspace, 1]; 
physicalVolume: PvHandle = Utilities.LongPointerFromPage[ 

SimpleSpace.Page[physicaIRootPage5urrer]]; 

-- The following are the variables and procedures exported to Physical Volume 

maxSubvolumesOnPhysicalVolume: PUBLIC CARDINAL +­

PhysicaIVolumeFormat.maxSubVols; 
CanNotScavenge: PUBliC ERROR = CODE; 

2 

-- The following is exported by Scavengelmpl due to a compiler limitation. It should be exported 
"here logically. 

--Error: PUBUC ERROR [PhysicaIVolume.ErrorTypej = CODE; 
Handle: PUBLIC TYFE = DiskChannel.PVHandle; 

AssertNotAPiJotVoJume: PUBLIC ENTRY PROCEDURE [instance: Handle] = 
BEGIN 
IF -ValidateDrive[instance.drive] THEN 

RETURN WITH ERROR PhysicaIVolume.Error[invalidHandie]; 
SELECT DiskChannel.SetDriveState[ 
instance.drive, instance.changeCount, channel] FROM 

invalid Drive =) RETURN WITH ERROR PhysicaIVolume.Error[invalidHandle]; 
alreadyAsserted =) RETURN WITH ERROR PhysicaIVolume.Error[alreadyAsserted]; 
ENDCASE; 

END; 

AssertPilotVolume: PUBLIC ENTRY PROCEDURE [instance: Handle] 
RETURNS [pv:D: PhysicaIVolume.ID] = 
-- This procedure assumes that this module wiil not be called by Volumelmpl when this proced 

"'ure calls Volu.melmpl through Volumelmpllnterface. If this assumption should ever not be true, 
.. this procedwe must be modified to release tIle monitor lock before calling into Volume/mpl. 

PhysicaIVolume!mp!.mesa. 7-0ct-80 15:01 :57 2 



PhysicaIVolumelmpl.mesa. 7-0ct-80 15:01:57 

BEGIN 
localError: PhysicaIVolume.ErrorType; 
resetDriveState: BOOLEAN ~ FALSE; 
BEGIN 
IF -ValidateDrive[instance.drive] THEN 

RETURN WITH ERROR PhysicaIVolume.Error[invalidHandle]; 
IF -DiskChanneI.GetDriveAttributes[instance.drive].ready THEN 

RETURN WITH ERROR PhysicaIVolume.Error[notReady]; 
SELECT DiskChanneI.SetDriveState[instance.drive, instance.changeCount, pilot] 
ffi~ . 
. invalid Drive =) RETURN WITH ERROR PhysicaIVolume.Error[invalidHandle]; 
alr~adyAsserted => RETURN WITH ERROR PhysicaIVolume.Error[alreadyAsserted]; 
ENDCASE; 

resetDriveState ~ TRUE; 
rid: pvlD] +- PhysicalVolumeOnLinelnternal[ 

instance.drive ! 
PhysicalVolume.Error =) {local Error +- error; GO TO pvError}; 
PhysicalVolume.CanNotScavenge =) (30 TO unscavengeable; ]; 

EXITS 
pvError =') { 

IF resetDriveState THEN •• 0 2 'nd arg = > guaranteed ok as a status o +- DlskChanneI.SetDriveState[instance.drive. 0, inactive]; 
RETURN WITH ERROR PhysicaIVolume.Error[locaIError]}; 

unscavengeable =) { 

IF resetDriveState THEN ··0 as 2'nd arg = > ok as a status 
[] ~ DiskChanneI.SetDriveState[instance.drive, 0. inactive]; 

RETURN WITH ERROR PhysicaIVolume.CanNotScavenge}; 
END 
END; 

AwaitStateChange: PUBLIC PROCEDURE [ 
changeCount: CARDINAL, type: Device.Type, index: CARDINAL] 
RETURNS [currentChangeCount: CARDINAL] = { 
RETURN [DiskChannel.AwaitStateChange[ changeCount, type, index]]}; 

CreateLogicalVolume: PUBLIC PROCEDURE [ 
pvlD: PhysicaIVolume.ID, size: Volume.PageCount, name: STRING, 
type: Volume.Type, minPVPageNumber: PhysicaIVolume.PageNumber] 
RETURNS [Volume.ID] = { 
RETURN[ 

Volumelmpllnterface.LogicaIVolumeCreate[ 
pvlD, size. name, type, minPVPageNumber]]}; 

CreatePhysicalVolume: PUBLIC ENTRY PROCEDURE [instance: Handle, name: STRING] 
RETURNS [PhysicaIVolume.ID] = 
BEGIN 
local Error: PhysicaIVolume.ErrorType;· 
BEGIN 
i. labelLength: CARDINAL; 
pvlD: Volumelmpllnterface.BarePvID; 
ready: BOOLEAN; 
changeCount: CARDINAL; 
state: DiskChannel.DriveState; 
IF name = N!L OR name.!ength = 0 THEN 

RETURN 'NITH ERROR PhysicaIVolume.Error[nameRequired]; 
IF -ValidateDrive[instance.drive] THEN 

RETURN WITH ERROR PhysicaIVolume.Error[invalidHandle]; 
[ready: ready, changeCount: changeCount, state: state] ~ 

DiskChannel.GetDriveAttributes[instance.drive]; 
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IF changeCount - = instance.changeCount THEN 
RETURN WITH ERROR PhysicaIVolume.Error[invalidHandle]; 

IF -ready THEN RETURN WiTH ERROR PhysicaIVolume.Error[notReady]; 
IF state = pilot THEN 

BEGIN 
PhysicalVolumeOffLinelnternal[ 

instance.drive ! 
PhysicalVolume.Error =) {locaIError +- error; GO TO pvError}]; 

IF DiskChanneI.SetDriveState[instance.drive, instance.changeCount, inactive] 
- = ok THEN ERROR; 

END 
ELSE 

IF state = channel THEN 
RETURN WITH ERROR PhysicaIVolume.Error[alreadyAsserted]; 

IF DiskChanneI.SetDriveState[instance.drive, instance.changeCount, pilot] - = 
ok THEN ERROR; 

pvlD +- System.GetUniversalID[]; 
RegisterPvlnfo[pvlD, instance.drive]; 
LabeITransfer.WriteLabels[ 

•• take care. The label may be more than one page! 
[[pvID], [pvID], local[ . 

FALSE, FALSc, rootPagePages, PifotFileTypes.tPhysicaIVoll:meRootPage]], 
[pvRootPage, pvRootPaQe, pvRootPage + rootPagePagesl1; 

PhysicalRootPageMap[pvlD, readWrite]; 
label Length ~ MIN[name.length, LENGTH[physicaIVolume.labei]]; 

4 

.. When the bad page list has a device dependent length, be sure to assign to maxBadPages in 
"the following constructor 

physicalVolume-r ~ . 
[subVolumeCount: 0. label Length: labelLength. pvlD: [pvID]. label: NULL, 

su b Vofu mes: NULL. bad Page List: ALL[PhysicalVolu meFormat.nuliBadPage j]; 
FOR i IN [O .. labeILength) DO physicaIVolume.label[i] +- name[i]; ENDLOOP; 
RegisterSubvolumeMarker[physicaIVolume]; 
PhysicalRootPageUnmapD; 
RETURN[[pvID]]; 
EXITS pvError =) RETURN WITH ERROR PhysicaIVolume.Error[locaIError]; 
END 
END; 

EraseLogicalVolume: PUBLIC PROCEDURE [lvID: Volume.ID] = { 
Volumelmplinterface.LogicaIVolumeErase[lvID]}; 

FinishWithNonPilotVolume: PUBLIC ENTRY PROCEDURE [instance: Handle] 
BEGIN 
IF -ValidateDrive[instance.drive] THEN 

RETURf\: WITH ERROR PhysicaIVolume.Error[invalidHandle]; 
SELECT DiskChannel.GetDriveAttributes[instance.drive].state FROM 

inactive = > RETURN; 
pilot =) RETURN WITH ERROR PhysicaIVolume.Error[hasPilotVolume); 
ENDCASE; 

. SELECT DiskChannel.SetDriveState[ 
in~tance.drive, instance.changeCount. inactive] FROM 

invalid Drive =) RETURN WITH ERROR PhysicaIVolume.Error[invalidHandle]; 
ok =) NULL; 
ENDCASE =) ERROR; 

END; 

GetAttributes: PUBLIC Ef\;'TRY PROCEDURE [pvID: PhysicalVolume.ID, label: STRING] 
RETURNS [instance: Handle, layout: PhysicaIVotume.Layout] = 
BEGIN 
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drive: DiskChannel.Drive = GetPVDrive[pvID]; 
IF drive' = DiskChannel.nullDrive THEN 

RETURN WITH ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 
instance ~ [drive, DiskChanneI.GetDriveAttributes[drive].changeCount]; 
IF GetPhysicaIVolumeA.ttributes[pvID, label].subvolumeCount = 1 THEN 

-- Has the side effect of setting the callers label. Can not return with found = FALSE. 
BEGIN 
IvSize: Volume.PageCount; 
svSize: Volume.PageCount; 
[lvSize: IvSize, subVolumeSize: svSize] ~ GetSubVolumeAttributes[pvID, 0]; 
-- Can not raise its error due to success of GetPhysica/Vo/umeAttributes above. 
layout ~ 

IF IvSize = svSize THEN singleLogicalVolume ELSE partialLogicalVolume; 
END . 

ELSE layout ~ multipleLogicalVolumes; 
END; 

GetContainingPhysic~IVolume: PUBLIC ENTRY PROCEDURE [lvID: Volume.ID] 
RETURNS [pvID: PhysicaIVolume.ID] = 
BEGIN 
-- This is an ENTRY procedure so that the volume containing IvlD can not go 
-- away between the time that SubVo/ume is called and MarkerPage is called 
success: BOOLEAN; 
sv: SubVoiume.Handle; 
[success, sv] ~ SubVo!ume.Find[lvID, LogicaIVolume.rootPageNumber]; 
IF -success THEN RETURN WITH ERROR Volume.Unknown[lvlD]; 
RETURN[ 

MarkerPage.Find[[drive[DiskQhanneI.GetAttributes[sv.channel]]]].physicaIIDt] 
END; 

GetHandle: PUBLIC ENTRY PROCEDURE [type: Device.Type, index: CARDINAL] 
RETURNS [Handle] = 
BEGIN 
drive: DiskChannel.Drive; 
IF type =;: Device.nullType OR index = PhysicalVolume.nullDevicelndex THEN 

RETURN WITH ERROR PhysicaIVolume.Error[noSuchDrive]; 
IF (drive ~ GetDrive[type, index]) = DiskChannel.nullDrive THEN 

RETURN WITH ERROR PhysicaIVolume.Errar[noSuchDrive]; 
RETuRN[[drive, DiskChannel.GetDriveAttributes[drive].changeCount]] 

. END; 

GetHints: PU8L1C ENTRY PROCEDURE [instance: Handle, label: STRING] 
RETURNS [pvID: PhysicaIVolume.ID, volumeType: PhysicaIVolume.VolumeType] = 
BEGIN 
-- This should get smarter about returning information when the volume is partially 
-- trashed. Also, it should not work by onlining/offlining the volume as this has side 
-- effects (in principle) which this operation should not produce. 
CopyLabel: PROCEDURE [pvLabel: PvHandle] = 

BEGIN 
FOR i: CARDiNAL iN 

[O .. {label.length ~ MIN[!abel.maxlength, pvLabel.labelLength]» DO 
label[i] ~ pvLabel.label[i]; ENDLOOP; 

END; 
driveChangeCollnt: CARDINAL; 
driveState: DiskChannel.DriveState; 
ready: BOOLEAN; 
found: BOOLEAN; 
onlineFound: BOOLEAN; 
IF -ValidateDrive[instance.drive] THEN 
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RETURN WITH ERROR PhysicaIVolume.Error[invalidHandle]; 
[changeCount: driveChangeCount, state: driveState, ready: ready] ~ 

DiskChannel.GetDriveAttributes[instance.drive]; 
IF -ready THEN RETURN WITH ERROR PhysicaIVolume.Error[notReady]; 
IF instance.changeCount - = driveChangeCount THEN 

RETURN VJlTH ERROR PhysicaIVolume.Error[invalidHandle]; 
IF driveState = channel THEN GO TO notPilot; 
found ~ TRUE; 
pvlD ~ MarkerPage.Find[ 

[drive[instance.drivell ! 
MarkerPage.NotFound =) {found ~ FALSE; CONTINUE}].physicaIIDt; 

IF -found THEN 
BEGIN -- temporarily bring the drive online 
~- at this point the drive must be in the inactive state 
SELECT DiskChannel.SetDriveState[ 
instance.drive, instance.changeCount, pilot] FROM 

invalid Drive = > RETURN WITH ERROR PhysicaIVo!ume.Error[invalidHand!e]; 
ok => NULL;. 
ENDCASE =) ERROR; 

-- the following should return onlineFound as FALSE since MarkerPage.Find failed! 
[pvID, onlineFound] ~ PhysicalVolumeOnLinelnternal[ 

instance.drive 1 • 
PhysicaIVolume.Error, PhysicalVclume.CanNotScavenge = > 

BEGIN o ~ DiskChanneLSetDriveState[instance.drive,O, inactive]; 
GO TO notPi!ot 
END]; 

IF onlineFound THEN ERROR; 
END; 

o ~ PhysicaIRootPageAccesslnternal[pvID, CopyLabel]; 
IF -found THEN -- undo the temporary online that Vie did above 

BEGIN 
PhysicaIVolumeOffLinelnternal[instance.drive]; o ~ DiskChanneLSetDriveState[instance.drive, '0, inactive]; 
END' 

RETU~N[pvID, isPilot]; 
EXITS notPilot =) RETURN[PhysicaIVolume.nuIlID, notPilot] 
END; 

GetNext: PUBLIC PROCEDURE [pvID: PhysicalVolume.lD] 
RETURNS [PhysicaIVolume.ID] = 
BEGIN 
RETURN[ 

MarkerPage.GetNextPhysicaIVolume[ 
pvlD ! MarkerPage.NotFound = > GO TO notFound].nextPvID]; 

EXITS notFound = > ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 
END; 

GetNextBadPage: PUBLIC PROCEDURE [ 
pv!D: PhysicaIVo!ume.!D, thisBad?ageNumber: PhysicaIVolume.PageNumber] 
RETURNS [nextBadPageNumber: PhysicaIVolume.PageNumber] = 
BEGIN 
found: BOOLEAN ~ thisBadPageNumber = PhysicaIVolume.nuIlBadPage; 
Proc: PROCEDURE [p: PvHandle] = 

BEGIN 
i: CARDINAL; -- ASSUME (= MAX[CARDINAL] bad pages 
FOR i IN [O .. lnline.LowHalf[p.badPageCount]) DO 

IF found THEN {nextBadPageNumber ~ p.badPageList[i]; RETURN}; 
found ~ p.badPag~List[i] = thisBadPageNumber; • 
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ENDLOOP; 
nextBadPageNumber ~ PhysicaIVolume.nuIlBadPage; 
END' 

Physi~aIRootPageAccess[pvID, Proc]; 
END; 

GetNextD rive: PUBLIC PROCEDURE [type: Device.Type, index: CARDINAL] 
RETURNS [nextType: Device.Type, nextlndex: CARDINAL] = 
BEGIN 
drive: DiskChannel.Drive ... GetDrive[type, index]; 
IF drive = DiskChannel.nullDrive AND 

... {type = Device.nullType AND index = PhysicalVolume.nullDevicelndex) THEN 
ERROR PhysicaIVolume.Error[noSuchDrive]; 

drive ... DiskChanneI.GetNextDrive[drive]; 
IF drive = DiskChannel.nullDrive THEN 

RETURN[Device.nuIlType, PhysicaIVolume.nuIlDevicelndex]; 
[deviceType: nextType, deviceOrdinal: nextlndex] ... 

DiskChannel.GetDriveAttributes[drive]; 
END; 

GetNextLogicalVolume: PUBLIC ENTRY PROCEDURE [ 
pvlD: PhysicaIVolume.ID, IvID: Volume.lD] RETURNS [Volume.lD] = 
BEGIN 
found: BOOLEAN; 
newLVID: Volume.ID; 
svCount: CARDINAL; 
[found, sVCount] ... GetPhysicaIVo!umeAttributes[pvID, NIL]; 
IF ... found THEN RETURN WITH ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 
IF svCount = 0 THEN RETURN[Volume.nuIlID]; 
IF IvlD = Volume.nulllD THEN RETURN[GetSubVolumeAttributes[pvID, O].lvID]; 
FOR i: CARDINAL IN [O .. svCount) DO 

IF IvlD = GetSubVolumeAttributes[pvID, i].IvlD THEN 
.- handle special case of a volume with multiple pieces on one phys. vol. 
FOR j: CARDINAL IN [i + l..svCount) DO 

IF IvlD ... = (newLVID ~ GetSubVolumeAttributes[pvID, j].IvID) THEN 
RETURN[newLVID]; 

REPEAT FINISHED =) RETURN[Volume.nuIlID] 
ENDLOOP; 

ENDLOOP; 
RETURN WITH ERROR PhysicaIVolume.Error[noSuchLogicaIVolume] 
END; 

Inte rp retHandle: PUBLIC PROCEDURE [instance: Handle] 
RETURNS [type: DeviCe.Type, index: CARDINAL] = 
BEGIN 
changeCount: CARDINAL; 
IF ... ValidateDrive[instance.drive] THEN 

ERROR PhysicaIVolume.Error[invalidHandle]; 
[deviceType: type, deviceOrdinal: index, changeCount: changeCount] ... 

DiskChannel.GetDriveAttributes[instance.drive]; 
IF instance.changeCount ... = changeCount THEN 

ERROR PhysicaIVolume.Error[invalidHandle] 
END; 

Is Ready: PUBLIC ENTRY PROCEDURE [instance: Handle] RETURNS [ready: BOOLEAN] = 
BEGIN 
changeCount: CARDINAL; 
IF ... ValidateDrive[instance.drive] THEN 
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RETURN WITH ERROR PhyslcaIVolume.Error[invalidHandle]; 
[ready: ready, changeCount: changeCount] ~ DiskChannel.GetDriveAttributes[ 

instance.d rive]; 
IF changeCount = instance.changeCount THEN RETURN[ready] 
ELSE RETURN WITH ERROR PhysicaIVolume.Error[invalidHandle] 
END; 

MarkPageBad: PUBLIC ENTRY PROCEDURE [ 
pvlD: PhysicaIVolume.ID, bad Page: PhysicaIVolume.PageNumber] = 
BEGIN 
error: BOOLEAN +- FALSE; 
Proc: PROCEDURE [p: PvHandle] = 

BEGIN -- ASSUME (= MAX[CARDINAL] bad pages 
i: CARDINAL; 
tmp: PhysicaIVolume.PageNumber; 
FOR i IN [O .. lnline.LowHalf[p.badPageCount)) DO 

IF p.badPageList[i] = bad Page THEN RETURN; ENDLOOP; 
IF error +- (p.badPageCount ) = p.maxBadPages) THEN RETURN; 
FOR i IN [O . .lnline.LowHalf[p.badPageCount]) DO 

SELECT p.badPageList[i] FROM 
) badPage =) 

BEGIN 
tmp ... p.badPageList[i]; 
p.badPageList[i] ... bad Page; 
bad Page ... tmp; 

. END; 
< bad Page =) LOOP; 
ENDCASE =) ERROR; 

ENDLOOP; 
p.badPageList[lnline.LowHalf[p.badPageCount]] +- badPage; 
p.badPageCount ... p.badPageCount.. + 1; 
END; 

IF ... PhysicaIRootPageAccesslnternal[pvID, Proc, readWrite] THEN 
RETURN WITH ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 

·IF error THEN RETURN WITH ERROR PhysicaIVolume.Error[badSpotTableFull]; 
END; . 

Offline: PUBLIC ENTRY PROCEDURE [pvID: PhysicaIVolume.ID] = 
BEGIN 
local Error: PhysicaIVolume.ErrorType; 
BEGIN 
drive: DiskChannel.Drive = GetPVDrive[pvID]; 
IF drive = DiskChannel.nuliDrive THEN 

RETURN WITH ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 
PhysicalVolumeOffLinelnternal[ 

drive ! PhysicalVolume.Error =) {localError +- error; GO TO OfflineError}]; 
1;= DiskChanneI.SetDriveState[drive, 0, inactive] - = ok THEN 

ERROR PhysicalVolumelmplError[impossibleDriveStateChangeFailure]; 
EXITS OfflineError = > RETURN WITH ERROR PhyslcaIVolume.Error[locaIError]; 
END; 

END; 

'-- The following ar:e exported to Special Volume 

SubVolumeUnknown: PU8L1C ERROR = CODE; 
GetNextSubVolume: PUBLIC ENTRY PROCEDURE [ 

pvlD: PhysicaIVolume.ID, this: SpeciaIVolume.SubVolume] 
RETURNS [ne~t: SpeciaIVolume.SubVolume] = 
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BEGIN 
error: BOOLEAN +- FALSE; 
Proc: PROCEDURE [p: PvHandle] = 

BEGIN 
IF this = SpecialVolume.nullSubVolume THEN 

IF p.subVolumeCount = 0 THEN {next +- SpeciaIVolume.nuIlSubVolume; RETUF\N} 
ELSE 

BEGIN OPEN sv: p.subVolumes[O]; 
next +- [sv.lvID, sv.nPages, sV.lvPage, sv.pvPage]; 
RETURN; 
END' 

FOR i: [O .. PhYSiCaIVolumeFormat.maxSubVoIS) IN [O .. p.subVolumeCount) DO 
OPEN sv: p.subVolumes[i]; 
IF sv.lvlD = this.lvlD AND sv.nPages = this.subVolumeSize AND sv.lvPage 

this.firstL VPageNumber AND sv.pvPage = this.firstPVPageNumber THEN 
IF i + 1 > = p.subVolumeCount -- Zero orgin count 

THEN {next +- SpeciaIVolume.nuIlSubVolume; RETURN} 
ELSE . 
8EGI~ OPEN .sv: p.subVolum~s[i + 1]; 
next +- [sv.lvID, sv.nPages, sv.lvPage, sv.pvPage]; 
RETURN; 
END; 

ENDLOOP; 
error +- TRUE; 
END' 

IF -PhysicaIRootpageAccesslnternal[pvID, Proc] THEr~ 
RETURN WITH ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 

IF error THEN RETURN WITH E;RROR SpeciaIVolume.SubVolumeUnknown; 
END; 

GetPhysicalVolumeBootFiles: PUBLIC ENTRY PROCEDURE [ 
pvlD: PhysicalVolume.lD, pBoqtFiles: LONG POINTER TO Boot.PVBootFiles] = 
BEGIN . 
Copy: PROCEDURE [p: PvHandle] = {pBootFilest +- p.bootinglnfo}; 
IF -PhysicaIRootPageAccesslnternal[pvID, Copy, read] THEN 

RETURN WITH ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 
END; 

SetPhysicalVolumeBootFiles: PUBLIC ENTRY PROCEDURE [ 
pvlD: PhysicalVolume.ID, pBootFiles: LONG POINTER TO Boot.PVBootFiles] = 
BEGIN 
Copy: PROCEDURE [p: PvHandle] = 

BEGIN 
p.bootinglnfo +- pBootFiles't; 
SimpleSpace.ForceOut[physicaIRootPageBuffer]; 
MarkerPage.UpdatePhysicaIMarkerPages[p]; 
END' 

IF -piwsicaIRootpageAccesslnternal[pvID, Copy, readWrite] THEN 
RETURN WITH ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 

END; 

-- The following are exported to Volumelmpllntertace 

AccessPhysicalVolumeRootPage: PUBLIC PROCEDURE [ 
id: Volumelmpllnterface.BarePvID, 
proc: PROCEDURE [PhysicaIVolumeFormat.Handle], 
access: Vo!umelmpllnterface.readOrWrite] = { 
PhysicaIRootPageAccess[id, proc, access]}; 
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-- The following are the internal procedures of this module 

DriveSize: PROCEDURE [pvID: PhysicaIVolume.ID] 
RETURNS [DiskChanneI.DiskPageCount] = 
BEGIN 
RETURN[ 

DiskChannel.GetDriveAttributes[ 
MarkerPage.Find[[physicaIID[pvID]]].drive].nPages]; 

END; 

CheckPhysicalRootLabel: PROCEDURE [ 
label: POINTER TO PilotDisk.Labe/, 
pvID: POINTER TO Volumelmpllnterface.BarePvID] RETURNS [BOOLEAN] = 
BEGIN OPEN label; 
pvlDt +- filelD; -- could a/so check pad2 ... 
RETURN[ . 

filelD # File.nuIlCapability.fID AND PilotDisk.GetLabeIFilePage[label] 
pvRootPage AND -immutable AND -temporary AND -zeroSize AND pad1 = 0 AND 
PiiotDisk.GetLabeIType[label] = PilotFileTypes.tPhysicaIVolumeRootPage]; 

END; 

GetDrive: PROCEDURE [type: Device.Type, index: CARDINAL] 
RETURNS [drive: DiskChannel.Drjve] = 
BEGIN 
driveType: Device.Type; 
drivelndex: CARDINAL; 
FOR drive -- DiskChanneI.GetNextDrive[DiskChannel.nuIlDrive], 

DiskChanneI.GetNextDrive[drive] UNTIL drive = DiskChannel.nullDrive DO 
[driveType, , drivelndex, ] +- DiskChanneI.GetDril.'eAttributes[drive]; 
IF driveType = type AND drivelndex = index THEN RETURN 
ENDLOOP; 

RETURN[DiskChannel.nuIIDrive]; 
END; 

GetPhysicalVolumeAttributes: INTERNAL PROCEDURE [ 
pvlD: PhysicaIVolume.ID, name: STR!NG] . 
RETURNS [found: BOO~EAN, subvolumeCount: CARDINAL] = 
BEGIN 
P roc: PROC [p: PvHandle] = 

BEGIN 
i: CARDINAL; 
If name # 1'!IL THEN 

BEGIN 
name.length +- MIN[name.maxlength, pJabe!Length, LENGTH[p.label]J; 
FOR i IN [O .. name.length) DO name[i] ~ p.label[i]; ENDLOOP; 
END; 

subvolumeCount ~ p.subVolumeCount; 
END; 

found +- PhysicaIRootPageAccesslnternal[pvID, Proc] 
END; 

GetPVDrive: PROCEDURE [pvID: PhysicaIVolume.ID] 
RETURNS [drive: DiskChannel.Drive] = 
BEGIN 
RETURN[ 

MarkerPage.Find [ 
[physicaIlD[pvID]] ! MarkerPage.NotFound =) GO TO notFound].drive]; 

EXiTS notFbund = > RETURN[DiskC,hannel.nuIlDrive]; 
E:-':D; 
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GetSu bVolumeAttributes: INTERNAL PROCEDURE [ 
pvlO: PhysicaIVolume.ID, subvolumeNumber: CARDINAL] 
RETURNS [ 

found: BOOLEAN, IvIO: Volume.IO, IvSize: Volume.PageCount, 
subVolumeSize: Volu.me.PageCount, 
firstLVPageNumber, firstPVPageNumber: PhysicaIVolume.PageNumber] = 

BEGIN 
error: BOOLEAN ~ TRUE; 
P roc: PROC [p: PvHandle] = 

BEGIN 
IF subvolumeNumber < p.subVolumeCount THEN 

BEGIN OPEN sv: p.subVolumes[subvolumeNumber]; 
error ~ FALSE; 
IvlD ~ sv.lvlD; 
IvSize fo sv.lvSize; 
subVolumeSize ~ sv.nPages; 
firstLVPageNumber ~ sv.lvPage; 
firstPVPageNumber ~ sv.pvPage; 
END; 

END; 
found ~ TRUE; 
IF -PhysicaIRootPageAccesslnternal[pvID, Proc] THEN 

ERROR PhysicaIVolumelmpIError[physicaIVolumeNotFound]; 
IF error THEN ERROR PhysicaIVolumelmpIError[invalidSubVolumeNumber]; 
END; 

IsUtilityPilot: PROCEDURE RETURNS [BOOLEAN] = INLINE 
BEGIN RETURN[PiiotSwitches.switches.u = down]; END; 

PhysicalRootPageAccess: ENTRY PROCEDURE [ 
id: Volumelmplinterface.BarePvID, proc: PROCEDURE [PvHandle], 
access: Volumelmpllnterface.readOrWrite ~ read] = 
BEGIN 
IF -PhysicaIRootPageAccesslnternal[id, proc, access] THEN 

RETURN. WITH ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 
END; 

PhysicalRootPageAccesslnternal: INTERNAL PROCEDURE [ 
id: Volumelmpllnterface.BarePvID, proc: PROCEDURE [PvHandle], 

. access: Volumelmpllnterface.readOrWrite +- read] RETURNS [found: BOOLEAN] = 
5EGIN 
IF -SubVclume.Find[[id]. pvRootPage].success THEN RETURN[FALSE]; 
PhysicaIRootPageMap[id, access]; 
proc[physicaIVolume] ; 
PhysicalRootPageUnmapO; 
RETURN[TRUE] 
END; 

PhysicalRootPageCheck: INTERNAL PROCEDURE [ 
pv: PhysicaIVolumeFormat.Handle, id: PhysicaIVolume.ID] RETURNS [BOOLEAN] = 
BEGIN 
RETURN[ 

pv.seal = PhysicalVolumeFormat.seal AND pv.version = 
PhysicalVolumeFormat.currentVersion AND pv.pvlD = id]; 

END; 

PhysicalRootPageMap: INTERNAL PROCEDURE [ 
JO: Volumelmpllnterface.BarePvID, 
access: Volumelmpllnterface.readOrWrite ~ read] = 
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BEGIN 
per: File.Permissions = 

IF access = readWrite THEN Filelnternal.maxPermissions ELSE File.read; 
SimpleSpace.Map[physicaIRootPageBuffer, [[[10], per], pvRootPage], FALSE]; 
END; 

PhysicalRootPageUnmap: INTERNAL PROCEDURE = { 
SimpleSpace.Unmap[physicaIRootPageBuffer]}; 

PhysicalVolumeOffLinelnternal: INTERNAL PROCEDURE [drive: OiskChannel.Drive] = 
BEGIN 

12 

-- This procedure assumes that this module will not be called by Volumelmpl when this proced 
Hure calls Volumelmpl through Volumelmpllnterface. If this assumption should ever not be true, 
"this procedure must be modified to release tlle monitor lock before calling into Volumelmpl. 

pMarkerlD: POINTER TO READONLY File.ID; 
pvid: Volumelmplinterface.BarePvID; 
pPhysica!lD: POINTER TO READONLY PhysicaIVolume.ID; 
Iv: Volume.IO; 
svH: SubVolume.Handle; 

[, pPhysicallD, pMarkerlD] ~. MarkerPage.Find[ 
[drive[drive]J ! MarkerPage.NotFound =) GOTO easy]; 

pvid ~ LOOPHOLE[pPhysicaIlDt]; 
VoIFileMap.Close[TRuE]; 
Vo IAII ocMap .CI ose[ TRUE]; 
svH ~ NIL; 
WHILE (svH ~ SubVolume.GetNext[svH]) - = NIL DO 

-- this loop ensures that there are no open logical volumes on the volume that is to be offline 
Hd 

IF OiskChanneI.GetAttributes[svH.channel].drive - = drive OR (Iv ~ svH.lvIO) 
= VOlume.ID[pvid] THEN LOOP; 

IF Volumelmpllnterface.FindLogicaIVolume[@lvl THEN 
IF Volumelmplinterface.GetLVStatus[lv].open THEN 

ERROR PhysicaIVolume.Error[containsOpenVolumes]; 
ENDLOOP; 

svH ~ NIL; 
WHILE (svH ~ SubVolume.GetNext[svH]) # NI!... DO 

-- This loop gets rid Subvolume's know/edge of the logical volumes that use the disappearing 
**physicai volume as well as flushing the volume from Voiumelmpl and the FileCache. 

IF DiskChanneI.GetAttributes[svH.channel].drive - = drive OR svH.lvlO 
. Volume.ID[pvid] THEN LOOP; 
Volumelmpllnterface.SubvolumeOffline[ 

svH.lvlD, svH.lvPage = FIRST[VolumelnternaI.PageNumber]]; 
SubVolume.OffLine[svH.lvlD, svH.channel]; 
ENQLOOP; -- Now it is finally safe to forget about the physical volume 

Volumelmpllnterface.PinnedFileFlush[[pvid]]; 
MarkerPage.Flush[[drive[drive]]]; 
SubVolume.OffLine[[pvid], DiskChannel.nuIlHandle]; 
EXITS easy =) RETURN; 
END; 

Physica!VolumeOnLinelnternal: INTERNAL PROCEDURE [drive: DiskChannel.Drive] 
RETURNS rid: PhysicaiVolume.lD, alreadyOnline: BOOLEAN] = 
8EGIN 
-- This procedure assumes that this module will not be called by Volumelmpl when this proced 

"ure calls Volumelmp! through Volumelmpllnterface. If this assumption should ever not be true. 
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CleanUpDrive: INTERNAL PROCEDURE = 
BEGIN 
PhysicalRootPageUnmapO; 
Volumelmpllnteriace.PinnedFileFlush[[pvID]]; 
MarkerPage.Flush[[drive[drive]]]; 
SubVolume.OffLine[[pvID]. DiskChannel.nuIiHandle}; 
END; 

. found: BOOLEAN" TRUE; 
dT: Device.Type; 
dO: CARDINAL; 
i: CARDINAL; 
badPageListPage: PhysicaIVolumeFormat.PageNumber; 
numPagesForBadPages: PhysicaIVolumeFormat.PageNumber; 
label: PiiotDisk.Label; 
labelStatus: LabeITransfer.LabeIStatus; 
special: CARDINAL" LAST[CARDINAL]; 
pvlD: Volumelmplinteriace.BarePvlD; 
IvID: Volume.lD; 
pvlD +- MarkerPage.Find[ 

[drive[drive]J ! 
MarkerPage.NotFound = > {found .. FALSE; CONTINUE}].physicallDt; 

IF found THEN RETURN[[pvID]. TRUE]; 
[label. labelStatus] .. LabeITransfer.ReadRootLabel[drive. pvRootPage]; 
SELECT labelStatus FROM 

valid = > NULL; 
invalid = > ERROR PhysicaIVolume.CanNotScavenge; 
diskError = > ERROR PhysicaIVolume.Error[diskReadError]; 
ENDCASE = > ERROR PhysicaIVolumelmpIError[impossibleSelectError]; 

IF -CheckPhysicaIRootLabel[@label, @pvID] THEN 
ERROR PhysicaIVolume.CanNotScavenge; 

RegisterPvlnfo[pvID. drive]; 
P:lysicaIRoot~ageMap[pvID]; 
IF -PhysicaIRootPageCheck[physicaIVolume. [pvID]] THEN 

BEGIN CleanUpDrive[J; ERROR PhysicaIVolume.CanNotScavenge; END; 
-- Now check to see that the labels on the bad page list pagers) are correct 
numPagesForBadPages ~ 

(physicaIVolume.maxBadPages + Environment.wordsPerPage-
1) IEnvironment. wordsPerPage; 

-- The fof/owing statement blows up the compiler 
-- FOR badPageListPage IN [pvRootPage + 1 .. pvRootPage + numPagesForBadPagesJ DO 
FOR badPageListPage ~ pvRootPage + 1, badPageListPage + 1 WHILE 

badPageListPage (. = pvRootPage + numPagesForBadPages DO 
[label, labelStatus] +- LabeITransfer.ReadRootLabel[drive. badPageListPage]; 
SELECT labelStatus FROM 

valid = > NULL; 
invalid = > {CleanUpDriveD; ERROR PhysicaIVolume.CanNotScavenge}; 
diskError =) {CleanUpDriveD; ERROR PhysicaIVolume.Error[diskReadError]}; 
ENDCASE = > ERROR PhysicaIVolumeimpIError[impossibleSelectError]; 

ENDLOOP; 
RegisterSubvolumeMarker[physicaIVolume]; 
-- if we were booted from this volume, specials 

13 

-- First make all of the sub volumes accessible to the VM machinery and discover if this is the b 
"ootload volume. 

FOR i IN [O .. physicaIVolume.subVolumeCount) DO 
OPEN sv: physicaIVolume.subVolumes[i]; 
Volumelmpllnteriace.RegisterLogicaISubvolume[sv, [pvID]]; 
IvlD .. sv.lvID; 
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rdevi-:eTvoe: dT deviceOrdinal: dOl ~ Disl:Channel GetDriveAttributesrdrivel: 

~~ deb~gSe~'r~hState' ~- to;S~~nT~Look ;'~D- b~~tFile.deviceType-~ -d-r A~D-~' 
bootFile.deviceOrdinal = dO AND DiskChannel.GetPageNumber[ 
drive, LOOPHOLE[bootFile.diskFileID.da]] IN 
[sv.pvPage .. sv.pvPage + sv.nPages) THEN special .. i; 

ENDLOQP; 
IF special - = LAST[CARDINAL] THEN -- Bring the system volume online 

BEGIN OPEN sv: physicaIVolume.subVolumes[special]; 
Volumelmpilnteriace.SubvolumeOnline[ 

sv.lvlD, sv.lvPage = FIRST[VolumelnternaI.PageNumber]]; 
Volumelmpllnteriace.CheckLogicaIVolume[sv.lvID]; . 
END; 

FOR i IN [O .. physicaIVolume.subVolumeCount) DO 
-- Bring all other volumes online 
IF i - = special THEN 

BEGIN OPEN sv: physicaIVolume.subVolumes[i]; 
Volumelmpllnteriace.SubvolumeOnJine[ 

sv.lvlD, sv.lvPage = FIRST[VolumelnternaI.PageNumber]]; 
Volumelmpllnteriace.CheckLogicaIVolume[sv.lvID]; 
END; 

ENDLOOP; 
PhysicalRootPageUnmapD; 
RETURN[[pvID], FALSE] 
END; 

RegisterPvlnfo: PUBLIC PROCEDURE [ 
pvlD: Volumelmpllnterface.BarePvlD, drive: DiskChannel.Drive] = 
BEGIN 
driveSize: LONG CARDINAL +- DiskChanneI.GetDriveAttributes[drive].nPages; 
DiskChanneI.SetDriveTag[drive, PhyslC2.1VolumeFormat.IDCheckSum[[pvID]]]; 
IF -SubVolume.Find[[pvID], pvRootPa~e].Success THEN 

-- Create a sub volume covering the drive so we can find PVDescriptor and Marker Pages 
SubVolume.OnLine[ 

[[pvID]. driveSize, pvRootPage. pvRootPage, driveSize]. 
DiskChannel.Create[drive, SubVolume.completion]]; 

-- Create a VFile for just the root page 
Volumelmpllnterface.VFileEnter[ 

[pvID], [pvIDJ, pvRootPage, pvRootPage + rootPagePages, 
PilotFileTypes.tP!lysicaIVolumeRootPage]; 

MarkerPage.Enter[drive. [pvID]]; 
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END· 
-- Re~d the ID off the disk, or if there are no subvolumes (yet) generate one. Someday, the id sh 

"ould be in the pvHandle?? 

RegisterSubvo!umeMarker: PUBLIC PROCEDURE [pv: PvHandle] = 
BEGIN 
drive: DiskChannel.Drive = MarkerPage.Find[[physicaIlD[pv.pvID]]].drive; 
driveSize: LONG CARDINAL = DiskChanneI.GetDriveAttributes[drive].nPages; 
id: File.ID; 
page: PhysicaIVolumeFormat.PageNumber; 
IF pv.subVolumeCount # 0 THEN 

BEGIN 
page +- pv.subVolumes[O].pvPage + pv.subVolumes[O].nPages; 
-- We should really check the label here ... 
id ~ LabeITransfer.ReadRootLabel[drive. page].label.fileID; 
END . 

ELSE id ~ [System.GetUniversaIlD[]J; 
MarkerPageEnterMarkerlD[[d river drive]], id]; 
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-- The marker pages cover the disk 
Volu melmpllnterface. VFileEnter[ 

LOOPHOLE[pv.pvID], id, 0, driveSize, PiiotFileTypes.tSubVolumeMarkerPage]; 
END; 

ValidateD rive: PROCEDURE [drive: DiskChannel.Drive] RETURNS [found: BOOLEAN] = 
BEGIN 
FOR existingDrive: DiskChannel.Drive +- DiskChannel.GetNextDrive[ 

DiskChannel.nullDrive], DiskChanneI.GetNextDrive[existingDrive] UNTIL 

. existingDrive = DiskChannel.nullDrive DO 
IF existing Drive = drive THEN RETURN[TRUE]; ENDLOOP; 

RETURN[FALSE] ; 
END; -- Initialization 

InitDisks: ENTRY PROCEDURE = 
BEGIN OPEN DiskChannel; 
dT: Device.Type; 
dO: CARDINAL; 

drive, system Drive: Drive +- nullDrive; 
volumelD: Volume.ID +- Volume.nuIllD; 
WHILE (systemDrive +- GetNextDrive(systemDrive]) # nullDrive DO 

[deviceType: dT, deviceOrdinal: dO] +- GetDriveAttributes[systemDrive]; 
IF dT = bootFile.deviceType AND dO = bootFile.deviceOrdinal THEN EXIT; 

ENDLOOP; 

IF system Drive = nullDrive THEN 

Runtime.CaIlDebugger["System Drive not found"L]; 
IF DiskChannel.SetDriveState[ 

systemDrive, DiskChannel.GetDriveAttributes[systemDrive].changeCount, pilot] 
- = ok THEN • 

Runtime.CaIlDebugger["Could not set SystemDrive state to Pilot"L]; o +- PhysicalVolumeOnLinelnternal[ 
systemDrive ! 
PhysicalVolume.Error = > 

IF error = diskReadError THEN 

BEGIN ProcessorFace.SetMP[PilotMP.cDriveNotReady]; RETRY; END 

ELSE CONTINUE]; 

IF Volume.systemlD = Volume.nulllD THEN 

Runtime.CaIlDebugger["No Logical Volumes on-System Drive"L]; 
IF PiiotSwitches.switches.z = down THEN . 

WHILE (drive +- DiskChanneI.GetNextDrive[drive]) # nullDrive DO 

[deviceType: dT, deviceOrdinal: dO] +- GetDriveAttributes[drive]; 
IF drive # system Drive THEN 

BEGIN 
IF DiskChannel.SetDriveState[ 

drive, DiskChanneI.GetDriveAttributes[drive].changeCount, pilot] - = ok 
- THEN 

Runtime.CaIlDebugger["Could not set SystemDrive state to Pilot"L]; o +- PhysicalVolumeOnLinelnternal[ . 
drive! -
PhysicalVolume.Error = > 
. IF error = diskReadError THEN 

END 

BEGiN ProcessorFace.SetMP[PilotMP.cDriveNotReady]; RETRY; END 

ELSE CONTINUE]; 

ENDLOOP;_ 

ProcessorFace.SetMP[PilotMP.cDeleteTemps]; 
Volumelmpllnterface.OpenlnitiaIVolumesO; 
END; 
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START FMPrograms.Scavengelmpl; 
START FMPrograms.Volumelmpl[ 

bootFile, pLVBootFiles, @debuggerDeviceType, @debuggerDeviceOrdinal]; 
debuggerDeviceType +- Device.nuIlType; 
--It we are utilityPilot, the person who installed us smashed in our debugger pointers 
IF IsUtilityPilot[] THEN debugClass +- normal ELSE InitDisks[]; 
debugSearchState +- done; -- We will never ever set them from here on .... 
RETURN; 

END • 

LOG 
Time: June 5, 1980· 6: 19 PM By: Luniewski Action: Created file. 
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Time: June 11, 1980 10:17 AM By: Luniewski Action: Added export of PhysicalVolume.Handle a 
**nd updated many procedures for the new form of a Handle. 
Time: June 24, 1980 5:29 PM By: Iv1cJones Action: New root page format; O/SProcessorFace = P 
* * rocessorFace. 
Time: July 19, 1980 2:14 PM By: Forrest for Lunlewski Action: Fix to CreatePhysicalVolume to h 
**andle RegisterPVlnfo error (drive not asserted as Pilot volume); fix to GetNextDrive. Take but ex 
"-*port of PhysicalVolume.nulllD (now Constanti. 
Time: July 29, 1980 10:55 AM By: Lunie~vski Action: Fixes for new Vo/ume/PhysicaIVo/ume/Spe 
*-ciaIVolume. . 
Time: September 3, 1980 4:49 PM By: Luniewski Action: Catch some errors raised from Internal 
*-procedures and resignal. 
Time: September 18, 1980 5:49 PM. By: LunieViski Action: Changes for new physical volume roo 
**t page format. Changed uses of FilePageLabel to uses of Pi/otDisk. 
Time: October 3, 1980 4:26 PM By: Luniewski Action: Bug fixes: handle erroneous arguments c 
**orrectly 
Time: October 7, 1980 3:01 PM By: Luniewski Action: Bug fixes: initialize variable in MarkPageB 
**ad 
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-- Scavengelmpl.mesa (last edited by: Forrest on: October 9, 1980 4:41 PM) 
-- This is a cut at the interim Scavenger 

DIRECTORY 
DiskChannel USING [GetAttributes], 
Environment USING [bitsPerWord, wordsPerPage], 
File USING [ 

Capability, Create, delete, Delete, Deletelmmutable, Error, GetAttributes, ID, 
Makelmmutable, MakePermanent, nullCapability, nulllD, PageCount, PageNumber, 
read. SetSize. Type. Unknown], 

Filelnternal USING [Descriptor, FilePtr, PageGroup], 
FMPrograms USING 0, 
Inline USING [LowHalf], 
KernelFile USING [GetNextFile, GetRootFile], 
LabelTransfer USING [ReadLabel, WriteLabels, VerifyLabe!s], 
LogicalVolume USING [ , 

BeginScavenging, EndScaveriging, Free, Handle, PageNumber, PutRootFile, 
rootPageNumber, VafT)] , 

MarkerPage USING [Find], 
PhysicalVolumeFormat USING [Handle, maxBadPages, PageNumber, rootPageNumber], 
PiiotDisk USING [GetLabelFilePage, Label1, 
PilotFileTypes USING [ 

PilotVFileType, tFreePage, tScavengerLog, tScavengerLogOtherVo!ume, 
tVolumeAllocationMap, tVolumeFileMap], 

Scavenger USING [Error, ErrorType, File Entry, Header], 
SimpleSpace USING [Create, Handie, LongPointer, Map, Page, Unmap], 
Space USING [Handle, PageNumber, WindowOrigin], 
SubVolume USING [Find, Handle]. 
System USING [GetGreenwichMeanTime], 
System Internal USING [Unimplemented], 
Utilities USING [LongPointerFromPage], 
VolAllocMap USING [AccessVAM, Close]. 
VolFileMap USING [Close, InitMap, InsertPageGroup], 
Volume USING [ 

Close, GetNext, ID, InsufficientSpace, NotOpen, nulllD, PageCount, Unknown], 
Volumelnternal USING [PageNumber]; 

Scavengelmpl: MONITOR 
IMPORTS 

OiskChannel, File, fnline, KernelFile, LabelTransfer, LogicalVolume, 
MarkerPage, PilotDisk, Scavenger, SimpleSpace, System, System Internal, 
SubVolume, Utilities, VolAllocMap, VolFileMap, Volume 

EXPORTS LogicalVolume, FMPrograms, Scavenger 
SHARES File 
BEGIN 

bitsPerPage: CARDINAL = Environment.bitsPerWord *Environment.wordsPerPage; 
BadPageList: TYPE = RECORD [ 

p: POINTER TO PageNumber, 
a: ARRAY [O .. PhysicaIVolumeFormat.maxBadPages] OF PageNumber]; 

Orphan Handle: PUBLIC TYPE = Volumelnternal.PageNumber; 
PageNumber: TYPE = LogicaIVolume.P~geNumber; 

ImpossibleScavengerError: PRIVATE ERROR [ 
{cantFindSubvolume, noRoomForVam, pageAlreadyBusy, label Changed}] = CODE; 

Error: PUBLIC ERROR [Scavenger.ErrorType] = CODE; -- to Scavenge 

-- Unimplemented procs 
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DefeteO rphanPage: PUBLIC PROC [volume: Vo(ume.ID, id: OrphanHandle] = { 
ERROR SystemlnternaI.Unimplemented}; 

ReadBadPage: PUBLIC PROC [ 
file: File.ID, page: File.PageNumber, destination: Space.PageNumber] = { 
ERROR SystemlnternaI.Unimplemented}; 

ReadOrphanPage: PUBLIC PROC [ 
volume: Volume.ID, id: Orphan Handle, destination: Space.PageNumber] 
RETURNS [ 

file: File.IO, type: File.Type, pageNumber: File.PageNumber, 
reaqErrors: BOOLEAN] = {ERROR SystemlnternaI.Unimplemented}; 

RewritePage: PUBLIC PROC [ 
file: File.ID, page: File.PageNumber, source: Space.PageNumber] = { 
ERROR SystemlnternaI.Unimplemented}; 

. DeleteLog: PUBLIC FROC [volume: Volume.ID] = 
BEGIN . 
10gFile: File.Capability +- GetLog[volume1; 
IF ·!ogFile = File.nullCapability THEN RETURN; 
DeleteLogFile[logFile]; 
log File +- File.nuIlCapability; 
LogicaIVolume.PutRootFile[@volume, PiiotFileTypes.tScavengerLog, @logFile]; 
END; 

DeleteLogFile: PROC [logFile: File.Capability] = 
BEGIN 
immutable: BOOLEAN; 
volume: Volume.IO +- Volume.nuIlIO; 
[immutable: immutable] +- File.GetAttributes[ 

10gFile I File.Unknown = > GOTO return]; 
!F -immutable THEN File.Delete[logFile] 

- ELSE 
WHILE (volume +- Volume.GetNext[volumeD # Volume.nulllD DO 

File.Deletelmmutable[ 
logFile, volume! 
Volume.UnknovJn, Vo!ume.NotOpen, File.Unknown, File.Error =) LOOP]; 

END LOOP 
EXITS return = > NULL 
END; 

GetLog: PUBLIC PROC [volume: Volume.ID] RETURNS [logFile: File.Capability] = { 
RETURN[KerneIFile.GetRootFile[PilotFileTypes.tScavengerLog, volume]]}; 

Scavenge: PUBLIC PROC [volume, logDestination: Volume.IO, repair: BOOLEAN] 
RETURI~S [logFile: File.Capability] = 
BEGIN 
oldLog: File.Capability = GetLog[volume]; 
context: ScavengeContext; 
IF -repair THEN ERROR Systemlnternal.Unimplemented; 
LogicaIVolume.8eginScavenging[@volume]; 
DeleteLog[volumeJ; 
context ~ OpenScavengeContext[volume]; . 
IF -CreateLogFile[JogDestination, context] THEN 

BEGiN 
CloseScavengeContext [context1; 
LogicaIVolume.EndScavenging[@volume]; 
ERROR Scavenger.Error[cannotWriteLog1 
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END; 
context.logHeader.repaired +- TRUE; 
OpenLogFile[context]; 
[] +- PutWords[context, @contextiogHeader, slzE[Scavenger.Header]]; 
En umerateFiles[ context]; 
PutHeacer[ context]; 
CloseLogFile[ context]; 
10gFile +- [contextiogFile.fID, File.delete + File.read]; 
LogicaIVolume.PutRootFile[@volume, PilotFileTypes.tScavengerLog, @logFile]; 
IF volume = logOestination THEN { 

File.MakePermanent[logFile]; File.Makelmmutable[logFile]}; 
Close8cavengeContext[ context]; 
-- The following two statements are a hack to get around the following problem: 
-- When we created the log file above and deleted the old log file, we caused 
-- Filelmpl to fiJI its tmpsFile cache. The closes are necessary to clear those 
-- caches. It is known tobe safe to do because Volumelmpl 1) permits a closed 
-- volume to be closed again without error, and 2) is only called after Filelmpl 
-- has cleared its caches (i.e., error checking is done after File Imp I has 
-- done its thing). 
Volume.Close[volume ! Volume.Unknown => CONTINUE]; 
LogicaIVolume.EndScavenging[@volume]; 
END; 

EnumerateFiles: PROC [context: ScavengeContext] = 
BEGIN 
file: File.Capability +- File.nuIlCapability; 
context.logHeader.incomplete +- TRUE; 
DO 

fileEntry: Scavenger.FileEntry; 
. file +- KerneIFile.GetNextFile[context.volume, file]; 

IF file.fID = File.nulllD THEN EXIT; 
fileEntry.file +- file.fID; 
fileEntry.numberOfProblems +- 0; 
IF -PutWords[context, @fileEntry, SlzE[Scavenger.FileEntry]J THEN RETURN; 
contexUogHeader.numberOfFiles +- context.logHeader.numberOfFiles + 1; 
ENDLOOP; 

context.logHeader.incomplete ~ FALSE; 
END; 

-- The following write the log/create the log file 
-- This is here when the day comes that multiple scavenges can be going on at once. 
-- This will occur when Volumelmpl has been modified and Index Of Contexts is changed 
-- appropriately. 

ScavengeContext: TYPE = POINTER TO ScavengeRecord; 
ScavengeRecord: TYPE = RECORD [ 

occupied: BOOLEAN, 
log Header: Scavenger.Header, 
volume: Volume.ID, 
buffer: Space.Hand!e, --Initialize only 
buffer?ointer: LONG POINTER, -- Initialize only 
10gFi!e: File.Capability, 
nextWord: CARDINAL, -- words 
fileLengthPages: File.PageCount]; 

IndexOfContexts: TYPE = [0 .. 1); 
Contexts: ARRAY IndexOtContexts OF ScavengeRecord; 
freeContext: CONDITION; 
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CloseLogFile: PROC [context: ScavengeContext] = { 
Simple8pace.Unmap[context.buffer]}; 

CloseScavengeContext: ENTRY PROC [context: ScavengeContext] = { 
context.occupied +- FALSE; NOTIFY freeContext}; 

CreateLogFile: PROC [logOestination: Volume.IO, context: ScavengeContext] 
RETURNS [success: BOOLEAN] = 
BEGIN 
context.logFile +- File.Create[ 

logDestination, 1, 
IF log Destination = context.volume THEN PiiotFileTypes.t8cavengerLog 
ELSE PilotFileTypes.tScavengerLogOtherVolume I ANY = > GO TO Failed]; 

-- well, any does suggest we can't create the log ..... 
contextfileLengthPages +- 1; 
RETURN[TRUE] 
EXITS Failed = > RETURN[FALSE] 
END; 

OpenLogFile: PROC [context: ScavengeContext] = 
BEGIN 
SimpleSpace.Map[context.buffer, [contextiogFile, 0], FALSE]; 
context.nextWord ~ 0 
END; 

OpenScavengeContext: ENTRY PRoe [volume: Volume.lD] 
RETURNS [context: ScavengeContext] = 
BEGIN 
DO 

-- Until a free context is found 
FOrt i: IndexOfContexts IN IndexOfContexts DO 

IF -Contexts[i].occupied THEN \ 
BEGIN 
context +- @Contexts[i]; 
context.occupied +- TRUE; 
context.logHeader +-

[volume: volume. date: System.GetGreenwichMeanTime[]. 
incomplete: TRUE, repaired: FALSE, numberOfFiles: 0]; 

context.volume +- volume; 
RETURN; 
END; 

ENDLOOP; 
WAIT freeContext; 
ENDLOOP 

END; 

-- stream interface to ScavengeLog 

PutHeader: PROC [ccntext: ScavengeContext] = 
BEG!N 
SimpleSpace.Unm3p[ context.buffer]; 
--(Re)--
OpenLogFile[ context]; 
LOOPHOLE[context.bufferPointer, LONG POIl'.'TER TO Scavenger.Header]'i +­

context.logHeader; 
END; 

PutWords: PROC [context: ScavengeContext. words: LONG POINTER, count: CARDINAL] 
RETURNS [success: BOOLEAf~] = 
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BEGIN 
THROUGH [O .. count) DO 

IF context.nextWord = Environment.wordsPerPage THEN 
BEGIN 
File.SetSize[ 

context.logFile, contextfileLengthPages + 1 ! 
Volume.lnsufficientSpace = > GOTO noRoom]; 

SimpleSpace.Unmap[context.buffer]; 
SimpleSpace.Map[ 

context.buffer, [context.logFile, contextfileLengthPages], FALSE]; 
context.nextWord ~ 0; 
context.fileLengthPages .. context.fileLengthPages + 1; 
END; 

(context.bufferPointer + context.nextWord}1' .. words1'; 
context.nextWord .. context.nextWord + 1; 
words .. words + 1; 
ENDLOOP; 

RETURN[TRUE] 
EXITS noRoom = >. RETURN[FALSE] 
END; 

-- The following are internal procedures of this module used by the actual scavenger 

AdvanceBadPagePointer: PROC [I: POINTER TO BadPageList] = INLINE { 
I.p ~ I.p + slzE[PageNumber]}; 

Cu rrentBadPage: PROC [I: POINTER TO BadPageList] RETURNS [PageNumber] = INLINE { 
RETURN[l.p1' ]}; 

GetBadList: PROC [ 
svH: SubVolume.Handle, space: SimpleSpace.Handle, I: POINTER TO BadPageList] = 
BEGIN . 
RootWindow: PROC RETURNS [Space.WindowOrigin] = .INLINE 

BEGIN 
RETURN[ 

[[LOOPHOLE[MarkerPage.Find[ 

END; 

[drive[DiskChannel.GetAttributes[svH.channel]]]].physicalIDl'] , 
File.read], PhysicaIVolumeFormat.rootPag~Number]]; 

IvPage: PageNumber; 
p: POINTER TO PageNumber; 
pv: PhysicalVolumeFormat.Handle = Utilities.LongPointerFromPage[ 

SimpleSpace.Page[space]]; 
I.p "" @l.a[O]; 
SimpleSpace.Map[space. RootWindowD, FALSE]; 
FOR i: CARDINAL IN [O .. lnline.LowHalf[pv.badPageCount» DO' 

-- ASSUMEs no more than LAST[CARDINAL] bad pages 
IF pv.badPageList[i] NOT IN [svH.pvPage .. svH.pvPage· + svH.nPages) THEN LOOP; 
IvPage .. (pv.badPageList[i] - svH.pvPage) + svH.lvPage; 
p .. I.p; 
lop .. !.p + slzE[PageNumber]; 
-- Pages are susposed to be ordered; we'll make sure 
WHILE p # @l.a[O] AND (p - slzE[PageNumber])1' > IvPage DO 

p1' .. (p - slzE[PageNumber])1'; p .. p - SlzE[PageNumber]; END LOOP; 
pt .. IvPage; 
ENDLOOP; 

SimpleSpace.Unmap[space]; 
I.pt .. LAST[LONG CARDINAL]; 
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MakeFreeDescriptor: PROC [vol: LogicaIVolume.Handle] 
RETURNS [FilelnternaI.Descriptor] = INLINE 
BEGIN 
RETURN[ 

[LogicaIVolume.Free[vol], vol.vlD, local[ 
FALSE, FALSE, vol.volumeSize, PiiotFileTypes.tFreePage]]]; 

END; 

ScavengeVoJume: PUBLIC PROC [ 
vol: LogicaIVolume.Handle, space: SimpleSpace.Handle, erase: BOOLEAN] = 
BEGIN 
IF vol.type = nonPiiot THEN RETURN; -- Scavenging non-Pilot Volumes is Easy 
voLchanging .. TRUE; . 
IF erase THEN VamFind[vol, space]; -- Find n unblemished pages 
Vam[vol, space, erase]; 
Vfm[vol, space, erase]; 
vol.changing ~ FALSE; 
END; 

Vam: PROC [ 
vol: LogicaIVolume.Handie, space: SimpleSpace.Handle, erase: BOOLEAN] = 
BEGIN 
found: BOOLEAN; 
list: BadPageList; 
next: PageNumber; 
page: PageNumber" 1; 
svEnd: Volume.PageCount; 
svH: SubVolume.Handle; 
vamEnd: Volume.PageCount .. vol.vamStart + VamSize[vol]; 
VoIAllocMap.Close[TRuE]; -- Flush any context Vamlmpl has 
Vamlnit[vol]; 
WHILE page < vol.volumeSize DO 

[found, svH] .. SubVolume.Find[vol.vID, page]; 
IF -found THEN ERROR ImpossibleScavengerError[cantFindSubvolume]; 
GetBadList[svH, space, @list]; 
svEnd .. svH.lvPage + svH.nPages; 
WHILE page < svEnd DO 

IF page = CurrentBadPage[@list] THEN 
BEGIN 
VamMarkBadPage[vol, page]; 
AdvanceBadPagePointer[@list]; 
page" page + 1; 
LOOP; 
END; 

IF page IN [vol.vamStart .. vamEnd) THEN BEGIN page" vamEnd; LOOP; END; 
-- Add First IvPage ov next track to MIN 
next ~ MIN[svEnd, CurrentBadPage[@llst]J; 

. IF page < vol.vamStart AND next> vol.vamStart THEN next .. vol.vamStart;· 
IF erase THEN VamPieceErase[vol, page, next] 
ELSE VamPieceReb~ild[vol, page, next]; 
page ~ next; 
ENDLOOP; 

ENDLQOP; 
END; 
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-- Find VamSize pages of good contiguous disk (for now we don't cross subvolume boundaries) 

VamFind: PRoe [vol: LogicalVolume.Handle, space: SimpleSpace.Handle] = 
BEGIN 
found: BOOLEAN; 
list: BadPageList; 
page: PageNumber +- 1; 
next: PageNumber; 
svEnd: Volume.PageCount; 
svH: SubVolume.Handle; 
vamSize: Volume.PageCount ~ VamSize[vol]; 
WHILE page < vol.volumeSize DO 

[found, svH] ~ SubVolume.Find[vol.vID, page]; 
IF -found THEN ERROR ImpossibleScavengerError[cantFindSubvolume]; 
GetBadList[svH, space, @!ist]; 
svEnd ~ svH.lvPage + svH.nPages; 
WHILE page < svEnd DO -

IF page = Current!3adPage[@list] THEN { 
AdvanceBadPagePointer[@list]; page ~ page + 1; LOOP}; 

next ~ MIN[svEnd, CurrentBadPage[@list]]; 
IF (next - page) ) vamSize THEN {vo!.vamStart ~ page; RETURN}; 
page ~ next; 
ENDLOOP; 

ENDLOOP; 
ERROR ImpossibleScavengerError[noRoomForVam]; 
END; 

Vamlnit: PRoe [vol: LogicaIVolume.Handle] = 
BEG!N 
vamEnd: PageNumber ~ vol.vamStart + VamSize[vol]; 
page: PageNumber; 
LabeITransfer.WriteLabels[ 

Filelnternal.Descriptor[ 
LogicaIVolume.Vam[vol], vol.vlD, local[ 
FALSE, FALSE, vol.volumeSize, PilotFileTypes.tVolumeAllocationMap]], 
Filelnternal.PageGroup[ vol.vamStart, vol.vamStart, vamEnd]]; 

vol.freePageCount ~ vol.volumeSize; 
-- Decremented every time a page is marked busy 
vol.lowerBound ~ vo!.volumeSize; 
-- we will set this when free pages are found. o ~ VoIAllocMap.AccessVAM[vol, LogicaIVolume.rootPageNumber, TRUE, FALSE]; 
FOR page ~ vol.vamStart, page + 1 WHILE page < vamEnd DO o ~ VoIAllccMap.AccessVAM[vol, page, TRUE, FALSE]; ENDLOOP; 
END; 

VamMarkBadPage: PRoe [vol: LogicaIVqlume.Handle, page: PageNumber] = { o ~ VoIAllocMap.AccessVAM[vol, page, TRUE, FALSE]}; 

VamPieceErase: PRoe [vol: LogicalVolume.Handle, this, next: PageNumber] = . 
BEGIN 
LabelTransfer. WriteLabels [MakeF reeDescri pto r[ vol], [th is, this, next]]; 
-- Pages are marked free in vami no action needed 
IF vol.lowerBound ) this THEN vol.lowerBound ~ this; 
END; 

VamPieceRebuild: PROC [vol: LogicalVolume.Handle, this, next: PageNumber] = 
BEGIN 
page: PageNumber ~ this; 
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pageCaunt: Valume.PageCount; 
FixUpAndlsFree: PRoe [p, rem: PageNumber] RETURNS [isFree: BOOLEAN] = INUNE 

BEGIN 
label: PilotDisk.Labe! ~ LabeITransfer.ReadLabel[ 

[, vol.vlD, lacalL , , ]J, 0, p]; 
file Page: PageNumber = PiI9tDisk.GetLabeIFilePage[@label]; 
IF filePage # 0 OR -label.zeroSize THEN 

[countValid: pageCount] ~ LabeiTransfer.VerifyLabels[ 
file: 
[label.fileID, val.vlD, local[ 

label.immutable, label.temporary, file Page + rem, label.type]], 
pageGroup: [fiIePage, p, filePage + rem], 
expectErrorAfterFirstPage: TRUE] 

ELSE pageCount ~ 1; 
IF page Count = 0 THEN ImpossibleScavengerError[labeIChanged]; 
IF 

(Iabel.type = PiiotFileTypes.tFreePage AND labeUilelD ;;-
LogicaIVolume.Free[vol]) OR label.type = PiiotFileTypes.tVolumeFileMap 

THEN 
BEGIN 
-- should also rewrite if Wrong Page??? 

. LabeITransfer~WriteLabels[MakeFreeDescriptor[vol], [p, p, p + pageCount]]; 
RETURN[TRUE]; 
END' 

RETu~N[/abel.type = PiiotFileTypes.tFreePage] 
END; 

WHILE page < next DO 
IF FixUpAndlsFree[page, next - page] THEN -- pageCount is set as side effect 

{ 
IF vol.lowerBound ) page THEN vol.lowerBound ~ page; 
page ~ page + pageCount} 

ELSE 
BEGiN 
i: Volume.PageCount ~ 0; 
WHILE (i ~ i + 1) < = pageCount --no, a subrange won't work-- DO 

IF VoIAllocMap.AccessVAM[vol, page, TRUE, FALSE] THEN 
ERROR 1m possibleScavengerError[pageAlreadyBusy]; 

-- can't be already set 
page ~ page + 1; 
ENDLOOP; 

END; 
ENDLOOP; 

END; 

VamSize: PRoe [vol: LogicaIVolume.Handle] RETURNS (Volume.PageCount] = { 
RETURN[{Vol.volumeSize + bitsPerPage)/bitsPerPage]}; 

-- Vim Scavange ... Don't have to worry about bad pages, since they were 
-- marked "free" in Building the VFM 

Vfm: PRoe [ 
vol: LogicaIVolume.Hand!e, space: SimpleSpace.Handle, erase: BOOLEAN] = 
5EGIN 
found: BOOLEAN; 
list: BadPageList; 
next: PageNumber; 
page: PageNumber ~ 1; 
svEnd: Volu me.PageCount; 
svH: SubVolume.Handle; 
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VoIFileMap.Close[TRUE]; 
VoIFileMap.lnitMap[ vol]; 
IF .... erase THEN 

WHILE page < vol.volumeSize DO 
[found, svH] ~ SubVolume.Find[vol.vID, page]; 
IF -found THEN ERROR ImpossibleScavengerError[cantFindSubvolume]; 
GetBadList[svH, space, @list]; 
svEnd ~ svH.lvPage + svH.nPages; 
WHILE page < svEnd DO 

IF page = CurrentBadPage[@list] THEN { 
AdvanceBadPagePointer[@list]; page ~ page + 1; LOOP}; 

-- Add First IvPage or next track to MIN 
next ~ MIN[svEnd, CurrentBadPage[@list]]; 
-- This next two tests not necessary in VFM since the pages are marked 
-- as Busy in the Vam ' 
--IF page IN [vol. vamStart.. vamEnd) THEN (page +- vamEnd; LOOP); 
--IF page(vol.vamStart AND next> vol.vamStart THEN next +- vol.vamStart; 
VfmPieceRebuild[vol, page, next]; 
page ~ next; 
ENDLOOP; 

ENDLOOP; 
END; 

VfmPieceRebuild: PROC [vol: LogicaIVolume.Handle, start, next: PageNumber] = 
BEGIN 
fileD: Filelnternal.Descriptor +- [, vol.vlD, local[, , , ]]; 
group: Filelnternal.PageGroup; 
label: PilotDisk.Label; 
page: PageNumber +- start; 
pageCount: Volume.PageCount; 
filePage: File.PageNumber; 
WHILE page < next DO 

IF -VoIAllocMap.AccessVAM[vol, page, FALSE, FALSE] THEN { 
page ~ page + 1 ; LOOP}; 

label +- LabeITransfer.ReadLabel[fileD, 0, page]; 
IF label.type IN PilotFileTypes.PilotVFileType THEN {page +- page + 1; LOOP}; 
filePage +- PiiotDisk.GetLabeIFilePage[@label]; 
fileD.filelD ~ labeUilelD; 
IF file Page = 0 AND label.zeroSize THEN { 

group ~ [0, page, 0]; page ~ page + 1} 
ELSE 

BEGIN 
rem: Volume.PageCount = next - page; 
[countValid: pageCount] +- LabeITransfer.VerifyLabels[ 

file: 
[labeUileID, vol.vlD, local[ 

labeLimmutab!e, label.temporary, filePage + rem, label.type]], 
pageGroup: [filePage, page, filePage + rem], 
expectErrorAfterFirstPage: TRUE]; 

IF pageCount = 0 THEN ImpossibleScavengerError[labeIChanged]; 
group +- [filePage, page, filePage + pageCount]; 
page +- page + pageCount; 
END; 

VoIFileMap.lnsertPageGroup[vol, @fileD, @group]; 
ENDLOOP; 

END; 

Initialize: PRoe = 
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BEGIN 
FOR i: IndexOfContexts IN IndexOfContexts DO 

context: ScavengeContext; 
context +- @Contexts[i]; 
context.occupied ~ FALSE; 
context.buffer ~ SimpleSpace.Create[1, hyperspace]; 
context.bufferPointer ~ SimpleSpace.LongPointer[context.buffer]; 
ENDLOOP; 

END; 

Initialize[]; 
END ..... 

LOG 

10 

Time: October 2, 1979 11:51 AM 
"Impl.mesa 

By: Forrest Action: Created file from Vol-Map 

Time: October 16, 1979 1:35 Alv1 
Hr scavange 

By: Forrest Action: Called Vol*map.cI6se afte 

Time: November 6, 1979 11:34 AM 
"xamining bogus pages) 

By: Forrest Action: Fixed. VF/;,1 scavenge (as e 

Time: November 16, 1979 4:13 PM By: Forrest Action: Added check for non-pilot 
"'*vo/umes 
Time: November 19, 1979 11:50 AM By: Forrest Action: Added missing - to erase i 
Hn VFM 
Time: January 10, 1980 6:29 PM By: Forrest Action: Take advantage of new La . 
"'*belTransfer interface . 
Time: March 7, 1980 9:16 PM By: Forrest Action: Change calls to Vo/*mapC/ose 
Time: May 29, 1980 10:22 AM By: Luniewski Action: PhysicalVolume = > PhysicalVolume 
**Format. Exports PhysicalVolume.Error due to compiler bug vis a vis PhysicalVo/umelmpl. 
Time: June 23, 1980 2: 11 PM By: Luniev.j.ski Action: Interim implementation of the Scave 
"'*nger interface. This just enumerates files after a scavenge completes. 
Time: July 16, 1980 5:57 PM By: McJones Action: Rewrite FOR loop in EnumerateFiles 
Has plain DO loop to avoid Mesa AR 4956; FilePageLabe! = )PiiotDisk 
Time: August 4 t 1980 4:33 PM By: Luniewski Action: Delete old log files whenever possibl 
**e. 
Time: September 17, 1980 2:39 PM By: Luniewski Action: Use SimpleSpace.LongPo 
**inter instead of Space. LongPointer. 
Time: October 9, 1980 4:09 PM By: Forrest Action: Convert log file access to a stream-ty 
H pe interface. . 
Time: October 11, 1980 10:10 PA1 By: Forrest Action: Add ExpectErrorAfterFirst 
HPage parameter to VerifyLabels. 
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-- VolAllocMaplmpl.mesa (fast edited by: Luniewski on: June 17, 1980 10:12 AM) 

DIRECTORY 
. Environment: FROM "Environment" USING [bitsPerWord, wordsPerPage], 
File: FROM "File" USING [Capability, 10, PageNumber, Type], 
Filelnternal: FROM "Filelnternal" USING [ 

Descriptor, FilePtr, maxPermissions, PageGroup], 
FMPrograms: FROM "FMPrograms", 
Inline: FRO~1 "Inline" USING [BITAND, BITSHIFT, BITXOR], 
Lal;:lelTransfer: FROM "LabeITransfer" USING [VerifyLabels, WriteLabels], 
LogicalVolume: FROM "LogicaIVolume" USING [Free, Handle, PageNumber, Yam, Vfm], 
PhysicalVolume: FROM "PhysicaIVolume" USING [ErrorType], 
PiiotFileTypes: FROM "PilotFileTypes" USING [PilotVFileType, tFreePage], 
SimpleSpace: FROM "SimpleSpace" USING [Create, ForceOut, Map, Page, Unmap], 
Space: FROM "Space" USING [Handle, WindowOrigin], 
Utilities: FROM "Utilities" USING [LongPointerFromPage, ShortCARDINAL], 
VolAllocMap: FROM "VoIAllocMap", 
Volume: FROM "Volume" USING [10, nuIIlD]; 

. VolAllocMaplmpl: MONITOR 
-- to protect VAM buffer; volume page is protected by callers 

IMPORTS Inline, LabelTransfer, LogicalVolume, SimpleSpace, Utilities 
EXPORTS FMPrograms, PhysicalVolume, VolAllocMap 
SHAReS File = 
8!:GIN OPEN Inline; 
-- The following is exported to PhysicalVolume as compiler "features" prevent it from being exp 

Horted by SpecialVolume. 
Error: PUBLIC ERROR [PhysicaIVolume.ErrorType] = CODE; 
FilePtr: TYPE = Filelnternal.FilePtr; 
GroupPtr: TYPE = POINTER TO Filelnternal.PageGroup; 
LvHandle: TYPE = LogicaIVolume.Handle; 
-- common buffer used by procedures to Access VAM; protected by monitor 
bufferHandle: Space.Handle = SimpleSpace.Create[1, hyperspace]; 
bufferPointer: LONG POINTER = Utilities.LongPointerFromPage[ 

SimpleSpace.Page[bufferHandle]]; 
-- Whenever IvlD # Volume.null/D, the buffer is (being) mapped. Therefore, if the 10 is wrong an 

* *d non-nufl. one can automatically unmap. See CLase, Maplnternal 
currentBufferContents: RECORD [ 

IvID: Volume.lD, page: LogicaIVoiume.PageNumber] ~ [Volume.nuIllD, ]; 
bitsPerPage: CARDINAL = (Environment.bitsPerWord * Environment.wordsPerPage); 
VolAllocMaplmplError: ERROR [{setSizeToZeroPageGroup}] = CODE; 
LabelError: SIGNAL = CODE; 
-- This code assumes various powers of 2 (because of the truncation). 
AccessVAM: PUBLIC PROCEDURE [ 

vol: LvHandle, volumePage: LogicaIVolume.PageNumber, set: BOOLEAN, 
clear: BOOLEAN] RETURNS [busy: BOOLEAN] = 
-- set, clear or read one bit of vam, always returns the (previous) value; 
BEGIN 
bit: WORD; 
vamPage: LogicaIVolume.PageNumber; 
word: LONG POINTER TO WORD; 
Dolt: ENTRY PROCEDURE = INLINE 

BEGIN 
MapVamPagelnternal[vol.vID, vamPage, Vam[vol]]; 
busy ~ (0 # Inline.BITAND[word't, bit]); 
IF (busy AND clear) OR ( .... busy AND set) THEN 

BEGIN 
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word-t ~ lnline.BITXOR[word't, bit]; 
vol.freePageCount ~ voi.freePageCount + (IF busy THEN 1 ELS~ -1); 
END; 

IF clear THEN vol.lowerBound ~ MIN[volumePage, vol.lowerBound]; 
-- keep 10werBound to help al/ocator 
IF set AND volumePage = vol.lowerBound THEN 

vol.lowerBound ~ vol.lowerBound + 1; 
END; 

-- The bit and word calculations can correctly be done by truncating first 
bit ~ Inline.BITSHIFT[ 

1, Utilities.ShbrtCARDINAL[volumePage] MOD Environment.bitsPerWord]; 
word ~ 

bufferPointer + 
(Uti lities. Sh ortCARD INAL [vol u mePage] IEnvironment.bitsPerWord) MOD 

Environment.wordsPerPage; . 
vamPage ~ vol.vamStart + volumePage/bitsPerPage; 
DoltO; . 
END· 

-- al/;cates a group of pages and writes labels (group is a modifiable hint) 

AllocPageGroup: PUBLIC PROCEDURE [ 
vol: LvHandle, filePtr: FilePtr, groupPtr: GroupPtr, createFile: BOOLEAN] ;: 
BEGIN OPEN groupPtr; . 
skip: [0 .. 1] = IF .... createFile AND filePage = 0 THEN 1 ELSE a; 
offset: LONG CARDINAL; 
startPage: LogicalVolume.PageNumber = MAx[volumePage,vol.lowerBound]; 
IF create File OR filePage # 0 THEN 

BEGIN 
volumePage ~ startPage; 
WHILE AccessVAM[vol, volumePage, TRUE, FALSE] DO 

--search for unbusy page 
IF (volumePage ~ volumePage + 1) ) = vol.volumeSize - 1 THEN 

volumePage ~ vol.lo'NerBound; 
IF volumePage = startPage THEN ERROR --Vofume.lnsufficientSpace-­
; --avoid rather than back out of 

ENDLOOP; 
END; 

FOR offset '*" 0, offset + 1 WHILE offset < nextFilePage - filePage DO 
IF volumePage + offset) = vol.volumeSize THEN EXIT; 
IF offset # 0 THEN 
. IF AccessVAM[vol, volumePage + offset, TRUE, FALSE] THEN EXIT; 
--first is set 

END LOOP; 
WITH filePtr SELECT FROM 

local =) 

IF type IN PiiotFileTypes.PilotVFileType THEN filePage ~ volumePage; 
ENDCASE; 

nextFilePage ~ filePage + offset; -- side effect 
IF createFile AND nextFilePage = 0 THEN offset ~ 1; 
-- creating only the attribute label page 
IF NOT LabeITransfer.VerifyLabels[ 

filePtr't, Filelnternal.PageGroup[O, volumePage, skip]].labelsValid THEN 
SIGNAL LabelError; . 

IF NOT LabeITransfer.VerifyLabels[ 
FreeDescriptor[vol}, 
[volumePage + ·skip, volumePage + skip, volumePage + offset]].labelsValid 
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THEN SIGNAL LabelError; 
-- set new size 
WITH filePtr SELECT FROM local =) size .. nextFilePage; END CASE =) ERROR; 
LabeITransfer.WriteLabels[ 

filePtr'!', [filePage, vo~umePage, filePage + offset]]; 
END; 

FreeDescriptor: PROCEDURE [v: LvHandle] RETURNS [FilelnternaI.Descriptor] = 
INLINE 
BEGIN 
RETURN[ 

[LogicaIVolume.Free[v], v.vID, local[ 
FALSE, FALSE, v.volumeSize, PilotFileTypes.tFreePage]]]; 

END; 
•• free a page groujJ (assumes 9alls to label operations with zero sizes are noops) 

3 

.. This is closely related to SetSize and Delete in Filelmp!, as well as VolFileMap.deletePageGrou 
".p 

FreePageGroup: PUBLIC PROCEDURE [ 
vol: LvHandle, filePtr: FilePtr, groupPtr: GroupPtr, deleteFile: BOOLEAN] = 
BEGiN 
Blast: PROCEDURE [g: Filelnternal.PageGroup] = 

BEGIN 
p, nextVolumePage: LogicaIVolume.PageNumber; 
nextVolumePage .. g.volumePage + g.nextFilePage - g.filePage; 
FOR p .. g.volumePage, p + 1 WHILE P < nextVolumePage DO o .. AccessVAM[vol, p, FALSE, TRUE]; ENDLOOP; 
LabeITransfer.WriteLabels[ 

FreeDescriptor[vol], [g.volumePage, g.volumePage, nextVolumePage]]; 
END; 

-. Always verify labels; max is for zero size file [0, ?, OJ 
IF .... LabeITransfer.VerifyLabels[ 

filePtrt, 
[groupPtr.filePage, groupPtr.volumePage, MAX[ 

groupPtr.nextFilePage, 1]]].labelsValid THEN SIGNAL LabelError; 
WITH filePtr SELECT FROM local =) size .. groupPtr.filePage; END CASE =) ERROR; 
SELECT TRUE FROM 

groupPtr.filePage # 0 =) .. if group start # 0, always blast 
Blast[grou pPtrt]; 

groupPtr.nextFilePage # 0 •• AND g.filePage = 0·· =) •. Set to zero size 
BEGIN 
Blast[ 

[groupPtr.filePage + 1, groupPtr.volumePage + 1, 
groupPtr.nextFilePage]]; 

_. we could skip the write, but then we'd have to mess around with correcting 0 size files 
LabeITransfer.WriteLabels[filePtr1', [0, groupPtr.volumePage, 1]]; 
END; 

ENDCASE •• g.filePage = g.nextPage = 0-· = > 
IF deleteFile THEN Blast[[O, groupPtr.volumePage, 1]] ··delete it·­
ELSE ERROR VoIAllocMaplmpIError[setSizeToZeroPageGroup]; 

END; 

Vam: PROCEDURE [v: LvHandle] RETURNS' [File.IO] = INLINE 
BEGIN RETURN[LogicaIVolume.Vam[v]]; END; 

Vfm: PROCEDURE [v: LvHandle] RETURNS [File.IO] = INLINE 
BEGIN RETURN[LogicaIVolume.Vfm[v]]; END; 

.. ENTRY PROCEDURES (Also see local proc in AccessVAM) 
-- Force outl deal/ocate allocation map 
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Close: PUBLIC ENTRY PROCEDURE [final: BOOLEAN] = 
BEGIN 
IF currentBufferContents.lvlO # Volume.nulllO THEN 

IF final THEN 
BEGIN 
SimpleSpace.Unmap[bufferHandle]; 
currentBufferContents.lvIO· .. Volume.nuIIlO; 
END 

ELSE SimpleSpace.ForceOut[bufferHandle]; 
END; 

··INTERNAL PROCEDURE 

MapVamPagelnternal: PROCEDURE [ 
vlD: Volume.IO, vamPage: LogicaIVolume.PageNumber, vamlD: File.ID] = :NlI~E 
BEGIN 
IF currentBufferContents.lvlO # vlD THEN 

BEGIN 
IF currentBufferContents.lvlD # Volume.nulllD THEN 

SimpleSpace.Unmap[bufferHandle]; 
currentBufferContents.lvlD .. vlD; 
.. and fall through for map ... 

END 
ELSE 

IF currentBufferContents.page # vamPage THEN SimpleSpace.Unmap[bufferHandle] 
_. and fall through for map ... 

ELSE .- vids equal and pages equal, so just.. .. 
RETURN; 

currentBufferContents.page +- vamPage; 
SimpleSpace.Map[ 

bufferHandle, Space.WindowOrigin[ 
File.Capability[vamID, Filelnternal.maxPermissions], vamPage], FALSE]; 

END; 

END. 
LOG 

Action: Created file 

4 

Time: April 13, 1978 3:32 PM By: Purcell 
Time: June 23, 1978 12:27 PM By: Purcell Action: page 0 special case in alloclfree gro 
""up 
Time: September 27, 1978 5:15 Plv1 
··it bound 
Time: October 19, 1978 2:45 PM 
"'directly 

By: Purcell Action: don't raise signals and lim 

By: Purcell Action: CR 20.103: Use File Types 

Tima: March 20, 1979 9:30 PM By: Redell Action: Convert to Mesa 5.0 
Tirne: August 1, 1979 3:10 PM By: Redell Action: Convert to use FilePageLabel 
Time; August 8, 1979 12;05 PM By: Redell Action: Bug fix: wraparound condition in AllocPageGro 
··up was off by one: ran off end of volume. 
Time: August 29, 1979 10;05 AM By: Forrest Action: Changed to match new int 
"'erface and new Filelv1gr organization. 
Time: September 3, 1979 12;08 PM 
"'vam, vfm vs Opens. 

By: Forrest Action: Used LogicaIVolume.free, 

Time: September 4, 1979 11:04 AM 
... Ideallocation. 

By: Forrest Action; Fixed up buffer allocation 

Time: October 1, 1979 5;56 PM By: Forrest 
Time; January 9, 1980 5:43 PM By: Gobbel 
"'ace: VerifyLabels now returns two values. 
Time: March 7, 1980 8:49 PM By: Forrest 
··cal VofuJ.Je; deleted handle from Close. 
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Action: Moved out Open to scavanger. 
Action: Change for new LabelTransfer interf 

Action: Lexically change types for New Logi 
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Time: June 17, 1980 10:12 AM By: Luniewski Action: Exprt PhysicaIVolume.Error. 
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-- VolFileMaplmpl.mesa (last edited by: Luniewski on: September 17, 1980 5:15 PM) 

DIRECTORY 
Environment USING [wordsPerPage], 
File USING [Capability, ID, lastPageNumber, nullCapability, PageNumber], 
Filelnternal USING [Descriptor, FilePtr, maxPermissions, PageGroup], 
FMPrograms USING 0, 
Inline USING [LongCOPY], 
KernelFile USING 0, 
LogicalVolume USING [ 

Handle, Interval, Key, Level, maxKey, maxlD, nulllnterval, nulllntervals, 
nullKey, nullVolumePage, PageNumber, Vfm, VolumeAccess, VolumeAccessProc], 

PiiotFileTypes USING [tVolumeFileMap], 
SimpleSpace USING [Create, ForceOut, Map, Page, Unmap], 
Space USING [Handle], 
Utilities USING [LongPointerFromPage], 
VolAllocMap USING [AllocPageGroup, FreePageGroup], 
VolFileMap USING 0, . 
Volume USING' [ID, NotOpen, nuIlID,'Unknown]; 

VolFileMaplmpl: MONITOR 
IMPORTS Inline, LogicalVolume, SimpleSpace, Utilities, VolAllocMap, Volume 
EXPORTS FMPrograms, KernelFile, VolFileMap 
SHARES File = 
BEGIN OPEN LogicalVolume; 
-- data types for the vfm 
-- fixed length, uncompressed indexes are stored now now but in the future compressed indexes 

""will have variable lengths. Compressed fQrmat is defined by VolFileMap.PutNext and VolFileMa 
""p.ReadNext 

Buffer: TYPE = RECORD [ 
--This is a B-tree page 
data: ARRAY [O .. indexlnBuffer) OF Index, 
used: BufferPtr]; 

BufferPtr: TYPE = INTEGER; 
GroupPtr: TYPE = POINTER TO FHelnternal.PageGroup; 
Index: TYPE = RECORD [key: Key, volumePage: PageNumber, ptr: BufferPtr]: 
KeyPtr: TYPE = PO:NTER TO Key; 
FindProc: TYPE = PROCEDURE; 
XtraProc: TYPE = PROCEDURE; 
indexlnBuffer: CARDINAL = 

(Environment.wordsPerPage - slzE[BufferPtr])/slzE[lndex]; 
maxReadPtr: CARDINAL = slzE[Buffer] - slzE[BufferPtr]; 
maxlndex: Index = Index[maxKey, nullVolumePage, 0]; 
nulllndex: Index = Index[nuIlKey, nullVolumePage, 0]; . 
-- This is the monitor protected data. Someday, we may wish to have multiple sets of these beas 

""ts . 
currentlD: Volume.ID +- Volume.nuIlID; 
volumeHandle: LogicalVolume.Handle +- NIL; 
-- Buffer used for most access; page # null = > buffer is mapped 
bufferPage: PageNumber +- LogicaIVolume.nuIlVolumePage; 
bufferHaridle: Space.Handle = SimpleSpace.Create[1, .hyperspace]; 
buffer: LONG POINTER TO Buffer = Utilities.LongPointerFromPage[ 

SimpleSpace.Page[bufferHandle]]: 
-- Buffer used for splits/merges 
xtraHandle: Space. Handle = SimpleSpace.Create[1, .hyperspace]; 
xtraBuffer: LONG POINTER TO Buffer = Utilities.LongPointerFromPage[ 

SimpleSpace.Page[xtraHandle]]; 
interval: Interval +- nulllnterval; 
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old, low, high: Index +- nullindex; 
VolFileMaplmplError: ERROR [{pagesMissinglnFile, illegaIReturnCode}] = CODE; 
-- External Procedures 
Close: PUBLIC ENTRY PROCEDURE [final: BOOLEAN] = BEGIN ContextFlush[final]: END: 

2 

-- deletes a pageGroup suffix (leaving zeroPageGroup unless explicitly asked) returns group del 
Heted into groupPtr 

DeletePageGroup: PUBLIC ENTRY PROCEDURE [ 
vol: LogicaIVolume.Handle, filePtr: Filelnternal.FilePtr, 
groupPtr: GroupPtr] = 
BEGIN 
key: Key +-

[filePtr.fileID, 
groupPtr.nextFilePage - (IF groupPtr.nextFilePage 0 THEN 0 ELSE 1)]; 

interval: Interval; 
ContextSet[ vol]; 
interval +- Get[@key, 0]: 
IF interval.key.filelD # filePtr.filelD OR interval.volumePage = 

nullVolumePage THEN ERROR VoIFileMaplmpIError[pagesMissinglnFile]; 
groupPtr.filePage +- key.filePage +- MAX[ 

interval.key.filePage, groupPtr.filePage]; 
groupPtr.volumePage +-

interval.volumePage + .group'Ptr.filePage - interval.key.filePage; 
IF groupPtr.filePage :jf 0 THEN • 

BEGIN 
IF interval.key = key THEN Delete[@key, 0]; 
Insert[@key, nullVolumePage, 0]; 
-- no check for merging since preceding is assumed present 

END; 
key.filePage +- groupPtr.nextFilePage; 
Delete[@key, 0]; -- no check for merging since following is assumed vacant 

END; 
-- Does this belong here??? 

GetNextFile: PUBL!C PROCEDURE [volume: Volume.lD, file: File.Capability] 
RETURNS [nextFile: File.Capability] = 
BEGIN 
fileD: local Filelnternal.Descriptor +- [fileJID, volume, localL , , ]]; 
GetNextRleProc: ENTRY LogicalVolume.VolumeAccessProc = 

BEGIN 
key: Key +- Key[fileDJilelD, File.lastPageNumber]; 
updateMarke:-s +- FALSE; 
ContextSet[ volume]; 
fiieD.filelD +- Get[@key, O].nextKey.fileID; 
IF fileD.filelD = LogicalVolume.maxlD THEN 

fileD.filelD +- File.nu!lCapability.fID; -- end with null 

END; 
SELECT LogicaIVolume.VolumeAccess[@volume, GetNextFileProc] FROM 

ok => NULL; . 
volumeUnknown = > ERROR Volume.Unknown[volume]; 
volumeNotOpen => ERROR Volume.NotOpen[volume]; 
END CASE = > ERROR VoiFileMaplmpIError[illegaIReturnCode]; 

RETURN[ 
[fileD.filelD, 

IF fileD.filelD = File.nuIlCapability.fID THEN 0 

VoIFileMaplmpl.mesa. 19-5ep-80 16:28:58 2 



VoIFileMaplmpl.mesa. 19-5ep-80 16:28:58 

ELSE Filelnternal.maxPermissions]] 
END' . 

-- finds page group containing key (tilePage = nextFilePage = size when off end of file) 

GetPageGroup: PUBLIC ENTRY PROCEDURE [ 
vol: LogicalVolume.Handle, filePtr: FilelnternaLFilePtr, 
filePage: File.PageNumber] 
RETURNS [success: BOOLEAN, group: Filelnternal.PageGroup] = 
BEGIN 
key: Key ~ Key[filePtr.fileID, filePage]; 
interval: Interval; 
ContextSet[ vol]; 
interval ~ Get[@key,O]; 
RETURN[ . 

intervaLkeyJilelD = filePtr.filelD, FilelnternaLPageGroup[ 
filePage: interval.key.filePage, volumePage: interval.volumePage, 
nextFilePage: . 
{IF interval.nextKey . .fileID = filePtr.filelD THEN intervaLnextKey 
ELSE interval.key}.filePage]]; --covers page zero and size requests 

END' 
-- ins~rts a pageGroup into B-tree (unordered inserts are merged for rebuild) 

InsertPageGroup: PUBLIC ENTRY PROCEDURE [ 
. vol: LogicalVolume.Handle, filePtr: Filelnternal.FilePtr, 

groupPtr: GroupPtr] = 
BEGIN 
key: Key ~ [filePtrJilelD, group.ptr.filePage]; 
interval: Interval; 
ContextSet[ vol]; 
interval ~ Get[@key, 0]; 
IF intervaLkey = key THEN 

BEGIN Delete[@key, 0]; interval ~ Get[@key, 0]; END; 
IF keyJilePage - intervaLkey.fi!ePage # 

groupPtr.volumePage - interval.volumePage OR keyJilelD # 
intervaJ.key.filelD THEN Insert[@key. groupPtr.volumePage. 0]; 

--merge with previous 
key.filePage ~ groupPtr.nextFilePage; . 
IF inteival.nextKey # key AND groupPtr.filePage # groupPtr.nextFilePage THEN 

Insert[@key, nullVolumePage, 0]; 
IF interval.nextKey = key AND Get[@key, O].volumePage = 

interval.volumePage + interval.nextKey.filePage - intervaLkey.filePage THEN 
Delete[@key, 0]; --merge with following 

END; 

InitMap: PUBLIC ENTRY PROCEDURE [vol: LogicaIVolume.Handle] = 
BEGIN 
level: LogicaIVolume.Level; 
nullKeylnstance: Key ~ nullKey; 
voLinterval ~ LogicaIVolume.nulllntervals; 
ContextSet[ vel]; 
vol.vfmStart ~ CreateVPageO; 
FOR level DECREASING IN [O .. vol.treeLevel} DO 

--init the tree 
Insert[ 
. @nullKeylnstance, (IF level = 0 THEN nullVolumePage ELSE CreateVPageO), 

level]; 

VoIFileMaplmpl.mesa. 19-5ep-80 16:28:58 

3 

3 

VolFileMaplmpJ.mesa. 

ENDLOOP; 
END; 

19-5ep-80 16:28:58 

--INTERNAL PROCEDURES ........ . 
-- ..,;---- These Two Beasties Play with the variables in grand fashion 

ContextFlush: INTERNAL PROCEDURE [final: BOOLEAN] = IN LINE 
BEGIN 
IF bufferPage # LogicalVolume.nullVolumePage THEN 

IF final THEN 
BEGIN 
SimpleSpace.Unmap[bufferHandle]; 
bufferPage ~ LogicaIVo!ume.nuIlVolumePage; 
END 

ELSE SimpleSpace.ForceOut[bufferHandle]; 
IF .final THEN currentiD ~ Volume.nuIlID; 
END; 

ContextSet: INTERNAL PROCEDURE [vol: LogicaIVolume.Handle] = 
BEGIN . 
IF currentlD # vol.vlD THEN 

BEGIN 
IF bufferPage # LogicalVqlume.nLrllV6lumePage THEN 

BEG:N . 
SimpleSpace.Unmap[bufferHandle]; 
bufferPage ~ LogicaIVolume.nullVolumePage; 
END; 

currentiD ~ vol.vlD; 
END; 

volumeHandle ~ vol; 
END; 

-- merely calls VolAllocMap.AllocPageGroup to get a neVI page tor the vim B-tree 

CreateVPage: INTERNAL PROCEDURE RETURNS [LogicaIVolume.PageNumber] = 
BEG:N OPEN volumeHandlet; 

. group: Fileinternal.PageGroup ~ [0, 0, 1]; 
vfmFileD: Filelnternal.Descriptor ~ 

[LogicaIVolume.Vfm[volumeHandle]. vID. locaI[ 
FALSE, FALS=, volumeSize, PilotFileTypes.tVolumeFileMap]]; 

VoIAllocMap.AllocPageGroup[volumeHandle, @vfmFileD, @group, TRUE]; 
RETURN[group.volumePage]; 
END; 

DeleteError: SIGNAL = CODE; 
-- deletes the index (= the key, error if no index (merge is called from find) 
Delete: INTERNAL PROCEDURE [key: KeyPtr, level: Level] = 
. BEGIN 
firstFlag, lastFlag: BOOLEAN; 
volumePage: LogicaIVolume.PageNumber; 
-- page holding key (delete if first Flag AND lastFlagJ 
nextKey: Key; -- the following key must be slid dOVln over deleted key 
Delete1: INTERNAL FindProc = 

BEGIN 
firstFlag ~ (Iow.ptr = 0); 
lastFlag ~ {high.ptr = buffer.used}; 
volumePage ~ interval.volumePage; 
nextKey ~ high. key; 
IF low. key - = key'!' THEN SIGNAL DeleteError; 
IF firstFlag AND NOT lastFlag TH=N 

In!ine.LcngCOPY[ 
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buffer + high.ptr, (buffer. used -+- buffer. used • high.ptr), buffer]; 
END; 

Oelete2: INTERNAL FindProc = 
BEGIN 
tempBuffer: Buffer; 
high -+- Index[nextKey, 10w.volumePage, high.ptr]; 
low -+- old; 
Inline.LongCOPY[buffer + high.ptr, buffer.used • high.ptr, @tempBuffer]; 
PutNext[@high.key, high.volumePage, level]; 
Inline.LongCOPY[@tempBuffer, buffer. used • high.ptr, buffer + low.ptr]; 
buffer.used +- low.ptr + buffer. used • high.ptr; 
END· 

Find[key, level, Delete1]; -- get the preceeding index 
IF firstFlag THEN 

BEGIN 
Delete[key, level + 1]; 
IF lastFlag THEN FreeVPage[volumePage] --free after remaping 

ELSE Insert[@nextKey, volumePage, level + 1]; 
END· 

Find[key, level, Oelete2]; -- get the preceeding index 

END; 
-- executes proc with context (buffer, low, high) surrounding key (merges too) 

Find: INTERNAL PROCEDURE [key: KeyPtr, level: Level, proc: FindProc] = 
BEGiN 
interval -+- Get[key, level + 1]; 
IF interval.volumePage # bufferPage THEN 
. BEGiN 

IF bufferPage # LogicalVolume.nullVolumePage THEN 
SimpleSpaee.Unmap[bufferHandle]; 

SimpleSpaee.Map[ 
bufferHandle, 
[[LogicaIVolume.Vfm[volumeHandle], Filelnternal.maxPermissions], 

interval.volumePage], FALSE]; 
bufferPage -+- interval.volumePage; 
END; 

old -+- low -+- high -+- Index[interval.key, nullVolumePage, 0]; --init reader 
UNTIL Lower[key, @high.key] DO ReadNextD; ENDLOOP; 
--!Jean tliis page till key is passed 
pree[]; 
-- test before 'unmap', Merge after; postpone Unmap until later to optimize out 
IF buffer. used < = SliZE[Buffer]/3 AND interval.nextKey # max Key THEN 

Merge[@old.key, level]; --is interval. key correct? (consider merge) 

END; 
-- calfs VolAlfocMap.FreePageGroup to free a page of the vim B-tree 

FreeVPage: INTERNAL PROCEDURE [volumePage: LogicaIVolume.PageNumber] = 
BEGIN 
group: Filelnternal.PageGroup -+- [volumePage, volumePage, volumePage + 1]; 
vfmFileD: Filelnternal.Descriptor +-

[LogicalVolume.Vfm[volumeHandle], volumeHandle.vIO, local[ 
FALSE, FALSE, volumeHandle.volumeSize, PilotFileTypes.tVolumeFileMap]]; 

VoIAlloeMap.FreePageGroup[volumeHandle, @vfmFileO, @group, TRUE]; 
END; 

Get: INTERNAL PROCEDURE [key: KeyPtr, level: Level] 
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RETURNS [interval: Interval} = 
BEGIN -- returns value without reading a page when possible 
Get1: INTERNAL FindProe = 

BEGIN 
volumeHandle.interval[level] -+- Interval[IDw.key, high.volumePage, high.key]; 
END; 

IF level) volumeHandle.treeLevel OR level) LAST[Level] THEN ERROR; 
IF level = volumeHandle.treeLevel THEN 

RETURN[lnterv2.1[nuIlKey, volumeHand!e.vfmStart, maxKey]]; 
interval +- volumeHandle.interval[level]; -- try the cached intry 
IF Lower[key, @interval.key] OR -Lower[key, @interval.nextKey] THEN 

Find[key, level, Get1]; 
RETURN[volumeHandle.interval[level]]; 
END· 

-- ins~rts (key, v"olumePage (including duplicates) calling split if necessary 

Insert: INTERNAL PROCEDURE [key: KeyPtr, volumePage: PageNumber, level: Level] = 
BEGIN 
splitFlag: BOOLEAN; 
Insert1: INTERNAL FindProe = 

BEGIN 
tempBuffer: Buffer; 
IF {splitFlag -+- (buffer.used ) maxReadPtr • slzE[lndex])) THEN RETURN; 
Inline.LongCOPY[buffer + high.ptr, buffer.used - high.ptr, @tempBuffer]; 
IF low.ptr < buffer.used THEN PutNext[key, high.volumePage, level]; 
PutNext[@high.key, volumePage, level]; 
Inline.LongCOPY[@tempBuffer, buffer.used - high.ptr, buffer + low.ptr]; 
buffer.used -+- IQl.'J.ptr + buffer.used - high.ptr; 
END; 

Find[key, level, Insert1]; 
IF splitFlag THEN BEGIN Split[key, leveIJ;~ Find[key, level, Insert1]; END; 
END; 

-- compares two keys for ordering 

Lowe r: INTERNAL PROCEDURE [a, b: KeyPtr] RETURNS [SOOLEAN] = 
BEGIN . 
x: POINTER TO ARRAY [O .. SlzE[File.lO)) OF CARDINAL = LOOPHOLE[@aJileID]; 
y: POINTER TO ARRAY [O .. slzE[File.lD]} OF CARDINAL = LOOPHOLE[@b.fileIO]; 
i: [O .. slzE[File.ID]); 
FOR i IN [O .. slzE[File.IO]) DO 

SELECT TRUE FROM 
(x[i] < y[iJ) =) RETURN[TRUE]; 
(x[i] ) y[i)} =) RETURN[FALSE]; 
ENDCASE; -- if equal keep checking 

ENDLOOP; 
RETURN(aJilePage < b.filePage OR ht = maxKey]; 
-- maxKey < max Key, to close key space 

END; 
-- tries to merge page of oldlnterval with next page at same level or with root 
-- cannot merge last page of any level except rootLevel 

Me rge: I~TERNAL PROCEDURE [key: KeyPtr, level: Level] = 
BEGIN 
mergeFlag: BOOLEAN; 
leftlnterval, rightlnterval: Interval; 
Merge1: INT~RNAL FindProc = 

BEGIN 
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Merge2: INTERNAL XtraProc = 
BEGIN 
xtraBufferUsed: INTEGER ~ xtraBuffer.used; 
-- used to solve stack modeling error 
IF level = volumeHandle.treeLevel - 1 THEN xtraBuffer.used +- 0; 
--clear now instead of deleteing later 
IF (mergeFlag +- (buffer.used + xtraBuffer.used < slzE[Buffer]» THEN 

--is merging possible 
BEGIN --merge pages 
Inline.LongCOPY[buffer, buffer.used, xtraBuffer + xtraBufferUsed]; 
--merge buffer with xtra 

. xtraBuffer.used +- xtraBuffer.used + buffer.used; 
-- buffer. used remains to prevent Find from attempting a merge 
--interval. volumePage ~ ??lnterval.volumePage;--
--update cache with new page for deleted contents 

END 
ELSE 
BEGIN.. . 
--balance pages simply to provide hysteresis against futi! merge attempts 
WHILE low.ptr < (buffer. used - xtraBuffer.used)/2 DO 

ReadNextO; END LOOP; --find middle 
Inline.LongCOPY[buffer, low.ptr, xtraBuffer + xtraBufferUsed]; 
--move first of buffer to xtra 
Inline.LongCOPY[buffer + low.ptr, buffer. used - low.ptr, buffer]; 
--slide down the rest of buffer 
xtraBuffer.used +- xtraBuffer.used + low.ptr; 
buffer. used +- buffer,used - low.ptr; 
--use low to insert while it is still valid 
rightlnterval.key +- low.key; 
END; 

EN:>; 
rightlnterval +- interval; 
Xtra[leftlnterval.volumePage, Merge2]; 
END; 

leftlnterval +- Get[key, level + 1]; -- so as to get a valid volumePage 
Find[@leftinterval.nextKey, level, Merge1]; --beware the merging 
Delete[@leftlntervaf.nextKey, level + 1]; 
If' mergeFlag THEN FreeVPage[rightinterval.volumePage] 
ELSE Insert[@rightlnterval.key, rightlnterval.volumePage, level + 1]; 
-- insert new index; 

END; 

-- compresses item in the context of low 
-~ Note the side effect on low but not on high! I 
-- no compression is implemented in this version, but useful one would include: 
-- front compression (especially to shrink page groups bapk to 2 fields) 

PutNext: INTERNAL PROCEDURE [ 
key: KeyPtr, volumePage: PageNumber, level: Level] = 
BEGIN -- merge page groups when possible 
old +- low; 
low +-

(LOOPHOLE[buffer + low.ptr, LONG PO!NTER TO Index]1" +- Index[ 
keyt, voLumePage, slzE[lndex]]); --.ptr is just an increment 

low.ptr +- low.ptr + old.ptr; --Iow.ptr was just an increment 
volumeHandle.interval[level] +- Interval[old.key, low.volumePage, low.key]; 
-- keep cache up to date in the face of changes 
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END; 
-- decompresses item at high to become low & bumps high 
-- Note the side effect on low and high! ! 
-- no compression is implemented in this version 

ReadNext: INTERNAL PROCEDURE = 
BEGIN 
IF high.ptr > buffer. used THEN ERROR; 
old +- low; 
low +- high; 
high +-

(IF high.ptr < buffer.used THEN LOOPHOLE[buffer + high.ptr, LONG POINTER TO 
Indexl~' ELSE Index[maxKey, nullVolumePage, 0]); 

high.ptr ~ high.ptr + low.ptr; --high.ptr was just an increment 

END' 
-- mo~es half of buffer (or rooti to xtraBuffer, creating new page of tree 

Split: INTERNAL PROCEDURE [key: KeyPtr, level: Level] = 
BEGIN 
keyStone: Key; -- half way mark 
page: PageNumber +- CreateVPageD; 
Split1: INTERNAL FindProc. = 

BEGIN 
Split2: INTERNAL XtraProc = 

BEGIN 
high +- !ndex[interval.key, nullVolumePage, 0]; -- quick readReset 
UNTIL high.ptr > buffer.used/2 DO ReadNextO; END LOOP; 
Inline.LongCOPY[ 

buffer + low.ptr, (xtraBuffer.used +- buffer.used - low.ptr), 
xtraBuffer]; --split 

buffer.used +- low.ptr; 
--volume.interval[level + 1J.nextKey +- low.key;--
-- interval of buffer is smaller (must keep high key above rightJ???? 
keyStone +- low. key; 
END; 

Xtra[page, Split2]; 
END; 

Find[key, level, Split1]; 
Insert[@keyStone, page, level + 1]; 
END; 

Xtra: INTERNAL PROCEDURE [page: LogicalVolume.PageNumber, proc: XtraProc] = 
-- maps, operates, unmaps xrraBuffer 
BEGIN 
SimpieSpace.Map[ 

xtraHandle, 
[[LogicaIVolume.Vfm[volumeHandle], Filelnternal.maxPermissions], page], 
FALSE]; 

. proe[J; 
SimpleSpace.Unmap[xtraHandle]; 
END; 

END. 
LOG 
Log trimmed to Teak 
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Time: Atlarch 7, 1980 7:53 PM By: Forrest 
*"'9 from Close. Named the error in Delete. 

Action: Moved in GetNextFile; deleted Handl 

Time: July 25, 1980 2:'42 PM By: Luniewski Action: Deleted use of SpecialVolume. 
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Time: September 17, 19805:15 PM By: Luniewski Action: Modified GetNextFile.Get 
HNextFileProc to return a BOOLEAN value as required by VolumeAccess. 
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-- Volumelmpl.mesa (last edited by: Jose on: October.21, 1980 1:54 PM 

DIRECTORY 
Boot USING [Location, LVBootFiles, nullDiskFilelD. VolumeType]. 
Device USING [Type], 
DiskChannel USING [DiskPageCount, Drive, GetAttributes, GetDriveAttributes]. 
Environment USING [wordsPerPage], 
File USING [ 

Capability, 10, nullCapability, nulllD, PageCount, PageNumber. Permissions, 
Type]. 

FileCache USING [ 
FlushFile. FlushFilesOnVolume, GetFilePtrs, PinnedAction, SetFile, 
SetPageGroup], 

Filelnternal USlNG [Descriptor. max Permissions. PageGroup], 
FMPrograms USING 0, 
Inline USING [LowHalf], 
KernelFile USING 0, 
LabelTransfer US!NG [ReadLabel, WriteLabels]. 
LogicalVolume USING [ 

CloseVolumeAndFlushFiles, currentVersion, Handle, nullBoot, OpenStatus, 
OpenVolumeAndDeleteTemps, PageNumber, ReadOnlyVolume, rootPageNumber, 
ScavengeVolume. seal. SetFree, SetVam. SetVfm, VolumeAccess, VolumeAccessProc. 
Volu meAccessStatus], 

MarkerPage USING [CreateMarkerPage, Find. UpdateLogicaIMarkerPages]. 
PhysicalVolume USING [Error, ErrorType, 10, PageNumber], 
PhysicalVolumeFormat USING [ 

descriptorSize, Handle. maxSubVols, PageCount, PageNumber, rootPageNumber, 
SubVolumeDesc], 

PilotFileTypes USING [ 
PilotRootFileType, tFreePage, tLogicalVolumeRootPage, tVolumeAliocationMap, 
tVolumeFileMap], 

PiiotDisk USING [GetLabelFilePage, GetLabelType, Label]. 
PilotSwitches USING [switches --.u,.z--], 
Process USING DnitializeCondition, Ticks], 
Scavenger USING [Error, ErrorType, Scavenge], 
SimpleSpace USING [Create, ForceOut, Handle, Map, Page, Unmap], 
SpecialVolume USING 0, 
SubVolume USING [Find. Handle, Online], 
System USING [GetUniversallD, NetworkAddress, UniversallD], 
Utilities USING [LongPointerFromPage], 
VolAllocMap USING [Close], 
VolFileMap USING [Close], 
Volume USING [ . 

ID. NeedsScavenging. NotOpen, nulllD, onlyEnumerateCurrentType. Open, 
PageCount, Status, systemlD, Type, TypeSet, Unknown], 

VolumeExtras USIi~G 0, 
Volumelmpllnterface USING [AccessPhysicaIVolumeRootPage], 
Vo!umelnternal USING [PageNumber]; 

Volumelmpl: MONITOR [ 
-- to protect active Volume and LVT 
bootFile: LONG POINTER TO disk Boot.Location, 
pLVBootFiles: POINTER TO Boot.LVBootFiles, 
debuggerDeviceType: POINTER TO Device.Type, 
debuggerDeviceOrdinal: POINTER TO CARDINAL] 
IMPORTS 

DiskChannel, FileCache, PHotDisk, Inline, LabelTransfer, LogicalVolume, 
MarkerPage, PhysicalVolume, PiiotSwitches, Process. Scavenger. SimpleSpace, 
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SubVolume, System, Utilities, VolAllocMap, VolFileMap, Volume, 
Volumelmpllnterface 

EXPORTS 
FMPrograms, KernelFile, LogicalVolume. SpecialVolume, Volume. VolumeExtras, 
Volumelmpllnterface 

SHARES File = 
BEGIN 
LvHandle: TYPE = LogicaIVolume.Handle; 
PvHandle: TYPE = PhysicaIVolumeFormat.Handle; 
scavengingComplete: CONDITION; 
debugClass: Boot.VolumeType; . 

. debugSearchState: {tooSoonToLook, looking, done} ~ tooSoonToLook; 
IvRootPage: LogicalVolume.PageNumber = LogicaIVolume.rootPageNumber; 
pvRootPage: Physical,VolumeFormat.PageNumber = 

PhysicalVol umeFormat.rcotPageNu mber; 
-- The following is used as a buffer for the scavenger. It must be large enough to hold 
-- the largest possible physical volume root page + bad page list 
extraBuffer: SimpleSpace.Handle = SimpleSpace.Create[ 

PhysicaIVolumeFormat.descriptorSize/Environment.wordsPerPage. hyperspace, 1]; 
-- The "active volume" whose LogicalVolume.DGscriptor (root page) is buffered in memory 
logicalRootPageBuffer: SimpleSpace.Handle = SimpleSpace.Create[1, hyperspace]; 
activeVolume: LvHandle = Utilities.LongPointerFromPage[ 

SimpleSpace.Page[logicaIRootPageBuffer]]; 
activeVID: Volume.ID fo Volume.nuIlID; 
-- actNe volume (nulllD = > no active volume) 
-- Logical Volume Table (fists logical volumes which are on-line) 
LVTHandle: TYPE = --LONG--POINTER TO Volume.ID; 
VolumeStatus: TYPE = RECORD [ 

IvID: Volume.ID, 
beingScavenged, online, open, readOnly: BOOLEAN, 

2 

-- readOnly is a user settable property c;.f the volume. A volume is read-only if readOnly is TRU 
**E OR if the volume is of a "higher" type than the system volume. 

type: Vo!ume.Type, 
pieceCount: CARDINAL [0 .. 7778)]; 

nullVolumeStatus: VolumeStatus = 
[Volume.nuiIlD, FALSE, FALSE, FALSE, FALSE, nonPilot, 0]; 

LVT: .A.RRAY LVTlndex OF VolumeStatus fo ALL[nuIlVolumeStatus]; 
LVTlndex: TYPE = [O .. maxLVs); 
maxL VS: CARDINAL = 12; -- Maximum logical volumes aflowed on-line at once 
VollmplError: ERROR'[ 

{ 
impossibleSelectError, impossibleSubvolumeNotFound, notFoundlnL VT, 
IvTableFull, illegaIReturnCode}] = CODE; 

-- Volume 

systemlD: PUBLIC Volume.ID fo Volume.nuIIlD; 
Insuf;icientSpace: PUBLIC ERROR = CODE; 
NeedsScavenging: PUBLIC ERROR = CODE; 
NotOpen: PUBLIC ERROR [volume: Volume.ID] CODE; 
Unknown: PUBLIC ERROR [VOlume: Volume.ID] = CODE; 

Close: PUBLIC PROCEDURE [VOlume: Volume.ID] = { 
LogicaIVolume.CloseVolumeAndFlushFiles[@volume]}; 

GetAttributes: PUBLIC PROCEDURE [volume: Volume.ID] 
RETURNS [ 

volumeSiz€, freePageCount: Volume.PageCount, rootFils: File.Capability] = 
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BEGIN 
GetAttributes1: PROCEDURE [vol: LvHandle] = 

BEGIN 
volumeSize +- vol.volumeSize; 
freePageCount +- vol.freePageCount; 
rootFile +- vol.clientRootFile; 
END; 

GetLogicaIRootPage[@volume, GetAttributes1]; 
END; 

GetLabelString: PUBLIC PROCEDURE [volume: Volume.lD, S: STRING] = 
BEGIN 
badVersion: BOOLEAN; 
G6tLabelString1: PROCEDURE [vol: LvHandle] = 

BEGIN 
i: CARDINAL; 
s.length +- 0; 
IF badVersion +- (vol.version # LogicaIVolume.currentVersion) THEN RETURN; 
s.length +-. MIN[s.maxlength, vol.1abelLength, LENGTH[vol.1abel]]; 
FOR i IN [O .. s.length) DO sri] +- vol.label[i]; ENDLOOP; 
END; 

IF S # NIL THEN 
BEGIN 
GetLogicaIRootPage[@volume, GetLabeIString1]; 
IF badVersion THEN ERROR Volume.NeedsScavenging; 
END; 

END; 

GetNext: PUBLIC ENTRY PROCEDURE [ 
volume: Volume.ID, includeWhichVolumes: Volume.TypeSet +- OJ 
RETURNS [Volume.ID] = 
BEGIN . . 
volumeFound: BOOLEAN +- volume = Volume.nuIlID; 
Iv: LVTlndex; 
systemVolumeType: Volume.Type = LVGetStatus[Volume.systemID].type;· 
IF IsUtilityPilot[] THEN 

includeWhichVolumes +- [normal: TRUE, debugger: TRUE, debuggerDebugger: TRUE] 
ELSE 

IF includeWhichVolumes = Volume.onlyEnumeYateCurrentType THEN 
includeWhichVolumes[systemVolumeType] +- TRUE; 

-- aI/ others are already FALSE 
FOR Iv IN L VTI ndex DO 

IF volumeFound AND LVT[lv].lvID # Volume.nulllD AND LVT[lv].onLine AND 
includeWhichVolumes[LVT[lv].type] THEN RETURN[LVT[lv].IvID]; 

IF LVT[lv].IvID = volume THEN volumeFound +- TRUE; 
ENDLQOP; 

IF volumeFound THEN RETURN[Volume.nuIllD] 
ELSE RETURN WITH ERROR Volume.Unknown[volume]; 
END; 

GetStatus: PUBLIC ENTRY PROCEDURE [vID: Volume.ID] 
RETURNS' [status: Volume.Status] = 
BEGIN 
online, open: BOOLEAN; 
IF vlD = Volume.nulllD OR .... LogicaIVolumeFind[@vID] THEN RETURN[unknown]; 
[online: online, open: open] +- LVGetStatus[vID]; . 
IF -online THEN status +- partiallyOnLine 
ELSE 

IF open THEN status +- open 
ELSE 
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BEGIN -- only activate when absolutely necessary! 
Activate[vID]; 
IF activcVolume.changing THEN status +- c1osedAndlnconsistent 
ELSE status +- c1osedAndConsistent; 
END; 

END; 

GetType: PUBLIC PROCEDURE [lvID: Volume.ID] RETURNS [type: Volume.Type] = 
BEGIN 
GetTypelnner.: PROCEDURE [vol: LvHandle] = {type +- vol.type}; 
GetLogicaIRootPage[@lvID, GetTypelnner]; 
END; 

IsOnServer: PUBLIC PROCEDURE [ 
volume: Volume.ID, netAddress: System.NetworkAddress] = { 
--not implemented--}; . 

. Open: PUBLIC PROCEDURE [volume: Volume.lD] = 
BEGIN 
DeleteTemps: ENTRY PROCEDURE RETURNS [doDelete: BOOLEAN] = INLINE 

BEGIN 
IF volume = Volume.nulllD OR .... LogicaIVolumeFind[@volume] THEN 

RETURN WITH ERROR Volume.Unknown[volume]; 
IFLVGetStatus[volume].type <= debugClass -- type of system volume -- THEN 

RETURN [TRUE] 
ELSE RETURN[FALSE]; 
END; 

IF .... DeleteTemps[] THEN 
SELECT OpenLogicaIVolume[@volume] FROM 

ok, wasOpen =) NULL; 
Unknown =) ERROR Volume.Unknown[volume]; 
VolumeNeedsScavenging = > ERROR Volume.NeedsScavenging; 
ENDCASE = > ERROR 

ELSE LogicaIVolume.OpenVolumeAndDeleteTemps[@yolume]; 
END; 

SetRootFile: PUBLIC PROCEDURE [VOlume: Volume.lD, file: File.Capability] = 
BEGIN 
SetRootFile1: LogicalVolume.VolumeAccessProc = 

BEGIN volume.clientRootFile +- file; updateMarkers +- TRUE; END; 
SignaIVolumeAccess[@volume, SetRootFile1]; 
END; 

-- VolumeExtras 

OpenVolume: PUBLIC PROCEDURE [volume: Volume.ID, readOnly: BOOLEAN] = 
. BEGIN 

DeleteTemps: ENTRY PROCEDURE RETLIRNS [doDelete: BOOLEAN] = (NUN::: 
BEGIN 
IF volume = ·Volume.nuIIlD OR .... LogicaIVolumeFind[@volume] THEN 

RETURN WITH ERROR Volume.Unknown[volume]; 
IF read Only THEN RETURN[FALSE]; 
IF LVGetStatus[volume].type < = debugClass -- type of system volume -- THEN 

RETURN [TRUE] 
ELSE RETURN[FALS:::]; 
END; 
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IF -DeleteTempsD THEN 
SELECT OpenLogicaIVolumelnternal[@volume, readOnly] FROM 

ok, wasOpen = > NULL; 
Unknown = > ERROR Volume.Unknown[volume]; 
VolumeNeedsScavenging = > ERROR Volume.NeedsScavenging; 
ENDCASE = > ERROR . 

ELSE LogicaIVolume.OpenVolumeAndDeleteTemps[@volume]; 
END; 

-- SpecialVolume 

GetLogicalVolumeBootFiles: PUBLIC PROCEDURE [ 
IvID: Volume.ID,pBootFiles: LONG POINTER TO Boot.LVBootFiles] = 
BEGIN 
GetLVBootFiles1: PROCEDURE [vol: LvHandle] = {pBootFiles1' to vol.bootinglnfo}; 
IF pBootFiles # NIL THEN GetLogicaIRootPage[@lvID, GetLVBootFiles1]; 
END; 

SetLogicalVolumeBootFiles: PUBLIC PROCEDURE [ 
IvID: Volume.ID, pBootFiles: LONG POINTER TO Boot.LVBootFiles] = 
BEGIN 
SetLVBootFiles1: LogicalVolume.VolumeAccessProc = 

BEGIN volume.bootinglnfo to pBootFilest; updateMarkers fo TRUE; END; 
IF pBootFiles # NIL THEN SignaIVolumeAccess[@lvID, SetLVBootFiles1]; 
END; 

-- Kerne/File 

GetRootFile: PUBLIC PROCEDURE [type: File.Type, volume: Volume.lD] 
RETURNS [file: File.Capability] = . 
BEGIN 
GetRootFile1: PROCEDURE [vol: LvHandle] = { 

file to [vol.rootFileID[type], Filelnternal.maxPermissions]}; 
IF type NOT IN PilotFileTypes.PilotRootFileType THEN ERROR; 
GetLogicaIRootPage[@volume, GetRootFile1]; 
IF file.fID = File.nuIlCapability.fID THEN file to File.nuIlCapability; 
END; 

PutRoctFile: PUBLIC PROCEDURE [ 
pVID: POINTER TO READONLY Volume.ID, type: File.Type, 
file: POINTER TO READONLY File.Capability] = 
BEGIN 
PutProc: LogicalVolume.VolumeAccessProc = { 

volume.rootFileID[type] to fHe.fID; updateMarkers to TRUE}; 
IF type IN PilotFileTypes.PilotRootFileType THEN 

SignaIVolumeAccess[pVID, PutProc]; 
END; 

-- LogicalVolume 

ReadOnlyVolume: PUBLIC ERROR = CODE; 
BeginScavenging: PUBLIC ENTRY PROCEDURE [pVID: POINTER TO READONLY Volume.lD] = 

BEGIN 
IF pVIDt = Volume.nulllD OR .... LogicaIVolumeFind[pVID] THEN 

RETURN WITH ERROR Unknown[pVIDt]; 
IF LVGetStatus[pVIDt].open THEN RETURN WITH ERROR Scavenger.Error[volumeOpen]; 
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'IF IsReadOnly[pVIDt] THEN RETURN WITH ERROR LogicaIVolume.ReadOnlyVolume; 
Activate[pVIDt]; 
activeVolume.changing to TRUE; 
SimpleSpace.ForceOut[logicaIRootPageBuffer]; 
LVSetScavenged[pVIDt, TRUE]; 
LogicaIVolume.ScavengeVolume[activeVolume, extraBuffer, FALSE]; 
VoIFileMap.Close[TRUE]; 
VoIAllocMap.Close[TRUE]; 
activeVolume.changing to FALSE; 
Deactivate[] ; 
END; 

CloseLogicalVolume: PUBLIC ENTRY PROCEDURE [ 
pylD: POINTER TO READONLY Volume.ID] = 
BEGIN 
IF pVIDt = Volume.nulllD OR -LogicaIVolumeFind[pVID] THEN 

RETURN WITH ERROR Unknown[pVIDt]; 
Activate[pVID't]; 
FileCache.FlushFilesOnVolume[pVID't, keep]; 
-- Let aI/I/O on the volume Quiesce 
VoIFileMap.Close[TRuE]; 
VoIAllocMap.Close[TRuE]; 
FileCache.FlushFilesOnVolume[pVID't, keep]; 
-- Wait for any I/O that slipped in through the cracks to finish 
LVSetOpen[pVID't, FALSE]; 
Deactivate[]; 
END; 

EndScavenging: PUBLIC ENTRY PROCEDURE [pVID: POINTER TO READONLY Volume.lD] = { 
LVSetScavenged[pVIDt, FALSE]; BROADCAST scavengingComplete}; 

GetContainingPhysicalVolume: PU3L1C PROCEDURE [lvID: Volume.lD] 
. RETURNS [pvID: PhysicalVolume.lD] = 

BEGiN 
RETURN[ 

MarkerPage.Find [ 
[driver 

DiskChannel.GetAttributes[ 
SubVolume.Find[lvID, IvRootPage].subVolume.channel]]]J.physicaIlO1'] 

END; 

LogicalVolumeCreate: PUBLIC ENTRY PROCEDURE [ 
pvlD: PhysicaIVolume.ID, size: Volume.PageCount, name: STRING, . 
type: Volume.Type, minPVPageNumber: PhysicaIVolume.PageNumber] 
RETURNS [Volume.ID] = 
BEGIN 
i: CARDINAL; 
IvID: Volume.ID to [System.GetUniversaIlDDJ; 
minVolumeSize: PhysicalVolumeFormat.PageCount = 50; 
bareVo!umeSize: PhysicalVolumeFormat.PageCount = 1 + 1 + 6; 
thisSv: CARDINAL; 
thisSvStart: PhysicaIVolumeFormat.PageNumber; 
error: PhysicaIVolume.ErrorType; 
isError: BOOLEAN to FALSE; 
proc1: PROCEDURE [p: PvHandle] = 

BEGIN 
good Pages: PhysicalVolumeFormat.PageCount to 0;. 
pg: PhysicaIVolumeFormat.PageCount; 
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WordsToPages: PROCEDURE [words: PhysicaIVolumeFormat.PageNumber] 

RETURNS [PhysicaIVolumeFormat.PageNumber] = INUNE { 
RETURN[{words + Environment.wordsPerPage - 1)/Environment.wordsPerPage]}; 

IsBadPage: PROCEDURE [pg: PhysicaIVolumeFormat.PageNumber] 
RETURNS [BOOLEAN] = 
BEGIN 
i: CARDINAL; 
-- ASSUME that there are < = MAX[CARDINAL] bad pages. 
FOR i IN [O .. lnline.LowHalf[p.badPageCount]) DO 

IF p.badPageList[i] = pg THEN RETURN[rnUE]; ENDLOOP; 
RETURN[FALSE]; 
END; 

thisSv ~ p.subVolumeCount; 
IF {isError ~ thisSv > = PhysicaIVolumeFormat.maxSubVols} THEN { 

error ~ tooManySubvolumes; RETURN; }; 
IF thisSv # 0 THEN . 

thisSvStart ~ 
p.subVolumes[thisSv - 1].pvPage + p.subVolumes[thisSv - 1].npages + 

ELSE 
thisSvStart ~ 

pvRootPage + WordsToPages[PhysicaIVolumeFormat.descriptorSize]; 
thisSvStart ~ MAX[thisSvStart, minPVPageNumber]; 
WHILE IsBadPage[thisSvStart] DO 

thisSvStart ~ thisSvStart + 1; 
IF (size ~ size - 1) = 0 THEN EXIT; 
END LOOP; 

WHILE IsBadPage[thisSvStart + size] DO 
IF (size ~ size - 1) = 0 THEN EXIT; ENOLOOP; 

FOR pg +- thisSvStart, pg + 1 WHILE pg < thisSvStart + size DO 
IF ... lsBadPage[pg] THEN -- should really look for contig VAM 

IF (goodPages +- good Pages + 1) > = bareVolumeSize THEN RETURN; 
ENDLOOP; 

error +- subvolumeHasTooManyBadPages; 
isError ~ TR'UE; 
END' 

proc2: PROCEDURE [p: PvHandle] = 
BEGIN 
p.subVolumes[thisSv] ~ [lvID, size, 0, thisSvStart, size]; 
p.subVolumeCount ~ thisSv + 1; 
MarkerPage.CreateMarkerPage[p, activeVolume, thisSv]; 
END; 

IF name = NIL OR name.length = 0 THEN 
RETURN WITH ERROR PhysicaIVolume.Error[nameRequired]; 

IF size < minVolumeSize THEN 
RETURN WITH ERROR PhysicaIVolume.Error[pageCountTooSmallForVolume]; 

IF "'SubVolume.Find[LOOPHCLE[pvID], pvRootPage].success THEN 
RETURN WITH ERROR PhysicaIVolume.Error[physicaIVolumeUnknown]; 

Volumelmpllnterface.AccessPhysicaIVolumeRootPage[pvID, proc1]; 
-- Can not raise any errors due to check in previous statement 
IF isError THEN RETURN WITH ERROR PhysicaIVolume.Error[error]; 
IF thisSvStart + size> = DriveSize[pvID] THEN 

RETURN WITH ERROR PhysicaIVolume.Error[insufficientSpace]; 
RegisterLogicalSubvolume[[lvlD, size, 0, thisS'lStart, size], pvID]; 
LabelT ransfer. WriteLabels[ 

[LOOPHOLE[lvID], IvID, local[ 
FALSE, FALSE, 1, PiiotFileTypes.tLogicaIVolumeRootPag'e]], 

[lvRootPage, IvRootPage, IvRootPage + 1]]; 
Activate[lvID] ; 
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activeVolumet' ~ [vID: IvID, type: type, volumeSize: size]; 
LogicaIVolume.SetFree[activeVolume, [System.GetUniversaIID[]]]; 
LogicaIVolume.SetVam[act:veVolume, [System.GetUniversaIID[]]]; 
LogicaIVolume.SetVfm[activeVolume, [System.GetUniversaIID[]]]; 
activeVolume.labelLength ~ MlN[name.length, LENGTH[activeVolume.label]]; 
FOR i IN [O .. activeVolume.labeILength) DC 

activeVolume.label[i] +- name[i]; ENOLOOP; 
SimpleSpace.ForceOut[logicaIRootPageBuffer]; 
EnterLV[lvID]; 
LogicaIVolumeCheck[lvID]; 
IF type # nonPilot THEN 

LogicaIVolume.ScavengeVolume[activeVolume, extraBuffer, TRUE]; 
SimpleSpace.ForceOut[logicaIRootPageBuffer]; 
Volumelmpllnterface.AccessPhysicaIVolumeRootPage[pvID, proc2, readWrite]; 
-- Can not raise any errors due to check in previoiJs statement 
VoIFileMap.Close[TRuE] ; 
VoIAllocMap.Close[TRuE]; 
activeVolume.changing +- FALSE; 
Deactivate[] ; 
RETURN[lvID]; 
END; 

LogicalVolumeErase: PU8L1C ENTRY PROCEDURE [lvID: Volume.lD] = 
BEGIN 
-- May be performed on an Open volume! {in which case, the volume is left Open} 
t: PiiotFileTypes.PilotRootFileType; 
IF IvlD = Volume.nulllD OR -LogicaIVolumeFind[@lvID] THEN 

RETURN.WITH ERROR Unknown[lvID]; 
IF fsReadOnly[lvID] THEN RETURN WITH ERROR LogicaIVolume.Re:adOnlyVolume; 
Activate[lvID]; 
activeVolume.changing ~ TRUE; 
FOR t IN 

[FIRST[PilotFileTypes.PilotRootFileType] .. LAsT[ 
PiiotFileTypes.PilotRootFileType]] DO 

SELECT t FROM 
PilotFHeTypes.tVolumeA!locationMap, PilotFileTypes.tVolumeFileMap, 

PilotFileTypes.tFreePage =) LOO?; 
ENDCASE = > activeVolume.rootFileID[t] +- File.nuIlID; 

ENDLOOP; 
activeVolume.clieritRootFile +- File.nuIlCapability; 
activeVolume.bootinglnfo +- LogicaIVolume.nuIlBoot; 
Simp!eSpace.ForceOut[!ogicaIRootPageBuffer]; 
LogicaIVolume.ScavengeVolume[activeVolume, extraBufier, TRUE]; 
VoIFileMap.Close[TRUE]; 

. VoIAllocMap.Close[TRUE]; 
activeVolume.changing ~ FALSE; 
Deactivate[] ; 
END; 

OpenLogicalVolume: PUBLIC PROC=:OURE [pVID: PO!!'.'TER TO READONLY Volume.ID] 
RETURNS [LogicaIVolume.OpenStatus] = 
-- Usa VolumeExtras.OpenVolume for read-aniy volume opening 
{RETURN[OpenLogicaIVolumelnternal[pVID, FA!...SE1J; }; 

VolumeAccess: FUBLIC ENTRY FROCEDU::lE [ 
pVID: POINTER TO READONLY Volume.ID, proc: LogicaIVolume.VolumeAccessProc. 
modify: BOOl,.EAN ~ FALSE] RETURNS [LogicalVoiume.VolumeAccessStatus] = 
BEGIN 
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open, beingScavenged, updateMarkers: BOOLEAN; 
IF pVIDt = Volume.nulllD OR -LogicaIVolumeFirid[pVID] THEN 

RETURN[volumeUnknown]: 
IF modify AND IsReadOnly[pVIDt] THEN RETURN[volumeReadOnly]; 
Activate[p VI Dt]; 
-- Only allow access if the volume is open or being scavenged. 
-- The being scavenged option should only be exercised by the Scavenger. 
[open: open, beingScavenged: beingScavenged] +- LVGetStatus[pVIDt]; 
IF -(open OR beingScavenged) THEN {DeactivateD; RETURN[volumeNotOpen]; }; 
IF modify THEN 

BEGIN 
activeVolume.changing ~ TRUE; 
SimpleSpace.ForceOut[logicaIRootPageBuffer]; 
END' 

updateMarkers +- proc[activeVolume]; 
IF -modify THEN RETURN[ok]; 
IF u pd ateMarkers THEN MarkerPage. U pdateLogicalMarkerPages[ active Vol ume]; 
activeVolume.changing ~ FALSE; 
Deactivate[] ; 
RETURN[ok]; 
END; 

-- Volumelmpllnterface 

CheckLogicalVolume: PUBLIC ENTRY PROCEDURE [vID: Volume.lD] = { 
LogicaIVolumeCheck[vID]; Deactivate[]}; 

FindLogicalVolume: PUBLIC ENTRY PROCEDURE [vID: POINTER TO READONLY Volume.lD] 
RETURNS [BOOLEAN] = {RETURN[LogicaIVolumeFind[vID1]}; 

GetLVStatus: PUBLIC ENTRY PROCEDURE [vID: Volume.ID] 
RETURNS [online, open: BOOLEAN] = {[open, online] ~ LVGetStatus[vID]}; 

ope, nlnitialVolumes: PUBLIC PROCEDURE = r7 
Sl=GIN ~ 

/volumeID: Volume.ID; . --_. 
. GetNextOnLineVolume: ENTRY PROCEDURE [volume: Volume.lD] RETURNS [Volume.lDf=, 

'\ 
BEGIN \ 
volumeFound: BOOLEAN +- volume = Volume.nulllD; \ 
Iv: LVTindex; \ 

9 

FOR Iv IN LVTlndex DO \ 
IF volumeFound AND LVT[lv].lvID # Volume.nulllD AND LVT[lv].onLine AND ! 

LVT[lv].type =' debugClass THEN RETURN[LVT[lv].IvID]; 
IF LVT[lv].lvID = volume THEN volumeFound +- TRUE; 
ENDLOOP; 

IF volumeFound THEN RETURN[Volume.nuIliD] 
ELSE RETURN WITH ERROR Volume.Unknown[volume]; 
END; 

IF IsUtilityPilot[] THEN RETURN; 
FOR volumelD +- GetNextOnLineVolume[Volume.nuIlID], GetNextOnLineVolumel 

" volumelD] UNTIL vo!umelD = Volume,nuIlIDDo_ 
~~ V0.l~m~Open[ - .\J-/ /' . ',,'.:, .. >:..:,.' .. ..;.,.' 

~.volumeID ! . - ., .. " . ~ , ' 
Volu-m'e~NeedsScavenging = > { 

D. +- Scavenger.Scavenge[volumeID, volumelD, TRUE]; RETRY}]; 
~NoEoOP;» 

ENO;----- <.? 
, L· 
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PinnedFileEnter: PUBLIC PROCEDURE [ 
fd: Filelnternal.Descriptor. grp: Filelnternal.PageGroup] = 
BEGIN 
IF -FileCache.GetFilePtrs[O, fd.fileID].success THEN { 

FileCache.SetFile[fd, TRUE]; FileCache.SetPageGroup[fd.fileID, grp, TRUE]}; 
END; 

PinnedFileFlush: PUBLIC PROCEDURE [file: File.ID1 = {FileCache.FlushFile[fiIe]}: 

RegisterLogicalSubvolume: PUBLIC PROCEDURE [ 
sv: PhysicalVolumeFormat.SubVolumeDesc, pvlD: PhysicalVolume.lD] = 
BEGIN 
IF -SubVolume.Find[sv.lvID, sv.lvPage].success THEN 

SubVolume.OnLine[ 
sv, SubVo!ume.Find[[LOOPHOLE[pvID]J, pvRootPage].subVolume.channel]; 

IF sv.lvPage = IvRootPage THEN 
-- Set the volume file to cover just the root page; 
VFileEnter[ 

sv.lvlD, LOOPHOLE[sv.lvID]. IvRootPage. IvRootPage + 1. 
PilotFileTypes.tLogicaIVolumeRootPage]; 

END; 

RegisterVFiles: PUBLIC PROCEDURE [v: LvHandle] = 
BEGIN 
RegisterVFile: PROCEDURE [t: File.Type] = INLINE { 

VFileEnter[v.vID, v.rootFi/eID[t]. 1, v.volumeSize, t]}; 
RegisterVFile[PilotFileTypes.tFreePage]; 
RegisterVFile[PilotFileTypes.tVolumeAllocationMap]; 
RegisterVFile[PilotFileTypes.tVolumeFileMap]; 
END; 

-- perhaps this should use GetLogicalRootPagem 

SignalVolumeAccess: PUBLIC PROCEDURE [ 
.pVlD: POINTER TO READONLY Volume.ID, proc: LogicaIVolume.VolumeAccessProc] = 
BEGIN 
SELECT LogicaIVolume.VolumeAccess[pVID, proc, TRUE] FROM 

ok = > RETURN; 
volumeUnknown = > ERROR Volume.Unknown[pVID'i']; 
volumeNotOpen . = > ERROR Volume.NotOpen[pVID'i']; 
volumeReadOnly = > ERROR LogicaIVolume.ReadOnlyVolume; 
ENDCASE = > ERROR VollmpIErrorfjllegaIReturnCode]; 

END; 

SubvolumeOffline: PUBLIC ENTRY PROCEDURE [lvID: Volume.ID, root: BOOLEAN] = 
BEGIN 
IF root THEN 

BEGIN 
Activate[lvID]; 
UnregisterVFiles[activeVolume]; 
Deactivate[flush]; 
END' 

L VDe'crementPieceCou nt[lvID]; 
END; 

SubvolumeOnline: PUBLIC ENTRY PROCEDURE [lvID: Volume.ID, root: BOOLEAN] = 
BEGIN -- we ignore the root argument. It is provided fOi consistency with 
-- SubvolumeOffline where it is currently needed. Eventually we may 
-- use it herti. 
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IF LogicaIVolumeFind[@lvID] THEN LVlncrementPieceCount[lvID] 
ELSE EnterLV[lvID]; 
RETURN; 
END; 

UnregisterVFiles: PUBLIC PROCEDURE [V: LvHandle] = 
BEGIN 
Un registe rVFile: PROCEDURE [t: File.Type] = INLINE { 

PinnedFileFlush[v.rootFileID[t]]}; 
UnregisterVFile[PilotFileTypes.tFreePage]; 
UnregisterVFile[PilotFileTypes.tVolumeAllocationMap]; 
UnregisterVFile[PilotFileTypes.tVolumeFileMap]; 
END; 

VFileEnter: PUBLIC PROCEDURE [ 
volume: Volume.lO, file: File.lO, fileAndVolPage: File.PageNumber, 
nextPage: Volumelnternal.PageNumber, type: File.Type] = 
BEGIN . 
PinnedFileEnter[ . 

[file, volume, local [FALSE, FALSE, nextPage, type]], 
[fileAndVoIPage, fileAndVolPage, nextPage]]; 

END; 

-- Logical volume table management (private) 

EnterLV: INTERNAL PROCEDURE [vID: Volume.ID] = 
BEGIN 
FOR Iv: L VTlndex IN L VTlndex DO 

IF LVT[lv].IvID = Volume.nulllD THEN 
BEGIN 
-- readOnly must be FALSE in the following so that scavenging a volume 
-- at Open time works correctly. This may have to be. changed if Open 
-- ever takes an access mode argument. 
LVT[lv] ~ 

[lvID: vlD, pieceCount: 1, beingScavenged: FALSE, open: FALSE, 
online: FALSE, readOnly: FALSE, type: nonPilot]; 

RETURN 
END; 

END LOOP; 
L.Ct=lROR VollmpIError[lvTableFull]; 
END; 

LogicalVolumeFind: INTERNAL PROCEDURE [vID: POINTER TO READ ONLY Volume.ID] 
RETURNS [found: BOOLEAN] = 
BEGIN 
FOR Iv: LVTlndex IN LVTlndex DO 

IF LVT[lv].IvIO = vlO1' THEN RETURN[LVT[lv].onLine]; END LOOP; 
RETURN [FALSE] 
END; 

LogicalV-olumeOffLine: INTERNAL PROCEDURE [vID: Volumc.lD] = 
BEGIN 
FOR Iv: LVTlndex IN LVTlndex DO 

IF LVT[lv].lvID = vlD THEN 
BEGIN -- Move remaining entries to front so enumeration works correctly 
FOR IvMove: L VTlndex IN [Iv + 1 .. LAST[L VTlndex]} DO 

LVT[lvMove - 1] ~ LVT[lvMoveJ; ENDLOOP; 
LVT[LAST[LVTlndex]] ~ nuliVolumeStatus; 
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RETURN; 
END; 

ENDLOOP; 
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ERROR VollmpIError[notFoundlnLVT]; 
END; 

LVDecrementPieceCount: INTERNAL PROCEDURE [vID: Volume.ID] = 
BEGIN 
p: POINTER TO VolumeStatus = LVGetEntryPointer[vID]; 
p.pieceCount ~ p.pieceCount - 1; 
IF p.pieceCount = 0 THEN LogicaIVolumeOffLine[vIO]; 
END; 

LVGetEntryPointer: INTERNAL PROCEDURE [vIO: Volume.lO] 
RETURNS [POINTER TO VOlumeStatus] = 
BEGIN 
Iv: L VTlndex; 
FOR Iv IN LVTlndex DO IF LVT[lv].lvID = vlO TH:::N RETURN[@LVT[lv]] ENDLOOP; 
ERROR VollmplError[notFoundlnL VT]; 
END; 

LVGetStatus: INTERNAL PROCEDURE [vID: Volume.ID] 
RETURNS [beingScavengeq, open, online, read Only: BOOLEAN, type: Volume.Type] = 
BEGIN . 
p: POINTER TO VolumeStatus = LVGetEntryPointer[vID); 
RETURN[p.beingScavenged, p.open, p.onLine, p.readOnly, p.type] 
END; 

LVlncrementPieceCount: INTERNAL PROCEDURE [vIO: Volume.IO] INUNE 
EEGIN 
p: POINTER TO VolumeStatus = LVGetEntryPointer[vID]; 
p.pieceCount ~ p.pieceCount + 1; 
END; 

LVSetOnLine: INTERNAL PROCEDURE [vIO: Volume.ID, online: BOOLEAN] = INLINE 
BEGIN 
p: POINTER TO VolumeStatus = LVGetEntryPo!nter[vIO]; 
p.onLine ~ online; 
END; 

LVSetOpen: INTERNAL PROCEDURE [vID: Volume.IO, open: BOOLEAN] = INUNE 
BEGIN p: POINTER TO VolumeStatus = LVGetEntryPointer[vID]; p.OPen ~ open; END; 

LVSetReadOnly: INTERNAL PROCEDURE [vIO: Volume.lO, readOnly: BOOLEAN] = INW:E 
BEGIr-.: 
p: POINTER TO VolumeStatus = LVGetEntryPointer[vID]; 
p.readOnly +- read Only; 
END; 

lVSetScavenged: INTERNAL PROCEDURE [vID: Volume.ID, beingScavenged: EO OLEAN] = 
INLlNE 
BEGIN 
p: POINTER TO VolumeStatus = LVGetEntryPointer[vID]; 
p.beingScavenged ~ beingScavenged; 
END; 

LVSetTy~e: INTERNAL PROCEDURE [vIO: Volume.IO, type: Volume.Type] = INUNE 
BEGIN p: POINTER TO VolumeStatus = LVGetEntryPointer[vID]; p.type +- type; END; 
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-- Various utility procedures 

D riveSize: PROCEDURE [pvIO: PhysicalVolume.lO] 
RETURNS [DiskChanneI.DiskPageCount] = 
BEGIN . 
RETURN[ 

OiskChannel.GetDriveAttributes[ 
MarkerPage.Find[[physicaIIO[pvIO]]].drive].nPages]; 

END; 

IsReadOnly: INTERNAL PROCEDURE [vlD: Volume.IO] RElURNS [BOOLEAN] = INLINE { 
RETURN[ 

(-lsUtilityPilot[]) AND 
«LVGetStatus[vID].type ~ debugClass) OR LVGetStatus[vID].readOnly)]}; 

IsUtilityPilot: PROCEDURE RETURNS [BOOLEAN] = IN LINE {' 
RETURN[PilotSwitches.s.witches.u = down]}; 

-- Similar to VolumeAccess, but only requires the Root Page Subvolume to be around. 
--Intended for use by read-only procedures. 

GetLogicalRootPage: ENTRY PROCEDURE [ 
pVID: POINTER TO READONLY Volume.ID, proc: PROCEDURE [LvHandle)] = 
BEGiN .. 
IF pVIDt = Volume.nulllD OR. -SubVolume.Find[pVID't, IvRootPage].success THEN 

RETURN WITH ERROR Unknown[pVIDt]; 
Activate[pVIDt]; 
IF activeVolume.seal # LogicalVolume.seal THEN { 

Deactiyate[flush]; RETURN WITH ERROR Unknown[pVIDt]}; 
proc[activeVolume]; 
END; 

-- Provides access to volume files of one volume at a time 

Activate: INTERNAL PROCEDURE [vID: Volume.lO] = 
BEGIN 
If activeVID # vlD THEN 

BEGIN 
Deactivate[flush] ; 
SimpleSpace.Map[ 

logicalRootPageBuffer, 
[[LOOPHOLE[vID], Filelnternal.maxPermissions], IvRootPage], FALSE]; 

activeVID +- vlD; 
END; 

END; 

-- Deactivates the active volume. If the volume is Open, clear the changing bit. 

Deactivate: INTERNAL PROCEDURE [mode: {forceout, flush} +- forceout] = 
BEGIN 
If activeVID = Volume.nulllD THEN RETURN; 
VoIFileMap.Close[mode = flush]; 
VoIAllocMap.Close[mode = flush]; 
IF mode = flush THEN 

BEGIN 
SimpleSpace.Unmap[logicaIRootPageBuffer]; 
activeVID +- Volume.nuIlID; 
END 
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.ELSE SimpleSpace.ForceOut[logicaIRootPageBufferJ; 
END; 

-- When LogicalVolumeCheck is called, the Subvolume is Online; it the LvRoot sub volume 
-- is online, the L vRoot page file cache entries are set. If the Root SV is accessible 
-- and of the right type, Vam, free. and Vfm files are registered. 
-- Called from CreateLogicalVolume, CheckLogicalVolume 

LogicalVolumeCheck: INTERNA.L PROCEDURE [vID: Volume.lD] = 
BEGiN 
good: BOOLEAN; 
size: Volume.PageCount; 
svH: SubVolume.Handle; 
[good, svH] ~ SubVolume.Find[vID, IvRootPageJ; 
IF·good THEN good +- ReadAndCheckLogicaIRootLabel[vID]; 
IF good THEN 

BEGIN 
Activate[vID]; 
good .. activeVolume.seal = LogicalVolume.seal AND activeVolume.version = 

LogicalVolume.currentVersion AND vlD = activeVolume.vID; 
!F good THEN 

BEGIN 
good ~ LogicaIVolumeLike[vID]; 
LVSetType[vlD, activeVolume.type]; 
END; . 

size +- activeVolume.volumeSize; 
-- -good volumes can be debuggers 
IF LogicaIVolumeDebuggerCheck[activeVolume] THEN 

-- Set the debugger boot pointers back in Pilot Control 
BEGIN 
IF pLV800tFiles - = NIL THEN pLV800tFilest +- activeVolume.bootinglnfo; 
[deviceType: debuggerDeviceType't, deviceOrdinal: debuggerDeviceOrdinal't] +-

DiskChannel.GetDriveAttributes[ 
DiskChannel.GetAttributes[svH.channal].drive]; 

debugSearchState +- done; . 
END; 

END; 
WHILE good AND size # svH.lvPage + svH.nPages DO 

[good, svH] +- SubVolume.Find[vID, svH.lvPage + svH.nPages]; ENDLOOP; 
IF good THEN 

BEGIN 
-- The theory is that we don't have to check to see if the volume is already on line 
-- since this sub volume is new 

. RegisterVFiles[activeVolume]; 
LVSetOnLine[vlD, TRUE]; 
END 

-- Deactivate is done in caller 

END; 

-- This may have to get smarter when we have boot messages 

LogicalVolumeDebuggerCheck: PROCEDURE [vol: LvHandle] 
RETURNS [isMyDebugger: BOOLEAN] = 
BEGiN 
IF debugSearchState # looking CR vol.seal # LogicalVolume.seal OR vol.version 

< = 1 OR vol.bootinglnfo[debugger] = Boot.nullDiskFilelD OR vol.bootinglnfo[ 
debuggee] = Boot.nu!lDiskFilelD THEN RETURN[FALSE]; 

SELECT debug Class FROM 
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nonPilot, debuggerDebugger = > RETURN[FALSE]; -- these guys have no debugger 

normal = > RETURN[vol.type = debugger]; 
debugger = > RETURN[vol.type = debuggerDebugger]; 
ENDCASE =) ERROR; 

END; 

LoaicalVolumeLike: INTERNAL PROCEDURE rvlD: Volume ID1 RETURNS raood: BOOLEAN1 = _. . 
BEGIN 
SELECT TRUE FROM 

IsUtilityPilot[] =) good +- activeVolume.type # nonPilot; 
-- don't put non-Pilot volumes online 

debugSearchState = tooSoonToLook = > 
-- PhysicalVolumeOnLine has arranged that the first sub volume we find will be 
-- the system volume 
BEGIN 
systemlD +- vlD; 
debugClass +- activeVolume.type; 
debugSearchState +- looking; 
good +- TRUE; 
END; 

ENDCASE = > good +- activeVolume.type # nonPilot; 
END; 

OpenLogicalVolumelnternal: ENTRY PROCEDURE [ 
pVID: POINTER TO READONLY Volume.ID, readOnly: BOOLEAN] 
RETURNS [LogicaIVolume.openStatus] = 
BEGIN 
IF pVIDt = Volume.nulllD OR ..... LogicalVolumeFind[pVID] THEN RETURN[Unknown]; 
WHILE LVGetStatus[pVIDt].beingScavenged DO WAIT scav~ngjngComplete; ENDLOOP; 
IF LVGetStatus[pVIDt].open THEN RETURN[wasOpen]; 
Activate[pVIDt]; 
LVSetOpen[pVIDt, TRUE]; 
LVSetReadOnly[pVIDt, readOnly]; 
RegisterVFiles[activeVolume]; 
IFactiveVclume.changing THEN 

BEGIN 
LVSetOpen[pVIDt, FALSE]; 
Deactivate[] ; 
RETURN [Volu meNeedsScavenging] 
END; 

Deactivate[] ; 
RETURN[ok]; 
END; 

ReadAndCheckLogicalRootLabel: PROCEDURE [IvlD: Volume.lD] RETURNS [BOOLEAN] = 
BEGIN 
label: PilotDisk.Label +- LabeITransfer.ReadLabel[ 

[LOOPHOLE[lvID], IvlD, local[ 
FALSE, FALSE, 1, PilotFileTypes.tLogicaIVolumeRootPage]], IvRootPage, 

IvRootPage]; 
BEGIN OPEN label; 
-- could also check pad2 ... 
RETURN[ 

filelD = LOOPHOLE[lvID] AND PiiotDisk.GetLabeIFilePage[@label] = IvRootPage 
AND ..... immutable AND ..... temporary AND ..... zeroSize AND pad1 = 0 AND 
PiiotDisk.GetLabeIType[@label] = PilotFileTypes.tLogicaIVolumeRootPage]; 

END; 
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END; 

Process.lnitializeCondition[@scavengingComplete, LAST[Process.Ticks]]; 
END. 

(For earlier log entries see Pilot 3.0 archive version.) 

16 

January 25, 1980 2:54 PM McJones Delete InstaJlBootVolume; add Get/SetPhysicaIVo/umeBoo 
HtFiles GetContaininaPhvsicalVolume: add minPVPaaeNumber to CreateLoaicalVolume 

- -, - - - - - ...,., - -, - - -..., - - - -
February 3, 1980 3:57 PM McJones Add device types to module parameters, results 
March 7, 1980 11:52 PM Forrest re-arranged opens to call up into filelmpl and from there to her 
~*e (see comments in LogicalVolume). Made Openning smarter about always setting Open bit. C 
Hhanged FileVolumeAccess to not pass on parameters deleted from FileAccess Procs. 
March 11, 1980 10:37 At..,1 Forrest Added display of cDe/eteTemps. 
June 5, 1980 3:1J PM Luniewski PhysicaJVJlume 7) PhysicaJVolumeFormat. Added removable 
Hvolume support including a new logical volume table format, a GetHints operation for PhysicalV 
**olumelmpl to use, the Volume.GetStatus operation and recognition of the ability to unpin file ca 
"che entries. Modified to move all physical volume implementation stuff into PhysicalVolumelmp 
*"1. 
June 19, 1980 2:47 PM Luniewski Added BeginScavenging and EndScavenging. 
July 17, 1980 5:13 PM Forrest Added second arg to GetNext procedure; added GetLabeIType .. 
August 1, 1980 10:00 Atll1 Luniewski !/fade less conservative user of Deactivate (performance im 
**provement). Mods to permit read-up and read-write down of voiumes. Hooks to permit some 0 
**perations to explicitly specify read-on/y/read-write access. 
August 15, 1980 2:54 PM McJones VolumeSet = )TypeSet 
September 3, 1980 4:40 PM Luniewski Fix EnterL V to permit scavenging at Open time. Clear bo 
"'otinglnfo on erasing a logical volume. 
September 18, 1980 7:22 PM Luniewski Changes for new logical volume format. Open volumes 
Hof higher type than system volume without deleting temps. 
September 22, 1980 12:02 PM Luniewski Do delete temps on volumes of type < = system vo/um 
**e. 
October9,1980 11:15 AM Luniewski Implement VolumeExtras.OpenVolume 
October 21, 1980 1:54 PM Jose Increase maxLVs from 8 to 12 
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-- FileCachelmpl.mesa (last edited by: Yokota on: September 17, 1980 4:11 PM) 

DIRECTORY 
Environment USING [Base, wordsPerPage], 
File USING [10, PageNumber], 
FileCache USING [PinnedAction], 
Filelnternal USING [Descriptor, FilePtr, PageGroup], 
FilerPrograms USING 0, 
Process USING [DisableAborts], 
ResidentHeap USING [first64K, MakeNode], 
System USING [UniversaIlD], 
Volume USING [10], 
Zone USING [nil]; 

FileCachelmpl: MONITOR 
IMPORTS Process, ResidentHeap, Zone EXPORTS FileCache, FilerPrograms 
BEGIN OPEN Filelnternal; . 
-- General cache mechanism-­
Base: TYPE = Environmemt.Base; 
base: Base = ResidentHeap.first64K; -- base pointer for CEptr's 
Cache: TYPE = POINTER TO CacheRecord; 
CacheRecord: TYPE = RECORD [ 

cacheType: CacheType, 
mru: CEptr, .- most recently used entry (head of Iru chain) 
free: CEptr, -- head of free chain 
CleanUp: CacheCleanUpProc]; -- proc to cleanup when an entry is replaced 

CacheType: TYPE = {file, pageGroup}; 
Cache Entry: TYPE = RECORD [ 

-- carefully arranged to not waste bits 
next: CEptr, -- next entry in Iru chain 
pinned: BOOLEAN, -- TRUE if this cache entry is pinned 
refCnt: [0 .. 37777B), -- number of readlocks set by FindCacheEntry 
body: 

SELECT COMPUTED CacheType FROM 
file =) [fd: Descriptor, pgList: PageGroupCEptr], 
pageGroup =) [group: PageGroup, fileCacheEntry: FileCEptr], 
ENDCASE]; 

CEptr: TYPE = Base RELATIVE POINTER TO Cache Entry; 
FileCEptr: TYPE = Base RELATIVE POINTER TO file CacheEntry; 
PageGroupCEptr: TYPE = Base RELATIVE POINTER TO pageGroup CacheEntry; 
nilCEptr: CEptr = Zone.nil; 
nilFileCEptr: FileCEptr = LOOPHOLE[nilCEptr]; 
nilPageGroupCEptr: PageGroupCEptr = LOOPHOLE[nilCEptr]; 
CacheCleanUpProc: TYPE = PROCEDURE [cePtr: CEptr]; 
NoCleanUp: CacheCleanUpProc; -- null case indicator (unbound contro/link) 
returned: CONDITION; 
-- Key for cache searches -­
CacheKey: TYPE = RECORD [ 

SELECT OVERLAID CacheType FROM 
file = > [fileID: File.ID], 
pageGroup =) [fileCacheEntry: FileCEptr, filePage: File.PageNumber], 
ENDCASE]; 

-- The following code calculates the number of file cache entries to initially create. As the initial 
"'cache is allocated as one chunk out of the resident heap, it is best if the initial file cache use as 
Hclose to an integral number of pages as possible. 

PageSize: CARDINAL = Environment.wordsPerPage; -- for conciseness below 
FCESize: CARDINAL = SlzE[fiIe CacheEntry]; 
PGESize: CARDINAL = slzE[pageGroup CacheEntry); 
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ResidentHeaplmplOverhead: Cl,RDINAL = 1; 
-- Must be at least as large as the actual overhead imposed by ResidentHeaplmpl 
NumPages: CARDINAL = 

(FCacheMinimumSize*FCESize + PGCacheMinimumSize*PGESize + 
ResidentHeaplmpJOverhead + PageSize - 1)/PageSize; 

-- number of pages to allocate initially 
Slop: CARDINAL = 

NumPages*PageSize - ResidentHeaplmplOverhead - FCacheMinimumSize*FCESize -
PGCachetIl1inimumSize*PGESize; 

-- extra space to be allocated as equally as possible to tile and page group cache entries 
FirstExtraFCEs: CARDINAL = (Slop/2)/FCESize; 
FirstExtraPGEs: CARDINAL = (Slop/2}/PGESize; 
LastSlop: CARDINAL = Slop - FirstExtraFCEs*FCESize - FirstExtraPGEs"PGESize; 
ExtraFCEs: CARDINAL = 

IF ·FCESize > PGESize T'rlEN FirstExtraFCEs 
ELSE FirstExtraFCEs + LastSIop/FCESize; 

ExtraPGEs: CARDINAL = 
IF PGESize ) = FCESize THEN FirstExtraPGEs 
ELSE FirstExtraPGEs + LastSlop/PGESize; 

.-- File descriptor cache --
FCache: Cache; 
FCacheRecord: CacheRecord; . 
FCachelndex: TYPE = [O .. FCacheSize); 

2 

-- There are 4 pinned entries for each logical volume of the correct type, 1 for physical volumes, 
"and 1 for logical volumes of the "wrong" type. 

FCacheMinimumSize: CARDINAL = 40; -- must be 2 or greater 
FCacheSize: CARDINAL = FCacheMinimumSize + ExtraFCEs; 
FCacheCleanUp: INTERNAL CacheCleanUpProc = 

BEGIN -- flush corresponding entries from page group cache 
WHILE RemoveCacheEntry[PGCache, cePtr] DO NULL ENDLOOP 
END; 

-- Page Group cache--

PGCache: Cache; 
PGCacheRecord: CacheRecord; 
PGCachelndex: TYPE = [O .. PGCacheSize}; 
PGCacheMinimumSize: CARDINAL = 40; -- must be 2 or greater 
PGCacheSize: CARD!NAL = PGCacheMinimumSize + ExtraPGEs; 
GetFiJePtrs: PUBLIC ENTRY PROCEDURE [count: CARDINAL, filelD: File.lD] 

RETURNS [success: BOOLEAN, fD: Filelnternal.FilePtr] = 
BEGIN 
fEn try: CEptr; 
[success, fEntry] ~ FindCacheEntry[ 

get, count, FCache, CacheKey[file[fileID]J]; 
IF success THEN WITH basertEntry] SELECT f:le FROM file =) fD ~ @fd; ENDCASE; 
END; 

ReturnFilePtrs: PUBLIC ENTRY PROCEDURE [ 
count: CARDINAL, fD: Filelnternal.FilePtr] = 
BEGIN o ~ FindCacheEntry[return, count, FCache, CacheKey[file[fD.fileID]]J; 
END; 

Set File: PUBLIC ENTRY PROCEDURE [fd: Descriptor; pinned: BOOLEAN] = 
BEG!N 
SetCacheEntry[ 

FCache, CacheEntry[nilCEptr, pinned, 0, file[fd, nilPageGroupCEptr]]] 
END; 
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FlushFile: PUBLIC ENTRY PROCEDURE [fileID: File.lD]= 
BEGIN 
found: BOOLEAN; 
fEntry: CEptr; 
[found, fEntry] +- FindCacheEntry[locate, 0, FCache, CacheKey[fiIe[fiIeID]]]; 
IF found THEN 0 +- RemoveCacheEntry[FCache, fEntry]; 
END; 

GetPageGroup: PUBLIC ENTRY PROCEDURE [ 
filelD: File.ID, filePage: File.PageNumber] 
RETURNS [success: BOOLEAN, pg: PageGroup] = 
BEGIN 
fEntry, pgEntry: CEptr; 
[success, fEntry] +- FindCacheEntry[locate, 0, FCache, CacheKey[file[fiJeID]]]; 
IF "'success THEN RETURN; 
[success, pgEntry] +- FindCacheEntry[ 

locate, 0, PGCache, CacheKey[pageGroup[LOOPHOLE[fEntry], filePage]]]; 
IF success THEN 

WITH base[pgEntry] SELECT pageGroup FROM pageGroup = > pg +- group; ENDCASE; 
END; 

SetPageGroup: PUBLIC ENTRY PROCEDURE [ 
fiJelD: File.lD, group: PageGroup, pinned: BOOLEAN] = 
BEGIN 
success: BOOLEAN; 
fEntry: CEptr; 
[success, fEntry] +- FindCacheEntry[locate, 0, FCache, CacheKey[fiIe[fileID]]]; 
IF "'success THEN ERROR; 
SetCacheEntry[ 
. PGCache, CacheEntry[ 

nilCEptr, pinned, 0, pageGroup[group, LOOPHOLE[fEntry]]]]; 
END; 

FlushFilesOnVolume: PUBLIC ENTRY PROCEDURE [ 
IvID: Volume.ID, pin: FileCache.PinnedAction] = 
BEGIN 
foundAny: BOOLEAN +- TRUE; 
WHILE foundAny DO 

foundAny +- FALSE; 
FOR current: CEptr +- FCache.mru, base[current].next WHILE current ... = 

nilCEptr DO 
WITH fiIeEntry: base[current] SELECT FCache.cacheType FROM 

file = > 
IF UIDEqual[@fiIeEntry.fd.volumeID, LONG[@lvID]] THEN 

IF fileEntry.pinned AND pin = error THEN ERROR 
ELSE 

IF NOT (fileEntry .pinned AND pin = keep) THEN 
BEGIN 
found Any +- TRUE; o +- RemoveCacheEntry[FCache, current] 
END; 

ENDCASE = > ERROR; 
ENDLOOP; 

ENDLOOP; 
END; 

-- Utility routines 

IsMatch: INTERNAL PROCEDURE [cacheType: CacheType, key: CacheKey, entry: CEptr] 
RETURNS [BOOLEAN] = INLINE 
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WITH base[entry] SELECT cacheType FROM 
file = > UIDEqual[LONG[@key.fileID], @fd.tileID], 
pageGroup = > keyJileCacheEntry = fileCacheEntry AND key.filePage IN 

[group.filePage .. group.nextFilePage}, 
ENDCASE = > -- never happenS--FALSE]; 

END; 

UIDEqual: INTERNAL PROCEDURE [a, b: LONG POINTER] RETURNS [SOOLEAN] = 

4 

-- This procedure actually only deals with UniversalfD's but is declared in this manner because 
"this procedure is invoked with UfD's packaged into a record that are inconvenient to unpa;;k. 

INLINE 
BEGIN 
p1: LONG PO!NTER TO WORD = LOOPHOLE[a]; 
p2: LONG POINTER TO WORD = LOOPHOLE[b]; 
FOR i: CARDINAL IN [O .. SIZE[System.UniversaIlDJ) DO 

IF (p1 + i)t ... = (p2 + i)t THEN RETURN[FALSE]; ENDLOOP; 
RETURN [TRUE]; 
END; 

GetMru: PROCEDURE [cacheType: CacheType, key: CacheKey] 
RETURNS [LONG POINTER TO CEptrj = INLINE 
BEGIN 
RETURN[ 

SELECT cacheType FROM 
file = > @FCache.mru, 
pageGroup = > LOOPHOLE[@(base[key.fileCacheEntry]).pgList] 
ENDCASE = > ERRORJ 

END; 
-- FindGacheEntry searches for an entry (n the indicated cache having the indicated key, and ret 

"urns the specified number of pointers to it (i.e. a pointer that may be copied that many times). If 
"the pointers will be passed outside the monitor, op = get, and a later matching call with op = re 
"turn must occur when the client discards the pointers; these adjust the refGnt of the entry appro 
Hpriately. If only the contents of the entry are passed outside the monitor, op = locate, and the re 
* *fent is not incremented. 

FindCacheEntry: INTERNAL PROCEDURE [ 
op: {get, return, locate}, count: CARDINAL, cache: Cache, key: CacheKey] 
RETURNS [success: .BOOLEAN, ceptr: CEptr] = 
BEGIN OPEN cache; 
current: CEptr; -- start search with most-recently-used 
mru: LONG POINTER TO CEptr; 
previous: CEptr +-. nilCEptr; 
mru +- GetMru[cacheType, key]; 
current +- mrut; 
WHILE current - = nilCEptr DO 

OPEN base[current]; 
IF IsMatch[cacheType, key. current] THEN -- found the matching cache entry 

BEGIN 
IF previous ... = nilCEptr THEN -- promote it to mru 

{base[previous].next +- next; next +- mru't; mru't +- current}; 
SELECT op FROM 

get = > refCnt .... refCnt + count; 
return :: > IF (refCnt .... refCnt - count) = 0 THEN BROADCAST returned; . 
ENDCASE; 

RETURN[TRUE, current] 
END; 

previous. ,. current; 
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current +- next; -- advance down LRU chain 

ENDLOOP; 
RETURN[FALSE, nilCEptr]; -- search failed 

END; 

SetCacheEntry: INTERNAL PROCEDURE [cache: Cache, newEntry: CacheEntry] = 
BEGIN OPEN cache; 
e'ntry, lastPtr, previous: CEptr; 
key: ,CacheKey; 
spliceOutMru, splicelnMru: LONG POINTER TO CEptr; 
WITH new Entry SELECT cacheType FROM 

file = > key +- CacheKey[file[fdJileID]]; 
pageGroup =) key +- CacheKey[pageGroup[fiIeCacheEntry, group.filePage]]; 
ENDCASE; 

previous +- nilCEptr; 
splicelnMru. ~ Ge~Mru[cacheType, key]; 
spliceOutMru ~ NIL; 
FOR current: CEptr ~ splicelnMru1', base[current].next WHILE current - = 

nilCEptr DO 
IF IsMatch[cacheType, key, current] THEN 

BEGIN 
base[current].refCnt ~ base[current].refCnt + newEntry.refCnt; 
base[current].pinned ~ base[current].pinned OR newEntry.pinned; 
IF previous - = nilCEptr THEN 

BEGIN 

5 

-- must move currenno mru (ELSE clause would be to move mru (= current) to mru - a n 
"'o-op}. . 

base[previous1.next ~ base[current1.next; 
base[currentJ.next ~ splicelnMru1'; 
splicelnMru1' ~ current; . 
END; 

RETURN; 
END; 

previous ~ current; 
ENDLOOP; 

IF free - = nilCEptr THEN -- Steal a free entry if they exist 
BEGIN entry ~ free; free ~ base[free1.next; END 

ELSE 
BEGIN 
-- Must find the LRU replacable entry 
entry ~ lastPtr ~ previous ~ nilCEptr; 
SELECT cacheType FROM 

file =) , 

fOR fPtr: FileCEptr ~ LOOPHOLE[{spliceOutMru ~ splicelnMru)1'], 
LOOPHOLE[base[fPtr1.next] WHILE fPtr - = nilGEptr DO 
IF base[fPtr].refCnt = 0 AND -base[fPtr].pinned THEN { 

previous +- lastPtr; entry ~ fPtr}; , 
!astPtr ~ fPtr; 
ENDLOOP; 

pageGroup = > 
FOR fPtr: FileCEptr +- LOOPHOLE[FCache.mru], LOOPHOLE[base[fPtr].next] 

WHILE fPtr - = nilCEptr DO 
lastPtr ~ nilCEptr; 
FOR pgPtr: PageGroupCEptr ~ base[fPtr].pgList, LOOPHOLE[base[ 

pgPtr] .next] WHILE pgPtr - = nilCEptr DO 
IF base[pgPtr].refCnt = 0 AND -base[pgPtr].pinned THEN { 
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spliceOutMru +- LOOPHOLE[@(base[fPtr]).pgList]; 
previous +-, lastPtr; 
entry +- pgPtr}; 

lastPtr ~ pgPtr; 
ENDLOOP; 

ENDLOOP; 
ENDCASE =) ERROR; 

IF entry = nilCEptr THEN 
SELECT cacheType FROM -- maxe a new cache entry 

file =) entry ~ ResidentHeap.MakeNode[sIZE[file CacheEntry]] .node; 
pageGroup =) 

entry ~ ResidentHeap.MakeNode[slzE[pageGroup CacheEntry]].node; 
ENDCASE =) ERROR 

, ELSE 
BEGIN -- remove the LRU entry (= entry) . 
IF CleanUp # NoCleanUp THEN CleanUp[entry]; -- clean up for removal 
IF previous - = nilCEptr THEN base[previous].next ~ base[entry].next 

-- remove last eligible entry from mru chain 

ELSE spliceOutMru1' ~ base[entry].next; 
-- There is no previous so entry must currently be MRU, splice it out of.list. 

END; 
END; 

WITH newEntry SELECT cacheType FROM 
file =) . 

base[entry] +-
[next: splicelnMru1', pinned: newEntry.pinned, refCnt: newEntry.refCnt, 

body: file[fd: fd, pgList: niIPageGroupCEptr]]; 
pageGroup =) 

base[entry] +-
[next: splicelnMrut, pinned: newEntry.pinned, refCnt: newEntry.refCnt, 

body: pageGroup[group: group, fileCacheEntry: fileCacheEntry]]; 
ENDCASE; 

splicelnMrut ~ entry; -- Complete splicing in entry as MRU 

END; 

RemoveCacheEntry: INTERNAL PROCEDURE [cache: Cache, fce: CEptr] 
RETURNS [success: BOOLEAN] = 
BEGIN OPEN cache; 
current, previous: CEptr; 
mru: LONG POINTER TO CEptr +-

IF cacheType = file THEN @FCache.mru 
ELSE LOOPHOLE[@(base[LOOPHOLE[fce, FileCEptr]]}.pgList]; 

DO 
current ~ mrut; -- start search with most-recently-used 
WHILE current - = nifCEptr DO 

IF 
WITH base[current] SELECT cacheType FROM 

file =) current = fce, 
pageGroup =) fifeCacheEntry = fce, 
ENDCASE =) FALSE -- (never happens) 

THEN EX:T; 
previous +- current; 
current ~ base[currentJ.next; -- advance down LRU chain 
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REPEAT FINISHED = > RETURN[FALSE]; -- search failed 

ENDLOOP; 
IF base[current].refCnt = 0 THEN EXIT; 
WAIT returned; -- entry busy: try again when activity subsides 

END LOOP; 
IF CleanUo t\!oCleanUo THEN CleanUorcurrentl: clean UD entrv tor removal 

- ,~ . - . _. - ,- - - -- - ,- ~ - - - -.. 
IF current = mrut -- remove current from Iru chain 

THEN mru1' +- base[current].next 
ELSE base[previous].next +- base[current].next; 
base[current].next +- free; 
free +- current; -- put on tree chain 
RETURN[TRUE]; 
END; 

Initialize: PROCEDURE = 
--Initialization of file caches -­
BEGIN 
FCacheArray: LONG DESCRIPTOR FOR ARRAY FCachelndex OF file CacheEntry; 
PGCacheArray: LONG DESCRIPTOR FOR ARRAY PGCachelndex OF pageGroup CacheEntry; 
node: CEptr; 
i: CARDINAL; 
Process.DisableAborts[@returned]; 
node +- ResidentHeap.MakeNode[NumPages·PageSize, a1].node; 
-- storage tor the initial caches 
FCache +- @FCacheRecord; 
FCache.cacheType +- file; 
FCache.mru ... nilCEptr; 
FCache.CleanUp +- FCacheCleanUp; 
FCache.free +- node; 
FCacheArray ... DESCRIPToR[@base[FCacheJree], FCacheSize]; 
FOR i IN FCachelndex DO 

-- set up free chain 
FCacheArray[i].next +-

IF i ::: LAST[FCachelndex] THEN nilCEptr ELSE (node'" node + FCESize) 
ENDLOOP; 

node +- node + FCESize; 
-- start the page group cache after the last file cache entry 
PGCache +- @PGCacheRecord; 
PGCache.cacheType ... pageGroup; 
PGCache.mru +- nilCEptr; 
PGCacr.e.CleanUp (- NoCleanUp; 
PGCache.free ... ncde; 
PGCacheArray ... DESCRIPTOR[@base[PGCache.free], PGCacheSize]; 
FOR i IN PGCachelndex DO 

-- set up free chain 
PGCacheArray[i].next ... 

IF i = LAST[PGCachelndex] THEN nilCEptr ELSE (node +- node + PGESize) 
ENDLOOP; 

END; 

Initialize[]; 
END. 

LOG 
By: Redell Action: Created file 
By: RedelJ Action: bug: get free entry = > retCnt +- 0 
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Time:ApriI20, 1978 3:09 PM 
Time: May 4, 1978 1:32 PM 
Time: July 25, 1978 1:31 PM By: Redell Action: clean crash if cache fills up with pinned entries. 

FileCachelmpl.mesa. 17 -Sep-80 16: 12:06 7 

FileCachelmpl.mesa. 17-Sep-80 16:12:06 8 

Time: September 11, 1978 5:42 PM By: Redell Action: Fixed flush to wait if I/O in progress. 
HRe-did lost edits to expand cache size to 32 entries(!) 
Time: August 29, 1979 4:49 PM By: Ladner Action: instal/ed cache instrumentation 
Time: February 14, 1980 7:39 PM By: Gabbel Action: Fixed bug in UtilityPiiot m 
"ode operation: forgot to zero refcnt Vlhen getting a new entry . 
Time: May 16, 1980 9:39 AM By; Luniewski Action: FrameOps -> Frame. 
Time: May 23, 1980 12:08 PM By: Luniewski Action: Added FlushFilesOnVolume and Cac 
"heEntrv Dinned field. Modified to use Residentl-leao tor cache storaoe an1 relative Dointers for i 

. ~., 

Hnternal cache pOinters. 
Time: September 3, 1980 2:07 PM By: Luniewski Action: Speeded up algorithm by 
"adding a fast pre-search to SetCacheEntry, chaining page group entries off of the correspondin 
Hg file cache entry and adding an internal, INLlNE, UfD comparer program. Deleted performance 
"monitoring code. Diabled aborts on condition variable. 
Time:. September 17, 1980 4:10 PM By: Yokota Action: mru is converted to splicelnMru and sp/ic 
HeOutMru. 
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-- Filer>FilerControl.mesa (last edited by Knutsen on April 9. 1980 3:35 PM) 

DIRECTORY 
FilerPrograms: FROM "FilerPrograms", 
StoragePrograms: FROM "StoragePrograms"; 

FilerControl: PROGRAM IMPORTS FilerPrograms EXPORTS StoragePrograms = 
BEGIN 
InitializeFiler: PUBLIC PROCEDURE = 

BEGIN OPEN FilerPrograms; 
START FileCachelmpl; 
START FilerExceptionlmpl; 
START FilerTransferlmpl; 
START FileTasklmpl; 
--START RemotePage Transferlmpl; 
START SubVolumelmpl; 
END; 

END. 

LOG 
Time: February 28, 1979 11:39 AM 
**sa 
Time: January 30, 1980 4:52 PM 
* * ansferlmpl 
Time: January 30. 1980 4:52 PM 
.. *GRAM to InitializeFiler: PROCEDURE. 
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By: Redell Action: Created file from old InitializeFPT.me 

By: Gobbel Action: Deactivate RemotePageTr 

By: Knutsen Action: Convert FilerControl: PRO 
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-- FilerExceptionlmpl.mesa (fast edited by: Forrest on: April 28, 1980 9:29 AM) -­
DIRECTORY 
. FilePageTransfer: FRo.M "FilePageTransfer" USING [Request], 
FilerException: FRo.M "FilerException", 
FilerPrograms: FRo.M "FilerPrograms", 
Frame: FRo.M "Frame" USING [Alloe, Free], 
Runtimelnternal: FRo.M "Runtimelnternal" USING [MakeFsi]; 

--Process: FROM "Process" USING [DisableAborts]; 
FilerExceptionlmpl: Mo.NITOR 

IMPORTS Frame, Runtimelnternal --, Process 

EXPo.RTS FilerException, FilerPrograms = 
BEGIN 
FE: TYPE = RECORD [pFEPrev: PFE, req: FilePageTransfer.Request]; 
fsiFE: CARDINAL = RuntimelnternaI.MakeFsi[sIZE[FE]]; 
PFE: TYPE = Po.lNTER TO. FE; 
pFELast: PFE +- NIL; -- points to last of fifo queue of exception reports 
report: Co.NDITlo.N; 
-- Waits for a Filer exception to occur 
Await: PUBLIC ENTRY PRDCEDURE RETURNS [rwReq: FilePageTransfer.Request] = 

BEGIN 
pFE, pFENext: PFE; 
WHILE pFELast = NIL DO WAIT report ENDLDOP; 
-- Remove first report from queue and return it 
FDR pFE +- pFELast, pFE.pFEPrev WHILE pFE.pFEPrev - = NIL DO. 

pFENext +- pFE; ENDLOOP; 
rwReq +- pFE.req; 
IF pFE = pFELast THEN pFELast +- NIL ELSE pFENext.pFEPrev +- NIL; 
Frame.Free[pFE] 
END; 

-- Add report to end of queue 

Report: PUBLIC ENTRY PROCEDURE [rwReq: FilePageTransfer.Request] = 
BEGIN 
pFE: PFE = LOOPHOLE[Frame.Alloc[fsiFE], PFE]; 
pFEt +- [pFELast, rwReq]; 
pFELast +- pFE; 
NDTIFY report 
END; 

--Process. DisableAborts[ @report]; 

END. 
LOG 
Time: February 27, 1979 9:51 PM By: Redell Action: Created file from old CacheMiss/mpl. 
"mesa . 
Time: November 16, 1979 2:24 PM By: Forrest Action: Changed to alfocate Fram 
* *es for storage 
Time: April 28, 1980 9:26 AM By: Forrest Action: FrameOps = > Frame. 
Time: timeStamp By: yourName Action: shortDescription . 
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-- FilerTransferlmpl.mesa (last edited by: Forrest on: October 11, 1980 11:16 PM) 

-- Things to consider: 
-- 1) Large XWire request (>Transfer.maxConcurrency) will hang forever; should split up as with la 
•• bel requests (must deal !"lith multiple processes however ... simply making this module a monitor 
• "would seem to introduce deadlocks ... ?) 
-- 2) Main routines for data and label transfers should be combined. Note that combined routine wi **" be an external procedure and will execute within monitor for label transfers but outside it for d 
**ata ... 
-- 3) Current code in Initiate will fail if a page group crosses a physical volume boundary. 

DIRECTORY 
DiskChannel USING [ 

Address, CompletionHandle, Create, CreateCompletionObject, Delete, Drive, 
Handle, InitiatelO, IORequest, Label, PLabel, WaitAny], 

Environment USING [PageCount, PageNumber, wordsPerPage], 
File USING [PageCount, PageNu-mber], 
FileCache USING [GetFilePtrs, GetPageGroup, ReturnFilePtrs], 
Filelnternal USING [Descriptor, FilePtr, PageGroup], 
FilePageTransfer USING [Request], 
FilerException USING [Report], 
FilerPrograms USING 0, 
FileTask USING [LabelWait -- , X WireStart--] , 
Inline USING [LongNumber, LowHaif], 
LabelTransfer USING [LabelStatus, Operation], 
PilotDisk USING [Label], 
--RemotePageTransfer USING [Initiate, Suggest], 
ResidentMemory USING [Allocate]., 
SubVolume USING [Find. Handle. PageNumber, StartlO. 10], 
--System USING [nuIlNetworkAddress], 
--Systemlnternal USING [altoFPSeries, Universal/DJ, 
Utilities USING [PageFromLongPointer], 
Volumelnternal USING [ --altoVolume,--PageNumber]; 

FilerTransferlmpl: MONITOR 
IMPORTS 

DiskChannel, FileCache, FilerException, FileTask, Inline, ResidentMemory, 
SubVolume, Utilities 

EXPORTS FilePageTransfer, FilerPrograms, LabelTransfer 
SHARES File 
BEGIN 

-- Temporary histogram to record statistics on runs of pages transferred 
logging: BOOLEAN ~ FALSE; 
hist: ARRAY [0 .. 16] OF CARDINAL ~ ALL[O]; 
Log: PRIVATE PROC [size: CARDiNAL] = INLINE 

BEGIN 
FOR i: CARDINAL IN [0 .. 16] DO 

IF size = 0 THEN {hist[i] t- hist[i] + 1; EXIT} ELSE size ~ size/2; ENDLOOP 
END; 

-- hist[j] counts requests of size [2t{j-1) .. (2tj)-1] 

Initiate: PUBLIC PROC [req: FilePageTransfer.Request] 
RETURNS [countlnitiated: Environment.PageCount] = 
BEGIN OPEN FilePageTransfer, req; 
groupSize: Environment.PageCount; 
fileFound. groupFound: BOOLEAN; 
fileP: Filelnternal.FilePtr; 
--fileD: Filelnternal.Descriptor; 
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rReq: Request = req; 
group: Filelnternal.PageGroup; 
countlnitiated +- 0; 
IF count = 0 THEN RETURN; 
--IF LOOPHOLE[file.flD, Systemlnternal.UniversallDj.series = 
-- Systemlnternal.altoFPSeries THEN + + Alto files are special remote files 
-- BEGIN 
-- file? t- @fileD; 
-- fileD +- FiJelnternal.Descriptor[file.flD, Volumelnternal.altoVolume, remote[]]; 
-- END 
--ELSE 
-- BEGIN 
[fiIeFound, fileP] ~ FileCache.GetFilePtrs[1, fileJID]; 
IF .... fileFound TH~N {FilerException.Report[req]; RETURN}; 
--- END; 
WHILE count> 0 DO 

-- break request into page groups and start transfers 
WITH filePSElECT FROM 

local => -
BEGIN 
svH: SubVolume.Handle; 
svFound: BOOLEAN; 
svPage: SubVolume.PageNumber; 
[groupFound, group] t- FileCache.GetPageGroup[fiIeJID, filePage]; 
IF .... groupFound THEN { 

FileCache.ReturnFilePtrs[1, fileP]; FilerException.Report[req]; EXIT}; 
groupSize t- tAIN[count, Inline.LowHatf[group.nextFilePage - filePage]]; 
IF logging THEN Log[groupSize]; 
[svFound. svHJ +- SubVolume.Find[fileP.volumeID. group.volumePage]; 
svPage t- group.volumePage - svH.lvPage + (filePage - group.filePage); 
BEGIN 
io: SubVolume.IO t-

fop: operation, subVolume: svH, subVolumePage: svPage, filePtr: fileP, 
memPage: memoryPage, filePage: fi!ePage, pageCount: groupSize]; 

SubVolume.StartIO[@io]; 
END; 
END; 

remote =) 

BEGIN 
--groupSize f- 1; + + yuck! This should be in runs, too 
--File Task.XWireStart[memoryPage. file?]; 
--RemotePageTransfer.Suggest[[oper2tion, file. flO, fiJePage, memoryPage]]; 
-- Alto file hack: remove later 

END; 
END CASE; 

file Page ~ file Page + groupSize; 
memoryPage t- memoryPage + groupSize; 
count t- count - groupSize; 
cQuntlnitiated f- countlnitiated + groupSize; 
IF count> 0 THEN 0 t- FileCache.GetFilePtrs[1, fileJID]; 
ENDLOOP; 

--WITH fileP SELECT FROM 
-- remote = > RemotePageTrimsfer.lnitiate[rRe-q, System.nuJlNetworkAddress]; ENDCASE; 

END; 

-- Start of monitor implementing LabelTransfer interface 
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-- Empty page is source of zeros (sink for garbage) when writing (reading) labels. 

emptyPagePtr: lONG POINTER = ResidentMemory.Allocate[hyperspace, 1]; 
emptyPage: Environment.PageNumber = Utilities.PageFromLongPointer[emptyPagePtr]; 
completion: DiskChannel,CompletionHandle ~ DiskChannel,CreateCompletionObjectO; 

ReadLabel: PUBLIC ENTRY PROC [ 
file: Filelnternal,Descriptor, filePage: File.PageNumber, 
voiurr.ePage: Volumelnternal.PageNumber] RETURNS [label: PilotDisk.Label] = 
BEGIN 
pageGroup: Filelnternal.PageGroup i- [filePage, volumePage, filePage + 1]; 
[label, ] i- Perform[readLabel, @file, @pageGroup, emptyPage]; 
END; 

ReadRootLabel: PUBLIC ENTRY PROC [ 
drive: DiskChannel.Driv6, rootPage: Volumelnternal.PageNumber] 
RETURNS [label: PiiotDisk.Label, labelValid: LabeITransfer.LabeIStatus] = 
BEGIN OPEN DiskChannel; 
rootChannel: Handle i- Create[drive, completion]; 
-- temporary channel for root page 
request: IORequest; 
pLabel: PLabel; 
labelStorage: ARRAY [O .. slzE[Label] + 3) OF WORD; 
-- space for label plus extra for quad-alignment 
pLabel i- LOOPHOLE[({LOOPHOLE[lONG[@labeIStorage[O]], lONG INTEGER] + 3)/4)*4]; 
--quad-align label 
BEGIN OPEN request; 
-- Can't use constructor because of blasted PRIVATE fields ... 
channel i- rootChannel; 
diskPage ~ rootPage; 
memoryPage i- emptyPage; 
count i- 1; 
command i- vrr; 
label i- pLabel; 
dontlncrement i- TRUE; 
EN.D; 
InitiateIO[@request]; 
labelValid i-

SELECT WaitAny[completion].status FROM 
good Completion =) valid, 
hardwareError, notReady = > diskError, 
END CASE = > invalid; 

Delete[rootChannel]; 
label ~ LOOPHOLE[pLabel'!']; 
END; 

WriteLabels: PUBLIC ENTRY PROC [ 
file: Filelnternal.Descriptor, pageGroup: FilelnternaI.PageGroup]· = 
BEGIN OPEN Environment, pageGroup; 
LOOPHOLE[emptyPagePtr, lONG POINTER TO ARRAY [O .. wordsPerPage) OF CARDiNAL]'!' i-

ALL[O]; . 
o +- Perform [writeLabel, @file, @pageGroup, emptyPage]; 
END; 

-- This is an imperfect simulation for passing expectErrorAfterFirstPage 
-- down the old disk channel (Jacks recalibrates at the least) 

Ve rifyLabels: PUBLIC ENTRY PROC [ 
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file: Filelnternal.Descriptor, pageGroup: Filelnternal.PageGroup, 
expectErrorAfterFirstPage: BOOLEAN i- FALSE] 
RETURNS [labelsValid: BOOLEAN, countValid: File.PageCount] = 
BEGIN 
THROUGH [0 .. 10) DO 

[, labelsValid, countValid] i- Perform[ 
verifyLabel, @fiIe, @pageGroup, emptyPage]; 

IF labelsValid OR (expectErrorAfterFirstPage AND countValid # 0) THEN EXIT; 
ENDLOOP; 

END; 

ReadLabelAndData: PUBLIC ENTRY PROC [ 
file: Filelnternal.Descriptor, filePage: File.PageNumber, 
volumePage: Volumelnternal.PageNumber, memoryPage: Environment.PageNumber] 
RETURNS [PilotDisk.Label] = . 
BEGIN 
pageGroup: Filelnternal.PageGroup i- [fi!ePage, vo!umePage, filePage + 1]; 
RETURN[Perform[readLabeIAndData, @fi!e, @pageGroup, memoryPage].Iabel] 
END; 

WriteLabelAndData: PUBLIC ENTRY PROC [ 
file: Filelnternal.Descriptor, filePage: File.PageNumber, 
volumePage: Volumelnternal.PageNumber, memOiyPage: Environment.PageNumber, 
bootChainLink: DiskChannel.Address] = 
BEGIN 
pageGroup: Filelnternal.PageGroup +-
. [filePage: filePage, volumePage: volumePage, nextFilePage: filePage + 1]; o +- Perform[ 

writeLabelsAndData, @file, @pageGroup, memoryPage, chained, bootChainLink]; 
END; 

Pe rfo rm: INTERNAL PROC [ 
-- Should be combined with Initiate (above) 
opuation: LabelTransfer.Operation, 
.fileP: POINTER TO READONLY Filelnternal.Descriptor, 
pageGroupPtr: POINTER TO READONLY Filelnternal.PageGroup, 
memoryPage: Environment.PageNumber, labelType: {normal, chained} ~ normal, 
bootChainLink: DiskChannel.Address +- NULL] 
RETURNS [ 

label: PilotDisk.Label, labelsValid: BOOLEAN, countValid: File.PageCount] = 
B=:GIN OPEN pageGroupPtr; 
count: File.PageCount i- nextFilePage - filePage; 
-- LONG to handle giant verifies, etc?? 
subVol: SubVolume.Handle; 
subVolumeFound: BOOLEAN; 
IF logging THEN Log[lnline.LowHalf[count]]; 
[subVolumeFound, subVol] +- SubVolume.Find[fileP.volumeID, volumePage]; 
IF "'subVolumeFound THEN ERROR; --local volume must be found 
WITH fileP SELECT FROM 

remote =) ERROR; -- can 't transfer remote lab'c:ls 

loca! =) 

BEGIN 
labelsValid +- TRUE; 
IF count } 0 THEN 

BEGiN 
io: ·SubVolume.IO +-

[op: operation, subVolume: subVol, subVolumePage: volumePage, 
memPage: memoryPags. filePtr: fileP, 
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filePage: pageGroupPtr.filePage, 
-- Following causes StackModelingError in 6.0u compiler: 
-- pageCount: Inline.LowHalf[countj, + + should be long 
page Count: LOO P H OLE[ cou nt, Inline.LongNu mber] .1owbits, 
-- should be long 
fixedMemPage: operation IN [readLabel..verifyLabel], 
chained: labelType = chained, link: bootChainLink]; 

Su bVolume.StartIO[@io]; 
[label, labelsValid, countValid] +- FileTask.LabeIWaitD; 
END; 

END; 

ENDCASE; 
END; 

END .... 

5 

February 28, 1979 9:28 AM 
Hpl 

Redell Create from FilePageTransferlmpl and LabelTransferlm 

. March 21, 1979' 12:01 PM Redell 
August 13, 1979 3:59 PM Redell 
September 5, 1979 3:13 PM McJones 
September 17, 1979 4:42 PM Forrest 
October 17, 1979 8:41 PM Redell 
November 26, 1979 3:49 PM Gobbel 
Hkes count arg, always 1 for now 
December 5, 1979 4:24 PM Gobbel 
January 9, 1980 2:29 PM Gobbel 
January 30, 1980 3:16 PM Gobbel 
August 14, 1980 9:54 AM McJones 
",. abel = >PilotDisk 

Convert to Mesa 5.0 
Minor mods for boot-chain machinery 
AR 1593: Add countlnitiated result to Initiate 
Change Read Root Label 
Add histogram 
Initial changes for runs of pages: SubVolume.StartlO ta 

Runs of pages for real 
Add countValid to VerifyLabels and Perform 
Remove Alto file stuff 
WriteLabe/sAndData = >WriteLabeIAndData; FilePageL 

October 11, 1980 9:30 PM Forrest Add expectLabelCheck to VerifyLabe/s (and hack impls 
,.,. mentation until we come up with correct solution) 
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-- FileTasklmpl.mesa (last edited by: Gobbel on: January 30, 1980 11:16 PM) --
-- Things to' consider: 
-- 1) The task table is currently determined from the constant FileTask.maxConcurrency. Probably 
**an even number of pages should be filled with tasks and the resulting table size be exported as f 
**ileTask.maxConcurrency. (Does any other piece of code depend on this being a compile-time c 
.. ·onstant?). On the other hand, allocating an even number of pages may be too heavy-handed ... 

DiRECTORY 
DiskChannel: FROM "DiskChannel" USING [IORequest, IORequestHandle, Label], 
Environment: FROM "Environment" USING [ 

Base, PageCount, PageNumber, wordsPerPage], 
File: FROM "File" USING [PageCount], 
FilePageTransfer: FROM "FilePageTransfer", t7 { 'J' (;: (fr- Ldt....-;:;-t? 
FilePagelabel: FROM "FilePagelabel" USING [label], __ =;> ! 'll....-, •. '..; . - '-.. 

Filelnternal: FROM "Filelnternal." USING [FilePtr, Operation], 
FileCache: FROM "FileCache" USING [ReturnFilePtrs], , 
FilerPrograms: FROM "FilerPrograms", 
FileTask: FROM "FileTask", 
Process: FROM "Process" USING [DisableAborts], 
ResidentMemory: FROM "ResidentMemory" USING [Allocate], 
Runtimelnternal: FROM "Runtimelnternal" USING [WorryCaIlDebugger], 
Utilities: FROM "Utilities" USING [ShortCARDINAl], 
VM: FROM "VM" USING [Interval]; 

FileTasklmpl: MONITOR 
IMPORTS FileCache, Process, ResidentMemory, Runtimelnternal, Utilities 
EXPORTS FileTask, FilePageTransfer, FilerPrograms = 
BEGIN 
ErrorHalt: PROCEDURE = 

BEGIN RuntimelnternaI.WorryCaIlDebugger[" Error in FileTasklmpl"l]; END; 

nTasks: CARDINAL = FileTask.maxConcurrency; 
taskCount. taskMax: CARDINAL f- 0; -- temp measurement counters 
taskStorage: CARDINAL = nTasks*slzE[Task]; 
task Pages: Environment.PageCount = 

taskStorage/Environment.wordsPerPage + 
(IF taskStorage MOD Environment.wordsPerPage = 0 THEN 0 ELSE 1); 

table: Environment.Base f- ResidentMemory.Allocate[hyperspace, taskPages]; . 
-- File Task Table 
TaskNo: TYPE: = [O .. nTasks); 
TaskPtr: TYPE = LONG POINTER TO Task; 
TaskHandle: TYPE = Environment.Base RELATIVE POINTER TO Task; 
nil: TaskHandle = LOOPHOLE[177777B]; 
Task: TYPE = RECORD [ 

next: TaskHandle. 
operationClass: Operation Class, 
label: DiskChannel.Label, 
label Error: BOOLEAN, 
memPage: Environment.PageNumber, 
pageCount: File.PageCount, 
countOK: File.PageCount, -- number of pages transferred successfully 
filePtr: Fi!elnternaI.FilePtr, 
var: 

SELECT OVERLAID * FROM 
disk = > [request: DiskChannel.lORequest], 

. xwire = > NULL, --???--
ENDCASE]; 

OperationClass: TYPE = {dataOperation, labeIOperation}; 
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doneD, donel, free: CONDITION; 
doneDQ, doneLQ, freeQ: TaskHandle; 
--File Task.--
DiskSta rt: PUBliC ENTRY PROCEDURE [ 

mPage: Environment.PageNumber. count: File.PageCount • 
fPtr: Filelnternal.FilePtr, operation: Filelnternal.Operation] 
RETURNS [DiskChanneI.lORequestHandle] = 
BEGIN 
taskH: TaskHandle; 
taskP: TaskPtr; 
WHILE freeQ = nil DO WAIT free ENDLOOP; 
taskH f- freeQ; 
taskP' f- @table[taskH]; 
freeQ f- taskP.next; 
taskMax f- MAx[taskMax, taskCount f- taskCount + 1]; 
BEGIN OPEN taskP; 
operation Class f-

IF operation IN FilePageTransfer.Operation THEN dataOperation 
ELSE labelOperation; 

memPage f- mPage; 
pageCount f- count; 
filePtr f- fPtr; 
request.label f- @Iabel; 
requesUag f- LOOPHOLE[taskH]; -- store handle in request for DiskFinish 
RETURN[@request] 
END; 
END; 

--File Task.--

DiskFinish: PUBLIC ENTRY PROCEDURE [ 
reqH: DiskChannel.lORequestHandle, labelValid: BOOLEAN] = 
BEGIN 
taskH: TaskHandle = lOOPHOLE[reqH.tag]; -- go directly to task using Handle 

. taskP: TaskPtr = @table[taskH]; 
BEGIN OPEN taskP; 
labelError f- -labeIValid; 
countOK t- reqH.countDone; 
IF operation Class = dataOperation THEN 

BEGIN 
next f- doneDQ; 
doneDQ f- taskH; 
NOTIFY doneD; 
. FileCache.ReturnFilePirs[1, filePtr]; 
IF label Error THEN RuntimelnternaI.WorryCaIlDebugger["O;sk label check"]; 
-- Should be non-fatal some/lOW 

~D . 
ELSE BEGIN next f- donelQ; donelQ f- taskH; NOTIFY donel END; 
END; 
END; 

2 

-- EtherStart: PUBLIC ENTRY PROCEDURE [mPage: Environment.PageNumber, fPtr: File/nternal 
".FilePtrJ = 

--BEGIN 
-- Real version must handle duplicates, retransmissions, etc .... will probably need a fancier key ... 
-- END; 
--' EtherFinish: PUBLIC ENTRY PROCEDURE [mPage: Ei7Vironment.PageNumber, other args ... , 

•• -= 
-- BEGIN 
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-- Real version must handle duplicates, retransmissions, etc .... will probably need a fancier key ... 
-- END; 
--Fi/ePage Transfer.--

Wait: PUBLIC ENTRY PROCEDURE RETURNS [VM.lnterval] = 
BEGIN 
taskH: TaskHandle; 
taskP: TaskPtr; 
WHILE doneDQ = nil DO WAIT doneD ENDLOOP; 
taskH ~ doneDQ; 
taskP f- @table[taskH]; 
doneDQ ~ taskP.next; 
BEGIN OPEN taskP; 
next ~ freeQ; 
freeQ ~ taskH; 
NOTIFY free; 
taskCount ~ taskCount - 1; 
RETURN[VM.lnterval[memPage, Utilities.ShortCARDINAL[countOK]]] 
-- kludge! remove this when Environment.PageCount is 32 bits 

END; 
END; 

--File Task..--

LabelWait: PUBLIC ENTRY PROCEDURE 
RETURNS [ 

label: FilePageLabel.Label, labelValid: BOOLEAN, 
countValid: File.PageCount] = 

BEGIN 
taskH: TaskHandle; 
taskP: TaskPtr; 
WHILE doneLQ = nil DO WAIT doneL ENDLOOP; 
taskH ~ doneLQ; 
taskP ~ @taole[taskHJ; 
doneLQ ~ taskP.next; 
BEGIN OPEN taskP; 
next ~ freeQ; 
freeQ ~ taskH; 
NOTIFY free; 
taskCount ~ taskCount - 1; 
RETURN[LOOPHOLE[label], .... labeIError, countOK] 
END; 
END' 

--Initialize File Task Table --

BEGIN 
lastTask: TaskHandle = LOOPHOLE[(nTasks - 1}*slzE[Task]]; 
taskH: TaskHandle ~ LOOPHOLE[O]; 
freeQ ~ taskH; 
UNTIL taskH = lastTask DO 

taskH ~ table[taskH].next ~ taskH + SIZE [Task] ENDLOOP; 
table[lastTask].next ~ nil; 
doneDQ ~ doneLQ f- nil; 
END; 

Process.DisableAborts[@doneD]; 
Process.DisableAborts[@doneL]; 
Process.DisableAborts[@free]; 
END. 
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LOG 
Time: February 28, 1979 11:33 AM By: Redell Action: Created file from old Transferlmpl.m 

'**esa 
Time: March 7, 1979 6;04 PM By: Redell Action: Converted to Mesa 5.0; removed reference to 01 
**d FilePageTransferlnternal. 
Time; March 26, 1979 4:59 PM By: Redell Action: Added check for label error on data transfer (Fo 
**r now, fatal error = > Call Debugger). 
Time: August 20, 1979 12:19 PM By: RedeJf Action: Removed LOOPHOLEs to DiskChan 
**nel types. 
Time: November 26. 1979 12:31 PM By: Gobbel Action: Added count to FTTEntry 
**and Wait. 
Time: December 16, 1979 3:32 PM By: Redell Action: Moved task tabel to hyperspace. cha 
**nged linear searches to LIFO queues, removed Alto machinery, general cleanup. 
Time: January 29, 1980 1:29 PM By: Gobbel Action: Merge Redell's changes w 
**ith changes for new LabelTransfer (countValid added to LabelWaitJ, change VM.lnterval to Filel 
** nternal.lnterva/. 
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•. SubVolUmelmpl.mesa (last edited by: Luniewski on: May 20, 1980 3:04 PM) 
.. Things to consider: 
.~ 1) Taking subvolumes offline needs more synchronization. Can probably cover sub volumes with 
"""filecache reference counts since holder of a Sub Volume. Handle usually holds a FilePtr for a file 
"""on the subvolume. Offline must then flush file cache before removing subvolume (allows pendin 
**g 110 to complete). 

, DIRECTORY 
··AltoDiskControlfer: FROM "AltoDiskController", 
DiskChannel: FROM "DiskChannel" USING [ 

Address, Command, CompletionHandle, CreateCompletionObject, GetPageAddress, 
Handle, ··ld/e,··lnitiateIO, IORequestHandle, nullHandle, ··Restart,·· 
WaitAny]. 

Environment: FROM "Environment" USING [PageNumber], 
File: FROM "File" USING [10, PageCount, PageNumber], 
Filelnternal: FROM "Filelnternal" USING [FilePtr, opera. tion) , • .t "":\. ) 

FilePageLabel: FROM "FilePageLabel" USIN~ [(_-" ,) ~ £--1- IX.J I L 
Label, nullLabel, SetFilePage, SetType], " ... 

FilerPrograms: FROM "FilerPrograms", 
FileTask: FROM "FileTask" USING [DiskFinish, DiskStart], 
In!ine: FROM "Inline" USING [LowHalf, DIVMOD], 
PhysicalVolumeFormat: FROM "PhysicaIVolumeFormat" USING [SubVolumeDesc], 
Process: FROM "PiOcess" USING [Detach], 
Runtimelnternal: FROM "Runtimelnternal" USING [WorryCaIlDebugger], 
SubVolume: FROM "SubVolume" USING [Descriptor, Handle, IOptr], 
Volume: FROM "Volume" USING [10], 
Volumelnternal: FROM "Volu~elnternal" USING [PageNumber]; 

SubVo!umelmpl: MONITOR 
IMPORTS DiskChannel, FilePageLabel, FileTask, Inline, Process, Runtimelnternal 
EXPORTS ··AltoDiskController,··SubVolume, FilerPrograms 
BEGIN OPEN DiskChannel; . 
•. Preliminary version of sub volume cache 
cacheSize: CARDINAL:: 12; 
.. gasp; each opened physical Volume takes one plus 1 for each real subvolume. 
Cachelndex: TYPE :: [1 .. cacheSize]; 
cache: ARRAY Cachelndex OF CacheEntry +- ALL [[FALSE, ]]; 
CacheEntry: TYPE :: RECORD [occupied: BOOLEAN, svDesc: SubVolume.Descriptor]; 
CEPtr: TYPE :: ORDERED POiNTER TO CacheEntry; 
ceFirst: CePtr:: LOOPHOLE[@cache[FIRST[Cachelndex]]]; ··Ioophole for Ordered 
ceLast: CePtr = LOOPHOLE[@cache[LAsT[Cachelndex]]]; 
•• Signals down here are bad 
ErrorHalt: PROCEDURE [s: STRING] :: 

BEGIN RuntimelnternaI.WorryCaIlDebugger[s]; END; 

Find: PUBLIC ENTRY PROCEDURE [vID: Volume.ID, page: Volumelnternal.PageNumber] 
RETURNS [success: BOOLEAN, subVolume: SubVolume.Handle] :: 
BEGIN [success, subVolume] +- FindSV[vID, page]; END; 

FindSV: INTERNAL PROCEDURE [vID: Volume.ID, page: Volumelnternal.PageNumber] 
RETURNS' [BOOLEAN, SubVolume.Handle] :: INLINE 
BEGIN 
cePtr: CePtr; 
FOR cePtr +- ceFirst, cePtr + slzE[CacheEntry] WHILE cePtr <:: ceLast DO 

IF cePtr.oc·cupied AND vlD :: cePtr.svDesc.JvID AND page IN 
[cePtr.svDesc.lvPage .. cePtr.svDesc.lvPage + cePtr.svDesc.nPages) THEN 
RETURN[TRUE, @cePtr.svDesc]; 

ENDLOOP; 
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GetNext: PUBLIC ENTRY PROCEDURE [inSubVolume: SubVolume.Handle] 
RETURNS [outSubVolume: SubVolume.Handle] :: 
BEGIN 
cePtr: CePtr; 
found: BOOLEAN ~ inSubVolume :: NIL; 

FOR cePtr +- ceFirst, cePtr + slzE[CacheEntry] WHILE cePtr <:: ceLast DO 
IF found THEN. BEGIN IF cePtr.occupied THEN RETURN[@cePtr.svDesc); END 
ELSE found +-' (inSubVolume = @cePtr.svDesc); 
ENDLOOP; 

IF -found THEN ErrorHalt["illegaISubvolumeHandle"Lj; 
RETURN[NIL] 
END; 

GetPageAddress: PUBLIC ENTRY PROCEDURE [ 
vlD: Volume.ID, page: Volumelnternal.PageNumber] 
RETURNS [channel: DiskChannel.Handle, address: DiskChannel.Address] :: 
8ffi~ . 
found: BOOLEAN; 
svH: SubVolume.Handle; 
[found, svH] +- FindSV[vID, page]; 
IF NOT found THEN ErrorHalt["getPageAddressFailure"L]; 
RETURN[ 

svH.channel, DiskChannel.GetPageAddress[ 
svH.channel, svH.pvPage + (page - svH.lvPage)]] 

END; 

Online: PUBLIC ENTRY PROCEDURE [ 
subVolume: PhysicaIVolumeFormat.SubVolumeDesc, channel: DiskChannel.Handle] :: 
BEGIN OPEN subVolume; 
cePtr: CePtr; 
FOR cePtr +- ceFirst, cePtr + slzE[CacheEntry] WHILE cePtr <:: ceLast DO 

IF -cePtr.occupied THEN 
BEGIN 
cePtrt +-

[occupied: TRUE, 
svDesc: 
[lvID: IvID, IvPage: IvPage. pvPage: pvPage, nPages: nPages, 

channel: channel]]; 
. RETURN; 

END; 
END LOOP; 

ErrorHalt["subvolume cache overflow"L]; 
END; 

.. Flush Subvoiume; (null Handle flushes all sub volumes of a given logical volume) 

Offline: PUBLIC ENTRY PROCEDURE [vID: Volume.ID, channel: DiskChannel.Handle] :: 
BEGIN 
cePtr: CePtr; 
FOR cePtr ~ ceFirst, cePtr + slzE[CacheEntry] WHILE cePtr <:: ceLast DO 

OPEN cePtr; 
IF svDesc.lvlD :: vlD AND 

(channel = DiskChannel.nullHandle OR channel :: svDesc.channel) THEN 
OCCUpiEd +- FALSE; 

ENDLOOP;. 
END; 
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--Acquire: PUBLIC ENTRY PROCEDURE = 
--BEGIN :r + Idles all Pilot sub volumes to allow Alto file I/O 
--cePtr: CePtr; 
--FOH cePtr +- ceFirst, cePtr + S/ZE[CacheEntry] WHILE cePtr (= ceLast 
--DO IF cePtr.occupied THEN Idle[cePtr.svDesc.channel]; ENDLOOP; 
--END; . 
--Release: PUBLIC ENTRY PROCEDURE = 
--BEGIN + + Restarts all Pilot sub volumes when Alto file I/O is completed 
--cePtr: CePtr; 
--FOR cePtr +- ceFirst, cePtr + S/ZE[CacheEntry] WHILE cePtr (= ceLast 
--DO IF cePtr.occupied THEN Restart[cePtr.svDesc.channei]; ENDLOOP; 
--END; 

StartlO: PUBLIC --ENTRY--PROCEDURE rio: SubVolume.lOptr] = 
BEGIN . 
labelSize: CARDINAL = SlzE[FilePageLabeI.Label]; . 
ErrorHalt1: PROCEDURE RETURNS [DiskChanneI.Command] = LOOPHOLE[ErrorHalt]; 
requestHandle: IORequestHandle; 
properLabel: FilePageLabel.Label +- FilePageLabel.nullLabel; 
properLabel.filelD +- io.filePtr.fileID; 
FilePageLabel.SetFilePage[@ properLabel, io.filePage]; 
IF iO.chained THEN properLabel.bootChainLink +- LOOPHOLE[io.link]; 
WITH io.filePtr SELECT FROM -- couldn't his be done at a higher level??? 

local => 
BEGIN 
FilePageLabeI.SetType[@properLabel, type]; 
IF ioJilePage = 0 THEN 

BEGIN 
properLabel.immutable +- immutable; 
properLabel.temporary +- temporary; 
properLabel.zeroSize +- (size = 0); 
END; 

END; 
ENDCAS~ = > ErrorHalt["can't do label operations on remote files"L]; 

requestHandle +- FileTask.DiskStart[ 
io.memPage, io.pageCount, ioJilePtr, iO.op]; 

BEGIN OPEN requestHandle; 
channel +- io.subVolume.channel; 
diskPage +- io.subVolume.pvPage + io.subVolumePage; 
labelt' to LOOPHOLE[properLabel]; 
memoryPage +- io.memPage; 
count +- io.pageCount; 
dontlncrement +- io.fixedMemPage; 
command +-

SELECT io.op FROM 
read => vvr, 
write = > vvw, 
read Label = > vrr, 
writeLabel = > VWW, 
verifyLabel = > vvr, 
readLabelAndData = > vrr, 
writeLabelsAndData = > vww, 
ENDCASE = > ErrorHalt1D; 

END' 
Initi'ateIO[requestHandle]; 
END; 
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FinishlO: PROCEDURE = -- root of Finisher process 
BEGIN 
requestHandle: IORequestHandle; 
labelValid: BOOLEAN +- TRUE; 
hardErrorString: STRING +- "Unrecoverable disk error page XXXXX"; 
DO 

requestHandle +- WaitAny[c6mpletion]; 
SELECT requestHandle.status FROM -- must clearly get smarter 

good Completion = > labelValid +- TRUE; 
labelDoesNotMatch = > labelValid +- FALSE; 
ENDCASE => 

BEGIN 
i: CARDINAL (0 .. 5]; 
num: CARDINAL +- Inline.LowHalf[requestHandle.diskPage]; 
dig: CARDINAL; 
DO 

FOR i IN (0 .. 5] DO 
[num, dig] +- Inline.DIVMOD[num, 10]; 
hardErrorString[hardErrorString.length - i] +-

IF dig = 0 AND num = 0 AND i # 1 THEN' ELSE '0 + dig; 
ENDLOOP; 

Runtimelnternal.WorryCaIlDebugger[hardErrorString] 
ENDLOOP; 

END' 
File Ta;k.DiskFinish [requestHand Ie, labeIValid]; 
ENDLOOP; 

END; 
--Initialization 

completion: PUBLIC CompletionHandle +- CreateCompletionObjectD; 
Process.Detach[FoRK FinishIO[J]; 
END. 

LOG . 

4 

Time: February 22, 1979 4:33 PM B}I: Redell Action: Created file from old Disklmp/ and Vo!umeCa 
**chelmpl 
Time: March 21, 1979 6:00 PM By: Redell Action: Converted to Mesa 5.0 
Time: March 26, 1979 4:50 PM By: Redell Action: Fixed typo: write = > put in StartlD. 
Time: July 30, 1979 10:44 AM By: Forrest Action: Made compile wit.I-) new subvofume .. Upped cae 
**he to 8. 
Time: August 13, 1979 6:32 PM By: Redell Action: Added bootchain machinery; will be modified w 
**hen disk driver is changed to accept runs of pages. 
Time: September 10, 1979 6:29 PM By: Forrest Action: Use Pilot file types vs fileTypes. 
Time: September 19, 1979 8:54 AM By: Forrest Action: Add GetNext; Change Offline to also take 
**channel Handle. 
Time: September 21, 1979 11:43 AM By: Forrest Action: Add Set/GetMarker /D. 
Time: September 22, 1979 2:44 PM By: Forrest Action: took.out Set/Gett.larker 10. 
Time: November 26, 1979 3:45 PM By: Gobbel Action: Changes for new DiskChannel (runs of pa 
**ges). 
Time: December 13, 1979 7:20 PM By: Gobbel Action: Added fixedMemPage option, make param 
""'eter to StartlO be handle on a record. 
Time: January 22, 1980 1:38 PM By: Gobbel Action: Tell disk page number when we go to the de 
**bugger for a hard error. 
Time: January 30, 1980 3:30 PM By: Gobbel Action: Remove Alto file stuff. 
Time: May 20, 1980 3:04 PM By: Luniewski Action: Physica/llolume = > PhysicalVolumeFormat. 
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-- Swapper)CachedRegionlmplA.mesa (last edited by Forrest/Richard on October 13, 1980 10:00 
." AM) 
-- Watchout: This module was updated without protection. Paul actually has it checked out, and 
* * will merge in my change at his checkin 
--Implements the region cache and access to it. 
-- Exclusive access to the region cache is provided by the monitor lock "regionCacheLock". Excl 
"'usive access to individual region descriptors is provided by the checkedOut field in the descript 

t "'ors in the cache. 
-- Note: No frame heap ALLOC's may be executed within any ENTRY procedures in this monitor, s 
"'0 that they may be called from the allocation trap handler. If this rule were not followed, we cou 
**Id get. an allocation trap when we held the monitor lock, thus making DeallocateClean inaccessi 
**ble to the allocation trap handler. 

DIRECTORY 
Cached Region, 
CachedRegionlnternal, 
Environment USING [wordsPerPage], _ 
Frame USING [GetReturnLink, SetReturnLink], 
Inline USING [longCOPY], ' 
MStore USING [Allocate, AlIocatelfFree, Deallocate], 
PageMap USING [Flags, flagsVacant, GetF] , 
PrincOps USING [Port], 
Process USING [DisableAborts, InitializeMonitor], 
Processlnternal USING [Oisablelnterrupts, Enablelnterrupts], 
Runtimelnternal USING [WorryCaIlDebugger], 
SimpleSpace USING [AllocateVM], 
Space USING [defaultWindow], 
SpecialSpace USING [reaIMe-morySize], ' 
StoragePrograrns USING [countVM, OeseribeSpace, LongPointerFromPage, outlaw], 
VM USING [Interval, PageCount, PageNumber, PageOffset]; 

CachedRegionlmplA: MONITOR LOCKS regionCacheLock 
IMPORTS 

CachedRegionlnternal, Frame, Inline, MStore, PageMap, Process, 
Processlnternal, Runtimelnternal, SimpleSpace, SpecialSpace, StoragePrograms 

EXPORTS Cached Region, CachedRegionlnternal, StoragePrograms 
SHARES CachedRegionlnternal, PageMap = 
BEGIN OPEN Cached Region, CachedRegionlnternal; _. 
-- public data: 
checkln: PUBLIC CONDITION; 
-- broadcast whenever a region descriptor is checked in. 
pageTop: PUBLIC VM.PageNumber; 
-- private data: 
regionCacheLock: PUBLIC MONITORLOCK; -- (PRIVATE in interface) 
pageRegionCache: VM.PageNumber; 
countRegionCache: VM.PageCount; -- amount of VM allocated. 
countCacheMapped: VM.PageCount; 
-- number of pages of region cache currently mapped. 
--nDesc/v1ax: CARDINAL; + + current max number of Desc's in cache. 
IDesc: TYPE = [0 .. --nDescMax--O}; 
-- index of region descriptor cache (grows dynamically) .. 
RegionOesc: TYPE = ARRAY IOesc OF Oesc; 
BaseDesc: TYPE = LONG BASE POINTER TO RegionDesc; -- al/ocated externally. 
OebuggerBaseOesc: TYPE = LONG POINTER TO RegionOesc; -- (for debugger use only.) 
POesc: TYPE == 8aseOesc RELATIVE ORDERED POINTER [0 .. 1777778] TO Oesc; 
nPad: CARDINAL = 1; 
-- For the convenience of Find, one extra dummy Desc is prepended to the cache to allow a PDe 

"'sc to be less than pDescFirst. 
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baseOesc: BaseOesc; -- base of cache 
pOescFirst: POese = FlRST[POesc] + nPad*SIZE[Oesc]; 
-- offset of first entry of cache 
pDescLast: POesc; -- offset of current last entry of cache 
pOeseMax: PDese; -- offset of last possible entry of cache 
pOescCommutator: POesc; 
-- offset of entry which replacement algorithm will consider next 

--Initialization 

--StoragePrograms.--
InitializeRegionCacheA: PUBLIC PROCEDURE = 

BEGIN 
Proeess.lnitializeMonitor[@regionCacheLock]; 
~- must precede call to Initializelnternal 
InitializelnternalD; 
END; 

Initializelnternal: ENTRY --so Initialize * can be cafled--PRoCEDURE = 
BEGIN 
nDescMax: CARDINAL; -- current max number of Desc's in cache. 
Process.OisableAborts[@checkln]; 
countRegionCache .... 

(SpeciaISpaee.reaIMemorySize*SlzE[Desc] + Environment.wordsPerPage -
1}/Environment.wordsPerPage; -- enough VM for one region per real page. 

pageRegionCache .... SimpleSpace.AlIocateVM[countRegionCache, hyperspace]; 
countCacheMapped .... ,1; -- one mapped page initialiy. 
MStore.AlIocate[interval: [page: pageRegionCache, count: countCacheMapped]]; 
baseDasc .... StoragePrograms.LongPointerFromPage[pageRagionCache}; . 
nOescMax .... (countCacheMapped"'Environment.wordsPerPage}/slzE[Desc] - nPad; 
pOascMax .... pOescFirst + slzE[Oesc]"'(nDescMax - 1); 
pDescLast <- pDescCommutator .... pDescFirst; 
pageTop <- FIRST[VM.PageNumber] + StoragePrograms.countVM; 
baseOesc[pOescLast] <-

[ -- initial entry in the cache. 
interval: [page: pageTop, count: OJ, 
-- page + count = end of implemented VIA. 
level: 0, -- don't care 
levelMapped: 0, -- don't care 
hasSwapUnits: FALSE, -- don't care 
dTemperature: FIRST[OTemperature], -- don't care 

. dPinned: TRUE, -- we pin the last entry, which contains page Top. 
dDirty: FALSE, -- don't care 
state: missing, -- don't care 
writeProteeted: FALSE, -- don't care 
needsLogging: FALSE, -- don't care 
beingFlushed: FALSE]; -- don't care 

InitializeAlloeater,,1StoreRuthlesslyD; -- allocate frame; initialize PORT. 
. InitializeDeallocateClean[]; -- allocate frame; initialize PORT. 
o ,<- InitializeFindO; -- aI/ocate frame; initialize PORT. o <- lnitiaiizeinsertlfRoom[]; -- aI/ocate frame; initialize PORT. 

END; 

--StoragePrograms.--

InitializeRegionCacheB: PUBLIC PROCEDURE = 
BEGIN . 
StoragePrograms.OescribeSpacer 
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StoragePrograms.outlaw, pageRegionCache, countRegionCache, 
Spaee.defaultWindow]; -- tells Swapper about region cache space. 

END; 

-- monitor entries 

AwaitNotCheekedOut: PUBLIC ENTRY PROCEDURE [pageMember: VM.PageNumber] = 
BEGIN 
found: BOOLEAN; 
pOesc: POesc; 
DO 

[found, pOesc] to Find[pageMember]; 
IF -found OR baseOese[pOese].state .... = checked Out THEN EXIT; 
WAIT checkln . 
END LOOP 

END; 

Cheek In: PUBLIC ENTRY PROCEDURE [desc: Oesc] = 
BEGIN 
found: BOOLEAN; 
pOesc: POese; 
[found, pOese] +- Find [desc.intervaJ.page]; 
--assert-· 
IF -found OR baseOese[pOese].state - = checkedOut THEN ERROR; 
IF dese.state = missing THEN 

_. Delete the entry 
BEGIN 
-·assert--
IF desc.dPinned THEN ERROR; 
_. Move descriptors following pDesc one place towards first 
Inline.LongCOPY[ 

from: @baseOesc[pDese + sIZE[Oese]], nwords: pOeseLast - pOese, 
to: @baseDesc[pOesc]]; . 

pOescLast +- pOescLast - SIZE[Oese]; 
IF pOesc < pOeseCommutator THEN 

pOescCommutator +- pDeseCommutator - SIZE[Oesc]; 
END 

ELSE --desc.state = present--
-- Update the entry 
BEGIN desc.dTemperature +- LAsT[OTemperature]; baseOesc[pOese] +- dese; END; 

BROADCAST eheekln; 
END; 

CheckOut: PUBLIC ENTRY PROCEDURE [ 
pageMember: VM.PageNumber, ifChec~edOut: ReturnWait] RETURNS [desc: Oesc] = 
BEGIN 
found: BOOLEAN; 
pOese: POese; 
DO 

[found, pOesc] to Find[pageMember]; 
desc +- baseOesc[pOesc]; 
iF found THEN 

BEGIN OPEN baseOesc[pOesc); 
IF state .... = checked Out THEN BEGIN state +- eheckedOut; EXIT END 
ELSE IF ifCheckedOut = return THEN EXIT ELSE WAIT checkln 

. END 
ELSE BEGIN desc.state to missing; desc.interval.count to 0; EXIT END; 
ENDLOOP; 
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·END; 

Insert: PUBLIC ENTRY PROCEDURE [dese: Desc] RETURNS [deseVietim: Desc] = 
BEGIN 
success: BOOLEAN; 
--REPEAT ... UNTIL region cac~e big enough-­
DO 

[success, descVictim] +- InsertlfRoom[desc]; 
IF success THEN EXIT 
ELSE 

BEGIN 
IF countCacheMapped > = countRegionCache THEN ERROR; 
-- ~nsufficient VM allocated for region cache. 
allocateMStoreRuthlesslylnternal[ 

interval: [pageRegionCache + countCacheMapped, 1]]; 
countCacheMapped +- countCacheMapped + 1; 
pDescMax +- pOescMax + (Environment.wordsPerPage/siZE[Oesc])*SIZE[Oesc]; 
END; 

ENDLOOP; 
END; 

-- monitor interna/s' 

allocateMStoreRuthlesslylnternal: PUBLIC --INTERNAL-­
AllocateMStoreRuthlesslylnternal +-
-- (PR/VATE in interface) ("+-" due to compiler glitch) 
[LOOPHOLE[@AwaitAllocateMStoreRuthlesslyRequest]]; 

-- an indirect contra/link to the PORT. 
AwaitAllocateMStoreRuthlesslyRequest: --RESPOND/NG--PORT 

RETURNS [interval: VM.lntervaIJ; 
-- args/results match allocateMStoreRuth/ess/ylnternal (but swapped). 
InitializeAllocateMStoreRuthlessly: INTERNAL PROCEDURE = 
. BEGIN 

countAliocated: VM.PageCount; 
interval Remaining: VM.lnterval; 
LOOPHOLE[AwaitAlIocateMStoreRuthlesslyRequest. PrincOps.Port].dest to 

Frame.GetReturnLinkO; 
-- set my PORT call to return to m'}' caller on call below. 
DO 

--FOREVER--
-- Return; Await new request; Process it; 
interval Remaining to AwaitAllocateMStoreRuthlesslyRequest[]; 

. Frame.SetReturnLink[ 
LO 0 P HO LE[AwaitAllocateMStoreRuthlesslyReq uest, PrincOps.Port] .dest]; 

-- for debugger 
--UNTIL whole interval allocated--
DO 

countAllocated to MStore.AllocatelfFree[intervaIRemaining]; 
interval Remaining ~ 

[intervaIRemaining.page + countAllocated, 
intervalRemaining.caunt - countAllocated]; 

IF intervalRemaining.count = 0 THEN EXIT ELSE OeallocateCleanO; 
ENDLOOP; 

ENDLOO?; 
END; 

4 

DealloeateClean: --/NTERNAL--PROCEDURE = LOOPHOLE[@AwaitDeallocateCleanRequest]; 
-- an indirect contro/link to the PORT. 
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AwaitDeallocateCleanRequest: --RESPONDING--PORT; 
InitializeDeallocateClean: INTERNAL PROCEDURE = 

BEGIN 
victim:. PDesc ~ pDescFirst; 
starting Point: PDese; 
LOO?HOLE[AwaitDealiocateCleanRequest, PrincOps.Port].dest ~ 

Frame.GetReturnLinkO; 
-- set my PORT call to return to my caller on call below. 
DO 

--FOREVER--
-- Return; Await new request; Process it; 
AwaitDeallocateClean Req u est[]; 
Frame.SetReturnLink[ 

LOOPHOLE[AwaitDeallocateCleanRequest, PrincOps.Port].dest]; 
-- for debugger 
IF victim ) = pDescLast THEN victim ~ pDescFirst; 
-- (assures victim is sensible.) 
starting Point ~ victim; 
--UNTIL checked-in, In, and clean region found-­
DO 

-- scope of baseDesc[victimj: 
BEGIN OPEN baseDesc[victim]; 
IF state - = checked Out AND 

({ - hasSwapUnits AND state IN InSwappable) OR 
(hasSwapUnits AND state IN AliveSwappable» THEN 

BEGIN --see if aI/-clean region-- . 
allVacant: BOOLEAN ~ TRUE; 
Processlnternal.Disablelnterrupts[]; 
-- prevents other processes from dirtying pages. 
FOR offset: VM.PageOffset IN [O .. interval.count) DO 

--look for any dirty pages--
flags: PageMap.Flags = PageMap.GetF[ 

interval.page + offset].valueOldJlags; 
IF flags # PageMapJlagsVacant THEN { 

IF flags.dirty THEN EXIT; allVacant ~ FALSE}; 
REPEAT 

FINISHED =) -- whole region is clean. 
IF -aliVacant THEN 

BEGIN 
MStore.Deallocate[interval: interval, promised: FALSE]; 
-- interrupts are disabled! 
state ~ outAlive; 
Processlnternal.Enablelnterrupts[]; 
GO TO Deallocated; 
END; 

ENDLOOP; 
Processlnternal.Enablelnterrupts[]; 
END --seeing if aI/-clean region--

END --USING desc--
, 
victim ~ victim + slzE[Desc]; 
IF victim) = pDescLast THEN victim ~ pOescFirst; 
IF victim = starting Point THEN 

RuntimelnternaI.WorryCaIiDebugger[" All memory pinned, busy, or dirty"]; 
REPEAT --looking for clean region-- Deallocated =) NULL; 
ENDlOOP; 

ENDLOO?; 
END; 
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Find: --INTERNAL--PROCEDURE [page: VM.PageNumber] 
RETURNS [found: BOOLEAN, pOesc: PO esc] = 
-- Find region which includes page. If none, return first region in cache following page. 
LOOPHOLE[@AwaitFindReques!]; -- an indirect contro/lin/e to the PORT. 

AwaitFindRequest: --RESPONDING--PORT [found: BOOLEAN, pOesc: PDesc] 
RETURNS [page: VM.PageNumber]; -- args/rasults match Find (but swapped). 

Initialize Find: iNTERNAL PROCEDURE RETURNS [found: BOOLEAN, pOesc: PDesc] 
--to match PORT args-- = 
BEGIN 

6 

--pDese: PDesc; + + "returned result", AND, offset of entry last returned by Find. (Conceptua 
~*lIy, this is a global.) 

page: VM.PageNumber; 
iDescOrigin: CARDINAL = (pOescFirst - FIRsT[POesc])/slzE[Oesc]; 
iDesc, iDescL, iOescU: CARDINAL; 
pageComp: VM.PageNumber; 
LOOPHOLE[AwaitFindRequest, PrincOps.PortJ.dest ~ Frame.GetReturnLinkO; 
-- set my PORT call to return to my caller on call below. 
pDesc ~ pDescFirst; 
DO 

--FOREVER--
-- Return result; Await new request; Process it; 
page ~ AwaitFindRequest[found, pDesc]; 
Frame.SetReturnLink[LOO P H 0 LE[AwaitFind Request. PrincOps.Port] .dest]; 
-- for debugger 
--assert--
IF page = page-Top THEN ERROR; 
IF pOese ) = pOescLast THEN pOesc f- pOeseFirst; 
-- assures pOesc is still reasonable. 
-- scope of SameAsLastTime--
BEGIN 
IF page IN 

[baseOesc[ 
pDese].interval.page .. baseOese[pOesc].interval.page + baseOesc[ 

pDesc].interval.count) THEN 
GO TO SameAsLastTime; 

iDescL ~ ·iDescOrigin; 
iDescU f- {pOescLast - FIRST[PDesc])/slzE[Desc]; 
--UNTIL search terminates--
DO 

iDesc f- (iDescL + iDescU)/2; 
pageComp ~ baseDese[FIRsT[PDesc] + iDesc·SIZE[Dese]].interval.page; 
IF page < pageComp THEN iDescU ~ iDesc - 1 

-- note that iDescU, a CARDINAL, might be iDescL-1 here. 

ELSE IF page) pageComp THEN iOescL ~ iDesc + 1 ELSE GO TO Exact; 
IF iOescU < iDescL THEN GO TO NotExact; 
ENDLOOP; '.~ 

EXITS 
Exact =) BEGIN pOesc ~ FIRsT[PDesc] + iDesc"slzE[Desc]; found +- TRUE END; 
NotExact =) 

-- Assert: page>"iOescU".page AND page("iDescU + 1 ".page AND iDescU + 1 = iDGscL. 
IF iDescL = iDescOrigin THEN BEGIN pDese ~ pDescFirst; found ~ FALSE END 
ELSE 

BEGIN 
pOe3C +- FIRsT[POese] + iOeseU·SIZE[Desc]; 
IF page < 

.baseOesc[pDesc].interval.page + baseDesc[pDesc].interval.count THEN 
found ~ TRUE 

ELSE BEGIN pDesc ~ pDesc + slzE[Desc]; found ~ FALSE END; 
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END; 
SameAsLastTime = > found +- TRUE; 

END; 
ENDLOOP; 

END; 

InsertifRoom: --INTERNAL--PROCEDURE [desc: Oesc] 
RETURNS [success: BOOLEAN, descVictim: Oesc] = 
LOOPHOLE[@AwaitinsertlfRoomRequest]; -- an indirect control link to the PORT_ 

AWaitlnsertlfRoomRequest: --RESPONDING--PORT [ 
success: BOOLEAN, descVictim: Desc] RETURNS [desc: Desc]; 

-- args/results match InsertlfRoom (but swapped). 
InitializelnsertifRoom: INTERNAL PROCEDURE 

RETURNS [success: BOOLEAN, descVictim: Oesc] --to match PORT args-- = 
BEGIN 
desc: Oesc; 
found: BOOLEAN; 
pOesc: POesc; 
LO 0 P H OLE[AwaitlnsertlfRoomReq uest, PrincOps.Port] .dest +- Frame.GetReturnLink[ 

]; -- set my PORT call to return to my caller on call below. 
DO 

--FOREVER--
-- Return result; Await new request; Process it; 
desc +- AwaitinsertlfRoomRequest[success, descVictim]; " 
Frame.SetReturnLink[LOOPHOLE[AwaitlnsertlfRoomRequest, PrincOps.Port].dest]; 
-- for debugger 
-- scope of Done --
BEGIN 
descVictim.dOirty +- FALSE; -- or set descVictim +- "descTop"? 
IF pOescLast > = pOescMax THEN 

-- Find coldest unpinned descriptor whose swap units are all out, and kick him upstairs: 
BEGIN 
pOescCommOld: PO esc = pOescCommutator; 
DO 

OPEN baseOesc[pOescCommutator]; 
IF state .... = checkedOut AND 

«-hasSwapUnits AND state -IN In) OR 
(hasSwapUnits AND state -IN Mapped» THEN 

BEGIN 
IF dTemperature = FIRST[OTemperature] THEN { 

IF -dPinned THEN EXIT ELSE --dPinned: skip this desc--NULL} 
ELSE dTemperature +- dTemperature - 1; 
END; 

pOescCommutator +-
IF pOescCommutator = pOescLast THEN pOescFirst 
ELSE pOescCommutator + SIZE[Oesc]; 

IF pOescCommutator = pOescCommOld THEN 
BEGIN success +- FALSE; GO TO Done END; -- no available slot in cache. 

ENDLOOP; 
descVictim +- baseDesc[pOescCommutator]; 
-- Move descriptors following pDescCommutator one place towards first 
Inline.LongCOPY[ 

from: @baseDesc[pOescCommutator + slzE[Oesc]]. 
nwords: pOescLast - pDescCommutator, to: @baseOesc[pDescCommutator)); 

pOescLa"st +- pOescLast - SIZE[Oesc]; 
END; 

[found, pOesc] +- Find [desc.interval.page]; 
--assert--
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IF found THEN ERROR; 
-- Move descriptors at and (of/owing pDesc one place towards last 
pDescLast +- pDescLast + slzE[Desc]; 
LongMoveUp[ 

pSource: @baseOesc[pDesc]. size: pOescLast - pOese. 
pSink: @baseDesc[pOesc + SIZE[Oesc]]]; 

IF pOesc < = pOescCommutator THEN 
pDescCommutator +- pDescCommutator + slzE[Oesc]; 

--Insert desc 
desc.dTemperature +- FIRsT[DTemperature]; 
baseDesc[pDesc] +- desc; 
success +- TRUE; 
EXITS Done = > NULL; 
END; 
ENDLOOP; 

END; 

. END. 
LOG 
-- For previous log entries, see Pilot 3.0 archived versIon. 

8 

Time: February 20, 1980 10:42 AM By: Knutsen Action: VM for Region cache pass 
**ed in as a parameter. Real mem for region cache allocated proportional to "real memory size. Fi' 
**x Find to not search past beginning of cache. 
Time: April 15, 1980 1:09 PM By: Knutsen Action: Added AllocateMStoreRuthless!y. De 
**allocateC/ean, InitializeRegionCacheA/B. Rename FirstNotBefoie to Find. Make InsertlfFree a 
**nd Find a coroutine. 
Time: Apri/25. 1980 2:20 PM By: Forrest 
Time: June 16, 1980 5:24 PM By: Gobbel 
**Desc. 

Action: ControlDefs and PrincOps. 
Action: Make compatible with nGW version of 

Time: July 30, 1980 1:37 PM By: Knutsen Action: Fix Insert to actually kick descs out 0 
**1 the cache. Make compatible with new region desc. 
Time: October 3, 1980 10:21 Pfll1 By: Forrest Action: Change to use PageA1ap. 
**GetF vs MStore.GetState. (Paul actually has module checked out). 
Time: October 13, 1980 9:58 AM By: Forrest/Richard Action: Change deal/ocateClean t 
**0 notice when a region is allVacant, and skip to next 
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-- CachedRegionlmplB.mesa (last edited by: Gobbel on: October 9. 1980 2:58 PM) 

-- Things to consider: 

-- 1) Analyze dynamic usage of MStore.Relocate for possible inline cases 
-- This program implements operations on regions and swap units and provides higher-level acces 
**s to region descriptors. 

--Implementation notes: 

-- Exclusive access to the region cache is provided by the monitor lock of CachedRegionlmplA. E 
.. ·xclusive access to individual region descriptors is provided by the checkedOut field in the descr 
.... iptors in the cache. Exclusive access to a region is provided by temporarily removing the regio 
Un from its normal place in the client's address space. 
--If a region is being remapped, there are two possible windows in which a swap unit may reside. 
-- Note that a swap unit which is In may nevertheless have. zero real pages assigned. if it is past the 
• "'end of the mapping file. -
-- Basically. there are two groups of operations: 1: activate and age; 2: everything else. The first g 
··roup may happen at any time. due to page faults and the ReplacementProcess~ The second gro 
"up are assumed to be used in a sequential fashion by the clients of the Swapper. 

-- Caveats: 

-- The proper operation of flush. remap. unmap is dependent on there being only one client operat 
• ·ing on a region at a time (exclusive of page faults). and that the client applies the particular oper 
··ation (successfully) once for each swap unit in the region. Furthermore. the current implement 
··ation demands that there be only one space being remapped at any given time! 
--/I a swap unit is in. and its region is inPinned. we promise that it will be continuously present at it 
"'·s assigned address. The way Fork Write is currently implemented. we may not write the swap un 
**it for this reason. 

DIRECTORY 
Cached Region, 
CachedRegionlnternal USING [AwaitNotCheckedOut, Checkln, CheckOut],' 
Cached Space USING [DataOrFile, Desc, Get, Handle, SizeSwapUnit], 
Environment USING [bitsPerWord, Word, wordsPerPage], 
File USING [lastPageNumber, PageNumber], 
FilePageTransfer USING [Initiate, WaiL], 
Inline USING [LongCOPY], 
MStore USING [Allocate, Deallocate, Promise, Relocate], 
PageFault USING [Restart], 
PageMap USING [ 

Flags, flagsClean, flagsDirty, --flagsDirtyReferenced.--flagsNone, 
flagsNotReferenced, flagsReferenced, flagsVacant, flagsWriteProtected, GetF], 

Process USING [Detach], 
SwapBuffer USING [Allocate, Deallocate], . 
SwapperPrograms, 
SwapTask USING [Advance, Fork, State], 
Utilities USING [Sit, BitGet, BitPut, LongPointerFromPage, PageFromLongPointerJ, 
VM USING [Interval, PageCount, PageNumber, PageOffset], 
VMMapLog USING [ 

Descriptor, PatchTable, PatchTableEntry, PatchTableEntryBasePointer, 
Patch T ableEntryPointer]; 

CachedRegionlmplB: PROGRAM [pMapLogDesc: LONG POINTER] 

IMPORTS 
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CachedRegionlnternal, Cached Space, FilePageTransfer, Inline, MStore, 
PageFault, PageMap, Process, SwapBuff6i, SwapTask, Utilities 

EXPORTS Cached Region, SwapperPrograms 
SHARES File, PageMap = 

BEGIN OPEN Cached Region; 
flagsDirtyReferenced: PageMap.Flags = 

[writeProtected: FALSE, dirty: TRUE, referenced: TRUE]; 
-- should be in PageMap! (AR 5157) 
Bug: PR!VATE ERROR [BugType] = CODE; 
BugType: TYPE = { 

badSwapUnitSize, copylnButNotSwappable, copylnButReadOnly, 
copyOutButNotSwappable, copyOutToProtected, deadButSwapUnits, 
deadReadOnlyRegion, flushButPinned, funnyAction, funnyOutcome, funnyState, 
makeWritableButNotSwappable, mapButNotUnmapped, mapProtectedDataSpace, 
pinUnmapped, readButAlreadyln, regionSpacelnconsistent, remapButNotSwappable, 
remapButReadOnly, remapButUnmapped, remapSpaceTooBig, remapToReadOnly, 
swapUnitsOnReaiSpace, writeProtectAndNeedsLogging, 
writeProtectedAhdNeedsLogging, writeProtectButPinned}; 

'PatchTablelndex: TYPE = [0 .. 50); 
patchTable: MACHINE DEPENDEt'\T RECORD [ 

header: Vr,,1MapLog.PatchTable, 
body: ARRAY PatchTablelndex OF VMMapLog.PatchTableEntry]; 

inSwappableCold: InSwappab!e f- inSwappableWarmest; 

2 

-- for age Operation. If region temperature is inSwappableCold and it fias not been referenced, i 
"t will be swapped out. (A variable so we can experiment with it using the debugger.) 

pageLocationlnSpace: PUBLIC PageLccationlnSpace to- DESCRIPTOR[NIL, 0]: 
-- array supplied by caller of remap. If a swap unit is Out during a remap operation. this s;::;ecifie 

"s which window it is in (the old or the newj. Current implementation is: an array of bits. one for 
"fJach page in the space being remapped. We use the bit corresponding to the first page of each 
"swap unit to specify the swap unit's location. . 

Initialize: PROCEDURE = 
BEGIN 
patchTable.header f-

[limit:· FIRsT[VMMapLog.PatchTableE.ntryPainter], 
maxLimit: 
LOOPHOLE[slzE[VMMapLog.PatchTableEntry]*LENGTH[patchTa.ble.body]]. 
entries:]; 

LOOPHOLE[pMapLogDesc, LONG POINTER TO VMMapLag.Descriptor].patchTable f­

@patchTable.header; 
Process.Detach[FORK PageTransferProcess[]]; 
-- region cache must have been initialized previousiy. 

END; 

Apply: PUBLIC PROCEDURE [pageMember: VM.PageNumber, operation: Operation] 
RETURNS [outcome: Outcome, pageNext: VM.PageNumber] = 
-- Tne operation acts on the swap unit containing pageMember, except that get, map. and unpi 

"n always act on the entire region.. . 
-- Sets page Next to the start of the next sViap unit or region if a descriptor for the region contai 

Hning pageMember is in the region descriptor cache; else sets pageNext to start of the next regi 
"'·on in the cache (possibly having state: missing); if no next region, sets pageNext to pageTop. 

BEGIN 
-- (this procedure body is not indented since it runs for 10 more pages!) 
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region: Dese; 
-- When the region desc is gotten from the region cache, if the region -hasSwapUnits, region.s 

* *tate is the truth. If the region hasSwapUnits and region.state IN AliveSwappable, the specific va 
**Iue of state is meaningless. In this case, region.state is supplied by Apply from [inSwappableCo 
* *ldest..outAlivej using the page flags. If the region hasSwapUnits and region.state = inPinned, 0 
**utDead, or unMapped, region.state shows the target state for all of the swap units. 

swaplnterval: VM.lnterval; 
-- the interval of the swap unit. (If the region does not have swap units, the swap interval is the 

* *whole region.) 
inOutState: {in, out}; 
-- in means that there are pages in this swap unit that are mapped and they are now in memory 

* *. out means either that there are no mapped pages in this swap unit, or that they are not current 
**Iy in memory. Note that region.state could be IN In, and yet have inOutState = out, in the case t 
**hat there are no mapped pages in the swap unit. Therefore, if an operation deman.ds that a swa 
**p unit be in, it must check to see if there are any mapped pages in the swap unit. 

gotMappingSpaeeDese, ·gotParentSpaeeDese: BOOLEAN; 
mappingSpaee, parentSpaee: CachedSpace.Desc; 
-- Parent and mapping space mayor may not be same. 
ioStarted: BOOLEAN; 
-- Note: as soon as ioStarted is set to TRUE (by ForkRead or Fork Write), the region descriptor 

**must be considered read-only by this procedure (i.e. no further state transitions). 

-- Variables declared before here are referenced globally by Apply's local procedures. 
OldNew: TYPE = {oldWindow, newWindow}; 

InWindow: PROCEDURE [pagelnSpace: VM.PageNumber] RETURNS [which: OldNew] = 
INLINE 
BEGIN -- Which window is this page in? 
RETURN[ 

LOOPHOLE[Utilities.BitGet[ 
BAsE[pageLocationlnSpaee], pagelnSpace - mappirlgSpace.intervaJ.page]]] 

END; 

MarklnWindbw: PROCEDURE [which: Old New, pagelnSpace: VM.PageNumber] = lNLlNE 
-- Mark that this page is in which window. 
BEGIN 
Utilities.BitPut[ 

LOOPHOLE[which. Utilities.Bit], BASE[pageLocationlnSpace], 
pagelnSpace - mappingSpace.interval.page] 

END; 

ReadDead: PROCEDURE [ 
bufferPage: VM.PageNumber, offsetinSwapUnit: VM.PageOffset, 
count: VM.PageCdunt] = 
-- Zeroes out given area in buffer and relocates back into the swap unit, marking the pages di 

**rty in the process. 
-- (The swap unit must be out and dead, and not writeProtected.) 
BEGIN 
pFirst: LONG POINTER TO Environment.Word; 
offset: VM.PageOffset; 
IF region.writeProtected OR region.needsLogging THEN 

Bug[deadReadOnlyRegion]; -- can't write into readOnly region. 
region.dDirty ~ TRUE; -- changing from dead to alive 
FOR offset IN [O .. count} DO 

pFirst ~ Utilities.LongPointerFromPage[ 
bufferPage + offsetlnSwapUnit + offset]; 

pFirstt +- 0; 
Inline.LongCOPV[ 
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from: pFirst, nwords: Environment.wordsPerPage - 1, to: pFirst + 1]; 
ENDLOOP; o +- MStore.Relocate[ 
[bufferPage + offsetinSwapUnit, count]. 
swaplnterval.page + offsetinSwapUnit, PageMap.flagsNone. 
PageMap.flagsDirty]; 

END; 

GetMappingSpaceDesc: PROCEDURE RETURNS [gotlt: BOOLEAN] = 
BEGIN 
IF -gotMappingSpaceDesc THEN 

BEGiN OPEN region --USING[fevef.fevefMapped,intervalj--; 
IF gotParentSpaceDesc AND levelMapped = level THEN 

mappingSpace +- parentSpace 
ELSE 

CaehedSpace.Get[ 
@mappingSpace, CachedSpace.Handle[leveIMapped, interval.page]]; 

gotMappingSpaceDesc ~ TRUE; 
END; 

IF mappingSpace.state = missing THEN { . 

outcome ~ [spaceDMissing[region.leveIMapped]}; RETURN[gotlt: FALSE]} 
ELSE RETURN[gotlt: TRUE]; 
END; 

Fo rkRead: PROCEDURE [stateNext: State] = 

4 

--Implicit input parameters: operation. action, region, swaplnterval, inOutState, pageMember 
**, parentSpace, gotParentSpaceDesc. Implicit output parameters: region. state, region:dDirty. io 
**Started, outcome. 

-- Normal operation: The swap unit must be out. Starts input of the swap unit from the mapp 
**ing space's window. If the swap unit is dead, no reading is done, but instead real memory Is allo 
"cated, initialized to zero, and marked dirty (and region.dDirty is set. reflecting the transition fro 
**m dead to alive). At completion of input, flags are set on a/l pages using region.writeProtected a 
**nd region.needsLogging. On return, region. state is set to stateNext. 

-- Operation for copyln[from): The swap unit may be in or out. If it is in. it is data from the cur 
**rent window. Reads leading pages from the other window "from" and makes them dirty, then r 
**eads (as required) further pages from the current window. If no pages are required from the oth 
"er window, ForkRead is a no-op. 

-- Operation for remapB[from): mappingSpace wil! have changed to the new window. "from 
**" describes the old window. The swap unit may be in or out. If it is In, it is data from the old win 
"dow. Reads in (as required) leading pages from the old window, then reads (as required) furthe 
**r pages from the current window, then deaflocates (as required) any further pages not mapped i 
**n the current window. Any pages that came from the old window are marked dirty. 

-- Operation notes: 
-- If the mapping space desc is not available, outcome will bet set to [spaceDMissing[]], and 

**no other action ta};en. 
--If any reading is necessary, it is initiated and ioStarted set to TRUE. At this point, the regio 

Un descriptor must be read-only to Apply, since a copy of it is bundled with the read request ("Sw 
uapTask"). The PageTransferProcess (see below) completes the input, and when complete. che 
ucks in the (copy of the) region descriptor. 

-- Real memory is allocated and freed as necessary. 
BEGIN 
buffer: VM.lnterval; 
-- buffer tor s~·-I.apping. Size of mapped part of swap unit. 
offsetlnSpace: VM.PageOffset; -- offset of swap unit in mapping space. 
countmapped: Vfv1.PageCount; -- number of mapped pages in this swap unit. 
currentState: State ~ region.state; 
-- the state of the region at entry to ForkRead. 
IF -GetMappingSpaeeDesc[].gotlt THEN RETURN; 
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-- (outcome = [spaceDMissing] has been set.) 
region.state ~ stateNext; 
-- sets the state of the region when /0 is completed (so we're committed at this point). 
IF region.writeProtected AND -mappingSpace.writeProtected THEN 

ERROR Bug[regionSpacelnconsistent]; 
-- region/space unallowably inconsistent. 
offsetlnSpace +- swaplnterval.page - mappingSpace.interval.page; 
ccuntmapped ~ 

IF mappingSpace.countMapped < = offsetlnSpace THEN 0 
. ELSE MIN[ 

swaplntervai.count, CARDINAL[mappingSpace.countMapped - offsetlnSpace]]; 
buffer ~ SwapBuffer.Allocate[countmapped]; 
WITH operation SELECT FROM 

copyln --[from]-- = > 
BEGIN 
offsetlnOtherSpace: VM.PageOffset = 

swaplnterval.page - from.interval.page; 
-- offset of swap unit in other space.' 
countmappedOther: VM.PageCount 

5 

-- number of mapped pages in this swap unit mapped in "from" (never more than count 
**mapped). 

= 
IF from.countMapped < = offsetlnOtherSpace THEN 0 
ELSE MIN[ 

countmapped, CARDINAL[from.countMapped - offsetlnOtherSpace]]; 
notMappedlnOther: VM.PageCount 

-- number of mapped pages in this swap unit not mapped in "from". 

IF countmapped < = countmappedOther THEN 0 
ELSE CARDINAL[countmapped - countmappedOther]; 

IF cQuntmappedOther > 0 THEN -- there's something to do .. 
BEGIN 
countToTransfer: VM.PageCount = 

countmappedOther + 
(IF inOutState = out AND currentState .... = outDead THEN 
notMappedlnOther ELSE 0); 

IF region.writeProtected OR region.needsLogging THEN 
Bug[copylnButReadOnly]; -- can't dirty it-and writeProtect it. o ~ SwapTask.Fork[ 
[swaplnterval.page, buffer.count], PageMap.flagsDirty, buffer. page, 
--countRemaining:--countToTransfer, region]; 

ioStarted ~ TRUE; -- since we know countToTransfer)O. 
IF inOutState = out THEN 

BEGIN 
MStore.Allocate[buffer]; 
IF currentState = outDead THEN 

-- zero out trailing pages only mapped in current window. 
ReadDead[ -

bufferPage: buffer.page, offsetinSwapUnit: countmappedOther, 
count: notMappedlnOther] 

. ELSE --currentState = outAlive--o ~ FilePageTransfer.lnitiate[ 
[ -- read in trailing pages only mapped in current window. 

file: mappingSpace.window.file, 
filePage: 
mappingSpace_window.base + offsetinSpace + countmappedOther, 
memoryPage: buffer.page + countmappedOther, 
count: notMappedlnOther, 
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opSpecific: read [priorityPage: FileJastPageNumber]]]; 
END 

ELSE --inOutState = in-­o +- MStore.Relocate[ 
[swaplnterval.page, countmappedOther], buffer.page, 
PageMap.flagsNone, PageMap.flagsClean]; 

-- move the real mem under pages mapped in other window up to swap buffer. o ~ FilePageTransfer-lnitiate[ 
[ -- always read in pages mapped in other window. 

file: from.window.file, 
filePage: from.window.base + offsetlnOtherSpace, 
memoryPage: buffer.page, count: countmappedOther, 
opSpecific: read [priorityPage: File.lastPageNumber]]] 

END; 
END; 

remapB --[from]-- =) 
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-- Note: there's a lot of code in common here with copyln. It is kept separate so that'we c 
~"'an conveniently throw it away when Remap is retired. 

BEGIN 
countmappedOther: VM.P.ageCount 

-- number of mapped pages in this swap unit coming from "from" (never more than cou 
"""ntmapped). 

IF from_countMapped < == offsetinSpace THEN 0 
ELSE MIN[countmapped, CARDINAL[from_countMapped - offsetlnSpace]]; 

noUvlappedlnOther: VM.PageCount 
-- number of mapped pages in this swap unit not mapped in "from ". 

IF countmapped < = countmappedOther THEN 0 
ELSE CARDINAL[countmapped - countmappedOther]; 

countToTransfer: VM.PageCount = 
notMappedlnOther -i-

(IF inOutState = out AND currentState - = outDead THEN 
countmappedOther ELSE 0); 

IF region.writeProtected OR region.needsLogging THEN 
Bug[remapButReadOnly]; -- can't dirty it and wiiteProtect it. o ~ SwapTask.Fork[ 
[swaplnterval.page, buffer.count], PageMap.flagsDirty, buffer. page, 
--countRemaining:--countToTransfer, region]; 

ioStarted +- (countToTransfer> 0); 
IF inOutState = out THEN 

BEGIN 
MStore.Allocate[buffer] ; 
IF currentState = outDead THEN 

-- zero out leading pages mapped in other (old) window. 
ReadDead[ 

bufferPage: buffer.page, offsetlnSwapUnit: 0, 
count: countmappedOther] 

ELSE --currentState = outAfive--o fo FilePageTransfer-lnitiate[ 

END 

[ -- read in leading pages mapped in other (old) window . 
file: from.window.file, 
filePage: from_window.base + offsetlnSpace, 
memoryPage: buffer.page, count: countmappedOther, 
opSpecific: read [priorityPage: File.lastPageNumber]]]; 

ELSE ~-inOutState = in--
-- (note tha~ the stuff that is in is from the old window.) 
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{ 
D ~. MStore.Relocate[ 

[swaplnterval.page, countmappedOther], swaplnterval.page, 
Page~ap.flagsReferenced, PageMapJlagsDirty]; 

-- make the pages from the old window that are in be dirty. 
MStore Deallocate[ 

[page: swaplnterval.page + countmapped, 
count: sl,'Japlnterval.count - countmapped]. --promised:--FALSE]; 

-- free any pages no longer mapped by current (new) window. 
MStore.Allocate[ 

[page: buffer.page + countmappedOther, count: notMappedlnOther]]}; 
-- aI/ocate any pages that weren't mapped by old window. o ~ FilePageTransfer.lnitiate[ 

[ -- always read in any pages only mapped in current (new) window. 
file: mappingSpace.windowJile, 
filePage: . 
mappingSpace.window.base + offsetlnSpace + countmappedOther, 
memoryPage:. buffer. page + countmappedOther, count: notMappedlnOther, 
opSpecific: read [priorityPage: File.lastPageNumber]]]; 

END; 

ENDCASE --al/ normal operations-- = > 
IF countmapped > 0 THEN -- there's something to do .. 

BEGIN 
IF inOutState = in THEN ERROR Bug[readButAlreadyln]; 
MStore.Allocate[buffer]; 
IF currentState = outDead THEN 

-- zero out buffer area and relocate back into region 
ReadDead[ . 

bufferPage: buffer.page,. offsetlnSwapUnit: 0, count: countmapped] 
ElSE --currentState = outAlive--{ 
o ~ SwapTask.Fork[ 

[swaplnterval.page, buffer.count], 
IF region.writeProtected OR region.needsLogging THEN 

PageMap.flagsWriteProtected ELSE PageMap.flagsClean, buffer.page, 
--countRemaining:--countmapped, region]; 

ioStarted ~ TRUE; -- since we know countmapped)O. o ~ FilePageTransfer.lnitiate[ 
[file: mappingSpace.window.file, 

filePage: mappingSpace.window.base + offsetinSpace, 
memoryPage: buffer.page, count: countmapped, 
opSpecific: read [ 
priorityPage: 
mappingSpace.window.base + offsetlnSpace + 

(pageMember - swaplnterval.page)]]]); 
END· 

IF "'ioSt~rted THEN SwapBuffer.Dealiocate[buffer]; 
-- ({f ioStarted, PageTransferProcess will deal/ocate the buffer.) 

END; 

Fo rkW rite: PROCEDURE [stateNext: State] = . 

7 

--Implicit input parameters: operation.action, region, swaplnterval, inOutState, pageMember 
**, parentSpace, gotParentSpaceDesc. Implicit output parameters: region.state, region.dDirty, io 
**Started, outcome. 

-- Normal operation: The swap unit must be in. Starts output of the swap unit to the mapping 
""space's window. If the swap unit is clean, no writing is done, but instead the real memory is just 
""freed. At competion of input, lIags are set on al/ pages using region.writeProtected and region. 
**needsLogging. On return, region. state is set to stateNext. 
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-- Operation for copyOut[to]: The swap unit must be in. Writes leading pages to the other wi 
""ndow "to" - even if they are clean. stateNext must be equal to the current region.state. 

-- Operation notes: 
--If the mapping space desc is not available, outcome will bet set to [spaceDMissing[]]. and 

""no other action taken. . 
--If any writing is necessary, it is initiated and ioStarted set to TRUE. At this point, the region 

""descriptor must be read-only to Apply, since a COP}' of it is bundled with the write request ("Swa 
""pTask"). The PageTransferProcess (see below) completes the input, and wl1en complete. chec 
""ks in the (copy of the) region descriptor. 

-- Real memory is freed as appropriate. 
BEGIN 
region.state ~ stateNext; -- valid after /10, if any, is competed 
WITH· operation SELECT FRmA 

copyOut --[to]-- =) -- move this code to main Apply copyOut arm? 
IF GetMappingSpaceDesc[].gotlt THEN 

BEGI~ 
offsetinSpace: VM.PageOffset = 

swaplnterval.page - mappingSpace.interval.page; 
-- offset of swap unit in mapping space. 
countmapped: VM.PageCount = 

IF mappingSpace.countMapped.( = offsetlnSpace THEN 0 
ELSE MIN[ 

swaplnterval.count, GARDINAL[ 
mappingSpace.countMapped - offsetlnSpace]]; 

-- number of mapped pages in this swap unit. 
offsetinOtherSpace: VM.Page:Offset = 

swaplnterval.page - to.interval.page; 
-- offset of swap unit in other space. 
countmappedOther: VfvLPageCount = 

IF to.countMapped (= offsetlr.OtherSpace THEN 0 
ELSE M!N[countmapped, to.countM3.pped - offsetlnOther8pace]; 

-- number of mapped pages in this swap unit going to "to" (never more than countmap 
""ped). 

IF region.writeProtected AND -mappingSpace.writeProtected THEN 

ERROR Bug[regionSpacelnconsistent]; 
-- region/space unallowabfy inconsistent. 
IF countmappedOther > 0 THEN -- there's something to do .. 

EEGIN 
buffer: VM.lnterval = SwapBuffer.Aliocate[countmappedOther]; 
flags: PageMap.Flags = MStore.Re!ocate[ 

[swaplnterval.page, countmappedOther]. buffer.page. 
PageMap.flagsNone, PageMap.flagsWriteProtected].flags; 

-- relocated and protected during \vrite to delay client references in order to allow us t 
HO inaintain the referenced and dirty status bits, and to assure that an 110 device can compute a 
""consistent checksum. Protecting it is also a f!ag to PageTransferPr:)cess that these pages are b 
""eing written, not read, so don't apply patches. o ~ SwapTask.Fo{k[ . 

[swaplnterval.page, countmappedOther], flags, buffer.page, 
--countRemaining:--countmappedOther, region]; 

ioStarted ~ TRUE; o ~ FilaPageTransfer.lnitiate[ 
[ -- always write pages mapped in other window. 

file: to.window.file, 
fi!ePage: to.window.base + offsetlnOtherSpac6, 
memoryPage: buffer.page, count: countmappadOther, 
promise: FALSE, 

-- since we are leaving the stuff in memory, we don't need to promise it. 
opSpecific: write[]]]; 
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END; 
END; 

ENDCASE --all normal operations-- = > 
BEGIN 
flagsFirst: PageMap.Flags = PageMap.GetF[ 

swaplnterval.page]. valueOld .flags; 
IF flagsFirst - = PageMap.flagsVacant AND -flagsFirst.writeProtected THEN 

-- there may be something to do 
BEGIN 
buffer: VM.lnterval = SwapBuffer.Allocate[swaplnterval.count]; 
-- could actually scan non vacant prefix of swap/nterval 
flags: PageMap.Flags +- MStore.Relocate[ 

swaplnterval, buffer. page. PageMap.flagsNone, 
PageMap.flagsWriteProteeted] .flags; 

-- promise the real mem if it will be freed. 
flags.writeProtected +- region.writeProtected OR region.needsLogging; 
IF -flags.dirty -- matches backing file 

THEN 
BEGIN -- no writing required .. 
IF stateNext IN In THEN -- put it back where it was o ..:. MStore.Relocate[ 

buffer, swaplnterval.page, PageMap.flagsNone, flags] 
ELSE MStore.Dealiocate[interval: buffer, promised: FALSE]; 
-- throw it away 
SwapBuffer .Deall oeate[buffer]; 
END 

ELSE -- writing required .. 
IF GetMappingSpaeeDese[].gotit THEN -- need mapping space descriptor 

BEGIN 
offsetlnSpaee: VM.PageOffset = 

swaplnterval.page - mappingSpace.interval.page: 
countmapped: VM.PageCount = 

IF mappingSpace.countMapped < = offsetinSpace THEN 0 
E~SE MIN[ 

swaplnterval.count, CARDINAL[ 
mappingSpace.countMapped - offsetinSpace]]; 

promise: BOOLEAN = stateN ext -IN In; 
eountlnitiated: VM.PageCount; 
IF region.writeProtected AND -mappingSpace.writeProtected THEN 

ERROR Bug[regionSpacelnconsistent]; 
-- region/space unallowably inconsistent. 
flags.dirty +- FALSE; o +- SwapTask.Fork[ 

[swaplnterval.page, buffer.count], flags, buffer. page, 
countmapped, region]; 

ioStarted +- TRUE; -- since we know countmapped>O. 
eountlnitiated +- FilePageTransfer.lnitiate[ 

[file: mappingSpace.windo'll.file. 
filePage: mappingSpace.window.base + offsetlnSpace, 
memoryPage: buffer. page, count: countmapped, promise: promise, 
opSpecific: writer]]]; 

IF promise THEN MStore.Promise[countinitiated]; 

9 

-- promise the first batch of pages being written, FilePageTransfer will promise the r 
**est. 

END 
ELSE -- couldn't find mappingSpace--

BEGIN o +- MStore.Reloeate[ 
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buffer, swaplnterval.page. PageMap.flagsNone. flags]; 
SwapBuffer.Dealloeate[buffer]: 
END; 

END 
ELSE --was vacant or writeProtected--

IF stateN ext -IN In THEN 

MStore.Dealiocate[interval: swaplnterval. promised: FALSE]; 

END; 

END; 

-- Main body of Apply 
endRegion: VM.PageNumber; 
gotMappingSpaceDesc +- FALSE; 

gotParentSpaceDesc +- FALSE; 

ioStarted +- FALSE; 
region +- CachedRegionlnternaI.CheckOut[pageMember. operation.ifCheckedOut]; 
pageNext +- endRegion +- region.interval.page + region.interval.count; 
-- assume -hasSwapUnits 
outcome +- [ok[]]; 
SELECT region.state FROM 

= checked Out = > --Operation.ifCheckedOut = skip--NULL; 

= missing => 

10 

-- in this case, the value returned for pageNext is the start of the next region known in the r 
**egion cache (see CheckOut). 

IF operation.ifMissing = report THEN outcome +- [regionDMissing[]] 
ELSE --aperatian.ifMissing = skip--NULL; 

IN DescAvaiiable => 
BEGIN.OPEN region; --scope af Exit, etc.-­
BEG!N 
IF beingFlushed AND operation.action - = flush THEN 

-- we pretend the desc has already been flushed. 
{ 
IF operation.ifMissing = report THEN outcome +- [regionDMissingOl; 
--ELSE -operation.ifMissing = skip- NULL; 
GO TO .EXit}; 

IF operation.action - = get THEN 

-- (swap Interval, etc., not needed for get) 
BEGIN --non-get action--
IF -hasSwapUnits THEN 

BEGIN 
swaplnterval +- interval; 
inOutState <-

IF PageMap.GetF[swaplnterval.page].valueOld.flags = 
PageMap.flagsVacant THEN out ELSE in; 

END 
ELSE --hasSwapUnits--

BEGIN -- set interval and state of the swap unit: 
CachedSpace.Get[ 

@parentSpace, CachedSpace.Handle[ 
level: level, page: interval.page]]; 

-- get desc of immediate parent to get sizeSwapUnit. 
IF parentSpace.state = missing THEN { 

outcome ... [spaceDMissing[level]]: GO TO Exit} 
~LSE --parent space desc available-­

BEGIN 
gotParentSpaceDesc +- TRUE; 

'IF parentSpace.sizeSwapUnit -IN CachedSpace.SizeSwapUnit OR 

-parentSpace.hasSwapUnits THEN ERROR Bug[badSwapUnitSize]; 
--.improper use or region/space inconsistent. 
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swaplnterval.page +­
pageMember -

«pageMember - region.interval.page) MOD 
parentSpace.sizeSwapUnit}; 

pageNext +- MIN[ 
end Region, swaplnterval.page + parentSpace.sizeSwapUnit]; 

-- the start of the next swap unit or region (the last swap unit may be short). 
swaplnterval.count +- pageNext - swaplnterval.page; 
inOutState +-

IF PageMap.GetF[swaplnterval.page].valueOld.flags = 
PageMapJlagsVacant THEN out ELSE in; 

--look at page flags to find if this swap unit is in or out: 
IF region.state IN Swappable THEN 

-- (leave unmapped and inPinned alone) 
BEGIN 
IF region.state = outDead THEN Bug[deadButSwapUnits]; 
region.state +- . 

IF inOutState = out THEN outAlive 
._- no way to tell whether dead or alive! 

ELSE inSwappableCold; 
-- must be inSwappableCold if swap units are ever going to be aged out. 

END; 
END; 

END; 
END; --non-get action-­

WITH operation SELECT FROM 
activate --[why]-- =). . 

-- (activate[why:activate] is a hint and is legal on unmapped regions.) 
IF state = unmapped THEN { 

IF why = pagefault THEN GO TO AddressFault 
ELSE --why = activate--NuLL} -- ignore the hint 

ELSE --state IN Mapped-­
BEGIN 
IF .... GetMappingSpaceDesc[].gotlt THEN GO TO Exit; 
-- (outcome = [spaceOMissing] has been set.) 
IF why = pagefault AND pageMember ) =: 

mappingSpace.interval.page + mappingSpace.countMapped THEN 
GO TO AddressFault; 

IF inOutState = out THEN 
BEGIN 
IF mappingSpace.state = beingRemapped THEN 

-- the space desc has changed to the new window 
IF InWindow[swaplnterval.page] = oldWindow THEN GO TO Exit; 

11 

-- the swap unit needs to be read from the old window (bLit the space desc has chan 
"ged to the new window and we don't know the old window right now). We ignore the request for 
IF *now, and this (pagefault) request will be satisfied when the region is read in by remapB. 

ForkRead[ 
stateN ext: 
IF state = inPinned THEN inPinned ELSE inSvJappableWarmest] 

-- inSwappableWarmest is ok here for swap units. ForkRead will take care of any de 
.... ad-to-alive transition. 

END -- ELSE + + inOutState = in + + 
--IF why = pagefault THEN NULL + + the page is now in (it has been brought in since 

·"the pagefault) 
-- ELSE + + why = activate + + NULL; + + it was already in! That's fine. 
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IF state IN InSwappable THEN 
BEGIN 
IF MStore.Relocate[ 

swaplnterval, swaplnterval.page, PageMap.flagsNotReferenced, 
PageMap.flagsNone].flags.referenced THEN 
-- (gets referenced bit and resets it) 
state +- inSwappableVVarmest 
-- inS,wappableWarmest is ok here for swap units. 

ELSE 
IF state> inSwappableCold THEN state +- PREo[state] 
ELSE --state = inSwappableCoJd--

BEGIN 
IF -GetMappingSpaceDesc[].gotlt THEN GO TO Exit; 
IF mappingSpac·e.state = beingRemapped THEN 

-- the space desc has changed to the new window 
MarklnWindow[newWindow, swaplnterval.page]; 

12 

-- client has dirtied.this swap unit when it needs to be in and dirtied, now the regio 
un is ageing out. We write the region into the new window, and mark that it is there . . May attempt 
**to write some vacant pages! See AR2382. 

ForkWrite[sta.teNex~: outAlive]; 
END; 

END; 
clean --[andWriteProtect, andNeedsLogging]-- =) 

BEGIN . 
IF state IN Swappable THEN 

BEGIN 
IF state = outDead THEN { 

Fork Read [stateN ext: inSwappableWarmest]; 
-- get the stuff in and dirty to assure initialized to zeroes. 
GO TO Retry} -- better luck next time. 

ELSE --state IN AliveSwappabJe-­
BEGIN 
writeProtected +- writeProtected OR andWriteProtect; 
needsLogging +- needsLogging OR andNeedsLogging; 
IF needsLogging THEN { 

write Protected +- FALSE; 
--IF andWriteProtect THEN Bug[writeProtectAndNeedsLcgging]--. 
}; 

. dDirty +- TRUE; -- change in writeProtect/needsLogging status. 
IF inOutState = in THEN ForkWrite[stateNext: state] 
-- makes it clean, and sets the flags. 

END; 
END 

ELSE NULL;-- a no-op on pinned and unmapped regions. 

END; 
copyln --[from]-- =) -- input from the specified window. 

{ 
IF state -IN Swappable THEN Bug[copylnButNotSwappab!e]; 
needsLogging +- F.A.LSE; 
dDirty +- TRUE; . 
ForkRead [stateN ext: inS'Nappab!eWarmest]}; 

-- (additional copyln logic is {n ForkRead.) 
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copyOut --[toJ-- = > -- output to the specified window. 
BEGIN 
IF state -IN Swappable THEN Bug[copyOutButNotSwappable]; 
IF inOutState = out THEN -- get the swap Unit in .. 

BEGIN 
IF -GetMappingSpaceDesc[].gotlt THEN GO TO Exit; 
-- better luck next time. 
IF swaplnterval.page > = 

mappingSpace.interval.page + mappingSpace.countMapped THEN { 

outcome .- [ok[]]; GO TO Exit}; 
-- Done: no mapped pages in swap unit. 
ForkRead [stateN ext: inSwappableWarmest]; 
GO TO Retry; -- better luck later when it's in. 

END 
ELSE --inOutState = in-'-{ 

IF to.writeProtected THEN Bug[copyOutToProtected]; 
ForkWrite[stateNext: state]}; 

-- (additional copyOut logic is in ForkWriteJ 

END; 

createSwapUnits = > { 
IF state = outDead THEN state .- outAlive; 
-- we don't allow swap units to be outDead. 
hasSwapUnits +- TRUE; 

dDirty +- TRUE; 

pageNext +- endRegion}; -- acts on whole region. 

deactivate = > 
IF state IN InSwappable THEN ForkWrite[stateNext: outAlive]; 

flush => 

13 

-- flush all swap units of the region from memory and the region descriptor from the cac 
**he. 

-- the caller must, in ascending order, call flush once successfully f.or each swap unit of 
* *the region.! 

8EGIN 
IF state = inPinned THEN Bug[flushButPinned]; 
IF dOirty THEN outcome +- [regionOOirtyO] 
ELSE --desc is clean, region not pinned--

BEGIN 
beingFlushed +- TRUE; 
-- desc will pretend it's missing until it really is. (desc does not become dirty from this 

* *statement) 
IF pageNext < end Region THEN 

--the caffer will flush more swap units later--{ 
IF inOutState = in THEN ForkWrite[stateNext: outAlive] 
ELSE --inOutState = Dut--NULL} . 

ELSE --this is last swap unit of the region--{ 
IF inOutState = in THEN ForkWrite[stateNext: missing] 
ELSE -- inOutState = out --state .- missing}; 

-- the being Flushed state will terminate when the desc vanishes (becomes missing). 

END; 

END; 

get --[andResetDDirty, pDescResult]-- = > 
-- "get (whole) region descriptor" 
{ 
pageNext .- end Region; -- acts on whole region. 
pOescResultt +- region; 

CachedRegionlmpIB.mesa. 9-0ct-80 14:58:56 13 

CachedRegionlmpIB.mesa. g·Oet-80 14:58:56 14 

IF andResetDDirty THEN dDirty +- FALSE}; 
kill --[andDeallocateJ-- = > 

-- this is a hint. Ignored for unmapped or pinned regions. andDea/locate is not a tint. it 
His always done. andDeallocate is not used in the current implementation, but may be use(ul in t 
Hhefuture. 

IF state 11\ AliveSwappable THEN -- there may be something to do .. 
{ 
IF inOutState = in THEN 

MStore.Oeallocate[interval: swaplnterval, promised: FALSE]; 
-- (it it's writeProtected or needsLogging, it must be clean, so we can throw it away.) 
state +-

IF writeProtected OR needsLogging OR hasSwapUnits THEN outAlive 
ELSE outDead; 

dDirty +- TRUE}; 

makeWritable = > { 
IF state -IN Swappable THEN Bug[makeWritableButNotSwappable]; 
write Protected +- FALSE; 

IF -hasSwapUnits THEN needsLogging .- FALSE; 

o +- MStore.Relocate[ 
swaplnterval, swaplnterval.page, --PageMap.--flagsDirtyReferenced, 
PageMap.flagsNcne]}; 

map --[fevel, backFiJeType, andV.JriteProtect, andNeedsLoggingJ-- = > 
BEGIN 
IF state - = unmapped THEN Bug[mapButNotUnmapped]; 
pageNext +- end Region; -- acts on whole region. 
write Protected +- andWriteProtect; 
needsLogging .- andNeedsLogging; 
IF writeProte:ted AND needsLogging THEN 

Bug [writeProtectedAndNeedsLogging]; 
levelMapped +- level; 
dOirty .- TRUE; 

SELECT backFileType FROM 
file = > state +- outAlive; 
data => { 

IF writeProtected OR needsLogging THEN Bug[mapProtectedDataSpace]; 
state +- IF hasSwapUnits THEN outAlive ELSE outDead}; 

-- it's not convenient (or very use/ulJ to have "all swap units are outDead". 

none => { . 
IF hasSwapUnits THEN Bug[swapUnitsOnReaISpace]; 
-- can't repeat for each swap unit. 
state +- outDead; 
ForkRead [stateN ext: inPinned]}; 

-- al/ocates rsal memory and pins it; no actual reading since dead. 

ENDCASE; 

END; 
noOp = > NULL; 

pin => 
IF state = unmapped THEN Bug[pinUnmapped] 
E!..SE 

IF inOutState = out THEr~ ForkRead[stateNext: inPinned] 
ELSE --inOutState = in-estate .- inPinned; 

-- ok to pin a (swap unit of a) pinned region 

remapA --[firstCleanJ-- = > 
-- {implicit parameter: pageLocation!nSpace.J There will soon be two windows associat 

Hed with this swap unit. We must keep track of which window the most recent copy of each si,'1ap 
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"unit is in. 
BEGIN 
IF state -IN Swappable THEN Bug[remapButNotSwappable]; 
IF -GetMappingSpaceDesc[].gotlt THEN GO TO Exit; 

. -- better luck next time. 
IF 

(mappingSpace.interval,count + Environment.bitsPerWord -
1)/Environment.bitsPerWord > LENGTH[pageLocationlnSpace] THEN 

Bug[ remapSpace TooBig]; 
MarklnWindow[oldWindow, swaplnterval.page); 
IF inOutState = in AND firstClean THEN ForkWrite[stateNext: state]; 
END; 

remapB --[from]-- = > 

15 

-- the new window has arrived. Make sure that the swap unit is in the new window, or is 
"In and dirty. 

BEGIN . 
IF state = unmapped THEN Bug[remapButUnmapped]; 
IF .... GetMappingSpaceDesc[].gotit THEN GO TO Exit; 
-- better luck next time. 
IF mappingSpace.writeProtected THEN Bug[remapToReadOnly]; 
region.writeProtected ~ FALSE; 
region.needsLogging ~ FALSE; 
dDirty +- TRUE; 
IF InWindow[swaplnterval.page] = oldWindow THEN 

ForkRead [stateNext: inSwappableWarmest]; 
-- even if it's currently In, to get growth from new window (additional remapB logic in Fo 

HrkRead). 
-- MarklnWindow[newWindow, swaplnterval.page}; + + when the region is next written 

.. , it will be written to the new window, and marked as such by ForkWrite. 

END; 
unmap => 

BEGIN 
wasPinned: BOOLEAN = (state = inPinned); 
dDirty '+- TRUE; -- (mapped to unmapped transition) 
IF inOutState = out THEN state +- unmapped 
ELSE --inOutState = in--{ 

IF -GetMappingSpaceDescD.gotlt THEN GO TO Exit; -- try again later. 
IF mappingSpace.dataOrFile = CachedSpace.DataOrFile[data] THEN { 

MStore.Dealiocate[interval: swaplnterval, promised: FALSE); 
-- no need to swap out a vanishing data space. 
state +- unmapped} 

ELSE ForkWrite[stateNext: unmapped]}; 
IF wasPinned. AND outcome = [ok[]] THEN 

outcome +- [notePinned [leveIMax: level]]; 
END; 

unpin => { 
pageNext +- end Region; -- acts on whole region. 
IF state = inPinned THEN state +- inSwappableWarmest}; 

-- ok for swap units. 

ENDCASE --operation-- = > ERROR< Bug[funnyAction]; 
EXiTS 

Exit = > NULL; -- outcome has been set already. 

AddressFault = > outcome +- [error[region.state]]; 
Retry = > outcome to [retry[]]; 

END --scope of Exit, etc.--
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IF .... ioStarted THEN { 
CachedRegionlnternal.Checkln[desc: region]; 
WITH outcome SELECT FROM 

ok, notePinned = > PageFault.Restart[region.interval]; 
error, regionDDirty, regionOrAissing, retry. spacem.1issing => NULL; 
END CASE = > Bug[funnyOutcome)} 

ELSE --ioStarted--
IF operation.afterForking = wait THEN 

CachedRegionlnternaI.AwaitNotCheckedOut[pageMember]; 
END --DescAvaiJable, USING region--

ENDCASE --region.state-- = > ERROR Bug[funnyState]; 
END --Apply--

; -- (this procedure body is not indented since it runs for 10 more pages!) 

PageTransferProcess: PROCEDURE = 
-- Completes t/le //0 started by ForkRead and Fork Write (q.v.). 
BEGIN 
resartOnLeadingPages: BOOLEAN +- TRUE; 
-- (a variable so we can experiment using CoPilot.) 
pageRunlnterval, bufferlnterval: VM.lnterval; 
task: SwapTask.State; 
DO 

--FOREVER--
bufferlnterval +- FilePageTransfer.WaitO; 
task +- SwapTask.Advance[bufferlnterval]; 
pageRunlnterval to VM.lnterval[ 

task.swaplnterval.page + (bufferlnterval.page - task.bufferPage), 
bufferlntervai.count] ; 

SELECT task.region.state FROM 
IN In => 

BEGIN 
--If this interval is write protected, it is because it is being written (not being read). 

*"being written, we should not apply patches. If it is being read. we should apply patches. 
IF .... Pager..,1ap. GetF[bufferlnterval.page] .flags. writeProtected THEN 

ApplyPatches[pageRunlnterval, bufferlnterval.page]; o ~ MStore.Relocate[ 
bufferlnterval, pageRunlnterval.page, PageMap.flagsNone. taskJlags]; 

-- relocate pageRunlnterval back to region. 
IF task.countRemaining .... = 0 AND resartOnLeadingPages THEN 

Pa\JeFault.Restart[pageRunlnterval]; 
-- restart client for leading pages of swap unit. 

END; 
ENDCASE -- unmapped, missing, IN Out -- = > 

MStore.Deallocate[interval: bufferlnterval, promised: TRUE]; 
-- (all pages being written were promised.) 
IF task.countRemaining = 0 THEN 

BEGIN 
SwapBuffer.Deallocate[ . 

VM.lnterval[task.bufferPage, task.swaplnterval.cQunt]]; 
-- free any real memory left in the buffer. 
CachedRegionlnternaI.Checkln[desc: task.region]; 
PageFault.Restart(task.region.interval]; 

16 

If it is 

-- restart this client for last page, and all clients faulting anywhere in the entire region. 

END; . 
ENDLOOP; 
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END; 

. ApplyPatches: PROCEDURE [interval: VM.lnterval, pageBuffer: VM.PageNumber] = 
INLINE 
BEGIN 
OPEN . 

pT: LOOPHOLE[pMapLogDesc, LONG POINTER TO VMMapLog.Descriptor].patchTable; 
entryPtr: VMMapLog .Patch T ableEntryPointer; 
entrySize: CARDINAL = slzE[VMMapLog.PatchTableEntry]; 
firstEntry: VMMapLog.PatchTableEntryPointer = FIRST[ 

VMMapLog.PatchTableEntryPointer]; 
FOR entryPtr +- firstEntry, entryPtr + entrySize WHILE entryPtr # pT.limit DO 

OPEN 
e: LOOPHOLE[@pT.entries[O], VMMapLog.PatchTableEntryBasePointer][ 

entryPtr]; 
IF Utilities.PageFromLongPointer[e.address] IN 

[interval.page .. interval.page + interval.count) THEN 
BEGIN 
offset: LONG INTEGER = 

e.address • Utilities.LongPointerFrcmPage[interval.page]; 
(Utilities.LongPointerFromPage[pageBuffer] + offset)t +- e.value; 
END; 

ENDLOOP; 
END; 

Initialize[]; 
END. 

(For earlier log entries see Pilot 4.0 archive version.) 
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April 24, 1980 11:54 AM Knutsen PageTransferProcess must RestartFaulted on entire re 
Hgion. 
April30, 1980 5:24 PM Gobbel Make outputSpecial start a read and return with outco 
"me = retry if region not in.' . 
August 5, 1980 3:16 PM Knutsen Implement make Writable, redo copyln; copyOut. Imple 
"ment needsLogging versus writeProtect. inOutState now has only two states. 
September 4. 1980 10:54 PM Gobbel Fix copyln bug, add some error checking: 
September 16, 1980 1:47 PM Knutsen Make Copyln/Out handle short-mapp.ed windows. Re 
• ·work ForkRead/Write. ApplyPatches using GetF in$truction. Fix another Remap bug. 
September 19, 1980 6:53 PM McJones AR 5889; ForkWrite[copyOut] must put back real memo 
• * ry if no liD started . 
September 24, 1980 1:00 PM McJones Change Fork Write once again to get mappingSpace de 
"scriptor only if region is dirty . 
September 26, 1980 4:26 PM McJones ForkWrite forgot to relocate memory if spaceDmissing 
October 9, 1980 2:58 PM Gobbel Don't turn off needsLogging for region with uniform sw 
"ap units. 
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-- CachedSpacelmpl.mesa (last edited by: McJones on: September 24, 1980 2:47 PM) 

-- Things to consider: 
-- 1) To aI/ow multi-MOS, move global data to monitored record 

DIRECTORY 
Cached Space, 
Frame USING [Alloc], 
PilotSwitches USING [switches --.u--], 
Runtimelnternal USING [MakeFsi], 
SwapperPrograms; 

CachedSpacelmpl: MONITOR 
IMPORTS Frame, PilotSwitehes, Runtimelnternal 
EXPORTS CachedSpace, SwapperPrograms 
BEGIN OPEN CaehedSpace; 

CacheEntry: TYPE = RECORD [pCENext: PCE, desc: Desc]; 
PCE: TYPE = POINTER To" Cache Entry; 
ICE: TYPE = [0 .. 60); -- algorithm assumes at least two entries 

-- Monitor data: 
rgCE: ARRAY ICE OF CacheEntry; 
pCEMru: PCE; 
pCEFree: PCE; 

--Interpretation of handles is not "strict": page may be any page of space 
FindCacheEntry: INTERNAL PROC" [space: Handle] 

RETURNS [found: BOOLEAN, pCE: PCE] = 
BEGlt~ . 
pCECur, pCEPrev: PCE; 
FOR pCECur ~ pCEMru, pCECur.pCENext WHILE pCECur # NIL DO 

OPEN pCECur; 
IF spaee.level = desc.level AND space. page IN 

[desc.intarval.page .. desc.interval.page + desc.interval.eount} THEN 
GO TO Found: 

pCEPrev ~ pCECur; 
REPEAT 

Found => 
BEGIN 
IF pCECur # pCEMru THEN 

BEGIN 
pCEPrev.pCENext +- pCENext; 
pCENext ~ pCEMru; 
pCEMru ~ pCECur 
END' 

RETU~N[TRUE, pCECur] 
END: 

FINISHED =) RETURN[FALSE, NIL]; 
ENDLOOP 

END; 

Delete: PUBLIC ENTRY PRoe [space: Handle] = 
BEGIN 
found: BOOLEAN; 
pCE: PCE; 
[fqund, pCE] +- FindCacheEntry[spaee]; -- Assume pCEMru = pCE 
IF found THEN 

BEGIN --assert--
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IF pCE.desc.dPinned THEN ERROR; 
pCEMru +- pCE.pCENext; 
pCE.pCENext +- pCEFree; 
pCEFree +- pCE 
END 

END; 

Get: PUBLIC ENTRY PROC [pOescResult: POese, space: Handle] = 
BEGIN 
found: BOOLEAN; 
pCE: PCE; 
[found, pCE] +- FindCaeheEntry[spaee]; 
IF found THEN pOescResult't +- pCE.desc ELSE pOeseResult.state +- missing 
END; 

Inse rt: PUBLIC Et-.!TRY PRoe [pDescVictim: POesc, pOese: POese] = 
BEGIN " 
pCE, pCECur, pCEPrev: PCE; 
IF FindCacheEntry[Handle[level: pDese.level, page: pOese.interval.page]].found 

THEN ERROR; -- Assertion --
pOeseVietim.dOirty ~ FALSE; 
IF 'pCEFree - = N"IL THEN -- Free cache entry is available; use it 

{pCE +- pCEFree; pCEFree ~ pCEFree.pCENext} 
ELSE 

IF PilotSwitches.switches.u = down THEN 
-- if utilityPilot, don't mess with other entries. 
pCE ~ LOOPHOLE[Frame.Alloc[RuntimelnternaI.MakeFsi[sIZE[CacheEntry]]]] 

ELSE 
BEGIN 
-- Replace Iru element, which can't be same as mru since free chain is empty 
pCE ~ NiL; 
FOR pCECur ~ pCEMru, pCECur.pCENext WHILE pCECur.pCENext - = NIL DO 

IF -pCECur.pCENext.dese.dPinned THEN 
BEGIN pCE ~ pCECur.pCENext; pCEPrev ~ pCECur END 

ENDLOOP; 
IF pCE = NiL THEt-.! ERROR; -- no unpinned entries = > death 
pCEPrev.pCENext +- pCE.pCENext; 
IF pCE.desc.dOirty THEN pOescVictimt +- pCE.desc; 
END; 

pCE.pCENext ~ pCEMru; 
pCEMru +- pCE; 
pCE.dese ~ pOesc"t 
END; 

Update: PUBLIC ENTRY PROC [pOsse: PDese] RETURNS [found: BOOLEAN] = 
BEGIN 
pCE: PCE; 
[found, pCE] +- FindCacheEntry[ 

Handle[level: pOese.level, page: pOesc.interval.page]]: 
IF found THEN {pCE.desc +- pDesct; pCE.dese.dOirty +- TRUE} 
END; 

BEGIN 
pCE: PCE: 
pCE ~ pCEFree ~ @rgCE[FIRST[ICE]]; 
THROUGH [FIRST[ICE] .. LAST[ICE]) DO 

pCE.pCENext +- pCE + slzE[CaeheEntry]: pCE +- pCE.pCENext ENDLOOP; 
rgCE[LAST[lCEn.pCENext ~ pCEMru ~ NIL 
END 
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END. 

June 1, 1978 3:00 PM 
June 8, 1978 10:32 AM 
June 27, 1978 11:19AM 
"''''s 
September 9, 1978 2:55 PM 
August 29, 1979 4:51 PM 
March 16. 1980 6:39 PM 
May 7, 1980 1;30 PM Forrest 
July 11, 1980 4:45 PM 
August 29, 1980 5:10 PM 
September 24, 1980 2:47 PM 

CachedSpacelmpl.mesa. 
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McJones Create file 
McJones Update didn't mark cache entry dirty 
McJones Add consistency check for no replaceable cache entrie 

McJones Suppress clearing of dDirty in Insert 
Ladner Install instrumentation 
Forrest Try expand cache hack again 
FrameOps = >Frame 
Gobbel Increase size from 32 to 42 (?) 
Forrest Remove instrumentation 
McJones Increase size from 42 to 60 

24-Sep-80 14:51 :29 3 
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-- MStorelmpl.mesa (last edited by Forrest on October 3, 1980 10:12 PM) 

-- The monitor lock serializes calls on Allocate and Deallocate, but in addition interrupts are disabl 
.... ed whenever allocationMap and the hardware page map are inconsistent. The reason for this is . 
Hthat RecoverMStore must be called when interrupts are disabled and hence can't wait on a mon 
Hitor lock. 

, -- Note: No frame heap ALLOC's may be executed within any ENTRY procedures in this monitor, s 
**0 that they may be called from the allocation trap handler. If this rule were not followed, we cou 
uld'get an allocation trap when we held the monitor Jock, thus making Deallocate inaccessible to 
**the allocation trap handler. Please see comments in MStore.mesa. 

-- Things to consider: 
-- 1) Divide allocationMap into "segments" 

DIRECTORY 
Environment USING [bitsPerWord], 
Frame USING [GetReturnLink, SetReturnLink], 
Inline USING [BITAND, BITNOT, BITOR, BITSHIFT, COPY], 
MStore, 
PageMap, 
PilotSwitches USING [switches --.t--], 
PrincOps USING [Port], 
Process USING [DisableAborts, InitializeMonitor], 
Processlnternal USING [Disable Interrupts, Enablelnterrupts], 
ProcessorFace USING [dedicatedReaIMemory], 
Runtimelnternal USING [WorryCaIlDebugger], 
SpecialSpace, . 
StoragePrograms USING [countVM], 
SwapperPrograms, 
VM USING [Interval, PageCount, ~ageNumber, PageOffset]; 

MStorelmpl: MONITOR LOCKS mStoreLock 
IMPORTS 

Frame, Inline, PageMap. PilotSwitches, Process, Processlnternal, 
ProcessorFace, Runtimelnternal. StoragePrograms 

EXPORTS MStore, SpecialSpace, StoragePrograms 
SHARES MStore, PageMap = 
BEGIN OPEN Environment, MStore, PageMap, VM; 

-- Specia/Space 

realMemorySize: PUBLIC PageCount; -- see definition in Specia/Space 

-- StoragePrograms 

InitializeMStore: PUBLIC PROC = 
BEGIN 
Process.lnitializeMonitor[@mStoreLock]; 
-- must precede call to Initialize below 
!nitialize[]; 
END; 

-- MStore 

MStorelmpl.mesa. 3-0ct-80 22:12:24 

MStorelmpl.mesa. 3-0ct-aO 22:12:24 

dandelionMemSize: PageCount = 
768 --two boards--

--Dandelion:-- - 64 --map-- - 256 --display + germ--
--Dolphin:-- + 202 --display-- + 16 --germ--

-- Monitor data: 
mStoreLock: PUBLIC MONITORLOCK; -- (PRIVATE in interface) 
-- Bit (rp MOD bitsPerWord) of word rplbitsPerWord of a/locationMap is 1 iff 
-- real page rp is allocated. 
--Initially aI/ real pages are allocated. 

--aHeeationMapSpace: ARRAY [O .. {maxRealpages + bitsPerWord - 1)/bitsPerWord) OF 
WORD; 

allocationMap: POINTER TO ARRAY [O .. LENGTH[allocationMapSpace]) OF WORD = 
@a!locationMapSpace; 

wMin, wMax: CARDINAL; -- bour.ids on words of allocationMap containing free pages 
countFree: PageCount ... 0; 

. countPromised: PageCount ... 0; 
countThreshold: PageCount ... 0; 
countHeldBack: PageCount ... 0;· -- for simulation of Dandelion memory size. 
allocation, deallocation: CONDITION; -- (aborts disabled) 

Initialize: ENTRY --so Initialize- can be cal/ad--PRoc = 
BEGIN 
page: PageNumber; 
realPageMin: RealPageNumber'" LAsT[ReaIPageNumber]; 
realPageMax: RealPageNumber'" FIRsT[ReaIPageNumber]; 
aliocationMap[O] ... 1777778; 
Inline.COPY[ 

from: @allocationfv1ap[0], to: @allocationMap[1], 
nwords: LENGTH[allocationMapt) - 1]; 

Process.DisableAborts[@allocation]; 
Process.DlsableAborts[@dealiocation]; 
realMemorySize ... ProcessorFace.dedicatedReaIMemory; 
FOR page IN [FfRST[PageNumber] .. FIRsT[PageNumber] ,j- StoragePrograms.countVM) 

DO 
value: Value = SetF[page + FIRsT[PageNumberJ, valueClean]; 
-- SetF of vacant is no-op 
IF value.flags - = flagsVacant THEN 

BEGIN 
realMemorySize ... realMemorySize + 1; 

. realPageMin +- MIN[reaIPageMin, value.reaIPage]; 
reafPageMax to MAx[realPageMax, value.reaIPage]; 
END 

ENDLOOP; 
IF PiiotSwitches.switches.t = down THEN { 

countHefdBack +- realMemorySize - dandelionMemSize; 
realMemorySize +- dandelionMemSize; 
} 

ELSE countHeidBack +- 0; 
wMin to reaIPageMin/bitsPer'Nord; 
wMax +- realPageMax/bitsPerWord; o +- InitializeAllocateifFreeD; -- aI/ocate frame; initialize PORT. 
InitializeDeallocate[]; -- allocate frame; initialize PORT. 

END; 

Allocate: PUBLIC ENTRY PROC [interval: Interval] = 
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BEGIN 
countBatch: PageCount; 
WHILE intervaL count > 0 DO 

WHILE countFree < = countHeldBack DO WAIT deallocation ENDLOOP; 
countBatch ~ MIN[intervaLcount, countFree - countHeldBack]; 
o ~ allocatelfFreelnternal[interval: [intervaL page, countBatch]]; 
intervaL page ~ intervaL page + countBatch; 
intervaLcount ~ interval.count - countBatch; 
ENDLOOP; 

END; 

allocatelfFreelnternal: PUBLIC --INTERNAL--AllocatelfFreelnternal ~ 
-- (PRIVATE in interface) (" ~" due to compiler glitch) 
-- Allocates and fT]ap real memory to as much of the specified interval as possible 
-- Guaranteed not to do an ALLOC from the frame heap. 
[LOOPHOLE[@AwaitAllocatelfFreeRequest]]; 

-- an indirect control link to the PORT. 

AwaitAllocatelfFr6eRequest: --RESPONDING--PORT [countAllocated: PageCount] 
RETURNS [interval: Interval]; . 

-- args/results match allocatelfFreelnternal (but swapped). 

InitializeAllocatelfFree: INTERNAL PROC RETURNS [countAllocated: PageCount] 
--to match PORT args-- = 
BEGIN 
interval: Interval; 
w, b: CARDINAL; -- allocationMap rover: word and bit number 
word: WORD; -- temporary, used.to hold allocationMap[w] 
LO 0 P HO LE[ AwaitAllocatelfFreeRequest, PrincOps.Port] .dest +-

Frarne.GetReturnLinkD; 
-- set my PORT call to return to my caller on call below. 
w +- wMin; 
b ~ 0; -- ok to check of a couple unnecessary pages at first 
DO 

--FOREVER--
-- Return result; Await new request; Process it; 
interval +- AwaitAllocatelfFreeRequest[countAllocated]; 
Frame.SetReturnLink[ 

LO 0 P H 0 LE[AwaitAllocatelfFreeReq uest, PrincOps.Port] .dest]; 
-- for debugger. 
interval.count +- countAllocated +- MIN[ 

intervaLcount, countFree - countHeldBack]; 
WHILE intervaL count > 0 DO 

-- allocate page at interval.page 
word +- allocationMap[w]; 
DO 

-- Advance to next possible bit position 
I;: (b .... (b + 1) MOD bitsParWord) = 0 THEN 

DO 
W ~ IF W = wMax THEN wMin ELSE w + 1; 
IF (word ~ allocationMap[wD - = 177777B THEN EXIT; 
ENDLOOP; 

-- See if it is free 
IF Inline.BITAND[word, Inline.BITSHIFT[1, b]] = 0 THEN EXIT; 
END LOOP; 

Processlnternal.DisablelnterruptsD; 
. -- maintain consistency for RecoverMStore 

allocationMap[w] +- Inline.BITOR[word, Inline.BITSHIFT[1, b]]; 
-- Verify that page is not already mapped: 
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IF GetF[intervaLpage].valueOld.flags - = flagsVacant THEN 
Runtimelnternal. WorryCallDebugger[ 

"MStore.Allocate given already-mapped vrn"L]; 
Assoc[interllaLpage, Value[FALsE, flagsClean, w*bitsPerWord + b]]; 
countFree ~ countFree - 1; 
Processlnternal.Enablelnterrupts[]; 
interval.page ~ interval.page + 1; 
intervaLcount ~ intervaLcount - 1; 
ENDLOOP; 

IF countFree + countPromised < countThreshold + countHeldBack THEN 
BROADCAST allocation; 

ENDl,OOP; 
END; 

Aw'aitBelowTh res hold: PUBLIC ENTRY PROC RETURNS [newCycle: BOOLEAN] = 
BEGIN 
IF countFree + countPromised < countThreshold + countHeldBack THEN 

RETURN[FALSE]; 
UNTIL countFree' + countPromised < countThreshold + countHeldBack DO 

WAIT allocation END LOOP; 
RETURN[TRUE]; 
END; 

deallocatelnternal: PUBLIC Deallocatelnternal +-
-- (PRIVA TE in interface) (" ~ " due to compiler glitch) 
[LOOPHOLE[@AwaitDeallocateRequest]]; -- an indirect control link to the PORT. 

AwaitDeallocateRequest: --RESPONDING--PORT 
RETURNS [interval: Interval, promised: BOOLEAN]; 

-- argslresults match deallocatefnternal (but swapped). 

InitializeDea!locate: INTERNAL PROC = 
BEGIN 

. interval: Interval; 
promised: BOOLEAN; 
count: PageCount; 
LOOP HOLE[AwaitDeallocateRequest, PrincOps.Port].dest +- Frame.GetReturnLinkD; 
-- set my PORT call to return to m}1 caller on call below. 
DO 

--FOREVER--
-- Await new request; Process it; 
[interval, promised] ~ AwaitDea!locateR€quest[]; 

. Frame.SetRetu rnLink[LOO PH 0 LE[AwaitDealiocateRequest, PrincOps.Port] .dest]; 
-- for debugger 
count +- 0; 
Processlnternal.Disablelnterrupts[]; 
-- maintain consistency for RecoverA1Store 
FOR offset: PageOffset IN [O .. interval.count) DO 

value: Value = SetF[interval.page + offset, valueVacant]; 
IF value.flags - = flagsVacant THEN 

BEGIN 
w: CARDINAL = value.reaIPage/bitsPerWord; 
bit: WORD = Inline.BITSHIFT[I, value.realPage MOD bitsPerWord]; 
allocationMap[w] +- Inline.BITAND[allocationMap[w], Inline.BITNOT[bit]]; 
count +- count + 1; 
END; 

ENDLOOP; 
countFree .... countFree + count; 
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ProcesslnternaJ.EnablelnterruptsD; . 
IF promised THEN countPromised +- countPromised • count 
ELSE BROADCAST deallocation; 
ENDLOOP; 

END; 

Promise: PUBLIC ENTRY PROC [count: PageCount] = { 
countPromised +- countPromised + count}; 

··StoragePrograms.--

RecoverMStore: PUBLIC PROC = 
BEGIN 
page: PageNumber +- 0; 
FOR real Page: RealPageNumber IN RealPageNumber DO 

W: CARDINAL = realPage/bitsPerWord; 
bit: WORD = Inline.BITSHIFT[1, realPage MOD bitsPerWord]; 
IF Inline.BITAND[aliocationMap[w], bit] = 0 THEN 

DO 
-- find next vacant virtual page 
IF GetF[page +- page + 1].valueOld.flags = flagsVacant THEN { 

Assoc[page, Value[FALsE, flagsClean, reaIPage]]; EXIT} 
ENDLOOP; 

ENDLOOP; 
END; 

Relocate: PUBLIC ENTRY PROC [ 
interval: Interval, pageD est: PageNumber, flagsKeep, flagsAdd: Flags] 
RETURNS [flags: Flags, anyVacant: BOOLEAN] = 
-- See note in MStore 
BEGIN 
ValueAnd: PROC [mv1, mv2: Value] RETURNS [Value] = LOOPHOLE[lnline.BITAND]; 
ValueOr: PROC [mv1, mv2: Value] RETURNS [Value] = LOOPHOLE[lnline.BITOR]; 
valueKeep: Value = [FALSE, flagsKeep, 7777B]; 
_. mask to extract flags and realPage 
valueAdd: Value = [FALSE, flagsAdd, 0]; -- bit mask to OR in new flags 
value1: Value; 
value2: Value = 

IF flagsKeep = flagsNone AND interval.page = pageDest THEN valueAdd 
ELSE valueVacant; 

valueMax: Value +- [logSingleError:, flags: flagsNone, reaIPage:]; 
anyVacant +- FALSE; 
FOR offset: PageOffset IN [O .. interval.count) DO 

Processl nternal. Disable I nterru pts[]; 
-- maintain consistency for RecoverMStore 
value1 +- SetF[interval.page + offset, value2]; 
IF value1.flags = flagsVacant THEN anyVacant +- TRUE 
ELSE 

BEGIN 
IF value2 = valueVacant THEN 

Assoc[ 
pageDest + offset, ValueOr[ValueAnd[value1, valueKeep], valueAdd]]; 

valueMax +- ValueOr[valueMax, value1]; 
END' 

Proc~sslnternal.EnablelnterruPtsD; 
ENDLOOP; 

flags +- valueMax.flags 
END; 
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SetTh reshold: PUBLIC ENTRY PROC [count: PageCountl = { 
countThreshold +- count; BROADCAST aliocation}; 

DonateDedicatedRealMemory: PUBLIC ENTRY PROC [ 
page: PageNumber, size: PageCount] = 
BEGIN 
minDonate: RealPageNumber +- LAsT[ReaIPageNumber]; 
maxDonate: RealPageNumber +- FIRST[ReaIPageNumber]; 
FOR offset: PageOffset IN [O .. size) DO 

value: Value = GetF[page + offset]; 
IF value.flags = flagsVacant THEN LOOP; 
minDonate (- MIN[minDonate, value.reaIPage]; 
maxDonate +- MAx[maxDonate, value.reaIPage]; 
ENDLOOP; 

deallocateinternal[interval: [page: page, count: size], promised: FALSE]; 
wMin +- MIN[minDonate/bitsPerWord, wMin]; 
wMax +- MAx[maxDonate/bitsPerWord, wMax]; 
END; 

END. 

(For earlier entries see Pilot 4.0 archive version.) 
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April 16, 1980 9:35 AM Knutsen Make Deal/ocate, GetState coroutines; add InitializeMS 
'" "'tore[j; recover = )RecoverMStore; add "t" key switch 
April 28, 1980 9:35 AM Forrest FrameOps = >Frame, ControlDefs = >PrincOps 
May 30, 1980 9:21 AM Knutsen Make "t" key switch work right; also, amount of useabl 
He real mem settable dynamically . 
August 12, 1980 11:04 AM McJones Add ProcessorFace.dedicatedRealMemory to realMem 
HorySize; delete INLINE from Initialize 
September 23, 1980 11:03 AM McJones Add check that virtual page to be mapped is not a/read 
"''''y mapped 
October 3, 1980 9:04 PM Forrest Add donateDedicatedMemory. Change some Va!ueAN 
HDn = valueVacant to .flags = flagsVacant. Gunned GetState (the devil made me do it. . .) 
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-- PageFaultlmpl.mesa (last edited by: McJones on: September 5, 1980 11:36 AM) 

DIRECTORY 
Frame USING [GetReturnLink, MyLocalFrame], 
PageFault USING 0, 
PrincOps USING [BytePC, Frame, GlobalFrameHandle, NullFrame, StateVector], 
Processlnternal USING [Disablelnterrupts], 
ProcessOperations USING [EnableAndRequeue, IndexToHandle, ReadPSB, Requeue], 
PSB USING [Condition, Empty, Handle, nullHandle, PDA, Queue], 
Runtimelnternal USING [WorryCaIlDebugger], 
SDDefs USING [SO, sPageFault], 
SwapperPrograms USING 0, 
Trap USING [ReadOTP], 
VM USING [Interval, PageNumber]; 

'PageFaultimpl: MONITOR 
IMPORTS Frame, Processlnternal, ProcessOperations, Runtimelnternal, Trap 
EXPORTS PageFault, SwapperPrograms = . 
BEGIN 

queueFaulted: PSB.Queue +- [tail: PSB.Empty]; 
queueNoticed: PSB.Queue +- [tail: PSB.Empty]; 
faultOccurred: CONDITION; 

PageFaultTrap: INTERNAL PROCEDURE = -- called from cutside monitor! 
-- Simulate fault notification which will eventually be done by processor 
-- (Given the intermediate P.rincOps traps format, the stashing of the Trap parameter 
-- in the frame.local.unused is unnecessary but may remind us to do the right thing later.) 
BEGIN 
page: VM.PageNumber; 
state: RECORD [dontcare: UNSPE9IFIED, v: PrincOps.StateVector]; 
-- capture state 
state.v to STATE; 
state.v.dest +- Frame.GetReturnLinkO; 
state.v.source +- PrincOps.NuIlFrame; 
page +- LOOPHOLE[Trap.ReadOTP[]]; -- trap parameter . 
LOOPHOLE[Frame.MyLocaIFrame[], POINTER TO local PrincOps.Frame].unused +- page; 
-- put it where Await can find it (it was already there, though) 
IF page = LAST[VM.PageNumber] THEN 

DO RuntimelnternaI.WorryCaIiDebugger["Map out of bounds"] ENDLOOP; 
ProcesslnternaI.Disablelnterrupts[]; -- protect log and requeue 
Log[page, state.v.dest]; -- remove this someday ... 
-- Simulate naked notify (recall interrupts are disabled): 
BEGIN OPEN cond: LOOPHOLE[faultOccurred, PSB.Condition]; 
IF cOl!d.tail = PSB.Empty THEN cond.wakeup +- TRUE ELSE 'NOTIFY faultOccurred; 
END; 
-- Add this process to the fault queue and reschedule: . 
ProcessOperations.EnableAndRequeue[ 

@PSB.PDA.ready, @queueFaulted, ProcessOperations.ReadPSBDl; 
RETURN WITH state. v 
END; 

Await: PUBLIC ENTRY PROCEDURE RETURNS [VM.PageNumber] = 
BEGIN . 
p: PSB.Handle; 
DO 

IF queueFaulted ... = [tail: PSB.Empty] THEN 
BEGIN 
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p +- ProcessOperations.lndexToHandle[ 
PSB .PDA [ProcessOperations.1 ndex T oHand let q ueueF aulted. tai I]] .link.next]; 

ProcessOperations.Requeue[@queueFaulted, @queueNoticed, p]; 
WITH PSB.PDA[p].state SELECT local FROM local = > RETuRN[unused]; ENDCASE; 
END; 

WAIT faultOccurred; 
ENDLOOP 

END; 

Restart: PUBLIC ENTRY PROCEDURE [interval: VM.lnterval] = 
BEGIN . 
pLast: PSB.Handle = ProcessOperations.lndexToHandle[queueNoticed.tail]; 
P. plink: PSB.Handle; 
IF queueNoticed - = [tail: PSB.Empty] THEN 
. FOR P to ProcessOperations.lndexToHandle[ 

PSB.PDA[ProcessOperations.lndexToHandle[queueNoticed.tail]].link.nextl, 
plink DO • 
plink .... ProcessOperations.lndexToHandle[PSB.PDA[p].link.next]; 
WITH PSB.PDA[p].state SELECT local FROM 

local => 
IF unused IN [interval.page .. interval.page + interval.count) THEN 

ProcessOperations.Requeue[ @queueNoticed, @PSB.PDA.reaqy, p]; 
ENDCASE; . 

IF P = pLast THEN EXIT; 
ENDLOOP; 

END; 

-- Event log (tor debugging) 

Event: TYPE = RECORD [ 
page: VM.PageNumber, 
process: PSB.Handle, 
local: POINTER TO local PrincOps.Frame, 
global: PrincOps.GlobaIFrameHandle. 
pc: PrincOps.BytePC]; 

IEvent: TYPE = [0 .. 20}; 
rgEvent: ARRAY IEvent OF Event to ALL[[O, PSB.nuliHandle, NIL, NIL, [0]]]; 
pEvent: POINTER TO Event to @rgEvent[FIRsT[!Event]]; 
Log: INTERNAL PRoe [ 

page: VM.PageNumber, trapee: POINTER TO local PrincOps.Frame] = INLINE 
BEGIN 
pEventt to 

[page, ProcessOperations.ReadPSBD, trapee, trapee.accesslink, trapee.pc]; . 
pEvent +-

IF pEvent' = @rgEvent[LAsT[IEvent]] THEN @rgEvent[FIRST[IEvent]] 
ELSE pEvent + slzE[Event]; 

END; 

-:-Initialization 

SDDefs.SD[SDD~fs.sPageFault] .... PageFaultTrap; 

END. 

McJones Create file 

2 

June 12, 1978 9:46 AM 
June 20, 1978 10:53 AM 
"ation of naked notify 
June 23, 1978 1:30 PM 

. McJones Replace "mark bit" with two queues; add correct simul 

McJdnes Remove RestartQuantifier 
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July 25. 1978 5:53 PM McJones Trap didn't set state.dest (or .source); Restart traversed 
.... queue incorrectly 
September 19, 1978 12:03 PM McJones Add event log 
March 28, 1979 10:10 AM McJones Initialization of rgEvent clobbered following words 
April 28. 1980 10:59 AM Forrest FrameOps = >Frame, ControlDefs = >PrincOps, TrapOp 
*·s = > Trap, PSBDefs = >PSB, ProcessOps = >ProcessOperations; rearrange logging code a bit usi 
**ng an INLlNE; use ALL construct to initialize log table 
June 10, 1980 8:27 AM Forrest Detect -1 parameter to PageFaultTrap 
August 26, 1980 7:07 PM McJones New PSB, ProcessOperation 
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Swaooer)ResidentMemorvlmoJ.mesa (fast edited bv Forrest on Aoril 28. 1980 9:57 AM) 
- --,.,-- --.-- -- - - I , •.. ----- 0·---- ---._- -.., -.- --- - ,.- ---. ---- --.- .-~ 

-- Note: No frame heap ALLOC's may be executed within any ENTRY procedures in this monitor, s 
"·0 that they may be called from the allocation trap handler. If this rule were not followed, we cou 
**Id get an allocation trap when we held the monitor Jock, thus making AllocateMDS inaccessible 
• *to the allocation trap handler. Please see comments in ResidentMemory.mesa. 

DIRECTORY 
Cached Region Internal: FROM "CachedRegionlnternal" USING [ 

AliocateMStoreRuthlessly] • 
Environment: FROM "Environment" USING [bitsPerWord. PageCount. PageNumber]. 
Frame: FROM "Frame" USING [GetReturnLink, SetReturnLink], 
Inline: FROM "Inline" USING [LowHalf]. 
MStore: FROM "MStore" USING [Deallocate]. 
PrincOps: FROM "PrincOps" USING [Port], 
Process: FROM "Process" USING [lnitializeMonitor], 
ResidentMemory: FROM "ResidentMemory". 
Runtimelnternal: FROM "Runtimelnternal" USING [WorryCaIiDebugger]. 
SlmpleSpace: FROM "SimpleSpace" USING [AllocateVM], 
Space: FROM "Space" USING [defaultWindow]. 
StoragePrograms: FROM "StoragePrograms" USING [ 

DescribeSpace. LongPointerFromPage, IpMDS, outlaw, PageFromLongPointer, 
pageMDS]. 

Utilities: FROM "Utilities" USI:-.JG [Bit. Bitlndex. BitGet, BitPut]. 
VM: FROM "VM" USING [Interval]; 

ResidentMemorylmpl: MONITOR LOCKS residentMemoryLock 
IMPORTS 

CachedRegionlnternal. Frame. Inline. MStore. Process. Runtimelnternal. 
SimpleSpace, StoragePrograms. Utilities 

EXPORTS ResidentMemory. StoragePrograms 
SHARES ResidentMemory = 
BEGIN OPEN Environment, ResidentMemory; 
-- Parameters: 
countMax: PageCount = 40; -- amount of VM allocated for each location. 
-- Variables: 
residentMemoryLock: PUBLIC MONITORLOCK; -- (PRIVATE in interface) 
location Data: TYPE = RECORD [ 

page: PageNumber. -- starting page of VM area. . 
allocationMap: ARRAY [O .. (countMax + bitsPerWord - 1)/bitsPerWord) OF 

CARDINAL]; -- PACKED ARRA Y OF BOOLEAN in Mesa 6. 
first64K: locationData; 
mds: locationData; 
hyperspace: locationData; 
locations: ARRAY Location OF POINTER TO locaticnData +­

[@first64K, 
IF StoragePrograms.pageMDS = PageNumber[O] THEN @first64K ELSE @mds. 
@hyperspace]; . 

free: Utilities.Bit = Utilities.Bit[O]; 
-- for al/ocationMap. A free page is unmapped. 
busy: Utilities. Bit = Utilities.Bit[1]; 
j: Utilities.Bitlndex; 
--StoragePrograms.--
InitializeResidentMemoryA: PUBLIC ENTRY PROCEDURE = 

BEGIN 
Process. I nitial izeMonito r[@ residentMemoryLock]; 
InitializelnternalD; 
END; 
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Initializelnternal: ENTRY --so InitializeAlIocate can be called-~PRoCEDURE = 

INLINE 
BEGIN 
location: Location; 
FOR location IN Location DO 

OPEN loc: locations[location]; 
FOR j IN [O .. countMax) DO 

Utilities.BitPut[free. @locations[location].allocationMap, j]; ENDLOOP; 

IF .... (location = mds AND locations[mds] = locations(first64K]} 
--(it MDS = first64K, we don't allocate twice)-- THEN 

loc.page +- SimpleSpace.AllocateVM[countMax. locatiofl]; 
ENDLOOP; 

o +- InitializeAliocate[]; -- allocate frame; initialize PORT. o +- InitializeAllocateMDSO; -- allocate frame; initialize PORT. 

END; 
--StoragePrograms.--

InitializeResidentMemoryB: PUBLIC ENTRY PROCEDURE = 
-- tells Swapper about resident memory spaces. 
BEGIN 
location: Location; 
FOR location IN Location DO 

IF .... (Iocation = mds AND locations[mds] = locations[first64K]) THEN 

StoragePrograms.DescribeSpace[ 
StoragePrograms.outlaw, locations[location].page. countMax. 
Space.defaultWindow]; 

END LOOP; 

END; 

allocatelnternal: PUBLIC --INTERNAL--AIIQcatelnternal +­
-- (PRIVATE in interface) (" .... " due to compiler glitch) 
-- Guaranteed not to do an ALLOC from the frame heap. 
[LOOPHOLE[@AwaitAliocateRequest]]; -- an indirect control link to the PORT. 

AwaitAllocateRequest: --RESPONDING--PORT [Ip: LONG POINTER TO UNSPECIFIED] 

RETURNS [where: Location. pages: PageCount]; 
-- args/results match al/ocatelnternaJ (but swapped). 
InitializeAllocate: INTERNAL PROCEDURE RETURNS [Ip: LONG POINTER TO UNSPECIFIED] 

--to match POliT args-- = 
BEGIN 
where: Location; 
pages: PageCount; 
LOOPHOLE[AwaitAliocateRequest. PrincOps.Port].dest +- Frame.GetReturnLinkD; 
-- set my PORT call to return to my caller on call below. 
DO 

--FOREVER--
--lieturn result; Await new request; Process it; 
[where. pages] +- AwaitAllocateRequest[lp]; 
Frame.SetReturnLink[LOOPHOLE[AwaitAllocateRequest, PrincOps.Port].dest]; 
-- for debugger 
--scope of lac: --
BEGIN OPEN loc: locations[where]; 
start, pagelnRun: CARDINAL; 

FOR start ... 0,' pagelnRun + 1 WHILE start + pages < countMax DO 

--look for good starting page .. 
FOR pagelnRun IN [start .. start + pages} DO 

--look for pages contiguous pages .. 
!F Utilit~es.BitGet[@loc.al!ocationMap. pagelnRun] busy THEN EXIT; 

-- pagelnRun must survive loop exit. 
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REPEAT 
FINISHED =) -- found pages contiguous free pages. 

BEGIN 
CachedRegionlnternal.AllocateMStoreRuthlessly[ 

VM.lnterval[loc.page + start, pages]]; 
FOR pagelnRun IN [start .. start + pages) DO 

Utilities.BitPut[busy, @loc.allocationMap, pagelnRun]; ENDLOOP; 

Ip ~ StoragePrograms.LongPointerFromPage[loc.page + start]; 
GO TO Done; 
END; 

ENDLOOP; 

REPEAT -- (not enough contiguous pages beginning at start) 

FINiSHED =) 

DO 
RuntimelnternaI.WorryCaIlDebugger["Out of VM for resident memory"L] 
ENDLOOP; -- (so just increase countMax.) 

ENDLOOP~ . 
EXITS Done =) NULL; 

END --scope of /oc--

ENDLOOP; 

END; 

Free: PUBLIC ENTRY PROCEDURE [ 

where: Location, pages: CARDINAL, Ip: LONG POINTER] = 
BEGIN OPEN loc: locations[where]; 
start: CARDINAL = StoragePrograms.PageFromLongPointer[\p] - loc.page; 
pagelnRun: CARDINAL; 

MStore.Deallocate[ 
interval: VM.lnterval[loc.page + start, pages], promised: FALSE]; 

FOR pagelnRun IN [start .. start + pages) DO 

Utilities.BitPut[free, @loc.allocationMap, pagelnRun]; ENDLOOP; 

END; 

allocateMDSlnternal: PUBLIC --INTERNAL--AlIocateMDSlnternal ~ 
-- (PR/VATE in interface) ("+-" due to compiler glitch) 
-- Guaranteed not to do an ALLOC from the frame heap. 
[LOOPHOLE[@AwaitAliocateMDSRequest]]; -- an indirect contro/link to the PORT. 

AwaitAllocateMDSRequest: --RESPONDING--PORT [p: POINTER TO UNSPECIFIED] 

RETURNS [pages: PageCount]; 
-- args/results match al/ocateMDS/nterna/ (but swapped). 
InitializeAllocateMDS: INTERNAL PROCEDURE RETURNS [p: POINTER TO UNSPECIFIED] 

--to match PORT args-- = . 
BEGIN 
pages: PageCount; 
LOOP HOLE[AwaitAllocateMDSRequest, PrincOps.Port].dest ~ Frame.GetReturnLink[]; 
-- set my PORT call to return to my caller on call below. 
DO 

--FOREVER--
-- Return result; Await new request; Process it; 
pages ~ AwaitAllocateMDSRequest[p]; 
Frame.SetReturnLink[LOOPHOLE[AwaitAllocateMDSRequest, PrincOps.Port].dest]; 
-- for debugger 
p ~ Inline.towHalf[allocatelnternal[mds, pages].Ip - StoragePrograms.lpMDS]; 
ENDLOOP; 

END; 
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END. 
LOG 
Time: April 16, 1980 8:52 AM By: Knutsen Action: Created file from Pi/otControl of Mar 
**ch 11, 1980. Added InitializeResidentMemoryA/B. Names changed to AllocateMDS. FreeIADS. 
**/mp/ement Free. Make Allocate alloc in first64K and hyperspace, as well as MDS. Made Allocat 
He, AlocateMDS coroutines. 
Time: April 28, 1980 9:56 AM By: Forrest Action: Contro/Defs = >PrincOps, FrameOps 
•• = > Frame 
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-- Swapper)SimpleSpacelmpl.mesa (fast edited by Knutsen on September 2, 1980 2:52 PM) 
-- This module is structurally at a level above the Swapper, and below the FileMgr. It is of type "c 
Hached Descriptor", but the items exported to StoragePrograms must be Initially Resident. 

DIRECTORY 
Cached Region USING [ 

Apply, BackFileType, Desc, forceOut, Insert, kill, Operation, Outcome, pin, 
unmap], 

Cached Space USING [ 
Desc, Get, Handle, handleNull, Insert, Level, SizeSwapUnit, Update], 

Environment USING [maxPageslnMDS], 
File USING [nuIlID, write], 
Inline USING [BIT AND], 
MStore USING [Deallocate, Relocate], 
PageMap USING [flagsNone, flagsWriteProtected], 
PilotSwitches USING [switches --.u--], 
SimpleSpace, . 
Space US:NG [defaultWi!1dow, Handle, PageCount, PageNumber, WindowOrigin], 
StoragePrograms USING [ 

countHyperspace, createSimpleSpace, empty, EnumerateStartList, pageHyperspace, 
pageMDS, SpaceOptions, StartListProc, tableBase], 

VM USING [Interval]; 

SimpleSpacelmpl: PROGRAM 
IMPORTS 

CachedRegion, CachedSpace, Inline, MStore, PilotSwitches, StoragePrograms 
EXPORTS SimpleSpace, StoragePrograms 
SHARES File --USING [CapabilitY]-7 = 
BEGIN OPEN SimpleSpace; 
-- + + Space. + + Handle: PUBLIC TYPE = CachedSpace.Handle; + + can't do this because of 

•• a name confict between Space.Map and SimpleSpace.Map, etc. 
-- Handle: TYPE = CachedSpace.Handle; + + can't do this because of a name confict between 

"'Space.Handle "warning: Handle is private but matches an export" 
SimpleSpaceHandle: TYPE = CachedSpace.Handle; 
locationData: TYPE = RECORD [total: VM.lnterval, largestHole: VM.lnterval]; 
locations: ARRAY Location OF POINTER TO locationData; 
first64K, mds, hyperspace: locationData; 
initializationDisabled: BOOLEAN +- FALSE; 
Bug: PRIVATE ERROR [BugType] = CODE; 
BugType: TYPE = { 

bad Outcome, initializationDisabled, memoryOverflow, notEndRegion, 
regionCacheOverflow, spaceCacheOvertlow, spaceDMissing, notSimpleSpace}; 

-- Exported to StoragePrograms: 

nuliSpaceHandle: PUBLIC Space. Handle +- .LOOPHOLE[CachedSpace.handleNull]; 
-- for use before Space.nul/Handle is initialized. 
InitializeSimpleSpace: PUBLIC PROCEDURED = 

BEGIN, 
InitializeLocations: StoragePrograms.StartListProc --[index]-- = 

-- Initializes allocator data from empty spaces in StartPilot-al/ocated memory. 
BEGIN ' . 
WITH e: StoragePrograms.tableBase[index] SELECT FROM 

space => 
Ii" e.type.class = empty THEN 

DescriceSpace[ 
StoragePrograms.ernpty, e.vrnpage, e.pages, Space.defaultWindow]; 

ENDCASE; 
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END; 
Total VM Interval Largest Hole 

first64K ... [[Space.PageNumber[O], Environment.maxPageslnMDS], [0, 0]]; 
mds +-

[[StoragePrograms.pageMDS, Environment.maxPageslnMDS], 
[StoragePrograms.pageMDS, 0]]; 

hyperspace +-
[[ StorageProg rams.pageHyperspace, StoragePrograms.cou ntHyperspace], 

[StoragePrograms.pageHyperspace, 0]]; 
locations .;-

[first64K: @first64K, 
mds: 
IF StoragePrograms.pageMDS = first64K.total.page THEN @first64K ELSE @mds, 
hyperspace: @ hyperspace]; 

StoragePrograms.EnumerateStartList[lnitializeLocations]; 
END; 

, AllocateVM:. PUBLIC PROCEDURE [count: Space.PageCount, location: Location] 
RETURNS [page: Space.PageNumber] = 
BEGIN OPEN loc: locations[location]; 
IF'count > loc.largestHole.count THEN ERROR Bug[memoryOverflow]; 
-- free space exhausted. 
page +- loc.largestHole.page; 
loc.largestHole.page +- loc.largestHole.page + count; 
loc.:argestHole.count +- loc.largestHole.count - count; 
END; 

DescribeSpace: PUBLIC PROCEDURE [ 
options: StoragePrograms.SpaceOptions, page: Space.PageNumber, 
count: Space.PageCount, window: Space.WindowOrigin] = 
BEGIN 
DescribeSpacelnternal[options, page, count, window, SimpleSpace.noSwapUnits]; 
END; 

DescribeSpacelnternal: PROCEDURE [ 
options: StoragePrograms.SpaceOptions, page: Space.PageNumber, 
count: Space.PageCount, window: Space.WindowOrigin, 
sizeSwapUnit: SimpleSpace.SizeSwapUnit] = 
BEGIN OPEN StoragePrograms; 
location: Location; 
regionVictim: CachedRegion.Desc; 
space, spaceVictim: CachedSpace.Desc; 
leveiPrimarySpace: CachedSpace.Level = 

-- (VM is at level 0, MDS is at level 1.) 
IF page IN 
[StoragePrograms.pageMDS .. StoragePrograms.pageMDS + 

Environment.maxPageslnMDS) THEN 2 ELSE 1; 
writeProtected: BOOLEAN = Inline.BITAND[windoVl.file.permissions, File.write] 

O' I 
IF initializationDisabled THEN ERROR Bug[initializationDisabled]; 
IF count = 0 THEN RETURN; 
IF cptions.mStoreDea:iocate THEN 

MStore.Dea!locate[interval:[page, count]. pwmised: FALSE]; 
IF options.emptylnterval THEN --update G./Iocator data--

FOR location IN Location DO 
OPEN loc: locations[location]; 
IF count) loc.largestHole.count AND page) = loc.total.page At--:D 

page + count < = loc.total.page + loc.total.count THEN 
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loc.largestHole ~ [page: page, count: count]; 
END LOOP; 

IF options.createRegion AND 
(PiiotSwitches.switches.u = up OR options.pinRegionD) THEN 
BEGIN 
level Region: CachedSpace.Level = 

levelPrimarySpace + (IF options.subspace THEN 1 ELSE 0); 
regionVictim ~ CachedRegion.lnsert[ 

[interval: [page, count], level: levelRegion, 
levelMapped: levelPrimarySpace, 
hasSwapUnits: sizeSwapUnit ... = SimpleSpace.noSwapUnits, dTemperature:, 
-- don't care 
dPinned: options.pinRegionD, dDirty: TRUE, 
state: 
SELECT TRUE FROM 

options.pinned =) inPinned, 
options.initiallyResident =) inSwappableWarmest, 
options. mapped =) outAlive, 
END CASE =) unmapped, writeProtected: writeProtected, 

needsLogging: FALSE, beingFlushed: FALSE]]; 
IF regionVictim.dDirty THEN ERROR Bug[regionCacheOverflow]; 
IF options.initiallyResident AND writeProtected THEN 

-- The following depends on Relocate NOT temporarily vacating the pages 
o ~ MStore.Relocate[ 

interval: [page, count], pageDest: page, flagsKeep: PageMap.flagsNone, 
flagsAdd: PageMapJlagsWriteProtected]; 

-- write protect the pages now in memory. 

END; 
IF options.createSpace AND 

(PilotSwitches.switches.u = up OR options.pinRegionD) THEN 
BEGIN 
space i-

[interval: [page, count], level: levelPrimarySpace, 
dPinned: options.pinSpaceD, dDirty: TRUE, pinned: options.pinned, 
state: IF options. mapped THEN mapped ELSE unmapped, 
writeProtected: write Protected , -- (ok if state = unmapped.) 
hasSwapUnits: sizeSwapUnit ... = SimpleSpace.noSwap\.)nits, 
sizeSwapUnit: MAX[1, sizeSwapUnit], 
-- (avoid illegal swap unit size of 0) 
dataOrFile: file, pageRover: page, 
vp: long[windO\.'J: window, countMapped: count, transaction: LOOPHOLE[O]]]; 

-- transaction is don't care, and Transaction.nul/Handle is not initialized yet. 
CachedSpace.lnsert[@spaceVictim, @space]; 
IF spaceVictim.dDirty THEN ERROR Bug[spaceCacheOverflow); 
END; 

END; 

HandleFromPage: PUBLIC PROCEDURE [page: Space.PageNumber] 
RETURNS [handle: Space.Handle] = { 
RETUnN[ 

LOO PH 0 LE[SimpleSpaceHandle[ 
level: 
IF page IN 
[StoragePrograms.pageMDS .. StoragePrograms.pageMDS + 

Environment.maxPageslnMDS) THEN 2 ELSE 1, 
page: page]]]}; 
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SuperFromPage: PUBLIC PROCEDURE [page: Space.PageNumber] 
RETURNS [handle: Space.Hand!e, superPage: Space.PageNumber] = { 
IF page IN 

[StoragePrograms.pageMDS .. StoragePrograms.pageMDS + 
Environment.maxPageslnMDS) THEN 

RETURN[ 
handle: LO 0 P H 0 LE[SimpleSpaceHand le[ 
level: 1, page: StoragePrograms.pagetvlDS]], 

superPage: StoragePrograms.pageMDS] 
ELSE 

RETURN[ 
handle: LOOPHOLE[SimpleSpaceHandle[ 
level: 0, page: FIRST[Space.PageNumber]]], 

superPage: FIRsT[Space.PageNumber]]}; 
_____________ M ___________________________ N ________ _ 

-- SimpleSpace implementation: 

ApplyToSpace: PROCEDURE [ 
spaceD: POINTER TO CachedSpace.Desc, operation: CachedRegion.Operation] = 

4 

-- Performs, in ascending order, operation (successfully) for each swap unit of the space (exac 
*!"tly as required by CachedRegion.Apply). 

BEGIN 
page, pageNext: Space.PageNumber; 
outcome: CachedRegion.Outcome; 
FOR page i- spaceD.interval.page, pageNext WHILE page < 
. spaceD.interval.page + spaceD.interval.count DO 

-- for a/l swapUnits .. 
DO . 

--REPEAT operation UNTIL outcome = ok or notePinned-­
[outcome, pageNext] i- CachedRe.9ion.Apply[page, operation]; 
WITH outcome SELECT FROM 

ok, notePinned =) EXIT; 
retry = > NULL; -- go around again 

ENDCASE =) ERROR Bug[badOutcome]; 
ENDLOOP; 

ENDLOOP; 
IF pageNext ... = spaceD.interval.page + spaceD.interval.count THEN 

ERROR Bug[notEndRegion]; 
END; 

Copyln: PUBLIC PROCEDURE [ 
handle: Space.Handle, window: Space.WindowOrigin, 
countMapped: Space.PageCount] = 
BEGIN OPEN hnd: LOOPHOLE[handle, SimpleSpaceHandle]; 
spaceD, fromSpace: CachedSpace.Desc; 
CachedSpace.Get[@spaceD, hnd}; 
IF spaceD.state = missing OR -spaceD.dPinned THEN ERROR Bug[notSimpleSpace]; 
fromSpace ~ spaceD; 
-- sets fromSpace.interval, .mapped, and .writeProtected (to keep swapper happy). 
fromSpace.windo\lJ -- window; 
frorr.Space.countMapped ~ MIN[countMapped, spaceD.countMapped]; 
ApplyToSpace[ 

@spaceD, 
[if Missing: report, ifCheckedOut: wait, afterForking: wait, 

vp: copyln[from: @fromSpace]]]; 
END; 
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CopyOut: PUBLIC PROCEDURE [ 
handie: Space.Handle, window: Space.WindowOrigin, 
countMapped: Space.PageCount] = 
BEGIN OPEN hnd: LOOPHOLE[handle, SimpleSpaceHandle]; 
spaceD, toSpace: CachedSpace.Desc; 
CachedSpace.Get[@spaceD, hnd]; 
IF spaceD.state = missing OR -spaceD.dPinned THEN ERROR Bug[notSimpleSpace]; 
toSpace ~ spaceD; 
__ sets fromSDace interval. .maDDed. and. writeProtected (to keeD swaDDer haDDv). 
toSpace.wi~do~- ~ window; - .... - - .. - _. - -.- - .. - - -. - -... --

toSpace.countMapped ~ MIN[countMapped, spaceD.countMapped]; 
ApplyToSpace[ 

@spaceD, 
[if Missing: report, ifCheckedOut: wait, afterForking: wait, 

vp: copyOut[to: @toSpace]]]; 
END; 

Create: PUBLIC PROCEDURE [ 
count: Space.PageCount, location: Location, 
sizeSwapUnit: SimpleSpace.SizeSwapUnit] RETURNS [handle: Space.Handle] = 
BEGIN OPEN locations[location]; 
hnd: SimpleSpaceHandle; 
IF count> largestHole.count THEN ERROR Bug[memoryOverflow]; 
-- free space exhausted 
hnd.page ~ largestHole.page; 
hnd.level ~ 

IF hnd.page IN [mds.total,page .. mds.total.page + mds.total.count) THEN 2 
ELSE 1; . 

largestHole.page ~ largestHole.page + count; 
largestHole.count ~ largestHole.ccunt - count; 
DescribeSpacelnternal[ 

StoragePrograms.createSimpleSpace, hnd.page, count, Space.defaultWindow, 
sizeSwapUnit] ; 

RETURN[LOOPHOLE[hnd]]; 
END; 

Disablelnitialization: PUBLIC PROCEDURE = {initialization Disabled ~ TRUE}; 

Fo rceOut: PUBLIC PROCEDURE [handle: Space.Handle] = 
BEG!N OPEN hnd: LOOPHOLE[handle, SimpleSpaceHandle]; 
spaceD: CachedSpace.Desc; 
CachedSpace.Get[@spaceD, hnd]; 
IF spaceD.state = missing OR -spaceD.dPinned THEN. ERROR Bug[notSimpleSpace]; 
ApplyToSpace[@spaceD, CachedRegionJorceOut]; 
END; . 

Kill: PUBLIC PROCEDURE [handle: Space.Handle] = 
BEGIN OPEN hnd: LOOPHOLE[handle, SimpleSpaceHandle]; 
spaceD: CachedSpace.Desc; 
CachedSpace.Get[@spaceD, hnd]; 
IF spaceD.state = missing OR -spaceD.dPinned THEN ERROR Bug[notSimpleSpace]; 
ApplyToSpace[@spaceD, Cached Region.kill]; 
END; 

Map: PUBLIC PROCEDURE [ 
handle: Space.Handle, window: Space.WindowOrigin, andPin: BOOLEAN, 
countMapped: Space.PageCount] = 

5 

--If window.file.flO = nuli/O, then we allocate real memory and pin it (no backing file); in this ca 
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"'se, andPin and countMapped are ignored. 
-- Else (backing file) assumes window.file is writable and file doesn't end before space. 
BEGIN OPEN hnd: LOOPHOLE[handle, SimpieSpaceHandle]; 
spaceD: CachedSpace.Desc; 
backFile Type: Cached Reg ion.BackFile Type; 
CachedSpace.Get[@spaceD. hndj; 
IF --spaceD.state = missing OR--spaceD.state - = unmapped OR -spaceD.dPinned THEN 

ERROR Bug[notSimpleSpace]; 

6 

-- we check for un maDDed here because we will uDdate the SDaceO before doina ADDIv. which 

"would make debugging harder. 
spaceD.INindow ~ window; -- eWler a real window or Space.defaultWindow 
IF window.file.fID = File.nulllD THEN 

BEGIN --create space with no backing file-­
spaceD.pinned ~ TRUE; 
spaceD.state ~ mapped; -- this is a convenient lie. 
spaceD.writeProtected ~ FALSE; 
-- spaceD.hasSwapUnits is set when the simpleSpace is created. 
spaceD.dataOrFile ~ data; 
spaceD.counttv1apped ~ spaceD.interval.count; -- this is a convenient lie. 
backFileType ~ none; 
END 

ELSE 
BEGIN --create space with backing file--
spaceD.pinned ~ andPin; 
spaceD.state ,- mapped; 
spaceD.writeProtected ~ 

(inline.BiTAND[ .... /inaow.file.permissions. File.write] = 0); 
-- spaceD.hasSwapUnits is set when the simpl&Space is created. 
spaceD.dataOrFile ~ file; 
spaceD.countMapped ~ 

IF countMapped = defaultCount THEN spaceD.interval.count ELSE countMapped; 
backFileType ~ file; 
END; 

IF -CachedSpace.Update[@spaceD].found THEN ERROR Bug[spaceDMissing]; 
ApplyT oSpace[ 

@spaceD, 
[if Missing: report, ifCheckedOut: wait, afterFo(king:, 

vp: map[ 
spaceD.level, backFileType, spaceD.writeProtected. --andNeedsLogging:-­
FALSE]]]; 

IF .backFileType = file AND andPin THEN 
ApplyToSpace[@spaceD, CachedRegion.pin]; 

END; 

Unmap: PUBLIC PROCEDURE [handle: Space.Handle] = 
BEGIN OPEN hnd: LOOPHOLE[handle, SimpleSpaceHandle]; 
spaceD: CachedSpace.Desc; 

. CachedSpace.Get[@spaceD, hndJ; 
IF --spaceD.state = missing OR--spaceD.state - = mapped OR -spaceD.dPinned THEN 

ERROR Bug[notSimpleSpace]; 
-- we check for unmapped here because the Swapper can ·t. 
ApplyToSpace[@spaceD, CachedRegion.unmap]; 
spaceD.pinned ~ FALSE; 
spaceD.state ~ unmapped; 
IF -CachedSpace.Update[@spaceD]Jound THEN ERROR Bug[s;JaceDMissing]; 
END; 

END. 
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LOG 
(For earlier-fog entries, see Pilot 4.0 archive version.) 
April 16, 1980 12:27 PM Knutsen Added InitializeSimpleSpace, AllocateVM; fix up for no 
··nzero MDS; implement simpleSpaces with swap units. 
July 1, 1980 5:32 PM Knutsen New StartPilot/StartList; different SpaceOptions; move handling 0 

··f empty spaces to InitializeSimpleSpace; fix bug unmapping spaces w/ swap Units; export nullS 
··paceHandle. 
July 14, 1980 5:22 PM Gobbel Made compatible with new CachedRegion.Desc, make 
··Unmap do equivalent of ApplyTolnterval so we get all swap units. 
July 16. 1980 2:43 PM Gobbel Made DescribeSpacelnternallook at U switch and pinn 
- "'ed boolean before making new cache entries. 
July 19. 1980 1:03 PM McJones Added missing" = CODE" to definition of Error. 
July 1, 1980 5:32 PM Knutsen Made compatible with new CachedRegion.Desc. 
September 2, 1980 2:52 PM Knutsen Implemented Kill, Copyln, CopyOut. Handle swap units 
"""in region. Page[] now an inline. Tried to convert to exported type Handle .. so sorry, Compiler w 
• ·on 't allow! 
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-- SwapBufferlmpl.mesa (last edited by: McJones on:. September 23, 1980 4:01 PM) 

DIRECTORY 
SwapBuffer USING 0, 
Environment USING [Base, bltsPerWord, first64K, Word}, 
Inline USING [BITAND, BITNOT, BITOR, BITSHIFT], 
PageMap USING [flagsVacant, GetF] , 
ResidentHeap USING [MakeNode], 
Runtime USING [CaIiDebugger], 
Runtimelnternal USING [WorryCaIlDebugger], 
SimpleSpace USING [AllocateVM], 
Space USING [defaultWindow], 
SpecialSpace USING [reaIMemorySize], 
StoragePrograms USING [DescribeSpace, outlaw], 
SwapperPrograms USING 0, . 
VM USING [Interval, PageCount, PageNumber. PageOffset]. 
Zone USING [Status]; 

SwapBufferlmpl: MONITOR 
IMPORTS 

Inline, PageMap, ResidentHeap, Runtime, Runtimelnternal, SimpleSpace, 
SpecialSpace. StoragePrograms 

EXPORTS Swap Buffer, SwapperPrograms 
SHARES PageMap = 
BEGIN 

Status: TYPE = {free. busy}; -- i.e. 0 is free 

pageBuffer: VM.PageNumber; 
countBuffer: VM.PageCount; 
pAllocationMap: LONG POINTER TO ARRAY [0 .. 0) OF Environment.Word; 
deallocation: CONDITION; 

Error: PROCEDU~E = 
BEGIN 
DO 

RuntimelnternaI.WorryCaIIDebugger["SwapBufferlmpl consistency check"L] 
ENDLOOP . 

END; 

InitializeSwapBuffer: PUBLIC PROCEDURE = 
BEGIN 
allocMapSize: CARDINAL; 
node: Environment.Base RELATIVE POINTER; 
s: Zone.Status; 
w: CARDINAL; 
countBuffer +- SpeciaISpace.reaIMemorySize; 
-- big enough to hold all of real memory. 
pageBuffer +- SimpleSpace.AllocateVM[countButfer. hyperspace]; 
StoragePrograms.DescribeSpace[ 

StoragePrograms.outlaw. pageBuffer, countBuffer. Space.defaultWindow]; 
-- tells Swapper about swap buffer space. 
allocMapSize +-

(countBuffer + Environment.bitsPerWord - 1)/Environment.bitsPerWord; 
[node. s1 +- ResidentHeap.MakeNode[allocMapSize]; 
IF s - = okay THEN Runtime.CaIlDebugger["Resident heap full"L]; 
pAllocationMap +- @Environmentfirst64K[node]; 
FOR W IN [O .. allocMapSize) DO pAllocationMap[w] +- 0 ENDLOOP; 
-- SetBlock would be handy 
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END; 

Allocate: PUBLIC ENTRY PROCEDURE [count: VM.PageCount] 
RETURNS [interval: VM.lnterval] = 
BEGIN 
offsetPage: VM.PageOffset; 
offsetOffset: VM.PageOffset; 
DO 

-- until enough space is available 
FOR offsetPage +- 0, offsetPage + offsetOffset + 1 WHILE otfsetPage + count 
< = countBuffer DO 
BEGIN 
FOR offsetOffset IN [O .. count) DO 

IF GetSta.tus[offsetPage + offsetOffset] - = free THEN GO TO HoleTooSmall 
ENDLOOP;. 

FOR offsetOffset IN [O .. count) DO 
SetStatus[offsetPage + offsetOffset, busy] ENDLOOP; 

RETURN[[pageBuffer + offsetPage, count]] 
EXITS HoleTooSmall =) NULL 
END 
ENDLOOP; 

WAIT deallocation 
ENDLOOP 

END; 

Deallocate: PUBLIC ENTRY PROCEDURE [interval: VM.lnterval] = 
BEGIN· 
offset: VM.PageOffset; 
--assert--
IF interval.page -IN [pageBuffer .. pageBuffer + countBuffer) OR 

interval.page + interval.count -IN [pageBuffer..pageBuffer + countBuffer] 
THEN ErrorD; 

FOR offset IN [O .. interval.count) DO 
--assert--
IF PageMap.GetF[interval.page].valueOld.flags - = PageMap.flagsVacant THEN 

ErrorD; 
SetStatus[interval.page - pageBuffer + offset, free]; 
ENDLOOP; 

BROADCAST deallocation; 
END; 

GetStatus: PROCEDURE [offset: VM.PageOffset] RETURNS [Status] = 
BEGIN 
W: CARDINAL = offsetlEnvironment.bitsPerWord; 
bit: Environment.Word = Inline.SITSHIFT[ 

1. offset MOD Environment.bitsPerWord]; 
RETURN[IF Inline.BITAND[pAllocationMap[w], bit] a THEN free ELSE busy] 
END; 

SetStatus: PROCEDURE [offset: VM.PageOffset, status: Status] = 
BEGIN . 
w: CARDINAL = offsetlEnvironment.bitsPerWord; 
bit: Environment.Word = Inline.8ITSHIFT[ 

1, offset MOD Environment.bitsPerWord]; 
pAllocationMap[w] +- Inline.BITOR[ 

Inline.·BIT AND[pAllocationMap [w]. Inline.BITNOT[bit]]. 
IF status = free THEN 0 ELSE bit] 

END; 
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END. 

McJones Create file May 22, 1978 10:57 AM 
August 4, 1978 9:42 AM 
Hion variable 

McJones Allocate allocationMap locally; add initialization, condit 

August 18, 1978 11:53 AM 
September 7, 1978 10:42 AM 

I September 8, 1978 2:00 PM 
October 5, 1979 9:03 AM 
April- 2, 1980 1:54 PM 
Septemper 23, 1980 12:15 PM 

McJones 
Redell 
McJones 
McJones 
Knutsen 
McJones 

Initialization followed module END! 
Allow al/ocation/deallocation of zero-length buffers 
Fix check for end of intervalBuffer in Allocate 
Allocation map in heap 
Add InitializeSwapBuffer 
Check that buffer is not mapped in Deal/ocate 
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-- Swapper>SwapperExceptionlmpl.mesa (/ast edited by: Forrest on: April 28, 1980 10:19 AM) 

DIRECTORY 
Cached Region: FROM "CachedRegion" USING [Operation, Outcome]. 
Frame: FROM "Frame" USING [AlIoc, Free], 
Runtimelnternal: FROM "Runtimelnternal" USING [MakeFsi], 
SwapperException: FROM "SwapperException". 
SwapperPrograms: FROM "SwapperPrograms". 
VM: FROM "VM" USING [PageNumber]; 

SwapperExceptionlmpl: MONITOR 
IMPORTS Frame, Runtimelnternal EXPORTS SwapperException. SwapperPrograms = 
BEGIN OPEN SwapperException; 
QE: TYPE = RECORD [ 

pOEPrev: POINTER TO QE, 
page: VM.PageNumber, 
operation: CachedRegion.Operation, 
outcome: CachedRegion.Outcome]; 

PQE: TYPE = POINTER TC) QE; 
fsiOE: CARDINAL = RuntimelnternaI.MakeFsi[sIZE[QE]]; 
pQELast: PQE +- NIL; -- points to last of fifo queue of exception reports 
report: CONDITION; 
Await: PUBLIC ENTRY PROCEDURE 

RETURNS [ 
page: VM.PageNumber, operation: CachedRegion.Operation. 
outcome: CachedRegion.Outcome] = 

BEGIN 
pQE, pQENext: PQE; 
-- Wait for queue non empty 
WHiLE pQELast = NIL DO WAIT report ENDLOOP; 
-- Remove first report from queue and return it 
FOR pQE +- pQELast, pQE.pQEPrev WHILE pQE.pQEPrev - = NIL DO 

pOENext +- pOE ENDLOOP; 
[, page, operation, outcome] +- pQEt; 
IF pQE = pQELast THEN pQELast +- NIL ELSE pQENext.pQEPrev +- NIL; 
Frame.Free[pQE] 
END; 

Report: PUBLIC ENTRY PROCEDURE [ 
page: VM.PageNumber, operation: Cached Region.Operation, 
outcome: CachedRegion.Outcome] = 
BEGIN 
-- Add report to end of queue 
pOE: PQE = LOOPHOLE[Frame.AlIoc[fsiOE], PQE]; 
pOE'!' +- [pQELast, page, operation, outcome]; 
pQELast +- pQE; 
NOTIFY report 
END; 

END. 
LOG 
Time: June 6, 1978 3:31 PM By: McJones 
Time: July 31, 1978 10:53 AM By: McJones 
**on 
Time: April 28, 1980 10:18 AM By: Forrest 

Action: Created file (stub only) . 
Action: ReplacG stubs with real implementati 

Action: FrameOps = > Frame. 
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-- Swapper)SwapperControl.mesa (last edited by Knutsen on April 15, 1980 12:05 PM) 

DIRECTORY 
Cached Region: FROM "CachedRegion" USING [ 

age, Apply, Outcome, pagefault, pageTop], 
Environment: FROM "Environment" USING [PageCount, PageNumber], 
MStore: FROM "MStore" USING [AwaitBelowThreshold, SetThreshold], 
PageFault: FROM "PageFault" USING [Await], 
Process: FROM "Process" USING [Detach, Yield], 
Runtime: FROM "Runtime" USING [CaIiDebugger], 
StoragePrograms: FROM "StoragePrograms", 
SwapperException: FROM "SwapperException" USING [Report], 
SwapperPrograms: FROM "SwapperPrograms" USING [ 

CachedRegionlmplB, CachedSpacelmpl, PageFaultimpl, InitializeSwapBuffer, 
SwapperExceptionlmpl, SwapTasklmpl]; . 

SwapperControl: PROGRAM 
!MPORTS 

CachedRegion, MStore, PageFault, Process, Runtime, SwapperException, 
SwapperPrograms 

EXPOrtTS StoragePrograms = 
BEGIN 
PageFaultProcess: PROCEDURE = 

BEGIN 
page: Environment.PageNumber; 
outcome: CachedRegion.Outcome; 
DO 

page ~ PageFault.Await[]; 
outcome +- CachedRegion.Apply[page, CachedRegion.pagefault].outcome; 
-- starts region coming in, faulting process will be woken up when it is in. 
WITH outcome SELECT FROM 

ok =) NULL; 
regionDMissing, spaceDMissing, error =) 

Swappe~Exception.Report[page, CachedRegion.pagefault, outcome]; 
END CASE =) ERROR 

ENDLOOP 
END; 

ReplacementP rocess: PUBLIC PROCEDURE [threshold: Environment.PageCount] = 
BEGIN 
deadlockPasses: CARDINAL = 1000; -- meant to be about 60 sec of trying. 
passes: CARDINAL; 
newCycle: BOOLEAN; 
page, pageNext: Environment.PageNumber; 
outcome: CachedRegion.Outcome; 
MStore.SetThreshold[threshold]; 
page +- FIRsT[Environment.PageNumber]; 
passes ~ 0; 
DO 

--FOHEVER--
newCycie +- MStore.AwaitBelowThreshold[]; 
IF newCycle THEN passes +- 0; 
[outcome, pageNext] ~ CachedRegion.Apply[page, Ca::hedRegion.age]; 
-- ages this region. If it is old enough, it will be swapped out. 
SELECT outcome.kind FROM 

ok => NULL; 
spaceDMissing = > SwapperException.Report[page, CachedRegion.age, outcome]; 
ENDCASE =) ERROR; 

IF page Next < CachedRegion.pageTop THEN page +- pageNext 
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ELSE 
BEGlrJ 
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page +- FIRST[Environment.PageNumber]; 
IF (passes +- passes + 1) = deadlockPasses THEN 

Runtime.CaIiDebugger["No regions to SVJap out!"]; 
Process.Yield[]; -- give others a chance to finish .. 

END; 
ENDLOOP 

END; 

. InitiaJizeSwapper: PUBliC PROCEDURE [pMapLogDesc: LONG POINTER TO UNSPECIFIED] = 
BEGIN 
-- CachedRegion/mp/A is started by Pi/otContro/ (see StoragePrograms). 
-- MStore!mplis started by Pi/otContro! (see Stor~gePrograms). 
.- SimpleSpacelmpl is started by Pi/otControl (see StoragePrograms). 
-- ResidentMemory/mp/ is started by Pi/otControl (see StoragePrograms). 
-- ResidentHeap/mp/ is started by Pi/otContro/ (see StoragePrograms). 
START SwapperPrograms.CachedSpacelmpl; 
START SwapperPrograms.CachedRegionlmpI8[pMapLogDesc]; 
Swap perProg rams. I ni ti alizeSwap Buff erD; 
-- (CachedSpac6/mpl must be started first.) 
START SwapperPrograms.PageFaultlmpl; 
START SwapperPrograms.SwapTasklmpl; 
START SwapperPrograms.SwapperExceptionlmpl; 
Process.Detach[FORK PageFaultProcess[]]; 
~- (ReplacementProcess is forked elsewhere.) 

END; 

END. 
LOG 
For earlier log entries see Teak archive version. 

2 

Time: January 31, 1980 1:03 PM By: Knutsen/McJones Action: Add Region Ca 
""'che parameters/switch to InitializeSwapper starting interface. 
Time: FebruarY'21, 1980 6:53 PM By: Knutsen Action: Imp/ement Region Cache 
""parameters. Don't START MStore!mp! (now started by Pi!otContro!). 
Time: March 20, 1980 12:50 PMBy: Knutsen Action: Made RepfacementProcess detect d 
**ead/ocks. 
Time: April 15, 1980 12:05 PM By: Knutsan Action: Various components started early by 
.. .. Pi!otContro!. 
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•• Swapper>SwapTasklmpl.mesa (fast edited by Forrest on April 28, 1980 11:31 AM) 
• - Things to consider: 
-. 1) When converting to multi-MOS, PState must be long pointer; may only free frame from same 
* * MDS as allocated it! 
-·2) Change Advance to return region, action, bufferPage, and count (or lastFlag) separately 

DIRECTORY 
Cached Region: FROM "Cached Region" USING [Oesc], 
Frame: FROM "Frame" USING [Alloc, Free], 
PageMap: FROM "PageMap" USING [Flags], 
Runtimelnternal: FROM "Runtimelnternal" USING [MakeFsi], 
SwapperPrograms: FROM "SwapperPrograms", 
SwapTask: FROM "SwapTask", 
VM: FROM "VM" USING [Interval, PageNumber, PageCount]; 

SwapTasklmpl: MONITOR 
lMPORTS Frame, Runtimelnternal EXPORTS S.wapperPrograms, Swap Task SHARES SwapTask 

BEGIN OPEN SWapTask; 
fsiState: CARDINAL = RuntimelnternaI.MakeFsi[SlzE[State]]; 
swapTaskList: PState ~ NIL; 
Fo rk: PUBLIC ENTRY PROCEDURE [ 

swaplnterval: VM.lnterval, flags: PageMap.Flags, bufferPage: VM.PageNumber, 
swapCcunt: VM.PageCount, region: CachedRegion.Desc] 
RETURNS [forked: BOOLEAN] = 
BEGIN 
pState: PState; 
IF -(forked ~ swapCount -) O} THEN RETURN; 
pState ~ LOOP HOLE[Frame.Alloc[fsiState], PState]; 
pStatet ~ [swapTaskList, swaplnterval, flags, bufferPage, swapCount, region]; 
swapTaskList ~ pState; 
END; 

Advance: PUBLIC ENTRY PROCEDURE [interval: VM.lnterval] RETURNS [state: State] = 
BEGIN 
pState, pStatePrev: PState; 
pState ~ swapTaskList; 
DO 

OPEN pState; 
--assert-· 
IF pState = NIL THEN ERROR; 
IF interval.page IN [bufferPage .. bufferPage + swaplntervat.count} THEN EXIT; 
pStatePrev ~ pState; 
pState ~ next; 
ENDLOOP; 

--assert-· . 
IF pSt·ate.countRemaining < interval.count THEN ERROR; 
pState.countRemaining ~ pState.countRemaining - interval.count; 
state ~ pStatet; 
IF pState.countRemaining = 0 THEN 

BEGIN. 
IF pState = swapTaskList THEN swapTaskList ~ pState.next 
ELSE pStatePrev.next ~ pState.next; 
F rame.F ree [pState]; 
END; 

END; 

END. 
LOG 
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Time: Sometime in March 1978 By: McJones Action: Created file 
Time: September 5, 1978.4:39 PM By: Redell Action: Removed 'Action' records. Added 's . 
HwapCount' argument and 'forked' result to Fork. 
Time: October 13, 1979 12:26 PM By: Knutsen Action: Swap task is now a swap 
"unit, not a region. 
Time: November 26, 1979 12:20 PM By: Gobbel Action: Advance now uses count i 
Hnstead of doing one page at a time. 
Time: April 28, 1980 11:31 AM By: Forrest Action: FrameOps = > Frame. 
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-- Transactions>TransactionLoglmpl.mesa (last edited by Gobbel on September 26, 1980 4:33 P 
*"'M) 

DIRECTORY' 
File --USING [xxx]--
, 
Filelnternal --USING [xxx]--
, 
Inline --USING [xxx]--

PilotFileTypes --USING [xxx]--
, 
SimpleSpace --USING [xxx]--
, 
Space --USING [xxx]--

Transaction --USING [xxx]--
, 
Transactionlnternal --USING [xxx]--
, 
TransactionState --USING [xxx]--
, 
Utilities --USING [xxx]--

TransactionLoglmpl: PROGRAM 
-- not a MONITOR. The procedures in this module are only cal/ed from inside the monitor of Tra 

... nsactionStatelmpl. 

IMPORTS Inline, SimpleSpace, Transactionlnternal, Utilities 
EXPORTS Transactionlnternal 
SHARES File --USING[Capability]-- = 
BEGIN OPEN Transactionlnternal; 
bufferS pace: Si'mpleSpace.Handle; 
countBuffer: Space.PageCount = 40; 
BugType: TYPE = {illegaILogOperation, !ogForlnactiveTransaction}; 
Bug: PRIVATE --PROGRAMMING--ERROR [BugType] = CODE; 
-- Initialization . 
InitializeLogsA: PUBLIC PROCEDURE = 

-- Called once at system startup - create simple spaces for later use. 
BEGIN 
IF disabled THEN RETURN; 
bufferSpace +- Simp'leSpace.Create[countBuffer, hyperspace]; 
END; 

Initia!izeLogsB: PUBLIC PROCEDURED = 
BEGIN -- may be something here someday-- END; 

Assu reLogRoom: PROCEDURE [ 
pTrans: LONG POINTER TO active TxDescriptor, countOp: FilePageCount, 
fileOps: TransactionState.FileOps] = 
-- Assures that there is enough room in the log file for this transaction to hold countOp addition 

··al pages. 
--If no log file is al/ocated yet, al/ocates a log file for transaction. Uses a preallocated log file if 

"one available, else creates one. . 
-- May raise Volume.lnsufficientSpace. 
BEGIN 
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countGrowExtra: FilePageCount = 10; 
-- add this much extra when we have to grow a log file. 
trUnused: TxDescPtr; 
IF -pTrans.file!nUse THEN -- aI/ocate a log tile .. 

BEGIN 
FOR txUnused: ValidTxlndex IN ValidTxlndex DO 

--look for an unused, preallocated file .. 
trUnused +- @state[txUnused]; 
IF -trUnused.filelnUse AND trUnused.logFile ... = File.nulllD THEN 

-- found a preallocated fife. Swap file info into current transaction. 
{ 
templD: File.ID; 
tempPage: FilePageNumber; 
templD .... pTrans.logFile; 
tempPage .... pTrans.logFileSize; 
pTrans.logFile .... trUnused.logFile; 
pTrans.logFileSize .... trUnused.logFileSize; 
trUnused.logFile .... templD; 
trUnused.logFileSize ~ tempPage; 
Transactionlnternal.UpdateStateFileO; 
EXIT}; 

REPEAT 
FINISHED = > -- have to create a file .. 

{ 
pTrans.logFile +- fileOps.CreateFile[ 

(pTrans.!ogFileSize +- countOp + countGrowExtra), 
PilotFileTypes.tTransactionLog]; 

-- may raise Volume.lnsufficientSpace . 
T ransacti on Internal. UpdateStateFi len; 
fileOps.MakeFilePermanent[p T rans.1 og File]}; 

. -- (now that we've remembered its ID) 

ENDLOOP; 
pTrans.filelnUse .... TRUE; 
pTrans.pB:geFree +- FIRST[FilePageNumber]; 
pTrans.countPrevLogEntry ~ 0; 
END; 

-- grow the log file as necessary .. 
IF pTrans.pageFree + countOp > pTrans.logFileSize THEN -- grow the log file .. 

{ 
tempSize: FilePageCount = countOp + pTrans.pageFree + countGrowExtra; 
-- that needed + extra. 
fileOps.SetFileSize[pTrans.logFile, tempSize]; 
-- may raise VoJume.lnsufficientSpace. 
pTrans.logFileSize +- tempSize}; -- now that we have sufficient space. 

END; 

Loglnternal: PUBliC PROCEDURE [ 
txi: ValidTxlndex, op: TransactionState.LogEntiyPtr, 
fileOps: TransactionState.FileOps] = 
-- May raise Volume.lnsufficientSpace. 
BEGIN 
entryData: LO~G POINTER TO LogFileEntryData; 
pTrans: TxDescPtr = @state[txi]; 
countOp: FilePageCount = -- total number of pages to log for this operation. 

countLogEnt0' + 
(VJlTH oper: op S~LECT FROM 
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setContents = > ShortenPageCount[oper.size], 
END CASE =) 0); 

WITH trans: pTrans SELECT FROM 
active => 

BEGIN 
AssureLogRoom[@trans, countOp, fileOps]; 
-- may raise Volume.lnsufficientSpace. 
WITH oper: op SELECT FROM 

setContents =) 

3 

-- First log the data, then go back and log the operation info. That way, if the operation i 
Hnfo iSJn the log file, we know that the following data is also in the log file. 

BEGIN 
count: FilePageCount; 
baseLog: File.PageNumber ~ trans. page Free + countLogEntry; 
-- (skip over header page) 
baseData: FilePageNumber ~ ShortenPageNumber[oper.window.base]; 
countRemaining: FilePageCount ~ ShortenPageCount[oper.size]; 
IF countRemaining ) 0 --UNTIL count exhausted-- THEN 

DO' 
count ~ MIN[countBuffer, countRemaining]; 
SimpleSpace.Map[ 

handle: bufferSpace, 
window: [[trans.logFile, permissions], baseLog], andPin: FALSE, 
countMapped: count]; 

SimpleSpace.Copyln[ 
handle: bufferS pace, window: [oper.window.file, baseData], 
countMapped: count]; 

SimpleSpace.Unmap[bufferSpace]; 
baseLog ~ baseLog + count8uffer; 
baseData ~ baseData + countBuffer; 
IF countRemaining < countBuffer THEN EXIT; 
ccuntRemaining ~ countRemaining - countBuffer; 
ENDLOOP; 

END; 
create, delete, move, makeMutable, make Temporary, shrink = > NULL; 
ENDCASE =) ERROR Bug[illegaILogOperation]; 

-- Log the operation info: 
SimpleSpace.Map[ 

handle: bufferSpace, 
window: [[trans.logFile, p~rmissions], trans.pageFree], andPin: FALSE, 
countMapped: countLogEntry]; 

SimpleSpace.Kill[bufferSpace]; 
entryData +- LO 0 P H OLE[Si mpleSpace.LongPointer[bufferSpace]]; 
BEGIN OPEN e: entryData.logFileEntry; 
e.seal ~ logFileFormatVersion; 
e.transactionHandle ~ e.transactionHandle2 ~ Handle[trans.txEdition, txi]; 
e.countPrevEntry ~ trans.countPrevLogEntry; 
e.op +- opt; 
END; 
entryData.checksumData ~ Checksum[ 

0, slzE[LogFileEntry], @entryData.logFileEntry];. 
SimpleSpace.Unmap[bufferSpace]; 
trans.pageFree ~ trans.pageFree + countOp; 
trans.countPrevLogEntry +- countOp; 
-- remember count of this entry for next time. 

END' 
ENDC~SE =) ERROR Bug[logForlnactiveTransaction]; 
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END; 

END. 
LOG 
June 2, 1980 2:05 PM 
July 21, 1980 2:23 PM 
July 22, 1980 2:59 PM 
August 27, 1980 1:04 PM 
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Gobbel Created file. 
McJones Converted to new UNCOUNTED ZONE representation. 
Gobbel NoVi to make it work .... 
Knutsen Merged Log Table into State Table. Major cleanup. 
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-- Transactions>Transactionlmpl.mesa (fast edited by Fay on October 16, 1980 4:16 PM) 
-- This module implements high-level transaction operations: Commit, Abort, Crash Recovery. 
-- Serial access to individual transactions is accomplished by checking-out a transaction from Tra 
'" '" nsactionStatelmpl. 
-- This module runs at a lev,el within Pilot above the VIv1Mgr. 

DIRECTORY 
Environment USING [wordsPerPage], 
File USING [ 

Capability, Create, Delete, Error, GetSize, Makelmmutable, MakePermanent, 
Move, nuliCapability, nulllD, PageCount, SetSize, Unknown], 

Inline USING [LongCOPY], 
KernelFile USING [ 

CreateWithlD, ExistingFile, GetRootFile, MakeMutable, MakeTemporary], 
KernelSpace USING [ReleaseFromTransaction], 
PilotFileTypes USING [tTransactionStateFile], 
PilotMP USING [cTransactionCrashRecovery], 
PiiotSwitches USING [switches --.x--], 
ProcessorFace USING [SetMP], 
Runtime USING [CallDebugger, IsBound], 
Simp!eSpace USING [Kill, Map, Unmap], 
Space USING [ 

Create, Delete, defaultBase, defaultWindow, Error, ForceOut, GetWindow, 
Handle, Kill, LongPointer, LongPointerFromPage, Map, PageCount, PageNlJmber, 
PageOffset, Unmap, virtual Memory, YMPageNumber, WindowOrigin], . 

SpecialTransaction USING [ClientStart], 
StoragePrograms USING 0, 
TemporaryTransaction USING 0, . 
Transaction USING [Handle], 
Transactionlnternal USING [ 

Checksum, countLogEntry, disabled, FilePageCount, FilePageNumber, Handle, 
LogFileEntry, LogFileEntryData, LogFHeEntryPtr, logFileFormatVersion, 
MaybeCrash, permissions, ShortenPageCount, standardLogFileCount, state, State, 
state1Window, state2Window, stateCount, StateData, StateEdition, . 
stateFormatVersion, stateSpace, TxDescPtr, Txlndex, ValidTxEdition, 
ValidTxlndex], 

TransactionState USING [ 

InitializeStateA, InitializeStateB, LogOp, NoMoreOperations, RecordCommit, . 
ReleaseTransaction, SpaceNodePtr], 

Utilities USING [LongPointerFromPage], 
Volume USING [systemlD, Unknown]; 

Transactionlmpl: MONITOR 

-- This module's monitor is only used to control access to the two utility spaces used by Abort an 
'" "'d crash recovery. Access to individual transactions is controlled by the monitor of Transaction 
"''''Statelmpl. 

IMPORTS 
File, Inline, KernelFile, KernelSpace, PiiotSwitches, ProcessorFace, Runtime, 
SimpleSpace, Space, SpecialTransaction, Transactionlnternal, TransactionState,. 
Utilities, Volume 

EXPORTS StoragePrograms, TemporaryTransaction, Transaction 
SHARES File --USING [permissions]-- = 
BEGIN OPEN Transactionlnternal; 
--Transaction.--
Handle: PUBLIC TYPE = Transactionlnternal.Handle; 
logSpaceSize: Space.PageCount ~ 500; 
-- arbitrary number, big enough to avoid doing lots of Maps and Unmaps on 10gSpace 
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entrySpace, logSpace; clientS pace: Space.Handle; -- for Abort processing. 
BugType: TYPE = { 

XXX, abortFileError, abortSpaceError, iliegalLogOperation, 
inactiveTransaction, invalid Log Entry, stateDataNotEqualToState, 
unexpectedErrorRestoringSpaces, unexpectedErrorValidateLogFile}; 

2 

-- BugType: TYPE = {commitSpaceError, crashRecoveryFileError, crashRecoverySpaceError, ill 
.... egaILogOperation. impossibleStatelnconsistency, invalidLogHandle. invalidVersionSeal. logAlr 
.... eadyAllocated, 10gFileDisappeared, 10gFileVolumeError, missingPinnedPageGroup, remoteLog 
.... File. spaceAlreadylnTransaction, tooManyTransactions}; 

Bug: PRIVATE --PROGRAMMING--ERROR [BugType] = CODE; 

-- Monit.or External Procedures 

--Te.mporaryTransaction.-- I 

DisableTransactions: PUBLIC PROCEDURE = {disabled ~ TRUE}; 

Abo rt: PUBLIC PROCEDURE [transaction: Transactionlnternal.Handle] = 
BEGIN . 
-- Save tl7e windows that the spaces are currently mapped to, and unmap them: 
spaceList: TransactionState.SpaceNodePtr; 
IF 'disabled THEN RETURN; 

space List ~ TransactionStateJ~oMoreOperations[transaction]; 
-- may raise In va IfdHa n dIe 
Fon space: TransactionState.SpaceNodePtr ~ spaceList, space.nextSpace UNTIL 

space = NiL DO 

space.window ~ Space.GetWindow[ 
space.handle ! 
-- (note that GetWindow will return defaultWindow if the space is mapped as a data space . 

.... We will not do anything to that space during Abort processing.) 

Space.Error, File.Unknown, Volume.Unknown =) { 
space.window ~ Space.defaultWindow; CONTINUE}]; 

-- we assume client deleted the space or the file. 
IF space.window # Space.defaultWindow THEN' 

Space.Unmap[ 
space. handle ! 
Space.Error =) {space.window ~ Space.defaultWindO'.'J; CONTINUE}]; 

ENDl.OOP; 

-- Back out the changes that have been made to the client's files: 
RestoreFileslnTransaction[iransaction.index]; 
-- Map the spaces back to their windows and deallocate the space list elements: 
FOR space: TransactionState.SpaceNodePtr ~ spaceList, s;:>ace.nextSpace UNTIL 

'space = NIL DO 
IF space.window # Space.defaultWindow THEN 

Space.Map[ 
space.handle, space.windov'J ! 
Space.Error, File.Unknown, Volume.Unknown = > CONTINUE; 

-- we assume client deleted the space or the file was deleted in the course of Abolt proce 
"'ssing. 

ANY =) ERROR Bug[unexpectedErrorRestoringSpaces]]; 
-- client messing with files during transaction! 
KerneISpace.ReleaseFromTransaction[ 

space.handle, transaction, --andlnvalidate:~-FALSE 
-- (if we were going to invalidate, we would nave to do it earlier.) 
! Spa.ce.Error =) CONTINUE]; 

ENOLCOP; 

ReleaseLog[transaction.index]; 
T ransacti onState. Release T ransaction [transaction]; 

Transactionlmpl.mesa. 16-0ct-80 16:21:15 2 



Transactionlmpl.mesa. 16·0ct·80 16:21:15 

END; 
-- Note: Begin[] is implemented in TransactionStatelmpl. 

Commit: PUBLIC PROCEDURE [transaction: Transactionlnternal.Handle] = 
BEGIN 

3 

-- At present, all transaction space and file operations use an "undo log", so Commit is very si 
* *mple: force out all mapped spaces, record the commit in the Transaction State file, then clear th 
He log file, then free the tx entry in the State. 

spaceList: TransactionState.SpaceNodePtr; 
IF disabled THEN RETURN; 
space List +- TransactionState.NoMoreOperations[transaction]; 
-- may raise InvalidHandle 
FOR space: TransactionState.SpaceNodePtr +- spaceList, space.nextSpace UNTIL 

space = NIL DO 
Space.ForceOut[space.handle ! Space. Error . = > CONTINUE]; 
-- If error, Vie assume client deleted the space. 
KerneISpace.ReleaseFromTransaction[ 

space.handle, transaction ! Space.Error = > CONTINUE]; 
ENDLOOP; 

TransactionState.RecordCommit[transaction]; 
-- now the log file will be ignored if we crash. 
ReleaseLog[transaction.index]; 
TransactionState.ReleaseTransaction[transaction]; 
END; 

_. Initialization and Crash Recovery 

--StoragePrograms.--

InitializeTransactionData: PUBLIC PROCEDURED = 
--Initializes nul/Handle exported variable, creates SimpleSpaces for logging. 
BEGIN 
TransactionState.lnitializeStateAO; -- creates stateSpace. 

END; 
--StoragePrograms. --

RecoverTransactions: PUBLIC --EXTERNAL--PROCEDURE[] = 
-- Initializes Transaction modules, performs Crash Recovery. 
-- This procedure is called during Pilot initialization after the FileMgr and VMMgr are started, bu 

Ht before anyone is using transactions, so (1) we can use high-level File and Space operations, a 
**nd (2) no one will call Log from inside Fi/elmpl, which would trigger a deadlock since we are usi 
Hng Fi/e operations ourself. 

BEGIN . 
ProcessorFace.SetMP[PilotMP.cTransactionCrashRecovery]; 
IF PilotSwitches.switches.x = down THEN Runtlme.CaIlDebugger["Key Stop X"Ll; 
IF Runtime.lsBound[SpeciaITransaction.ClientStart] THEN 

SpecialTransaction .ClientStartD; 
logSpace +- Space.Create[logSpaceSize, Space.virtuaIMemory]; 
clientS pace +- Space.Create[logSpaceSize, Space.virtuaIMemory]; 
entrySpace +- Space.Create[countLogEntry, Space.virtuaIMemory); 
-- Create real swap units to avoid UniformSwapUnit deadlock bug: 
FOR base: Space.PageOffset +- 0, base + 20 WHILE base < logSpaceSize DO 

[] +- Space.Create[MIN[20, logSpaceSize - base], logSpace, base]; 
o +- Space.Create[M!N[20, logSpaceSize - base], clientSpace, base]; 
ENDLOOP; 

RecoverState[]; -- performs Crash Recovery on the State Tab/e. 
TransactionState.lnitializeStateBD; 
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FOR txi: ValidTxlndex IN ValidTxlndex DO 
ValidateLogFile[txi]; 
WITH trans: state[txi] SELECT FROM 

active =) 

8EGIt~ 
trans.noMoreOperations +- TRUE; -- (keeps ReleaseTransaction happy.) 
trans.spaceList +- NIL; 
Transactionlnternal.MaybeCrash[1]; 
IF ... trans.committed THEN RestoreFileslnTransaction[txi, TRUE]; 
Transactionlnternal.MaybeCrash[5]; 
ReleaseLog[txi]; 
T ransacti onState. Release Transactio n[ 

Transactionlnternal.Handle[trans.txEdition, txi]] 
END; 

free = > NULL; 
END CASE; 

ENDLOOP; 
END; 

-- Support routines 

RestoreFileslnTransaction: ENTRY PROCEDURE [ 
txi: ValidTxlndex, crashRecovery: BOOLEAN +- FALSE] = 
-- Restores client fifes involved in the transaction. 

4 

~- Notice that this routine may be (possibly partially) executed an arbitrary number of times if VI 

ue crash during crash recovery. . 
BEGIN 
pTrans: TxDescPtr = @state[txi]; 
entry: LogFileEntry; 
log Page: Space.PageNumber .... Spac~.VMPageNumber[logSpace]; 
clientPage: Space.PageNumber +- Space.VMPageNumber[clientSpace]; 
pageBase, pageEntry: FilePageNumber; 
WITH trans: p Trans SELECT FROM 

active => 
IF trans.pageFree > 0 THEN -- there's something in the log .. 

BEGIN 
pageEntry +- trans.pageFree - trans.countPrevLogEntry; 
-- start with the last entry, process fife back to front 
entry.countPrevEntry +- trans.countPrevLogEntry; 
-- so maybe we have to do some adjusting for the first one, but this saves keeping this nu 

Umber in the state file ... 
DO 

-- UNTIL aI/ entries processed 
pageBase +-

IF pageEntry < logSpaceSize THEN 0 
ELSE (pageEntry + countLogEntry) - logSpaceSize; . 

-- first find the minimum possible pageBase value that Vlould include the header page f 
**or the next entry to be processed ... 

IF pageEntry + entry.countPrevEntry > pageSase + logSpaceSize THEN 
pageBase +- MIN[ 

pageEntry + (entry.countPrevEntry - countLogEntry), pageEntry]; 
-- then, it.not all of the entry about to be mapped would be in the space with that pageB 

Hase, add to it to get as much as possible of that entry (all of it, if it will fiO into the space, rf:memb 
Hering nof to make pageBase greater than pageEntry. 

Space.Map[logSpace, [[trans.logFile, permissions], pageBase]]; 
WH!LE pageEntry > = pageBase DO 

-- scope of IgnorableError -- . 
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File.Unknown, Volume.Unknown = > GOTO IgnorableError; 
File.Error = > 

SELECT type FROM 

immutable, insufficientPermissions, notlmmutable = > 
GOTO IgnorableError; 

ENDCASE = > ERROR Bug[abortFileError]; 
END' 

entry' +- LOOPHOLE[Utilities.LongPointerFromPage[ 
10gPage + (pageEntry - pageBase)], LogFileEntryPtr]'t; 

IF entry. seal # 10gFileFormatVersion OR 

entry.transactionHandle.index # txi OR 

entry.transactionHandle.txEdition # trans.txEdition OR 

entry.transactionHandle2.index # txi OR 

entry.transactionHandle2.txEdition # trans.txEdition THEN 

ERROR Bug[invalidLogEntry]; 
WITH entry.op SELECT FROM 

create => 
KerneIFile.CreateWithID[ 

volume, size, type, id 1 KernelFile.ExistingFile = > CONTINUE]; 

-- (we already created it during previous incomplete crash Recovery.) 

delete = > File.Delete[file]; 
makeMutabie = > KerneIFile.MakeMutable[file]; 
makeTemporary = > 

IF crashRecovery THEN File.Delete[file] 
ELSE KerneIFile.MakeTemporary[fiIe]; 

move = > File.Move[file, volume]; 
setContents = > 

BEGIN . 
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-- Note: must do things in the proper order b elo wI (FIRST set contents of file, THE 
uN MakePermanent, THEN Makelmmutable) 

fileSize: File.PageCount = File.GetSize[window.file]; 
mapSize: Space.PageCount +- MIN[ 

ShortenPageCount[size], 10gSpaceSize]; 
log Data: LONG POINTER TO UNSPECIFIED ~ 

LOOPHOLE[Utilities.LongPointerFromPage[ 
log Page + (pageEntry - pageBase) + countLogEntry]]; 

clientData: LONG POINTER TO UNSPECIFIED +­
LOOPHOLE[Utilities.LongPointerFromPage[clientPage]]; 

clientWindow: Space.WindowOrigin +- window; 
IF fileSize < window.base + size THEN 

File.SetSize[window.file, window.base + size]; 
IF pageEntry + countLogEntry + size> pageBase +.logSpaceSize 

THEN 
BEGIN -- get 10gSpace and clientWindow in sync 
pageBase +- pageEntry + countLogEntry; 
Space.Unmap[logSpace]; 
Space.Map[logSpace, [[trans.logFile, permissions]: pageBase]]; 
log Data +- LOO P H 0 LE[Utilities.LongPointerFromPage[logPage]]; 
END; 

DO 
Space.Map[ clientSpace, clientWindow]; 
Inline.LongCOPY[ 

from: 109Data, to: clientData, 
nwords: 
MIN[ 
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mapSize, ShortenPageCount[ 
(window.base + size) -

clientWindow.base]] "'Environment.wordsPerPage]; 
IF clientWindow.base +mapSize > = window.base + size THEN 

EXIT; 

clientWindow.base +- clientWindow.base + mapSize; 
pageBase +- pageBase + mapSize; 
Space.Unmap[clientSpace]; 
Space.Unmap[logSpace]; 
Space.Map[logSpace, [[trans.logFile, permissions], pageBase]]; 
ENDLOOP; 

Space.Unmap[clientSpace]; 
IF makePermanent TH~N File.MakePermanent[window.file]; 
IF makelmmutab!e THEN File.Makeimmutable[window.file]; 
Transaction I n ternal.MaybeCrash [6]; 
END; • 

shrink = > File.SetSize[fiIe, size]; 
ENDCASE => ERROR Bug[illegaILogOperation]; 

EXITS IgnorableError = > NULL; 
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-- come here on aJl errors that may result from trying to execute a log entry that has al 
**ready been executed (e.g., trying to delete a file that already been deleted). This can occur if th 
**ere was a crash during a previous attempt to process the log for this transaction. 

END; 

IF page Entry = a THEN GOTO Done; 
pageEntry +- pageEntry - entry.countPrevEntry; 
ENDLOOP; . 

Space.Unmap[logSpace]; 
IF pageBase = 0 THEN EXIT; 

REPEAT Done = > Space.Unmap[fogSpace]; 
ENDLOOP; 

END; 

ENDCASE => ERROR Bug[inactiveTransaction]; 
-- the transaction should have been active. 

END; 

ReleaseLog: ENTRY PROCEDURE [txi: ValidTxlndex] = {Re!easeLoginternal[txi]}; 

ReleaseLoglnternal: INTERNAL PROCEDURE [txi: ValidTxlndex] = 
-- Resets the transaction's log file to the standard size, zeroes its contents, then releases it for 

·-general use. 
BEGIN 
10gData: LONG POINTER TO UNSPECIFIED ~ Space.LongPointer[logSpace]; 
entryData: LONG POINTER TO UNSPECIFIED +- Space.LongPointer[entrySpace]; 
trans: TxDescPtr = @state[txi]; 
IF trans.filelnUse THEN 

BEGIN 
Space.Map[entrySpace, [[trans.logFile, permissions], 0]]; 
Space.Kill[entrySpace]; 
entrjDatat ~. 0; 
-- first clear page 0 to avoid confusing crash recovery if we crash while releasing the file ... 
Inline.LongCOPY[ 

from: entryData, to: entryData + 1, 
nwords: (countLogEntry"'Environment.wordsPerPage) - 1]; 

Space.Unmap[entrySpace]; 
IF trans.logFileSize # standardLogFileCount THEN 

File.SetSize[ . 
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[trans.logFile, permissions], trans.logFileSize +- standardLogFileCount]; 
Space.Map[logSpace, [[trans.logFile, permissions], countLogEntry]]; 
Space.Kill[!ogSpace}; 
10gOatal' +- 0; 
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-- clear aI/ of the page.s so that we will not re-execute any entries of this log file due to any fut 
"ure crashes .. 

Inline.LongCOPY[ 
from: 10gOata, to: 10gOata + 1, 
nwords: 
«standardLogFileCount - countLogEntry)*Environment.wordsPerPage) - 1]; 

Space.Unmap[logSpace]; 
END; 

trans.filelnUse +- FALSE; 
END; 

Recove rState: PROCEDURED = -
BEGIN 
-- Finds the valid data in the old Transaction State File (creates a new State Table if none), map 

"s stateSpace, and puts the State Table into it. 
-- First look for the old transaction state file. If it doesn't exist, we're just starting up with a new 

Hsystem volume, so create the file and put it into the logical volume root page. If it does exist, do 
'" "'crash recovery on it: discover which copy is the most-recent correct one, and copy it to stateSp 
"''''ace. 

-- The present algorithm should happily handle a fife containing an unreadable page if the Sca 
Hvenger were to substitute another page for it (tilled with zeroes). 

createStateTable: BOOLEAN; 
state1 Edition, state2Edition: StateEdition; 
state1Valid, state2Valid: BOOLEAN; 
minStateFileCount: File.PageCount = 3*stateCount; 
-- two stable-storage copies + scratch storage. 
dataFile: File.Capability; 
workingStateWindow: Space.WindowOrigin; 
state1 Space, state2Space: Space.Handle; 
state1, state2: LONG POINTER TO State; 
stateOata: LONG POINTER TO StateData; 
-- (stateSpace is created by InitializeStateA.) 
stateData +- LOOPHOLE[Space.LongPointer[stateSpace]]; 
state +- @stateData.state; 
IF LOOPHOLE[stateData, LONG POINTER] # LOOPHOLE[state, LONG POINTER] THEN 

ERROR Bug[stateDataNotEquaIToState]; 
-- we use state also as a pointer to stateData (to avoid having to keep two copies of an equiva/e 

Hnt pointer in our global frame), so, check that they are indeed equal. 
state1 Space +- Space.Create[ 

stateCou nt, Space. virtual Memory , Space.defau ItBase]; 
state2Space +- Space.Create[ 

stateCount, Space.virtuaIMemory, Space.defaultBase]; 
state1 +- LOOPHOLE[Space.LongPointer[state1Space]]; 
state2 +- LOOPHOLE[Space.LongPointer[state2Space]]; 
state1Window.base +- 0; 
state2Window.base +- state1Window.base + stateCount; 
workinoSt&teWindow.base +- state2Window.base + stateCount; 
createStateTable +- FALSE; -- assume State file is well-formed .. 
-- UNTIL the State is well-formed --
DO 

-- scope of CreateStateFile -­
BEGIN 
dataFile +- KerneIFile.GetRootFile[ 

PilotFileTypes.tTransactionStateFile, Volume.systemID]; 
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state1Window.file ~ state2Window.file +- workingStateWindow.fiIe +- dataFile; 
IF File.GetSize[dataFile ! File.Unknown = > GO TO CreateStateFile] < 

minStateFileCount THEN File.SetSize[dataFile, minStateFileCount]; 
-- (Iii!s with zeros) 
[state 1 Valid, state1Edition] +- CheckState[ 

@state1Window, state1Space, state1]; 
[state2Valid, state2Edition] +- CheckState[ 

@state2Window, state2Space, state2J; 
SimpleSpace.Map[stateSpace, workingStateWindow, --andPin:--FALSE]; 
-- the working copy of the State. 
SimpleSpace.Kill [stateSpace]; 
-- Find the latest. correct copy of the State Table, and copy it into state: 
SELECT TRUE FROM -

state1 Valid AND state2Vaiid = > 
SELECT CompareStateEdition[value: state 1 Edition, to: state2Edition] FROM 

equal, greater =) 
Inline.LongCOPY[from: state1, nwords: slzE[StateData], to: state]; 

less .= > 
Inline.LongCOPY[from: state2, nwords: slzE[StateData], to: state]; 

ENDCASE; 
state1Vaiid AND "'state2Valid => 

Inline.LongCOPY[from: state1, nwords: slzE[StateData], to: state]; 
-state1Valid AND state2Vaiid =) 

Inli"ne.LongCOPY[from: state2, nwords: slzE[StateData], to: state]; 
-state1 Valid AND -state2Valid =) -- no valid State. 

IF -createStateTable THEN { . 
SimpleSpace.Unmap[stateSpace]; GO TO CreateStateFile} 

ELSE -- create the initial State Table .. 
FOR txi: Txlndex IN Txlndex DO 

-- (Txlndex, not ValidTxlndex) 
state[txi] +-

[stateEdition: FIRST[StateEdition), seal: stateFormatVersion, 
txEdition: FIRsT[ValidTxEdition}, filelnUse: FALSE, 
10gFile: File.nuIlID, logFileSize: 0, vp: rreeO]; 

ENDLOOP; 
ENDCASE; 

EXIT; -- state is now well-formed. 

EXITS 
CreateStateFile = > 

BEGIN 
Space.Unmap[state1 Space! Space.Error = > CONTINUE]; 
-- ("Error[no Window]") 
Space.Unmap[state2Space ! Space. Error =) COr-.'TINUE]; 
-- ("Error[noWindowj") 
IF dataFile # File.nullCapability THEN { 

Runtime.CaIlDebugger[ 
"Crash recovery data malformed. P{roceed) will delete it."L]; 

File.Delete[dataFile ! File.Unknown =) CONTINUE]}; 
dataFile ~ File.Create[ 

Vo!ume.systemID, minStateFileCount, 
PilotFileTypes.tTransactionStateFile]; 

File.MakePermanent[dataFHe); . 
-- enters fila in volume root page as a side effect. (yes, I'm disgusted too). 
createStateTable +- TRUE; 
-- (we will create it next time thiOUgh the loop.) 

END; 
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END -- scope of CreateStateFile --

ENDLOOP; --loop until the State is well-formed. 
-- At this point, state contains a well-formed State Table and is the latest available version. 
Space.Delete[state1Space]; 
Space.Delete[state2Space]; 
END; 

CheckState: PROCEDURE [ 
window: POlNTER TO Space.WindowOrigin, space: Space.Handle, 
testState: LONG POINTER TO State] 
RETURNS [valid: BOOLEAN. testStateEdition: StateEdition] = 
-- As a side effect, maps space to window. 
BEGIN 
pStateData: LONG POINTER TO StateData = LOOPHOLE[testState]; 
Space.Map[space. window-r]; . 
IF pStateData.checksumData # Checksum[O, SIZE [State] , @pStateData.statel THEN 

{valid .. FALSE; RETURN}; 
testStateEdition +- testState[FIRsT[Txlndexll.stateEdition; 
FOR txi: Txlndex IN Txlndex DO 

-- check for consistency (Txlndex, not ValidTxlndex) 
IF testState[txi].seal # stateFormatVersion OR testState[txi].txEdition -IN 

ValidTxEdition OR testState[txi].stateEdition # testStateEdition THEN { 
valid +- FALSE; RETURN}; 

ENDLOOP; 
valid +- TRUE; 
RETURN; 
END; 

Campa reStateEdition: PROCEDURE [value: StateEdition, to: StateEdition] 
RETURNS [relationship: {less, equal, greater}] = 
-- compares "value" to "to", taking possible wraparound into account. 
BEGIN 
wraplimit: CARDINAL = {LAST[StateEdition] - FIRST[StateEdition])/2; 
-- if more than half of the range behind, we assume it wrapped around. 
IF value = to THEN RETURN[equal] 
ELSE 

IF value < to THEN { 
IF to - value < wrapLimit THEN RETURN [less] 

-- "value" is less than, and close to "to". 

ELSE RETURN[greater]} 
ELSE --value>to--{ 

IF value - to < wtaplimit THEN RETURN[greater] 
-- "value" is greater than, and close to "to ". 

ELSE RETURN [less]}; 
END; 

9 

ValidateLogFile: ENTRY PROCEDURE [txi: ValidTxlndex] = 
-- If transaction is active, locates end of valid log entries. If inactive, sets to standard size and c 

* */ears it. 
-- Sets 10gFileSize, filelnUse, pageFree, countPrevLogEntry, as appropriate. 
BEGIN 
pTrans: TxDescPtr = @state[txi]; 
IF pTrans.logFile = File.nullID THEN pTrans.filelnUse .. FALSE 
ELSE 

-- scope of Fi/eError -­
BEGIN 
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ENABLE { 
File.Unknown =) GO TO FileError; 
ANY = > ERROR Bug[unexpectedErrorValidateLogFile]}; 

pTrans.logFileSize ~ ShortenPageCount[ 
File.GetSize[File.Capability[pTrans.logFile, permissions]]]; 

-- may raise File. Unknown. 
WITH trans: pTrans SELECT FROM 

active =) 

BEGIN 
countOp. countOpPrev: FilePageCount ~ 0; 
-- total number of pages logged for this, previous operation. 
pageBase. pageEntry: FilePageNumber ~ 0; 
entryData: LONG POINTER TO LogFileEntryData; 
-- scope of PartialLogFileEntry, etc. --
BEGIN . 
pageLog: Space.PageNumber +- Space.VMPageNumber[logSpace]; 
entry: LogFiieEntryPtr; 
DO 

-- UNTIL pageEntr,>' = trans.logFileSize 
Space.Map[logSpace. [[trans.logFile. permissions]. pageBase]]; 
-- may raise File. Unknown. 
WHILE page Entry < page8ase + 10gSpaceSize DO 

entryData +- LO 0 P H 0 LE[Space.Long PointerFromPage[ 
pageLog + pageEntry - pageBase]]; 

entry ~ @entryData.logFileEntry; 
IF Checksum[O, slzE[LogFileEntry]. entry] # entryData.checksumData 

OR e!ltry.seal # 10gFileFormatVersion OR 
entry.transactionHandle.index # txi OR 
entry.transactionHandle.txEdition # trans.txEdition OR 
entry.countPrevEntry # countOp OR entry.op.operation .... IN 
TransactionState.LogOp oR,entry.transactionHandle2.index # txi OR 
entry.transactionHandle2.txEdition # tranS.txEdition THEN 
GO TO InvalidLogEntry; 

countOpPrev +- countOp; 
countOp +­

c'ountLogEntry + 
(WITH oper: entry.op SELECT FROM 

setContents =) ShortenPageCount[oper.size], 
ENDCASE =) 0); 

IF (pageEntry +- pageEntry + countOp) ) trans.logFileSize THEN 
GO TO PartialLogFileEntry; -- (equal is OK) 

IF pageEntry = trans.logFileSize THEN GO TO Done; 
ENDLOOP; 

Space.Unmap[logSpace]; 
pageBase ~ pageEntry; 
REPEAT Done =) NULL; 
ENDLOOP; 

trans.countPrevLogEntry +- countOp; 
trans.pageFree -- pageEntry; 
EXITS 

PartialLogFileEntry =) { 
Runtime.CaIIDebugger[ 

"Incomplete Transaction Log File entry. (P)roceed will ignore it.tlL]; 
. trans.pageFree +- pageEntry - countOp; 
-- back up to last valid entry. 
trans.countPrevLo;)Entry +- coun:OpPrev}; 

IrivalldLogEntry =) { 

IF LOOPHOLE[entryData, LONG POINTER TO LONG CARDINAL]t # 0 THEN 
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Runtime.CaIIDebugger[ 
"Garbage Transaction Log File entry. (P)roceed will ignore it."L]; 

trans.pageFree ~ pageEntry; 
trans.countPrevLogEntry ~ countOp}; 

END; 

Space.Unmap[logSpace]; 
IF trans.filelnUse AND trans.pageFree = 0 THEN ReleaseLoglnternal[txi]; 
trans.filelnUse ~ (trans.pageFree > 0); 
END; 

free => { 
trans.filelnUse ~ TRUE; 

. -- (assures that file will be filled with zeroes by ReleaseLog.) 
ReleaseLoglnternal[txi]}; 

ENDCASE; 
EXITS 

FileError = > { 
Runtime.CaIIDebugger[ 

"Missing Transaction Log File. (P}roceed will ignore it. "L]; 
pTrans.logFile ~ File.nuIlID;· 
pTrans.filelnUse ~ FALSE}; 

END; 

END; 

END. 

LOG 
May 8, 1980 1:21 PM Gobbel Create file. 
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July 19, 1980 1:43 PM McJones Space. Copy = )CopyOut. export Transaction.Handle. 
July 22, 1980 4:13 PM Gobbel Make it real. 
September 2, 1980 8: 18 PM Knutsen Major cleanup. Added State and LogFile crash recover 
**y code. Split code out into TransactionStatelmpl. 
September 8, 1980 6:53 PM Gobbel Reset spaceList in crash recovery. 
September 15, 1980 10:22 AM Knutsen Made compatible with new ReleaseFromTransaction. 
September 15, 1980 5:47 PM Gobbel Made RecoverFiJes/nTransaction, ValidateLogFile, and 
**ReleaseLog able to deal with arbitrarily large log files. 
October 16, 1980 4:16 PM Fay Added Volume. Unknown to catch phrases for Space.G 
* 4oetWindow and Space.Map calls in Abort; made Abort do nothing if transacti0n.s disabled. 
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-- Transactions)TransactionStatelmpl.mesa (last edited by Gobbel on September 25, 1980 1:39 P 
**1'.1) " 

-- This module implements access to the transaction data base and operations on it. 
-- This module runs at a level within Pilot below the FileManager and above SimpleSpace. In fact, 
* * Log is only called from inside the Filelmpl monitor. (However, during initialization this module u 
* *ses the facilities of the VMMgr and FileMgr.) 

DIRECTORY 
Environment USING [Base, first64K], 
Inline USING [LowHalf], 
ResidentHeap USING [FreeNode, MakeNode], 
SimpleSpace USING [CopyOut, Create, Handle], 
Space USING [Handle, WindowOrigin], 
SpecialTransaction USING [OptionaICrash], 
Transaction USING 0, 
Transactionlnternal UsiNG [ " 

Checksum, FilePageNumber, Handle, InitializeLogsA, InitializeLogsB, 
invalidTxEdition, Loglnternal, nullTxlndex, State, StateData, StateEdition, 
stateCount, Txlndex, ValidTxEdition, ValidTxlndex], 

TransactionState USING [FileOps, LogEntryPtr, SpaceNode, SpaceNodePtr], 
Volume USING [lnsufficientSpace], 
Zone USING [Status]; 

TransactionStatelmpl: MONITOR 
IMPORTS Inline, ResidentHeap, SimpleSpace, Transactionlnternal, Volume 
EXPORTS SpecialTransaction, Transaction, Transactionlnternal, TransactionState = 
BEGIN OPEN Transactionlnternal; 
--Transaction.--
Handle: PUBLIC TYPE = Transactionlnternal.Handle; 
crashProc": SpecialTransaction.OptionalCrash ~ NullProc; 
--Transactionlnternal.--
disabled: PUBLIC BOOLEAN to FALSE; 
-- TRUE causes aI/ (public) transaction operations to no-op. 
--Transaction.--
InvalidHaridle: PUBLIC ERROR = CODE; 
--Transaction.--
nullHandle: PUBLIC Handle to [txEdition: invalidTxEdition, index: nuIlTxlndex]; 
--Transactionlnternai.--
state: PUBLIC LONG POINTER TO State; 
-- (LOOPHOLE[state] is also a pOinter to stateData) 
txAllocRover: ValidTxlndex to FIRsT[ValidTxlndex]; 
-- wanders along looking for a free transaction. 
--Transactionlnternal.--
state1Window, state2Window: PUBLIC Space.WindowOrigin; 
-- the two representatives for the stable storage containing the state table. 
--Transactionlnternal.--
stateSpace: PUBLIC SimpleSpace.Handle; -- the working copy of the state in VM. 
Bug: PRIVATE --PROGRAMMING--ERROR (BugType] = CODE; 
BugType: TYPE = { 

xxx, spaceAlreadylnTransaction, spaceNotlnTransaction, tooManyTransactions};' 
-- BugType: TYPE = {commitSpaceError, crashRecoveryFileError, cras.'1Recov-erySpaceError, ill 

* *egaILogOperation, impossibleStatelnconsistency, invalidLogHandle, invalidVersionSeal, logAlr 
**eadyAJlocated, 10gFileDisappeared, 10gFileVolumeError, missingPinnedPageGroup, remoteLog 
* * File, spaceAlreadylnTransaction, tooManyTransactions}; 

--Initialization 

--TransactionState.--
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InitializeStateA: PUBLIC ENTRY PROCEDURED = 
-- (stateSpace must be a SimpleSpace because Log can be called from within the VMMgr moni 

* "'torJ 
{ 
stateSpace to SimpleSpace.Create[stateCount, hyperspace]; 
-- (may want swap units someday.) 
Transactionlnternal.lnitializeLogsAD}; 

--TransactionState.--

InitializeStateB: PUBLIC ENTRY PRoCEDURED = { 
Transactionlnternal.lnitializeLogsB[]; UpdateStateFile[]}; 

-- (now that all initialization and crash recovery has been done to State.) 

-- Monitor External Procedures 

--Transactionlnternal.--

"MaybeCrash:'PUBLIC SpecialTransaction.OptionalCrash = {crashProc[unimportance]}; 
--SpeciaITransaction.--

NuliProc: PUBLIC Sp"eciaITransaction.OptionaICrash = D; 
--SpeciaITransaction.-- . 

SetCrashProcedu re: PUBLIC PROCEDURE [ 
optionalCrash: SpeciaITransaction.OptionaICrash] = { 
crashProc to optionaICrash}; 

-- Monitor Entry Procedures 

--TransactionState.--

AddToTransaction: puaLic ENTRY PROCEDURE [ 
" transaction: Transactionlnternal.Handle, space: Space.Handle] = 

BEGIN 
txi: Txlndex; 
sNode: TransactionState.SpaceNodePtr; 
IF (txi to transaction.index) -IN ValidTxlndex OR transaction.txEdition - = 

state[txi].txEdition THEN RETURN WITH ERROR InvalidHandie; 
WITH trans: state[txi] SELECT FROM 

active => 
BEGIN 
IF trans.noMoreOperations THEN RETURN WITH ERROR Invalid Handle; 
FOR sp: TransacticnState.SpaceNodePtr to trans.spaceList, sp.nextSpace 

UNTIL sp = NIL DO 
-- (tor debugging only) 
IF sp.handle = space THEN ERROR Bug[spaceAlreadylnTransaction]; 
ENDLOOP; . 

sNode to first64K.NEw[TransactionState.SpaceNode]; 
sNode.handle .... space; 
sNode.nextSpace to trans.spaceList; 
-- (sNode. window is just scratch storage) 
trans.spaceList to sNode; 
END; 

ENDCASE => RETURN WITH ERROR InvalidHand!e; 
EN:); 

--Transaction.--

Begin: PUBLIC ENTRY PROCEDURE RETURNS [Handle] = 
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-- Finds a free transaction, makes it active, updates State. 
-- No log file is allocated at this time because client may just be allocating a handle to reserve f 

• ·or special uses. Star does this. . 
BEGIN· 
examLimit: CARDINAL = LAST[ValidTxlndex] - FIRST[ValidTxlndex] + 1; 
examined: CARDINAL ~ 0; 
IF disabled THEN RETURN[nullHandle]; 
~- (this will cause Space and File ops to no-op,) 
UNTIL state[txAllocRover].status = free DO 

txAllocRover ~ 
IF txAllocRover < LAST[ValidTxlndex] THEN Succ[txAllocRover] 
ELSE FIRST[ValidTxlndex]; 

IF (examined ~ succ[examined]) > = examLimit THEN 
ERROR Bug[tooManyTransactions]; 

ENDLOOP; 
state[txAllocRover].vp ~. active[ 

noMoreOperations: FALSE, committed: FALS=, spaceList: NIL, 
pageFree: FiRST[FilePageNumber], countPrevLogEntry: 0]; 

IF state[txAllocRover].filelnUse THEN ERROR Bug[xxx]; 
UpdateStateFile[]; -- now the transaction has officially begun. 
RETURN[ 

Transactionlnternal.Handle[ 
txEdition: state[txAllocRover].txEdition, index: txAllocRover]]; 

END; 
--TransactionState.--

RecordCommit: PUBLIC ENTRY PROCEDURE [transaction: Transactionlnternal.Handle] = 
-- All updates to client files must have been forced out to the disk before tllis routine is called! 
BEGIN 
txi: Txlndex; 
IF (txi ~ transaction.index) -IN ValidTxlndex OR transaction.txEdition - = 

state[txi].txEdition THEN ERROR Bug[xxx]; 
WITH trans: state[txi] SELECT FROM 

active => {' 
IF -trans.noMoreOperations THEN ERROR Bug[xxx]; 
trans. committed ~ TRUE; 

. Upda.teStateFile[]}; 
-- if we crash after this, the undo log will be ignored. 

ENDCASE = > ERROR Bug[xxx]; 
END; 

Log: PUBLIC ENTRY PROCEDURE [ 
transaction: Transacticnlnternal.Handle, op: TransactionState.LogEntryPtr, 
fileOps: TransactionState.FileOps] = 
-- May raise Volume.lnsufficientSpace; 
BEGIN 
txi: Txlndex; 
IF (txi ~ transaction.index) -IN ValidTxlndex OR transaction.txEdition - = 

state[txi].txEdition THEN RETURN WITH ERROR InvalidHandle; 
WITH trans: state[txi] SELECT FROM 

active => { 
IF trans.no!\l1oreOperations THEN RETURN WITH ERROR Invalid Handle; 
T ransacti onlnternal.Log Internal[ 

txi, op, fileOps ! Volume.lnsufficientSpace = > GO TO VollnsuffSpace]}; 
ENDCASE = > RETURN WITH ERROR InvalidHandle; 

EXITS VollnsuffSpace = > RETURN WITH ERROR Volume.lnsufficientSpace; 
END; 
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--TransactionState.--

NoMoreOperations: PUBLIC ENTRY PROCEDURE [ 
transaction: Transactionlnternal.Handle] 
RETURNS [spaceList: TransactionState.SpaceNodePtr] 

4 

-- Checks out this transaction to Abort or Commit. Further client operations will raise InvafidHa 
"ndle. 

BEGIN 
txi: Txlndex; 
IF (txi ~ transaction.index) -IN ValidTxlndex OR transaction.txEdition - = 

state[txi].txEdition THEN RETURN WITH ERROR Invalid Handle;, 
WITH trans: state[txi] SELECT FROM 

active => { 
IF trans.noMoreOperations THEN RETURN WITH ERROR Invalid Handle; 
trans.noMcreOperations ~ TRUE; 
RETURN[trans,spaceList]}; 

ENDCASE = > RETURN WITH ERROR Invalid Handle; 
END; 

--TransactionState.--

ReleaseTransaction: PUBLIC ENTRY PROCEDURE [ 
transaction: Transactionlnternal.Handle] = 
BEGIN 
txi: Txlndex; 
IF (txi ~ transaction.index) -IN ValidTx!ndex OR transaction.txEdition - = 

state[txi].txEdition THEN ERROR Bug[xxx]; 
WITH trans: state[txi] SELECT FROM 

active = > 
BEGIN' 
space, spaceNext: TransactionState.SpaceNodePtr; 
IF -trans.noMoreOperations THEN E;.RROR Bug[xxxJ; 
FOR space ~ trans.spaceList. spaceNext UNTIL space = NIL DO 

spaceNext ~ space.nextSpace; first64K.FREE[@space] END LOOP; 
trans.txEdition fo 

IF trans.txEdition < LAST[ValidTxEditicn] THEN succ[trans.txEdition] 
ELSE FiRST[ValidTxEdition]; -- makes the previous tx handle obsolete. 

state[txi].vp to freeD; 
-- UpdateStateFile[j; + + updating here would cost extra disk writes now, but save extra w 

"ork during Crash Recovery. 

END' 
ENDC~SE = > ERROR Bug[xxx]; 

END; 
--TransactionState.--

WithdrawFromTransaction: PUBLIC ENTRY PROCEDURE [ 
transaction: Transacticnlnternal.Handle. space: Space. Handle] = 
BEGIN 
txi: Txlndex; 
sNodePrevP: LONG POINTER TO TransactionState:SpaceNodePtr; 
sNode: TransactionState.SpaceNodePtr; 
IF (txi ~ transaction.index) -IN ValidTxlndex OR transaction.txEdition # 

state[txi].txEdition THEN RETURN WITH ERROR invalidHandle; 
WITH trans: state[txi] SELECT FROM 

active· =) 

B:::GIN 
IF trans.noMoreOperations THEN RETURN WITH ERROR Invalid Handle; 
sNodePr~vP ~ @trans.spaceList; 
FOR sNs>de ~ sNodePrevP1', sNode.nextSpace UNTIL sNode = NIL DO 
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IF sNode.handle = space THEN EXIT; 
sNodePrevP ~ @sNode.nextSpace; 
REPEAT FINISHED = > ERROR Bug[spaceNotlnTransaction]; 
ENDLOOP; 

sNodePrevPl" ~ sNode.nextSpace; 
first64K.FREE[@sNode]; 
END; 

ENDCASE = > RETURN WITH ERROR Invalid Handle; 
END; 

-- Monitor Internal Procedures 

--Transactionlnternal.--

UpdateStateFile: PUBLIC INTERNAL PROCEDURED = 

5 

-- Marks all transactions with the stamp of the (incremented) current edition of State, then writ 
Hes two copies of the state data on the disk~ In the event of a crash while writing the two copies, t 
* * he edition infp is uS,ed by Crash Recovery to determine which copy is the most-recent and carre 

, "ct copy. 
BEGIN 
pStateData: LONG POINTER TO StateData = LOOPHOLE[state]; 
currentStateEdition: StateEdition ~ state[FIRsT[ValidTxlndex]].stateEdition; 
-- (anyone will do) 
currentStateEdition ~ , 

IF currentStateEdition < LAST[StateEdition] THEN succ[currentStateEdition] 
ELSE FiRST[StateEdition]; 

FOR txi: Txlndex IN Txlndex DO 
state[txi].stateEditlon ~ currentStateEdition; END LOOP; 

pStateData.checksumData ~ Checksum[O, SIZE[State], @pStateData.state]; 
MaybeCrash[3]; 
SimpleSpace.CopyOut[stateSpace, state1 Window]; 
MaybeCrash[2]; . 
SimpleSpace.CopyOut[stateSpace, state2Window]; 
MaybeCrash[4]; 
END; 

-- Allocator for SpaceNodes 

-- The procedures here have no particular relation to Monitors; They may be cal/ed from inside a 
**r outside any monitor. 

Procs: TYPE = MACHINE DEPEf'.:DENT RECORD [ 
Make{O): PROCEDURE [UNCOUNTED ZONE, CARDINAL] RETURNS [LONG POINTER], 
Free(1): PROCEDURE [UNCOUNTED ZONE, LONG POINTER]]; 

uncountedZoneObject: MACH!NE DEPENDENT RECORD [ 
procs{0:0 .. 31): LONG POINTER TO Procs, ' 
data(2:0 .. 31): LONG POINTER --to instance state, if any-­
] '!- [procs: @procs, data: NIL --never used-oj; 

procs: Procs ~ [Make: MakeNode, Free: FreeNode]; . 
first64K: UNCOUNTED ZONE +- LOOPHOLE[LONG[@uncountedZoneObject]]; 
ResldentHeapProblem: ERROR = CODE; 
MakeNode: PROCEDURE [z: UNCOUNTED ZONE, n: CARDINAL] RETURNS [LONG POINTER] = 

BEGIN 
r: Environment.Base RELATIVE POINTER; 
status: Zone.Status; 
[node: r, s: status] +- ResidentHeap.MakeNode[n]; 
IF status .... = okay THEN ERROR ResidentHeapProblem; 
RETuRN[@Environmentfirst64K[r]] 
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END; 

FreeNode: PROCEDURE [z: UNCOUNTED ZONE, p: LONG POINTER] = 
BEGIN 
status: Zone.Status +- ResidentHeap.FreeNode[LOOPHOLE[lnline.LowHalf[p]]]; 
IF status .... = okay THEN ERROR ResidentHeapProblem; 
END; 

END. 
. LOG 

May 8, 1980 1:21 PM Gobbel 
July 19, 1980 1:43 PM 
July 22, 1980 4:13 PM 
September 2, 1980 3:50 PM 
September 8, 1980 6:35 PM 
September 25, 1980 12:40 PM 

TransactionStatelmpl.mesa. 

Create file. 
McJones Space. Copy = >CopyOut. export Transaction.Handle. 
Gobbe/ Make it real. 
Knutsen Major cleanup. Split code out from Transactionlmpl. 
GobbeJ Added WithdrawFromTransaction. 
Bobbel Added SpecialTransaction ops. 

25-Sep-80 17:06:31 
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-- VMMgr>Hierarchylmpl.mesa (Jast edited by Knutsen on July 30, 1980 4:35 PM) 
--If there is an entry in t.'1e space cache, it is the truth. Information in the Hierarchy is 100% valid 0 
... nly if there is no entry in the cache. 

DIRECTORY 
Cached Space USING [ 

Delete, Desc, Get, Handle, handleNull, Insert, Level, PDesc, State, Update], 
Hierarchy, 
STree USING [Delete, Desc, Get, Insert, Key, Update], 
Space USING [defaultWindow], 
Transaction USING [nuIiHandle], 
VM USING [Interval, PageCount, PageNumber], 
VMMPrograms USING 0; 

Hierarchylmpl: PROGRAM 
-·Iogically, this should be a MONITOR, but it is protected by the monitor lock of Spacelmpl, whic 

··h is the only caller of this program. 
IMPORTS Cached Space, STree, Transaction EXPORTS Hierarchy, VMMPrograms = 

BEGIN OPEN Hierarchy; 
NotFound: PUBLIC ERROR = CODE; 
pDescBuff: CachedSpace.PDesc 

-- must point to pinned storage because of CachedSpace calls 
--residentFrames-· = @desc; 

desc: CachedSpace.Desc; .- must be in pinned storage (see above). 
LoadDesc: PROCEDURE [handle: CachedSpace.Handle] 

RETURNS [isSpaceHandle, isSv.tapUnitHandle: BOOLEAN] = 
.- Loads matching space descriptor into global variable pDescBufft. handle may be a space h 

.... andle or a swap unit handle. Returns [FALSE, FALSE] (and pDescBufft.state = missing) if not fa 
• ·und. isSpaceHandle and isSwapUnitHandle are mutually exclusive. Handles are not required t 
"0 "fall exactly on the appropriate boundaries. 

BEGIN 
descVictim: CachedSpace.Desc; 
-- Must try the cache first 
IF handle.level < = LAST[CachedSpace.Level] THEN 

.- (don't look for space if this must be a swap unit handle) 
BEGIN 
Cached Space. Get[pDescBuff , handle]; 
.. look for a space handle in cache (must try cache before full Hierarchy). 
IF pDescBuff.state .... = missing THEN RETURN[TRUE, FALSE]; . 
END; 

CachedSpace.Get[pDescBuff, CachedSpace.Handle[handle.level - 1, handle.page]]; , 
·-look for a swap unit handle in cache. 
IF pDescBuff.state .... = missing AND pDescBuff.hasSwapUnits THEN 

RETURN [FALS=:, TRUE]; 
-. Try full Hierarchy second o +- STree.Get[@LOOPHOLE[pDescBufft, STree.Desc], [hierarchy[handle]]]; 
·-Iook for a space handle in Hierarchy. 
IF pDescBuff.state .... = missing THEN 

BEGIN isSpaceHandle +- TRUE; isSwapUnitHandle +- FALSE; END 
ELSE 

BEGIN o +- STree.Get[ 
@LOOPHOLE[pDescBufft, STree.Desc], 
[hierarchy[CachedSpace.Handle[handle.level - 1, handle. page]]]]; 

··Iook for a swap unit handle in Hierarchy. 
IF pDescBuff.state = missing THEN RETURN [FALSE, FALSE] . 
ELSE 

BEGIN 
isSpaceHandle +- FALSE; 
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isSwapUnitHandle +- pDescBuff.hasSwapUnits; 
IF .... isSwapUnitHandle THEN RETURN[FALSE, FALSE] 
•• (don't cache unwanted desc) 

END; 
END; 

•. Cache this (clean) descriptor, possibly displacing a dirty descriptor from the cache 
pDescBuff.dPinned +- FALSE; 
pDescBuff.dOirty +- FALSE; 
CachedSpace.lnsert[@descVictim, pDescBuff]; 
IF descVictim.dDirty THEN STree.Update[@LOOPHOLE[descVictim, STree.Desc]]; 
RETURN[isSpaceHandle, isSwapUnitHandle]; 
END; 

Delete: PUBLIC PROCEDURE [handle: CachedSpace.l-Iandle] = 
BEGIN CachedSpace.Delete[handle]; STree.Delete[[hierarchy[handle]]] END; 

FindFi rstWithin: PUBLIC PROCEDURE [ 
handle: CachedSpace.Handle, count: VM.PageCount] 
RETURNS [CachedSpace.Handle] = 
.- Bypasses cache 
BEGIN 
desc: STree.Desc; 
keyNext: STree.Key = STree.Get[@desc, [hierarchy[handle]]]; 
IF count = a THEN RETURN[CachedSpace.handleNull] 
ELSE 

IF desc.descH.state .... = missing THEN 
RETURN[[handle.level, desc.descH.interval.pagell 

ELSE . 
IF keyNext.handleH.level = handle.level AND keyNext.handleH.page < 

handle.page + count THEN RETUF,"l[keyNext.handleH] 
ELSE RETURN[CachedSpace.handleNull] 

END; 

GetDescriptor: PUBLIC PROCEDURE [ 
pDescResult: POINTER TO CachedSpace.Desc. handle: CachedSpace.Handle] 
RETURNS [valid Space, validSwapUnit: BOO!..EAN] = 
BEGIN 
[validSpace, validSwapUnit] +- LoadDesc[handle]; 
pDescResultt +- pDescBufft; 
.- return copy of descriptor to cal/er (state = missing if not found). 
IF valid Space THEN RETURN[handle.page = pDescBuff.interval.page, FALSE] 
ELSE 

IF validSwapUnit THEN 
RETURN[ 

FALSE, 
(handle.page - pDescBuff.interval.page) MOD pDescBuff.sizeSwapUnit = 
0] 

ELSE RETURN[validSpace, validSwapUnit]; 
.. = [FALSE, FALSE] (but space desc may have been found). 

END; 

Getlnterval: PuaLlc PROCEDURE [handle: CachedSpace.Handle] 
RETURNS [validSpace, validSwapUnit: BOOLEAN, interval: VM.lnterval] = 
BEGIN 
[validSpace, validSwapUnit] +- LoadDesc[handle]; 
IF valid Space THEN 

RETURN[h.andle.page = pDescBuff.interval.page, FALSE, pDescBuff.interval] 
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ELSE 
IF validSwapUnit THEN 

BEGIN 
remainder: CARDINAL = 

(handle. page - pDescBuff.interval.page) MOD pDescBuff.sizeSwapUnit; 
startPage: VM.PageNumber = handle.page - remainder; 
RETURN[ 

FALSE, remainder = 0, 
[startPage, MIN[ 

pDescBuff.sizeSwapUnit, 
(pDescBuff.interval.page + pDescBuff.interval.count) -

startPage]]]; 
END 

ELSE RETURN[validSpace, validSwapUnit, [0, 0]]; -- = [FALSE, FALSE, ... J 

END; 

ValidSpaceOrSwapUnit: PUBLIC PROCEDURE [handle: CachedSpaee.Handle] 
RETURNS [BOpLEANl = 
BEGIN 
validSpaceHandle, validSwapUnitHandle: BOOLEAN; 
[validSpaceHandle, validSwapUnitHandle] ~ LoadDese[handle]; 
IF (validSpaceHandle AND handle.page = pDescBuff.interval.page) OR 

(validSwapUnitHandle AND 
(handle.page - pDeseBuff.interval.page) MOD pDeseBuff.sizeSwapUnit = 0) 

THEN RETURN[TRUE] 
ELSE RETURN[FALSE]; 
END; 

Insert: PUBLIC PROCEDURE [handle: CachedSpaee.Handle, count: VM.PageCount] = 
BEGIN 
dese: STree.Dese +-

[hierarchy[ 
CaehedSpaee.Desc[ 
interval: [handle.page, count], level: handle.level, dPinned: FALSE, 
-- don't care 
dDirty: FALSE, -- don't care 
pinned: FALSE, state: unmapped, writeProtected: FALSE, -- don't care 
hasSwapUnits: FALSE, sizeSwapUnit: 1, -- don't care 
dataOrFile: data, -- don't care 
pageRover: handle.page, 
vp: long[ 
window: Space.defaultWindow, -- don't care 
countMapped: 0, -- don't care 
transaction: Transaetlon.nuIiHandle]]]]; -- not part of a transaction yet. 

STree.lnsert[@desc]; 
END; . 

Touch: PUBLIC PROCEDURE [handle: CaehedSpaee.Handle] = 
BEGIN o +- LoadDese[handle]; 
IF pDeseBuff.state = missing THEN ERROR NotFound; . 
END; 

Update: PUBLIC PROCEDURE [pDese: POINTER TO CachedSpace.Desc] = 
BEGIN 
pDescBuff't +- pDesc't; 
IF .... CachedSpace.Update[pDescBuff].found THEN 

STree.Update[@LOOPHOLE[pDescBuff't, STree.Desc]]; 
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END; 

END. 
LOG 
Time: May 23, 1978 9:45 AM By: McJones 
Time: June 27, 1978 6:35 PM By: McJones 
"ailing CachedSpace.lnsert, .Update 

Action: Created file 
Action: Didn't set dPinned to FALSE before c 

Time: August 29, 1978 6:04 PM By: McJones Action: Clear dDirty before calling CachedS 
"'*pace.lnsert 

. Time: September 3, 1978 1:25 PM 
* ·yNext.levelH . 
Time: September 10, 1978 1:38 PM 
* *tor in Insert, etc. 
Time: February 1, 1979 2:00 PM 
* * achedSpace.Desc 
Time: February 20, 1979 10:51 ~M 
* *eserve dPinned (!) 
rime: September 7, 1979 10:24 AM 
**unt = 0 

By: McJones Action: FindFirstWithin ignored ke 

By: McJones Action: Added pinned to construc 

By: McJones CR20.169: Added pageRover to C 

By: McJones CR20.177: Changed Update to pr 

By: McJones Action: FindFirstWithin ignored co 

Time: October 1, 1979 9:42 AA1 By: Knutsen 
* * pace.Desc. 

Action: Made compatible with new CachedS 

Time: November 8, 1979 11:36 AM By: Knutsen Action: Use Swap Unit Hand/es as. 
"'*well as Space Handles. Pr0cedures return validSpace and validSwapUnit instead of validHandl 
"'*e. GetState rep/aced by ValidSpaceOrSvlapUnit. 
Time: November 9, 1979 11:47 AM By: Knutsen 
"strict handle. 
Time: November 14, 1979 2:08 PM 
"he an unrequested descriptor. 

By: Knutsen 

Action: Make Touch not require a 

AR2832: Make LoadDesc not cac 

Time: July 30, 1980 4:34 PM By: Knutsen Action: Insert must initialize desc with nullTr 
**ansaction. 
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-- VMMgr>MapLoglmpl.mesa (last edited by Knutsen on June 3, 1980 12:19 PM) 

DiRECTORY 
Cached Reg ion USING [activate, Apply. deactivate, Outcome]. 
Cached Space USING [Desc], 
Environment USING [wordsPerPage], 
File USING [Capability. PageCount]. 
!nline USING [LowHalf]. 
KernelFile USING [GetFilePoint], 
Map Log USING 0. 
PilotSwitches USING [switches --.m--]. 
Runtimelnternal USING [CleanMapLog]. 
SimpleSpace USING [Create. Handle. Map. Page]. 
Space USING [WindowOrigin]. 
Utilities USING [Lon-gPointerFro.mPage]. 
VM USING [Interval. PageCount. PageNumber. PageOff~et]. 
VMMapLog USING [Descriptor. Entry. EntryBasePointer, EntryPointer]. 
VMMgrStore USING [AllocateMapLogFile], 
VMMPrograms USING 0;' 

MapLoglmpl: PROGRAM [pMapLogDesc: LONG POINTER] 
--Iogical/y, this should be a monitor, but it is only called from Spacelmpl, and is protected by its 

Hmonitor lock. 

IMPORTS 
Cached Region. Inline. KernelFile. PiiotSwitches. Runtimelnternal. SimpleSpace, 
Utilities, VMMgrStore 

EXPORTS MapLog. VMMPrograms = 
BEGIN OPEN VMMapLog; . 
threshold:. CARDltlAL = Environment.wordsPerPage - 6·SlzE[VMMapLog.Entry]; 
-- we will swap in the next map log page whenever we are past this point in the current page. 
maxEntryCount: CARDINAL = 4096; -- should be in VMMapLog! 
EntryCount: TYPE = CARDINAL [1 .. maxEntryCount]; -- should be in VMMapLog! 
Bug: PRIVATE --PROGRAMMING--ERROR [type: BugType] = CODE; 
BugType:~YPE = {bugO, bug1, bug2. bug3, bug4}; 
pageLog: VM.PageNumber; 
countLog: VM.PageNumber; 
bLog: VMMapLog.EntryBasePointer; 
mapLogging: BOOLEAN = PilotSwitches.switches.m = up; 
WriteLog: PUBLIC PROCEDURE [ 

interval: VM.lnterval. pSpaceD: POINTER TO CachedSpace.Desc] = 
-- Writes one or more log entries; If pSpaceD = NIL then interval is now unmapped. 
BEGIN ./ 

~rnapLoggil1g THEN 
BEGIN OPEN LOOPHOLE[pMapLogDesc. LONG POINTER TO Descriptor]; 
writerNext: EntryPointer; 
pEntry: LONG POINTER TO Entry; 
count: VM.PageCount; 
offsetWriter, offsetWriterNext: VM.PageOffset; 
fileOffset: File.PageCount +- 0; 
offsetWriter +- LOOPHOLE[writer, CARDINAL]/Environment.wordsPerPage; 
WHILE interval.count > 0 DO 

-- write another log entry--
IF (writerNext +- writer t slzE[Entry]) = limit THEN 

writerNext +- FIRST[EntryPointer]; 
offsetWriterNext +-

LOOPHOLE[writerNext. CARDINAL]/Environment.wordsPerPage; 
WHILE writerNext = reader DO Runtimelnternal.CleanMapLogD ENDLOOP; 
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pEntry +- @bLog{writer]; 
count +- MIN[interval.count, maxEntl'jCount]; 
IF pSpaceD = NIL THEN 

pEntrYi +-
[page: interval.page. count: count. writeProtected:, fill:. 

fi!ePoint: nilO] 
ELSE 

BEGIN 
KerneIFile.GetFilePoint[ 

pEntry. @pSpaceD.window.file, pSpaceD.window.base + fileOffset]; 
pEntry.page +- interval.page; 
count +- pEntry.count +- MIN[pEntry.count, count]; 
pEntry.writeProtected +- pSpaceD.writeProtected; 
fileOffset +- fileOffset + count; 
END; 

IF offsetWriterNext '" = offsetWriter THEN 
--swap out the page containing writer-­
IF CachedRegion.Apply[ 

pageLog. + offsetWriter, CachedRegion.deactivate].outcome ... = [okOl 
THEN ERROR Bug[bugO]; 

writer +- writerNext; 
offsetWriter +- offsetWriterNext; 
interval ~ [interval.page +' count. interval.count - count]; 
ENDLQOP; 

IF LOOPHOLE[writer. CARDINAL] 1-/00 Environment.wordsPerPage ) threshold THEN 
--start the next page needed coming in--
IF CachedRegion.Apply[ 

pageLog + {offsetWriter + 1} MOD countLog. 
CachedRegion.activate].outcome '" = [ok[]] THEN ERROR Bug[bug1]; 

END; 
END; 

Initialize: PROCEDURE = 
- BEGIN OPEN pM: LOOPHOLE[pMapLogDesc, LONG POINTER TO VMMapLog.Descriptor]; 

handle: SimpleSpace.Handle; 
window: Space.WindowOrigin; 

2 

-- We make sure the backing file exists even if we aren't logging this time. This will (tend to) en 
"sure that the file is contiguous in case it is used at a later time. 

countLog +- Inline.LowHalf[ 
VMMgrStore.AllocateMapLogFile[pWindowResult: @window].count]; 

IF countLog "'IN [2 .. maxEntrjCount] THEN ERROR Bug[bug2]; 
KerneIFile.GetFilePoint[@pM.self. @windo'NJile. window,base]; 
IF_ pM.self.count < countLog THEN ERROR Bug[bug3]; 
--log window not contiguous. 
IF map Logging THEN 

BEGIN 
handle +- SimpleSpace.Create[ . 

count: countLog, location: hyperspace, sizeSwapUnit: 1]; 
SimpleSpace.Map[handle: handle, window: window. andPin: FALSE]; 
pageLog +- SimpleSpace.Page[handle]; 
pM.self.page +- pageLog; 
pM.self.count +- countLog; 
pM.writer +- pr·.treader +- FIRsT[EntryPointer]; 
pM. limit ~ -

LO 0 PH 0 LE[ cou ntLog * Environment.wordsPerPage/slzE[Entry] *SIzE[Entry]. 
EntryPointer]; 

bLog +- LOOPHOLE[Utilities.LongPointerFromPage[pM.self.page]]; 
IF CachedRegion.Apply[pageLog + 0, CachedRegion.activate].outcome ... = [okOl 
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THEN ERROR Bug[bug4]; -- start the page containing writer coming in. 

END; 

END; 

Initialize[]; 
END. 

LOG 
Time: August 1,1978 10:11 AM By: McJones 
Time: August 7, 1978 4:51 PM By: McJones 
Time: August 8, 1978 9:10 AM By: McJones 
.,. n case of non-nil p Window 
Time: August 8, 1978 3:25 PM By: McJones 
**s to words 

Action: Create file 
Action: pDesc.self.page wasn't initialized 
Action: WriteLog didn't set entry page field i . 

Action: limit initialization didn't convert page 

Time: August 29, 1978 4:44 PM By: McJones Action: Add VMMode 
Time: September 5, 1978 6:48 PM By: McJones Action: Replace signal with Clean 
., -MapLog[J, GetFilePoint moved to SpecialFile 
Time: September 15, 1978 4:47 PM By: McJones 
'*·m" swap unit management 
Time: September 29, 1978 11:05 AM 
**h !v1akePermanent 

By: McJones 

Action: Getting ready for "unitor 

CR20.42: Replace PutRootFile wit 

Time: July 31, 1979 1:12 PM By: McJones Action: Prepared to add writeProtected to m 
• • ap log entry 
Time: August 16, 1979 8:56 PM By: McJones Action: Add writeProtected to map log entry; 
"SpecialFile = > KernelFile; VMMode = > PilotSwitches 
Time: September 4, 1979 10:00 AM By: Forrest Action: Change to use PilotFileTy 
-·pes 
Time: November 7, 1979 2:39 PM By: McJones AR2744: Create backing file even 
**if map log disabled 
Time: November 21, 1979 9:18 AM By: Knutsen Action: Use backing file now provi 
"ded by STLeaflmpl. 
Time: June 3, 1980 12:19 PM By: Knutsen Action: Use Uniform Swap Units. Activate/d 
**eactivate as appropriate. Named the errors. 
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-- VMMgr>Projectionlmpl.mesa (last edited by Knutsen on September 16, 1980 9:48 AM) 
-- The routines in this module are only called from within the Spacelmpl monitor. Thus, the databa 
"se accessed by this module need not be protected by a local monitor because it is already prate 
"cted by the Spacelmpl monitor. 

DIRECTORY 
Cached Region USING [Apply, Oesc, Insert, State, Outcome], 
Cached Space USING [Level], 
Projection USING 0, 
STLeaf USING [alive, ProjectionState], 
STree USING [Oelete, Oese, Get, Insert, Key, POesc, Update], 

. VM USING [PageNumber, PageCount], 
VMMPrograms USING 0; 

'projectionlmpl: PROGRAM [countVM: VM.PageCount] -- (not a monitor) 
IMPORTS CachedRegion, STree EXPORTS Projection, VMMPrograms 

BEGIN 
Bug: ERROR [type: BugType] = CODE; -- not to be caught by client. 
BugType: TYPE = {funnyLevel, funnyOutcome, mergeAtZero}; 
DeleteSwapUnits: PUBLIC PROCEDURE [pageMember: VM.PageNumber] = 

BEGIN 
projOesc: projection STree.Oesc; 
o to STree.Get[ 

LOOPHOLE[LONG[@projOesc], STree.POese], [projection[pageMember]]]; 
IF projDesc.hasSwapUnits THEN { 

projDesc.hasSwapUnits to FALSE; 
ST ree.Update[LOO P HOLE[LONG[@projOesc], STree.POesc]]}; 

END; 

Fo rceOut: PUBLIC PROCEDURE [pageMember: VM.PageNumber] = 
BEGIN 
desc: CachedRegion.Oesc; . 
outcome: CachedRegion.Outcome = CachedRegion.Apply[ 

pageMember, 
[if Missing: report, ifCheckedOut: wait, afterForking:, 

vp: get[andResetDDirty: TRUE, pDeseResult: @desclll.outcome; 
WITH outcome SELECT FROM 

ok =) 

IF desc.dOirty THEN 
BEGIN OPEN desc; 
projDesc: projection STree.Oesc ~ 

[projection[ 
-- transform a CachedRegion.Desc into an projection STLeaf.Desc: 
page: interval.page, level: level, 
state: 
IF state IN STLeaf .ProjectionState THEN state 
ELSE --state IN CachedRegion.Alive--STLeaf.alive, 
-- (in a projection desc, we only know that the ;egion is some flavor of alive.) 
levelMapped: levelMapped, writeProtected: writeProtected, 
hasSwapUnits: hasSwapUnits, needsLogging: needsLogging]]; 

STree.Update[LOO P HOLE[LONG[@projOese], STre3.POesc]] 
END; 

regionOMissing =) NULL; 
ENDCASE =) ERROR Bug[funnyOutcome]; 

END; 

Get: PUBLIC PROCEDURE [pageMember: VM.PageNumber] 
RETURNS [dese: CachedRegion.Oese] = 
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BEGIN 
projDese: projection STree.Desc; 
keyNext: STree.Key; . 
descVictim: CachedRegion.Desc; 
outcome: CachedRegion.Outcome = CachedRegion.Apply[ 

pageMember, 
[if Missing: report, lfCheckedOut: wait, afterForking:, 

vp: get[andResetDDirty: FALSE, pDescResult: @desc]]].outcome; 
WITH outcome SELECT FROM 

ok =) NULL; ~- descriptor is in the cache, just return.it 

regionDMissing = > 
-- Otherwise, fetch descriptor from hierarchy and cache it.. 
BEGIN 
keyNext ~ STree.Get[ 

LOOPHOLE[LONG[@projDesc], STree.POesc], [projection[pageMember]]]; 
BEGIN OPEN projDesc; . 
desc ~ 

[ -- transform an projection STLeaf.Desc into a CachedRegion.Desc: 
interval: [page, keyNext.pageP - page], level: level, dPinned: FALSE, 
dTemperature:, -- don't care 
dOirty: FALSE, state: state, -- i.e. outAlive. 
level Mapped: levelMapped, beingFlushed: FALSE, 
writeProtected: write Protected , hasSwapUnits: hasSwapUnits, 
needsLogging: needsLogging]; 

Er-.m; 
descVictim to CachedRegion.lnsert[desc]; 
IF descVictim.dDirty THEN 

BEGIN OPEl ... descVictim; 
projDesc ~ 

[projection[ 
-- transform a CachedRegion.Desc into an projection STLeaf.Desc: 
page: interval.page, level: level, 
state: 
IF state IN STLeaf.ProjectionState THEN state 
ELSE --state IN CachedRegion.Alive--STLeaf.aiive, 
-- (in a projection desc, we only know that the region is some flavor of alive.) 
levelMapped: levelMapped, writeProtected: write Protected , 
hasSwapUnits: hasSwapUnits, needsLogging: needsLogging]]; 

STree.Update[LOOPHOLE[LONG[@projDesc], STree.POesc]] 
END 

. END; 
ENDCASE = > ERROR Bug[funnyOutcome]; 

END; 

Me rge: PUBLIC PROCEDURE [pageNext: vtv1.PageNumber] = 
BEGIN 
projDesc: projeGtion STree.Desc; 

. IF pageNext = 0 TH::N ERROR Bug[mergeAtZero]; 

2 

-- Unconoitionally "resurrect" a dead region: conservative approach to avoid propagating dea 
**dness 

D ~ STree.Get[ 
LOOPHOLE[LONG[@projDesc], STree.PDesc], [projection[pageNext - 1]]]; 

IF projDesc.state = outDead THEN { 
projDesc.state ~ outAlive; 
STree.Update[LOOPHOL:.E[LONG[@projOesc], STree.PDesc]]}; 

-- Do the merge: (depends on the fact that the size of a projection STree.Desc is implicit) 
STree.Oelete[[proj,ection[pageNext]]]; 
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END; 

Split: PUBLIC PROCEDURE [pageNext: VM.PageNumber] = 
BEGIN 
projDesc: projection STree.Desc; 
IF pageNext - = countVM THEN 

BEGIN 
-- Depends on the fact that the size of a projection STree.Desc is implicit o ~ STree.Get[ 

LOOPHOLE[LONG[@projDesc], STree.PDesc], [projection[pageNext]]]; 
IF projDesc.page .... = page Next THEN { 

projDesc.page ~ pageNext; 
STree.lnsert[LOOPHOLE[LONG[@projDesc], STree.PDesc]]}; 

END; 
END; 

Touch: PUBLIC PROCEDURE [pageMember: VM.PageNumber] = {O ~ Get[pageMember]}; 

TranslateLevel: PUBLIC' PROCEDURE [pageMember: VM.PageNumber, delta: INTEGER] = 
BEGIN 
projDesc: projection STree.Desc; o ~ STree.Get[ 

LOOPHOLE[LONG[@projDesc], STree.PDesc], [projection[pageMember]]]; 
IF projDesc.level + delta -IN CachedSpace.Level THEN ERROR Bug[funnyLevel]; 
projDesc.level ~ projDesc.level + delta; 
STree.Update[LOOPHOLE[LONG[@projDesc], STree.PDesc]] 
END; 

END. 
LOG 
May 24, 1978 10:13 AM 
June 23. 1978 10:57 AM 
August 2. 1978 9:27 AM 
August 4, 1978 2:19 PM 
August 29, 1·978 7:32 PM 
August 21, 1979 4:33 PM 
September 28, 1979 3:57 PM 
February 25, 1980 6:01 PM 
June 16. 1980 4:57 PM 
July 30. 1980 2:52 PM 
September 16, 1980 9:48 AM 

McJones 
McJones 
McJones 
McJones 
McJones 
Knutsen 
Knutsen 
Knutsen 
Gobbel 
Knutsen 
Knutsen 

Created file. 
Split didn't check for pageNext = countVM. 
Updated to new CachedRegion interface. 
Added beingRemapped. 
Cleared dDirty before calling CachedRegion.lnsert. 
Made compatible with new CachedRegion.Desc. 
Made compatible with new CachedRegion.Desc. 
Added DeleteSwapUnits. Named the EBRORs. 
Made compatible with new CachedRegion.Desc. 
Made compatible with new CachedRegion.Desc. 
DeleteSwapUnits failed if no existing swap units. 
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-- VMMgr>SpacelmplA.mesa (last edited by Fay on October 10, 1980 9:09 PM) 
-- Note: There is another version of Spacelmpl for UtilityPilot which should track changes to this m 
··odule. 
-- Implementation Notes: 

TI-._ routines herein must have this oraanization: first check for al/ client errors and RETURN 
-- I lit: - - - - - - _. - - - v _ _ _. _ _ __ ,. _ _ _ _ _ _ _ . _ _ _, _. _ _ 

**WITH ERROR if any; then, make changes to the VM databases, etc. 
-- The MONITORLOCK of SpacelmplA/B protects the Hierarchy and Projection data base and the 
•• MapLog. That is, those facilities are only accessed from within the Space monitor, and so are n 
• ·ot themselves MONITORs, but rely on the serialization provided by the Spacelmpl MONITORLO 
**CK. This makes the calls to those facilities faster. 
-- Things to Consider: 
-- GetAttributes could be augmented by operations for accessing individual space attributes, avoi 
**ding unnecessary disk accesses, if performance requirements so dictate. 

DIRECTORY 
Cached Region USING [ 

activate, Apply, createSwapUnits, deactivate, Desc, flush, startForceOut, 
kill, Mapped, Operation, Outcome, pageTop, pin, unpin, wait], 

Cached Space USING [Desc, Handle, handleNull, handleVM, Level, SizeSwapUnit]. 
Environment USING [Long, maxPageslnMDS, wordsPerPage], 
File USING [Capability, Permissions, read, write], 
Hierarchy USING [ 

Delete, FindFirstWithin, GetDescriptor, Getlnterval, Insert, NotFound, Touch, 
Update, ValidSpaceOrSwapUnit], 

Inline USING [BITANO, LongMult], 
PrincOps USING [Control Link, PrefixHandle], 
PrincOpsRuntime USING [GFT] , 
Process USING [Detach], 
Projection USING [ 

DeleteSwapUnits, ForceOut, Get, Merge, Split, Touch, TranslateLevel]. 
Runtime USING [CaIlDebugger, GlobaIFrame], 
Runtimelnternal USING [Codebase], 
Space, 
Spacelmpllnternal USING [ 

InitializeSpacelmplB, Interval, Level, RegionD, SpaceD, spaceLock, 
Unmaplnternal], 

SpecialSpace USING O. 
SwapperException USING [Await], 
Transaction USING [Handle, InvalidHandle, nuIlHandle], 
TransactionState USING [WithdrawFromTransaction], 
VM USING [Interval, PageCount], 
VMMPrograms USING 0; 

SpacelmplA: MONITOR LOCKS Spacelmpllnternal.spaceLock 
IMPORTS 

Cached Region, Hierarchy, Inline, Process, Projection, Runtime, 
Runtimelnternal, Spacelmpllnternal, SwapperException, Transaction, 
TransactionState 

EXPORTS Space, Spacelmpllnternal, SpecialSpace, VMMPrograms 
SHARES File --USING [Capability.permissionsJ-- = 
BEGIN OPEN Space, Spaceimpllnternal; 
Handle: PUBLIC TYPE = CachedSpace.Handle; 
Alignment: TYPE = {code, powerOf2, none}; 
ChiidrenSelf: TYPE = {children, self}; 

-- Space implementation data: 

-- Public Data: 
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Error: PUBLIC ERROR [type: ErrorType] = CODE; 
InsufficientSpace: PUBLIC ERROR [available: PageCount] = CODE; 
mds: PUBLIC Handle; 
nuliHandle: PUBLIC Handle ~ LOOPHOLE[CachedSpace.handleNull]; 
nuliTransactionHandle: PUBLIC Transaction Handle ~ Transaction nullHandle: 

- - -- - _. - - - - - -- - - -_. - _. - - - . _. 
virtual Memory: PUBLIC Handle ~ LOOPHOLE[CachedSpace.handleVM]; 
-- Private Data: 
Bug: PRIVATE --PROGRAMMING--ERROR [type: BugType] = CODE; 
-- not to be caught by client; 
BugType: TYPE = {bugO, bug1, bug2, bug3, bug4}; 

. countVM: VM.PageCount; 

. handleMDS: CachedSpace.Handle; 
intervalMDS: Interval; 
maxPageslnCodeBlock: PageCount = Environment.maxPageslnMDS; 
codeBdyMask: WORD = LOOPHOLE[-(maxPageslnCodeBlock - 1) - 1, WORD]; 
-- = BITNOT[maxPageslnCodeBlock-1j 
--Spacelmplfnternal.--
spaceLock: PUBLIC MONITORLOCK; -- (private to Spacelmpl # ) 

--Initialization 

InitializeS pace: PUBLIC PROCEDURE [ 
countVM: VM.PageCount, handleMDS: CachedSpace.HandJe] = { 
Initializelnternal[countVM, handleMDS]}; 

-- 'oust to change the parameter names.) 

Initializelnternal: PROCEDURE [ 
ctVM: VM.PageCount, handMDS: CachedSpace.Handle] = 
BEGIN 
countVM ~ ctVM; -- copy params into Globa/s .. 
mds ~ LOOPHOLE[handleMDS ~ handMDS]; 
intervalMDS ~ Hierarchy.Getlnterval[handleMDS].interval; 
InitializeSpacelmplBO; 

° Process.Detach[FoRK VMMHelperProcessDl; 
END; 

-- Specia/Space implementation 

-- Monitor externals 

CreateAligned: PUBLIC --EXTERNAL--PROCEDURE [ 
size: Space.PageCoullt, parent: Space. Handle] 
RETURNS [newSpace: Space.Handle] = 

2 

-- Create a space which begins at a page within virtual memory which is an integral multiple of 
**the smallest power of two not less than the given size. (Thus if size is already a pOVier of two, th 
**e beginning page number will have at least as many low-order zero bits as does size.) 

B~GIN 
{ 
RETURN[Createlnternal[size, parent, defaultBase, --alignment:--power0f2]]}; 
END; 

CreateForCode: PUBLIC --EXTERNAL--PROCEDURE [ 
size: PageCount, parent: Handle. base: PageOffset] 
RETURNS O[newSpace: Space.Handle] = 
-- Creates a space guaranteed not to cross a 64KW boundary. 
{RETuRN[Createlnternal[size, parent, base, --alignment:--code]]}; 
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MakeCodeResident: PUBLIC --EXTERNAL--PROCEDURE [frame: PROGRAM] = 
LOO P H 0 LE[MakeProcedureResident]; 

. MakeCodeSwappable: PUBLIC --EXTERNAL--PROCEDURE [frame: PROGRAM] = 
LOOPHOLE[MakeProcedureSwappable]; 

MakeGlobalFrameResident: PUBLIC --EXTERNAL--PROCEDURE [frame: PROGRAM] = { 
MakeResident[GetHandle[PageFromLongPointer[LOOPHOLE[frame, POINTER]]]]}; . 

MakeGlobalFrameSwappable: PUBLIC --EXTERNAL--PROCEDURE [frame: PROGRAM] = { 
MakeSwappable[GetHandle[PageFromLongPointer[LOOPHOLE[frame, POINTER]]]]}; 

Makeprocedu reResident: PUBLIC --EXTERNAL--PROCEDURE [ 
proc: --procedure PrincOps.Contro/Link--uNsPECIFIED] = { 
MakeResident[SpaceForCode[proc]]}; 

MakeProcedureSwappable: PUBLIC --EXTERNAL--PROCEDURE [ 
proc: --procedure PrincOps.ControILink--uNsPECIFIED] = { 
MakeSwappable[SpaceForCode[proc]]};. 

SpaceForCode: --EXTERNAL--PROCEDURE [link: --PrincOps.Contro/Link--UNSPECIFIED] 
RETURNS [space: Handle] = 
--link must be either a procedure C~ntro/Link or a PROGRAM (a G/obaIFrameHand/e). 
BEGIN OPEN Ik: LOOPHOLE[link, PrincOps.ControILink]; 
codeBase: LONG PrincOps.PrefixHandle = Runtimelnternal.Codebase[ 

Runtime.GlobaIFrame[link]]; 
offset: CARD:NAL; 
--UNTIL non-indirect link found-­
DO 

IF ik.proc THEN { . 
offset .... LOOPHOLE[codeBase.entry[ 

Ik.ep + PrincOpsRuntime.GFT[lk.gfi].epbias].initialpc]; 
EXIT} 

ELSE 
IF Ik.indirect THEN {Ik +- Ik.linkt; LOOP} 
ELSE --global frame handle--{offset +- 0; EXIT}; 

ENDLOOP; 
RETURN[GetHandle[PageFromLongPointer[codeBase + offset]]]; 
END; 

-- Monitor entries 

MakeResident: PUBLIC ENTRY PROCEDURE [space: Handle] = 
-- OK to make an already-resident space resident. 
BEGIN 
Pinnable: PROCEDURE [regionD: RegionD] RETURNS [BOOLEAN] = { 

RETURN[ 
regionD.state IN CachedRegion.Mapped AND regio!,)D.leveIMapped < = 

space.level]}; 
spaceD: SpaceD; 
valid Space, validSwapUnit: BOOLEAN; 
[validSpace, validSwapUnit] +- Hierarchy.GetDescriptor[@spaceD, space]; 
IF validSwapUnit THEN RETURN WITH ERROR Error[notApplicableToSwapUnit] 
ELSE IF -valid Space THEN RETURN WITH ERROR Error[invalidHandle]; 
IF .... ForAIlRegions[spaceD.interval, Pinnable] THEN 

RETURN WITH ERROR Error[invalidMappingOperation]; 
spaceD. pinned ~ TRUE; . 
Hierarchy.Update[@spaceD]; 
ApplyTolnterval[spaceD.interval, CachedRegion.pin] 
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END; 

MakeSwappable: PUBLIC ENTRY PROCEDURE [space: Handle] = 
BEGIN 
spaceD: SpaceD; 
validSpace, validSwapUnit: BOOLEAN; 
[validSpace, validSwapUnit] +- Hierarchy.GetDescriptor[@spaceD, space]; 
IF validSwapUnit THEN RETURN WITH ERROR Error[notApplicableToSwapUnit] 
ELSE Ii= -validSpace THEN RETURN WITH ERKOR Error[invalidHandle]; 
IF .... spaceD.pinned THEN RETURN WITH ERROR Error[invalidMappingOperation]; 
spaceD.pinned· +- FALSE; 
Hierarchy .Update[@spaceD]; 
ApplyTolnterval[spaceD.interval, CachedRegion.unpin] 
END; 

-- Space implementation: 

-- Monitor externals 

Create: PUBLIC --EXTERNAL--PROCEDURE [ 
size: PageCount, parent: ·Handle, base: PageOffset] RETURNS [Handle] = { 
RETURN[Createlnternal[size, parent, base, --a/ignment:--nonel]}; 

Delete: PUBLIC --EXTERNAL--PROCEDURE [space: Handle] = { . 
Deletelnternal[space, self]}; 

DeleteSwapUnits: PUBLIC --EXTERNAL--PROCEDURE [space: Handle] = { 
Deletelnternal[space, children]}; 

LongPointerFromPage: PUBLIC --EXTERNAL--PROCEDURE [page: PageNumber] 
RETURNS [LONG POINTER] = { 
RETURN[LOOPHOLE[lnline.LongMult[page, Environment.wordsPerPage]]]}; 

PageFromLongPointer: PUBLIC --EXTERNAL--PROCEDURE [Ip: LONG POINTER] 
RETURNS [page: PageNumber] = { 
OPEN LOOPHOLE[lp, num Environment.Long]; 
IF Ip = NIL THEN ERROR Error[invalidParameters] 
ELSE RETURN[highbits"'256 + lowbits/256]}; 

-- Monitor entries: 

Activate: PUBLIC ENTRY PROCEDURE [space: Handle] = { 
IF -App!yToSpace[space, CachedRegion.activate].validHandle THEN 

RETURN WITH ERROR Error[invalidHandle]}; 

Createlnternal: ENTRY PROCEDURE [ 
size: PageCount, parent: Handle, base: PageOffset, alignment: Alignment] 
RETURNS [Handle] = 
BEGIN OPEN handleParent: LOOPHOLE[parent, CachedSpace.Handle]; 
largestPowerOf2Cardinal: CARDINAL = (LAST[CARDINAL]/2) + 1; 
-- assumes binary representation for CARDINALs. 
validSpacG, valid Swap Unit; BOOLEAN; 
handleNew: CachedSpace.Handle; 
page: PageNumber; -- the start of. the new space. 
regionD: RegionD; 

SpacelmpIA.mesa. 10-0ct-80 21:17:57 

4 

4 



SpacelmpIA.mesa. 10-0ct-80 21:17:57 

spaceDParent: SpaceD; 
[validSpace, validSwapUnit] +- Hierarchy.GetDescriptor[ 

@spaceDParent, handleParent]; 
IF validSwapUnit THEN RETURN WITH ERROR Error[notApplicableToSwapUnit] 
ELSE IF -valid Space TH~N RETURN WITH ERROR Error[invalidHandle]; 
IF handleParent.level > = LAST[Level] THEN 

RETURN WITH ERROR Error[spaceTreeTooDeep]; 
!F spaceDParent.hasSwapUnits THEN 

RETURN WITH ERROR Error[notApplicableToSwapUnit]; 
IF size = 0 OR (base .... = defaultBase AND base> = spaceDParentinterval.count) 

OR (alignment = power0f2 AND size) largestPowerOf2Cardinal) THEN 
RETURN WITH ERROR Error[invalidParameters]; 

IF base .... = defaultBase THEN ··explicit base given-· 
BEGIN . 
regionD +- Projection.Get[page +- handleParent.page + base]; 
.- so page IN regionD.intervaJ 
IF size> (regionD.interval.page + regionD.interval.count)· page OR 

regionD.level .... = l:landleParent.level OR 
(alignment = code Ar~D page/maxPageslnCodeBlock .... = 

(page + size - 1)/maxPageslnCodeBlock) THEN 
RETURN WITH ERROR Error[invalidParameters]; 

END 
ELSE ·-create anywhere·· 

BEGIN OPEN spaceD Parent; •• USING [interval, pageRoverj 
countMax: PageCount +- 0; ··/argest suitable interval in space. 
HoleNotFound: INTERNAL PROCEDURE [regionD: RegionD] 

RETURNS [notFound: BOOLEAN] = 
-- Looks for a suitable hole 0.1 a suitable size. Sets page, countmax. 
BEGIN 
codelnterval: VM.lnterval; 
IF regionD.level = handleParent.level THEN •• (can not have swap units) 

BEGIN 
SELECT alignment FROM 

code => { 
Jcodelnterval] +- MaxlntervaIForCode[regionD]; 
IF codelnterval.count > countMax THEN { 

page +- codelnterval.page; countMax +- codelnterval.count}}; 
powerOli2 => 

BEGIN 
pwrOfTwo: CARDINAL; 
FOR pwrOfTwo +- 1, pwrOfTwo*2 UNTIL pwrOfTwo ) = size DO ENDLOOP; 
ERROR; _. UNIMPLEMENTED 

END; 
none => 

IF regionD.interval.count > countMax THEN { 
page +- regionD.interval.page; countMax +- regionD.interval.count}; 

ENDCASE = > ERROR Bug[bugO]; 
IF countMax > = size THEN RETURN[FALSE]; 
·-the current region is big enough-· 
END; 

RETURN[TRUE]; •• "keep going" 

END; 
IF ForAIiRegions[ 

[pageRover, interval.count - (pageRover - interval.page)], HoleNotFound] 
. THEN 

IF ForAIiRegions[[interval.page, pageRover • interval. page] , HoleNotFound] 
THEN RETURN WITH ERROR InsufficientSpace[avCiilable: countMax]; 
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pageRover +- page' + size; •• pageRover = interval.page + interval. count is ok 
Hierarchy.Update[@spaceDParent]; •• (update pageRover.) 

END' 
regio~D ~ Projection.Get[page]; .- so page IN regionD.interval 
Apply T 01 nterval [regionD .interval, Cached Reg ion.flush]; 
.• assure that the Projection is current (and disable client refs while changing). 
handleNew +- CachedSpace.Handle[1 + handleParent.level, page]; 
Hierarchy.lnsert[handleNew, size]; 
Projection.Split[page]; 
Projection.Split[page + size]; 
Projection.TranslateLevel[pageMember: page, delta: 1]; 
RETURN[LOOPHOLE[handleNew]] 
EJ'!D; 

CreateUniformSwapUnits: PUBLIC ENTRY PROCEDURE [ 
size: PageCount, parent: Handle] = 
BEGIN OPEN handleParent: LOOPHOLE[parent, CachedSpace.Handle]; 
spaceD Parent: SpaceD; 
validSpace, validSvJapUnit: BOOLEAN; 
[validSpace, validSwapUnitJ +- HierarchY.GetDescriptor[ 

@spaceDParent, handleParent]; 
IF validSwapUnit THEN RETURN WITH ERROR Error[notApplicableToSwapUnit] 
ELSE IF ":'validSpace THEN RETURN WITH ERROR Error[invalidHandle]; 
IF handleParent.level < LAST[Level] THEN 

IF Hierarchy.FindFirstWithin[ 
CachedSpace.Handle[handleParent.level + 1, handleParent.page], 
spaceDParentintervaf.count) - = CachedSpace.handleNull THEN 
RETURN WITH ERROR Error[spaceNotUnitary]; •• no children allowed. 

!F spaceDParent.hasSwapUnits THEN RETURN WITH ERROR Error[spaceNotUnitary]; 
IF size = 0 OR size .... IN CachedSpace.SizeSwapUnit THEN 

RETURN WITH ERROR Error[invalidParameters]; 
_ spaceDParent.hasSwapUnits ~ TRUE; 
spaceDParent.sizeSwapUnit .... size; 
Hierarchy.Upd ate[@spaceDParent]; 
ApplyTolnterval[spaceDParenUnterval, CachedRegion.createSwapUnits]: 
END; 

Deactivate: PUBLIC ENTRY PROCEDURE [space: Handle] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
IF -ApplyToSpace[handle, CachedRegion.deactivate].validHandle THEN 

.RETURN WITH ERROR Error[invalidHandle]; 
END; 

Deletelnternal: ENTRY PROCEDURE [space: Handle, which: ChildrenSelf] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.H!:mdle]; 
level, topLevel: Level; 
DeletelfLeaf: INTERNAL PROCEDURE [regionD: RegionD] RETURNS [BOOLEAN] = 

··Implicit parameter: ievel. 
_. Assume level)O (i.e. space- = virtualMemory) 
BEGIN 
iF regionD.level = level THEN 

_. Region described by r&gionD corresponds to a leaf space. 
BEGIN 
leaf SpaceD: CachedSpace.Desc; 
mergeLeft, mergeRight: BOOLEAN; 
interval Parent: interval = Hierarchy.Gctlnterval[ 

Handle[level - 1, regionD.interval.page]].interval; 
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pageNext: PageNumber = regionD.interval.page + regionD.interval.count; 
flushlnterval: Interval ~ regionD.interval; -- assume no merging 
IF -Hierarchy.GetDescriptor[ 

@leafSpaceD, Handle[level, regionD.interval.page]].validSpace THEN 
ERROR Bug[bug1]; 

IF leafSpaceD.transaction - = nullTransactionHandle THEN 
TransactionState.WithdrawFromTransaction[ 

leaf SpaceD. transaction, Handle[level, regionD.interval.page] ! 
Transaction.lnvalidHandle =) CONTINUE]; 

IF regionD.interval.page ) FIRsT[PageNumber] THEN 
BEGIN 
leftNeighbor: RegionD = Projection.Get[regionD.interval.page - 1]; 
mergeLeft ~ 

(regionD.interval.page - = intervalParent.page AND leftNeighbor.level < , 
regionD.level); , 

IF merge Left THEN ' 
flushlnterval ~ 

END 

[fl ush I nterval. page - leftNeig h bor .interval.co u nt, 
flushlnterval.count + leftNeighbor.interval.count]; 

ELSE mergeLeft ~ FALSE; -- no left neighbor. 
IF pageNext < CachedRegion.pageTop THEN 

BEGIN 
rightNeighbor: RegionD = Projection.Get[pageNext]; 
mergeRight ~ 

(pageNext - = intervalParent.page + intervalPa'rent.count AND 
rightNeighbor.level < regionD.level); 

IF mergeRight THEN 
flushlnterval.count ~ 

flushlntervaLcount + rightNeighbor.interval,count; 
END 

ELSE mergeRight ~ FALSE; -- no right neighbor. 
IF regionD.state IN CachedRegion.Mapped AND regionD.levelMapped = 

regionD.level THEf..J 
BEGIN 
spaceD: SpaceD; o ~ Hierarchy.GetDescriptor[ 

@spaceD, CachedSpace.Handle[regionD.level, regionD.interval.page]]; 
Unmaplnternal[@spaceD]; 
EI':D; 

ApplyTolnterval[flushlnterval, CachedRegionJlush]; 

7 

-- make sure Projection is current (and prevent client refs while changing). (Flush this regi 
"on and any required neighbors.) 

IF regionD.hasSwapUnits THEN 
Pro jectio n. DeleteSwap Un its [reg ionD .interval.page]; 

Hierarchy.Delete[ 
CachedSpace.Handle[regionD.level, regionD.interval.page]]; 

-- At this point, the properties of the current region must match the properties of any adjace 
"nt regions with which it will coalesce. 

Projection.TranslateLevel[pageMember: regionD.interval.page, delta: -1]; 
IF mergeLeft'THEN Projecticn.Merge[regionD.interval.page]; 
IF mergeRight THEN Projection.Merge[pageNext1; 
EI':D; 

RETURN[TRUE]; -- "keep going" 

END; 
levelLeaves: Level ~ handle.level; 
MaxLevel: PROCEDURE [regionD: RegionD] RETURNS [BOOLEAN] = { 

levelLeaves ~ MAx[levelLeaves, regionD.level]; RETURN[TRUE]}; 
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-- "keep going" 
validSpace, validSwapUnit: BOOLEAN; 
spaceD: CachedSpace.Desc; 
:nterval: Interval; 
[validSpace, validSwapUnit] ~ Hierarchy.GetDescriptor[@spaceD, handle]; 
IF validSwapUnit THEN RETURN WITH ERROR Error[notApplicableToSwapUnit] 
ELSE IF -validSpace THEN RETURN WITH ERROR Error[invalidHandle]; 
interval ~ spaceD.interval; 
IF handle.level < = handleMDS.level AND handleMDS.page IN 

[interval.page . .interval.page + interval.count) THEN 
RETURN WITH ERROR Error[invalidParamstersJ; -- don't delete the MDS! o ~ ForAIIRegions[interval, MaxLevel]; 

--leveILeaves +- max region level, region in interval 
topLevel ~ 

I 

If which = 'children THEN handle.level + 1 --delete only children-­
ELSE handle.level --delete children and self--

FOR level DECREASiNG IN [topLevel..!eveILeaves] DO o ~ ForAIiRegions[interval, DeletelfLeaf]; ENDLOOP; 
IF which = children THEN -- delete uniform swap units of self: 

BEGIN 
ApplyTolnterval[interval, CachedReglon.flush]; 
Projectio n. DeleteSwap Units[i nterval. page]; 
spaceD.hasSwapUnits ~ FALSE; 
Hierarchy.Update[@spaceD]; 
END; 

END; 

MaxlntervalForCode: INTERNAL PROCEDURE [regionD: RegionD] RETURNS [Interval] = 
BEGIN OPEN regionD.interval; -- page, count 
endRegior.: PageNumber; \ 
firstBdy: PageNumber = Inline.BITAND[page + maxPageslnCodeBlock, codeBdyMask]; 
--overflow is ok, yields 0--
IF (endRegion ~ page + count) < = firstBdy OR firstBdy = 0 THEN 

, RETURN[[page, count]] -- region ends before first boundary 

ELSE 
If Inline.BITAND[endRegion, codeBdyMask] - = firstBdy THEN 

RETURI':[[firstBdy, maxPageslnCodeBlockJ] 
-- region contains a whole CodeBiock 

ELSE --region contains exactly one code boundary-­
IF firstBdy - page) = endRegion - firstBdy THEN 

RETURN[[page, iirstBdy - page]] 
ELSE RETURN[[firstBdy, endRegion - firstBdy]]; 

END; 

Fo rceOut: PUBLIC ENTRY PROCEDURE [space: Handle] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
IF -ApplyToSpace[hand!e, CachedRegion.startForceOut].validHandle THEN 

RETURN WITH ERROR Error[invalidHandle); o ~ ApplyToSpace[handle, CachedRegion.wait]; 
END; 

GetAttiibutes: PUBLIC ENTRY PROCEDURE [space: Handle] 
RETUR~~S.[ 

parent, ,lowestChild, nextSibling: Handle, base: PageOffset, size: PageCount, 
mapped: BOOLEAN] = 
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BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
spaceD: CachedSpace.Desc; 
validSpace, validSwapUnit: BOOLEAN; 
interval: Interval; 
[validSpace, validSwapUnit, interval] +- Hierarchy.Getlnterval[handle]; 
IF -(validSpace OR validSwapUnit) THEN RETURN WITH ERROR Error[invalidHandle]; 
IF handle.level = 0 THEN {parent +- nextSibling +- nullHandle; base +- O} 
ELSE 

BEGIN 
. interval Parent: Interval = Hierarchy.Getinterval[ 

CachedSpace.Handle[handle.level - 1, interval.page]].interval; 
pageNext: PageNumber = interval.page + interval.count; 
countNext: PageCount = 

intervalParent.page + intervalParent.count - pageNext; 
parent +- LOOPHOLE[CachedSpace.Handle[ 

handle.level - 1, intervaIParent.page]]; 
nextSibling +-

IF validSwapUnit THEN 
IF pageNext < ·intervaIParent.page + intervalParent.count THEN 
LOOPHOLE[CachedSpace.Handle[handle.level, pageNext]] -- next swap unit 
ELSE nullHandle 

ELSE --validSpace--LOOPHOLE[Hierarchy.FindFirstWithin[ 
CachedSpace.Handle[handle.level, pageNext], countNext]]; 

base +- interval.page - intervaIParent.page; 
END; 

o +- Hierarchy.GetDescriptor[@spaceD, handle]; 
-- (gets desc of parent space if this is a swap unit handle) 
lowestChiid +-

IF valid Swap Unit THEN nullHandle 
ELSE --validSpace--

IF spaceD.hasSwapUnits THEN LOOPHOLE[CachedSpace.Handle[ 
handle.level + 1, handle.page]] -- first swap unit 

ELSE ---hasSwapUnits--
IF handle.level < LAST[Level] THEN LOOPHOLE[Hierarchy.FindFirstWithin[ . 
CachedSpace.Handle[handle.level + 1, handle.page], interval.countll 
ELSE --handle.level = LAST[Level}--nuIlHandle; 

size +- interval.count; 
mapped +- IF validSwapUnit THEN FALSE ELSE spaceD.state = mapped; 
END; 

Get Handle: PUBLIC ENTRY PROCEDURE [page: PageNumber] RETURNS [Handle] = 
BEGIN 
regionD: CachedRegion.Desc; 
handleLevel: CARDINAL; 
-- (not a CachedSpace.LeveJ, since a swap unit may have handle.level = LAST[Level] + 1) 
IF page> = countVM THEN RETURN WITH ERROR Error[invalidParameters]; 
regionD +- Projection.Get[page]; -- (gets level of parent space if swap units) 
handleLevel +- regionD.level + (IF regionD.hasSwapUnits THEN 1 ELSE 0); 
RETURN[ 

LOO P H 0 LE[CachedSpace.Hand le[ 
handleLevel, Hierarchy.Getlnterval[ 
CachedSpace.Handle[handleLevel, pagell.interval.page]]] 

END; 

GetWindow: PUBLIC ENTRY PROCEDURE [space: Handle] RETURNS [WindowOrigin] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
spaceD: SpaceD; 
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valid Space, validSwapUnit: BOOLEAN; 
[validSpace, vaiidSwapUnit1 +- Hierarchy.GetDescriptor[@spaceD, handle]; 
IF .... validSpace AND -validSwapUnit THEN RETURN WITH ERROR Error[invalidHandle]; 
IF spaceD.state .... = mapped THEN RETURN WITH ERROR Error[noWindow]; 
RETURN[ 

IF spaceD.dataOrFiie = data THEN defaultWindow 
ELSE 

[[spaceD.window.file.fID, 

END; 

IF spaceD.writeProtected THEN File.read ELSE File.read + File.write], 
spaceD.w!ndow.base]]; 

Kill: PUBLIC ENTRY PROCEDURE [space: Handle] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
validSpace, validSwapUnit: BOOLEAN; 
interval: Interval; . 
[validSpace, validSwapUnit, interval] +- Hierarchy.Getlnterval[handle]; 
IF -validSpace AND .... validSwapUnit THEN RETURN WITH ERROR Error[invalidHandle]; 
ApplyTolnterval[interval, CachedRegion.kill]; 
END; 

LongPointer: PUBLIC ENTRY PROCEDUR:: [space: Handle] RETURNS [LONG POINTER] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
IF .... Hierarchy.ValidSpaceOrSwapUnit[handle] THEN • 

RETURN WITH ERROR Error[invalidHandle]; 
RETuRN[LongPointerFromPage[handle.page]]; 
END; 

Pointer: PUBLIC ENTRY PROCEDURE [space: Handle] RETURNS (POINTER] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
IF .... Hierarchy.ValidSpaceOrSwapUnit[handle] THEN 

RETURN WITH ERROR Error[invalidHandle]; 
IF handle.level < = handleMDS.level OR handle.page .... IN 

[intervaIMDS.page .. intervaIMDS.page + intervaIMDS.count) THEN 
RETURN WITH ERROR Error[invalidParameters]; 

RETURN[LO 0 P H 0 LE[{hand Ie. page - intervaIMDS.page) *wordsPerPage]]; 
END; 

VMPageNumber: PUBLIC ENTRY PROCEDURE [space: Handle] RETURNS [PageNumber] = 
BEGIN OPEN handle: LOOPHOLE[space, CachedSpace.Handle]; 
IF .... Hierarchy.ValidSpaceOrSwapUnit[handle] THEN 

RETURN WITH ERROR Error[invalidHandle]; 
RETURN[handle.page]; 
END; 

-- Monitor internal procedures: 

--Spacelmpllnternal.--

NotePinned: PUBLIC SIGNAL [leveIMax: Level, page: PageNumber] = CODE; 
--Spacelmpllnternal.--
ApplyTolnterval: PUBLIC INTERNAL PROCEDURE [ 

interval: Interval, operation: CachedRegion.Operation] = 

10 

-- Performs, in ascending order, operation (successfully) for each swap unit of each region of i 
Hnterve.! (exactly as required by CachedRegion.Appfy). 

-- May raise NotePinned (only if operation. action = unmap). 
-- for operation = writeProtect, flush, remap, and unmap, interval must start and end on a regio 

Hn boundary! (restriction of CachedRegion.Apply) 
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BEGIN 
page, pageNext: PageNumber; 
outcome: CachedRegion.Outcome; 
FOR page +- interval.page, pageNext WHILE page < interval.page + interval.count 

DO 
-- for each swap unit in interval .. 
DO 

--REPEA T operation UNTIL outcome = ok or notePinned--
[outcome, pageNext] +- CachedRegion.Apply[page, operation]; 
WITH outcome SELECT FROM 

ok => EXIT; 
notePinned -- [Ieve/Max] -- = > 

BEGIN SIGNAL NotePinned[levelMax, page]; EXIT END; 
regionDMissing = > Projection.Touch[page]; 
regionDDirty = > Projection.ForceOut[page]; 
retry = > NULL; ~- go aro·und again 

spaceDMissing -- [level] -- = > 
Hierarchy.Touch[CachedSpace.Handle[level, page]]; 

-- error--
ENDCASE = > ERROR Bug[bug2]; 

ENDLOOP; 
ENDLOOP; 

END; 
--Spacelmpllnternal.--

ApplyToSpace: PUBLIC INTERNAL PROCEDURE [ 
handle: Cached Space. Handle, operation: CachedRegion.Operation] 
RETURNS [validHandle: BOOLEAN)" = 
BEGIN 
validSpace, validSwapUnit: BOOLEAN; 
interval: Interval; 
[valid Space, validSwapUnit, interval] +- Hierarchy.Getlnterval[handle]; 
valid Hand Ie +- validSpace OR validSwapUnit; 
IF validH~ndle THEN ApplyTolnterval[interval, operation]; 
END; 

--Spacelmpllnternal.--

ForAllRegions: PUBLIC INTERNAL PROCEDURE [ 
. interval: Interval, Predicate: PROCEDURE [RegionD] RETURNS [true: BOOLEAN]] 
RETURNS [BOOLEAN] = 
-- Returns as soon as Predicate returns FALSE. 
BEGIN 
page: PageNu mber; 
regionD: RegionD; 
FOR page +- interval.page, regionD.interval.page + regionD.interval.count WHILE 

page < interval.page + interval.count.Do 
regionD +- Projection.Get[page]; 
IF .... Predicate[regionD] THEN RETURN[FALSE] 
ENDLOOP; 

RETURN [TRUE] 
END; . . --------------------------------------------------------------------

-- Virtual Memory Management support functions 

VMMHelpe rP rocess: PROCEDURE = -- root of VMM helper process, a monitor external 

11 

-- provides access to the Hierarchy and Projection for page fault handling and the Replacemen 
**t Process. 
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·BEGIN 
page: PageNumber; 
operation: CachedRegion.Operation; 
outcome: CachedRegion.Outcome; 
HandleException: ENTRY PROCEDURE = INUNE 

12 

-- Since this is a monitor entry, new entries may not be added asynchronously to the space a 
"nd region caches due to page fa·ults. Thus, if a region or space descriptor is flushed from its ca 
"che, the higher-level databases can be temporarily inconsistent (not satisfying the monitor invar 
"iantJ. 

BEGIN 
DO 

--UNTIL ok--
WITH outcome SELECT FROM 

ok = > RETURN; 
regionDMissing => Projection.Touch[page]; 
spaceDMissing --[level] -- = > 

Hierarchy.Touch[ 
CachedSpace.Handle[level, page] ! Hierarchy.NotFound = > CONTINUE]; 

--If a pagefault or an age happens, and then the space is deleted before this process can 
**service its needs, the space desc will be missing. In this case, we just retry the operation in the 
*"cu~rent context (an.d the right thing wil! happen). 

error --[state]-- = > 
IF operation.action = activate THEN 
. Runtime.CaIlDebugger[" AddressFault"] 

ELSE ERROR Bug[bug3]; 
ENDCASE = > ERROR Bug[bug4J; 

outcome +- CachedRegion.Apply[page, operation].outcome; 
END LOOP; 

END; 
DO 

--FOREVER--
[page. operation, outcome] +- SwapperException.AwaitD; 
Hand leExceptionD; 
ENDLOOP; 

END; 

END. 

LOG 
(For earlier log entries see Pilot 3.0 archive version.) 
Time: January 25,1980 1:50 PM By: Knutsen Action: Use new ErrorType's. 
Time: January 28, 1980 10:54 AM By: Forrest Action: Made Spacelmpl take starting para 
"meters and eliminated /nitSpace; copied in (most) of LongPtr( = )Page from Utilit!es/mpl. 
Time: February 25, 1980 6:04 PM By: Knutsen AR3594: CreateUSU[spaceWithS 
"Uj raised wrong Signal. AR1935: use Projection.DeleteSwapUnits. Renumbered the Internal err 
**ors. 
Time: April 16, 1980 10:09 AM By: Knutsen Action:.Remap must always wait for operatio 
**n complete to avoid having the file deleted out from under the swapping operation. Delete/fLeaf 
**must avoid v/alking off the ends of VM. Converted Spacelmpl[] into InitializeSpace[] AGAIN! 
Time: April 17, 1980 1:03 PM By: Gobbel Action: Added transaction handles. 
Time: April 21, 1980 6:01 PM By: Gobbel Action: Implemented Space.Copy. 
Time: May 19, 1980 5:42 PM By: Gobbel Action: FrameOps = )Frame, Contro/Defs = 
.. ) PrincOps. 
Time: May 21, 1980 2:31 PM By: Gobbel Action: Mesa 6 change: f.code.longbase repl 
**aced by Runtimelnternal.CodeBase[frame] in SpaceForCode. 
Time: June 16, 1980 5:12 PM By: Gobbel Action: Transaction operations added. 
Time: June 19, 1980 2:27 PM By; Gobbel Action: Created SpacelmplA from parts of 01 
* *d Spacelmpl. . 
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Time: August 7. 19ao 1:06 PM By: Knutsen Action: Moved initialization relevant to Spac 
""elmpIB to there. Moved ApplyTolnterval, etc. here.· GetWindow returns current writeProtected­
""ness. Implement /v1akeG/obaIFrame*, MakeProcedure*, etc. 
Time: September a, 19ao 4:14 PM By: Knutsen Action: Delete now does Withdra 
" "wFromTransaction. 
Time: September 11, 1980 1:15 PM By: Gobbel Action: Imported TransactionStat 
""e. 
Time: October 10, 1980 9:09 PM By: Fay Action: Fixed DeletelfLeaf to correctly recog 
"nize a leaf space with no right neighbor. 
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-- VMMgr>SpacelmpIB.mesa (last edited by Knutsen on October 16, 1980 11:02 AM) 
-- Note: There is another version of Spacelmpl for UtilityPilot which should track changes to this m 
~*odule. 
-- Handling of transactions: In the beginning, a space is created, and it is not part of a transaction. 
.... A space becomes associated with a transaction whenever a non-null transaction handle is pass 
.. ·ed to a Space operation (except Copyln/QuO, and the transaction handle is stored in the space 
"descriptor at that time. If later a different transaction handle comes along for an operation on th 

• "at space, it is an error. A space ceases to be part of a transaction when: (1) ReleaseFromTrans 
.. ""ction is called: (2) the SDace is unmaDDed or deleted RemaD is handled as as,if it were an Un u __ ._. ._,_,_. ____ _ ._._ _, __ .. ____ ._ .. _ 

"map followed by a Map. 
-- Implementation Notes: 
-- The routines herein have this organization: first, check for all client errors, and RETURN WITH E 
"RROR if any; then, make changes to the VM databases. 
-- Future Improvements: 
·--If we would remember when a whole mapping space had been logged, we could avoid doing it a 

. "'gain later. 

DIRECTORY 
CachedRegio'n USING [ 

BackFileType, Desc, forceOut, invalidate, makeWritable, Mapped, 
maxRemapSpaceSize, needsLogging, Operation, pageLocationlnSpace, startUnmap, 
wait, write Protect] , 

Cached Space USING [DataOrFile, Desc, Handle, Level], 
Environment USING [bitsPerWord, wordsPerPage], 
FHe USING [ 

Capability, Error, ErrorType, firstPageNumber, lastPageNumber, nulllD, 
PageCount, read, Unknown, write], 

Frame USING [GetReturnLink], . 
Hierarchy USING [GetDescriptor, Getlnterval, Update], 
Inline USING [BITAND, LowHalf], 
KernelFile USING [GetFileAttributes, LogContents], 
KernelSpace USING 0, . 
Map Log USING [WriteLog], 
PrincOps USING [StateVector, TrapLink], 
Projection USING [Get], 
ResidentHeap USING [first64K, FreeNode, MakeNode], 
Runtime USING [CaIlDebugger], 
SDDefs USING [SD, sWriteProtect], 
Space USING [ 

defaultWindow, Error, ErrorType, InsufficientSpace, PageCount, PageNumber, 
WindowOrigin], 

Spacelmpllnternal USING [ 

ApplyTolnterval, Interval, ForAIIRegions, Level, NotePinned, RegionD, SpaceD, 
spaceLock], 

Systemlnternal USING [Unimplemented], 
SpecialSpace USING 0, 
Transaction USING [Handle, Invalid Handle, nul/Handle], 
TransactionState USING [AddToTransaction, WithdrawFromTransaction], 
Trap USiNG [ReadOTP], 
VM USING, [Interval], 
VMMPrograms USING 0, 
VivlMgrStore USING [Al/ocateWindow, DealiocateWindow], 
Volume USING [ID, InsufficientSpace, Unknown], 
Zone USING [B,ase, Status]; 

SpacelmplB: MONITOR LOCKS Spacelmpllnternal.spaceLock 
. IMPORTS 

Cached Region, File, Frame, Hierarchy, Inline, KernelFile, MapLog, Projection, 
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ResidentHeap, Runtime, Space, Spaceimpllnternal, Systeminternal, Transaction, 
TransactionState, Trap, VMMgrStore, Volume 

EXPORTS KernelSpace, Space, Spacelmpllnternal 
SHARES File -- USING [flO, permissions] -- = 
BEGIN OPEN Space, Spacelmpllnternal; 
Handle: PUBLIC TYPE = CachedSpace.Handle; 
Bug: PRIVATE ERROR [type: BugType] = CODE; 

BugType: TYPE = { 
badTxButNeedsLoaaina fileDisaooeared initHeaoErr nullTxButNeedsLoaaina 

- ___ , - --1-'- _.- - -, - -.- , 

noSpaceForLogging, remapHeapAlloc, remapHeapFree, spaceD Absent, 
unmappedSpaceToUnmaplnternal, volDisappeared, 
you rS p acelsAI readyi nOther T ransacti on}; 

pageSize: CARDINAL = Environment.wordsPerPage; 
nul!Transaction: Transaction.Handle = Transaction.nuIlHandle; 
initRemapSize: PageCount = 250; 
-- initial guess at page count of largest space to be remapped . 
currentRemapSize: PageCount +- initRemapSize; 

--Initialization: 

--Spacelmplfnternal.--
InitializeSpaceimplB: PUBLIC --EXTERNAL·-PROCEDURE[] = 

BEGIN • 
node: Zone.Base RELATIVE POINTER TO UNSPECIFIED; 

size: CARDINA.L; 

status: Zone.Status; 
size +- (initRemapSize' + Environment.bitsPerWord - 1)/Environment.bitsPerWord; 
[node, status] +- ResidentHeap.MakeNode[n: size, alignment]; 
-- for remapping operations. 
1[= status - = okay THEN ERROR Bug[initHeapErr]; 
CachedRegion.pageLocationlnSpace +- DESCRIPTOR[ 

@ResidentHeapJirst64K[node], size]; -- for remapping operations. 
SDDefs.SD[SDDefs.sWriteProtect] +- WriteProtectTrap; 
END; 

-- Monitor External (and Nested Internal) Procedures: 

Copyln: PUBLIC --EXTERNAL--PROCEDURE [ 
space: Handle, window: WindowOrigin, transaction: Transaction.Handle] =, 

2 

-- The transaction parameter is only present tor possible future implementation of locking. It is 
"not relevant to the current implementation. 

BEGIN 
Copylnlnternal: INTERNAL PROCEDURED = 

BEGIN 
spaceD, mappingSpaceD, fromSpaceD: SpaceD; 
GetCopylnfo[@spaceD, @mappingSpaceD, space]; 
IF mappingSpaceD.writeProtected THEN { 

IF KerneIFile.GetFileAttributes[mappingSpaceD.window.file].immutable THEN 

File.Error[immutable] 
. ELSE File.Error[insufficientPermissions]}; 
fromSpaceD +- mappingSpaceD; -- generate a desc for the new window .. 
fromSpaceD.interval ~ spaceD.interval; 
ProcessWindow[@fromSpaceD, @window, forReadingOrWriting, fileSpa.ceOnly]; 
-- may raise File. Unknown, or Volume. Unknown. 
IF mappingSpaceD.transaction - = nuliTransaction THEN { . 

ApplyTolnterval[spaceD.interval, CachedRegionJorceOut]; \. / 
-- make sure backing file is up~to·date. ( 
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KerneIFile.LogContents[ 
•. may raise Volume.lnsufficientSpace. 
transaction: mappingSpaceD.transaction, 
file: [mappingSpaceD.window.file.fID, File.read + File.write], 
base: 
mappingSpaceD.window.base + 

(spaceD.interval.page - mappingSpaceD.interval.page), 
count: spaceD.countMapped]}; 

ApplyTolnterval[ 
spaceD .interval, 
[if Missing: report, ifCheckedOut: wait, afterForking: raturn, 

vp: copyln[from: @fromSpaceD]]]; 
ApplyTolnterval[spaceD.interval, Cached Region. wait]; 
.- must wait for.complete, since client could delete the source window. 

END ··Copylnlnterna/-· 

EnterSpace[Copylnlnternal]; 
END; 

CopyOut: PUBLIC -·EXTERNAL-·PROCEDURE [ 
space: Handle, window: WindowOrigin, transaction: Transaction.Handle] = 
BEGIN 
CopyOutinternal: INTERNAL PROCEDURED = 

BEGIN 
spaceD, mappingSpaceD, toSpaceD: SpaceD; 
GetCopylnfo[@spaceD, @mappingSpaceD, space]; 
to SpaceD +- mappingSpaceD; •• generate a desc for the new window .. 
toSpaceD.interval +- spaceD.interval; 
ProcessWindow[@toSpaceD, @window, forWriting, fileSpaceOnly]; 
•• may raise File. Unknown or Volume. Unknown. 
IF transaction - = nullTransaction THEN 

KerneIFiJe.LogContents[ 
transaction, toSpaceD.window.file, toSpaceD.window.base, 
toSpaceD.countMapped]; •• may raise Transaction.lnvalidHandle. 

3 

.- We don't need to update the space desc with the possibly-new transaction since the t[ansa 
'" "'ction is associated with the window copied to, not the current space. 

ApplyTolnterval[ 
spaceD.interval, 
[if Missing: report, ifCheckedOut: wait, afterForking: return, 

vp: copyOut[to: @toSpaceD]]]; 
ApplyTolnterval[spaceD.interval, CachedRegion.wait]; 
.- must wait for complete, since client could delete the destination window. 

END _·CopyOutlnternal·· 

EnterSpace[CopyOutinternal]; 
END; 

MakeReadOnly: PUBLIC ··EXTERNAL··PROCEDURE [ 
space: Handle, transaction: Transaction.Handle] = 
BEGIN 
MakeReadOnlylnternal: INTERNAL PROCEDURED = 

BEGIN 
spaceD: SpaceD; 
GetSpaceDesc [@spaceD, space, --req u i redSt ate:·-map ped]; 
JOinTransaction[space, @spaceD, transaction]; 
-- may raise Transaction.lnvalidHandle. 
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spaceD.writeProtected +- TRUE; 

Hierarchy.Update[@spaceD]; 

4 

-- note that the Projection and Hierarchy disagree until the following statement is completed. 
ApplyTolnterval[spaceD.interval, CachedRegion.writeProtect]; 
END; 

EnterSpace[MakeReadOnlylnternal]; 
END; 

MakeWritable: PUBLIC --EXTERNAL·-PROCEDURE [ 
space: Handle, file: File.Capability, transaction: Transaction.Handle] = 
BEGiN 
MakeWritablelnternal: INTERNAL PROCEDURED = 

BEGIN 
spaceD: SpaceD; 
immutable: BOOLEAN; 

readOnly: BOOLEAN; 

GetSpaceDesc[@spaceD, space, -·requiredState:-·mapped]; 
IF file.fID - = spaceD.window.file.fID THEN Error[invalidMappingOperation]; 
[immutable: immutabie, readOnly: read Only] +- KerneIFife.GetFileAttributes[ 

file]; 
IF immutable THEN File.Error[immutable]; 
IF readOnly THEN File.Error[in;;ufficientPermissions]; 
JOinTransaction[space, @spaceD, transaction]; 
_. may.raise Transaction.lnvalidHandle. 
spaceD.writeProtected +- FALSE; 

Hierarchy.Update[@spaceD]; 
.- note that the Projection and Hierarchy disagree until the following statement is completed. 
ApplyTolnterval[ 

spaceD.interval, 
IF spaceD.transaction = nullTransaction THEN CachedRegion.makeWritable 
ELSE CachedRegion.needsLogging]; 

END· 

Ente;Space[MakeWritablelnternal]; 
END; 

Map: PUBLIC ·-EXTERNAL-·PROCEDURE [ 
space: Handle, window: WindowOrigin, transaction: Transaction.Handle] = 
BEGIN 
Map!nternal: INTERNAL PROCEDURED = 

BEGIN 
spaceD: SpaceD; 
GetSpaceDesc[@spaceD, space, --requiredState:··unmapped]; 
ProcessWindow[@spaceD, @window, forReadingOrWriting, dataSpaceOK]; 
. _. may raise File. Unknown, Volume.lnsufficientSpace, or Volume. Unknown. 
JoinTransaction[ 

space, @spaceD, transaction -. may raise Transaction.lnvalidHandle. 
! UNWIND =) ReleaseDefaultWindow[@spaceD]; ]; 

.• No more signals should be raised past this point! 
spaceD.state "" mapped; 
Hierarchy.Upjat6[@spaceD]; 
ApplyTolnterval[ 

spaceD.interval, 
[if Missing: report, ifCheckedOut: wait, afterForking: --don't care··, 

vp: map[ 
level: space.level, 
ba:kFile Type: 
IF spaceD.dataOrFile = CachedSpace.DataOrFiI~[file] THEN file ELSE data, 
andWriteProtect: spaceD. writeProtected, 
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andNeedsLogging: -spaceD.writeProtected. AND spaceD.transaction - = 
nuIiTransaction]]]; 

MapLog.WriteLog[lnterval[spaceD.interval.page, spaceD.countMapped], @spaceD] 
END --Maplnternal--

EnterSpace[Maplnternal]; 
END; 

--Kerne/Space.--

ReleaseFromTransaction: PUBLIC --EXTERNAL--PROCEDURE [ 
space: Handle, transaction: Transaction.Handle, andlnvalidate: BOOLEAN] = 
BEGIN 
ReleaseFromTransactionlnternal: INTERNAL PROCEDURED = 

BEGIN 
spaceD: SpaceD; 
GetSpaceDesc[@spaceD, space, --requiredState:--dontCare]; 
IF spaceD.transaction - = transaction THEN RETURN 

5 

-- the space in the given transaction has been deleted. This is a different space (but with th 
"" e same handle). 

ELSE 
BEGIN 
IF spaceD.state = mapped THEN { 

IF and Invalidate THEN 
ApplyTolnterval[spaceD.interval, CachedRegion.invalidate]; 

IF -spaceD.writeProtected THEN 
ApplyTolnterval[spaceD.interval, CachedRegion.makeWritable]}; 

spaceD.transaction +- nullTransaction; 
Hierarchy.Update[@spaceD]; 
END; 

END; 
EnterSpace[ReleaseFromTransactionlnternal]; 
END; 

Remap: PUBLIC --EXTERNAL--PROCEDURE [ 
space: Handle, window: WindowOrigin, transaction: Transaction.Handle] = 
BEGIN 
Remaplnternal: INTERNAL PROCEDUREO = 

BEGIN 
spaceDOld, spaceD New: SpaceD; 
GetSpaceDesc[@spaceDOld, space, --requiredState:--mapped]; 
spaceD New +- spaceDOld; -- generate a desc for the new space/window. 
IF spaceDOld.transaction - = nullTransaction THEN 

T ransactionState. Withd rawF rom T ransacti on [ 
spaceDOld.transaction, space! Transaction.lnvalidHandle =) CONTINUE]; 

-- (tx had already ended) 
spaceDNew.transaction +- nullTransaction; 
-- (will join if caller passed new transacton) 
ProcessWindow[@spaceDNew, @window, forWriting, dataSpaceOK]; 
-~ may raise File. Unknown, Vo/ume.lnsufficientSpace, or Volume. Unknown. 
-- scope of UNWIND --
BEGIN 
ENABLE UNWIND =) ReleaseDefaultWindow[@spaceDNew]; 
JOinTransaction[space, @spaceDNew, transaction]; 
-- may raise Transaction.lnvalidHandle. 
IF spaceDNew.transaction - = nullTransaction THEN 

-- log the contents of the destination window .. 
KerneIFile.LogContents[ 

spaceDNew.transaction, spaceDNew.window.file, spaceDNew.window.base, 
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spaceDNew.countMapped]; -- may raise Volume.lnsufficientSpace. 

END --scope of UNWIND--
, 
-- No more signals should be raised past this point! 
IF spaceDOld.interval.count ) currentRemapSize THEN 

-- get a bigger remap array 
BEGIN 
node: Zone.Base RELATIVE POINTER TO UNSPECIFIED; 
size: CARDINAL; 
status: Zone.Status; 
IF spaceDOld.interval.count) CachedRegion.maxRemapSpaceSize THEN 

ERROR Systemlnternal.Unimplemented; 
IF ResidentHeap.FreeNode[ 

Inline.LowHa!f[ 
BASE[CachedRegion.pageLocationlnSpace] . ResidentHeap.first64K]] - = okay 
THEN ERROR Bug[remapHeapFree]; 

currentRemapSize +- spaceDOld.interval.count; 
size +-

(currentRemapSize + Environment.bitsPerWord -
1)/Environment.bitsPerWord; 

[node, status] +- ResidentHeap.MakeNode[n: size, alignment:]; 
IF status - = okay TH::N ERROR Bug[remapHeapAlloc]; 
Cached Region.pageLocation InSpace ... DESCRIPTOR[ 

@ResidentHeap.first64K[node], size]; 
END; 

6 

-- At this point, swap units may soon reside in either of two windows. Mark all swap· units "in 
""old window", and force out dirty ones unless data space or write protected: 

ApplyTolnterval[ 
spaceDOld.interval, 
[if Missing: report, ifCheckedOut: wait, a;terForking: return, 

vp: remapA[ 
firstClean: spaceDOld.dataOrFile = file AND 

-spaceDOld.writeProtected]]]; 
(assume writeProtected implies clean, i.e. no magic stores by debugger. etc.) 

-- implicit parameter: CachedRegion.pageLocationlnSpace. 
spaceDNew.state +- ·beingRemapped; 
-- "the space desc has changed to the new window". 
Hierarchy.Update[@spaceDNew]; 
-- Ensure each region is in the new window, or is in and dirty: 
ApplyTolnterval[ 

spaceDNew.interval, 
[if Missing: report, ifCheckedOut: wait, afterForking: return, 

vp: remapB[from: @spaceDOld]}]; 
-- implicit parameter: CachedRegion.pageLocationlnSpace. 
spaceDNew.state +- mapped; 
-- "once again, there is only one window for this space" 
Hierarchy.Update[@spaceDNew]; 
-- (end of scope of pageLocationlnSpace) . 
-- (For remote swapping, must unpin old file (and containing volume) from FilePageTransferr 

""er cache) 
ApplyTolnterval[spaceDNew.interval, CachedRegion.wait]; 
-- must wait for complete. since we or client may delete the old windoVl. 
ReleaseDefauitVVindow[@spaceDOld]; 
MapLog.WriteLog[ 

Interval[spaceDNew.interval.page, spaceDNew.countMapped1, @spaceDNew1; 
IF spaceDNew.countMapped < spaceDNew.interval.count THEN 
MapLo~.WriteLog[ 
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, 

Interval[ 
spaceDNew.cou ntMapped, 
spaceDNew.interval.count - spaceDNew.countMapped], NIL] 

END --Remaplnternal--

EnterSpace[Remaplnternal] ; 
END; 

Unmap: PUBLIC --EXTERNAL--PROCEDURE [space: Handle] = 
BEGIN 
UnmapLocallnternal: INTERNAL PROCEDURED = { 

spaceD: SpaceD; 
GetSpaceDesc[@spaceD, space, --requiredState:--mapped]; 
IF spaceD.transaction - = nullTransaction THEN { 

T ransactionState. Withd rawF rom Transaction [ 
spaceD. transaction, space! Transaction.lnvalidHandle =) CONTINUE]; 

-- (tx had already ended) 
spaceD.transaction ~ nuIiTransaction}; 

Unmap Internal[ @ spaceD]}; 
EnterSpace[UnmapLocallnternal]; 
END; 

Write P rotectT rap: --EXTERNAL--PROCEDURED = 
-- Handler for processor-generated trap. 
BEGIN 
record: RECORD [ 

-- so compiler won't grouse about not referencing dummy. 
faultingPage: Pagehlumber, 
dummy: CARDINAL]; 

-- to force state vector to not overlap local 0 and localt. 
state: PrincOps.StateVector; 
state ~ STATE; -- must be first instruction. 
record.faultingPage ~ LOOPHOLE[Trap.ReadOTP[], PageNumber]; 
-- should be second instruction, as trap parameter is put in local zero. 
HandleWriteProtectTrap[record.faultingPage]; 
state.dest ~ Frame.GetReturnLinkD; 
state.source ~ PrincOps.TrapLink; 
RETURN WITH state; -- restart the trapee, he should work this time. 

END; 

-- Monitor Entry Procedures: 

Ente rSpace: PUBLIC ENTRY PROCEDUi1E [internaIProc: PROCEDUREDl = 

7 

-- Enters the Space monitor and calls internalProc. internalProc ma'y freely signal or not catch 
"signals from below (but should catch UNWIND from here if appropriate). 

BEGIN 
unknownFile: File.Capability; 
fileErrorType: File.ErrorType; 
spaceAvailable: Space.PageCount; 
spaceErrorType: Space.ErrorType; 
unknownVolume: Volume.IO; 
BEGIN 
internalProc[ 

! File.Error --[type]-- = > {fiIeErrorType ~ type; GO TO FileError}; 
File.Unknown --[file]-- =) {unknownFile ~ file; GO TO FileUnknown}; 
Space. Error --[typel-- = > {spaceErrorType +- type; GO TO SpaceError}; 
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Space.lnsufficientSpace --[available]-- => { 
spaceAvaiiable ~. available; GO TO SpacelnsufficientSpace}; 

Transaction.lnvalidHandle = > GO TO TransactionlnvalidHandle; 
Volume.Unknown --[volume]-- = > { 

unknownVolume ~ volume; GO TO VolumeUnknown}; 
Volume.lnsufficientSpace = > GO TO Volumelnsufficient8pace); 

EXITS 
FileError = > RETURN WITH ERROR File.Error[fiIeErrorType]; 
FileUnknown = > RETURN WITH ERROR File.Unknown[unknownFile1; 
SpaceError = > RETURN WITH ERROR Space.Error[spaceErrorType]; 
Spacelnsuffic'ientSpace = > 

RETURN WITH ERROR Space.lnsufficientSpace[spaceAvailable]; 
TransactionlnvalidHandle = > RETURN WITH ERROR Transaction.lnvalidHandle; 
VolumeUnknown =) RETURN WITH ERROR Volume.Unknown[unknownVolume1; 

. VolumelnsufficientSpace = > RETURN WITH ERROR Volume.lnsufficientSpace; 
END; 
END; 

HandleWriteProtectTrap: ENTRY PROCEDURE [faultingPage: PageNumber] = 
BEGIN , 

8 

-- Either this region is in a transaction and needs to be logged, or this is a real write protect faul 
Ht. 

mappingSpace: SpaceD;. 
swaplnterval: VM.lnterval; 
region: RegionD = Projection.Get[faultingPage); 
IF -region.needsLogging THEN Runtime.CaIlDebugger["WriteProtectFault"L]; o ~ Hierarchy.GetDescriptor[ 

@mappingSpace, [region.levelMapped, region.interval.page]]; 
IF mappingSpace.state = missing THEN ERROR Bug[spaceDAbsent]; 
IF mappingSpace.transaction = nullTransaction THEN 

ERROR Bug[nuIlTxButNeedsLogging); 
swaplnterval +- Hierarchy.Getlnterval[ 

CachedSpace.Handle[ 
region.level + (IF region.hasSwapUnits THEN 1 ELSE 0), 
faultingPage]].interval; 

KerneIFile.LogContents[ 
transaction: mappingSpace.transaction, 
file: [mappingSpace.window.file.fID, File.read + File.write], 
base: 
(swaplnterval.page - mappingSpace.interval.page) + mappingSpace.wind,ow.base, 
count: 
11" swaplnterval.page + swaplnterval.count < = 
mappingSpace.interval.page + mappingSpace.countMapped THEN 
swaplnterval.count 
ELSE 

(mappingSpace.interval.page + mappingSpace.countMapped) -
swaplnterval.page ! File.Unknown = > ERROR Bug[fiIeDisappeared]; 

Transaction.lnvalidHandle =) ERROR Bug[badTx8utNeedsLogging]; 
Volume.lnsufficientSpace =) ERROR Bug[noSpaceForLogging]; 
Volume.Unknown =) ERROR Bug[voIOisappeared]]; 

App!yTointerv~l[swaplnterval, CachedRegion.makeWritable]; 
END; 

--Monitor Internal Procedures: 

GetCopylnfo: INTERNAL PROCEDURE [ 
pSpaceD, pMappingSpaceD: POINTER TO SpaceD, space: Handle] = 
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"~"..J~£ __ SDace assures that it is maDDed or a descendent of a maDDed SDace returns SDac -- VdlluaLt::~ _, _____ , _________ • ______ • _______ ,_, ____________________________ ,.,- ___ , _____ , __ • ______ , ___ _ 

**e descriptor for space (synthesizes one if space is a swap unit) and mapping space. 
BEGIN 
valid Space, validSwapUnit: BOOLEAN; 
region: RegionD; 
[validSpace, validSwapUnit] i- Hierarchy.GetDescriptor[pSpaceD, space]; 
IF -validSpace AND -validSwapUnit THEN Error[invalidHandle]; 
region +- Projection.Get[space.page]; 
IF region.state -IN CachedRegion.Mapped THEN Error[noWindow]; 
IF space.level = pSpaceD.level AND pSpaceD.level = region.levelMapped THEN 

pMappingSpaceDt +- pSpaceDt 
ELSE o ~ Hierarchy.GetDescriptor[ 

pMappingSpaceD, Handle[space.page, region.leveIMapped]]; 
IF validSwapUnit THEN 

pSpaceD.interval i- Hierarchy.Getlnterval[space].interval; 
END; 

GetSpaceDesc: INTERNAL PROCEDURE [ 
pSpaceD: POINTER TO SpaceD, space: Handle, 
requiredState: {mapped, unmapped, dontCare}] = 
-- Validates that space is a real space (not a swap unit), gets space descriptor, assures desired 

**mapping state. 
BEGIN 
Unmapped: INTERNAL PROCEDURE [regionD: RegionD] RETURNS [BOOLEAN] = { 

RETuRN[regionD.state = unmapped]}; 
validSpace, validSwapUnit: BOOLEAN; 
[valid Space, validSwapUnit] i- Hierarchy.GetDescriptor[pSpaceD, space]; 
IF validSwapUnit THEN Error[notApplicableToSwapUnit] 
ELSE IF -valid Space THEN Error[invalidHandle]; 
SELECT requiredState FROM 

mapped = > IF pSpaceD.state ... = mapped THEN Error[noWindow]; 
unmapped =) 

IF -ForAIIRegions[pSpaceD.interval, Unmapped] THEN 
Error[i nvalidMappi ngOperation]; 

dontCare = > NULL; 
ENDCASE; 

END; 

JoinTransaction: INTERNAL PROCEDURE [ 
space: Handie, pSpaceD: POINTER TO SpaceD, transaction: Transaction.Handle] = 
--It is best if this procedure is cal/ed after aI/ other possible errors have been detected, since t 

"here is no way to back out of the AddToTransaction. 
-- May raise Transaction.lnvalidHandle. 
{ 
IF transaction - = nullTransaction AND pSpaceD.transaction - = transaction THEN 

{ 
IF pSpaceD.transaction ... = nullTransaction THEN 

Bu g[yo II rSpace IsAlreadyi nOtherT ransaction]; 
pSpaceD.transaction +- transaction; 
TransactionState.AddTo Transaction [transaction, space]}}; 

ProcessWindow: INTERNAL PROCEDURE [ 
pSpaceD: POINTER TO SpaceD. pWindow: POINTER TO Space.WindowOrigin, 
usage: {forWriting, forReadingOrWriting}, 
kind: {dataSpaceOK, fileSpaceOnly}] = 
-- Fills in pSpaceD.dataOrFile, .writeProtected, .countMapped, and . window. Allocates window 

"if data space. 
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Mav raise File Unknown Volume InsufficientSDace or Volume Unknown (as well as SDace E 
··rro~~~t;.-~t~j.---·--------'-----' - --- --- -,-----.-

BEGIN 
IF pWindowt = defaultWindow THEN --data space--

BEGIN 
IF kind = fileSpaceOnly THEN Error[invalidMappingOperation]; 
pSpaceD.dataOrFile i- data; 
pSpaceD.writeProtected +- FALSE; 
pSpaceD.countMapped i- pSpaceD.interval.count; 
pSpaceD.window.file.fID i- File.nuIIlD; -- "backing store not allocated yet" 
VMMgrStore.AllocateWindow[ @(pSpaceD.window). pSpaceD.interval.count]; 
-- may raise Volume.lnsufficientSpace. 

END 
ELSE --file space-­

BEGIN 
countFile: File.PageCount; 
immutable: BOOLEAN; 
countMappedFile: File.PageCount; 
pSpaceD.dataOrFile i- file; 
[size: countFile, immutable: immutable, readOnly: pSpaceD.writeProtected] ~ 

KerneIFile.GetFileAttributes[pWindow.file]; 
IF pWindow.base -IN [File.firstPageNumber..File.lastPageNumber] THEN 

Error[invalidWi ndow]; 
IF Inline.BITAND[pWindow.file.permissions, File.read] = 0 THEN 

File.Error[insufficientPermissions]; 
IF pSpaceD.writeProtected At~D usage = forWriting THEN { 

IF immutable THEN File.Error[immutable] 
ELSE File.Error[insufficientPermissions)}; 

IF .... pSpaceD.writeProtected AND immutable THEN File.Error[immutable]; 
countMappedFile i-

IF countFile < = pWindow.base THEN 0 ELSE countFile - pWindow.base; 
-- the mapped amount of this space (no danger of underflow) 
pSpaceD.countMapped +-

IF pSpac;eD.interval.count < = countMappedFile THEN pSpaceD.interval.count 
ELSE Inline.LowHalf[countMappedFile]; -- (no danger of truncation) 

pSpaceD.window +- pWindowt; 
END· 

-- (Fo~ remote swa,?ping, must pin file (and containing volume) in FilePageTransferrer ~aches) 

END; 

ReleaseDefaultWindow: INTERNAL PROCEDURE [pSpaceD: POiNTER TO SpaceD] = { 
IF pSpaceD.dataOrFile = data AND pSpacaD.window.file.flD - = File.r1uIlID THEN 

VMMg rStore.DeallocateWindow[@{pSpaceDt.window), pSpaceD .interval.count]}; 
--Spacelmpllnternal.-- . 

Unmaplnternal: PUBLIC INTERNAL PROCEDURE [pSpaceD: POINTER TO SpaceD] 
BEGIN OPEN pSpaceD; . 
IF state - = mapped THEN ERROR Bug[unmappedSpaceToUnmaplnternal]; 
ApplyT olnterval [ 

interval, CachedRegion.startUnmap ! 
NotePinned --"[Ieve/Max, page] -- = > 

BEGIN 
levelSub: Level; 
spaceDSub: SpaceD; 
FOR levelSub IN [level + 1 . .IeveIMax] DO 
o +- Hierarchy.GetDesciiptor[ 

@spaceDSub, CachedSpace.Handle[leveISub, page)]; 
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IF spaceDSub.pinned THEN { 

spaceDSub.pinned +- FALSE; Hierarchy.Update[@spaceDSub]; EXIT}; 

ENDLOOP; 
RESUME 

~ND' ] • . . 
ApplyTolnterval[interval, Cached Region. wait]; 
pinned +- FALSE; 

state +- unmapped; 
pSpaceD.transaction +- nullTransaction; 
.• since there's no longer any assosciated file. 
Hierarchy.Update[pSpaceD]; 

11 

-- (For remote swapping, must unpin old file (and containing volume) from FilePageTransferrer 
""'cache) 

IF dataOrFile = data THEN 
VMMgrStore.DeallocateWindow[@window, interval.count]; 

MapLog.WriteLog[lnterval[interval.page, countMapped]. NIL]; 
END; . 

END. 

LOG 
(For earlier log entries see Pilot 3.0 archive version.) 
January 25,1980 1:50 PM Knutsen Use new ErrorType's. 
January 28, 1980 10:54 AM Forrest Made Spacelmpl take starting parameters and eliminat 
... ed InitSpace; copied in (most) of LongPtr( = >Page from Utilities Imp I. 
February 25, 1980 6:04 PM Knutsen AR3594: CreateUSU[spaceWithSUj raised wrong signal 
••. AR1935: use Projection.DeleteSwapUnits. Renumbered the Internal errors. 
April 16, 1980 10:09 AM . Knutsen R.emap must always wait for operation complete to avoi 
• *d having the file deleted out from under the swapping operation. DeletelfLeaf must avoid walkin 
•• g off the ends of VM. Converted Spacelmpl[] into Initia/izeSpace[] AGAIN! 
April 17, 1980 1:03 PM Gobbel Added transaction handles. 
April 21, 1980 6:01 PM Go'bbel Implemented Space. Copy. 
May 19, 1980 5:42 PM Gobbel FrameOps = >Frame, ControlDefs = > PrincOps. 
May 21, 1980 2:31 PM Gobbel Mesa 6 change: f.code.longbase replaced by Runtimel 
**nternal.CodeBase[framej in SpaceForCode. 
June 16, 1980 5:12 PM Gobbel Transaction operations added. 
July 19, 1980 12:00 PM McJones Split module into SpacelmpIA/B. Define nullTransacti 
... on locally; don't disable interrupts in WriteProtectT;EJ.p; add new parameters to MakeReadonly, 
··lv1akeWritable, and Remap 

, August 11, 1980 5: 11 PM Knutsen Make spaces enter transactions anytime. Implement co 
•• py-on-write via writeProtect trap. Use new Apply operations for write protection. Add ReleaseFr 
"om Transaction. Moved ApplyTolnterval, etc. to SpacelmplA. Revise error handling. 
August 12,1980 7:11 PM Knutsen CheckCopyArgs didn't copy space desc. 
August 29, 1980 4:46 PM Knutsen Spacelnternal renamed to Keme/Space. Map didn't ret 
• ·urn in valid Window for bad base. If file immutable and write permissiqn, Error[immutablej. Han 
•• die some cases of Allocate Window signalling Vol.lnsuffSpace. 
September 15, 1980 9:35 AM Knutsen Restructured signal handling. Fix Copyln/Out, MakeR 
""'eadOnly, MakeWritable. Fix ReleaseFromTransaction deadlock. Copyln/Out do not join transa 
**ction. Leave transaction on Unmap and possibly on Remap. 
October 10, 1980 10:44 PM Fay Fixed Copyln to raise File.Error[immutablej for space w 
**ith immutable backing file and [insufficientPermissions] for any other writeProtected spaces; re 
**ordered checks in MakeWritable so that File.Error[immutablej is raised for a space with immuta 
**ble window. 
October 16, 1980 11:02 AM Knutsen Fix HandleWriteProtectTrap and Copyln to supply write 
**permission in' Capability used for logging. 
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-- VMMgr)STLeaflmpl.mesa (last edited by Knutsen on September 16, 1980 5:56 PM) 

DIRECTORY 
Environment USING [Base, bitsPerWord, first64K], 
File USING [ 

Capability, Create, Delete, GetSize, 10, LimitPermissions, MakePermanent, 
PageCount, PageNumber, read, SetSize, Unknown, write], 

Inline USING [LowHalf], 
KernelFile USING [GetRootFile], 
PilotFileTypes USING [tAnonymousFile, tVMBackingFile], 
PilotSwitches USING [switches --.v--], 
ResidentHeap USING [MakeNode], 
Runtime USING [CaIlDebugger], 
SimpleSpace USING [Create, Page, Map], 
Space USING [Handle, PageNumber, WindowOrigin], 
StoragePrograms USING [LongPointerFromPage], 
STLeaf, . 
Utilities USING [Bitlndex]~ 
Volume USING [ID, GetAttributes, SystemlD], 
VM USING [PageCount, PageNumber, PageOffset], 
VMMgrStore, 
VMMPrograms, 
Zone USING [Status]; 

STLeaflmpl: PROGRAM 
-- logically, this should be a MONITOR, but at present all procedures (in STLeaf and VMMgrStore 

•• ) in this module are only called from within the Spacelmpl monitor. 

IMPORTS 
File, Inline, KernelFile, PiiotSwitches, ResidentHeap, Runtime, SimpleSpace. 
StoragePrograms, Volume 

EXPORTS STLeaf, VMMgrStore, VMMPrograms 
SHARES File --USING[fIDJ-- = 
BEGIN . 
Bug: PRIVATE --PROGRAMMING--ERROR [BugType] = CODE; 
BugType: TYPE = {bugO, bug1, bug2. bug3, bug4. bugS, bug6}; 

-~ VMMgrStore 

Layout of VM backing file: 

--I MapLog / Space 8-trees / backing pool for Data Spaces I 

countLog: VM.PageCount = 40; 
countSpaceBTreesMax: VM.PageCount = 200; -- allows increasing countSpaceBTrees 
-- from the debugger, if necessary 
CountSpaceBTreesRange: TYPE = CARDINAL [O .. countSpaceBTreesMax);· . 
countSpaceBTrees: CountSpaceBTreesRange +- 150; -- must be big enough to satisfy 
-- any Pilot client. . . 
minCountDataPool: VM.PageCount = 250; -- enough space for a (Dolphin) bitmap. 
maxCountDataPool: VM.PageCount = 1000; -- (arbitrary) 
countDataPool: VM.PageCount; -- depends on space available on volume. 
minBackFileSize: VM.PageCount = countLog + countSpaceBTrees + minCountDataPo.ol; 
-- minimum size for backing file. 
backFileSize: File.PageCou nt; 

STLeaflmpl.mesa. 16-Sep-80 18:05:32 

STLeaflmpl.mesa. 16-Sep-80 18:05:32 

pageLog: VM.PageNurnber = 0; 
pageSpaceBTrees: VM.PageNumber = pageLog + countLog; 
pageDataPool: VM.PageNumber = pageSpaceBTrees + countSpaceBTrees; 
systemVolume: Volume.lD; 
backingFile: File.Capability; 
-- data for Data Pool: 
fraction Threshold: CARDINAL = 10; -- windows larger than countDataPool/ 
-- fraction Threshold will be allocated as separate files. 
countThreshold: VM.PageCount; 
pageDataPoolAvaiiable: LONG POINTER TO PACKED ARRAY [0 .. 0) OF BOOLEAN; 
nSatisfiedFromDataPool, nCreated, currentUtilization: CARDINAL +- 0; -- usage 
-- statis~ics. 

InitYMMgrStore: PROCEDURE = 
BEGIN 
volSize, freePages, desiredBackFileSize: File.PageCount; 
systemVolume +- Volume.SystemlD[]; 
[volSize, freePages, ] +- Volume.GetAttributes[volume: systemVolume]; 
desiredBackFileSize +- MAX[ 

minBackFileSize, MIN[maxCountDataPool, volSize/16, freePages/10]]; 
backing File +- KerneIFile.GetRootFile[ 

PilotFileTypes.tVMBackingFile, systemVolume]; 
BEGIN 
backFileSize +- File.GetSize[backingFile ! File.Unknown = > GO TO Create]; 
IF backFileSize < minBackFileSize THEN 

File.SetSize[backingFile, backFileSize +- minBackFileSize]; 
EXITS 

Create => { 
backing File +- File.Create[ 

systemVolume, backFileSize ~ desiredBackFileSize, 
PilotFileTypes.tVMBackingFile]; 

File.MakePermanent[backingFile]; 
} 

. END' 
IF b~ckFileSize > LAST[VM.PageCount] THEN ERROR Bug[bugO]; 
countDataPool +- Inline.LowHalf[backFileSize] - countLog - countSpaceBTrees; 
-- initialize Data Pool: 
BEGIN 
size: CARDINAL = 

(countDataPool + Environment.bitsPerWord - 1)/Environment.bitsPerWord; 
node: Environment.Base RELATIVE POINTER; 
s: Zone.Status; 
k: CARDINAL; 
[node, s] +- ResidentHeap.MakeNode[size]; 
IF s - = okay THEN ERROR Bug[bug1]; 
pageDataPoolAvailable +- @Environmentfirst64K[node]; 
IF maxCountDataPool > LAST[Utilities.8itlndex] THEN ERROR Bug[bug2]; 
-- restriction of Mesa 6. 
FOR k IN [O .. countDataPoo!) DO pageDataPooIAvaiiable[k] +- TRUE ENDLOOP; 
countThreshold ~ countDataPoollfractionThreshold; 
END; 
END; 

AllocateWindow: PUBLIC PROCEDURE [ 
pWindowResult: LONG POINTER TO Space.WindowOrig!n, count: VM.PageCount] = 
BEGIN 
offsetPage: VM.PageCount; -- offset of first free page of current run. 
oftsetOffset: VM.PageCount; -- offset of current free page from offsetPage. 
IF count < = countThreshold THEN 
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FOR offsetPage ~ 0, offsetOffset + 1 WHILE offsetPage + count < = 
countDataPool DO 
•. scope of HoleTooSmall·· 
BEGIN 
FOR offsetOffset IN [offsetPage .. offsetPage + count) DO 

.. search for big enough run of free pages .. 
IF -pageDataPooIAvaiiable[offsetOffset] THEN GO TO HoleTooSmall; 
•• (value of offsetOffset must survive loop exit.) 

ENDLOOP; 
FOR offsetOffset IN [offsetPage .. offsetPage + count) DO 

.- mark run busy .. 
pageDataPooIAvailable[offsetOffset] ~ FALSE; 
ENDLOOP; 

nSatisfiedFromDataPool +- nSatisfiedFromDataPool + 1; 
_. tally usage statistics. 
cUrrentUtilization ~ currentUtilization + count; 
pWindowResultt' +-

[File.LimitPermissions[backingFile, File.read + File.write], LONG[ 
pageDataPool + offsetPage]]; 

RETURN; 
EXITS HoleTooSmall =) NULL; 
END; 
ENDLOOP; 

•. contiguous space not available from Data Pool. Allocate a new file: 
nCreated ~ nCreated + 1; _. tally usage statistics. 
pWindowResultt +-

[File.Create[systemVolume, count, PiiotFileTypes.tAnonymousFile], 0]; 
END; 

DeallocateWindow: PUBLIC PROCEDURE [ 
pWindow: LONG POINTER TO Space.WindowOrigin, count: VM.PageCount] = 
BEGIN OPEN pWindow --USING[fi/e, base]--; 
IF file.fID = backingFile.fID THEN 

BEGIN 
offsetPage, offsetOffset: VM.PageOffset; 
offsetPage +- Inline.LowHalf(base] - pageDataPool; 
IF base) LAST[VM.PageOffset] OR otfsetPage -IN [O .. countDataPool) OR 

offsetPage + count -IN [O .. countDataPool] THEN ERROR Bug[bug3]; 
FOR offsetOffset IN [offsetPage .. offsetPage + count) DO 

IF pageDataPooIAvailable[offsetOffset] THEN ERROR Bug[bug4]; 
pageDataPooIAvailable[offsetOffset] +- TRUE; 
ENDLOOP; 

currentUtilization ~ currentUtilization • count; 
END 

ELSE File.Delete[file]; 
END; 

AllocateMapLogFile: PUBLIC PROCEDURE [ 
pWindowResult: LONG POINTER TO Space.WindowOrigin] 
RETURNS [size: VM.PageCount] = { 
pWindowResult1' ~ Space.WindowOrigin[backingFile, pageLog]; RETURN[countLog]}; 

_. STLeaf 

SpaceBTreeOverflow: PRIVATE ·-PROGRAMMING··ERROR = CODE; 
spaceBTree: Space.Handle; 
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pageBTree: Space.PageNumber; •• the starting page of the BTree area. 
leaf Available: PACKED ARRAY CountSpaceBTreesRange OF BOOLEAN; 
InitSTLeaf: PROCEDURE = 

BEGIN 
IF countSpaceBTrees > countSpaceBTreesMax THEN ERROR; 
.- in case runtime checks are off 
leafAvCiilable ~ ALL[TRUE]; 
space8Tree ~ SimpleSpace.Create[ 

countSpaceBTrees, hyperspace, --sizeSwapUnit:·-1]; 
SimpleSpace.Map[ 

handle: spaceBTree, window: [backingFile, pageSpaceBTrees], andPin: FALSE]; 
pageBTree ~ SimpleSpace.Page[spaceBTree]; 
END; 

Close: PUBLIC PROCEDURE [iLeaf: STLeaf.ILeaf] = BEGIN END; 
.- this procedure is now functionless, and therefore obsolete. 

Create: PUBLIC PROCEDURE RETURNS [iLeaf: STLeaf.lLeaf] = 
BEGIN 
k: CARDINAL; 
FOR k IN [O .. countSpaceBTrees) DO 

IF leafAvaiiable[k] THEN { 
leafAvaiiable[k] ~ FALSE; RETURN[STLeaf.ILeaf[k]]}; 

ENDLOOP; 
ERROR SpaceBT reeOverflow; 
END; 

Delete: PUBLIC PROCEDURE [iLeaf: STLeaf.lLeaf] = 
BEGIN . 
IF leafAvailable[iLeaf] THEN ERROR Bug[bug5]; 
leafAvaiiable[iLeaf] +- TRUE; 
END; 

Open: PUBLIC PROCEDURE [iLeaf: STLeaf.ILeaf] RETURNS [STLeaf.PLeaf] = 
.BEGIN 
IF ieafAvailable[iLeaf] THEN ERROR Bug[bug6]; 
RETURN[StoragePrograms.LongPointerFromPage[pageBTree + iLeaf]]; 
END; 

-·Initialization 

IF PiiotSwitches.switches.v = down THEN Runtime.CaIlDebugger["Key Stop V"L]; 
InitVMMgrStoreO; •• 1 of 2. 
InitSTLeaf[]; -- 2 of 2. 

END. 

May 16, 1978 11:29 AM 
June 20, 1978 2:26 PM 
June 21, 1978 10;31 AM 
June 21, 1978 10;46 AM 
June 26, 1978 5:43PM 
August 2, 1978 10;09 A/,,1 
August 9, 1978 1:42 AM 
September 6, 1978 9;51 AM 
September 29, 1978 10;52 AM 

PutRootFi/e. 

McJones 
McJones 
McJones 
McJones 
McJones 
McJones 
Purcell 
McJones 
McJones 
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Created file 
Added Simp/eSpace calls 
Open didn't set rgButf.open 
Close didn't stop searching when buffer found 
Added iBuffMru hack 
Enabled File.SetSize calls 
Use new SimpleSpace 
Use GetRootFiJe 
CR20.42; Rep/aced MakePermanent with 

4 

4 



STLeaf Impl.mesa. 16-Sep-80 18:05:32 

August 8, 1979 4:30 PM 
September 4, 1979 10:02 AM 
September 6, 1979 3:07 PM 
November 26, 1979 5:50 PM 
November 27, 1979 12:41 PM 

sometimes. 

McJones 
Forrest 
Ladner 
Knutsen 
Knutsen 

Special File = > KernelFile 
Changed to use PilotFileTYpes 
Installed instrumentation in leaf cache 
Added VMMgrStore implementation. 
InitVMMgrStore forgot to set backFileSize 

Approx May 15, 1980 Forrest Converted to Mesa 6. 
I May 29, 1980 3:20 PM Knutsen Use VM Backing File for Hierarchy and Projection. 

Use packed boo/eans for bit operations. Named the ERRORs. Moved Key Stop V 
here from VMMControJ. 

June 3, 1980 5:36 PM 
July 30, '1980 2:04 PM 
August 15, 1980 5:39 PM 
August 16, 1980 4:26 PM 
.September 15, 1980 2:46 PM 

and make variable. 

Knutsen 
Knutsen 
McJones 
McJones 
Fay 

Don't use VM Backing File for large spaces. 
Change MapLog from 20 to 40 pages. 
Add" = CODE" to Bug 
Change countSpaceBTrees from 40 to 60 
Change countSpaceBTrees from 60 to 150, 

September 16, 1980 5:57 PM Knutsen Aqd forgotten = CODE to ERROR. 
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-- VMMgr)STreelmpl.mesa (last edited by Knutsen on July 30, 1980 4:05 PM) 
-- Things to consider: 
-- 1) Use LongMove for root insert/delete 
-- 2) Collapse merge/balance logic 
-- 3) For multi-mds, remove variables from global frame 
-- 4) Move cOesc from leaves to root; improve merge/balance logic 
-- 5) Some calls to LongMove could be LongCOPY 

DIRECTORY 
Cached Space USING [handleVM. Level], 
Environment USING [Base, first64K], 
Inline USING [LongCOPY, LowHalf], 
ResidentHeap USING [FreeNode, MakeNode], 
Space USING [defaultWindow], 
STLeaf, . 
STree, 
Transaction USING [nullHandle],' 
Utilities USING [LongMove], 
VM USING [PageCount]. ' 
Zone USING [Status]; 

STreelmpl: PROGRAM [countVM: VM.PageCount, kind: STLeaf .Kind] 
-- logically, this program should be a monitor, but each instance of it has only one client (Hierarc 

•• hy/mpl or ProjectionlmpJ) and is protected by their monitor locks. 
IMPORTS Inline, ResidentHeap, STLeaf, Transaction, Utilities EXPORTS STree 

BEGIN OPEN STLeaf, STree; 
sizeDesc: CARDINAL; -- SIZE[kind Oesc] 
cDesc: INTEGER; . 
-- total number of descriptors in the STree (tor measurements only) 

-- Keys 
keyTop: Key; -- upper bound for kind Key 
KeyFromPDesc: PROCEDURE [pDesc: PDesc] RETURNS [Key] = 

BEGiN 
WITH pOesc SELECT kind FROM 

hierarchy = > 
RETURN[[hierarchy[[1evel: descH.level, page: descH.interval.pagelll]; 

ENDCASE -- projection -- = > RETURN[[projection[pDesc.page]]] 
END; 

-- The root 

--If cKey = 0, then mpllLeafKey has no entries; rgILeaf[O] specifies the only leaf page. 
--If cKey>O, then the values mpIlLeafKey[i], for i IN [1 .. cKey], are ascending: 

leaf rgILeaf[O] contains descriptors matching keys<mpIlLeafKey[1]; 
Jeaf rgILeaf[i] contains descriptors matching keys IN [mpIlLeafKey[ij .. mpIlLeafKey[i + 1 

H]), i IN [1 .. cKey); . 
leaf rgILeaf[cKey] contains descriptors matching keys) = mpIlLeafKey[cKey]. 

-- The two arrays making up the root are stored in a single ResidentHeap (really only needs to be 
•• "ResidentDescriptorHeap"J node, with mpllLeafKey preceding rglLeaf. 

IILeaf: TYPE = CARDINAL; --Index of ILeal entry in root 
~v1plILeafKey: TYPE = LONG POINTER TO ARRAY IlLeaf (0 .. 0] OF Key; 
-- maxlength is cKeyMax 
RglLeaf: TYPE = LONG POINTER TO ARRAY lILeaf [0 .. 0] OF ILeaf; 
-- m~xlength is cKeyMax + 1 
cKeyMax: CARDINAL; 
cKey: CARDINAL; 
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mpliLeafKey: MpllLeafKey; 
rglLeaf: RglLeaf; 
rootGrowthTenths: CARDINAL'" 5; -- see ExpandRoot 
Bug: PRIVATE --PROGRAMMING--ERROR [type: BugType] = CODE; 
BugType: TYPE = {bugO, bug1}; 
AllocateRoot: PROCEDURE [cKeyMax: CARDINAL] 

RETURNS [mpIlLeafKey: MpllLeafKey, rglLeaf: RglLeaf] = 
BEGIN 
sizeMpllLeafKey: CARDINAL = cKeyMax"'sizE[Key]; 
node: Environment.Base RELATIVE POINTER; 
s: Zone.Status; 
[node, s] +- ResidentHeap.MakeNode[ 

sizeMpllLeafKey + (cKeyMax + 1)*SIZE[ILeaf]]; 
IF s ... = okay THEN ERROR Bug[bugO]; 
mpllLeafKey ... @EnvironmenUirst64K[node]; 
rglLeaf ... @Environment.first64K[node + sizeMpIlLeafKey]; 
END; 

. ExpandRoot: PROCEDURE = 
BEGIN 
S:, Zone.Status; , 
cKeyMaxNew: CARDINAL = 

cKeyMax + (cKeyMax*rootGrowthTenths + 9 --round up--)/10; 
mpllLeafKeyNew: MpllLeafKey; 
rglLeafNew: RglLeaf; 
[mpIlLeafKeyNew, rglLeafNew] +- AllocateRoot[cKeyMaxNew]; 
Inline.LongCOPY[ 

from: mpllLeafKey, nwords: cKeyMax*slzE[Key], to: mpIlLeafKeyNew]; 
Inline.LongCOPY[ 

from: rglLeaf, nwords: (cKeyMax + 1)"'S:zE[ILeaf], to: rglLeafNewl; 
s +- ResidentHeap.FreeNode[lnline.LowHalf[mpIlLeafKey]]; 
IF s ... = okay THEN ERROR; 
mpliLeafKey ... mpllLeafKeyNew; 

. rglLeaf ... rglLeafNew; 
cKeyMax +- cKeyMaxNew 
END; 

SearchRoot: PROCEDURE [key: Keyl RETURNS [iILeaf: IILeaf] = 
BEGIN 
FOR ilLeaf +- 0, ilLeat + 1 DO 

IF ilLeaf = cKey OR 
(WITH mpllLeafKey[ilLeaf + 1] SELECT kind FROM 

hierarchy = > key.handleH.level < handleH.level OR key.handleH.level 
handleH.level AND key.handleH.page < handleH.page, 

ENDCASE -- projection -- = > key.pageP < pageP) THEN EXIT 
END LOOP 

END; 

UpdateRoot: PROCEDURE [iILeaf: 11 Leaf, pLeat: PLeat] = 
BEGIN 
IF ilLeat ... = 0 AND pLeaf.cDesc ... = 0 THEN 

mpIILeafKey[iILeaf] ... KeyFromPDesc[@pLeaf.descFirst] 
END; 

-- Leaves 

cOescMax: COesc; -- maximum number of descriptors per leaf 
cDescMin: CDesc; -- threshold for balancing 
SearchLeaf: PROCEDURE [key: Key, pLeaf: PLeat] 
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RETURNS [found: BOOLEAN, pDese: PDese, last: BOOLEAN] = 
-- Returns last = TRUE if the descriptor coming after given key is not on this leaf 
BEGIN 
iDese: CARDINAL; 
pDeseNext: POese; 
--assert--
IF pLeaf.cOesc = 0 THEN ERROR; 

found ~ TRUE; 

last ~ FALSE; 

pOesc ~ @pLeaf.descFirst; 
FOR iOesc IN [O .. pLeaf.eDese - (IF kind = projection THEN 1 ELSE 0» DO 

pDescNext ~ pDesc + sizeDesc; 
WITH pOesc SELECT kind FROM 

hierarchy = > 
BEGIN OPEN descH; 
IF key.handleH.level = level AND key.handleH.page < 

interval.page + interval.count OR key.handleH.lavel < level THEN 

BEGIN 
IF key.handleH.level - = level OR key.handleH.page < interval.page THEN 

found ~ FALSE 

ELSE IF iDesc + 1 = pLeaf.cDesc THEN last ~ TRUE; 

EXIT 
END 

END; 

projection = > IF key.pageP < pDescNext.page THEN EXIT; 

ENDCASE; 

pOesc ~ pDescNext 
REPEAT 

FINISHED = > BEGIN last ~ TRUE; IF kind = hierarchy THEN found ~ FALSE END 

ENDLOOP 
END; 

-- STree's 

Delete: PUBLIC PROCEDURE [key: Key] = 
BEGIN 
ilLeaf: liLeaf = SearchRoot[key]; 
pLeaf: PLeaf = STLeaf.Open[rgILeaf[iILeaf]]; 
matching: BOOLEAN; 

pOesc: POesc; 
[matching, pOesc] ~ SearchLeaf[key, pLeaf]; 
--assert--
IF -matching THEN ERROR; 

-- Move descriptors (oi/owing pDesc up one place 
pLeaf .cDesc ~ pLeaf .cDesc - 1; 
Utilities.LongMove[ 

pSource: pDesc + sizeDesc, 
size: Inline.LowHalf[@pLeat.descFirst + sizeDesc*pLeaf.cDesc - pDesc], 
pSink: pOese]; 

-- Update root entry in case deleted descriptor was first on leaf 
UpdateRaot[ilLeaf, pLeat]; 
--If number of descriptors remaining on leaf is small enough, perform merge or balance 
IF pLeaf.cDesc = 0 AND ilLeaf = cKey THEN 

BEGIN 
-- Delete last leaf 
STLeaf .Close[rgILeaf[iILeaf]]; 
STLeaf.Delete[rgILeaf[iILeaf]]; 
cKey ~ cKey - 1; 
RETURN 
END; 
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IF pLeaf.cOese < eOeseMin AND ilLeaf < eKey THEN 

BEGIN 
ilLeafNext: !lLeaf = ilLeaf + 1; 
pLeafNext: PLeaf = STLeaf.Open[rgILeaf[iILeafNext]]; 
IF pLeat.cOesc :+ pLeafNext.cOesc < = cOescMax THEN 

-- Merge higher neighbor into this leaf 
BEGIN 
ilLeatAfter: II Leaf; 
-- Append contents of merged feaf 
Utilities.LongMove[ 

pSource: @pLeatNext.descFirst, size: sizeOesc" pLeafNext.cOesc, 
pSink: @pLeaf.descFirst + sizeDesc*pLeaf.cDesc]; . 

pLeaf.eOesc ~ pLeaf.cDesc + pLeafNext.eOesc; 
-- Delete merged leaf 
STLeaf .Close[rg ILeaf[iILeafNext]J; 
STLeaf.Oelete[rgILeaf[iILeafNext]]; 
-- Delete its root entry 
cKey ~ cKey - 1; 
FOR ilLeafAfter IN [iILeafNexLeKey] DO 

mpIlLeafKey[iILeafAfter] ~ mpllLeafKey[ilLeafAfter + 1]; 
rgILeaf[iILeafAfter] ~ rglLeaf[ilLeafAfter + 1] 
ENDLOOP 

END 
ELSE 

-- Balance with next leaf 
BEGIN 
cO.escOelta: COesc = (pLeafNext.eOesc - pLeaf.eOesc)/2; 
-- >0, or we would have merged 
-- Append first cDescDelta descriptors from next leaf to this one 
Utilities.LongMove[ 

pSource: @pLeafNext.descFirst, size: sizeDesc"cDescDelta, 
pSink: @pLeaf.descFirst + sizeQesc*pLeaf.cDesc]; 

pLeaf.eOesc ~ pLeat.eOesc + cOeseDelta; 
-- Delete first cDescOe/ta descriptors of next leaf 
pLeafNext.cDesc ~ pLeafNext.cDese - cDescDelta; 
Utilities.LongMove[ 

pSource: @pLeafNext.descFirst + sizeOesc·cDescOelta, 
size: sizeOesc*pLeafNext.cOesc, pSink: @pLeafNext.descFirst]; 

-- Update root entry since identity of first descriptor changed 
UpdateRoot[iILeafNext, pLeafNext]; 
STLeaf. Close [rg I Leaf[i ILeafNext]] 
END 

END· 

STLe~f .Close[rgILeaf[iILeafJ]; 
cDese ~ cDesc - 1 
END; 

Get: PUBLIC PROCEDURE [pOescResult: PDesc, key: Key] RETURNS [keyNext: Key] = 
BEGIN 
HLeaf: lILeaf = SearchRoot[key]; 
pLeaf: PLeat = STLeaf.Open[rgILeaf[i1Leaf]]; . 
found, last: BOOLEAN; 

pOese: POesc; 
[found, pDese, last] ~ Search Leaf[key, pLeaf]; 
IF -found THEN 

WITH pOescResult SELECT kind FROM 

hierarchy =) descH.state ~ missing; 
projection =) ERROR; 

ENDCASE 
ELSE Utiliti~s.LongMove[pSource: pDesc, size: sizeDesc, pSink: pDescResult]; 
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SELECT TRUE FROM 
-last = > keyNext ~ KeyFromPDesc[pDesc + (IF found THEN sizeDesc ELSE 0)]; 
--last AND --
ilLeat < cKey =) keyNext ~ mpllLeafKey[ilLeaf + 1]; 
--last AND ilLeaf = cKey --
ENDCASE = > keyNext ~ keyTop; 

STLeaf .Close[rg ILeaf[ilLeat]] 
END; 

In5e rt: PUBLIC PROCEDURE [pOesc: POese] = 
BEGIN 
key: Key = KeyFromPDesc[pDese]; 
ilLeaf: II Leat; 
pLeat: PLeaf; 
inserted: BOOLEAN; 
DO 

ilLeaf ~ SearchRoot[key]; 
pLeat ~ STLeaf.Open[rgILeaf[ilLeaf]]; . 
IF pLeat .cDesc == cOescMax THEN 

-- Leaf is full; split it and try again 
BEGIN 
ilLeafNew: IILeaf = ilLeaf + 1; 
ilLeafAfter: IILeaf; 
-- Create new leaf to follow current one 
iLeafNew: ILeaf = STLeaf.Create[]; 
pLeatNew: PLeaf = STLeaf.Open[iLeafNew]; 
cDescNew: COesc = pLeaf.cDesc/2; 
-- Move last cDescNew'descriptors of this leaf to new one 
pLeat .cDesc ~ pLeaf .cOesc - cOescNew; 
pLeafNew.cDesc ~ cDescNew; 
Utilities.LongMove[ 

pSource: @pLeaf.descFirst + sizeOesc*pLeat.cOesc, 
size:· sizeDesc" cDescNew, pSink: @pLeafNew.descFirst]; 

--Insert new root entry 
IF cKey = cKeyMax THEN ExpandRootD; 
FOR ilLeafAfter DECREASING IN [iILeafNew .. cKey] DO 

mpllLeafKey[ilLeafAfter + 1] ~ mpIlLeafKey[iILeafAfter]; 
rglLeaf[ilLeafAfter + 1] ~ rg ILeaf[i I Leaf After] 
ENDLOCP; 

cKey ~ cKey + 1; 
rgILeaf[iILeafNew] ~ iLeafNew; 
UpdateRoot[iILeafNew, pLeafNew]; 
STLeaf.Close[iLeafNew]; 
-- Restart 
inserted ~ FALSE 
END 

ELSE 
-- Leaf is not full; perform insert and exit 
BEGIN 
matching: BOOLEAN; 
pDescTarget: PDesc; 
[matching, pDescTarget] ~ SearchLeaf[key, pLeaf]; 
SELECT ki nd FROM 

hierarchy =) IF matching THEN ERROR; 
projection =) pDescTarget ~ pDescTarget + sizeDesc; 
-- insert after current matching entry 

ENDCASE; 
-- Move al/ descriptors not before pDescTarget down one place 
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Utilities.LongMove[ 
pSource: pDescTarget, 
size: Inline.LowHalf[ 
@pLeaf.descFirst + sizeDesc*pLeaf.eDese - pDeseTarget], 
pSink: pDescTarget + sizeDesc]; 

-- Insert descriptor 
Utilities.LongMove[pSource: pOese, size: sizeOesc, pSink: pDescTarget]; 
pLeaf.cDese ~ pLeaf.cOesc + 1; 
-- Update root entry in case inserted descriptor is first on leaf 
UpdateRoot[ilLeat, pLeat]; 
--Indicate finished 
inserted ~ TRUE 
END; 

STLeaf .Close [rg I Leaf[i I Leaf)]; 
. IF inserted THEN EXIT 

ENDLOOP; 
cDese ~ cDesc + 1 
END; 

Update: PUBLIC PROCEDURE [pDesc: PDese] = 
BEGiN 
key: Key = KeyFromPDese[pDesc]; 
illeaf: IILeaf = SearchRoot[key]; 
pLeaf: Pleaf = STLeaf.Open[rgILeaf[iILeaf]]; 
matching: BOOLEAN; 
pDescTarget: PDesc; 
[matching, pDeseTarget] ~ SearchLeat[key, pLeat]; 
--assert--
IF -matching THEN ERROR; 
-- Update descriptor 
Utilities.longMove[pSource: pDese, size: sizeDese, pSink: pDescTarget]; 
-- Update root entry in case updated descriptor is first on leaf 
UpdateRoot[illeaf, pLeaf]; 
STLeaf .Close[rgILeaf[iILeaf]]; 
END; 

Initialize: PROCEDURE = 
BEGIN 
ileaf: ILeaf = STLeaf.CreateO; 
pLeaf: PLeaf = STLeaf.Open[iLeaf]; 
cDese ~ 1; 
pteaf.cDese ~ 1; 
SELECT kind FROM 

hierarchy =) 

BEGIN 
sizeDesc +- slzE[hierarchy Desc]; 
keyTop ~ 

[hierarchy[ 
[level: LAsT[CachedSpace.Level], 

page: CachedSpace.handJeVM.page + countVM]]]; 
cKeyMax ~. 25; 
pLeaf.deseFirst ~ 

[hierarchy[ 
[level: CaehedSpace.handleVM.level, . 

interval: [Cached$pace.handleVM.page, countVM], dPinned: FALSE, 
-- don't care 
dDirty: FALSE, -- don't care 
pinned: FALSE, state: unmapped, writeProtected:, -- don't care 
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hasSwapUnits: FALSE, sizeSwapUnit: 1, -- don't care 
. dataOrFile:, -- don't care 

pageRover: CachedSpace.handleVM.page, 
vp: long[ 
window: Space.defaultWindow, -- don't care 
countMapped:' 0, -- don't care 
transaction: Transaction.nuIlHandle]]]]; 

-- not part of a transaction yet. 

END; 
projection =) 

BEGIN 
sizeDesc ... slzE[projection Oesc]; 
keyTop +- [projection[CachedSpace.handleVM.page + countVM]]; 
cKeyMax'" 2; 
pleaf.descFirst +-

[projection[ 
page: CachedSpace.handleVM.page, level: CachedSpace.handleVM.level, 
levelMapped: FIRsT[CachedSpace.level], -- don't care 
hasSwapUnits: FALSE, state: unmapped, writeProtected: FALSE, 
-- don't care 
needslogging: FALSE]] -- don't care 

END' 
ENDC~SE =) ERROR Bug[bug1]; 

STleaf .Close[ileaf]; 
[mpllleafKey, rglLeaf] ... AllocateRoot[cKeyMax]; 
cKey +- 0; 
rgILeaf[O] ... ileaf; 
cDescMax +- sizeleafBody/sizeDesc; 
cOescMin ... cOescMax/3; -- must be < cDescMax/2 for merge/balance logic 

END; 

Initialize[];· 
END. 

LOG 
Time: May 5, 1978 2:55 PM By: McJones . Action: Create file . 

7 

Time: June 22, 1978 4:06 PM By: McJones 
""h kinds) 

Action: keyTop.page was one too large (bot 

Time: June 26, 1978 1:06 PM By: McJones 
.. *e old matching entry 

Action: projection Insert put new entry betor 

Time: July 17, 1978 12:06 PM By: McJones Action: Upper bound for split root update 100 
* * p was) instead of]; Delete aI/owed last page to become empty; Delete wouldn't merge second­
* *to-Iast page; Upper bound for merge root update loop was) instead of ]; 

Balance updated wrong root entry 
Time: August 31, 1978 11:59 AM By: McJones 
* * mputation 
Time: September 9, 1978 5:02 PM 
"pace constructor 
Time: September 22, 1978 6:33 PM 
"when found = TRUE 
Time: February 1, 1979 2:24 PM 
**ce.Desc 

By: McJones 

By: McJones 

By: McJones 

Action: Bugs in Get's keyNext co 

Action: Added pinned to CachedS 

Action: SearchLf?at didn't set last 

Action: pageR over in CachedSpa 

Time: September 6, 1979 11:10 AM By: McJones Action: Dynamic root expansion 
Time: .october 1, 1979 9:56 AM By: Knutsen Action: Made compatible with new CachedR 
**egion.Desc and CachedSpace.Desc. 
Time: July 7, 1980 4:32 PM By: Gobbel Action: Made compatible with new CachedR 
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**egion.Desc and CachedSpace.Desc . 
Time: July 30, 1980 4:05 PM By: Gobbel Action: Made compatible with new CachedR 
**egion.Desc_ Initial Hierarchy entry for VM must have Transaction.nul/Handle. 
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-- VMMgr)VMMControl.mesa (last edited by Knutsen on July 1, 1980 10:44 AM) 
-- Packing Considerations: IsUtilityPilot[], IsDiagnosticPilot must be initially Swapped In. 

DIRECTORY· 
Cached Region USING [Apply, Desc, Outcome, pageTop], 
CachedSpace USING [Oesc, Get, Handle, Level], 
Environment USING [maxPageslnMDS, PageCount, PageNumber], 
File USING [nuIlID], 
Hierarchy USING [Insert], 
Map Log USING [WriteLog], 
Projection USING [Split, TranslateLevel], 
SimpleSpace USING [Oisablelnitialization], 
StoragePrograms USING [pageMOS], 
STree USING [STreelmpl], 
VM USING [Interval], 
VMMPrograms; 

VMMControl: PROGRAM 
IMPORTS 

Cached Region, Cached Space, Hierarchy, MapLog, Projection, SimpleSpace, 
StoragePrograms, STreeHier: STreet STreeProj: STree, VMMPrograms 

EXPORTS StoragePrograms 
SHARES File = 
BEGIN 
mds: CachedSpace.Handle = 

[level: FIRsT[CachedSpace.Level] + 1, page: StoragePrograms.pageMDS]; 
levelVM: CachedSpace.Level +- FIRsT[CachedSpace.Level]; 
levelMDS: CachedSpace.Level +- levelVM + 1; -- MDS is child of VM. 
Bug: PRIVATE --PROGRAMMING--ERROR [type: BugType] = CODE; 
BugType: TYPE = {bugO, bug1}; 
InitializeVMMgr: PUBLIC PROCEDURE [ 

countVM: Environment.PageCount, pMapLogDesc: LONG POINTER] = 
BEGIN 
START VMMPrograms.STLeaflmpl[]; 
START VMMPrograms.MapLoglmpl[pMapLogDesc: pMapLogDesc]; 
START STreeHier.STreelmpl[countVM: countVM, kind: hierarchy]; 
START STreeProj.STreelmpl[countVM: countVM, kind: projection]; 
START VMMPrograms.Hierarchylmpl; 
START VMMPrograms.Projectionlmpl[countVM: countVM]; 
FillHierarchy And Projection[]; 
VMMPrograms.lnitializeSpace[countVM: countVM, handleMDS: mds]; 
END; 

IsOiagnosticPilot, IsUtilityPilot: PUBLIC PROCEDURE RETURNS [BOOLEAN] = 
8EGIN RETURN[FALSE] END; 

-- See comments with DescribeSpace in StoragePrograms.mesa! 
-- This procedure takes the space and region cache entries created by PilotControl.Describelniti 

.... allyResfdentSpaces and SimpleSpacelmpl.DescribeSpace, and makes corresponding entries in 

.. ·the Hierarchy and Projection databases. 
-- When the Hierarchy and Projection are created, they each have a single entry representing aI/ 

Hof VM as a single unmapped space. As new spaces and regions are created below, they inherit 
.. the properties of their parents i.e. they are unmapped. In the VMMgr however, the algorithm for 
.. ·accessing a Hierarchy or Projection entry is: look in the cache; if the entry is there, it is the truth 
... ; if it is not there, the entry in the Hierarchy or Projection is the truth. The code below demands 
* *that there already be an entry in the space cache for every unitary or family space (i.e. the ones 
* *that are (themselves) mapped) and an entry in the region cache for every swap Unit of every unit 
··ary or family space. Therefore, we do not need to make the entries in the Hierarchy and Projecti 
• ·on contain the proper attributes. 
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FiIIHierarchyAndProjection: PROCEDURE = 
BEGIN 
pageRegion: Environment.PageNumber; 
outcome: CachedRegion.Outcome; 
region: CachedRegion.Desc; 
space: CachedSpace.Desc; -- the desc of the current unitary or family space. 
SimpleSpace.DisablelnitializationD; -- no more simpleSpaces may be created. 
CreateSpace[mds.level, VM.lnterval[mds.page, Environment.maxPageslnMDS], NIL]; 
-- create MDS space. 
space.interval.count +- 0; 
-- there is no current space. (No page is contained in our current space.) 
pageRegion +- FIRsT[Environment.PageNumber]; -- From the beginning of VIA .. 
WHILE pageRegion < CachedRegion.pageTop DO 

--until all regions in cache processed--
[outcome, pageRegion] +- CachedRegion.Apply[ 

-- What's next in the region cache? 
pageRegion, 
[if Missing: report, if Checked Out: wait, afterForking:, 

vp: get[andResetDDirty: FALSE, pDescResult: @region]]]; 
SELECT outcome. kind FROM 

ok =) -- we got the descriptor of the next region in the cache -­
BEGIN 
IF region.interval.page -IN 

[space.interval.page .. space.interval.page + space.interval.count) THEN 
BEGIN -- this region is in a new primary space --

. CachedSpace.Get[ 
@space, [level: region.levelMapped, page: region.interval.page]]; 

-- get the desc of the unitary or family space which contins this region. 
IF °region.interval.page - = space.interval.page THEN ERROR Bug[bugO]; 
-- primary space not completely tiled with regions. 
CreateSpace[ 

space.level, space. interval. 
IF space.state = mapped THEN @space ELSE NIL]; 

-- put unitary or family space into VMl:Agr database. 

END; 
IF region.interval - = space.interval THEN 

CreateSpace[region.level, region.interval, NIL]; 
-- put swap unit of family space into VMMgr database. 

END; 
regionDMissing =) NULL; 
-- this region is unused. Proceed to the next region boundary. 

ENDCASE =) ERROR Bug[bug1]; 
ENDLOOP; 

END; 

CreateSpace: PROCEDURE [ 
level: CachedSpace.Level, interval: VM.lnterval; 
pSpaceD: POINTER TO CachedSpace.Desc] = 

2 

. -- Creates Hierarchy & Projection entries for one space; dirty cache entries should already exi 
"st if the space or region is mapped . 

BEGIN OPEN i: interval; 
Hierarchy.lnsert[CachedSpace.Handle[level, i.page], i.count]; 
Projection.Split[i.page]; 
Projection.Split[i.page + LcountJ; 
Projection.TranslateLevel[pageMember: i.page, delta: 1]; 
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IF pSpaceD .... = NIL AND pSpaceD.window.file.fID .... = File.nulllD THEN 

MapLog.WriteLog[interval, pSpaceD]; 
END; 

END. 

LOG 

I 
Time: June 20, 1978 5:58 PM By: McJones 

, Time: June 22, 1978 6:12 PM By: McJones 
Time: June 23, 1978 1:23 PM By: McJones 
.. *tionlmpl, Spacelmpl 
Time: JL!fy 10, 1978 10:18 AM By: McJones 
Time: July 18, 1978 10:59 AM By: McJones 
Time: August 2, 1978 10:18 AM By: McJones 
Time: August 7, 1978 8:11 PM By: Purcell 
. **n; new Hierarchy/Projection filling logic 

Action: Created file 
Action: Added projection (/hierarchy?) init 
Action: Added countVM parameter to Projec 

Action: Added creation of first64K 
Action: Added countReal, ... 
Action: Added MapLoglmp/ 
Action: Call SimpleSpace.DisabJelnitiaJizatio 

. Time: August 29, 1978 4:14 PM By: McJones Action: (De)typed pMapLogDesc 
Time: September 6, 1978 10:18 AM By: McJones /iciion: Fixed test for first subspac 
**e of parent 

. Time: September 15, 1978 5:20 PM By: McJones Action: Added map logging 
Time: July 11, 1979 3:28 PM By: McJones Action: Nonparent mapped space handled i 
.,. ncorrectly 
Time: July 31, 1979 2:03 PM By: McJones Action: Changed MapLog to include writePr 
"olected 
Time: August 29, 1979 3:40 PM By: Knutsen Action: Changed VMMControl: PROGRAM to 
HlnilVMMgr: PROCEDURE. 
Time: September 7, 1979 8:50 AM 
Time: November 26, 1979 3:53 PM 
• ·meter of InitSpace. . 

By: McJones 
By: Knutsen 

Action: Added V key stop 
Action: Deleted volumeData para 

Time: April 10, 1980 4:35 PM By: Knutsen Action: Changes for nonzero MOS. Changed 
**VMMControJ: PROGRAM to InitVMMgr: PROCEDURE AGAIN! 
Time: May 29, 1980 3:18 PM By; Knutsen Action: Moved Key Stop Vto STLeaflmpJ. 
Time: July 1, 1980 10:44 AM By: Knutsen Action: Minor cleanups .. 
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-- BootSwapCross.mesa (last edited by: Forrest on: M~y 16, 1980 2:19 PM) 

DIRECTORY 
Boot: FROM "Boot" USING [LP, MDSlndex, pRequest, ReadMDS], 
BootSwap: FROM "BootSwap", 
Frame: FROM "Frame" USING [Free, MyLocalFrame, MyGlobalFrame], 
Inline: FROM "Inline" USING [COPY, LongCOPy], 
Mopcodes: FROM "Mopcodes" USING [zWR] , 
PrincOps: FROM "PrincOps" USING [ 

FrameHandle, GlobalFrameHandle, Port, TrapLink]; 

BootSwapCross: PROGRAM 
IMPORTS Boot, Frame, Inline EXPORTS BootSwap SHARES BootSwap 
BEGIN OPEN BootSwap, PrincOps; 

-- Inter-MDS germ linkage 

Initialize: PUBLIC PROCEDURE [mdsiOther: Boot.MDSlndex] = 
BEGIN OPEN port: LOOPHOLE[Port, PrincOps.Port], Frame; 
InitializeMDSO; -- set pMon 
-- Set up frame for Procedure and make it pending on Port 
port.dest ~ [frame[MyLocaIFrameD1]; -- temporarily connect Port to self 
Procedure[]; 
-- Now set up local and global frames with copy in other MDS 
ICross.accesslink ~ gCross; 
ICross.pc ~ port.frame.pc; 
ICross.returnlink ~ TrapLink; 
Free[port.frame]; 
port.frame ~ ICross; 
Inline.COPY[from: MyGlobalFrameD, nwords: nGCross, to: gCross]; 
-- now mustn't set global variables 
Inline.LongCOPY[ 

from: ICross, mAJords: nLCross + nGCross, 
to: Boot.LP[i1ighbits: mdsiOther, lowbits: ICross]]; 

pMon.CrossMDSCall ~ 
LOOPHOLE[gCross + . 
. (@port - LOOPHOLE[MyGlobaIFrameD, POINTER TO PrincOps.Port])]; 

-- connect CrossMDSCall to Port 
pMon.pcCross ~ LOOPHOLE[ICross.pc] 
END; 

InitializeMDS: PUBLIC PROCEDURE = 
BEGIN 
pM on ~ LOOPHOL~[Boot.LP[highbits: mdsiGerm, lowbits: ICross - slzE[Mon]]. LONG 

POINTER TO Mon] 
END; 

-- The numbers nGCross and nLCross must be divisible by 4 and not too small! 

nGCross: CARDINAL = 12; 
limit: CARDINAL = LOOPHOLE[Boot.pRequest]; 
gCross: GlobalFrameHandle ~ LOOPHOLE[limit - (limit MOD 4) - nGCross]; 
-- variable to avoid compiler bug 
nLCross: CARDINAL = 8; 
ICross: FrameHandle ~ LOOPHOLE[gCross - nLCross]; 
-- variable to avoid compiler bug 

pMon: PUBLIC LONG POINTER TO Mon; 
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Port: PORT RETURNS [mdsiOther: Boot.MDSlndex, Dest: PROCEDURE]; 

Procedu re: PROCEDURE = 
BEGIN 
-- address of this frame must be same in both MDS's; global frames must be "similar" 
mdsiOther: Boot.MDSlndex; 
De5t: PROCEDURE; 
mdsiBack: Boot.MDSlndex; 
DO 

[mdsiOther, Dest] ~ Port[]; 
[Dest, mdsiBack] ~ Save2AndWriteMDS[Dest, Boot.Read,MDSD, mdsiOther]; 
DestD; 
WriteMDS[mdsiBack]; 
ENDLOOP 

END; 

Save2AndWriteMDS: PROCEDURE [51, s2: UNSPECIFIED, mdsi: Boot.MDSlndex] 
RETURNS [t1, t2: UNSPECIFIED] = LOOPHOLE[WriteMDS]; -- t1 = s1 AND t2 = s2 

WriteMDS: PROCEDURE [mdsi: Boot.MDSlndex] = MACHINE CODE 
BEGIN Mopcode5.zWR, 3 END; 

END. 
LOG 

By: McJones Action: Created file 

2 

Time: December 18, 1978 9:30 AM 
Time: May 3, 1980 10:32 AM 
**trolDafs = > PrincOps 

By: Forrest Action: FrameOps = > Frame, Con 

Time: May 16, 1980 2:20 PM By: Forrest Action: Delete Import of BootSwa 
**p 

BootSwapCross.mesa. 16-May-BO 14:20:46 2 



I ' 
I 

Framelmpl.mesa. 26-Aug-80 13:09:28 

-- Framelmpl.mesa (fast edited by: McJones on: August 26, 1980 12:27 PM) 

DIRECTORY 
. BcdOps USING [Bcd Base], 
Frame USiNG [Alloe, Free, GetReturnFrame, SetReturnLink], 
Inline USING [BITAND, COPY], 
PilotLoadStateFormat USING [Configlndex, Load State] , 
PrincOps USING [ 

Control Link, CSegPrefix, EPRange, FrameHandle, GFTlndex, GlobalFrameHq.ndle, 
lastAVSlot, MainBodylndex, NullFrame, NuliLink, NuliGlobalFrame, UnboundLink], 

PrincOpsRuntime USING [EmptyGFTltem, FreedGFTltem, GetFrame, GFT, GFTltem], 
Runtime USING [NullProgram, UnboundProcedure, UnNew], 
Runtimelnternal USING [Codebase, FrameSize, loadStatePage], 
RuntimePrograms, 
SDDefs USING [sCopy, SO, sGFTLength, sUnNew], 
System USING [gmtEpoch, GreenwichMeanTime], 
Utllities USING [LongPointerFromPage]; 

Framelmpl: MONITOR . 
IMPORTS Frame, Inline, PrincOpsRuntime, Runtime, Runtimelnternal, Utilities 
EXPORTS Runtime, Runtimelnternal, RuntimePrograms 

BEGIN OPEN PrincOps, PrincOpsRuntime; 

-- Public SIGNALs and ERRORs: 
Invalid Frame: PUBLIC ERROR [frame: FrameHandle] = CODE; 
InvalidGlobalFrame: PUBLIC ERROR [frame: GlobalFrameHandle] = CODE; 
NoGlobalFrameSlots: PUBLIC' SIGNAL [CARDI!'IAL] = CODE; 

gftrover: CARDINAL +- 0; -- okay to start at 0 because incremented before used 
NulJProgram: PROGRAM = Runtime.NuIlProgram; 

InitializeFrames: PUBLIC PROCEDURE = 
-- Module initialization: 
BEGIN SDDefs.SD[SDDefs.sCopy] +- Copy; SDDefs.SD[SODefS.sUnNew] +- zUnNew; END; 

-- Procedures: (ordered by kind {external, entry, internal}; within a kind, alphabetically) 

-- External Procedures (public and private): 

DeletedFrame: PUBLIC PROC [gfi: GFTlndex] RETURNS [BOOLEAN] = { 
RETURN[GFT[gfi] = FreedGFTltem];}; 

GetCaller: PUBLIC PROC RETURNS [PROGRAM] = { 
RETURN[LOOPHOLE[Frame.GetReturnFrameD.returnlink.frame.acc~sslink]]; }; 

GlobalFrame: PUBLIC PROC [link: UNSPECIFIED] RETURNS [PROGRAM] = 
BEGIN OPEN I: LOOPHOLE[link, ControILink]; 
DO 

IF I = UnboundLink THEN link +- SIGNAL Runtime.UnboundProcedure[link] 
ELSE . 

IF I.proc THEN 
RETURN[ 

IF I.gfi IN [1 .. SDDefs.SD[SOOefs.sGFTLength]) THEN LOOPHOLE[GetFrame[ 
GFT[l.gfi]], PROGRAM] ELSE NullProgram] 

ELSE 
IF !.indirect THEN link ~ !.link'!' 
ELSE -- Frame 
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BEGIN 
IF link = 0 THEN RETURN[NuIlProgram]; 
IF ValidGlobaIFrame[link] THEN RETURN[link]; 
RETURN[ 

IF ValidGlobaIFrame[l.frame.aceesslink] THEN 
LOOPHOLE[Lframe.accesslink, PROGRAM] ELSE NuIlProgram]; 

END; 
ENDLOOP; 

END; 

IsBound: PUBLlC'PROC [link: UNSPECIFIED] RETURNS [BOOLEAN] = { 
RETuRN[link # Unbound Link AND link # NuIlLink]; }; 

MakeFsi: PUBLIC PROCEDURE [words: CARDINAL] RETURNS [fsi: CARDINAL] = 
BEGIN 
FOR fsi IN [O .. LastAVSlot) DO 

IF RuntimelnternaI.FrameSize[fsi] ) = words THEN RETURN; ENDLOOP; 
RETURN[words] 
END; 

GetBcdTime: PUBLIC PROC RETURNS [System.GreenwichMeanTime] = 
BEGIN 
loadstate: LONG PilotLoadStateFormat.LoadState = 

Utilitles.LongPointerFroinPags[Runtimelnternal.loadStatePfigel; 
frame: PrincOps.FrameHandle = Frame.GetReturnFrameD; 
globalFrame: PrincOps.GlobalFrameHandle = frame.accesslink; 
IF globalFrame.copied !HEN RETURN[System.gmtEpoch] . 
ELSE 

BEGIN 
bcd: BcdOps.BcdBase = !oadstate.bcds[ 

loadstate.gft[g 10baIFrame.gfi] .config] .base; 
RETURN[[bcd.version.time]] 
END; 

END; 

GetBuildTime: PUBLIC PROC RETURNS [System.GreenwicI:lMeanTime] = 
BEGIN 
loadstate: LONG PiiotLoadStateFormat.LoadState = 

Utilities.LongPointerFromPage[Runtimelnternal.loadStatePage]; 
bcd: BcdOps.Bcd8ase = loadstate.bcds[ 

FIRST[PilotLoadStateFormat.Configlndex]J.base; 
RETURN[[bcd.version.time]]; 
END; 

Self Destruct: PUBLIC PROCEDURE = 
BEGIN 
destructee: PrineOps.FrameHandle = Frame.GetReturnFrameD; 
Frame.SetReturnLink[destructee.returnlink]; 

. Runtime.UnNew[LOOPHOLE[GlobaIFrame[destructee], PROGRAM]]; 
Frame.Free[destructee]; 
RETURN 
END; 

-- Entry Procedures (public and private): 

-- conceptually, Copy is PUBLIC, but it is accessed via the System Dispatch table. 

Copy: --PUBLlC--EN.TRY PROC [old: Globa!FrameHandle] 
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RETURNS [new: GlobalFrameHandle] = 
BEGIN . 
Iinkspace: CARDINAL; 
ok: BOOLEAN; 
codebase: LONG POINTER TO PrincOps.CSegPrefix; 
IF .... VaIGlobaIFrame[old] THEN RETURN WITH ERROR InvalidGlobaIFrame[old]; 
codebase ~ RuntimelnternaI.Codebase[LOOPHOLE[old, PROGRAM]]; 
[new, linkspace] ~ AllocGlobaIFrame[old, codebase]; 
new ~ new + linkspace; 
newt ~ 

[gfi:, alloced: TRUE, shared: TRUE, copied: TRUE, started: FALSE, 
trapxfers: FALSE, codelinks: old.codelinks, code: old.code, global:]; 

[new.gfi, ok] ~ EntGlobalFrame[new, codebase.header.info.ngfi]; 
IF .... ok THEN RETURN WITH ERROR NoGlobaIFrameSlots[codebase.header.info.ngfi]; 
new.code.out ~ TRUE; -- cause trap 
new.global[O] ~ NuliGlobalFrame; 
old .shared +- TRUE; . 
IF Iinkspace # 0 THEN. 

Inline.COPY[from: old - linkspace, to: new - linkspace, nwords: linkspace]; 
END; 

EnterGlobalFrame: PUBLIC ENTRY PROCEDURE [ 
frame: GlobalFrameHandle, nslots: CARDINAL] RETURNS [entryindex: GFTlndex] = 
BEGIN 
ok: BOOLEAN; 
[entryindex, ok] +- EntGlobalFrame[frame, nslots]; 
IF .... ok THEN RETURN WITH ERROR NoGlobalFrameSlots[nslots]; 
END; 

GetNextGlobalFrame: PUBLIC ENTRY PROCEDURE [frame: GlobalFrameHandle] 
RETURNS [GlobaIFrameHandle] = 
BEGIN 
IF frame # NullGlobalFrame THEN 

IF -VaIGlobaIFrame[frame] THEN RETURN WITH ERROR InvalidGlobaIFrame[frame]; 
RETURN[GetNxGlobaIFrame[frame]]; 
END; 

RemoveGlobalFrame: PUBLIC ENTRY PROCEDURE [frame: GlobalFrameHandle] = 
BEGIN RemvGlobaIFrame[frame]; END; . 

-- conceptually, (z)UnNew is PUBLIC, but it is accessed via the System Dispatch table. 

zU nNew: --PUBLlC--ENTRY PROCEDURE [frame: GlobalFrameHandle] = 
BEGIN 
sharer: GlobalFrameHandle +- NullGlobalFrame; 
original: GlobalFrameHandle ~ NullGlobalFrame; 
copy, f: GlobalFrameHandle ~ NullGlobalFrame; 
codebase: LONG POINTER TO PrincOps.CSegPrefix; 
nothers: CARDINAL +- 0; 
nlinks: CARDINAL; 
IF -VaIGlobaIFrame[frame] THEN RETURN WITH ERROR InvalidGlobaIFrame[frame]; 
codebase +- RuntimelnternaI.Codeba!?e[LOOPHOLE[frame, PROGRAM]]; 
nlinks +- codebase.header.info.nlinks; 
FOR f +- GetNxGlobaIFrame[NuIiGlobaIFrame], GetNxGlobaIFrame[f] UNTIL f 

NullGlobalFrame DO 
IF f # frame THEN 
. BEGIN 

IF f.global[O] = frame AND .... f.started THEN f.global[O] ~ NullFrame; 
IF RuntimelnternaI.Codebase[LOOPHOLE[f, PROGRAM]] = codebase THEN 
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IF f .copied THEN' copy +- f ELSE original +- f; 
END; 

ENDLOOP; 
-- to aid debugging, for now we don't delete the original copy because it has the originalfjnks. 
IF original = NuliGlobalFrame AND -frame. copied AND copy # NullGlobalFrame 

THEN RETURN WITH ERROR InvalidGlobaIFrame[frame]; 
-- BEGIN OPEN LoadStateDefs; 
-- config: Configlndex; 
-- . cgfi: GFTlndex; 
-- copy. copied ... FALSE; 
-- [] ... InputLoadState[]; 
-- [cgfi: cgfi, config: config] ... MapReaIToConfig[frame.gfi]; 
-- EnterGfi[cgfi: 0, rgfi: frame.gfi, config: ConfigNull]; 
-- EnterGfi[cgfi: cgfi, rgfi: copy.gfi, config: config]; 
-- ReleaseLoadState[]; 
-- END; 
RemvGlobaIFrame[frame]; 
IF frame.alloced THEN 

BEGIN . 
Align: PROCEDURE [POINTER, WORD] RETURNS [POINTER] = 
. LOOPHOLE[lnline.8ITAND]; 
IF frame.codelinks THEN Frame.Free[frame] 
ELSE Frame.Free[Align[frame - nlinks, 1777748]]; 
END; 

END; 

ValidateFrame: PUBLIC ENTRY PROCEDURE [frame: FrameHandle] = 
BEGIN OPEN LOOPHOLE[frame, rep ControILink]; 
IF proc OR indirect OR .... VaIGlobaIFrame[frame.accesslink] THEN 

RETURN WITH ERROR Invalid Frame[frame]; 
END; 

ValidateGlobalFrame: PUBLIC ENTRY PROC [g: GlobalFrameHandle] = 
. BEGIN IF -VaIGlobaIFrame[g] THEN RETURN WITH ER·ROR InvalidGlob3.IFrame[g]; Et-:D; 

ValidGlobalFrame: PRIVATE ENTRY PROCEDURE [g: G!obaIFrameHandle] 
RETURNS [BOOLEAN] = INLINE BEGIN RETURN[VaIGlobaIFiame[g]] END; 

--Internal Procedures: 

AllocGlobalFrame: INTERNAL PROCEDURE [ 
old: GlobalFrameHandle, cp: LONG POINTER TO PrincOps.CSegPrefix] 
RETURNS [frame: GlobalFrameHandle, linkspace: CARDINAL] = 
BEGIN 
pbody: LONG POINTER = cp + CARDINAL[cp.entry[MainBodylndex].initialpc]; 
nlinks: CARDINAL = cp.header.info.nlinks; 
linkspace ~ 

If -old.codelinks THEN 
nlinks + Inline.8ITAND[-LOOPHOLE[nlinks, INTEGER], 38] ELSE 0; 

frame +- Frame.Alloc[MakeFsi[(pbody - 1)t + linkspace]]; 
RETURN 
END; 

EntGlobalFrame: INTERNAL PROCEDURE [frame: GlobalFrameHandle, nslots: CARDINAL] 
RETURNS [entryindex: GFTlndex, ok: BOOLEAN] == 
BEGIN 
i, imax, n, epoffset: CARDINAL; 
i +- gftrover; 
imax ~ SDDefs.SD[SDDefs.sGFTLength] - nslots; 

Framelmpl.mesa. 26-Aug-80 13:09:28 

4 

4 



Framelmpl.mesa. 

n +- 0; 
DO 
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IF (i +- IF i > = imax THEN 1 ELSE i + 1) = gftrover THEN 
RETURN[entryindex: 0, ok: FALSE]; 

IF GFT[i] # EmptyGFTltem THEN n+-O ELSE IF (n +- n + 1) = nslots THEN EXIT; 
ENDLOOP; 

entryindex +- (gftrover +- i) - nslots + 1; 
epoffset +- 0; 
FOR i IN [entryindex .. gftrover] DO 

GFT[i].framePtr +- frame; 
GFT[i].epbias +- epoffset; 
epoffset +-

epoffset + 
-- 1 with new format, 32 with old format 
(IF SlzE[GFTltem] = 2 THEN EPRange ELSE 1); . 

ENDLOOP; 
RETURN[entryindex: entryindex, ok: TRUE]; 
END; 

GetNxGlobalFrame: INTERNAL PROCEDURE [frame: GlobalFrameHandle] 
RETURNS [GlobaIFrameHandle] = 
BEGIN 
gfi: GFTlndex; 
IF frame = NullGlobalFrame THEN gfi +- 1 ELSE gfi +- frame.gfi + 1; 
WHILE gfi < SDDefs.SD[SDDefs.sGFTLength] DO 

frame +- GetFrame[GFT[gfi]]; 
IF frame # NullGlobalFrame AND GFT[gfi].epbias = 0 THEN RETURN[frame]; 
gfi +- gfi + 1; 
ENDLOOP; 

RETuRN[NullGlobalFrame] 
END; 

InGFT: INTERNAL PROC [g: GlobalFrameHandle] RETURNS [BOOLEAN] = 
BEGIN . 
i: CARDINAL; 
FOR i IN [O .. SDDefs.SD[SDDefs.sGFTLength]) DO 

IF GetFrame[GFT[i]] = 9 AND g.gfi = i THEN RETURN[TRUE]; ENDLOOP; 
RETURN[FALSE]; 
END; 

--lnGFT: INTERNAL PROCEDURE [g: GlobalFrameHandle} RETURNS [BOOLEAN} = 
-- BEGIN 
--IF (LOOPHOLE[g, CARDINAL] MOD 4) .. = 0 + + (assure whole thing is on one page) 
-- THEN RETURN[FALSE] 
-- ELSE IF GFT[g.gfi}.trame = 9 
-- THEN RETURN[TRUEJ 
-- ELSE RETURN[FALSE]; 
--END; 

RemvGlobalFrame: INTERNAL PROCEDURE [frame: GlobalFrameHandle] = 
BEGIN 
FOR i: CARDINAL +- frama.gfi, i + 1 WHILE i < SDDefs.SD[SDDefs.sGFTLength] AND 

GetFrame[GFT[i]] = frame DO 
GFT[i} +- IF frame.copied THEN EmptyGFTltem ELSE FreedGFTltem; ENDLOOP; 

END; 

ValGlobalFrame: INTERNAL PROC [g: GlobalFrameHandle] RETURNS [BOOLEAN] = INLINE 
BEGIN OPEN LOOPHOLE[g, rep ControILink]; 
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RETURN[-ProC AND -indirect AND InGFT[g]]; 
END; 

END. 
LOG 
(For earlier log entries see Pilot 4.0 archive version.) 
Time: April 14, 1980 10:45 AM By: Knutsen Action: Now STARTed by Initia/izeFrames[]. 
Time: April 29, 1980 9:04 PtA By: Forrest Action: Put back old InGFT 
Time: May 3, 1980 11:44 AM By: Forrest Action: Initial lAesa 6.0 conversion 
Time: July 20, 1980 9:03 PM By: Forrest Action: PrincOpsRuntime 
Time: August 1, 1980 2:04 PM By: Luniewski Action: Rename to Framelmpl 
Time: August 26, 1980 12:27 PM By: McJones Action: Add GetBcdTime 
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--lnstructions.Mesa (last edited by: Forrest on: May 3, 1980 12:39 PM) 

DIRECTORY 
Environment: FROM "Environment" USING [Byte], 
Frame: FROM "Frame" USING [GetReturnFrame, GetReturnLink], 
In line: FROM "Inline" USING [ . 

BITSHIFT, BITXOR, OIVMOD, lOIVMOO, longNumber, longOiv, longOivMod, longMult], 
Mopcodes: FROM "Mopcodes" USING [zKFCB], 
PrincOps: FROM "PrincOps" USING [GlobalFrameHandle, StateVector], 
Processlnternal: FROM "Processlnternal", 
Runtimelnternal: FROM "Runtimelnternal" USING [Codebase], 
RuntirhePrograms: FROM "RuntimePrograms", 
SOOefs: FROM "SOOefs" USING [ 

sBl TE, sBl TEC, sBl TECl, sBl TEL, sBoundsFault, sBYTBl TE, sBYTBl TEC, sBYTBl TECl 

sBYTBl TEL, SO, slongOiv, slongOivMod, slongMod, slongMul, slongStringCheck, 
sPointerFault, sSignedOiv, sStringlnit, s~longOiv, sUlongOivMod, sUlongMod]; 

Instructions: PR'OGRAM 
IMPORTS Frame, Inline, Runtimelnternal EXPORTS RuntimePrograms 
BEGIN 

-- Unimplemented instructions 

BlockEqual: PROCEDURE [p1: POINTER, n: CARDINAL, p2: POINTER] 
RETURNS [BOOLEAN] = -- BLTE 
BEGIN 
i: CARDINAL; . 
FOR i IN [O .. n) DO IF (p1 + i)'t # (p2 +. i}'t THEN RETURN[FALSE]; END LOOP; 
RETURN [TRUE] 
END; 

BlockEqualCodelong: PROCEDURE [p1: LONG POINTER, n,. offset: CARDINAL] 
RETURNS [BOOLEAN] = -- BL TECL 
BEGIN 
p2: LONG POINTER = 

Runtimeinternal.Codebase[ 
LOOPHOLE[Frame.GetReturnFrameO.access!i.nk, PROGRAM]] + offset; 

i: CARDINAL; 
FOR i IN [O .. n) DO IF (p1 + i)'t # (p2 + i)'t THEN RETURN[FALSE]; ENDLOOP; 
RETURN[TRUE] 
END; 

BlockEqualCode: PROCEDURE [p1: POINTER, n, offset: CARDINAL] RETURNS [BOOLEAN] = 
-- BLTEC 
BEGIN 
p2: LONG POINTER = 

Runtimelnternal.Codebase[ 
LOOPHOLE[Frame.GetReturnFrameO.accesslink, PROGRAM]] + offset; 

i: CARDINAL; 
FOR i IN [Ooon) DO IF (p1 + i)t # (p2 + i)t THEN RETURN[FALSE]; Ef..IDLOO?; 
RETURN [tRUE] 
END; 

BlockEqualLong: PROCEDURE [p1: LONG POINTER, n: CARDINAL, p2: LONG POINTER] 
RETURNS [BOOLEAN] = -- BLTEL 
BEGIN 
i: CARDINAL; 
FOR i IN [O .. n) DO IF (p1 + i)t # (p2 + i)t THEN RETURN[FALSE]; ENDLOOP; 
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ByteBlockEqual: PROCEDURE [p1: PPA, n: CARDINAL, p2: PPA] RETURNS [BOOLEAN] = 
-- BYTBLTE 
{RETURtJ[BlockEqual[p1: p1, p2: p2, n: n/2] AND p1 [n - 1] = p2[n - 1]]; }; 

ByteBlockEqualCode: PROCEDURE [p1: POINTER, n, offset: CARDINAL] 
RETURNS [BOOLEAN] = -- BYTBLTEC 
BEGIN 
codebase: LONG POINTER = Runtimelnternal.Codebase[ 

lOOPHOlE[Frame.GetReturnFrameQ.accesslink, PROGRAM]]; 
RETURN[ByteBlockEquallong[p2: codebase + offset, p1: p1, n: nn 
END; 

ByteBlockEquaICodeLong:.PROCEDURE [p1: I:.ONG POINTER, n, offset: CARDINAL] 
RETURNS [result: BOOLEAN] = -- BYTBLTECL 
BEGIN 
codebase: LONG POINTER = Runtimelnternal.Codebase[ 

LOOPHOlE[Frame.GetRetur.nFrameQ.access!ink, PROGRAM]]; 
RETURN[ByteB!ockEquaILong[p2: codebase + offset, p1: p1, n: nn 
END; 

PPA: TYPE = POINTER TO PACKED ARRAY [0 .. 0) OF Environment.Byte; 

ByteBlockEqualLong: PROC [p1: LONG PPA, n: CARDINAL, p2: J,.ONG PPA] 
RETURNS [BOOLEAN] = --. BYTBL TEL 
{RETURN[BlockEquallong[p1: p1, p2: p2, n: n/2] AND pi[n - 1] = p2[n - 1]]; }; 

-- Data shuffling 

Stringlnit: PROCEDURE [coffset, n: CARDINAL, reloc, dest: POINTER] = 
BEGIN 
g: PrincOps.GlobalFrameHandle = Frame.GetRetumFrame[].accesslink; 
i: CARDINAL; 
codebase: LONG POINTER = 

RuntimelnternaI.Codebase[LOOPHOLE[g, PROGRAM]] + coffset; 
FOR i IN [O .. n} DO {dest + i)t ~ (codebase + i}t + reloc; ENDLOOP; 
RETURN 
END; 

-- Long, signed and mixed mode arithmetic 

Number: TYPE = Inline.longNumber; 
DIVMOD: PROCEDURE [n, d: CARDINAL] RETURNS [QR] = LOOPHOlE[lnline.OIYMOO]; 
lDIVMOD: PROCEDURE [nlow, nhigh, d: CARDINAL] RETURNS [OR] = 

LOOPHOLE[lnline.lOIVMOD]; 
QR: TYPE = RECORD [q, r: INTEGER]; 
POR: TYPE =. POINTER TO OR; 

Sign Divide: PROCEDURE = 
BEGIN 
state: PrincOps.StateVector; 
p: PQR; 
t: CARDINAL; 
negnum, ~egden: BOOLEAN; 
state to STATE; 
state.stkptr ~ t ~ ·state.stkptr - 1; 
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state.dest ~ Frame.GetReturnLinkD; 
p ~ @state.stk[t - 1]; 
IF negden ~ (p.r < 0) THEN p.r ~ -p.r; 
IF negnum ~ (p.q < 0) THEN p.q ~ -p.q; 
pt ~ DIVMOD[n: p.q, c.i: p.r]; 
IF Inline.BITXOR[negnum, negden] # 0 THEN p.q +- -p.q; 
IF negnum THEN p.r ~ -p.r; 
RETURN WITH state 
END; 

DDivMod: PROCEDURE [num, den: Number] RETURNS [quotie::nt, remainder: Number] = 
BEGIN 
negNum, neg Den: BOOLEAN ~ FALSE; 
IF LOOPHOLE[n!.]m.highbits, INTEGER] < 0 THEN 

BEGIN negNum +- TRUE; num.li +- -num.li; END; 
IF LOOPHOLE[den.highbits, I~EGER] < 0 THEN 

BEGIN neg Den ~ TRUE; den.li ~ -den.li; END; 
[quotient: quotient, remainder: remainder] +- DUnsignedDivMod[ 

num: num, den: den]; 
IF Inline.BITXOR[negNum, negDen] # 0 THEN quotient.li ~ -quotient.li; 
IF negNum THEN remainder.li +- -remainder.li; 
RETURN 
END; 

DDiv: PROC [a, b: Number] RETURNS [Number] = {RETURN[DDivMod[a, b].quotient]; }; 

DMod: PROCEDURE [a, b: Number] RETURNS [r: Number] = { 
[remainder: r] .. DDivMod[a, b]; RETURN; }; 

DMultip\y: PROCEDURE [a, b: Number] RETURNS [product: Number] = 
BEGIN 
productlc ~ Inline.LongMult[a.lowbits, b.lowbits]; 
product.highbits ~ 

product.highbits + a.lowbits*b.highbits + a.highbits*b.lowbits; 
RETURN 
END; 

DUnsignedDivMod: PROCEDURE [num, den: Number] 
RETURNS [quotient, remainder: Number] = 

. BEGIN OPEN lnline; 
qq: CARDINAL; 
count: [0 .. 31); 
ITemp: Number; 
IF den.highbits = 0 THEN 

BEGIN 
[quotient.highbits, qq] ~ LongDivMod[ 

LOOPHOLE[Number[num[lowbits: num.highbits, highbits: 0]]], den.lowbits]; 
[quotient.lowbits, remainder.lowbits] ~ LongDivMod[ 

LOOPHOLE[Number[num[Jowbits: num.lowbits, highbits: qq]]], den.lowbits]; 
remainder.highbits ~ 0; 
END 

ELSE 
BEGIN 
count ~ 0; 
quotient.highbits ~ 0; 
ITemp f- den; 
WHILE ITemp.highbits # 0 DO 
. -- normalize 

ITemp.lowbits f-
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BITSHIFT[ITemp.lowbits, -1] + BITSHIFT[ITemp.highbits, 15]; 
ITemp.highbits ~ BITSHIFT[ITemp.highbits, -1]; 
count {- count + 1; 
END LOOP; 

IF num.highbits ) = ITemp.lowbits THEN 
BEGIN -- subtract off 2t16*divisor and fix up count 
div: Number ~ Number[num[lowbits: 0, highbits: ITemp.lowbits]]; 
qq ~ LongDiv[num.lc - div.lc, ITemp.lowbits]/2 + 1000008; 
count ~ count - 1; 
END 

ELSE qq ~ LongDiv[num.lc, ITemp.lowbits]; -- trial quotient 
qq ~ BITSHIFT[qq, -count]; 
ITemp.lc {- LongMult[den.lowbits, qq]; -- multiply by trial quotient 
ITemp.highbits +- ITemp.highbits + den.highbits·qq; 
UNTIL ITemp.lc < = num.lc DO 

-- decrease quotient until product is small enough 
ITemp.lc ~ ITemp.le - den.le; 
qq {- qq - 1; 
ENDLOOP; 

quotient.lowbits ~ qq; 
remainder.lc +- num.le - ITemp.le; -
END; 

RETURN 
END; 

DUnsignedDiv: PROCEDURE [a, b: Number] RETURNS [Number] = { 
RETURN[DUnsignedDivMod[a, b].quotient]; }; 

DUnsignedMod: PROCEDURE [a, b: Number] RETURNS [r: Number] = { 
[remainder: r] ~ DUnsignedDivMod[a, b]; RETURN; }; 

-- Other 

LongStringCheck: PROCEDURE = 
BEGIN 
state: PrincOps.StateVeetor; 
tos, index: CARDINAL; 
p: PO!NTER TO LONG STRING; 
BoundsFault: PROCEDURE = MACH1NE CODE 

BEGIN Mopcodes.zKFCB, SDDefs.sBoundsFault END; 
Pointe rFault: PROCEDURE = MACH1NE CODE 

BEGIN Mopcodes.zKFCB, SDDefs.sPointer!=ault END; 
state +- STATE; 
tos {- state.stkptr; 
index ~ state.stk[tos]; 
p f- @state.stk[tos - 2]; 
IF p1' = NIL THEN PointerFaultD; 
IF index) = p't.maxlength THEN BoundsFaultD; 

4 

-- This statement is new for the dandelion. It SilOUld be compatible with the Dolphin's pre-prine 
"ops stuff (he says, crossing fingers) 

. state.dest f- Frame.GetReturnLinkD; 
state.source +- 0; 
RETURN WITH state; 
END; 

Initialize: PROCEDURE = 
BEGIN OPEN SDDefs; 
pSD: POINTER TO ARRAY [0 .. 0) OF UNSPECIFIED +- SD; 
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pSD[sBL TE] .... BlockEqual; 
pSD[sBYTBL TE] .... ByteBlockEqual; 
pSD[sBLTEC] .... BlockEqualCode; 
pSD[sBYTBL TEC] .... ByteBlockEqualCode; 
pSD[sBL TECL] .... BlockEqualCodeLong; 
pSD[sBYTBL TECl] .... ByteBlockEqualCodeLong; 
pSD[sBLTEL] .... BlockEqualLong; 
pSD[sBYTBL TEL] .... ByteBlockEqualLong; 
pSD[sLongDiv] .... DDiv; 
pSD[sLongDivMod] .... DDivMod; 
pSD[sLongMod] .... DMod; 
pSD[sLongMul] .... DMultiply; 
pSD[slongStringCheck] .... LongStringCheck; 
pSD[sULongDivMod] .... DUnsignedDivMod; 
pSD[sUlongMod] .... DUnsignedMod; 
pSD[sULongDiv] .... DUnsignedDiv; 
pSD[sSignedDiv] .... Sign Divide; 
pSD[sStringlnit] .... Stringlnit; 
END; 

-- Main Body; 

Initialize[]; 

END. 

LOG 

TimEt: Ju/y 20, 1978 9:04 AM By: Sandman Action: Bug in String/nit 

5 

Time: August 7, 1978 8:51 AM By: Sandman Action: Got Codebase from Runtimelnternal 
**instead of CodebaseDefs 
Time: March 14,1979 11:27 AMBy: McJones Action: Mesa 5 
Time: July 11, 197.9 1:33 PM By: Jose Action:??? 
Time: October 3, 1979 3:43 PM By: McJones Action: Bug in DUnsignedDivMod 
Time: December 5, 1979 8:20 AM By: Sandman Action: AR 3056 BlockEqual spee 
**dup 
Time: May 3, 1980 12:28 PM By: Forrest Action: Mesa 6 
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-- PilotNub.mesa (tast edited by: Forrest on: October 4, 1980 2:53 PM) 

DIRECTORY 
Boot USING [ReadMDS], 
BootSwap USING [lnLoad, OutLoad, Teledebug], 
CPSwapDefs USING [ 

BBArray, BBHandle, callDP, DebugParameter, ExternalStateVector, Swaplnfo, 
startDP, SwapReason, UBBPointer, UserBreakBlock, VersionlD], 

DebuggerSwap USING [canSwap, parameters], 
DeviceCleanup USING [Item, Linkage, Perform, Reason], 
Environment USING [Byte, maxPageslnMDS, PageCount, PageNumber], 
Frame USING [ 

GetReturnFrame, GetReturnLink, MyLocalFrame, SetReturnFrame, SetReturnLink], 
Inline USING [HighHalf, LowHalf], 
KeyboardFace USING [keyboard], 
Keys USING [DownUp, KeyBits], 
Mopcodes USING [zDUP, zRFS], 
PilotMP USING [cCantSwap, cCleanup, cClient, cHang, Code], 
PilotSwitches' USING' [switches --.h, ./, .r--], 
PrincOps USING [ 

ControlLink, FieldDescriptor, FrameHandle, GlobalFrameHandle, NuliFrame, Port, 
StateVector, SVPointer], 

Process USING [Detach, GetPriority, Priority, SetPriority, SetTimeout, Ticks], 
Processlnternal USING [Disablelnterrupts, Enablelnterrupts], 
ProcessOperations USING [ 

HandleTolndex, IndexToHandle, ReadPSB, ReadPTC, ReadWDC, WritePSB, WritePTC, 
WriteWDC], 

ProcessorFace USING [ . 
BootButton, GetClockPulses, microsecondsPerHundredPulses, SetMP], 

PSB USING [PDA, StateVector], 
Runtime USING [Interrupt]. 
Runtimelnternal USING D. 
RuntimePrograms USING 0, 
SDDefs USING [ 

sAlternateBreak, sBreak, sBreakBlock, sBreakBlockSize, sCallDebugger, 
sCoreSwap, SD, slnterrupt, sProcessBreakpoint, sUncaughtSignal, 
sWorryCaliDebugger, sXferTrap], 

XferTrap USING [ReadXTS, Status, WriteXTS]; 

PilotNub: MONITOR -- for Checklnterrupt, DeviceCleanup.lnstall 

IMPORTS 
Boot, BootSwap, DebuggerSwap, DeviceCleanup, Frame, Inline, KeyboardFace, 
PilotSwitches, Process, Processlnternal, ProcessOperations, ProcessorFace, 
Runtime, XferTrap 

EXPORTS DeviceCleanup, Runtimelnternal, RuntimePrograms 
SHARES DeviceCleanup = 
BEGIN 

-- This module is the debugger's representative in the client world. 

10adStatePage: PUBLIC Environment.PageNumber; -- exported to Runtimelnternal 

CAbort: PUBLIC SIGNAL = CODE; 
Cant Swap: PUBLIC SIGNAL = CODE; 
KillThisTurkey: SIGNAL = CODE; 
Quit: SIGNAL = CODE; 
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-- Breakpoints 

numberBlocks: CARDINAL = 5; -- number of break blocks 
BreakBlocks: TYPE = MACHINE DEPENDENT RECORD [ 

header{O): CPSwapDefs.BBArray, --length plus (zero-length) array of blocks 
body(1): ARRAY [O .. numberBlocks) OF CPSwapDefs.UserBreakBlock]; 

breakBlocks: BreakBlocks; 

InitBreakBlockS: PROC = 
BEGIN OPEN SDDefs; 
SD[sBreakBlock] ... Inline.LovJHalf[LONG[@breakBlocks]]; 
-- mds relative (should really be long pointer) 
SD[sBreakBlockSize] to slzE[BreakBlocks]; 
breakBlocks.header.length ... 0; 
END; 

. Break: PRoe = -- executed by (non-worry) BRK instruction 
BEGIN 
xferTrapStatus: XferTrap.Statu-s; 
state: RECORD [a: UNSPECIFIED, v: PrincOps.StateVector]; 
state.v ... STATE; 
state.v.dest to Frame.GetReturnFrameD; 
state.v.source to 0; 
xferTrapStatus f- XferTrap.ReadXTSD; 
ProcessBreakpoint[@state.v]; 
-- isn't this supposed to go through SD[sProcessBreakpoint]? 
IF xferTrapStatus = on THEN XferTrap.WriteXTS[skip1]; 
RETURN WITH state.v 
END; 

ProcessBreakpoint: PROC [s: PrincOps.SVPointer] = 
BEGIN 
inst: Environment.Byte; 
swap: BOOLEAN; 
[inst, swap] ... DoBreakpoint[s]; 
IF swap THEN CoreSwap[breakpoint, s] ELSE s.instbyte ... inst 
-- replant the instruction and go on 

END; 

-- make this IN LINE someday?? 

DoB reakpoint: PRoe [s: PrincOps.SVPointer] RETURNS [Environment.Byte. BOOLEAN] = 
BEGIN 
bba: CPSwapDefs.BBHandfe = SDDefs.SD[SDDefs.sBreakBlock]; 
I: PrincOps.FrameHandfe to s.dest; 
FOR i: CARDINAl. IN [O .. bba.fength) DO 

ubb: CPSwapDefs.UBBPointer = @bba.blocks[i]; 
IF ubb.frame = I.accessfink AND ubb.pc = CARDINAL[l.pc] THEN 
. IF TrueConqition[ubb, I, s] THEN EXIT ELSE RETURN[ubb.inst, FALSE] 
ENDLOOP; 

RETURN[O, TRUE] 
END; 

-- decide whether to take the 'breakpoint 

TrueCondition: PROC [ 
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ubb: CPSwapDefs.UBBPointer, base: POINTER, s: PrincOps.SVPointer] 
RETURNS [BOOLEAN] = INLINE 
BEGIN 
ReadField: PROC [POINTER, PrincOps.FieldDescriptor] RETURNS [UNSPECIFIED] = 

MACHINE CODE BEGIN Mopcodes.zRFS END; 
fd: PrincOps.FieldDescriptor; 
locl, IocR: POINTER; 
left, right: UNSPECIFIED; 
IF ubb.counterl THEN RETURN[(ubb.ptrl +- ubb.ptrl + 1) = ubb.ptrR]; 
locl +-

SELECT TRUE FROM 
ubb.locall = > base + LOOPHOLE[ubb.ptrL, CARDINAL], 
ubb.stackRelative = > @s.stk[LOOPHOLE[ubb.ptrL, CARDINAL]], 
ENDCASE = > ubb.ptrl; 

fd +- [offset: 0, posn: ubb.pqsnL, size: ubb.sizeL]; 
left +- ReadField[loeL, fd]; 
IF -ubb.immediateR THEN 

BEGIN 
fd +- [offset: 0, posn: ubb.posnR, size: ubb.sizeR]; 
IocR +- IF ubb.localR THEN base + LOOPHOLE[ubb.ptrR, CARDINAL] ELSE ubb.ptrR; 
right +- ReadField[locR, fd] 
END 

ELSE right +- ubb.ptrR; 
RETURN[ 

SELECT ubb.relation FROM 
It = > left < right. 
gt = > left> right, 
eq = > left = right, 
ne = > left # right. 
Ie = > left < = right, 
ge :;;> left> = right, 
ENDCASE = > FALSE] 

END; 

-- executer;J by worry-mode BRK instruction 

WorryBreaker: PROC RETURNS [PrincOps.FrameHandle] = 
BEGIN OPEN PrincOps; 
state: RECORD [a: UNSPECIFIED, v: StateVector]; 

. xferTrapStatus: XferTrap.Status; 
state.v.instbyte +- 0; 
state.v.stkptr +- 1; 
state.v.stk[O] +- Frame.MyLocaIFrameO; 
state.v.dest +- Frame.GetReturnUnkD; 
Proeesslnternal.Disablelnterrupts[]; 
DO 

xferTrapStatus +- XferTrap.ReadXTS[]; 
IF xferTrapStatus = on THEN XferTrap.WriteXTS[skip1]; 
Processlnternal.EnablelnterruptsD; 
TRANSFER WITH state. v; 
ProcesslnternaI.Disablelnterrupts[]; 
state.v ~ STATE; 
state.v.dest +- Frame.GetReturnFrameD; 
state.v.source +- 0; 
swaplnfo.state +- @state.v; 
swaplnfo.reason +- worrybreak; -- set mds too 
ToDebugger[@swaplnfo]; 
ENDLOOP 

END; 
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-- Uncaught signals 

Catcher: PROC [msg, signal: UNSPECIFIED, frame: PrincOps.FrameHandle] = 
BEGIN 
Punt: PROC [c: PilotMP.Code] = INLlNE {ProcessorFace.SetMP[c]; DO ENDLOOP}; 
SignallerGF: PrineOps.GlobalF'rameHandfe; 
state: PrineOps.StateVector; 
f: PrincOps.FrameHandfe; 
state.stk[O] +- msg; 
state.stk(1] +- signal; 
state.stkptr +- 0; 
-- The'call stack be/ow here is: Signaller, [Signaller,] offender 
f +- Frame.GetReturnFrameO; 
SignallerGF +- f.accesslink; 
state.dest +- f +- f.returnlink.frame; 
IF f.aceesslink = SignallerGF THEN state.dest +- f.returnlink; 
IF signal = CantSwap THEN Punt[PilotMP.cCantSwap]; 
BEGIN 
CoreSwap[uncaughtsignal, @state ! CAbort = > GOTO abort]; 
EXITS 

abort => 
IF signal = AEORTED THEN {BackStop[frame]; ERROR KifiThisTurkey} 
ELSE ERROR ABORTED 

END . 
END; 

BackStop: PROC [root: PrincOps.FrameHandle] = 
BEGIN 
endProeess: PrincOps.ControlLink = root.returnlink; 
Caller: PRoe = LOOPHOLE[Frame.GetReturnLinkDl; 
root.returnlink +- [frame[Frame.MylocaIFrame[]]]; 
Frame.SetReturnFrame[PrincOps.NuIIFrame]; 
Caller[ ! KillThisTurkey = > CONTINUE]; 

. F rame.SetRetu rnLink[ end Process]; 
END; 

--Interrupts (e.g. CTRL-SWA Tj 

wakeup: CONDITION; 
ticksPerWakeup: Process.Ticks = 1; 
priority: Process. Priority = 6; 

Checklnterrupt: ENTRY PRoe = --defaultCTRL-SWATwatcher 
BEGIN 
interruptState: Keys.DownUp +- up; 
pKeys: LONG POINTER TO Keys.KeyBits = LOOPHOLE[KeyboardFace.keyboard]; 
DO 

ENABLE ABORTED = > CONTINUE; 
WAIT wakeup; 
IF pKeys[Spare3] = down AND pKeys[Ctri] = down AND pKeys[LeftShift] up 

TH:':N 
BEGIN 
IF interruptState = up AND PSB.PDA.extemaIStateVector # NIL THEN { 

interruptState ...:. down; Runtime.lnterrupt[]} 
END 

ELSE interruptState ~ up 
ENDLOOP 

END; 
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Interrupt: PROC = -- implementation of Runtime. Interrupt 
BEGIN " 
state: RECORD [a, b: UNSPECIFIED, v: PrincOps.StateVector]; 
state.v +- STATE; 
state.v".dest +- Frame.MyLocaIFrameO; 
CoreSwap[breakpoint, @state.v] 
END; 

Initializelnterrupt: PUBLIC PROC = 
--Initialize the default CTRL-SWAT watcher. 
-- Must not be invoked until KeyboardFace has been initialized. 
BEGIN 
IF PilotSwitches.switches.i = down THEN 

BEGIN OPEN ProcesS; 
save: Priority = GetPriorityO; 
SetTimeout[@wakeup; ticksPerWakeup]; 
SetPriority[priority]; 
Detach[FORK Checklnterrupt]; 
SetPriority[save]; 
END; 

END; 

-- Miscellaneous Runtime, Runtimelnternal items 

CallDebugger: PROC [s: STRING] = 
-- Runtime.CallDebugger is KFCB[sCallDebuggerj 
BEGIN 
state: RECORD [a. b: UNSPECIFIED, v: PrincOps.StateVector]; 
~tate.v +- STATE; 
state.v.stk[O] +- s; 
state.v.stkptr +- 1; 
state.v.dest +- Frame.GetReturnLinkD; 
CoreSwap[explicitcall, @state.v] 
END; 

WorryCallDebugger: PROC RETURNS [PrincOps.FrameHandle] = 
BEGIN OPEN PrincOps; 
state: RECORD [a: UNSPECIFIED. v: StateVector]; 
xferTrapStatus: XferTrap.Status; 
state.v.instbyte ... 0; 
state.v.stkptr +- 1; 
state.v.stk[O] +- Frame.MyLocaIFrameO; 
state.v.dest +- Frame.GetReturnLinkD; 
Processlnternal.Disablelnterrupts[]; 
DO 

xferTrapStatus +- XferTrap.ReadXTSO; 
IF xferTrapStatus = on THEN XferTrap.WriteXTS[skip1]; 
Processlnternal.Enablelnterrupts[]; 
TRANSFER WITH state.v; 
Processlnternal.Disablelnterrupts[]; 
state.v +- STATE; 
state.v.dest +- state.v.stk[state.v.stkptr + 1]; 
Frame.SetReturnLink[state.v.dest]; 
state.v.source +- 0; 
swaplnfo.state +- @state.v; 
swaplnfo.reason +- worrycall; 
ToDebugger[@swaplnfo]; 
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ENDLOOP 
END; 
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CleanMapLog: PUBLIC PROC = 
BEGIN 
state: RECORD [a, b: UNSPECIFIED, v: PrincOps.StateVector]; 
state.v +- STATE; 
state.v.stkptr +- 0; 
state.v.dest +- Frame.GetReturnLinkD; 
CoreSwap[cleanmaplog, @state.v] 
END; 

-- Procedures that cause swap to debugger 

swaplnfo: CPSwapDefs.ExternaIStateVector; -- nub-debugger communication area 

parmstring: STRING = [40]; 

GetMDS: PROC RETURNS [Environment.PageNumber] = 
BEGIN RETURN[Boot.ReadMDS[]*Environment.maxPageslnMDS] END; 

COieSwap: PROC [why: CPSwapDefs.SwapReason, sp: PrincOps.SVPointer] = 
BEGIN 
DP: CPSwapDefs.DebugParameter; 
decode: PROC RETURNS [BOOLEAN] = -- decode the SwapReason 

BEGIN 
" f: PrincOps.GlobaIFrameHandle; 

Isv: PrincOps.StateVector; 
SELECT swaplnfo.reason FROM 

proceed, resume = > RETURN [TRUE]; 
call => 

BEGIN 
Isv +- LOOPHOLE[swaplnfo.parameter, CPSwapDefs.caIlDP].sv; 
Isv.source +- Frame.MyLocaIFrameO; 
TRANSFER WITH Isv; 
Isv +- $TATE; 
LOOPHOLE[swaplnfo.parameter. CPSwapDefs.caIlDP].sv +- Isv; 
why +- return 
END; 

start => 
BEGIN 
f +- LOOPHOLE[swaplnfo.parameter, CPSwapDefs.startDP].frame; 
IF -f.started THEN START LOOPHOLE[f, PROGRAM] ELSE RESTART f; 
why +- return 
END; 

quit = > SIGNAL Quit; 
ENDCASE = > RETURN[rnUE]; 

RETURN[FALSE] 
END; 

-- Body of CoreSwap 

--IF -DebuggerSwap.canSwap THEN SIGNAL CantSwap; 
swaplnfo.state +- sp; 
DP.string +- parmstring; 
swaplnfo.parameter +- @DP; 
-- versionident, debuggee, /spages, fill, mapLog set by Initialize 
--level, /oadstatepage set by MemorySVlap 
swaplnfo.mds +- GetMDSO; 
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DO 
swaplnfo.reason +- why; 
Processlnternal.DisablelnterruptsD; 
ToDebugger[@swaplnfo]; 
Processlnternal.Enablelnterrupts[]; 
BEGIN 
IF decoder 

I CAbort = > IF swaplnfo.level > 0 THEN {why ~ return; CONTINUE}; 
Quit = > GOTO abort] THEN EXIT 

° EXITS abort = > SIGNAL CAbort 
END 
ENDLOOP 

END; 

-- Serious swapper 

level: INTEGER ~ -1; 

ToDebugger: .PORT [POINTER TO CPSwapDefs.ExternaIStateVector]; -- formerly WBPort 
FromPilot: PORT RETURNS [POINTER TO CPSwapDefs.ExternaIStateVector]; 
-- formerly CSPort 

pulsesPerTwentySeconds: LONG CARDINAL; 

MemorySwap: PROC [pESV: POINTER TO CPSwapDefs.ExternaIStateVector] = 
BEGIN 
PKeys: PROC RETURNS [LONG POINTER TO Keys.KeyBits] = INLINE { 

RETURN [L 0 0 P H 0 LE[Keyboard Face.keyboard]]}; 
Swaplt: PROC = INLINE . 

BEGIN 
savewdc, saveptc: UNSPECIFIED; 
xferTrapStatus: XferTrap.Status = XferTrap.ReadXTSD; 
xferTrapHandler: UNSPECIFIED 0= SDDefs.SD[SDDefs.sXferTrap]; 
pESV.level +- level; . 
pESV.loadstatepage +- loadStatePage; -- possibly updated by loader 
pESV.mds +- Inline.HighHalf[LONG[LOOPHOLE[1, POINTER]]]; 
-- ("1" since 0 collides with NIL.) 
SDDefs.SD[SDDefs.sXferTrap] +- Frame.MyLocaIFrame[]; 
-- in case we are restarted in trap mode - ° 

XferTrap.WriteXTS[off]; 
-- Save process state not captured in PDA: 
-- Change pda = >psb in Externa/StateVector: 
pESV. pda +- LOa P H a LE[ProcessOperations.HandleTolndex[ 

ProcessOperations.ReadPSB[]]]; 
save pte +- ProcessOperations.ReadPTC[]; 
savewdc +- ProcessOperations.ReadWDC[]; . 
-- Ensure we will be visible after a Set Process context command in the debugger: 

. PSB.PDA[PSB.PDA.currentState].frame ~ [frame[Frame.MyLocaIFrameDl]; 
DeviceCleanup.Perform[turnOff]; -- turn al/ devices off 
IF PiiotSwitches.switches.h = down THEN 

BEGIN 
AddToStack: PROC [BOOLEAN] = MACHINE CODE BE<:3IN eND; 
GetTOS: PROC RETURNS [BOOLEAN] = MACHINE CODE BEGIN Mopcodes.zDUP; END; 
RemoveFromStaek: PRoe RETURNS [BOOLEAN] = MACHINE CODE BEGIN END; 
AddT oStac k[ TRUE]; 
ProcessorFace.SetMP[PilotMP.cHang]; 
WHilE GetTOS[] DO ENDLOOP; 
[] ~ RemoveFromStack[]; 
END 
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ELSE 
IF -DebuggerSwap.canSVIap OR PiiotSwitches.switches.r = down THEN 

BEG!N 
ProcessorFace.SetMP[PilottlliP.cCantSwap]; 
BootSwap.Teledebug[@DebuggerSwap.parameters.locDebugger]; 
END 
-- OutLoad onto swatee, then boot Debugger_ 

ELSE 
IF BootSwap.OutLoad[@ DebuggerSwap.parameters.locDebuggee, restore] 

outLoaded THEN 
BEGIN OPEN DebuggerSwap, parameters; 
-- The next line should be in BootSwap.lnLoad but blows up the compiler 
IF pMicrocodeCopy ... = NIL THEN DeviceCleanup.Perform[kill]; 
BootSwap.lnLoad[pMicrocodeCopy, pGermCopy, nGerm, @locDebugger] 
-- never returns 

END; 
-- Restore process state not captured in PDA: 
ProcessOperations.WriteWDC[savewde]; 
ProcessOperations.WritePTC[saveptc]; 
-- Change pda = >psb in Externa/StateVector: 
ProcessOperations.WritePSB[ 

ProcessOperations.lndexToHandle[LOOPHOLE[pESV.pqa]]]; 
DeviceCleanup.Perform[turnOn]; -- turn devices back on 
level +- pESV.level; 
XferTrap.WriteXTS[xferTrapStatus]; 
SDDefs.SD[SDDefs.sXferTrap] +- xferTrapHandler; 
ProcessorFace.SetMP[PilotMP.cClient]; -- announce our return 

END; 
DO 

pESV +- FromPilot[J; 
-- Set our return fink so Display Stack. will work: 
Frame.SetReturnLink[LOOPHOLE[FromPilot, PrincOps.Port].dest]; 
DO 

Swaplt[]; 
SELECT pESV.reason FROM 

kill = > ProcessorFace.BootButton[]; 
showscreen = > 

BEGIN 
pulsesThen: LONG Ct,RDINAL = ProcessorFaee.GetClockPulses[]; 
prevSpare3: Keys.DownUp +- PKeys[] [Spare3]; 
DO 

IF (ProcessorFace.GetClockPulsesD - pulsesThen) > 
pulsesPerTwentySeconds THEN EXIT; 

IF prevSpare3 = down THEN prevSpare3 ~ PKeysO[Spare3] 
ELSE 

IF PKeys[][Spare3] = down THEN { 
WHilE PKeys[][Spare3] = down DO --snoore-- ENDLOOP; EXIT} 

ELSE NULL -- both up 

ENDLOOP; 
END; 

ENDCASE = > EXIT; 
pESV.reason +- return; 
ENDlOOP 

ENDLOOP 
END; . 
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-- DeviceCleanup implementation 

linkage: PUBLIC DeviceCleanup.Linkage; 
InitializeDeviceClean~p: PROC = 

BEGIN 
reason: DeviceCleanup.Reason; 
pltem: POINTER TO Item; 
LOOPHOLE[AwaitPerform, PrincOps.Port].dest ~ Frame.GetReturnLink[]; 
linkage.Perform ~ LOOPHOLE[@AwaitPerform]; 
DO 

linkage.Await ~ LOOPHOLE[lnstall]; 
reason ~ AwaitPerform[]; 
ProcessorFace.SetMP[PilotMP.cCleanup]; 
Iinkage.Await ~ LOOP HOl;.E[Frame.MyLocaIFrame[]]; 
FOR pltem ~ pltemFirst, pltem.pltemNext WHILE pltern .... = NIL DO 

[] +- pltem.Procedure[reas·on] -- value should be pltem 

ENDLOOP 
ENDLOOP 

END; 

AwaitPerfcrm: PORT RETURNS [reason: DeviceCleanup.Reason]; 

Install: ENTRY PROC [pltem: POINTER TO Item] = 
BEGIN 
fCaller: PrincOps.FrameHandle = Frame.GetReturnFrame[]; -- cleanup procedure 
pltemt +- [pltemNext: pltemFirst, Procedure: LOOPHOLE[fCaller]]; 
pltemFirst +- pltem; 
Frame.SetReturnLink[fCaller.returnlink] 
END; 

Item: PUBLIC TYPE = RECORD [ 
pltemNext: POINTER TO Item, 
Procedure: PROC [DeviceCleanup.Reason] RETURNS [POINTER TO Item]]; 

pltemFi rst: POINTER TO Item ~ NIL; --list of waiting cleanup procedures 

--Initialization 

IhitializePilotNub: PUBLIC PROC [ 
pageLoadState: Environment.PageNumber, countLoadState: Environment.PageCount, 
pVMMapLog: LONG POINTER --TO VMMMapLog.Descriptor--] = 
BEGIN 
InitializeDeviceCleanup[]; 

loadStatePage +- pageLoadState; . 
-- swaplnfo.state set in caller of MemorySwap 
-- (e.g. CoreSwap, WorryBreaker. WorryCallDebugger) 
-- swaplnfo.reason set in caller of MemorySwap 
-- (e.g. COieSwap. WorryBreaker, WorryCallDebugger) 
-- swaplnfo.level set in MemorySwap 
-- swaplnfo.parameter set by debugger and obeyed by CoreSwap 
swaplnfo.versionident +- CPSwapDefs.VersionID; 
-- swaplnfo.loadstatepage set in MemorySwap 
swaplnfo.lspages ~ countLoadState; 
swaplnfo.mapLog +- pVMMapLog; 
swaplnfo.mds +- GetMDS[]; -- delete this when WorryBreak, etc. set the field 
swaplnfo.fill +- ALL[O]; 
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J -~ - - ------......., 

. PS8.PDA.externaIState Vector',+- CPSwapDefs.Swaplnf~.+- @swaplnfo; 
InitBreakBlocks[]; '-----~---
BEGIN OPEN SDDefs; 
pSD: PO!NTER TO ARRAY [0 .. 0) OF UNSPECIFIED = SD; 
pSD[sProcessBreakpoint] +- ProcessBreakpoint; 
pSD[sUncaughtSignal] ~ Catcher; 
pSD[slnterrupt] (- Interrupt; 
pSD[sCaIlDebugger] +- CaiiDebugger; 
pSD[sBreak] +- Break; 
pSD[sAlternateBreak] +- WorryBreaker[]; 
pSD[sWorryCaIlDebugger] +- WorryCaIlDebugger[]; 
pulsesPerTwentySeconds .. 

LONG [20] * 1 000000* 1 OO/ProcessorFace.microsecondsPerHund redPulses; 
LOOPHOLE[ToDebugger, PrincOps.Port].out .. @FromPilot; 
-- ·connect ToOebugger to FromPilot 
LOOPHOLE[FromPilot, PrincOps.Port].out +- @ToDebugger; 
-- connect FromPilot to ToDebugger 
pSD[sCoreSwap] +- @FromPilot; 
LOOPHOLE[FrcimPilot, PrincOps.Port].in (- MemorySwap; 
ToDebugger[NIL1; .-- allocate frame fo~ Me.morySwap 

END; 
END; 

END. 

(For earlier log entries see Pilot 4.0 archive version.) 
Apri/29. 1980 9:50 PM Forrest Iv10ve in Memory swap stuff from Traps 
May 3, 1980 2:29 PM Forrest Mesa 6.0 

10 

June 23, 1980 6:26 PM McJones Fix 'vVorryCallOebugger bug; O/SProcessorFace = )Pro 
HcessorFace; make TrueCondition INLlNE; allocate break blocks in global frame 
July 28, 1980 6:46 PM McJones New KeybqardFace. Keys 
July 31. 1980 7:21 PM Forrest Implement Hang switch 
August 28. 1980 2:59 PM McJones Merge InterruptKer with PilotNub; timeout userscreen 
Hafter twenty seconds; SetMP[cCleanupj 
August 27. 1980 4:00 PM A1cJones New PSB, PrccessOperations, XferTrap 
October 3, 1980 1:30 PM Forrest Reverse sense of i switch; add code to dally during use 
Hrscreen as long as swat held down; Jim Bandman fixed conditional Break logic 
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-- Processes.mesa (last edited by: Johnsson on: October 10. 1980 6:31 PM) 

DIRECTORY 
Environment USING [Long, PageCount, PageNumber, wordsPerPage], 
Frame USING [Free, GetReturnFrame, MyLocalFrame, SetReturnFrame], 
Inline USING [BITAND, BITNOT, BITOR, BITSHIFT, LowHalf], 
PrincOps USING [Frame, FrameHandle, NullFrame, StateVector, TrapLink], 
Process USING [Milliseconds, Priority, Ticks], 
Processlnternal USING [Disablelnterrupts, Enablelnterrupts], 
ProcessOperations USING [ 

Broadcast, EnableAndRequeue, Enter, Exit, HandleTolndex, IndexToHandle, 
Notify, ReadPSB, ReadPTC, ReEnter, Wait, WritePSB, WriteWDC], 

ProcessorFace USING [millisecondsPerTick, reservedNakedNotifyMask], 
PSB USING [ . 

Condition, Empty, MonitorLock, PDA, PDABase. ProcessDataArea, Handle. Index. 
PSB, Queue. StartPsb, UnlockedEmpty]. 

RuntimePrograms USING 0, 
SODefs USING [SO. sFork. sJoin. sProcessTrap]; 

Processes: MONITOR [ 
pagePDA: Environment.PageNumber. countPDA: Environment.PageCount]LOCKS 
process Lock 
IMPORTS Frame, Inline. Processlnternal. ProcessorFace. ProcessOperations 
EXPORTS Process, Processlnternal, RuntimePrograms = 
BEGIN OPEN Process, Processlnternal, ProcessOperations,' PSB; 

DyingFrameHandle: TYPE = POINTER TO dying PrincOps.Frame; 
LongConditionPtr: TYPE = LONG POINTER TO Condition; 
lo.ngCONDITIONPtr: TYPE = LONG POINTER TO CONDITION; 

processLock: MONITORLOCK; 
busyLevels: WORD; 
-- bit-mask of busy naked-notify levels (numbered right-to-Iett) 
dead, frameReady. frameTaken. rebirth: CONDITION; 
dead Frame: DyingFrameHandle ~ NIL; -- only for detached processes 
defaultPriority: Priority = 1; 
-- this should be in a Pilot definitions somewhere! 
pda: PDABase; 

InvalidProcess: PUBLIC ERROR [process: Index] = CODE; 
TooManyProcesses: PUBLIC ERROR = CODE; 

-- Non-ENTRY procedures 

DisableAborts: PUBLIC PROCEDURE [condition: LongCONDITIONPtr] = { 
LOOPHOLE[condition, LongConditionPtr].enableAborts ~ FALSE}; . 

DisableTimeout: PUBLIC PROCEDURE [condition: LongCONDITIONPtr] = { 
LOOPHOLE[condition, LongConditionPtr].timeout ~ O}; 

EnableAborts: PUBLIC PROCEDURE [condition: LongCONOITIONPtr] = { 
LOOPHOLE[condition, LongConditionPtr].enableAborts ~ TRUE}; 

GetCu rrent: PUBLIC PROCEDURE RETURNS [p: UNSPECIFIED] = { 
RETURN[HandleTolndex[ReadPSB[]]]}; 

GetPriority: PUBLIC PROCEDURE RETURNS [p: Priority] = { 
RETURN[pda[ReadPSBDl .link. priority ]}; 
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InitializeCondition: PUBLIC PROCEDURE [ 
condition: LongCONDITIONPtr, ticks: Ticks] = { 
LOOPHOLE[condition, LongConditionPtr]t ~ 

[tail: Empty, enableAborts: FALSE, wakeup: FALSE, timeout: MAX[1, ticks]]}; 

InitializeMonitor: PUBLIC PROCEDURE [monitor: LONG POINTER TO MONITORLOCK] = { 
LOOPHOLE[monitor, LONG POINTER TO MonitorLock]l' ~ Unlocked Empty; }; 

MsecToTicks: PUBLIC PROCEDURE [ms: Milliseconds] RETURNS [Ticks] = { 
RETURN[ 

(ms + ProcessorFace.millisecondsPerTick-
1)/ProcessorFace.miliisecondsPerTick]); 

ProcessTrap: .PROCEDURE RETURNS [BOOLEAN] = 
BEGIN 
abortee: PrincOps.FrameHandle; 
state: RECORD [a: UNSPECIFIED, v: PrincOps.StateVector]; 
Enter: PROCEDURE [a: UNSPECIFIED] RETURNS [BOOLEAN] = 

LOOPHOLE[ProcessOperations.Enter]; 
LongEnter: PROCEDURE [a. b: UNSPECIFIED] RETURNS [BOOLEAN] = LOOPHOLE[Enter]; 
state.v ~ STATE; 
IF state.v.stkptr = 4 THEN 

UNTIL LongEnter[state.v.stk[O], state.v.stk[1]] DO ENDLOOP 
ELSE UNTIL Enter[state.v.stk[OJ] DO ENDLOOP; 
abortee ~ Frame.GetReturnFrameO; 
abortee.pc ~ [abortee.pc + 1J; 
pda[ReadPS8[]].flags.abortPending ~ FALSE; 
ERROR ABDRTED; 
-- if ABORTED is made resumable RETURN[TRUEj 

END; 

SetPriority: PUBLIC PROCEDURE [p: Priority] = 
BEG!N 
'h: Handle; . 
Oisablelnterrupts[]; 
h ~ ReadPSBO; 
pda[h].Iink.priority ~ p; 
EnableAndRequeue[@pda.ready. @pda.ready. h] 
END; . 

SecondsToTicks: PUBLIC PROCEDURE [sec: CARDINAL] RETURNS [Ticks] = 
BEGIN 
MaxTicks: Ticks = LAST[Ticks]; 
ticks: Environment.Long = 

[Ic[ 
{LONG[sec]*LONG[1000] + ProcessorFace.millisecondsPerTick-

1} IProcessorF ace .mi ilisecondsPerTick]]; 
RETURN[IF ticks.highbits # 0 THEN MaxTicks EL~E ticks.lowbits] 
END; 

.-- A timeout of zero ticks is reserved for "timeout disabled". 

SetTimeout: PUBLIC PROCEDURE [condition: LongCONOITIONPtr, ticks: Ticks] = { 
LOOPHOLE[condition, LongConditionPtr}.timeout ~ MAX[1. ticks]; }; 

TicksToMsec: PUBLIC PROCEDURE [ticks: Ticks] RETURNS [Milliseconds] = { 
RETURN[ticks*ProcessorFace.millisecondsPerTick]}; 
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ValidateProcess: PUBLIC PROCEDURE [p: Index] = {O +- CheckProcess[p]}; 

. CheckProcess: PROCEDURE [p: Index] RETURNS [h: Handle] = 
BEGIN 
h +- IndexToHandle[p]; 
IF p < StartPsb OR p ) pda.count + StartPsb OR pda[h].flags.state = frameTaken 

OR pda[h].flags.state = dead THEN ERROR InvalidProcess[p] 
END; 

Yield: PUBLIC PROCEDURE = 
BEGIN 
Disablelnterrupts[]; 
EnableAndRequeue[@pda.ready, @pda.ready, ReadPSBO] 
END; 

-- ENTRY Procedures 

Abo rt: PUBLIC ENTRY PROCEDURE [process: UNSPECIFIED] = 
BEGIN ' 
h: Handle +- CheckProcess[process ! UNWIND = > NULL]; 
Processlnternal.Disablelnterrupts[]; 
pda[h].flags.abortPendlng +- TRUE; 
IF pda[h].flags.state = alive AND "'pda[h].link.enterFailed THEN { 

waiting: BOOLEAN +- FALSE; 
IF pda[h].timeout # 0 THEN waiting +- TRUE 
ELSE { 

p, tail: Index +- pda.ready.tail; 
DO 

IF P = HandleTolndex[h] THEN EXIT; 
IF (p +- pda.block[p].link.next) = tail THEN {waiting +- TRUE; EXIT}; 
ENDLOOP}; 

IF waiting THEN pda[h].timeout +- MAX[CARDINAL[ReadPTCO + 1], 1]}; 
Processlnternal.Enablelnterrupts[]; 
END; 

Fork: PROCEDURE [root: UNSPECIFIED] RETURNS [Index] = 
BEGiN 
sv: PrincOps.StateVector; 
self: PrincOps.FrameHandle; 
Fo rke r: PROCEDURE [Index]; 
newPSB: Index; 
sv +- STATE; 
WHILE -Enter[@processLock] DO NULL ENDLOOP; 
self +- Frame.MyLocaIFrame[]; 
Forker +- LOOPHOLE[seif.returnllnk]; 
IF LOOPHOLE[rebirth, Condition].tail := Empty THEN { 

Exit'[@processLock]; ERROR TooManyProcesses; }; 
newPSB +- pda.biock[LOOPHOLE[rebirth, Condition].tail].link.next; 
pda.block[newPSB] +- PSB[ 

link: 
[enterFailed: FALSE, priority: pda[ReadPSBO].link.priority, 

next: pda.block[newPSB].link.next, stateVector: FALSE], 
flags: [state: dead, cleanup: Empty, detached: FALSE, abortPending: FALSE], 
state: self, timeout: 0]; 

Notify[@rebirth]; -- wake up newPSB, and set alive; DEPENDS 
pda.block[newPSB].flags.state +- alive; 
-- on new process not preempting parent ... 
Frame.SetReturnFrame[PrincOps.NuIlFrame]; 
Forker[newPSB]; -- "returns" handle to site of FORK 
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-- Note that the lines above are executed by the forking process, while 
-- the lines be/ow are executed by the forked process. Note a/so that the 
-- monitor remains LOCKED during this fancy footwork ... ! 
sv.dest +- root; 
sv.scurce +- End; 
Exit[@processLock]; 
RETURN WITH SV 

END; 

Detach: PUBLIC ENTRY PROCEDURE [process: UNSPECIFIED] = 
BEGIN 
h: Handle = CheckProcess[process]; 
pda[h].flags.detached +- TRUE; 
BROADCAST frameTaken 
END; 

End: PROCEDURE = 
BEGIN 
sv: RECORD [a: UNSPECIFIED, vec: PrincOps.StateVector]; 
frame: DyingFrameHandle; 
h: Handle; 
sv.vec +- STATE; 
WHILE -Enter[@processLock] QO NULL ENDLGOP; 
frame +- LOOPHOLE[Frame.MyLocaIFrame[]]; 
frame.state +- alive; 
h +- ReadPSBO; 
pda[h].flags.state +- frameReady; 
pda[h].flags.abortPending +- FALSE; -- too late for Aborts: they no-op 
Broadcast[@frameReady]; 
UNTIL pda[h].flags.state = frameTaken OR pda[h].flags.detached DO 

Wait[ @processLock, @frameTaken, LO 0 P H 0 LE[frame Taken, Condition] .timeout]; 
WHILE -ReEnter[@processLock, @frameTaken] DO NULL ENDLOOP; 
ENDLOO?; 

IF deadFrame # NIL THEN {Frame.Free[deadFrame]; dead Frame +- NIL}; 
IF pda[h].flags.detached THEN dead Frame +- frame; 
--leave our frame for freeing 
frame.state +- dead; 
pda[h].flags.state +- dead; 
Broadcast[@dead]; 
Wait[@processLock, @rebirth, LOOPHOLE[rebirth, Condition].timeout]; 
WHILE -ReEnter[@processLock, @rebirth] DO NULL ENDLOOP; 
-- Ciyfng process exits here; JOINing process does be/ow. 
sv.vec.dest +- frame.returnlink; -- set to site of JOIN by Join 
sv.vec.source +- 0; 
Exit[@processLock]; 
RETURN WITH sv. vec 
END; 

Join: ENTRY PROCEDURE [process: UI"SPECIFIEO] RETURNS [PrincOps.FrameHandle] = 
BEGIN . 
h: Handle = CheckProcess[process]; 
frame: DyingFrameHandle; 
salf: PrincOps.FrameHand:e = Frame.MyLocalFrameO; 
WHi:"E pda[h].flags.state #" frameReady DO WAIT frameReady ENDLOOP; 
-- Guaranteed to be a dying.irame by the time we get here 
frame +- LOCPHOLE[pda[h].state]; 
pda[h].flags.state +- frameTaken; 
BROADCAST frameTaken; . 
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WHILE frame.state # dead DO WAIT dead ENDLOOP; 
frame.returnlink +- self.returnlink; -- site of JOIN 
RETURN [f rame] 
END; 

-- Naked notify stuff 

NakedNotifyLevel: TYPE [0 .. 16); 

AlloeateNakedCondition: PUBLIC PROC 
RETURNS rev: LONG POINTER TO CONDITION, mask: WORD] = 
BEGIN 
level: NakedNotifyLevel; 
FOR level IN NakedNotifyLevel DO 

mask ~ Inline.BITSHIFT[1 " LAsT[NakedNotifyLevel] - level]; 
IF Inline.8ITAND[mask, busxLevels] = 0 THEN 

BEGIN 
busyLevels +- Inline.BITOR[busyLevels, mask]; 
cv ~ LOOPHOLE[@pda.interrupt[level]]; 
RETURN 
END; 

ENDLOOP; 
ERROR -- no more levels available (What should this really do?) 

END; 

DealloeateNakedCondition: PUBLIC PROC [cv: LONG POINTER TO CONDITION] = 
BEGIN 
level: NakedNotifyLevel; 
FOR level IN NakedNotifyLevel DO 

mask: WORD +- Inline.BITSHIFT[1, LAsT[NakedNotifyLevel] - level]; 
IF cv = LOOPHOLE[@pda.interrupt[level], LONG POINTER TO CONDITION] THEN 

BEGIN 
busyLevels ~ Inline.BITAND[busyLevels, Inline.BITNOT[mask]]; 
pda.interrupt[level].taii +- Empty; 
RETURN 
END; 

ENDLOOP; 
ERROR -- handed bogus pointer (What should this really do?) 

'END; 

Pause: PUBLIC ENTRY PROC [ticks: Process.Ticks] = 
BEGIN c: CONDIT!ON; SetTimeout[@c, ticks]; WAIT c END; 

Initialize: PROCEDURE = 
BEGIN 
psb: Index; 
root: PrincOps.FrameHandle; 
Disable Timeout[@dead]; 
DisableTimeout[@frameReady]; 
DisableTimeout[@frameTaken]; 
Disable Timeout[@ rebirth]; 
SDDefs.SD[SDDefs.sProcessTrap] +- ProcessTrap; 
SDDefs.SD[SDDefs.sFork] +- Fork; 
SDDefs.SD[SDDefs.sJoin] +- Join; 

pda ~ PDA; 
pda.currentState +- Inline.LowHalf[@pda.states[defaultPriority]]; 
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pda.count ~ 
(countPDA*Environment.wordsPerPage - sIZE[ProcessDataArea]}/sIZE[PSB]; 

-- Fabricate PSB for self 
psb ~ StartPsb; 
pda.block[psb] +- PSB[ 

link: 
[enterFailed: FALSE, priority: defaultPriority, next: psb, 

stateVector: FALSE], 
flags: [state: alive, cleanup: Empty, detached: TRUE, abortPending: FALSE], 
state: Frame.MyLocaIFrameD, timeout: 0]; 

pda.r~ady +- Queue[tail: psb]; 
WritePSB[lndexToHandle[psbJ]; 

-- 'Complete the illusion that self has been detached 
FOR root ~ Frame.MyLocaIFrame[], LOOPHOLE[root.returnlink] DO 

IF root.returnlink = PrincOps.TrapLink THEN EXIT ENDLOOP; 
root.returnlink +: LOOPHOLE[End]; 

-- Set up free PSB pool ("rebirth" condition) 
THROUGH [1 .. pda.c'ount) DO .' 

psb +- psb + 1; 
pda.block[psb] +- PSB[ 

link: . 
[enterFailed: FALSE, priority: defaultPriority, next: psb - 1, 

stateVector: FALSE], 
flags: 
[state: dead, cleanup: Empty, detached: FALSE, abortPending: FALSE], 
state: PrincOps.NuIlFrame, timeout: 0]; 

ENDLOOP; 
pda.block[StartPsb + 1].Iink.next +- psb; 
LOOPHOLE[rebirth, Condition].tail ~ psb; 

--Initialize naked-notify allocator 
busyLevels +- ProcessorFace.reservedNakedNotifyMask; 

-- Start interrupts 
ProcessOperations.WriteWDC[O]; 
END; 

InitializeD; 

END. 

(For earlier fog entries see Pilot 4.0 archive version.) 

6 

April 29, 1980 5:53 PM Forrest Drop PSB's crossing pages on floor; move Initialize Tim 
""eout machinery to ProcessorHead 
May 3; 1980 10:46 AM Forrest Mesa 6.0 Conversion 
May 14, 1980 6:19 PM McJones Use OISProcessorFace.resen'edNakedNotifyMask; star 
.. *t interrupts at end of initialization (as before) 
June 23, 1980 5:34 PM McJones OiSProcessorFace = )ProcessorFace 
August 5, 1980 5:54 PM Sandman New PSB format 
September 29, 1980 10:30 AM Johnsson New ProcessTrap 
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-- MesaRuntime)Signals.Mesa (last edited by: Forrest on: May 3, 1980 11:08 AM) 

DIRECTORY 
Environment: FROM "Environment" USING [Byte], 
Frame: FROM "Frame" USING [ 

Alloe, Free, GetReturnFrame, GetReturnLink, MyGlobalFrame, MyLocalFrame. 
SetReturnLink] • 

Mopccdes: FROM "Mopcodes" USING [ 
zCATCH, zJ2, zJ9, zJB, zJW. zKFCB. zPORTI. zSLB], 

PrincOps: FROM "PrincOps" USING [ 
ControlLink, Frame, FrameHandle, localbase, NullFrame, StateVeetor, BytePC], 

Runtimelnternal: FROM "Runtimelnternal" USING [Codebase]. 
RuntimePrograms: FROM "RuntimePrograms". 
SDDefs: FROM "sddefs" USING [ 

SO, sError, sErrorList, sReturnError. sReturnErrorList. sSignal. sSignalList, 
sUncaughtSignal, sUnnamedError]; 

Signals: PROGRAM 
IMPORTS Frame, Runtimelnternal EXPORTS Runtimelnternal, RuntimePrograms 

BEGIN 

BYTE: TYPE Environment.Byte; 

Catch Pointer: TYPE = POINTER TO catch PrincOps.Frame; . 
Catch Call: TYPE = PROCEDURE [S!GNAL] RETURNS [ActionCode]; 
CatehContinue: TYPE = PROCEDURE; 

ActionCode: TYPE = INTEGER; 
reject: ActionCode = 0; 
resume: ActionCode = 1; 
exit: ActionCode = -1; 

SendMsgSignal: PUBLIC SIGNAL RETURNS [UNSPECIFIED, UNSPECIFIED] = CODE; 

signalling: CARDINAL = 177777B; 
notSignalling: CARDINAL = 0; 

MarkSignalFrame: PROCEDURE [value: CARDINAL] = MACHINE CODE 
BEGIN Mopcodes.zSLB, 3 --OFFSET[mark]-- END; 

SignalHandler: PROCEDURE [signal: SIGNAL. message: UNSPECIFIED] = 
BEGIN 

SignalFrame: TYPE POINTER TO FRAME[SignaIHandler]; 

frame, nextFrame: PrincOps.FrameHandle; 
target, nextTarget: PrincOps.FrameHandle; 
self: PrincOps.FrameHandle = Frame.MyLocaIFrameD; 
start: PrincOps.FrameHandle; 
catchFrame: CatchPointer; 
action: ActionCode; 
unwinding: BOOLEAN; 
catchPhrase: BOOLEAN; 
catchFSlndex: BYTE; 
catchPC, exitPC: PrincOps.BytePC; 
catchState: PrincOps.StateVector; 

MarkSignaIFrame[signalling]; 
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unwinding +- FALSE; 
start +- GetFrame[self.returnlink]; 
target +- PrineOps.NuIlFrame; 
DO 

nextFrame +- start; 
UNTIL nextFrame = target DO 

frame +- nextFrame; 
IF frame.accesslink = Frame.MyGlobalFrameD AND frame. mark THEN 

BEGIN OPEN thisSignaller: LOOPHOLE[frame, SignaIFrame]; 
IF unwinding THEN 

BEGIN 
IF signal = thisSignaller.signal THEN 

nextTarget +-
IF thisSignaller.unwinding THEN thisSignaller.nextTarget 
ELSE thisSignalier.nextFrame; 

IF thisSignaller.unwinding THEN 
BEGIN 
IF thisSignaller.frame = LOOPHOLE[frame.returnlink] THEN 

frame.returnlink +- [frame[thisSignaller.nextFrame]]; 
Frame.Free[thisSignaller.frame]; 
END; 

nextFrame +- GetFrame[frame.returnlink]; 
END 

ELSE 
nextFrame +-

END 

IF signal # thisSignaller.signal THEN 
IF thisSignaller.unwinding THEN thisSignalier.nextFrame 
ELSE GetFrame[frame.returnlink] 
ELSE 

IF thisSignaller.unwinding THEN thisSignaller.nextTarget 
ELSE thisSignalier.nextFrame; 

ELSE next Frame +- GetFrame[frame.returnlink]; 
IF unwinding Arm nextTarget = frame THEN nextTarget +- nextFrame; 
[catchPhrase, catchFSlndex, catchPC] +- CheckCatch[frame]; 
IF catchphrase THEN 

BEGIN 
catchFrame +- Frame.Alloc[catchFSlndex]; 
catchFramet +- PrincOps.Frame[ 

accesslink: frame.accesslink, pc: catchPC, returnlink: [frame[self]], 
extensions:· catch[ 
unused:, staticlink: frame + PrincOps.localbase, 
messageval: message]]; 

action +- LOOPHOLE[catchFrame, CatchCall][ 
IF unwinding THEN LOOPHOLE[UNWIND] ELSE signal! 
SendMsgSignal =) RESUME [message, signal]]; 

catchState +- STATE; 
SELECT action FROM 

reject = > NULL; 
resume =) 

IF unwinding THEN ERROR ResumeError" 
ELSE 

BEGIN . 
. catch.State.dest +- Frame.GetReturnLinkD; 
catchState.sQurce +- 0; 
RETURN WITH catchState; 
END; 

exit => 
BEGIN 
-- .catchFrame is waiting to execute its exit jump 
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exitPC ~ catchFrame.pc; 
Frame.Free[catchFrame]; 
target ~ LOOPHOLE[catchState.stk[O] - PrincOps,localbase]; 
nextTarget f- nextFrame; 
unwinding ~ TRUE; 
message f- NIL; 
GO TO StartUnwind; 
END; 

ENDCASE; 
END; 

IF. unwinding THEN 
BEGIN 
IF frame = start THEN start ~ nextFrame; 
IF frame = LOOPHOLE[self.returnlink] THEN 

self.returnlink ~ [frame[nextFrame]]; 
Frame.Free[frame]; 
END; 

REPEAT StartUnwind = > NULL; FINISHED = > EXIT 
ENDLOOP; , 

ENDLOOP; 
IF unwinding THEN target.pc f- exitPC 
ELSE UncaughtSignal[message, signal, frame]; 
-- formerly Punted if no uncaught signal catcher 
RETURN 
END; 

CheckCatch: PROCEDURE [frame: PrincOps.FrameHandle] 
RETURNS [catchPhrase: BOOLEAN, fslndex.: BYTE, pc: PrincOps.BytePC] = 
BEGIN OPEN Mopcodes; 
code: LONG POINTER TO PACKED ARRAY [0 .. 0) OF BYTE; 
MarkSignaIFrame[notSignalling]; 
code ~ RuntimelnternaI.Codebase[LOOPHOLE[frame.accesslink, PROGRAM]1; 
pc f- [frame.pc1; . 
DO 

SELECT code[pc1 FROM 
zCA TCH = > BEGIN catchPhrase f- TRUE; EXIT END; 
zPORTI = > pc f- [pc + 1]; 
ENDCASE = > BEGIN catchPhrase +- FALSE; EXIT END 

ENDLOOP; 
IF catchPhrase THEN 

BEGIN -- code[pc] points at zCatch 
fslndex f- code[pc + 1]; 
SELECT code[pc ~ [pc + 2]] FROM 

zJ8 => pc ~ [pc + 21; 
IN [zJ2 .. zJ9] = > pc ~ [pc + 1]; 
zJW => pc +- [pc + 3]; 
ENDCASE 

END; 
RETURN 
END; 

GetFrame: PROCEDURE [link: PrincOps.ControILink] 
RETURNS [PrincOps.FrameHandle] = 
BEGIN 
-- MarkSign~/Frame[notSignallingJ; 
DO 

IF -Iink.proc THEN 
IF Iink.indirect THEN link +- link.link't 
ELSE --frame Iink--RETuRN[link.frame] 
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ELSE RETURN[PrincOps.NuIlFrame]; 
ENDLOOP; 

END; 

Signal: PROCEDURE [signal: SIGNAL, message: UNSPECIFIED] = SignalHandler; 

Signal List: PROCEDURE [signal: SIGNAL, message: POINTER TO UNSPECIFIED] = 
BEGIN 
MarkSignaIFrame[notSignalling1; 
SignaIHandler[signal, message! UNWIND = > Frame.Free[message]]; 
Frame.Free[message] ; 
RETURN 
END; 

ResumeError: PUBLIC SIGNAL =' CODE; 

Error: PROCEDURE [signal: SIGNAL, message: UNSPECIFIED] = 
BEGIN 
MarkSignaIFrame[notSignalling); 
SignalHandler[signal, message]; 
ERROR ResumeError 
END; 

ErrorList: PROCEDURE [signal: SIGNAL, message: POINTER TO UN$PEClrIED] = 
BEGIN , 
MarkSi gnal Frame [notSig nailing]; 
SignaIHandler[signal, message! UNWIND = > Frame.Free[message]]; 
Frame.Free[message]; 
ERROR ResumeError 
END; 

ReturnError: PROCEDURE [signal: SIGNAL, message: UNSPECIFIED] = 
BEGIN 
caller: PrincOps.FrameHandle = Frame.GetReturnFrame[]; 
Frame.SetReturnLink[caller.returnlink]; 
MarkSignaIFrame[notSignalling]; 
SignalHandler[signal, message! UNWIND => Frame.Free[caller]J; 
Frame.Free[caller]; 
ERMOR ResumeError 
EN.o; 

Retu rnErrorList: PROCEDURE [signal: SIGNAL, message: POINTER TO UNSPECIFIED] = 
BEGIN 
caller: PrincOps.FrameHandle = Frame.GetReturnFrame[]; 
Frame.SetReturnLink[caller.returnlink]; 
MarkSignaIFrame[notSignalling]; 
SignalHand ler[ 

- signa!, message! UNWIND => {Frame.Free[caller]; Frame.Free[message]; }]; 
Frame. Free[caller]; 
Frame.Free[message]; 
ERROR ResumeError 
END; 

UnnamedErro r: PROCEDURE-= 
BEGIN 
MarkSigna:lFrame[notSignalling]; . 
SignaIHandler[LOOPHOLE[-1], -1]; 
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ERROR ResumeError 
END; 

UncaughtSignal: PROCEDURE [ 

msg, signal: UNSPECIFIED, frame: PrincOps.FrameHandle] = MACHINE CODE 

BEGIN Mopcodes.zKFCB, SDDefs.sUncaughtSignal END; 

Initialize: PROCEDURE = 
BEGIN OPEN SDDefs; 
pSD: POINTER TO ARRAY [0 .. 0) OF UNSPECIFIED +- SD; 
pSD[sSignaIList] +- SignalList; 
pSD[sSignal] i- Signal; 
pSD[sErrorList] i- ErrorList; 
pSD[sError] +- Error; 
pSD[sReturnErrorList] +- Ret~rnErrorList; 
pSD[sReturnError] i- ReturnError; 
pSD[sUnnamedError] f<'" Unnamed Error; 
END; 

Initialize[]; 

END. 

LOG 

5 

Time: August 7, 1978 8:57 AM By: Sandman Action: Got Codebase from Runtimelnternal 
*-instead of CodebaseOefs 
Time: August 30, 1978 2:06 PM By: Sandman Action: Removed TrapOefs and PuntMesa 
Time: March 13, 1979 3:15 PM By: McJones Action: Mesa 5 
Time: April 4, 1979 11:02 AM By: McJones Action: Added (conditionaJ) BytePC logic 
Time: September 21, 1979 2:37 PM By: McJones Action: Removed (conditional) By 
'" '"tepe logic 
Time: May 3, 1980 11:07 AM By: Forrest Action: Mesa 6.0 Conversion 
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-- Snapshotlmpl.mesa (last edited by: McJones on: September 18, 1980 9:45 AM) 

DIRECTORY 
Boot USlNG [Location, LVBootFiles, PVBootFiles], 
BootFile USING [currentVersion, Header, MemorySizeToFileSize], 
BootSwap USING [lnLoad, OutLoad], 
Device USING [Type], 
DeviceCleanup USING [Perform], 
Environment USING [PageCount, wordsPerPage], 
File USING [Capability, GetAttributes, PageNumber, Type, Unknown], 
FileTypes USING [tUntypedFile] , 
KernelFile USING [GetBootLocation], 
PhysicalVolume USING [ 

GetAttributes, GetContainingPhysicalVolume, 10, InterpretHandle], 
PilotMP USING [cClient], . 
Processlnternal USING [Disablelnterrupts, Enablelnterrupts], 
ProcessOperations USING [ 

ReadPSB, ReadPTC, ReadWDC, WritePSB, WritePTC, WriteWDC], 
ProcessorFace USING [BootButton, SetMP], 
PSB USING [Handie], 
RuntimePrograms USING 0, 
Snapshot USING 0, 
Space USING [ 

Create, Handle, LongPointer, Map, nullHandle, Unmap, virtualMemory], 
Special File USING [Invalid Parameters, Link, MakeBootable, MakeUnbootable], 
SpecialVolume USING [ 

GetLogicalVolumeBootFiles, GetPhysicalVolumeBootFiles, 
SetLogicalVolumeBootFiles, SetPhysicalVolumeBootFiles], 

StoragePrograms USING [RecoverMStore], 
TemporaryBooting USING [Switches], 
TemporarySetGMT USING [SetGMT], 
Volume USING [10]; 

Snapshotlmpl: MONITOR -- just to protect space used by MakeBootable 

IMPORTS 
Boot, BootFile, BootSwap, DeviceCleanup, File, KernelFile, Phys!calVolume, 
Processlnternal, ProcessOperations, ProcessorFace, Space, Special File, 
SpecialVolume, StoragePrograms, TemporarySetGMT 

EXPORTS RuntimePrograms, Snapshot, TemporaryBooting 
SHARES File = 
BEGIN 

Switches: TYPE TemporaryBooting .Switches; 

-- RuntimePrograms 

InitializeSnapshot: PUBLIC PROCEDURE = BEGIN END; -- start module 

-- Snapshot 

OutLoad: PUBLIC PROCEDURE [file: File.Capability, firstPage: File.PageNumber] 
RETURNS [inLoaded: BOOLEAN] = 
BEGIN 
location: disk Boot.Location; 
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psb: PSB.Handle; 
ptc: CARDINAL; 

wdc: CARDiNAL; 
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10cation.diskFilelD ~ [fID: file.fID, firstPage: firstPage, da:]; 
[deviceType: location.deviceType, deviceOrdinal: location.deviceOrdinal, 

link: LOOPHOLE[location.diskFileID.da, SpeciaIFile.Link]] ~ 
KerneIFile.GetBootLocation[file, firstPage]; 

-- Save process state not captured in PDA: 
ProcesslnternaI.Disablelnterrupts[]; -- make it hold still first 
psb ~ ProcessOperations.ReadPSB[]; 
ptc ~ ProcessOperations.ReadPTC[]; 
wdc ~ ProcessOperations.ReadWDCD; 
DeviceCleanup.Perform[turnOff]; -- fum al/ devices off 
inLoaded ~ BootSwap.OutLoad[@location, restore] ... = outLoaded; 
IF inLoaded THEN . 

BEGIN 
-- Restore process state not captured in FDA. 
ProcessOperations.WriteWDC[wdc]; 
ProcessOperations. WritePTC[ptc]; 
ProcessOperations.WritePSB[psb]; 
-- The following is a temporary substitute for a clock chip. 
-- We must do it with interrupts off or Communication will be using the Ethernet--
-- it we get an allocation trap, all is lost. 
TemporarySetGMT.SetGMT[] ; 
END; 

DeviceCleanup.Perform[turnOn]; -- turn devices back on 
ProcessorFace.SetMP[PilotMP.cClient]; -- announce our return 
Processl[lternal.Enablelnterrupts[]; 
END; 

InLoadFromBootLocation: PUBLIC PRO~EDURE [ 

p~,,1icrocode, pGerm: lONG POINTER, co:.mtGerm: Environment.PageCount, 
location: POINTER TO Boot.Location, sV/itches: Switches] = 
BEGIN 
·ProcesslnternaI.Disablelnterrupts[]; -- stop other processes 
-- Ensure ali real memory is mapped somewhere in virtual address space: 
StoragePrograms.RecoverMStoreD; 
DeviceCleanup.Periorm[turnOff}; -- turn all devices off 
-- Disconnect all devices (e.g. reiease funny memory): 
DeviceC!eanup.Periorm[dlsconnect]; . l 
-- The next line should be: in BootSwap.lnLoad but blows up the compiler 
IF pMicrocode ... = Nil THEN DeviceCleanup.Perform[kiil]; 
-- Copy switches to communication area (in germ's SO) (must do in BootSwap.lnLoad if pGer 

*"'m-= NIL) 
BootSwap.lnLoad [ 

pMicro::ode, pGerm, countGerm"'Environment.wordsPerPage, location, switches] 
-- Can't get here ... 

END; 

InLoad: PUBLIC PROCEDURE [ 

pMicrocode, pGerm: LONG POINTER, countGerm: Environment.PageCount, 
file: File.Capability, firstPage: File.PageNumber, switches: Switches] = 
BEGIN 
lOCation: disk Boot.Location; 
10cation:diskFilelD ~ [flO: file.fID, firstPage: firstPage, da: NULL]; 

[deviceType: 10cation.deviceType, deviceOrdinal: 10cation.deviceOrdinal, 
link: LOOPHOLE[location.diskFileID.da, SpeciaIFile.Link]] .... 

Snapshotlmpl.mesa. 1B-Sep-80 9:46:21 

2 

2 



Snapshotlmpl.mesa. 1S-Sep-80 9:46:21 

KerneIFile.GetBootLocation[file, firstPage]; 
InLoadFromBootLocation[pMicrocode, pGerm, countGerm, @Iocation, switches] 
-- Can't get here ... 

END; 

-- TemporaryBooting 

tBootFile: PUBLIC File.Type ~ FileTypes.tUntypedFile; -- delete this soon ... 

MakeBootable: PUBLIC PROCEDURE [ 
file: File.Capability, firstPage: File.PageNumber] = 
BEGIN 
count: Environment.PageCount = GetBootFileSize[@file, firstPage]; o ~ SpeciaIFile.MakeBootable[ 

file: file, firstPage: firstPage, count: count, lastLink: LOOPHOLE[LONG[O]] 
! SpecialFile.lnvalidParameters => ERROR InvalidParameters]; 

END;· . 

sh: Space. Handle ~ Space.nuIlHandle; 
-- this would be local if UtilityPilot could delete spaces 

GetBootFileSize: ENTRY PROCEDURE [ 
pFile: POINTER TO File.Capability, firstPage: File.PageNumber] 
RETURNS [count: Environment.PageCount] = 
BEGIN 
pHeader: LONG POINTER TO ·BootFile.Header; 
error: BOOLEAN ~ FALSE; . 
IF sh = Spa.ce.nuIlHandle THEN 

sh f- Space.Create[size: 1, parent: Space.virtuaIMemory]; 
pHeader ~ Space.LongPointer[sh]; 
BEGIN 
Space.Map[ 

sh, [pFilet, firstPage] ! 
File.Unknown = > BEGIN error f- TRUE; GO TO Unmapped END]; 

IF pi-ieader.version ..... = BootFile.currentVersion THEN error f- TRUE 
ELSE count ~ BootFile.MemorySizeToFileSize[pHeader.countData]; 
Space.Unmap[sh]; 
EXITS Unmapped = > NULL 
END; 
IF error THEN RETURN WITH ERROR Invalid Parameters; 
END; 

MakeUnbootable: PUBLIC PROCEDURE [ 
file: File.Ca.pability, firstPage: File.PageNumber] = 
BEGIN 
SpeciaIFile.MakeUnbootable[ 

me: file, firstPage: firstPage, count: GetBootFileSize[@file, firstPage] ! 
SpecialFile.lnvalidParameters = > ERROR InvalidParameters]; 

END; 

InstallVoiumeBootFile: PUBLIC ENTRY PROCEDURE [ 
file: File.Capability, firstPage: File.PageNumber] = 
BEGIN . 
bootFiles: Boot.LVBootFiles; 
volume: Volume.ID = File.GetAttributes[fiIe].volume; 
.link: SpecialFile.Link = KernelFile.GetBootLocation[file, firstPagel.link; 
SpeciaIVolume.GetLogicaIVolumeBootFiles[vo!ume, @bootFiles]; 
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bootFiles[pilot] ~ [file.fID, firstPage, LOOPHOLE[link]]; 
SpeciaIVolume.SetLogicaIVolumeBootFiles[volume, @bootFiles]; 
END; 

InstallPhysicalVolumeBootFile: PUBLIC ENTRY PROCEDURE [ 
file: File.Capability, firstPage: File.PageNumber] = 
BEGIN 
bootFiles: Boot.PVBootFiles; 
link: Special File. Link = KerneIFile.GetBootLocation[file, firstPage].Iink; 
pvlD: PhysicalVolume.ID = PhysicaIVolume.GetContainingPhysicaIVolume[ 

File.GetAttributes[file].volume]; 
SpeciaIVolume.GetPhysicaIVolumeBootFiles[pvID, @bootFiles]; 
bootFiles[pilot] ~ [file.fID, firstPage, LOOPHOLE[link]]; 
SpeciaIVolume.SetPhysicaIVolume8ootFiles[pvID, @bootFiles]; 
END; 

BootFromFile: PUBLIC PROCEDURE [ 
file: File.Capability, firstPage: File.PageNumber, switches: Switches] = 
BEGIN 
InLoad[ 

pMicrccode: NIL, pGerm: NIL, countGerm: 0, file: file, firstPage: firstPage, 
switches: switches] 

END; 

Booti=romVolume: PUBLIC PROCEDURE [volume: Volume.ID, switches: Switches] = 
BEGIN 
bootFiles: Boot.LVBootFiles; 
location: Boot.Location; 
SpeciaIVolume.GetLogicaIVolumeBootFiles[volume, @bootFiles]; 
location.diskFilelD ~ bootFiles[pilot]; 
[deviceType: location.deviceType, deviceOrdinal: location.devi:eOrdinal] ~ 

GetDevice[PhysicaIVolume.GetContainingPhysicaIVolume[volume]]; 
InLoadFromBootLocation[ 

pMicrocode: NIL, pGerm: NIL, countGerm: 0, location: @Iocation, 
switches: switches] 

END; 

Get Device: PROCEDURE [pvID: PhysicaIVolume.ID] 
RETURNS [deviceType: Device.Type, devicsOrdinal: CARDINAL] = 
BEGIN OPEN PhysicalVolume; 
[type: deviceType, index: deviceOrdinal] ~ InterpretHandle[ 

GetAttributes[pvID].instance]; 
END; 

-- This procedure should be changed to take a PhysicaIVolume.ID: 

BootFromPhysicalVolume: PUBLIC PROCEDURE [ 
volume: Volume.ID, switches: Switches] = 

. BEGIN 
pvlD: PhysicalVolume.ID = PhysicaIVolume.GetContainingPhysicaIVolume[volume]; 
bootFiles: BooLPVBootFiles; . 
location: Boot.Lccat:on; 
SpeciaIVo!ume.GetPhysicaIVolumeBootFiles[pvID, @bootFiles]; 
!ocaticn.diskFileID ~ bootFiles[pilot]; 
[deviceType: Iocation.deviceType, deviceOrdinal: location.deviceOrdinal] +-

GetDevice[pvID]; . 
InLoadFromBcotLocation[ 

pMicrocode: NIL,. pGerm: NIL, countGerm: 0, location: @Iocation, 
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switches: switches] 
END; . 

BootButton: PUBLIC PROCEDURE [switches: Switches] = 
BEGIN 
-- WHAT SHOULD WE DO WITH THE SWITCHES? 
ProcessorFace.BootButton[] -- nevar returns 

END; 

Invalid Parameters: PUBLIC ERROR = CODe; 

END. 

(For earlier log entries see Pilot 4.0 archive version.) 
April 14, 1980 11:04 AM' Knutsen MStore.Recover = >StoragePrograms.RecoverMStorej 
Hmodule now STARTed by InitiallzeSnapshot[J 
April 16, 1980 5:39 PM McJones ControlPrograms.JnitializeGMT = >TemporarySetGMT. 
**SetGMT 

Forrest FrameOps = >Frame 

5 

April 28, 1980 10:06 AM 
June 25, 1980 10:27 AM 
"cas in InLoad 

McJones O/SProcessorFace = >ProcessorFace; disconnect devi 

July 25, 1980 4:57 PM 
"'olume 
August 15,1980 9:53 AM 
September 9, 1980 2:04 PM 
Hvices back on 
September 9, 1980 2:10 PM 
September 17, 1980 3:14 PM 
*. m[Physical] Volume 

Luniewski Ops and defs moved to PhysicalVolume from SpecialV 

McJones tBootFile = >tUntypedFilej save Vldc in OutLoad 
McJones OutLoad shouldn't SetMP[cClient] until after turning de 

McJones OutLoad must save/restore state no longer part of PDA 
McJones Add InLoadFromBootLocation, and call it from BootFro 

Snapshotlmpl.mesa. 18-Sep-80 9:46:21 5 

... 



I 

I 

Traps.mesa. 3-0ct-80 14:00:35 

-- Traps.mesa (last edited by: Forrest on: October 3, 1980 2:00 PM) 

DIRECTORY 
Environment USING [Byte, wordsPerPage], 
Frame USING [Free, GetReturnFrame, GetReturnLink, MyLocalFrame, SetReturnFrame] , 
Inline USING [BITAND. BITOR], 
tv1opcodes USING [zDESCBS, zlDIV, zPORTl, zPORTO, zSFC] , 
ProcessorFace USING [SetMP], 
PilotMP USING [cEarlyTrap, Code], 
PrincOps USING [ 

AV, AVltem, ControlLink, ControlModule, FrameCodeBase, FrameHandle, FrameVec, 
GlobalFrameHandle. largeReturnSlot. MainBodylndex, NullControl, NullFrame, 
NullGlobalFrame. Port. PortH andie, PrefixHandle, SpecialReturnSlot, 
StateVector, SVPointer], 

PrincOpsRuntime USING [GetFrame, GFT], 
Processlnternal USING [Disablelnterrupts, Enablelnterrupts], 
ResidentMemory USING [AlloeateMDS, FreeMDS], 
Runtime USING [ValidateGlobaIFrame], 
Runtimelnternal USING [WorryCaIlDebugger], 
RuntimePrograms USING 0, 
SDDefs USING [ 

sAlloeTrap, sBoundsFault, sControlFault, SD, sDivideCheek, sError, 
sHardwareError, sPointerFault, sRestart, sSignal, sStackError, sStart, 
sSwapTrap. sUnbound, sWakeupError, sXferTrap, sZeroDivisor], 

Trap USING [ReadATP, ReadOTP], 
XferTrap USING [WriteXTS]; 

Traps: PROGRAM 
IMPORTS 

Frame, Inline, PrineOpsRuntime, Processlnternal, ProcessorFace, 
ResidentMemory, Trap, Runtime, Runtimelnternal. XferTiap 

EXPORTS Runtime. Runtimelnternal, RuntimePrograms 
BEGIN OPEN Prin?Ops; 

BoundsFault: PUBLIC SIGNAL = CODE; 
ControlFault: PUBLIC SIGNAL [source: FrameHandle] RETURNS [ControILink] = CODE; 
DivideCheck: PUBLIC SIGNAL = CODE; 
HardwareError: ERROR = CODE; 
LinkageFault: PUBLIC ERROR = CODE; 
PointerFault: PUBLIC SIGNAL = CODE; 
PortFault: PUBLIC ERROR = CODE; 
StartFault: PUBLIC SIGNAL [dest: PROGRAM] = CODE; 
StackError: PUBLIC ER!10R = CODE; 
UnboundProcedure: PUBLIC SIGNAL [dest: Control Link] RETURNS [ControILink] = 

CODE; 
WakeupError: ERROR = CODE; 
Zero Divisor: PUBLIC SIGNAL = CODE; 

CodeBytesPtr: TYPE LONG POINTER TO PACKED ARRAY [0 .. 0) OF Environment.Byte; 

-- Non-trap type procedures 
Code base, GetTableBase: PUBLIC PROC [frame: PROGRAM] RETURNS [I: LONG POINTER] = 

BEGIN OPEN c: lOOPHOlE[I, FrameCodeBase]; 
c .... LOOPHOLE[frame, GlobaIFrameHandle].code; 
C.out .... FALSE; 
END; 

-- assumes code is swapped in (out bit off) 
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BumpPC: PROCEDURE [f: FrameHandle, i: INTEGER] = INLINE {f.pc .... [f.pc + i]}; 

• GetCodeBytes: PROC [frame: FrameHandle] RETURNS [CodeBytesPtr] = INLINE { 
RETURN flO 0 P H 0 LE[frame.aecessli nk.eode.long base]]}; 

FrameSize: PUBLIC PROC [fsi: CARDINAL] RETURNS [CARDINAL] = { 
RETURN[FrameVee[fsi])}; 

MainBody: PRoe [GlobaIFrameHandle] RETURNS [Control Link] = MACHINE CODE 
BEGIN Mopcodes.zDESCBS, PrincOps.MainBodylndex END; 

Restart: PUBLIC PROC [dest: GlobalFrameHandle] = 
BEGIN 
stops: BOOLEAN; 
frame: FrameHandle; 
IF dest = NullGlobalFrame THEN ERROR StartFault[LOOPHOlE[dest. PROGRAM]]; 
IF -dest.started THEN Start[[frame[dest]]]; 
stops .... LOOPHOLE[Codebase[LOOPHOLE[dest, PROGRAM]], LONG 

PrefixHandle].header.info.stops; 
IF -stops THEN ERROR StartFault[LOOPHOLE[dest, PROGRAM]]; 
IF (frame .... dest.global[O]) # NuliFrame THEN 

BEGIN 
frame.returnlink .... Frame.GetReturnLinkO; 
Frame.SetReturnFrame[frame] 
END 

END; 

Start: PUBLIC PROCEDURE [em: ControlModule] = 
BEGIN . 
CM: PROGRAM; 
FramesStarted: PROCEDURE RETURNS l500LEAN] = INLINE 

B:::GIN OPEN PrincOpsRuntime; 
dest: ControlLink = lOOPHOlE[Runtime.ValidateGlobaIFrame]; 
RETURN[GetFrame[GFT[dest.gfi]].started]; 
END; 

state: StateVector; 
state +- STATE; 
CM ~ LOOPHOLE[cm]; 
IF -cm.multiple THEN 

BEGIN OPEN f: cm.frame; 
IF @f = NullGlobalFrame OR f.started THEN ERROR StartFault[CM]; 
.- don't start trap module Frames early!! 
IF FramesStartedD THEN Runtime.ValidateGlobaIFrame[@f]; 
StartCM[f.global[O] , @f, @state]; 
IF -f.started THEN {f.started +- TRUE; StartWithState[@f, @state]; } 
ELSE IF state.stkptr # 0 THEN SIGNAL StartFault[CM]; 
END 

ELSE 
BEGIN 
StartCM[cm, NIL, NIL]; 
IF state.stkptr # 0 THEN SIGNAL StartFault[CM]; 
END; 

RETURN 
END; 

Sta rtCM: PROCEDURE [ 
em: CO'!tro!Module, frame: GlobalFrameHandle, state: SVPointer] = 
BEGIN 
Call: PROCEDURE [Control Link] = MACHINE CODE BEGIN Mopcodes.zSFC END; 
SELECT TRUE FROM 
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em = NullControl = > RETURN; 
cm.multiple => 

BEGIN 
length: CARDINAL; 
em.multiple +- FALSE; 
IF (length +- cm.list.nModules) = 0 THEN RETURN; 
cm.list.nModules +- 0; 
FOR i: CARDINAL IN [O . .Iength} DO 

StartCM[[frame[cm.listframes[i]]], frame, state]; ENDLOOP; 
Frame.Free[cm.list]; 
END; 

cm.frame.started = > RETURN; 
ENDCASE => 

BEGIN 
control: ControlModule +- cm.frame.global[O]; 
IF control # cm THEN StartCM[control, frame, state]; 
IF -cm.frame.started THEN 

BEGIN 
cmJrame.started +- TRUE; 
IF frame # cm.frame THEN Call[MainBody[cmJrame]] 
ELSE StartWithState[frame, state]; 
END; 

END; 
RETURN 
END; 

StartWithState: PROC [frame: GlobalFrameHandle, state: SVPointer] = 
BEGIN . 
s: StateVector +- 5tatet; . 
ret Frame: FrameHandle +- Frame.GetReturnLinkO.frame; 
s.dest +- MainBody[frame]; 
s.source +- retFrame.returnlink; 
Frame.Free[retFrame]; " 
RETURN WITH s; 
END; 

-- Frame Trap and Allocation 

FrameSegment: TYPE = POINTER TO FrameSegmentHeader; 
FrameSegmentHeader: TYPE = MACHINE DEPENDENT RECORD [ 

link: FrameSegment, pages: CARDiNAL, size, fsi: CARDINAL]; 

frameListHead: FrameSegment +- NIL; 
-- maintain a list of all new "permanent" frame segments 
LargeFrameSlot: CARDINAL = 12; 
PageSize: CARDINAL = Environment.wordsPerPage; 
ExtraSpaceSize: CARDINAL = PageSize; " 
ExtraSpace: ARRAY [O .. ExtraSpaceSize) OF WORD; 
InitNewSpace: POINTER = LOOPHOLE[lnline.BITOR[SAsE[ExtraSpace], 3]]; 
InitWordsLeft: CARDiNAL = SAsE[ExtraSpace] + ExtraSpaceSize - l!1itNewSpace; 

AllocTra"p: PROC [otherframe: FrameHandle] RETURNS [mytrame: FrameHandle] = 
BEGIN 
ATFrame: TYPE = POINTER TO FRAME[AllocTrap]; 
state: StateVector; 
nevnrame: FrameHandle; 
fsize, findex: CARDINAL; 
p: POINTER; 
newspace: FrameSegment; 
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NewSpacePtr: POINTER; 
NULLPtr: FrameHandle = LOOPHOLE[O]; 
WordsLeft: CARDINAL +- 0; 
recurring: BOCLEAN +- otherframe = NULLPtr; 

myframe +- Frame.MyLocaIFrameO; 
state.dest +- myframe.returnlink; 
state.source +- 0; 
state.instbyte +- 0; 
state.stk[O] +- l11yframe; 
state.stkptr +- 1; 

ProcesslnternaI.Disablelnterrupts[]; -- so that undo below works 

DO 

IF -recurring THEN 
BEGIN 
LOOPHOLE[otherframe, ATFrame].NewSpacePtr .... InitNewSpace; 
LOOPHOLE[otherframe, ATFrame].WordsLeft +- InitWordsLeft; 
AV[SpeciaIReturnSlot] .... [data[O, empty]] 
END; 

ProcesslnternaI.Enablelnterrupts[]; -- guarantees one more instruction 
TRANSFER WITH state; 
Processlnternal.Disablelnterrupts[]; 

state +- STATE; 
findex +- LOOPHOLE[Trap.ReadATP[]]; 
SDDefs.SD[SDDefs.sAllocTrap] +- otherframe; 
IF .... recurring THEN FlushLargeFramesD 
ELSE 

IF (p +- AV[SpeciaIReturnSlot].link) # LOOPHOLE[AVltem[data[O, empty]]] 
THEN 
BEGIN 
WordsLeft +- WordsLeft + (NewSpacePtr - p + 1); 
NewSpacePtr i- p - 1; 
AV[SpeciaIReturnSlot] +- [data[O, empty]] 
END; 

IF findex < LargeFrameSlot THEN 
. BEGIN" 

fsize +- FrameVec[findex] + 1; -- includes overhead word 
THROUGH [0 .. 1] DO 

P +- NewSpacePtr + 1; 
IF fsize < = WordsLeft THEN 

BEGIN 
newframe +- p; 
(p - 1)t +- iF recurring THEN SpecialReturnSlot ELSE find ex; 
WordsLeft +- WordsLeft - fsize; 
Ne"v'JSpacePtr +- NewSpacePtr + fsize; 
EXIT 
END 

ELSE 
BEG!N 
FOR i: CARDINAL DECREASING IN [O . .findex) DO 

IF FrameVec[i] < WordsLeft THEN { 
(p - 1)1' +- i; p1' +- AV[i].Iink; AV[i].link +- p; EXIT} 

ENDLOOp· 
NewSpac~Ptr +- (newspace +- ResidentMemory.AllocateMDS[1]) + 3; 
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newspacet ~ [link: frameListHead, pages: 1, size:, fsi:j; 
frameListHead ~ newspace; 
WordsLeft ~ PageSize • 3 
END 

ENDLOOP 
END 

ELSE 
BEGIN 
pages: CARDINAL; 

fsize ~ FrameVec[findex]; 
newspace ~ ResidentMemory.AllocateMDS[ 

pages ~ {fsize + PageSize + 3)/PageSize]; 
newspacet ~ [link: NIL, pages: pages, size: fsize, fsi: LargeReturnSlot]; 
newframe ~ LOOPHOLE[newspace + 4] 
END; 

newframe.accesslink ~ LOOPHOLE[AV[findex].link]; 
AV[findex].frame ~. newframe; 
state.source ~ 0; -
state.dest ~ myfram~.returnlink; 
SDDefs.SD[SDDefs.sAllocTrap] ~ myframe 
ENDLOOP 

END; 

FlushLargeFrames: PUBLIC PROC = INLINE 

BEGIN 
ItemPointer: TYPE = POINTER TO AVltem; 
p: POINTER; 

frameSpace: FrameSegment; 
item: ItemPointer ~ @AV[LargeReturnSlot]; 
WHILE item.tag = frame DO . 

P ~ item.frame; 
item.frame ~ pt; 
frameSpace ~ p • 4; 
ResidentMemory.FreeMDS[frameSpace, frameSpace.pages] 
ENDLOOP 

END; 

-- Other traps 

BoundsFaultTrap: PROC = 
BEGIN 

. frame: PrincOps.FrameHandle; 
state: RECORD [a: UNSPECIFIED, v: StateVector]; 
state.v i- STATE; 

state.v.dest ~ frame ~ Frame.GetReturnFrameO; 
BumpPC[frame, 1]; 
state.v.stkptr ~ state.v.stkptr • 1; 
SIGNAL BaundsFault; '- pc is advanced on this trap 
RETURN WITH state. v 
END; 

CadeT rap: PROC = 
BEGIN OPEN PrincOpsRuntime; 
dest: ControlLink; 
state: StateVector; 
frame: GlobalFrameHandle; 
state i- STATE; 

dest ~ Trap.ReadOTPO; 
state.dest ~ Frame.GetReturnLinkD; 
DO 
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IF dest.proc THEN {frame ~ GetFrame[GFT[dest.gfi]]; EXIT} 

ELSE 
IF destindirect THEN dest ~ dest.link1' 
ELSE {frame ~ destframe.accesslink; EXIT}; •• frame 

ENDLOOP; 

IF -frame.started THEN Start[[frame[frame]]]; 
frame.code.out ~ FALSE; 

RETURN WITH state 
END; 

DivideCheckTrap: PROC = 
BEGIN' 
frame: PrincOps.FrameHandle; 
state: RECORD [a: UNSPECIFIED, v: StateVector]; 
state.v i- STATE; 

state.v.dest ~ frame ~ Frame.GetReturnFrameO; 
BumpPC[frame, 1]; 
state.v.stkptr i- state.v.stkptr . 2; 
SIGNAL DivideCheck; •• pc is advanced on this trap 
R~TURN WITH state.v 
END; 

HardwareErrorTrap: PROC = 
BeGIN 
state: RECORD [a, b: UNSPECIFIED, v: StateVector]; 
state.v i- STATE; 

ERROR HardwareError 
END; 

PainterFaultTrap: PROC = 
BEGIN 
frame: PrincOps.FrameHandle; 

. state: RECORD [a: UNSPECIFIED, v: StateVector]; 
state.v ~ STATE; 

state.v.dest i- frame i- Frame.GetReturnFrameO; 
BumpPC[frame, 1]; 
SIGNAL PointerFault; -- pc is advanced on this trap 
RETURN WITH sta.te.v 
END; 

StackErrorTrap: PROC = 
BEGIN 
state: RECORD [a: UNSPECIFIED, v: StateVector]; 
foo: BOOLEAN; 
state.v i- STATE; 

foo ~ TRUE; -- The garbage with foo is so all the code for t.1e next statement 
--looks like it is in this orvcedure . 
-- to the debugger (whfm it looks in the fine grain table) 
IF too THEN ERROR StackError 
END; 

OpcodeLengths: PACKED ARRAY [0 .. 255] OF [0 .. 3] = 
[1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1 r 1, 1, 1, 1, 1, 2, 2, 1, 1, 1, 1, 1, 1, 1, 1, 

2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1. 1, 1, 2, 2, 1, 1, 1, 1, 2, 1, 1, 1, 1, 1, 
1, 1, 1, 1, 2, 3, 2, 2, 2, 3, 0, 0, 0, 1, 1, 1, 1, 1, 2, 1, 1, 1, 2, 3, 3, 
2, 1, 2, 1, 2, 2, 2, 2, 2, 2, 2, 1, 1, 2, 3, 2, 3, 1, 1, 2. 2, 2, 2, 2, 2, 
2, 2, 2, 2, 2, 2, 2, 2, 3, 3, 1, 1, 1, 2, 2, 1, 1, 1, 2, 1" 1, 1, 1, 0, 0, 
0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 2, 3, 1, 1, 1, 1, 1, 1, 1, 1, 2, 1, 1, 1, 1, 
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1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 3, 3, 1,.1, 1, 1, 1, 1, 1, 1, 
1, 1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 1, 
1, 1, 1, 1, 1, 1, 1, 2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 
1, 1,' 2, 1, 1, 2, 2, 2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 1, 1, 1, 2, 2, 2, 
0, 2, 2, 1, 0]; 

UnboundProcedureTrap: PROC = 
BEGIN 
sourceOp: Environment.Byte; 
frame: PrincOps.FrameHandle; 
dest: ControlLink; 
state: StateVector; 
state ~ STATE; 

dest ~ Trap.ReadOTP[]; 
state.dest +- frame ~ Frame.GetReturnFrameD; 
BumpPC[frame, OpcodeLengths[sourceOp ~ GetCodeBytes[frame][frame.pc]]]; 
IF sourceOp = Mopcodes.zSFC OR sourceOp = Mopcodes.zPORTO THEN 

state.stkptr ~ state.stkptr - 1; o ~ SIGNAL UnboundProcedure[dest]; 
RETURN WITH state 
END; 

WakeupErrorTrap: PROC = 
BEGIN 
state: RECORD [a, b: UNSPECIFIED, v: StateVector]; 
state.v ~ STATE; 

ERROR WakeupError 
END; 

ZeroDivisorTrap: PROC = 
BEGIN 
frame: PrincOps.FrameHandle; 
state: RECORD [a: UNSPECIFIED, v: StateVector]; 
state.v +- STA1·E; 

state.v.dest ~ frame ~ Frame.GetReturnFrameO; 
state.v.stkptr ~ 

state.v.stkptr -
(IF GetCodeBytes[frame][frame.pc] = Mopcodes.zLDIV THEN 2 ELSE 1); 

BumpPC[frame, 1]; . 
SIGNAL Zero Divisor; -- pc is advanced on this trap 
RETURN WITH state.v 
END; 

-- Control Fault Trap 

C~nt rolFaultTrap: PAoe = 
BEGIN 
errorStart, saved State: StateVector; 
sourceOp: Environment.Byte; 
NullPort: PortHandle = LOOPHOLE[O]; 
PORTI: PROC = MACHINE CODE BEGIN Mopcodes.zPORTI END; 

p, q: PortHandle; 
sourceFrame, self: FrameHandle; 
source: ControlLink; 

savedState ~ STATE; 

self ~ Frame.MyLocaIFrame[]; 
sourceFrame ~ self .returnlink.frame; 
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source ~ Trap.ReadOTP[]; 
sourceOp ~ GetCodeBytes[sourceFrame][sourceFrame.pc]; 
BumpPC[sourceFrame, OpcodeLengths[sourceOp]]; 
IF sourceOp = Mopcodes.zPORTO THEN 

BEGIN 
savedState.stkptr ~ savedState.stkptr - 1; 
P ~ source. port; 
q +- p.dest.port; 
IF q = NuliPort THEN errorStart.stk[O] +- LinkageFault 
ELSE 

BEGIN 
qt ~ Port[links[NuIlFrame, [indirect[port[p]]]]]; 
errorStart.stk[O] ~ PortFau It 
END; 

errorStart.stk[1] +- 0; -- message 
errorStart.instbyte ~ 0; 
errorStart.stkptr i- 2; 
errorStart.source +- sourceFrame.returnlink; 
--lets UNWIND skip trapping frame 
errorStart.dest i- SDDefs.SD[SDDefs.sError]; . 
IF savedState.stkptr = 0 THEN RETURN WiTH errorStart -- RESPONDING port 

ELSE 
BEGIN 
pJrame +- self; 
TRANSFER WITH errorStart; 
PORTI[]; 
p.frame +- sourceFrame; 
savedState.stk[savedState.stkptr + 1] ~ savedState.source ~ p; 
savedState.stk[savedState.stkptr] ~ savedState.dest ~ p.dest; 
RETURN WITH saved State 
END 

END 
ELSE -- not a port call 

BEGIN 
Punt: PROC [c: PilotMP.Ccde] = INUNE 

BEGIN P(ocessorFace.SetMP[c]; DO ENDLOOP END; 

IF sourceOp = Mopcodes.zSFC THEN savedState.stkptr ~ savedState.stkptr - 1; 
IF SDDefs.SD[SDDefs.sSignal] = 0 THEN Punt[PilotMP.cEarlyTrap]; 
-- avoid loop 
savedState.dest .+- sourceFrame; o ~ SIGNAL ControIFault[sourceFrame]; 
RETURN WITH savedState -- to press on 

END 
END; 

-- XFER break tracing implementation 

continueTracing: BOOLEAN; 

Sta rtTrace: PUBLIC PROC [ 

lac: POINTER, val: UNSPECIFIED, mask: VJORD, equal: BOOLEAN] = 
BEGiN 
state: PrincOps:StateVector; 
Ivai: UNSPECIFIED; 

cor.tinueTracing ~ TRUE; 

state ~ STATE; 

state.dest ~. Frame.GetReturnLinkD; 
SDDefs.Sq[SDDefs.sXferTrap] ~ state.source ~ Frame.MyLocaIFrame[]; 
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Processlnternal.Disablelnterrupts[]; 
DO 

IvaI +- Inline.BITAND[loc't, mask]; 
IF (IF equal THEN val = IvaI ELSE val # Ivai) THEN 

Runtimelnternal.WorryCaIIDebugger["TraceTrap"L]; 
IF "'continueTracing THEN { 

SDDefs.SD[SDDefs.sXferTrap] +- 0; 
Processlnternal.Enablelnterrupts[]; 
RETURN WITH state} 

. ELSE { 

~ferTrap.WriteXTS[skip1]; 
Processlnternal.EnablelnterruptsD; 
TRANSFER WITH state}; 

Processlnternal.DisablelnterruptsD; 
state +- STATE; 
XferTrap.WriteXTS[off]; 
state.dest +- Frame.GetReturnLinkD; 
state.source +- 0; 
ENDLOOP' . 

END; 

StopTrace: PUBLIC PROC = {continueTracing +- FALSE}; 

Initialize: PROC = -- this code need only be initially resident 
BEGIN OPEN SDDefs; 
pSD: POINTER TO ARRAY [0 .. 0) OF UNSPECIFIED +- SO; 
pSO[sStackError] +- StackErrorTrap; 
pSD[sWakeupError] +- WakeupErrorTrap; 
pSO[sAllocTrap] +- AllocTrap[AliocTrap[NuIlFrame]]; 
pSD[sControIFault] +- ControlFaultTrap; 
pSO[sSwapTrap] +- CodeTrap; 
pSD[sUnbound] +- UnboundPrbcedureTrap; 
pSD[sZeroDivisor] +- ZeroOivisorTrap; 
pSD[sDivideCheck] +- DivideCheckTrap; 
pSD[sHardwareError] +- HardwareErrorTrap; 
pSD[sBoundsFault] +- BoundsFaultTrap; 
pSD[sPointerFault] +- PointerFaultTrap; 
pSD[sStart] +- Start; 
pSD[sRestart] +- Restart; 

END; 

-- Main body 

InitializeD; 
END. 

LOG 
(For earlier log entries see Amargosa archive version.) . 
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Time: April 10, 1980 5:16 PM By: Knutsen Action: Make compatible with changed Resi 
"dentMemory procedure names; set mds in MemorySwap . 
Time: April 29, 1980 9:38 PM By: Forrest Action: Move MemorySwap and callers to Tr 
"aps. MiscDeviceCleanups to O/SProcessorHeadDO. Rearrange and eliminate MONITOR 
Time: May 3, 1980 1:28 PM By: Forrest Action: Mesa 6.0 (non·Dandelion) conversio 
··n 
Time: June 23, 1980 5:46 PM By: McJones Action: O/SProcessorFace = >ProcessorFac 
··e; no longer disable interrupts when getting PrincOps trap parameters 

Time: September 2, 1980 1:56 PM By: Johnsson Action: New XferTrap semantics 
Time: September 29, 1980 9:30 AM By: Johnsson Action: a/l princops traps occur w 

Traps.mesa. 3-0ct-80 14:00:35 9 
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··ith state restored to beginning of instruction. 
Time: October 3, 1980 1:54 PM By: Forrest 
Ussor Head. 
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-- BcdOperations.mesa 
-- Last Modified by Sandman, July 17, 1980 11:55 AM 
-~ Copyright Xerox Corporation 1979, 1980 

DIRECTORY 
BcdOefs USING [ 

Base, CTlndex, CTNull, CTReeord, EVlndex, EVNull, EVReeord, EXPlndex, EXPNull, 
EXPReeord, FTlndex, FTNull, FTReeord, IMPlndex, IMPNull, IMPReeord, MTlndex, 
MTNull, MTReeord, Namee, NameReeord, NTlndex, NTNull, NTReeord, NullName, 
SGlndex, SGNull, SGReeord, SpaeelD, SPlndex, SPNull, SPRecord, VersionStamp], 

BedOps USING [ 
Bed Base, CTHandle, EVHandle, EXPHandle, FfHandle, IMPHandle, MTHandle, 
NTHandle, SGHandle, SPHandle]; 

.BedOperations: PROGRAM EXPORTS BedOps = PUBLIC 

BEGIN OPEN BedOps, BedOefs; 

P roeessCon'figs: PROCEDURE [ 
bed: BedBase, proe: PROCEDURE [CTHandle, CTlndex] RETURNS [BOOLEAN]] 
RETURNS [eth: CTHandle, cti: CTlndex] = 
BEGIN 
ctb: Base = LOOPHOLE[bed + bed.etOffset]; 
i: CARDINAL; 
eti <- FIRST[CTlndex]; 
FOR i IN [O .. bed.nConfigs) DO 

cth <- @etb[eti]; 
IF proe[eth, eti] THEN RETURN; 
eti <- eti + slzE[CTReeord] + cth.nControls; 
ENDLOOP; 

RETURN[NIL, CTNull]; 
END; 

ProcessExternals: PROCEDURE [ 
bed: BcdBase, proe: PROCEDURE [EVHandle, EVlndex] RETURNS [BOOLEAN]] 
RETURNS [evh: EVHandle, evi: EVlndex] = 
BEGIN 
evb: Base = LOOPHOLE[bed + bed.evOffset]; _. 
FOR evi <- FIRsT[EVlndex], evi + slzE[EVRecord] + evh.length UNTIL evi = 

bed.evLimit DO evh <- @evb[evi]; IF proc[evh, evil THEN RETURN; ENDLOOP; 
RETURN[NIL, EVNull]; 
END; 

ProcessExports: PROCEDURE [ 
bed: BcdBase, proc: PROCEDURE [EXPHandle, EXPlndex] RETURNS [BOOLEAN]] 
RETURNS [eth: EXPHandle, eti: EXPlndex] = 
BEGIN 
etb: Base = LOOPHOLE[bcd + bcd.expOffset]; 
i: CARDINAL; 
eti <- FIRST[EXPlndex]; 
FOR i Iw[O .. bcd.nExports) DO 

eth <- @etb[eti]; 
IF proc[eth, eti] THEN RETURN; 
eti <- eti + SlzE[EXPRecord] + eth.size; 
ENDLOOP' . 

RETURN[NI~, EXPNull]; 
END; 
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ProeessFiles: PROCEDURE [ 
bed: BcdBase, proC:PROCEDURE [FfHandle, FTlndex] RETURNS [BOOLEAN]] 
RETURNS [fth: FTHandle, fti: FTlndex] = 
BEGIN 
ftb: Base = LOOPHOLE[bcd + bed.ftOffset]; 
FOR fti <- FIRST[FTlndex], fti + slzE[FTRecord] UNTIL fti = bcd.ftLimit DO 

fth <- @ftb[fti]; IF proe[fth, fti] THEN RETURN; ENDLOOP; 
RETURN[NIL, FTNull]; 
END; 

Proeesslmports: PROCEDURE [ 
bed: BcdBase, proe: PROCEDURE [IMPHandle, IMPlndex] RETURNS [BOOLEAN]] 
RETURNS [ith: IMPHandle, iti: IMPlndex] = 
BEGIN 
itb: Base = LOOPHOLE[bcd + bed.impOffset]; 
i: CARDINAL; 
iti <- FIRST[IMPlndex]; 
FOR i IN [O .. bed.nlmports) DO 

ith <- @itb[iti]; 
IF proc[ith, iti] THEN RETURN; 
iti <- iti + slzE[IMPReeord]; 
ENDLOOP; 

RETURN[NIL, IMPNull]; 
ENDj 

ProeessModules: PROCEDURE [ 
bed: Bed Base, proe: PROCEDURE [MTHandle, MTlndex] RETURNS [BOOLEAN]] 
RETURNS [mth: MTHandle, mti: MTlndex] = 
BEGIN 
mtb: Base = LOOPHOLE[bed + bed.mtOffset]; 
i: CARDINAL; 
mti <- FIRST[MTlndex]; 
FOR i IN [O .. bcd.nModules) DO 

mth <- @mtb[mti]; 
IF proc[mth, mti] THEN RETURN; 
mti <- mti + slzE[MTRecord] + mth.frame.length; 
ENDLOOP; 

RETURN[N!L, MTNull); 
END; 

ProcessNames: PROCEDURE [ 
bed: BcdBase, proe: PROCEDURE [NTHandle, NTlndex] RETURNS [BOOLEAN]) 
RETURNS [nth: NTHandle, nti: NTlndex] = 
BEGIN 
ntb: Base = LOOPHOLE[bcd + bcd.ntOffset]; 
FOR nti <- FIRST[NTlndex], nti + SlzE[NTRecord] UNTIL nti bcd.ntLimit DO 

nth <- @ntb[nti]; IF proc[nth, nti] THEN RETURN; ENDLOOP; 
RETURN[NIL, NTNull]; 

. END; 

ProcessSegs: PROCEDURE [ 
bed: BcdBase, proc: PROCEDURE [SGHandle, SGlndex] RETURNS [BOOLEAN]] 
R=TURNS [sgh: SGHandle, sgi: SGlndex] = 
BEGIN 
sgb: Base = LOOPHOLE[bcd + bcd.sgOffset]; 
FOR sgi ~ FIRST[SGlndex], sgi + SlzE[SGReeord] UNTIL sgi bcd.sgLimit DO 

sgh <- @sgb[sgi]; IF proc[sgh, sgi] THEN RETURN; ENDLOOP; 
RETURN[NIL, SGNull]; 
END; 
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ProcessSpaces: PROCEDURE [ 
bcd: Bcd Base, proc: PROCEDURE [SPHandle, SPlndex] RETURNS [BOOLEAN]] 
RETURNS [sph: SPHandle, spi: SPlndex] = 
BEGIN 
spb: Base = LOOPHOLE[bcd + bcd.spOffset]; 
FOR spi ... FIRsT[SPlndex], spi + slzE[SPRecord] + sph.length*sIZE[SpaceID] 

UNTIL spi = bcd.spLimit DO 
sph ~ @spb[spi]; IF proc[sph, spi] THEN RETURN; ENDLOOP; 

RETURN[NIL, SPNull]; 
END; 

FindName: PROCEDURE [bed: BedBase, owner: Namee] RETURNS [name: NameReeord] = 
BEGIN 
n: NTHandle; 

FindOwner: PROCEDURE [nth: NTHandle, nti: NTlnde):<] RETURNS [BOOLEAN] = 
BEGIN RETURN[owner = nth.item]; END; 

RETURN[ 
IF (n +- ProcessNames[bcd, FindOwner].nth) NIL THEN NuliName ELSE n.name] 

END; 

ModuleVersion: PROCEDURE [bed: BcdBase, mti: MTlndex] 
RETURNS [verSion: VersionStamp] = 
BEGIN 
mtb: Base = LOOPHOLE[bcd + bcd.mtOffset]; 
ftb: Base = LOOPHOLE[bcd + bcd.ftOffset]; 
RETURN[ftb[mtb[mti] .fiIe]. version]; 
END; 

END .... 
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-- PilotLoaderCore.mesa Edited by Sandman on October 21, 1980 10:57 AM 
-- Edited by Forrest on October 25, 1980 7:45 PM 

DIRECTORY· 
BcdDefs USING [ 

Base,CTlndex, CTNull, EPlndex, EPLimit, EVlndex, EVNull, EXPlndex, EXPNull, 
FPlndex, FPNull, FPRecord, FTlndex, FTSelf, IMPlndex, Link, MTlndex, MTNull, 
NameRecord, PackedString, TMlndex, TMNull, TMRecord, UnboundLink, VarLimit, 
VersionStamp], 

BedOps USING [ 
BcdBase, CTHandle, EXPHandle, FPHandle, FTHandle, lMPHandle, MTHandle, 
NameString, ProcessConfigs, ProcessExports, Processlmports, ProcessModules, 
TMHandle], 

Frame USING [AlIoc], 
Inline USING [SITAND], 
PilotLoaderOps USING [ 

AliocateFrames, AppendName, Binding, BindLink, CloseLinkSpace, DestroyMap, 
FindCode, FrameList, FreeSpaee, GetSpace, InitBinding, InitializeMap, 
OpenLinkSpace, ReadLink, ReleaseBinding, ReleaseFrames, WriteLink], 

Pilot!...oadStateFormat USING [Modulelnfo], 
PiiotLoadStateOps USING [ 

AcquireBcd, Bcd Exports, BcdExportsTypes, BcdUnresolved, Configlndex, 
EnterModule, GetMap, GetModule, InputLoadState, Map, MapConfigToReal, 
ReleaseBcd, ReleaseLoadState, ReleaseMap, UpdateLoadState], 

PrincOps USING [ 
Control Link, ControlModule, GFTlndex, GFTNull, GlobalFrameHandle, NullControl, 
NullGlobalFrame, NullLink, UnboundLink], 

PrineOpsRuntime USING [GetFrame, GFT], 
R~ntimelnternal USING [EnterGlobalFrame, MakeFsi]; 

PilotLoaderCore: PROGRAM 
IMPORTS 

BcdOps, Frame, lnline, PilotLoaderOps, PiiotLoadStateOps, PrincOpsRuntime. 
Runtimelnternal 

EXPORTS PilotLoaderOps = 

BEGIN OPEN BcdDefs, BcdOps; 

Binding: TYPE = PilotLoaderOps.Binding; 
Configlndex: TYPE = PiiotLoadStateOps.Configlndex; 
Map: TYPE = PiiotLoadStateOps.Map; 
GlobalFrameHandle: TYPE = PrincOps.GlobaIFrameHandle; 
ControlModule: TYPE := PrincOps.ControIModule; 

VersionMismateh: PUBLIC SIGNAL [name: STRING] = CODE; 

New: PUBLIC PROCEDURE [bcd: BcdBase, framelinks: BOOLEAN] 
RETURNS [em: PrineOps.ControIModule] = 
BEGIN OPEN PilotLoadStateOps, PilotLoaderOps; 
system: Bcd Base +- NIL; 
map: Map +- DESCRIPTOR[NIL, 0]; 
sMap: Map +- DESCRIPTOR[NIL, 0]; 
binding: Binding +- DESCRIPTOR[NIL, 0]; 
nbcds, i: CARDINAL; 
resolved, canBind: BOOLEAN; 
fl: PilotLoaderOps.FrameList +- NIL; 
CleanUpNew: PROCEDURE = 

BEGIN 
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IF BASE[binding] # NIL THEN 0 +- ReleaseBinding[bcd, binding]; 
UNTIL fl = NIL DO frames +- fl; fl +- fl.next; FreeSpaee[frames]; ENDLOOP; 
ReleaseBcd [bed]; 
ReleaseLoadState[] ; 
RETURN 
END; 

BEGIN 
ENABLE UNWIND = > {IF il # NIL THEN ReleaseFrames[bcd, fl, map]; CleanUpNewO}; 
resolved +- bcd.nlmports = 0; 
map +- InitializeMap[bed]; 
nbcds +- InputLoadState[]; 
[em: em, fl: tl] +- LoadModules[bed, map, nbeds, framelinks]; o +- Bindlmports[bcd, bcd, binding +- InitBinding[bcd]]; 
resolved +- ProcessLinks[bcd, bcd, map, binding, nbeds, TRUE]; 
binding +- ReleaseBinding[bcd, binding]; 
FOR i DECREASING IN [O .. nbcds) DO 

IF -resolved AND BcdExports[i] THEN 
BEGIN 
ENABLE UNWIND = > ReleaseBcd[system]; 
system +- AcquireBcd[i]; 
binding +- InitBinding[bcd]; 
can Bind +- Bindlmports[bcd, system, binding]; 
resolved +-

If canBind THEN ProeessLinks[bed, system, map, binding, i, FALSE] 
ELSE FALSE; 

binding +- ReleaseBinding[bed, binding]; 
END; . 

IF BcdUnresolved[i] AND (bcd.nExports # 0 OR bed.nModules = 1) THEN 
BEGIN 
ENABLE 

UNWIND => { 
IF BASE[binding] # NIL THEN binding +- ReleaseBinding[system, binding]; 
ReleaseMap[sMap]; 
ReleaseBcd [system]}; 

IF system = NIL THEN system +- AequireBcd[i]; 
sMap +- GetMap[i]; 
binding +- InitBinding[system]; 
can Bind +- Bindlmports[system, bcd, binding]; 
IF eanBind THEN 

[] +- ProeessLinks[system, bcd, sMap, binding, nbeds, FALSE]; 
ReleaseMap[sMap]; 
sMap +- DESCRIPTOR[NIL, 0]; 
binding +- ReleaseBinding[system, binding]; 
END; 

IF bed.typeExported AND BcdExportsTypes[i] THEN 
BEGIN 
ENABLE UNWIND = > ReleaseBcd[system]; 
IF system = NIL THEN system +- AcquireSed[i]; 
CheckTypes[bed, system]; 
END; 

IF system # NIL THEN ReleaseBcd[system]; 
system +- NIL; . 
ENDLOOP; 

UpdateLoadState[nbcds, bed]; 
C!eanUpNew(]; 
END; 
END; 
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LoadModules: PROCEDURE [ 
bcd: Bcd Base, map: Map, eonfig: Configlndex, allframelinks: BOOLEAN] 
RETURNS [em: PrineOps.ControlModule, fl: PiiotLoaderOps.FrameList] = 
BEGIN 
f: PilotLoaderOps.FrameList; 
frames: POINTER; 
space: CARDINAL; 
single: BOOLEAN ~ bcd.nModules = 1; 
resident: BOOLEAN; 
GetFrameSizes: PROCEDURE [mth: MTHandle] = { 

IF allframelinks OR mth.links = frame OR -mth.code.linkspace THEN 
space ~ space + mth.frame.length; 

space ~ NextMultipleOfFour[space] + mth.framesize; 
resident ~ resident OR mth.residentFrame}; 

Framelnit: PROCEDURE [mth: MTHandle] = { 
frame: GlobalFrameHandle; 
framelinks: BOOLEAN; 
gfi: PrincOps.GFTlndex; 
framelinks ~ allframelinks OR mth.links = frame OR -mth.code.linkspace; 
IF framelinks THEN frames ~ frames + mth.frame.length; 
frame ~ NextMultipleOfFour[frames]; 
frames +- frame + mth.framesize; 
gfi +- Runtimelnternal.EnterGlobalFrame[frame, mth.ngfi]; 
FOR i: PrincOps.GFTlndex IN [O .. mth.ngfi) DO 

map[i + mth.gfi] +- gfi + i; 
Pil otLoadStateOps. EnterMod ule[ 

gfi + i, 
[gfi: mth.gfi + i, config: config, resolved: mth.frame.length = 0]]; 

END LOOP; 
framet +-

[gfi: gfi, copied: FALSE, alloced: single, shared: FALSE, started: FALSE, 
trapxfers: FALSE, codelinks: -framelinks, global:, 90de:]}; 

DoFramePack: PROC [fph: FPHandle, fpi: FPlndex] RETURNS [BOOLEAN] = { 
mtb: Base = LOOPHOLE[bcd + bcd.mtOffset]; . 
space ~ 0; 
resident ~ FALSE; 
FOR i: CARDINAL IN [O .. fph.length) DO _. 

GetFrameSizes[@mtb[fph.modules[i]]]; ENDLOOP; 
f +- Pi!otLoaderOps.AlIocateFrames[ 

size: NextMultipleOfFour[space], single: single, resident: resident]; 
f.next ~ fl; 
fl +- f; 
frames ~ f.frame; 
FOR i: CARDINAL IN [O .. fph.length) DO 

Framelnit[@mtb[fph.modules[i]]]; END LOOP; 
RETURN [FALSE]}; . 

Othe rF rameSizes: PROC [mth: MTHandle, mti: MTlndex] RETURNS [BOOLEAN] = { 
resident +- FALSE; 
IF map[mth.gfi] = PrincOps.GFTNull THEN GetFrameSizes[mth]i 
RETURt:.J[FALSE]}; 

OtherFramelnit: PROe [mth: MTHandle, mti: MTlndex] RETURNS [BOOLEAN] = { 
IF map[mth.gfi] = PrincOps.GFTNull THEN Framelnit[mth]; RETURN[FALSE]}; 

fI ~ NIL; 
BEGIN 
ENABLE UNWIND =) PilotLoaderOps.ReleaseFrames[bcd, fl, map]; o ~ ProcessFramePacks[bcd, DoFramePack]; 
space ~ 0; 
o ~ BcdOps.ProcessModules[bcd, OtherFrameSizes]; 
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IF space # 0 THEN { 
f +- PiiotLoaderOps.AlIocateFrames[ 

size: NextMultipleOfFour[space], single: single, resident: resident]; 
f.next ~ fl; 
fl +- f; 
frames +- f.frame; 
o +- BcdOps.ProcessModules[bcd, OtherFramelnit]}; 

PilotLoaderOps. FindCode[bcd, map]; 
cm +- AssignControlModules[bcd, map]; 
END' 
RET~RN[cm, tI]; 
END; 

NextMultipleOfFou r: PROCEDURE [n: UNSPECIFIED] RETURNS [UNSPECIFIED] = 
BEGIN RETURN[n + Inline.BITAND[.LOOPHO~E[n, INTEGER], 3B]]; END; 

ProcessFramePacks: PROCEDURE [ 
bcd: BcdBase, proc: PROC [FPHandle, FPlndex] RETURNS [BOOLEAN]] 
RETURNS [fph: FPHandle, fpi: Fl?lndex] = 
BEGIN 
fpb: Base = LOOPHOLE[bcd + bcd.fpOffset]; 
FOR fpi +- FIRST[FPlndex], fpi + slzE[FPRecord] + fph.length"'sIZE[MTlndex] 

UNTIL fpi = bcd.fpLimit '00 

IF ·proc[fph ~ @fpb[fpi], fpi] THEN RETURN; ENDLOOP; 
RETURN[NIL, FPNuli]; 
END; 

Bindlmports: PROCEDURE [bcd, system: BcdBase, binding: Binding] 
RETURNS [canBind: BOOLEAN] = 
BEGIN 
ForEachlmport: PROCEDURE lith: IMPHandle, iti: IMPlndex] RETURNS [BOOLEAN] = 

BEGIN 
i: CARDINAL; 
issb, sysssb: BcdOps.NameString; 
module: MTlndex; 
export: EXPlndex; 
ExpMatch: PROCEDURE [eth: EXPHandle, eti: EXPlndex] RETURNS [eOOLEAN] = 

BEGIN 
RETURN[ . 

eth.port = ith.port AND EqualNames[issb, sysssb, ith.name, eth.name] AND 
EqualVersions[bcd, system, ith.file, eth.file.]] . 

. END; 
ModuleMatch: PROCEDURE [mth: MTHandle, mti: MTlndex] RETURNS [BOOLEAN] = 

BEGIN 
RETURN[ 

Equs.INames[issb, sysssb, ith.name, mth.name] AND EqualVersions[ 
bcd, system, ith.file, mth.file]] 

END' 
issb ~ LOOPHOLE[bcd + bcd.ssOffset]; 
sysssb +- LOOPHOLE[system + system.ssOffset]; 
IF ith.port = interface THEN 

BEGIN 
export +- BcdOps.ProcessExports[system, ExpMatch].eti; 
FOR i IN [O .. ith.ngfi) DO 

IF export = EXPNull THEN 
binding[ith.gfi + i] .+- [whichgfi: i, body: notboundOl 

ELSE { 
can Bind +- TRUE; 
binding[ith.gfi + i] +- [whichgfi: i, body: interface[export]]}; 
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END· 

ELSE 
BEGIN 
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module ~ BcdOps.ProcessModules[system, ModuleMatch].mti; 
FOR i IN [O .. ith.ngfi} DO 

IF module = MTNuli THEN 
binding[ith.gfi + i] ~ [whichgfi: i, body: notboundD] 

ELSE { 
canBind ~ TRUE; 
binding[ith.gfi + i] ~ [whichgfi: i, body: module[module]]}; 

ENDLOOP; 
END; 

RETURN [FALSE]; 
END; 

canBind ~ FALSE; o ~ BcdOps.Processlmports[Ocd, ForEachlmport]; . 
END; 

EqualNames: PROCEDURE [ 
ps1, ps2: BcdOps.NameString, name1, name2: BcdDefs.NameRecord] 
RETURNS [BOOLEAN] = 
BEGIN 
i: CARDINAL; 
IF ps1.size[name1] # ps2.size[name2] THEN RETURN[FALSE]; 
FOR i IN [0 .. ps1.size[name1]} DO 

IF ps1.string.text[name1 + i] # ps2.string.text[name2 + i] THEN 
RETURN[FALSE]; 

ENDLOOP; 
RETURN[TRUE]; 
END; 

EqualVersions: PROCEDURE [bcd1, bcd2: BcdBase, fti1, fti2: BcdDefs.FTlndex] 
RETURNS [BOOLEAN] = 
BEGIN 
v1, v2: LONG POINTER TO Bcd Defs.VersionStamp; 
f1: FTHandle ~ @LOOPHOLE[bcd1 + b:::d1.ftOffset, Base][fti1]: 
f2: FTHandle ~ @LOOPHOLE[bcd2 + bcd2.ftOffset, Base][fti2]; 
v1 ~ IF fti1 = FTSeif THEN @bcd1.version ELSE @f1.version; 
v2 ~ IF fti2 = FTSeif THEN @bcd2.version ELSE @f2.version; 

. IF v1t = v2t THEN RETURN[TRUE]; 
v1 ~ IF fti1 = FTSeif THEN @bcd1.version ELSE @f1.version; 
BadVersion[ 

ssb: LOOPHOLE[bcd1 + bcd1.ss0ffset], 
name: IF fti1 = FTSeif THEN bcd1.source ELSE f1.name]; 

RETURN[FALSE]; 
END; 

BadVersion: PROCEDURE [ssb: BcdOps.NameString, name: BcdDefs.NameRecord] = 
BEGIN . 
filename: STRiNG ~ [40]; 
PilotLoaderOps.AppendName[s: filename, ssb: ssb, name: name]; 
SIGNAL VersionMismatch[filename]; 
END; 

ProcessLinks: PROCEDURE [ 
bcd, system: BcdBase, map: Map, binding: Binding, config: Configlndex, 
initial: BOOLEAN] RETURNS [BOOLEAN] = 
BEG!N OPEN PrincOps; 
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smtb: Base = LOOPHOLE[system + system.mtOffset]; 
setb: Base = LOOPHOLE[system + system.expOffset]; 
unresolved: BCO!..EAN ~ FALSE; 
NewLink: PROCEDURE [old: ControlLink, link: Link] 

RETURNS [new: ControlLink, resolved: aoo!..EAN] = 
BEGIN 
gfi: GFTlndex ~ 0; 
FindLink: PROCEDURE [link: Link] 

RETURNS [new: ControlLink, resolved: BOOLEAN] = 
BEGIN 
ep: EPlndex; 
inside: BOOLEAN; 
rgfi: GFTlndex ~ GFTNulI; 
new ~ PrincOps.UnboundLink; 
IF (inside ~ link.gfi < bcd.firstdummy) THEN 

BEGIN new ~ ConvertLink[link]; rgfi ~ map[link.gfi] END 
ELSE { . 

bind Link: PilotLoaderOps.BindLink = binding[link.gfi]; 
WITH b: bind Link SELECT FROM 

interface =) 

BEGIN , . 
e: EXPHandie = @setb[b.eti]; 
SelECT e.port FROM 

interface =) 
BEGIN 
ep ~ link.ep + (b.whichgfi*EPLimit); 
link ~ e.links[ep]; 
rgfi ~ PiiotLoadStateOps.MapConfigToReal[link.gfi, config]; 
END; 

ENOCASE; 
END; 

module =) 
BEGIN 
m: MTHandle = @smtb[b.mti]; 
link ~ [variable[vgfi: m.gfi, var: 0, vtag: \tar]]; 
rgfi ~ PilotLoadStateOps.MapConfigToReal[m.gfi, config]; 
END· 

ENDC;SE}; 
SELECT Iink.vtag FROM 

var = > new ~ FindVariableLink~inside, link, rgfi]; 
procO, proc1 =) BEGIN new ~ ConvertLink[link]; new.gfi ~ rgfi END; 
ENDCASE; 

RETURN[new: new, resolved: rgfi # GFTNull] 
END; 

FindVariableLink: PROCEDURE [inside: BOOLEAN, el: Link, rgfi: GFTlndex] 
RETURNS [link: Control Link] = 
BEGIN 
ep: CARDINAL; 
evi: EVlndex; 
evb: Base; 
gfi: GFTlndex ~ el.vgfi; 
mth: MTHand!e; 
frame: GlobalFrameHandle; 
FindModule: PROCEDURE [mth: MTHandle, ,mti: MTlndex] RETURNS [BOOLEANj = 

BEGIN 
mgfi: GFTlndex ~ mth.gfi; 
IF gfi IN [mth.gfi..mgfi + mth.ngfi} THEN 

BEGIN ep ~ VarLimit*(gfi • mgfi}; RETURN[TRUE] END; 
RETURN [FALSE] 
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END; 
mth +- BedOps.ProcessModules[ 

IF inside THEN bed ELSE system, FindModule].mth; 
IF mth = NIL THEN RETuRN[PrineOps.NuIlLink]; 
evb +-

IF -inside THEN LOOPHOLE[system + system.evOffset, Base] 
ELSE LOOPHOLE[bed + bed.evOffset, Base]: 

frame +- Pri neOpsR u nti me. GetF rame [Pri ncOpsRu ntime. GFT[ rgfi]]; 
IF (ep +- ep + el.var) = 0 THEN RETURN[LOOPHOLE[frame]]; 
IF (evi +- mth.variables) = EVNull THEN RETURN[PrincOps.NuIlLink]: 
RETURN[LOOPHOLE[frame + evb[evi].offsets[ep]]]; 
END; 

new +- old; 
resolved +- FALSE; -- was true; this is last minute ch'ange in Pilot 5.0 
SELECT Iink.vtag FROM ' 

procO, proc1 = > 
IF old = PrincOps.UnboundLink THEN 

[new: new, resolved: resolved] +- FindLink[link]; 
var => 

IF old = PrincOps.NullLink THEN 
[new: new, resolved: resolved] +- FindLink[link]; 

ENDCASE = > new +- LOOPHOLE[link.typeID]; 
RETURN 
END; 

ModuleSeareh: PROCEDURE [mth: MTHandle, mti: MTlndex] RETURNS [BOOLEAN] = 
BEGIN OPEN PrincOps, PrincOpsRuntime; 
i: CARDINAL; 

. gfi: GFTlndex = map[mth.gfi]; 
frame: GlobalFrameHandle +- GetFrame[GFT[gfi]]; 
resolved, bound: BOOLEAN; 
old, new: ControlLink; 
info: PilotLo·adStateFormat.Modulelnfo +- PilotLoadStateOps.GetModule[gfi]; 
IF frame = PrincOps.NullGlobalFrame OR info.resolved THEN RETURN[FALSE]; 
PilotLoaderOps.OpenLinkSpace[frame, mth]: 
IF initial THEN 

FOR i IN [O .. mth.frame.length) DO 
PilotLoaderOps.WriteLink[ 

offset: i, 
link: 
SELECT mth.frame.frag[i].vtag FROM 

var, type =.> NuliLink, 
ENDCASE =) UnboundLink]; 

ENDLOOP; 
resolved ... TRUE; 
FOR i IN [O .. mth.frame.length) DO 

old +- PilotLoaderOps.ReadLink[i]: 
[new: new, resolved: bound] +- NewLink[link: mth.frame.frag[i], old: old]; 
IF bound THEN PiiotLoaderOps.WriteLink[offset: i, link: new] 
ELSE resolved +- FALSE; 
ENDLOOP; 

FOR i IN [gfi..gfi + mth.ngfi} DO 
info .... PilotLoadStateOps.GetModule[i]; 
info.resolved +- resolved; 
PilotLoadStateOps.EnterModule[i, info]: 
END LOOP; 

Pi 10tLoaderOps. CloseLinkSpace[frame]; 
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D +- BcdOps.ProcessModules[bcd, ModuleSeareh]; 
RETURN[unresolved]; 
END; 

ConvertLink: PROCEDURE [bl: Link] RETURNS [el: PrincOps.ControlLink] = 
BEGIN 
IF bl = UnboundLink THEN RETURN[PrincOps.UnboundLink]; 
SELECT bl.vtag FROM 

var = > cI +- [procedure[gfi: bl.vgfi, ep: bl.var, tag: FALSE]]; 
procO, proc1 =) cl +- [procedure[gfi: bl.gfi, ep: bl.ep, tag: TRUE]]; 
type =) cl +- LOOPHOLE[bl.typeID]; 
END CASE; 

RETURN 
END; 

ProeessTypeMap: PROCEDURE [ 
bed: Bcd Base, proc: PROC [TMHandle, TMlndex] RETURNS [BOOLEAN]] 
RETURNS [tmh: TMHandle, tmi: TMlndex] = 
BEGIN 
tmb: Base = LOOPHOLE[bcd + bed.tmOffset]; 
FOR tmi +- FIRST[TMlndex], tmi + slzE[TMRecord] UNTIL tmi = bcd.tmLimit DO 

IF proc[tmh .... @tmb[tmi], tmi] THEN RETURN; ENDLOOP; 
RETUR~[NIL, TMNull]; 
END; 

CheckTypes: PROCEDURE [bcd1, bed2: BcdBase] = 
BEGIN 
type Error: STRING = "Exported Type Cfash"L; 
typb1: Base = LOOPHOLE[bcd1 + bcd1.typOffset]: 
typb2: Base = LOOPHOLE[bcd2 + bcd2.typOffset]; 
TypeMap1: PROCEDURE [tmh1: TMHandle, tmi1: TMlndex) RETURNS [BOOLEAN] = 

BEGIN 
TypeMap2: PROCEDURE [tmh2: TMHandle, tmi2: TMlndex] RETURNS [BOOLEAN] = 

BEGIN 
IF tmh2.offset = tmh1.offset AND tmh2.version = tmh1.version THEN 

BEGIN 
IF typb1 [tmh1.map] # typb2[tmh2.map] THEN 

ERROR VersionMismateh[typeError]; 
RETURN[TRUE]; 
END 

ELSE RETURN[FALSE]; 
END; 

D +- ProcessTypeMap[bcd2, Typeivlap2]; 
RETURN[FALSE]; 
ENQ' o +- Proc€ssTypeMap[bed1, TypeMap1]; 

RETURN 
END; 

CMMapltem: TYPE = RECORD [ 
. eti: CTlndex, Cn:1: PrincOps.ControlModule, level: CARDINAL]; 

AssignControlModules: PROCEDURE [bed: Bcd Base, map: Map] 
RETURNS [em: PrincOps.ControIModule] = 
BEG!N OPEN PrincOps; 
ctb: Base +- .LOOPHOLE(bcd + bcd.ctOffset]; 
mtb: Base.+- LOOPHOLE[bed + bcd.mtOffset]; 
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eti: CTlndex; 
maplndex, maxLevel: CARDINAL +- 0; 
i: CARDINAL; 
emMap: POINTER TO ARRAY [0 .. 0) OF CMMapltem; 
MapControls: PROCEDURE [eth: CTHandle, eti: CTlndex] RETURNS [BOOLEAN] = 

BEGIN OPEN PrincOps, PrincOpsRuntime; 
em: ControlModule; 
e: CTlndex; 
level: CARDINAL; 

'IF eth.nControls = 0 THEN em +- NullControl 
EL~E { 

i: CARDINAL; 
cm.list +- Frame.Alloc[ 

Runtimelnternal.MakeFsi[ 
eth.nControls + SIZE[CARDINAL] + SlzE[ControIModule]]]; 

em.list.nModules +- eth.nControls + 1; 
FOR i IN [O .. eth.nControls) DO . 

em.list.frames[i + 1] +- GetFrame[GFT[map[mtb[cth.controls[i]].gfi]]]; 
ENDLOOP; . . . 

em.multiple +- TRUE}; 
FOR C +- ctb[cti].eonfig, etb[c].config UNTIL c = CTNull DO 

level +- level + 1; ENDLOOP; 
emMap[maplndex] +- [eti: cti, cm: cm, level: level]; 
maplndex +- maplndex + 1; 
maxLevel +- MAx[maxLevel, level]; 
RETURN [FALSE]; 
END' 

GetControl: PROCEDURE [mth: MTHandle, mti: MTlndex] RETURNS [BOOLEAN] = 
BEGIN OPEN PrincOps, PrincOpsRuntime; 
frame: GlobalFrameHandle +- GetFrame[GFT[map[mth.gfi]]]; 
IF mth.eonfig # eti THEN RETURN[FALSE]; 
IF frame.global[O] = NullCon'trol THEN frame.global[O] +- GetModule[em]; 
RETURN[FALSE]; 
END; 

IF bcd.nModules = 1 THEN 
BEGIN OPEN PrincOpsRuntime; 
frame: GlobalFrameHandle +- GetFrame[GFT[m~p[1]]]; 
frame.global[O] +- NullControl; 
RETURN [[frame[frame]]]; 
END' 

emM~p +- PilotLoaderOps.GetSpace[bcd.nConfigs·SIZE[CMMapltem]]; o +- BcdOps.ProeessConfigs[bed, MapControls]; 
FOR level: CARDINAL DECREASING IN [O .. maxLevel] DO 

FOR index: CARDINAL IN [O .. maplndex) DO 
list: ControlModule; 
IF ·cmMap[index].Ievel # level OR (em +- emMap[index].cm) = NullControl THEN 

LOOP; 
list +- cm; 
list.multiple +- FALSE; 
Iist.li.stframes[1] +- SetLink[em, Iist.listframes[1]].frame; 
FOR i: CARDINAL IN [2 .. list.list.nModules) DO 

list.list.frames[i] +- SetLink[ 
GetModule[[frame[list.listframes[1]]]], Iist.listframes[i]].frame; 

ENDLOOP; 
eti +- em·Map[index].eti; 
[] +- BcdOps.ProeessModules[bcd, GetControl]; 
ENDLOOP; 

END LOOP; 
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FOR index: CARDINAL IN [O .. maplndex) DO 
parent: CARDINAL; 
list: ControlModule; 
IF (list +- emMap[index].cm) = NullControl THEN LOOP; 
list.multiple +- FALSE; 
IF (cti +- ctb[cmMap[index].cti].config) = CTNull THEN cm +- NullContro\ 
ELSE { 

FOR parent IN [O .. maplndex) DO 
If cmMap[parent].cti = cti THEN EXIT; ENDLOOP; 

em +- GetModule[emMap[parent].cm]}; 
list.listframes[O] +- em.frame; 
END LOOP; 

FOR i IN [O .. maplndex} DO 
IF etb[emMap[i].eti].eonfig = CTNull THEN { 

em +- GetModule[emMap[i].em]; EXIT}; 
ENDLOOP' 

PilotLoad~rOps.FreeSpaee[~mMap]; 
END; 

SetLink: PROCEDURE [em: Contr6lModule, frame: GlobalFrameHandle] 
RETURNS [ControIModule] = { 
t: ControlModule = frame.global[O]; 
frame.global[O] +- em; 
RETURN[IF t = PrincOps.NuliControl THEN [frame[frame]] ELSE t]}; 

GetModule: PROCEDURE [em: ControlModule] RETURNS [ControIModule] = { 
Jist: ControlModule; . 
DO 

IF -em.multiple THEN RETURN[em]; 
list +- em; 
list.multiple +- FALSE; 
cm.frame +- Iist.listframes[1]; 
ENDLOOP}; 

END ... 
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-- PilotLoaderSupport.mesa Modified by 
-- ForrestlJohnsson. October 6, 1980 2:27 PM 
-- Sandman, October 20, 1980 1:15 PM 
-- Johnsson. October 27. 1980 12:02 PM 

DIRECTORY 
BcdDefs USING [ 

Base, FTlndex, FTSelf, MTlndex, NameReeord, SGlndex, SpaeelD, SPlndex, 
SPRecord, VersionID], 

BcdOps USING [ 
Bcd Base, FTHandle, MTHandle, NameString, ProeessMcdules, ProeessSegs, 
SGHandle, SPHandle], 

File USING [Capability, LimitPermissions, PageCount, PageNumber, read, write], 
Inline USING [BITAND], 
Heap USING [FreeMDSNode, MakeMDSNode, systemMDSZone], 
Mopcodes USING [zALLOC, zFR.EE], 
PilotLoaderOps USING [ 

Binding, BindLink, Frameltem, FrameList, New, VersionMismatch], 
PilotLoadStateOps USING [Map], 
PrincOps USING [ 

Control Link, ControlModule, GFTlndex, GlobalFrameHandle, LastAVSlot, 
NullControl], 

PrincOpsRuntime USING [EmptyGFTltem, GetFrame, GFT], 
Runtime USING [ConfigErrorType], 
Runtimelnternal USING [Codebase, FrameSize], 
RuntimePrograms USING [Start], 
Space USING [ 

Create, defaultBase, defaultWindow, Delete, GetAttributes, GetHandle, 
GetWindow, Handle, LongPointer, MakeReadOnly, MakeWritable, Map, mds, 
nuliHandle, PageFromLongPointer, Pointer, virtualMemory, WindowOrigin, 
wordsPerPage], 

SpecialSpaee USING [CreateForCode, MakeResident], 
SubSys USING [Handle]; 

PilotLoaderSupport: MONITOR 
IMPORTS 

BcdOps, File, Inline, Heap, PilotLoaderOps, PrincOpsRuntime, Runtimelnternal, 
RuntimePrograms, Space, SpecialSpaee 

EXPORTS PilotLoaderOps, Runtime, SubSys 
SHARES File = PUBLIC 

BEGIN OPEN PiiotLoaderOps, BcdDefs, BcdOps, PrincOps; 

BcdBase: PRIVATE lYPE = BedOps.BcdBase; 
Map: PRiVATE lYPE = PilotLoadStateOps.Map; 

bcdCap: File.Capability; 
bedSpaceBase: File.PageNumber; 

Invalid File: PRIVATE SIGNAL [File.Capability] = CODE; 

LoadBcd: PRIVATE PROCEDURE [file: File.Capability, offset: File.PageCount] 
RETURNS [bed: Bcd Base] = 
BEGIN 
pages: CARDINAL; 
bc.dSpace: Space.Handle; 
bcdSpaceBase f- offset; 
bcdSpace f- Space.Create[size: 1, parent: Space.virtuaIMemory]; 
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·Space.Map[spaee: btdSpaee, window: [file: file, base: bedSpaeeBase]]; 
bed f- Space.LongPointer[bedSpace]; 
pages f- bed.nPages; 
IF bcd.versionldent # BcdDefs.VersionlD OR bcd.definitions THEN 

ERROR InvalidFile[file I UNWIND = > Space.Delete[bcdSpace]]; 
IF pages ) 1 THEN 

BEGIN 
Space. Delete [bcd Space]; 
bcdSpaee f- Spaee.Create[size: pages, parent: Spaee.virtuaIMemory]; 
Spaee.Map[spaee: bcdSpaee, window: [file: file, base: bedSpaeeBase]]; 
bed f- Space.LongPointer[bcdSpace]; 
END' 

bedC~p f- file; 
RETURN 
END; 

ConfigError: PUBLIC ERROR [type: Runtime.ConfigErrorType] = CODE; 

. LoadConfig:· PUBtiC PROCEDURE [ 
file: File.Capability, offset: File.PageCount, codeLinks: BOOLEAN] 

. RETURNS [PROGRAM] = {RETURN[LOOPHOLE[Load[file, offset, codeLinks]]]}; 

NewConfig: PUBLIC PROCEDURE [ 
file: File,Capability, offset: File.PageCount, codeLinks: BOOLEAN] = { 
o f- Load [file, offset, codeLinks]}; 

RunConfig: PUBLIC PROCEDURE r 
file: File.Capability, offset: File.PageCount, codeLinks: BOOLEAN] = { 
Run[Load[file, offset, eodeLinks]}}; 

Load: PUBLIC ENTRY PROC [ 
me: File.Capability, offset: File.PageCount, codeLinks: BOOLEAN] 
RETURNS [SubSys.Handle] = 
BEGIN 
ENABLE BEGIN UNVJlND =) NULL END; 
em: ControlModule = New[ 

LoadBcd[fiIe, offset! InvalidFile =) GOTO invalidConfig], -codeLinks ! 
BadCode =) GOTO bad Code; 
PiiotLoaderOps.VersionMismatch =) GOTO versionMismatch; 
MissingCode =) GOTO missingCode]; 

RETURN[[cm]] 
EXITS 

. invalidConfig =) RETURN WITH ERROR ConfigError[invalidConfig]; 
badCode =) RETURN WITH ErlROR ConfigError[badCode]; 
versionMismatch = > RETURN WITH ERROR ConfigError[versionMismatch]; 
missingCode =) RETURN WITH ERROR ConfigError[missingCode]; 

END; 

Run: PUBLIC PROCEDURE [handle: SubSys.Handle] = { 
em: ControlModule = LOOPHOLE[handle]; 
IF em # NullControl THEN RuntimePrograms.Start[cm]}; 

AppendName: PUBLIC PROCEDURE [s: STRING, ssb: NameString, name: NameReeord] = 
BEGIN . 
i: CARDINAL; 
FOR i IN [s.length .. MINls.maxlength, ssb.size[name] +. s.length]) DO 

sri] +- ssb.string.text[name + i]; s.length +- s.length. + 1; ENDLOOP; 
END; 
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-- Frame al/ocation/deallocation 

AllocateFrames: PUBLIC PROC [size: CARDINAL, single, resident: BOOLEAN] 
RETURNS [f: FrameList] = 
BEGIN 
space: Space. Handle; 
p: POINTER; 
IF single THEN { 

index: CARDINAL; 
FOR index IN [O .. PrincOps.LastAVSlot] DO 

IF RuntimelnternaI.FrameSize[index] ) = size THEN EXIT; ENDLOOP; 
p ~ Alloc[index]} 

. ELSE { 
space ~ Space.Create[ 

size: {size + Space.wordsPerPage - 1)/Space.wordsPerPage, 
parent:· Space.mds]; . 

Space.Map[space] ; 
IF TRUE THEN SpeciaISpace.MakeResident[space]; 
p ~ Space.Pointer[space]}; 

f ~ GetSpace[slzE[PiiotLoaderOps.Frameltem]]; 
fJrame ~ p; 
RETURN 
END; 

Alloc: PROCEDURE [CARDINAL] RETURNS [POINTER] = MACHINE CODE 
BEGIN Mopcodes.zALLOC END; . 

ReleaseFrames: PUBLIC PROCEDURE [ 
bcd: BcdBase, frames: FrameList, map: PilotLoadStateOps.Map] = 
BEGIN 
i: CARDINAL; 
mtb: Base = LOOPHOLE[bcd + bcd.mtOffset]; 
IF frames = NIL THEN RETURN; 
IF bcd.nModules = 1 THEN 

BEGIN 
Free: PROCEDURE [POINTER] = MACHINE CODE BEGIN Mopcodes.zFREE END; 
Free[frames.frame]; 
END 

ELSE 
UNTIL frames = NIL DO 

Space.Delete[Space.GetHandle[Space.PageFromLongPointer[framesJrame]]]; 
frames ~ frames. next; 
ENDLOOP; 

FOR i IN [O .. LENGTH[map]) DO 
PrincOpsRuntime.GFT[map[ill ~ PrincOpsRuntime.EmptyGFTltem; ENDLOOP; 

END; 

-- Code management 

FindCode: PUBLIC PROCEDURE [bcd: BcdBase, map: Map] = 
BEGIN 
sgList: SGList; 
GetCode: PROCEDURE [mth: MTHandle, mti: MTlndex] RETURNS [BOOLEAN] = 

BEGIN OPEN Runtimelnternal, PrincOpsRuntime; 
MatchCSeg: PROC [mmth: MTHandle, mmti: MTlndex] RETURNS [BOOLEAN] = { 

IF mth # mmth AND mth.code.sgi = mmth.code.sgi AND mth.code.offset = 
mmth.code.offset THEN 
frame.shared ~ GetFrame[GFT[map[mmth.gfi]]].shared ~ TRUE; 

RETURN[FALSE]}; 
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frame: GlobalFrameHandle = GetFrame[GFT[map[mth.gfi]]]; 
IF mth.altoCode THEN InvalidModule[bcd, mth]; 
frame.code.longbase ~ SgiToLP[bcd, mth.code.sgi, sgList] + mth.code.offset; 
frame.code.out ~ TRUE; o ~ BcdOps.ProcessModules[bcd, MatchCSeg]; 
RETURN[FALSE]; 
END; 

sgList ~ FindSegments[bcd]; 
AliocateCodeSpaces[bcd, sgList]; o ~ BcdOps.ProcessModules[bcd, GetCode ! UNWIND = > ReleaseCode[sgList]]; 
FreeSpace[BASE[sgList]]; 
RETURN 
END; 

ReleaseCode:' PROCEDURE [sgList: SGList] = 
BEGIN 
i: CARDINAL; 
space1, space2: Space.Handle; 
space1 ~ FindMappedSpace[sgList[i ~ O].space]; 
i ~ 1; 
DO 

DO 
IF i = LENGTH[SgList] THEN EXIT; 
IF (space2 ~ FindMappedSpace[sgList[i].space]) # space1 THEN EXIT; 
i ~ i + 1; 
ENDLOOP; 

. Space.Delete[space1]; 
IF i = LENGTH[SgList] THEN EXIT; 
space1 .. ~ space2; 
i ~ i + 1; 
END LOOP; 

RETURN; 
END; 

~indMappedSpace: PROCEDURE [space: Space.Handle] RETURNS [Space.Handle] = 
BEGIN 
mapped: BOOLEAN; 
parent: Space. Handle; 
DO 

[mapped: mapped, parent: parent] ~ Space.GetAttributes[space]; 
If mapped THEN RETURN[space]; 
space ~ parent; 
ENDLOOP; 

END; 

SGltem: TYPE RECORD [sgh: SGHandle, space: Space.Handle]; 

SGList: TYPE = DESCRIPTOR FOR ARRAY CARDINAL [0 .. 0) OF SGltem; 

FindSegments: PROCEDURE [bcd: BcdBase] RET~RNS [sgList: SGList] = 
BEGIN 
n: CARDINAL; 
sgitem: SGltem; 
CountSegs: PROCEDURE [sgh: SGHand!e, sg:: SGlndex] RETURNS [BOOLEAN] = { 

IF sgh.class # code THEN RETURN [FALSE]; 
IF sgh.file # FTSeif THEN BadFile[bcd, sghJile]; 
n to n + 1; 
RETURN[FALSE]}; 

AddSeg: PROCEDURE [sgh: SGHandle, sgi: SGlndex] RETURNS [BOOLEAN] = { 
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IF sgh.class # code THEN RETURN[FALSE]; 
sgList[n] ~ [sgh: sgh, space: Space.nuIlHandle]; 
n +- n + 1; 
RETURN [FALSE]}; 

SiftUp: PROCEDURE [low, high: CARDINAL] = { 
k, son: CARDINAL; 
sgltem: SGltem; 
k +- low; 
DO 

IF k*2 > high THEN EXIT; 
W k*2 + 1 > high OR sgList[k*2 + 1 - 1].sgh.base < sgList[ 

k*2 - 1].sgh.base THEN son ~ k*2 
ELSE son +- k*2 + 1; 
IF sgList[son - 1].sgh.base < sgList[k - 1].sgh.base THEN EXIT; 
sgltem +- sgList[son - 1]; 
sgList[son - 1] .... sgList[k - 1]; 
sgList[k - 1] +- sgltem; 
k +- son; 
ENDLOOP;" 

RETURN}; 
n +- 0; o +- BcdOps.ProcessSegs[bcd, CountSegs]; 
sgList +- DESCRIPTOR[GetSpace[n*SIZE[SGltem]]. n]; 
n .... 0; 
o +- BcdOps.ProcessSegs[bcd, AddSeg]; 
FOR n DECREASING IN [1 .. LENGTH[sgList]/2] DO 

SiftUp[n, LENGTH[SgListll. ENDLOOP; 
FOR n DECREASING IN [1 .. LENGTH[SgList]} DO 

sgltem +- sgList[1 - 1]; 
sgList[1 - 1] .... sgList[n + 1 - 1]; 
sgList[n + 1 - 1] +- sgltem; . 
SiftUp[1, n]; 
ENDLOOP; 

END; 

AllocateCodeSpaces: PROCEDURE [bed: Bcd Base, sgList: SGList] = 
BEGIN 
start, end, startBase, pages, offset: CARDINAL; 
space, subSpace: Space.Handle; 
start .... end +- 0; 
DO 

startBase .... sgList[start].sgh.base; 
pages +- sgList[start].sgh.pages; 
DO 

end +- end + 1; . 
IF .end = LENGTH[SgList] OR pages + sgList[end].sgh.pages > 255 THEN EXIT; 
pages +- pages + sgList[end].sgh.pages; 
ENDLOOP; 

space +- SpeciaISpace.CreateForCode[ 
size: pages, parent: Space.virtualMemory, base: Space.defauItBase]; 

Space.Map[ 
space: space, 
window: Space.WindowOrigin[ 
file: File.LimitPermissions[bcdCap, File.read], 
base: bcdSpaceBase + sgList[start].sgh.base - 1]]; 

offset +- 0; . 
FOR index: CARDINAL IN [start .. end} DO 

sgh: SGHandle .... sgList[index].sgh; 
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sph: SPHandle +- FindSPHandle[bcd, sgh]; 
IF sph = NIL THEN 

subSpace +- Space.Create[size: sgh.pages, parent: space, base: offset] 
ELSE { 

FOR sp: CARDINAL DECREASING IN [O .. sph.length) DO 
subSpace .... Space.Create[ 

size: sph.spaces[sp].pages. parent: space, 
base: offset + sph.spaces[sp].offset]; 

IF sph.spaces[sp].resident THEN SpeciaISpace.MakeResident[subSpace]; 
ENDLOOP}; 

sgList[index].space ~ subSpace; 
offset .... offset + sgh.pages; 
ENDLOOP; 

IF end = LENGTH[sgList] THEN EXIT ELSE start +- end; 
ENDLOOP; 

RETURN; 
END; 

FindSPHandle: PUBLIC PROCEDUI3E [bed: BcdBase, sgh: SGHandle] 
RETU~NS [sph: SPHand!e] = 
BEGIN 
sgb: BcdDefs.Base = LOOPHOLE[bcd + bcd.sgOffset]; 
spb: BcdDefs.Base = LOOPHOLE[bcd + bcd.spOifset]; 
spi: SPlndex; . 
FOR spi .... FIRsT[SPlndex], spi + slzE[SPRecord] + sph.length*sIZE[SpaceID] 

UNTIL spi = bcd.spLimit DO 
sph .... @spb[spi]; IF ·@sgb[sph.seg] = sgh THEN RETURN[Sph]; ENDLOO?; 

RETURN[NIL] 
END; 

SgiToLP: PROCEDU~E [bed: BcdBase, sgi: SGlndex, sgList: SGList] 
RETURNS [LONG POINTER] = 
BEGIN 
sgb: BcdDefs.Base = LOOPHOLE[bcd + bcd.sgOffset]; 
i: CARDINAL; 
FOR i IN [O .. LENGTH[SgList]} DO 

IF @sgb[sgi] = sgList[i].sgh THEN 
RETURN[Space. Long Poi nter[ sg List[i] .space]]; 

ENDLOOP; 
RETUHN[NIL] 
END; 

BadCode: PUBLIC SIGNAL [name: STRING] = CODE; 
MissingCode: PUBLIC SIGNAL [name: STRING] = CODE; 

InvalidModule: PROCEDURE [bcd: BcdBase, mth: MTHandle] = 
BEGIN 
name: STRING .... [40]; 

. dummy: BOOLEAN +- TRUE; 
AppendName[s: name, ssb: LOOPHOLE[bcd + bcd.ssOffset], name: mth.name]; 
IF dummy THEN. ERROR BadCode[name]; 
END; 

Bad File: PROCEDURE [bcd: BcdBase, fti: FTlndex] = 
BEGIN 
name: STR!NG .... [40]; 
fth: FTHandle = @LOOPHOLE[bcd + bcd.ftOffset, Base][fti]; 
dummy: BOOLEAN +: TRUE; . 
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AppendName[s: name, ssb: LOOPHOLE[bcd + bcd.ssOffset], name: fth.name]; 
IF dummy THEN ERROR MissingCode[name]; 
END; 

-- Binding and Map management 

InitBinding: PUBLIC PROCEDURE [bcd: BcdBase] RETURNS [binding: Binding] = 
BEGIN 
i: CARDINAL; 
p: POINTER ~ GetSpace[bcd.nDummies*slzE[BindLink]]; 
binding +- DESCRIPTOR[ 

P - CARDINAL[bcd.firstdummy*slzE[BindLink]], bcd.nDummies]; 
FOR i IN [bcd.firstdummy .. bcdJirstdummy + bcd.nDummies) DO 

binding[i] -+- [w.hichgfi: 0, body: notboundOl; ENDLOOP; 
END; 

ReleaseBinding: PUBLIC PROCEDURE [bcd: Bcd Base, binding: Binding] 
RETURNS [Binding] = . 
BEGIN 
IF BASE[binding] # NIL THEN 

FreeSpace[BASE[binding] + bcd.firstdummY*SIZE[BindLink]]; 
RETURN[DESCRIPTOR[NIL, 0]]; 
END; 

InitializeMap: PUBLIC PROCEDURE [bed: BcdBase] 
RETURNS [map: PiiotLoadStateOps.Map] = 
BEGIN 
i: CARDINAL; 
map +- DESCRIPTOR[GetSpace[bcd.firstdummy], bcd.firstdummy]; 
FOR i IN [O .. bcd.firstdummy) DO map[i] +- 0; ENDLOOP; 
END; 

DestroyMap: PUBLIC PROCEDURE [map: PiiotLoadStateOps.Map] = 
BEGIN IF BASE[map] # NIL THEN FreeSpace[BASE[map]]; END; 

-- Link management 

links: LONG POINTER TO ARRAY [0 .. 0) OF PrincOps.ControILink; 
long, writeable: BOOLEAN; 

OpenLinkSpace: PROCEDURE [frame: GlobalFrameHandle, mth: BcdOps.MTHandle] = 
BEGIN 
IF frame.codelinks THEN { 

long +- TRUE; links ~ RuntimelnternaI.Codebase[LOOPHOLE[frame]]} 
ELSE {long +- FALSE; links +- LOOPHOLE[LONG[frame]]}; 
links +- links - mth.frame.length; 
writeable +- FALSE; 
END; 

WriteLink: PROCEDURE [offset: CARDINAL, link: PrincOps.ControILink] = { 
IF long AND -writeable THEN { 

cap: File.Capability; 
space: Space. Handle; 
writeable +- TRUE; 
space +- FindMappedSpace[Space.GetHandle[Space.PageFromLongPointer[links]]]; 
cap +- Space.GetWindow[space].file; 
cap.permissions +- cap.permissions + File.write; 
Space.MakeWritable[space, cap]}; 
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-links[offset] ~ link}; , 

ReadLink: PROCEDURE [offset: CARDINAL] RETURNS [link: PrineOps.ControILink] = 
BEGIN RETURN[links[offset]]; END; 

CloseLinkSpace: PROCEDURE [fr-ame: GlobalFrameHandle] = { 
OPEN Space; 
IF long AND writeable THEN 

MakeReadOnly[FindMappedSpace[GetHandle[PageFromLongPointer[links]]]]}; 

-- Free storage management 

heap: MDSZone ~ Heap.systemMDSZone; 

GetSpace: PUBLIC PROCEDURE [nwords: CARDINAL] RETURNS [p: POINTER] = { 
RETuRN[Heap.MakeMDSNode[z: heap, n: nwords]]}; 

. FreeSpace: PUBL)C PROCEDURE [p: POINTER] = {Heap.FreeMDSNode[z: heap, p: p]}; 

END: ... 
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-- RuntimeLoader)PilotLoadState.mesa (fast edited by Luniewski on July 8, 1980 3:23 PM) 

DIRECTORY . 
BedOps, USING [Bcd Base] , 
Environment USING [PageNumber, PageCount, wordsPerPage], 
Inline USING [LongCOPY], 
PiiotLoaderOps USING [FreeS pace, GetSpace, PiiotLoaderSupport], 
PiiotLoadStateFormat USING [ 

PilotVersionlO, Configlndex, LoadState, Modulelnfo, ModuleTable, NuliConfig, 
NuliModule], 

PiiotLoadStateOps USING [EnumerationDirection, Map], 
PrincOps USING [GFTlndex], 
Runtimelnternal USING ,[loadStatePage], 
RuntimePrograms USING 0, 
SOOefs USING [SO, sGFTLength], 
Space USING [ , 

Create, GetAttributes, GetHandle, Handle, LongPointer, LongPointerFromPage, 
Map, PageFromLongPointer, virtualMemory, VMPageNumber]; 

PilotLoadState: MONITOR 
IMPORTS Inline, Runtimelnternal, Space, PilotLoaderOps 
EXPORTS PiiotLoadStateOps, RuntimePrograms = 

BEGIN OPEN PiiotLoadStateOps, PilotLoadStateFormat, PrincOps; 

loadstate: LONG LoadState; -- the working copy of the load state. 
gft: LONG ModuleTable; 
queue: CONDITION; 
inuse: BOOLEAN ~ TRUE; 

LoadStateFull: PUBLIC SIGNAL = CODE; 
LoadStatelnvalid: PUBLIC SIGNAL = CODE; 
InitializePiiotLoadState: PUBLIC PROCEDURE [ 

pagelnitialLoadState: Environment.PageNumber, 
countlnitialLoadState: Environment.PageCount] = -- Module initialization: 
BEGIN OPEN Space; 
workingLoadState: Space.Handle ~ Space.Create[ 

countinitialLoadState, Space.virtuaIMemory]; 
Space.Map[workingLoadState]; 
Inline.LongCOPY[ 

from: LongPointerFromPage[pagelnitiaILoadState], 
to: loadstate ~ Spaee.LongPointer[workingLoadState], 
nwords: countlnitiaILoadState*Environment.wordsPerPage]; 

gft ~ DESCRIPToR[@loadstate.gft, SDDefs.SD[SDDefs.sGFTLengthll: 
Runtimeinternal.loadStatePage +- Space.VMPageNumber[workingLoadState]; 
-- set everyone to now use the working load state. 
ReleaseLoadState[]; 
START PilotLoaderOps.PilotLoaderSupport; 
END; 

InputLoadState: PUBLIC ENTRY PROCEDURE RETURNS [Configlndex] = 
BEGiN 
ENABLE UNWIND = > NULL; 
WHILE inuse DO WAIT queue ENDLOOP; 
IF loadstate.versionident # PilotVersionlO THEN ERROR LoadStatelnvalid; 
inuse ~ TRUE; , 
RETURN[loadstate.nBcds] 
END; 
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ReleaseLoadState: PUBLIC ENTRY PROCEDURE = 
BEGIN ENABLE UNWIND = > NULL; inuse ~ FALSE; NOTIFY queue; END; 

UpdateLoadState: PUBLIC PROCEDURE [config: Configlndex, bed: BcdOps.BcdBase] = 
BEGIN 
size: CARDINAL; 
IF bed = NIL THEN ERROR LoadStatelnvalid; 
IF config > = LAST[Configlndex] THeN ERROR LoadStateFull; 
size ~ Spaee.GetAttributes[ 

Space.GetHandle[Space.PageFromLongPointer[bcd]]].size; 
loadstate.bcds[config] ~ 

[exports: bcd.nExports # 0, typeExported: bcd.typeExported, pages: size, 
base: bed]; 

IF config ) = loadstate.nBeds THEN 10adstate.nBeds ~ 10adstate.nBcds + 1; 
END; 

RemoveCcnfig: PUBliC PROCEDURE [map: Map, eonfig: Configlndex] == 
BEGIN 
i: CARDINAL; 
FOR i IN [1 .. LENGTH[gftD DO 

IF gft[i].config > config AND gft[i].config # NuliConfig THEN 
gft[i].eonfig ~ gft[i].config - 1; 

ENDLOOP; 
FOR i IN [1 .. LENGTH[map]) DO gft[map[i]] ~ NuliModule; ENDLOOP; 
FOR i IN [eonfig .. loadstate.nBeds) DO 

loadstate.beds[i] ~ loadstate.beds[i + 1]; ENDLOOP; 
END; 

ForceDirfy: PUBLIC PROCEDURE = BEGIN END; 

EnterModule: PUBLIC PROCEDURE [rgfi: GFflndex, module: Modulelnfo] = { 
gft[rgfi] ~ module; }; 

GetModule: PUBLIC PROCEDURE [rgfi: GFTlndex] RETURNS [module: Modulelnfo] = { 
'RETURN[gft[r,gfi]]; }; 

MapConfigToReal: PUBLIC PROCEDURE [egfi: GFTlndex, config: Configlndex] 
R:='TURNS [rgfi: GFTlndex] = 
BEGIN 
IF cgfi = 0 THEN RETURN[O]; 
FOR rgfi IN [O .. LENGTH[gft]) DO 

IF gft[rgfi].config = config AND gft[rgfi].gfi 
ENDLOOP; 

RETURN[O]; 
END; 

cgfi THEN RETURN[rgfi]; 

MapRealToConfig: PUBLIC PROCEDURE [rgfi: GFTlndex] 
RETURNS [cgfi: GFTlndex, config: Configlndex] = { 
RETURN[gft[rgfi].gfi, gft[rgfi].config]; }; 

GetMap: PUBLIC PROCEDURE [config: Configlndex] RETURNS [map: Map] = 
BEGIN 
max: CARDINAL ~. 0; 
i: GFTlndex; 
FOR i IN '[O .. LENGTH[gft)) DO 

IF gft[i].eonfig = config THEN max .... MAx[max, gft[i].gfi]; ENDLOOP; 
map ~ DESCRIPTOR[PiiotLoaderOps.GstSpaee[max + 1], max + 1]; 
FOR i IN [O .. LENGTH[map]) DO map[i] ~ 0; ENDLOOP; 
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FOR i IN [O .. lENGTH[gft]} DO 
IFgft[i].config = config THEN map[gft[i].gfi] +- i; ENDLOOP; 

END; 

ReleaseMap: PUBLIC PROCEDURE [map: Map] = { 
IF BASE[map] # NIL THEN PiiotLoaderOps.FreeSpace[BASE[map]]; }; 

AcquireBcd: PUBLIC PROCEDURE [config: Configlndex] 
RETURNS [bcd: BcdOps.BcdBase] = {RETuRN[loadstate.bcds[config].base];}; . 

Relea.seBcd: PUBLIC PROCEDURE [bcd: BcdOps.BedBase] = Q; 

EnumerateModules: PUBLIC PROCEDURE [ 
proe: PROCEDURE [GFTlndex, Modulelnfo] RETURNS [BOOLEAN]] RETURNS [GFTlndex] = 
BEGIN 
i: GFTlndex; 
FOR i IN [O .. LENGTH[gft]} DO IF proc[i, gft[i]] THEN RETURN[i]; ENDLOOP; 
RETURN [0] . 
END; 

EnumerateBcds: PUBLIC PROCEDURE [ 
dir: EnumerationDireetion, proc: PROCEDURE [Configlndex] RETURNS [BOOLEAN]] 
RETURNS [eonfig: Configlndex] = 
BEGIN 
SELECT dir FROM 

reeentfirst =) 

FOR eonfig DECREASING IN [O . .loadstate.nBcds) DO 
IF proe[eonfig] THEN RETURN[config]; ENDlOOP; 

. reeentlast =) . 

FOR eonfig IN [O .. loadstate.nBeds) DO 
IF proe[config] THEN RETURN[eonfig]; ENDLOOP; 

ENDCASE; 
RETURN [N U 11Config] 
END; 

BcdUnresolved: PUBLIC PROCEDURE [bed: Configlndex] RETURNS [BOOLEAN] = 
BEGIN 
i: GFTlndex; 
FOR i IN [O .. LENGTH[gftD DO 

IF bed = gft[i].config AND -gft[i].resolved THEN RETURN[TRUE]; ENDLOOP; 
RETURN[FALSE]; 
END; 

BcdExports: PUBLIC PROCEDURE [bed: Configlndex] RETURNS [BOOLEAN] = { 
RETuRN[loadstate.bcds[bcd].exports]; }; . 

BcdExportsTypes: PUBLIC PROCEDURE [bed: Configlnde~] RETURNS [BOOLEAN] = { 
RETURN[loadstate.beds[bed].typeExported]; }; 

END. 
LOG 
Time: January 30, 1980 8:32 AM By: Sandman Action: Created file. 
Time: January 31, 1980 4:50 AM By: Forrest Action:? 

3 

Time: April 14, 1980 11:19 AM By: Knutsen Action: Module now STARTed by InitializePiI 
'" '" otLoadState[} 
Time: May 17, 1980 4:17 PM By: Forrest Action: Mesa 6 
.Time: July 8, 1980 3:23 PM By: Knutsen Action: Pass parameters for initialloadState. 
"""Create working loadState on the fly. 
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-- PiiotUnLoader.mesa; edited by Sandman on August 28, 1980 2:02 PM 

DIRECTORY 
BcdDefs USING [Base, MTlndex], 
BcdOps USING [BcdBase, MTHandle, ProcessModules], 
Inline USING [BITAND], . 
PilotLoaderOps USING [ 

CloseLinkSpace, FreeSpace, GetSpace, OpenLinkSpace, ReadLink, WriteLink], 
PilotLoadStateFormat USING [Modulelnfo], 
PiiotLoadStateOps USING [ 

AcquireBcd, Configlndex, EnterModule, EnumerateBcds, GetMap, GetModule, 
InputLoadState, MapRealToConfig, ReleaseBcd, ReleaseLoadState, ReleaseMap, 
Map, RemoveConfi~, 

Mopcodes USING [zFREE], 
PrincOps USiNG [ 

Control Link, FrameCodeBase, GFTlndex, GFTNull, GlobalFrameHandle, 
NuliGlobalFrame, PrefixHandle, TrapUnk, UnboundLink], 

PrincOpsRuntime USING .[EmptyGFTltem, GetFrame, GFT], 
Runtime USING [GlobalFrame, UnNew], 
Runtimelnternal USING [GetNextGlobaIFrame], 
Space USING [ 

Delete, GetAttributes, GetHandle, Handle, PageFromLongPointer, Pointer, 
wordsPerPage], 

SubSys USING 0; 

PilotUnLoader: PROGRAM 
IMPORTS 

BcdOps, lnline, PilotLoaderOps, PilotLoadStateOps, PrineOpsRuntime, Runtime, 
Runtimelnternal, Space 

EXPORTS Runtime, SubSys = 
BEGIN OPEN PrincOps, Runtimelnternal; 

Configlndex: TYPE = PilotLoadStateOps.Configlndex; 
Map: TYPE = PiiotLoadStateOps.Map; 
Bcd Base: 'TYPE = BcdOps.BcdBase; 
GlobalFrameHandle: TYPE = PrincOps.GlobaIFrameHandle; 
NuliGlobalFrame: GlobalFrameHandle = PrincOps.NuIlGlobaIFrame; 

Item: TYPE = RECORD [next: List, space: Space.Handle, pages: CARDINAL]; 
List: TYPE = POINTER TO Item; 

fList, cList: List; 

UnNewConfig, UnLoad: PUBLIC PROC [link: UNSPECIFIED] = 
BEGIN OPEN PilotLoadStateOps; 
config: Configlndex; 
map: Map; 
bcd: Bcd Base; 
frame, f: GlobalFrameHandle; 
frame ~ LOOPHOLE[Runtime.GlobaIFrame[link]]; 
IF frame.copied THEN . 

FOR f ~ GetNextGlobaIFrame[NuIlGlobaIFrame], GetNextGlobaIFrame[f] UNTIL·f = 
NullGlobalFrame DO 
w f # frame AND SameCode[frame, f] AND ... f .copied THEN 

BEGIN frame ~ f; EXIT END; 
. ENDLOOP; 

o ~ InputLoadState[]; 
BEGIN 
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'ENABLE UNWIND = > ReleaseLoadStateD; 
[config: config] ~ MapReaIToConfig[frame.gfi]; 
bcd ~ AcquireBcd[config]: 
map ~ GetMap[config]; 
CollectSpaces[map]; 
UnBindConfig[config, bcd, map]; 
CleanupFrames[map]; 
RemoveConfig[map, config]; 
ReleaseMap[map]; 
ReleaseBed [bed]; 
END; -- ELBANE 
Relea~eLoadState[] ; 
RETURN 
END; 

CollectSpaces: PROC [map: Map] = 
BEGIN OPEN PrineOpsRuntime, Space; 
frame: GlobalFrameHandle; 
i: CARDINAL; . 
fUst ~ cList ~ NIL; 
FOR i IN [1 .. LENGTH[map]) DO 

frame ~ GetFrame[GFT[map[i]]]; 
IF frame = NullGlobalFrame OR GFT[map[i]].epbias # 0 THEN lOOP; 
IF LENGTH[map] > 2 THEN . 

fUst ~ AddSpaceToList[list: fUst, space: FindMappedSpace[frame]]; 
cList ~ AddSpaceToUst[ 

list: cList, space: FindMappedSpace[frame.code.longbase]]; 
ENDLOOP; 

RETURN 
END; 

FindMappedS;lace: PROCEDURE [lp: LONG POINTER] RETURNS [space: Space.Handle] = 
BEGIN 

. mapped: BOOLEAN; 
parent: Space. Handle; 
space ~ Space.GetHandle[Space.PageFromLongPointer[lp]]; 
DO 

[mapped: mapped, parent: parent] ~ Space.GetAttributes[space]; 
IF mapped THEN RETURN[space]; 
space ~ parent; 
ENDLOOP; 

END; 

AddSpaceToList: PROCEDURE [list: List, space: Space.Handle] RETURNS [List] = 
BEGIN 
I: List; 
FOR I ~ list, I.next UNTIL I = NIL DO 

IF l.space = space THEN RETURN[list]; ENDLOOP; 
I ~ PilotLoaderOps.GetSpace[SIZE[ltem]]; 
It ~ [next: list, space: space, pages: Space.GetAttributes[space].size]; 
RETURN[I]; 
END; 

SameCode: PROC [f1,. f2: GlobalFrameHandle] RETURNS [BOOLEAN] = 
BEGIN 
fcb1, fcb2: PrincOps.FrameCodeBase; 
fcb1 ~ f1.code; 
fcb2 ~ f2.code; 
fcb1.out ~ fcb2.out ~ FALSe:; 
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RETURN[fcb1 fcb2]; 
END; 

DestroyCopy: PROC [f: GlobalFrameHandle] RETURNS [BOOLEAN] = 
BEGIN Runtime.UnNew[LOOPHOLE[f]]; RETURN[FALSE]; END; 

Free: PROC [POINTER] MACHINE CODE BEGIN Mopcodes.zFREE END; 

CleanupFrames: PROC [map: Map] = 
BEGIN OPEN PrincOpsRuntime, Space; 
frame: GlobalFrameHandle; 
f, c: . List; 
i, ep: CARDINAL; 
FOR i IN [1 .. LENGTH[map]) DO 

frame ~ GetFrame[GFT[map[i]]]; 
ep +- GFT[map[i]].epbias; 
IF frame = NullGlobalFrame OR ep # 0 THEN LOOP; 
o ~ EnumerateCopies[frame, DestroyCopy]; 
IF frame.alloced THEN 

BEGIN 
Align: PROC [POINTER, WORD] RETURNS [POINTER] = LOOPHOLE[lnline.BITAND]; 
IF frame.codelinks THEN Free[frame] 
ELSE 

BEGIN 
nlinks: [0 .. 256) ~ FindNLinks[frame]; 
Free[Align[frame - nlinks, 177n4B]]; 
END; 

END; 
ENDLOOP; 

FOR f ~ fList, fList UNTIL f = NIL DO 
. Space.De!ete[f.space]; tList ~ f.next; PilotLoaderOps.FreeSpace[f]; ENDLOOP; 

FOR i IN [1 .. LENGTH[map]} DO GFT[map[i]] +- EmptyGFTltem ENDLOOP; 
FOR frame ~ GetNextGlobaIFrame[NullGlobaIFrame], GetNextGlobaIFrame[frame] 

UNTIL frame.= NuliGlobalFrame DO 
space: Space.Handle ~ FindMappedSpace[frame.code.longbase]; 
FOR c f- cList, c.next UNTIL c = NIL DO 

IF space = c.space THEN {c.pages ~ 0; EXIT}; ENDLOOP; 
ENDLOOP; 

FOR c ~ cList, cList UNTIL c = NIL DO 
IF c.pages # 0 THEN Space.Delete[c.space]; 
cList ~ c.next; 
PilotLoaderOps.FreeSpace[c]; 
ENDLOOP; 

RETURN 
END; 

FindNLinks: PROC [frame: GlobalFrameHandle] RETURNS [nlinks: CARDINAL] = INLINE 
BEGIN 
RETURN[LOOPHOLE[frame.code.longbase. LONG PrefixHandle].header.info.nlinks] 
END; 

NextMultipleOfFou r: PROC [n: UNSPECIFIED] RETURNS [UNSPECIFIED] = INLINE { 
RETURN[n + Inline.BITAND[-n.3B]]}; 

UnBindConfig: PROC [coi,fig: Configlndex. bcd: Bcd Base. map: Map] = 
BEGIN OPEN PilotLoadStateOps; 
bmap: Map; 
UnBind: PROC [c: Configlndex] RETURNS [BOOLEAN] = 

BEGIN 
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bindee: Bcd Base; 
IF C = config THEN RETURN[FALSE]; 
bindee +- AcquireBcd[c]; 
IF bindee.nlmports # 0 THEN 

BEGIN 
bmap +- GetMap[c]; 
o +- BcdOps.ProcessModules[bindee. AdjustLinks]; 
ReleaseMap[bmap] ; 
END; 

ReleaseBcd [bindee]; 
RETURN [FALSE] 
END; 

AdjustLinks: PROC [mth: BcdOps.MTHandle. mti: BcdDefs.MTlndex] 
RETURNS [BOOLEAN] = 
BEGIN OPEN PrincOpsRuntime; 
gfi: PrincOps.GFTlndex = bmap[mth.gfi]; 
frame: GlobalFrameHandle = GetFrame[GFT[gfi]]; 
changed: BOOLEAN; 
AdjustCopies: PROC [f: GlobalFrameHandle] RETURNS [BOOLEAN] = { o +- AdjustFrame[f, mth]; RETURN [FALSE]}; . 
IF frame = NullGlobalFrame OR mth.frame.length = 0 THEN RETURN[FALSE]; 
changed f- AdjustFrame[frame, mth]; 
IF changed AND frame.shared AND -frame.codelinks THEN 

D f- EnumerateCopies[frame, AdjustCopies]; 
IF changed THEN 

BEGIN 
info: PilotLoadStateFormat.Modulelnfo ~ GetModule[gfi]; 
info.resolved ~ FALSE; 
EnterModule[rgfi: gfi, module: info]; 
END; 

RETURN[FALSE] 
END' 

Adju~tFrame: PROC [frame: GlobalFrameHandle, mth: BcdOps.MTHandle] 
RETURNS [changed: BOOLEAN] = 
BEGIN 
i: CARDINAt; 
link: PrincOps.ContrcILink; 
changed f- FALSE; 
PilotLoaderOps.OpenLinkSpace[frame, mth]; 
FOR i IN [O .. mth.frame.length} DO 

link ~ PilotLoaderOps.ReadLink[i]; 
IF BoundHere[link, mth.frame.frag[i].vtag = var] THEN 

BEGIN 
link ~ IF Iink.proc OR link.indirect THEN Unbound Link ELSE Traplink; 
PilotLoaderOps.WriteLink[i, link]; 
changed +- TRUE; 
END; 

ENDLOOP; 
PilotLoaderOps.ClcseLinkSpace[frame]; 
RETURN 
END' 

Bou~dHere: PROC [link: ControILini<, var: BOOLEAN] RETURNS [BOOLEAN] = 
BEGIN 
i: CARDINAL; 
gfi: GFTlndex ~ GFTNull; 
SELECT TRUE FROM 

var :;:> { 
op: ORDERED POINTER = LOOPHOLE[link]; 
f: List; . 
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IF LENGTH[map] = 2 THEN RETURN[Op IN [frameStart . .frameEnd)] 
ELSE 

FOR t +- tUst, f.next UNTIL f = NIL DO 
frameStart +- LOOPHOLE[Space.Pointer[f.space]]; 
frameEnd +- frameStart + Space.wordsPerPage*f.pages; 
IF op IN [frameStart .. frameEnd) THEN RETURN[TRUE]; 
ENDLOOP; 

RETURN [FALSE]}; 
link.proc =) gfi +- link.gfi; 
ENDCASE = > RETURN[FALSE]; 

FO~ i IN [1 .. LENGTH[map]) DO IF map[i] gti THEN RETURN[TRUE]; ENDLOOP; 
RETURN [FALSE]; 
END; 

frameStart, frameEnd: ORDERED POINTER; 
IF bcd.nExports = 0 AND bcd.nModules # 1 THEN RETURN; 
frameStart +- LOOPHOLE[PrincOpsRuntime.GetFrame[PrincOpsRuntime.GFT[map[1]]]]; 
IF bcd.nModules = 1 THEN 

BEGIN OPEN BcdDefs; 
mth: BcdOps.MTHandle = @LOOPHOLE[bcd + bcd.mtOffset, BcdDefs.Base][ 

FIRST[Bcd Defs.MTI nd ex]]; 
frameEnd +- LOOPHOLE[frameStart + mth.framesize] 
END' o +- EnumerateBcds[recentfirst, UnBind]; 

RETURN 
END; 

EnumerateCopies: PRoe [ 
frame: GlobalFrameHandle, proc: PRoe IGlobalFrameHandle] RETURNS [BOOLEAN]] 
RETURNS [result: GlobalFrameHandle] = 
BEGIN 
f: GlobalFrameHandle; 
IF -frame.shared THEN RETURN[NuIlGlobaIFrame]; 
FOR t +- GetNextGlobaIFrame[NuIlGlobaIFrame], GetNextGlobaIFrame[f] UNTIL f = 

NuliGlobalFrame DO . 
IF f # frame AND f.copied AND SameCode[frame, f] AND proc[f] THEN EXIT; 
ENDLOOP; 

RETURN[f]; 
END; 

END ... 

PilotUnLoader.mesa. 8-Sep-80 12:38:06 
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