
Popla r: CONFIGURATION 
IMPOFrrS SystemDefs, StringDefs, IODeI3, StreamDefs, SeqmentDcfs, MiscDefs, DiskKOOefs, £3FSDefs, DiskDefs, OirectoryOefs, 
ImageDefs, FrameDefs, DisplayDefs, ProcessDefs, CodeOefs,Stream, AllocDefs, CoreSwapDefs, LoadStateDefs 
CONTROL pi = BEGIN 
CheckPoint; 
VM; 
AFiles; 
ThreeWayCore; 
TimeConvert; 
NWF; 
disp; 
pi; 
sup; 
eval; 
parse; 
string; 
store; 
route1 ; 
rOllte2; 
stat; 
BTree; 
BTree2; 
Storage; 
RT; 
EtherReport; 
END. 



BTDefs:DEFINITIONS = BEGIN 
Setup: PROCEDURE; 
END. 



--8 tree defs (maybe retrieval defs ?) 
DIRECTORY FilePageUseDefs: FROM "FilePageUseDefs"; 
BTreeDefs:DEFINITIONS = BEGIN 

Desc:TYPE = DESCRIPTOR FOn ARRAY OF WORD; 
BTreeHandle:TYPE = PRiVATE RECORD[CARDINALj; 
Call:TYPE = PROCEDURE[k:Desc,v:Descj RETURNS[more:800LEANj; 
TestKeys:TYPE = PROCEDURE[a,b:Descj RETURNS[BOOLEANj; 

CreateBTree:PROCEDlJRE[file:FilePaoeUseDefs.FileHandle,new:BOOLEANj 
R ETURNS[B r reeHand Ie j; 

Insert:PROCEDURElbh:BTreeHandle,key:Desc,value:Descj; 
Lookup:PROCEDUR[[bh:BTreeHandle,key,value:Descj 

RETURNS[lengthValue:CARDINAL];--177777B for not found 
Delete:PROCEDURE[bh:BTreeHandle,key:Descj; 
Enumerate:PROCEDURE[bh:BTreeHandle,key:Desc,c:Callj; 
ReleaseBTree:PROCEDURE[bh:BTreeHandle]; 
InitializefJTree:PROCEDURE 

[bh:BTreeHandle, 
isFirstBigger ,are TheyEq ual:T estKeys, 
dirtyCache:BOOLEANj; 

FlushCache:PROCEDURE[bh:BTreeHand!ej; 
AskDepth:PROCEDURE[bh:BTreeHandlej RETURNS[CARDINALj; 
NuIiProc:TestKeys; 

END. 

A B Tree stores and retrieves Entries in a file system. A entry consists of a key and a value. Retrieval is based on the key, and returns the 
value. The user can insert, lookup or delete entries. He can also Enumerate entries starting at a particular key and getting called with 
successive entries until the call returns false. There is no provision for deleting the file once it is created; Release only closes it. 

A Btree stores ordered Entries. If one attempts a lookup on a non-existent entry, one gets avalue length of -1, and an enumerate returns 
entries in numerical order (all based on the key). The ordering property is vital internally, since a binary search is going on to find the 
entry of interest. 

InitializeBTree allows the user to supply his own orderina of items in the BTree, by supplying routines which define greater than and 
equal for the keys. Initiali.l'eBTree need never be called if the IIser is content with the default ordering, which is a simple cardinal 
compare of the elements one by one (rllning out of elements is smaller). A user who builds a tree with one alaorithm and searches it with 
another gets what he deserves. Normally the package operates in a "safe" mode, where it writes out changes as they occur. It is 
possible to change this mode to keep a dirty cache, and write it out only on closing the file, which goes quicker allows no recourse on an 
abort. If Initialize specifies NullProc , the defaults will be used. 

It is improper for the user to store an entry with a zero length key. Enumerating on such a key dumps the whole tree. 

Bug: The definition of Lookup is not good: 
a) it doesn't tell you the length of the value 
b) it has no way to change the entry 
c) it is awkward at best - there must be a "found" boolean, 

Bug: The current implementation may get horribly lost if you change the tree during the course of an enumeration, and then try to 
continue the enumeration, 

Bug: The enumeration actually returns pointers right into the pages of the tree. It would be quite desirable to change the value part of 
the entry, say during an enumeration or a lookup, and to have that reflected into the file. So long as the entry does not change length, 
there is no conceptual difficulty here. Unfortunately, the current implementation has no way of noticing that the page has become dirty, 
and will "cleverly" avoid rewriting the page, thereby preventing the change from happening (unless some other change marked it dirty 
later). 



--btree2Dels 

BTree2Dels:DEFINITIONS '" BEGIN 

VArroy:TYPE = POINTER TO DESCRIPTOR FOR ARRAY OF WORD; 
Entry :TYPE = POINTI:R TO EntryR; 
Entryfi:TYPE = RECORO[k:l<ey,v:Valuoj; 
Key :TYPE = DESCRIPTOf-1 FOR Af-i~lA Y OF WORD; 
Value :TYPE = OESCR!PTOI~ FOR ARRAY OF WORD; 
Index :TYPE = CARDINAL; 
nullindex:CARDINAL = 1000008; 

Initialize:PROC~OUnqVArray); 
Insert :PROCEDlmE[VArray,lndex,Entry); 
Lookup :PROCEDUnqVArray,lndex) RETURNS[EntryR); 
Delete :PROCEDURE[VAITay,lndex); 
Replaco :PROCEDURC[VArray,lndex,Entry); 

Got,L\nother:SIGNAL RETURNS [VArray); 
Merger :SIGNAL RETURNS Iv:V Array,vOnRightBOOLEAN); 
DeletePage:SIGNAL; 

Items:PROCEDURE[VArray) RETURNS[CARDINAL); 

END. 

VArray stores in a compact 'Nay a variable number 01 variable length items, keyed off an index number. Index numbers start at 0 and 
run to Items· 1. You may insert.iookup, delete,or replace at any index. Structurally, a Varray is a Pointer to a Descriptor lor an Array 
01 Word, and any client can create the structure. It must be initialized belore use. An Item consists 01 two parts, a key and a Value. 
Each part 01 each item is described by a array descriptor, both for insertion and lookup. No copy is implied by a lookup: the 
descriptor points dilectly into the array. Insertion and deletion immediately r(,!lumber all of the stored items. Lonically, replace is a 
delete followed by an insert, but by cloing it all at once you avoiu an ill advised attempt to merge the page (see tho Merge signal 
below). Insertions occur after the index, so you must insert at -1 to put in the lirst entry. 

There are two interesting events which trigger signals: trying to insert something which won't lit, and trying to delete something 
when the vArray is pretty empty. 

If won't fit, the implementer signals GetAnother, which the client can resume with a new vArray lor the overflow. 
If the buffer gets rather empty, the implementer signals Merger. If the client Resun,es with a new buffer, then the implementer wili 

try to merge the current vArray with the new buffer. If sucr.essful, the implementer will signal DeletePage. It is possible to merge 
with a foliowinQ or a pi eceeding buffer (vOnRight = TRUE or FALSE) but in either case, the modification will occur to the rightmost 
buffer. If the client resumes with NIL, the short array will remain. 



-- DispDefs.Mesa Last edited by Morris November 29,1978 5:58 PM 
DIRECTORY 

DispDefs: DEFINITIONS = BEGIN 

. -- defined in disp.mesa 
DispSetllp: pnOCEDURE; 
DispReset: PROCEDURE; 
Print: PROCEDUnE.:[PLDefs.Node]; 
PrintString: PROCEDURE[PLDefs.Nocle]; 
Confirm: PROCEDURE RETURNS [BOOLEAN]; 
PrintChar: PROCEDLJRE[CHARACTER]; 
MyWriteProcedure: PROCEDURE[CHARACTER]; 
ClearLine: PROCEDURE; 
ClearScreen: PROCEDURE; 
ToggleMore: PROCEDURE RETURNS[BOOLEAN]; 
TogoleAIiPrint: PROCEDURE RETURNS(BOOLEAN]; 

-- defined in wf.mesa 
WFO: PROCEDURE [STFlING]; 
WF1: PROCEDURE [STPING,UNSPECIFIED]; 

PLDefs: FROM "PLDefs"; 

WF2: PROCEDURE [STRING,UNSPECIFIED,UNSPECIFIED]; 
WF3: PROCEDURE [STRING,UNSPEC:FIED,UNSPECIFIED.UNSPECIFIED1; 
WF4: PROCEDURE [STRING,UNSPECIFIED,UNSPECIFIED,UNSPECIFIED, UNSPECIFIED]; 

SetCode: PROCEDUPE[CHARACTER, PROCEDURE[UNSPECIFIED, STHING]]; 
ResetCode: PROCEDURE [CHARACTER]; . 
SetWriteProcedllre: PROCEDURE [PROCEDURE[CHARACTER]] RETURNS [PROCEDURE[CHARACTER]]; 
WriteToString: PROCEDURE[STRING]; 
WFError: SIGNAL[STRING,CARDINAL]; 
END. 



EtherReportDefs: DEFINITIONS = BEGIN 

Socket: TYPE = RECORD[high.low: CARDINAL]; 
Port: TYPE = RECORD[m,t. host: [0 .. 256). socket: Socket]; 
Result: TYPE = {OK. NoEthcrNet. HostlsO. RouteRequestFailed. SendFailed. NoHeply}; 
Report: pnOCEDURE[ 

END. 

Port. 
POINTER TO ARRA Y[O .. !) OF WORD. 
CARDINAL 
] RETURNS [Result]; 



-- PLDefs.Mesa Last editeci by Morris October 26,1978 5:42 PM 
-- modified by WaJler for lazy eval, 7/6179 

PLDels: DEFINITIONS '-' BEGIN 

DiRECTORY 
FileSystemDefs: FROM "FileSys!emDefs", 
filePaoelJseDefs: FROM "FilePageUseDefs", 
ControiDefs: FROM "controldefs"; 

TokType: TYPE = (ZERO,LP,RP,LB,RB,COMMi\,EOF, SEP,LC,RC.COLON, 
HOLE, DIV ,STR, I D,n i\R R.ASS, PROG ,F CN,SEQOF ,OPT, Dr'LETE,SEQOFC,MAPPL Y, UNA RY ,PLUS,MINUS,ZARY, 
GOBGLE,PFUNC,TILDE,P!\L T,PFUNC 1, SEQUENCE,SATL,WilD,flIIL,ITER,SCREEN,EQUAL}; 
NodeType: TYPE = {ZERO,ID,STR,HOLE,LlST,CAT,MMCH,APPLY,FCN, ASS, PROG,FAIL,SEQOF,OPT, SEQOFC, DELETE, 
MAPPLY, 
UN/\,RY,PLUS,MINUS,ZARY,GOBBLE,PFUNC,PAL T,PFUNC I, SEQUENCE, CATL,WILD,PA TTERN,ITER,TILDE,EQUAL, ENV, 
CLOSURE,UNDEFINED}; 
SType: TYPE = {wro,unk,string,proc,patproc}; 

Node: TYPE c: POINTER TO NodeRecord; 
pNode: TYPE = POINTER TO Node; 
NodeRecord: TYPE co MACHINE DEPENDENT RECORD[ 

Type: NodeType, 
Des: Desrlecord, 
Var: SELECT OVERLAID NodeType FROM 
-- base 
ID = > [name: Symbol], 
STR = > [str: StringRecord], 
ZARY = > [zary: Symbol], 
PFUNC "" > [plune: Symbol], 
fAIL, WILD, HOLE,UNDEFINED = > NULL, 
-- inductive 
UNARY = > (unary: Symbol, uexp: Node], 
PFUNC1 = > [plunc1: Symbol, pexp: Node], 
LIST =) [Iisthead.listtail: Node], 
CAT,CA rL,EQUAL = > [Ielt,right: Node], 
MATCH =) (div.patt: Node], -- actually>, for historical reasons 
PAL T = > (alt1.al<2: Node], -- alii, alt2 " lists 
APPL Y, MAPPL Y, GOBBLE, ITER =) [object, target: Node], 
FCN =) [parms,fcn: Node], 
ASS =) [Ihs,rlls: Node], 
PROG = > (prog 1 ,prog2: Node], 
SEQOF, SI:QOFC = > [seq of: Node], 
OPT =) [opt: Node], 
SEQUENCE" > [from,to: Node], 
DELETE",,) (delete: Node], 
PLUS,r,,1INUS =) [arg 1 ,arg2: Node], 
PATTERN = > (pattern:Node], 
TILDE =) (not: Node], 
ENV = > (val, next: Node], 
CLOSUnE = > (exp, env: Node], 
ENDCASE 
]; 

Symbol: TYPE = POINTER TO SymbolRecord; 
SymbolRecord: TYPE = I-iECORD( 

name: STRING, 
tok: TokTYre, 
type: SType, 
var: SELECT OVERLAID SType FROM 
zero,unk.stril~g = > [val:Node), 
proc = > [proc: PROCEDUflE[Symbol,Node,Nodej HE rUrINS[Node]], 
patproc = > [patproc: PROCEDURE[Symbol,Strearn,Node] RETURNS(Nodell, 
ENDCASE 
]; 

StringType: TYPE", {simp,cat}; 
String: TYPE = POIf'lTER TO StringRecord; . 
StringRecord: TYPE = HLCORD[ 

var: SELECT O-'/ERLAID String Type FROM 
simp = > [start,length: CARDINAL]' 
cat", > [n 1,112: Node], 
ENDCASE 
]; 



DesRecord: TYPE = RECORD( 
g: ROOLEAN, -- mark bit for garbage collector 
e: [300LEAN, -- if TRUE, this nocle has been eval'ed 
s: StringType, -- if STn, which type 
b: BOOLEAN,- if n~UE, this 8TR has been balanced, 
fi: Filelndex -- if type = simp (O is default) 
]; 

Filelndex: TYPE = [0 .. 64); 

Register: TYPE = CARDINAL; 
Stream: TYPE: = POINTER TO StrearnRecord; 
SBSize: CMmINf\L. = 40; 
StreamFlecord: TYPE = RECORD[ 

-- this ca" be loopholed into string 
len: CARDINAL, -- no. of good characters in buff 
cp: CARDINAL, 

-- next character avail in buff (cp '" len",) empty) 
burf: PACKED ARRAY [O .. SBSize) OF CHARACTEn, 
node: Node, -- source string (NIL< 0= )empty) 
posn: CARDINAL -- next char in source string 
.- if node is a cat then it is right linear and left most sub-string is of length greater than posn. 
); 
-- the buffer is redundant, because its characters can also be found in the len characters starting at posn. 

NumLines: CARDINAL = 35; 
NumPages: CARDINAL = 35; 
sSize: CARDINAL", 500; 
Unbound: UNSPECIFIED = ControIDefs.ControILinkTag[unbound); 
cdebu9: BOOLEAN = FALSE; 

PBug: SIGNAL[est: STRING); 
SErr: SIGNAL[est: STRING); 
RErr: SIGNAL[esl: STRING]; 
EndDisplay: SIGNAL; 
Interrupt: SIGNAL; 

-- defined in pI. mesa 
IsDebug: PROCEDURE RETURNS[BOOLEAN]; 
Fixup: PROCEDURE[Node] R!:'TURNS[Node]; 

-- defined in parse. mesa 
Pa rseSetup: PROCEDURE; 
Dist: PROCEDURE[Node) RETURNS[Node); 
E r ro rM sg: Pf\OCEDURE[STR ING,STRING]; 
ErrorMs91: PROCEDURE[STRING,UNSPECIFIED); 
SetCu r rentNode: PROCEDURL:[Node]; 

-- defined in eval.mesa 
Eval: PROCEDURE[Node,Node] R~TURNS[Node); 
ZEvai: PROCEDURE[Node) RETURNS[Node); 
Map: PFlOCEDLJRE[Node,PROCEDURE[Node)) ; 
LengthList: PROCEDURE[Node) RETURNS[CARDINAL); 

-- defined in sup.mesa 
SupSetup: Pf~OCEDURE; 
SupReset: pnOCEDURE; 

-- defined in Route2.mesa 
W riteRou tine: PROCEDURE[Symbol,Node,Nodej RETURNS(Nodej; 

-- defined in string. mesa 
StringSe;up: PROCEDURE; 
StringCleanup: PROCEDURE; 
MakeSt ring: PROCEDURE(STRING,Nodej; 
MakeSTR: f'ROCEDLJR[[STRINC,j HETURNS[Node]; 
Coe ree: PROCEDURE[Node) Rr=:TURi~S[Node]; 
MakeNUM: P~{OCEDUR[[LONCi Ir~TEGER] HETURNS [Node); 
Makelnieger: PROCEDUnEli'Jode] RETURNS [LCrK, INTEGER]; 
StringConcat: PROCEDURE(Node,Node) RETURNS [NlJde]; 
LayOutBits: PFlOCEDURE[Nocle]; 
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DoTransfer: PROCEDURE; 
T ransfe r: PROCEDUnE(Node); 
St ringDebugging: PROCEDURE; 
StrinyGC: PROCEDURE; 
EndS! ringGC: PROCEDURE; 
GelSin: PROCEDURE PETURNS[CARDINAL]; 
FileRoutine: PROCEDURE[Symbol,Node,Node] RETURNS[Node]; 
Sub: PROCEDURE[Node,LONG INTEGEn] RETURNS(CHARACTER); 
Su bSt ring: pnOCEDUnE[Node,LONG INTEGER,LONClINTEGER] RETURNS [Node); 
NewSI ream: PROCEDURE[Node] RETURNS[StreamRecord); 
Item: PROCEDUHE[Stream] RETURNS[CHARACTER]; 

-- defined in store. mesa 
Alloc:PROCEDURE [NodeRecord] RETURNS [Node]; 
FreeTree: PROCEDUFlE[Node]; 
CheckNodc: PROCEDUl~E[Nodel; 
IndexNode: PHOCEuURE[Node] RETURNS[C}\RDINAL); 
Insert: PROCEDUEE[S TRING,TokType,PLDefs.SType, 

PROCEDURE[Symbol,tlcde,NocJe] RETURNS[Node), 
PROCEDUF!E[Syrnbol,Slream,Node] RETURNS[Nodel] 
RETURNS[Symbolj; 

Lookup: PROCEDURE[STRING] RETURNS[Symbol]; 
ResetCu rsor: PROCEDURE; 
StoreSetup: PROCEDURE; 
StoreReset: PROCEDURE; 
Sio reCleanup: PROCEDURE; 
MRS: PROCEDURE RETURNS[Register); 
RRS: PROCEDURE[Register]; 
R: PROCEDURE[pNode); 
H2: Pf~OCEDURE[pNode,pNode]; 
R3: PROCEDURE[pNode,pNode,pNode]; 
IgnoreRRS: PROCEDURE; 
CopyTree: PROCEDURE[Node) RETURNS[Node); 
P reo rde r: PROCEDURt::[Node,PROCEDLJRE[Node] RETURNS[BOOLEAN1]; 
Pos 10 rde r: PROCEDURE[Node,PROCEDURE[Node] RETURNS[BOOLEAN]]; 
SnapShot: PROCEDURE; 
Ga rb age Rou tine: pnOCEDURE[Symbol,Node,Nodej RETURNS[Node]; 
GetSpccialNodes: PROCEDURE RETURNS[Node,Node,Node]; 
Pa rseT ree: PROCEDURE[Node]; 
GelCore: PROCEDURE[CARDINAL] RETURNS[POINTER]; 

-- defined in stat.mesa 
StatSelup: PROCEDURE; 
Empty: PROCEDURElNocle] RETURNS [BOOLEAN]; 
Length: PROCEDUfiE[Nocle] RETURNS[LONG INTEGER]; 
Skip: PROCEDURE[~locle,LONG INTEGER]; 
LinearSTR: PROCEDURE[Node] RETURNS[Node,LONG INTEGER); 
Detail: PROCEDURE[Node]; 
FixRep: PROCEDURE[Node] RETURNS[Node]; 
Su bSt ream: PROCEDURE[Stream,LONG INTEGER] RETURNS[CHARACTER]; 
SkipSlream: PROCEDURE[Stream.LONG INTEGER]; 
LengthSt ream: PROCEDURE[Stream) RETURNS[LONG INTEGER); 
ConvertSt ream: PROCEDURE[Stream] RETURNS[Node]; 
Su bSt ringSI ream: PROCEDURE[Strearn,LONG INTEGEf{,LONG INTEGER] flETURNS [Node]; 

END. 
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DIRECTORY PLDefs: mOM "PLDefs"; 

RouteDels: DEFINITIONS = BEGIN 

ROllte1 Setup: PROCEDURE; 
Route2Setup: PROCEDURE; 
KeyRoutine: PFlOCEDUm:[PLDefs.Symool,[)LDefs.Node,PLD8fs.Node) RETURNS[PLDefs.Node); 
Route3Setup: PHOCEDURE; 
END. 



DIRECTORY 
Fil,"SysternDcfs: FROM "FileSystemDefs"; 

VMDefs: DEFINITIONS = BEGIN 

Filelndex: TYPE", [0,.64); 
Cardinzll: PROCEDURE[in: LCNG l~lTEG[R] RETURNS [CAF1DINAL]; 
FS: PROCEDURE RETllRNS [F,leSystcmDefs.FileSystem]; 
VMSetup: PROCEDURE; 
VMCleanup: PROCEDURE; 
GetSCh;)r: PROCEDURE(LONG INTEGER, Filelndex] RETURNS[CHARACTER]; 
SelSChar: PROCEOUFiEfLONG INTEGER, Filelndex, CHARACTER]; 
GeISt ring: PROGEDURErL.ONG INTEGEFl,CAIlDINAL, File}!ndcx, STRING]; 
SetSt ring: PROCEDURE[l.ONG INTEGER, Filelnclex, STRING]; 
Open: PROCEDURE[STflING] RETURNS [Filelndex, LONG INTEGER]; 
Close: PF~OC:::::DU~IE[f'ilelndex]; 
OrenRW: PROCEDUf~E[STRING] RETURNS [Filelndex, LONG INTEGER]; 
C!oseRW: PROCEDURE[FilclnJex, LONG INTEGER]; 
END. 



-- written by Monis and Sctlmidt 
-- modified by Wadler for la;:y eval, 7/13179 

-- functions return a la;:y value, which is 

DIHECTorw 
PL.f'cis: FROM "PLDefs", 
DisplJ(;fs: FROM "DispDefs", 
SyslefilDe[s: FROM" Si'slernDefs", 
IODds: FROM "IODefs", 
SirearnDefs: FROM "StreamDefs ", 
nUL leDefs: FF{OM "RoutiJDefs", 
In:inonets: FROM" InlineDcfs", 
StringDds: FROM "StringDefs"; 

a. a list with expressions for its head and tail (any necessary parts are in closures) 
-- or b. a completely evaluated expression 
-- in either case the e bit is set. 

-- parameters and returned values of procedures are registered only 
-- if they are usen for accufllulating intermecli8te answers. 
-- a parameter variable is not registered if it is only set to a component of 
-- itself, or the ZEval of a component of itself, e.n. val <- ZEval[val.listail]. 
-- all other node variables arc always registered. 

~'!~!: PROGRAM IMPORTS P: PLDefs, DisPDefs. StreamDefs, RouteDefs EXPORTS PLDefs ~ BEGIN 

TokType: TYPE = PLDefs.TokType; 
NodeType: TYPE = PLDefsNodeType; 
Node: TYPE = PLDefs.Node; 
Symbol: TYPE" PLDefs.Symbol; 
Register: TYPE = PLDefs.Register; 
GlobalEnv: Node <- NIL; 

Fail,MTSt,Nail: Node; 

Apply: PROCEDURE[val, func: Node] RETURNS [ret: Node] 
-- apply func to val 
-- assumes val is not evaluated, but func is 
BEGIN 
CK; 
IF func.Type = UNARY OR func.Type = ZARY THEN 

ret <- lu nc.unary.proc [func. unary .ZEval[ val].func. uexp] 
ELSE IF func.Type = CLOSURE AND func.exp. fype = FCr~ THEN 

BEGiN 
rr : Register = P.MRS[]; 
nev: Node <- NIL; 
P.R[@nev]; 
!lev <- ExtendEnv[func.env. func.exfJ.parms, val]: -- bind parameters 
ret <- Eval[func.exp.fcn, nev]; 
P.RRS[rr]; 
END 

ELSE IF fUllc.Type = CLOSURE AND func.cxp.Type = PATTERN AND ZEval[val].Type = STR THEN 
ret <- Match[val, func.exp.pattern, func.env] 

ELSE IF func.Type = LIST THEN 
BEGIN 
rr: Register = P.MRS[]; 
r1, r2: Node <- NIL; 
P.R2[@r1, @r2]; 
IF !unc.!!5;~'ead ~ NIL THEN 

ret <- Nail 
ELSE 

BEGIN 
ret <- P.AJloc[[LlST"LlST[ 

ret.Des.e ... TRUE; 
END; 

P.RRS[rr]; 
END 

r1 <- ~.Alloc[[APPL Y"APPL Y[val, func.listheadJ]]. 
r2 <- P.Allocl[APPLY"APPL Y[v&i, func.listtaiIJlllll; 

ELSe: IF Zt=.val[vai].Type '" LIST AND lunc.Type = STR THEN 



BEGIN -- subscript (list may be in lazy form) 
rr: Register 0= P.MRS[]; 
i: LONG INTEGEFl <- P.Makelnteger[func]; 
neg: ElOOLEAN <- FALSE; 
P.R[@val]; 
IF i = 0 THEN P.RErr["Zero subscript"]; 
IF i<O THEN 8EGIN i <- -i; neg <- TRUE END; 
UNTIL i = 1 

DO 
IF va!.Type # LIST THEN P.PBug["Malformed list"]; 
IF val.listhead = NIL THEN P.RErr["Subscript too big"]; 
val <- ZEval[val.listtail]; 
i <- i-1; 
ENDLOOP; 

IF val.Type # LIST THEN P.PBug["MalfolTlled list"]; 
IF val.listhead =, NIL THEN P.RErr["Subscript too big"]; 
ret <- IF neg THEN ZEval[vo.l.listtail] ELSE ZEval[val.listhead]; 
P.RRS[rr]; 
END 

ELSE P.RErr["8ad application"]; 
END; 

Binary: PROCEDURE[vi, vj: Node, p: NodeType] RETURNS[ans: Node] = 
-- return p applied to vi and vj 
-- p is one of PLUS, MINUS, CAT 
-- pays special attention to cases where vi or vj are lists 
-- doesn't assume vi and vj are zevaled 
8EC3lN 
-- This routine registers its parameters, so callers needn't. 
rr: Register <- P.MRSO; 
r I, r2: Node <- NIL; 
PR2[@r1, @r2]; 
11 ,- ZEval[vi]; [] <- ZEval[vj]; 
IF vi.Type = STR AND vj.Type = STR THEN 

BEGIN 
SELECT p FROM 

PLUS =) 

END 

RETUHN [P.MakeNUM[P .Makelnteger[ vi] + P.Makelnteger[ vj]]]; 
MINUS =) 

RETURN [P .MakeNUM[P .Makelnteger[ vi]- P .Makelnteger[ vi]]]; 
CAT =) 

RETURN[P.StringConcat[vi, vj]]; 
ENDCASE =) P.PBug[" Non Plus, Minus or Cat to Binary"]; 

ELSE IF vi.Type = STR AND vi.Type = LIST THEN 
If'vj.listhead = NIL THEN 

ELSE 
ans <- Nail 

BEGIN 
ans <- P.Alloc[[LlST"LlST[ 

END 

r1 <- P.Alloc[[p"PLUS[vi, vj.lislhead]]J. 
r2 <- P.Alloc[[p.,PLUS[vi, vj.listtailllllll; 

-- PLUS here acts like a loophole for MINUS and CAT 

ELSE IF vi.Type = LIST AND vj.Type = STR THEN 
IF vi.listhead = NIL THEN 

ELSE 
ans <- Nail 

BEGIN 
ans <- P.Alloc[[LlST"LlST[ 

END 

rl <- P.Alloc[[p .. PLUS[vi.listhead, vj]]J. 
r2 <- P.Alloc[[p"PLUS[vi.listtail, vjlJlll]; 

ELSE IF vi.Type = LIST I\ND vi.Type = LIST THEN 
IF vi.listhead = NIL AND vj.listhead = NIL THEN 

ans <- Nail 
ELSE 

BEGIN 
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IF vi.listhead = Nil On vjlisthead " NIL THt::N P.RErr["List lengths differ"]; 
ans .- P.Alloc[[LlSr"LlST[ 

END 

(1 ~. P.Alloc[[p"PLU8[vi.li:,thead, vj.listhead)]], 
(2+- P.Alloc[[p"PLU8[vi.listtail, vj.listtaill))]]]; 

ELSE PJiErr["l:3inary operation on improper arguments"); 
ans.Des.e ... n~UE; 
P.RI1S[rr); 
END; 

CK: pnOCEDURE = BEGIN 
IF StreamDefs.ControIDELtypcd[] THEf'l 

BEGIN 
StreamDefs.ResetControIDEl.; 
P.lnterrup!; 
END; 

END; 

EmptySt ring: PROCEDURE[n: Node] FlETURNS[BOOLE/\N] = BEGIN 
RETURN[n.Type = STR AND (l.Des.s = simp AND l1.str.length = 0); 
END; 

ZEval: PUBLIC PROCEDURE[n: NOde] RETURNS[ans: Node] 0: 

-- evaluate node in global environment 
_. it probably contains a closure 
-- the answer should overwrite the node (ans = n) 
BEGIN 
IF n.Des.e TI-iEN ans+-n 
ELSE 

END; 

BEG!N 
n1: Node; -- don't register n I because Eval always registers its arg 
n 1 ... P.Alloc[JHJ; 
ans ... Eval[n1, NIL]; 
nt ... anst; 
ans'" n; 
END; 

Eval: PUBLIC PROCEDURE[n,cnv: Node] RETURNS[ans: Node] = 
-- evaluate node in given environment 
BEGIN 
IF n.Des.c THEN r~ETURN[n] ELSE 
BEGIN 
rr: Register = P.MRS[]; 
r1, r2: Node ... NIL; 
lop: Node .- Nail; -- not NIL, so Poplar debugger can print 
rop: !,-Iode ... Nail; 

ErrorProcess: PROCEDLJRE[me~s, est: STRING] HETURNS [proceed: BOOLEAN] = 
BEGIN m: Node'" NIL; 
DispDefs.WF2["%s: %s, in:*n",mess,est); 
DispDefs.Print[PAlloc[[CLOSURE"CLOSURE[n, NIL]]]); 

-- closure is to keep from calling ZEva! during print 
p.n[@m); 
DO 

m'" RouteDefs.KeyRoutine[NIL, P.MakeSTR["$"J,NIL); 
IF m.Type = Fi\IL THEN P.EndDisplay 
ELSE iF [:rnptyString[m) THEN RETURN[FALSE] 
ELSE IF EO[m," pr"] THEN RETURN[TRUE] 
ELSE IF EO[Il1,"left"] THEN DispDefs.Print[lop] 
ELSE IF fO[m,"right") THEN DispDefs.Print[rop) 
ELSE 

BEGIN 
m'· P.Dist[m! 
[-,.SErr =) 

BEGIN 
DispDefs.WFO["Syntax Errori'n"]; 
LOOP 
END]; 
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m +- Eval[m, env]; 
DispOcfs. Print[ m j; 
END; 

ENDLOOP; 
END; -- ErrorProcess 

P.R2[@n, @envj; 
P.H2[@rl, @r2]; 
P.R2[@lop, @rop]; 

BEGIN ENABLE BEGIN 
P.RErr = > IF ErrorProcess["llun·time error", est] THEN RETRY; 
P.PBug = > IF ErrorProcess("Poplar Bug!!", est] THEN RETRY; 
P.lnterrupt => IF ErrorProcess[""'lnterrupt"''', ""] 
THEN RESUME 
END; 

DE: PROCEDURE = 
BEGIN 
lop +- Eval[n.arg1 ,env]; 
rap +- Eval[n.arg2,env]; 
END; 

Fnr.lose: PROCFnt JRF[n1: Node] RFTURN8 [Node] = 
BEGIN 

CK; 
DO 

IF env = NIL. THEN RETURN[n 1] 
ELSE RE rURN[p.Alloc[[CLOSURE"CLOSURE[n 1, envllll; 
END; 

SELECT n.Type FROM 
CLOSURE => 

ID => 

BEGIN 
env +- n .env; 
n +- n.exp; 
LOOP; 
END; 

ans +- ZEval[Look[n.name,env]]; 
HOLE, PFUNC, ZARY, FAIL, STR, WILD => 

ans +-n; 
PATTERN => 

ans +- P.Alloc[[CLOSURE"CLOSURE[n,env]]]; 
FCN => -- "x: E" 

BEGIN 
IF n.parms.Type = EQUAL THEN 

-- handle an equality assertion 
BEGIN 
ElimEq: PROCEDURE[n:Node] 

RETURNS[BOOLEAN] = 
BEGIN 
IF n.Type = EQUAL THEN nt +- n.leftt; 
RETURN[TRUE]; 
END; 

lop +- P.Alloc[[APPL Y"APPL Y[n.parms.right, nlll; 
n.pannst +- n.parms.leftt; 
i1 +- Eval[lop, env]; 
PPreorder[n, ElimEq]; 
END; 

ans +- P.Alloc[[CLOSURE"CLOSURE[n,envlll; 
END; 

UNARY => -- e.g., "write x" 
ans +- P.Alioc[[UNARY"UNARY[n.unary,Eval[n.uexp,envlll]; 

-- to be really lazy, take eval of unary parameter out 
PLUS,tvIlNUS = > -- "m + n", "m-n" 

BEGIN 
DE; 
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ans'" Binary[r1 ... Enc!ose[lop). r2 ... Enclose[rop]. n.Type); 
END; 

SEQUENCE =) -- "m - - n" 
BEGIN 

END; 
APPLY -c) -- "x/f" 

BEGIN 

DE; 
BEGIN 
from: LONG INTEGER", P.Makelnteger [lopj; 
to: LONG INT[GEli ... P.Makclntcgel[;op); 
inc: LONG INTEGER = IF from<to THlN 1 ELSE -1; 
IF from ~ to THEN 

ELSE 

END; 

ans ... P.Alloc[[LlST"L1ST[ 
lop. 
Nail]]] 

BEGIN 
ans'" P.Alloc[[LlST"L1ST[ 

lop. 

END; 

P.Alloc[[SEQUENCE •. SEQUENCE[ 
P.fvlakeNUM[from + inc]. 
roplll]]]; 

lop ... Enclose[n.arg1); 
rop .- Eval[n.arg2. envj; 
IF rop.Type = CLOSURE AND rop.exp.Type = FCN THEN 

-- handle tail recursion as a special case 
BEGIN 
env ... ExtendEnv[rop.env. rop.exp.parms. lop]; 
n ... rop.exp.fcn; 
LOOP; 
END 

ELSE ans ... Apply[lop.rop]; 
END; 

MAP~)L Y =) -- "xl It" 
BEGIN 
DE; 
IF lop.Type/t LIST THEON P.RErr["Non-list before 11"]; 
IF iop.listhead = NIL THEN 

ans'" Nail 
ELSE 

ans ... P.Alloc[(L1ST"L1ST[ 
r1 ... Enclose[P./dloc[[APPL Y"APPL Y[lop.listhead.rop]lJJ. 
r2 ... Enclose[P.Alloc[[MAPPL Y"MAPPL Y[lop.listt:lil.ropllllll]; 

E.ND; 
GOBBLE =) -- "xl /If" 

BEGIN 
DE; 
IF lop.Type/t LIST THEN P.RErr["Non-list before I I 1"] 
ELSE IF lop.listhead ~ NIL THEN P.RErr["[] before I II"] 
ELSE 

BEGIN 
List2: PROCEDURE [a.b: Node] RETURNS [Node] = 

-- return a list with a and b as elements 
BEGIN 
RETUfiN[P. Alloc[[LIST •. LIST[a. P.Alloc[[LIST"LlST[b, Nailllllll]; 
END; 

ans ... NIL; P.R[@ans]; 
ans'" ZEval[lop.listheadj; 
lop'" ZEval[lop.listtailj; 
UNTIL lop.listhead = NIL DO 

END; 

IF lop.Type /t LIST THEN P.PBug["Malformed List"); 
ans ... Apply[List2[ans. ZEval[lop.listhead]]. rop]; 
lop'" ZEval[lop.listtail); 
ENDLOOP; 
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END; 
ITER = > -- "x%f" 

BEGIN 
ans <- NIL; P.R[@ans]; 
lop <- Enclose[n.arg1]; 
rap <- Eval[n.arg2. env]; 

DO 
ans <- lop; 
lop <- /\pply[!op. rop]; 
IF lop.Type = FAIL THEN EXIT; 
ENDLOOP; 

ans <- ZEval[ans]; -- in case rap failed immediately 
END; 

ASS => -- "x<-E" 
BEGIN 
e; Node <- env; 
-- Parser has checked that s is an ID 
ans <- Eval[n.rhs. env]; 
DO 

IF e = NIL THEN 
BEGIN n.lhs.name.val <- ans; EXIT END; -- assume global 

IF e.val.unary = n.lhs.name THEN 
BEGIN e.val.uexp <- ans; EXIT END; 

e <- e.next; 

END; 
TILDE => --"-E" 

BEGIN 

ENDLOOP; 

ans <- Eval[n.not.env]; 
ans <- IF ans Type = FAIL THEN MTSt ELSE Fail; 
END; 

PROG =) --"E1;E2" 
BEGIN 
(] <- Eval[n.arg I.env]; 
n <- n.arg2; 
LOOP; 
END; 

MATCH => -- "E1 >E2" 
BEGIN 
ans <- Eval[n.div.env]; 
~N~;s.Type It FAIL THEN BEGIN n <- n.paU; L~ END; 

PALT => -- "E11 E2" 
BEGIN 
ans <- Eval[n.alt1.env]; 
IF ans.Type = FAIL THEN BEGIN n <- n.alt2; LOOP END; 
END; 

CAT = > -- "E1 E2" 
BEGIN 
DE; 
ans <- IF EmptyString[lop] THEN rop 

ELSE IF ErnptyString[rop] THEN lop 
ELSE Binary[r1 <- Enc1ose[lop], r2 <- Enclose[rop], CAT]; 

END; 
LIST = > -- "[x, .. .]" the heart of lazy eva!! 

IF n.listhead = NIL THEN ans <- n -- nail 
ELSE -- close elements and return. without evaluating 

ans <- P.Alloc[[L1ST"LlST[ 

CATL = > -- "x"y" 
BEGIN 

r1 ... Enclose[n.listhead]' 
r2 <- Enclose[n.listtaillll]; 

lop <- Eval[n.left. env]; 
IF 10p.Type# LIST THEN P.RErr["The operation" is applied to a non-list"]; 
IF lop.listhead = NIL THEN 

BEGIN 
ans <- Eval[n.right. env]; 
IF ans.Type It LIST THEN P.RErr["The operation" is applied to a non-list"]; 
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ELSE 

END; 

END 

BEGIN 
ans .. P.Alloc[[LlST"LlST[ 

END; 

rl .. Enclose[lop.listheadj, 
r2" Enclose[P.Alloc[[CATL"CATL[ 

lop.listtail, 
n .rightllllllJ; 

EQUAL "') -- "El=E2" equality comment 
BEGIN -- this will occur only in checking mode 
DE; 
IF -Equal[lop,rop] THEN P.RErr["Equality Check"j; 
nt .. n.leftt; -- avoid multiple checks 
ans" lop; 
END; 

ENDCASE =) P.PBug["Unknown type"j; 
ans.Des.e t- TRUE; 
P.RRS[rrj; 
RETURN; 
ENDLOOP; 
END; 
END; 
END; -. Eval 

Map: PUBLIC PROCEDURE [I: Node, p: PROCEDURE[NodeJ] '" 
BEGIN 
_. Map registers I, so caller needn't. 
rr: Register" P.MRS[J; 
P.R[@I]; 
FOR I .. I, ZEval[l.Iistlaill UNTIL l.Iisthead = NIL DO 

IF I.Typelt LIST THEN P.PBug["Malformed List"]; 
p[ZEval[I.listheadJ]; 
ENDLOOP; 

P.RRS[rrj; 
END; 

EQ: PROCEDURE[n: Node, s: STRING] RETURNS[BOOLEAN] = BEGIN i: CARDINAL; 
IF P.Length[nj/ts.length THEN RETURN[FALSEj; 
FOR i IN [O.s.length) DO 

IF s[i] It P.Sub[n,i] THEN RETURN[FALSE]; 
EN 0 LOOP; . 

RETURN[TRUE]; 
END; 

Equal: PROCEDURE[lx,rx: Node] RETURNS [res: BOOLEAN] = 
BEGIN 
DO 

IF Ix.Type It rx.Type THEN res" FALSE 
ELSE IF Ix. Type = LIST THEN 

BEGIN 
IF Ix.listhead = NIL THEN res" rx.listhead = NIL 
ELSE IF rx.listhead = N!L THEN res" FALSE 
ELSE IF -Equal[ZEval[lx.listhead], ZEval[rx.listhead]] THEN 

res" FALSE 
ELSE BEGIN 

END 

Ix ... ZEval[lx.lisltailj; 
rx .. ZEval[rx.listtail]; 
LOOP; 
END 

ELSE IF Ix. Type = STR THEN 
BEGIN 
rr: Register" P.MRS[]; 
a,b: PLDefs.StreamRecord; 
a.norJe'" b.llode .. NIL; 
P.R?[@a.node,@b.node); 
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END; 

a to P.NewStream[lx]; 
b to P.NewStrearn[rx]; 
DO 

IF a.node = NIL THE'N res" b.node = NIL 
Ei...SE IF b.node '" NIL THL':N res" FALSE 
ELSE IF P.ltem[@a] ~ = P.ltem[@b) THEN 

res" FALSE 
ELSE LOOP; 
EXIT; 
ENOLOOP; 

P.RRS[rr]; 
END 

ELSE P.RErr["llIegal equality check"]; 
EXIT; 
ENOl.OOP; 

ExtendEnv: PROCEOURE[e,bv,val: Node] RETURNS [nev: Node] = 
-- va! is not evaluated; e,bv fully evaluated 
BEGIN 
IT : F~egister = P.MRS[j; 
nev" e; 
P.R[@nev]; 
IF bv.Type = If) THEN 

nev .. P.Alloc[[ENV .. ENV[ 

ELSE 
DO 

P.RRS[rr); 
END; 

P.Alloc[[UNARY .. UNARY[bv.name, val]]]. 
nov]]] 

IF bv.Type /I LIST THEN P.RErr["Malformed function"]; 
IF ZEval[val].Type /I LIST THEN P.RErr["Non-list before 1"]; 
IF bv.listhead = NIL THEN 

BEGIN 
IF val.listhead = NIL THEN EXIT; 
P.RErr["Too many parameters for function"]; 
END; 

IF val.iisthead = NIL THEN P.RErr["Too few parameters for function"]; 
IF bv.listhead.Type It 10 THEN PJiErr["Malformed function"]; 
nov" P.Alloc[[ENV .. ENV[ 

P.Alloc[[UNARY .. UNARY[ 
bv.listhead.name, 

nev]]]; 
val" ZEval[val.listtail); 
bv to bv.listtail; 
ENDLOOP; 

val.iisthead -- evaluated at access time --ll]' 

LengthList: PUBLIC PROCEDURE[n: Node] f{ETURNS[i:CAROINAL] = BEGIN 
IF n_Type - = LIST THEN P.PBug["LengthList expects a list"); 
ito 0; 
WHILE n.listhead - = NIL DO 

i .. i + 1; 

END; 

n .. ZEval[n.listtail); 
ENDLOOP; 

Look: PFlOCEDURE[n: Symbol, e: Node1 RETLJRNS[Node] = BEGIN 
FOR e .. e, o.next UNTIL e co NIL DO 

IF e.val.unary = n THEN RETURN[e.val.uexp] 
ENDLOOP; 

IF -(n.type = string AND n.val.Type It UNDEFINED) THEN P.RErr["Undefined variable"]; 
RETURN[n.val]; 
END; 

Match: PROCEOURE[subject, pattern, env: Node] RETURNS [struc: Node] = BEGIN 
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rr: Register = P.MRS[]; 
s: PLDef~3.StreamRecord; 
HolePassed: SI(3NAL [i1oleStrin~j: Node] = CODE; 
M2: PROCEDUHEfp: Node, discardino: BOOLEAN,env: Node] RETUFlNS tans: Node] 

.. The state of s is an implict input and output of M2 
BEGIN 
rr: Register" P.MRS[]; 
CK; 
ans" NIL; P.R3[@p, @env, @ans]; 

DO 
IF p.Type = PATTERN THEN p .. p.pattern 
ELSE IF p.Type = 10 THEN P .. ZElfal[Look[p.narne, env]] 
ELSE IF p.Type = CLOSURE THEN 

BEGIN env .. p.env; p .. p.exp END 
ELSE EXIT; 
ENDLOOP; 

SELECT [l.Type FROM 
PFUNC =) BEGIN 

sym: Symbol = p.pfunc1; 
ans .. syrn.p::ltproc[sym, @s, NIL]; 
ans.Des.e .. TRUE; 
END; 

PFUNC1 =) BEGIN 
sym: Symhol = p.pfunc1; 
ans" Eval[p.pexp, env]; 
ans .. sym.patproc[sym, @s, ans]; 
ans.Des.c .. TRUE; 
END; 

MATCH, APPLY, MAPPL Y, GOBBLE, ITER =) BEGIN 
ans .. M2[p.div, discarding, env]; 

TILDE =) BEGIN 

DELETE =) BEGIN 

STR =) BEGIN 

WILD =) BEGIN 

IF ans.Type# FAIL AND -discarding THEN 
BEGIN 

END; 

ans .. P.Alloc[[p.Type" MA TCI-I[ans,p.patt]]]; 
IF ans.div.Des.e THEN ans .. Eval[ans,env]; 
END; 

s 1: PLDefs.StreamRecord .. s; 
P.R[@s1.node]; 
ans .. M2[p.not, TIWE, env]; 
s .. s1; 
ans" IF ans.Type ~ rCAIL THEN MTSt ELSE Fail; 
END; 

ans .. M2[p.delete, TRUE, env]; 
IF ans.Type # FAIL TIIEN ans .. MTSt; 
END; 

51: PLDefs.StreamRecord .. s; 
11, i: LONG INTEGER" 0; 
11 .. P.Length[p]; 
P.R[@s1.node]; 
UNTIL i = 11 

END; 

DO 
IF s.node = NIL OR P.ltern[@s]#P.Sub[p, i] THEN 

BEGIN ans .. Fail; EXIT END; 
i" i + 1; 
REPEAT 
FINISHED "') 

IF discarding THEN ans .. MTSt 
ELSE BEGIN 

ENDLOOP; 

ans" P.SubStringStream[@s1,a,i]; ans.Des.e .. TRUE; 
END; 

IF s.node = NIL THEN ans .. Fail 
ELSE BEGIN 
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HOLE = > BEGIN 
END; 

IF discardillg TIIEN ans .. MTSt 
ELSE BEGIN 

ans" P.SubStringStream[@s,O,1j; 
ans.Des.e .. TRUE; 
END; 

[] .. P.ltem[@s]; 
END; 

ans .. P.Alloc[MTStt]; .- empty string, to be overwritten 
ans.Des.e .. FlI.LSE; 
SIGNAL HolePassed[ans]; 
END; 

CAT, PLUS, MINUS, LIST, CATL = > BEGiN 
IF p.Type = LIST AND p.li8thead = NIL THEN 

ans" p 
ELSE IF p.Type= LIST 

AND p.listtail.iisthead = NIL THEN 
BEGIN -- not really binary 
ans .. M2f p.loft, discarding, env]; 
IF ans.Type P FAIL AND -discarding THEN 

BEG!N 
ans" P.Alloc[[LlST"LlST[ans,Naillll; 
an~.Dcs.c f- ans.left.De~.e; 

END; 
END 

ELSE BEGIN 
holeNode, struc2: Node .- NIL; 
P.R2[@holeNode, @strllc2j; 
ans" M2[p.left, discarding, env! 

HolePassed 0= > 
BEGIN 
holeNode .. holeString; 
RESUME 
END]; 

IF ans.Type P FAIL THEN 
BEGIN 

END; 
END; 

IF holeNode = NIL THEN struc2 .. M2[p.right, di8carding, env] 
ELSE BEGIN -- unancilored matcil allowed 

i: CARDII'IAL .. 0; 
s1, s2: PLDefs.StreamRecord .. s; 
P.R[@s1.node]; 

END; 

DO 
struc2 .. M2[p.right, discarding. envj; 
IF struc2.Type PFAIL THEN 

BEGIN 
IF discarding THEN EXiT; 
holeNodet .. P.SubStringStream[@s1,O,ijt; 
ans" Eval[ans,env]; 
EXIT; 
END; 

IF s2.node = NIL THEN EXIT; 
[] .. P.ltem[@s2]; 
s .. s2; 
i f- i + 1; 
END LOOP; 

IF strllc2.Type = r'AIL THEN ans <- Fail 
ELSE IF discarding THEN ans .. MTSt 
ELSE BEGIN 

END; 

ans'" P.Alloc[[p.Type"CAT[ans.strllc2]]]; 
IF anS.left.Des.e 
AND ans.right.Des.e THEN 

ans" Eval[ans,envj; 
END; 
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SEQOF =) BEGIN 
pans: POINTER TO Node ~ @ans; 
lans: Node; 
s 1: PLDefs.StrearnRecord; 
P.R2[@tans, @sl.node]; 
ans ~ Fail; 

DO 
sl ~ s; 
tans ~ M2[p.seqof, discarding, env! 

11 

HolePassed = > BEGIN holeStringDes.e ... TRUE; RESUME END]; .. The 
user probably didn't mean to put" ... " at the end of a seq, but what can we 
do? 

END; 

IF tans.Type = FAIL THEN BEGIN s (- sl; EXIT END; 
IF discarding THEN ans +- tvlTSt 
ELSE IF panst.Type = FAIL THEN panst +- tans 
ELSE panst .. Binary[panst, tans, CAT]; 
pans.Des.e +- TRUE; 
IF pans.Type = STR AND pansDes.s = cat THEN pans +- @pans.str.n2; 
.. This last statement should encourage right linear trees. 
ENDLOOP; 

SEQOFC =) BEGIN 
pans: POINTER TO Node +- @ans; 
tans: Node; 
s 1: PLDefs.StreamRecord; 
P.R2[@tans, @s1.node]; 
ans +- Fail; 

END; 

DO 
s I +- s; 
tans +- M2[p.seqof, discarding, env! 

HolePassed = > BEGIN holeStringDes.e (- TRUE; RESUME END]; 
IF tans.Type = FAIL THEN BEGIN s +- sl; EXIT END; 
IF discarding THEN ans +- MTSt 
ELSE BEGIN 

panst +- P.Ailoc[[LlST"UST[tans, Nail]]]; 
pansDes.e +- TRUE; 
pans +- @pans.listtail; 
END; 

ENDLOOP; 

OPT = > BEGIN·· (optional part) has single pattern as part 
sl: PLDefs.StreamRecord +- s; 
P.R[@sl.nodej; 

PAL T =) BEGIN 

FAIL =) ans +- Fail; 

ans ~ M2[p.opt, discarding, env]; 
IF ans.Type = FAIL THEN BEGIN ans +- MTSt; s +- sl END; 
END; 

sl: PLDefs.StreamRecord +- s; 
P.R[@sl.node]; 
ans +- M2[p.alt1, discarding, env]; 
IF ans.Type = FAIL THEN BEGIN s +- sl; ans +- M2[p.alt2, discarding, env] END; 
END; 

FNDCASE =) P.RErr["Unknown pattern type"]; 
P.RRS[rrl; 
END; 

holeNode: Node +- NIL; 
strllc +- NIL; 
s'" P.NewStream[subject]; 
P.R3[@struc, @hoieNode, @s.node]; 
strllc .. M2[pattern, FALSE, env! HolePassed =) BEGIN holeNode ... holeString; RESUME END]; 
IF holeNode # NIL THEN 

BEGIN 
holeNodet ... P.ConvertStream[@slt; 
strllC +- Eval[strllc,env]; 



~ND 
ELSE IF s.node # NIL THEN struc .. Fail; 
strllc.Des.e .. TRUE; 
P.RRS[rr]; 
END; .. Match 

[Fail,MTSt,Nailj .. P.GetSpeciaINodes[]; 
END. 
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··To avoid WF in ThreeWayCore 

DIHECTORY 
ControlDels: FROM "ControIDels", 

10Defs: mOM "IOD81s" USING [WriteChar], 
StringDefs: FROt,,! "StringDels" USING [Append Char, StringToDecirnal], 
VMDel::;: FFiOM "VMDels", 
InlineDels: FROt'A "lnlineDels", 
DispDels: FRO~!l "DispDels"; 

NWF: PROGRi\M IMPORTS iODels, StringDefs, VM: VMDels EXPORTS DispDels = 
BEGIN 

Unbound: UNSPECIFIED = ControIDefs.ControILinkTag[ur.bound); 
LongCARDINAL: TYPE = InlineDefs.LongC/\RDINAL; 

procArray: ARRAY[1 .. 26) OF PROCEDURE[UNSPECIFIED,STRINGj; 
saveProc!\rray: ARFlAY[1 .. 26] OF PROCEDURE[UNSPECIFIED,STRING); 
WC: PROCEDURE[CH/\RACTER] t- 10DelsWriteChar; 
TheString: STRING; 
Temp: CARDIf\IAL; 
lillchar: CHARACTER t- ' ; 

nparam: ARRAY [1 .. 5] OF UNSPECIFIED; 

INFError: PUBLIC SIGNAL[STRING,CARDINAL] '" CODE; 

WFG: PROCEDURE [s: STRING, c: CARDINAL] = 
BEGIN 
lorm: STRING t- [10]; 
n,z.,i,pnum: CARDINAL; 
ch: CHARACTER; 
I: CARDINAL; 
p: PROCEDUHE[UNSPECIFIED,STRING]; 
pararn: ARRAY [1 .. 5] OF UNSPECIFIED; 

FOR i IN [1 .. c] DO param[i] t- nparam[i]; ENDLOOP; 
pnum <- 0; 

BEGIN 
FOR i IN [0 .. s.length) DO 

SELECT sri] FROM 
'% =) BEGIN 

i <- i + 1; 
pnum .. pnum + 1; 
I t- 0; 
WHILE sri] = '. OR s[i] IN ['0 .. '9] DO 

lorm[l] t- sri]; i .. i t 1; I <-f + 1; ENDLOOP; 
lorm.length <- I; 
.. sri] is a control character, and lorm is the stuff beteen % and sri] 
eh ... sri]; 
IF ch IN ['A .. 'Z] THEN cllt- ch + 40B; 
IF ch IN ['a .. 'z] THEN BEGIN 

P" (procArray[LOOPHOLE[ch,CARDINAL]·140B]); 
IF LOOPHOLE[p, UNSPECIFIED] - '" Unbound THEN p[param[pnum],form) 
ELSE WC[ch]; 
END; 

IF ch = '% THEN BEGIN 
WC['%]; 
pnum .. pnum· 1; 
END 

ELSE IF pnum) c THEN GOTO bad; 
END; 

,* =) OEGIN 
i t- i + 1; 
SELECT sri] FROM 

'N, 'R, 'n,'r =) WC[15C]; 
'B,'b =) WC[ lOCI; 
'T,'t =) WC[11C]; 
'F,'I =) WC[14C); 
IN ['0 . .'9] =) BEGIN ... octal constant, exactly 3 digits 

IF sri + 1]IN ['0 .. '9] AND sri + 2]IN ['0 ..• '9] THEN BEGIN 
z .. LOOPHOLE-:[,O]; 



n ... (LOOPHOLl:[S[i],CARDINALj-z)'64; 
n"'n -I- (LOOFHOLE[s[i -I- q,CAHDINAL]-z)*S; 
n ... n + LOOPHOLE[s[i + 2J,Cl,RDINAL]-z; 
WC[LOOP~IOLE[nll; 
i'" i -I- 2; 
END 

ELSE SIGNAL WFError["Bad ciwract(:;r to WF" ,c]; 
END; 

ENDCASE = > WC[s[i]]; 
END; 

ENDCASE = > WC[s[i]]; 
ENDLOOP; 

IF pnum < c THEN GOTO bad; 
EXITS 
bad = > SIGNAL WFError["Wrong /I of parameters to WF" ,c]; 
END; 

RETU~~N; 
END; 

SetCode: PUBLIC PROCEDUFlE[char: CHARACTER, p: PROCEDURE[d: UNSPECIFIED, form: STRING]] = 
BEGIN 
IF char IN [' A .. 'Z] THEN char ... char -I- 40B; 
IF char -IN ['a .. 'z] THEN SIGNAL WFError[" Invalid SetCode" ,0]; 
procArray[LOOPHOLE[char,CARDINAL]-140B] ... p; 
END; 

ResetCode: PUBLIC PROCEDURE[char: CHARACTER] = 
BEGIN 
i: [1 .. 26]; 
i ... LOOPHOLE[char,CARDINAL] - 140B; 
procArray[i] ... savePlOcArray[i]; 
END; 

WriteToString: PUBLIC PROCEDURE[s: STRING] = 
BEGIN 
WC ... GoToString; 
TheString ... s; 
END; 

GoToString: PROCEDURE[cll: CHARACTER] = 
BEGIN 
StringDefs.AppendChar[TheString,ch]; 
EN{); • 

ost ring: PROCEDURE[d: CARDINAL,s:STRING,i:CARDINAL,b: CARDINAL,p: CARDINAL] RETURNS[CARDINAL] = 
BEGIN 
z: CARDINAL; 
j: CARDINAL'" p; 
IF d >"' b THEN j ... ostring[d/b,s,i + 1,b,p] 
ELSE s.length ... i + 1; 
z ... d MOD b; 
s[j] ... IF 1. IN [10 .. 15] THEN (1.-10) -I- 'A ELSE 1. + '0; 
RETURN[j +1]; 
END; 

lost ring: pnCCEDURE[d: LONG INTEGER,s:STRING,i:CARDINAL,b: CARDINAL,p: CARDINAL] RETURNS[CARDINAL] = 
BEGIN 
z: CARDINAL; 
Z1.: LONG INTEGER; 
j: CAHDINAL'" P; 
IF d > = b THEN j ... lostring[d/b,s,i -I- 1,b,p] 
ELSE s.18ngth f- i -I- 1; 
1.1. ... Li MOD LONG[b]; 
1. ... VM.Cardinal[zz]; 
s[j] ... IF z IN [10 .. 15] THEN (z-10) -I- 'A ELSE 1. -I- '0; 
RETURN[j -I- 1]; 
END; 

nstring: pnOCEDURE[d: INTEGER,s: STRING,b: CM~DINAL] = 
BEGIN 
c: CARDINAL; 
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i: CARDINAL •. 0; 
IF d < 0 THEN BEGIN 

s[O]" '.; 
e .. ·d; 
i .. i +1; 
END 

ELSE e" d; 
[] .. ostring[e,s,i,b,i]; 
END; 

Instring: PROCEDURE[dd: POINTER TO LONG INTEGER,s: STRING,b: CARDINAL] = 
BEGIN 
d: LONG INTEGER; 
e: LONG INTEGER; 
i: CARDINAL .. 0; 
d .. ddt; 
IF d < 0 THEN BEGIN 

s[O] .. '.; 
e" ·d; 
i ... i + 1; 
END 

ELSE e" d; 
[] .. lostring[e,s,i,b,i]; 
END; 

BRoutine: PROCEDURE[d: UNSPECIFIED, form: STRING] '" 
BEGIN 
s: STRING .. [20]; 
[] (- oslring[d,s,0,8,0]; 
printit[s,form]; 
END; 

DRoutine: PROCEDURE[d: UNSPECIFIED, form: STRING] = 
BEGIN 
s: STHING ... [20]; 
I1string[d ,s, 1 0]; 
printit[s,form]; 
END; 

XRoutine: PROCEDURE[d: UNSPECIFIED, fOlm: STRING] = 
BEGIN 
s: STRING" [20]; 
[] .. ostring[d,s,0,16,0]; 
printit[s,form]; 
END; 

CRoutine: PROCEDURE[d: UNSPECIFIED, form: STRING] = 
BEGIN 
ell: CHARACTER ... d; 
s: 81 RING" [20]; 
s[O] ... eh; 
s.length .. 1; 
prin tit[s,form]; 
END; 

URoutine: PROCCDURE[d: UNSPECIFIED, form: STRING] = 
BEGIN 
s: STRING" [20]; 
[] .. ostring[d,s,O, 10,0]; 
printil[s,form ]; 
END; 

IRoutine: PROCEDURE[d: UNSPECIFIED, form: STRING] = BEGIN 
s: STRING" [20]; 
Instring[d,s, i 0]; 
printit[s,form]; 
END; 

LRolltine: PROCEDURE[d: UNSPECIFiED, form: STRING] = 
BEGIN 
0: nlllil InlineDefs.LongNlImber; 
p: POINTER TO num InlineDefs.LongNumber; 
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i,j,k: INTEGER; 
,1: CARDINAL; 
form ~- form; 
p'" d; 
0 ... pt; 
i'" D.lowbits; 
IF i < 0 THEN BEGIN a'" 1; i'" i - 100000B END ELSE a f- 0; 
j ... D.highbits; 
k" 0; 
IF j < 0 THEN k .. 2; 
j .. D.highbits'2 + a; 
IF j < 0 TfIEN BEGIN 

j .. j - 1000ooB; 
k +- k + 1; 
END; 

fiIIchar .. '0; -- l<iudge 
IF k '" 0 THEN BEGIN 

IFj = OTHENWF1["%b",i] 
ELSE WF2["%b%5b" ,j,i] 

END 
ELSE Wr'3["%b%5b%5b" ,k,j,i]; 
fillchar (- ' ; 
END; 

.- unkludge 

printit: PROCEDURE[d: UNSPECIFIED.form: STRING] = 
BEGIN 
ladj: BOOLEAN .. FALSE; 
w: CAFmINAL; 
k: INTEGER; 
s: STRING" d; 
j: CARDINAL; 
IF s = NIL THEN BEGIN WC['(]; WC['N]; WC['I]; WC['L]; WC[,}]; RETURN END; 
IF form.length > 0 THEN BEGIN 

IF forrn[O] = ' -THEN BEGIN forlll[O] ... '0; ladj <- TRUE; END; 
w" StringDefs.StringToDecimal[forlll]; 
END 

ELSE w .. s.length; 
-- w is field widtll 
k <- w - s.lenglh; 
k <- MAX[O, k]; 
IF -Iadj THEN THROUGH [l .. k] DO VVC[filichar] ENDLOOP; 
FOR j IN [0 .. MIN[w,s.lenglhj) DO WC[s[ill ENDLOOP; 
IF ladj THEN THROUGH [1 .. 1\] DO WC[fillchar] ENDLOOP; 
END; 

WFO: PUBLIC PROCEDURE [s: STRING] = 
BEGIN 
WFG[s,O]; 
END; 

WF1: PUBLIC PROCEDURE [s: STRING, a: UNSPECIFIED] = 
BEGIN 
nparalll[1] ... a; 
WFG[s,lj; 
END; 

WF2: PUBLIC PROCEDURE [s: STRING, a,b: U~ISPECIFIED] = 
BEGIN 
nparalll[1] <- a; nparalll[2] <- b; 
WFG[s,2]; 
END; 

WF3: PUBLIC PROCEDURE [s: STRING, a,b,c: UNSPECIFIED] = 
BEGIN 
nparalll[1] .. a; nparalll[2] .. b; nparalll[3] ... c; 
WFG[s,3]; 
END; 

WF4: PUBLIC PROCEDURE [s: STRING, a,b,c,d: UNSPECIFIED] = 
BEGIN 
nparalll[ I] <- a; nparalll[2] .. b; nparam[3] <- c; nparam[4] <- d; 
WFG[s,4]; 
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END; 

-- II'IiTIALIZATION CODE 
ron Temp IN [1 .. 26] 

DO 
saveProcArray[Terop] .. procArray[Temp] .. Unbound; 
ENOLOOP; 

SetCode[' b,ORoutinej; 
savcProcArray[LOOPHOLE('b,CARDINALj-140Bj .. BRolltine; 
SelCode('c,CRoutinej; 
saveProcArray[LOOPHOLE['c,CARDINALj-140Bj <- CRoutine; 
SetCode['d,DRoutinc]; 
savcProc!\rray(LOOPHOLE['u,CARDINALj-140Bj <- DRoutine; 
SetCode[' i, IRoutine j; 
saveProcArray[LOOPHOLE(,i,CARDIN/\Lj-140B] .. IRoutine; 
SctCode['I,LRoLitine]; 
saveProcArray[LOOPHOLE['I,C,l\RDINALj-140Bj ,- LRoutine; 
SetCode['s,printit] ; 
saveProcArray[LOOPHOLE['s,CARDINALj140Bj .. printit; 
SetCode['u,URoLitillej; 
saveProcArray[LOOPHOLE['u,CARDINALj-140Bj +- URoutine; 
SetCode[' x,XRoLitinej; 
saveProcArray[LOOPHOLE['x,CARDlNAL]-140Bj +- XRoLitine; 
END. 

MODULE HISTORY 
Created by Schmidt, July 1977 

Changed by Schmidt, August "19, 1977 8:06 PM 
Reason: to delete wf5 - w19, put in setwriteprocedure, and add a test for a NIL string 

Changed by Schmidt, August 19, 19T1 8:23 PM 
Reason: deconvel t from dboss 

Chal1[led by Mitchell, June 13, 1978 9:48 PM 
Reason: Convert to Mesa 4.0 

Chnaged by Schmid t, June 26, 1978 11 :21 PM 
Reason: add %i, %1 to handle 32-bit integers 
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DIRECTORY 
PLOds: r=ROM "Pl.Defs", 
DispDefs: FROM "OispDefs", 
IrnageDefs: FnO~v1 "lrnageDefs", 
IODefs: FHOM "IODefs", 
StringDcfs: FROM" StringDefs", 
MiscDefs: FROM "miscdefs", 
FileSystemDefs: FilOM "FileSystemDefs", 
SystemDefs: FROM "SystemDefs"; 

pa r5e: PROGF1MvllMPORTS DispDefs, P:PLDefs EXPORTS PLDefs == BEGIN 

TokType: TYPE = PLDefs.TokType; 
NodeType: TYPE = PLDefs.NodeType; 
Node: TYPE", PLDefs.Node; 
Symbol: TYPE = PLDefs.Symbol; 
Register: TYPE = PLDefs.Register; 

progstr: PLDefs.StreamRecord; 
currn: Node; 
TokTok,Peekfok: TokType; 
TokVal, PeekVal: UNSPECIFIED; 
nchar: CHARACTER; 
stcnt, linecnt, charcnt: CARDINAL; 
Fail,MTSt,Nail: Node; 
savinput: PLDefs.StreamRecord; 
checking: ElOOLEAN ... FALSE; .. set by CheckRoutine, used by BinaryExp and FunctionBody 
-- dist: prog EOF 
-- prog: simi { SEP prog } I stmt SEP 
-- stmt: var ASS stOlt I exp 
-- ChoiceExp: ThenExp {PAL T ThenExp} 
-- ThenExp: BinaryExp {RARR BinaryExp} 
-- BinaryExp: BinaryExp {(DIV I MAPPL YI GOBBLEIITER I PLUS I MINUS I CATL I SEQUENCE I EQUAL) Prefix[xp} I BinaryExp 
PrefixExp 
-- PrefixExp: UNA RY PrefixExp I PFUNC1 PrefixExp I MINUS PrefixExp I TILDE PrefixExp I SimpleExp {SEQOF I SEQOFC I OPT I 
DELETE} 
-- SimpleExp: STR 110 I ZARY I PFUNC I SCREEN I WILD I FAIL I HOLE I LB RB I LB prog RB I LC stmt RC 110 COLON {= 
PrefixExp ;}prog I LB prog RB COLON {= PrefixExp ;} prog 

I LP stOlt RP 

-- Convention: peektok is the first token for each of the routines, e.g. 
-- peektok = STR for the Base 

Check Routine: PROCEDURE[sym: Symbol, prog, n2: Node) 
RETURNS fans: Node) = 

BEGIN 
rr: Register'" P.MRS[]; 
Ch: PROCEDURE[n:Node) RETURNS[BOOLEAN) = 

BEGIN 
IF n.Type = FCN AND n.parms.Type = EQUAL THEN 

BEGIN 
[] ... PEval[n, NIL); 
END; 

RETURN[TRUE); 
END; 

Ch1: PROCEDURE[n:Node] RETURNS[BOOLEAN) = 
BEGIN 
IF n.Type = EQUAL THEN 

BEGIN 
DispOefs.\NFO["Missed Equality Check*n"]; 
DisrDefs.Print[n]; 
END; 

IlETURN[TRUE); 
END; 

P.R[@prog); 
IF prog.Type jf STR THEN P.RErr["input to check not string"]; 
checking ... TRUE; 
pro!) ... Dist[piOg! UNWIND =) checking'" FALSE); 
checking'" FALSE; 
[J t- P.E'Jal[pr 09, NiL]; 
P.Preorder[prog, Ch); 
P.Preorder[prog, Ch1); 



ans (- Nail; 
P.RRS[rr); 
END; 

Dist: PUBLIC PROCEDURE [p: Node) RETURNS[Node] =: BEGIN 
-- this is the kickoff rouline - call only once 
-- p is the node to which has the string to be compiled 
n: Node ... NIL; 
rr: Register'" P.MRS[); 
proGstr ... P.NewStream[p); 
P.R3[@progstr.node,@n,@savinput.node]; 
savinput ... progstr; 
charent ... stent ,- linecnt ... 1; 
nchar'" ' ; 
GetTok; -- set up peek vals 
n ... Prog[]; 
IFPeekTok - =: EOFTHEN P.SErr["Parserexpected EGF"L); 
P.Preordcr[n,CheckPattern); 
P.RRS[rr); 
RETURN[n]; 
END; 

CheekPiJtlern: PROCEDURE[n: Node) RETURNS[BOOLEAN) =: BEGIN 
t: PLOefs.NodeType; 
t ... n.Type; 
IF t =: PATTERN THEN RETURN[FALSE); -- no sons are searched 
IF t =: PFUNC OR t = PFLlNC1 OR t =: SEOOF OR t = SEOOFC OR t = OPT OR t =: WILD OR t = HOLE THEN P.SErr[" Pattern 
operator not surrounded by {}"L); 
RETURN[TRUE); 
END; 

Prog: PROCEDURE RETURNS [res: Node) = BEGIN 
rr: Register +- P.MRS[j; 
res'" NIL; 
P.R[@res); 
res'" Stmt[]; 
IF PeekTok =: SEP THEN BEGIN 

GetTok; _ 
IF PeekTok - = EOF THEN res'" P.Alloc[[PROG"PROG[res,ProgOlll; 
END; 

P.RRS[rrj; 
END; 

Stmt: PROCEDURE RETURNS[i: Node) = BEGIN 
rr: Register'" P.MRS[); 
i ... ChoiceExp[J; 
P.R[@i); 
IF P80kToII = ASS THEN BEGIN 

IF i.Type # ID THEN P.SErr["Missing ; or iJssignment to non-variable"L]; 
GetTok; 
i ... P.Alloc[[ASS"ASS[i,Stmt[)))); 
END; 

P.RRS[rr]; 
RETURN[i]; 
END; 

-- this par38s left-assoc instead of right assoc. 
ChoiceExp: PROCEDURE RETURNS[Node] C'O BEGIN 
i,j: Norle ... NIL; 
rr: Register'" r.MRS[]; 
P.R2[@i,@il; 
IF PeekTok ~ PAL T THEN i ... currn 
ELSE i ... ThenExp[]; 
WHILE PeekTok =: PAL TOO 

GetTok; 
i ... ThenExp[]; 
i'" P.Alloc[[PALT"Pi'lLT[i,illl 
ENDLOOP; 

P.RRS[rrJ; 
RETURN[i]; 
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END; 

ThenExp: PROCEDURE RETURNS[Node] =: BEGIN 
i,j' Node ... NIL; 
rr: Register'" P.MRS[]; 
P.R2[@i,@j]; 
IF PeekTok " RARR THEoN i ... currn 
EL.SE i ... BinaryExp[]; 
WHILE PeekTok = RARR DO 

GetTok; 
j ... BinaryExp[]; 
i ... P.Alloc[[MATCH"MATCH[i,il]] 
ENDLOOP; 

P.RRS[rr]; 
RETURN[i]; 
END; 

BinaryExp: PROCEDURE RETURNS[i: Node] =: BEGIN 
loop: BOOL.EAN ... TRUE; 
rr: Register'" P.MIIS[]; 
p: PL.Defs.TokType ... PeekTok; 

3 

i ... IF P = DIV OR p cc MAPPL. Y OR P = GOBBLE OR P = ITER OR P = PL.US OR P = CATL OR p = SEQUENCE OR P = PL.US OF! P 
= CATL OR p =: SEQUENCE THEN currn ELSE PrefixExp[]; 
P.R[@i]; 
WHIL.E loop DO 

loop'" TRUE; 
SELECT PeekTok FROM 
DIV =: > BEGIN 

GetTok; 
i ... P.Alloc[[APPL Y"APPL. Y[i,PrefixExp[lll]; 
END; 

MAPPL. Y = > BEGIN 
GetTok; 
i ... P.Alloc[[MAPPL. Y"MAPPL. Y[i,PrefixExp[lll]; 
END; 

GOBBLE = > BEGIN 
GetTok; 
i ... P.Alloc[[GOBBL.E"GOBBL.E[i,PrefixExp[lll]; 
END; 

ITER = > BEGIN 
GetTok; 
i ... P.Alloc[[ITER"ITER[i,PrefixExp[lll]; 
END; 

PL.US = > BEGIN 
GetTok; 
i ... P.Alloc[[PLUS"PL.US[i,PrefixExp[]]]]; 
END; 

MINUS = > BEGIN 
GetTok; 
i (- P.Alloc[[MINUS"MINUS[i,Prefixlxp[]]]]; 
END; 

CATL. = > BEGIN 
GetTok; 
i ... P.Alloc[[CATL"CATL[i,PrefixExp[lll]; 
END; 

SEQUENCE = > BEGIN 
GetTok; 
i ... P.Alloc[[SEQLJENCE"SEQUENCE[i,PrefixExp[]]]]; 
END; 

EQUAL. = > BEGIN 
GetTok; 
IF checking THEN 

i ... P.Alloc[[EQUAL"EQUAL[i,PrefixExp[lll] 
ELSE [] ... PrefixExp[]; 
END; 

ENDCASE = > BEGIN 
-- check to see if this is a cat 
" the list below must b~ kept up to date. 
" It is those things in First[PreFixExp] 
p ,. PeekTok; 
IF p =: 10 OR p = STR OR p =: UNARY OR p =: PFUNC1 OR p = L.B OR p = LC OR p =: LP OR p =: 



I'IL-OE OR P == MINUS OR P'" ZARY OR p == PFUNC OR p == SCREEN OR p = HOLE OR p == WILD 
ClR P '" FAIL THEN i t- P.Alloc[[CAT"CA 1 [i,PrefixExp[lll] 
t\Sf' loop t- FALSE; 
tNO; 

ENDLOOP. 
P.RRS[rr]; , 
RETURN[iJ; 
END; 

PrefixExp: PROCEDURE RETURNS[i:Node] == BEGIN 
s: Symbol; 
rr: Register; 
IF PeekTok == UNARyfHEN BEGIN 

GetTok; 
s t- TokVal. 
RETURN [P.p.lloC [[UN ARY "U NARY[s,PrefixExp(]]ll]; 
END; 

IF PeekTok == PFUNC1 fHEN BEGIN 
GetTok; 
s ... TokVal' 
RETURN[P.p.lloc[[PFUNC1 "PFUNC1 [s,PrefixExp[]]]]]; 
END; 

IF PeekTok == TILDE: TrlEN BEGIN 
GetTok; 
RETURN[P.p.ll oc [[TILDE"T!LDE[Prefi"Exp[1lll]; 
END; 

IF PeekTok == MINUS ·n .. IEN BEGIN 
GetTok; 
i ... PMakeNuM[O]; 
rr ... PMRS[J; 
P.R[@I]; 
i t- PAlloC[[tv1INUS"MINUS[i,PrefixExp[]]]]; 
P.RRS[rr]; 
RETURN; 
END; 

i ... SirnpleExp[]; 
WHILE PeekTok == SEOOF OR PeekTok == SEQOFC OR PeekTok == OPT OR PeekTok == DELETE DO 

END; 

IF PeekTok " SEQOF THEN BEGIN 
Getfok; 
i ,.. p.Alloc[[SEQOF"SEQOF[i]]]; 
END 

ELSE IF Peekfok = SEQOFC THEN BEGIN 
Getfok; 
i,.. p.Alloc[[SEQOFC"SEQOFC[i]]]; 
END 

ELSE IF Peekfok = OPT THEN BEGIN 
Getfok; 
i ... P.Alloc[[OPT"OPT[i]]]; 
E.ND 

ELSE IF Peeklok = DELETE THEN BEGIN 
Getlok; 
i ... p.Alloc[[DELETE"DELETE[i]]]; 
END; 

ENDLOOP; 

SimpleExp: PROCEDURE RETURNS[t: Node] == BEGIN 
pans: POINTER TO Node; 
SELECT PcekTok FROM 
STR = > BEGIN GetTok; RETURN[TokVai]; END; 
10 ==> BEGIN 

rr: Register<- P .MRS[]; 
GetTok; 
t ... P.Alloc[(iD"ID[TokVal]]]; 
P.R[@t]; 
IF PeekTok == COLON THEN t ... FunclionBody[t]; 
P.RRS[rr); 
RETURN; 
END; 

ZARY = > BEGIN GetTok; RETURN[P.Allocl[ZARY,.zARY[TokVal]llJ; END; 
PFUNC = > BEGIN l.:;etTok; RETLJRN[P.Alloc[[PFUNC"PFlINC[fokVallll]; END; 
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SCREEN = > BEGIN GetTok; RETURN[currn] END; 
HOLE = > BEGIN GctTok; RETURN[P.l\Iioc[[HOLE"HOLE[]]]J; END; 
WILD = > BEGIN GetTok; RETURN[P.I\1I0c[[WILO"WILO[]j]J; END; 
FAIL = > BEGIN GelTok; RETURN[FaiIJ; END; 
LB => BEGIN 

rr: Register+- P.MRS[]; 
GetTok; 
IF PeekTok = RB THEN BEGIN 

GetTok; 
RETURN[Nail]; 
END; 

t+- P.Alloc[[LlST"LlST[Prog[],Nail]]); 
P.R[@t]; 
pans+- @t.listtail; 
WHILE PeekTok = COMMA DO 

GetTok; 
panst +- P.Alloc[[LlST"LlST[Prog[],Nail])]; 
pans ... @pans.listtail; . 
ENDLOOP; 

IF PeekTok - = RB THEN P.SErr["Missing ']"'L]; 
GetTok; . 
IF PeekTok = COLON THEN t +- FunctionBody[t]; 
P.RRS[rr]; 
RETURN; 
END; 

LP = > BEGIN .. used solely for parenthesization 
GetTok; 
t+- Prog[]; 
iF PeekTok - = RP THEN P.SErr["Parser expected ')"'L]; 
GetTok; 
RETURN[t]; 
END; 

LC -= > BEGIN 
GetTok; 
t ... Prog[]; 
IF PeekTok - = RC THEN P.SErr["Parser expected '}"'LJ; 
GetTok; 
RETURN[P.Alloc[[PA TTERN"PA TTERN(tlll]; 
END; 

ENDCASE; 
P.SErr["Parser did not recognize Simple Expression"L]; 
END; 

FunctionBody: PROCEDURE[bv: Node] RETURNS [b: Node] = 
BEGIN 
GetTok; 
IF PeekTok = EQUAL THEN 

BEGIN 
rr: Register = P.MRS[]; 
testVal: Node'" NIL; 
b <-NIL; 
P.R2[@testVal,@b]; 
GetTok; 
testVal +- PrefixExp[]; 
IF PeekTok # SEP THEN P.SErr["Missing ; after: == "]; 
GetTok; 
IF checking THEN 

bv +- P.Alloc[[EQUAL"EQUAL[bv,testVal]]]; 
P.RRS[rr]; 
END; 

b'" P.AllocllFCN.,FCN[bv, Prog[]]]]; 
END; 

CetTolc PROCEDURE = BEGIN 
wk: STFlING +- [100]; 
i: CARDINAL; 
sym: Symbol; 
got: BOOLEAN+- FALSE; 
c: CHAI'lACTER; 
loop: BOOLEAN+- TRUE; 
uc: BOOLEAN; 
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TokTok <- PeekTok; 
TokVal <- PeekVal; 
WHILE loop DO 

loop <- FALSE; • 
WHILE nchar = ' on nchar = 10Defs.TAB OR nchar = 10Defs.CR DO 

[] i- GetNChar[] 
ENDLOOP; 

SELECT nchar FROM 
OC "') PeekTok <- EOF; 
'" "') BEGIN st: Node <- NIL; 

rr: Register = P.MRS[]; 
PeekTok <- sm; 
PeekVal <- MTSt; 
P.R2[@PeekVal, @st); 
i <- 0; 
DO 

IF i = wk.maxlength THEN 
BEGIN 
wk. length <- i; 
st <- P.MakeSTR[wk); 
PeekVal <- P.StrinaConcat[PeekVal, st); 
i <- 0; 
END; 

wk[i] <- GetNChar[]; 
IF wk[i] = OC THEN 

P.SErr["String ran off end, probahly omitted quote"L); 
IF wk[i] = '" THEN 

BEGIN 
wk.length <- i; 
st <- P.MakeSTR[wk]; 
PeekVal <- P.StringConcat[PeekVal, st]; 
EXIT; 
END; 

IF wk[i) '" '1" THEN 
wk[i) <- Usual[GetNChar(]]; 

i <- i + 1; 
ENDLOOP; 

P.RRS[rr); 
END; 

IN ['0 . .'9) "') BEGIN 
wk[O] <- nchar; 
i <- 1; 
WHILE i < wk.maxlength DO 

wk[i] <- GetNChar[J; 
IF wk[i] := OC THEN EXIT; 
IFwk[i)-IN ('0 . .'9] THEN EXIT; 
i <- i + 1; 
ENDLOOP; 

IF i) '" wk.maxlength THEN P.SErr["Number too lono for parser"L); 
wk.length <- i; 
PeekTok <- STR; 
PeekVal <- P.fvlakeSTR[wk); 
got <- TRUE; 
END; 

" :=) BEGIN -- single quote, iust like" except terminated difl. 
i <- 0; 
WHILE i < wk.maxlength AND (GetNChal []IN ['A . .'Z] OR nchar IN ['a . .'z] OR nchar IN ['0 . .'9] OR nchar = '. OR 
nchar '" 'l) DO 

wk[i] <- IF nchar '" 't THEN Usual[GetNChar[]] ELSE nchar; 
i <- i + 1; 
EN 0 LOOP; 

IF i) '" wk.maxlength THEN P.SErr["String too long for parser"L]; 
wk. length <- i; 
PeekTok <- STR; 
PeekVal <- P.MakeSTR[wk); 
got <- TRUE; 
END; 

'( "') PeekTok <- LP; 
'} =) PeekTok <- RP; 
'[ =) PeekTok <- LB; 
'] =) PeekTok <- RB; 
'{ "') PeekTok <- LC; 
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'} = > PeekTok ,- flC; 
': = > Pef~kTok .. COLON; 
'- = > PeekTok .. TILDE; 
'% = > PeekTok .. ITER; 
'@ '" > PeekTok .. SCREEN; 
'J = > BEGIN 

[] .. GetNChar[]; 
IF nchar - = 'J THEN BEGIN 

PeekTok .. DIV; 
got .. TRUE; 
END 

ELSE BEGIN 
[] .. GetNCh::lr[]; 
IF nchar - = 'J THEN BEGIN 

PeekTok .. MAPPL Y; 
got .. TRUE; 
END 

ELSE PeekTok .. GOBBLE; 
END; 

END; 
" => BEGIN 

[] .. GetNChar[]; 
IFnchar = ',THEN PeekTok" CATL 
ELSE IF nchar = '! THEN BEGIN 

PeekTok .. SEQOFC; 
END 

ELSE IF nchar - = " THEN BEGIN 
PeekTok .. COMMA; 
got .. TRUE; 
END; 

END; 
'I = > PeekTok .. PAL T; 
'. => BEGIN 

[] .. GetNChar[]; 
IF nchar - = '. THEN P.SErr["Unknown character '."'L] 
ELSE BEGIN 

[) .. GetNChar[]; 
IF nchar - = '. THEN P.SErr["Unknown character '."'L) 
ELSE Peek T ok .. HOLE; 
END; 

END; 
'+ = > PeekTok .. PLUS; 
,. = > PeekTok .. DELETE; 
'> = > PeekTok .. RARR; 
'# = > PeekTok .. WILD; 
'; => BEGIN 

stcnt .. stcnt + 1; 
PeekTok .. SEP; 
END; 

'.. = > Peek T ok .. ASS; 
'= = > PeekTok .. EQUAL; 
'. => BEGIN 

[] .. GetNChar[]; 
IF nchar = '. THEN BEGIN 

[] .. GetNChar[]; 
IF nchar - = '. THEN BEGIN 

PeekTok'" SEQUENCE; 
got .. TRUE; 
END 

ELSE BEGIN 
DO 

c .. GetNChar[]; 
IF c = DC OR c = 10Dels.CR THEN EXIT; 
IF c - = '. THEN LOOP; 
c" GetNChar[]; 
IF c = DC OR c = 10Defs.CR THEN EXIT; 
IF c - = '. THEN LOOP; 
c .. GetNCllal [); 
IF c = '. OR c = DC OR c = 10Defs.CR THEN EXIT; 
ENDLOOP; 

loop .. TRUE; 
got .. TRUE; 
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END; 

END 
END 

ELSE BEGIN 

END; 

PeekTok ... MINUS; 
got ... TRUE; 
END; 

'? =) PeekTok +- OPT; 
'! =) PeekTck +- SEQOF; 
IN ['.'1 . .'2.], IN [' I\ . .'Z] =) BEGIN 

i ... 0; 
lIC ,- FALSE; 
WHILE nchar IN ['a . .'z] OR nchar IN ['A . .'Z] OR nchar IN ['0 . .'9] DO 

wk[i] +- nchar; 
UC ... lIC OR nchar IN['A . .'Z]; 
i +- i + 1; 
[] +- GetNChar[]; 
ENDLOOP; 

wk.length ... i; 
sym +- P.Lookup[wk]; 
IF sym = NIL THEN BEGIN 

IF -uc I\ND i) 1 THEN P.SErr["Unknown primitive function name"L]; 
PeekTok +- ID; 
Peek Val ... P.lnsert[wk,ID,string,PLDefs.Unbollnd,PLOefs.Unbound]; 
END 

ELSE BEGIN 
PeekTok +- sym.tok; 
PeekVal +- sym; 
END; 

got ... TRUE; 
END; 

ENDCASE =) P.SErr["Unknown character"L]; 
IF -got THEN [] +- GetNChar[]; 
ENDLOOP; 

SetCu rrentNode: PUBLIC PROCEDURE[n:Node] = BEGIN 
cllrrn ... n; 
END; 

GetNCha r: PROCFDURE RETURNS [CHARACTER] = BEGIN 
IF nchar = 10Defs.CR THEN savinput +- progstr; 
nchar ... P.ltern[@progstr]; 
IF nchar = 10Defs.ControlZ THEN 

WHILE (nchar +- P.ltem[@progstr]) - = 10Defs.CR DO ENDLOOP; 
charcnt ... IF nchar = 10Defs.CR THEN 1 ELSE charcnt + 1; 
IF nchar = 10Defs.CR THEN linecnt +- linecnt + 1; 
RETURN[nchar]; 
END; 

ErrorMsg: PUBLIC PROCEDURE[str,strl: STRING] = BEGIN 
c: CHARACTER; 
DispDefs.WF4["Line: %d Stml: %d Char: %d, %s "L,linecnt,stcnt,charcnt,str]; 
IF str1 - = Nil THEN DispDefsWF1 ["%s"l,str1]; 
DispDefs.WFO[" 'n"l]; 
DispDefs.WFO["ln command "l]; 
WHilE savinpllLnode - = Nil DO 

c +- P.ltem[@savinpllt]; 
IF c = 10Defs.CR THEN EXIT; 
DispDefs.WF1 ["%c"l,c]; 
ENDlOOP; 

DispOefsWFO[" 'n"l]; 
END; 

ErrorMsg1: PUBLIC PROCEDURE[slr: STRING, a: UNSPECIFIED] = BEGIN 
i: INTEGER ... a; 
DispDefs.WF4["line: %d Stmt: %d Char: %d, %s "l,linecnt,stcnt,charcnt,str]; 
OispDefsWF1 ["%d"l,i]; 
END; 

Usual: PROCEDURE[c: CHARACTER] RETURNS[CHARACTER] = BEGIN 
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j: CARDINAL; 
SELECT c mOM 
, =) RETURN['); 
'" = > RETURN[' "); 
't =) RETUmJ['t); 
IN ['0 . .'9) = )8EGIN 

j <- (c - '0)*64; 
j <- j + (GetNCharfj - '0) • S; 
j <- j ... (GetNChar[] - '0); 
RETURN[LOOPHOLE[ilJ; 
END; 

ENDCASE =) RETURN[nchar - 100B]; 
END; 

ParseSetup: PUBLIC PROCEDURE = BEGIN 
SelCurrentNode[Nail]; 
[] <- P.lnsert[" check "L,ZARY ,proc,CheckRoutine,PLDefs.Unbound); 
[] <- P.lnsert["fail"L,FAIL.unk,PLDefs.Unbound,PLDefs.Unbound); 
END; 

[Fail,MTSt.Nail) <- P.GetSpeciaINodes[]; 
END. 
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DIF\ECTORY 
PLDp-is: FROi\l "PLOefs", 
Vtv1Defs: FnOM "VMOefs", 
DispUefs: FFIOM "OispOefs", 
ImageOefs: FROM "lmageOefs", 
!GOofs: FROM" 100efs", 
StringOefs: FROM "StringDefs", 
Ifilim~Defs: FROM "!nlineDefs", 
MiscDefs: FROM "miscdefs", 
FileSystemOefs: FROM "FileSystemOefs", 
Str,~amOefs: FROM" StreamOefs", 
SystemUefs: FROM "SystemOefs", 
TinleOefs: FROM "TimeOefs", 
Disp!ayDefs: FROM" OisplayOefs", 
EtherRc}JortDefs: FROM "EthorReportDefs", 
RoutpDefs: FROM "RouteOefs", 
OsStaticOefs: FHOM "OsStaticOefs", 
BTOefs: FROf\l "BTDefs", 
SegmentDefs: FROM "SegmontDefs"; 

pi: PROGRAM IMPORTS D'I :DispDefs, DL 1 :DisplayDefs,IODcfs, StrinnDefs, FileSystemDefs, ImageDefs, P:PLDefs, VM: VMDets, 
TirneDefs, Systoll1Defs, StreJmDefs, SegmentDefs, EtherfieportDefs, RoutcDefs, BTDefs, InlineDefs EXPOFHS PLDe!s 
SHARES StringDefs = BEGIN 

TokType: TYPE = PLDefs.TokType; 
NodeType: TYPE = PLDefs.NodeType; 
Node: TYPE = PLDefs.Node; 
Symbol: TYPE", PLDefs.Symbol; 
Register: TYPE = PLDefs.Register; 
cdebug: BOOLEAN = PLDefs.cdebug; 

tt: Node; 
debug: BOOLEAN +- cdebug; 
eelfile: STRING +- [30]; 
IMax: CARDINAL = 2; 
IStack: ARRA Y[ 1..lMax] OF Node; 
numnodes: CARDINAL; 
/\bort: BOOLEAN +- FALSE; 
MTSt.Fail,Nail: Node; 

-- for AmbushKeyStream 
cornStream, keyStream: StreamDefs.StreamHandle; 
savedKeyStreamGet: PROCEDURE [StroamDefs.StreamHandle] RETURNS[UNSPECIFiED]; 
charV'Jaiting: BOOLEAN; 
firstChar: CHARACTER; 

AmbushKeyStream: PROCEDURE = 
BEGIN 

-- Points to where the system stopped readinG tho command line. 
comfh: SegmcntDefs.FileHandle = SegrnentDefs.~jewFile[" cOrll.cm" L, SegmentDefs.Read, SogmentDefs.OldFileOnly]; 
ch: CHARJI.CTER; 
comStream +- StreamDefs.CreateByteStream[comfh, SegmentDefs.Read]; 

BEGIN 
--skip over first word 
FOR ch +- 'x, comStream.get[comStream] UNTIL ch = ' 

DO 
IF comStream.endof[comStream] THEN GOTO noM ore; 
ENDLOOP; 

FOR ch +- ' , comStream.get[comStream] WHILE ch =' -- Skip leading blanks, if any. 
DO 
IF comStream.endof[comStream] THEN GOTO noMore; 
ENDLOOP; 

charWaiting (- TRUE; 
firstCllar +- ch; 
EXITS 

noM ore =) BEGIN comStream.destroy[comStream]; RETURN END; 
END; 

keyStrear.l ... StrearnDefs.GetCurrcntKey[]; 
savedKeyStn~OJnGct +- keyStream.get; 
keyStream.get +- AmhushedGet; 



END; 

Am bushed Get: PROCEDURE[StrearnDefs.StreamHandle] 
RETURNS[c: UNSPECIFIED] == 
BEGIN 
IF charWaiting THEN 

BEGIN 
charWaiting .. FALSE; 
c ... firslChar; 
END 

ELSE c ... cornStream.get[comStream]; 
IF comStream.endof[comStream] THEN 

BEGIN 

END; 

cornSlream.destroy[ comSlream); 
keyStream.get ... saveclKeyStrearnGet; 
END; 

DayTime Routine: PROCEDURE[s:Symbol,n1 ,n2: Node) RE I URNS[Nocle) == 
BEGIN OPEN TirneDefs; . 
str: STRING ... [40]; 
AppenciDayTime[str,UnpackDT[CurrentDayTime[]]); 
RETURN[P.MakeSTR[str)); 
END; 

SetDisplaySizeRoutine: PROCEDURE[s:Symbol,n1 ,n2: Node) RETURNS[Node) == 
BEGIN 
n: CARDINAL == VM.Cardinal[P.Makelnteger[n111; 
DL 1.SetSystemDisplaySize[n,n]; 
RETURN[Nail); 
END; 

DefaultName: PROCEDURE[st: STRING) == BEGIN 
-- add .pl if no period is in filename 
i: CARDINAL; 
FOR i !N [O.sLlength) DO 

IF :;t[i) = '. THEN RETURN; 
ENDLOOP; 

StringDefs.AppendString[st," .pl"L); 
END; 

Inte ractive: PROCEDURE[str: STRING] == BEGIN 
prog,tt: Node'" NIL; 
wk: STRING'" [PLDefs.sSize); 
i: CARDINAL; 
Setup[]; 
FOR i IN [1 .. IMax) DO 

IStack[i) ... Nail; 
[NDLOOP; 

DO 
ENABLE BEGIN 

UNWIND ==) BEGIN D1.wFO["XXX*n"L); RETRY END; 
10Defs.Rubout ==) BEGIN D1.WFO["XXX*n"L); RETRY END; 
P.EndDisplay ==) RETRY; 
P.lnterrupt =) BEGIN 

D1.WFO["· *. * Interrupt" '**n "L); 
RETIW; 
END; 

FileSy:;temDcfs.FileDoesNotExist =) BEGIN 
D1.wFO["File Does Not Exist - Try Again*n"L]; 
RETRY; 
END; 

P.PBug =) BEGIN 
P.EI rorMsg["Poplar Bug!!"L,est); 
RETRY; 
END; 

P.SErr =) BEGIN 
P.ErrorMsg["Syntax Error - "L,est); 
RETRY; 
END; 
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P.RErr ~) BEGIN 
Dl.WF1 ["Run- Time Error - %s *n"L,est]; 
RETRY; 
END; 

ANY =) BEGIN 

END; 

D1.wFO["Mysteriolls Poplar Bug!!!*n"]; 
RETRY; 
END 

[] ;- SystemDefs.PruneHeap[]; 
Reset[]; 
P.R2[@tt,@prog]; 
FOR i IN [1.. IMax] DO 

P.R[@IStack[i]]; 
ENDLOOP; 

IF str ~ NIL THEN BEGIN 
IF prog - = NIL AND prog.Type = STH /\ND P.Length[prog] < wk.maxlength THEN P.MakeString[wk,prog]; 
[] f- 10Defs.ReadEditedString[wk,REString,TRUE]; 
D1.WFO[·'*n"L]; 
END 

ELSE BEGIN 
StringDefs.l\ppend String [wk,str]; 
str ;- NIL; 
END; 

IF StringDefs.EquivalentStrinq[wk,"un"L] THEN BEGIN 
popln; 
PrintTop; 
LOOP 
END 

ELSE IF St .. ingDefs.EquivalentString[wk,"reset"L] THEN EXIT 
ELSE IF StringDefs.EquivalentString[wk,"?"L] THEN BEGIN 

D1.WFO[" Any Poplar stmt, reset for reset, un for backup, ESC for last command, *n"LJ; 
D1.WFO["pcrcent for the debugging interface, quit to return to the O.S. *n "L]; 
D1WFO["$fi!e to run file*n"L]; 
I.OOP; 
END 

ELSE IF StringCefs.EquivalentString[wk,"%"L] THEN BEGIN 
prog f- NIL; 
Main[]; 
EX!T; 
END 

ELSE IF StringDefs.EquivalentString[wk,"quit"L] THEN BEGIN 
Abort f- TRUE; 
EXIT; 
END 

ELSE IF StringDefs.EquivalentString[wk,"more"L] THEN BEGIN 
[) ,- D 1.ToggleMore[]; 
PrintTop; 
[] <- Dl.ToggleMore[]; 
LOOP; 
END 

ELSE IF wk[O] ~ '$ THEN BEGIN 
FOR i IN [0 .. wklength - 1) DO 

wk[i] <- wk[i + 1]; 
ENDLOOP; 

\ivk.len~lth ,- wk.length - 1; 
DefauItName[wk]; 
proD <- P.MakeSTR[wk]; 
prog ,- P.FileRoutine[NIL ,prog,NIL]; 
IF prog.Type = FAIL THEN LOOP; 
Hcset[); 
P.R2[@tt,@prog]; 
FOR i IN [1 .. IMax] DO 

END 

P.R[@IStack[i]]; 
ENDLOOP; 

ELSE IF w!<.lenqth ~ 0 THEN LOOP 
ELSE pr09 <- P.fviakeSTR[wk); 
IF IStack[1].Type = fAIL THEN IStack[1] <- MTSt; 
P.SeICurrentNode[IStack[ 1]]; 
It f- P.Dist[progj; 
IF tt.Type" ASS THEN []"'P.Eval[lt,NIL] 

-- kludge 
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ELSE BEGIN 
Pushl[P .Eval[tt,N IlJ]; 
PrintTop; 
END; 

ENDlOOP; 
Cleanup[]; 
END; 

Main: PROCEDUFlE = BEGIN 
wk: STRING ... [PlDefs.sSize]; 
prog: Node ... Nil; 
c: CHAHACTER; 
DO 

END; 

10Defs.WriteChar['%]; 
C ... 10Defs.ReadChar[]; 
SELECT c FROM 
't,'l = > BEGIN 

D1.Wr'O["Toggle debug, now "l]; 
debug'" -debug; 
IF debug TI-IEN D1.WFO["TRUE*n"ll ELSE D1.WFO["FAlSE·n"l]; 
END; . 

'q,'Q =>BEGIN 
D1.wFO["Quit [Confirm] "l]; 
IF D1.Contirm[] THEN BEGIN 

D1WFO[" 'n"l]; 
RETURN; 
END; 

D1.WFO[" 'n"l]; 
END; 

'a,'A =>BEGIN 
o 1.INFO[" Abort [Confirm] "l]; 
IF D1.Confirm[] THEN ImageDefs.AbortMesa[]; 
END; 

, ,'p,'P = > BEGIN 
IF c - = ' THEN Dl.wFO["Program:"l]; 
D1.wFO[" "lJ; 
IF prog - = Nil THEN P.MakeString[wk,prog]; 
10Defs. FleadLine[ wk]; 
Setup[]; 
prog ... P.MakeSTR[wk]; 
o l.wFO["Start:*n"'-.]; 
IF P.length[prog] - = 0 THEN It ... P.Dist[prog]; 
P.Fl[@tt]; 
P.ParseTree[tt]; 
END' 

ENDCASE =>'D1.wFO["·n"l]; 
ENDlOOP; 

PrintTop: PFlOCEDUFlE = 
BEGIN 
Dl.ClearScreen[]; 
[] ... D1.ToggleMore[]; 
IF IStack(1].Type = STR THEN 

BEGIN 
D1.PrintString[IStack[1J]; 
D1.WFO[" 'n"l]; 
END 

ELSE Dl.Print[IStack[l]]; 
[J (- 01. TOCJgleMore[]; 
END; 

IsDebug: PUBLIC PROCEDURE RETURNS[BOOlEAN] = BEGIN 
RETURN[debug]; 
END; 

Pushl: PFlOCEDURE[n: Node] = BEGIN 
i: CARDINAL; 
FOR i DECREASING IN [1 .. IMax) DO 

IStack[i + 1] ... IStack[i]; 
ENDlOOP; 

IStack[1] ... n; _. this is the top of stack 
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END; 

Popl: PROCEDURE = BEGIN 
i: CARDINAL; 
FOR i IN [2 .. IMax] DO 

IStack[i-1] ~ IStack[i]; 
ENDLOOP; 

IStacl<[IMax] ~ Nail; 
END; 

REString: PROCEDURE[c: CHARACTER] RETURNS[a: 800L.EAN] = BEGIN 
a ~ c = 10Defs.CR; 
END; 

CounlDepth: PROCEDURE[n: Node] RETURNS[BOOLEAN] = BEGIN 
numnodes ~ numnodes -I- 1; 
RETURN[TRUE]; 
END; 

StartUp: PROCEDURE = BEGIN 
DL 1.SetSystemDisplaySize[O,0]; 
DL 1.SetSystemDisplaySize[35,35]; 
IF InlineDefs.I:1IT AND[LOOPHOLE[ 177035B, POINTER]t,1] = 0 THEN -- Spare1 is down 

BEGIN 
ImageDefs.Makelmage[" Poplar. Image "L]; 
[] ~ EtherReportDefs. Report[[3,200B, [O,32B]]. 

AmbushKeyStrearn[]; 
END; 

-- my socket on Maxc 
LOOPHOLE[OsStalicDefs.OsStatics.UserName], 
(OsStaiicDefs.OsStatics.UserName.length + 2)/2]; 

D1.WFO["Poplar Version 0.2 Welcomes You"n"L]; 
END; 

Setup: PROCEDURE = BEGIN 
P.StoreSetup[]; -- inserts don't work till this is done 
VM.VMSetup[]; 
P.ParseSetllp[]; 
P.SupSetup[]; 
P .StringSetu p[]; 
ROllteDefs.Route1Setup[]; 
RouteDefs.Rollte2Setup[]; 
P.StatSetup[]; 
BTDefs.Setup; 
D1.DispSetllp[]; 
[] ~ P.lnsert("daytime"L,ZARY,proc,DayTimeRoutine,PLDefs.Unbollnd]; 
[] ~ P.lnsert["setdisplaysiw"L,ZARY,proc,SelDisplaySizeRoutine,PLDefs.Unbound]; 
LOOPHOLE[424B,POINTER]t ~ 500;-- mOllse X coord. 
LOOPHOLE[425B,POINTER]t .. 650;-- mouse Y coord. 
END; 

Cleanup: PROCEDURE = BEGIN 
PStringCleanup[]; 
P.StoreCleanllp[]; 
VM.VMCleanup[]; 
END; 

Reset: PROCEDURE = BEGIN 
P.StoreReset[]; 
P.SlIpReset[]; 
D1.DispReset[]; 
END; 

-- main program 
StartUp[]; 
[Fail,MTSt, Nail] ~ P.GelSpeciaINodes[]; 
WHILE -Abort DO Interactive[NIL] ENDLOOP; 
ImageDefs.StopMesa[]; 
END. 
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_. routel.mesa last edited hy Morris, October 30,1978 
-- ffioditied by Waciler for lazy eval, 7/13/79 

CIRECT0RY 
PLDds: FHOM "PLDefs", 
Disp!)'Jfs: rROM "DispDefs", 
IlluLJeDds: FROM "lmageDels", 
IOUds: FROM "IODefs", 
InlincDcfs: F80M "lnlineDefs", 
l\li~;cD,~fs: FROM" ITliscdels", 
Alt0Fi!cDefs: FROM" f\ltoFileDefs", 
Dir<::edC1'lOefs: FROM "DirectoryDels", 
FiicSystcrnDefs: FROM" FileSystemDefs", 
::"iuCdlnUe!s: FROM "StreamDefs", 
SyslcmOefs: FROM "SystemDefs", 
Sirin(JfJe[s: FROM "StringDefs", 
RouluDefs: FROM "RouteDefs", 
VtvlDefs: FROM "VMDefs", 
SCQllIentDefs: FROM "SegmentDefs"; 

routc1: Pf:OGRAM IMPORTS D2: DispDefs, P:PLDefs, FileSystemDefs, StringDefs, DirectoryDels,lmageDefs, VM: VMDefs EXPORTS 
RouteOefs '" BEGIN 

Node: TYPE = PLDefs.Node; 
Symbol: TYPE = PLDefs.Symbol; 
Stream: TYPE = PLDefs.Stream; 
Register: TYPE = PLDefs.Register; 

Fail,MTSt,Nail: Node; 

Route1 Setup: PUBLIC PROCEDURE = HEGIN 
[] ... P.lns8rt["ciJop"L,Z,'\RY,proc,ChopRoutine,PLDefs.Unbound); 
[] ... P.lnsert[" conc"L,ZARY ,proc,ConcRou tine,PL.Defs.Unbound); 
[] ... P .lnseI1[" delete" L,ZARY ,proc,DeleteRoutine,PLDefs.Unbound); 
[] f- P .Insert[" diller" L,ZAHY, proc ,DifferRoutine ,PLDefs.Un bOll nd); 
[] ... P.lns8Ii["dir"L,ZARY,proc,DirRolltine,PLDefs.Unbollnd); 
[] ... P.lnsert["display"L,ZARY ,proc,Oispl3.yRoLitine,PLDefs.UnlJolllld]; 
[] .. P.lnsert["divide"L,zARY,proc,DivideRoutine,PLDefs.Unbound]; 
[] .. P.lnsclt["edit"L,ZARY,proc,EditRolltine,PLDefs.Unbound]; 
[] .. P.lnsert["exec" L,ZARY ,pI oc,ExecRou line,FLDefs.Unbound]; 
[] .. P.lnsel t["ident"L,Z,"IRY .proc,ldentRoutine,PLDefs.Unbound]; 
l! <- P.lnsert[" islist" L,ZARY ,proc,lsListRoutinn,PLDcfs.Unbollnd]; 
[] t- P .Inselt[" isnull" L,ZARY,proc,lsNuIiRolitine,PLDefs.Unbolillcl]; 
[) .. P .Insert[" isstring" L,ZARY ,proc,lsStringl-loutine.PLDefs.Unbound]; 
[] .. P .lnser1[" lengtl1 "L,ZArW .[1roc,LengtllRoutine,PLDels.Unbound); 
[] .. P.lnsert["lines"L,ZARY,proc,LinesRoutine.PLDefs.Unbound]; 
[] ... P.lnsert["quit"L,ZARY,proc,QuitRoutine,PLDefs.Unbound); 
[] ... P.lnsert["stop" L,ZARY,proc,StopRolitine,PLDefs.Unbound]; 
[] .. P.lnsel t[" append" L,UNARY,proc,AppendRoutiIl8,PLDefs.Unbound]; 
END; 

Chop Routine: PROCEDURE[s:Syrnbol,input,n2: Node] RETURNS[ans:Node) = BEGIN --/z 
-- zary 
rr: Register" P.MRS[]; 
ns: PLOefs.Stre<HnRecord; 
str: STRING ... [2]; 
r1, r2, r3, r4: Node ... NIL; 
P.R2[@r1, @r2J;P.R2[@r3, @r4]; 
ans'" NIL; 
ns'" P.NewStre8'l1[input); 
P.R;:>[@rs.nnrlp.,@ ~ns]; 
IF in[1ut.Type"' '" SHl THEN P.F1Err["lnput to chop rnust be a string"L]; 
str.length .. 1; 
iF nS.node '" NiL fHEN 

ans'" Nail 
ELSE 

BEGIN 
stl[O] i- P.!te:n[@ns]; 
ans ,- P.AI!oc[[L1ST"L1ST[ 

.1 ... P.MakeSTR[strj, 
r2 ... P.Alloc[[APPL Y,,/WPL Y[ 

r3 {- P.ConvertStream[@ns], 



END; 
P.RRS[rr]; 
END; 

r4 ... P.AlIoc[[ZARY"ZARY[s]]] _. chop -·lll]]]; 

ConcRoutine: PROCEDURE[s:Syrnbol,n1,n2: Node] RETURNS[<:!ns:Node] = 8EGIN 
rr: Register'" P.MRS[]; 
-- zary 
-- take a list and squish all its elernents to return a single string. 
-- No punctuation or delirneters are added 
IF - n1.Type = LIST THEN P.RErr["conc expects a list. "L]; 
ans'" MTSt; 
P.R[@ans]; 
WHILE n1.listhead # NIL DO 

IF P.ZEval[n1.listhead].Type - = STR THEN P.RErr["conc expects a list of strings"L]; 
ans'" P.StringConcat[ans,n1.listhead]; --/z 
n1 ... P.lEval[nl.listtail]; -·Iz 
ENDLOOP; 

P.RRS[rr]; 
END; 

DeleteRoutine: PROCEDURE[syrn:Syrnbol,narne,n2: Node] RETUFlNS[Node] = BEGIN 
.- zary 
fs: FileSysternDefs.FileSystern; 
fname: STRING'" [40]; 
IF narne.Type - = STR THEN P.RErr["Delete expects a sirnple string as filenarne"L]; 
P.MakeString[fname,name]; . 
fs ... FileSysternDefs.Login['a,NIL,NIL,NIL]; 
FileSysternOefs.Delete[fs,fnarne]; 
FileSystemOefs.Logout[fs]; 
RETURN[Nail]; 
END; 

DifferRoutine: PROCEOURE[s:Syrnbol,node,other: Node] RETURNS[ans:Node] = BEGIN 
.. unary 
n1,n2: Node; 
s1.s2: PLDefs.StreamRecord; 
rr: Register'" P.MRS[]; 
IF node.Type - = LIST OR P.LenglhList[node] - = 2 THEN P.FlErr["differ expects a list of length 2"L]; 
ans (- NIL; 
P.R[@ans]; 
n 1 ... P.ZEval[node.listhead); ·-/z 
n2'" P.ZEval[node.listtail.listhead]; --/z 
IF n1.Type - = STR Or-l n2.Type - = STFl THEN P.FlErr["Oiffer expects both list elements to be strings"L]; 
s1 ... P.NewStrearn[n 1]; 
s2'" P.NewStream[n2J; 
P.R2[@sl.llode,@s2.node]; 
WHILE sl.node - = NIL ,\NO s2.node - = NIL 00 

IF P.ltern[@sl] - = P.ltem[@s2] THEN EXIT; 
ENOLOOP; 

ans'" P.Alloc[[L1ST"LlST[P.ConvertStrearn[@s2],Nail]]]; 
ans <- P.Alloc[[LlST"LlST[P.ConvertSlream[@sl],anslll; 
P.RRS[rr]; 
END; 

DirRoutine: PROCEDLJRE[s:Syrnbol,n1 ,n2: Node] RETURNS[ans:Node] = BEGIN 
-- zary 
rr: Register'" P.MRS[]; 
pans: rOINTER TO Node; 

AddName: PROCEDURE[p:POINTER,s: STRiNG] RETURNS[BOOLEAN] = BEGIN 
s.lengih ... s.length . 1; 
panst ... P.Alloc[[LlST"LlST[P.MakeSTR[s],Nail])]; 
pans'" @pans.liCittail; 
FlETURN[FALSE]; 
END; 

ans'" Nail; 
P.R[@ans]; 
pans'" @ans; 
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DirectoryDefs.EnumerateOirectory[AddName]; 
ans.Des.e <- TRUE; 
P.RRS[rr]; 
END; 

DisplayRoutine: PROCEDUHE[s:Symbol,n1 ,n2: Node] RETUR~JS[Node] = BEGIN 
.. zary 
D2.Prinl[n1]; 
RETURN[n 1]; 
END; 

DivideHoutine: PROCEDURE[sym:Symbcl,n,n2: Node] RETURNS[res:Node] = BEGIN 
rr: Register <- P.MRS[]; 
i,j,a,b: LONG INTEGER; 
.. zary 
IF n.Type - = LIST OR P.LengthList[n] - = 2 THEN P.RErr["Divide expects a list of length 2"L]; 
··/z this expands out the list 

res <- NIL; 
P.R[@res]; 
a <- P.Makelnteger[P.zEval[n.listhead]]; 
b <- P.Makelnte,]p-r[P.ZEval[n.listtail.listheadll; 
i <- alb; 
j <- a· (i'b); 
res <- P.Alloc[[LlST"LlST[P.MakeNUM[j],NailllJ; 
res (. P.J\lloc[[LlST"LlST[PJvlakeNUM[i],res]]]; 
P.RRS[rr]; 
END; 

EditRoutine: PROCEDURE[sym:Symbol,str,n2: Node] RETURNS[Node] '" BEGIN 
.. zarv 
s: STRING <- [PLDefs.sSizej; 
IF str.Type - = STR THEN P.RErr["lnput to Edit must be a string"L]; 
P.MakeString [s,str]; 
Editor[s]; 
.. no return 
RETUR N [Nail]; 
END; 

Editor: PROCEDURE[edfile: STRING] = BEGIN 
str: STRING <- [600]; 
t: Node <- NIL; 
rr: negister <- P.MRS[]; 
P.R[@t]; 
D2.WrileToString[str]; 
D2.wF2["Bravo/n %s;poplar $%s' *n"L,edfile,edfile]; 
[] <- D2.SetWriteProcedure[D2.MyWriteProcedure]; 
t <- P.MakeSTR[str]; 
WriteRem[t]; 
ImageDefs.StopMesa[j; 
END; 

ExecRoutine: PROCEDURE[syrn:Symbol,str,n2: Node) RETURNS[Node] = BEGIN 
s: STRING <- [PLDefs.sSize]; 
n' Node <- NIL' 
rr': Register <- r.MRS[]; 
.. zary 
IF str.Type - '" STR THEN P.RErr["Exec routine takes a string as argurnent"L]; 
StringDeis.AppendString[s," ;RunMesa PoplarCheckPoint.image$" L]; 
StringDefs.AppendChar[s,IODefs.CH]; 
n ':- p.rviakeSTH[::.;]; 
P.R[@n]; 
n <- P.StringConcat[str,n]; 
WriteRem[str]; 
IF -lmageDefs.MakeCheckPoint["PoplarCheckPoint.hnage$"L] THEN 

IrnageDefs.StopMesa[]; 
P.RRS[rr]; 
RETURN[Nail]; 
END; 

IdentRoutine: PROCEDURE[s:Symbol,n1 ,n2: Node] RETURNS[Node] = BEGIN 
.. zary 
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R!~TUHN(n1); 
END; 

IsListRoutine: PROCEDURE(sym:Syrnbol,n,n2: Node] RETURNS(Node] =: BEGIN 
.- zary 
RETURN(IF n.Type =: LIST THEN n ELSE Fail); 
END; 

IsNullBoutine: PROCEDURE(sym:Symbol,list,n2: Node] RETURNS(Node] =: BEGIN 
-- wry 
RETLJRN(IF list.Type = LIST AND list.iisthead '" NIL THEN list ELSE Fail); 
END; 

IsStringRoutifle: PROCEDURE(s'iil1:Symbol,n,n2: Node] RETURNS(Node) = BEGIN 
-- zary 
RETUFlN[IF n - '" NiL AND n.Type = STR THEN n ELSE Fail]; 
END; 

LengthRoutine: PROCEDURE[s:Syrnbol,n1 ,n2: Node) RETURNS[ans:Node) = BEGIN 
-- zary 
IF nl.Type = STR THEN BEGIN 

RETURN[P.MakeNUM[VM.Cardinal[P.Length(nl]]]]; 
END; 

IF n 1Type = liST THFN RETURN[P MakeNUM[P.lenothlist[n1))); 
P.RErr["Can only take length of strings and lists"L); 
END; 

LinesRoutine: PROCEDURE(syrn:Syrnbol,input,n2: Node) RETURNS[ans:Node) = BEGIN --/z 
-- zary 
rr: Register" P.MRS[); 
r1, r2, r3, r4: Node" NIL; 
s,a: PLDefs.StreamRecord; 
i: CARDINAL; . 
IF input.Type - = STR THEN P.RErr["Lines expects a string as input"L); 
P.R2[@r1,@r2j; P.R2[@r3, @r4]; 
s .. P.NewStream[input]; 
ans" Nail; 
P.R2[@ans,@s.node]; 
i" 0; 
a To s; 
DO 

IF s.node = NIL THEN GOTO StringEnd; 
i .. i+l; . 
IF P.ltem[@s] = 10Defs.CR THEN GOTO CRFoulld; 
REPEAT 

StringEnd = > 
ans .. P .Alloc[[LlST"LlST[P.SubStringStream[@a,O,i],Nail]]]; 

CRFound =: > 

ENDLOOP; 
ans.Des.e .. TRUE; 
p.nnS[rr]; 
END; 

BEGIN 
ails" P.Alloc[[LlST"LlST[ 

END; 

r1 .. P.SubStringStream[@a,O,i), 
r2" P.Alloc[[APPL Y"APPL Y[ 

r3" P.CollvertStream[@s), 
r4 .. P.Alloc[[ZARY"ZARY[symlll-- lines --lll]]]; 

QuitRoutine: PROCEDURE[sym:Symbol,str,n2: Node] RETURNS[Node) =: BEGIN 
-- zary 
s: STRING" [PLDefs.sSize); 
n: Node; 
rr: Register" P.MRS[j; 
IF str.Type - = STR THEH P.RErr["lnput to Quit must be a string"L); 
StringDefs.AppendChal [s,IODefs.CR); 
n" P.MakeSTR[s]; 
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P.R[@n]; 
n <- P.StringConcat[str,n]; 
WriteRem[n]; 
IrnageDefs.StopMesa[j; 
RETURN[NIL]; - pace compiler 
END; 

Stop Routine: PROCEDURE[sym:Symbol,s,r,n2: Node] RETUPNS[Node] = BEGIN 
ImageOefs.StopMesa[j; 
RETUIiN[NILj;·- pace compiler 
END; 

WriteRem: PIlOCEDURE[str: Node] = BEGIN 
rr: Register'" P.MRS(j; 
n: Node; 
n <- P.tvlakeSTR["rem.cm"L); 
P.R[@n]; 
(j ... AppendRoutine[NIL,str,n]; 
P.RRS[rr]; 
END; 

AppendRoutine: PROCEDURE[s:Symbol,input,name: Node] RETURNS[Node] = BEGIN 
-- unary 
fname: STRING'" [100]; 
ns: PLDcfs.StrcamRccord; 
rr: Register; 
end: LONG INTEGER; 
fh: VMDefs.Filelndex; 
IF input.Type - = STR THEN P.RErr["lnput to aDpend routine must be string"L]; 
IF name.Type - = STR THEN P.RErr["Filename for append routine must be string"Lj; 
IF P.Length[narne] > = 100 THEN P.RErr["File name too long (>100)"L]; 
P.MakeStriny[fnallle,narnej; 
[th, end] ,. VM.OpenRW[fnarne]; 
ns'" P.NewSlream[input]; 
rr <- P.MRS[]; 
P.fl[@ns.node]; 
WHILE ns.node - = NIL DO 

VM.SetSChar[end, th, P.ltem[@ns]]; 
end <-end + 1 
ENDLOOP; 

VM.CloseRW[fh, end]; 
P.RRS[rr]; 
RETURN[Nail]; 
END; 

[Fail,MTSt,Nail] <- P.GetSpeciaINodes[j; 
END. 
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-- rOllte2.mesa IRst edited by lviorris, October 30, 1978 
-- modified by Wadler for LMY Eval, l/13/79 

DIRECTORY 
PLDefs: FFiOM "PLOofs", 
DispOefs: FROM "DispDefs", 
ImageDefs: FROM "lmageOefs", 
100efs: FROM "IODefs", 
InlineDefs: FROM "lnlineOefs", 
MiscDefs: FROM "miscdcfs", 
AltoFileDefs: FROM" AitoFi!eDefs", 
FilcSysternDefs: FROM "FileSysternDefs", 
FilePageUseDefs: FROM "FileP3goUseDefs", 
StreamDefs: FROM "StrearnDefs", 
SystemDefs: FROM" SystemOefs", 
ROliteDefs: FROM "RouteDefs", 
Vf\·lOels: FnOM "VMDefs", 
SegmentDofs: FROM "SegmentDefs"; 

route2: PROGRAM IMPORTS D2: DispDefs, 10Defs, P:PLDefs, FileSystemDefs, FilePageUseDefs, VM: VMOofs, InlineDefs EXPORTS 
nouteOefs, PLDefs = BEGIN 

Noele: TYPE = PLDefs.Noele; 
Symbol: TYPE", PLOefs.Symbol; 
Stream: TYPE '" PLDefs.Stream; 
Register: TYPE = PLDefs.Register; 

Fail,MTSt,Nail: Node; 

Route2Setup: PUBLIC PROCEDURE = BEGIN 
[] <- P.lnsert["key"L,ZARY,proc,l<:eyRoutine,PLDefs.Unbound]; 
[] <- P .Insert["listin" L,ZAHY,proc,L.istinRoutine,PLDeb.Unbound]; 
lJ <- P .lnseI1[" listout" L, UNARY, proc,ListOu tR outine, PLOefs. U nbounel]; 
[] <- P .Insert[" marry" L,ZARY,proc,MarryRoutine,PLDefs.Unbound]; 
[] <- P .Insert[" max" L,ZARY,proc,Maxfioutine,PLDefs.Unbound]; 
[] <- P .Insert[" min" L,ZARY,proc,MinRou tine,PLDefs.Unbound]; 
[] <- P.lnsert[" minus" L,Z}\RY,proc,MinusRoutine,PLOefs.Unbollnd]; 
[] <- P.lnsert["pllls"L,ZARY,proc,PllIsRoutine,PLDefs.Unbound]; 
[] <- P.lnsert[" reverse" L,ZARY.proc,ReverseRoutine,PLDefs.Unbound]; 
[] <- P .Insert[" run" l.,ZARY,proc,PunRoutine,PLDefs.Unbound]; 
[] <- P .Insert["sullst" L,ZARY ,proc,SubstRolitine,PLDefs.Unboundj; 
[] <- P.lnsert["times"L,ZARY,proc,TimesRolitine,PLDefs.Unbolindj; 
[] <- P .Insert[" tolower"L,ZARY,proc,ToLowerRolltine,PLDefs.Unbolindj; 
[] <- P .lnsert["touppol" L,ZARY ,proc,ToUpperRoutine,PLDefs.Unbound]; 
[] <- P.lnsert["write"L,UNARY,proc,VVriteRoutine,PLDefs.Unbound]; 
[] <- P .Insert[" zip" L,ZARY,proc,ZipRoutine,PLDefs.Unbou nd]; 
END; 

Key Routine: PUBLIC PROCEDURE[sym:Symbol,n1 ,n2: Node] 
RETUfiNS[Node] = BEGIN 

-- zary 

REString: PROCEOURE[c: CHARACTER] RETURNS[a: BOOLEAN] = BEGIN 
Bad .... c = 10DefsDEL; 
a <- Bad OR c = 100efs.CR; 
END; 

-- the output is a pre-quoted string 
-- this has the same effect as if the characters typed were in a file 
s: STRING <- [PLDefs.sSize]; 
ns: rLDe~s.StreanlnCCOid; 
Bad: BOOLEAN <- FALSE; 
-- should use UsualEscape 
IF n 1.Type - '" STR THEN P.RErr["l\ey requires a string as input"L); 
ns <- P.NewStream[n 1]; 
WHILE ns.node/iNIL DO 10Defs.WriteChar[P.ltem[@nsll ENDLOOP; 
[] <- 100efs.ReadEditedString[s,REString,FALSE]; 
IODcfs.WriteChar[!ODefs.CR]; 
RETURN[IF Bad THEN Fail ELSE P.MakeSTR[s]]; 
END; 

ListlnRoutine: PROCEDURE[sym:Symbol,name,n2: Node] RETURNS[ans:Node] = BEGIN 



-- zary 
rr: Register" P.MRS[]; 
IF name.Type - = STR THEN P.RErr["Listin expects a string for file name"l]; 
ans t- Nil; 
P.Fl[@ans]; 
ans ... P.FileRolitine[sym,name,n2j; 
ans'" P.ZEval[ansl; --/z 
IF ans.Type 0= STIl THEN ans .. P.Dist[ans]; 
P.RRS[rr]; 
END; 

ListOlItRoutine: PROCEOURE[sym:Symbol,list,name: Node] RETUflNS[ans:Nodej = BEGIN 
-- unary 

ListWriteProc: PROCEDURE[c: CHARACTER] '" ElEGIt-J 
IF i) = pgsize THEN BEGIN 

FilePageUseDefs.WritePage[fh,pno·,bllf + 2]; 

buf[i]'" c; 
i ... i + 1; 
END; 

i'" 0; 
pno'" pno + 1; 
END; 

fname: STRING t- [40]; 
fs: FileSystemDels.FileSystem; 
fh: FilePageUseDefs.FileHandle; 
i,pgsize,pfio,lp,bp: CARDINAL; 
buf: STIlING <- [600]; 
OP: PROCEDUflE[CHARACTER]; 
rr: Register" P.MRS[]; 
IF name. Type - = STR THEN P.RErr["Listout expects a string for file name"lj; 
P.MakeString[fname,namej; 
Is ... FileSystemDefs.Login['a,NIL,NIL,NILj; 
th .. FileSystemDefs.Open[fs,fname,FileSystemDefs.OpenMode[create] 

! FileSystemDefs.FileAlreadyExists ,,) RESUME]; 
[Ip,bp,pgsizej ,- FilePageUseDefs.Measure[fhj; 
OP'" D2.SetWriteProcedUle[ListWriteProc]; 
pno .. 0; 
i'" 0; 
D2.Print[list]; 
FilePageUscDefs.WritePage[fh,pno,buf + 2]; -. last page 
[] ... D2.SetWriteProcedure[OP]; 
FilePageUseDefs.Setlength[fh,pno,i]; 
FilePageLJseDefs.Close[fh]; 
FileSystemDefs. Logout[fs]; 
P.RRS[rr]; 
RETUmj [Nail]; 
END; 

List2: PROCEDURE[a,b: Node] RETURNS [Node] = 
-- return the list with a and b as elements 
BEGIN 
RETURN[P.Alloc[[LlST"LlST[a, P.Alloc[[L1ST"LlST[b, Nail]]lll]]; 
END; 

Ma rryRoutine: PROCEDURE[sym:Symbol,node,other: Node] RETURNS(ans:Node] '" BEGIN --/z 
-- unary 
rf: Register == p.rv1i ~3[]; 
n1, n2: Node; 
r1, r2, r3, r4: Node ... Nil; 
IF node.Type -. = LIST OR P.LengthList[node] - = 2 THEN 

P.FiL-:rr[" marry expects a list of length 2"L]; 
P.R2[@r1, @r2]; P.R2[@r3, @r4]; 
n1 ... P.ZEval[node.listhead]; 
n2'" P.ZEval[noue.listtail.listhead]; 
IF -in 1.Type =. LIST AND n2.Type = LIST) THE~J P.REr r["marry expects two lists"l]; 
IF n 1.listheau= Nil AND n2.listhead = Nil THEN 

ans ,- Nail 
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ELSE IF nl.listhead = NIL OR n2.listhead =0 NIL THEN 
P.RErr["marry expects equal length lists"L) 

ELSE 
ans" f'.Alloc[[LlST"LlST[ 

rl .. List2[P.ZEval[nl.listhead]. P.ZEval[n2.listhead)J. 
r2 .. P.Alloc[[APPL Y "APPL Y[ 

P.RRSlrr); 
END; 

r3" List2[P.ZEval[n 1.listtail]' P.ZEval[n2.listtailll, 
r4 .. P.I\lioc[[ZARY"ZARY[sym]]]·· marry '-lll]]]; 

Max Routine: PROCEDURE[s:Symbol,nl ,n2: Node) RETURNS[Node] =0 BEGIN 
-- zary 
a:Node; 
max,ii: LONG INTEGER; 
IF nl.Type - =0 LIST THEN P.RErr["max expects a list "L); 
a .. P.Z[val[n 1.listhead]; --/z 
max" P.Makelnteger[a]; 
WHiLE n1.listhead - = NIL DO 

IF max < (ii ... P_Makelnteger[p.zEval[nl.listhead]]) THEN --/z 
BEGIN 
a" nl.listhead; 
max" ii; 
END; 

nl .. P.ZEval[nl.listtailj; --/z 
ENDLOOP; 

RETURN[a]; 
END; 

Min Routine: PROCEDUr~E[s:Symbol,nl ,n2: Node) RETURNS[Node] = BEGIN 
-- zary 
a:Node; 
min,ii: LONG INTEGER; 
IF n I.Type - = LIST THEN P.RErr["min expects a list "L); 
a ,- P.ZEval[nl.listhead]; --/z 
min .. P.Makelnteger[a); 
WHILE n1.listhead - = NIL DO 

IF min) (ii .. P.Makelnteger[P.ZEval[n1.listheadJ]) THEN --/z 
BEGIN 
a" nl.listhead; 
rnin t- ii; 
END; 

nl .. P.ZEval[nl.listtail); --/z 
ENDLOOP; 

RETURN[a]; 
END; 

MinusRoutine: PROCEDURE[sym:Symbol,n,n2: Node) RETURNS[Node) = BEGIN 
-- zary 
IF n.Type - =0 LIST Of'l P.LengthList[n) - = 2 THEN P.RErr["Minus expects a list of length 2"L); 
RETUfnJ [P .MakeNUfVI[P .Makelnteger[P .ZEval[ n.listhead]]· P .Makel nteger[P .ZEval [n .Iisttail.listheadlll); --/z 
END; 

Plus Routine: PROCEDURE[sym:Symbol,n,n2: Node] RETURNS[Node) = BEGIN 
-- zary 
IF n.Type - = LIST OR P.LengthList[n] - = 2 THEN P.RErr["Plus expects a list of length 2"L]; 
RETUR N [P .MakeNUr,1 [f> .Makelnteger[P .ZEval[n .Iisthead]] + P .Makel nteger[P .ZEval[n .Iisttail.listheadlll); --/z 
END; 

ReverseRoutine: PROCEDURE[sym:Symbol,n,n2: Node] RETURNS[ans:Node) = BEGIN 
-- zary 
rr: Register .. P.MRS[]; 
s: PLDefs.StreamRecord; 
t: Node" NIL; 
P.R2[@ans,@t); 
IF 11.Type = LIST THEN 

BEGIN 
ans" Nail; 
WHILE n.Type ~ LIST AND n.listhead - = NIL DO 
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END 

ans .. P.Alloc[[LlST .. LlST[P.ZEval[n.listhead].ans]]]; --/z 
n .. P.7.Eval[n.listtail); --/z 
ENDLOOP; 

ELSE IF n.Type = STR THEN BEGIN 
s .. P.NewStream[n); 
P.R[@s.node); 
ans" MTSt; 
WHILE s.node - '" NIL DO 

t .. Rev[@s); 

END 

ans .. P.StringConcat[t, ans); 
ENDLOOP; 

ELSE P.RErr[nreverse expects a list or string as inputnL); 
P.RRS[rr]; 
END; 

Rev: PROCmURE[s: Stream] RETURNS[Node] '" BEGIN 
wk: STRING" [PLDefs.sSize]; 
i,j,k: CARDINAL; 
i .. wk.maxlenoth; 
WHILE s.node - '" NIL AND i > 0 DO 

i .. i - 1; 

k .. 0; 

wl<[i) ,- P.ltem[s); 
ENOLOOP; 

FOR j IN [i..wk.maxlength) DO 
wk[k) .. wkO]; 
k .. k + 1; 
ENDLOOP; 

wk.length .. k; 
RETLJRN[P.MakeSTR[wk]]; 
END; 

RunRoutine: PROCEDURE[sym:Symbol,prog,n2: Node) RETURNS[tt:Node) '" BEGIN 
-- zary 
rr: Register" P.MRS[]; 
IF prog.Type - '" STR THEN P.RErr[nlnput to Run must be string"l); 
tt .. PDist[prog]; 
P.R[@tt]; 
tt .. P.Eval[tt,NIL]; 
P.RRS[rr); 
RETURN[ttj; 
END; 

SubstRoutine: PFiOCEDURE[sym:Symbol,inputnode,n2: Node) RETURNS[ans:Node) '" BEGIN 

match: PROCEDUi-{E iiETURNS[BOOLEAN) = BEGIN 
pat: PLOefs.Strearnflecord .. pattern; 
inp: PLOefs.StrearnRecord .. input; 
WHILE inp.node - '" NIL DO 

IF pat.node = Nil THEN RETLJRN[TRUE); 
IF P.ltern[@patj - '" P.ltem[@inp) THEN RETUHN[FALSEj; 
ENDLOOP; 

IF pat.node = NIL AND inp.node '" NIL THEN RETURN[TRUE); 
RETURN[FALSEj; 
I::ND; 

. rr: Register ,- P.MIlS[); 
lenpattern,k: LONG INTEGER; 
input,pattern,s:)v: PLDefs.StreamRecord; 
output,1: Node .. NIL; 
IF inputnode.Type - '" STR THEN P.RErr[nSubst takes as input a string"L); 
sav .. input <- P.NewStream[inputnode); 
P.1l3[@output,@t,@inpuLnode); 
P.R[@sClv.nocle); 
output .. KeyRoutine[NIL'p.MakeSTR[nrepiacemcllt string: nL].NIL); 
IF output.Type = FAIL THEN P.lnterrupt; 
t .. KeyRoutine[NIL'p.MakeSTR["pattern string: "L].NIL]; 
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IF I.Type = FAil THEN P.lnlerrupl; 
pattern +- P.NewSlream[tj; 
ans +- MTSt; 
P.R2[@pattern.node,@ansj; 
lenpattern +- P.length[tJ; 
IF len pattern = 0 THE.N P.RErr["Pattern must be non-emply"lj; 
k +- 0; 
WHilE input.node - = N!l DO 

IF malch[] THEN BEGIN 
t +- IF k > 0 THEN P.SubStringStrenrn[@sD.IJ,Q,kj elSE MTSI; 
t +- P.StringConcat[t,outputj; 
ans +- P.StrinuConcat[ans,tj; 
P.SkipStreanl[@input,lenpatternj; 
sav +- inpu I; 
k +- 0; 
END 

ELSE BEGIN 
[] +- P.ltem[@input]; 
k +- k + 1; 
END; 

ENDlOOP; 
t +- IF sav.node - '" NIl. -fHEN P.SubStringStrearn[@sav,(1,kj ELSE MTSI; 
ans +- P.StringConcat[ans,tj; 
P.RRS[rrj; 
t:NU; 

TimesRoutine: PROCEDURE[sym:Symbol,n,n2: Nodej RETURNS[Nodej = BEGIN 
-- zary 
IF n.Type - = LIST OR P.LengthList[nj - = 2 THEN P.RErr["Times expects a list of length 2"L]; 
RETURN[P.MakeNUM[P.Makelnteger[P.ZEval[n.listheadjj*P.Makelnteger[P.ZEval[n.listtail.listheadjlll; --/z 
END; 

ToCase: PROCEDURE[inputnode: Node, tolower: BOOl_EANj RETURNS[ans:Nodej = BEGIN 
rr: Register +- P.MRS[j; 
k: LONG INTEGER; 
input,sav: PLDefs.StreamRecord; 
t,z: I'lode +- NIL; 
s: STRING'" [2]; 
c: CHARACTER; 
IF inputnode.Type - = STP THEN P.RErr["tolower and toupper take as input a string"Lj; 
sav ,- input +- P.NewStream[inputnode]; 
ans +- MTSt; 
P.R3[@ans,@t,@input.nodej; 
P.R2[@sav.node,@zj; 
k +- 0; 
s.length +- 1; 
WHILE inpuLnode - = NIL DO 

c +- P.ltem[@illput]; 
IF (tolower l\ND c IN ['A .. ;Z]} OR (-tolower AND c IN ['a .. 'z]) THEN BEGIN 

t .. IF k > 0 THEN P.SubStringStream[@sav,O,kj ELSE MTSt; 
s[O] ,- LOOPHOLE[lnlineDefs.BITXOR[LOOPHOLE[c,CARDINAl],40B]]; 
z" P.MakeSTR[s]; 
t .. P.StringConcat[t,z]; 
ans <- P.StringConcal[ans,t]; 
sav .. input; 
k <- 0; 
END 

ELSE k <- k + 1; 
ENDLOOr'; 

t +- IF s<\v.node - = NIL THEN P.SubStringStream[@sav,O,k] ELSE MTSt; 
ans +- P.SlringConcat[ans,tj; 
P.RRS[rr]; 
END; 

Tolowe rRoutine: PROCEDUnE[sym:Symbol,inputnode,n2: Node] RETURNS[Node] = BEGIN 
RETUR~l [T oCase[inputnode,TRUEj]; 
END; 

ToUpperRoutine: PROCEDUr~E[sym:Symbol,inputnode,n2: Node] RETURNS[Nodej = BEGIN 
RETURi'·j [ToCase[inputnod c,r ALSE]]; 
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END; 

WriteRoutine: PUBLIC PROCEDURE[s:Symbol,input,name: Node] RETURNS[Node] = BEGIN 
-- unary 
fname: STRING <- [lOa); 
ns: PLDefs.StreamRecord; 
rr: Register; 
i: LONG INTEGER; 
fll: VMOefs.r"i!elndex; 
IF input.Type - = STR THEN P.RErr["lnput to write routin8 muc.t be string"L); 
IF name.Type - = STR THEN P.RErr["Filename for write routino must be string"L); 
IF P.Length[narne) > = 100 THEN P.RErr["File name too long (>100)"L); 
P.MakeString[fname, name); 
[fh,] <- VI'vI.OpenRW[fname); 
i <- 0; 
ns <- P.NewStrearn[input); 
rr <- P.MRS(]; 
P.R[@ns.node); 
WHILE ns.nocJe - = NIL 00 

VM.SctSChar[i, fh, P.ltem[@ns)); 
i <- i ·1- 1 
ENDLOOP; 

VM.CloseRW[fh,i); 
P.RRSfrr]; 
RETURN[Nail); 
END; 

ZipRouline: PROCEDURE[sym:Symbol,node,other: Node) RETURNS[ans:Node) = BEGIN --/z. 
-- unary 
rr: Register = P.MRS(j; 
rl, r2: Node <- NIL; 
n 1, n2: Node; 
IF node.Type - = LIST OR P.LengthLisl[node) - = 2 THEN P.RErr["zip expects a list of length 2"L); 
P.R2[@rl, @r2]; 
n1 <- P.ZEval[node.listhead); 
n2 <- P.ZEval[node.listtail.listhead]; 
IF nl.Typc 1/ LIST OR n;:>.Type It LIST THEN P.RErr["zip expects a list of lists"L); 
IF nl.listhead = NIL THEN 

ans <- P.ZEval[n2) 
ELSE IF n2.listhead = NIL THEN 

ans <. P.ZEval[nl) 
ELSE 

ans <- P.Alloc[[LlST"LlST[ 
P.ZEval[nl.listhead), 
P.Alloc[[LlST"LlST[ 

P. ZE val[ n2 .listhead], 
P.fllloc[[APPL Y"APPL Y[ 

P.RRS[rr]; 
END; 

[Fail,MTSt,Nail) <- P.GetSpeciaINodes(j; 
END. 

rl <- List2[P.ZEval[nl.listtail], P.ZEval[n2.li~;ttaiil]' 
r2 <- P.Alloc[[ZARy"zARY[symlll-- zip ")llllll)]; 
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-- stat.mesa last edited by Monis, October 27, 1978 11 :47 AM 
DIRECTORY 
DispDefs: FROM "DispDefs", 
PL.Defs: mOM "PL.Defs", 
10Defs: mOM "IODefs", 
InlineDefs: FROM "lnlincDefs", 
MiscDefs: HlOM "MiscDefs", 
FileSystemDefs: FROM "FileSystemDefs", 
FilePClgeUseDefs: FROM "FilePageUseDefs", 
SystclHDefs: FROM "SystemDefs", 
'IMDcf:.;: FnOM "VMDefs", 
StringDefs: FROM "StringDefs"; 

stat: PROGnAivllMPORTS DispDefs, P:PLDefs, SystemDefs, VM: VMDefs EXPORTS PLDefs = BEGIN 

Node: TYPE = PLDefs.Node; 
Symbol: TYPE = PLDefs.Symbol; 
String: TYPE -= PLDefs.String; 
Stream: 1 YPE = PLDefs.Stream; 
Register: TYPE = PLDefs.Register; 
LongCARDINAL: TYPE = InlineDefs.LongCARDINAL; 
cdebug: BOOLEAN = PLDefs.cdebug; 

numnodes,numcat,numfile,numsirnp.spacesimp,numlist: CARDINAL; 
maxlenqth: LONG INTEGER; 
B'1I: POINT[F~ TO ARRAY OF Node; 
nleaves: Cf\.RDINAL; 
bin: CARDINAL; 
MinCoerceSize: CARDINAL = 300; 
MTSt,Fail,Nail: Node; 
dnum: CAIWINAL = 150; 
len: LONG INTEGER; 
defaultCal: ARRAY[O .. dnum) OF Node; 

Empty: PUBLIC pnOCEDURE[n: Node] RETURNS [BOOLEAN] 
BEGIN 
DO 

END; 

IF n.Type # STR THEN P.PBugf"Non-String"L 1; 
IF n.Des.s = simp THEN r:~ETURN [n.str.length = 0]; 
--n.Des.s = cat 
IF -Empty[n.str.n1]THEN RETURN[FALSE]; 
n +- n.str.n2; 
ENDLOOP; 

Length: PUBLIC PROCEDURE[n: Node] RETURNS [i:LONG INTEGER] = 
BEGIN 
i +- 0; 
DO 

END; 

IF n.Type # STR THEN P.PBug[HNon·String"]; 
IF n.Des.s = simp THEN RETURN[i + n.str.length]; 
i +- i + Length[n.str.nl]; 
n +- n.str.n2; 
ENDLOOP; 

-- used in SubString and ConvertStream only 
Skip: PUBLIC PROCEDURE[n:Nocle,i: LONG INTEGER] = BEGIN 
3.: CARD!~!AL; 

ii: LONG INTEGER; 
s: String; 
-- advance n's position by i chars 
-- equivalent to TI iPOUGH[1..i] DO [] +- Next[n] END LOOP, but much faster 
IF n.Type - = STR THEN P.PElug["lnllst be STRHL]; 
IF nDes.s =: simp THEN BEGIN 

a+- VM.Carciinal[i]; 
s +- @n.str; 
s.lenC!th +- IF a> = s.length THEN 0 ELSE s.length - a; 
s.start +- s.stnrt + a; 
END 



ELSE IF n.Des.s = cat THEN BEGIN 
ii ... Length[n.str.n1J; 
IF ii > i THEN Skip[n.str.n1 ,i] 
ELSE BEGIN 

END 

-- this free is possibly the most dangerou3 FreeTree 
P.FreeT ree[n.str.n1); 
nt .- n.str.1l2t; 
Skip[n,i-ii); 
END; 

ELSE P.PBug["unknown STR type"L]; 
END; 

LinearSTR: PUBLIC PHOCEDURE[n: Node] RETURNS[Node,LONG INTEGER] = BEGIN 
i: CARDINAL; 
rr: Register; 
b,ns: Node'" NIL; 
IF n = N:L OR n.Type -- = STR THEN RETURN[n,O]; 
IF n.Des.s - '" cat OR n.Des.b THEN RETURN[n,Length[nll; 
IF n.str.n 1.Des.s - = cat THEN BEGIN -- may already be in desired form 

rr ... P.MRS[]; 
b ... n; 
ns'" n.str.n2; 
len ... Length[n.str.n1]; 
P.Rl@b); 
WHILE ns.Des.s = cat AND ns.str.n lDes.s - = cat DO 

IF cdebug THEN P.CheckNode[ns]; 
b'" ns; 
len +- len + Length[n.str.n 1]; 
ns ... ns.str.n2; 
ENDLOOP; 

IF b.str.n2.Des.s = cat THEN [b.str.n2,] ... LinearSTR[h.str.n2]; 
len'" len + Length[b.str.n2]; 
P.RRS[rr); 
nDes.b ... TRUE; 
RETURN[n,len]; 
END; 

rr ... P.MRS[]; 
P.R[@n]; 
nleaves'" 0; 
P.Prcorcier[n,CountLeaves]; 
-- nleaves must be 1 or higher 
Bal ... IF nleaves > = dnllm THEN P.GetCore[nleaves*SIZE[Nodell ELSE BASE[defaultBal]; 
bin ... 0; . 
-- the nodes in Bal need not be registered as they are pointed to by n 
len'" 0; 
P.Preorder[n,lnsertLeaves]; 
-- bin must be 1 or higher 
n +- P.StringConcat[Oal[bin-2),Bal[bin-1J]; 
IF bin> 2 THEN FOR i DECREASING IN [0 .. bin-3] DO 

n ... P.StringConcat[Bal[i],n]; 
ENDLOOP; 

IF Sal - = BASE[defaliltBal] THEN SystemDefs.FreeSegment[Bal]; 
PRRS[rr]; 
n.Des.b ... TRUE; 
RETURN[n,len]; 
END; 

Co!.!ntLeaves: PR')CEDURE[n: Node] RETURNS[BOOLEAN] = BEGIN 
IF n.Type -" STR OR n.Oes.s = cat THEN RETURN[TRUE]; 
-- n is a file STR or simp STR 
nleaves ,- nleavos +1; 
RETURN[FALSE]; 
END; 

InsertLeaves: PROCEDURE[n: Node] RETLJRNS[BOOLEAN] = BEGIN 
IF n.Type - = STR OR n.Des.s " cat THEN RETURN[TRUE]; 
-- n is a fil3 STR or simp STi'l 
len ... len + Length[n]; 
Bal[bin] ... n; 
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bin +- bin + 1; 
FlETURN[FALSE); 
END; 

Detail: PUBLIC PROCEDURE[n: Node) = BEGIN 
ii: LONG INTEGER; 
IF cdebug THEN BEGIN 

END; 

-- print out important things abou~ STRS 
IF n '" NIL on (n.Type - '" STR AND n.Type - = LIST) THEN RETURN; 
numnodes +- numcat +- numfile <- numsimp +- spacesimp <- numlist +- 0; 
max length +- 0; 
ii +- IF n.Type = STR THEN Length[n) ELSE 0; 
P.Prcorder[n,strstat); 
DispDefs.WF4["Len %i,rnaxLen %i,nNode %u,Cat %u, "L, @ii, @maxlength, nllmnodes,numcat); 
DispDefs.WF4["File %U,Smp %u,spSmp %u,nest %u,"L,fl!l;ntile, numsimp, spacesimp, CatDepth[n]]; 
DispD8fs.WF2["SF %u, nlist %u'n"L,spacesimp + 2'(nurnc2.t + numtile + numlist + numsimp), numlist); 
END; 

sirstat: PROCEDURE[n: Node) RETURNS[BOOLEAN) = BEGIN 
ii: LONG INTEGER; 
IF cdebug THEN BEGIN 

IF n.Type '" LIST THEN numlist +- numlist + 1 
ELSE IF n.Type = SOl K THEN BEGIN 

numnodes +- nllmnodes + 1; 
IF nDes.s = cat THEN numcat +- nllmcat + 1 
ELSE BEGIN 

ii <- Length[n); 
maxlength <- IF ii > maxlength THEN ii ELSE maxlength; 
IF n.Des.s = simp THEN BEGIN 

END; 
RETURN[IRUE); 
END; 

END; 
END; 

numsimp <- numsimp + 1; 
spacesimp +- spacesimp + n.str.length; 
END; 

CatDepth: PROCEDURE[n: Node) RETURNS[CARDINAL) = BEGIN 
i,j: CARDINAL; 
IF cdebug THEN BEGIN 

IF n '" NIL OR n.Type - = STR OR n.Des.s - = cat THEN RETURN[O); 
i <- CatDepth[n.str.n1); 
j <- CatDepth[n.str.n2j; 
RETLJRN[IF i > j THEN i + 1 ELSE j + 1 ]; 
END; 

RETURN[Oj;--pace compiler 
END; 

FixRep: PUBLIC PROCEDURE[n: Node) RETURNS[Ncde) = BEGIN 
-- returns a right-linear STR node 
ii: LONG INTEGER; 
rr: Register <- P.1v1RS[j; 
a: Node +- NIL; 
pans: POINTER TO Node; 
P.Fl[@n); 
IF cdebllg THEN P.CheckNode[n]; 
IFn = NIL TH[~Nn<-n 
ELSE IF n.Type ~ LIST THEN BEGIN 

a+- n; 
WHILE il.listhead - = NIL DO 

END 

a.listhead +- FixRep[a.listhead); 
a <- a.listtail; 
ENDLOOP; 

ELSE IF n.Type = STR AND nDes.s - = simp THEN BEGIN 
[n,ii] <- LinearSTR[n]; 
IF ii < MinCoerceSize THEN BEGIN 
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n <- P.Coerce[n]; 
END 

ELSE BEGIN 
a <- n; 
P.R[@a]; 
pans <- @n; 
WHILE a.Des.s = cat DO 

ii <- Length[a.str.n1]; 
IF ii < MinCoerceSize AND aDes.s - '" simp THEN a.str.n1 <- P.Coerce[a.str.n1]; 
pans <- @a.str.n2; 
a .. a.str.n2; 
ENDLOOP; 

ii <- Length[a]; 
IF ii < MinCoerceSize AND a.Des.s - =0 sin;p THEN panst <- P.Coerce[aj; 
END; 

END; 
PJ1RS[rrl; 
RETURN[n]; 
END; 

SubSt ream: PUBLIC PROCEDURE[s:Stream,i: LONG INTEGER] RETURNS [CHARACTER] '" BEGIN 
RETURN[IF s.node = r-liL THEN OC ELSE P.Sub[s.node,i + (s.posn·s.len + s.cp»)]; 
END; 

LengthStrearn: PUBLIC PROCEDURE[s: Stream) RETURNS [LONG INTEGER) = BEGIN 
RETURN[IF s.node = NIL THEN 0 ELSE Lennth[s.node)-(s.posn-s.len + s.cp)]; 
END; 

ConverlStrearn: PUBLIC PROCEDURE[s: Stream] RETURNS fans: Node] = BEGIN 
IF s.node - = NIL THEN BEGIN 

ans .. P.CopyTree[s.node); 
Skip[ans,(s.posn-s.len + s.cp»); 
END 

ELSE ans <- MTSt; 
END; 

Su bSt ringSt ream: PUBLIC PROCEDURE[s: Strealll,i,j: LONG iNTEGER] RETURNS [Node] '" BEGiN 
RETunN(lF s.node = NIL THEN MTSt ELSE P.SubString[s.node,(s.posn-s.len + s.cp) + i,(s.posn-s.len + s.cp) + ill; 
END; 

-- Pattern Procedures 

WordRoutine: PROCEDURE[sym: Symbol,n:Stream, n2: Node] RETURNS[ans: Node] = BEGIN 
s: PI Defs.StreamRecord .. n1"; 
c: CH,I'IF1/\C rER; 
a: LONG INTEGER" 0; 
DO 

IF n.node = NIL THEN EXIT; 
c .. SubStream[n,O]; 
IF c NOT IN [' A .. ' Z) AND c NOT IN ['a .. 'z] THEN EXIT; 
[] ,- P.ltem[n]; 
a <- a + 1; 
END LOOP; 

ans <- IF a = 0 THEN Fail ELSE SubStringStrearn[@s,O,a]; 
END; 

. ThingRoutine: PROCEDURE[sym: Symbol,n:Stream, n2: Node] RETURNS[ans: Node] = BEGIN 
s: PLDefs.StreamRecord <- n1"; 
c: CHAflACTER; 
a: LONG INTEGER <- 0; 
DO 

IF n.node = NIL THEN EXIT; 
c .. SubStream[n,Oj; 
IF c NOT IN ['A .. 'Z] AND c NOT IN ['a .. 'z] AND c NOT IN ['0 . .'9] THEN EXIT; 
[] .. P.ltem[n]; 
a<-a+1; 
ENDLOOP; 
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ans .. IF a = 0 THEN Fail ELSE SubStringStrearn[@s,O,a]; 
END; 

IntegerRoutine: PROCEDURE[sym: Symbol,n: Stream, n2: Node] RETURNS[ans: Node] '-' BEGIN 
c: CHAHACTER; 
s: PLDefs.StrealllFlecord .. n1'; 
sign: BOOLEAN<- FALSE; 
a: LONG INTEGER" 0; 
c .. SubStream[n, 0]; 
IF c = ' - on c 00' 1· THEN BEGIN sign .. TIiUE; a .. a + 1; [] .. P.ltefl.[n] END; 
DO 

IF n.node = NIL THEN EXIT; 
c .. SubStream[n, 0]; 
IF c -IN ['0 .. '9] THEN EXIT; 
[] .. P.ltem[n]; 
a ,. a + 1; 
ENDLOOP; 

ans" IF a = 0 OR sign AND a = 1 THEN Fail ELSE SlIbStringStrcnm[@s,O,a]; 
END; 

NumberRolitine: PROCEDUFlE[sym: Symbol,n: Stream, n2: Node] RETUHNS[ans: Node] = BEGIN 
per: BOOLEAN .. FALSE; 
c: CHARACTER; 
s: PLDefs.StreamRecord .. n1"; 
sign: tJOOLEAN .. fALSE; 
a: LONG INTEGEH .. 0; 
c .. SubStream[n, 0]; 
IF c = '- OR c =' + THEN BEGIN sign" TRUE; a .. a + 1; [] ... P.ltem[n] END; 
DO 

IF n.node = NIL THEN EXIT; 
c .. SubStream[n, 0]; 
IF c -I~J ['0 . .'9] AND (c - = '. OR (c = '. AND per»THEN EXIT; 
per" per OR c = '.; 
[] .. P.ltem[n]; 
a .. a + 1; 
ENDLOOP; 

ans" IF a = 0 OH sign AND a = 1 THE::N Fail ELSE SlIbStringStream[@s,O,a]; 
END; 

ItemRolitine: PHOCEDURE[sym: Symbol,n: Stream, n2: Node] RETURNS[ans: Node] = BEGIN 
per: BOOLEAN +- FALSE; 
c: CHARACTER; 
s: PLDefs.StreamHecord .. n1'; 
sign: BOOLEAN .. FALSE; 
a: LONG INTEGEH ,.. 0; 
c .. SubStream[n, 0]; 
IF c = '. OR c =' + THEN BEGIN sign"TRUE; a" a + 1; [] ... P.ltem[n] END; 
DO 

IF n.node = NIL THEN EXIT; 
c ... SubStrearn[n, 0]; 
IF c -IN ['0 . .'9] AND c -IN ['a . .'z] AND c -IN ['A . .'Z] AND (c - = '. OR (c = '. AND per»THEN EXIT; 
per ~- per OR c = '.; 
[] .. P.ltem[n]; 
a .. a + '1; 
ENDLOOP; 

a;,s" IF a = 0 OR sign AND a = 1 THEN Fail ELSE SlibStringStream[@s,O,a]; 
END; 

Space Routine: Pr-:)CEDURE[syrn: Symbo!,string:Stream, n2: Node] RETURNS[ans: Node] = BEGIN 
c: CHARACTER; 
c .. SubStrearn[string,Oj; 
IF Coo' OR c = 10Defs.TAB THEN BEGIN 

ans ... SubStringStream[string,O, 1]; 
[] ... P.ltem[string]; 
END 

ELSE ans ,.. Fail; 
END; 

DigitRoutine: PROCEDUHE[sym: Symbol,string:Stream, n2: Node] RETURNS[ans: Node] = BEGIN 
c: CIIAIiACTER; 
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c ... SubStre3m[string,Oj; 
IF c IN ['0 .. '9] THEN BE(lIN 

ans ... SubStringStream[string,O, 1]; 
[] ... P.ltem[string]; 
END 

ELSE ans ... Fail; 
END; • 

Sm.11lLctte rRoutine: PROCEDUFlE[sym: Syml;ol,string:S~(eo.m, n2: Node] FlETURNS[ans: Node] = BEGIN 
c: CHAf~ACTER; 
c ... SubStre1m[string,O]; 
IF c IN ['a . .'z] THEN BEGIN 

ans ... SubStringStream[string,0,1]; 
fl <- P.!tem[string]; 
END 

ELSE ans ... Fail; 
END; 

BigLelterRoutine: PFlOCEDLJRE[sym: Syrnbol,string:Strcam, 012: Node] RETURf\IS[ans: Node] = BEGIN 
c: CHAR/\CTEFl; 
c ... SubStream[string,O]; 
IF c IN [' I\ . .'Z] THEN BEGIN 

ans'" SubStringStream[string,0,1]; 
[] ... P.ltem[string]; 
END 

ELSE a:1S ... Fail; 
END; 

Lette rRoutine: pnOCEDUFlE[sym: Syrnbol,string:Stream, n2: Node] RETUFlNS[ans: Node] = BEGIN 
c: CHARACTEFl; 
c .. SubStream[string,O]; 
IF c IN ['A..'Z] OR c IN ['a . .'z] THEN BEGIN 

ans'" SubStringStream[string,O,1]; 
[] ... P.ltem[string]; 
END 

ELSE ans ... Fail; 
END; 

LenRoutine: PROCEDURE[sym: Symbol,string· Stream,count: Node] FlETUFlNS[ans: Node] = BEGIN 
.. len(n) skips n chars 
n,a: LONG INTEGEFl; 
n'" P.Makelnteger[count]; 
a'" LengthStream[string]; 
IF a < n THEN ans .. Fail 
ELSE BEGIN 

END; 

ans'" SubStringStream[string,O,n]; 
P.SkipStream[string,n]; 
END; 

BlanksRoutine: PFlOCEDUnE[sym: Symbol,string: Stream,count: f\lode] RETURNS[ans: Node] = BEGIN 
rr: Register'" P.MRS[]; 
s: PLDefs.StreamRecord <- stringt; 
.. blanks(n) skips n blanks, fails otherwise 
n,m: LONG INTEGER; 
01 <- n ... PJ,lakelnteger[count]; 
WHILE n >000 

IF strino nodlC' = NIL THEN EXIT; 
IF Su bStream [string, 0] - = ' THEN EXIT; 
[] ... P.ltern[string]; 
n'" n . 1; 
ENDLOOP; 

IF n > ° THEN ans ... Fail 
ELSE ans ... SubStringStream[@:;,Q,m]; 
P.FlRS[rr]; 
END; 

StatSetup: PUBLIC PROCEDUFU:: = BEGIN 
.. pattern routines 
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[] +- P.lnsert["word"L,PFUNC,patproc,PLDefs.UnboLlnd,WordRout;ne); 
[I +- P .Insort[" tllin~J" L. ,PH) NC, piltproc, PLDef s.Unb ounel, ThingR()utine); 
[] +- P.lnsoli("integer"L,Pf:UNC,patproc,PLDefs.Unbollnel,lntegerRolltine); 
II +- P.lnsert["nurnber"L,PFUNC,patproc,PLDefs.Unbound,NumberRoutine); 
fJ +- P .lnseI1[" itom" L ,PFUNC,palproc,PLDefs. Unbou nel,l ternRolltine); 
[] +- P .Insert["digit" L,PFUNC,patproc,PLDets.Unbou nd,DigitRolltine); 
[] +- P.lnsert["smallletter·'L,PFUNC,patproc,PLDefs.Unbcund,SmaIiLetterRoutine); 
[] +- P.lnsert["bi~Jlet:er"L,PFU"'C,patproc,PLDefs.Unbolll1d,BigLetterRolltine]; 
[J +- P.lnsert["letter"L,PFUNC,palp((Jc,PLDels.Unbollnd,LelterRouline]; 
f1 +- P.lnsert("spacc"L,PFUNC,patproc,PLDefs.Unbollnd,SpaceRolltine]; 
[] +- P.lnsert["len"L,PFLJNC1,patproc,PLDels.Unbollnd,l enRouline]; 
[) +- P.lnscrt["blanks"L,PFUNC l,patproc,PLDefs.Unbollnd,BlanksFlolltine); 
END; 

[f'8il,MTSt,Nail] ... P.GetSpeciaINodes[]; 
END. 
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-- storage.Mesa 

DIRECTORY SysternDefs:FflOM "SystemDefs", 
StorageDefs:FROM "StorageDefs"; 

Storage: PHOGf1!',M IMPORTS SystemDofs EXPORTS StordgeDefs = 
PUHLlC GEGIN 

Aliocate:PROCEf)URE[size:CARDINAL.j nETURNS[POItJTERj = 
BEGIN nETURN[SystemDefs.AllocateHeapNode[size]]; ENO; 

Free:PROCEDunE[p:POINTERj = 
BEGIN SysternDefs.FreeHeapNode[p]; END; 

END. 



-- store. mesa last edited by Morris, October :30, 1973 1 :34 PM 
DiF;ECTORY 
PLOds: FROM "PlDefs", 
VMOefs: FROM "VMDefs", 
DispDcfs: FROM "DispDefs", 
IrnaocDefs: FROM "lmageDefs", 
IODefs: FROM "IODels", 
MiscDds: FROM "miscdefs", 
AltoHleDefs: FROM" f'lltoFileDefs", 
FileSyslemDefs: FROM "FileSystemDefs", 
FiicPaneUseDefs: FROM "FilePageUseDels", 
InlineDefs: FHOM "lnlincDefs", 
StreaJl1Defs: FROM "StrearnDefs", 
Syst"mDefs: FROM" SysternDefs", 
StrinuDefs: FROM "StringDefs", 
SegmcntDefs: FROM "SegrnentDefs"; 

sto re: PHOGRAM IMPORTS DispDefs, MiscDefs, P:PlDefs, StringDefs, SystemDefs, VM: VMDefs, InlineDefs EXPOHTS PlDefs 
BEGIN 

Node: TYPE =: PlDefs.Node; 
pNode: TYPE =: PlDels.pNode; 
Symbol: TYPE =: PlDefs.Symbol; 
Register: TYPE =: PlDefs.Register; 
cdebug: BOOLEAN =: PlDefs.cdebug; 

MaxNodes: CARDINAL =: 256*(60/3); -- 60 pages 
nSyms: Ci'lRDINAl =: 250; 
RSize: CARDINAL =: 500; 
RSlndex: CARDINAL; 
sptr: CARDINAL; 
PleaseGarbageColiect: BOOLEAN =: FALSE; 
Neverl\ctuallyFree: BOOLEAN (- FALSE; 
NeverGarbageColiect: BOOLEAN f- FALSE; 
AlwaysGalbageColiect: BOOLEAN f- FALSE; 

Freelis!: Node; 
FreeCount: CARDINAL; 

GF: ARRAY PLOefs.Filelndex OF BOOLEAN; -- Garbage bits for File indices 
RegisterStack: ARHAY[O .. RSizej OF pNode; 
SymbolArray: ARRAY[O .. nSyrnsj OF PlDefs.SymboIRecord; 
NoeleArray: I)OINTER TO ARRAY OF PlDefs.NoeleRecorel; 
CheckOI<: BOOLEAN; 
ZeroOK: BOOLEAN; 
FailRecorel: PlDefs.NoeleRecord f- [FAll,[TRUE,THUE"FAlSE,J,FAll[]]; 
Fail: Node =: @FaiIRecorel; 
MTStRecord: PlDefs.NodeRecord <- [STR,[TRUE,TRUE,simp,FAlSE,Oj,STR[[sirnp[O,Olllj; 
MTSt: Noele = @MTStRecorel; 
NailRecord: PLDefs.NodeRecord f- [L1ST,[TRUE,n~UE"FAlSE,],L1ST[Nll,Nlljj; 
Nail: Node =: @Nai!Recorel; 
UndefineeiRecord: PlDefsNodeRecorei f- [UNDEFINED,[TRUE,TRUE"FAlSE,j,UNDEFINED[]]; 
Undefined: Noele =: @UndefinedRecord; 

SaveCurmap: ARRAY[0 .. 15) OF WORD; 
ClIrmap: POiNTER TO ARf-iAY OF WORD =: lOOPHOlE[431 B); 
cntr: CARDINAL; 
olelnl: CARDINAL f- 60000; -- invalid val 

-- A node may disappear jf it is in ones procedure frame 
-- (in a local vDriable or parameter list) and user·subroutine is called. 
-- Nodes reachable from the symbol table, parse tree, and the specific 
-- Alloc cilll which caused the GC will be found. 
-- Thus a node need be registered only if it is a partial evaluation. 

Alloe: PUBLIC PROCEDUF~E[r: PLDefs.NodeRecOld) RETURNS[n: Node) =: BEGIN 
-- r must be a well formed NocicRecord 
IF FreeList =: Nil OR AlwaysGarbageCoHecl THEr~ GarbageCollect[@r); 
n <- Freelisl; 
FreeList ... (lOOPHOlE[n,POINTER) + 1)t; 
nt f- r; 
n.Des.e <- FALSE; 



n.Des.b ... FALSE; 
FreeCount ... FreeCount - 1; 
SetCursorAmt[ivlaxNocies - FreeCollnt); 
END; 

CheckNode: PUBLIC PROCEDU~~E[n: Node) '" BEGIN 
p: CAf1DINAL ... LOOPHOLE[n]; 
IF cdebug THEN BEGIN 

END; 

IF n = NIL THEN P.PBuo["CheckNode - n is NIL"L]; 
IF (p < LOOPHOLE[@Nodef\rray[l],CARDINI\L) OR LOOPHOLE[@NodeArray[MaxNodes-1], CARDINAL) < p) AND 
-CheckOl< THEN BEGIN 

IF n - = Fail AND n - = MTSt AND r,- '" Nnil THEN P.PBug["CheckNode - n is not valid"L); 
END; 

IF n.Type = ZERO AND -ZeroOK THEN P.PBug["CheckNode - n has type zero"L); 
END; 

CopyTree: PUBLIC PROCEDURE[n: Node) P.ETURNS[new: Node] = BEGIN 
new'" NIL; 
new'" Alloc[nt); 
IF new.Type = STR THEN BEGIN 

END; 

IF new.Des.s = cat THEN BEGIN 
rr: Register <- MRS[J; 
R[@new); 

END; 

llew.str.n1 <- CopyTree[new.str.n1); 
new.str.1l2 <- CopyTree[new.str.n2); 
RRS[rr) 
END; 

- - be sure to avoid dangling references!!!! 
FreeNode: PROCFDURE[n: Node] RETURNS[BOOLEAN) = BEGIN 
p: POINTER <- n; 
iF n = NIL THEN RETURN[TRUE); 
IF cclebug THEN CheckNode[Il); 
MiscOefs. Zero [p,SiZE[PLOefs.NodeRecord]]; 
(p + 1)t <- FreeList; -- this is a loophole 
FreeList <- p; 
FreeCount ,.. FreeCount + 1; 
RETlJRN[TRUE]; 
END; 

FreeTree: PUBLIC PROCEDURE[Il: Node) = BEGIN 
-- beware of dangling references! 
-- be sure n in caller in not registered 
-- the only time this may be safely used is in n in the result of a CopyTree (Start) 
-- ane! n in not saved in any other Node 
Postorder[n,FreeNode); 
END; 

GarbageColiect: PROCEOURE[spec: Node] = 
BEGIN 
i: CARDINAL; 
IF NeverGarbag(;Coliect THE'" P.PBug["Ran out of node space"L]; 
spec.Des.g <- FALSE; 
FOR i IN[ 1..MaxNodes) DO 

NocleArray[i).Des.g <- FALSE; 
ENDLOOP; 

FOR i IN F'LDefs.Filelndex DO GF[i)<-FALSE E~IDLOOP; 
P.StringC'C[]; 
Mark [spec]; 
IF -NeverActuallyFree THEN eEGIN 

-- this procedure builds a free list to be used byalloc 
-- it reclaims storage so is dangerous 
P.DoTransfer[]; 
F:eeList <- NIL; 
FreeCount <- 0; 
ZeroOK <- TRUE; 
FOF1 i DECREASING IN [1 .. MaxNodes) DO 
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IF -NodeArray[ij.Des.g THfN II +. Fre,"Node[@NodeArmy[ill 
ELSE IF NodeArmy[i).Type co STR THEN P.Transfer[@NodeArray[i]J; 
[NDLOOP; 

FOR i 1;\1 [1..62] DO 
If' -GF[i] THEN VtvI.C!ose[i] ENDLOOP; 

ZeroOK .. FALSE; 
IF cdebug THEN DispDefs.WF1 ["Ge: %d are free"n"L,FreeCollnt]; 
P.Transfor [spec]; 
END; 

P.EndStringGC[]; 
IF FreeList '" NIL THEN P.RErr["Ran out of node spuce"L]; 
END; 

GarbageRoutine: PUBLIC PROCEDURE[s: Symbol,n l,n2: Node] RETURNS[Node] '" BEGIN 
-. zary 
GarbageCollect[n 1]; 
RETUflN[Nail]; 
END; 

GetCo re: PUBLIC PROCEDURE[n: CARDINAL] RETURNS[p: POINTER] '" BEGIN 
i: CARDINAL; 
p .. SystemDefs.AilocateSegment[n]; 
i .. SystemDefs.SegmentSizc[p]; 
IF cdebug THEN DispDels.wF2["Wanted %d, got %d 'n"L,n,i]; 
IF i (n THEN P.PBug["Out of core"Lj; 
END; 

GetSpecinlNodes: PUBLIC PROCEDURE RETUnNS[Node,Node,Node] '" BEGIN 
RETUnN [F ail,MTSt,Nail]; 
END; 

IndexNode: PUBLIC PROCEDURE[n: Node] Rt'TURNS [i: CARDINAL] '" BEGIN 
FOR i IN [1.MaxNodes) DO 

IF n '" @NodeArray[ij THEN RETURN[ij; 
ENDLOOP; 

RE:TURN[O]; 
END; 

Inse rt: PLJElLIC PROCEDURE[ 
n: STHING,tok: PLDefs.TokType, t: PLDefs.SType, 
pi: pnOCEDURE[Symbol,t'lode,Node] RETLJRNS[Node], 
p2: pnOCEDLJRE[Symbol,PLDefs.Stream,Node] RETURNS[Node]] 

RETURNS[s: Symbol] '" BEGIN 
.. these are never freed 
sym: STRING •. SystemDefs.AllocateHeapString[n.length]; 
StringDefs. AppendString [sym ,n]; 
SymboIArray[sptr] ... IF t '" proc THEN [sym,tok,proc,proc[plJ] 

ELSE IF t '" patproc THEN [sym,tok,patproc,patproc[p2j] 
ELSE [sym,tok,string,st! inu[LJndefined]]; 

s" @SymboIArray[sptr]; 
sptr ... sptr + 1; 
IF sptr > nSyms THEN P.SErr["Too many symbol table entries"Lj; 
RETLJRN[s]; 
END; 

Lookup: PUBLIC PROCEDUFlE[s: STRING] RETLJRNS[Symbol] = BEGIN 
i: CARDINAL; 
FOR i IN [1.sptr) DO 

IF StriflgDefsEquaIString[SymboIArr3v[i).name,s] THEN RETURN[@SymboIArray[i]]; 
ENDLOOP; 

RETURN[NIL]; 
END; 

Ma rk: PROCEDURE[spec: t'Jode) = BEGIN 
i: CARDINAL; 
f: Node; 
.- this procedure marks all accessible nodes 
.. it looks at all nodes in the symbol table and all nodes in the RegisterStack 
-- a node not in one of those two places will be unmarked 
-- spoc is;, special node, usually in a stack frame 
MT: PROCEDUnE[n: Node] m,TURNS[BOOLEAN] = BEGIN 
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IF n.Des.\] THEN RETURN[F/\LSE); 
n.Des.9 ... TRUE; 
IF n.Type = STR AND n.Des.s '" simp THEN 

BEGIN 
IF nDes.fi ~ 0 THEN P.LayOutBits[nj; 
GF[n.Des.fi) ... TRUE; 
END; 

RETURN[TRUE); 
END; 

IF cd2bug THEN DispOefs.WF1 ["Marking, %d registered, "L,RSlndex-1); 
CheckOf< ... TRUE; 
Preorder[spec,MT); 
CheckOK ... FALSE; 
For~ i IN [I .. sptr) DO 

iF SyrnboIArray[i].type = string THEN PreordE,r[SymboIArray[i).val,MT); 
ENDLOOP; 

FOR i IN [I .. RSlndex) DO 
Preo rder[Reg isterStack[i) t ,MT); 
EN 0 LOOP; 

IF -cdebug THEN RETURN; 
-- now check Iree list 
I ... FreeList; 
WHILE I - = NIL DO 

END; 

IF IDes.g THEN OispDels.WF1 ["Marked but on free list %b*n"L,I); 
I ... (LOOPHOLE[I,POINTERj + 1)t; 
END LOOP; 

MRS: PUBLIC PROCEDURE RETURNS[Regisler) '" BEGIN 
RETURN[RSlndex); 
END; 

NonZero: PROCEDURE[p: POINTER, m: CARDINAL) RETURNS[ElOOLEAN) '" BEGIN 
i: CARDINAL; 
FOR i IN [O.m) DO 

IF (p + i)t - = a THEN RETURN[TRUE); 
ENOLOOP; 

RETURN[FALSE); 
END; 

ParseTree: PUBLIC PROCEDURE[top:Node) '" BEGIN 
i: CARDINAL; 
Preorder[top,PN); 
FOR i IN [1 .. sptr) DO 

END; 

IF SymboIArray[i].type - '" strino THEN LOOP; 
DispDels.WF1 ["0/0-1 as: *n "L,SymboIArray[i).name); 
ENDLOOP; 

PN: rnOCEDURE[n: Node) RETURNS[BOOLEAN) '" BEGIN 
DispDels.WF1 ["%n *n"L,n); 
RETUR N [TRUE]; 
END; 

Postorder: PUBliC PROCEDURE[n: Node,p: PROCEDURE[Node) RETURNS[BOOLEANll = BEGIN 
-- this proc applies p recursively to node n and in postorder all nodes accessible Irom it 
-- p's return value is ignored 
IF n '" NiL THEN RETURN; 
IF cdebug THEN CheckNode[n); 
SELECT n.Type FROM 
ZARY,FAIL,ID,PFUNC,WILD,HOLE '" > NULL; 
STR -= > IF n.Des.s = cat THEN BEGIN Postorder[n.slr.n1 ,p); Postorder[n.str.n2,p) END; 
UNARY ~ > Postorder[n.uexp,pj; 
PFUNC1 '" > Postorder[n.pexp,p); 
SEQOF,SEQOFC = > Postorder[n.seqol,p); 
OPT", > Postorder[n.opt,p); 
DELETE", > Postorder[n.delete,p); 
PATTERN = > Postorder[n.pattern,p); 
LIST", > BEGIN Postorder[n.listhead,p); Postorder[n.listtail,p) END; 
CAT,CATL = > BEGIN Postorder[n.left,p]; Postorder[n.right,p) END; 
MATCH", > BEGIN PoslorcJer[n.div,p]; Postorder[n.patt,p) END; 
PALT = > BEGIN Postorder[n.alt1 ,p); Postorder[n.alt2,p) END; 
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APPLY,MAPPLY,GOBBLE,ITER '-' > BEGIN Postorc!er[n.objcct.p); Postorder[n.target,p] END; 
FCN = > BEGIN Postorder[n.parrns,pl; Postorder['Licn,rJ END; 
ASS = > 8[=GIN Postorder[n.lhs,p]; Postorder [n.rhs,pj END; 
PROG = > BEGIN fJostorcie,·[n.prog1 ,p]; PostGrdf'r[ll.proCJ~>,nl END; 
SEQUENCE,EQUAL = > GEGIN Postorder [Il.from,p]; PcdorLor[n.to,p) END; 
PLUS,MINUS =, > BEGIN Postordcr[n.arg1,pj; Postorder(n.arg2,pJ END; 
TiLDE = > Postordcr[n.not,p]; 
ENDCASE = > P.PBug["Unknown vari3r>t"L); 
[] ... pIn]; 
END; 

Preorder: PUBliC PROCEDUnE[il: Node,p: PfiOCEDUF1E[Nnoe] RETLJRNS[BOOLEANj] = BEGIN 
-- ihis proc applies p recursively to node n and in preonJer ail nodes accessible from it 
-- if p returns false node n's descendants are not searched 
DO 
IF n = NIL THEN r'1ETURN; 
IF cdebug HiEN CheckNode[n); 
IF -pIn) THEN nETUFlN; 
SELECT n.Type FROM 
ZARY,FJl..!L,IO,PFUNC,If'JILD,HOLE,UNDEFINED ,,> RETURN; 
STR = > IF n.Des.s = cat THEN GEGIN 

Preorder[n.str.n I,p]; 
n ... n.str.n2; 
END 

ELSE RETURN; 
UNARY,PFUNC 1 = > n ... n.uexp; 
SEQOF,SEQOFC,OPT,DELETE,PATTERN,TILDE = > n ... n.seqof; 
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LIST ,CAT ,CATL,r-.ll\ TCH,P AL T ,/~PPL Y ,MAPPL Y ,GOBBLE,ITER,FCN ,ASS,PROG ,SEQLJE.NCE,PLUS,MINUS,CLOSLJRE ,ENV,FOU AL = > 
BEGIN 

Preorder[!l.listhead,p]; 
n ... n.listtail; 
END; 

ENDCASE = > P.PBug["Unknown variant"]; 
ENDLOOP; 
END; 

R: PUBLIC PROCEDURE[n: pNode] = CEGIN 
RegislerStac:c[RSlndex] ... n; 
RSlndex ... RSlndex + 1; 
IF RSlndex > = RSize THEN P.RErr["lnternal overflow - register stack"Lj; 
END; 

ResctCu rso r: PUBLIC PROCEDURE = BEGIN 
i: CARDINAL; 
oldnl ... 60000; .- invalid val 
FOR i IN [0 .. 15] DO 

END; 

Curm.:lp[i] ... SaveCurmap[ij; 
ENDLOOP; 

RRS: PUBLIC PROCEDURE[:: ReGister] = BEGIN 
RSlndex ,.. r; 
END; 

~12: PUBLIC PROCEDURE[n 1 ,n2 pNode] = BEGIN 
RegisterStack[i{SIndex] ... n1; 
Re\jisterSWck[RSlndex + 1] ... n2; 
f~Slndex ... RSlnliex + 2; 
IF RSlndex > = fiSiw THEN P .RErr ["Internal overflm'J . register stack" L]; 
END; 

R3: PUBLIC PROCEDURE[n1 ,n2,n3: pNode] = BEGIN 
HegisterStac!;[HSlndex] ... n 1; 
FlegisterStackli~S;ndex + 1) ... n2; 
FlegisterSt2.ck[F1Slndex + 2) ... n3; 
RSlndex <- RSlnclex + 3; 
IF RSlndex > =, RSize THEN P.RErr["lnternal overflow - register stack"L]; 
END; 

SetCllfsorJ\rnt: !)il0CEDURE[val: Ci\RDli..JAL] = BEGIN 
nl,i: CARDINAL; 
nl ... (val + (MaxNodcs/28))/(MaxNodes/14); 



IF oldnl = nl THEN RETURN; 
oldnl" nl; 
Curmap[O] .. Curmap[15] .. 177777B; 
FOR i IN [1..14] DO 

END; 

Curmap[i] .. IF (H-i) < nl THEN 
i nlineDefs.BITOR [Cu rmap[i],1 077778] 
ELSE InlineDefs.BITAND[Curmo.p[i].114001B]; 

ENDLOOP; 

CARDINALFromLl: PROCEDURE[x: LONG INTEGER] RETURNS[CARDINAL] = BEGIN 
t: RECORD[low, high: CARDINAL] = LOOPHOLE[x]; 
RETURN[t.low]; 
END; 

Snap Routine: PROCEDURE[s: Symbol,n1,n2: Node] RETUriNS[Node] = BEGIN 
SnapShot[]; 
RETURN[Nail]; 
END; 

SnapShot: PUBLIC PROCEDURE = BEGIN 
f: Node; 
i: CARDINAL" 0; 
j: CARDINAL; 
r: POINTFR; 
f .. FreeList; 
WHILE f - = NIL DO 

i .. i + 1; 
p" f; 
If"' NonZero[p + 2,SIZE[PLDefs.NodeRecord]·2] THEN DispDefs.WFl ["Is non zero O/ObB'n"L.!]; 
f .. (p + 1)1"; 
ENDLOOP; 

DispDefs.WF2["Out of %d, %d are on free list'n"L,MaxNodes-1,i]; 
Mark[NIL]; 
i" 0; 
FOR j IN [1 .. MaxNodes) DO 

IF NodeArray(j].Des.g THEN i .. i + 1; 
ENDLOOP; 

DispDefs.wF2["O/Od marked *nVM file size = %d bytes'n"L,i, P.GetSin[]]; 
END; 

StoreCleanup: PUBLIC PROCEDURE = BEGIN 
s: STRING; 
i: CARDINAL; 
FOR i IN [1 .. sptr) DO 

s .. SymboIArray[i).name; 
IF s - = NIL THEN SystemDefs.FreeHeapString[s); 
ENDLOOP; 

P.ResetCursor[]; 
END; 

StoreReset: PUBLIC PROCEDURE = BEGIN 
RSlndex ,.. 1; 
END; 

StoreSetup: PUBLIC PROCEDURE = BEGIN 
p:POIN1ER; 
i: CARDINAL; 
StoreReset[J; 
sptr" 1; 
FreeList .. NIL; 
FreeColJnt .. MaxNodes; 
FOR i DI:::CFiEASING IN [1 .. MaxNodes) DO 

p" @NodeArray[i]; 
MiscDefs.Zero[p,SIZE[PLDefs.NodeRecord]]; 
(p + 1)1" .. FreeList; -- this is a loophole 
FreeList .. p; 
ENDLOOP; 

[] .. Inserl["snap"L,ZARY,proc,SnapRoutine,PL.Defs.Unbound); 
[] .. Insert["garbage"L,ZARY,proc,GarbugeRoutine,PLDefs.Unbound); 
[] .. Insert["symbol"L,ZARY,proc,SymboIRoutine,PLDefs.Unbound]; 
SetCursorAmt[O]; 
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Curmap[O] +- Curmap[15] +- 1777778; 
FOR i IN [1 .. 14] DO 

Cunnap[i] +- 1040018; 
ENDL.OOP; 

CheckOK ... ZeroOK +- FALSE; 
END; 

Sym bolRoutine: PUBLIC PROCEiJURE[s: Symbol,n1 ,n2: Node] RETURNS[ans:Node] = BEGIN 
-- zary 
t: PLDefs.SType; 
n: Node'" NIL; 
i: CARDINAL; 
rr: Register +- P.MRS[]; 
ans ... Nail; 
P.R2[@ans,@n]; 
FOR i IN [1 .. sptr) DO 

t ... SymboIArray[i].type; 
IF t - = string THEN LOOP; 
n +- P.MakeSTR[SymboIArray[i].name]; 
ans ... P .Alloc[(LlST"lIST[n,ans]]]; 
ENDLOOP; 

P.RRS[rr]; 
END; 

NodeArray'" P.GetCore[MaxNodes • SIZE[PLDefs.NodeRecordll; 
FOR cntr IN [0 .. 15] DO 

END. 

SaveCurmap[cntr] ... Curmap[cntr]; 
ENDLOOP; 
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DIRECTORY 
VMDefs: FROM "VMDefs", 
PLDd::;: FROM "PLDefs", 
DispDt:fs: FF10M "DispOefs", 
IOOeL;: FROM "IODels", 
InlincDefs: FROM "lnlineOefs", 
MiscOels: f-nOi\1 "MiscOefs", 
SystemDefs: FRO~A "SystemDefs"; 

string: PROGRAM IMPORTS VM: VMDefs, DispDefs, P:PLDcls, SystemDefs, MiscOefs, InlineDefs EXPORTS PLDefs = BEGIN 

Node: TYPE = PLOds. Node; 
Symbol: TYPE = PLDefs.Symbol; 
String: TYPE 0= PLDefs.Siring; 
Stream: TYPE = PL Dels.Stream; 
F1cgister: TYPE " PLDefs.Registcr; 
LonqCARDINAL: TYPE = InlincDcfs.LongCARDINAL; 
cdelJu~f ElOOLEf'\N '" PLDefs.cdebug; 

StringSize: LONG INTEGER." iT1777B; 
sin: CARDINAL; 
Bit: ARRIW[0 .. 15] OF CARDINAL = [ 
1f.3,2CAB, 10B,20H,40B, 100B,200B, 
400B,1 000B,20008AOOOB, 1 0000B,20000B,400008, 1 OOOOOB]; 
Strin'lBitMap: POINTER TO ARRA Y OF CARDINAL; 
Han<)eSiLe: CAR[)INAL = 384; 
Range: POINTEF1 TO ARRAY[O .. RanyeSize) OF RangeRecord; 
RnngeRecord: TYPE = RECORD[ 

old,new: CAHDINAL 
1. 
J, 

inx: CARDINAL; 
SlringGarbageColicct: BOOLEAN f- TRUE; 
StringChanged: BOOLEAN; 
MinFileStringSize: CARDINAL = 256; 
MinCatSize: CJI.RDINAL " 100; 
t\,1inCoerceSize: CARDINAL = 100; 
LayMax: CARDINAL; 
Dcl: PLDelsDesRecord = [FALSE; FALSE, simp, FALSE, 0]; --default 
- one may not assume that lor cat STRs n1 is 01 non-zero length; it may be enlpty 
MTSt: Node; 

AppendDigits: PROCEDURE [01: LONG INTEGER] = 
-- of will be non-neg 
BEGIN 
Ii: LONG INTEGER; 
Check[1]; 
IF 01< 10 THEN 

BEGIN 
VM.SetSChar[sin,O,VM.Cardinal[of] + '0]; 
sinf-sin + 1; 
HETURN; 
END; 

AppendDigits[ 01 110]; 
ii f- of - ((ofl10)*10); 
VM.SetSChar[sin,O,Viv1.Cardinal[ii] + '0]; 
3!n t- sin + 1; 
END; 

Check: PROCEDURE[i: LONG INTEC,CIl] = BEGIN 
-- There is space for i more chars in VMFilc 
IF sin + i) = StringSize THEN P.Rl:rr["Too many strings in memory for program"L]; 

. END; 

Coerce: PUBLIC PROCEDURE[n: Node] RETURNS[ans: Node] = BEGIN 
-- n is a STR - make Slire it is representeu as a simple string in memory 
-- i.e., convert from lile or cat to simp 
rr: Register; 
ns: PLOels.StreaI11Record; 
ii: LONG INTEGER; 
j,1ll: CARDINAL; 
ire n ~ NIL OR n.Type - = STR THEN P.PBuq["coerce wants string"L]; 
IF nDes.s = simp AND n.Des.fi =- 0 TIIEN RETURN[n]; 



rr .. P.MF1Sll; 
ii .. P.Lenoth[n]; 
Check[iij; 
ns" NewStrearn[n]; 
P.R[@ns.node]; 
rn .. VM.Cardinal[ii]; 
FOR j IN [O .. m) DO 

VM.SetSChar[sin + j, 0, Item[@ns]J; 
ENOLOOP; 

ans .. P.Allocl[STR,Def,STR[[Simp[sin,rnll]J]; 
sin +- sin + rn; 
StringChanged .. TRUE; 
P.RRS[rr]; 
END; 

FileRoutine: PUBLIC PROCEOURE[s: Symbol,name,n2: Node] RETUfiNS[Node] = 8EGIN 
RETURN[CornmonFileRoli tine[name, FALSE]]; 
END; 

CFileRoutinc: PUDLIC PROCEDURE[s: Symbol,name,n2: Node] RETURNS[Node] = BEGIN 
RETUflN[ComrnonFileRolitine[name, TRUE]]; 
END; 

CommonFileRolitine: PFlOCEDURE[narne: Node, coerct':BOOLEAN] RETURNS[ans:Node] = BEGIN 
fname: STrllNG ,- [100]; 
rr: Register ,- P.MF1SO; 
fi: PLDefs.Filelndex; 
len: LONG INTEGER; 
IF name = NIL OR name.Type - = STR THEN P.RErr["File name must be string"L]; 
IF P.Lenglh[narne] > = 100 THEN P.RErr["File n31T1e too long (> 100) " LJ; 
ans .. NIL; 
P.R[@ans]; 
MakeString [fname, name 1; 
[Ii, lenJ .. VM.Open[fname]; 
IF Ii = 0 THEN ans .. P.Alloc[[F AIL"FAIL[]]] 
ELSE IF 18n>177777B THEN P.RErr["File to big ()64K bytes)"] 
ELSE BEGIN 

ans .. P.Alloc[(STR.["simp"fiJ,STR([simp[O,VM.Cardinal[lenjlllJl; 
IF coerce OR ans.str.length < MinCoereeSize THEN ans .. P.Coerce[ans]; 
END; 

P.RRS[rr]; 
END; 

Item: PUBLIC PROCEDURE[s: Stream] RETURNS[c: CHARACTEH] = BEGIN 
-- the shiny in s must have been linearized!!! 
-- i.e. at worst, it is a right linear tree of cat nodes. 
IF s.noda = NIL THEN HETUFiN[OC]; 
c <- s.buff[s.cp]; 
s.cP"s.cp + 1; 
IF s.ep = s.len THEN LoadBulf[s]; 
END; 

LoadBuff: PUBLIC PROCEDURE[s: Stream] 
BEGIN 
n: NoLie <- s.node; 
slength,bitc: CARDIN/\L; 
WHILE n.Des.s = cat DO --iterate only to disc'lrd empty strings 

IF s.posn It n.str.n 1.str.length THEN 

-- n is simp 
slength <-n.str.length; 

BEGI"l n <-n.str.nl; EXIT END; 
s.node<- n <- n.str.n2; 
s.posn ,- 0; 
ENDLOOP; 

IF s.posn = siength THEN -- n must have been simp at start 
s.node<-NIL 

-- now old nodes have be thrown away if necessary 
-- slength is size of n 
ELSE BEGIN 

bite <- MIN[slenath-s.posn, PLDefs.SBSiz:e]; 
S.cp <- PLDefs.SGSize; -- pretending ii's a string 
Viv1.GetShing[n.str.start +s.posn, bite, n.Des.fi, LOOPHOLE[s]]; 
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END; 

s.posn <-s.posn + bite; 
s.cpf-O; 
END; 

Makelnteger: PUBLIC PROCEDURE[n: Node] RETURNS[cnt: LONG INTEGER] = BEGIN 
i,j: CARDINAL; 
a,b: LONG INTEGER; 
s: String; 
wk: STRING f- [20]; 
IF n.Type - = STR Tl-IEN P.RErr["Expecting integer as a string"L]; 
IF P.Length[nj '" 0 THEN P.RErr["Strillg is not a number"L]; 
Ir' P.Length[n] )20 THEN P.RErr["Number too big ()20 digits)"Lj; 
Sf- @n.str; 
j f- 0; 
ent f- 0; 
IF n.Des.s '" simp THEN BEGIN 

VM.GetString[s.start,s.length,n.Des.ii,wk1; 
IF wk[O] = '- THEN if- 1; 
FOR i IN [i .. s.length) DO 

END 

IF wk[i] -IN ['0.'91 THEN P.RErr["String is not a number"L]; 
ent f- ent *10 + (wl\[i]-'O); 
ENDLOOP; 

ELSE IF n.Des.s = eat THEN BEGIN 
a f- Makelnteger[s.n1j; 
b <- Makelnteger[s.n2]; 
THROUGH[1 .. VM.Cardinal[P.Length[s.n2111 DO 

a <- a * 10; 

ent f- a+b; 
END 

ENDLOOP; 

ELSE P.PBug["unknown variant"L]; 
IF j = 1 THEN ent <- -ent; 
END; 

MakeNUM: PUBLIC PROCEDURE[i: LONG INTEGER] RETURNS [n: Node] 
BEGIN 
rr: Register; 
n f- P.Alloe[[STR,Def,STR[[simp[sin, 0]]]]]; 
n.str.start <- sin; -- shoudn't be neeesary, GC bug 
rr f- P.MRS[]; 
P.R[@n]; 
IF i < a THEN BEGIN 

i ~ .j. 

VM.SetSChar[sin, 0, '-]; 
sin <-sin + 1; 
END; 

AppendDigits[i]; 
n.str.length <-- sin - n.str.start; 
StringChanged <- TRUE; 
P.RRS[rr]; 
END; 

MakeSTR: PUBLIC PROCEDURE[s: STRING] RETURNS[n:Node] = BEGIN 
IF s.lengUl = 0 THEN RETURN[MTSt]; 
Cheek[s.length]; 
VMSetString[sin, 0, s]; 
n (- P.Alloe[[STR,Def,STR[[simp[sin,s.lengthjlll]; 
sin <-- sin + s.length; 
StringChanged <- TRUE; 
END; 

MakeString: PUBLIC PROCEDURE[s: STRING,n: Node] = BEGIN 
i: CARDINAL <-- 0; 
ns: PLDefs.StreamReeord; 
rr: Register <-- P.MRS[]; 
ns ,- P.NewStream[n]; 
P.R[@ns.node]; 
WHILE ns.node - = NIL DO 

IF i) = s.maxlength THEN P.RErr["String too big for makestring"L]; 
sri] <- P.ltem[@ns]; 
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i .. i + 1; 
END LOOP; 

s.length +- i; 
P.RFlS[rr); 
END; 

NewStream: PUBLIC PROCEDURE[n: I'lode) RETURNS[s: PLD'2f~.S!reamRecordJ = BEGIN 
-- assume STR w/cat node is non-empty 
-- the value returned node must be registered by caller: 
IF n = NIL OR n.Type - = STR THEN P.PBug["~bwStleall1 expects a STR"L); 
IF nDes.s - ~ cat AND P.Length(n] = 0 THEN n +- NIL 
ELSE iF -nDes.b THEN [n,] +- P.LinearSTR[nJ; 
s +- [len: 0, ep: 0, buff:, node: n, posn: 0]; 
LoadBuff[@s]; 
END; 

SimpConcat: PROCEDURE[i, j: Node) RETURNS [n: Node] 0= BEGIN 
-- i, j are STFls, i.Des.s = sirilp AND jDes.s == simp 
a, in: CAFlDINAL; 
s: String; 
g,h: CARDINAL; 
9 .. i.slr.length; 
h +- j.str.length; 
IF 9 == ° THEN RETURN[jJ; 
IF h = ° THEN RETUF1N[i]; 
a ... i.str.star! + g; 
IF i.Des.!i = j.Des.li ";,1'10 a = j.sir.start THEN 

n .- P.Allcc[[STR,["simp"i.Dcs.li],STR[[sirnp[Lstr.start,g + h]l]]] 
EL.SE Ir' i.Des.!i 00 ° J\ND a = sin AND I1(MinCatSim THEN -- can just bang onto end 

BEGIN 
-- too small, make a new STR 
wk: STIlING = SysternDels.J\liocateHeapString[h]; 
BEGIN ENABLE UNWIND =) SystemDels.FreeHeapString[wk]; 
Check[h]; 
s +- @j.str; 
VM.GetString[s.staI1,h,j Des.li,wk]; 
VM.SetString[sin, 0, wk]; 
sin +- sin + 11; 
StringCl1,lngeu .. TRUE; 
n +- P.Alloc[[STR,Def,STR[[simp[i.str.start,g + I1lll]]; 
SystemDefs.FreeHeapString[wk]; 
END; 
END 

ELSE IF 9 + h ( MinCatSize THEN BEGIN 
-- too small, make a new STR 
wk: STRiNG ~ SystemDels.AliocateHeapString[MAX[g,I111; 
BEGIN ENf\BLE UNWIND = > SystemDelsTreeHe3pString[wk]; 
Check[g + 11]; 
in +- sin; 
S t-- @i.str; 
VM.GetString[s.start,g,i.Des.li,wk]; 
VM.SetString[sin, 0, wk]; 
sin +- sin + g; 
s'" @j.str; 
VM.GetString[s.start,h ,jDes.!i, wk]; 
VM.SetString[sin, 0, wk]; 
sin +- sin + h; 
StringCI13ngecJ +- TRUE; 
n +- P.Alloc[[STR,Del,STR[[sill1p[in,sin-in]lll); 
SystemDefs.FreeHeapString[wk]; 
END; 
END 

ELSE n +- P.J\lioc [[STR,["cat,,],STR [[cat[i,j]])]); 
END; 

SkipStrearn: PUBL.lC PROCEDURE[s: Stream,inx: L.ONG INTEGER] ~ BEGIN 
n: Node; 
ii: LONG INTEGER; 
-- d !scard buffer 
s.posn +- s.posn - (s.len-s.cp); 
s.cp +- s.len .- 0; 
WHILE s.node ~ " NIL DO 
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n ~ s.node; 
IF nDes.s = simp THEN BEGIN 

ii ... n.str.length; 
s.posn ... s.posn + VM.Cardin8.l[inx); 
IF s.posn) ii THEN P.PBun("bad string length skip"L); 
IF s.posn = ii THEN s.node ~ NIL; 
RETURN; 
END 

ELSE IF nDes.s = cat THEN BEGIN 
ii ... P.Length[n.str.n1); 
IF s.posn + inx > = ii THEN 8EGIN 

inx ... inx - (ii-s.posn); 
s.posn ~ 0; 
s.node ... s.node.str.n2; 
END 

ELSE BEGIN 
s.posn ... s.posn + VM.Cardinal(inx); 
RETURN; . 
END 

END 
ELSE P.PBug["unknown str type - skipstream"L); 
ENDLOOP; 

IF inx > 0 THEN P.PBug["skip past end"L); 
LoadBuff[s); 
END: 

StringConcat: PUBLIC Pr:;OCEDURE[i, j: Node) RETURNS [n: Node] = BEGIN 
IF i.1 ypelt STR OR jType,if STR THEN P.PBug["Bad concat"LJ; 
-- try to avoid making CAT node 
IF i.Des.s = simp THEN 

BEGIN 
IF j.Des.s = simp THEN RETURN[SimpConcat(i,jJl; 
IF jstr.nl.Des.s = simp AND 

END; 

i.str.!ength + j.str.n1.str.length<MinCatSize THEN 
RETURN[P.Alloc[[STR,["cat,,), 

STR[(cat[SimpConcat[i, j.str.n 1),j.str.n2)lllll; 

IF j.Des.s = simp THEN 
BEGIN 
-- i. Des.s = cat 
IF i.str.n2.Des.s = simp AND 

END; 

j.str.lengti1 + i.str.n2.str.length<ivlinCatSize THEN 
RETURN[P.Alloc[[SfR,["cat"j, 

STR([cat[i.str.nl, SimpConcat[i.str.n2, illlllll; 

RETUFlN [P .Alloc([STR, [, ,cat, ,) ,STRl[ cal(i,illll)]; 
END; 

Sub: PUBLIC PROCEDUnE[n: Node,inx: LONG INTEGER) RETURNS[CHARAC1ER) = BEGIN 
i: CARDINAL; 
len: LONG INTEGER; 
DO 

IF n = NIL OR n.Type - = STR OR inx < 0 THEN P.PBug["bad sub"L); 
IF n.Des.s = simp THEN BEGIN 

IF inx) = n.str.length THEN P.RErr["bad length - sub"L); 
i ... VM.Cardinal[inx); 
RETUFlN[VM.GetSChar[n.str.start + i, n.Des.fi]]; 
END 

ELSE IF nDes.s = cat THEN BEGIN 
len ... P.Length[n.str.nl); 
-- recursion 
IF len) inx THEN n <- n.str.n 1 
ELSE BEGIN 

END 

n ... n.str.n2; 
inx ... inx - len; 
END; 

ELSE P.PBug["invalid str"L); 
ENDLOOP; 

END; 

SubStrin[r PUBLIC PROCEDURE[n: Node, ii, jj: LONG INTEGER) RETURNS [ans: Node) = 
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BEGIN 
-- ii if thf~ first char, jj-1 is the last char returned 
rr: Register ~ P.MRS[]; 
ns1, ns2: Node .. NIL; 
str: String; 
P.R2[@ns1, @ns2l; 
str <- @n.str; 
IF ii> = jj THEN ans'··MTSt 
ELSE IF ii '" 0 AND P.Length[nl= jj THEN ans <- n 
ELSE IF n.Des.s = simp THEN BEGIN 

i, j: CARDINAL; 
i ~ VM.Cardinal[iil; 
j .. Vrv1.Carciinal[jj]; 
IF i > str.length THEN P.PBug["SubString out of bounds"L]; 
ans <-P.Alloc[[STR,["simp"n.Des.fi],STR[[simp[str.start + i, i-illlll; 
-- disable this for a while 
IF FALSE AND ans.Des.fi If 0 AND ans.str.length<MinFileStringSize THEN 

BEGIN 

END 

wk: STRING ~ [256]; 
VM.GetString[ans.str.start, ans.str.length, n.Des.fi, wkl; 
Check[ans.str.length]; . 
VM.SetString[sin, 0, wkl; 
ans.Des.fi<-O; 
ans.str.start <- sin; 
sin ~ sin + ans.str.lenqth; 
StringChanged ~ TRUE; 
END; 

ELSE IF n.Des.s '" cat THEN 
BEGIN 
kk: LONG INTEGER <- P.Length[str.n1l; 
IF kk < '" ii THEN ans .. SlIbString[str.n2,ii·kk,jj-kkl 
ELSE IF ii<kk THEN ans <- SlIbString[str.n1, ii, iil 
ELSE BEGIN 

END 

ns 1 .. SubString[str.n 1,ii,kk); 
ns2 .. SubString[str.n2,O,jj-kk); 
ans .. P.StringConcat[ns1, ns2j; 
END 

ELSE P.P8ug["unknown variant"L); 
P.RRS[rr]; 
END; 

-- String Garbage Collection 

Mask: PROCEDURE[w1.b1.w2.b2: CARDINALl = BEGIN 
ONES: CARDINAL = 177777B; 
i: CllliDINAL; 
top: CARDINAL; 
IF w1 > w2 OR (w1 '" w2 AND b1 > b2) THEN P.RErr["bit map bad"L]; 
top <- IF w1 = w2 THEN b2 ELSE 15; 
FOR i IN [b1 .. top] DO 

StringBitMap[ w1] ~ InlineDefs.BITOR[StringBitMap[w 1] ,Bit[i]]; 
ENDLOOP; 

IF w1 '" w2 THEN RETURN; 
t-'OR i IN (w1 .. w2) DO 

StringBitMap[i] <- ONES; 
ENDLOOP; 

FOR i IN [0 .. b2] DO 
StringBitMap[ vv2] .. InlineDefs.BITOR[StringBitfvlap[ w2] ,Bit[i]]; 
ENOLOOP; 

END; 

BitSet: PROCEDURE[i: CARDINAL] RETURNS[BOOLEAN] '" BEGIN 
w,b,m: CARDINAL; 
w ~ il16; 
b <- i MOD 16; 
-- is the bit b in word w set? 
m" Bit[b]; 
RETURN[lnlineDefs.BITAND[StringBiU'vlap[w],m]- '" 0]; -- if set will be true 
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END; 

LayOult3its: PUBLIC PROCEOURE[n: Node] '" BEGIN 
i: CARDINAL; 
i1 ,i2,j I ,j2: CARDINAL; 
s: String; 
IF ~3trinoGarbageCo~lect OR -3tringChanged THEN RETURN; 
IF no r,!IL OR n.Type - c: STR OR nDes.s - '" simp THEN RETURN; 
s {- @n.str; 
il .. s.startl16; 
i2 .. s.start ivlOD 16; 
i ... IF s.length > 0 THEN s.stnrt + ::i.length - 1 ELSE s.start; 
j1 ... i/16; 
j2" iMOD 16; 
Mask[il ,i2,j 1 ,j2); 
IF LayMax < i THFN LayMax .. i; 
-- IF i > = sin THEN P.PBug["i > sin"L); 
END; 

StringGG: PUBLIC PROCEDURE = BEGIN 
String8itMap <- P.GeICore[(sin + 15)/16); 
Range i- P.GetCorc[Han~jcSize • SIZE[RanqcReconJ]]; 
MiscDels.Zero[StringBitMap,(sin + 15)/16J; 
LayMax'" 0; 
END; 

EndStringGC: PUBLIC PROCEDURE = 8EGIN 
Syste!llDefs.FreBSegment[StrinnSitMap); 
System Defs. F r eeSegment[Ranye); 
END; 

DoTr,msfer: PUBLIC PROCEDURE = BEGIN 
i,j: CARDINAL; 
run: BOOLEAN; 
-- i is the old subscript, j the new one 
Range[Oj ... [0,0); 
inx ... 1; 
IF -StringGarbageCol/ect OR -StringChnngcd THEN RETURN; 
IF cdebug '1 HEN DispDefs.wF1 ["30Ide: 'You, "L,sin); 
run'" FALSE; 
j ... 1; 
FOFl i IN [1.LayMax] DO 

IF BilSet[iJ THEN BEGIN 
IF -run THEN BEGIN 

Range[inx] .. [i,jJ; 
inx" inx + 1; 
iF inx > '" RangeSize THEN P.RErr["Too many small strings"L); 
run ,- TRUE; 
END; 

IF i # j THEN VM.SetSChal (j, 0, VM.GetSChar[i,Oj]; 
j {- j + 1; 
END 

ELSE run" FALSE; 
ENDLOOP; 

Range[inx] ... [LayMax + 1,i]; 
inx t- inx + 1; 
-- IF Lay Max > = sin THEN P.PBug["Layolit touched bit) old sin"L]; 
sin" j; 
IF cdebllg THEN DispDefs.\NF1 ["SNewe %ll, "L,sin); 
StringChanged .. FALSE; 
END; 

-- put in new values 
Transfer: PUBLIC PROCEDLJRE[n:Node) = BEGIN 
s: String; 
j,d: CAr{[)INAL; 
IF -Strin~JGarbageCollcct OR inx < = 2 THEN F1ETURN; 
IF n = i-..!IL OR Il.Type ~ = STR OR n.Des.s - = simp OR n.Des.fi #0 THEN RETURN; 
s'" @n.str; 
j (- 1; 
-- note ,hat this is linear search 
WHiLE j < inx DO 
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IF s.start < Range[j).old THEN EXIT; 
j ... j + 1; 
ENDLOOP; 

IF s.start + s.length) StringSize THEN P.PBuq["bau strin[; index"L]; 
IF j) ~ inx THEN P.PBug["trnnsfcr cant happen"L]; 
-- this run begins at Range[j-1].old 
d ... s.start - Range[j-1].old; 
s.start ,- Range(j-1].new + d; 
IF s.start + s.length) StringSiz8 THEN P.PBug["bad string illc!ex1"Lj; 
END; 

StringDebugging: PUBLIC PROCEDURE = BEGIN 
END; 

StringSetup: PUBLIC PROCEDURE = BEGIN 
-- must follow vmsetup 
sin ... 1; 
[] ... P.lnsert["file"L,ZARY,proe,Filenoutine,PLDefs.Unbound]; 
[] <- P .Insert[" efile "L,ZARY ,proe,CFiieRolitine,PLDefs.Unbound]; 
StringChanged <- FALSE; 
END; 

StringCleanup: PUBLIC PROCEDURE = BEGIN 
END; 

GetSin: PUBLIC PROCEDURE RETURNS[CARDINAL] = BEGIN 
RETURN[sin]; 
END; 

[,MTSt,] ... P.GetSpeciaINodes[]; 
END. 
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-- sup.mesa last edited by morris, November 7,1978 2:43 PM 
DIf1ECTORY 
PLDds: mOM "PLDefs", 
SystcrnDefs: FROM "SystemDefs". 
li~iineDeis: FROM "lnlineDefs"; 

sup: PROGf1AM IMPORTS P:PLDefs, SystemDefs EXPORTS PLDefs = BEGIN 

TokType: TYPE = PLDefs.TokType; 
NodeType: TYPE = PLDcfs.NodeType; 
Node: TYPE = PLDefs.Node; 
Symbol: TYPE = PLDefs.Symbol; 
Register: TYPE = PLDefs.Register; 

PBug: PUBLIC SIGNAL[STRING] = CODE; 
SErr: PUBliC SIGNAL[est: STR:NG] = CODE; 
RErr: PUGLIC SIGNAL[est: STRING] = CODE; 
EndDisph::y: PUBLIC SIGNAL = CODE; 
Interrupt: PUBLIC SIGNAL = CODE; 

ListRecord: TYPE = RECORD[old,new: Node, pref: LONG INTEGEf~,number: BOOLEAN]; 
List: POINTER TO ARRAY OF ListRecord; 
lin: CARDINAL; 
ascii: BOOLEAN; 
Nail: Node; 

So rtRou tine: PROCEDURE[sym:Symbol,input,fllnc: Node] RETURNS[Node] = BEGIN 
ascii <- FAl.SE; 
RETURN [sort[inpu t,func ll; 
END; 

ASortRoutinc: PROCEDURE[sym:Symbol,input,func: Node] RETURNS[Node] = BEGIN 
ascii <- TRUE; 
RETURN[sort[input,func]]; 
END; 

sort: PROCEDURE[input,!unc: Nocle] RETLJRNS[j:Node] = BEGIN 
-- zary 
rr: Register <- P.MRS[]; 
I,m: CARDINAL; 
j <- NIL; 
P.R2[@j,@input]; 
i <- P.LengthList[input]; 
IF i < = 1 THEN j <- input 
ELSE BEGIN 

input <- P.FixRep[inputJ; 
List <- P.GetCore[i 'SIZE[ListRecord]J; 
lin <- 0; 
FOR m IN [O .. i) DO 

List[m].number <- FALSE; 
ENDLOOP; 

P.Map[input,SR]; 
-- setting lip simple random number generaor 
TreeSort[lin]; -- sort the list 
j <- P.Alloc[[L1ST"L1ST[List[lin-1].0Id,NaiI1ll; 
IF lin> 1 THEN FOR i DECFlEASING IN [0 .. (!in-2l] DO 

j <- P.Alloc[[L1ST"LlST[List[i].old,ill]; 
ENDLOOP; 

SystemDefs.FreeSegment[List]; 
END; 

P.RRS[rr]; 
RETURN[j]; 
END; 

SR: PROCEDLJRE[n: Node] = BEGIN 
rr: Register <- P.MRS[]; 
ns: PLDers.StreamRecord; 
List[lin].old <- n; 
IF n.Type '" LIST THEN n <- n.listhead; 

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



List[lin].new t- n; 
IF Li"t[lin].new.Type - " STR THEN P.RErr["sort expects a list of strings"L]; 
ns <- P.NewStream[List[lin].new]; 
PJi[@ns.l1ode]; 
List[lin].number <- FALSE; 
IF -ascii THEN 

BEGIN 
c: CHARACTER; 
neg: BOOLEAN <- FALSE; 
n: LONG INTEGER <- 0; 
c <- P.ltem[@ns]; 
IF c '" '- THEN BEGIN neg <- TRUE; c <- P.ltern[@ns] END; 
IF c = OC THEN GOTO NotNum; 
UNTIL c '" OC DO 

IF c NOT IN ['0 . .'9] THEN GOTO NotNurn; 
n <- n*10 + (c-'O); 
c ~. P.ltem[@ns]; 
ENDLOOP; 

IF neg THEN n <- on; 
List[linj.number <- TRUE; 
List[lin].pref <- n 
EXITS 
NotNum = > NULL; 
END; 

IF ·-List(lil-;].number THEN 
BEGIN 
s: STRING; 
ns'" P.NewStream[List[lin].new]; 
s'" LOOf)IIOLE[@List[lin].pref - 2]; 
s[2] <- P.ltem[@ns); 
S[3] <- P.ltem[@ns]; 
s[O] <- P.ltem[@ns]; 
S[l] <- P.ltem[@ns]; 
END; 

lin <- lin + 1; 
P.RRS[rr]; 
END; 

TrceSort: PHOCEDURE[N: INTEGER] = BEGIN 
t: ListRecord; 
siftUp: PROCEDURE[low, high: INTEGER] = 

BEGIN k, son: INTEGER; 
k <-low; 
DO 

IF 2*k>high THEN EXIT; 
IF 2*k + 1>high OR LessThan[2*k + 1-1, 2*k-l] THEN son <- 2*k ELSE son <- 2*k + 1; 
IF LessThan[son-l, 11·1] THEN EXIT; 
t <- List[son-l]; List[son-I] <- List[k-1]; List[k-l] <- t; 
k <- son; 
ENDLOOP; 

END; 
i: INTEGER; 
FOf·1 i DECREASING IN [1 .. N/2] DO siftUp[i,N] ENDLOOP; 
FOn i DEeRE/ISING IN [l .. N) DO 

END; 

t ,- List[1-1]; Lisl[1-1]<- List[i + 1-1]; List[i + 1-1] <- t; 
siftUp[ I,i] 
ENDLOOP; 

. LessThan: PROCEDURl::[i,j: INTEGER] RETURNS[BOOLEAN] = BEGIN 
res: INTEGER; 
rr: Register; 
nl, :12: PLDefs.StreamRecord; 
cl,c2: CHARACTER; 
IF List{i].number AND List[j].nurnber THEN OEGIN 

IF l.ist[i].pref < Li5tm.pre! THEN RETURN[TRUE] 
ELSE RETUnN[FALSE); 
END; 

IF -l.ist[iJ.number AND -List[j].number THEN BEGIN· 
res <- USC[List[iJ·prel,l.ist[j].pref]; 
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IF res - '" 0 THEN RETURN[res = -I); 
END; 

rr'" P.MRS[j; 
n1.node ... n2.node ... NIL; 
P.R2[@nl.node, @n2.node); 
n1 ... P.New~)tream[List[i).new); 
n2'" P.NewStrearn[List[jJ.new); 
DO 

cl ... P.ltem[@n1]; 
c2'" P.ltem[@n2); 
IF cl ) c2 THEN BEGIN 

res'" 1; 
EXIT; 
END; 

IF c1 ( c2 THEN BEGIN 
res'" -1; 
EXIT; 
END; 

IF c1 = OC THEN BEGIN 
res'" 0; 
EXIT; 
END; 

ENDLOOP; 
P.RRS[rr]; 
RETLJRN[res = -11; 
END; 

USC: PROCEDURE[a,b: LONG INTEGER) RETLJRNS[INTEGER) = BEGIN 
.. unsigned compare, treat a and b as LONG CARDINALS 
.. return -1 if a(b, 0 if a = b, 1 if a>b 
i: InlineDefs.LongCARDINl'IL ... LOOPHOLE[a); 
j: InlineDefs.LongCi\RDINAL ... LOOPHOLE[b); 
IF i>j THEN RETURN[I]; 
IF i(j THEN RETURN[-1]; 
RETURN[Oj; 
END; 

USortRoutine: PROCEDURE[sym:Symbol,input,func: Node] RETUFlNS[ans:Node] = BEGIN 
.. unary 
rr: Register'" P.MRS[j; 
n: Node; 
ans'" NIL; 
P.R[@ans); 
ans •. ASortRoutine[sym,input,func); 
IF ans.listhead = NIL THEN RETURN; 
n'" ans; 
WHILE n.listtail.listhead - = NIL DO 

IF Equal[n.listhead,n.listtail.iisthead) THEN nt ... n.listtailt 
ELSE n ... n.listtail 
ENDLOOP; 

P.RRS[rr); 
END; 

Fac!orRoutine: PROCEDURE[sym:Symbol,input,func: Node] RETURNS[ans:Node) = BEGIN 
.. unary 
rr: Register'" P.MRS[j; 
key, n: Node; 
target: POINTER TO ~Jode; 
Ch: PROCEDUFlEln: Node] = 

BEGIN 
IF n.Type# LIST AND n.listhead.Type ffSTR THEN P.RErr["lIlegal input to factor"); 
END; 

ans'" NIL; 
P.R[@ans]; 
P.Map[input,Ch); 
ans ... n ... SortRoutine[sym,input,func); 
UNTIL n.!isthe3d = NIL DO 

key ... n.listhead.listhead; 
n.listhead ... P,Allcc[[L!ST"LlST[key, 
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target <- @n.listhead.listtail.listtail; 
n<-n.listtail; 

P.Alloc[[U8T"i.IST(n.listhead.listtail,Nail]]]lll; 

WHILE n.listhe3d # NIL AND Equ31[key,Il.listhead.!;sthead] DO 
targett <- P .Alloe [[LIST "LIST [n.listhead .Ii,,\tail ,Nail]]]; 
tc.rget <- @target.iisttail; 
n t <- n.listtailt 
ENDLCOP; 

ENDLOOP; 
P.RRS[rrJ; 
END; 

Equal: PROCEDURE[i,j: Node] RETUnNS[res: BOOLEAN] = BEGIN 
rr: Fiegister <- P.;V1RS(]; 
a,b: PLDefs.StreamHecord; 
If i.Type - = STR OR j.Type - = STH THEN P.RErr["lIsort only compares lists of strings"L]; 
a.node <- b.node <- NIL; 
P.R2[@a.node,@b.node]; 
a <- P.NewStrearn[i]; 
b ~- P.NewStream[j]; 
DO 

IF a.node,~ NIL THEN BEGIN res <- b.node = Nil; EXIT END; 
IF b.node = NIL THEN BEGIN res <- FALSE; EXIT END; 
IF P.ltem[(0aj - = P.ltem[@bj THEN 

BEGIN res <- FALSE; EXIT END; 
ENDLOOP; 

P.HRS[rr]; 
END; 

SupSetup: PUBLIC PROCEDURE == BEGIN 
[] ~- P.lnsert["sort"L,ZARY,proc.SortHoutine,PLDefs.Unbound]; 
[J <- P.lnsert["usort"L,ZAHY .proc,lJSortRoutine,PLDefs.Unbound]; 
[l ... P.lnsef1[" asort"L,ZARY ,proe,ASortRolltine,PLDefs.Unbollnd]; 
[] <- P.lnsert["faetor"L,ZAHY ,proc,F actorRoutine,PLDefs.Unbound]; 
SupHeset[]; 
END; 

SupReset: PUBLIC PROCEDURE = BEGIN 
END; 

["Nail] <- P.GetSpeeiaINodes[]; 

END. 
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DIFlECTORY 
Vl'vlDds: FROM "VMDefs", 
PLDefs: FROM "PLDefs", 
DispDefs: FROM "DispDefs", 
!ODeL,,: FROtvl"IODefs", 
Inlinel)efs: FROM "'nlineDefs", 
FileSystemDefs: Ff10M "FileSystemDers", 
FilcPageUseDers: FROM "FilePageUseDefs", 
SystemDefs: FROM "SystemDefs", 
StringDefs: FROM "StringDefs"; 

VM: PROGRAM IMPORTS P:PLDefs, FSys: FileSystemDefs, FPU: FilePageUseDefs, ST: StringDefs, InlineDefs EXPORTS VtvlDefs 
BEGIN 

Filolndex: TYPE = VMDefs.Filelndex; 
bSize: CARDINAL = 512; 
NPages: CARDINAL = 128; 
nbuf: CAr;OINAL = 14; 
FilePa.ge: TYPE = REconD[f: Filelndex, p: [0 .. 256)]; 
AC: TYPE = {dead, alive}; 
InP: ARRAY [O .. nbllf) OF RECORO[mod: BOOLEAN, active: AC, fp: FilePage]; 
Strin~)f\rray: AHRAY [O .. nbuf) OF PACKED AFmAY [O .. bSizo) OF CHARACTER; 
FTablo: ARRAY File!ndox Or- FilePag8L!seDefs.FileHandle; 
RIN fable: ARRA Y r-i!elndex OF BOOLEAN; 
fs: FileSysternDefs.FileSystem f- NIL; 
bptr: CARDINAL; 
lastval: FilePage; 
lastinx: C,1\RDINAL •. 60000; 
Culivlap: POINTER TO ARRAY OF UNSPECIFIED = LOOPHOLE[431B]; 

Cardinal: PUBLIC PIlOCEDURE[in: LONG INTEGER] RETURNS [CARDINALj = BEGIN 
Ir- in<O OR in > 1T!T!7B THEN P.PBllg["integer too big"]; 
RETURN[LOOPHOLE[in, nurn InlineOefs.LongNumberj.lowbitsj; 
END; 

GelSChar: PUBLIC pnOCEDURE[in: LONG INTEGER, fi: Filelndexj RETURNS[CHARACTERj ~ BEGIN 
n,p,h: CARDINAL; 
p f- Cmdinal[in/bSizej; 
n .. Cardinal[in MOD bSizej; 
.. p is page It [O .. ~lPages), n is char on page [O .. bSize) 
b f- CetPage[[fi, pj]; 
RETURN[(StringArray[bj)[njj; 
END; 

FS: PUBLIC PROCEDURE RETURNS [FileSystemDefs.FileSystemj = 
BEGIN RETUfiN[fsj END; 

SctSCha r: PUBLIC PROCEDURE[in: LONG INTEGER, fi: Filelndex, c: CHARACTERj = BEGIN 
b,n iJ: CAFmINAL; 
P" Cardillal[in/bSizej; 
n <- Cardinal[in MOD bSize]; 
.. p is page # [O .. NPages), n is char on page [O .. bSize) 
b ,. GetPnge[[fi, p]]; 
Strir.gArray[bj[nj .. c; 
InP[bj.rnod .. TRUE; 
END; 

VMSetup: PUBLIC PROCEDURE = BEGIN 
i: CAHDINAL; 
FOR i IN Fileindex DO 

FTable[ij" NIL; 
ENDLOOP; 

IF fs '" NIL THEN BEGIN 
Is .. FSys.Login['a,NIL,NIL,NILj; 
FTable[Oj .. FSys.Open[fs," Poplar. VMFile$" L, FSys.OpenMode[createj ! FSys.FileAlreadyExists = > RESUME]; 
RWTable[Oj .. TRUE; 
END; 

FOri i IN [O .. nbuf) DO 

bptr ,. 0; 

InP[ij f- [FALSE,dead,[63, 255j]; 
ENDLOOP; 



lastval +- [63, 255]; 
END; 

VMCleanup: PUBLIC PROCEDURE = BEGIN 
i: Filelndex; 
FOFl i IN Filelndex DO 

IF FTable[i]l! NIL THEN 
FPU.Close[FTable[ill; 

FTable[i]f-NIL; 
ENDLOOP; 

FSys.Logoul[fs]; 
Is f- NIL; 
END; 

Open: PUCUC PROCEDURE [name: STRING] 
RETURNS [I: Fi!e1ndex, len: LONG INTEGER] '" 
BEGIN 
frr·c: Filelndex; 
Ip: LONG INTEGER; 
cp,ps: CARDINAL; 
free f- FindFree[l1ame]; 
.- \"!e open the file in write mode to keep core from bitching if we later decide to write it. 
IF Flab Ie [free) = NIL THEN 

FTable[freeJ f- FSys.Open[fs.name. FSys.OpenMode[write] 
! FSys.FileDoesNotExist = >CONTINUE]; 

IF FTable[free] = NIL THEN RETURN[O,O); 
RWTable[free] f- FALSE; 
[Ip, bp, ps] f- FPU.Measure[FTable[free]]; 
RETURN[free, Ip'ps + bp]; 
END; 

FindFree: PROCEDURE [name: STRING] RETURNS [free: Filelndex) = 
BEGIN 
i: Filelndex; 
free f- 63; 
FOR i IN [1 .. 62] --fix if Filelndex ever changes 

DO 
IF FTable[i] '" NIL THEN free'-i 
ELSE IF ST.EquivaientString[name,FPU.Name[FTable[i))] THEN BEGIN free f- i; RETURN END; 
ENDLOOP; 

IF free = 63 THEN P.RErr["Too many files open(>62)"L); 
END; 

OpenRW: PUBLIC PROCEDURE [name: STRING] . 
RETURNS [f: Filelndex, len: LONG INTEGER) = 
BEGIN 
free: Filelndex; 
Ip: LONG INTEGER; 
bp,ps: CARDINAL; 
free (- Fir,clFree[name); 
IF FTable[free] = NIL THEN 

FTable[free] f- FSys,Open[fs,name, FSys.OpenMode[create] 
! FSys.FileAlreadyExists = >RESUME); 

RWTable[free) ... TRUE; 
[Ip, bp. psj f- FPU.Measure[FTable[free]]; 
RETUI~N[free, Ip'ps + bpJ; 
END; 

Close: PUBLIC PROC[DURE [I: Filelndex] = 
B[GI~J i: Ci\RDINAL; 
IF RVVTablelfj THEN RETURN; -- must be closed by CloseHW 
IF FTablelf] # NIL THEN FPU.Close[FTable[fll; 
FOR i IH [O .. nbuf) DO 

IF InP[i].fp.f = f TH[N InP[i] f- [FALSE,dead,[63,25511; 
ENDLOOP; 

IF lastva\.f = I THEN lastval f- [63,255]; 
FTable[f] f- NIL; 
END; 

CloseRW: PU!3LiC PFlOCEDURE if: Fileindex. siw: LONG INTEGER] = 
BEGIN i CARDINAL; 
IF FT8ble[f] = NIL THEN I~ETURN; 
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FOR i IN [O .. nbul) DO 
IF InP[ij.lp.f =1 THEN 

BEGIN 
IF InP[ij.mod THEN -- file must beO 

FPlLWritePage[ 
f'Tab!e[fI, 
tnP[ij.tp.p, 
r~i\sE[StringArray[i]]j; 

InP[i) <- [FALSE,dead,[63,255]]; 
END 
ENDLOOP; 

FPU.SetLength[FTable[I), 
Cardinal[size/bSize], Cardinal[size tvlCD bSize]]; 

FPU.Close[FTable[f]] ; 
IF lastvai.f = f THEN lastval <- [63,255]; 
FTable[f) <- NIL; 
END; 

GetPage: PROCEDURE[p: FilePage) RETURNS[CARDINALI = 8EGIN 
-- return the buffer # with page p in it 
i: CARDINAL; 
IF lastval = p THEN RETURN[lastinx); -- active was already set to alive 
FOR i IN [O .. nbut) DO 

IF P = InP[i)fp THEN 8EGIN 
!nP[i).active <- alive; 
lastval <- p; 
lastinx <- i; 
RETURN[i); 
END; 

ENDLOOP; 
-- not in core, must go get it 
DO 
CurMar[(bptr MOD 14) + 1] <- InlineDels.BITAND[CurMar[(bptr MOD 14) + 1], 107777B]; 
bptr <- (bptr + 1) MOD nbul; 
IF InP[bptrl.active = alive THEN InP[bptr).active <- dead 
ELSE EXIT; 
ENDLOOP; 
IF Inl·J[bptr].mod THEN 

FPU.WritePage[ 
f'Table[lnP[bptrj.fp.f), 
InP[bptrJ.fp.p, 
BASE[String!\rray[bptrll]; -- extends il necessary 

FPU.ReaciPage[FTable[p.f), p.p, BASE[SiringArray[bptrll 
! FPU.EndOtrile = > CONTINUE); 

-- If lile page isn't there, who cares about content? 
CurMnp[(bptr MOO 14) +1] <- InlineDefs.BITOR[CurMap[(bptr MOD 14) + 1],70000B); 
InP[bptr] <- [FALSE,alive,p]; 
lastval<-p; 
lastinx <- bptr; 
RETURN[bptr); 
END; 

GetSt ring: PUBLIC PROCEDURE[st: LONG INTEGER, len: CAr1DINAL, I: Filelndex, s: STRING) ~c OEGIN 
ii: LONG INTEGER; 
i,b,p,p1 ,p2,n1 ,n2,k,m: CARDINAL; 
IF len> s.maxlength THEN P.PBug["bad GetString"L); 
s.length <- len; 
ii <- st + len - 1; 
p1 <- r,'lIciin8I[st/hSi7P); 
p2 <- Cardinal[iilbSize); 
n1 <- Cardinal[st MOD bSize]; 
n2 <- Cmdillal[ii MOD bSize); 
b <- GetPage[[f, p111; 
k <- 0; 
m <- IF p1 = p2 THEN n2 ELSE bSize - 1; 
FOR i IN [n1 .. m] DO 

s[k) <- StringArril.y[b](i]; 
k<-k + 1; 
ENDL.OOP; 

IF pi = p2 THEN RETURN; 
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FOR p IN (p1 .. p2) DO 
b ... G0tPag<"[[f, p)); 
FOR i IN [O .. bSize) DO 

s(k] ... StringArray[b][i]; 
k'" k + 1; 
ENOLOOP; 

ENOLOOP; 
b'" GetPage[[f, p2)); 
FOR i IN [0 .. n2] DO 

END; 

s[k) ... StringArray[b](i]; 
k ,- k + 1; 
ENOLOOP; 

SetString: PUBLIC PROCEDURE[st: LONG INTEGER, f: Filelnde:<, s: STRING) = BEGIN 
Ii: LONG iNTEGER; 
i,b,p,p1 ,p2,n1,n2,k,m: CARDINAL; 
IF s.length '" 0 TH[j'~ P.PBug[" Attempt to store empty string"L]; 
IF -RWTable[f] THEN P.PBug[" Attempt to write read·only file"L); 
ii ... st + s.length - 1; 
p1 .. Cardiil81[stibSize]; 
p2 ... Cardinai[ii/bSize); 
n1 ... Cardinal[st MOD bSize); 
n2'" Cardinal[ii MOD bSize]; 
b ... GetPacw[[f, p1]l; 
k'" 0; 
m ... iF p1 = p2 THEN n2 ELSE bSize - 1; 
FOR i IN (n1 .. m] DO 

StringArray[b1[i) ... s[k]; 
k ... k ... 1; 
ENDLOOP; 

InP(bl.mod ... TRUE; 
IF p 1 = P 2 THEN fiETURN; 
FOR p IN (pi .. p2) DO 

b .. GetPage[[f,p]); 
FOR i IN [O .. bSize) DO 

StringArray[b](i) ... s[k]; 
k" k + 1; 
ENOLOOP; 

InP[b].mod .. TRUE; 
ENDLOOP; 

b ... GetPage[[f, p2)]; 
FOR i IN [0 .. n2] DO 

StringArray[b][i] ... s[k]; 
k .. k + 1; 
ENOLOOP; 

InP[b).mod .. TRUE; 
END; 

END. 
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AFiles: PROGRAM 

DIRECTORY 
ovl): FROM "OverviewDels", 
cID: FROM "CoreDefs", 
SysternDefs: FROM" S,!stemDefs", 
InlillpDefs: FROM "llllineDers", 
FilePayeUseDefs: FRo.'vl "FiiePageUseDefs", 
FileSystemDefs: FnOM "FileSys,emDefs", 
PLDefs: FROM "PLDe/s", 
StringDe/s: FROM" StringDefs"; 

IMPOFHS crD, SY: SystemDefs, ST: StringDefs, PLDefs 
EXPORTS FilePageU"eDefs, FileSystemDefs 
SHMIES crD 
= BEGIN 

NN: TYPE" CARDINAL; 

Transaction: TYPE = POii-JTEP. TO TR; 

TR: TYPE = RECORD[ 

drnsu: cID.DMSUser, 

prefix: STRING); 

File: TYPE", POINTER TO FH; 

FH: TYPE = RECORD[ ufh: crD.UFileHandle, 

name: STRING]; 
FileHandle: TYPE = FilePageUseDefs.FileHandle; 
FileSystem: TYPE", FileSystemDefs.FileSystem; 

PageNumber: TYPE = FilcP.:tgeUseDefs.PagcNurnber; 

OpenMode: TYPE", FileSystemDefs.OpenMode; 

BytesPerPage: NN = 512; -- bytes 
ReadOnl'/: PUBLIC [RROR '" CODE; 
EmlOfFile: PUBLIC ERROR '-' CODE; 
FilAAlreadyExists: PUBLIC SIGNAL = CODE; 
FileDoesNotExist: PUBLIC SIGN.A,L '" CODE; 
IliegalFileName: PUBLIC UmOR = CODE; 
DiskError: PUBLIC ERROR [ere: NN) = CODE; 

Check: PROCEDURE [ere: NN) 
BEGIN 
SELECT erc FROM 
ovD.ok '" > RETURN; 
ovD.sto;-ageNotAvallablc ~ > PLDefs'p3ug["Disk error- requested storage could not be obtained "Lj; 
ovD.not/IStamp = > PLDefs.PBug["Disk error- notAStamp"L]; 
ovD.hndFieldName = > PLDefs.PBug["Disk error- in a message header"L); 
ovD.uadFieldBody = > PLDefs.PBug["Disk error- in a message header"L); 
ovD.badMailFile = > PLDefs'p6ug["Disk error· badMaiIFile"LJ; 
ovD.tOCNotFound = > PLDefs.PBug["Disk error- VirrualizeTOC couldn't find your file. (VirtuaIMgr)"L); 
ovD.notATOCFile = > PLDefs.PBug["Disk errOl- VirtualizeTOC didn't like your iile. (VirtuaIMgr)HL); 
ovD.lOCOvelilow = > PLDefs.PBug["Disk error- Too many msgs. from VirtualizoTOC, ExtendTOC."L); 
ovD.cMT'oeBig = > PLDefs.PBug["Disk error- Attemp to extend CM beyond cI\~OCharMapTableSile."L); 
ovD.calltAccessMailbox = > PLDefs.PBug[" Disk error- from MailFileOps. "L]; 
ovD.ftpError = > PLDefs.PBuy["Disk error- from Operations"L]; 
ovD.nctAMailFile ~ > PLDets.PBug["Disk error· from Maill-'ileOps. "L1; 
ollD.badOMSUser = > PLDcfs.PBug["Disk error- Operations, user and password provided didn't wor k. "LJ; 
ovD.messageSyntaxError·= > PLDefs.PBuO["Disk error- Operations, error inparsing message to be sent. "L); 
ovD.invaliciRecipient '" > PLDefs.PBug["Disk error- Operations, couldn't lookup specified recipient. "LJ; 
ovD.mailboxBusy = > PLDefs.PBug["Disk error- Operations, attempt to connect to !~lail server failed for the indicated reason. "Lj; 
QvD.cantConnect = > PLDefs.PBug["Oisk error- Operations, generic connection failure. "L); 
ovD.noMessagesMoved = > PLDefs.PB'Jg["Dis!< ellor- Operations, AppendMaiiToFileOperation mO'led no messages."L]; 
ovO.cancelCode = > PLOefs.PSug["Disk error- Operations, generic cancelled bj user. "i...); 
o'ID.diskE;ror = > PLDefs.RErr["Disk error- All I/O data error (Core). "L); 
ovD.diskCorrupted = > PLDefs.RErr["Disk errer- Disk structure is logically inconsistent; run Scavenger."L]; 
ovD.diskFull = > PLDefs.r::Err["Disk error- Deleted some files ane! try again. "L]; 
ovD.filelnL!se = > PLOcfs.REn["Disk error- Attempt to ofJen a file that has already been opened (with another UFilei-landle). from 



OpenFile." L]; 
ovD.illegalFilename "') PLDefs.RErr["t)isk error- Either (1) bad ct1ancter(s) in filename, or (2) name too long. From OpenFile." L]; 
ovD.lileNotFound =) PLDels.RE/r["Dil';f<. error- Opening a non-existing file for input only. From OpenFile."L]; 
ovD.lileTooBiq "') PLDels.RErr["Disk ~(ror- Attempt to extend a file beyond max alloweci (from WritePages) or to open a file that is 
already longer than that max (OpenFile)."L]; 
ENDCASE =) PLDcfs.PBlIg["Disk error- Mystery"L]; 
END; 

Close: PUBLIC PROCEDURE[fh: FileHQ(ldle] = 
BEGIN 
f: File = LOOPHOLE[fh]; 
ere: ovD.ErrorCode = crD.CloseFil()[l.ufh]; 
Check[erc]; 
SY. FreeHeapString [f .name]; 
SY.FreeHeapNode[fL 
END; 

Delete: PUBLIC PROCEDURE [Is: File~ystem, fileName: STRiNG] = 
BEGIN 
t: Transaction", LOOPHOLE[fs]; 
f: crD.UFilcHandle; 
ere: NN; 
[ere, f] f- crD.OpenFile[Ldmsll, [fileNgme], update]; 
Check[erc]; 
Check[ crD DeleteFile[I]]; 
END; 

Login: PUBLIC PROCEDURE [type: CHARACTER, serverMachine, name, password: STRING) 
RETURNS [fs: FileSysten1] = BEGIN 

t: Transaction", SY.AllocateHeapNode[SIZE(TR]]; 
t t f- [[["Morris"], ["Jim"]]. ""]; 
Is f- LOOPHOLE[t]; 
END; 

Logout: PUBLIC PROCEDURE [fs: Filesystem] '" 
BEGIN 
SY.FreeHeapNode[fs); 
END; 

Measure: PUBLIC PROCEDURE [ft1: FileHandle] RETURNS [lastPage,nextByteOnPage,pageSize:CARDINAL] = BEGIN 
I: File = LOOPHOLE[ft1]; 
RETURN[f.ufh.lastFilePage. f.ufh.byteFF. BytesPerPage]; 
END; 

Name: PUBLIC PROCEDURE[ft1: FileHandle] RETURNS [STRING] '" 
BEGIN 
RETURN [LOOPHOLE[ft1, File].name); 
END; 

Open: PUBLIC PROCEDURE 
[Is: FileSystem, lilet--Iame: STRING. mode: OpenMode] 
RETURNS [I: FileHandle] = 
BEGIN 
t: Transaction = LOOPHOLE[fs]; 
fh: File <- SY.AllocateHeapNode[SIZE[FHll; 
erC" NN' 
1t1.~am~ f- SY.AllocateHeapString[fileName.length]; 
ST.AppendString[ft1.name, fileName]; 
[ere, ft1.uft1] <- crD.OpenFile[Ldmsu. [fileName]. read]; 
IF ere = ovD.fileNotFound THEN 

BEGIN 
IF mode = read THEN ERROR FileDoesNotExist; 
IF mode", write THEN SIGNAL FileDoesNotExist; 
[ere, fh.ufh] f- crD.OpenFile[t.dmsu, [fileName]. update]; 
END 

ELSE IF ere", ovD.ok AND rnode# read THEN 
BEGIN 
Chec k [crD .CloseFile[f11. uft111; 
IF mode = create THEN SIGNAL FileAlreadyExists; 
[ere. fh.ufh] f- crD.OpenFile[t.dmsu. [fileName]. update]; 
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fND; 
Check[ere): 
f •. LOOPHQLE[fh): 
END: 

ReadPage: PUl3L1C PHOCEDURE [fh: FileHandle, p: PageNumber, b: POINTER) 
BFGIN 
f: File = LOQPHOLE[th); 
ere: NN; 
IF p> '" (IF f.ufh.byteFF = 0 THEN f.ufh.lastFilePage ELSE T.ufh.lastFilePago:- I) THEN 

ERROR EndOfFile; 
[ere, ) fo erD.ReadPages[b, 512, p, t.ulh); 
Check[ ere); 
END; 

SetLen~jth: PUf3L1C PROCEDURE 
[Iil: FileHandle, lasIPage:PageNurnber, nexlByteOnPage:CARDINAL) = BEGIN 
I: File = LOQPHOLE[lh); 
IF f.ufh.acc~ss = rend THEN ERROR ReadOnly; 
IF lastPage>f.ufh.lastFilePage 

3 

OR lastPage = f.ufh.lastFilePage AND nexI8yteOnPage>f.ufh.byteFF THEN .. lengthen file by writing junk 
Cheek[erD.WritePages[LOOPHOLE[O), 512·(I&sIPa~le·f.ufh.lastFilePnge} + nextByteOnPage, f.ufh.lastFilePage, f .ufh]) 

ELSE .. shOrten file 
Cheek[ erD .UFilo T runcate[lastPage, nextByteOnP age, f .ulh ll; 

END; 

WritePage: PUBLIC PROCEDURE [Ih: FileHandle, p: PageNurnber, b: POINTER) = 
BEGIN 
I: File = LOOPHOLE[lh); 
IF f.ufh.aeeess = rend THEN ERROR ReadOnly; 
Check[erD.WritePages[b, 512, p, t.ulhlJ; 
END; 

END. 



DIRECTORY 
PIDefs: FROM "PLDefs", 
FilePageUseDefs: FROM "FilePageUseDefs", 
FilcSyslemDefs: fROM "FileSystcmDefs", 
SystemOefs: FROM" SystemDefs", 
StringDefs: FROM "StringDefs", 
BTOds: FROM "ElTDefs", 
VMOefs: FROM "VMDefs", 
InlineDefs: FROM "lnlineDefs", 
BTreeDefs: FROM "BTreeDefs"; 

BT: PROGRAM IMPORTS B: BTreeDefs, P:PLDefs, VM: VMDeis, FileSystemDefs, ST: StlingDefs, SY: SystemDefs 
EXPORTS BTDefs = BEGIN 

Node: TYPE = PLDefs.Node; 
Symbol: TYPE = PLDefs.Symbol; 
Stream: TYPE = PLDefs.Stream; 
Register: TYPE = PLDefs.Register; 

Fail,Nail: Node; 

OST: TYPE = POINTER TO OBTR; 
OBTR: TYPE = RECORD[ 

pass'Nord: CARDINAL, 
tree: 8TreeOefs.BTreeHand!e, 
stringFile: VMDefs.Filelndex, 
btsin: LONG INTEGER]; 

Password: CARDINAL = 10067; 
WildNode: TYPE = POINTER TO WildR; 
WildR: TYPE = RECORD[ig: CARDINAL, 0: OBT); 

BTOpenRoutine: PROCEDURE[s:Symbol,input,n2: Node) 
RETURNS[n: Node) = BEGIN 

rr: PLDefs.Register <- P.MRS[j; 
sl: STRING <- [100J; 
0: OBT = SY.AllocateHeilpNode[SIZE[OBTR]]; 
file: FilePageUseDefs.FileHandle; 
new: BOOLEAN <- TRUE; 
stringFile: VMDefs.Filelndex; 
btsin: LONG INTEGER; 
wild: Node <- P.Alloc[[FAIL"FAIL[]]]; 
wn: WildNode = LOOPHOLE[wild]; 
n <- Nail; 
P.R2[@n,@wild]; 
o.password ,- Password; 
P.MakeString[st. input]; 
file <- FileSystemDefs.Open[VM.FS[], st, create! 
FileSystcmDefs.FileAlre8dyExists = > 

BEGIN new <- fi\LSE; RESUME END]; 
o.tree <- 8.CreateBTree[file, new]; 
B.lnitializeBTree[o.tree, FirstGE, Eq, TRUE]; 
ST.AppenciString[st, ".Ieaves"]; 
[stringFile, btsin] <-

VM.OpenRW[st! FileSystemDefs.FiieDoesNotExist = > RESUME]; 
o.stringFile <- stringFile; 
o.btsin <- btsin; 
wn.o'" 0; 
n <- Nail; 
n <- P.Alloc[[LlST"LlST[P.Alloc[[UNARY"Ui'JARY(P.Lookup["close"], wild]]], nm; 
n <- P./\!!oc[[LlST"LlST[P.A!!cc[[UNARY"UNI'.!-;Y[P.Looku;j["forgct"], wild]]]. n]]]; 
n f- P./-\lIoc[(LlST"LlST[P.P.I!oc[[UNARY.,Ur--IAHY[P.Lookup["next"], wild]]], n]]]; 
n <- P.Alloc([LlST"LlST[P.Alloc[[UNARY"UN!IRY(P.Lookup("store"], wild]]]. n)]]; 
n <- P.A!loc[[LlST"LlST[P.Moc[[UNARY"UNAIW[P.Lookup["fetch"J, wildJ]]. n]]]; 
P.RRS[rr]; 
END; 

ErSt: STRING = "illegal call on B-tree routine"; 

Close Routine: P~10C:EDURE[s:Si/mbol,input,n2: Node] 
RfTURNS[Node] = BEGIN 

w: Wild Node = LOOPHOLE[n2]; 



IF w.o. password It Password fHEN P.RErr[ErSt]; 
BJ~eleilseBT reel w .o.tree]; 
VM.CloseRW[w.o.stringFile, Vv.o.btsin]; 
SY.FreeHeapNode[w.o]; 
RETURN[Nail]; 
EN~; 

Eq: BTreeDefs.TestKeys = 
BEGIN 
FlE rURN[ST.EquaIString[St[a.j,St[b]]]; 
END; 

Fi rstGE: BTreeDefs.TestKeys = 
BEGIN 
as:STRING = St[aJ; 
bs:STRING = St[bJ; 
pointer: CARDINAL .... O; 
DO 

END; 

IF as.length = point€!r THEN RETURi\![bs.lenoth = poinier]; 
IF bs.length = point€!r THEN RETURN[TRUE]; 
IF as[pointer]<bs[p()inter] THEN RETUFiN(FALSE]; 
IF as[pointer]>bs[pointer] THEN RETURN[TRUE]; 
pointer"" pointer + 1; 
ENDLOOP; 

Fetchfloutine: PROCEDURE[s:Symbol,input,n2: Node] RETURNS[n: Node] = BEGIN 
K: STRING .... [100]; 
V: flECORD[st: LONG INTEGER, len: CAFlDINAL]; 
w: Wild Node = LOOPHOLE[n2]; 
IF w.o.password It Password THEN P.RErr[ErSt]; 
IF input.Type - = STR THEN P.RErr["f€!ICh expects string"L]; 
IF P.Length[inputj>100 THEN P.RErr["keY to long (>100)"]; 
P.MakeString[K, input]; 
IF B.Lookup[w.o.tree. 

DESCRIPTOR[I(,(K.length + 1)/2 + 2], . 
DESCRIPTOR[@V,3]] = 177r77B THEN RETURN[Fail]; 

IF V.st + V.len< = 177777B THEN 
n .... P.Alloc[[STR, 

[FALSE, TRUE, simp, FALSE, w.o.stringFile]. 
STR[[silllp[VM.Cardinal[V.stJ, V.lenJll]] 

ELSE BEGIN s: STRING = SY.AllocateHeapString[V.len]; 
VMGetSlring[V.sl, V.len, w.o.stringFile, s]; 
n .... P.MakeSTR[s]; 
SY.FreeHeapNode[s]; 
END; 

END; 

Fa iget Routine: PROCEDURE[s: Symbol,input,n2: Node] RETURNS[Node] = BEGIN 
K: STRING .... [100]; 
w: Wild Node = LOOPHOLE[n2]; 
IF w.o.Jjassword It Password THEN P.RErr[ErSt]; 
IF input.Type - = STR THEN P.RErr["forget expects string"Lj; 
IF P.Lenglh[input]>100 THEN P.RErr["key to long (>100)"]; 
P.Mo.keStr'ing[K, input]; 
B.Delete[w.o.tree, DESCRIPTOR[K,(K.length + 1)/2 + 2]]; 
RETURN [Nail]; 
END; 

. NextRouline: PROCEDURE[s:Symbol,input,n2: Node] RETURNS[Node] = 
BEGIN 
K: STRING .... [100]; 
N: STRING .... [100]; 
Grab: BTreeDefs.Call = 

BEGIN 
IF ST.EquaIString[St[k], K] THEN RETURN[TRUE]; 
ST.AppendSlring[N, St[kl]; 
RETURN [F ALSE]; 
END; 
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w: Wild Node = LOOPHOLE[n2]; 
IF w.o.password It Password THEN P.RErr[ErSt]; 
IF input.Type .• = STR Tl-IEi'j P.RErr["next expects string"L]; 
IF P.Length[input]>100 TH[N P.RErr["key to 10l1g (>100)"]; 
P.MakeString[l<, input); 
B.Enllrllerate(w.o.tree, DESCRIPTOR[K,(I<.lenglh + 1)/2 + 2], Grab]; 
RETURN(IF N.length =0 THEN Fail ELSE P.MakeSTR[N]]; 
END; 

StoreRoutine: PROCEDURE[s:Symbol,input,n2: Node] RETIJRf'.!S[Node] = BEGIN 
K: STRING'" [100]; 
V: RECORD[st: LONG INTEGER, len: CARDINAL]; 
st: STRING; 
vv: Wildi'!ode = LOOPHOLE[n2]; 
IF w.o.passwo~d Jt Password THEN P.RErr[ErSt]; 
IF -(innut.Type = LIST AND P.Len9thList[input] = 2 AND inpllt.left.Type = STR AND input.right.left.Type = STR) THEN 
P.RErr["store expects a list of two slrings"l.]; 
IF P.Length[inpuLieft]> 100 THEN P.RErr["key to long (>100)"); 
P.MakeString[f<, input.left]; 
st <- SY.AllocateHeapString[VM.Cardinal[P.Length[input.right.leIt]]); 
P.MakeString[st, input.righUeft]; 
VM.SetString[w.o.btsin, w.o.stringFile, st]; 
V.st <- w.o.btsin; 
V.len <- st.iength; 
·\I'y'.G.bt3::-"'I ~ .... J.o.btsin + st.lcngth; 
SY.F reeHeapString[st]; 
IF K.length MOD 2 = I THEN K[K.length] <- OC; 
B.lnsert[w.o.tree, DESCRIPTOR[K, (K.length -;- 1)/2 + 2), DESCRIPTOR[@V, 3]]; 
RETURN[Nail]; 
END; 

Setup: PUBLIC PROCEDURE = 
BEGIN 
[] <- P.lnsclt["store"L,UNARY,proc,StoreRoutine,PLDefs.Unbollndl; 
[] <- P .Insert["fetch" L,UN,4RY ,proc,FetchRouline,PLDefs.UnboLlnd]; 
[j <- P.lnsert[" close" L,UNARY ,proc,CloseRolitine,PLDefs.Unbollnd]; 
[] <- P.lnsert[" forget" L,UN ARY ,proc,ForgetRoutine,PLDefs.Unbollnd]; 
[] +- P.lnsel t[" next"L,UNARY,proc,NextRoliline,PLDefs.Unbolindj; 
[] +- P.lnsert["btopen"L,ZARY,proc,BTOpenRolltine,PLDe/s.Unbollnd]; 
END; 

St: PROCEDURE [x: BTreeDefs.Desc] RETURNS [STRING] 
BEGIN 
RETURN[LOOPHOLE[BASE[x]]]; 
END; 

[Fail"Nail] <- P.GetSpeciaINodes[j; 
END. 
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··BTree.mesa Last edit: February 19,1979 10:05 AM 

DIRECTORY 
InlineDefs: FROM "lnlineDefs", 
StorageDefs: FROM "StorageDefs", 
FilePageUseDefs: FROM "FilePageUseDefs", 
BTreeDefs: FROM "BTreeDefs", 
BTree2Defs: FROM "BTree2Defs"; 
BTree:fJF~OGRAM 
IMPORTS bV:BTree2Defs,bB:BTree2Defs,FiiePageUseDefs,Stor ageDefs 
EXPORTS BTreeDefs '" PUBLIC BEGIN 

OPEN StorageDefs,f"ilePJgeUseDefs,BT ree2Defs,BT reeDefs; 
EntryTooSmall:SIGNAl. == CODE; 
cacheLimit:CARDINAL == 4; 
CaIITree:TYPE == PROCEDURE[p:Page,i:lndexj RETURNS[1300LE/J,1]; 
NN:TYPE '" CARDINAL; 
Page:TYPE '" POINTa1 TO BTreePageRecord; 
BTreePo.geRecord:TYPE '" RECORD 

[b: T ree,pa:NN ,co.:V Array ,c:Desc,level :NN, 
cache:Page,agc:NN,ciirty,deletecl,rekey:BOOLEANj; 

Tree:TYPE", POINTER TO BTreeRecord; 
BTreeRecord:TYf'E ~ RECORD[version,logPageSizelnBytes,maxiS,time, 

rootP A ,freePA,lastP l\'po.geS,depth ,entries: N N, 
file:FileHandle,self:BTreePageRecord, 
IsFirstBiqger ,Are TheyEqual: T estKeys, 
dirtyCache,dirtyTrf!e:BOOLEANj; 

nuIlPA:NN = 1777778;··frcm coredefs? 
Bits:ARRA Y[O .. 16) OF CARDINAL", [1,2,4,1 OB,20B,408, 100B,200B,400B, 
10008 ,2000B,400GB,1 0000B,2000GI3,40000B, 1 0000013]; 

debug: BOOLEAN <- TRUE; 

CreateBT ree: PROC EDU R E[fi Ie: FileH and Ie, new:800L EAN] 
RETURNS[BTreeHandle) == 
BEGIN temp:Tree; I:NN == 8; 
b:Tree <- Aliocate[SIZE[6TreeRecord]]; 
bt<- [1 ,1,20,0,nuIlPA,0, 1 ,Bits[l], 1717T1B,0" 

BTreePageRecorcl[b,1 '" 1 ,NIL,O,TRLJE,FALSE,FALSE], 
MylsFirstBigger,MyAre TheyEq ual,F ALSE,F ALSE]; 

IF new THEN BEGIN bJile<-file; BuildARoot[b,NILj; END 
ELSE BEGIN temp<-Aliocate[b.pageS]; Re5.dPage[file, 1·1 ,temp); 

bt<-tempt; Free[tempj; b.file<-file; b.dirtyTree<-FALSE; 
b.lsFirstBigger<-MylsFirstBigger; b.AreTheyEqual<-MyAreTheyEqual; END; 

RETURN [LOOPHOLE[b]j; 
END; 

InitializeBTree:PROCEDURE 
[bh:B T reeHandle, isFirstBigger ,are TheyEq ual: T estKeys, 
dirtyCache:BOOLFANj = BEGIN 
b:Trec = LOOPHOLE[bh]; 
IF (b.tsFirstBigger<-isFirstBigger) = l'luliProc 
THEN b.lsFirstBigger<- tvlylsFi rstBigger; 

IF (b.AreTheyEqual<-areTh8yEqual) = NuliProc 
THEN b.AreTheyEqu31<-MyAreTheyEqual; 

b.d irtyCache <-d irtyCache; 
END; 

ReleaseBTree:PROCEDURE[bh:BTreeHandle] == BEGIN 
b:Tree == LOOPHOI.E[bhj; 
FlushCache[bhj; 
Closelb.filej; Freelb]; 
END; 

FlushCache:PROCEDURE[bh:BTreeHandlej = BEGIN 
b:Tree", LOOPHOLE[bh]; p:Page; 
UNTIL (p<-b.self.cache) == NIL 
DO bself.cache<- p.cache; WriteOutPage[p,TRUE]; ENDLOOP; 

IF b.dirtyTree THEN BEGIN b.dirtyTree <- FALSE; WritePage[b.iile,O,bj; END; 
END; 

AsWepth:PROCEDURE[bh:BTreeHandlej RETURNS[CARDINALj == 
BEGIN b:Tree == LOOPIIOLE[bh]; RETUr~i'J[b.entries); END; 



Insert:PROCEDURE[bh:BTreeH3ndle,key:De~c,value:Desc) '" BEGIN 
b:Tree '" LOOPHOLE[bh); 
eR:EntryR'" [key,value); 
InsertC:CallTree == 

BEGiN InsertP[p,i,@eR); b.entries<-b.entries + 1; b.dirtyTree<-TRUE; RETURN[FALSE); END; 
IF LENGTH[key) == a THEN ERROR; 
StartEnllmerate[bh,key,lnsertC]; 
END; 

Lookllp:PROCEDURE[bh:BTreeHandle,key,value:Desc) 
RETURNS[lengthVallle:CflRDINAL) == BEGIN 

LookllpC:CaliTree == BEGIN 
b:Tree == LOOPHOLE[bh); 
eR:EntryR<-LookllpP[p,i); 
lengthValue<-LENGTH[eR.v); 
IF b.AreTheyEqllal[key,eR.k) 
THEN Copy[from:eR.v,to:vallle) 
ELSE length Valllef-177777B; 

RETURN[FALSE); 
END; 

S!artEnllmerate[bh,key,LookupC); 
END; 

Next:PROCEDUnE[bh:BTreeHandle,e:Entry] '" BEGIN 
seen:CARDINAL <-0; 
LookupC:CaliTree == BEGIN 
b:Tree == LOOPHOLE[bh); 
eR:EntryR; 
IF (seen<-seen + 1) == 1 THEN RETURN[TRUE); 
eR<-LookllpP[p,i); 
IF LENGTH[eR.vl>LENGTH[e.v) OR LENGTH[eR.k»LENGTH[e.k) 

THEN SIGNAL EntryTooSmall; 
Copy[from:eR. v,to:e.v); 
Copy[frolll:eR. k, to:e.k); 
e.k <- Dt:SCRIPTOR [BASEL e.k),LENGTH[eR.kll; 
e.v<- DESCRIPTOR[BASE[e.v ),LENGTH[eR. vll; 
RETURN[FALSE]; 
END; 

StartEnllmerate[bh,e.k,LookupC]; 
END; 

Delete:PROCEDURE[bh:BTreeHandle,key:Desc) '" BEGIN 
DeleteC:CaliTree == BEGIN 
b:Tree == LOOPI-IOLE[bh); 
IF b.AreTheyEqllal[key,LookllpP[p,i).k) THEN 
BEGIN 
DeleteP[p,i]; 
IF i == 0 THEN p.rekey<- TRUE; 
b.entriesf- b.entries-1; 
b.dirtyTree<- TRUE; 
END; 

RETURN[FALSE); 
END; 

IF LENGTH[key) #0 THEN StartEnllmerate[bh,key.DeleteC); 
END; 

Enllmerate:PROCEDURE[bh:BTreeHandle,key:Desc,c:Call) '" BEGIN 
b:Tree == LOOPHOLE[bh); 
seen:CARDINAL f-O; 
EnumC:CallTree == BEGIN 
eR:Entryn ,- LookllpP[p,i); 
seen <-seen + 1; 
RETURN[IF seen == 1 AND -b.AreTheyEqual[key,eR.k) 

THEN TF1UE ELSE c[eR.k,eR.vll; 
END; 

StartEnll merate[bh ,key ,Enll mC]; 
END; 

StartEnllmerate:PROCEDURE[bh:BTreeHandle,key:Desc,c:CaIiTreel == BEGIN 
b:Tree == LOOr~I-IOLE[bhl; 
this:Page<- SvvaplnPage[b,b .rootP A,b.depth 1; 
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brother:Paget-NIL; 
Silli:PROCEDURE RETURNS[VArray] = BEGIN 
RETUF1N[(brother'-SwaplnPagc[b,nuliPA,this.level]).ca]; END; 

[] <- Enull1erateFromTree[this,key,c 
!bV.GetAnother = )RESUME[Silli[]]; 
bB.GetAnother = )RESUME[Silli[]]; 
bV.Merger" )F1ESUME[N!L,TF1UE]; 
bB.Merger" )F1ESUME[NIL.,TRUE] 
]; 

IF brother # NIL THEN 
BEGIN bmther.dirty'" TRUE; BlIildARoot[b,brother]; END; 

IF lternsP[this] = I AND b.depth tt 0 THEN BEGIN 
b.rootPA<-LookupPA[ihis,O]; this.deleted <- TF1UE; b.depth<-b.depth-1; b.dirtyTree<-TRUE; 
END; 

SwapOutPage[this]; 
END; 

EnumerateFromTrec:PROCEDURE[this:Page,key:Desc,c:CaIITreel 
RETURNS[go:BOOLEAN] = BEGIN 
index:lndex; son,brother,right:Page; onnight:BOOLEAN; 
enci:CARDINAL <-ltell1sP[this]; 10w:NN = this.level-1; b:Tree = this.b; 
dolta:NN; 
Silly:PROCEDURE RETURNS[VArray] co BEGIN 

delta<-IF onRight<-(end>index + 1) THEN I ELSE -1; 
IF index = 0 AND NOT onRight THEN RETURNrNIL]; 
brother<-SwaplnPage[b,LookupPA[this,index + delta] ,low); 
(right<-IF onRight THEN brother ELSE son).rekey<- TRUE; 
RETU RN [brother .ca]; 
END; 

FOR index<-FindlndexOnPage[this,key].index + I 
UNTIL index> '" end DO 
IF this.level = 0 THEN go<-c[this,index] 
ELSE BEGIN 
brother<-NIL; 
onRight<-FAL.SE; 
delta<-O; 
son <-SwaplnPage[b,Lookup PA[this,i ndexj ,low]; 
go ,. EnurnerateF rom T ree[ son,key ,c 
!bB.GetAnother = > 

RESUME [(brother <- SwaplnPage[b,nllIlP A,low]) .ca]; 
bV.GetAnother = > 

RESUME[(brother<-SwaplnPage[b,nllIlPA,low]).ca]; 
bB.Merger = >RESUME[Silly[].onr~ightl; 
bV.Merger = >RESUME[Silly[].onf1ightj; 
bBDeletePage = >BEGIN right.deleted <- TRUE; RESUME; END; 
bVDeletePage = >BEGIN right.deleted<- TRUE; RESUME; END 

]; 
IF brother # NIL THEN BEGIN 

brother.dirty<-TRUE; 
ChangeKeys[this,index + delta,brother,onRight]; 
IF delta = 1 THEN ChangeKeys[this,index,son,TRUE]; 
END 

ELSE IF son.rekey = TRUE THEN 
ChangeKeys[this,index,son,TRUE); 

SwapOutPage[brotherj; 
SwapOutPage[son]; 
END; 

IF NOT go THEN EXIT; 
ENOLOOP; 
END; 

ChangeKeys:PROCEDURE[this:Page,i:lnd8x,son:Page,replace:BOOLEAN] = 
BEGIN eR:EntryR; 
this.dirty <- TRUE; 
IF son.deleted THEN DeleteP[this,i] ELSE 
IF son.rekey THEN BEGIN 
son.rekey<-FALSE; 
eR <- LookupP[son,O]; 
eR.v<-OESCRIPTOR[@son.pa,1]; 
IF replace THEN bB.Replace[this.ca,i,@eR] ELSE InsertP[this,i,@eR]; 
END; 

END; 
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FindlndE'xOnPn~le:PROCEDURE[p:Page,key:Desc] RETURNS[m:lnuex] = BEGIN 
Gigger:T esll<:cyst- p. b.lsFirstBigger; 
h:lndex; n:lndext-ltemsP[p]; t:BOOLEAN; ht-mt-128; 
DO tt-IF m> = n THEN FALSE ELSE Bioger[key,LookupP[p,m).k]; 

IF (ht-h/2) = 0 THEN EXIT ELSE rnt-IF t THEN m + h ELSE m-h; 
ENDLOOP; 

IF NOT t THEN mt-m-1; 
END; 

MylsFirstBigger:PROCEDURE[a,b:Desc] RETURNS[BOOLEflNj = BEGIN 
i:CARDINAL; tCARDINAL = i'YIIN[LENG nl[b],LaIGTH[a]]; g:INTEGERt-O; 
FOR i IN [0 .. 1) UNTIL (g t-a[i]-b[i]) # 0 DO ENDLOOP; 
RETURN[g>O OR (g = 0 AND LENGTH[a]> = LENGTH[b))); 
END; 

MyAreTheyEqual,NuIiProc:PROCEDURE[a.b:Desc] RETURNS[BOOLEAN] = BEGIN 
i:CARDI~JAL; t:CARDINAL = LENGTH[a]; 
IF LENGTH[b] #t THEN RETURN[FALSE); 
FOR i IN [O .. t) DO IF ali] #b[i) THEN RETURN[Ff\LSE]; ENDLOOP; 
RETURN[TRUE]; 
END; 

Copy:PROCEDURE[from:Desc,to:Desc] = BEGIN i,I:CARDINAL; 
It-MIN[LENGTH[lrom],LENGTH[to]]; 
FOR i IN [0 . .1) DO to[i]<-trom[i]; ENDLocP; 
END; 

SwaplnPage:PROCEDURE[b:Tree,p:NN,I:CARDINAL] 
RETURNS[bp:Page] = BEGIN 
place:POINTER; back:Page; new:BOOLEANt-p = nullPA; 

reuse:BOOLEAN<-new AND (b.freePA#O); 
IF new THEN BEGIN 

p<-IF reuse THEN b.lreePA ELSE b.lasIPAt-b.lastPA + 1; 
b.dirtyTreet- TRUE; 
END; 

FOR backt-@b.self, bp UNTIL (bpt-back.cache) = NIL DO 
IF bp.pa = p AND bp.b = b THEN BEGIN back.cachet-bp.cache; EXIT; END; 

--somethin(l new in line above--
REPEAT FINISHED = >BEGIN 
placet- Aliocate[b.pageS]; 
IF NOT new OR reuse THEN ReadPage[bJile,p-1,place]; 
bp t- Aliocate[SIZE[BTreePageRecord]]; 
bp.pat- p; bp.b<-b; bp.ca t-@bp.c; bp.dirtyt-FALSE; 
bp.ct- DESCRIPTOR[place,b.pageS]; 
END; 

END LOOP; 
bp.levelt-I; bp.aget-b.timet-b.tirne + 1; 
bp.rekeyt- new; bp.deleted t- FALSE; 
IF reuse THEN blreeP/\<-bp.cn[O]; 
IF new THEN BEGIN 
bp.d irly <- FALSE; 
(IF 1#0 THEN bB.lnitialize ELSE bV.lnitialize)[bp.ca]; 
END; 

IF debug THEN Check[bp); 
END; 

SwapOutPage:PROCEDURE[p:Page) = BEGIN 
b:Tree = p.b; bp:Page; back:Paget-@b.sell; tNN; a:NN = p.pa; 
IF p = NIL THEN RETURN; 
IF debug THEN Check[p]; 
IF p.deleled 

fHEN BEGIN p.ca[O]t-b.lreeP/\; b.freePAt-a; b.dirtyTreet-p.dirtyt-TRUE; END; 
IF (p.dirty AND -b.dirtyCache) THEN WriteOutPage[p,FALSE]; 
FOR t IN [O .. cacheLimit) DO 

IF back.cache = NIL THEN BEGIN back.cachet-p; p.cachet-NIL; RETURN; END; 
back t- back.cache; 
ENDLOOP; 

IF cacheLirnit # 0 THEN 
FOR backt-@b.self, bp UNTIL (bpt-back.cache) = NIL DO 
tt- b.time-bp.age; t t- p.level + tl8; 
IF bp.level< = t THEN 
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BEGIN back.cache<-p; p.cache<-bp.cache; p<-bp; EXIT; END; 
ENDLOOP; 

WriteOu tPage[p, TRUE]; 
END; 

WriteOutPage:PROCEDURE[p:Page,free:BOOLEAN] = 
BEGIN 
IF pciirty THEN BEGIN 
WritePage[p.b.file,p.pa-1,BASE[p.c]]; 
p.dirty<-FALSE; 
END; 

IF free THEN BEGIN Free[BASE[p.c]]; Free[p]; END; 
END; 

BuildARoot:PROCEDURE[b:Tree,brother:Page] = BEGIN eR:EntryR; 
root:Page<-SwaplnPoge[b,nLJIIPA,b.depth<-b.depth + 1]; 
IF brother 1/ NIL THEN BEGIN 

en <-LookupP[brother,O]; 
eR.v <-DESCFlIPTOR[@brother.pa,1]; 
InsertP[root, 17T777B,@eR]; 
SwapOutPage[brother]; 
END; 

eR<-[DESCRIPTOR[NIL,O],DESCRIPTOR[@b.rootPA,1]]; 
InsertP[root,177777B,@eR]; 
b.rootPA<-root.pa; 
b.dirtyTree <-TRUE; 
SwapOutPage[root]; 
END; 

LookupPA:PROCEDURE[p:Page,i:lndexj RETURNS[NNj = 
BEGIN RETURN[LookupP[p,ij.v[Oj]; END; 

InsertP:PROCEDURE[p:Page,i:lndex,e:Entry] = BEGIN p.dirty <- TRUE; 
(IF p.level = 0 THEN bV.lnsert ELSE bB.lnsert)[p.ca,i,ej; 
END; 

LookupP:PROCEDURE[p:Page,i:lndexj RETURNS[EntryR] = BEGIN 
RETLJr~N[(IF p.level = 0 THEN bV.Lookup ELSE bB.Lookup)[p.ca,i]]; 
END; 

DeleteP:PROCEDURE[p:Page,i:lndex] '" BEGIN p.dirty<- TRUE; 
(IF p.level = 0 THEN bV.Delete ELSE bB.Delete)[p.ca,ij; 
END; 

ItemsP:PROCEDURE[p:Page] RETURNS[CARDINAL] = BEGIN 
RETURN[(IF p.leve: = 0 THEN bV.ltems ELSE bB.ltems)[p.caj]; END; 

Check:PROCEDURE[p:Page] = BEGIN 
b:Tree = p.b; i:NN; n:NN = ltemsP[p]; e:EntryR; 
thislsPageOne:BOOLEAN = p = @b.self; 
SELECT thislsPageOne FROM 
TRUE = > IF p.pa It 1 THEN ERROR; 
HIDCASE = > IF p.pa NOT IN [2 .. b.lastPA) THEN ERROR; 

IF p.ca#@p.c OR LEI'IGTH[p.c) #b.pageS THEN ERROR; 
IF p.level>b.deplh AND NOT p.deleted THEN ERROR; 
IF b.rootPA NOT IN [2 .. b.laslPAj AND -(b.rootPA = nullPA AND p.level = b.depth) THEN ERROR; 
IF b.freePA>b.lastPA OF( b.freePA = 1 THEN ERROR; 
--IF n> = 2 THEN IF b.lsFirstBigger[LookupP[p,O].k, 
--LookupP[p,n-1).k] THEN ERROR; 
--IF n> = 4 THEN IF b.AreTheyEqual[LookupP[p,n/2].k, 

--LookupP[p,n/2·1j.kj THEN ERROR; 
IF p.level>O THEN FOR i IN [O .. n) 
DO 
e <- LookupP[p,i]; 
IF LENGTH[e.v] # 1 OR e.v[O) NOT IN [2 .. b.lastPA) THEN ERROR; 
IF LENGTH[e.k] = 0 AND i>O THEN ERROR; 
ENDLOOP; 

END; 

END. 
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DIHECTORY BTree2Defs: FROM "BTree2Defs"; 
BTree2: pnOGI~AM EXPORTS BTree2Defs" PUBLIC BEGIN 
OPEN 8Tree2Defs; 

NN:TYPE = CARDINAL; 
MinusOne: CARDINAL ~ 177777B;-- horrible kludge to evade range checl<er, see ReplaceX and Check (.JHM, 5/8/79) 
Desc:TYPE = DESCRlprOF~ FOR ARRAY OF WORD; 
ReaIJoh:TVPE ~ {insert,replace,delete}; 
w,FixedOverhead:CARDINAL = 2; 
OverhcadPeritem:CARDINAL = 1; 
nullEH:EntryH ~ [DESCRIPTOR[NIL,Oj,DESCHIPTOR[NIL,Oll; 

debug: BOOLEAN ~ TRUE; 

Form:TYPE = RECORD[k:[0 .. 2048),v:[0 .. 32»); 
Foo:TYPE = POINTEH TO ARRAY [0 .. 3) OF Form; 

IndexOutOfBounds:SIGNAL = CODE; 
GetAnother:SIGNAL HETURNS[VArray] = CODE; 
ReKey:SIGNAL = CODE; 
Merger:SIGNAL RETURNS [VArraY,BOOLEAN] = CODE; 
DeletePage:SIGNAL = CODE; 

Initialize:PROCEDURE[v:VArray] = BEGIN i:CARDINAL; 
FOR i IN [O .. LENGTH[vt]) DO v[i]<-O; ENDLOOP; 
v[1] <-LOOPHOLE[Form[LENGTH[ vt ],0]]; 
END; 

ltems:PROCEDURE[v:VArray] RETURNS[NN] = BEGIN RETURN[v[O]]; END; 

Lookup:PROCEDURE[this:VArraY,item:lndex] RETURNS[EntryR] = BEGIN 
foo:Foo; startK,endK,startV,lengthK:NN; 
[foo",startK,endK) <- Unpack[this,item); 
IF item> = this[O] THEN SIGNAL IndexOutOfBounds; 
startV<-startK + (lengthK<-foo[item).v); 
HETUnN[[DESCRIPTOR[@this[startK],len~JthK), 

DESCRIPTOR[@this[startV),endK-startVlll; 
END; 

InsertPROCEDU RE [this:V Array ,item:lndex,e:Entry) = 
BEGIN 
IF LENGTH[e.k» = 32 OR LENGTH[e.k) + LENGTH[e.v»80 THEN ERHOR; 
ReplaceX[this,item,e,insert); 
END; 

Delete:PROCEDURE[this:VArray,item:lndex) = 
BEGIN HeplaceX[this,item,@nuIIER,delete); END; 

Rep'ace:PliOCEDURE[this:V Array ,item:lndex ,e:Entry) = 
BEGIN ReplaceX[this,item,e,replace); END; 

ReplaceX:PROCEDU RE[this:V Array ,item: Index ,e:Entry ,r:ReaIJob) = 
BEGIN 
diddle:INTEGER = SELECT r FROM replace = >O,insert = >1 ,ENDCASE = >-1; 
foo:Foo; other:VArray; shrinkage:INTEGER; 
next Index ,startLast,start I tern, page, half Page. si zeKey ,si ze V al: N N; 
sizeNew ,sizeOld ,start,extra, u sed ,end item, i: N N; 
[foo,nex tlnciex,startLast,startllem ,end Item) <- Un pack[this,item); 
page<-foo[rvlinusOne).k;-- Horrible kludge (JHM) 
half Page <-page/2; 
sizeNcw'- (sizeKey<-LENGTH[e.kJ) + (sizeVal <-LENGTH[e.v»; 
sizeOld.-IF r = insert THE~I 0 ELSE endltem-startltem; 
shrinkagc<-sizcOld-siwNew; 
start<-startltem + shrinkage; 
extra<-haifPage-w·shrinkage; 
used <-page-startLast-shrinkage + nextlndex-1 + OverheadPeritem + w; 
IF debug THEN Check[this]; If nextlndex<item + 1 THEN ERHOR IndexOutOfBounds; 
IF used + 4)page THEN BEGIN 

other<-SIGNAL GetAnother; 
FOR i IN [O .. nextlndex) DO 
IF foo[i).k«IF i> = item THEN extra ELSE half Page) + i 
THEN BEGIN Move[tilis,i,other); 



IF i>item THEN ReplaceX[this,item,e,r !Merger = >ERROR] 
ELSE Rcplar;eX[otner,item-i,e,r !Merger = )ERF10Rj; 

RETURN; END; 
ENDLOOP; 
ERRO~l; ·-oops 
END; 

IF shrinkage il 0 THEN 
Slip[this,this,item + 1 ,item + 1 + diddle,startLast + shrinkage]; 

IF r ttdelete THEN BEGIN 
foo[iter'1 + diddle] <-fstart,sizeKey]; 
Copy[@e.k[O],@tilis[start],sizeKey,O]; 
Copy[@e.v[O],@this[start+sizeKey],sizeVal,O]; 
END; 

this[O] <- ne;(tlndex + diddle; 
IF used<haIfPa~Je AND shrinkage)O ThEN Balance[this,used]; 
IF debug THEN Check[this]; 
END; 

Balance:PROCEDURE[this:VArray,used:NN] = BEGIN 
oFoo:Foo; other:VArray; onRight:DOOLEAN; 
page,haifPage,llextindex,thisEnd:NN; 
l,here,nextOther,otherEnd,i,carry:NN; 
page<-LOOPHOLE[lllis[l],Form].k; 
half Page <- page/2; 
[other,onRight] <-SIGNAL Merger; 
IF other = NIL THEN RETURN; 
[,nextilldex ,tilisEnd, ,] <- U npack[this,O]; 
[oFoo,nextOther,otherEnd,,] <- Unpack[ uther,O]; 
IF used + nextOther<otherEnd THEN BEGIN 

IF onRight THEN Move[other,O,tilis] ELSE Move[this,O,other]; 
SIGNAL DeietePage; RETURN; END; 

carry<-halfPage + w + (IF on Right THEN used ELSE 0); 
--magic to leave the page on the I(eft just over half full 
FOn i IN [O .. llextOiher] UNTIL carry + i)(here<-oFoo[i-1].k) 
DOENDLOOP; 

IF carry + i< = here THENERROR; 
IF onRight THEN BEGIN 

other[O] <-i; 
Move[other,O,tilis); 
other[O] <-nextOlher; 
Slip[other,other,i,O,otherEnd + page·here]; 
other[O] (-nextOther-i; 
END 

ELSE8EGIN 
l<-nextOther-i; 
Slip[this,this,O,I,otherEnd + thisEnd-here]; 
this[O] <-0; 
Move[ otller,i, this]; 
this[O] <-I + nextlndex; 
END; 

END; 

Unpack:PROCE[)URE[v:VArray,item·lndex] RETURNS[Foo,lndex,NN,NN,NN] = 
BEGIN next:NN ~ v [0]; foo:Foo = LOOPHOLE[@v[wll; 
RETURN[foo,next,foo[next-1] .k,foo[itemJ.k,foo[itelll-1].k]; 
END; 

rvlove:PROCEDURE[from:VArray,at:lndex,to:VArray] = BEGIN 
to Nex\,fromNext,fromEnd ,atEne!, toEnd :NN; 
[, tromNext, fromEr.r<, ,at[nd] <- U npack[from,at]; 

. [,loNext,toEnd,,] i-Unp3ck[to,0]; 
Sli[1[from,to,at,tof\lext,toEnd-atEnd + fromEnd]; 
to[D] <-toNext + fromNext-at; 
from[O] <-at; 
END; 

Slip:PROCEDURE[this,other:VArray,startlndex,newlndex,newData:lndex] = 
BEGIN foo,toFoo:Foo; endlndex,endData,startData,q:NN; 
[foo,end I ndex ,end Data"slartData] <- Unpack[this,startlndex]; 
toFoo<-LOOPHOLE[@other[wll; 
q c· LOOPHOLE [F Uflll [newData-endData,O]J; 

2 

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



Copy[@foo[startindex],@toFoo[newlndex],end Ind ex-start!ndex,q]; 
Copy[ @tllis[endData],@('ther[nBwData],slart[)ata-endData,O]; 
END; 

Copy:PROCEDURE[frolll,to:POINTER,len,a:NN] -= BEGIN i:NN; 
IF len>2!:i6 THEN ERROR; 
IF LOOPHOLE[to,CARDINAL]>LOOPHOLE[from,CARDINAL] 
THEN FOR i DECREASING IN [O.Jen) DO (to + i)t "(from + i) t + a; ENDLOOP 
ELSE FOR i IN [0 .. Ien) DO (to + i)t <- (from t i)l + a; ENDLOOP; 
END; 

Check:PROCEDURE [v:VArray] = BEGIN 
foo:Foo = LOOPHOLE[@v[w]]; 
i:NN; 
IF v[O] > '" LENGTH[vt] THEN ERROR; 
IF foo[MinusOne].k # LENGTH[vt] THEN ERROR;·· Horrible kludue (JHM) 
FOR i IN [O .. v[O]) DO IF foo[i].k> = foo[i.1].k OR foo[i].\} > foo[i-1J.k - foo[i].k THEN ERROR; ENDLOOP; 
END; .. 

END. 

A Varray consists of: 
1) the number of iten',s (n) stored in the array. 
2) a mumble, described below. 
3) n packed descriptors for the items, each consisting of a pointer to the startinq place and a length for the key. 
4) some empty space perhaps 
5) the items themselves, stored backward from the end of array 

3 

The length of the value part of the item can be deduced from the start of the preceeding item. The mumble is a start for a phony item so 
it ali works without special end tests. 

The Copy routines make the code smaller by 10% 
The use of Entry makes the code smaller by 10% 

A Copy is A[i]<- S[i] + x for all i 

A Slip moves entries startlndex and beyond from this array to newlndex and new Data in array other, copying both index and data. 

A Move appends entries_startlndex and beyond from this array to the other array. move updates the entry count, slip doesn't. 



•. modified by Wadler for lazy eval, 7/13/79 
DIRECTOfW 
DispDefs: FROM "DispDels", 
PLOels: mOM "PLDefs", 
ImageDels: FROM "llllageOcfs", 
InlineDefs: FROM" InlineDels", 
100els: FROM "IOOels", 
iv1iscOefs: F~10M "miscdels", 
AltoFileOels: FROM" AltoFileOels", 
FileSystemDels: FROM "FileSystcrnDels", 
FilePaf.jeUseDels: FROM" FilePageUseDefs", 
StreamOefs: FROM "StreamDefs", 
SystemOefs: FROM "SystemOefs", 
StringDds: FROM" StringDefs", 
SegnlenlDefs: FROM "SegmentDefs"; 

disp: PROGRAM IMPORTS 10Defs, P:PLOefs EXPORTS DispOefs = BEGIN 

TokType: TYPE = PLOefs.TokType; 
NodeType: TYPE = PLDels.NodeType; 
Node: TYPE = PLDels.Node; 
Symbol: TYPE = PLDets.Symbol; 
Register: TYPE = PLDefs.Register; 
String: TYPE = PLDefs.String; 
Stream: TYPE = PLDels.Stream; 
cuebug: BOOLEAN = PLDels.cliebug; 
CR: CHARACTER = 10Defs.CR; 
WP: TYPE", PROCEOURE[CHARACTER]; 

WC:WP; 
charCount: CARDINAL +- 0; 
DispCnt: INTEGER +- 0; 
AskEnd: BOOLEAN'" TRUE; 
ConfirmChar: CHARACTER; 
LineLengtll: CARDINAL = 60; 
MoreFlag: BOOLEAN; 

PrecedenCf~: TYPE = [0 .. 256); 
Operator: ARRAY NodeType OF STRING; 

CharsPerLine: CARDINAL = 72; 
cln: CARDINAL; .. current indentation of the line to be printed; 
cPos: CARDI~lAL; .. current character position; 
broken: [0 .. 1];··1 iff lines at current indentation should be put on multiple lines 
Line: ARRAY [O .. CharsPerLine) OF RECORD[break: BOOLEAN, indent: [0 .. 128), c: CHARACTER]; 
.. Invariant: 

.. Line[O ... cln).c = SP 

.. For i in [cln ... cPos)Line[i].c contains characters 

.. If Line[i].break then we can start a neVI linc there indented by Line[i].indent. This indent value us always greater than cln . 

.. cPos < CharsPerLine (i.e. we empty immediately when full) 

ClearLine: PUBLIC PROCEDURE = BEGIN 
END; 

ClearSc reen: PUBLIC PROCEDURE = BEGIN 
charCount ... DispCnt ... 0; 
END; 

Confirm: PUBLIC PROCEDURE RETURNS [BOOLEAN) = 
BEGIN 
DO 

ConfirmChar'" 10DefsReadChar[]; 
SELECT ConlirmChar FHOM 

'Y, 'y, 10Dets.CR, '& = > BEGIN 10Dets.WriteString[" Yes. "); RETURN[TRUE); END; 
'N, 'n, 10Dels.DEL = > BEGIN IODefs.WriteString[" No."); RETURN[FALSE]; END; 
ENDCASE = > IODefs.WriteString[" ?? "]; 

ENDLOOP; 
END; 

DispReset: PUBLIC PROCEDURE = BEGIN 
DispCnt ... 0; 



AskEnd t- TRUE; 
MoreFlag t- THUE; 
WC t- MyWriteProcedure; 
END; 

DispSctup: PUBLIC PHOCEDURE = BEGIN 
DispHeset[]; 
[] t- P.lnsert[H printH L.ZARY.proc.PrintRoutine.PL.Oefs.Unbollndj; 
END; 

MyWriteProcedure: PUBLIC PROCEDURE[c: CHARACTERj = BEGIN 
b: BOOLEAN; 
10Defs.WriteChar[cj; 
charCount t- IF c = 10Defs.CR THEN 0 ELSE charCount + 1; 
IF -(charCount>CharsPerLine OR c = 10Dels.Cn) OR -AskEnd THEN RETUHN; 
charCount t- 0; 
DispCnt t- DispCnt + 1; 
IF DispCnt > = PLDefs.NumLines - 5 THEN BEGiN 

END; 

IF MoreFlag THEN BEGIN 
DispCnt .. 0; 
10[)cfs.WriteChar[IODefs.CHj; 
10Defs.YVriteString[HMore? Hj; 
b t- Confirm[]; 
IF ConfirmChar = .& THEN Ask End t- FALSE; 
IF -b THEN BEGIN 

10Defs.WriteChar[IODefs.CRj; 
P.EndDisplay; 
END; 

ClearLine[]; 
END 

ELSE BEGIN 
10Defs.WriteChar[IODefs.CHj; 
100efs.WriteLine[H ... more ... "j; 
P.EndDisplay; 
END; 

END; 

NL: PHOCEDUHE[i: CARDINAL) = 
BEGIN 
IF i<cln + broken THEN .. flush out line 

BElliN i: CARDINAL; 
FOH i IN [O .. cPos) 

WC[CH); 

DO 
WC[Line[j].c); 
Une[ilt-[FALSE.:l; 
ENDLOOP; 

IF i<'~ln THEN broken t- 0; 
cln t- cPos" i; 
END 

ELSE BEGIN 

END; 

Line[cPos).break t- THUE; 
Line[cPos).indent t- i; 
END; 

PC: PHOCEDUHE[c: CHAHACTEH) = BEGIN 
Line[cPos).c t- c; 
cPos t- cPos + 1; 
IF cPos = CnarsPerLine THEN .. Time to flush line 

BEGIN 
i. i. k. I: CARDINAL; 
mindent: CARDINAL t- 77777B; 
FOH i IN [cln + 1 .. CharsPerLine) DO 

IF Line[i).break AND Line[i).indent<mindent THEN 
mindent t- Line[i].indent; 
ENDLOOP; 

FOn i .. O. i + 1 UNTIL 
i)cln AND Line[i).break AND Line[ij.indent = mindent OH i '" CharsPerLine 

DO 
WC[Line[i].c] 
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END; 

ENDLOOP; 
WC[CR]; 
IF mindent 0= 7T7T7B THEN cPos ... cln 
ELSE BEGIN 

-- We're now at greater indentation than before 
--Add blanks 
FOR j IN [cln .. mindent) DO 

LineU] ... [F .. \LSE,,' ]; ENDLOOP; 
j ... cln ... mindent; 
-- shift characters to the left 
k ... i; 

DO 
LineU] ... Line[k]; 
j ... j + 1; 
k ... k + 1; 
IF k = CharsPerLine THEN EXIT; 
IF Line[k].break AND Line[k].indent = cln THEN 

BEGIN -- flush again 
FOR I IN [O .. j) 

WC[CR]; 
j ... c1n; 
END; 

ENDLOOP; 
cPos ... j; 
broken ... 1; 
END; 

DO 
WC[Line[I].c] . 
ENDLOOP; 

FOR i IN [cPos .. CharsPerLine) DO 
Line[i].break ... FALSE ENDLOOP; 

END; 

Print: PUBLIC PROCEDURE[n: ~Jode] = BEGIN 
BEGIN ENABLE P.EndDisplay = > CONTINUE; 
i: CARDINAL; 

cln ... cPos ... broken'" 0; 
FOR i IN [a .. CharsPerLine) DO 

Line[i].break ... FALSE; 
E~JOLOOP; 

PrintExp[n,a,O,a,FALSE];broken ... 1 ;NL[a]; 
END; 
END; 

PrintExp: PROCEDUfiE[n: Node,in: CI'IRDINAL,lp,rp: Precedence, de: BOOLEAN] = BEGIN --/z 
-- This routine never calls Alloc (except in ZEval) 
-- de is true when inside a closure, so Dont Evallists 
DO -- to eliminate tail recursion 
IF n = NIL THEN PS["NiL(error)"] 
ELSE SELECT n.Type FROM 
FAIL, WILD, HOLE = > PS[Operator[n.Type]]; 
STR => 

BEGIN 
-- No Allocs done in here, by called procedures either! 
ns, ns1: PLDefs.StreamRecord; 
ns ... P.NewStream[n]; 
ns1 ... ns; 
WHILE ns1.node - = NIL DO 

IF P.ltem[@ns1] NOT IN ['0 .. '9] THEN GOTO NonNum; 
REPEAT 
NonNum => 

BEGIN 
PC("']; 
WHILE ns.node - = NIL DO 

BEGIN 
c: CHARACTER", P.item[@ns]; 
SELECT c FROM 
''', '"!' = > BEGIN PC['"!']; PC[c] END; 
36C = > PS["1036"]; 
10Defs.DEL = > PS["1'1T7"]; 
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PCl'''); 
END; 

FINISHED =) 

IN [' .. 10Defs.DEL) oo) PC[c); 
ENDCASE "') BEGiN 

PC['t]; PC[c + 1000); 
END; 

END; 
ENDLOOP; 

IF ns.node '" NIL on ns.noJe.str.:ength =0 THEN 
BEGiN PC["'); PC["') END 

ELSE WHILE ns.node - = NIL DO 
PC[P.llem[@nsll; 
ENDLOOP; 

EN Di...oOP; 
END; 

CLOSURE =) 
BEGIN 
IF n.env '" NIL THEN 

PrintEx[1[n.exp,in,O,O,TRUE) --/z 
ELSE 

END; 

BEGIN 
PC['(); 
in ... in + 1; 
PrintExp[n.exp,in,Q,Q,TRUE); --/z 
NL[in); 
PS[" where "); 
n ... n.env; 
UNTIL n = NIL DO 

PC[')); 
END; . 

pst n. vai.u nary.n ame); 
PC['=); 
PrintExp[n.val.uexp,in,O,O,de); NL[in); 
n ... n.next; 
IF n It NIL THEN PS[" and ") 
ENDLOOP; 

ID, ZARY, PFUNC =) PS[n.name.name); 
PATTERN",) BEGIN 

LIST =) 

PC[' (); PrintExp[n.pattern,in + 1 ,a,a,de]; PC['}] 
END; 

IF n.listhead = NIL THEN PS["[]"] 
ELSE 

BEGIN 
PC['[]; 
DO 

PrintExp[(IF de THEN n.listhead ELSE PZEv81[n.listheadj),in + 1 ,O,O,de]; --/z 
n ... (IF de THEN n.listtail ELSE P.ZEval[n.listtailj); --/z. 
IF n.Type - '" LIST THEN 

IF de THEN --/z 
BEGIN 

ELSE 

PC['.]; NL[in + 1); 
PrintExp[n,in + 1,a,O,de); 
EXIT; 
END 

BEGIN 
PS["TRASHED LIST TAIL!!!"]; 
EXIT 
END; 

IF n.listhead = NIL THEN EXIT; 
PC!',]; NL[in + 1); 
ENDLOOP; 

PC[']]; 
END; 

PFUNC1, UNARY =) 

IF rp)12 THEN 
BEGIN 
PC['(]; 
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ELSE 

PS[n.pfunc1.name]; 
PC[' ]; 
NL[in + 1]; 
PrintExp[n.pexp,in + 1,12, a,de]; 
PC[')]; 
END 

BEGIN 
PS[n.pfunc 1.narne]; 
PC[' ]; 
NL[in]; 
n<-n.pexp; 
Ip <- 12; 
LOOP; 
END; 

TILDE =) 

FCN =) 

IF rp)12 THEN 

ELSE 

BEGIN 

BEGIN 
PS["(-"J;NL[in + I]; 
PrintExp[n.not,in + 1,12, a,de]; 
PC[')]; 
END 

BEGIN 
PC[' - ];NL[in]; 
n<-n.not; 
Ip <- 12; 
LOOP; 
END; 

IF Ip>16 OR a(rp THEN 
BEGIN 
PC['(]; 
PrintExp[n.left,in + 1 ,a, 16,de]; 
PS[": "]; 
NL[in + 1]; 
PrintExp[n.right,in + 1,a, Q,de]; 
PC[')]; 
END 

ELSE BEGIN 
PrintExp[n.left,in,lp,16,dej; 
PS[": "]; 

END; 

NL[in]; 
n <- n.right; 
Ip <- 0; 
LOOP; 
END; 

CAT, CATL., MATCH, PAL T, APPLY, MAPPLY, GOBBLE, ITER, ASS, PFlOG, PLUS, MINUS, SEQUENCE,EQUAL = > 
BEGIN 
Iprec, rprec: Precedence; 
SELECT n.Type FROM 

PROG = > BEGIN Iprec<-2; rprec <- 2 END; 
ASS =) BEGIN Iprec<-16; rprec <- 4 END; 
PALT = > BEGIN Iprec<-6; rprec <- 6 END; 
MA TCH = > BEGIN Iprec <-8; rprec <- 8 END; 
ENDCASE = > BEGiN Iprec <-1 0; rprec •. 11 END; 

IF Ip>lprec OR rprec(rp THEN 
I~EGII'l 

['C['(j; 
PrintExp[n.left,in + 1.0,lprec,de]; 
NL[in + 1]; 
PS[Operator[n.Type]]; 
IF n.Type = PAL T OF{ n.Type = MATCH THEN in <- in + 1; 
PrintExp[n.right,in + 1 ,rprec, 0, de]; 
PC[')]; 
END 

ELSE BEGIN 
PrintExp [n .left,in,lp ,Iprec,de]; 
NL[inJ; 
PS[ Operator[n. Type ll; 
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END; 

IF n.Type = PAL TOR n.Type = MATCH THEN in .. in + 1; 
n .. n.right; 
Ip .. rprec; 
LOOP; 
END; 

OPT, DELETE, SEQOF, SEQOFC =) 
BEGIN 
PrintExp[n.opt,in,lp, 14, de]; 
PS[Operator[n.Type]]; 
END; 

ENDC/\SE = > BEGIN 
PS["TRASHED NODE!!! Type = "]; 
PC[LOOPHOLE[n.Type]] ; 
END; 

RETURN; 
ENDLOOP; 
END; 

Print Routine: PROCEDURE[s:Symbol,n1,n2: Node] RETURNS[Node] =. BEGIN 
-- zary 
-- print on terminal the entire incoming string, as is 
-- must be string coming in 
IF n1.Type - = STR fHEN P.RErr["print requires a string as input"L]; 
PrintString[n1 ]; 
RETURN[n1]; 
END; 

PrintSt ring: PUBLIC PROCEDURE[s: Node] = BEGIN 
ns: PLDefs.StreamRecord; 
ns .. P.NewStream[s]; 
WHILE nS.l1ode - = NIL DO WC[P.ltem[@ns]]; ENDLOOP; 

END; 

PS: PROCEDURE[s: STRING] = BEGIN 
i: CARDINAL; 
FOR i IN [O .. s.length) DO PC[s[i]] ENDLOOP; 
END; 

SetW riteProcedu re: PUBLIC PROCEDURE[p: WP] RETURNS [old: WP] 
= BEGIN 

old" WC; 
WC" p; 
END; 

ToggleAIIPrint: PUBLIC PROCEDURE RETURNS[BOOLEAN] = BEGIN 
RETUF~N[TRUE]; 
END; 

ToggleMore: PUBLIC PROCEDURE RETURNS[BOOLEAN] = BEGIN 
RETURN[MoreFlag" -MoreFlag]; 
END; 

t: NodeType; 
FOR t IN NodeType DO Operator[t] .. "???" ENDLOOP; 
Operator[HOLE] .. " ... "; 
Operator[CAT] .. " "; 
Operator[FAIL] .. "fail"; 
Operatcr[VVILD] fo " # "; 
Operator[CATL] .. ",,"; 
Operator[EQUAL] .. " = "; 
Operator[MATCH] .. ")"; 
Operator[PAL T] .. "I "; 
Operator[APPL Y] .. "I"; 
Operator[MAPPL Y] .. "I I"; 
Operator[GOBBLE]" "III"; 
Operator[ITER] .. "%%"; 
Operator[FCN] .. ":"; 
Operator[ASS] .. " .. "; 
Operator[PROG] .. ";"; 
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Operator[SEOOFj <- "!"; 
Oporator[SEOOFC] <- ".!"; 
Operator[DELETEj<- "~"; 
Operator[PLUS] <- "+ "; 
Operator[MINUSj<- "-"; 
Operator[TILDE] <- "-"; 
Operator[SEQUENCE] <- "--"; 
Operator[OPTj <- "?"; 

END. 
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DI~i[CTORY 

EtherRf,pol tD,~fs: FROM" EtherRAportDets", 
NO'130ps: FROM "NovaOps", 
TimeDefs: Ff10M "TimeDefs", 
InlineDefs: FROM "lnlineDefs"; 

EtherReport: P!'lOGRAM IMPORTS TimeDefs, InlineDefs, NovaOps 
EXPORTS EtherReportDefs = 

BEGIN 
-- Report events in common format to logging host. Copied from bcpl version 

-- Last modified May 11, 19796:02 PM 

-- This source file is intended to be self ·contained not requiring 
-- any declarations files - hellCf] if Pup definitions changtl, this 
-- file will need to be changed as well. 

-- Standard Pup definitions: 

Byte: TYPE = [0 .. 256); 
Socket: TYPE = EtherReportDefs.Socket; 
Port: TYPE = EtherRepO/tDets.Port; 
NetAddress: TYPE = RECORD[net, host: Byte]; 
PackedTime: TYPE = num InlineDefs.LongNumber; 

EtherPup: TYPE = POiNTER TO EtherPupRecord; 
EtherPupFlecord: TYPE = HECOFm 

[ 
eDest: Byte, 
eSrc: Byte. 
eType: WOFlD, -- 1000B = > Pup 
-- the Pup begins here, stuff above is Ethernet encapsulation 
length: WORD, -- Bytes of pup contents 
transport: Byte, 
type: Byte, 
id: Socket, 
dPort: Port, 
sPort: Port. 
contents: AFlRJ\Y [0 .. 300-pupOvWords) OF WORD, 
checksum: WORD -- position varies, follows contents 
]; 

pupOvBytes: CARDiNAL = 22; -- Pup header overhead 
pupOvWords: CARDINAL = pupOvBytes/2; 

ptEventReport: CARDINAL = 240B; 
ptEventReply: CARDINAL = 241B; 

_. Event Report 
-- Event Report Reply 

ptFlouteRequest: CARDINAL = 200B; -- Flouting table info request 
ptRouteReply: CARDINAL = 201 B; 

socketFloutelnfo: Socket = [0,2]; -- Well known socket 

FlTC:POINTER TO CARDINAL = LOOPHOLE[430B];--Real Time Clock 

-- Ether detinitions 
etherPup: CARDINAL = 1000B; 
etherOvWords: CAFlDINAL = 2; 

-- Ethernet type = Pup 
_. Ether encapsulation overhead 

ePL.oc: POINTEFl ro CARDINAL = LOOPHOLE[600B];-· Post location 
eGLoc: POINTER TO CARDINAL" LOOPHOLE[60 18J;·- Interrupts 
eLLoc: POINTER TO CARDINAL = LOOPHOLEl603Bj;-· Load location 
elCLoc: POINTER TO CAFlOINAL" LOOPHOLE[604B];-· input count 
elPLoc: POINTER ro EtherPup = LOOPHOLE[605B]; .- Input 
eOCL.oc:POINTER TO CAFlDINAL = LOOPHOLE[606B);··Output count 
eOF'Loc: POINTER TO EtherPup = LOOPHOLE[607BJ;·- Output 
eHLoc: POINTER TO 8yte = LOOPHOLE[610B];-- Host address 

etherReset: CARDINAL" 3; 
etherlnput: CARDINAL = 2; 
elherOulput: CARDINAL = 1; 

-- interface 810 command bits 



Report: PUBLIC PROCEDURE[ 
e'JentPort: Port, 

BEGIN 

eventV: POINTER TO ARRAY[O .. l) OFWORD,-- event 
eventVLengtll: CARDINAL 
] RETURNS [EtherReportDefs.Result] = 

retryCou'lt: CARDINAL = 3; 
timeOut: CARDINAL = 3'27; 
try: CARDINAL; 
r: INTEGER; 
t: NetAcluress = StartlO[Oj; -- Find my serial number 
but: EtherPupRecorcl; -- Packets live here 
origTime: PackecJTime f- LOOPHOLE[TimeDels.CurrentDayTimeOJ; 
id: Socket = [origTime.highbits,origTime.lowbits]; 
sPort: Port; 
pdh: Byte f- eventPort.host; -- Physical Destination Host 

IF InlineDeb.BIT AND[LOOPHOLE[l,UNSPECIFIED], 77777B] = 777778 THEN 
RETURN[NoEtherNet]; -- No Ethernet interface! 

IF pdh = 0 THEN RETURNlHostlsO]; -- Don't broadcast! 

eBLoc·t f- 0; -- No interrupts please 
eHLoct f- t.host; -- Our host address 
ePLoct f- 0; 
[] f- StartlO[etherReset); 

-- Source port 
sPort.net f- 0; 
sPort.host f- eHLoct; 
sPort.socket f- id; 

FOR try IN [1 .. retryCount] DO 
-- If we don't know our network, get some routing info 
IF sPort.net '" 0 THEN 

BEGIN 
routePort: Port f- [0,0, socketRoutelnfo]; 
IF -SendPup[@buf, routePort, routePort, id, 

ptRouteRequest, 0, 0] THEN . 
RETURN[RouteRequestFailed]; 

r f- ReceivePup[@buf, routePort, routePort, (0,0], 
ptRouteReply, timeOut]; 

WHILE r > 0 -- Examine the routing info reply 
DO 
rf-r-2; • 
sPort.net f- buf.dPort.net; 
IF eventPort.net # sPort.net 

AND eventPort.net = LB[buf.contents[rJ] THEN 
pdh f- buLeSrc; 

ENDLOOP; 
END; 

-- Send the event report 
InlineDefs.COPY[lo: @buf.contents, from: eventV, 

nwords: eventVLength]; 
iF -SendPup[@buf, sPort, eventPort, id, ptEventReport, 

eventVLength, pdhj THEN RETURN[SendFailed]; 

-- don't wait for response 
-- r <- ReceivePup[@uuf, eventPort, sPort, id, ptEventReply, 

--timeOut]; 
--IF r> = 0 THEN--RETURN[OKj; 
ENDLOOP; 

RETlJRN[NoReply] 
END; 

LB: PROCEDURE[x: WORD] RETURNS [[0 .. 400B)] 
BEGIN y: RECORD[I, r: [0 . .400B)] = LOOPHOLE[x]; 
RETURN[y.l]; 
END; 

SendPu p: PROCEDURE[bllf:EtllerPlIp, 
sfJort, dPort: Port, 
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id: Socket, 
pupType, 'NordLength, de~t:CI~RDINi\LI 

RETURNS[ok: BOOLEAN] = 
-- Assume (lata already in but. 
-- Returns true IF packet sent OK. 
BEGIN 
i: CI\RDINAL; 
buf.eSrr; <- eHLoct; 
but.eDest <- dest; 
but.eType <- etherPup; -- I'm a Pup in an Ether packet 
buf.iength <- word Length * 2 + pupOvGytes; 
buf. transport <- 0; 
buf.type E- pupType; 
buf.id ,- id; 
buLdPort <- dPort; 
buLsPort <- sPort; 
buf.sPort.host (- eHLoct; 
buf.contents[wo(dLength) E- 1777778; --No checksum' 

[] E- StartIO[etherRes8t]; -- Reset interface 
eOCL.oct ,- wordLength + pupOvWords + etherOvWoras; 
eOPLoct <- but; 
eLLoct (- 0; 
ePLoct <- 0; 
[] <- StartlO[etherOutpllt); -- Turn on transmitter 
FOR i IN [1 .. 30000] DO IF ePLoct # 0 THEN EXIT ENDLOOP; 
RETUHN [ePLoct # 0]; . 
END; 

ReceivePup: PROCEDURE[but: EtherPup, 
sPort, dPon: Port, 
id: Socket, 
pupType, timeOut :CARDINAL.J 

RETURNS[INTEGER) = 
-- Filter by sockets, id, and type. 
-- Return length in words of data. 
-- Return -1 IF no Pup received within specified time. 
BEGIN 
tim: CARDINAL = RTCt _+ timeOut; -- avoid short tim 
status: CARDINAL.; 

DO 
[J <- StartIO[etherResel]; -- Reset interface 
ePLoct <- 0; 
elCL.oct <- 299; 
eIPL.oc~ E- but; 
!l <- StartIO[etherlnput]; -- Turn on receiver 
UNTIL. ePL.oCt #0 

DO 
IF L.OOPHOLE[RTCt-tim, INTEGER»O THEN -- tricky 

BLGIN -- timeout 
[I <- StartlO[etherReset]; 
RETURN[-1) 
END; 

ENDL.OOP; 
status <- ePL.oct; 
[J ,- StartlO[etherReset]; -- Reset interface; 

IF status = 3778 I\ND 
but.eType = etherPup AND 
bIJf.eDest = eHLoct AND -- Discards broadcasts 
buf .sPort.socket = sPort.socket AND 
buf .dPort.socket = clPO! t.socket AND 
(id = [0,0] OR buLid" iel) AND 
buf.type = pupType THEN 
RETURN [(buf.length-22+ 1)/2J; 

ENOLOOP; -- Until good Pup received or timeOut; 
END; 

StartlO: PROCEDURE[acO: UNSPECIFIED] RETURNS [UNSPECIFIEDJ = 
BEGIN 
code: ARRAY [0 .. 2) OF CARDINAL <

[0610048, --SIO 
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0014008]; --,IMP 0,3 
RETUHN[NovaOps.NovaJSR[JSR, BASE[eode], aeO]]; 
END; 
END. 

4 


