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03-9/68000 OPERATING SYSTEM TECHNICAL MANUAL
PREFACE

AN OVERVIEW

03-9/68000 is an advanced multitasking, reail-time operating
system for the §8000 family of miceroprocessors. 05«9 15 well suited
for a wide range cof applicationa on 68000 computers of almoat any
size. It's main features are:

= Extensive management of all system resources: memory, I/0
and CPU time.

= A pawerful user=friendly interface.
= True multiprogramming operation.
- An expandable, device independent unified I/0 aystem.

- Full support for modular ROMed softwarae.

This manual is intended to provide the information necessary .to
install, maintalin, expand and write assembly language software for
0S-9 aystema., It assumes that the reader is familiar with the 68000
architecture and assembly language.

High Performanas

The operating asystem has extremely high throughput. This is
primarily due to two factors: .

1. The syatem architecture is extremely efficient, relying
‘o re-entrant coding and careful memory management
instead of diask-intensive functions.

2. The kernel, I/0 system modules and device drivers are
carefully optimized assembly-language system programs.
Other parts of the aystem that are not speed oritical
such as the Shell and the gommand set are written in
ths C language.

Modularity .
. : 0S=9 is a highly modular operating aystem., It has been designed
8¢ that each module provides specifiec functions. The modularity of

08=9 allows 4individual modules to be inclided or deleted in the
system when 05=9 i35 configured for a specific computer {depending on
the funetions that the operating asystem is to perform). FPor example,
a small, ROM bazed control computer does not need the disk related
0S=49 modules,
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The operating system also has extensive support for modular
software techniques. It can be easily customized or reconfigured by
users. It can also be readily configured for use on almest any type
of aystem, from small single=board computers up t& large multiuser
syatemas. 08-9 1s also ROMable and has extensive support for ROMed
application software.

URIX and 03-9/6809 Compatibility

The 0S=-9/68000 operating system is highly compatible with the
extensive base of 0S=9/6309 sofiware written in languages such as ¢
and Basic09. Because 05=9's system ianterfaces are very similar to
UBIX, most ONIX applicatiocon seftware written in C can be compiled and
run on 05=9/68000 with very minimal adaptation, if any.
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INTRODUCTION

0S-9 has foupr lsvels of modularity. ThesZe are described below
and are shown in figure 1.

Level 1 = Tha KEERNEL, the CLOCK Hodulé and the INIT Module

The EKERNEL provides basic system services. Thesae consist of I/0
management, multitasking, memory management and linking all other
system Modules.

The CLOCK Module is a software handler for the specific real=-
time=¢lock hardware. INIT is an isnitialization table used by the
KERNEL during asystem astartup. It specifies initial table sizes,
initial system device names, ete.

Level 2 - File Managers (RBF, SCF aad PIPEMAN)

Flle Managers perform 1/0 requeat procesaing for similar classes
of I/0 devices,

The Random Block File Manager (RBF) processes all disk-type
device funotions. The Sequential Character File Manager (SCF)
handles all non-mass storage devices. These basically operats a
character at a time (printer2 or terminals for example). PIPEMAN
handlea interprocess communication, using memory buffers for data
transfer,

Level 3 = Device Drivers

Device Drivers bandle the basie physical I/0 funetions for
specific I/0 econtrollers. Standard 0S-9 gystems are typleally
supplied with a disk driver, a serial port driver for terminals and
serial printers, and a driver for parallel printers. Many users add
customized drivers of their own design or purchase drivers from a
hardware vendor,

Lavael } = Devige Deasariptors

Device Desoripter Modules are small tablea tkat associate
specific I/0 ports with their logical namae, davice driver and file
manager.

These modules also contain the physical address of the port and
initialization data. By use of device descriptors, only one copy of
each driver 1is required for each specifiec type of I/0 device
regardless of hov many devices the system uses.

Puge 1
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HOTES: One important component not shown is the Shell, which is the
command interpreter. It 13 technically a program and not part of the
operating system itself and is desoribed fully 41ia the "05-9
OPERATING SYSTEM USER'S MANUAL®?, TYou can see what modules make up
0S=9 by using the IDENT utility on the 0S59Boot file.

Even though &ll modules can be resjident in ROM, generally only
the system bootstrap module i3 RQMed in disk-based systems. All
other moaules are loaded inteo RAM during aystem startup.

o - i o o T e e T - s mEmEEnnee-,

| | | : ! !
i INIT jommm=] 03=-9 EERNEL m=ma=]| Clock |

!
)
! | ! | { |
| R e ———— - ' | R ———
|
|
Y ! i e .
| } |
| |- | ) |
| Disk Pile | | Pipe File | | Char File |
| Mapager | | Manager | ! Manager |
|  (RBF) | | (Pipeman) | ! (SCF) I
} I | i ! |
P LI | ——
H | | | |
| | | } !
i | | ! i 1 |
| Fleppy | | Bard | | Pipe |} | Serial { |Parallel|
! Disk | | Disk | | Driver | | Driver | | Driver |
| Driver | | Driver | | (Null) | | | 1 i
I 1 1 | | 1 | [ }
JEVRY N PN [ O—— [, L PE—
| | | | : i | } ! }
{ | | | ! | | ! |
| | | [ [ | { | | [ | | |
ibo | Ibpt | {EO | [|H1 | [ Pipe | {T1 | T2 | 1P1 | (P2 |
| [ b} i1 [ | } { i Pt i
Tomn! Tanwe! "Taawn! Tao=! | S — tnwe! faewe! Tawa! Tpqam!
RBF Device Desaceriptors Pipe Desor. ScP Device Desceriptors

figure t: 03S-9 Component Hodule Organization

Page 11
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CHAPTIER 1
THE EERNEL - MEMORY MAHNAGEMERT

. : BASIC FUNCTIONS OF THE EKERNEL
The nucleus of 05-9 1is the kernel, which serves as the system
administrator, supervisor and resource manager. It 1s a relatively
gompact module written in 68000 assembly language. It is position-
independent and directly ROMable.
The kernel's maipn functions are:

1. Service request (system call) processing.

2. Memory management.

3. Syatem jinitialization after reset.

4}, MPU management (multiprogramming).

5. Input/Cutput management.

6. Exception and Interrupt processing.

. When a aystem call is made, a user trap to the kernel occcurs,.
The kernel determines what type of asystem call the user wants to
- paprform.

08-9 has two genseral types of aystem calls: ealls that perform
Input/Output {such as reads and writes) and calls that perform systenm
functiona, auch as memory. allocation and multiprogramming.

» PR

The s3system call runctiohsfarh processed directly by the kerrnel.
I/0 calls are pasaed to other parts of 0S-9 and are not executed by
the kernel. The 0S=9 -system calls are discussed 1in detail in
Chapters 14, 15 and 16.

”

XERNBL MEMORY MANAGEMENT PUNCTIORS

Memory mwmanagement 13 an important operating system function.
08-9% 13 unique in that it manages both the physical assignment of
memory to programs and the logical contents of memory by using menmory

modules,
Memory modules are the foundation of 08-9's modular software
environment. In order for any objeect {a program, constant table,

ete.) to be loaded into memory it must use the standard 0S-9 memory
medule format oonvention. This allows 08-9 to meintain a directory-—
which contains the name, addresas and other related information about '
eack module in msmory,.
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The operating system keeps track of modules that are in memory
by the wuwse of a gmodule directory. When modules are leaded into
memory they are added to the module direotory. Each directory entry
contains the address and a oount of proceases that are using the
module. This count is called the link count. .

When a process links {o a module in memory, its link count is
incremented by ona, W¥hen a process unlinks from a module the link
count 13 decremented by one. When a module i3 no longer needed {a
link count of 0} 1ts memory is deallocated and it is removed from the
nodule directory.

The Baaic Module Structure

Each module has three parts: a module header, a module body, and
a CRC valume (see figure 2): :

1. The module header contains information that describes the
module and its use. It is defined in aasembly language by
a pasect directive. The header i3 created by the linker at
link=time. The i1aformation contained in the module header
includes, the module's name, size, type, language, memory
requirenents and executior starting addreass.

2. The module body ebntains initialization data, progran
instruections, constant tables, etc.

3. The laat three bytes of the module hold a CRC wvalue {Cyelic
Redundancy Check value) wused to verify the module's
integprity.

| MODULE HEADER i

demmmmrscmce—ee—————— <

| i

| PROGRAM/CONSTANTS |

I |

> - -<

| CRC CHECE VALUE } ’
e -— E——

'rigure 2==Basic Memory Moduls Format
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Module Resquirements

There are several different kinds of modules. Each type has a
different wuse and funetion. Modules do not have to be complete
prograns, ar even written in machine language. The main
requirements are that modules do mot modify themselves and that they
ba position-independent. This allows 08-9 ¢to load then wherever
memory space is available.

The 68000 instruction set supports a style of programming called
re-entrant ocode. Modules that do not modify themselves, are called
re-entrant modules. This allows the exact same "qapy" of a module to
be shared by two or more different processes sipultaneously. The
processes will not affect each other, providing that each "gopy" of
the module has an indepandent memory area for its variables,

Almost all 0S-9 family software is re-entrant and consequently
makes most efficient use of memory, For example: Sc¢red requires 26K
bytes of memory to Jload. A request to rumn Scred is made while
apotner user (procesa) i3 running it. O08=9 allows both processes to
share the same copy, thus saving 26K of memory.

! 05=9 automatically keeps track of how many processes are using
each program module by 1ts link count., It deletes a module, freeing
ita megory, when the module’'s link count becomes 0. This happens
qpen all processes using the module have terminated.

Re-sntrant code aust be non-self-modifyipg. If one user changes
a memory location, the data in that loecation will change for all the
users of the program.

NOTR: Data modulea are an exception to the "no modification"
restriction. Careful coordination 13 required, however, for several
processes to update a shared data module simultaneously.

Position-independent code means that a program does not know
wkere 1t will be loaded in memory. In many operating systems, you
must specify a load addreas of where the program is to be placed in
nemory. 08-9¢ determines an appropriate lovad address only when the
program i3 run. 0S=9 compilera and interpreters generate position-
independent code automatically. In assembly language programming,
however, the programmer pust insure position-independence by avolding
addressing modes that refer to absclute addresses. Alternatives to
absolute addressing are deseribed in the "0S9/68000 MACRC ASSEMBLER
USER'S MANUAL™"™.
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Module Header neriniticns

Definitions of the standard set of flelds in the module header
are shown in figure 3 and .the following table.

NOTE: The ternm "offaet" refers to the location of a module fileld,

relative to the starting address of the medule. Module offsets are
resolved in assembly code by using the names shown here and linking
the module with the relooatable libraries, "sys.l" or "uar.lv,

Offset Usage
300 | M$ID Syne Bytes (3LAFC) | figure 3:
P e e < Module Header
$02 | H3SysRev Revision ID | Standard Fields
Smmm————— ——————— o e e e < .
$00 | M3Size Module Size | ® These fields are
b I A cosmaseseeeeer——r=n=r==ree={ Off3ets to stirings.
408 | M$0wner Cwner 1D |
) PR, emme <
$0C | MjEame Module Name Offset -
D o T = - O
$10 | M$Aoos Aocgess Permissions !
) Y ———— - [ ———
212 | M3Type Module Type I

T - p—_

313 | M$Lanpg Module Language !

S ——— - -t

$18 | M3Attr Attridvutes |

Smmme - —— -——— o

$15 | M$Revs Revision Level !

S - -

$16 | M$Bdit Bdit Edition !

Srmm—————————— - R ——

418 l H#Unase Usage Comnenta 0ffset L

--------- - - - Y

$1C l H‘Srlbol Symbol Table i

d= - - -——— ————

$20 I RESERVED !

—_—— = —ecammmal

42E | M$Parity Header Parity Check {

>= ——- -——- i S

$30-up I Module Type Dependent {

——— S P

l Module Body |

Summen——— — -—— B <

| ce chack |
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UTILIZATIQR

M3ID

M33ysRev

H§Size

M%Owner

M$Name

Midaos

M3Type

3ync Bytea ($LAFC).
These conatant bytes are used to locate modules during the
startup memory search,.

Systenm revision identification.
This identifies the format of a module,

Size of moduls.
This i1a the overall aize of the module in bytes including
header and CRC.

Owner ID. .
This is the group/usaer ID of the module's "owner”™.

0rfset te Module Hame.

The address of the module name string relative to the start
(first ayno byte} of the module is located here. The name
string can be located anywhere in the module and consists
of a string of ASCII oharacters terminated by a aull (zero)
byte.

Acoess Pernissions.

These define the allowable use and access to the module bdy
its owner or by other uzers. The format and bit patterns
are similar to the disk system flle security codaes, These
bytes are reserved for future use,.

Module Type Code.
Module type valuesa are fourd in the "oskdefs.d® file, and
describe the module type code as below:

NHame Description

0 Not Used (Wild Card value in system
calls)

Frzm - 1 = Program Module
Shrtin 2 = Subroutins Modulse
Hulti 3 = Multi-Module#
Data. 4 = Data Moduls
5=10 = Reserved®
Traplib 11 = User Trap Library
Systnm 12 = System Module (0S=9 COmponent)
Flmgr 13 = File Manager Module
Driver 14 = Physical Device Driver
Devic 15 s Device Dascriptor Module

16=up = User Defimable

& peserved for future use
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UTILIZATION

A S e e D G S - - 0 D D A e e e S

M3Lang

M3Attr

M$Bava

MeRd1L

H$Symbol

Language. :

Module language codes are found in the Toskdefs.d" file.
They describe whetner the module 13 executable and which
language the run=time system requires for execution (if

any):

Name Deseription

0 = Not Used ("Wild Card" value in system
calls)

Objct 1 = 68000 machine language
ICode 2 = Basic I-code
PCode 3 = Pascal P=code
CCode 4 s € I-codet
CblCode 5 = Cobol I-code
FrtnCode 6 = Fortram I-gcode®
T=-15 = Raserved® .
16-255 = User Definable

® peserved for future use

HOTE: Hot all <combirations of module type codes and
languages necessarily make sense.

Attributes
Bit 7 indicates that the module is re-enatrant (sharable by
nultiple tasks).

Revision Level.

This 4indicates the revision level. If two modules having
the same name and type are found in the memory search or
are loaded into memory, only the module with the highesat
Revision Level i3 kept. This allows easy substitution of
modules ror update or correction, especlially ROMed modules,

Edition.

This indicates the software release level for maintenance.
Not wused by 035-9, Every time a program is revised (even
for a amall change) this number should be increased. It is
suggested that intarnal documentation within the source
progranm be keyed to this system. !

Conments.
Reserved for cffset to module usage comments.

Symbol table offset.
Resarved for future use of a Symbelie debugger.
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NAME UTILIZATION

M$Parity BHeader Parity Check.
This .is the one's complement of the exclusive-0R of the
previous header T®words®. . It i3 used by 05=-9 for a quick
check of the module's integrity.

Additional Headsr Fields FYor Individual Modules

Certain types of modules have additional standard header fields
following the universal offsets described adbove. These fields are
shown in rigure 4} and the table that follows.

A conmon type of module is the "preogram module®” (type: Prgram,
language: Object). It is executable as an independent process by the
rF$Fork™ or "F$Chain® system calls. This type of module is produced
by the assembler and € compilers. It i1s the module type of most 05=9
commands., It has six Ffields in additior to the universal set.

Trap handler modules are discussed 1ian detail in Chapter 10.
File Manager modules are discussed in Chapters 5, 7 and 8. Device
Drivers are discussed in Chapter 6.

NOTE: _The term ®offset" refera to the location of a module fileld,
relative to the atarting address of the module. Module offsets are
resolved in assembly code by uaing the names shown here and linking
the module with the relocatable library: %sya.l® or "usr.l®".
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Individua: Offset Usage
Module Use Address . .
mm =, rereeeeean=ea $30 | H$ExsO Execution Offset !
| | Pile Manager, System]| |
I I I I >--------------—u- —————————————— P T L.+
N S [ $34 | M$Bxzopt Default User Trap Execution ™|
| | Device.Driver | Entry Point !
f 11 > —— - C Sy SRR
| | 'easacsacccsa=ea 338 | M$Monm Memory Size H
11 P —————- . Ay
[ $3C | M$3tack Stack Size !
1 1 D o e e e e e e e e e e P
| Program 480 | M4IData Initialized Data Offset ' !
| demswam smm- - e e e <
| '- ——— - $44 | M$IRefs Initialized References 0ffset |
) demrccersracnen ——msmeccesssem——— P 4
Trap Handlers $48 | M4Init Initializatiorn Execution Offset|
I
[}

mesmsscccccmccsaa==s $4C [ M$Ternm Termination Execution Offaet |

figure 8: Additional Header Fielda for Individual Modules

NAME UTILIZATION

(The following two fields are used by Program, Trap Handler, Device
Driver, File Manager and 8ystem Module Headers)

M$Exen Execution Offset.
This 4is the offset to the program's starting address,
ralative to the starting address of the module,

MéExopt Default user trap execution entry point,
This 1s the relative address of a routine to be executed if
an uninitialized wuser trap is ealled.

{The following fileld 13 used by Program, Trap Handler and Device
Driver Module Headers)

Hinan Hemory Size.

This 18 the required size of the program's data area
{storage for program variables).
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. NAME
(The following three fields are used by Program and Trap Handler
Module Headers)

MiStack

M$IData

M$IRefas

Stack Size.
This i3 the minimum required size of the program's stack
area,

Initialized Data Offset.

This 43 the offsat to the initialization data area's
starting address. This area qontains values to be copied
to the program's data area. All constant values declared
in T®vgects"™ are placed here by the linker. The firat 4
byte wvalue i1is the offset from the beginning of the data
area to whiech the initialized data is copled, The next fJ-
byte value i3 the number of initialized datz bytes to
follow.

Initialized References Offset.

This i1is the offset to a table of values to locate pointers
in the data area. Initialized variables in the pregram's
data area may contzin values that are pointers to abaolute
addresaes. Code pointers must be adjusted by adding the
absolute atarpins address of the object code area, The
data pointers umust be adjusted by adding the absclute
astarting addresa of the data area., This effective address
calculation i3 done automatically by the F$Fork system call
at execution time using tables created in the module which
contain the following informaticn:

The first word of each table is the most significant
(MS) word of the offset toc the pointer. The second
word 1is a eount of the number of least significant
(LS) word offsets to be adjusted. The adjustment is
mads by combining tke MS word with each LS word entry.
This offset locates the pointer in the data area. The
paointer is ad]Justed by adding in the absolute starting
address of the gbject code or the data arsa (for code
pointers or data pointers respectively). It is
posasible after eoxhauasting this first count that
another MS word and count are given. This continues
until a M2 word of zero anmd a count of zaro is found.

. {The rollowing two fields. are used by Trap Eandler Module Headers)

M$Init
H$Tearm

Initislization Execution Offset.

Teraination Exeoution Orfast.
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The CRC Cheock Value

At the end of all modules is a CRC or Cyclical Redundancy Check
valua. The CRC is an error checking method used frequently in data
communications acd storage aystems. It i3 used to check the validity
of the entire nodule,. It i3 also a vital part of the ROM memory
modula search technique. It provides a very high degres of
confidence that programs in memory are intact before execution. It
serves a3 an almoat foolproof backup for the error detection systems
of disk drives, memory aystems, etoc.

In 05-9, a 24=bit CRC value is computed over the entire module
starting at the first byte of the module header and ending at the
byte Juat ©before the CRC 4itself. 05-9 family compllers and
assemblera automatically generate the module header and CRC values.
If required, a user program 6an use the F$CRC system call to compute
a CRC value over any specified data=bytes. For a full descriptionm of
how F4CRC computes a module’s CRC, refer to the F4CRC system call
description.

08=9 will not recognize a module with an incorrect CRC value.
For this reason, you must update the CRC value of any module
T"patched®™ or otherwise modified in any way, or the module can not be
loaded from disk or found in ROM. The 0S8-9 utility, FIXMGD, can be
used to update the CRC's of patched modules.

HOMed Memory HMHodulesa

When 0S-9 starts after a system reset, the kernel searches for
modules in ROM. It detects them by looking for the module header
ayne code ($84AFC). When this byte pattern i3 detected, the header
parity is cheoked to verify a correct header. If this test succeeda,
the module size 13 obtained from tke header and a 24 bit CRC is
computed over the entire module. If the computed CRC is valid, the
meaule is entered into the module directory. The chances of
detecting a "false module" are virtually nil.

08-9 linka to any of its component modules that were found
during the search. A1l ROMed modules present in the system at
startup are automatically 4included in the system module directory.
This allows partially or completely ROM-based systems to be created.
ROMas containing non-system modules that are found are alao Linked.
This allows user-supplied soeftware to be looated during the starteup
procesa and entered intc the module directory.
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. 03-9/63000 MEMORY MAP

03-9 Level 1 uses a software memory management system where ‘all’ ,.
memory is contained within a single memory map. Therefore, 0S«% and
all user tasks share a common address space, : Tl

A map of a typical 05-9/68000 memory space is shown in figure 5.
The various sectionsa shown for ROM, RAM, 1/0, ete., are not required
to be at specific addresses (except where noted), We recommend that
each section be kept in contiguous reserved blocks arranged in an
order that faocllitates future expansion. It is always advantageous
for RAM to e physically contiguous as much as posaible,

smm———— errssscensnmccne=, <= Higheat Memory Address
Bootstrap ROM
and/or <= Bootatrap ROM located

i
{ Optional ROMs For here with first 8 bytes

| S8ystem or Application (raset vectors) also mapped
|

>

Software to vector locations
e v e 000000=00000T7.
I/0 Device Addresaes |
!

- LY ——w
Unused, |
Available Por Future |
RAM or ROM Expansion |
esscsnssanee—eeee==e={ (= RAM in multiples of 8K
{ contiguous,expanded upward.

RAM
128K minipum
256K recommendad
(the more the better)

S o ———— —— — ——

rerrcscnsnrcemeneeccs=sceed = Address 000400
ROM or RAM For |
Exzcepticn Veetors |

......... wmmcesnasseasal (-« Address 000008

. | ROM O
|Initialization Vectors |

lecssssrscncsnccnaassee=? = Address 000000

L S R NP

figure 5: Typiocal 08-9/68000 Memory Map
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SYSTEM MEMORY ALLOCATION

During the @0S-9 starte-up sequence, blocks of RAM and ROM are
found by an automatio search funection ir the Boot Rom. Some RAM is
reserved by O0S=9 for 1ts own data structures. ROM blocks are
searched for valid 05«9 ROM modules.

The amount of memory required by 08S-9 is variable. Actual
raquirementa depend on the system configuration and the number of
active tasks and open files. The following sections describe
approximate amounts of memory used by various parts of 05=9,

Operating System Object Code

4 complete set of typical operating system component modules
(kernel, I/0 managers, device drivers, etec.) cceupies about 24K to
32K bytes of memory. These modules are normally bootstrap loaded
into RAM on disk=based syatems. 05-9 does not dynamically load
overlaya or swvap asystem gode 50 no additional RAM is required for
syatem gode,

Alternatively, 082-9 can alsoe bs placed in ROM for non-disk
aystems. The typical operating system cbject code size for ROM-
based, non-disk systems is about 16K bytes.

System Global Memory

0S=9 uses an 8K section of HRAM memory for internal use. This
pemory area i3 wusually located at the lowest RAM memory addressed.
It contains an exception Jump table and system global variables.
Variables 1in this area are aymbolically defined in the Tsys.l"
library using uame prefixes of "D_",

WARHING: Deapite the temptation, user programs should never directly
access these variablea. Syatem calls are provided to allow user
programns to read the informationm in this aresa.

System Dynaaic Memory

05-9 majintains dynamic=sized data structures (suech as I/0
buffers, path deseriptors, procesa descriptors, ete.) which are
allocated from the general RAM area when needed. Pointers to the
addresses of these data structures are kept in the System Global
Memory area., 0On a typical small asystem, the RAM memory used will be
approximately 16K. Exaet 3izes of all the system's data struoture
elements can be found by studying a listing of the source files that
make up the "sys,l" library file.
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User Memory

All unused RAM memory is assigned to a free memery pcol. Memory
apace 1s removed and returned to the pool as it 13 allocated or
deallocated for various purposes. O0S-9 automatically asaigns memory
from the free memory pool whenever any of the following occur:

1. When modulea are loaded into RAM.
2. When new prooesses are created.
3. When processes request additional RAM.

4. When 05=-9 needs more I/D buffers or its internal data
structures must be expanded,

Storage for user program object code modules and data space is
dynamically allocated from and deallocated to the free memory pool.
User oblect code modules are also automatically shared if two or more
tasks execute the same object program. User objeot code application
programs can also be storesd in ROM memory.

The total memory needed for user memory largely depends on the
application software to be run, It 13 sBsuggested that a system
minipum of at Jleast 128K plus an additional 64K per user be
avallable. Alternatively, & small ROM-based control aystem might
only need 32K of memory.

MEMORY FRAGMENTATION

Once a program 18 loaded it must remain at the address at which
it was originally loaded. Even though position independent programs
can be initially placed at any address where free memory is
available, progran modules can not be relocated dynamically
afterwards, This characteristic can lead to a sometimes troublescme
Phenomencon called "memory fragmentationr,

When programa are loaded, they are assigned ,tke first
sufficlently large blook of memory at the highest address possible in
the address apacge. If a number of program modules are loaded, and
Subsequently one or more non-contiguouvs modules are funlinkedr,
several fragments of frea memory apace will exist. The total Pfree
memory space may be quite large. But because it is scattered, not
epough apace will exist i1in a single block to load a particular
program module, : :

end of chapter 1
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STY3TEM INITIALIZATIOR FROM RESET

After a hardware reset, the kermel (located in ROM or loaded
from disk, depending on the system involved) i3 executed by the
"hootstrap® ROM. The kernmel themn initializes the system. This
includes 1locating ROM modules and runaning the system startup task
(usually S¥YsS@o). .

INIT: THE CONFIGURATION MODULE

INIT 18 a module that coatains system startup parameters, It is
a table used during startup to speoify initial table sizes and syatem
device names. It must be in memory when the kernel is executed and
usually resides in the 0389Boot file.

INIT 13 a non=executahle module. It has the module type: "Sysatm®
(code $0C). 08-9 uses INIT to configure itself during startup. It
iz always avallable to determine syatem limits. The module baegins
with a standard module header (figure 3 in Chapter 1) and the
additional fielda shown in figure 6 and the table that follows it.

NOTE: See Appendix B for an example program listing of the INIT
module, Offset names are defined in the relocatable library "sys.lrm,

HOTE: The tarm "offset® refers to the logation of a module fleld,
relative to the starting address of the module. Module offsets are
resolved 1in assembly ccde by uaing the names shown here and linking
the module with the rslocatable library: T"ays.l" or "uar.l.”®
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Qffset Usage

$30 | Beserved - T
334 r'EI;;II;;";'EEE';;IIZZE';;ZIZ'ELZ;Z;S'T
$36 |'EESZ;E;Z"BZ:ZZZ'EZZEZ'EZQ:"'" """ T
$38 ?-E;;;;;;---;niti;I-Procass Table Size T
$3n | WePaths  Toitial Fath Table Size |
s3c | Reserved T T

Jemrcessererressersrscccannanscccasnaa ———
$3E | M$38yaGo First Executable Module LB
SU0 | WeSyadev Default Directors T
$42 | eComsol TInitial Standard 170 Path #i
s4h | NiExtens Customization Module Name #1
s46 | W§Glook  Clook Moduls Name e}
s48 | WeSlles  Ticks per Time Siies |
$up | WeUsrAet User Accounting Fackage 81
suc | Ressrved T

dammeecsecemcemcmmacacscnsannnescem———— -—<
$50 | M$Inatal Inpstallation Name L]
852 | MICPUTYS CPU Type 68000/68008/68010 |
956 | MOSILvl Operating Systes Levei 1
s5a | H30SIRev Revision Name i
$5C | MaSyaPri Initial Syates Prierity |
$58 | WaMinPey Minimem Prierity 3
$60 | WiMazige Nasimem ize S
362 ’:'EZ::I-;;E""'"'"' I
$66 I l#!ven:;--;;itial-;vant ;;;le S:;:----T
368 | Reserved (28 bytes) . T
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© W8T aps offsets to
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follow the 23-byte
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NAME

M$PollSz

MéDevCnt

M3Progs

M4Paths

M$Sysgo

M4SysDev

M3jConsol

M§Extens

M§Cloak

08~9/68000 OPBRATING SYSTEM TECHNICAL MANUAL
CHAPTER 2 :
THE KERNEL - INIT & SYSGO

DESCRIPTION

Nunber of entries in the IRQ polling table.

This 1is the number of entries in the IRQ polling table.
Ons entry is required for each interrupt generating device .
control raeglster.

Devige table 3ize.
This 13 the number of entries in the system deviece table.
One entry 1is required for ecach device in the system.

Initial process tabls size.

This indicates the initial number of active processes
‘allowed in the system, If this table becomes full, it will
automatically expand as needed.

Initial path table size.

This is the initial number of open paths in the sysatem. If
this table becomes full, it will automatically expand as
naeded.

First exocutable module name offaset.
This i3 the offset to the name string of the first
exaecutable module (usually SYSGO).

Default directory name offset.

This is the o¢offset to the init{al default directory name
string (usually /D0 or /HO). The sysem initially does a
%chd"™ to this device and expects to find a directory named
NCMDS® and a file named "startup® on it. If the system
doesa not use disks this offset must be zero.

Initial I/0 pathlist name offset,

This 1s the offset to the 4initial I/0 pathliat string
(usually /TERM). This pathlist i3 opened as the standard
path for the initial startup module. It i3 generally used
to set up the initial I/0 paths to and from a terminal.
This offaset may contain zero if it not used.

Customization module name offaat.

This 1s the offset to the name string of a customization
module (if any). A oustomization module i3 intended to be
ugsed to compliment or change the existing standard system
calls wused by 08=9, This module i3 searched for at
startup, and if found executed in gystem atate, Typically
it is found in the bootfile. The default name atring to be
searched for ia TOS9Pp2v,

Cloak module name offset.
This i3 the offset to the clock module name string.
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DESCRIPTIOR

M$Slice

M$Usriat

M$Instal

n

MACPUTYD"

F)

M$0S9LV1

* " This four byte field is divided into three parts:

M$0S9Rev

H3SysPri

M3MioPty

M$Maxidge

M§aventsa

Timesliocs.
The aumber of clook ticks per timeslice.

Daer accounting package name offset.

This 1a the offset to the user accounting package name.
Microvare does not currently supply an accounting package.
If supplied by the user, the aystem will search for it
during startup. The default name string to be aearched for
is ®UACCTY™,

Offsat to installation name.
This is the offset to the installation name string.

. Gpu Type.

Cpu. 'type: 68000, 68008, 68010,

.Leiély’Veraion and Bdition.
level: 1 byte
veraion: 2 bytes
edition: 1 byte

For exampla, level 1, versiom 1.2, edition 0 would be 1720.

Reviaion offset.
This is the offset to the 0S-9 level/revision string.

Priority.

This 13 the ayatem priority that the first module {usually
SYSGO) ia executed at. This is generally the base priority
that all proceases start at. '

Minimum Priority.

This is the inmitial system minimum executable priority.

For a complete discussion on Minimum Priority, see Chapter
L on execution socheduling and Chapter 15 (FiSetSys).

Maximum Age.

This i3 the initial system maximum natural age. For a
complete discussion on Maximum Age, see Chapter 4 on
execution acheduling and Chapter 15 (F$§SetSys).

Number of Entries in the Events Table

This is the initial number of entries allowed in the avents
tabtle. If the table becomes full, it will automatically
expand as needed. Saa Chapter 14 on Events for discussion
of event usage.

Page 2-%



03-9/68000 OPERATING SYSTEM TECHNICAL MANUAL

CHAPTER 2
THE EERNEL - INIT & SY3G0O

31360

. ’ 5YSG0 is the first user process started after the sytem' startup
sequence. Its standard 1/0 will be on the aystem console devicae. It
usually performs the following functiona:

1.

SYSGQ does additional high level system initialization.
For example, 3YSG0 will call the Shell to process the
atartup shell procedure file.

SYSGO starts the console Skell (or other progranm).

SYSGO remains ip a walt state during system operations.
Thia acts as . ipsurancea againpst all processes
terminating, leaving the system halted. For example,
if the c¢onscle terminal process terminates, SYSGO
generally restarts 1it.

The standard SYSGO wmodule for disk systems can not be used on
non~-disk aystems. dowever, it 1s easy to oustomize ' SYSGO 1f

necessary.
. See Appendix B for an example source listing of the SYSGO

module.

end of chaptar 2
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EERNEL SYSTEM CALIL PROCESSING

03-9 =sarvice requests (system calls) are processed through

the kernel. Service requests are used to commuzicate between 05-9
and assembly language programs for such things as allocating memory
er creating processes. In addition to I/0 and memory management
funetiona, there are other aservice request functions that inelude
interprocess control 'and timekeeping.

The system wide relocatable library files, "sys.l" and Tuser.l"?
define symbolic names for all service requesta. The files are linked
with hand-written assemdbly language or compiler-generated code. The
0S=-9 Assembler has a built=in macro to generate aystem calls:

0389 I$Read

This i3 reccognized and assembled to produce the same code as:

. In

functions
programa.

TRAP #0
de.w I$Read

addition, the C Compiler standard library ineludes standard
te access nearly all user mode 03=9 system calls from C

Parameters for system calls are usually passed and returned in
registers. Service requests are divided into three categoriaes:

1.

User Mode Funetion Bequests: These functions perform memory
management, multiprogramming and other functions for user
programs. These are mainly processed by the kernel. The
symbolie names feor this category begin with "F$", . For
example, the system call to link a module is called F$Link.

170 Requesta: These requests perform various I/0 functions
and are processed in the File Manager and Device Driver for
a particular device, The aymbolic names for this category
begin with "I4", For example, the "read® service request
is called "IgRead"®,
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Systea Mode PFunction Requests: 'These requests are spaéial
system calls that caer only be used by aystem software in
supervisor state. They usually operate on internal 08-9

data structures. They . are system calls instead of

subroutines in " order to preserve the 0S=9's modularity.
These calls can not be acceased by user programs. They are
documented in this manual for programmers who may use them
when writing system modules auch as devigce drivers. The
symbelic pames for these system calla begin with "F3»,

end.of chapter 3
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OVERVIEW QF MULTITASEIRG

0S=-9 is a multitasking operating system which allows several
independent programs called processes or tasks to be axecutad
simultaneocusly. All 08-~9 programs are run as processes. Each
process can have access to any system resource by issuing appropriate
service requests to 0S=9.

CPU time i3 a finite resource that must be allocated efficiently
to maximize the computer's throughput. Characteristically, many
programa spend much unproductive time waiting for various events to
occur (such as an input/output operation).

A good example 13 an interactive program which communicates with
a persoan at a terminal. While the program waits for a line of
characters to be typed or displayed, it (typically) ean not do any
useful processing and may waste valuable CPU time.

An efficlent nmultiprogramming operating system such as 0S-9
automatically assigns CPU time to only those programs that can
effectively use the time, To accomplish this, 0S-9 uses a technique
called timesliaing. ]

Timeslioing allows processzasa to sharé CPU time with all other
active procesaes. It 4is implemented by wusing botk hardware and
software funcetions.

The system's CPU is interrupted by a real time clock at a
regular rate of (usually) 100 times each second. This basic time
interval 13 called a "tiek". Therefore, the interval between ticks
i3 usually 10 millizseconds.

At any occurrence of a tiok, 0S=9 can suspend execution of ohe
program and begin execution of another. The starting and stopping
of programs 1is done in a manner that does not affect the program's
execution,

Processes that are active (not walting for some event) are run
for a apecific aystem assigned period galled a time slice. How often
a procesas recelves a time slice depends on a procesa'’ priority value
relative to the priority of all other active processes. Many 0S=9
service requests are available te create, terminate, and control
processes.

This technique 1is called timeslicing because each second of CPU
time 413 sliced up to be shared among sevaral processes. Timesliocing
happens =0 rapidly that to a human observer, all processea appear to
exeoute ocontinuously (unless the computer becomes overloaded with
progessing).

Page §-1



0S-9/68000 OPERATING SYSTEM TECHNICAL MANUAL
CHAPTER A& !
THE KBRHEL - MPU MANAGEMENT & PROCE3S EXYECUTION

If overloading doea occur, a noticeatble delay in response to
terminal input may result or "batch®™ programs may take much longer to
run than they ordinarily do. R

Proceas Memory Areas

411 processes are divided inte two logically separate memory
areas: one area for code aand ome for data. This dichotomy provides
08=9's modular software capabilities.

A program mpust be in the form of an executable memcry module
(described in detail in Chapter 1) iz order to be rum. In thia form,
it 135 called the primary module. It may link to and execute code in
other modules, It 1s position-independent and ROMable, and the
memory it occupies is considered to be "read-ocnly"®.

The precess' data area i3 a separate memory space where all of
the program's variablea are kept. The top part of this area is used
for the program'a stack, The actual memory addresaes that are
assigned to the data area are not known at the time the program is
written. 4 base address i3 kept in a register {(usually aé by
econvention) to access the data area. This area ocan be read or
written to.

If a pregram uses variables that require initialization, the
initializing values must be copied from the read-only program area to
the data area where the variables actually reside, The 0S=9 linker
builds appropriate initialization tables which are used by 08=9 to
initialize the variables,

Process Creation

4 New proceases are oreated by the F§Fork ("fork") system call.
The moat important parameter passed in the fork system call is the
name of the Tprimary module® that the new process is to initially
execute. The creation process is outlined as follows:

-]

1. Locate or Load the Program. . 03-9 first tries to fipd the
module in memory. If it can not be found, 0S-9 attemptas to
load into memory & mass-storage file uaing the requested
nodule pame a3 a file name. -
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2. Allocate and Initialize a Proceaa Deacriptor, Once the
primary module has been located, a data structure called a
procesa deseriptor i3 assigned to the new process. The
proceas deseriptor ia a table that contains information
about the process, its state, memory allocation, priority,
I/0 paths, ete. The process descriptor is automatically
initialized and maintained by 08-9, The process need not
be concerned about the descriptor's existance or what it
containas, .

3. Alloeate the Stack and Data Areas, The primary module's
module header contains a data and stack asize. 05=9
attempts to allcoccate a CONTIGUOUS memory area of the
required size from the free memory apace.

4, 1Initialize the Prodeas. The new process' reglsters are set
up to the proper addresses in the data area and object code
module (3ee figure 7). If the program uses initialized
variables and/or pointers, they are copied from the ohJect
ocode area to the proper addresses in the data area,

If any of these steps can nat be perfSrmed, ereation of the new
process is aborted, and the process that originated the "fork" ia
informed of the error. Otherwise, the new process is added to the
active process queue for execution scheduling.

The new process 13 also assigned a unigque number called a
Procesas ID which is wused as its identifier. Other processes can
copnmunicate with it by referring to its ID in various aystem calls.
The process also has an associated Group ID and User ID which are
used to identify all processes and flles belonging to a particular
user and. group of users. The IDs are inherited from the parent
process.

Processes terminate when they execute an "F$Exit" system service
request or when ' they receive fatal signals or errors. The procesa
termination closes any open paths, deallocates 1its memory, and
unlinks its primary module.
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PRIMARY NODULE REGISTER CCHTEBRIS .
Z

HIGHEST | . CRC Check Value . |
ADDRESS duwrecacccemcmcccccvrcsee=(
i--[ Initialization Data |
P ————
i Executable i
| Object Code H

P e L DL L P L £ {== pc
[ Module Header |

|

!

i

: Yaemcemmcmmeceesssseemes! (== (a3)
|

I

}

module entry point

module atarting

address
DATA AREA
imemsscrsnmenansncansmmn=, {== {81) = top of memory pointer
>} Farameters H
Jemmmmcamm - ——— € <=~ (a5})}/(a7) = parameter starting
| staek i address/stack top
) S S, R
LOWEST | Variables :
ADDRESS 'eemmwrmemcercccnnrrecccas ! {an ‘(a6) = data area base address .
{lowest address)

Regiaters passed to the new process:

ar = 0000 {a0) a undefined

po = module entry point (a1) = top of memory pointer

d0.w = process ID (a2) = undefined

d1.1 s group/user ID {a3) = primary module

d2.w = priority poeinter

d3.w = pumber of I/Q paths (a%4) = undefined

) inherited ; (a5) = parameter pointer

di.l1 = undefined (a6} = statie storage {data
- d5.1 = parameter size - area) base pointer #

d6.1 = total initial memory (a7) = stack pointer

" alloecation {(same as a$5)

d? 1.-;undef1nod

% (a6) 4is always. biased by $3000 to allow objeot programs to
acoess OHUK of data using indexed addressing. Usually this bias. ‘
can be ignored because the Linker automatically adjusts for it.

figure T: HNew Proceas Initial Memory Map And Register Contents
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PROCESS STATES
At any instant, a process can be in one of three statea:
ACTIVE - The process 13 active and ready for execution,

WAITING - The process i3 inactive until a child process
terminates or a signal ifs reqeived.

SLEEPING -~ The process is inactive for a speeific period
of time or until a signal is received.

There is a queue for each process state. Each queue i3 a linked
list of process deseriptors corresponding to all processes with the
8ame process state. State changes are parformed by moving a proceas
descoriptor from its current queue to another queue.

The Active 3tate

The aetive astate 4ineludes all exeoutable processes. These
procesaes are given time alices for exscution agcording to their
relative priority with respect to all other active processesa. The
dcheduler uses a method that iavolves using an age comparison with
each active process in the queue., It gives all active processes scne
CPU tipme, even if they have a very low relative priority (see the
following section on Execution Scheduling).

The Waiting State

The wailt 3tate 615 ‘entered when a proceas executes a FIWAIT
system service reguest. The process remains inactive until any of
its descendant processes terminates eor until it receives a signal.

The 3Slesping State

Sleep state 13 wentered when a prooess executes an F¢Sleep
service request. The F$Sleep requeat specifies a time interval for
which the process ia to remain inaotive. Processes often do this to
avold wasting CPU time while wailting for some external event {(such as
the completion” of I/0). Zero ticks specifies an }nfinite period of
timae. The progess remains asleep until the Sspecified time has
elapsed or until a signal is received.

Page 4=5 - '



08-9/68000 OPERATING SYSTEM TECHNICAL MANUAL
CHAPTER 1
THE KERNEL - MPU MANAGEMENT & PROCES3 FIEGUTIOI

BEIECUTICN SCHEDULING

The kernel is responsible for allosation of -CPU time to active
processes, 08=9 wuses a scheduling algorithm that ensures all
processes get some exascution time.

All active processes are members of the astive process gueus,
which is kept sorted by proceas age. Procesa age is a aount of how
many process switches have occurred aince the process entered the
queue, plus the procesa' initial priority.

¥bhen a process is moved to the active process gqueue, 1its age 1is
initialized by setting it equal to the proceas' assigned priority.
Processes- having relatively higher priority are placed in the gueue
withk an artifieially higher age. Whenever a new process is placed
in the active queue the ages of all other processes are ineremented.
Ages are never incremented beyond $FFFF.

Upon coneclusion of the currently executing procesa’ time slice,
the scheduler selecta the proceas having the highest age to be
aexacuted next,. Beacause the queue 1is kept sorted by age, the oldest
process will be at the head of the queue.

Pre-enmptive Task Switohing

Duriang oritical real-time applications, fast interrupt responae
time is sometimes necessary. 05-9 provides this by pre-empting the
currently executing process when a process with a higher priority
beaomes active. The lower priority process loses the remainder of
its time slice. It is then ro-inserted imtoc the active queue.

Taak oawitching i1is affected by two asystem global variables,-
D_MinPty and D_Maxhge. Both variables are acceasable by the super
user through the F$SetSys system call.

D_MinPty defines a wminimum priority below whioh proceases are
neither aged nor considered candidatea for execution. D_MinPty is
usually set to zero on most systema. When it is set to some priority
level, all proceasesa running below that level are stopped completely
while the critical task (or tasks) runs to completion.

This 13 poteantially. dangerous %btecause if the minimum system
prierity 1s set above the priority of all runaning tasks, the systenm
will be ocompletely shut down and can only be recovered by a reset.
It i3 important to restore D_MinPty to a normal level when the
eritical task finishes.
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D_MaxAge defines a maximum age that processes are not allowed to
mature above, Usually, this variable is set to zero, but when it ias
activated, D_MaxAge essentially divides tasks into two clasmea: low
and bkigh priority. Low priority taasks stop aging at the MaxAge
cutoff. The high priority task (or tasks) will receive the entire
available CPU time. All low priority tasks will be rum only when the
high priority task(s) are inactive.

The exception to these rules is that any process that is
performing a asystem call will not be pre-empted until the call is
finished, unless it voluntarily givea up ita timeslice. This
exception 1i1s made because these processes xzay be executing critical
routines that affect shared system resources and therefore could be
blooking other unrelated procesaes.

BICEPTION AND INTBRRUPT PROCESSING

One of 03=9/68000*'3 nicer features 13 ita extensive support of
the 68000's advanced exception/interrupt system. Routines to handle
a particular exception can be installed using variocus 08=9 system
calls for the diffarent types of exceptiona,

{ Vector Relatad |
! Number 0S-9 Call Assignment |

[ 0 none | reset initial SSP |
| 1 none |“reset inieial pe T i
: 2 F4STrap { dus ;;;or - o Ut -----!:
; 3 F$5Trap } addr;;; error-- h . T h-----;-I
| % restas | iiiesal imsteactien LTI
| 5 rasteap | ware divias T
|6 resTrap | CAE imstrmstica SRR
; 7 F$STrap :-;;;;v 1nat;;ctio;-- T ----------'---:
} 8 F45Trap :-;;:vilega-;iolazion - Tt —-------:-i
i 9 F4DFork :,:;aue - o ------------------------:
| o sasteas | iine oo emarer T

% sge section heading "Error Exception?®
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| Veotor Related |
| Number 08=-9 Call Asaignment |

11 F$STrap | line 1111 emulator * |
12413 none | reserved) | TTTTTTTmmmmmmmmmoomeed
14 none {-;;;;;rved)-;;;nat e;;;;--- -------- ---------:-{
15 nome | waisitialized imcerrape TV
6e23  mome | raseren Y
24 none spu;ious ;;:errup;--- ----- ---------------—-:-}

level 1=-7 interrupt autovectors |

uger TRAP #0 instruction (08-9 call) !

user TRAP #1 - #15 instruction vectors

!
|
-— cmcasesscc———— mmemememsmsacseeee|
|

25=31 F$IRQ
32 F3089
33-47 F$TLink

|
i
!
i
|
!
|
!

(reserved) 16 .

64=255 F4IRQ | vectored interrupts

48<63 © none

- ———————— — S i v T . S e iy By y—— ———

% gsee section heading "Error Exception®

Reset Vestors: veaters 0, 1

The reset initial SSP vector contains the address loaded into
the syastem's atack pointer at startup. There must be 4k of RAM below
and at least Uk of RAM above this address for system global storage.
Each time any exception occurs, 03=9 uses this vector to find the
base address of system global data.

$‘The rreset initial PC is the coldstart entry point to 08-9. Its
only use’after startup i3 to reset after a cataatrophic failure.

HlnlIﬁGéﬁF'Usar programs should not use or alter either of these
vectors.” )

Page A=8



08-9/68000 OPERATING SY3STEM TECHNICAL MANUAL
CHAPTER 3
THE KERNEL - MPU MARAGEMERT & PROCESS EXECUTION

Brror Exceptiona: vectors 2-8, 10-24, 38-63

These exceptions are usually considered fatal program errors and
cauze a user program to be unconditionally terminated. If F$DFork
created the proecess, the process resources will remain intact and
control will retura to the parent debugger to allow a post-mortem
examination,

The F3STrap system call may be used to imatall a user subroutina
to catch the errors in this group that are considered non-fatal,

When an error exception accurs, the routine is executed in user
state, with & pointar to the normal data space used by the process
and all user registers stacked, The excepticon handler pmust decide
whether and where to continue execution.

If any of these exceptions ocecur in system state, it usually
means a system call has been passed bad data and an error 1is
returned, In some cases, aystem data structures can be damaged- by
passing nonsense parameters to aystem calls,

The Trace Exception: veotor 9

The trace exception occurs when the astatus register trace bit is
set. This allows the MPU to single step inatructions. O0S=9 provides
the F§DFork, F$DExec, and F3$DExit system calla to control program
tracing.

AutoVectored Interruptsa: veators 25=31

These exceptions provide interrupt polling for I/C devicea that
do not generate vectored interrupts. Internally, they are handled
exaoctly like veotored interrupts. .

WARNING: Level 7 dinterrupts should not normally be used, because
they are non-maskable and can interrupt the system at dangerous
times. Level 7 interrupts may be used for "software refresh® of
dynamic RAMs or similar functions, The IRQ service routine for this
vactor may not use any 0S-9 system calls or system data structures.

User Trapas vectors 32-47
The system reserves user trap zero (vector 32) for standard 05-%¢

system service requests. The premaining 15 user traps provide a
method to link to common library routines at execution time.
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Library routinaes are aimilar to program object code modules, and
are allocated their own static storage when installed by the F4$TLink
service requast, The execution entry point is executed whenever the
user trap is called. In addition, trap handlers have initialization
and termination entry points, which are executed whep linked and at
process termination.

Vectored Interrupts: vecotors §4-255
The 192 vectored interrupts provide a minimum amount of system

overhead in calling a devige driver module to handle an interrupt.
Interrupt service routines are executed in system state without any

assoclated current proceasa. The device driver must provide an error .

entry point for the system to execute if any error exceptions occcur
during interrupt processing. The F$IRQ system call 1s used to
install a handler in the system's interrupt tables. Multiple devices
may be used on the same vector if necessary.

end of chapter 4
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THE INPUT/CUTPUT SISTEM

THE 08-9 UNIFIED INPUT/OUTFUT SYSTEM

0S5-9 features a versatile unified, hardware=independent I/0
aystem. The I/0 system is modular. It can be saslly expanded or
customized by the user.

The kernel performs some I/0 procesaing (such as allocating data
structures), and ther calls an appropriate file manager module, which
may in turn call a device driver module., The file manager, devicae
driver, and device descriptor modules are standard memory modules
that car be installed and removed dynamically while the aystem is
running.

The kernel provides the first level of service for I/0 system
calls by routing data between processes and the appropriate file
managers and deviece drivers. It maintains two important ianternal
0S-9 data structures: the device table 'and the path table.

When a path is opened, the kernel attempts to link to a memory
module having the device name given (or implied) in the pathlist.
The module to be linked to i1s the devige'a desoriptor, which contains
the names of the device driver and file manager for the device. The
information in the device descriptor is saved by the kernel so
subsequent aystem calls can be routed to these modules.
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FILE MANAGERS

The funotion of a file manager 13 to process the raw data stream
to or from device drivers for a class of aimilar devices. The file
manager makes a device driver conform to the 0S-9 standard I/0 and
file structure by removing as wmany unique device operational
characteristics as possible from I/0 operations. File managers are
also responsible for mass storage allocation and directory proceasing

‘if applicable to the class of devices they servioe.

File managers usually buffer the data stream and 1ssue reqguests
to the kernel for dynamic alliocation ¢f buffer memory. They may alseo
monitor and process the data stream. For example, they may add line
feed characters after carriage return ocharacters.

The file managers are re-entrant. One file manager may be used
for an entire claas of devices having 3similar operational
characteristica. 0S-9 systems can have any number of File Manager
nodulea.

The three file managers which are included in typical systems

. are:
1. RBF (Random Block File Manager): This manager operates

random-access, block-structured devices such as disk
systema,

2. 8CF (Sequential Character File Manager): This manager
i3 used witk single-charactar-oriented devices auch as
CRT or hardcopy terminals, pritters and modems.

3. PIPEMAR (Pipe File Manager): This manager supports

interprocess communication through memory buffers
® called "pipes®,
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FILE MANAGER ORGANIZATION AND FUNCYIONS

A file manager 13 a collection of major subroutines accessed
through an offset table. The table contains the starting addresa of
each subroutine relaztive to the beginning of the table. The location
of the table is aspecified by the sxecution sntry point offaet in the
module header. A sample lisating of the beginning of a flle manager
module ia listed in figure 8.

% Sample File Manager
% Module Header declaration
Type_Lang equ (F1Mgr<<8)+0bject
Attr_Ravs equ (ReEnt<<B8)+0
psect FileMgr, Type_Lang,Attr_Revs, Edition,D,Entry_pt

% Entry Offset Table .

Entry_pt de.w Create=Entry_pt
de.w Cpan-Entry_pt
de.w MakDir-Entry_pt
de.w . Chghir=-Entry_pt
de.w "Delate=-Entry_pt
de.w Seek«Entry_pt
do.w Read-Entry_pt
de.w Write=Entry_pt

cdo.w ReadLn~Entry_pt
de.w ¥riteLn=Entry_pt
de.w GetStat-Entry_pt
de.w SetStat-Entry_pt
de.w Cloae-Entry_pt

& Individual Routines 3tart Here
fiéura 8: Beginning of a sample File Manager MNodule
L] T .
When :-the' individual file manager routines are called, standard
parameters are .passed in .the following registers:

REGISTER  POINTER PASSED

[ - 4
- - - LT T ) --- - - -

tat) Pointer to Path Descriptor
(ad) Pointer to cqurrent Progess Deseriptor
{af} Pointer to User's Register Stack

User registers pass/receive parameters as shown
in the system oall description section

(ab) Pointer to system Global Data area

.
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FUNCTIONS CF FILE MARAGER ROUTIRKES
Create, Open

Open and Create are responsible for opening or creating a file
en a particular device. This typically involves allocating any
buffers required, initializing path descriptor variables, and parsing
the patk nama. If the file manager controls multi-file deviges
(RBF), directory searching is performed to find or create the
specified file,

Makdir

Makdir creates a directory fille on multi=file devices. Makdip
is neither preceded by a Create nor followed by a Close.

File managers that are incapable of supporting directoriea
return with the carry bit aet and an appropriate error code in
(d1.w). ’

Chghir . e )

On nulti-file devices, ChgDhir searches for a file which must be
a directory file. If the directory is found, the addrass-qf the
directory is saved in the caller's process descriptor at;P$DIO0. -»

Specifically, the RBF Pile Manager saves the address of the
directory's file descriptor sector. Open/Create begins searching in
this directory when the caller's pathlist does mot begin with a "/®
character. '

File manageras that do not support directories return with the
carry bit set and an appropriate error code in (di.w).
Deletas

Multi-file device managers usually do a directory search that
is similar to Open and, once found, remove the file name from the

directory. Any media that was in use by the file 1s returned to

unused status.

File managers that do not support multi-file devices simply
return an error. '
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Seek

File managers that support random access devices use Seek to
position file pointers of the already open path to the byte
specified. Typlcally, this i3 a legical movement and does not affect
the physical devige. Ne error is produced at the time of the sesk,
if the position is beyond the current "end of file®.

File managers that do net support random access usually do
nothing, bdut do not return an error. '

Read 4is responsible for returning the number of bytes requested
to the wuser's data buffer. It should return an EOF error if there
iz npno data availlable. Read must be capable of copying pure binary
data, and generally performs no editing on the data. Usually, the
file manager will call the device driver to actually read the data
into a ©buffer., It then coples data from the: buffer into the user's
data area. This method helps keep file managers device independent.

Write

The Write request, like Read, must be capable of recording pure

; binary-: data without alteration. Usually, the routines for read and

write 'are almost didentical with the exception that Write uses the

.'device driver's output routine instead of the input routine,

ta

"ff}f,ﬁﬁF and similar random aeccess devices that use fized-length
" records (sectors) must often pre-read a sector before writing it

unless the entire sector is being written.

Writing past the end of file on a device should expand the file
with new data.

Readln

ReadLn differs . from Read 4in .two reapects. First, Readln 1is
expected to terminate when the firat epd~of-line character (carriage
return} 12 encountered. Secend, HReadLn should perfeorm any iaput
editing that is appropriate for the devics.

Specifically, the SCF File Manager performs editing that
invelves handling backspace, line deletion, echo, ete,

o
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Writeln

Writeln 1s the counterpart of ReadLn. It should call the device
driver to tranafer data up teo and including the firat (if any)
carriage return esncountered. Appropriate output editing may also be
performed.

After a carriage return, for exzample, SCF usually cutputs a line
feed character and nulls (if appropriate).

Getatat, Setatat

The Getatat (Gat Status) and Setstat. (Set Status) system calls
are wild card calls desjignad to provide a method of accessing
features of a device (or flle manager) that are not generally device
independent.

The file manager may perform some specifiec funection such as
setting the asize of a file to a given value. Status calls that are
unknown by the file manager are passed on to the driver to provide a
further means of device dependence. For example, a SetStat call to
format a disk track may behave differently on different typea of disk
controllers.

Close

Clocae is responsible for ensuring that any cutput to a device iz
completed (writing out the last buffer if necessary), and relaasaing
any buffer space allocated when the path was opened. It does not
execute the device driver's terminate routine,. but may do specific
and-of-file processing if neceasary, suck as writing end-of-file
recorda on tapes,

end of chapter 5
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I/0 DBRVICE DRIVER MODULES

1/0 Driver modules perform basic low=level physical input/output
funetions. For example, a disk driver module's basiec funetions are
to read or write a physical sector. The driver is not concerned
about files, directories, ete., which are handled at a higher level
by the 0S5S-9 file manager, Device driver modules are re-aentrant so
one copy of the module c¢an simultaneocusly support multiple devices
that use identical I/0 controller hardwarse.

This section describes the funotion and general design of 08=9
device driver modules ¢to aid programmers in modifying existing
drivers or writing nev ones. In order to present this information in
an ' undarstandable manner, only basic drivers for character-oriented
(SCF-type) and disk-oriented (RBF=-type) devices are discussed. It
13 suggested that you study this section in conjunction with a source
listing of a sample device driver.

Basiac Pumotional Requirements of Drivers

A dri}cr mcdule is actually a package of seven subroutines that
are called by a file manager 1in. system state. Their functions are:

1. Initialize the device controller hardware and related
driver variables asa required.

2. Read a standard physical unit (a character or sector,
depending on the davice type).

3. Write a standard physical unit (a character or segtor,
depending on the device type).

4. Return a specified deviee status.
5. 8Set a specified device status. '

6. De=initialize the device. It i3 assumed that the device
yill not be used again unless re-initialized,

T. Proocess an error exception generated during driver
exacution, .

Whken written preperly, a single physical driver module can
handle multiple identical hardware interfaces. The specifice
information for each physical interface (port address, initialization
constants, ete.) 18 given in a small daviae desariptor module.
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The opame by which the device 1s known to the system is the name
of the device descriptor modula. 05-9 coples the 1information
contained in the device deseriptor module to the path dessriptor data
structure for easy acceas by the drivers.

Device descriptor modules are described in detail later in this
chapter.

‘Driver Module Format

Al]l drivers must conform to the standard 0S-9 memory module
format, The module type aode 13 "Drivr".

The wexecution offset Iin the module header (M3Exec) gives the
addresa of an offset table, which specifies the starting address of
each of the seven driver subroutines.

The =statiec astorage aize (MiMem) specifies the amount of local
storage required by the driver. This 412 the sum of the storage
raequired by the file manager (V_zxx variables) plus any variables and
tables declared in the driver, .

A sample assembly larnguage header i2 shown in figure 9.

& Module Beader

kY

Type_Lang_éqG (Drivr<<8)+0bject
Attr_Revs equ (ReEnt<<8)+0

‘psect Aocila,Typ_Lang,Attr_Rev,Edition,0,AciaBnt

® Entry Point Offset Table

AciaEnt de.w Init Initialization routins offset
de.w Read Read routine offset
de.w Write Write routine offset
de.w GetStat Get dev status routine cffset
do.w SatStat Set dev status routine offset
de.w TroNat Ternipate dev routine offsst
da.w Error Error haadler routine offset

figure 9: Sample Driver Module Header Paramat
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The driver subroutines are called by the assceiated file manager
through the offaat table, The driver routines are always executed in
syatem state, Regardless of the deviece typa, the atandard

parametars listed below are passed to the driver in registers, Other
parametera that depend on the device type and subroutine called may
also be passed. Thess are described in Chapter 7 and 8 (for RBF and
SCF respectively).
INITIALIZE and TERMINATE:

{at) the address of the device descriptor module.

(a2) the address of the driver's static variable storage.

(al) the addreas of the process desoriptoer reguesting the I/0
function.

(ab) the address of the syatem global variable atorage area.

. READ, WRITE, GETSTAT, and SEi‘ST&T:
(a1) the address of the path deseriptor.
(a2) the address of the drivert's static variable storage.

(al) the address of the procesa descriptor requesting the I/0
funotion.

(a5} a pointer to the calling proceas' regiaster stack

(a6) the address of the system global variabla storage area.

- i= .

Each subroutine is terminated by aétRTS;instruction. Error

status 3ia returned using the CCR carryljpit with an error code
returned in register d4d1.w. LR .

o .
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Intarrupts and DMA

Because 03-9 is a multitasking operating syatem, optimum system
performance will be obtained when all 1/0 devices are set up for
interrupt-driven operation,

For character-oriented devigceg, the controller should be set up
to generate an interrupt upon the receipt of an incoming character
and at the completion of transmission of an cutgoing character. Both
the input data and the output data should be buffered in the driver.

In the case of RBF-type device, the controller ashould be set up
to generate an interrupt upon the completion of a sector read cr a
sector write operation. It 1s not neceasary feor the driver to buffer
data because the driver is passed the address of a complete buffer.
DMA sector transfers improve data tranafer apeed significamtly.

Usually, the INIT routine adds the relevant device interrupt
service routine to the 08-9 interrupt polling system uaing the F3$IRQ
gystem eall. The controller interrupts are enabled and disabled by
the READ and WRITE routines as may be required.

The following ianterrupt priority levela are recommendaed:

Real=-Time Clock Level 6
Terminal /Printer Porta Level 4
Disk Controllers Level 3
I1/0 Processors Level 2

DEVICE DESCRIPTOR MODULES

Device desoriptor modules are small, non-executable modules that
provide information that asscciates a specifioc I/0 device with its
logiocal nams, hardware controller address(es), device driver nanme,
file manager name and initialization parameters.

Device drivers and file managers both operate on general classes
of deviges, not spacific I/0 ports. The device desecriptor modules
tailor their funcotions to a aspecifie I/0 device. One device
deseriptor module mnust exiast for each I/0 device in the syatem.
Bowever, one device may algo have several device desariptors with
different initialization constants.

The name of the module is used aa the logical device pame by the
system and user (i.e, it is the device rname given in pathlists}. Its
format consists of a standard module header that has a type code of
ndevice descriptor®™ (Devic). The remaining header fields are shown
in figure 10, and deacribed in tke following table:
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HOTE: These fields are standard for all Pevice Descriptor Modules.
They are followed by a Devige specific initialization table (see
Chapter T for the BRBF Device Deaseriptor Module apecific table and
Chapter 8 for the SCF Device Descriptor Modula table).

NOTEB: The term "offset®™ refers to the location of a module field,
relative to the starting address of the module. Module offsets are
resolved in assembly code by using the names shown here and linking’
with the relcoatable library: "ays.l® or "usr.l."

Cfrfset Address Usage
830 | WaPert  Pert sddress 7y
$34 | Hevoster  Trap Vector Nember %
435 | WAIRQLYL | I7Q Iaterrapt Lever i
436 | mateier IR Pelling Prieiey |
437 | MMude  Devise Mede Capabilitima |
$38 | maPHEn  File Wamager Hame Offser |
$38 | WaPDey  Deviss Driver Hame offser |

Sum——m R —— S —

$3C | M$DevCon Device Configuration Offset|

o

$38 | Resarved . !
| S— ——— —— ——mmenem ==t
$46 | Mjopt Initialization Table Size |
> - — ———— e m St ————— <
348 | M$DTYD Device Type |

figure 10: Additional Standard Header Pielda For Devige peaoriptors

NAME UTILIZATION

M$Port Port addreass.
Thizs 41ia the absclute physieal address of the hardware
controller. :

M$Yeotor Trap Yeotor.
25=31 for an autoveotored interrupt.
63=255 for a vestored interrupt.
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NAME UTILIZATIOR

M$IRQLvl IRG Bardware Interrupt Lavel.

M$Prior IBRQ Polling Priority.
' Smaller numbers are polled first if more than one deviece in
on the same veotor. A4 pricrity of zero indicates that the
device requires execlusive use of the vector.

MéMode Device Mode Capabilities

This byte is used to validity check a callert's access mode
byte i1in I$Create or 1I$0pen calls. If a bit is set, the
device is capable of performing the corresponding function,
The ISize bit is usually set, Dbecause i1s it usually handled
by the file manager or ignored, If the Share_bit (Single
Uger bit) 413 set here, the device will be non-sharable,
This is useful for printeras.

M$FMgr File Manager Name offaset.
This is the offgset to the name string of the File Hanagar
module to be used.

M$PDevy Devioce Driver Name offaet.
Thia 13 the offset to the name atring of the Device Driver
Module to be uased.

M$DevCon Deviace Configuration.
Reservad,

M40pt Table Size.
This contains the size of the initialization table,

M3DTYD Initialization table,
This table i3 Devige specific. M$DTyp muat be the first
byte of the optior table. It ia a code to indicate what
type of devige this is. M#DTyp values usually correspond
teo a particular file manager.

The initialization table 13 cocpled into the "option smection” of
the path desoriptor when & path to-the device is opened. The values
in this table may be used to defipne the operating parameters that are
accessable by the ISGetStat and I$SetStat system calls. For exanmple,
a terminal's initialization parameters define which control
characters .are used for backspace, daelete, ete. The maximum size of
the initialization table is 128 bytes.
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You may wisk to add additicnal devices to your system. If an
identical device controller already exists, all you need to do is add
the new hardware and another device descriptor. Device descriptors
can be 1o ROM, in the boot file, or loaded into RAM from mass-atorage
files whi%p the aystemr is running.

PATH DESCRIPTORS . ' .

Every open path 1s represented by a data structure callaed a path
descriptor (DPDT), It contains information regquired by the file
managers and device drivers to perform I/0 funetions. Path
descriptors are dynamically allocated and deallocated as paths are
opened and closed.

PDs have three sectiocna: the -firat section is defined
universally for all file managers and device drivers, as shown in the
figure 11:

NOTE: The term Toffset™ refers to the location of a module field,
relative to the astarting address of the module. Module offsets are
" resclved in assembly code by using the names shewn here and linking
_ the module with the relogatable libraries, "sys.l", or Yuspr.l."

Offset Usage
figure 11: $00 | PD_PD Path Number - I
Universal Path . | S —— - e
Descriptor $02 | FD_KMOD Access Mode (R W E S D) H
Dafinitionns Yemma ————— - —-—— mmm————
303 | PD_CHT # of Paths using this PD !
| - -—— - - 2 e
$04 | PD_DEY Address of Related Device H
| Table Entry [
p S ——a= - — - -
$08 { PD_CPR Requester's Process ID !
> - - - -
$04 ! PD_RG3 Address of Caller's MPU ' l
| Regiater Stack |
> - -—— ——- P
$0E | PD_BUF . Address of Data Buffer H
2 e 2 e e e e O e e
$12 ' | PD_USER Group/User 1D of Original !
. | Path Owner I
b T anw - S
$16 | PD_FST . File Manager Working Storage |
- >-_----—---——-—-c-———————---————---—-w--—---(
$80 | PD_OPT Option Table |

Towaw - - - e v i e T
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The seoction called "PD_FST" is reserved for and defined by each
type of file manager for file pointers, permanent variables, ecte.

The 128 byte section called "PD_OPTT™ ia used as an "option" area
for dynamically-alterable operating parameters for the file or
device. These varlables are initialized at the time the path is
opened by copying the initialization table contained in the device
descriptor module, and c¢an be examined or altered later by user
programs by means of the GETSTAT and SETSTAT system calls.

Current definitions of the option area for SCF and RBF type
devices are gilven ieg the deacription of the particular file manager.

These are dinecluded in the "Sys,.l" or "fsr.l" library file, and are
linked into programs that need them.

end of chapter 6
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HBF DESCRIPTION ; .

The HRandom Block File Managsr (RBF) i1s a re-entrant subroutine
package for I/0 servige requests to random-access devices.
Specifically, RBF 1s a file manager module that supports random-
acoess, block-oriented mass asteorage deviges (disk systems, bubble
memory systems, and high-performance tapa systems). BRBF can handle
any number or type of sugh systems simultaneously. It is responsible
for maintaining the loglcal and physical file structures.

RBF 1s deaigned to support a wide range of devices having
different performance and storage capacities. Consequently, it is
highly parameter driven,

The physical parameters it uses are stored on the media itself.
On disk systems, this information is written on the first few sectors
of track number zerc. The device drivers also use this information,
particularly the physiecal parameters stored on sector 0. Thesa
parameters are written by the "FORMAT" program that initializes and
tests the media.

DISE FILE PHYSICAL ORGANIZATION

The RBF file mpanager supports a tree structured file sysaten.
The physical disk organization was deaigned to be efficient in use of
disk spage, highly resistant to accidental damage, and to allow fast
file acceas, The asystem alsc bas the advantage of relative
simplicity.

Basio Diask Organization

The O08-9 standard sector size 1s 256-byte asectors. If a diak
syatem is wuaed that can not directly support 256-byte sectors, the
driver mnmodule must divide or combine sectors as required to simulate
256=byte size.

Moat diska are physically addressed by track number, surface
number and sector nunber, In order to eliminate hardware
dependenaies, 03-9 uses a legical seotor number (LSH) to identify
each sector without regard to track and surfage numbering.

It 13 the respoasibility of the disk driver module or the disk
controller te map logical asector numbers to track/surface/ssctor
addresses. 08=9's file gyatem uses LSNs from 0 to n-1 {("a" = the
total numder of asectors on the drive). All sector addresses
discussed in this section refer toc LSNs.
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The FORMAT wutility 13 used to initialize the File system on
blank or recycled media by coreating . the track/surface/sector
struoture, In the process, the media is tested for bad sectors which
are automatically excluded from the file systenm,

Every 05S=9 disk has the following basic atructure:

The Idantification 3ector is located in Logical Sector Zero
{LSN 0). It contains a description of the physical and
logical format of the storage volume (disk media).

The Disk allocation Map usually begins in Logical Sector
One. This indicates which disk sectors are free and
avallable for use in new or expanded files.
T S
-' The ' Root Directary of the volume begins immediately after
“ the allocation map.

oo LT
Identifioation Sector

LS8N zero always contains the identification sector (see figure
12). It describes the physical format of the disk and the location
of the other parts of the file system (allocation map and root
directory). It also ocontains the volume name, date and time of
¢creation, ete. If the disk is a bootable system disk it will also
have the atarting LSN and size of the "059Boot™ file.

L

o T S e S P A A A - Eemceosaeaeaa -

| Addr Size Nama Description ) ]
|= - —— - meertee————— m—mee|
| 300 3 DD_TOT Total number of aectora on media |
| %03 1 Db_TES Track size in sectors 1
| so4 2 DD_MAP Number of bytes in allocatior map H
| %06 2 DD_BIT Number of saectors/bit (cluster size) I
{ $08 3 DD_DIR LSN of root directory file descriptor |
{ %08 2 DD_OWN Owner ID |
| $0D 1 DD_ATT Attributes |
| $0B 2 DD_DSK Disk ID |
| $10 1 DD_FMT Disk Format; density/sides |
| $11 2 DD_SPT Sacters/track (two byte value DD_TES) |
| 413 2 DD_RES Reserved for future uae i
| %1% 3 Db_BT Systenm hootsatrap LS8N {
| 418 2 bD_BSZ Size of system bootatrap |
! $14 5 DD_DAT Creation date )
1 $1F 32 DD_NAM VYolume nanme |
1 $3F 32 DD_OPT Path descriptor options ]
v [

figure 12: Identifiocation Sector Description
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Allocation Map

The allocation wmap 8shows which sectors have been alloczted to
files and whioh are free for future use.

Eachk bdit in the allocation map representa a sector on the disk
or a cluater of sectors. If a bit i3 set, the sector is considered
te be in use, defective, or non-existent. The allocation map
usually starts at LSN one and uses a variable number of sectors
according to how many bits are needed for the map. DD_MAP (see
figure 12) specifies the actual number of bytes used in the map.

Eaeh bit in the map eorresponds to a cluster of sectors on the
diak. The number of asctors per cluster i3 specified by the DD Bit
varliable and is always an integral power of two.

Multiple sector allocation maps allow the number of sectors per
cluster to be as small as possible for high voelume media. The Format
utility sets the size of the allocation map depending on the size and
number of sectors per e¢luster. The number of sectors per cluater oan
be selected on the command line when the Formaet utility is invoked.

Root Directory

This file is the pareat directory of all other files and
direatories on the disk. It i1s the directory accessed using the
physical device name (such as ®/D1v), Usually, it immediately
follows the allocation map. The location of the root directory FD 1a
speciried i{n DD_DIR (see figure 12).

Basioc File 3truoture

0S=9 uses a multiple-contiguous-segment type of file atruecture.
3egnents are physically contiguous sectors used to store the file's
data. If all the data can not be stored in a single segment (becauase
a file 4ia exzpanded after creation, or a sufficient number of
centiguous free sectors are not available), additional segments are
allecoated to the file,

The 08-9 segmentation method was designed to keep a file's data
sectors in a3 oleose physical proximity as possible in order to
minimize disk bkead movement. Frequently, files {especially small
files) will have only one segment, This will result in the fastest
possible accesas time, Therefore it is good practice to initialize
the asize of a file to its expected maximum size during or immediately
after ita creation, This will allow 0S=9 to optimize its storage
allocation,
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. All files have a sector called a file descriptor aector (or FD).
An FD containa a list of the data segments; their starting L3Ns and
sizes, It 1is also where information such as the file attributes,
owner and time of last acceas is stored. This aector is used only by
the system and is not directly accessible by the uaser.

The table in figure 13 describes the contents of a file
degeriptor.

NOTE: The term "offaset" refera to the location of a field, relative
to the starting addreas of the File Deseriptor. Offaets are resolved
in assembly code by using the names shown here and linking the module
with the relocatable library: "ays.l" or "usr.l."”

| Offset Size Name/Description !
|emeracccccccccccccen _——- e e . s e O P T L L A e e e e e
| so00 1. FD_ATT File Attributea: D S PE PW PR E W R

| $01 FD_O¥WN Owner's User ID

| $03 FD_DAT Date Last Modified: Y M D R M

i

i

|

|

[}

$09 FD_SIZ File Size (number of bytes)
FD_CREAT Date Created: Y M D
$10 240 FD_SEG Segment Lisat: see below

2
5
$08 1 FD_LERK Link Count
3
3

figure 13: File Descriptor Content Descoription

The attribute byte (FD_ATT) contains the file permission bits.
Bit 7 1s @set to indicate a directory file, bit 6§ indigates a nom=
sharable file, bit 5 13 public exeoute, bit & ia pubdblic write, eto.

The segment 1list (FD_SEG) consiata of up to 48 five byte entries
that have the size and address of each blook of atorage used by the
file ip logical order. Each entry has a three byte logical seector
number that specifies the beginning of the block and a two byte blook
size (in sectors). Unused segments must be zere.

The RBF file manager is responsible for maintalning the file
pointer, logical end-of-file, etc., used by application software, and
converting them to the logloal disk sector number using the data iz
the segment list. '

The user does not have to be concerned with physical sectora at
all, 0S5-9 provides fast random access to data stored anywhere in the
file. 411 the information required to map the logiecal file pointer
to a phyaical sector number i3 packaged 1in the file descriptor
ssctor. This makes 03-9'a record-locking functions very efficient.
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»3egment Allocation

Each device deseriptor module has a value called a "segment
allocation size"™ (see figure 14). This parameter specifies the
minimum number of sectors to allocate to a new segment. The goal is
to avoid a large number of tiny segments when a file 1s expanded. If
yYour aystem uses a small number of large files, this number should be
set to 3 relatively high value, and vice versa.

When a file 1s oreated, it initially has no data segments
allocated ¢to it. Write operations paat the current end-of-file (the
firat write is always past the end=of-file) cause additional sectors
to be allocated to the file. Subsequent expansicnas of the file are
also generally nade in minimum allocation inorements.

BOTE: An attempt i1s made to expand the last segment used when
possible rather than adding a new segment.

When the file 1a closed, if not all of the. allocated sectors are
used, the segment will be truncated and the extra sectors deallocatad
in the bitmap.

Thfs strategy does not work very well for random-access data
bases that expand frequently by only a few records, The segment
list rapidly fills up with small segments. A provision has been

added to prevent this from being a problem.

If a file (opened in write or update mode) is closed when it is
not at end of file, the laat segment of the file will not be
trunoated. In order to be effective, all programs that deal with
the file in write or update mneode must insure that they do not close
the file while at end of file, or the file will lose any excess
space it may have, The easiest way to insure this, is to do a seek(0)
before closing the file. This method was chosen since randem aoccess
files will frequently be at some other place than end of file, and
sequential files are almost always at ‘end of file when closed.

Directory File Format

Directory files have the same -physical structure as other files
with one exception. REF must impose a convention for the logical-
contents of a directory file.

4 directory file gonsists of an integral number of 32=byte
entriea. The end of the directory is indicated by the normal endeofe
file. Each entry oconsaists of a field for the file name and a field
for the address of the file.
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The file name fileld (DIR_NM) i3 28 bytes long (bytes 0=27 of the
entry) and has the sign bit of the last character of the file name
set. The first byte 1s set to zero to indicate a deleted or unuased
entry. The address field {DIR_FD) is 3 bytes long (bytes 29-31 of
the entry) and is the LSN of the file 's FD sector. Byte 28 is not
used and must be zero.

RAW PHISICAL I/0 ON DISE=TYIPE DEVICES

An eatire disk can be opened as one logical file. This allows
arny byte(s} or sector(s) to he acoessed by physical address without
regard to the normal file aystem. This feature is provided for
diagnostie and utility programs that muat be able to read and write
to ordinarily non-accessible disk sectors.

A device 4is opened for physical I/0 by appending the character
"@n to the device nama. For example, the device "/d2" can be
opened for raw physical I/0 under the pathlist m/d24arv,

Standard open, close, read, write and seek aystem ecalls are used
for physical 1I/0. A seek system call positions the file pointer to
the actual disk physical address of any byte. To read a specific
sector, perform a seek to the address computed by multiplying the LSN
by 256. Foer example, to read physlcal disk sector 3, a seek is
performed to addreas 768 (2%56%3) followed by a read system eall,
requesting 256 bytas,

If the number of tracks per sector of the disk is known or read
from the Identificatiom  Sector, any track/sector address can be
readily converted to a byte address for physiecal I/0.

WARHNING: Improper physical I/0 operatioms can corrupt the file
systenm. Take great care when writing to a rav device. Physical I/0O
oalls also bypass the file security system. PFor this reason, only
the gsuper user 13 allowed to open the raw device for write permit,
Non-super users are only permitted to read the identification szector
{LSN 0) and the allocation bitmap. Attempts to read past this return
an end=of=file error.
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RECORD LOCKING

Record looking is a general term that refers to mechanisms that
are designed. to preserve the integrity of files that can be acceased
by meore than one user or process. 08«9 record locking is designed to
be as invisible as possible to application programs, Most programs
may be written without special concern for multi-user activity.

Simply atated, record locking involves:

1. Reocognizing when a progess is trying to read a record
that another process may be modifying.

2. Deferring the read request until the record is "safe",

This method is referred to a’s conflict detection and prevention,
RBF record locking also handles non~sharable files and deadlock
detection.

Record Looking and Unlooking

Conflioct detection mnust determine when a record is in the
process of being updated, RBF provides true record locking on a byte
basia. A typical record update sequence 1la:

039 I$Read program reads record RECORD IS LOCEKED
: progranm updates record

089'I$Seek reposition to record .
089 ISWrite record is rewritten RECORD IS RELEASED

When a file 43 opened in update mode, ANY read will cause the
regord teo be locked out because RBF does not know in advance if the
record will be updated. The record remains loacked until the next
Read, Write or Cloae ococcurs., Reading files that are opened in read
or execute modes does not cause record lecking to occur because
records can not be updated in these twe modes.

A subtle but naaty problem exists for programs that interrogate
a data base and occasionally update its data. When a user looks up a
particular record, the record could be locked out indefinitely if the
program neglects to release 1it. The problem.is characteristic of
record locking systems and .can be avoided by careful programming.
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It should be noted that only one portion of a file may be locked
out .,at one time. If an application requires mors thanm one record to
be locked out, multiple paths to the same file may be opened each
having 4its own record loecked out, RBF will notice that the sanme
process owna both paths and will keep them from locking each other
out. Alternately, the entire file may be locked out, the records
updated and the file released.

Ron=Sharable Files

File looking may be used when an entire file ia considered
unsafe to be used by more than one user, Sometimes (rarely), it is
neoe ssary to oreate a file that can never be accessed by more than
one process at a time (non-sharable), This is done by setting the
single user (S) bit in-the file's attribute byte. The bit can be set
wher the file 1s created, or later using the ATTR utility.

LR T

Once the single user bit has been set, only cne process may
open the file at a time. If another prooess attempts to open the
file, an arror (#253) will be returnad. 5 5
o : More conmonly, a file will need to be non-sharable only during

.the éxecution of a apecific program. This i3 accomplished by opening
the fila with the single user bit set in the access mode parameter.
" Ona example night be when the file is being sorted. If the

rile is opened as a non-sharable file, it will be treated exaatly as
though it had a single user attribute, If the file has already been
opened by anothar processa, an error (#253) w111 be returned.

A neceasary quirk of non-sharable riles is that they may be
duplicated using the I$Dup system call, or inherited. A nom=-sharable
file oculd therefore aotually become accessible t{o more than one
procesa at a time. Non-sharable only means that the file may be
openad once. It 1is wusually a very bad idea to have two processes
actively using any disk file through the same (inhaerited) path,

End of File Look

4n EOF look ocours when a user reads or writea data at the end
of file. 7The user keeps the end of file looked until a read or write
is performed that i1z not at the end of the fifle. EOF Lock is the
only case that a write call automatically causes any of the file to
be looked out. This aveoids problems that could otherwise ocour when
two users want to simultaneously extend a file.

Page T7-8

PR



08-%3/68000 OPEBATING SYSTEM TECHNICAL MANUAL
CHAPTER 7
RANDOM BLOCK FILE MANAGER

An interesting and extremely useful side effect cccurs when a
progran oreates a fille for sequential output. As soon as the file ias
ereated, ECF Lo¢ck 1s gained, and no otker process will be able to
"pass® the writer in processing the file.

For example, 1if an assembly listing is redirected to a disk
file, a aspocler utility can open and begin listing the file before
the assembler has written even the first line of output. Record
locking will alwaya keep the uspooler Mone step bekind™ the
assembler, making the listing come out as desired.

DeadlLock Detection

A deadlock can oocur when two processes attempt to gain coantrol
of the same two disk areas at the same time. If each progess gets
one area (locking out the other process), both processes would be
dtuck permanently, waiting for a segment that can never become free.
This situation 1s a general problem that is not resatricted to any
particular record loaking method or operating system.

If this oecurs, .a deadlock error (#254) 4is returned to the
process that caused it to be detected. It is easy to areate prograns
that, when executed concurrently, generate lots of deadlock arrors.
The easiest way to avoild them i3 to access recocrds of shared files
in the same saquences in all processes that wmay be run
sinultaneously. For example, always read the index fille before the
data file, never the other way around.

When a deadleck error does occur, it is5 not sufficient for a
program to simply re-try the operation "in error”, If all processes
used this strategy, none would ever succeed., It is necessary for at
least one process to release it's control over a requested segment
for any to proceed.

RECORD LOCKING DETAIL3 FOR 1/0 FUNCTIONS

Open/Create

The most important guideline to follow when opening files is:
Do not openr - a file for update if you only intend to read. Files
cpen for read only will act cause records to be locked out, and they
will generally help the system to run faster. If shared files are
routinely opened for update on a multi-user aystem, users may
sometimes become bhopelessly record-locked for extended periods of
time.
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The special "@® file should be used in update mode with extreme
care, To keep aystem overhead low, record looking routines only
check for conflicts on paths cpenad for the same file. The "@" file
is oqonsidered different from any other file, and therefore will only
conform to record lockouts with other users of the "@" file.

BRead/ReadlLine

Read and ReadLine cause records to be locked out only if the
file 4is c¢pen in update mode. The locked out area ineludes all bytes
starting with the current file pointer and extending for the number
of bytes requesated.

For example, if a Readline ocall is made for 256 bytes, exactly
256 bytes will be locked out, regardless of how many bytes are
actually read before a carriage return is encountered. EOF Lock will
ogour if the bhytea requested alao includes the current end-of-file.

A record will remain looked until any of the following occur:
another read 1a performed, a write 1is performed, the file is
closed, or a reoord lock SetStat is issued. Releasing a record does
not normally release EOF Lock. Any Read or Write of zero bytes will
release any reoord lecck, ECF lock or File Lock.

Write/WriteLine

Write calls always release any record that has been locked out,
In addition, a write ¢f zero bytes releases EOF Lock and File Lock.
Writing ususlly does not lock out any portion of the file unless it
cccurs at end of file when it will gain EOF Lock.

Seek does not effect recerd locking.

Set3tatus

Two setstat oodes have been dincluded for the convenience of
record locking. They are SS_Lock, for locking or releasing part of
a fille; .and SS_Ticks, for setting the length of time a program is
willing to wait for a 1locked record. See tho ISSETSTT section
(ckapter 16) for a description of the ocdes.
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FILE SECURITY

Each file has a group/user ID that identifies the file's cowner.
These are copied from the curreant process deseriptor when the file ia
ereated. Usually a file's owner ID is never changed.

An attribute byte 13 alsc specified when a file is oreated. The
file's attribute byte tells RBF 4ir which modes a file may be
accessed, Together with the file's owner ID, the attribute byte
provides (some) file security.

The attribute byte has two sets of bits that indicate whether a
file may be opened for read, write or execute by the owner or the
publie. In this context, the file's "owner”®™ is any user having the
same group ID as the file's greater. "Public™ means any user with a
different group ID.

Whenever a file i1s opened, acoess permisasions are checked on all
directories apecified in the pathlist, aa well as the file itaself.
If you ‘do not have permission to read a directory, you may not read
any files in that directory either.

The super user (group/user 1D = 0.0) may access any file in the
gystem. Files that are owned by the super user can not be accessed
by any other user regardless of the group ID. Files containing
modules that are owned by the super user muat alsc be owned.by the
guper user. If not, the modules contained within the file will not
be loaded,.

CAVEBAT: Care should bde taken by the system Manager whem assigning
group/user IDs. The RBF File Descriptor stores the group/user ID in
a two byte field (PD_OWN). The group/user ID that resides in the
passweord file 1s pernitted 2 bytes for the group ID and twe bytes for
the user ID. REF will only read the low order byte of both the group
and wuser ID. Consequently a wuser with the ID of 256.512 will be
mistaken for the amuper user by RBF.
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RBF DEYICE DESCRIPTOR MODULES

This seotion desoribes the definitions of the imitialization
table oontained in device deseriptor modules for RBF=type devices.
The table impediately follows the standard Device Descriptor Module
Header fielda (see Chapter & for full descriptions). A graphic
representation of the table is shown in figure 14, The size of the
table i3 defined in the MiOpt fileld. For an example of ar actual
RBF desacriptor, see Appendix B.

NOTRE: The term P"offset" refers to the location of a module fleld,
relativa to the starting address of the module. Module offsets are
resolved in assembly code by using the names shown here and linking
the module with the relocatable library: "sys.l" or Tugr.l."

Offaet Uaage Cffset Usage
$48 i PD_DTP Device Class | 456 | PD_SAS Segment i
p DT - ———— | Allocation Size |
$49 | PD_DRY Drive Number | ) J— ——— ———— <
Pemmcmnsrecrsesccsesasacesa=={ $58 | PD_ILV Sector Interleave |
$44 | PD_STP Step Rate l l Factor !
S 4 | TPE—— e
$4B | PD_TIP Device Type | $59 [ PD_TFM DMA Transfer Mode |
> -------------- - - < )-------------- -------- ------<
$4C | PD_DES  Danaity | $54 | PD_TOffs Track Bass Offset |
D - 5 o e e }---- - - —memm-———-f
$4D | Reserved | $58 | PD_SOffa Sector Base Offset|
) SO —— - ——— Vemmmmceam———————————————— ———
$4E | PD_CYL # of Cylinders | $5C | ‘PD_3934ize Sector Size !
D - - - - - - - | (in bytes) ]
$5° I PD_SID # of Eeadslsidas ' - eewws LT 4
b ———————— mrerenreeeeee={ $5E | PD_Catl Control Word |
351 | PD_VPY Disk Write | { 0 = format enable |
| Verification | [ 1 = format inhibit]

[ mercsrsersseses | T -
452 | PD_SCT Seators/Track 460 | PD_Trys £ of Tries !
} (default) I 1 = no retry |

e —————————— - < L — ave S —
]

4543 | PD_TOS Sectors/Track ¢
| - {(default)

figurs 18: Initialisation Table for RBF Deviae Deseriptor Modules
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device olass
{0=SCF 1=RBF 2=PIPE 3=SBF U4=NET)

drive number R

This location 15 used to asscciate a one byte integer with
each drive that a controllar will handle. Each
controller's drives should be numbered 0 to n-1 (n = the
maximum sumber of drives the controller can handle). This
number also defines how many drive tables are required by
the driver and RBF. .

step rate
{Floppy disks) This location contains a code that sets the
head stepping rate that will be used with the drive. The
step rate should be set to the fasteat value that the drive
1s capable of to reduce access time. Below are the valuas
commonly used:

"} STEP CODE 57 DISKS 8* DISKS |
| [T P R —— R - —————
I o } 3oms 15ms }
[ 1 | 20ms 10ms !
H 2 } 12ms8 éms |
! 3 ! éms . 3ms |
' - -—— —mmm————— N

DiskType device type ¢
bit 0 -- 000 = 5" floppy disk
001 8" floppy disk

1:2,3,4 == reserved

§ == 0 = Standard 05=9 format (track 0 single
density)

1 = Nen-standard format .(track 0 double

" density) )

7 == 0 = Floppy disk
1 = Hard disk

% Thease parameters are format specifie,
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UTILIZATION

e Y P LY LYYy -—-- e - " 7 A o

PD_DN

FD_CIL

PD_SID

PD_VFY

PD_SCT

PD_TO3

PD_SAS

PD_ILY

Density density bdyte #
Density capabilities (Floppy disk only):

bit 0 == 0 = Single bit density (FM)
1 = Double bit density (MFM)

Bit 1! == 0 = Single track density (5", 48 TPI)
1 = Double track demsity (5".-96 TPI)

bit 2 =« 1 = Reserved for Quad density
(currently not supported)

Cylinders=TrkQrf number of oeylinders {TRACES) *®
This i3 the number of cylinders per disk.

Heads or 3ides #
This indicates the number of heads for a hard disk (Heads)
or .the number of surfaces for a floppy diak (Sides).

Verify or HoVerify

0 = verify disk write 1 = ne verification

Write verify operations are generally performed on floppy
disks but not hard disks because of the lower soft error
rate of hard disksa,

Dafault'hectorsltrauk L]
Thia is the number of sectors per track,

Default Seatora/Traack (Track 0) @

This 1s the number of sectors per track for track 0. Thia
may be different than PD_SCT (depending on specific disk
format)}.

Segnent allocation size
This value specifies the default minimum number of sactors
to be allocated when a file i3 expanded.

Sector interleave factor ¥

Sectors are arranged on a disk in a certain sequaential .

order (1, 2, 3, ete. 1, 3, 5, ete). The interleave.factor
determines the arrangement. For exzample, if the interleave

fagtor is 2, the seators weould be arranged by 2's (1, 3, 5,

etec) starting at the base sector (see Sectoffs), ’

& These parameters are format speciria,
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UTILIZATION

PD_TFPH

PD_TOfLs

PD_SOfts

PD_S31ize

PD_Catl

PD_Trys

DMA transfer aode

Direct Memory Access. This is hardvare apecific. If
available the byte can be set for use of DMA mode. DMA
requires only a 3ingle interrupt for each Dblock of
characters transferred in am I/0 operation. It i3 much
faster than methods that interrupt for each character
tranaferred.

Track basae offset #

This 13 the offset to the first accessable track number.
Because Track 0 13 often a different density, Track 0 1is
sometimes not used as the base track.

Sector base offset @ . .
This 1s the offset to the first accessable sectcer number.
Sector 0 1s sometimes not the base sector.

Sector 3ize
This 18 the sector size in bytea, The default sector size
i3 256 bytes. PD_S8Size is currently not used.

Control Word
This 13 the format control word. It may currently contaln
the following:

P
.

bit 0 elear = format snable
bit 0 set s format inhibit
. bit 1-T reserved for future use

Humber of TIries

This 18  the number of times a device will try to access a
disk before returning an error. Currently, only two values
are permitted:

0 = default (a driver will try several timea to
access a disk bhefore returning an error;
thias is driver dependent)

{ = one try (no retries)
Any other value will allow the default number of retries.

In future 4implementation, ¢this value will represent the
number of tries that will be made,.

% These parameters are format specifio.
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RBP DEFINITIONS OF THE PATH DESCRIPIOR

The firat 19 fields of the reserved section (PD_OPT)} of the path
descriptor used by RBF are copied directly from the device descriptor
initialization table. These fields can be updated by using GetStat
and SetStat system calls. The final T fields are not copied from the
device descriptor module and can not be updated. The RBF Path
descriptor option table is shewn below.

NOTE: The term T"offset™ refers to the location of a module field,
relative to the starting address of the module. Module offsets are
resolved 1n assembly code by using the names shown here and linking
the module with the relecatable library: "ays.l", or Pusr,l.?

Offset Usage Offset Usage
$80 | PD_DTP Device Claas | $91 I PD_TFM DMA Transfer Mode |
D 0 e L1 b T -
$81 | PD_DRY Drive Number | 892 I PD_TOffs Track nase Offset |
—mmsacsanan - - < > - ———
482 | PD_STP Step Rate | 493 | rn_aorrs Sector Baae Ooffset |
b L L e T e L LT S O L LT < Peersmacscsne - e <
483 | PD_TYP Device Type | %94 | PD_SSise Sector Size |
Femmmss s ———— mremmaeee{ [ (in bytes) I
484 | PD_DHNS3 Daensity | b L LT cmmee-"———
damm ———a- a=a ~¢ $96 ! PD_ cntl control Word !
¢85 | Reserved | b T L L T T ==y
S - =< $98 | PD_Trys # of Triel !
$86 | PD_CYL ] or Cylinders | p L - —mwmmae{
= - -< 499 | Reserved |
$88 { PD_SID # of Heada/Sidea | Yemmmmmmcccscmcacecameceanmand
dammmmcmcccccsencnmanacnman=a{ $B5 | PD_ATT PFile attributes |
$89 | PD_VPY Disk Write | dumccmmccssccascmamsncaacnaaag
| Yerification : 486 | PD_FD File Descriptor 1
ok e —rmam—cees L3N |
$84A | PD_SCT Sectors/Track } D o e ———————— -
I {default) | $BA | PD_DFD Direetory File '
e msars s | Desceriptor LSN {
48C | PD_TOS Sectora/Track 0 ! > - mmemmamm———t
! (default) | $BE | PD_DCD File Directory }
b - < | - eatry Pointer |
$aE ' PD_34A3 Segment | demnmmncana e e e mwreneeend
| Allocation Size { 4C6 | Reserved !

p Y ——— e S ——— ——

490 | PD_ILY Sector Interleave | $E0 | PD_NAME PFile Name |
|

Faector | By S

figure 15: Option table for RBF Path deaocriptor
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For deacriptiona of the first 19 fields, see the previous
seation on RBF device desceriptors. The final 7 fields are not copied
from the device descriptor and cam not be updated using GetStat or
SetStat system calla. Their description follows:

NAME UTILIZATION

PD_ATT File Attridutes
(D S PE PW PR E W R)

PD_FPD File Deseriptor . .
The LSN (Logical Sactor Number) of the file is written
here.

PD_DFD Directory File Deseriptor
The LSN of the file's directory is written here.

PD_DCP File's Directory Entry Pointer
PD_NAME File Nanme

RBF DRIVERS

RBF-types device drivers are designed to support any randonm
access storage device which reads and writes data in fixed aize
blocks {for example, disks or bubble memories).

05-9 reads and writes in standard 256 byte sectors. The file
manager takes care of all file aystem processing and passes the
driver a 256-byte data buffer and a logical sector number (LSN) for
each read or write operation.

Read calls to the driver initiate the seoctor read operation (and
a prior "seek" operation if required). PFor interrupt driven systems,
the controller will generats an interrupt when the data has been read
into the buffer. The driver must suspend itaelf until the interrupt
ococurs, DMA (Direct Memory Access) operation is preferred if
avallable, .

¥rite ocalls to the driver initiates the sector write operation
(and a prior "seek® operation if required). For interrupt driven
systema, the controllar generates an finterrupt when the data has been
written from the buffer onto tke disk. The driver muat suspend
itself uatil the interrupt ocours. DMA operation is preferred if
availabdle, If the  ‘'verify" flag i3 set 1in the path desoriptor
{PD_VFY), the sector should be read back apd verified.
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Drivers for hard disks are relatively simple becavse the driver
typically works with an intelligent controller, and because the disk
format ia fixed. For axample, most SASI (3CSI) type hard disk
eontrollers directly accept 038-9's 1logical sector number as the
physical sector addresa.

Floppy disk drivers are more complicated because they work with
lesas capable disk controllers and often must haadle a variety of disk
sizes (3", 57, B8%") and physical formats (density, number of sides,
track spacing).

08-9 wuses an access system for floppy disksa thkat attempts to
automatically adapt to all formats the drives and controllers are
physically capable of using. For example, a system that can read
double=sided/double=-density floppy disks car usually read and write
gingle=-sided/double density or double-sided/single-density diaka.

Disk drivers keep a table in thelr statiec variable storage area
that centalins curreat track addresses and disk format information for
each drive (unit). The track addresses are used for controllers that
have explieit "aeek" commands to determine if the head must be moved
prior to a read or write operation. The format data part of each
table entry 1s used to seleot denaity, aumber of sides, etc.

The INIT routine obtains scme initialization data from the
device deaseriptor module. Each disk media has similar format
information recorded on LSN zero (the FORMAT utility puts it there).
Whenever sector zero of a floppy disk is read, the drive's table
entry is updated with the information actually read. Tkis is how the
driver automatically adapts to different disk formats.

Initialization of ¢the table muat occur prior to access of any
other seotor on the drive.

RBF Daviae Driver Storage Definitions

RBF type device driver modulea coentaln a package of subroutines
that perform asector oriented I/0 to or from a specifia hardware
controller. Because these modules are re-entrant, one "copy" of the
module can simultaneously run several idemntical I/0 controllers,

The kernel will allocate a atatic storage area for each device
(which may oontrol several drives). The size of the storage area is
given ip thae device driver module hoader (M$Mem). Some of this
storage area 1is required by the kernel and REF, The device driver
may use the remainder in any manner. Information on device driver
atatioc storage required by the operating aystem can be found in the
fpbfstat.a” and "drvstat.a” DEFS files.
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Static storage is used aa follows:

QFFSET USAGE

$00 | v_PORT bevice base port address l

emmmmmmama—————— e -

$04 | V_LPRC Last active process ID H

> -—— —_— -—— -~—— -

$06 l Y_BUSY Current active process !

$08 [ 7 HAIB Proceas ID to awaken’ |

..... ——— - ——————t

. $0A | v parns Linked List of Qpen Paths '

demmmmmma e ————— —_—— . -

$42E | V_RDRY Number of Drives !

Sammram———— - ——— S —— Jp—

$2F | RESERVED

[]
3
| Y —— - -a- . <
'
L}

"$36 | Drive Tablea

figure 16: Static Storage Allccation

HOIR: The term “offset" refers to the looation of a module field,
relative to the starting addresas of the static atorage area. Offsets
are resolved 1in assembly code by using the names shown hare and
linking the module with the relocatable library, "sys.lrw,

NAME UTILIZATION

Y_POR?T Device baae port address,

Y_LPRC Laat aative process ID
This containas the process ID is the last process te use the
device, While this fileld is required 'for all deviae
deseriptors by the kernel, it is not used by REF.

V_BUSY Current active process
This contains the process ID of the process currently using

the device. (0 = not busy)
. Y_WAEE Proceas ID to awaken

This contains the proceas ID of any proceaa that is waiting
for the device to complete I/0 (0 = no process welting).
Maintained by device driver.
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NAME OTILIZATION

V_PATHS Linked List of Open Paths
This i3 a singly-linked list of all paths currensntly open on
this device. It 1s maintained by the kernel,

Y_HDRY Humber of drivas
This wocontains the aumber of drives that the controller can
use. It 4is defined by the device driver as the maximunm
number of drives that the controller can work with., RBF
will assume that there 13 a drive table for each drive.

Drive Tables

This containa one table per drive that the controller will
handle. RBF will assume there are as many tables as
specified in V_KEDRY.

Device Driver Tables

After the driver INIT routine has been called, REBF will request
the driver to read the identification seator (LSN 0) from the drive,.
At this time the driver muat initialize the corresponding drive
table. It does this by copying the firat 21 bytes of sector 0
(through DD_RES) into the appropriate table.

NOTE: The term Tmoffset" refera to the location of a module field,-

relative to the starting address of the Drive Table. Offsets are
resolved in assembly code by using the names shown here and linking
the module with the relocatable library "sys.l®,

The format of each drive table is givemn in figure 7. .
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\. BBF Devioe Driver Subroutines

As with all device drivers, RBF device drivers use a standard
executable memory module format with a module type of "Drivr? (code
_ $E0).
The execution offset address in the module header points to a
branch table that has seven entries. Each entry is the offset of a
gorresponding subroutine. The branch table is as followa:

ENTRY de.w INIT initialize device

de.w READ reada character

de.w WRITE writea character

de.w GETSTA gets device status

de.w SETSTA seta device status

do.w TERM terminates device

de.w TRAP handles illegal exosption

Each subroutine ahould exit with the gonditioa code ragister

carry bit ocleared if no error occurred, Otherwise the carry bit

. should be set and an appropriate error acode returned in di1.w. The
following pages give a deacription of each subroutine.
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Copied rroz LSH 0
Identification ==
3eator

figure 1T:
Devioe Driver !abl-
Format;: -

There muat bde as
many tables as weare
nunbered in KDRY.

OFFSET

.
|
|
|
]
I
|
1
[}
|
|
|
]
1
|
!
|
|
!
[}
]
!
t
|
t

CHAPTER 7

RANDOM BLOCK FILE MANAGER

-$00
$03
$04
$06
$08
$0B
$op
$0E
$10
$11

~$13
$16
$18
$1c

- $1E

$20
$22
324
$28
$29
d2a
s2c
$30
434

USAGE

| DD_TOT Total number of Sectors i
p e E .- ———————— mrsnmemm——— <
! DD_TES Track size (in sectars) !
Pomm——————— - e e e el
| DD_MAP ¢ of bytes 1in allocation map |
>= ——— e ma———————————————— B
! DD_BIT # of sectors/bit (cluster size)]
D r e e e e -—-————— - - - <
{ Db_DIR LSN of root dirsctory FD H

- cemmme— e —————— crcemmma——— <
I DDh_OWNH Owner ID 1
deerramssssmmm s s ————————— —emrcemm——————— <
! DD_ATT Attributes |
) S e . ————————————————————— reamemad
| DD_DSE Diak ID !
p S ——— e e E—————————————— <

| Dn_?H? " Diak format: density/sides i

> - - mmmmssm——————— <

l DD_SPT Sectors/track !

1 IORES  Reserved . TTTTTTemTeC |
VYT turrent track numben
1 V_rilemd Open rile 113t for dimk 7%
1-; DiakI;--nisk E;—------ --------------- -?
?-!_BHIPSB Bitma;-aize ----- ---------?
| Y Hapser Lowest bitmap nyie te semmen
UnE  Bitmap in use fias T TTTTTTT ;
| ¥ Sezere Poimter te Sestem o TTTTTTTC h
Vv zerond Sestor © resd fias .}
?';‘;;;:“";;;" Tnivialised F1

l Y. nesbit Reserved bitmap sector number |

Yam - — c—————— c———m—rr——al

l t_Softlr # of recoverable errors oeccur |

» - - ———— ———————t

| ¥_HardEr # of non-recoverable errors H

Py - -— A — ————— -

| Reserved (32 bytes) !
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. NAME: INIT.
(a1)

INPUT:
' (a2)
(ab)
OOTPUT: NONE

'addrass of the davice deseriptor module
address of device static storage
system global data pointer

ERROR OQUTPUT: (cc) = carry bit aset
(d1.w) = error cods

PUNCTION: INITIALIZE DEVICE ARD ITS STATIC STORAGE AREA
The INIT routine must:

1. Initialize the devices permanent storage. This minimally
consista of:

A, Initializing V_RDRY to the number of drives that the
controller will work with. Lo

B, Initializing DD_TOT 1n'"the ‘diite table to a non=-zero
value so that sector zero-may be:read or written to.

C. Initializing V_TRAK to‘3FF so that the firat seek will
find track zero.

2, Initialize device aontrol registers (enable interrupts 1f
pecessary).

3. Place the IRQ service routine on the IRQ polling list by
uaing the 039 F3IRQ service request.

ROTE: Prior to Deing cslled, the device permanent storage will be
cleared {set to zero) exzcept for V_PORT which will contain the device
addresg. The driver should initialize each drive table appropriately
for the type of disk the driver expects to be used on the
corresponding drive.
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NHAME: READ

INPUT: d0.1 number of contiguous sectors to read

d2.1 = disk logical sector number to read
- {at) = address of path descriptor

{a2) = addresa of device static storage

(al} = process deacriptor painter

(a5) = caller's register stack pointer

(ab) = aystem global data storage pointer

OUTPUT: sector(s) returned in the sector buffar

ERROR QUTPUT: e = carry bit set
d1.% = Appropriate error code

FURCYTION: READ SECTOR(S)
The READ routine nmuat:

. Get: the sector buffer addreas frem PD_BUF in the path
descriptor.

2. Verify the drive number from PD_DRV £fn the path descriptor.

3. Compute .the physical disk addreas from the logical sector
number.

4. Seek to the phyaical track requested.
5. Read sector{a) from the disk inte the asector buffar.

6. Copy V_BUSY to V_WAKE. The driver then goes to sleep and

- walts for the 1I/0 to complete (the IRQ servige routine is
responsible for sending a wake up signal and clearing
V_WAEKE). After awakening, it must test V_WAKE to see if it
is clear. If not, it goes back to sleep.

If the disk controller can not be interrupt driven it will be
necessary to perforu programmed I/0.

NOIRB: Vhenever Jlogical sector zZero 1s read, the first part of it
must be <copied into the appropriate drive table. PD_DTB contains a

pointer to the proper drive table entry. The number of bytesa to copy
is DD_SIZ.

In Versiom 1.2 of 05-9, RBF only requests one sector reads.
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. WRITE
d0.1 = number of contiguous sectors to write
d2.1 = diask logical sector aumber :
(a1) = address of the path descriptor
(a2) = address of the device static storage area
{al) = process descriptor pointer
{a5) = caller's register stack pointer
(a6) = system global data storage pointer

The sector buffer ia written to disk

ERROR OUTPUT: ee = Carry bit saet

d1.w = Appropriate error code

FUHNCTION: WRITE SECTOR(S)

The WRITE routine muat:

1.

2.

“ 3.

4.
5.
6.

Te

Ir

Get the sector buffer address from PD_BUF in the path
descriptor.

Verify the drive number from PD_DRV in the path descriptor.

Compute the physical disk address from the logical sector
number.

Seek to the physical track requested.
Write sector buffaer(s) tec the disk.

Copy V_BUSY +to V_WAKE. The driver then goes to sleep and
waits for the I/0 to complete (the IRQ sarvice routine is
responsible for sending the wakeup aignal and clearing
Y_WAKE). Test V_WAKE after awakening, to see if it is
clear, If pot, then the driver goes back to sleep,

If PD_VFY in the path descriptor is equal to zZero, read the
sector back and verify that it is written correctly. It is
recommended that the compare loop be as short as possible to
keep the necessary sector iqtefleave value to a minimun.

the disk controller can not be interrupt-driven, it will be

negesasary to perform a programmed I/0 tranafer,

NOTE: On Version 1.2 of 0S-9, EBP'oﬁiy requests one sector writes.
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HAME: GETSTAT/SETSTAT

IRPUT: d4dO.w status oode

(a1) = address of the device statio storage area
(a2) = address of the path deseriptor

(ai) = process deseriptor pointer

(a5) = caller's register stack pointer

(ab6) = system global data storage pointar

QUTPOT: Depends on the function code.

ERROR OUTPUT: ¢e = Carry bit amet
d1.w = Appropriate error code

FURCTIOR: GET/SET DEVICE STATUS

* ae

These routines are wild card calls used to get (aeat) fﬁe ;
device's operating parameters aa specified for the 089 IsuetStt;ghd. :

I$SetStt service requests.

: It may be neaessary to examine or change the regiater athék
whioh oontains the values of MPU registers at the time the IjGetStt
or I$Set3tt service request was made.

Typical EBF drivera have routines t¢o handle the "SS_WTrk" and
PES_Resget?" SetStat codes. Usually all GetStat codes and other
Set3tat codes return with ap "E$UnkSve" (UnKnown Service Request)
error.
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KAME: TERMINATE .

INPOT: (a1) = address of the device desecriptor module
(a2) = Addreas of device statiec storage ares
(a6) = 0S~9 system global static storage

QUTPUT: None
ERROR OUTPUT: None

:PU!CTIOH: TERMINATE DEVICE

This routine is called when a devioe is no longer in uase in the-
system. This 1= defined aa when the link count of its device table
entry becomes zero (see IjAttach and I$Detach).

The TERM roﬁtine must:

1., Wait until any pending I/0 has completed.

2. Disable the device interrupts.

- 3, Remove the device from the IRQ polling list.
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HAME: IRQ service routine

static storage address
port . address.
system global static storage

INPOT: (a2)
T {a3)
(ab)

., I *
PUNCTION: SERVICE DEVICE INTERRUPTS

Although this routine is not 4ineluded 1in the device driver
module branch table and is not called directly by BBF, it is a key
routine in interruptedriven device drivers. Its function is te:

1. Poll the devige. If the interrupt ia not caused by this
device, the carry bit must be returned set with an RTS

instruection as quiokly as possible.
2. S8ervige device interrupts.
3. Send a wake up signal to the proocess whose proceass ID is in
" V.WAEE, wher the I/0 ia complete., Also, clear V_WAEKE as a

flag to the mainline program that the IRQ has indeed
occcurred.

4. When the IRQ service routine finishes servicing an interrupt
it must clear the carry and exit with an RTS instruction.

end of chapter T
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PD_DLO
PD_EEO

PD_ALF
PD_NUL
PD_PAU

PD_PiG

PD_R3P

. PD_DEL

03-9/68000 OPERATING SYSTEM. TECHNICAL MANUAL
CHAPTER 8
SEQUENTIAL CHARACTER FILE MANAGER

Davice ulaia
{0=SCF 1=RBF 2=PIPE 3=SBF 14=NET)

Letter case
If PD_UPC 12 unequal ta zero, then input or output
characters in the range "a..z" are made "j,..Z"

Destructive Baokspage

When a backspace character is input, SCF will echo PD_BSE
(backapace echo character) 1if PD_BSO is zero. SCF will
echo PD_BSE, apace, PD_BSE if PD_BS0 is non-zero,

Deleats

If PD_DLO is =zero, BCF will delete by backspace-erasing
over the 1line, If PD_DLO 13 unequal to zero, SCF will
delete by echoing a carriage return/line feed.

Eaho .

If PD_EEO is not zaero, thenm all input bytes are schosed,
except undefined control characters whioh are printed as a
T." If PD_EEO is zero, input characters are not echoed.

Automatic line feed :
If PD_ALF is not zero, then carriage returns are
automatieally followed by .line feeds.

End of lins null oount :
PD_NUL {3 a count of the number of NULL padding bytes
(always %$00) to be sent after a CR/LF character.

End of page pause
If PD_PAU is non-2ero, an auto page pause will ocour upon
reaching a full screen of output. See PD_PAG for setting

‘page ;ength.

4

. Page length

Tpis-hontaina the number of linea per screen (or page).

[ O

Backspace "input® character

This 1s the jinput charaoter recognized as baokspace. See

also PD_BSE and PD_BSO0.
Delete line oharaaoter

Thias i1s the input character recognizad as the delste line
funetion., See also PD_DLO
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PD_EQF

PD_DUP

PD_PS3C

PD_INT

PD_QUT

PD_BSE
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End of record charaoter

The PD_EOR character 13 the last character on each line
entered (I$ReadLn). An output line is terminatad
(IsWritLn) when this ocharacter is sent. HNormally PD_ECOR
should be set to $0D. Warning: If it ia set to zero, SCF's
ReadLn will NEVER terminate, unleas an EOF ocecurs.

End of file character

PD_EOF defines the erd of file character. SCF will return
an end-of-fille error on I$Read or I$Readln if this is the
first (and only) ocharacter imnput. It can be disabled by
setting its value to zZero,

Reprint line ocharacter

When thia character is input, SCF (I$ReadLa) will reprint
the curreant input line. A4 carriage return is also inserted
in the ipput ©buffer for PD_DUP (see below). This makes
correcting typing errors more conveniant.

duplicate laat line character

If this character ia ianput, SCF (IsneadLn) will duplicate
whatever 15 in the input buffer through the firat "PD_EQOR"
character. Rormally, this will be the previous line typed.

Pauae charaater

If ¢this character 13 typed during output, output 1is
suapendad before the next end-of-1line. This will alao
delete any "type ahead"™ input for ISREADLN.

Keyboard interrupt character

If PD_INT i1s input, a keyboard interrupt signal 13 sent to
the last user of thia path. It will terminate the current
I/0 request (if any) with an error identical to the
keyboard interrupt signal code. PD_INT normally is set to
a control-C character,

Eeyboard quit sharaater

When this character is input, a keyboard abort signal is
sent to the last user of this path. It will terminate the
current I/0 request (if any) with an error code identical
to the keyboard 4interrupt signal code, This location is
normally set te a control-E character,

Backspace "output® charsoter (eaho character)

This is the backspace character to echo when PD_BSP is
input. Also see PD_BSP and PD_BS30.
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SCF DESCRIPTION

The 8equential character Pile Manager (SCF) is the 08-9 file
manager module that supports devices which operate on a character by
character basis; terminals, printers and modems. SCF ear handle any
number or type of character oriented devieces. S8CF is a re-antrant
subroutine package called for 1I/0 service requests to SCF-type
devices, It includes the . extensive input and output editing
funations that are typical of line-oriented operations such as
backspace, line delete, repeat line, auto line feed, screen pause,
and return delay paddiag.

3CF LINE EDITIERG

The I$Read and IdWrite service requests to SCF=-type devices
pass data to/from the device without any modificaticn. Specifically,
carriage returns are not automatically followed by line feeds or
nulls, and the high order bits are passed as sent/reoceived. If X-on
and X-off are epabled, these characters are intercepted by the device
driver and not processed by SCF,

Tha I$Readln and I$Writln service requests to SCF-type deviges
perform full line editing of all functions enabled for the particular
device.

These functions are initialized when a path is first opened by
copying the option table from the device deacriptor asaociated with
that device into the path deseriptor., They may be altered afterwards
by assembly language programs using the I$SetStt and I$GetStt service
requests or from the keyboard using TMODE.

SCF DEVICE DESCRIPTOR MODUOLES

Device deseriptor modules for SCF=-type devices ocontain the
device address and an ieitialization table which defines initial
valuegs for the I/0 editing features, as listed below. The table
immediately follows the standard Device Deseriptor Module Header
fielda (see chapter 6 for full descriptions). The size of the table
is defined in the M$Opt field. The table 13 shown in Ffigure 18, See
Appendix B for an example SCF device descriptor.

FOTB: It 1is pesaible to change or disable most of these special
editing functions by changing the corresponding cortrol character in
the path descriptor. Thia <¢an be done with the I$SstStt service
request or by the TMODE utility. A more permanent solution may to
change the ocorresponding control character value in the device
descriptor module. Pevice descriptors may be easily changed using
the IMODE utility.
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NOTE: The term T“offset"™ refers to the location of a module field,
relative to the starting addreas of the module., Module offuets are
rescolved i1ia assembly code by using the names shown here and linking
the module witk the relocatable library: T"sys.,l" or "user.l."”

OFFSET USAGE OGFFSET USAGE

$48 | DV_DTP Devioe Ty pe | 456 | PD_DUP Duplicate line !
P L e L T L 4 ' character j

$49 | PD_UPC Upper case loek | T . recaresrmes e —-————— <
Jeummeemrr—mremrer—emreeeee=ad $57 | PD_PSC Pause character |

$34A | PD_B30 Backspace option | - s mmrressc———aa——— <
Vemmem e s cccmccccacccamanan < $58 | PD_INT Eayboard interrupt!

$4B | PD_DLO Delete line H ! character |
] character | demmmme————— .
ememsescan e mm——————————————— < &59 | PD_QUT Eeyboard abort H

$4C | PD_EEOQ Echo I ! character |

o < Pmmmm————————— S

44D | PD_ALF Automatic line [ $54 | !D BSE Backspace output |

H feed } ) Y, o e e

dmemeereccerescarracccacacea! $583 | PD_OVF Line overflow |

$1E | PD_NUL End of line { [ character (bell) |
} pull count ! L T L L
e e r e e e e ——— ~=< $5C | PD_PAR Parity code, # of |
$4F | PD_PAD End of page pause] ! Stop bits and # of|
Pemmmem—— ——mee— remmwl ! bits per character!|
$50 [ PD_PAG Page length | P m—— e —————— re—ee——— £
b T L < 45D | PD_BAU Adjustable baud 4
451 | PD_BSP Backapace input | | rate !
| charaoter | Prmmmm e ———— memeeme={
Vemmmmm e cnmrcn e e mw—enee=={ $5E | PD_D2P Offset to output |
$¢52 | PD_DEL Delete linse { { device pame !
| oharacter ! Jemmmmcma it ———— --<
Prmmmmm e ————— emererenese={ $60 | PD_XON X-0ON charagter , |
$53 | PD_EOR End of record | e it .=
| character | %61 | PD_XOFF X-0OFF character !
demmcamma—a ——————————— < Y —emeemtmcecaman—— ¢
$54 | PD_EOF End of file | $62 | PD_TAB Tab eharactar }
| character | da - mrmmsmesr—————— =<
Pemmmm——— - - < $63 | PD_TARS Tabd eolumn width |
455 | PD_RPR Reprint lipe ' ‘mcemcm e ————— ——— '
} oharacter l
L

figure 18: Device Desoriptor Initialization Table
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UTILIZATICON

PD_PAR

PD_BAV

"I' PD_D2P

Line overflow character

If I4READLN haa satisfied its input byte count, SCF ignores
any further input characters until an end-of-line (PD_EOR)
character is received. It echoes the PD_OVF character for
each byte ignored. PD_OVF is usually set to the terminals
bell character.

Parity code, number of stop bitas & bits/character
Bits 0 and 1 set the parity as follows:

0 no parity
odd parity
even parity

-
unn

3

Bits 2 and 3 set .the number of stop bits as followa:

0 = 1 atop bit

T =1 1/2 atop bits

2 =2 2 atop bits
Bits 4 and 5 set the number of bita per character as
:ollowsz

3 =5 bitas/character

2 = 6 bits/echaracter

1 =7 bits/character

0 = 8 dbits/charaqtar

Bita & and 7 are reaeriad.

Software adjustable baud rate
This one byte field 41s split into two nibbles. The low
order nibble ‘sets the baud rate as follows:

0 = 50 baud 6 = 600 baud C = 4800 baud
1 = 75 baud T = 1200 baud D e T200 baud
2 = 110 baud 8 = 1800 baud E =z 9600 baud
3 = 134.5 baud 9 = 2000 baud F = 19200 baud
4 = 150 bdaud 4 = 2400 baud PP = External

5 = 300 baud B = 35600 baud

/0ffseat to output deviae desoriptor name atring

SCP senda output to the device naped in this string. Input
comes from the deviee named by the M3PDev field. This
permits twe gseparate deviceas ( f.e., a keybecard and video
diaplay) to be one logical device. Usually PD_D2F pefars .
to the name of the same device descriptor it appears in.
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NAME UTILIZATION _ .

PD_XCN X=0n oharaaoter
3ee PD X-off below.

PD_XOFF X-off character
When this character i3 received, output from an SCF device
1s immediately astopped until an X-or character is received.
Thia is required for software handshaking for some devices.

PD_Tab Tab charagter
In IfWriteLn calls, SCF will expand this character into
apaces to make tab stops at coclumn intervals aspecified by
PD_Tabs. NOTE: SCF does not know the effect of control
characters on particular terminals. It can expand tabs

*  1ineerrectly if they are used.

PD,_Tabs Tab field size }

See PD_TAB

SCF DEFINITIONS OF THE PATH DESCRIPTOR

The first 27 fields of the reserved section (PD_OPT) of the .
SCF path deseriptor are copied directly from the SCF device
deseriptor initialization table. The table is shown in figure 19,

These fields oc¢an be changed or disabled with the I$SetStt
. Service requeat, or the TMODE utility. A more permansnt change may
be to change the device desoriptor table using the XMODE utility.

The SCPF editing functions may be disabled by settiag the
corresponding contrel character value &toc zero. For exzample, by
setting PD_INT to zero, there would be no "keyboard interrupt®
character.

NOTE: Full definitions for the fields eopied from the device
descriptor are available in the previous seotion.

NOTE: The term Toffset"™ in figure 19 refers to the loecation of a.
module field, relative to the starting address of the module. Module-
offsets are resolved in asaembly code by using the names shown here
and 1linking the =module with the relocatable library: "aya.l" or

Tusr.l." .
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. OFFSET

$80
$81
$82
$83

484
$85

$86

$87
¢88
$89

484

$88

$8cC

$8D

$8F
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USAGE

i DY_DTP Device type !
e —mm—— <
| PB_BPC Upper case lock !

demmmr—smsusm——cemree———— el

| Pb_B30 DBackspace option !

dammmemmaaan cmmmmama— ——————f
| PO_DLO Delate lins !
! charagter i

Vemmmcncccescmcrrcec e e e {

| PD_BKO Echo |

Pmmmsecccesn e e ———————-——-——

} PD_ALF Automatic line {
| feed ]

] PD NUL End of line <
! null count |

b Y

l PD_PAU End of page pauae |

. - ——— ——t
l PD_PAG Page length l
Yemmmmmme——e—————————————— <
| PD_BSP nackspaee input !
| character !
O e e e e e o <
| PD_DEL Dalete line ]
| character !
Y L P TP Y 4
| PD_EOR End of record |
| character |

S - = o

{ PD_BOF End of file |

| character |
D e e e e e -
| PD RPR Reprint line |
| eharaoter I
e e e e e -f
{ PD_DUP Duplleute line |
| charactar |
emessn s cc e ————— -——— -

| PD_PSC Pause character |

figure 19:

DFFSET USAGE
$91 i PD_QUT Eoyboard abort i
{ character i
Ymmmmmmm o e oo m e e <
$92 ! PD_BBE Backspace output !
Samw —— ———rme————— <
$90 | PD_INT Eeyboard interrupt!
} character |
>---- —————————————————————— -
$93 | PD_OYVP Line overflow }
} character (bell) |
D e e e e <
494 | PD_PAR Parity code, # of |
! Stop bits arnd £ of!
| bits per character!
S meemerrreamam———— Y
$95 | PD_BAD adjustable baud |
! rate i
Yemmma S —mcmama=
$96 | PD_] D2P Offset to output |
| device name {
Pemmm—mm—— emrem——— cemmm——— I
$98 | PD_XON X~ON charaater |
V.- e m——— <
$99 | PD_XIOFPF X-OFF character !
dommmsmamimmeasce——————————— <
$94 | PD_TAB Tab character |
D o e e e e e o e o B <
398 | PD_TABS Tab column width |
> - cemmmme————e——- -<
$9c | Reserved !
Immmer e seme———— m——eme————— <
$A0 | PD_COL Currant column H
. Jememm————- ememsesee=—————— am
442 | PD_ERR Mosat recent error |
H atatus I
Pmmemmm e e e ————————————--——
$43 | Resarved |
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3CPF DRIVERS

SCF=-type device drivers support I/0 devigces that read and write
data a single character at a time, such as serial devices.

Generally, the input data (usually from a keyboard) is buffered.
Each READ aystem call returns a single character at a time from the
elrcular FIFQ buffer. If the duffer i3 empty when a READ occcurs, the
driver muat generate interrupts and suspend the calling proogess until
an ipput character ia received.

The GetStat system call permits an application program to test
if the buffer contains any data. By checking firat, the program will
not be suapended 1if no data is available.

The driver may optionally handle full input buffer conditioms
using XON/ZOFF or similar protgcols. The input routine must alsc
handle the special pause, abort and quit control characters. 4all
other gontrol characters (such as backspace, line delete, etc.) are
handled at the file manager level.

The output data may or may not be buffered, depending on the
phyaical characteristics of the output devige, If the device is a
memory-mapped video display driven by the main CPU, buffering and
interrupts are not neaded. -

If the device 1s a smerial interface, buffering and interrupta
should be used. Each WRITE call passes a single output character to
the driver which 13 placed in a eircular FIFO output buffer. The
output interrupt routine takes output charaeters from this bduffer.
If the buffer is.full after a WRITE call, the driver should suspend
the calling proceaz until the buffer empties sufficiently.

SCF Devioe Driver Storage Definitions

SCF device driver modulea contain a package of subroutines that
perform raw 1/0 tranafers to or from a speaific hardware controller.
Decause these modules are re-entrant, one copy of the module can
simultaneously run several identical I/0 controllars.

dn individual atatic storage area 13 allocated for each copy of
the device driver. The kernel determines that a new copy of the
device driver is needed when an attach occurs for a device with a new
port addreas.

The 3ize of this storage area is given in the device driver
module header (M$MEM). Some of this storage area 1s required by SCF.
The device driver  may use the remainder for variables and buffers.
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The static storage required by SCF is defined in "sefstat.a" in
the DEFS directory. It 18 usually included in the device static
storage requirements by linking the file "sofstat.r" with the device
driver relocatable file. SCF statlie storage is used as follows:

HOTE: The term ®offset"™ refers tao the location of a module field,
relative to the starting address of the static storage area. Offsets
are resoclved in assembly code by using the names shown here and
linking the module with the relecatable library: "sys.l", or "usr,l."

QFFSET USAGE
figure 20: 400 I Y_PORT Device base addreas I
Statio Storage b L L L L L L L T T R P P i
Alloocation for SCF $04 | V_LPRC Last active process ID !
Devige Drivers Pemmemmas———n- EEEL S PP cme——- ermccrnemal

306 I V_BUB! Active process ID |

--------- L T L el L

08 I v HAIB Process ID to awaken !

)---—-----_---- ——————— - k- - - --( .

$04 | V_Paths Linked 1iat of open paths !

Yem———mmc—— e e s m————mm——me == eee=——nn-l

$0E | Reserved !

D e e 0 e e e -

$2E | Y_DEY2 Address of attached device !
i atatie atorage !

D o o e e e e e

$32 | Y_TYPE Device type or parity !

JemrmmmmemmeEmmeemras—e—armm————————————

$33 | ¥_LINE |Lipas lert until end of page !

| SR —remmmmm—————— me——m—ma———ema=t

$34 | Y_PAUS Pause regquest i

> - R

$35 | Y_INIR Keyboard interrupt ocharacter |

demmmmmmmmcmrasacm——tm—————— PR

$36 | V_QUIT EKayboard abort character !

Do o o o e ——— S

$37 | Y_PCHR Pause character !

emmmmmsrerean—eraaa P —————

438 | V_ERR Brror accumulator |

D o —— ——

$39 I ?_IO! X-on character |

__________ e e e e e e e

$34 I V_IO!P X-off character !

P o e e e

$3c | Reservaed . [

b e - - -

$54 | Deviee Driver Variables Begin Here ]

L - - - —_—— ==l
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UTILIZATION

V_PORT

Y._LPRC

V_BUSY

V_WAKEB

Y_Paths

V_DBV2

V_TYPE

V_.LIRE

Y_PAUS

Davice bass address
This field 13 1initialized by the kernel from the device
port address.

Last active process Ib
This contains the process ID of the last process to use the
device. the IRQ wservice routine sends this process the
proper signal when a T"interrupt®™ or "quit? ocharacter is
regeived.

Active progess ID (0 = not buay)

This contains the proceas ID of the process currently using
the device, This 1is used by 3CF to prevent more than one
process from using the device at the same time. V_BUSY is
always equal to V_LPRC or 0,

Procass ID to reawaken

This contains the process ID of any proceaa that 13 waiting
for the devigce to oompleta I/O {zero meaneg there 18 no
process waiting). A .

Linked liat of open paths ‘ !
This 413 wused by the kermnel to determine if a non-sharable
device is already 1n use.

Attached device statie astorage

This c¢ontains the addresas of the ECHO {(output) devige's
statiec storage area. Typically a device is it's own echo
device. However, it may not be, aa 4in the case of a
keyhoard and a memory mapped video diaplay.

Deviae type or parity

This value i3 copiled from PD_PAR in the path descriptor by
SCPF. It 1is typically used as a2 valuwe to initialize the
device control register, for parity, ete,

Lines left until end of page
This containa the number of lines left until the end of the

page. Paging is handled by SCF.

Pause requaat

This is a flag used to signal 3CF that a pause character
haa been received. Setting 1ts value to aanything other
than 0 will cause 3CF to stop transmitting characters at
the end of the next line. Device driver input routines
must set V_PAUS in the ECHO device's atatiec storage area.
SCF will echeck this valuer in the Echo device's statie
storage when output is asent.
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UTILIZATICN

Y_INTR

v_QulT

¥_PCHR

Y_ERR

Eeyboard interrupt oharacter
This value is copied from PD_INT in the path deseriptor by
SCF

Quit oharauter
This " value is copied from PD_QUT in the path desoriptor by
SCF.

Pause oharaater .
This value i1s copied from PD_PSC 1n the path deseriptor by
SCF.

Brror aoonnulator -

This loogation is used to accumulate I/0 errors. Typiecally,
it is used by the IRQ servige routine t¢ record errors a¢
that they may be reported later when SCF calls ome of the
device driver routines,

Y_X0R X=0n charnntcr

Thia character 1s copied from the PD_Xon fileld of the path
descriptor. See V_IOFF below.

V_X0FF X-off character

This character is copied from the PD_XOFF field of the path
deseriptor. When an X-off character 13 received, the
driver should ipmadiately disable output interrupts and
stop sending charactars, Qutput interrupts are enabled
only when the V_XON character ia received. Both V_XON and
V_20FF are "eaten™ by the device driver and NOT put into
the cirecular FIFO buffer.
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SCF DEVICE DRIVER SUBROUTINES

A3 with all devige drivers, SCF deviee drivers use a standard
execugable memory module format with a module type of "device driver”
(Drvr).

The execution offaet address in the module header points to a
branch table that has seven entries. Each entry contains the offset
of the corresponding subroutine. The entry table is as follows:

r .

ENTRY de.w INIT initialize device
de.w READ read character
de.w WRITE write oharaater N
do.w GET3TA get device status
de.w SETSTA set device status
do.w TERM terminate device
de.w TRAP handles illegal sxception

Each subroutine should exit with the condition code register
Carry bit ocleared 1if no error cocurred. Otherwise, the Carry bit
should be set and an appropriate error cocde returned in the least
significant word of register di.

The following pages contain deaecriptions of each subroutine's,
functions and parameters.
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NAME: IRIT

INPUT: {(at) = address of device descriptor module
address of devioge static storage
syatem global data pointer

QUTPUT: None

Carry bit aset
Error code

ERROR OUTPUT: co
di.w

FUNCTION: INITIALIZE DEVICE AND ITS STATIC STORAGE
The INIT routine must:
1. Initialize the device static storage,.
2. Initlalize the device econtrol registers.

3. Plage. the driver IRQ servise routine on the IRQ polling-lisat
by using the 0S9 F$IRQ service request.

_42 Enable dinterrupts if necessary.

v

HOTE: Prior to being called, the device static storage will be
cleared (set to zero) except for V_PORT which will contalin the deviece
port addreass. Do aot initialize the portion of atatic storage used
by SCF.
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BAME: READ

address of path descriptor
addresa of device statie storage
ecurrapt process deseriptor
system global data pointer

INPUT: (a1}
(a2)
{ald)
(a6)

QUTPUT: dO0.b input character

Carry'bit set
Error code -

ERROR OUTPUT: (cc)
di.w

FUNCTION: GET NEIT CHARACTER

This routine gets the next character from the input buffer. If
there is no data 1ready, this routine copies its process ID fronm
V_BUSY 4into V_WAEE and then uses the F$Sleep service request to put
itself to¢ sleep indefinately. :

¥hen an input character is received, the IRQ service routine
should put the data in the buffer. It then checks V_WAKE to see if
any process is walting for the device to complete I/0. If so, the
IRQ service routine sends a wakeup signal to the waiting prooess and
elears V_WAKE. .

NOTE: Data buffers for queueing data between the main driver and the

IRQ service routine are NOT automatiecally allocated. They should be
daefined in the device's atatic storage area. N
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NAME: WRITE

INPUT: d0.b
(at)

char to write
address of the path deacriptor

(a2) = address of device atatic storage
{ad) = ocurrent process dasariptor pointer
(af) = system global data pointer

OUTPUT: None

BRROR OOTPUT: (o00) = Carry bit sat
d1.w = Error code
b

PUNCTICN: OUTPUT A CHARACTER

This - routine places a data byte into an output buffer and
enables the device output interrupt. If the data buffer ias already
full, this routine should copy its process ID from V_BUSY 1nto V_WAKE
and than put itself to aleep. .

When the IRQ service routine transmits a character and makssz
room for more data in the buffer, it checks V_WAKE to see if there is
a progesa walting for the device to complete I/0. If there is, it
sends a wake up signal to that proceas and clears V_WAKE,

NOTE: This routine muat ensure that output interrupts are enabled if
negessary. After an interrupt i1s generated the IRQ service routine
will oontinue to transmit data until the data buffer is empty, and
then 1t should disable the devioce's "ready to tranamit" interrupts.

NOTE: Data buffers or quaues betueen the main driver and the IRQ
routine used are defined in the device's statio storage.
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NAME: GETSTAT/SETSTAT .

INPUT: dO.w
(at)
(a2}
{ab6)

funcetion code

address of path descriptor
address of device static storage
gystem global data pointer

¥l

mwoouan

OUTPUT: Depends upon function ooda:-J. e

ERROR OUTIPOT: occ = Carry bit set
d1.w = Error code

+FUNCTION: GET/SET DEVICE STATUS

These routines are a wild card calls used to get (met) the
device parameters speoified in the I$GetStt and I$SetStt service
requests. ‘Many S8CF=type requesats are handled by the kernel or SCF,.
Any oodes not defined by them will be passed to the device driver.

In writing getstat/setatat codes, it may be necessary to examine
‘or change the register stack which contains the values of the 68000
registeras at the time the 08-9 service request was issued. The .
address of the register packet may be found in PD_RGS, which 1=
located in the path deacriptor.

If a status report is nmade to a umrecognizad device driver,
E$UnkSve (Unknown Service.Request) should be returned as an error.
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EAME: TERMINATE

device deseriptor pointer
ptr to device atatie storage
system global data pointer

INPUT: (a1)
. {a2)
(abé)

OUTPOT: None

ERROR OUTPUT: {og) = Carry bit set
‘ d1.w = Appropriate error code

FUNCTION: TERMINATE DEVICE

This routine is called whonr a device is-po longer in use.
is defined .as when the link count of its devige table entry becomes

zero, It must perform the following:

1. Wait until the output buffer has been emptied {by the IRQ

service routine}.
2. Disable davice interrupts,

3. Remove devige from the IRQ polling 1list.
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NAME: IRQ SERVICE ROUTINE

INPOT: ' (a2)' = statisc storage
{a3) = port address
(a6) = aystem global statie storage

FUNCTICN: SERVICE DEVICE INTERRUPTS

Although this routiﬁe is not 1nc1uded.1n the device drivers
branch table and not called directly from SCF, it i3 an important
routine in interrupt-driven device drivers, 1Its function is:

1. Poll the device. If the device did not cause the interrupt,
. exit 4immedfiately with an RTS ipstruoction and the carry bit
set. 7Thia seetion should be as fast as possibla,

2, Service the device interrupts (receive data from device or
send data to 4it). This routine should put its data into
and get its data from buffera whiceh are defined in the
device ataties storage. :

3, Wake wup any process weiting for XI/0 to complete by checking
to see 1if there i3 a process ID in V_WAKE (non-zero). If
80, send a wakeup asignal to that process and clears v_WAKE.

4., If the device is ready to asend meore data and the output
buffer i3 empty, disable the device's "ready to transmit®
interrupts.

5. If a pause character is received, set V_PAUS in the attached
dovice astatiec atorage to a non-zeroe value. The address of
the attached device statio atorage 1s im V_DEV2.

6. If a keyboard abort or interrupt character is regeived,
signal the process in V_LPRC (laat known process) if any.

When the IRQ service routine finishes serviceing an interrupt, it
must clear the ecarry and exit with an RTS instruetion.

end of chapter B8
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PIPEMAN: THE PIPE FILE MANAGER

Pipeman 13 the 0S-9 file manager that supports interprocess
communication through the use of "pipes." Pipes enable concurrently
executing processes to communiocate data: the output of one process
(the writer) i1s read as input by a second process (the reader),.
Communication through pipea eliminates the need for an intermediate
file to hold data.

Pipeman i3 a re-entrant subroutine package that is called for
I/0 service requests to a device named "/pipe."™ Even though nec
physical " device is used ia pipe communicationa, a driver pusat be
spacified 1in the pipe descriptor module. A "null" driver (a driver
that doea nothing) 1a wuaed, but aotually never gets called by
Pipeman,

PIPES

A pipe 1is comastruoted as a firat in first out (FIFO) buffer that
usually oaeontains 256 bytes. Typioally, two praoceasses share the pipe
path: one writing and one reading, however multiple pipes oan access
the s8same pipe sinmultaneously. Pipeman coordinates the progesses.
The reader waits for the data to become available and the writer
wailts for the buffer to empty.

Pipes are generally thought of as a one way data path between
two processes, but any number of processes can share a single path.
A single pipe can even send data to itself, This might be used to
simplify type conversiona by printing data finto the pipe and reading
it back using a different format.

Named and Unnamed Pipes

08-9 supports both named and unnamed (anonymous) pipes., Unnamed
pipes are used extenaively by the Shell to gonatruoet progranm
Spipelines.® They may be freely used by user programs as well,
Unnamed pipes may be opened only once. Independent processes may
communicate through them only if the pipeline was conatructed by a
common parent to the processes. This is accomplished by making each
process innerit the pipe path aa one of its standard I/0 pathas.

The main difference between named and unnemed pipes i3 the same
namad pipe may be opened by several independent processes., This
s#implifiea pipeline oonstruotion., ' In almost all other respects,
named and unnamed pipes function identically. Speocific differences
are noted in the sectiona that follow.
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Creating Pipes

The I4Create syatem call 1s used with the pipe file manager to
create new named or unnamed pipe files.

Pipes may be oreated using the pathliast "/pipe"” (for unnamed
pipea, M"pipe® i3 the name of the pipe device descriptor) or
"/pipe/<name>" (<name> 13 the logical file name being created}, If a
pipe file with the same name already exiasta, an arror (E$CEF) 1is
returned. Unnamed pipes can not return this error.

411 prooesses connected to a particular pipe share the same
physical path desariptor. Consequently, the path is automatically
sat to Mupdate" mode regardless of the mode speecified at creats.
Access permissions may be specified, and are handled similar to RBF.

The =size of the fifo buffer assoclated with a pipe is specified
in the pipe aevice descriptor. This may be overridden when oreating
a pipe by setting the initial file size bit of the mode byte and
passing the desaired "file size” in register d2. If no default or
overriding aize Iis apecified, a small fifo buffer inside the path
deseriptor will be used., This buffer is currently 90 bytes.

Opening Pipes

When acceasing wnnamed pipes, I$Open works in the same way as
I$Create, It opens a new anonymous pipe file. With namaed pipes,
open searches for the specified name through a linked 1ist of named
plpes associated with a particular pipe device. If the pipe is
found, the path number returned will raefer to the same physical path
tnat was allocated when the pipe was created. Internally, this works
in a similar fashion to the I$Dup asystem call.

Opening an unnamed pipe 1s simple. A bit more complex is the
method allowing another process to share the pipe. If you simply
opened a new path to "/pipe™ for the second process, the new path
would be independent of the eold one,

The only way for more than one process to share the same unnamed
pipe is through the inheritanoe of the atandard I/0 paths through the
F$Fork call. 4s an example, the outline given on the folowing page
describes a method the shell might uase to comstruct a pipeline for
the command "dir -u ! gsert”., Assume path 0,1 are already open.
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StdInp = I$Dup(0} save the shell's standard input
Std0ut = I%Dup(1) save shell's standard output
I$Close(1) close standard autput

Isopen(®/pipe") open the pipe (as path 1}
I§Fork{"dir","-u") fork "dir" with pipe as standard output

I3Close(0) free path 0

I$Dup(1) copy the pipe to path 0

I$Close(1) make path available

I4Dup(3Stdout) restore original standard out
I$Fork("goortn) fork qsort with pipe as standard input
I$Clome(Q) get rid of the pipe

I$Dup(StdInp) restore standard input

I$Close (StdInp) close temporary path
I$Close (StdOut) oloase temporary path

1

The main advantage of using named pipes 43 that several
processes may communicate through the same named pipe, without having
te fipherit it from a common parent process.

ROTIE: The 08-9 shell always oconastructs ita pipelines using the
unnamed "/pipe" deseriptor.

Read/ReadlLn

The I$Read and I%ReadlLn system ocalla return the next bytes in
the pipe FIFO buffar. If there is not enough data ready to satisfy
the vrequest, the process reading the pipe ias put into a aleep state
until more data bacomes avallable,.

The end-of-file 1a recognized when the npumber of processes
waiting to read the pipe is equal to the number of users en the pipe.
If any data 13 read before end-of-file i3 reached, an end-of-file
error 1a npot returned. The byte count returned however will be the
pumber of bytes actually transferred,

NOTE: The Read and Write aystem calls are faster than ReadLn and
WritelLn because pipeman does not have to cheek for carriage returns
and the loops moving data are tighter.
Erite/NriteLn

The IfWrite and I$Nritln system ocalls work in almoat the same‘
way a3 I$Read and I$ReadLn., Inastend of end=of-file being recognized,

a pipe error (E$Write) ooccurs when data is written that can never be
read (writing to a full pipe).

.
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When named pipes are being used, pipeman never returns the
E4Write earror. If a named pipe becomes full before a process that
recelves data from the pipe has opened it, the process writing to the
pipe 13 put to sleep until a process reads the pips.

Cloase

When a pipe path is closed, its path count iz decremented. If
noe paths are left open on an unnamed pipe, ita memory is returned to
the system. With npamed pipes, its memory is returned oaly if the
pipe is empty. 4 non-empty pipe (with no open paths) is artificially
kept open, waiting for another process to open and read from the
pipe. Thias permits pipes to be used as type of a temporary, self=-
deatructing "RAM disk file®,

Getatat/Setatat

Pipeman supports a wide range of status oaocdea, to allow pipesz to
be Ilnserted Dbetween processes where an RBF or SCFP deviece would
normally be used. For this reason, most RBF and SCF status godes are
implemented to do something without returning an error. The actual
funetion may differ aslightly from the other file maragers, but it is
usually compatible.

i GETSTAT STATUS CODES -

| EAME | FUECTION

U ——— - ———— Jp— - cesmsmcasa———
SS_opt | Thia reads the 128 byte option segtion of the path
| deseriptor. It can be used to obtain: path type,
| data buffer size, name of pipe.

|ammemmccccmanc———————————— -———— S

33_Ready | This tests whether data is ready, It returns the
| number of bytes in the buffer.

|
|
|
|
|
|
| fmmmmommm———m e ——————————— e — S—
|
|
1
1
|

38_S8ize | This returns the size of the pipe buffer,

l----------------—————— - - - - - - - - - -

Thia tesats for end-of-file,

SS_FD

| Other codes are passed to the deviece driver.

W —— —— e e - —————— ———— " f— T —
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SETSTAY 3TATUS CODES

NAME | PURCTION
SS_0opt | This does nothing, but returns without error.
33_Size This sets the file size; reseta the pipe buffer if the

|
i
|
!
|
1)
| |
| specified aize is zero. Otherwise, it has no effect, |
| but returns without error. |
1
1
!
i
!
|
|
]

SS_FD { Thia does nothing, but returns without error.

|---- - . .- - e e - R A G O ik S e W ST -
33_Attr | This ghanges the pipe file's attributes.
83_884ig | Thia sends a 3ignal when the data becomes available.

8S_Relea | This releases the device from the 38_5S1ig procesaing
| before data becomes availakble.

!
|
[emmmmmmae———- ——-- —mmmemmmmm oo cmmmmmmemaaa]
[
¥

| Other ecodea are pasaed to the device driver.

The Makdir and Chgdir service requesta are illegal servige
routines on pipes, They will return E$UnkSve {(unknown service
request).

]

Pipe Directories

Opening an unnamed pipe in the "Dir" mode allows it to be opened
for reading. In thisa case, pipeman allocates a pipe buffer and pre=
initializes it to ogontain the names of all open named pipes on the
specified devige. Each name is null-padded to make a 32-byte record.
This allows utilities that aormally read an RBF directory file to
work with pipes as well.

HOTE: Remember that pipeman 13 not a true diregtory device, so
commands like "¢hd® or "makdir®" do mnot work with /pipe.

The head of a linked 1list of npamed pipes is in the statie
storage of the pipe device driver (usually a "null® driver). If
there are several pipe descriptors on a aystem, each having a
different default pipe buffer size, the I/0 aystem will notice tkat
the same file manager, device driver, and port addresa (usually zero)
are being used. It will not allocate new static storage for each
pipe device and all named pipes will be on the same list.
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For example, if ¢two pipe descriptors exist, a directory of
either device will reveal all the named pipes for both devices. If
you give each pipe descriptor a unique port address {(0,1,2,...), the
I/0 o»aystem willl allocate different astatie atorage for each pipe
device. This will produce more expectad resultas.

PIPEMAN DEFINITIONS OF THE PATH DESCRIPTOR

The table ahown below describes the option section (PD_OPT) of
the path deascriptor iused by PIPEMAN.

NOTE: The term "offset” roefers to the location of a module field,
relative to the atarting address of the module. Module offsets are
regsolved 1o assembly code by using the names shown here and linking
the module with the reloecatable library: "sys.l", or Musr.l."

OFFSET USAGE

$80 | DV_DTP device type |

p S - SR - - ————

$81 | Reserved !

e m - —————— - ——————————— |

$82 | PD_BufSz Default pipe buffer size i

P et o e o o memmeramae=d

$86 I PD_IOBuf Heaerved I/0 buffer |

— ——————— e emer e -

$EQ I PD_Rame Pipe file name !

figure 21: Path Desariptor PD_OPT for PIPEMAN

NAME UTILIZATION
DI_DTP Devioce type
0 = SCF 1 = RBF 2 = PIPE 3 = SBF 4 = NET

PD_PBuf3xz Default pipe buffer asize
This oontains the ‘default size of the FIFO buffer used by
the pipe. If no default size is specified and nmo size is
specified when creating the pipe, PD_IOBuf will be used.

PD_YOBuf Reserved I/0 buffar
This ocontainas the small IIO buffer te be used by the pipe
if no other buffer is specified.

PD_Name Pipe file name (if any)
end of chapter 9
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USING THE DEFS FILES

Tha DEFS directory orn the aystam disk contains relocatable
object modulas that contain common system wide symbolic definitions.
Symbolic names occur in almost all assembly language routines. For
example, "I$Read"™ and "I$Write"™ are examples of symbolic names,

Symbelic names can be defined using EQU or SET instructions that
are used in the program, but it is generally more convenient to use
the system detrinition libraries. Using the libraries also minimizes
the chance of error and improves the maintainability of programs.

The actual codes that the names represent are referenced by
linking the program with "sys.1" or "usr.l"™ as a library file. In
the event that a future release of 05-9 changes some definiticnms, you
only need to relink your original program with the new library.

Sya.l ocontains definitions for all names accessible to routines
that are part of the operating syatenm. Many definitions are
inaceceasible or of no uae to user programs. The library "usr.l? is a
subset of "ays.l" but containa only the definitions likely to be
neaded in user programs. In addition to definitions of system calls,
error codes, and memory wmodule formats, the libraries also kave
convenlence definitions for ASCII characters, reglster names, ete,

The aouree files that make up, the libraries are included for
documentation and educational purposea. A file to be used with the
MAKE wutility 1s inecluded to construct the libraries. We recommend
that you do not modify the source files, If you would like to add
definitions to onre of the libraries, create 3 pew scurce file and
merge the relocatable output with the library. You can also create
your own libraries.

There are individual DEFS files that generally correapond to
differant parta of the syatem. For example, definitions used in the
RBF device drivers are contained in a file called "rbfstat.a"”.

The libraries contain the following filas:

Usr.l: funes.a Sys.l: All filea in Usr.l plus the
following:
progcess.a gysic.a loglob.a
nedule.a sysglob.a iodev.a
io.a SCFatat.a SCFdev.a
traps.a RBFstat.a RBFdev.a
DRVstat.a
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You are encouraged %to examine the content of each source file of
interest to you. They can be a great learning tool for underatanding
08=9. -

The files drvsl.r, drvs2.r, and drvsd.r are relocatable object
files that define static storage for RBF and for each disk drive on
the system for one, two, or four drives, respectively. HRbfatat.a is
‘merged with one copy of drvstat.a for each drive. So, for a system
with two drivers, drvs2.r oacnsists of rbfstat.r and two copies of
drvatat.a merged together. The merging is done for you via a file to
be used by the MARKE wutility. You should link one of the statie
storage definition files with the relocatable version of your driver.

. The T"oaskdefas.d" file is different than the other DEFS files.
The definjtions it oontains are often in complex expressions that can
oot be resolved to ezternal references by the 0S-9 linker.
Consequently, Moakdefs.d" must be included iIpn Ffilea by a "USE"
statement in your assembler source flle. The statements generally
look like:

ifp1
use /dd/defs/oskdefa.d
endo C

end of chapter 10
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TRAP BANDLERS

The 68000 <family of microprocessors has sixtaeen software trap
exception vectors, The first (trap 0) 13 reserved for making 03-9
ayatem o¢alls. The remaining fifteen may be used as service reguests
to (user defined) "user trap handlarst®,

"Tnieroware provides standard trap handlers for I/0 conversions in
the’ "C®"™ language, +floating point math and trigonometrie functions.

The following traps are reserved:

trap 13: C€IO is automatically called for anry "C" program

. trap 15: math?! is ealled for floating point math, extended
integer wmath and/or type conversion, It is also
used for programs using transcendental and/or
extended mathematical functions.

For further information about mathl, refer to chapter 12.

‘ A uger trap handler is an 08-9 module that usually contains a
set of related subroutines. Any uaser program may dynpaemically link to
the wuser trap handler and call it at execution time, It should be
noted that while trap handlers reduce the size of the execution
program, they do not do anything that could not be done by linking
the program with appropriate library routines at compilation time.
In fact, programs that call ¢trap handlers are executed slightly
slower than linked programs that perform the aame funotion.

Trap handlers aust be written in a language that compiles to
machine c¢ode {suoch as aasembly language or "C"). They should be
sultably gereria to be used by a number of programs.

Trap handlers are asimilar to normal 0S-9 program modules with
one exception. They bhave three exscution entry points: a trap
execution entry point, ¢trap initialization entry point, and trap
termination entry point. .

Trap bhandler modules have the module type of "TrapLib"™ and the
module language of "Objet®, _: et
oY
The trap module routines are executed as thoush they were called -
with a "jar® ipstruotion (except for minor stack differences). Any
aysten oalla or other operations that gould be performed by the
calling module are usable in the trap modula.
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’ INSTALLING AND EXECUTING TRAP HANDLERS

A uaser program installs a trap handler by executing the F$TLink
ayatem request. When this is done, the 0S=-9 kernel links to the trap
module, allocates and inpnitializes its statiec storage (if any} and
exeoutes the trap module's initialization routine, .

Typically the initialization routine has very little to do. It
could be used to open filea, link to additional trap or dataza moduleas,
or perform other atartup activities, It will be called only once
(per trap handler) in any given program.

A trap. module that will be used by a program is usually
installed aa part of the the program's initialization code. At that
time, the particular trap number (1=-15) 1s specified that will to
refer to the trap moeduls, The program will invoke functiona in the
trap module . by ‘using the §8000 "trap” imatruction corresponding to
the trap number. specified. This ia followed by a function word that
is passed to ‘the trap handler itself. The arrangement is very
similar to making a normal 03-9 syatem oall.

The 0S-9 relocatable macro assembler has apeclial mnemonics to
make trap c¢alls more apparent. These are "0S9" for trap 0, and
*toall" for the other user traps. They work like built-in macros,
generating code asa illustrated below:

08=9 CALL: EQUIVALENT ASSEMBLY LANGUAGE SYNTAX:

0sg F$TL1nk ’ trap 0
da.w F$TLink

teall TéMathit, T$DMul trap T$Math!
de.w T$DMul

From wuser programs, it i3 possible to delay installing a trap
module until the first time it is actually needed. If z trap module
has not been installed for a particular trap when the first Ptcall"
is made, 035-9 cheoks the program's exception entry offset {"M$Excpt?
in the module header}, If it 1is zero, the program iz aborted.

Otherwise, O0S=-9 passes contrecl to the exzception routipe. At this’

peint, the ¢trap handler can be installed, and the first tecall re-
iasued. The second sexample 1in this chapter shows how this is

accomplished.
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. TWO EXAMPLES: CALLING 4 TRAP HANDLER

The aotual details of building and using a trap handlier are
perhaps best explained by means of a simple complete example.

EXIAMPLE ONE: The following program ("TrapTst") uses trap vector 5.
It first inatalls the trap handler and then oalls it twicge.

nan TrapTat
ttl exanple one - link and ¢call trap handler
use defafile
Edition equ 1
Typ. Lang equ (Prgrm<<8)+0bject
Attr_Rev equ {ReEnt<<8)+0
psect traptat,Typ_Lang, Attr_Rev,Edition,0, Test
TrapNum egu 5 trap number to use
TrapName de.b ftrap",0 name of trap handler
Tast moveq #TrapRum,do0 trap number to asslgn
moveq #0,41 coe optional memeory override
lea TrapName{pe),al0 ptr to name of trap handler
Y1) F$TLink install trap handler
bos.s Teat99 abort 1f error
teall TrapNum,0 6all trap- function 40 -
boa.s Test99 abert if error
teall TrapNum, 1 eall trap funetion #1
bes.a Teat99 abort if error
Roveq #0,4d1 exit without error
Teat99 089 F3Exit exit
ends
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EXAMPLE TWO: The following example shoews how the precedimg program .
could be modified to inatall the trap handler in an exception routine

when the first ‘"toall" is executed, This might be done for a trap

handler that may not be wused &t all by a program, depending on
circumstances, '

It accomplishes the exact same process as EXAMPLE ONE, but does
not initialize the trap handler before uaing 1it. Instead, it
provides a "LinkTrap"™ aubroutine to automatically install the trap
handler when 1t 13 first used. See TRACE QF EXAMPLE TWO later in
this chapter. )

nam TrapTst
ttl - example two - call trap handler
use defafile

Edition aqu 1

Typ_Lang equ (Prgrm<<8)+0bjet

Attr_Rev equ (ReEnt <<8)+0

psact traptat,Typ Lang, Attr_Rev,Edition,0,Teat,LinkTrap

TrapNum equ -] trap number %o use
TrapName de.b "trap®,0 nase of trap handler .

SRR RNRSEEINNIS AN RRERERERENENE
® Main program satry point

Test: toall TrapNum,0 call trap function &0
bea.s Test99 abort if error
teall TrapNum, 1 call trap funetion #1
bes.s Teatd99 abort if error
moveq #0,d1 exit without error
Taat99 on9 F$Exit exit
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. EXAMPLE TWO (continued)

18RS R AR R ERERENGREARRNERANSG

# Subroutine LinkTrap

# Installs trap handler, and then executes first trap call.
® Note: error chocking minimized to keey example simple.

% Pasged: d0~d7=caller's registars

L a0=aS=caller's registers

. (ab)=data base address

. {aT)etrap stack {(see below)

% Returnsa: trap inatalled, baoks up PC to execute "tcall" instr

® The ®"trap stack"” looks like this:

L ymm——————— rressrssnm————

b +8 | caller's return PC i

) p S - cmmmmmaag

# +6 | veotor # {

L dama — ELL LY 4

. L +4 | fune aode H

8 b L LT e ————

. | ealler's afé register |

] (a?)-}l- - o 1

LinkTrap: addqg.l #8,aT7 discard excess stack info
movem.l d0-di1/al0=a2,=-{a7) save reglatera
movaq #TrapNum,d0 trap number to assign
moveq #0,d7 no optional memory override
lea rrapNane(po) a0 ptr to name of trap handler
os9 F$TLink install trap.-handler
bes.s Test99 abort if error .
movem.l (a7)+,d0-d1/ab-a2 retrieve registers
subq.l #4,(a7) back up to toall'imstruction
rta return to toall instruction
ends
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AF BXAMPLE TRAP HANDLER .

The 1listing below shows the. trap handler itself. It kas been
kept artificially simple to avold oconfusion. Most trap handlers have
several functions, and generally begin with a dispatoh routine based
on the function code.

nam Trap Handler .
ttl Example trap handling module
o use defsafile
. Type. set (TrapLib<<8)+0bjet
- Reva- set ReEnt<<8§
. : paect traphand, Type, Revs,0,0,IrapEnt

de.l TrapInit * dnitialization entry point
de.l TrapTerm termination entry point

® Subroutine TrapInit
L Trap handler initialization entry point

Passed: d0.w=User Trap number {(1-15)
d1.,1=(optional) additiocnal atatic storage allocated .
d2-dT=caller's regiatera {parameters required by handler)
(at)=trap handler module name ptr {(updated)
(atl)z=trap kandler exXecution entry point
{(a2)ztrap module ptr
aj-aS=valler's registers (parameters required by handler)
(af)=data base addresas

Returns: (al0)=updated trap handler name ptr
{(a1)=trap handler execution entry point
(a2)=trap module ptr
¢e=carry aset, di.wserror code if error -
Other values returned are dependent on the trap handler

The stack looks like this:

+8 | caller's return PC {

S

+4 | 0000 { 0000 i

> - ———] —_— <

! caller's a6 register |
L]

(aT)=>'emmcmeeae cemeemmccmcea——-

TrapInit movem.l {a7)+,ab-aT no initialization needed; .
’ rts aimply return
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.‘ EXAMPLE TRAP HANDLER (continued)

® Subroutine TrapEnt-
% Jser Trap entry point

® passed: d0~dT=caller's .registers
# a0-aS=caller's registers
L (at)sdata base address

Returna: ceszcarry aet, di.wserror code if error
Other values returned are dependent on the trap handler

# The staek looks like this:
# @ T D L S e D
. +8 | caller's return PC ;
L Pemmssmccesac s ——————
] +6 | vector ¢ !
L P - LL LT <
L] +4 | funa ocode |

. ® { ocaller's a6 register .}

: & (a7)ed'erccnscnnnncnsmcnnncanaa!
org 0 stack offset definitions

5.d0 do.l 1 callar's d0 reg
5.41 do.1 1 caller's d1 reg
3.a0 do.1 1 ealler's al reg
S.ab do.l 1 galler's af reg
S.fune do.w 1 trap function gode
S.pe do.1l 1 retura pec

TrapEnt: movem.l d0-d1/al,-(aT7) save regiaters
move.w S.func(aT),d0 get funetion code

emp.vw #1,d0 is function in range?
bhi.s FuneErr abort if not
beq.s Trap10 branch if function code #1
lea String1(pae),a0 get firat string ptr
bra.s Trap20 continue

Trapif lea String2(pe),ald get second atring ptr

. Trap20 noveq #1,d0 . standard output path

noveg #80,4d1 maximum bytes to write
oa9 I$WritLn output the atring
bos.a Abort abort if error

Trap90 movem.l (aT)+,d0-d1/a0/ab-aT restore regs
rta return

FuncErr move.w #1<<B8+99,d2 abort {retura error 001:099)
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EXAMPLE TRAP BANDLER (continued) ' .
Abort move.w d1,5.d1+2(a7) return error code in dil.w
ori #Carry, der return carry set
bra.s Trap90 exit
String1 do.b "Microware Syatems Corporation”,C$CR,0

String2 de.b n Quality keeps us #1",C4$CR,0

® Subroutine Traplerm

% Terminate trap handler servicing.

& As of this releaae (0S~9 Ti1.2) the trap terninaticn entry
#* point is never called by the 0S~-9 kernel. Documentation
* details will be availlable when a working implementation

8 exista,

~ [ 4
TrapTern move.w #1<<8+199,d1 never called, if it gets here..
089 F$Exit erash program (Error 001:199)

aends .
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TRACE OF EXAMPLE TWCQ USING THE EXAMPFLE TEAP HANDLER

It 13 extremely educational, and somewhat interesting to wateh
the 05-9 user debugger trace through the execution of example two
{using the example trap handler). User trap handlers appear to the

debugger exactly as subroutines,
If this 1s done,

(baginning of sacond example program)

PC: Test >4ELS trap #5
HOTE: Because the trap handler has not been linked as in EXAMPLE
ONE, control jumps to the subroutine LinkTrap:
PC: LinkTrap >508F addq.l #£8,a7
PC: LinkTrap+2 >UBETCOED movem.l d0=-d1/a0-a2,-(aT)
PC: LinkTrap+6 >T005 moveq.l #5,d40
PC: LinkTrap+8 >T200 moveq.l #0,d1
PC: LinkTrap+d >U1RAFFDC lea.l bname+4{pec),ad
PC: LinkTrap+E »4E400021 089 F$TLink
NOTE: Control switches to the subroutine TrapInit and then returns
to LinkTrap:
PC: etext+1168D0 >UCDFCO0D movem.l (al)+,ab-a7
PC: etext+1168D4 >YETS rts
PC: LinkTrap+12 >65E8 bea.s Test+E
PC: LinkTrap+i4 >4CDFOTO3 nmovem.,l (aT)+,d0-d1/al0-a2
PC: LinkTrap+18 >5997 subg.l #4,(a7)
PC: LinkTrap+14A 24 ET5 rts
HOTE: Control now returns to the main program to re-ezaoute the
teall ipstructicon,
PC: Test JUERS trap #5
PC: etaxt+1168D6 >LBETCOA0 movem.l d0-d1/a0,-{a7)
PC: etext+1168DA >302F0010 move.w 16(a7),do
PC: etext+116BDE >BOTCO0O01 cup.w #1,d0
PC: eotoxt+1168E2 »>621C bhi.s etext+11E9Q0
PC: etext+1168B4 >6706 beq.s etaxt+t1EBEC
PC: etext+1168E6 >41FA0026 lea.,]l etext+11E90E(pea),ad
PC: etext+1168EA >6004 bra.s etext+11E8F0
PC: eotext+1168FP0 >T7001 moveq.l #1,d0
PC: etext+1168F2 >7250 moveg.l #80,d1
PC: atext+1168F4 >8E40008C 089 I$Writln
Microware Systems Corporation
PC: etext+1168F8 »>6504 boa.a etext+11E904 '
PC: etext+1168FA D>UCDFC103 movem.l (aT)+, dO-d1/a0/a6—aT
PC: etext+1168FE >UETS rta

PAGE 11-9

80 tracing through them is possible.
the output should look something like this:



TRACE

PC:
PC:
PC:
PC:
PC:
PC:
PC:
PC:
PC:
PC:
PC:
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OF EXIAMPLE TWO (continued):

Tested

Test+6

atext+1168D6
etext+1168D4A
etext+1168DE
etext+1168E2
etext+1168EL
etext+1168EC
etext+1168F0
etext+1168F2
atext+1168F4

Quality keepa us

PC:
PC:
PC:
PC:
PC:
PC:

etext+1168F3
etext+1168FA
etext+1168FE
Teat+4
Test+C
Tast+E

>6508
>YE45
>4BETCO080
>302F0010
>BOTCO0Q1
»621¢C
>6706
>41FAO003F
>Ta01
>7250
>4E40008C
#1
>6504
>U4CDPC103
>4ETS
>6502
27200
>4E400006

bos.s Teat+E

trap 45

movem.l d0-d1/a0,-(aT7)
move.w 16(aT},d0
emp.w #1,d40

bhi.s etext+11E900
beq.s etext+11E3EC->
lea.l etext+11E92D(pe),ad
moveg.l #1,d0

moveq.l #80,d1

039 I$WritLn

bes.s etext+11EG08

movem.l (a7)+,d0=-d1/a0/ab-a’7
rts

bea,a Test+E

moveq.l #0,d1

089 F$Exit

ead of chapter 11

PAGE 11-10



0S-9/63000 OPERATING SYSTEM TECHNICAL MANUAL
CRAPTER 12
THE MATH MODULE

STANDARD FUNCTION LIBRARY MODULE

05-0/68000 is provided with a module which contains common
subroutines for extended mathematical and I/0 conversion functions,
This module i3 also used by the 0S=-9 C, Basie0D9 and Fortran
compillers.

Normally, the standard function module providea extended
functions using software routines. The software based modules can be
easily replaced by modulea that wutilize arithmetic processing
hardware without requiring any alteration of application software.
The starndard function module is designed to be imatalled as user trap
routines and 4is called using the 68000 TRAF instruetion. 4 library
file containing the module is a standard part of 0S-9/68000. This
library may be called directly by user programs in non-03=9 target
syastems without using the TRAP call.

The module names, functions and corresponding user trap aumbers
are shown below:

Trap Library .
Module Module Trap# Funation

Math Math.l 15 Basie floating point math, extended
integer math and type conversion.
Transcedental and extended mathematical
funetionas.
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CALLING STANDARD FUNCYION MODULE ROUTINES

The standard funotion library module can be pre-lcaded in memory
for quick acocess when needed (uaing the 0S~-9 LOAD command). This can
be made part of the system's STARTUP file. It is not recommended to
include the ¢trap handlers in the OS9BOOT file. The following
deseription of atandard function module linkage and c¢alling methods
is intended for assembly language programmers. Programs generated by
the 0S5-9 compillera automatically perform all required functions
without any apecial action on the part of the user.

Prior to ¢alling the atandard funotion modules, arm assembly
language program ashould use the 05«9 "F3$TLink" system call using as
parameters the trap numbers and module names given 1n the table on
the preceding page. This will install and link the user's process to
the desired module(s). Calls to individual routines are made using
the' TRAP inatruction. For example, a call to the FADD function would
look like this:

et -

trap #T4Math Trap number of module
de.w T4Fadd “c?de of FAdd funation

-~ For aimpliecity and ease of réadihg. a macro has been included in
:the asgembler for this purpose. The following line 1s equivalent to
,ﬁthafabove example:

teall T¢Math1,T$FAdeé Trap number and code for Fidd

In non-0S-9 target environments, thkese routines may also be
called directly using BSR inatructions. For example:

bar _T4FAdd Floating point addition.

Many functions set the MPU status register N, Z, ¥V and C hits so
the ¢trap or bsr may be immediately followed by a conditional branch
instructioa for comparisons and error ohecking. ¥hen an error
ocours, the system-wide convention is followed where the § condition
code bit will be set and D1 will return the specific error code.

Ia some cases a trapv instruction will be executed at the end of
a funation, This will cause a trapv exception if the ¥ (overflow)
conditiocn ocode is set,

-

LY
Page 12-2



03-9/68000 OPERATING SYSTEM TECHNICAL MANUAL
CHAPTER 12
THE MATH MODULE

DATA FORMATS
Two integer types are supported by some funetiona:

unsigned 32=bit unsigned integers
long 32-bit signed integers

Two floating point formats are supported:

float 32-bit floating point numbers
double . 64-bit double precisicn .floating point
numbers.

The floating point matk routines use formats based on the
proposed IEEE standard for compatibility with floating point math
hardware. 32=-bit flcating point operands are internzlly converted
to 64-bit double precision before computation and converted back to
32 bits afterwvards as required by the IEEE and C language standards.
Therefore, the float type has no speed advantage over the double
type. De-normalized numbers and negative zero are not supported in

" ‘this package.
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Thiasa module provides single and double precision floating peint

arithmetic, extended integer arithmetic and type conversion routines,

Integer Operations

T$LMul T40 Mul T$LDiv T$LMod

Single Precision Floating Polint Operations
T$FAdd T4FIne T$FSub T$FDec
T$FCup T$FNeg

Double Precision Floating Peint Operations
T$DAdd T$DInec T$D3ub T3DDac
T$DCmp T¢DNeg

Asaii to Numeric Conversions

TgatoN Tdatol - Tsatol T$AtoF

Humerie to Asoii Converaions

T§LtoA T¢0tod T¢FtoA T4btod

Sumaeria to Bumerioc Converasiona

T$LtoF, T$LtoD " T$0toF T$U0toD
T4FtoU™ ' T$Dtol . T$FtoD T$DtoF
T$F;Pt T?DInt 1T$pnrm‘

i - - ’
-
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THE MATH MODULE

The math module also provides: transcendental and extended
mathematical functions. The precision of these routines are
centrelled by the calling routine. For example if fourtean digits of
precision are required, the flcating-point representation for 1E=014
should be passed to the routine.

Function Name Operation

T$Sin Sine funection

T$Cos Cosine function

T4$Tan Tangent funection

T$Asn Are sine function

Tédes Are cosine funetion

T$atn Are tangent function
TéLog Natural logarithm function
T$Log10 Common logaritham function
T$Sqrt Square root funetion
T$Exp . Exponential funotion
T$Power ' Power function

The roklowing table corntaina the hex representations whioh
should bDe passed ¢t¢ these rocutines to define the precision of the
operation.

Pregision Hexz Repregsentation
1E-Q01 399999 $999999a
1E-002 3f84Tael ATaellTh
1E-003 3£50624d d2f1a9fa
1E=004 3f1a36e2 ebtcld32d
1E-005 Jeelf8b5 83e368F1
1E=006 3eb006f7 alObSedle
1E=-007 3eTadTf2 9abecaflla
1E-008 - 3el}5798e e2308e3d
1E=009 . . 38112e0b e826d696
1E=010 3ddb Tedf d9d7Tbdbd
1E=011 3daSrdTf a179649T
1E=-012 3d719799 812deal2
1E=-013 3d3c25¢2 69497683
1E=-014 3d06849b B6ai12b9ec;

HOTE: Using a precision greater than 14 digits may cause the routine
to get trapped in an infinite loop.
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T$4as

ASSEMBLER CALL:

IRPUT: d0:d1 =
d2:43 =

QUTPUT: d0:d1

POSSIBLE ERRORS:

CHAPTER 12
THE MATH MQDOLE

AroCosine Function

TCALL T$Math2,T$Acs

x
Precision

AroCos(x) (ip radians)

E$Illarg

CONDITIOE CODES: C Set on error.

FUNCIION: This

funection returnsg the arce cosine() in radians.

operand passed is illegal an error will be returned.
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. T4Asn AroSine Funotion T$Asn

ASSEMBLER CALL:; TCALL T$Math2, T$idsn

INPOT: dO:di1 = x
d2:43 = Precision

QUTPOYT: d0:d1 = ArcSin(x) (in radians)
POSSIBLE ERRORS: E$Illirg

CONDITION CODES: C Set on error.

FUNCTION: This function returns the arcsine() in radians. If the
operand passed is illegal aa error will be returned.
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T$itn AreTangent Functionm T$ata .

ASSEMBLER CALL: TCALL T$Math2,T$Atn

INPUT: dO0:d1 = x
d2:d3 = Precision

OUTPUT: d0:d1 = ireTan(xz) (in radians)

POSSIBLE ERROR3: E$Illirg

CORDITION CODES: C Set on error,

FONCTION: This function returna the arc tangent() in radians. If the.
operand passed is illegal amn error will be returned.

. ‘
“ .
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?iAtéD Asoll to Double~Praecision Floating-Point T$AtoD

ASSEMBLER CALL: TCALL T$Math2,T$Atod

INPUT: (a0} Pointer to ascil atring

Format: <sign><digits>.<digits><E or e><sign><digits>

0UTPUT: (aQ0) = Updated pointer
d0:d1 = Single=precision floating-point number

POSSIBLE ERRORS: E$NotNum, or E3FmtErr

CONDITIOR CODES: N Undefined,
Z Undefined.
¥ Set on underflow or overflow.
* € Set on error.

FUNCTION: This function performs a converaion from an ascill string to
a double=precision floating-point number. If the firast character is
not the sign (+ or -) or a digit, EiNotNum is returned. If the first
character following the MEY i3 not the =ign or a digit, E$4FmtErr 1is
returned. )

If the overflow bit- (V) is sgset, zerc (on underflow) or +/=-
infinity (overflow) is returned.

Page 12-9



03-9/68000 OPERATING SYSTEM TECHNICAL MARUAL
CRAPTER 12
THE MATH MODULE

T$4toF Asaii to Single-Frecision Floating-Foint TS$AtoF

ASSEMBLER CALL: TCALL T3Math2,T$AtoF

Pointer to aacii string
Format: <sign><digits>.<digits><E or e><sign><digita>

INPOT: (al)

QUTPUT: (al)
d0.1

Updated pointer
Single-precision floating-point number

POSSIBLE ERRORS: E$NotNum, or E$FmtErr

CONDITION COPES: N Undefined.
Z DUOndefined.
Y Set on underflow or overflow
C 8et on error.

FUBCTION: This funotion performs a conversion from an ascil string to
a single-precision floating=point number. If the first character is
not the sign (+ or -) or a digit, E$NotNum iz returnad. If the first
charagter following the "E" i3 not the sign or a digit, E4FmtErr is
raturned. .

If the overflow bit (V) is aset, zero (on underflow) of +/-
infinity (overflow) is returned.
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. T#Atol. Ascii to Long Conversion ’ T3AtolL

ASSEMBLER CALL: TCALL T$Math2,T$AtoL
INPUT: (a0) = Pointer to aseii string (format: <aign><digits’ )

OUTPUT: {(a0) = Updated pointer
d0.1 = Signed long

PUSSIBLE ERRORS: E$NotNum -

CONDITIOHN CODE3: N Undefined.
2 TUndefined.
¥ Set on overflow,
C Set on error.

FUNCTION: This funotion peorforms a conversion from an ascii string to
a aigned long integer. If the firat character i3 not a sign (+ or =)
. or a digit, an error is returned,
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T$AtoN Asoii to Numeriec Conversion T$AtoN

ASSEMBLER CALL: TCALL T$Math2,T$AtoN

IRPUT: (a0d) Pointer to ascil string

Updated pointer -
Number if returned as long (signed or unsigned)
Number if returned in flecating peint fPormat

QUTPUT: (a0}
da
d0:d1

POS3IBLE ERRORS: TrapV
CONDITION CODES: See explanation below

FUHCTIOE: This funetion ¢an return results of various types depending
on the format of the ianput string and the magnitude of the converted
value. The type of the result is passed back to the c¢alling program
using the V and N condition code bits. '

V=0 and N=1 indicates a aigned integer is returned in d0.1
¥=0 and N=0 indicates an unsigned integer 1s returned in d0.1l
V=1 indicates a double~precision number is returned in do:d1?

If any of the following conditions are met the number will be
returned as a double~precisioan floating-point value:

= The nqmbeﬁ is positive and overflows an unsigned long.
= The number is .negative and overflows a signed long.
= The pumber contains a decimal point and/or an "E" exponent.

.

If none of the above conditions are met, the result will be
returned as an unsigned 1long (if positive) or a signed long (if
negative).
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. T$4tol Asoii to Unsigned Conversion T$itol

ASSEMBLER CALL: TCALL T$Math2,T$iAtolU
IRPUT: (a0) = Pointer to ascii string (format: <digits> )

OUJTPUT: (al)
d0.1

Updated pointer
Unsigned long

POSSIBLE ERRORS: E$NotNum

COHDITION CODES: ¥ Undefined.
: Z {Undefined,
¥ Set on overflow.
C Set on arror.

FUNCTIOR: This function performs a conversion from amn aseil string to
an unsigned Jlong integer. If the first character is not a digit, an

. error 1s returned.
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T4Cos Cosine FPunstion T$Cos

ASSEMBLER CALL: TCALL T4Mathi,T$Cos

INPOT: dO0:d1 x (in radians)
d2:d3 = Precision

OUTPUT: d0:d1

Coa(x)

POSSIBLE ERRORS: pone

COHNDITION CODES: C Always clear.

FURCTION: This function returns the cosine() of an angle. The angle

must be specified in radians. Ne errors are posaible, and all
condition codes are undefined.
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T$DAdd Double Precision Addition T4DAdd

ASSEMBLER CALL: TCALL T$Mathi1,T$DAdd

INPUT: d0:d7 = Addend
d2:d3 Augend

%

QUTPUT: d0:d1 = Result ( d0:d1 + d2:43 )

POSSIBLE ERRORS: TrapV

CORDITION CODES: N Set if-result is negative,
Z Set if result is zero,
¥ Set on underflow or overflow
C Always cleared.

FORCTION: This funotion adds two double-precision floating point -
numbers, Overflow and Underflow are indicated by the V bit being set.
In eilther case, a trapv exception will be generated. If an underflow
caused the exception, zero will be returned., If it was an overflow,
infinity {with the proper aign) will be returned.

Page 12-=15



05-9/68000 OPERATING SYSTEM TECHNICAL MANUAL

CHAPTER 12
THE MATH HODULE .
T$DCop : " Double Preaision Compare Té¢DCmp

ASSEMBLER CALL: TCALL T$Math1,T$DCop

INPUT: doO:d1
d2:d43

First operand
Second operand

OUTPUT: d0.1 through d3.1 remain unchanged
POSSIBLE ERROES: none

CONDITION CODES: N Set if second operand is larger than the first,
Z Set if operands are equal. i
7 Always cleared.
¢ Always cleared.

FUNCTION: Two double-precision floating point numbers are compared by
this funection. The operands passed to this funetion are not
desatroyed.
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T$DDao Double Precision Decrement T$DDec

ASSEMBLER CALL: TCALL T¢Mathil,T$DDec

INPOT: do:d1 Operand

OUTPUT: 40:d1 Result ( d0:d1 - 1.0 )

POSSIBLE ERROR3S: TrapV

Set if result 1s negative,
Set if result is zaro.

Set on underflow

Always cleared.

CONDITIOR CODES:

[+ R R

FUNCTION: This funetion subtracts 1.0 from the double-precision
flcating point operand. Underflow is indicated by the V bit being
set, If an underflow occurs, a trapv exception will be generated and
zero will be returned.
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T$DDiv Double Preaision Divide T$DD1v

ASSEMBLER CALL: TCALL T$Math1,T$DDiv

INPUT: d0:41 = Dividend
d2:d43 = Divisor

OCUTPUY: dO:d1

Result ( d0:d1 / d2:43 )
POSSIBLE EREORS: TrapV

CORDITION CODES: N Set if result is negative.
Z 8et 1if result is zero.
¥ Set on underflow, overflow, or divide by zero
C Set on divide by zZsro

a2

FUHNCTION: This function performs division on two double=precision
floating . point numbers. Overflow, Underflow, and divide-by=zero are
indicated by the V bit being set. In any case, a trapv exception will
be generated. If am underflow caused the exeeption, zero will be
returned, If it was an overflow or divide-by-zero, infinity (with the
proper align) will be returned.
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T¢DInoc Double Precision Increment T¢DInec

ASSEMBLER CALL: TCALL T§Mathi,T4DInc ;

INPUT: d0:d1 Operand

OUTPUT: d0:d1 = Result ( dO:d1 + 1.0 )

POSSIBLE EBRRORS: IrapV

CORDITION CODES: N Set if result is negative.
Z Sat if result i3 zero.
¥ Set on overflow
C Always cleared,

Py
.runcr:bu= This funotion adds 1.0 to the double-precision floating
point operand. Overflow 13 indicated by the V bit being set. If an
overflow oceurs, a trapv exception will be generated and infinity

{with the proper sign) will be returned.
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T$DInt Round Donblé—?reoiaion Floating-Point Number T$DInt

ASSEMBLER CALL: TCALL T$Math1,T$DInt /
INPUT: dO0:d1 = Double-precision floating-point aumber
OUTPUYT: d0:d1 = Rounded double-precision floating-point number

POSSIBLE xnnonq: gone .
CONDITION CODES: All condition codes are undefined.

FUNCTION: .Floating polnt numbers consist of two parts; integer part

and fraotional part. The purpose of this funotion is to round the
fleoating point number passed to it, leaving only an integer part. If
the fractional part is exactly 0.5 then the integer part is rounded
to ap even number.

EXAMPLES: 23.45 rounds to 23.00
23.50 rounds to 24.00
23.73 rounds to 24.00
24.50 rounds to 24.00 (rounds to even number)
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T4DMul Double Precision Multiplication T$DMul

ASSEMBLER CALL: TCALL T¢Mathi,T$DMul

IRPOT: doO:d1
d2:43

Multiplioand
Multiplier

OUTPOT: d0:d1 Reault ( 40:d1 ®* d2:d43 )

POSSIBLE ERRORS: TrapT7
CONDITION CODES: Set If result i1s negativae.
Set 1f result is zero.

Set on underflow or overflow
Alwaya_clearad.

0 =103 B

FONCIION: This funetion multiplies ¢two double=-precision floating
peint numbers. Overflow and UOnderflow are indicated by the ¥V bit
being sset. In either case, a trapv exception will be generated. If an
underflow caused the exception, zero will be returned. If it was an
overflow, infinity (with the proper sign) will be returned.
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TéDNeg . Double Precisicn Negate T4$DNeg

ASSEMBLER CALL: TCALL T§Mathi1,T$DNeg
IRPOY: d0:d1 = Operand

OUTPUT: 40:d1 = Result { d40:d1 ® -1.0 )}
POSSIBLE ERROR3: none

CONDITION CODES: N Set if result is negative.
Z 8et if reault is zero,
¥ Always cleared.
C Always cleared.

FUNCTION: This funetion negates a double-precision floating point
operand, In order to eliminate the overhead of calling this routina,
it 18 very aimple to just change the sign bit of the floating-point
number. The only case you have to watoh out for is when the number is
zero. This ia because negative zerc is not aupported by this package.

This example 1s written as a subroutine and expects the
floatipg-point number to be in dO0:d1. -

Negate tat.l 40 test for zerc :
beq.a Negld Dbdranch 4if it is zero . .
behg #31,d0 change sign bit

Neg10 rts - ~ return
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64-bit Unsigned to Double-~Preoision Converaion T4DNrm

CALL: TCALL T$Mathi,T$DNrm

INPUT: d0:d1 « §4=bit Unsigned Integer
d2.1 = Exponent

QUTPUT:; d0:d1 = Double«precision floating«point number

POSSIBLE ERRORS: none

CONDITIOR

FURCTION:
mantisasa.
precision
overflow
generated,

CODES: N Undefined.
Z TUpdefined.
Vv 8Set on underflow or ovearflow.
C Undefined.

Double precision floating point numbers maintaiom 52 bits of
This funetion converts a 64 bit binary number to double
format., The extra 12 bits are rcunded. If an underflow or

cecurs, the V¥ bit 13 aset but a trapv exception is not

Page 12=23



03-9/68000 OPERATIENG SYSTEM TECHNICAL MARUAL
CHAPTER 12
THE MATH MODULE

T4DSub Double Preciaion Subtraction T$DSub

ASSEMBLER CALL: TCALL T$Mathil,T$DSubd

INPUT: d0:d? = Minuend
d2:d3 Subtrahend

OUTPUT: dO:d? = Result ( d0:d1 - d42:43 )
POSSIBLE ERRORS: TrapVv

Set if result is negative.
Set if result i3 zero.

Set on underflow cor overflow
Always cleared. -

CONDITION CODES;:

[ 2l -]

FURCTIOB: This function performs aubtraction om two double-precision
floating point numbers. Overflow and Underflow are indicated by the V
bit being set. In either case, a trapv exception will be genarated.
If an wunderflow caused the exception, zero will be returned. If it
was an overflow, infinity (with the proper sign) will be returned.
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T$Dtod Double~Pregision Flocating-Point to Ascii TéDtod

ASSEMBLER CALL: TCALL T$Mathi,T¢$Dtod

INPUT: dO:d1 Double-precision floating=-point number

dz.1 Low=Hord: digits desired in presult
High=Word: digits desired after decimal-point
(a0) = Pointer to conversion buffer

Ascii digit string '
Two's complement exponent

CUTPOT: (ad)
do.1

POSSIBLE ERRORS: none

" COEDITION CODES:

N Set if the number is negative.
Z Undefined. .

¥ TUndefined.

C Undefined.

FONCYTION: The double-precision float paassed to this function is
convertad to am ascii string. The conversion terminates as soon as
the number of digits requested have been converted or whemn the
specified digit after the decimal point has been reached; whichever
comes Ffirst. 4 null will be appended to the end of the string.
Therefore the buffer should be one (1) byte larger thap the expected
nueaber of digita.

The econverted string will only contaip the mantissa digits. The

sign  of the number 45 indicated by the N bit, and the expoment is °
returned ino regiatar d40.
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T4DtoF Double to Single Floating-Point Conversion T$DtoF

ASSEMBLER CALL: TCALL T$Math1,T$DtoF

INPUT: d0:d1 = Double=precisicen floating-point aumber
OUTPUT: d0.1 a Single-precision floating-peoint number
POSSIBLE ERRORS; TrapV

CONDITION CODES: N Undefined.
Z Undefined.
¥ Set on underflow or overflow.
C UOndefined.

FOHNCTION: This functicn converts floating-poiant pumbers in double=
precision format to single-preciaion format, No arrors are poasible
and all condition codes are uandefined. If an overflow or underflow
cccurs, +the ¥V bit will bde set and a trapv exception will be
generated.
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T$DtoOL Double-Preeision to Signed Long Integer T4DtoL

ASSEMBLER CALL: TCALL T§Mathi,T3Dtol

INPUT: d0:d1 = Double-precision fleating-poiant number

OUTPUT: 40.1 Signed Long Iateger

POSSIBLE ERRQRS: TrapV

N Undefined.
Z Undefined.
¥ 3Set on overflow.
C OUndefiined.

CORDITIOR CODES:

‘FUNCTIOH: The 1integer portioen of tke floating point number is
converted to a signed long integer. The fractiom 13 truncated. If an
overflow oc¢curs, the V bit will be set and a trapv exzception will be
generated.
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T$Dtol - Double~Preoision to Unaigned Long Integer T$Dtol

ASSEMBLER CALL: TCALL T$Mathi1,T$Dtol

IRPOT: d0:d1 Double-precision floatinge-pocint number

OUTPUT: d0.1 Unsigned Long Integer

POSSIBLE ERRORS: TrapV

Undefined.
Undefined.

© §et on overflow.
Undefined.

CONDITION CODES:

O=SM=x

FUNCTION: The integer portion of the floating point nrumber is
convertaed to an unsigned long integer. The fraction 1s truncated. If
an overflow occura, the V bit will be set and a trapv exception will
be generated.
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T4DTra Truncate Double-Precision Floating-Point Number T4DTran

ASSEMBLER CALL: TCALL T$Matht,T$DTrn .

INPUT: doO:d3

Double=-precision floating-polint number

OUTPUT: d0:d1 = Truncated double-precision flpaﬁing-point number
POSSIBLE ERRORS: none

CONDITION CODES: All vondition codesa are undefined.

FUHCTION: Floating point numbers consist of two parts; integer part

and fractional part. The purpose of this function is to trgnoate the
fractional part. For example if the number passed is 283.75 this

function will return 283.00
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T4Exp Exponential Funotion T$Exp

1

ASSEMBLER CALL: TCALL T$Mathi,T$Exp

INPUT: dO:d7T s 2
da2:d3 Precision

OUTPUT: d0:d1 = Exp(x)

POSSIBLE ERRCRS: none

CONDITIORE CODES: C Always olear.

FONCTIOR: This funection barforms the exporential function on the

argument passed. That 413, it reises e to the x power (where e =
2.718284 and x 1s the argument passed).
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T$FAdd Single Preocision Addition

ASSEMBLER CALL: TCALL T§Matht,T4FAdd.

IFRPUT: dO0.l1 = Addend
d1.1 = Augend

0UTPUT: d0.1 = Result { dO0 + 41 )

POSSIBLE ERRORS: TrapV

CONDITIION CODES: Set if

N

Z Set if
Vv Set on
C Always

result is negative.
result is zero.
underflow or overflow
¢leared.

T$Fadd

FONCTIION: This funetion adds ¢two single-precision floating point
numbers. Overflow and Underflow are indicated by the ¥V bit being aset.
Ir either case, a trapv ezception will be generated. If an underflow

caused the exception, zero will be returned.
infinity (with the proper sign) will be returned.
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T$FCap Single Precision Compare

ASSEMBLER CALL: TCALL T#Math?1,T3FCup

INFUT: d0.l1 = First operand
di.l = Second operand

OUTPUT: d0.1 and d1.1 remain unchanged
" POSSIBLE ERRORS: none

COEDITION CODES:
Set if cperands are equal.

Always cleared.
Always cleared.

Q=M=

T4FCnp

Set if second operand is larger than the firat,

FONCIION: Two single-precision floating point numbera are coampared by

this function. The operands- passed to this

destroyed.
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T$FDec Single Precision Decorement T4¢FDec

ASSEMBLER CALL: TCALL T$Math1,T$FDec

INPOT: d0.1

Operand

OGTPUT: d0.1

Result ( d0 - 1.0 )
POSSIBLE BRRORS: TrapV

CORDITION CODES: N Set if result is negative.
Z Set if result is zero.
¥ Set on underflow
C Always c¢leared. )

FUBCTION: This function subtracts 1.0 from the single-~precision
floating point operand., Underflow i3 indicated by the V bit being
ast. If an underflow cccurs, a trapv exception will be generated and
zero will be returnad.
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T4FDiv Single Precision Divide T4FDiv

ASSEMBLER CALL: TCALL T$Math1,T$FDiv

INPOT: d0.l = Dividend
d1.1 = Divisor

OUTPUT: d40.1 = Result ( 40 / 41 )
POSSIBLE ERRORS: TrapV

CONDITION CODES: N Set if result is negative.
Z Set if result is zero.
¥ Set on underflow, coverflow, or divide by zero
C Set on divide by zero

FUNCTION: Thiz funetion performs division on two single-precision
floating point numbers. Overflov, Onderflow, and divide-by-zero are
indicated by the V bit being set. In any case, a trapv ezception will
be generated. If ar underflow caused the exzception, zero will be
returned. If it waa an overflow or divide-by-zerc, infipity (with the
proper sign) will be returned.
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T¢PInc Single Precision Inorement T$Flnec

ASSEMBLER CALL: TCALL T$Mathi,T3FInc
INPUT: d0.1 = Qperand '
OUTPUT: d0.1 = Result ( d0 + 1.0 )
POSSIBLE EBRRORS: Trap'V

CONDITION CODES: ¥ Set if result is negative.
Z BSet if result 1s zero.
¥ 3et or overfiow
C Always cleared.

+

PUNCTION: This function adds 1.0 to the single-precision floating
point operand., Overflow is indicated by the V bit being set. If an
overflow ooeurs, a &rapy exception will be generated and infinity
(with the proper sign) will be returned.
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T4FInt Round Single-Procision Floating-Point Rumber T4FInt

ASSEMBLER CALL; TCALL T$Mathi,T$FInt .
INPUT: dO0,] = Single-precision floating-polnt number
QUTPOT: d0.1 = Rounded single-precision floating-point number

POSSIBLE ERRORS: none
CONDITION CODES: All condition codes are undefined.

FUNCTION: Fleating point numbers consist of two parts; integer part
and fracticnal part. The purpose of this fuanction 1s to round the
floating point aumber, passed to it, leaving only an integer part. If
the fractional part 1is exactly 0 5 then the integer part is rounded
to an even number. .
EXAMPLES: 23.45 rounds to 23.00

23.50 rounds to 24.00

23.73 rounda to 24,00

24,50 rounds to 24.00 (rounds to even number)
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T$FMul Single Precision Multiplication T$FMul

ASSEMBLER CALL: TCALL T$Mathi,T$FMul

INPOT: d0.1 = Multiplicand
d1.1 » Multiplier

OUTPUT: d0.1 = Result ( d0 # d1 )

POSSIBLE ERERORS: TrapV .

CONDITION CODES: N Set if result is negative.
Set if result is gzero.

Set on underflow or ovearflow
Always e;eared.

xR

FUNCTION: This function multiplies two single-precision floating
point numbera. Overflow and Underflow are indicated by the V bpit
being set. In either case, a trapv exception will be generated. If an
underflow caused the exception, zZero will be returned, If it was an
overflow, infinity (with the proper mign) will be returnead.
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T4FNeg Single Preoision Negate T4Fleg

ASSEMBLER CALL: TCALL T$Math1,T$FNeg
INPUT: d0.1 = Operand
OUTPUT: d0.1 = Result ( d0 ® 1,0 )
POSSIBLE ERRORS: none

CONDITION CODES: N Set if result is negative,
Z Set if result is zero.
¥ Always c¢leared.
C Always cleared.

FOUNCTION: This funetion -  negates a single-precision flcating point
operand. In order to eliminate the overhead of callimg this routine,
it 1s wvery aimple to Just change the sign bit of the floating-point
number. The only ease you have to watoh out for is when the number ia
zero. This is because negative zerc i3 not supported by this package.

This example 15 written as e subroutine and expects the
floating-point number to be in do.

Negate tat.l d0 test for zero
beq.a Negl0 branch if it is zero
bchg #31,d0 change sign bit
Neg10 rts return
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T4¢FSudb ) Single Precision Subtraction T$FSub

ASSEMBLER CALL: TCALL Té$Mathi,T$FSub

INPUT: d&0.1 = Minuend
d1.1 = Subtrahend

OUTPUT: d0.1 = Result ( d0 - d1 )
ERROR OUTPUT: TrapV

CONDITION CODES: N Set if result is negative.
Z Set if result is zero,
¥V Set on underflow or overflow
C Always cleared.

FUNCTIION: This funetion performs subtraction on two single-precision
floating point numbers. Overflow and Underflow are indicated by the V¥
bit being set. In either oase, a trapv exception will be generated.
If an upnderflow caused the exceptiom, zero will be returned. If it
was an overflow, infinity (with the proper sign) will be returned.
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rsrtéa Single~Precision Floating-Point to Ascii T$Ftod .

ASSEMBLER CALL: TCALL T$Mathi,T¢Ftod

INPUT: dO.1 Single-precision floating-point number

d2.1 = Low=Word: digits desired in result
HigheWord: digits desired after decimal-point
(a0) = Pointer to qonversion buffer

QUTPUT: (al)
do.1

Ascili digit atring
Two's complement exponent

POSSIBLE ERRORS: none

COHNDITION CODES: N Set if the pumbder is negative.
Z Undefined.
¥V Undefined.
€ Undefined.

FUNCTIOE: The single-precision float paased to this funectionm i3
converted to an asocili string. The conversion terminates as soon as
the number of digits requested have been converted or when the
specified digit after the decimal point has been reachad; whichever
comes first. A null will be appended to the end of the string.
Therefore the bduffer should be one (1) byte .larger than the expected
number of digits. . "
ey

The converted string will only eontain the pmantissa digits. The
aign of the npumber is indicated by the N' bit, and the exponent 1a
returned in register do0. . .
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T4FtoD Single to Double‘'Floating-Peint Conversion T$FtoD

ASSEMBLER CALL: TCALL T$Math1,T$Ftod
INPOT: do.1

Single-precision floating-point number

OUTPUT: d0:d1 = Double-precision floating-point number

POSSIBLE ERRORS: none

CONDITION CODES: All condition codes are undefined.

FUNCTION: This function converts floating=point numbers in single-

precision format to double=precision format. Nec errors are possible
and all ccondition codes are undefined.
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T$Ftol Single-Precision to Signed Long Integer T$Ftol

ASSEMBLER CALL: TCALL T$MNathi,T$Ftol
INPUT: d0.1 = Single-precision floatingepoint number

QOTPUT: d0.1 Signed Long Integer.

POSSIBLE ERRORS: TrapV '

CORDITIOR CODES: N TUndefined.
hd Z Undefipned.

¥ Set on overflow.
C Undefined,

FUNCYION: The integer portion of the floating point number is
converted to a signed long integer. The fraction is truncated. If an
overflow occurs, the V bit will be set and a trapv exception will be
generatead.

Page 12=42



05-9/68000 OPERATING SYSTEM TECHNICAL MANUAL
CHAPTEER 12
THE MATH MODULE

T4Ftol Single-Precision to Unsigned Long Integer Té4Ptol

ASSEMBLER CALL: TCALL T§Math1,T4Ftol

INPUT: dO0.l1 = Single-precision floating-point pumber
OUTPFUT: d0.1 = Unaigned Long Integer

POS3IBLE ERRORS: TrapV

CONDITIOR CODES: N Undefined,
Z Undefined.
¥ Set on overflow.
C Undefined.

FUNCTION: The integer portion of the floating poiant number is
coanverted to an unsigned long integer. The fraction is truncated. If
an overflow occurs, the V bit will be set and a trapv exception will

be generated.
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T$FTrn Troncate Single-Precision Floating-Point Rumber T4$FTIrn

ASSEMBLER CALL: TCALL T$Math1,T$FTrn

INPUT: d0.l1 = Single=precision floating-point number

OUTPUT: d0.1 = Truncated single-precision floating-point number
POSSIBLE ERROES: none

CONDITION CODES: All condition codes are undefined.

FUONCTION: Floating p&int numbers consiat of two parts; integer part
and fracticnal part. The purpose cof this function is to truncate the

fractional part. For example if the pumber passed ia 283.75 this
function will returm 283.00 :
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T$LDiv Long (Signed) Divide T$LDiv

ASSEMBLER CALL: TCALL T$Mathi, TSLDiv

INPUT: dO0.l1 = Dividend
d1.1 = Divisor

OUTPUT: d0.1 Result ( do / d1 )

POSSIBLE ERRORS: none

CONDITIOR CODES: N Set if result is negative,
Z 8et if result 1s gero.
¥V Set on divide by zero.
C Always cleared,.

FUNCTION: This function performs 32 bit integer division. A division
by zero error 1a indicated by the overflow bit being set. If a
division by 2zero is attempted, infinity (with the proper sign) will
be returned.

Poaitive Infinity
Negitive Infinity

$TFFFFFFF
$80000000
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T$LMod Long (Signed) Modulus T4LMod .

ASSEMBLER CALL: TCALL T$Mathi,T$LMod -

INPUT: d40.1 = Dividend
¢1.1 = Divisor

OUTPUT: dO.1 Result ( Mod(d0/d1) )

POSSIBLE ERRORS: none '

CORDITION CODES: N &Set if result ia regitive.
Z 8et if result is zero.
¥ Set on divide by zero.
C Always .cleared. )

FUNCTION: The remainder (modulo) of the integer division is returned
by this funetion. If an overflow cccurs, the V bit will be set and
zoro will be returned. ’
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. T$LMul Long (Signed) Multiply T$LMul

ASSEMBLER CALL: TCALL T$Mathi,T$LMul

JNPUT: d0.1 = Multiplicand
d1.1 = Multiplier

OUTPUT: d0.1 = Result ( 40 ® d1 )
POSSIBLE ERRORS: nane

CONDITIOR CODES: Set if result 1s negitive.
Set if result is zero.
Set on overflow.

Always olesred.

Ot

FUBCTION: This funetion performs a 32 bit signed integer

multiplication. If an overflow ogeura, the V bit will be set and the

lower 32 bita of the reault will bde returned. If an overflow ocours,
. the sign of the result will still be gorrect.
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T$Log Natural Logarithm Funotion TilLog

ASSEMBLER CALL: TCALL T3Math1,T$Log

INPUT: d0:41 = 2
d2:d43 = Precision

OUTPUY: d0:d1 = Log(x)
. POSSIBLE ERRORS: E$IllArg
CONDITION CODES: C Set on error.

‘FUBCTION: This function returns the natural logarithm of the argument
passed. If an illegal argument i3 passed an error will be returned.
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T$Log10 Common Logarithm Funotion T$Log10

ASSEMBLER CALL: TCALL T$Math1,TiLog10

INPUT: d0:d41 = x
d2:d3 = Preciaion

OUTPUT: dO0:d1 Logti0(x)

POSSIBLE ERRORS: E$Illirg

CORDITION CODES: ¢ Set on error.

FUNCTION: This function returns the commeon logarithm of the argument
passed. If am illegal argument 13 passed an erior will be returned.
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T$Ltold Signed Integer to Ascii Conversion TiLtoA

ASSEMBLER GALL: TCALL T$Mathi,TdLtod

IRPUT: d0.1
" +(ao0)

Signed long integer
Pointer to conversion buffar

1

OUTPUT: (a0} = Asecii digit string
POSSIBLE ERRORS: none

CONDITION CODES: Set 1f the number is negative.
Undefined.

Undefined.
Undefined,

Q= MNX

FUECTION: The nigned long passed to thias funetion is converted to an
asecii string of ten {(10) digita. If the number is smaller than tan
digits, it 1is right jJjustified and padded with leading zeros. A aull
is appended to the end of the string making the mianimum size of the
buffer, eleven (11) characters.

HOZTE: The sign is ipndicated by the N bit and is not included in the
ascil string.

i
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Té$LtoD qisned Long to Domble~Frecision Floating-Polnt

'ASSEMBLER CALL: TCALL T$Mathi,T3LtoD

INPUT: d0.1 = Signed long integer
QUTFUT: d0:d1 e Double-pracision floating=point .oumber
POSSIBLE ERRORS: none

CONDITION CODES: All conditiorn codes are undefined.

T¢LtoD

FUNCYIOHN: The signed integer is converted to a double-precision float
by this funeticon. No errors are poasible and all condition codes are

updefined.
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T4LtoP Signed iong to Single-Preaision Floating-Point

ASSEMBLER CALL: TCALL T$Mathi,T$LtoF

IRPUT: d0.1 = Signed long integer

OUTPUT: d40.1 = Sipgle-preciaion fleating=point number-
POSSIBLE ERROR3: none

CONDITION CODE3: All condition codes are undefined.

TéLtoP

FUNCTION: The signed integer is converted to a single-precision float
by this function. No errors are possible and all condition codes are

qndefined.
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TéPower Power Funotion . T$Power

ASSEMBLER CALL: TCALL T$Mathi,T$Power

INPUT: d0:d1 = x
d2:d3 =
.,.d4:d5_ = Precision
OUTPUT: d0:d1 = x°y

PFOSSIBLE ERRORS: E$IllArg
CONDITION CODES: C 3Set oan error.
FUNCTION: This funetion performs the power function on the arguments

passed. That is, it raises x to the y power. If an illegal argument
ia passed an arror will be returned.
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T$Sin o Sine Funotion T$Sin .

.

ASSEMBLER CALL: TCALL T$Matht,T4Sin

IFPUT: d0:d1 = x (in radians)
d2:d3 = Precision

QUTPUT: do:d? Sin(x)

POSSIBLE ERRORS: none

CONDITIORN CODES: C Always clear,

PUNCTION: This 'function ratﬁrna the sine() of an angle. The angle

must ©be specified in radians. No errors are possible, and all
condition codes are undefined.
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T4Sqrt o Square Root Function T4Sqrt

ASSEMBLER CALL: TCALL T3Math1,T$Sqrt

INPUT: dO:d1
) d2:d3

b 4
Precision

=
=

OUTEUT: 40:d1 .

Sqrt(x)
POSSIBLE ERROBRS: E$Illirg
CORDITION CODES: € Set on error.

PURCTIOR: This funotion returns the aquare root of the argument
passed. If an illegal argument 1s passed an error will be returned.
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Tﬁran : Tangent Funotiom . T$Tan

ASSEMBLER CALL: YCALL T¢$Math1,T$Tan

x {in radiana)
Precision

INPUT: d0:d1
d2:d3

QUTPUT: d0:d% = Tan{(x)
POSSIBLE ERRORS: none

CONDITION CODES: C Always clear.

FUNCTION: This funotion returns the tangent{) of anm angle, The angle
must be specified in radians. No errors are possible, and all
condition ecodes are undefined.
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T$0Div Onsigned Divide ' T$ODiv

ASSEMBLER CALL: TCALL T$Mathi,T3UDiv

INPUT: d0.1 = Dividend
d1.1l = Divisor

COTPUT: d0.1 Result . ( do / d1 )

POSSIBLE ERRORS: none
CONDPITION CODES: Undefined,

Set if result is zero,
Set on divide by zero.
Always cleared,

QN

FUNCTION: This function performs 32 bii unaigned integer division.

Division by zerc error is indicated by the overflow bit beling set. If
a division by gero is attempted, infinity (3FFFFFFFF) will be

returned.
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. T¢OHod Unsigred Modulus

ASSEMBLER CALL: TCALL‘T$Hath1,T$UHod

INPUT: d0.1 = Dividend
d1.l1 = Diviseor

QUTPUT: d0.1 = Result { Mod(do/d1) )
POSSIBLE ERRORS: none
COHDITION CODES: N Undefined.

Z Set if result is zero.

¥ Set on divide by zero.
C Always cleared.

T$UMod

FUNCTION: The remainder (modulo)} of the integer division is returned

by this function. If an overflow cecura,
zero will be returned.
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T$0Mul Unaigned Multiply T$0Mul

ASSEMBLER CALL: TCALL T$Mathi,T$UMul

IRPUT: d0.1'= Multiplicand
d1.,1 = Multiplier

ODTPUT: d0.1 = Result ( dO ® 41 )
POSSIBLE ERROR3: none

Undefined.

Set if result is zero.

Set on overflow.
Always cleared.,

CORDITION CODES:

=M=

FURCTION: This funetion performa a 32 bit wunsigned Jinteger
multiplicaticn, If an overflow ocours, the V bit will be set and the
lower 32 bits of the result will be returned.
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T$0tod Unsigned Integer to Asolil Conversion T$0tod .

ASSEMBLER CALL: TCALL T$Math1,T§Utod

INPUT: dO0.l1l = Unsigned long integer
(a0) = Polnter to conversion buffer

OOTPOT: {(al0) = Ascii digit string

POSSIBLE ERRORS: none

CONDITION CODES: All conditicn codes are undefined.

FUNCTION: The unsigned long passed to this funotion is converted to
an aseilj string of ten (10) digita. If the number is smaller than ten
digits, it 41s right justified and padded with leading zeros. & null

is appended to the end of the striang making the minimum size of the
buffer, eleven {(11) characters.
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T$UtoD - Unsigned Long to Double-Precision Floating-Point T$0tod

ASSEMBLER CALL; TCALL T4Mathi,T4UtoD

INPUT: d0.1 Unasigned lomg integer

QUTPUT: dO:d1 Double-preciasion floatinge~point number

POSSIBLE ERRORS: none

CONDITION CODES: All copdition codes are undefined. .

FUNCTION: The unsigned integer i3 converted to a double-precision

float by thias function., Ko errors are possible and all condition
codes are undefined.
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T$UtoF " Unsigned Long to Single-Praecision Floating-Point T$0toF

ASSEMBLER CALL: TCALL T$Math1,T$Otof
INPUT: d0.1 = Unsigned long integer

OGTPUT: d0.1 Single-precision fleating=-point number

POSSIBLE ERRORS: none

CONDITION CODES: All condition codes are undefined.

PUNCTION: The wunsigned integer is converted to a single-precision
float ©bdy this function. No errors are possible and all condition
codes are undefined.

erd of gqhapter 12
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SEMAPHORES

In certain application programs, a shared system resource nust
be protected from being accessed simul taneously by several concurrent.
processes, For example, 1if two processes need to communicate with
each other through a shared data module, it may be necessary to..
synchronize the processes saco that omnly one updates the data module at
any given time. Thias i3 done with a semaphore.

A semaphore is a special type of system global variable., It ia
used as a tool to synchronilze procasses, There are two basio
operaticns that may Le performed on a semaphore: Wait and Signal.
They allow one process to suspend itself while waiting for scme event
and to reactivate when ancther proceas signals the event has
ocgeurred.

A semaphore can be thought of as a pigeon hole box for keys at a
hotel, The numeric value of the semaphore reprasents the number of
keys in the box. The Signal operation corresponds to checking out of
the hotel and returns one key tc the box, The Wait operation
attempts to remove a key from the box. If none are available, the
F$Event manager forces the process toc wait. The process waits until
a key 1s avallable {(a Signal operation 1s performed), removes the ke
and then continues execution. :

Por user programs to coordinate sharing a non-re-entrant
rescurce, they must:

1. Wait for the resource to become availabe,.
2. Mark the resource as busy.
3. Use the resourae,

4. Signal that the resource is no longer buay.

It 1is eritical for the firat two steps in this process to be
indiviaible, Otherwise, {(because of timeslicing) two processes could
both cheek the semaphore and find it free and mark it as busy. This
would ecorrespond to two guests being assigned the same room at the
hotel. The F¢Event service request insures this will not happen by
performing both stepa in the wait operation,
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EVEETS AND THE F$EVENT SISTEM CALL

The F$Event system call provides the mechanism to create named
"events™ for this type of application. The name "event”™ was chosen
instead of T"oemaphore®™ because F3Event provides the flexibility to
syockronize processes in a variety of ways not usually found in
semaphore primitives, 0S=9's event routinas are very effiecient, and
sultable for use in real-time control applications.

Event variables require several maintenence functions as well as
the Signal and Wait operationsa. To keep the number of system calls
required to a minimum, all event operations are accessible through
the F$Event system call. A function code ia paaaed in register dil.w
to indicate which event operation ia desired.

Existing functions allow events to be created, deleted,linked,
unlinked and examinped. Several variations of the Signal and Wait
ocperations are also provided.

“rhe. ';bgistar conventions below apply to every event function.
They are not repeated in the individual funotion specifications.

?$Btent - Event system call.

IlPﬁr: d1.w = function code

0 = Ev$Link = link to existing event

1 = BvéUnLnk = unlink event

2 = EviCreat = ereate (and link to) new event
3 = EvéDalet = dolete existing event

4 = EvéiWait = wait for event to ocour

5 = EviWaltR = wait for relative event to occar
6 « Ev$Read & read event value

T = Ev$Info = return event information

8 = BvdSignl = signal event

9 = Ev$Pulse = pulae event

A = EviSet = set event value

B = Ev$SetR = set relative event value

Other registers depend on function code
CUTPUT: registers depend on funotion aods

ERROR OUTPUT: ca s carry bit set
di.w = error sode if error

3pecific parameters and functions of each event operation are
discussed on the following pages. The "Ev$xxx" function names are
defined in the system definition file "funocs.a"™., Actual values for
the funetion o¢odes are resolved by 1linking with the relogatable
library "ays.l"™ or "usr.ln, “
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Br$lLink - Link to existing event by name
INPUT: (a0) = ovent name string pointer {max 11=chars)

event ID number
updated past evepnt name

( a_O_)

2 "'%j', _
POSSIBLEEHRORS:”~ E¢$BNam = name 1s syntactically incorrect,
or > 11 chars
E$EvRF = event not found in the event table

FPUNCTION:

EvilLink i3 used by a program to determine the ID number of an
existing event. Once an avent has been .linked, all subsequent
references are made using the event ID returned. This permits the
system to access events quickly, while protecting against programs
using 1nvalid or deleted events. The event use count i1s inoremented
when an Ev$Link is performed. To keep the uae count synchronized
properly, an Ev$UnLnk should be performed when the event will no
longer be used,
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Ev$UnLnk ~ Unlink event

INPUT: d0.1 = eveat ID number

OUTPUT: opone

POSSIBLE ERROR3: E$EvntID - £he ID gpecified is not a valid
active event

FUORCTION:

The unlink funotion of F$Event 13 used to inform the system that
the event will no longer be used by a process, This oauses the event
use gount to be decremented, and allowa the event to be deleted when
the count reaches zero. 03«9 uses thia only for error checking.
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EviCreat - Create new event

JEPUT: do.1l initial event variable value

d2.w = auto=increment for EviWait
d3.w = auto-increment for Ev$Signl
(a0) = event name string pointer (max 11=chars)

QUTPUT: d1.1 = event ID pumbar
{a0) = updated past event name

POSSIBLE ERRORS: E$BNam - name is syntactically incorrect,
. : or > 11 chara
E$EvFull - the event table is full
E$EvBusy - the named event already exists

PUHCTION:

Eventa may be created and deleted dynamically as needed. Upon
greation, an initial (signed) value is spegified, as well as (signed)
increments %Yo be applied each time the event ooours or is waited for,
The eveat ID number returned is made up of an always-incrementing
event  ID (the MS half of d0), and the index into the system's event
table (the LS half). This number is used in subsequent F$Event calls
to refer to the event created. The mazimum number of active eventa
is speaified in the system configuration module (Tinit"),
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. BEv$Delet - Delete existing event
INPOT: (a0d) = event name atring pointer (max 11-chars)
- QUTPOT: (a0} = updated past event nanme

PCSSIBLE ERRORS: E$BNam - name is syntactically incorrect,
: or > 11 chars
ESEvNF - event not found in the event table
E$EvBusy - the event has a non=zero link oocunt

FUNCTION:

. The Ev$Delet functior removes an event from the system event
table, freeling the eantry for use by another event. Events have an
impliecit wuse count (initially set to one), which 15 incremented with
each Ev$Link call and decremented with each Ev3UnLnk eall. An event
may not be deleted unless its use count 1is zero. )

HOTE: 08=9 does not automatically "unlink" events when an F3Exit
cceurs. -
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EviWait - Wait for event to oceur

INPUT: d0.1 = event ID aumber
d2.1 = minimum activation value (asigned)
d3.1 = maximum activation value (signed)

OCGTPUY: d1.1 = actual event value

POSSIBLE ERRORS: E$EvntID ~ the ID specified is not a valid
active event

FURCTION:

The Ev$Wait function is used to walt for an event te occcur. The
avent variable is firat compared to the range apecified in d2 and d3.
If the value is not in range, the calling progess is suapended in a
fi-fo event queue, It waits until an Ev$Signl occurs that puts the
value in range. Once the event value i3 within range, the wait auto-
inerement (specified at creation) is added to the event variable.

If the process receives a signal while in the event queue, it i=z
activated even though the event has not actually ocecurred. The auto-
increment i1s not added to the event variable, and the event value
returned will net be within the specified range. An error is not
returned, but the caller's intercept routine will be executed.
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EveWaitR - Weit for rolative event to ococur

INPUT: d40.1

= event ID number
" d2.1 = minimpum relative activation value (signed)
d3.1 = maximum relative aotivation value (signed)

OUTPOT: d1:1 actual event value
d2.1 = minimum agtual ag¢tivation value
d3.1 = maximum actual activation value

POSSIBLE ERRORS: E$EvntID -~ the ID specified is not a valid
- active event

FURCIION:

The Ev$WaitR function works exactly like Ev$Wait, except that
the range apecified in d2 and d3 1s relative to the current event
value. The event value 18 added to d2 and d3 reapeotively, and the
actual values are returned to the caller. The EviWait function is
then exzecuted directly. If an underflow or overflow oceurs on the
addition, the wvaluea $80000000 (minimum integer), and $7PLLELESF
(maximum integer) are used, respectively.
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Ev$Read - Read event value without waiting
INPOT: d0.1 a event ID number
QUTPUT: d1.1 = current avent value

POSSIBLE ERRORS: E$EvntID - the ID specified 13 mot a valid
active avent

FUNCTION:

The Ev$Read funetion is used to read the value of an event
without waiting or effecting the event variable, This ocan be uased to
determine the availability of the event (or associated resource)
without waiting. ' .
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Ev$Info - Return event information
' HIY - L

INPUT: do.1 g.avent index to begin search
- (a@) = ptr teo buffer for event information

OUTPUT: d0.l = event index found
""" (a0} = data returned in buffer

POSSIBLE BRRORS: ESEvntID - the index is abcva all active events

FUNCTION:

Ev$Info 1s an information request funetion that returns a copy
of the 32-byte event table entry associated with an event. TUnlike
other F$Event functions, only an event index is passed in d0. The
index 13 the system event array subsoript, ranging from zZero to the
maximum number of syatem events minus ome. The event information
block for the firat active event with an index greater than or equal
to this index is returned in the caller's buffer. If none axists, an
error is returned. Ev$Info i3 provided so a utijlity will be able to
determine the status of all active events.

Pagas 13=10



03-9/68000 OPERATING SYSTEM TECENICAL MANUAL
- “CHAPTER 13 = ‘
EVENTS AND SEMAPHORES

Ev$8ignl - Signal an event occurrence

INPUT: d0.l = event ID number
dt.w = MS bit set to activate all procesaes in range

OUTPUT: none

POS3SIBLE ERRORS: E3EvntID - the ID specifiéd is not a valid
: actlive event

FUNCTION:

The Ev$Signl function signals that an event has ocecurred. The
curreat event variable ias first updated with the aignal auto-
inorement (speocified when the event was created}. Then the event
queue is searched for the first process waiting for that event value.
If the MS bit of di.w {the function cade) 1s set, all processes in
the event queue that have a value in range are activated. The
sequence is the gsame for each event in the queue until the queue iz

exhausted:

1. The signal auto=increment is added to the event variable.
2., The first process in range i3 awakened.

3. The event variable is updated with the walt auto-increment.

4, The search is eontinued-with thé updated value.
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6v$Pulse - Signal an event occcurrence

INPUY: d0.1 a event ID number
d1.w = M8 bit aset to activate all processes in range
d2.1 = event pulse value

QUTPUT: noene

POSSIBLE ERRORS: E$EvntID - the ID apecified 1a not a valid
active event

FURCTION:

The Ev$Pulse funcotion signals an event occurrance, but differs
from Ev$3ignl. The ' event variable i3 set to the value passed in
d2.1, and the signal auto=increment is not applied. The EviSignl
aearch routine 1s then executed as a subroutine, and upon return the
original event value 1s reatored.

!
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Bv$Set - Set event varlable and signal an event occcurrence
evint ID number

MS bit set to activate all proceases in range
new event value

INPUT: dQ.1
d1,.w
d2.,1

]
OUTPUT: none

POSSTBLE ERRORS: E$EvntID = tha ID apecified is not a valid
active event .

PUNCTION:

The Ev$Set function differs only slightly from the Ev$Signl
call. The event variable 1s initially set to the valua passed in
d2.1 1instead of being updated with the signal autoe-increment. After
this i5 done, the Ev$Signal routine is executed directly.
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EviSetR - Sat relative avent variable and signal an event ocourrence

IRPUT: do.1l event ID number
d1.w M5 bit set to activate all processes in range
d2.1 = (signed) increment for event. variable

QUTPUT: none

POS3IBLE ERRORS: E$4EvntID - the ID speecified i3 not a valid
aotive event

FUNCTION:
The Ev$SetR function’is minor variation of Ev$Signl. Instead of
using the sasignal auto-increment value to update the event variable,

the value in d2.1 18 used., Arithmetic underflows or overflows are
get to $80000000 or $TLLELLFIFf respectivaly. ;

end of chapter 13
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03-9/68000 SERVICE REQUEST DESCRIPTIONRS

System calls are used to communicate betweenr the 0S-9 operating
system and assembly language level programa. There are three general
categoriea:

1. User mode function requests
2. I/0 requests
3. System mode function requasts

411 system calls have a mnemonic name for easy reference., User
and syatem functions names start with "F$", and I/0 related requests
begin with "I$". The manemonic names are defined in the relocatable
library file "s3ys.l"™ that should be linked with your programs,

The 0S=9 I/f0 service requests are simpler to uae tharp in many
cther operating aystems. This is due to the fact that the calling
program does not have tc allocate and set up "file contrel blocka™,
rgsector buffera”, ete. Inatead, 0S=-9 will return a path pumber word
when a file/device 13 opened. This path npucber may be used in
subsequant I/0 requeats to ldentify the file/device until the path
i3 closed, 0S=-9 internally alloastes and malntains its own data
structures, and users never have to deal with them,

System mode function requests are privileged and may be executed
only while ©0S-9 is 1n system atate {when it is proceassing another
service requeat, executing a file wmanager, device driver, ete.}.
System mode functions are ingluded in this manual primarily for the
benefit of those progracmers who will be writing device drivers and
other aystem-level applications.

Thae system calls are performed by loading the MPU registers with
the appropriate parameters and exacuting a Trap #0 instruction
immediately followed by a constant word (the request ceode). Fuanetion
results (if any) will be returned in the MPU registers aftaer 0S-9 has
processed the service request, A standard conmnvention for reporting
errors i3 wuased in all system ealla; if an error occurred, the Carry
bit of the gondition code regiaster will be set and register di.w will
gontain an appropriate error code, permitting a BCS or BCC
instruction immediately ~following the system c¢all to branch on
errcr/no error.



08-9/68000 OPERATING SYSTEM TECHNICAL MANUAL
INTRODUCTION TO THE SERVICE REQUEST DESCRIPTIONS

Here is an example system call for the "CLOSE" service request:

MOVE.W Pathnum (a$),d0
TRAP #0

DC.W I$Cloae

BC3. 3 Error -

Using the assembler's "0S9" direotive simplifies the call:

MOVE.W Pathnum (af),do
089 I$Close
BCS.S Error

Some system calls generate errors themaelves; these are listed
as POSSIBLE ERROR3. If the returned error code does not match any of
the given possible errors, theo it was probably returned by another
syster call made by the main qall.

The CROS3 REFERENCE listing for each aservice request shows
relatad service requests and/or chapters that may yield mare
information.

In the service requeat deagriptions which follow, registers not
explicitly apeecified as input or output‘parametars are not altered.
Strings passed as parameters are normally-terminated by a null byte.
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. F$A11Bit Set bits in an allocation bit map F$ALlBiL
ASSEMBLER CALL: 089 F$A1l1Bit

INPUT: éu.w = Bit number of firat bit to met
d1.w = Bit count (aumber of bits to set)
_,{a0) = Base address of an allocation bit map

QUTPUT: none

ERROR QUTPUT: occ = Carry bit aset
dl.v = Appropriate error code

FUHCTION: F$A11Bit sets bits in the allocation map that were found
by Fé$SchBit, and now allocated. Bit numbera range from (0 to N=1 {N
is the number of bits in the allocation bit map).

In some applications it 1s nedessary to allocate and deallocate
segments of a fixed resource {auch as memory). One convenlent way is
to set up a map that desceribes which blocks are available or ip use.
Each bit in the map represents one bloeck, If the bit is set, the
block d4is 1ian use., If the bit is clear, the blook is available. The

. F$SchBit, F$Al1Bit, and F$DelBit system calls perform the elementary
bitmap operations of finding a free segment, allocating it and
returning it when it is ne¢ longer needed.

RBF uses these routires to manage eluster allocation on disks,
They have bean made accessable to users because they may occasionally
be useful.

CRO33 REPERENCE: See F$SchBit and F3$DelBit.
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F4CRC Generate CHC : FP4CRC
ASSEMBLER CALL: 0S9 F$CRC )

INPUT: d0.1 = Data byte count
- dl,1 = CRC accumulator
{a0) = Pointer to data

OQUTPUT: dl.l e Opdated CRC acoumulator

ERROR OUTPUT: cc = Carry bit set
dl.wv = Appropriate arror code

FUBCTION: F$CRC generatea and checks the CRC (eyelie redundaney
chaéck) values of sections of memory. F3$CRC is uaed by compilers,
assemblers or other module generators to generate a valid module CRC.

o If the CRC of a new module 13 to be generated, the CRC is
accumulated over the module (exoluding CRC). The accumulated CRC is
complemented and then stored in the correct position in the module,

The CRC 18 oalculated atarting at the scurce addreas over a
specified numdber of bytes. It is not necessary to cover an entire
mgdule in one eall, since the CRC may be "agcumulated" over several
calla. The CRC accumulator must be initialized to $FFFFFFFF before
the first F$CRAC call for any partioular module.

When checking an existing module's CRC, the nalculation skould
be performed on the sntire module (including the moduls CRC). The
CRC acoumulator will contain the CRC constant bytes if the module CRC
is oorrect. The CRC constant i1s defined in "sys.l" and "uar.l" as
BCRCCon™,. It has the value of $00800FE3.

CAVEATS: The CRC value is three bytes long, in a four-byte field.
To generate a valid module CRC, the galler must include the byte
preceding the CRC in the cheok. This byte must be initialized to
ZEero. For convenience, 1if a data pointer of zerc is passed, the CRHC
will - be updated with one zero data byte, F$CRC will always return
8PF in the mosat sigrificant byte of d1, so d1.1 may be directly
stored (after complement) in the last four bytes of a mocdule as the
correct CRC. ’

CRO33 REFERENCE: 3See Chapter 1 seotion on CRC.
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FiChain Load and execute a new primary module F$Chain
ASSEMBLEE CALL: 059 Fi$Chain

INPUT: d0.w = desired module type/language
(must be program/object or O=any}

¢1.1 = additional memory size

d2.l = parameter size

d3.w = number of I/0 paths to capy -
d4.w = priority

(a0) = module name ptr

{a1) parameter ptr

OUTPUT: d0.w = child process ID
. (a0) -=-updated beyond module name

ERROR OUT!UT{:}ec = Carry bit aset
d1.w = Appropriate error code

POSSIBLE ERRORS: EJNEMod

FUBRCTION: F$Chain i3 wused when it i3 neceasary to execute an
entirely new program, but without the overhead of creating a new
proceas. It 1s functionally similar to a Fork command followed by an
EXIT. FiChain effectively "resets” the calling process' program and
data memory areas and begins execution of a new primary module, Jpen
paths are not closed or otherwise affected.

The sequence of operations taken by Chafin 1s as follows:
1. The progess' old primary'module is unlinked.

2, The system parses the name string of the new procesa’
"primary module"™ (the program that will initially bde
exacuted). Hext, the system module directory ia
searched to see 1f 2 module with the same name and
type/language 1a already in memory. If so, the module
1a 1linked. If not, the name string is used as the
pathlist of a file which is to be loaded into memory.
The firast module ip this file 1s linked.

3. The data mnemory area ia reconfigured to the specified
size in the new primary module's header.

4. Intercepts and any pending signals are erased.

Page 14=3



The diagranm

05-9/68000 OPERATING SYSTEM TECHNICAL MANUAL

" CHAPTER 134
USER MODE 3YSTEM REQUESTS

F$Chain (Continued)

below shows how Chain sets up the data memory area

and registers for the new module (thesme. are identical to F$Fork).

crmm——————— ———— -, fe= f(at) (highest address}
H Parameter |
i Area |
?-----------------? <-- (as) F] (aT)
. ' Data Area )
I [
S —— * {a= (ab) (loweat address)

Registers paased to

ar

The ninimum

akild process:

0000
moedule entry point

overall data

process ID

group/user number

priority

number of I/0 paths inherited
undefined

parameter aize

total ipitial memory allocation
undefined

undefined

top of memory pointer

undefined

primary (forked) module pointer
undefined

parameter pointer

static storage (data) base pointer
stack pointer (same as a5)

size 1is Address

area 256 bytes.

registers will point to even addresses,

CROSS REFERENCE:
CAVEATS:

See F3Pork and FilLoad.

Mcat errors that coour during the chain will be returned as

an exit status to the parent of the process doing the ckain.
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PtCupﬂau . Compare two namen ' F4CmpNaa

ASSEMBLER CALL: O0S9 F$CmpNan S

INPUT: d41.v = Length of pattern string .
(a0) = Pointer to pattern string '
_ (a1} = Pointer to target string. -

QUTPUT: co = Carry bit elear if the strings match

ERROR OUTPUT: cc = Carry bit set
dl.w = Apprapriate error code if unegqual or error
. o kn K
POSSIBLE BRROR3: E$Differ: the -namea do not match
E$3tkOvf: the pattern ias too complex

FORCTION: F¢CmpNam ocompares a target name to a Bbource pattern to
determine if they are equal. Upper and lower case are considered to
matoh, Two wild -card characters are recognized in the pattern
string: "?" matches any single character, and "#" patohes any atring.
The target name must be terminated by a null byte.
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FiCpymenm Copy external memory Fé4Cpymen
ASSEMBLER CALL: 059 FiCpyMem

IRPUT: dO0.w processa ID of extarnal memory's owner

d1.1 = number of bytes to copy
(a0} = addreszs of memory in external process to copy
(a1) = caller's destination buffer pointer

QUTPUT: none

ERROR OUTPUT: c¢c = Carry bit set

: d1.w = Appropriate error code
FUNCTION: FiCpymem roples external memory into the user's buffer for
inspection. F¢CpyMem can be used to copy portions of the aystem's
addreas aspace., This is especially helpful in examinping mcdules, Any
memory in the aystem may be viewed in this way.

CROS3 REFEREHCE: See FiMove,

‘Pngo 136
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P4DatMod Creata Data Module FéDatMod

ASSEMBLER CALL: F$DatMod

INPUT: d0.l1 = size of data required (not including header or CRC)
d1.vw = module attr/revision
d2.w = wmodule access permission
{a0) = module name string ptr

OUIPUT: dO.w module type/language

=
d1.w = module attr/reviaion
(a0) = updated name string ptr
(a1} = module data ptr (‘execution' entry)
(a2) = module header ptr

ERROR OUTPUYT: cc = Carry bit set
d1.w = Appropriate error code

POSSIBLE ERRORS: EjMNam

FUNCTIION: F¢DatMod creates a data module with the specified
attribute/revision and clears the data portion of the .moduls. The
module 1s initially created with a valid CRC, and entered intc the
system module directory., Several procesaes can communicate with each
other using a shared data module.

Care should be taken not to alter the data module's header and
name atring to avoid the poasibility of the module becoming unknown
to the aysten.

CROSS REFERENCE: See F$SetCRC and FiMove.
CAVEATS: The module oreated will contain at leaat d0.l usable data
bytea, but may be somewvhat larger. The module itself will ba larger

by at least the asize of the module header and CRC, and rounded up to
the nearest 256-byte boundary.
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F4DelBit Deallocate in a bit map F3DelBit

ASSEMBLER CALL: 0S9 F$DelBit

o

INPUT: d0.w = Bit number of firat bit to clear
d1.w = Bit count (number of bita to claar)
. (a0) =" Base addresa of ac allocation bit map

OGTPUT: none

ERROR OUTPUT: ¢0 = Carry bit aset
dl.w = Appropriate error code

FORCTIONR: DelBit «<¢lears -bits 1ian bit wmap that were previously
allecoated and are now free for genmeral use. Bit numbers range from 0
to N=1 (N 1s the number of bits in the allocation bit map).

CROSS REFPERENCE: 3See F$411Bit and F$SchBit.
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P4DExsc Exooute debugged program F$DExec
AS3EMBLER CALL: 0359 F$DExec

IRPUT: d0.w process ID of child to execute

d1.1 = number of instructions to execute (0 = continuocus)
d2.w = pumber of bresakpoints in list
(aQ) = braakpoint list :

ragiater buffer contalns child regilster image

OUTPUT: d0.l1 = total number of instructions executed so far
d1.1 = remaining ocount not executed
d2.w = excaption ocourred, if non-zero; exception offset
d3.w = clasaification word (addr or bus trap only)
d4.1 = accesa addrasas {addr or bus trap only)
d5.w = 1instruetion register {addr or bus trap only)

reglster buffer updated

ERROR OUTPUT: co = Carry bit set
d1.w = Appropriate error code

POSSIBLE ERRORS: E$IProlID, E8Prodbt

FUNCTION: F$DEzec controls the execution of a suspended child
process that has been coreated by the F$DFork ecall. Control
terminates when the aspecified number of instructions have been
exeocuted, a breakpoint is raachedsog‘an:unexpected axcaption occurs,

Apny 05-9 system ocalls made by .the, suspended program are executed
at "full speed” and are considered one logical instruation.

The register buffer passed in the F$DFork call is used dy the
system to save and restore the c¢hild's registers. Changing the
contents of the reglister buffer will alter the ohild procesas!?
registers, ‘

If the child prooésa termipates for any reason, tracing will no
longer be permitted (earry bit will be set). An F4DEzit call should
be made. _ '

CROS3 REFERERCE: See F$DFork and FIDExit.
CAYBAIS: Traeing 15 allowed through uaer trap handlera, intercept

‘routines and the FiChain system call. This is not a problem, but may
seer strange at times.
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F4DExit Exit debugged program F$DBExit .
ASSEMBLER CALL: F$DExit

IRPUT: d0.w = process ID of child to terminate

0UTPUT: none l

ERBROR OUTPUT: c¢o = Carry bit set -
d41.w = Appropriate arror code

POSSIBLE ERRORS: E3IPrecID

FORCTION: F$DExzit terminates. a asuspended child process that was
created with the F$DFork aystem ecall. MNormal terminatiocm by the
child process does not release any of ita resources, in order to
porait post-mortem examination.

CRO3S REFERENCE: See F3Exit, F$DFork, and F3DExec.
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F$DFork . Fork prodeas under oontrol of debugger F$DFork
ASSEMBLER CALL: F$DFork

INPUT: dO.w = desired module type/revision (0 = any)

’,

d1.1 = additional stack space to allocate (if any)

d2.1 » parameter size

d3.¥v s number of I/0 paths for child to inherit

di.w = moduls priority

(a0} = module pame ptr (or pathlist)

(al) = parameter ptr i

(a2) = register buffer: copy of child's {d0-d7/a0-aT/sr/pc)

OUTPUT: - 40.w
- (a0)
(a2)

child prooess ID

updated past module name string

initial image of the child procesa' registers in
‘buffer

ERROR OUTPUT: o¢c = Carry bit set
dl.w = Appropriate error code

FUHCTION: F¢DFork works similar to F$Fork, ezoept tkhat it is
provided for a debugger utility to create a process whose execution
ocan be closely controlled. The process created 13 rot placed ia the
active gqueue. Instead, it fs left in a "suspended" state, allowing
the debugger to control ita execution. This is done through the
special system calls: F4DExec and F$DExit.

The ohild process i1is oreated with the trace bit of its statua
rogister set. It is executed with the F$DExec system gall.

The register buffer 13 an area in the caller's data area that ia
permanently assoelated with each child proceas. It will be set toc an
inage of the child's initial registers for use with the F4DExec call.

For information about process creation, please see the F4Fork
service request definition.

CROSS BEFERENCE: See F$Fork, F$DExec, and F$DExit.

CAVEATS: A process coreated by the F&DFork will never exequte at all
unleas it is told to do s0, Whenever it is run, The trace bit will
be set in the user status reglster causing the system trace exception
handler to occur once for eaoh user ianstruationm executed. This makes
user programs run slov. ‘
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F$Exit Tearminate the calling procesas P$Exit

ASSEMBLER CALL: 0359 F$Exit
INPUT: d1.w = Status code to be returned to the parent process
CUTPUT: Progesas 1s terminated
ERROR QUTFUI: none
FORCTION: F$Exit is the means by which a process can terminpate
itself. Its data memory area is deallocated, and its primary module
1s UnLinked. 411 open paths are automatically ecloased.

The death of the process can be detected by the parent executing
a P§Wait ocall. This returns (to the parent) the status word passed
by the child in its Exit call. The status word can be an 0S-9 error
code that the terminating process wishes to pass back tc its pareat

process (the shell assumea thias), It can alsc be used to pass a
user-defined status value.

Processes to be called directly by the shell should only raeturn
an 03-9 error code or zere if no error ocaourred. HNote that the
parent MUST do an F$Wait before the procesa descriptor is returned.

The following information describes the operation of an F$Exit
call.

1. Close all paths,

2. BReturn memory to system.

3. Unliak primary module and user trap handlera.

4. Free process desoriptor of any dead child processes,
S. If parent is dead, free the process deseriptor.

6. If parent is alive, search yait queue c¢of parent:

4. 1f parent can not be found, leave the process in
limbo until parent notices the death.

B. If parent found, move parent to active queue,
inform parent of .death/statuas, remove child from
sibling list and free process desoriptor for the
systen.
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F$Bxit (ocontinued)
CROSS REFERENCE: See I1$Close, F$SrtMem, F$UnLink, stindPD F$RetPD,
F§Fork, F$Wait and FP3iAProo.
CAVEATS: Only the primary module and the user trap handler= ara

unlinked. Any other modulea that are loaded or linked by the process
should be unlinked befere calling F$Exit.
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F¢Fork Create a new process FéPork .

ASSEMBLER CALL: 039 F$Fork

désirad module type/revision
{usually program/object G=arny)

INPOUT: d0.w

d1.1 = additional memery aize

d2.l1 = parameter size

d3.w = number of I/0 paths to copy
di.w = priority

(a0) = module name pointer

(a1) s parameter pointer

OUTPUT: dO.w=child procesas ID
(a0)supdated bayond module name

ERROR OUTPUT: cc = Carry bit set
d1.w = Appropriate error code

POSSIBLE ERRORS: E$NEMod ) .

PONCTION: FdFork oreoates a new process whioch becomes a "ghild"™ of the
galler, It sets up the nev process' memory, MPU registers and

standard 1/0 paths.

The aystem parses the aame string of the new proocess' "primary
module® (the program that will initially be ezecuted). HNext, the
aystem nmodule direciory is searched to see if the program is already
in memory. If 30, the module is linked and executed. If pnot, the
name string is used as the pathlist of the file which is to be loaded
intc memory. The first module in this file is linked and executed.

g * The primary module'a module header 1s used to determine the
. prooessa'’ initial data area size, 0S=9 then attempts to allocate RAM

“:aqual to the required data atorage size plus any additional size

given in d7, plus the size of any parameter paassed. The RAM area
, must be ocontiguous,

The new process' registers are set up as shown in the diagram on
the next page. The execution offset given irn the module header is
used to set the PC to the module's entry point.

When the nshell processes a command line, it passes a string in
the parameter area which is a copy of the parameter part (if any) of
the oommand 1line, It also inserta an.end-of-line charaoter at the
end of the parameter atring to sinpliry string-orieutad procesaing.

If any of the thease operations are unsuncesarul the Fork 1is
aborted and the caller ia returned an error. '

Page 18=~18



08-9/58000 OPERATING SISTEM TBCIIICIL HLHUAL
CHAPTER 14
USER MODE SISTEM REQUESTS

F8Fork (Continued)

"The diagram below shows how Fork ‘sets up the data memory area
and registers for a newly=gcreated process. / See FiWait.

et eSS sssssesenenans, == (&) (kighest address)
) Parameter A
I Area [
JI* ---------------- -f == (a5), (aT)
| Data Area |
] |
lecreessevecnmmnna! (- (a6)*® (lowest address)

Registers passed to child process:

ar = 0000 (a0) = undefinaed
pec = meodule entry point {a1) = top of memory pointer
d40.w = proeess ID (a2) = undefined
d1.1 = group/user number (a3) = primary (forked) module
d2.w = priority pointer
d3.¥ = number of 1/0 patha (ad) = undefined
inheirited (a5) = parameter pointer
d4.1 = undefined - (a6) = statio storage (data)
d5.1 = paramaeter size base pointer®
d6.1 = total initial memory (aT) = stack pointer
allocation (aame as a5)
d7.1 = undefined

® (a6) will actually be biased by $8000, but this ocan usually be
ignored because the linker biases all data references by -$38000. It
may be signifiogant to note when debuggiag programs however.

CROSS REFERENCE: See F$Wait, F$Exit and Fé$Chain.

CAVEATS: Both the child and parent. process will execute
concurrently. If the parent executes an FiWalt call immediately
after the fork, it will wailt until the c¢hild dies before it resumes
exacution. Caution ashould be exercised when recursively calling &
program that uses the F4Fork service requast since another ehild may
be coreated with eaoh "incarcation™ until the progess table begomes
full, 4 child process descriptor is returned only when the parent
does an F$¥Wait call,
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Get Module Direoctory F$GModDr

ASSEMBLER CALL: 089 F$GModbr

INPUT:

OUTPOT:

d1.1 = Maximum number of bytes to ocopy

(a0) = Buffer pointer

-

d1.1 = Actual number of bytes copied

ERROR QUTPUI: ce = Carry bit set.

FONCTION:
buffer for inapection. FiGModDr is used by Mdir to look at

user's

dl.w = Appropriate error code

F$GModDr copies the asystea's module directory intc the

the mcdule directory. Although the module directory contains

pointers
accessed
partions
aystenms,
errora,

te each module in the system, the modules should never bea
directly, Rather, an F$CpyMem call should be used to copy
of the system's address apace for inaspection, On some
directly accessing the modules may cause address or bus trap

CROSS REFEBRENCE: See F3Move and F$CpyMem.
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. F$GPrdBT Got Prooass Desoriptor Block Table Copy
ASSEMBLER CALL: 0S9 F3GPrDBT

INPUT: d1.1 = maximum number of bytea to copy
(a0} Buffer pointer

OUTPUT: d1.1 Agtual number of bytes copied

ERROR OQUTPUT: c¢o = Carry bit aset
d1.w = Appropriate error code

F$GPrDBT

FUNCTION: F4GPrDBT ocoples the proceas desceriptor block table into
the caller's buffer for inspeqgtion. F4$CGPrDBET is used by the Procs
utility to determine quickly which proecesaes are aotive in the

systenm, Although F4GPrDBT returns pointers to the
descripters of all processes, the proceas descriptors should

process
NEVER be

accessed directly. Inatead, the F{GPrDsc system call should be used

if 1t i1s necessary to inspect particular process descriptors.

B3

The: aystem o©all, F3i11Pd, deseribes the format of the Proceasaas

. Descriptor Block Tabla. -
CROSS REFERENCE: See F$GPrDsc and F$A11PD,
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F3GPrDaa Gat Process Desoriptor oopy F4GPrDsec

ASSEMBLEXR CALL: ,039 F$GPrDsc

1
.

Requested process ID
. Number 'of bytes to copy
Procesa, descriptor buffer pointer

INPUT: dd.w
di.w
(ap)

OUTPUT: none

ERROR OUTPUT: ee = Carry bit set
d1.w = Appropriate error code

POSSIBLE ERBRORS: E$PreID

FORCTION: F$0PrDsec copiesa a process descriptor into the galler's
buffer for inspection. There i3 no way to change data in a process
descriptor. F{GPrDac is used by the Proes utility to gain
information about an existing processes.

CROSS HEFERENCE: Sae F$GPrDBT.
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F4$ID Get prooess ID / user ID F$ID
ASSEMBLER CALL: 089 F$ID
IRPUT: None

OUTPUT: .d0.w = Curreat process ID
. di.1 = Current process group/user number
d2.w = Current proceas priority

ERROR QUTPUT: co = Carry bit set

1.w = Appropriate error code
FURCTION: Returnas the callert's prcoccesas ID number, group and user ID,
agnd current proceas priority (all word valuas). The process ID is
assigned by ©€S-9 ard 1s unique te the process., The user ID is
defined 4in the system password file, and iz used for system and file
seourity. Several processes can have the same usar ID.
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F$lopt Set up a signal ifatercept trap PéIopt

.

ASSEMBLER CALL: ‘- 089 F$Iopt

IRPUT: (a05 = Address of the intercept routine
(a6) .= Address to be passed to the intercept routine

OQUTPUT: Signals sent to the proceas will cause the intercept routine
to be called instead of the process being killed,

ERROR QUTPUT: none

PUNCTIOR: F$lopt tells 0S=-9 to install a signal intergept routine
where {a0)} contaias the addresa of the signal handler routine, and
(a6) usually contains the address of the program's data area.

After the F$Iept call haa been nmade, whenever the process
receives a signal, its intercept routine will be executed. A signal
will abort a process which has not used the F$Icpt service request
and its termination status (d1.w reglster) will be the signal qode.
Many interactive preograms set up an <fnptercept routine to handle
. keyboard abort and keybdoard interrupt aignals.

.The intercept routine is entered aaynchronously because a signal
‘may-'‘be sent at any time (similar to an interrupt) and is pasaed the
__fpllouing::a e

d1.w = Signal code
{aﬁ) =. Addresa of intercept routina data area

The intarcept routine ahould be short and fast, such as setting
a flag in the process' data area. Complicatad system calls (suech as
I/0) should be avoided. In particular, sigrals should not be sent to
the process. After the intercept routine has been completed, it may
return to normal process executlon by executing the F$RTE asystem call
or the following code sequende:

movem.l (aT)+,d0=d7/al0-a? reatore registera
RTR continue mainline execution

HOTE: The above code sequence is faster than the F3IRTE system call.
CROSS REFEERENCE: See F3RTE and Fi{Send.

CAVERATS: If another signal 4is received while a program-is in its
intercept routine, the intercept routine will be called reoursively.

Each . time the intercept routine is called, TO bytes are used on the
user's staok. )
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Fé$Julian Get Juliar Date i Fé$Julian
ASSEMBLER CALL: 089 F$Julian i

INPUT: d0.1 = time (00hkhmmaa)
d1.1 = date (yyyymmdd) -

time (seconds since midnight)
Julian date

OUTFUT: dO0.1
d1.1

ERROR OUTPUT: ac¢ = Carry bit set
d1.w = Appropriate arror code

FUNCTION: F$Julian converta gregorian dates to julian dates.

Julian datas are very convenient for computing elapsed time, To
compute the number of days between two dates, tke julian day numbers
may be directly subcracted. ‘

e

. The Jjulian day number returned is similar to $the julian date
used by astronomers. It is based on the number of days that have
elapsed aince Januwary 1, 4713 B.C. Each astromnomical Julian day
changes at noon, 0S-9 differs alightly from the astronomical
standard by changing Julian dates at midoight. It 13 relatively eaay
to adjust for this if necessary.

The Julian day number may also be used to determine the day of
the wesk for a given date. Use the following formula:

weekday = MOD(Julian_Date + 2, 7)

This will return the day of the week as 0 = Sunday, 1 = Monday,
eto.

CAVEATS: The normal (Gregorian) calendar was revised to carreot
errors due to leap year at different dates throughout the world. The
algorithm wused by 08-9 makes this adjustment om Qotober 15, 1582
Care must be taken when working with dates older than this, because
the same day =may be recorded as a different date by different
sources.
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Fé$Link Link to memory module FiLink .

ASSEMBLER 'CALL: 039 F$Link

INPUT: *.db.w.=:nesired module type/language byte (0 = any)
» +(a0) = Module name string pointer )

OUTPUY: dO0.w Actual module type/language

dt.w = Module attributea/revision lavel
{aD) = Updated past the module nanme
{a1) = Module execution entry point
(a2) = Module pointer

BRROR "OUTPUT: ce =z Carry bit set
d1.w = Appropriate error code

POSSIBLE ERRORS: E$MNF, E$BNam, E$ModBay

FORCTIIOH: F$Link causes 0S-¢ to search the module directory for a
module having a name, language, and type as giveer in the parameters.
If found, the address of the module’'s header is returned in (a2).
The absolute address of the module's eaxeoution entry point is
returned in (al1) (as a convenience; thias and other information can be
obtained from the module header). The wmodule's "link count® is
incremented to keep track of how many processes are using the modulae.

If the module requested is not re-entrant, only one process may link

to 1t at a time.
CROSS REFERENCE: See FjlLoad, F3UnLink and F$UnLocad.
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F$Load . Load module{s) from a file F4Load
ASSEMBLER CALL: 059 FjLoad

INPUT: . 'd0.b = Access mode
(a0) = Path name pointer

Actual module type/language

d1.w = Attributes/revisgion level

(a0) = Updated beyond path name

(a1): = Module execution entry pointer
(of first module loaded)

(a2) = Module pointer

ERROR QUTPUT: ac = Carry bit set
di.w = Appropriate error code

POSSIBLE ERRORS: E$MemFul, E$BMID

PUONCYION: F{Load opens a file specified by the pathlist. It reads’
one or mnore memory modules from the file ipto memory until an error
or end of file 12 reached. Then it closes the file. Modules are .
usually loaded into the higheat physical memory available. :

An  error can be an actual I/0 error, a module with a bad pariiy'
or CRC or the ayatem memory 1is full.

All modules that are loaded are added to the system module
directory, and the Ffirst module “read is Linked, The parameters
returned are the same as the Link call and apply only to the firat
module lcaded.

In order to be loaded, the file must contain a module or modules
that have a proper module header and CRC. The access mode may be
specified as either Exec_ or Read_, causing the file to be loaded

from the curreant exeqution or data directory, respectively.

If any of the modules locaded belong to the super-user, the file
must alse be owned Dby the super-user. This 1is a protection that ’
prevents normal users form executiag priveleged service requests.

CAVEATS: FiLoad will not werk on SCF devices,
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F¢Men Resize data memory area Fé$Men .
ASSEMBLER CALL: 089 F$Men
INPOT: d0.1 = Desired new memory size in bytes

OUTPUT: d0.l1 = Actual size of new memory area in bytes
{a1) = Pointer to new end of data segment (+1)

ERBOR QUTPUT: oc = Carry bit set
d1.w = Appropriate arror code

POSSIBLE ERRORS: E$Del3SP, E$MemPul, E¢$NoRAM

FORCTION: FdMem ia used to contract or expand the process!' data
memory area. The new size requested is rounded up to an even 256
byte boundary. Additional memory is allocated contiguoualy upward
(towards bhigher addresses), or deallocated downward from old highest
address, If d0 equals zero, the call is taken to be an information
request and the currgpt upper bound and size will be raturned.

This request can never return all of a process' memory, or gause
the memory at its current stack pointer to be deallocated.

The requeat wpay return an error upon an expansion request even
though adequate free memory exits because the data area must always -
be contigucus, and memory requests by other processes may fragment
memory intc smaller, ascattered blocks that are not adjacent to the
caller'a present data area.
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F$PErr Print error messags F$PErr
ASSEMBLER CALL: 039 F$PErr

INPUT: d0.w
dl.w

Error wessage path number (O=ncne)
Error number

OUTPUT: none
ERROR OUTPUT: none

FONCTION: F$PErr 1s the oasystem's error reporting facility. It
writes an error message to the atandard error path. Moat 05-9
systems will print T®ERROR #mom.nnn". Error numbers 000:000 to
063:255 are reserved for the operating systenm.

If an error path number is given the path is searched for a text
desoription of the error encountered. The arror message path should
contain an ASCII file of error messages., Each line may be up to 80
characters long. If the error npnumber matches the first seven
characters im a line (i.e. 000:215), the rest of the lipne will be
printed along with the error number.

Error messages w#ay be continued on several lines by beginning
each continuation line with a space. An example error file might
contain lines like this:

000:214 (E$FNA) File not accessible.

An attempt to open a file failed. The file was found, but*is
inaccessible to you in the requested mode. Checki-the file's -
owner ID and access attributes. . -

000:215 (E4BPNam) Bad pathlist apecified, A
The pathlist specified is syntastically incorrect.

000:216 (E$PKNNF) File not found.
The pathlist does not lead to any known file.

000:218 (E$CEF) Tried to create a file that already exiats.

000:253 (E$Share) Non-sharable file busy.

The most common way to get this error i3 to try and delete a N
file that is currently open. Any time a file 13 opened for
non=gharable aecess, but already in use this error will cecur.
This error also occurs if you try to acecess & non-sharable device
(such as a pripter) that is buay.
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F$PrsNam Parge a path name : F4dPralan
ASSEMBLER CALL: 089 F$PrsNam
INPUT: {a0) = Name of string pointer

OGTPUT: dO.b = Pathlist delimitar

d1.w = Length of pathlisat element .

(a0) = Pathlist pointer updated past the optiocmal ®/"
character

(a1) = Addresas of the last character of the name +1

ERROR OUTPUY: cc = Carry bit aat
di.w ¢ Appropriate aerror code

POSSIBLE BERROR3S: E3jBNam

PUNCTION: F$Pralam parses a string for a valid pathlist element,
returning its aize. Note that this does not parse an entire
pathname, only one element in it. A valid pathlist element may
contain the following characters:

A -2 Upper case letters . Periods
a - z Lower case lettara - Underscores
0 -9 Numbers $ Dollar signs

Any other charaoter will terminate the name and be returmed as
the pathlist delimiter. Note that names may not he terminated by
having the high order bit set (as on the 6809).

. -

NOTE: PraNam processss only one name, so several eallarﬁiy'ﬁg needed
to procesas a pathlist that has more than one name,. F§PrsNam will
terminate a name on recognizing a delimiter character. "

amEm— L, Em——, T, wE.  SEE, SEE, Eme, mEm -, =, wm

BEFORE F¢PrsNam CALL: | / | D i 0} /| F { I |L 1ET!} 00f |
'---'-_-'_--'---'__-'__-'---'---'---l_-_'-_-
(a0)
AFTER F$PrsNam CALL: l/7iplot/71F1lziLIELaael |
'--_'-_-'-_-'--—'---'---I_-_l_--'__-'-_-'---
(ad) (a1) d0.b = m/nr
dt.w = 2

CRO3S REFERENCE: See F§CmpNanm.
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FSETE Return from Interrupt Exception F4RTE
ASSEMBLER CALL: O399 F$RTE

INPUT: none

OUTPUT: none

FUNCTION: F4RTE may be wused to exit from a signal processing
routine,

This eall 18 inecluded for compatability with older systems
(¥1.1). 1In version 1.2 of 05-9, signal processing was changed to uae
the user's stack to keep the interrupted register staok image. It is
far more efficlient to use the following code to return from a signal
processing routine:

. movem.l (aT)+,d0-d7,a0-af restore registers °
, rtr . continue mainline executien

CAVEATS: . When, .a signal i1s received, 70 bytes are used orn the user
atack. Signals may occur inside a signal processing routine, thua
calling the routine recuraively. Each time the routine is called,
apother 70 bytes are used, Conssquently intercept routines must be
. kept very short and fast, if many signals are exzpected.

CROSS REFERENCE: See F$Iopt.
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F$SchBit Search bit map for a free area F$3SchBit .

ASSEMBLER CALL: 059 F$SohBit

INPUT: d0.w Beginning bit number to search

d1,w = Number of bits needed
(a0) = Bit map pointer
(al) = End of bit map (+1}) pointer

OUTPOT: d0.w
at.w

Beginning bi¢t number found
Number of bitas found

ERROR OUTPUT: ¢cc = Carry bit adt
d1.w = Appropriate error code

FUNCTIOR: F$SchBit searches the specified allocation bit map for a
free block (ecleared bits) of the required length, starting at the
beginning bit number (d0.w) . SchBit returns the offset of the first..
block found of the specified length. ie e " -

-

If no block of the specified size exists, it returns with the
carry set, begirnning bit number, and size of the largest block found. ' -

CROSS REFBRENCE: See F$Al1BRit and F#DelBit.
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Fé$3end Send a signal to ancther procass F$Send

ASSEMBLER CALL: 059 F$3end

Intended receiver's process ID number (0 = all)
Signal code to send

INPUT: d0.w
d1.w

QUTPUT: none

ERROR OUTPUT: cc = Carry bit{ set
d1.w = Appropriate error code

POSSIBLE ERRORS: E$IPrcIl, E3USigP

FUNCYION: F$Send sends a signal to a specifie process, or to all
processes with the same group/user number, The signal code is a word
value.

If the destinaticn process for the aignal i1s sleeping or
walting, it will be activated so that it may process the aignal. The
sigral procesaing intercept routine will be executed, if it exists,
(aee F$Icpt), -otherwise, the aignal will abort the destination
process, and the signal code becomes the exit status (see FiWait).

An exception 1s the Wakeup signal. It activates a slaeping
process but does not c¢ause the signal intercaept routine to be
examined and will =net abort a process that has not made an F§lIept
call.

Some of the signal codes have meanings defined by convention:

S53Ki11 s 0 = System abort (uneonditional)
S¢Wake = 1 = Wake up procesa
S$ibort = 2 = Keyboard abort
S4Intrpt = 3 = Eeyboard interrupt
256-~65535 a User defined

If an attempt is made to pend a signsl to a process that bhas an
unprocessed, previoua aifignal pending, the current send requesat will
be ignored and an error will be returned. An attempt can be made to
try and send the signal later. It ia good practice to issue a sleep

"eall for a few ticks before a retry to avoid wasting CPU time.

‘lorx:‘ . A process may send the same signal to multiple processes of

the same Group/User JID by passing 0 as the receiver's process ID
number, The superuser (ID number 0) may send the same signal to all

~“processes by the same technique. Notice that the super user is

capable of aborting all processes by sending signal 0 to proceass 0.

P

LIS
.
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F$Send (ocontinued)

Feor exanple, the 0s-9 Shell oommand, *kill 07, will
unconditionally  abert all processes with the same group/user ID
(except the Shell itself). This can be a handy but dangerous tool to
get rid of unwanted background tasks. ’

CROSS REFERENCE: See F$Walt, FiIept and F$Sleep,
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F§SetCRC Generate valid CRC in module F$3etCRC
ASSEMBLER CALL: 059 F$SetCRC
INPUOT: (a0) = module pointer

QUTPUT: none

A

ERROR OUTPFUYT: ce = Carry bit set
d1.w = Appropriate error code

POSSIBLE ERRORS: E$BMID

FUNCTION: F$SetCRC updates the header parity and CRC of a module in
memory, The module may be an existing module kaown to the system, or
simply an image of & module that will subsequently be written to a

file. The module must have correct size and sync bytes; other parts
of the module are not checked.

CROSS REFERENCE: See F3§CRC.

CAVEATS: The module 4image muat start on an even address or an
address error will occour.
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F$SetSys Set/Exanine 03-9% system global variables F$Set3ys
ASSEMBLER CALL: 0S9 F$Set3ys
IRPUT: d0.w = offset of system global variable to set/examine
d1.1 = size of variable in leaat significant word (1, 2 or &
bytes). The most significant bit, if set, indicates
an examination request, Otherwise, the variable 1ia
v changed to the value in register d2,
d2.1 = new value (1f change request)

QUTPOT: d2.1 original value of system global variable.

ERROR OOTPOT: .cc = Carry set
: dl.w = Appropriate error code

FUNCTIORN: This funetion call is used to change or exzamine a syatem.

global variable, These variablea have a "D_" prefix in the system
library '"sys.l®. Consult the DEFS files for a description of the
system global variables.

CROSS REFERENCE: See F$SPrior and Chapter 10 on using the -DEFS File.

CAYEATS: This ecall may ocly be used by the super user. Any system
variable wmay be examined, but only a few may be altered. As of
versiop 1.2, the only useful variables that may be changed ara
D_MinPty and D_Maxldge. Consult the section an process scheduling for
an explanation of what these variables control.
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F$Sleep Put calling process to sleep F$Sleep
ASSEMBLER CALL: 0S9 Fi$Sleap
INPUT: d0.1

Tioks/seconds (number of tigks to sleep)
00TPUT: d0.1 = Remaining number of ticks if awakened prematurely

ERROR OUTPUT: c¢c = Carry bit set
d1.w = Appropriate error code

POSSIBLE ERRORS: E$NoClk
FORCTION: F$Sleep deactivates the callimng process until the number

of ticks reguesated have elapsed. Sleep(0) will sleep indefipately,
Sleep(1) gives up a time slice but does not neceasarily sleep for one

tick, Due to the faet that it is not known when the FiSleep reguest
was pade during the current tick, F$Sleep cannot be uaed to time more
accurately than + or = 1 tiek. Lo

!

A sleep of one tick 18 effectively a "give up current time
slice" request; the process 1s izmediately inserted iato the active
process queue and will resume execution when it reaches the front of
the queus.

&4 s8leep of two or more (n) ticks causes the process to be
inserted inte the active process queue after n - 1 ticks occur and
will resume execution whan it reaches the front of the queue. The
process will be activated before the full time interval if a signal
(in particular SS.Wake) 1s received. Sleeping indefinately is a good
way to walt for a signal or interrupt without wasting CPU time.

The duration of a "tick™ is system dependeat but is usuwally .01
seconda. If the high order bit of d0.1 1s set, the low 31 bits are
converted from 256ths of a second into tioks before sleeping to allow
program delays to be independent of the aystem's ceclock rate.

CROSS REFERENCE: See F3Send.
CAYEBATS: The system clock must be running to perform a timed aleep.

The system olock 13 not required to perform an- 1ndef1nate asleep or to
give up a timeslioe. ’
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]

F4SPrior Sat Prooess Priority F$sPrior
ASSEMBLER CALL: 039 F3$SPrior

INPUT: d0.w = Process ID number
d1.w = Desired process priority:
0 = lowest
65535 = higheat

CUTPUT: none

ERROR OUTPUT: oo = Carry bit set
di.w = Appropriate error code

POSSIBLE ERRORS: E$IPrecID

PUNCTION: F3SPrior ohangea the process priority to the new value
given, A proaess c¢an oply change another proaessa' priority if it has
the same user ID, The one exception to this rule 15 a super user
(group ID zero) whioh may alter any process' priority.

There are two aystem global variables that effect task
switohing. D_MinPty 4is the minimum priority that a task must have
for 03-9 to age or execute it. D _MaxiAge is the cutoff aging peint.
D_MinPty and D_MaxiAge are initially set im the INIT module.

CRO33 REFERENCE: See F$SetSys and the section on procesa scheduling.

CAYEATS: 4 very small change in relative prioritiea has a large
effect. For example, 1if two processes have the priorities 100 and
200, the proceas with the higher priority will rum 100 times bhefore
the low priority proceas runs at all. In actual practice, the
difference may not be this extreme hecause programs spend a lot of
time waiting for 1/0 devices..
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F$SRqMem Syatem memory reqguest F$SRqMem
ASSEMBLER CALL: 059 F$SRqmen

INPUT: ao0.l

Byte count of requested memory.

QUTPUT: fdo.l ‘Byte count of memory granted

. (a2).= Poipter teo memory block allocated
ERROR OUTPUY: ~“ cec = Carry bit set

d1.w = Appropriate error code
POSSIBLE ERRORS:  EjMemFul, E3SNoRAM

FUNCTION: F$SRqMem allocates a block of memory from the top of
available RAM. The pumber of bytes requested will be rcocunded up to a
syastem defipned blockaize (currently 256 bytes for Level Onme). This
system c¢all is useful for allocating I/0 buffers and any other semi-
permanent memory. The memory will always begin on an even boundary.

The maximum number of blocks any process may have allocated is
32. This includes the primary module's ‘static storage area. Note
that this 15 a 1linit on the number of segments allocated, not the
amount of memory.

CROSS REFEREECE: See F$SRtMem and F$Mem.
CAVEATS: The byte count of memory allocated (as well as the pointer

to the bleock allocated) muat be saved if the memory is ever to be
returned to the syatem,

+
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F4SRtHen Return System Memory F$SRtMen .

ASSEMBLER CALL: 059 F4$5Rtmen

INPUT: d0.1 = Byte count of memory being returned
{a2) = Address of memory block being returned

OUTPUT: none

ERROR CUTPUT: ee = Carry bit set’
d1.w = Appropriate error ccde

' POSSIBLE ERRORS: E$BPRAddr

FONCTION: De-allocates memory after it is no longer needed. Memory
must be returned block-by-block as it was granted. Any blocks not
returned are automatically de-alloecated by the system when a process
terminates,

CROSS REFERENCE: See F${SRQMem and Fi{Mem.

.‘
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F$55pd Suspend process . F$s3pd
ASSEMBLER CALL: 059 F$SSpd. '

INPUT: d0.w = procesa ID to suspend

QUTPUT: none

Carry bit set

ERROR OUTPUT: =
: : w = Appropriate error code

(.11
d1,
FUNCTION: F$SSpd is currently not implemented.
CREOSS REFERENCE: See F$SetPri and FéSetSys.

CAVEATS: 4 proceas may be suspended by setting its priocrity below
the system's minimum executable priority level {D_SysMin).
L)
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F$3Tine Set aystem date and time F4STime .
ASSEMBLER CALL: 089 F$STime ’ ‘

INPUT: d0.1 = current time (0Ohhmmas)
dt.l =_current date (yyyymmdd)}

QUTPUT: Time/date 1is set

ERROR OUTPUT: ¢e = Carry bit meat
d1.w = Appropriate error codea

FUNCTION: F3STime 413 used to set the current system date/time and
start the asystem real=time ¢lock to produce time slice interrupts.
F$3Time 1is accomplished by putting the date/time packet in the system
direet storage area, and then linking to the clock module. The clook
initialization routine is called if the link is successful.

It is the duty of the clock module to:

1. S8st’ up any hardware dependent functions to produce
aystem tick interrupts (ineluding moving new date/time
into bardware if needed).

2. Install a service routine to clear the interrupt when a
tick cccurs. .

The 05=9 kernel takes care of keaeping track of the current date
and time in software to make cloeck modules small and simple. Certain
utilities and functions in 05-9 expect the cloeck to be running with
aa aceurate date and time. For this reason, Setime should always be
run when the system is started. This is usually done in the systenm
atartup file.

CROSS BEFERENCE: Sea F3Link and FiTinme.
CAVEATS: - The date and time are not checked for validity in any way.
Cn systems with a battery backed up clook, it is usually only

neceseary to aupply the year to the Setime call. The actual date and
time:will be read from the real time elook.

- -
-

Page 13-38



03-9/68000 OPERATING SYSTEM TECHNICAL HIKUAL

" CHAPTBR 14
USER MODE SYSTEM REQUESTS

P$3Trap 3¢t Error Trap Handler FP3$31Trap
ASSEMBLER CALL: 089 F§STrap

INPOT: (a0} = Stack to use if exception ceccurs (or zero to use the
current atack) R

(a1) Pointer to service request initialization table

OUTPUT: none

ERROR QUTPUT: c¢o = Carry bit aset
- d1.w = Appropriate error code

FURCTION: F§$STrap enters "process local® Error Trap routine(s)} into
the process deseriptor -dispatch table. If an entry for a particular

routine already exits, it ias replaced.
. The following exoeption errors may be caught by user programs:

. Bus error
Addreas error
Illegal inatruction
Zaro Divide
CHE instruction
‘TRAPVY instructicn
Privilege violatlion
Line 1010 emulator .
Line 1111 emulator

If a wuser routine ia not provided and one of these axceptlons
occura, the program 1is aborted. An example initialization table
might look like:

ExepThl de.w T_TRAPY,OvfError=%.4
de.w I_CHEK, CHEError=%«4
de.w =1 End of Table

When an ezxception routine is exeguted, 1t will be passed the
following: .'. :

S dT.w =_Exenption veetor offset
{(a0) = Program counter when exception occurred (same as
R$PC{a5))
(a1) = Stack peinter when exception occurred (R$aT(a5))
{a5) = User's register atack image when exception occurred

T(a6) "# user's primary global data pointer
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P#STrap; 3et Error Trap Handler F$3Trap

(continued)

Te reaeturn to normal program execution after handling the error,
the exception must restore all registers (from the register image at
{(a5)), and Jjump to the return program counter. For some kinds of
exceptions (especially bus and address errors) this may no be
appropriate, It 13 the user program's responsibility to determine
whether and where to continue execution.

It i3 possible to disable an error exception handler, This ia
done by calling F$STrap with an initiaiization table that specifies
zero as the offset to the routine(s) that are to be removed, For
example, the following table would remove user routines for the TRAPY
and CHK error exceptions:

Table de.w T_TRAPY, O
de.w T_CHEK, ©
de.w -1

CAVEATS: Beware of exceptions in exception bandling routines, They
are usually non=re-=entraat.
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P$SUser ' Set User ID number
:. ASSEMBLER CALL: 0S9 F$SUser
INPUT: d1.1l = Desired group/user ID nunber
OUTPUYT: none

ERBOR OUTPUT: co » Carry bit aset
di.w = Appropriate error code

MARUAL

Fé4SUser

FORCTION: F$SlUser alters the current uger ID to the specified ID,
The following restrictions goverr the use of F§SUser:

1. User number 0.0 may ochange their ID to anythiag without

restriction.

2. 4 primary module owned by user 0.0 may change its ID to

anything without restriction.

3. Any primary nodule may change its user ID to match the

module's owaner.

All other attempts to change procesa IDs will return an EjPermit

error, .
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F4SysDbg Call system debugger F$3ysDng
ASSEMBLER CALL: 059 F$Syabbg

INPUY: ncne

QUTPUT: none

ERROR OUTPUT: e¢c = Carry set
: d1.w = Appropriate error code

FUNCTION: F§SysDbg invokes the system level debugger, if ome exists,

to allow system state routipes, such as device drivers, to be
debugged. The system level debugger runs in systen state and
effectively stops timesbharing whenever it is active. It should never
be used when there are other users on the system. This c¢all can be
made only by the super user.

CAVEATS: The aystem debugger must be "enabled"™ before installing
breakpointa or attempting to trace iastruetiona. If no system
debugger is avallable, the syatem will be reset. The system debugger
takes over some of the exception vectors direetly, in particular the
Trace exception. Thls makes it impossible to use the user debugger
when the system debugger is enabled.
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F$Tine Get system date and tinme FP4Time
) i
ASSEMBLER CALL: 059 F$Tinme

INPUT: d0.w = Format

0 =z Gregorian

1 = Jullan

2 = Gregorian with ticks
3 = Julian with ticks

OUTPUT: do0.1 Current time

di.1l = Current date
d2.v = day of week (0 = Sunday to 6 = Saturday)
d3.1 = tick rate/current tick (if requested)

ERROR QUIPUT: Carry bit get

eQ =
d1.v = Appropriate error code

FONCTION: F$Time returns the current system date and time. Ip the
(normal) gregorian format, time 13 expressed as 00hhmmss, acd date as
yyyyomdd. The julian format expressea time as secounds since
nidnight, and date as the julian day number. This can be useful in
determining the elapsed time of an event, If ticks are requested,
the clock tick rate imn tioks per second is returned in the most
significant word of D3, The least significapt word contains the
current tiok.

The following chart illustrates the values returnad in the
reglisters:.

REGISTER GREGORIAN JULIAN

OFFSET FORMAT ] FORMAT
1 byte 3 : Zerc i i
! s emm et ——————— | !
d0.1| 2 | hour (0-23) | seconda since midnight |
| P p—— (long) 0-85399 {
H 1 | mioute (0-59) | |
I —meemmme——— —— !
! 0 | second (0-59) [ l
> ----------- - l------------------ l-------------- ------------ <
| byte 2-3 | year (integer) | |
| |emmem—— cemsmcm———— | Julian day aumber !
di1.1] 1 | month (1-12) | (lomg) ]
I | ———— —mene ) |
H 0 | day (1-31) { |
e m e —— e ——— crenlamcmcccrcca e ——— P
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F$Time {oontinued)

CROSS REFERENCE: See F$STime and F$Julian.
CAVEATS: F$Time will return a date and time of zero (with no error)

if no previous call to F§STime has been made. A4 tick rate of zero
indicates the clock 13 not rumning.
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F$TLink Instali User Trap handling module F4TLink
ASSEMBLER CALL: 0S9 P4$TLink

INPUT: d0.w = User Trap Number (1-15)
d1.1 = Optional memory override
(a0) = Module name pointer

If (a0) = 0 or [{a0)] = 0, trap handler is unlinked
Other parameters may be raquired for specirie trap handlers.
0UTPUT: (al)

{(a1)
f (az)

Updated past modula name
Trap library executicn entry point
Trap module pointer

Other values may be returned by specific trap handlers

ERROR OUTPUT: c¢c¢ = Carry.bit set
d1.w = Appropriate error code

PUNCTICR: User traps may be used aa a convenient way to link intoc a
standard set of library routines at execution time. This provides
the advantage of Kkeeping user programa small, aad automatically
updating programa that use the library code if it i3 changed (without
having to recompile or relink the program itself). Most Microware
utilities use one or more trap libraries.

The F$TLink call attempts to link, or load the named module,
installing a pointer to 1t in the user's procesa deseriptor for
subsequent wse 1in trap ¢alls. If a trap module already exists for
the specified trap code, an error is returned. O0S5=9 allocates and
initializesa statie storage for the trap handler if any is reguired.
Traps may be removed by passing a null pointer.

A usar program oalls a trap routine using the following format:
teall N,Function
Thia is the egquivalent to:

trap #N
de.w Funetion

.' -*"B" ecan be 1 to 15 (specifying which user trap vactor to use).
" The

Funotion code ia not used by 05«9, except that it {8 passed to
. the trap handler, and the program counter is askipped past 1it.

1
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F$TLink (continued)

TLink allows the program to delay inatallation of the handler
until a $rap 1a actually used in the program. If a user progran
executes a vuser trap call before the corresponding TLink call has
been made, the system will execute the user's default trap exception
eantry poiant (speeiried in the module header) if one exists.

CROS3S REFERERCE: See Chapter 11 on Trap Handlers,
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F4UnLink Unlink a Module by addresas F$UnLink
ASSEMBLER CALL: 089 FiUnlink .

INPOT: {a2) = Address of the module header

QUTPUT: none

ERROR OQUTPUTI: sc = Carry bit set
: di.w = Appropriate error code

FONCTION: F4Unlink tells 0S-9 that the module is no longer needed by
the calling process. The module's link count is decremented. When
the 1link count equala zero, the module is removed from the module
directory and its memory deallocated, When several modules are
locaded together as a group, moedules are only removed when the link
count of all modules in the group have zero link oounts.

Pevice driver modules in use and certain system modules cannot
be unlinked.

CBOSS REFERENCE: See F3Unload.

CAVEATIS: If a bad address is passed, UnLink will NOT find a module in’
thke module directory and will not return an error.

ROMed modulas should nct be unlinked,

Repetitive Unlink calls to the same module will artificially
lower its 1link oaocunt, regardless of how many users are curreantly
uaing it. If the link count begomea zero while the module is being
used, it will be removed from the module directory and its memory
deallocated. This will cause severe problems for whoever is
currently using the module and may erash the syatem.
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F30nLoad Ualiak module by name F$UnLoad
ASSEMBLER CALL: 0S89 F$UnLoad

IRPUT: d0.w = Module type/language
{a0) = Hodule name pointer

ouTPUT: (a0) Updated past module name

ERROR QUTPUT: oo = Carry bit aset
di.w = Appropriate error code

FUNCTION: FjUnlLoad locates the module in the module direstory,
decerements its 1link count, and removes it from the directory if the

ecount reaches zero. Hote that this call differs from FéUnLink in

that the pointer to the mnodule neme is supplied rather that the
address of the module header,

05033 REFERENCE: See F$UnLink,.
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FiVait Wait for ohild procass to tearminate FiVait

ASSEMBLER CALL: 039 PéWait
INPUT: none

OUTPUT: dO.w
di.w

Deceased ohild progesas' procesas ID
Child procesa' exit status code.

ERROR QUYPUY: ec = Carry bit set
N d1.w = Appropriate error code

POSSIBLE ERRORES: E¢$NoChld

FUNCTION: FjWait causes the calling process to deactivate until a
ohild process terminates by executing an F$Exit system call, or
otherwise 13 terminated. The c¢child's ID number and exit status are
returned to the parent. If the child process died due to a signal,
the exit status word (d1 register) ias the signal code,.

If the caller has several children, the caller is activated when
the first one dles, 8o one Wait system call i3 required to detect
termination of eaoh ohild.

If a child died before the Wait call, the caller is readotivated
immediately. Wait returna an error only if the caller has no
children.

CROSS REFPERENCE: See F3Ezit, F$Send and F$Fork.

CAVEATS: The process deseriptors for c¢hild processes are not
returned to free memory until their parent process does an FiWait
ayatem call or terminates.

If a saignal i3 received by a process waiting-for children to

terminate, it will be activated. In this case, df.w will contain
zerc, since no child proocess has terminated.

end of chapter 14
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I$Attach Attach a new device to the system I$Attaah

ASSEMBLER CALL: O0S9 I$Attaaoh
INPUT: d0.b = Access mode (Read_, Write_, Updat_)
(aD)’- nevioe name pointer

OUTPUT: (az) = Syatam's device table pointer

ERROR OUTPUY: <c¢e ¢ Carry bit set
d1.w = Appropriazte error code

POSSIBLE ERRORS: E$Dév0vf, E$Bnpde,'8$nevnsy, E$MemFul

FUNCTICN: IsAttach causes an IIO device to become "known" to the
system, It 13 used to attach a new devica to the aystem, or verify
that it is already attached. .

The device's name atring 18 used to search the system module
directory to see if a device descriptor module with the same name is
in memory (this is the name the device is known by). The descriptor
oedule will oontain the name of the devige's file manager, device
driver and other related information.

If the deseriptor 13 found and the device is not already
attached, 05-9 will link to its file manager and devige driver, It
then places their addresses in a pew device table entry. Any
permanent storage needed by the device driver i1z allocated, and the
driver's initialization routine is called to initialize the hardwars.

If the device has already boen attached, it will not be
.reinitialized. .

The access mode parameter may be used to verify that’ subsequent
read and/or write operations will be permitted. An Attach system
call 1s not required to perform routine I/0. It does not "reserven
the deviee in question. It just prepares it for subsequent use by
any process.

The kernal attaches all deviges at open, and detaches them at
closa,
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I$Attaoh {continued)

NOIE: Attach and Datack for devices are like Link and Unliank for
modulesa; they are usually used together. However, gysatem performance
can be improved =slightly 1if all devices are attached at startup.
This inorementa each device's uase count and prevents the device from
being reinitialized every time it i3 opened. This also has the
advantage of alloocating the satatie storage for devices all at once,
whieh minimizes memory fragmentation. If this is done, the device
driver termination routine will never be executed.

CROSS REPERENCE: 3See I$Detach.
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IsChgdhir Change working direatory I$Chgpir
ASSEMBLER CALL: 0S89 I3ChgDir

IRPUT: do.b
{a0)

Access mode (read/write/exec)
Address of the pathlist

OUTPUT: (a0)

Updated past pathname

ERROR OUTPUY: ce s Carry bit set
dt.w = Appropriate errcr code

POSSIBLE ERRORS: E$BPNam, E3BMode

FUNCTION: ChgDir ochanges a process' working directory to ancther
directory fille specified by the pathlist. Depending on the accesa
mode given, either the execution or the data directory (or both) may
be changed, The file apecified must be a directory file, and the
caller musat have access permission for the apecified mode.

ACCESS MODES: Read
Write
Update (read and write)
Execute

1
2
3
b

If the accesa mode is read, write, or update the current data
directory 1is changed. If the access mode is execute, the current
exeqution directory is changed. Both may be ohanged simultanecusly.

HOTE: The shell P"CHD" directive uses UPDATE mode, which means you

must have both read and write permission to change direotories from
the shell, This i3 a recommended practiace.
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I4Cloae Close a path to a file/device I$Close .
ASSEMBLER CALL: 089 1I%Cloae

INPUT: d0.w = Path number

QUTPUYI: none

ERROR OUTPUT: ¢c = Carry bit set
d1.wv = Appropriate error code

POSSIBLE ERRORS: E$BPNum

FUNCTION: F$Close terminates the 1I/0 path specified by the path.

The path number will no longer be valid for any 08~9 ealls unless it

becomes aaetive again through an Open, Create, or Dup system call.

When pathlists to devices that. are non-sharadle are closed, the

devices become avallable to other requesting processes, If this is

the last use of the path (i.e., it bhas not been inherited or
dublicated by I$Dup) all 03-9 internally managed bduffers and .
descriptors are deallceated. .

NOTE: The 0S9 F$Exit service request automatically cloaes any open
patha, Standard I/0 paths are by convention not cloased except when
it is dqsired to change the filea/devices they correapond to.

CROS3 REFERENCE: See I$Detach.

CAVEBATS: I3Close doas an implied I$Detach call. If this causes the

device use count to become zero, the device termination routine will
be executed.
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IjCreate Create a path to a new file I4Create
ASSEMBLER.CALL

089 IjCreate

INPUT: do.n Acoess mode (S, I, E, W, R)

d1.w = File attributes (acoess permission)
d2.1 = Initial allocation size (optiomal)
#=(a0) -==Pathneme pointer

Path number

OUTPUT: .d0.w
. Updated past the pathlist

(ag);

I

«

ERROR OUTPUT: o = Carry bit set
di.w = Appropriate error code

POSSIBLE ERRORS: E$PthFul, E¢BFPNanm

FUNCTION: F3Create 13 used to create a new fils omn a multifile mass
storage devioce. The new file name 13 entered in the directory
structure. On non-multifile deviges, Create is syrnoaymous with Open.

The access mode parameter passed in register d0.b must have the
write ©bit set if any data £3 to be written to the file. The file is
given the attributes passed 1in the register d1.w. The individual
bits are defined in figure 23. ‘

If the execute bit (bit 2) of the acceas mode byte is set,
directory searching will begin with the working execution directory
instead of the working data directory.

The path number returned by 03-9 is used to identify thae file in
subsequent I/0 service requests until the file is closed..

File space 1a allocated for the file automatically by WRITE or
explicitly by the SETSTAT call. If the size bit (bit 5) is set, an
initial file aize estimate may -be.pasased in d2.1,’

4n error will ocoecur if the pathliat aspecifies a file name that
already exists, I$Creata_ can -not be used to make directory files
(see I$MakDir). et
Create oauses an implioit I$Attach call. If the devige has
not previously been attached the device's initialization routine will
be executed.
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I%Create {Continued)

| attribute bits ! Mode bits !
------------------- e msee [ memsm s d s ——— e |
E 0 = read permit | 0 = read H
R L e C L L P EE T R el ——— -
| 1 = write permit [ 1 = write !
................ R S |
| 0 and 1 = update permit | 0 and 1 = update !
| (read and write) Yo S -—=l
R e e L L | 2 = execute |
| 2 = execute permit jmm—emma—a— -— —emm———]
[ow - mmeacme-| § = initial file size H
} 3 = public read permit I Py, |
[T e Tt P —— | 6 = single user |
I 4 = public write permit |emwemccm e e e neaa L L LT
| mmm e e ———— -=] T = Directory H

3 and 4 = publie update e L D T T ST S |

permit ) |

;
| (publio read and write) |
|emececccmeacmmcmeacccaso—ao| if the bit 1s set,
|

|

|

5 .= publie execute permit | access is permitted.

figure 23: acoess mode and attribute bit definitiona

CROSS BEFERENCE: See I$Attach, I$Open, I¥Close and I$MakDir.

CAVEATS: - The caller i3 made the owner of the file, Because of
conpatability with 0©3-9/6809 disk formats, there 1a only space for
two bytes of owner ID, Tha LS byte of the user's group and the LS
byte of the uger's ID are used as the owner ID. 4ll user's with the
same group ID may acoesa the file as the owner.
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IsDelete Delate a file - IsDelete
ASSEMBLER. CALL: 039 IjDelete

. Access mode (read/write/exec)
Pathname pointar

INPUT: dO.b
(50)

OUTPUT: " (aO) Opdated past pathlist

ERROR OUTPUT: ce = Carry bit set
d1.w = Appropriate error code

POSSIBLE BERROR3S: E$BPNam . '

FUNCTION: This servicge request deletes the file hpeciried by the
pathlist. The ocaller must have non=sharable write access to the file
{the file may not already be open) or an error will result. Attempts
to delete non-nultifile deviees will result in an error, .

The access mode i3 used to specify the data or executica
directory (but not both) in the absence of a full pathlist. If the
acceas mode 1s read, write, or update, the current data directory 1is
assumed. ' If the execute bit 13 set, the current execution directory
1s assunmed. Note that if a full pathliat is givemn (a pathlist
beginning with '/!'), the access mode ia ignored.

CRO3SS REFERENCE: Sea I§Datach, I$Attach, I#Create and I$Open.

.
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I$Detach Remove a deviecs from the system I¢Detach .

ASSEMBLER CALL: 039 1I$Detach

INPUT: (a2) = Address of the devioe table entry.
0OUTIPUT: none

ERROR OUTPUT: e¢a = Carry bit set
éd¢t.w = Appropriate error code

FURCTION: I$Detach removes a device from the ayaster device table if
pot in use by apy other process. If this is the laat use of the
-device, the device driver's termination routine is called, and any
permanent storage aasigned to the driver is deallocated. The device
driver and file manager modules asscociated with the device are
unlinked and may be lost if not in use by another process, It is
crucial for the terminzation routine to remove the device from the IRQ
aystem.

The I#Detach sgervice request must be used to un-attach devices
that were attached with the I$Attach service request. Both of these
are used mainly by the kernel and are of limited use to the typical
user. SCF also uses Attach/Detach to setup its second (echo) device.

Moat devices are attached at startup and remain attached.
Seldom wused devices c¢an be attached to the system and used for a
while, then detached to free aystem resources when no longer needed.
CRO3S REFERENCE: See Ij$Attach and I3Close.

CAVEATS: If an invalid address is passed in (a2), the system may
erash or undergo severe damage.
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I$Dup Duplicata a path I$Dup
ASSEMBELER CALL: 059 I$Dup

IRPUT: d0.w = Path number of path to duplicate

OUTPUT: dO0.w = New number for the same path

ERROR OUTPUT: ae¢ = Carry bit aset .
d1.w = Appropriate error code

POSSIBLE BRRORS: E$PthFul, E$BPNum

FUHRCTION: Given the npumber of an existing path, I&Dup returns a
synorymous path number for the same file or devicae, The lowest
avallable path number is used. I$Dup will always use the lowest
avallable path number. For example, if the user does I3Close on path
#0, then does I$Dup on path #%, them path 60 will bdbe returned as the
gtew path number,. In this way, the atandard I/0 paths may be
nanipulated to contain any desired paths.

SHELL uases this service request when it redirects I/0. Service
requests using either the ¢ld or new path numbers operate on the same
file or device.

CAVEATS: This only inerements the "uae count® of a path deseriptor
and returna a asyncaymous path number., The path descriptor is NOT
copied, It is usually not a good ides for more than ons process to
be deing I/0 omn the same path concurrently. Cn RBF files,
uapredictable reaults may oocur.
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IjGet3tt Goet file/device atatus I4QetStt
ASSEMBLER CALL: 059 I$GetStt

Inror: d0.w = Path number
d1.w = Funotion eode
Others = depeandent on function code

QUTPUT: Dependent on funotion code

ERROR QUTPUI: ¢¢ = Carry bit aet
d1.w = Appropriate serror code

PO3SSIBLE BRROR3: E3BPNum

FONCTION: This 4is a '"wild ocard"™ call used to handle individual
device parameters that are not uniform on all devices or are highly
hardware dependent. The exact operation of this call depends on the
device driver and file manager aascciated with the path.

L'A typical wuse is to determine a terminal's parameters (echo
on/off, delete character, etec.,). It 13 commonly uased in gonjunction
with the SETSTT eall, which sets the device operating parameters,

The mnemonics for the status codes are found in the relocatable
library "sya.l™ or %uar,.l", Codes 0-12T are reserved for Microware
use., The remaining codea and their parameter pasasing conventions are
user definable '(see Chapter 7 on deviece drivers), Below are the
presently defined funotion codes:

i MNEMONIC | FUNCYION |

|ttt et e = e e S ———————

| Ss_opt | Read PD_OPT: the path descriptor option mection (All)!
| S3_meads | Test for data ready. (EBF,SoF, PIPE) R
| S3_size | Retura surrest File size (REF, FIRE) T !
{'EE:EZZ""!'EQE'ZZF;ZZZ';IIZ';ZZIZIZ;:'EEEE:'EEEE?""""“" """ !
f'EE:EEE""i'ESQE';Z;'ZZZ of file. (RBF,SCF, BIPE) T
| “S3_pevin | Retarn device mams. (aLL) | TTTTTTTTTTTTTooe =
| 55,75 | Read File deacriptor sester. CReF, pIEE) T
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1%Getatt (continued)

Parameter Passing Conventions

| 83 _O0PT: Read option seotion of the path deseripter

INPUT | d0.w = Path number
{ di.w = #SS_0OPT function aode
| {(a0) = Address of plage to put a 128 byte status packet
|mewemmmmcacean——————— s —emmmmmmcen
OUTPUT | Status packet copied to buffer
[ cmmmm——————————————— cemmmmeama—————————
ERROR | ec = Carry bit aet
OUTPUT | di.w = Appropriate arror code
. FUNCTION| This function reads the option section of the path

]

{ desoriptor and copies 1t into the 123 byte area pointed
| to by (a0}, It is typically used to determine the

| current settings for echo, auto line feed, atec. For a
| complete deseription of the status paoket, see Chapter
| 7T and 8 on file manager path deseriptors.

o —— S i T A ——

D S D D kI e W e Y D U N N R - - —— e

i 33_Ready: Test for data available

OUTPUT | d1.w = Appropriate aerror code
. | (E4NRdy if no data available}

| INPUY | d¢.w a Path number

| = di.w = #55_Heady function ocode

| - — mmemsmam————————— e ran e
| OUTPUT | d1.1 e« Humbaer of input characters available onm SCF or

| i pipe devices,

] ! RBF devices always return carry clear, di1.1=1

| l-----------------— --------- S A N S S e B S S e L. L L F | 3
| BERROR | eo = Carry bit aet

!

|

|

1
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I%Getatt {Continued)

i S83_8Size: GOet ourreat file aize (RBF or Pipe filas) i
|emmmmecccrerccrrcnccsarccrsssccaccmacc e ——————— T ——— !
! INPUT 1. d0.w = Path number C .

| d1.w = #SS_Size function code

| rreracrecarererecccer e s e m ——————— -——— -

OUTPUT | d2.1 = Current file aize

!
i
[mmmmmmemm e e e e e e oo oo e —
i
]
!

- o — et v —

ERROR | ag = Carry bit set
OUTPUT | d1.v = Appropriate error gqode
|
: S3_PO0S: Get current file position (RBF or Pipe files) i
__________________________ ———— Smmemmmmmem e ——————. ]
| INPUT | do.w = Path number |
| | d1.w = #5S_Pos function gode . . !
| |amemmmmmmcc s am——mm—mm e mmmmmecrcsecemmsneeaa - |
{ OUTPBT | d2.1 = Current file position |
i leccacmanana ———— - ———— amama S
| ERROR | ae = Carry bit set |
! QUTPUT | d1.w = Appropriate error code |
e me oo e mm e m e e e meee e !
: SS_EOF: Tast for end of file. ) i
mmmmmeeemesese———-——————————_— —————————— cereeessccemmasean e ———— {
| INPUT | d0.w = Path number | .
| | d1.w » #55_EOF funetion code !
1 I mmmemmmmmm——————————————————— mmmmmescemesmsemmm—c— e !
| OUTPOY | d1.1 = 0 If mot EOF, (SCF never returns EOF) |
| |ee;seccsceccscsccmassmme——a———————— neemmseme——ma— e m——e I
| ERROR | aa = Carry bit set i
[ OOTPUT | @1.w = Appropriate error code {(E$EQOF, if end of file) |
| | |
| P ——— - - - o - - - — -
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. I$Gatstt (Comtinued)

INPOT | do.w =
| d1.w = #33_DevNm function code . |
{ (a0) = Address of 32 byte area for device name |

|

=

|

| |eercmerecmrmorreacammraa——cea e ——m cmcememmm e emee |
[

l

Path number {

OUTPUT | Device name in 32 byte atorage area, null terminated !
| : }
- R R R G N T A e ——— e |

!

lecerececce e ————— e E e T ——————— o —_—————— mresmssscta— e ————— -]
INPUT | d0o.w = Path number . |

| d1.w o ¢85 _FD funotican ecode : |

| d2.w = Number of bytes to copy (<=256) |

= Addreas of buffer area for FD !

|

|

|

| | (agQ)
]

| OUTPUT | File deseriptor copied into buffer
i ]
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I$MakDir Make a new direotory I4MakDir
ASSEMBLER CALL: 0S89 I$MakDir

IRPUT: d0.b Acoess mode (806 below)

d1.w = Acoess parmissions
d2.1 = Initial Allocecation Size (Optional)
(a0) = Pathname pointer

OUTRUT: (al)

Updated past pathname

ERROR QUTPUT: oec = Carry bit aet
di.w = Appropriate error ocode

POSSIBLE ERRORS: E4$BPNam, E$CEF

FUNCTION: Ig§MakDir 4ia the only way a new directory file can be
created. It will create and initialize a new directory as specified
by the pathlist. The new directory file contains no entries, ezcept
for an entry for itself (".") and its parent directory (".."),
Makdir will fail on non=multifile deviges.

The . caller i3 made the ownar of the diregtory. MakDir does not
retura a path anumber because directory files are not "opened” by this
raquest (use I$0pen to do so0). The new directory will automatically
have its "directory" bit aet in the aceess permission attributea.
The remalning attributes are aspecified by the bytes passed in
register d1.w which have individual bits defined as below:

| Attribute bits | Mode bits :
|0 rend permie T 0 e T
|3 T erite permit o TTTITYITwene T —d
|2 exesure pemmis T e
{73 s pebiie resd peraie |3 s evecae T
PR PP e ran e pa—
P PP ral e —
| cmmm e ———— meceeees=| If the bit is set, |-
| 8§ = non-sharable file | access 1s pernitted.!
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l40pen Open a path to a file or device Is0pen
ASSEMBLER CALL: 039 I3Open

Acoess mode (D S E W R)
Pathname pointer

INPDT: dfQ.b
(a0)

Path number
Updated past pathname (trailing spaces skipped).

OUTPUT: d0.w
(a0)

ERROR OUTPUT: ec = Carry bit set
d1.w = Appropriate error code

FOSSIBLE 388033- E$PthFul, E$BPNam, E$Bmode, E$FNA, ESPNNF and
EjShare.

FURCTION: I$0pen opens a path to an existing file or device as
specified by the patkRlist. A path number is returned whioh is uased
in subsequent service requests +to identify the path, If the file
does not exist, am error is returned,

The acgess mode parameter specifies which subsequent read and/or
write operations are pormitted as follows (if the bit is set, access
is permitted):

I ACCESS BIT |

= read |

o Nl
————————— S SO |
1

= write : ]

0 and 1 = update (road and write) [

|
|
|
I
|
[eommeeememmm oo e P
1
|
|
l
|
L

= axecute ]

2
6 = open file for non sharable use . |
7

= open directory file |

HOTE: A4 file may be opened with no bits set. This allows the user
to exzamine the attributes, size, etec. by the GetStt aystea eall but
does not permit any actual I/0 on.,the path.
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" I$0pen (econtinued)

For RBF devices, Read mode should be used instead of Update iFf
the file i3 not going to be modified. This iphibits record locking,
and can dramatically improve system performance if more than one user
is aceessing the fille. The access mode must conform to the accens
permissions asscciated with the file or device (see IfCreata).

If the exzecution bit mode 1s set, 05-9 will begin searching for
the file in the working execution directory (unless the pathlist
baegina with a slash).

If the sinpngle user bit is set, the file will be opened for non=-
sharabdble access ever if the file i1s sharable.

Files can be opened by several processes (usera) simultaneously.
Devices bhave an attribute that apecifies whether or not they are
sharable on an individual basis.

Open will alwayas use the lowesat path number available for the
prooess during the open.

CROS3 HREFERENCE: Seo I3Attach, If{Create and IiClose.

CAVEAYS:

Directory flles may be opened only if the Directory bit (bit T)
i3 set in the access mode.
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I$ReadLn Read a text line with editing I$ReadLn
ASSEMBLER CALL: - 0389 I$Readln .

‘Path number
_Maximum number of bytes to read
Addresas of input buffaer

Actual number of bytes read

INPUT:  dO0.w
d1.1.
{a0)

——_r

OUTPUT: d1.1

ERROR OUTPUT: ee = Carry bit set
d1.w = Appropriate error code

POSSIBLE ERRORS: E$BPNum, EdRead, E$BMode

FURCTION: Readln is similar to "Read" except it reads data from the
input file or deviee until an end~of-line character is ancountered.
Readln also causes line editing to occour on SCF-type devices. Line
editing refers to backapace, line delete, echo, automatiec line feed,
eto. -Some devices (terminals) may limit the number of bytes that may
be read with one call, '

SCF requiresa that the laat byte entered be an end=-of=record
character (mormally ocarriage return). If more data i3 entered than
the maximum apecified, it will not be aceepted and a PD_OVF character
(normally bell) will be echoed. For example, a Readln of exaoctly one
byte will aecept only a carriage return to return without erpror and
beep when other keys are pressed,

After all data in a file has been read, the next I$ReadLn
service request will return an end of file error.

CRO33 REFERENCE: Sao IjRead.
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I$Read Read data from a file or deviae I#Bead- .

ASSEMBLER CALL: 059 I$Read

Path number
Maximum number of bytea to read
Address of input buffer

INPUT: d0.w
dé1.1
{a0)

OUTPOT: d1.1 Nunber of bytes actually read
ERROR OUTPUT: ee = Carry bit set
dl.w = Appropriate error code

POSSIBLE ERROR3: E$BPNum, E3Read, E$BMode, E4EOF

FPONCTION: I$Read readas a specified number of bytes from the path
number given. The path muat previously have heen opened in Read or
Update mocde. The data 1a returned exactly as read from the
file/devine without additional processing or editing such as
backapace, line delete, eto. If there is not enocugh data in the file
to satisfy the read requeat, fewer bytea will be read than requested,
but an end of file error is not returned.

After all data in a file bhas been read, the next I$Read service
request will return and end of file error.

CR0SS REFERENCE: See I$ReadLn

CAVEATS: The keyboard X-0N, X-OFF charagters may be filtered out of
the input data on SCFP=type devices unless the corresponding entriess
in the path deseriptor have been set to zero. It may be deairable to
nodify the device deseriptor so that theae wvalues in the path
deseriptor are initialized to 2zero when the path is opened. S3CF
devices usually terminate the read when a carriage return is reached,

For RBF devicea, if the file 18 open for Opdate, the record read
will be locked ocut. _See :he Record Locking seotion ia Chapter B.

The aumber of bytea reqhgsted will be read unless:
4. An end-of-file cagurs

B. An end-of-regord cccurs {(SCF only)
€. An error condition occurs,
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I#Sesk Heposition the logical file pointer I$3eek
ASSEMBLER CALL: 089 1I$Seek

INPUT: d0.w = Path number
d1.1 = New position

QUTPUT: none’

ERROR OUTPUT: occ = Carry bit set
dt.w = Appropriate error code

POS3IBLE ERROR3: E$BPNunm

FUBCTION: I$Seek repcsitions the path'a "file pointer"; which is
the 32-bit address of the the next byte inm the file to be read or
written. ) '

A Seek may be performed to any value aven if the file ia not
large encugh. Subsequent Writes will automatically expand the file
to the required size {(if possible), but Reads will retura an end-of-
file eondition. Rote - that a 3eek to addressa zero is the same as a
"powind™ operation.

Seeks to non-random access deviees ars wsually ignored and
return without error.

CAVEATS: On RBF devices, seeking to a new disk sector causes the
internal aector buffer to be rewritten to disk 1f it has deen
modified. Seek does not change the state of record locks., Baware of
sgeking to a negative poaition. BHBF will take negatives as large
positive pumbars, T

W
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I$SetStt Set file/device status I$SetsStt
AS3EMBLER CALL: 039 IfsSetsStt
INPUT: d0.w Path number

dl.w Funetion ecode
Others = Function code dependent

OUTPUT: Function oode dependent

ERROR OUTPUT: ee = Carry bit set
di.w = Appropriate error code

POSSIBLE ERROBRS: E$BPNum

FONCTIOE: This is a "wild card” asystem call used toc handle
individual device parameters that are not uniform on all devices or
are highly hardware dependent, The exact operation of this call
depends on the device driver and file manager asacciated with the
path. ’

4 typical wuse 1s to set a.terminal's parameters for backapace
charagter, delete character, echo on/off, null padding, paglng etc.
It is commonly used in conjunction with the GetStt service request
which iz wused to read the device's operating parameters. Below are
the presently defiped funotion ccdes:

-

| MNEMOBIC | FUNCTION i

| $5_0PT | Write the aptiona section of the path deacriptor (ALL)!
| ss_Size | Set the File sise (REF, FIRE) T !
| Ss_Reset® | Restors nead 1o track mere T T i
| ss_urrke | Weive (formai) Erase T T ;
| SS_ERZ | Freaze Db, intermasion  (sarrentiy mes implemeated) |
| S_SPT | Set Sesters per track | (earrentiy mes impiemented) |
| 555008 | Sequence down aisk arive T i
| s5.DCne | Direct semmand te mard sisk somereiien T TTTTTTTTT g
SO ot Mot totinnaeit A .

% These setstats exist in Microware disk drivers (if needed).
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I1$SetStt (Continued)

| MNEMONIC FUNCTION

emememecrcemccmmmcmec—em——m—memreesceeesmee————————— emcceeerrm————

i
'
S5_FD l Write FD sector (RBF) !
1
__________________________________________ [P p———
58_Ticks I Set Record luckout honor duration (RBF) {
lercmcmeccmesme—c———————————————— cmmmmmemencsencemae
8S_Look ! Lock/ﬁelease record (RBF) |
|emmmecaa——— emmeerseemmmemmsememaseeema———— = me e ——— !

SS_SSIG | Send signal on data ready (5CF, PIPE)

S5 Relea | Releaae device (scr PIPE)

t
|
|
!
!
!
|
| mmmm oo e —m—emmmme-
|
|
|
I
]
!
|
|
|

SS_Attr { Set file attributes (RBF,PIPE)

SS_EnRTS | Enable RTS line

S5_DaRTS | Disable RTS line
1

S8_DCOn | Sends signal when Data Carrier Detect line goes true |

S$5_DCOff | Sends signal when Data Carrier Detect line goes false |

ROTE: Only SS_Heset and SS_WTrk are required. Codes 128 through 255
and thelr parameter passing conventions are user definable (sece the
sectiocnas of this manual on writipg device drivers). The funetion
code and register stack are passed to the device driver.

Parameter Passing Conventions

| S5_O0PT: Write option aeut:on of path deucriptor i
I---—-----------------------------—- ———————————————————— LK L X % 32 % % 1 § ") =
| INPUT | 40.w = Path number )
I d1.w = #55_0PT functica code !
! (ao) = Address of a 128 byte status packet ]

[

4

OUTPUT | none
FUNCTION| This writes the option section of the path descriptor
| from the 128 byte status packet pointed to by (ad).

| It is typieally used to set the device operaticg

| parameters (echo, auto line feed, ete.). This call is
| handled by the file managers, and only coples valuea

| that are appropriate to be changed by user programa.
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I{SetStt (Comtinued)

| 88_SIZE: Set file size (RBF,PIPE) |

| meresmrre—e~eem i, eaa it ————————————— cmemmmmm e ccmme————a |

| IRPUT [ 4d0.w = Path number f
{ | d1,w = #SS_SIZE function code !
| | d2.1 = Desired file size . |
: I-------------_—- —————————— - D A S B NS A B S B S e e S e G -—-------:
! OUTPUT | none !
1 - L

SS_RESET: Restore head to track zere (RBF)

INPUT | d0D.w = Patk number
| d1.w = #S5_RESET function code

lemmemee e —ccccmmeereeememm—— e ~ermemmmcec e

FURCTION| This directs the disk head to track zero, It is used
| for formatting and for error recovery.

E St SR —
|
!

;
=
!
|
}
|} OUTPUT | none
1
]
!
|
t

| SS_WTREK: write track (RBF)

}

!
s Path number H
! = #55_WTRK function code !
| (a0) = Address of track buffer !
H = Address of interleave table |
| This table contains byte entries of LSNa ordered |
H to mateh the requested interleave offaset. I
| (d2) = Track number !
| (d3.w) = Side/density !
} .The low order byte of (d3) has 3 asettable bits: !
| Bit 0 = SIDE (0 = side zero, 1. = side one) |
| Bit 1 = DENSITY (0 = single, 1 = double) |
H Bit 2 s TRACK DENSITY (0 = single, 1 = double}]
| The high order byte contains the side number. !
----------------- - - - ﬁ———---------—ﬁ——-——-----!
|

i

b

!

|

OUTPOT | none

FUHCTION| This causes a format track operaticn {(used with most
| floppy disks) te occur. For hard or floppy disks with
| a "format entire diask™ command, this will format the
| entire media only wken tke track number equals zero
| and the aide byte equals zero,
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I$Setatt (Continued)

- e e e e Sl e O O S A U Y S NP R A D AN R A W W S A P e A A e S S e ke S e g,

8S_FD: Write FD SGGtor (RBF) |

INPDT | do.w = Path Number

| 40.w = #S8S_FD function code

| {a0) = Address of FD sector image

| rmncccrr e crrrr s e e e .- ———— - ————
OUTPUT | none

|

[]
1
1
]
]
]
1
]
1
1
1
1
1
1
]
1
]
]
1
1
1
1
1
1
1
1
1
]
]
1
1
1
1
]
'
1
1
]
L]
1
1
]
'
'
1
]
]
)
t
I
[ ]
]
]
1
[ ]
1
|

PUNCTION| Thia changes FD sector data, The path must be open for
| write.
!
| ROTE: Only FD_OWN, FD_DAT, and FD_Creat can be changed.
| These are the only fields written back to disk. Only
! the super user can change the file's owner ID.

- mw m B e e W ————

ss_!ioks. Wait speocified number of tiocks for record releaae (RBF)1{

INFOT | d0.w = path number
| d1.w = #SS_Ticks funntion code
|} (a0) = Delay interval

PUNCTION! Hormally, if a read or write request is issued for a
part of a file that is locked ocut by another user, RBF
sleaps ipdefinately until the conflict is removad.

The SS_Ticks call may be used to cause an error (E$Lock)|
to be returned to the user program if the conflict astill)
exiata after the specified number of ticks have elapsed. )

The delay interval is used direetly as a parameter to
REF's gonfliot sleep request. The value zero (RBF's
default) causes a sleep forever until the record is
released. A value of one means that if the record 1ias
not released immediately, an error is returned.
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I$SetStt {contimued)

| 88_LOCE: Loeck out & record (BBF)

e rcc e r e r s e r et h e e et —,—————— . —-—— - o
| INPUT ! d0.w = Path Number

d1.w = #8858 Lock function code

d2.1 = Lockout size !

55_Loek locks out a section of the File from the current
file peinter position up to the apecified pumber of
bytes.

Loek, EOF Lock, and File Lock).

If $FFFFFFFF bytes are requested, then the entire file
13 locked out regardless of where the file pointer is,
This is a speclal type of "file lock" that remains in
effect until released by SS_Lock(0), a read or write
of zero bytes, or the fils is closed.

There is no way to gain file look using only Read or

!
{
' |
| |
[ |
| '
H :
| ]
| i
i }
i |
| {
| If 0 bytes are requested, all locks are removed (Record |
| i
| |
! }
} ;
' |
] i
: }
! |
] |
| Write system calls, H

1

85_3S8IG: Send Signal on data ready {SCF,PIPE)

IRPOT | dé.w = Path number
| d1.w = 8S_S81G function code
| d2.w = User defined signal code
I------------------—----— ------ - A S e S e e sl e e -
OUTPUT | none '
- N = —————— DTS TS R A R R S S el - L L T X T L T T g T T Ty Py -
- PUNCTION]| SS_SSIG sets up & signal to be sent to a proceas when

an interactive devige has data ready. SS5_SSIG must be
reget each time the signal 1s sent. The devige is
conaldered buay and returns an errcr if any read requeasat
arrives before the signal i1a sent. Write requests to
the device are allowed in this state.

I-------------------- ----------------- R D e e A e -
CAYEATS | If an unprocessed aignal is pending when a character is

" | received, the SS_S3IG signal will be loest. Programs
| that use this call must be wary of thias situaticn.

PR —

M e —— R S 480 e oy e S ———
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I$Sets8tt {(ocontinued)

i SS_Relea: Releaze deviee (SCF,PIPE)
jeanrmerenena cmmme—n- e e e -

| INPUT d0.w = path aumber

1

]

i d1.w = SS_Relea function code

e e e
OUTPUT | rche

|
FURCTIOR| SS_Relea releases the device from any SS_Sig, SS_DCOn

| or SS_DCOff request made by the calling process.

P —

i SS_Attr: Set tha ‘file attributes (RBF,PIPE) N

| dC.w = Path number

| d1.w = #5S_Attr funotion code g
| d2.w = New attributes
;

PUNCTION| This changes a file's attributes to the new value if
| possible. It is not permitted to set the dir bit of a
| non-directory file, or to eclear the dir bit of a non
| empty directory.

|
!
!
| jemecccmam e s e e et men s e e s r e e r e e e m e ———
{
|
!
!

[ SS_EnRTS: Enables RTS line ’
I-----——'—--—---------------------—---n-------- —————— - - - - -

| INPUT ] d0.w = path number
| | d1.w = 88_ EnBTS funetion code

| OUTPUT | none
T o o ey oy e e o e P T L L T T T P T -
ss nsnrs. Disables RTS 11ne

INPUT ! 40.w = path number
| ¢1.w = SS_DsRTS funetion code

|eememacc—errracreerrace—er .- ——— — ————
| OUIPUT | none
'-hh-------h—--------h--—--_--—----- ----- L L L - N AR D e O S E A Wk
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I$SetStt (ocontinued)

| 88_DCOn: SQnds signal when Data Carrier Detect line goes true !

INPOT i dO ;w = path numbar
| d1.w = S3_DCOn function code
| d2.w = Signal code to be sent

OUTPUT | none

]
]

|

[]

§

|

I

i e mmm e ceeen——————————— o o rmrmmrnee
|

|

!

|

]

FUHCTIO!. When a modem receives a carrier, the Data Carrier Detect |
! 1ine will go true, SS_DCOn will send a signal code whenl
| this happens. SS_DCOff will send a signal when the line!
| goes false. !

| SS_DCOff: Sends signal when Data Carrier Detect line goea false |

IRPOT | d0.w s path number i
[ d1.w = BS_DCOff function code ]
| d2.w = Signal code to be sent |

|

e e ———— e - ———————— T T L |
FUNCTIOI. ¥When a modem haa finished receiving data from a carrier, |
{ the Data Carrier Detect line will go false. SS_DCOff H
| will send a signal code when this happena. S5_DCOn will|
| send a signal when the goes true. |

Page 15=26



08-9/68000 OPERATING SYSTEM TECHNICAL MARUAL
- CHAPTER 15 - : e
1/0 SYSTEM CALLS

IjWrite i Write data to a file or device IfWrite
ASSEMELER CALL: 059 1IgWrite
Path number

Number of bytes to write
Address. of buffer

INPOT: d0.w
d1.1
(a0)

OUTIPUT: d41.1 = Number of bytes actually written

ERROER DUTFUT: cc = Carry bit set
d1.w = Appropriate error code

POSSIBLE ERRORS: E4$BPNum, E$BMode, EgWrite .

FUHCTIONH: I$Write outputs bytes to a file or device associated with
the path number specified. The path must have been OPENed or CREATEG
in the Write or Update access modes,

Data i3 .written to the file or davice without processing or
editing. If data i1s written past the present end-of-file, the file
i3 automatically expanded. .

CROSS REFERENCB: See I30pen, 'I$Create and I$WritLn
CAVEATS: On RBF devices, any record that was locked is released.

]
1
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I$uriteLn Write a line of text_with editing I$¥Writeln
ASSEMBLER CALL: 089 1IsWriteLn

INPOT: * dO.w = Path pumber
d1.1 = Maximum number of bytes to write
(a0) = Address of buffer

QUTPUT: d1.1 = Actual number of bytes written

EREOR OUTPUT: gée = Carry bit set
d1.w = Appropriate error code

POSSIBLE ERRORS: E$BPNum, E$BMode, EdWrite

FUNCTION: This system call is similar to Write except it writes data
until a carriage return character or (d1) bytes are encountered.
Line editing is also activated for character-oriented devices such as
terminals, printers, ete. The line editing refers to auto line feed,
null padding at end-of-line, etq.

The number of bytes actually writtem (returned in d1.1) does not
reflect ' any additional bytes that may have been added by file
mapnagers or devica drivers for device control. For example, if SCF
appenda a line feed and nulls after carriage return characters, these
extra bytes will not ba counted.

CRO33 REFERENCE: 3See I$Opam, I3Create, I$WritLn and Chapter 7 onm SCF
Drivers (line editing).

CAVEATIS: On RBF devices, any record that was locked is relaeased.

end of chapter 15
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Fé$AProc Insert procesa in active process queue F$AProe
ASSEMBLER CALL: 0S9 F$aProc '

INPUT: (a0) = Address of process descoriptor

O0TPUT: none

ERROR OUTPUT: ce¢ = Carry bit set
. d1.w = Appreopriate error code

FUNCTION: F$AProc inserts a process into the active process queue so
that it may be scheduled for execution. All proceases already in
the active process queue are aged. The age of the specified proceas
i1s set to its priority. The process is then insmerted according to
its relative age. If the new process has a higher priority than the
currently active process, the active process will give up the
remainder of it's time slice and the new process will run
inmediately.

CAVEATS: 03-9 doea not preempt a process that is in system state
{i.e. the middle of a aystem call). BHowever, 0S-9 does set a bit in
the procesa descriptor that will cause it to give up its time slice
when it reenters user stata.

CROSS REFERENCE: See F$NProc and Chapter % on Process écheduling.

NOTE: THIS IS A PRIVILEGED SISTEM MODE SERVICE REQUEST
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F$A11PD Allocate procesa/path deseriptor F$Al1PD .
ASSEMBLER CALL: 089 FP$Al1PD '
INPUT: (a0)=zprocess/path tadble ptr

OUTPUT: dO0.w=process/path number .
(at)=ptr to proceas/path desecriptor

+ , ERROR OUDTPUT: co = Carry bit set
d1.w = error ccde if error

FURCTION: F$Al1Pd is used to dynamically allocate fixed length blooks
of system memory. It allaecates and ipitializes (to zeros) a block of
storage and return its address.

It can be wused with F4$FindPD and F$RetPD to perform simple
memory management, The system uses these routines to keep track of
memery blocks used for process and path descriptora. They can be
used generally for similar purposes by creating a map table for the
data allocations. The table must be initialized as follows: .

Block Number Offset

(N} l{ $00000000= unallocated | 39N

.
cemecesmcmmmmemmnenerena )

1

(2) | (address of block tweo) | &
Jp— - - 1

{1) | (address of block one) i -4
jemmrccamcssancacmmnmm——— 1

| Blocksize i 2
(0) |eweecmececccccccccncnccna=]

| Max block (N) i @
(20) =3 “mmcmmmmemeee cmem—mm———t

CRPSS REPERENCE: See F$FindPD and F$RetPD,
HOTRB: THIS IS A PRIVILEGED SYSTEM MODE SERVICE REQUEST
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F$AllPre Allocate Process descriptor ' FiAIIPrc
ASSEMBLER CALL: 0S9 F$allPre

IRPUT: none

CUTPUT: (a2) = Process Dese¢riptor pointer

ERRCR OUTPUY: cc = Carry bit set,
d1.w = Appropriate error ccde.

POSSIBLE BRRORS: E$PrcFul
FUNCTION: F4ALLProc allocates end initializes a process descriptor.
The address of the desoriptor i3 kept in the process descriptor
table. Initialization consists of olearing the Qescriptor, setting
up the state as system state, and marking as unallocated as much of
the MMU image as the aystem allows. ’

On Level One systems, this is a direct call to F$AIL1PD.
CROSS REFERENCE: See F$A11PD

HOTE: THIS IS A PRIVILEGED SYSTEM BODE SERVICE REQUEST.
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-F4¥FindPD Find process/path deseriptor . F$PindPD
ASSEMBLER CALL: 039 F3$PindPD )

INPUT: d0.wz=process/path number
{ad)=process/path table ptr

OUTPUT: (al)aptr to process/path descriptor

ERROR ODTPUY: Carry bit set

¢ =
1.w = error code iIf error

ae

FUBCTION:- F4FindPD converts a proceas or path number to the absclute
address of its descriptor data strueture. It can be used for simple
memory mnanagement of fixed length blocks. See F§AlL1PD for a
deseription of the data atructure used. :
CROSS BREFERENCE: See F$Al11Pd and F{RetPd.

NOTE: THIS IS A PRIVILEGED SYSTEN MODE SERVICE REQUES?T
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F$I0Qu Enter I/0 quens . F$I0Qu
ASSEMBLER CALL: 039 F$10Qu v

IRPUT: dO0.w = Procesa Number.

GUTIPUT: none

ERROR OUTPUT: ¢ = Carry bit set.
di.w = Appropriate error code.

FUNCYIOH: F$I0Qu links the calling process into the I/0 queue of the
specified process and performs ar untimed sleep. It is assumed that
routines asscciated with the aspecified precess will send a wakeup
signal to the calling process. I0OQu 1im wused primarily and
extensively by the I/0 ayatenm.

For example, if a proceas needs to do I/0 on a particular device
that 4is busy servicing ancther request, the calling process will
perform an F3I0Qu call to the proceas in control of the device. When
the first process returns from the file manager, the kernel will
automatically wake up the I0Qu-ed process. '
CROSS REFBREHCE: 3Sece F$Find6i, F$Send®, and F$Sleep.

NOTE: THIS IS A PRIVILEGED SYSTEM MODE SERVICE REQUEST
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FP4IRQ Add or remove device from IRQ table F4IRQ
ASSEMBLER CALL: 0859 F3IRQ

vector aumber

25=-31 for autovectors
.+ b4-255 for vectored IRQs

d1.b = priority (0 = polled first, 255 = last}

_ (a0) = IRQ service routine entry point (0 = delete)
““+*{a2) = global static storage pointer (must be unique to
e device)

' ¥{a3) = port addreas

INPUT: do.b

~

QUTPUT: none

ERROR OUTPUT: cc = Carry bit set
d1.w = Appropriate error code -

POSSIBLE ERRORS: E$POLL is returned if the polling table is full.

FURCTION: F$IRQ installs an' IRQ servige routine into the systenm
polling table. If (al)=0, the eallﬁdalqtes the IRQ service routine,
and only (d0/a0/a2) are used. . v .

The port 1a sorted by piiority onto a list of devices for the
speeified vector. If the priority is zero, only this device will be
allowed to wuse the vector, Otherwise, any vector may support
multiple devices. 08=9 does not poll the I/0 port prior to calling
the interrupt service routine and makes no use of (a3). Devige
drivers sare required to determine if their device caused the
interrupt. Service routines coonform to the following register
conventions: .

INPUT: (a2} global statiec ptr
(a3) port address
(a6) = system global data -ptr (D_'s)
(a7) =« system stack (in active proc's descriptor)

ERROR OUTPUT: Carry bit set if the device did not cause the
interrupt. May destroy any registers except {a7) and (usp).

CROSS REFERENCE: See Chapter T and Chapter 8 for more information on
RBF and SCF device drivers.

HOTE: THIS IS A PRIVILEGED SYSTEM HODE SERVICE REQUEST

Page 16-6



08~-9/68000 OPERATING SYSTEM TECHEICAL MANUAL
CHAPTER 16
STISTEM MODE SYSTEM CALLS -

. F$Move : Move Data (low bound firat) ' F$Move
ASSEMBLER CALL: 089 F3Move
INPUT: d0.w = Source task numhber (not required on Level 1)
d1.w = Destination task number (not required on Level 1)
d2.% = Byte couant to copy
(alt) = Source pointer
(a2) = Destination pointer

QUTPUT: none

ERROR OUTPUT: oc¢ = Carry bit set
d1.w = Appropriate error code

FOURCTION: F¢Move moves data bytes from one address space tc another,
usually from system to user or vice versa. Oz Level One systems, the
task numbers are not used,

The data movement subroutine is optimized to make use of long
moves whenever poasible. If the source and destination buffers
overlap, an appropriate move (left to right or right to left) is used
to avold loss of data due to incorrect propagation.

HOTE: THIS' IS A PRIVILEGED SYSTEM MODE SERVICE REQUEST

Pages 16-7 '



0s-3/68000 OPERATING SYSTEM TECHNICAL MANUAL
CHAPTER 16
SYSTEM HMODE SYSTEM CALLS3

FéNPro Start next process . F4{NPra
ASSEH!LER CALL: 039 P4$EProo
IRPUT: -none

OUTPUT: Control does not return to caller,

ERROR OOTPUT: cc « Carry bit set
. di.w = Appropriate error code

FUNCTION: This syatem call takes the next process out of the Active
Process Queue and injitiates its execution. If there i3 no process in
the queuwe, O0S=9 waits for an interrupt, and then checks the active
process queue again.

CAVEATS: The process calling NProc should already be in cne of the
ayatem's process queues, If it is not, them it will become unknown
by the asystem even though the process descriptor still exists and
will be printed out by a Procs command.

CRO3S REFERENCE: See F$AFroc.

NOTE: THIS IS A PRIVILEGED SYSTEM MODE SERVICE REQUEST
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. F$Ret?D - Return processz/path desqriptor
ASSEMBLER CALL: 0359 F3RetPD

INPUT: d0.w = process/path number ) . -
(a0) = process/path table ptr

QUTPUT: none . '

ERROR QUTPUT: cc = Carry bit set
di.w = Appropriate error code

FONCTIOKN: F$RaetPD déallocates a proceas or path descriptor.

F$RotPD

It can

be wused ia conjunction with F$A11PD and F$FindPD to perform simple

memory management of other fixed length objecta.
CEOSS REFERENCE: See F$A11PD and F$FindPD,

HOTE: THIS IS A PRIVILEGED SY3TEHM HODE SERVICE REQUEST
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FisSLipk Systen Link ’ F8$sLink: .

ASSEMBLER CALL: 0S89 F§SLink

Desired module type/language (0 = any)
Mcdule name string pointer

INPUT: d0.w
{ao)

OUTPUT: dO.w Actual medule type/language

d1.w = Module attributes/revision
(a0) = Updated beyond name string
(a1) = Module entry point

{a2) = Module peointer

ERROR CUTPUT: co = Carry bit set
’ di.w = Appropriate error code

POSSIBLE ERRORS: E$ModBay, E$MemFul

FUNBCTION: F$SLink 1links 2 module whose name is outside the current
(system) procesa' addreas space into the address space that gontainas

its name. On Level One systems this is synonymous with F$Link.

CROSS REFERENCE: See F$FModul and F$Link..’ .

NOTE: THIS 15 A PRIVILEGED SYSTEM HODE SERVICE REQUEST.
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F$3Sve Service request table initialization F3$5Sve
ASSEMBLER CALL: 039 F4SSve
INPUT: (a1) = pointer to service request initialization table

OUTPUT: noane

'ERROR OUTPUT: cc = Carry bit set

d1.w = Appropriate error code

FUNCTION: F$3Sve 1s used to add or replace function requests in 03~
9's user and privileged system service regquest tables.

An example initialization table might look like this:

SveTbl .
de.w F$Servige 03-9 service request code
de.w Routina-'-ﬂ offset of routine to process request

de.w F#Service+$yarrap redafine system level request
de.w SysRoutpn=¥-l - offset of routine to handle sys request

de.w -1.end of table

Valid service request codes range from (0-255).

If the s3ign bit of the function code word is set, only the
system table will be updated. Otherwise, bothk the system and user
tables will be updated,

Privileged system aservice requesta may only be called from
routines executing in System (supervisor) state. The example above
shows how a service call is installed that must behave differently in
system state than it does in user state.

System service routines are executed ian superviscr state, and

are not subjeat to time sliced task switching. They are written to
conform to register conventionma shown in the following table:
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F$5SVC (continued)

+ ] d1.w = error code if error

| IRPOUT | d0-d6 = user's values i
P | a0=a2 = user's values |
| ! (a¥4) = ourrent process descriptor pointer |
{ | (a5) = user's pregistera image pointer !
I : (ab) = system global data pointer |
e —e————— S me e e e e . .————————————- R .

{ OBTPUT | ce = carry aet |
I |

]

The service request routine should process its request and
return from subroutine with am RTS imstruction. Any of the registars
d0-d7 and a0-aé may be destroyed by the routine. Althoughk, for
convenjence, al-abl are generally left intact.

The user's register astack frame pointed to by {a5) is defined in
the library sys.l and follows the natural hardware staoking order. If
the ce¢ Carry Dbit 1is returned set, the service dispatcher will set
R$ce and R$d1.w in the user's register stack. Any other values to be
returned to the user must be changed in their stack by the servige

routine.

ROTE: THI3 IS A PRIVILEGED SYSTEM MODE SERVICE REQUEST
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P$VModul ' Yerify modulse . F$VYHModul
0839 F$vModul

ASSEMBLER CALL

Module group ID

INPUT: do.1l
. Addresas of module

(a0)

OUTPOT: (a2)

Directory entry pointer

ERROR QUTPUT: c¢c =z Carry bit set.
di.w = Appropriate error code,

POSSIBLE BRROBS: E$KwnMod, E$DirFul, E$BMID, E$BMCRC, E$BMHP

FUNCTION: F$VModul checks the module header parity and CRC bytes of
an 08-9 npodule, If the header values are valid, the mcdule is
entered into the module directory, and a pointer to the directory
entry is returned.

The module directory is firat- searched for another module with
the same name, If a module with the .same. name and typeé exists, the
one with the highest revision level 1s retained 1ia the module
directory. Ties are bdroken in favor of the established module.

. CROS3 REFEREHNCE: See F$CRC and F$Load.

NOTE: THIS I3 A PRIVILEGED SISTEM MODE SERVICE REQUEST

end of chapteryr 16
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Chapter 11 - User Mode Funotion Requests

F2aA11Bit
F$CRC
F$Chain
F$CnpNam
F3$Cpymem
F$DatMod
F$DelBit
F§DEzec
F$DExit
Fé#DFork
F$Exit
F¢Fork
F$GModDr
F¢GprDBT
F3GPrDse
F$ID
F$Icpt
FjJulian
FéLink
F$Load
F $Men
F¢PErr

- F§PraNam
F4RTE
F$SchBit
F$#Send
F$SetCRC
F$SetSys
F$Sleep
FisSPrior
F$SRqmen
F$SRtmen
F$SSpd
F$STime
F$STrap
F$SUser
F$SysDbg
F$Time
F4TLink
F4$UnLink
F$CnLoad
FjWait

Allocate in bit map

Generate CRC

Chain process te new module
Compare two names

Copy external memory

Create a data module

Deallocate in bit map

Execute dedugged program

Exit debugged progranm

Fork process under contreol of debugger
Terminate proceas

Start new process

Get module directory- eopy

Get process descriptor bloeck table copy
Get process deseriptor copy
Return process ID

Set signal intercept

Get julian date

Link to module

Load module(s) from file

Set memory size

Print error message

Parse a path name

Retura from interrupt exception
Search bit map

Send signel to process

Generate valid CRC in module
Set/examine system global variables
Suspend process

Set process priority

Syatem memory requeat

System memory retura

Suspend process

Set current tinme

Set error Trap handler

Set user ID number

Call system debugger

Set current datée and time

Inatall user Trap handling module
Unlink module

Uplink module by name

Wait for child process to terminate
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14-2

14-3

14-5

14-6

14=7

14-8

149

14-10
18-11
18-12
1414
18-16
1417
14-18
1%-19
14-20
1421
1522
14=23
1825
13-25
18-26
14-27
1428
14-29
14-31
18-32
14233

- 14-38
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14-36
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14-38
14.39
19-41
18-42
14-13
1545
1847
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Chapter 15 - I/O System Calls

I$Attach Attach I/0 device P *15-1
I3ChdDir Change default Directory 15=3
I$Close Close path 15=4
I$Create Create new file 15=5
IsDelete Deleta file 15=-T7
I$Detach Detach I/0 device 15=-8
I$Dup Duplicate path 15=9
I$Get3tt Get path Status 15=10
I$Makdir Make Directory file 15=-14
I$C0pen Open existing file 15=15
I%Read Read data 15=17
I$ReadlLn’ Read line of ASCII data 15-18
I4Seck change current position 15=19
I$SetsStt Set path Status 15=20
IfWrite Write data 15=27
I$WriteLn Write Line of ASCII data 15-28

Chapter 16 = Systom Mode Function Requests

F&AProc - Enter active process queue 16=1
F$AL1PD Allocate process/path descriptor 16=2
F$4llPre Allocate process deascriptor 16-13
F$FindPD Find procesas/path descriptor 16~4
F$¢I0Qu - Enter I/0 Queue 16=5
F$IRQ Add or remove device from IRQ table 16=6
F3Move Move data (low bound first) 16=T
F$NProc Start pext process 16=-8
F4$RetPD Return process/path descriptor 16-9
F$sSLink System link 16=10
F483vo Service request table initialization 16-11
F$VModuld Validate module 16~13

end of appendix a
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APPENDIX B
EXAMPLES

. The examples in this section are to be uged as guides in
ereating your own modules, The examples should be uaed as samples
and should not be assumed to be the mest current software. Software
for your individual system may be different.

RBF Descriptor Example

Microware 05-9/68000 Resideat Macro Assembler V1.5 85/07/25 15:53 Page 1
D0 Device Descriptor - Device Descriptor for Floppy disk controller

00001 nam po Device Descriptor
00002 use defsfile

00008

00009 .

00003 use ../fio/rbfdesec.a

00001

00002 ttl Device Descriptor for Floppy disk
00003

00004 ® Copyright 1984, 1985 by Microware Systems Corporation.

00005 ®* Reproduced Under Licensa,

00006

. 00007 ® This source oode is the proprietary confidential property of
00008 ® Microware Systems Corporation, and is provided to licensee
00009 ® aolely for documentation and educational purposes. Reproduction,
00010 * publication, or distribution in any form to any party other
000711 ® than the licenses is prohibited.
oog12

00013 SESSAERNENEARRENNERRASEERERRRD

00014 ® Edition History : '
o0Qts ®* § date comment s by
00016 ® wa commccns crccscmsccsscccLLs R Css e EEsRssLLAEE LA — et s o ——. ———
Q0D1T ® 00 12-05-83 Converted to 63000 from 6809 editionm 1. res
00018 ®* 00 04-06-84 Added FlpyName macro usage WGP
00019 ®* 00 04-06-8B4 Added defs for some variable opts ¥GP
00020 * Q1 10-12=84 Added IRQ Level & resesrved bytes. rfd
00021 ® Q02 11-07-85 3plit into seperate files ras
00022 * 03 06-27-85 Added mode byte.rfd
00023 ® 04 06-25-85 Added sector size, format eoatrol, retry control.res
gooz4  0QQ00000RF Bdition equ 4 current edition number
00025
00026 00000000 Single equ 0
00027 00000001 Double equ 1

. 00028 00000000 Five equ 0
00029 00000001 Eight equ 1
00030 00000080 EHard equ $80
00031 00000001 ON equ 1
00032 00000000 OFF equ 0
00033 ,
00034 00000001 dBTT equ ' 1 single density 8¢
00035 00000004 dd87T aqu 4 double density 8"
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000326
00037
00038
00039
00040
00041
ooo42
00043
o004y
oooas
00046
00047
00048
oook9
00050
00051
00052
00053
00052
00055
00056
¢o0057
00058
00059
ooo60
00061
opoé2
00063
o006l
00065
00066
00067
00068
00069
00070
00CT1
ogo72
00073
00074
00075
00076
CooTY
oooTe
00079
0¢o8o
ao081
Qoo0d2
00083
00084
0oo8s
00086
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00000002
0000000%

0000

0003

00000006

00000001
00000001

0000

0f£00

00008000

caao
ooos
G005
0006
Q007
0008
000a
000c
o00e
0016

a7
0031
0035
oaoo
ogoo
ao019

% Default

0018=
0019
001a
0o01b
001ec
0Q1e
Q020
0021
002z
0024
0026
0028
0029
002a
002b
002¢
pQ2e
0030
aaoo

€031

00
00
03
o1
ot
ooad
02
[+1}
001¢
o010
o008
03
00
00
00
0100
0000
o7
0019

52h2

4540 "
dds540
d580
dad580

Density
DiskTypg
T?PQLSBB:.
Attr_Rev '’

Parametars
OptThl

OptLen

FileMgr
RBFDesc

Port
Vector
IRQLavel

© equ

APPERDIX B
EXIAMPLES

equ 2 aingle density 5" 40 trk .

equ 5 double density 5" 40 trk

equ 3 single density 5" 80 trk -
[ ,double density 5" 80 trk

.aet BitDna+{TrkDna<<i)

set . DiskEind+(DonaTrk0<<5)

aet (Devin<<B)+0

‘aset (ReEnt<<8)+0

paect RBFDesa, TypelLang, Attr_Rev,Edition,0,0

de.l Port port address

de.b Vector auto-vector trap #

de.b IRQLevel IRQ interrupt level

de.b Priority IRQ polling priority

de.b Mode device mode capabilities

do.w FileMgr file manager name offset

de.w DevDrv device driver pame coffset

de.w DevCon (reserved)

de.w 0,0,0,0 reservead

de.w OptLlen .

de.b DT_RBF device type

de.b DryvNum drive number

do.b StepRate step rate

do.b DiskType type of disk 8»/5"/Hard

da.b Density Bit Dens and track denaity

de.w Cylnders-IrkoOrfa # of oylinders

de,b Heads # Sides(Floppy)Heads(Hard)

de.b NoVerify OFF =verify ON =no verify

de.w SectTrk default sectors/track

de.w SectTrkd default sectors/trackl

de.w Segilloce segment allocation size

de.b Intrleav sector interleave factor

de.b DMANMode DMA mode (none)

de.b TrkOffs track base offset

de.b SectOffas sector base offset

de.w Sect8ize # of bytes/seotor

de.w Control format control byte

de.b Trya ¢ of retrys 0 =no retrys .

egu f.0ptThl

de.b PREBF",0 Random block file manager

magero

equ A\ Paort address

aqu \2 autovector number

equ \3 hardware interrupt level



00087
000838
00089
00090
00091
ooo9g2
00093

0009k

000495
00096
00097
00098
00099
ac100
00101
00102
00103
00104
oc105
00106
o107
00108
00109
00110
00111
ao112
00113
00114
00115
00116
00117

00118

00119
0G120
ocoT21
drive
00122
00123
00124
00125
00126
oo127
00128
00129
00130
00131
drive
00132
00133
00134
00135

05=-9/68000 OPERATIRG SYSTEM TECENICAL MARU

Priority
DevDrvy

DiskKind
Cylnders
TrkDns
SectTrk
SectTrko
DevCon

DiskKind
Cylnders
BitDns
TrkDna

. SectTrk

SectTrko
DavCon

DiskEind
Cylnders
BitDns

TrkDna .
SectTrk
SectTrko
DevCon

l

DiskKind
Cylnders
BitDna
TrkDns
SeatTrk
SectTrko
DevCon

DiskKind
Eylnders
BitDns
TrkDns

APPENDIX B

EXAMPLES
equ BN
de.b LAY- LN ]
ifgt \#=5
ifeq \6=d87T7
set Eight
set T7
set Single
set 16
set 16
set 0
ende
ifeq \6=-ddB8T7T
set Eight
set 77
set Double
set Single
set 28
set 16
set 0
ende
ifeq \6=-d540
set Five
set 4o ¢
sat Single
set Single
set 10
set 10
set 0
ande
ifeq \6-dd540
aet Five
set 4o
set Double
set Single
set 16
set 10
set 0
ende
ifeq \6=d580
set Five
set 80
set Single
sat Double

Page B=3

polling priority
driver module name
stod dev setup requested?

8", 77 track drive

8", 77 track,double density

§", 40 track drive

57, 40 track,double density

5m, B0 track,double demsity
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*APPENDIX B -

EXIAMPLES
00136 SectTrk sat 10
00137 SectTrko set 10
00138 DavCon set 0 -
00139 ) ende .
00140 _ .
00141 L - ‘ifeq \6-dd5B80 5", 80 track drive
00142 DiskEind aet Five
00143 Cylnders set 80
00144 BitDns set - Double
00145 TrkDns set Double
00146 SectTrk set 16
00147 SactTrkl sat 10
00148 DavCon set 0
00149 ) ende
co150
00151 ende
00152 endm
00153
00154 #assasssasenssss
00155 ® Descriptor Defaulta -
00156 000000a7 Mode set Dir_+ISize _+Exec_+Updat_
00157 00000000 BitDns set Single
00158 00000002 Heads set 2
00159 0000000¢2 StepRate sat 2
00160 00000003 Intrleav set 3
00161 00000000 HoVerify set OFF
00162 00000000C DnaTrkO set Single r , % &,
00163 00000000 DMAMode set . 0 * non dma device
00164 00000008 SegAlloe set 8 min segment alloc sizs
00165 0000000Q¢ TrkOffa set 0 o T
00166 00000000 SectOffs set 1] ERE
00167 00000100 SectSize set 256 . default sect size 256 byte
00168 00000000 FPmtBrabl set [i] enable formatting
00169 00000001 FmtDsabl aet 1 disable formatting
00170 00000000 Control set FmtEnabl enable formatting
00171 p '
Q0172 ©€0000007 Trys set T ‘number of Trys
00173 '
00004 0000000 DrvNum set 0
00005 DiskDO
00006 0000003c ends
Errors: 00000 )
Memory used: 21k
Elapsed time: 15 second(s) .
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APPENDIX B
EXAMPLES

SCF Dascripter Exzample

Term - 68000 Term device descriptor module

00001
Qo002
00003
oooos
00009
00004
ooons

ooooT
000038
00001
00002
00003
oooo4
00005
00006
00007

oogos
' 00009
00010

Qo011
poo1t2
00013
coo1d4
00015
ooo16
00017
00018
00019
00020
00021
gooz22
00023
ooozh
00025
oco2é
00027
oooz8

00029
o
00031

Q0032
00033
ooa3y
00035
00036
00037

Microware 08-9/68000 Resident Macro Assembler V1.5 85/07/25 15:54 Page 1

device deseripteor module

nam Tern
ttl 68000
use defarfile

% The default characteristics in "sefdese.a" can be overridden
00006 ®* by equating the desired values herae,

Edi
]

LB BN I BN B IR O
o
(=]

0000

Qo000
0000

oodoo
0004
Qo005
0006
0007
ooos

Qo0e
0016

* Def

L ]
2
|
0018=
0019=
001as=
001bs=

For exanmple:

use «o/io/8cfdese.a
T4 NSRS N NUEERERRRERERERS

ticn History
datae commenta by
09-28-83 Convertad to 68000 from 6809 scurce r£d
04-06-84 Added use of TrmDrNam macro for driver name WGP
10-12-84 Added IRQ Level & resesrved bytes. rfd
10-24-84 Changed to "use® file format. rfd
11-05-84 Inserted macro for deseriptor generation. rfd
06-2T-85 Added mode byte.rfd
0004 Edition equ ] current edition number
0£00 Typelang set (Devic<<8)+0
8000 Attr_Rev set (ReEnt <<8)+0
pasct SefDese, Typelang, Attr_Rev,Edition,0,0
0060 de. ]l Port port address
1d do.b Tector auto-veotor trap #
05 do.b IRQLevel IRQ interrupt level
fa da.b Priority IRQ peolling priority
23 dg.b Mode Dev mode capabilities
0034 de.w FileMgr file manager name offaet
0038 de.w DevDrv dev driver name offset
0000 de.w 0 DevCon (reserved)
0oo0 de.w ¢,0,0,0 reserved
001ec de.w OptSiz option byte count
ault Parameters
Options
default
name function value
00 de.b DT_SCF device type SCF
00 da.bd upelock upcase lock OFF
0o de.b bab backapacesBS,S5P,BS ON
Qo0 de.b linedel line del/bap lins OFF
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Memory used:
Elapsed time:
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21k
11 aecond(a)

-APPENDIX B

EXAMPLES
00038 001ec= 00 de.b autoecho full duplex ON.
00039 001d= 00 de.b ° autolf auto line feed oN
00040 001e= 0O de.b eolnulls null count 0
00041 001f= 00 do.b pagpause end of page pause QFF
00042 0020= 00 do.b pagsaize lines per page ; 2y
00043 0021= 00 de.b C3Bsp backspace char “H
00044 o0022= 00 de.b C$Del delete line char “X
00045 0023= OO0 de.b C$CR end of record char <return>
opoo46 0024= OO de.b C$EQOF end of file char ESC
00047 0025= 00 de.b C¢Rprt reprint line char ‘D
00048 0026= 00 de.b C$Rpet dup last line char “4
00049 0027= 0O de.b C$Paus pause char ¥
00050 0028= 0O de.b CéIatr Keyboard Intarrupt char *C
00051 002%9= @0 " de.b C$Quit Keyboard Quit char “E
00052 002a= 00 de.b C$Bsp backspace echo char “H
00053 002b= QO de.b C$Bell line overflow char “G
00054 C02¢ 00 de.b Parity stop bits and parity fnone
00055 0024 Qe de.b BaudRate bits/char & baud rate none
00056 002e=0000 de.w EchoNanm offset of echo deviece none
00057 0030=s 00 de.b C$I0n Transmit Enable char “Q
00058 0031= 00 de.db céx0ff Transmit Disable char s
00059 0032z OO0 de.b C4Tad tab character o
00060 0033= 0O de.b tabaize tab column size . L]
00061 0000001c OptSiz equ *.0ptions
coo62
00063 0034 5363 FileMgr de.b "Sef™,0 ~ file manager
Qonbdy
00065 % Macro to generate main features of device deseriptor
00066 SCFDesc macro
00067 ifne \f=T must have exactly 7 args
00068 - fail SCFDesaq: nust apee all arguments
00069 ende ST A
00070 .
00071 Port equ A\ Port address
00072 Yactor egu \2 autovector number
‘00073 IRQLevel equ \3 hardware interrupt level
00Q0TA PFriority equ \4 poelling priority
00075 Parity equ \5 parity, atop bits
00076 BaudRate aqu \b baud rate
000TT DevDrv de.b LAY L] driver module nanme
00078 EchoNanm equ bname echo device deseriptor
00079 endm ‘
00080
00081 00000023 Mode sat ISize_+Updat_ daf dev mode capability.
60082 :
00009 TERM
00010 00000040 ends
00011 .
Errors: 00000
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INIT Module Example

85/07/25 15:54 Page 1

Init: 0S=-9 Configuration Module -

00001 nam Init: 03-9 Configuration Module
GO002 TESEEREIEANNSRERRNANNADRNIERBUNY

00003 ® Editon History

00004 % ¢ Date Copments by
00005 ® ~= wecccwesr cacccccccrccrccerrescana- L e .-
.000067% 00 12-01-83 Initial test version developad, rfd
00007-% 01 01-20~84 Added code to process startup file. rfd
;00008. % 02 11-01-84 Changed names and added mew information. rfd
00009, #*03 12-20-84 Changed slice value from 1 to 2. rfd
00010, #504 06=-21=85 Minor chaages for V1.2.rfd

00011 00000004 Edition equ y ecurrent edition number
gop12

00013 00000c00 Typ_Lang set (Systm<<8)+0

00014 00008000 Attr_Rev set (ReEnt<<8)+0

00012 paect Init,Typ_Lang, Attr_Rev,Bdition,0,0
0001

00017 ® Config comatants (default; changable in "syatype™ file)

00018 00010920 CPUTyp sat 68000 cpu type (68008/68000/68010)
00019 00000001 Level aet 1 05=9 Level One

00020 00000001 Vers set 1 Yersion 1.2

00021 (00000002 Revis set 2

00022 00000000 Edit set (1] Edition

00023 00000000 Site set 0 Installation Site code

00024 Q0000080 MDirSz set 128 module dir size (unused)
00025 00000020 PollsS:z set 32 IRQ poll table size (fixed)
00026 00000020 DevCnt aet iz devige table size (fixed)
Q002T 00000040 Procas set 64 init process table size
00028 00000040 Paths set 64 init path table asiza

00029 00000002 Slice set 2 ticks per time slice

00030 00000080 SysPri set 128 init aystem priority

00031 00000000 MinPty get 0 ipit syatem min exec¢ prior
00032 00000000 Maxige seat a init sys max age limit

00033 00000000 MaxMem set v} Top of RAM (unused)

00034 0000C00DO Events set 0 init event table size

00035

00036 ° use defsfile (above may be overridden)
00008

00009

00037

00038 ®* Configuration mecdule body

00039 0000 0O0CO de.l MexMem (curreatly unused)

00040 0004 0020 de.w FollSz IRQ polling table size
000k1 0006 0020 de.w Devint device table size

00042 0008 0QO40 do.w Proos proceas table size -
00043 ©00a 004D do.w Paths path table size

00044 0COe 0000 de.w 1) I/0 manager mod name offset
00035 000e 008¢c do.w SyaStart executable mod name offset

Page B-T



Memory uaed:
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21k

Elapsed time: 9 second(a)

APPERDIX B

EXAMPLES
00046 0010 0092 de.w SysDev sys default dev name ot!t‘aet.
00047 0012 0036 de.w ConsclNm stnd I/0 path name offset
00048 0014 OO6a de.w Exteas Customation mod name offset
00049 0016 0O0%e de.w Clooklm ¢clock module name offszet
00050 0018 opo2 de.w - Slice num of ticks per time slice
00051 C001a 0070 de.w Usrdot account package name offaset
00052 001¢ 0000 de.l 8ite installation site code
00053 0020 0076 de.w MainFram installation name offset
00054 0022 0001 de.l CPUTyp 68000 type processor in uae
00055 0026 0101 do.b Level,Vers,Revis,Edit 05«9 Level
00056 002a 0056 de.w CS9hev 08«9 revision string offset
00057 D02e 0080 de.w SysPri initial syastem priority
00058 002e 0000 do.w MinPty init sys min exec priority
00059 0030 0000 do.w MaxiAge ° max ays natural age limit
00060 0032 0000 de.l Mbirsz mod directory size (unused)
00061 0036 0000 de.w Events init event table size
00062 0038 0000 de.w ¢,0,0,0,0,0,0 vreserved
00063 0046 0000 de.w 0,0,0,0,0,0,0,0 reserved
00064
00065 ¢ Configuration pame strings
00066 0056 453 0S9Rev de.b "0S-9 Level One V1.2w,0
00067 006a 4f53 Extens de.b 056P2Y,0 Customization module name
00068 007C 5541 Uarict dec.b "JAcet™, 0 user account module name
6o069 .
00070 ® The remaining names are defined in the "aystype" macro below
00071 - CONFIG
00072 000000a% ends
00073
Errora: 00000
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57840 Module Exanmple

Mieroware O0S=9/68000 Cross Macro Assembler V1.3 84/11/11 16:59 Page 1
sysgo.®

Sysgo - 0S-9/68000 Initial (startup) module
nam Syago .
tti 05-9/68000 Initial (startup) module
II_IlIIIl.IlI"IIIIll."l"ll'."l'_
00000001 Edition equ 1 current edition number
00000107 Typ_Lang set {Prgro<<8)+0bject g
00000000 Attr_Rev aet (1] (non-reentrant}

psect teat,Typ_Lang, Attr_Rev,Edition,0,Entry

_ uase defsfile
% generic defafile, no hardware dependant conditions allowed

vaaect
00000000 ds.b 255 . stack space
00000000 ends
00000080 Priority ‘egu 128 initial priority
0000=4e40 Interecpt os9 F4RTE return from intercept
0004 41fa Entry lea Interopt(pc) al
0008=%el0 0s9 F$Icpt
000ec 41fa lea CmdStr(pe),al default execution dir ptr
0010=T000 novegq #Exec_,d0 execution mode
0012=lelD 089 ItCthir change exec dir
0016 6&640c bee.s Entry10 continue 1if no error
0018 7001 -mOveq #1,40 atd output path
001a 7218 moveq #ChdErrSz,dt size
001c 41ifa lea ChdErrMs{pc),a0 "I can't find CMDS"
0020s4e40 089 IdWritin cutput error message
% Process -startup file
0024 7000 Entry10  moveq £0,d0 any type module
D026 7200 moveq #0,d1 default memory aize
0028 Tu08 noveq #startsiz,d2 size of startup command
002a 7603 moveq #3,d3 copy std I/0 paths
002c 383¢ -meve.w #Priority,di nedium priority
0030 41fa lea ShellStr(per),a0 shell nape
0034 43fa lea Startstr(per),al startup pathliast
0038=4e40D 089 F4Fork fork shell
003c 6410 bee.s Entry20 continue 1if no error

Page B=9
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Sysgo =~ 0S-~9/68000 Initial (startup) module

003e 7001
0040 721a
0042 j1fa
0046=4el40
004a=4elq

00be=4edo

¢o52
0054
0056
0058
005a

7000
T200
T4OT
T603
383¢c
00Se 41fa
0062 43fa
0066=4el0
006a 650a
006caiiclo

0070 6504.

0072 Zal1
0074 67do
00T6=kel0
007a 60d6

00Tec 5379
0090=5368
00000014

0096 5379
00a9=434d
00000018
0Cae T73Ti4
gobs= 0O
pooooco8
000000b6

Errors:
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Entry20

Loop

ForkErr

FrkErrMs
ShellStr
FrkErrsSz

ChdErrMs

CmdStr
ChdErrsSz

Startstr
CRChar
StartSiz

00000
Memory used:

10k

mov eq
moveq
lea
o3¢
039

039

moveq
moveq
moveq
moveq
move.w
lea
lea
os¢
bes.s
L¥:1:]
bes. s
tat.w
beq.s
o039
bra.s

de.b
de.b
equ

de.b

.de.b

equ

de.d
de.bd
equ

ends

*

Elapsed time: 15 aegond(s)

"APPENDIX B -

#1

#FrkErrSz, d1
FrkErrMs{pe)}, a0

EXAMPLES

,d0

IgWritLn
F$Sysbbg -

FiWait

#0,d0
#0,d1

#1

,d2

#3,d3

#Priority,d4
Shellstr(per),al
CRChar (per),al

F$Fork
ForkErr
FéWwait
ForkErr

d1

Loop
F3PErr
Loop

®Sysge can't fork to "
®Shell™, C3CR
| "-FrkErrMs

®CMDST™, C4CR
8_ChdErrMs

Patartup"®
C3CR
f.StartStr

énd of appendix b
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std cutput path

aslze

"ean't fork Shell"®
output error message
erash
walt, ignore any error
any type module
default memory size

one parameter byte (CR)
copy std I/0 paths
medium priority

shell name

null parameter atring
fork shell

abort if error

wait for it to die

zaro status?
loop if aso
print error message

Y- ®Sysgo oan't chx to "
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08-9 ERROR CODE3

D D D e e e o s L S 0 e e e e e

ERRCR NUMBER DESCRIPTICH

000:200 E$PthFul PATH TABLE FULL - This error is generally
returned when a user program has tried to
open more tham 32 I/0 paths simultaneously.
When the system path table becomes full, the
kernel automatically expands it. However,
this error could be returned if there is not
encugh (contigucus) memory to expand it,

| 000:201 E$BPFHum ILLEGAL PATH NUMBER - This error is returned
H when the path number was too large or for a
| nonexistant path. This c¢could occcur whenever
| passing a path pumber to am I/0 eall.

|
L]

{ 000:202 E$Poll IITERRUPT POLLING TABLE FULL - This error is |
! returned when an attempt is made to inatall !
H an IRQ Servige Routine into the system polling]
! table, and the table i1s full. To install

| another interrupt producing device, one must
H first be removed, The aystem's INIT module
i speocifies the maxinmum number of IRQ devices
| that may be installed.

|

| 000:203 E$BMode | ILLEGAL MODE -~ This error is returnmed when an !
| attempt i3 made to perform an I/0 function of |
| vhioh the device or file was incapabls, |
| This could occur, for instance, when trying '
| to read from an output file (for example, a |
| printer. !

|

[}
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| ERROR NUMBER DESCRIPTION
! .

;

]
{ 000:204 E$DevOve DEVICE TABLE FULL - This error is returned }
H when the aspecified device can not- be added to !
| the system because the device table is full., |
! To install another device, one must. first be |
| removed., The aystem's INIT module specifies |
H the maximum number of devices that may be ]
| supported, but:-this may be changed to add more]
I 1
1

000:205 R$BMID ILLEGAL MODULE HEADER - This error is returned|
wvhen the specified module can not be loaded |
because its module syne cocde is incorrect. !

|

000:206 E$DirFul MODULE DIRECTORY FULL ~ This error is returned|
when the specified module can not be added to |
the system, because the module directory is |
full. To load or create ancther module, one |
must first be unlinked. While 05-9 expands |
the module directory when it becomes full, |
this error may be returned because there is !
not enough memory or the memory 1s too |
fragmented to use, )

|
1

P G D A L e e e D R e e S R e e e e e

[ 000:20T E$MenmFul MEMORY FDLL - This error is returned whem the !
proceas will not execute because there is not |
enough contiguous RAM free, This can also H
occur if a pro¢ess has already been allcacated]
the maximum aumber of blocks permitted by the |
system, This could cocur when trying to load |
a module. |

|

1]
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BRROR NUMBER DESCRIPTION

000:208 E$UnkSve ILLEGAL SERVICE REQUEST - This error ias
returced when the specified servige call has
an unknown or invalid service gode pumber,
This can also oceour if a getstat/setatat call
i3 made with an unknown status code.

} 000:209 E$HodBsy uonunx BUSY - This error is returned when
{ trying to aocess a non-sharable medule
| that 1s in use by another procesa.

| 000:210 E$BPAddr BOUNDARY ERROR - This error is returped when
i a memory allocaticn or deallocation request
H is not on a page boundary or an attempt 1is

E nade to deallccate memory not previously
]
I
1

- e —— —— —

assigned.
{ 000:211 ES$EQF END OF FPILE - This error is returned wh;n an |
| ) end of file conditionm is encountered on a |
{ read operation. H
! |
' — - e o e e e e ————————— ——t

! 000:212 E4VotBsy -VECTOR BUSY - This error is returned when a |
| device is trying to use an IRQ vector that is |
! currently being used by another device. ]
} |
1 b}

000:213 E$l33 ROR=-EXISTING SEGMERT - Thias error is returned

when a search 13 made for a disk file segment
that could not be found, The device may have
a damaged file atructure.

- e ey —— —
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! 000:214 £E$FNA FILE NOT ACCESSABLE - This error is returned |
| when trying to open a file or device without |
| the correct access permissiona., Cheek the |
' fillet's attributes and the owner ID, H
! !
1 1

! 000:2t5 E$BPNam BAD PATH NAME ~ This error is returned wvhen i
| there i3 a syntex error in the specified l
| pathlist (illegal character, etc.). This cgan !
| occur whenever referehoing a path by name. H
i }
1

| 000:216 E$PENFP PATE NAME BOT FOURD ~ This error is returned |
| when the specified pathliat can not be found., |
This could be caused by misspellings or |

incorrect directories, eta. |
I

1

| 000:21T BE4SLF SEGMENT LIST FULL - This error is returned |

wvhen a file is too fragmented to be expanded |
any further. This capn be cauaed by expanding |
a File many times without regard to allocation!
of memory. This can alsc cacur on a disk that!
has little free memory left or one whose frae
memory 13 toc ascattered. The simplest way to
solve this problem is to copy the file (or
disk), which should move it into more
contiguous areas,

- ———— L e e —
» o ———— — -

000:218 ES$CEF { PILE ALREADY EXISTS - This error occurs when |
| trying to create or duplicate a file using a |
| name that already appears ip the ecurrent {
I directory. !

!

Paga Cad
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T 0 Y G e S s e e S W D A SR S U S S Y A G

| ERROR NUMBER ' DESCRIPTIION i

1
- o o vk e S e S O S TS DR R S e e e

| 000:219 BE$IBA - JLLEGAL BLOCX ADDRESS - Thias error is returned!
| when a search for an illagal bloeck address has)
{ occurred, An invalid pointer or block size i
! has been passed or the device's file structure]
! is damaged. }
!

i 000:220 E$Eangup TELEPHONE {MODEN) DATA CARRIER LOST ;
| ) |
]

| 000:221 E$MEF HODULE NOT FOUND - This error is returned wnen.
| a request i1s made to link to a module that 1a |
| not found in the module directory. !
| !
Vo o o v e e P A D A A A A e S e e e e T

| 000:222 E$HoClk HO CLOCE - This error ia returned whez a H
H request i1s made that uses the system clock |
| and the aystem has no clock running. For !
| example, a SLEEP request will return this }
H error if there is no system clock running. |
! SETIME 1a used to start the aystem clock. |
! !
(]

! 000:223 E$Del3P SUICIDE A!TEHPT - This error is returned whern
H a User requesats to deallocate ard returan the

} menory where the usert's stack is logated.

H This gould be caused, for example, by using

| the FiMen system call to oontract the data

| memory of the specified process.

I
r

| 000:22% B‘IPEGID ILLEGAL PROCESS HUEBER - Thias error is |
! returned when a system call 1s passed a H
] proceas ID to a non-existant process or 2 i
| process that the user may not acceas. H
)
3
1]
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]
! 000:225 E$Paranm BAD POLLING PARAMETER - This error is returned]
H when ap impossible vector number is passed to |
i the IRQ polling system, !
| . !
1

{ 000:226 E$NoChld HO CHILDREN ~ This error i1s returned when a
} F3¥ait request is made and the process can

| not wait for its child process' I/0, because
} it has no ohild prooess.

I r

1

| 000:227 BE$ITrap ILLEGAL TRAP CODE - This error is returned {
[ when an unavallable {already in use) or [
i invalid trap code is used fin a TLINE sall. !
H I
1 ?

| 000:228 E3$Proibt PROCESS ABORTED -~ This error is returned when |
} a process 13 aborted by the signal code: |
} 000:0. |
i i
P e —— N p— D R R D D D S S G S S A A N S e -l

{ 000:229 E$Preful PROCESS TABLE FULL -~ This error is returned

[ when the system progess table is full (toeo

H many progesses currently runping). While 0S5=9
H automatically tries to eaxpand the table, this
H error may occur if there is not enough

1
1
|
1

:
:
t
1
!
i
contiguous memory to do so. !
|
1

! 000:230 E$IForkpP ILLEGAL PARAHETER AREA - This arror cccurs }
| when the ridiculous parameters are passed to |
! rork ecall. !
I i

L
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ERROR CODES

| ERROR NUMBER DESCRIPTIION |
l------------------ﬂ-ﬂ -------- W S N ER e e o W A WA A ------————:

' 000:231 E$EwnMod ENOWN MODULE -~ This arror is returned when a
{ call is made to install a module that 1is

| already in menmory.
|
1

| 000:232 B4BHRC IRCORRECT MODULE CRC - This error is returned |
H when the apeeified module bdeing checked or |
! verified has a bad CRC value, To generate 2z |
| valid CRC, uae the FIIMOD utility. :
{
L} T

- T D S A S A e S N W O R A TS R R G N A A A e e S S
[ S -

| 000:233 E$USigP SIGFAL EBROR - This error is, returned by |
| F$Send when the receiving proocess.has a !
} previocus unprocessed signal panding.. The {
! sending process should try again later, |
i {
L] 1

| 000:234 BE$NEMod  NOB-EXISTENT MODOLE - This error is returned |
| when a process tries to asearch for an H
! . unlocatable module. This might ceccur when I
| using F$Chain or F3jLink. . !
{ ’ }
' - e ——— - F—— ————————— mremameme—aat
| 000:235 E$BNam BAD BAME - This error occurs when there iz a i
H syntaz error in the specified namae, !
|

e N
| 000:236 E$BHHP BAD PARIT! = Thisa error is returned wher the i

} apecified module has bad module header parity.!
{ |
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- - - - e A

| ERROR RUMBER ‘ DESCRIPTION i

m—mmmm—————— —ememcecsessmacemeccacanan |
:

! 000:237 E$NoRAM RAM FULL - This error occurs when there is no |
! free system RAM available at the time of the |}
! request for memory allooation, This also !
! occeurs when there 1s not enough comtiguous !
H memory to procass a fork request, !
I : !
t

O S T S B T S P P Y S e g S A A SR e ke e 0 ke e e L e e o t

| 000:238 ESDNE DIRECTORY NOT EMPTY = This error is returned |
! when attempting to remove the directory |
! attribute from a directory that is anot smpty. |
| {

L ]

| po0:239 E$NoTask HO TASE BUMBER AVAILABLE -~ This error occurs |
] when all task numbers are currently im use and|/
I a request is made for execution or areation of|
{ a pnew task., This error will not ocour on 0S-9]
I Level QOne 'systems. |
! |
[ 1

Fage C-8
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DEVICE DRIVER ERRORS

The following error codes are generated by I/0 device drivers,
and are somewhat hardware dependent.

{ ERROR NUMBER DESCRIPTION
|mmememmecccemases——ec—me———————————————————————— S

1
]
]
L]
| 000:240 B4§Unit ILLEGAL DRIVE NUMBER !
! !
[}

| 000:241 E$Sect BAD SBCTOR = bad disk sector number.

| 000:242 R4WP WRITE PROTECT - device ia write protected. |

| 000:243 BE$CRC CRC xnnon = CRC error on read or write verify.

- ——

! 000:244 E4Read READ BRROR - Data tranafer error during disk |
| read oparation, or SCF (terminal) input buffer|
! overrun, ’ }
] 1]
t )
[}

| 000:245 BéWrite WRITE ERROR - hardware error during disk write!
| operation. !
i
1
1

| 000:246 E$NotRdy HOT READY - deviece has "not ready" status. |

Page C-9
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| ERROR NUMBER DESCRIPTION E
........................ g S |
| 000:247 E$Seek SEEE ERROR - physical seek to aon-existent !
! sactor. |
! |
ermmamammmAm—c— e —ere—e——— B |

000:248 E$Full MEDIA FULL - insufficient free space on nedia.'

| oo0:249 B$BType WRORG TYPE - attempt to read incompatible 1
media (i.e. attempt to read double-side disk
| on aingle-side drive)

| 000:251 B$DIDC DISK ID CHABGE - This error is returned when |
{ the disk media was changed with open filea. |
] KBF ocopies the disk ID number (from sector 0) !
| into the path descriptor of each path when it |
| i3 opened. If this does not agree with the !
| driver's ogurrent disk ID, this error is !
| returned. The driver updates the curreant diask|
: ID only when sector 0 13 read. It is thus '
! poasible to swap diaks without RBF notieing. |
} This check helps to prevent this pcossibility. i
)

| 000:252 BRiLosk RECORD I8 LOCKED-OUY - This error is returned |
! if another process 1s accessing the requested |
| record, Normal record looking routines will |
! wait forever for a record in use by another |
! user to become available. However, REF may be!
! told to wait for a finite amount of time with |
{ a getstat. If the time expires before the H
i record beoomas free, this error is raturned. :
1 1
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) T D S A - - - - D R S N A T A Dtk eh A

| ERROR NUMBER ~ DESCRIPTION =
l-- - AN S S S S e S D D A G S A e --------------l
| 000:253 E$Share NON-SHARABLE FILE BUSY - The requested file orl
| device has the single usmer bit set or was |
! opened in single user mode and another processl
[ is accesaing the requested fille. A common way!
| to get this error i3 to attempt to delete a {
I ;
!
L]

file that is currently open. !
. |

| 000:254 B$DesdLk I/0 DEADLOCE - Two processes are attempting |
! to use the same twe disk areas simultanecusly. !
| Each process is locking out the other process, |
! producing the I/0 deadlock. To proceed, one

H of the two processes must release its control
i te allow the other to proceed.

*

| 000:255 E$Format DEVICE IS FORMAT PROTECTED - This error is |
] returned when an attempt is made to format a |
| disk that has been format protected., 4 bit !
! in the device descriptor may be changed to '
| allow the device to be formatted. Formatting |
1 [
1 )
| }
|- |
L ]

is usually inhibited on hard disks to prevent
erasure.
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ERRCR CODES

UNINITIALIZED TRAP ERRORS

| ERROR NUMBER DESCRIPTION
[mmmm———————————ce————————— e mme e ——— - = aeaem——e————mmmm e

| 000:102 E$Buakrr | BUS ERROR ~ bus error exception occurred.
!

.----‘------------------— --------------------------- AR e D W B e S S A .
| 000:103 E$AdrErr | ADDRESS BRROR - address error exception

i ! oeccurred,

|

. e e e e o

! 00O: 104 E$I1lIns | ILLEGAL INSTRUCTION - illegal inatruction
} | exception oeccurred,.

] .
1]

| 000:105 E$ZerDiv | ZERO DIVIDE - zeroc divide excepticn occurred.
! : !

: 000:106 E$Chk i CHECK « CHEK instruetion exception occcurred,
1

T S D G A D e e e e -——— - o e ke e e A ke e

l 000:107 E$Trap¥ | TRAPY - TrapV instruotion excepticrn ccecurred.

| 000:108 E$Violat | PRIVILEGE VIOLATION - privilege violation
. | exoepticon occurred.

"ememmmcmam o 0 e e N
I 000:109 Bsrraua | TRACE ERROR - uninitialized traoce exseption

| | ocaurred.

|

1 A A S e e D SR TR WS OF D N A N e S e A o D D D D D N N D A D S e Lol K R R R )
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| ERROR NUMBER DESC&IPTIOH . |
1
im0 i e e ———————— - e e ]

| 000:110 E$1010 | 1010 TRAP - Line 1010 emulator exception |
| oeccurred. . i
[]

N I

L

000:111 E$1111 ! 1111 TRAP - Line 1111 emulator nxception |
| occurred. !
!

| B

! 000:112 - 000:123 | reserved: an invalid TRAP (#12 - 23) oseurred.|
i E$Rasrvd | |
1]

| 000:124% = 000:138 | uninitialized user TRAP 1-15.executad.
i E4Trap

Vo — - - - 0 = P - - -

- ——
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. OTHER ERRORS

]
[N,
{ 000:002 KEYBOARD QOUIT - This error is returned when
o the "keyboard abort" function (control E) 1is
! sent.

|

-
-

{ 000:003 EEYBOARD INTERRUPT - This error is returned
H - when the "keyboard interrupt™ function

E (eontrol C) is sent.
]

- m———

{ 000:06% E$J1lFne - ILLEGAL FUBCTION conn
| " Math trap handler error.
|

| 000:065 E4PntErr ' FORNAT ERROR
i Math trap handler error.
]

| 000:066 B$Notlum NUMBER NOT FOUND -
Math trap handler srror.

- o ———

| 000:067 E&$Illirg ILLEGAL ARGUMENT ]
] Math trap handler error. |
|

| 000:139 EB$Permit FO PERNISSION - you must be super user to !
: perform the requested function. {

|
Y et e e e e e e e e e rmesesasESs e ——————— R ——— |
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- G e S AR A A A e S e e

i ERROR NUMBER DESCRIPTIOR !
|mmmeuasmssmemas e e m——————.—————————m———————————— B, .-
| 000:140 E$Diffor DIFFERENT ARGUMERTS - the arguments to !
F$ChkNam do not matoh. !

]

| —— Ly P p—— 1
1 000:141 E$StkOve STACK OVERPLOW - F3$ChkNam can cause this !
l error if the pattern string is too complex. |
| |
'------------- --------------- b L X X X L X X N X R F X X X ¥ R R R RN R R XN R R Yy '

}

! an invalid or illegal eveat ID number is |
| apecifiad,
i .
1

|

{

- D D W AR SN A S S S Sl e W S L T L 1 ¥ ] L X L 1 E 0 1 % 1 B8 & 1T L KL N1 X J ----&--‘
| 000:143 E$BvNF EVENT NAME ROT FOUND - This error is returned |
when an attempt to link to or delete an event |

! is made, but the name is not found in the |
! event table. :
e e e e e e e e e e e e e e —

i 000:145 B$EvBusy EVENT BOSY - This error is returned when an !
! attempt to delete an event is made and its |
! ] link count is nom-zero. This can alsec coccur |
| . if an attempt to c¢reate an already existant |
| named event ia made. -;
{

1 L

i 000:146 ES$EvParm IMPOSSIBLE EVENT PARAMETER - Thia error is }
' returned wvhen impossible parameters are passed)
| to FéEvent.

| |

end of appendiz ¢
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INDEX
. For an alphabetical listing of 0S-9 System Calls, see Appendix C.
ammmmewmee—a—— A mmmmemm——anaa ecoc——a= D (continued) ===e--==
Active state 4«5 Device Drivers (cont,)
Allocation Map T=-2, T=3 SCF Drivers
Auto~VTactored Interrupts U4§-9 Subroutines
. GETISTA 8-t6
INIT 8-13
- D wmmmcmccacac—a READ 8-14
SETSTA 8-16
DEFS Filea 10=1, 10=2 "TERM 8-17
Sys,1 3-1, 10-1 . TRAP 8-18
Usr.1 3-1, 10=1 Static Storage 6-2
Device Desariptors
Module header 1=T, 1=-9, 1-10
-5, 6=6 ——mmrcmcaccece E cvacncaccencaa
Overview 1, ii, 6-4
RBF Initialization Table T-1 Error Exceptions 4-9
7-13, T=14, 7-15 Events
. SCF Initialization Table 8-1 Creating 13=5
through 8-5 Definition 13-1
Segment allocation (RBF) 7-5 F$Event 13-2
Device Drivers EVéCreat 13-5
Functions 6-3 EVéDelet 13-6
Format 6-2 . EV¢Info 13=10
Interrupts 6=4 : EV$Link 13-3
Overview i, 11, 6=1 EV$Pulge 13-12
RBF Drivers EV$§SetR 13=-14
Driver Table T=21 EV$Signl 13=11
Storage allocatiom 7=-19, T= EV4CnLnk 13-4
Storage definition T-15 EV$Wait 13-7
Subroutines EVi{WaitR 13-8
GETSTA 7T-=26 ' Exoeption processing U4-T7, 4-8,
INIT 7-23 4-9, 410
READ T-24§
SETSTA 7-26 . .
TERM T7-27 P — P
TRAP 7-28
Requirements 6-1 File Descriptors T7-4
SCF Drivers File Managers
. Overview 8-8 Function 5-3, 5-4, 5-5
Storage allocation 8-9, 8- Module header 1=T7, 1=8, 1=9
8=11 Organization 5-2, 5-3
Storage definition 68-8 Overview 1, i1, 5=1

SEE ALSD RBF, SCP, PIPEMAN
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Identification sector Ta=2
INIT module 2-1 through 2-4,
Apdx B
Interrupt Processing
4-10, s-u'

4=7 throu

Kernel '
Execution Scheduliang 4-6, 4-
Exception Processing U4-7, U-

-9, 4-10
Overview 1, ii, 1-1
Memory Management 1-1
System Call Processing 3-1, 3

cmmmscmcsecmas L cmmmmcce e ————

Link count 1-2, 1=3

Logical Sector Number T=1

Math Module Chapter 12
Calling 12-2
Data Format

Memory Map
Allocation 1=12, 1=13

Operating System Object Cod
1-12
Systen Dynamic Memory
System Global Memory
User Memory 1-13
Fragmentation 1-13, t=1i4
Typical 0S-9 Map 1=-11

Memory Modules
CRC 1=2, 1=10 .
BEeader 1-2, 1=8 through 1-9
Module directory 1=2
Requirements 1=-3
ROMed Module 1-10
Strueture 1-2
Types 1-3

Multitasking 4=1

12=3

1=12
1-12

INDEX

mrmrrmreerasmr P ammcecececo——=

Path Descriptors
Overview 6-T, 6-8
Pipeman option table
REF option table T-16,
SCF option table 8-6
Pipeman
Overview 9-1
Path Desecriptor Option Table
9-6

Pipes
Closing 9-4
Creating 9-2
Directoriea
Named G-1
Reading 9-3
Status 9-4, 9=5
Unnamed 9-1
Writing 9-3

Primary Module

Procesas
Age L-§

Minimum priority
Maximum age #4-6
Creation 4-2
Desaoriptor 43
Execution
Scheduling 4-3,
Timeslicing U4-1
ID 4-3
Initialization 4-3
Memory Areas 4-2, 4.3,
Priority #-6, 4-7
States 14-5
Synéronization
Termination 4-3

Progran module headar 1-7,

1-9

9-§
T=1T7

9-5

B2, Y4oh

3 -7
] =7

4.6

4=4

13-1, 13-2

1-8,

RBF
Device Descriptor
Initialization Table
7=13, T=14, T=15
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. RBF (oont.)

Disk Organization
Allocation Map 7=2, T=3
Ideatification sector 7-2,
Logical Sector Number T-1
Root Directaory T7-2, 7-3
Drivers
Driver Table T=21
Storage allocation 7-19, T=-
Storage definition T=15

Subroutines
GETSTA T-26
INIT T7-23
READ T=24
SETSTA T7-26
TERM T7-2T7
TRAP T-28

File Organization
Diregtory file format 7T-5,
. 7-
File descriptor 7-=4
Segment allccation 7-=3
Overview T7-=1
Raw I/0 7T=6
Record locking 7-7 through
7-11
Record Locking 7T-T7 thirough T-1
Ead-of=-file lock T7-8, T=9
File lock T7-8 -
Dead lock 7T=9
Re-entrant code 1-3
Re-entrant modules 1-3
Reset Vectors 4-8

8CF
Device descriptor
Initialization Table @&-1
through 8-56

Drivers . .
! . Overview 8=8
8-9, 8-

Storage allocation
8-11
Storage defianition . 8-8

meececaa—u § {continued) =---==--

SCF (cont.)

Subroutines
GETSTA 8=16
INIT 8-13
READ 8-14
SETSTA 8-16

) TERM B8-17
TRAP B8-18

Path descriptor 8-6
Segmeant alloecation (RBF)} 7-5
Semaphcres SEE Events
Sleeping State §-5
Step Rate T-13
Sys.l library file 3-1, 10-1
Sysgo Module 2=-5, Apdx B
System Initialization

SEE INIT module

—————— mmcce P acmcccccsamc—-

Timeslieing 4-1

Trace Exceptions §4§-9

Trap Handler
CIO 11=t
Example 11-3 through 11-10
Installing 11=2
Math medule 11=1
Module header 17, 1=-8, 1=9
Overview 11=1 .

S | LR,

User Traps 4-9, 11=1%
Usr.l library file 3=-1, 10-=1
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MICROWARE RELEASE NOTES
OVERVIEW
0S-9/68000 VERSION 1.2

OVERVIEW
This release of the 68000 version of 0S-9 contains many updates
from previous versiocns of the software. . Thiz document atfempts to
provide a thorough presentation of the changes that have occurred.
This seection will provide a brief summary of the major changes that
have occurred. Separate sections will be devoted tc specifying the
detailed changes 1in major peorticns of the software.

The major portions of the system where changes have occurred are
as follows:

1. The 05-9/68000 kernel

2. The 0S8-9/68000 drivers

3. The 0S8S-9/68000 math libraries

4, The 0S-9/68000 utilities

5. The 05-9/68000 Sered Screen Editor

6. The BASIC09/68000 programming language

7. The 08-9/68000 C compiler

8 The 0S5-9/68000 documentation

The remainder of this section will present the major changes
that have, ocgurred in each of these areas.
The 0S-9/68000 Eernel

Several major changes have cccurred in the 0S5-9/68000 kernel for
the 1.2 release. The most notable are the addition of event
(semaphore} routines and named pipes in the kernel. New sections
have been added to the 038=-9/68000 Technical Manual to describe these
features. The npaming conventions for filenames has been changed,
with several characters belng added to the 1list of allowable

characters in filenames.

Numerous bug fixes have been made to provide a more stable
programming eavironment.
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The 05=-9/68000 Drivers

Several major improvements have been made in the 05-9 drivers
for this release. Spec¢ifically, the TMODE and XMODE utilities have
been upgraded to allow for the specification of baud rates with
corresponding changes in the drivers and the serial port drivers. have
been upgraded to allow for modem control. .

The 085-9/68000 Math Libraries

The version 1.1 math package consisted of two different trap
handling recutines +to provide floating point math support. The new
version has combined those trap handlers into a single module that
contains all of the math routines, Numerous bug fixes have been made
in the math routinea and several routines have been rewritten to
provide better performance, Existing programs should execute
correctly with the new math module and will not require
recompilation.

The 0S-9/68000 Utilities

Numercus bug fixes have been made in the (03-90 utilities. Some
enhancements have also been made. The most substantial change is a
change ia SHELL to provide a UNIX-like environment variable facility
that can be acceased by € programs. The DSAVE utility has been
upgraded to allow for the specification of dates and times for
baselines of when to backup files.

089./68000 Scred Screen Editor

SCRED has been enhanced to improve performance, in particular ia

the area of 1I/0. Most changes have been made to be upward
compatible. One exception to this is the TERMSET file used ‘for
terminal configurations by SCRED, The format for this file has

changed and the wuser is referred to the "0S-9/68000 SCRED USER'S
MANDAL" for further details.

The BASICO09/68000 Programming Laaguage
Numerous bug fixes have been made ipm the BASICO09 language. When
combined with the fixes 4in the math libraries, 1t is a much more

reliable product, Hone of the ~changes 1s substantial enough in
nature to warrant further disocussion here,
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The 08-9/68000 C Compiler .

The major addition to the C compiler is a new data type "remote
that allowa for the specification of very large arrays.

The 03-9/58000 Documentation

411 of the previous documentation has been rewritten for this
new release %to reflect the changes in the ¢perating system and the
0S-9 languages. The format for each of the documents has been
‘atandardized and indexes have been inciuded for the first time. The
text has been rewritten to be more easily understocd by new users of
08-9. Several sections of various manuals have Dbeen greatly
expanded. This includes an expanded set of documentation on the math
libraries in the Technieal Manual, a greatly expanded tutorial
section in the BASIC09 Manual and a rewritten tutorial section in the
User's Manual, ’
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KERNEL CHANGES

@

- SYSTEM CALL CHANGES

F3iproe:

F4CRC:

F4DExac:

F$Event:

F$Load:

This service requaeaat has been rewritten using a morse
efficient algerithm. Process priorities and ages behave
logically the same as they wused to, but have been
implemented u=ing a more efficient algorithm.

A process normally does not give up its time slice while it
is in the #middle of a system call. Some long system calls
take so long to procass that this gives poor real-time
reaponse to other processes, The worst case i3 probably
F$CRC, which i3 called every time a mocule is loaded to
verify the module CRC. This «call has been modified to

_periodically give up its time slica.

This call had a few minor problems: while single stepping,
the debugger would ncot stop at the first instructicn of a
user's intercept routine. The same problem prevented the
debugger from atopping at the first instiuvction of a user
routine to handle "hardware" errors (such as zero divide).
Thesa problems have been corrected.

This =new 3gystem call provides the ability to c¢reate named
system semaphores (events). See The 05-9/68000 QOPERATING
SYSTEM TECHNICAL MANUAL (chapter 13) for details.

A problem was found and fixed that could crash the system
when a fille containing several modules was loaded. If the
modules were already in memory, the system would get stuek
in a dead loop in system state,

The. ™mode™ parameter is now allowed. This allows modules
to be loaded from the current data directory instead of the
execution dirsctory.

To improve system security, F$Load will no longer permit a
user to load modules owned by a super user, unless the file
they reside in 1s also owned by the super yser, This
change, along with ohanges to F$SUser make it wmore
diffieult for a normal user to become "super™,
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P$PraVam:

F3$Send:

F$SetSya:

F$Sleep:

F$SPricr:

F43Trap:

F43User:

MICROWARE.RELEASE MOTES
EERNEL ,CHANGES :
08-9/68000. VERSION 1.2

A change was wmade to extend the syntax of ayatem names.
This applies to both module names and path names. The new
syatax recognizes the following characters as valid:

IIA_ZII lla_zll Ho_gl‘l N.ﬂ Il_l‘ |l$l|

A4 name must include at least one letter or digit to be
valid. Names may begin with non-alphameric characters now.

This system ecall had a problem that made it unusable in
"broadeast” mode (ie. the destination process ID was zero).
This "has been fixed. If a user enters "kill 0" at an 05-9
shell oprowmpt, all processes owned by that user will bde
terminated, except the shell itself. See the system call
description " in the "0S-9/68000 OPERATING SYSTEM TECHNICAL
MANUAL® for more information.

This system call had problems when changing either D_MinPty
or D_MaxAge. Whea <either of these variables i1is now
changed, the active queue i3 re-ordered if necessary.

In version 1.1, if a timed sleep was made with the sleep
interval specified in seconds, the system converted the
interval to ticks dincorrectly. This was only a problem
with very long sleep intervals. This has been corrected.

The coordination problem between F§$Sleep and F$Send has
been corrected, It was possible for a process doing a
timed sleep to have its sleep interval decremented to
$FFFFFFFF, and sleep for an extremely long time, "This made
timed sleep very unsatable,

In versiom 1.1, any process gould change the priority of
any other process. Now you must have the same user number
to change a process' gpriority. 4 super uaer may still
change the priority of any proecess. ’

F§SPrior now resorts the active process queue if you change
the priority of an active procass,

This eall has been extended to allow user programs to catch
bus and address trap errora.

It now has a method to remove or replace trap han&ling
routines that are no longer needed.

To help increase security, this system call has been given
restrictions on who may change their user number. See the
"0S-9/68000 OPERATING SYSTEM TECHNICAL MANUALT {chapter 14)
for more details.
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F$Time:

Mise:

INTERCEPTS

MICROWARE. RELEASE HOTES
KERNEL CHANGES
05-9/68000 VERSION 1.2

T

In version 1.1, when asked to return the current tick, it
returned "-az incorrect - {¢consatant) number. This has been
corrected. T

In version 1.1, F$FindPD and F$A11PD were not usaing the PD
bloek table pointer passed in {a0). These calls were also
defined . in the defa files as F$F64 and F$a64 (the 6809
service reguests that provide a similar function). Thaae
problems have been corrected.

User signal processing (intercept) routines are now called
a4 little differently. When a 9ignal i3 received, 0S8-9 now
stacks the mainline program registers on the USER stack
instead of the SYSTEM stack. This requires 70 additienal
bytes of user stack for a signal to be processed. It
permits the intercept routine mnmore flexibility; it may
restart the main program at an abort recovery entry poiant
instead of continuing where it laft off. This alsec permits
intercept routinea to exit faater. The F3RTE call may
still be wused to return from an intercept routine, but it
is more efficient to use the esquivalent code ssquence:

movem.l (a?)+,d0-d?/ao-a7 unstack registers
rtr return to mainline program

I/0 CHANGES

The Input/Output manager (IOMAN) has been eliminated as a

stand=alone wmodule. Its functions have been incorporated
into the 0S-9 kernel te provide improved I/0 performance.

A new mode byte (M$Mode) has been added to devige
descriptors. This permits checking for device ‘ecapabilities
and non-sharable devices.” It requires all device
deacriptors to be modified, changing the reserved byte to
an appropriate MjMode value. -

A linked 1ist of open paths for each device is now being
kept. This requires all version 1.1 deviee drivers to be
at least re-linked with the 1.2 defs before they can be
used on 1.2 systema.
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. RABF CHANGES _
The "@" file is now only accessible (béyond the bitmap) by

the super user. Noa super users reach end of file at the
and of the bitmap. Only asuper users may open it for write
acaess,

The RBF pathlist routines {(create, open, delete, makdir and
chgdir) didn't always update the caller's pointer
carrectly. This has been corrected.

If multiple concurrent € compiles were run in the same
directory, a bug in RBF record locking routines would
sowetimes cause the directory structure to become damaged.
This has been fixed. ’ .

CHANGES

PIPEMAN has undergone major revision. A major new feature
is the support of named pipe files. For complete details,
see the "05-9/68000 OPERATING SYSTEM TECHNICAL MANUAL™
{chapter 9).

PIPEMAN now supports most getstat/setstat codes commonly
used on both RBF and SCF devices. This allows pipelines to
be used more transparently with programs expecting a randoem
block device (such as "dirw).

The data transfer subroutines wused by PIPEMAN are
considerably faster now. This makes pipes ideal for
applications that require extremely fast communication
between concurrent processes. :

MISCELLANEOUS EERNEL CHANGES

Several system tables are now automatieally expanded if
they become full. This permits 05-9 to initially allocate
smaller tables, since they are not fixed in size. The
tables which will be expanded as necessary are the system
module directory, the system path and process tables and
the system event table,
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MISCELLANEOUS EERNEL CHANGES (cont.)} - .

03=9 now tries to precover from aystem state error
exceptions, In earlier versiona, exceptions such as bus or
address trap errors crashed or reset .the syatem. For
example, if you tried to access a device whose controller
was physically removed from the system, the system was
likely te erash. Now, an error is returned when these
exceptions occcur.

The kernel has hooks to call a user accounting package., In
earlier versions, theae hooks had bugs that could erash the
systen. The hooks have been debugged and the user
accounting package will be supported in a future release.
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DRIVER CHANGES
Serial Descriptors

The M™mode" byte was added to the Device Descriptor Header. See ':
Chapter & of the "08-9/68000 OPERATING SYSTEM TECHNICAL MANUAL" ror-_
details. No driver changes are necessary for this addition. -

Serial Drivers { SC7201, SC2661, SC6850 )

These drivers have been changed to use the correct register for
retrieving a signal code passed by the user when using the S5_SSig
setstat call.

There was a bug in the terminate routine which would, uader some
circumstances, allow the driver to terminate without removing the
device from the polling table. This has been corrected,

These drivers bhave been changed to use jsr instructions instead

of a trap instruetion when calling the system sleep routine. This
results in less aystem-state overhead.

The way in which baud rate, parity and bits/char is set has bean
modified/expanded (see Chapter 8 (SCF) in the "0S-9/68000 OPERATINC
SYSTEM TECHNICAL MANUAL"™ and the utility descriptions of XMODE and
TMODE in the "05-9/68000 OPERATING SYSTEM WUSER'S MANUAL" for
details),

The following Setstats have been added: SS_EnRTS, S$S_DsRTS,
33_DCOn and S5_DCOff. These ealls are listed in the new manpual but
are not required for normal operation. They have been ineluded for
low level modem operation. Their functions are as follows:

35_EnRTS: When this call 413 made to a serial driver, the RTS
output on the serial chip should be made TRUE,

33_DaRTS: When this exll 4is made to a serial driver, the RTS
output on the serial chip should be made FALSE.

S5_DCOn: Whem this c¢all is made, the driver will send a user

provided signal code t¢ the process whem the DCD line
becomes TRUE (i.e. when a modem receives a carrier).
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S3_DCore: When this call i3 made, the driver will wend a user
provided signal code to the process when the DCD line
becomes FALSE {(i.e. when a modem loses a carrier).
NOTE: The slgnal ia oanly sent on the first
transition of DCD and is thea disabled. This
function is disabled when a setstat SS_Relea is
issued to the driver from the process with the same
process ID that cnabled it.

Serial Driver { SCT201 )

To allow for hardware handshaking, the CTS and DCD input lines
on the T201 chip have been enabled. I/0 will be inhibited on cards
that do not have these inputs in a "TRUE"™ conditicn.

The RTS 1line defaults to the T"FALSE" conditicn upon device
ipitialization., If you would like ths line to default to "TRUE", the
following change should be made to the SC7201.a scurce file,

In the subroutine BitCale, change the following source
atatement:

orli.b #DTRLow!TxEnabl,d3
to the following:

ori.b #DTRLow!TxEnabl,RTSCntl,d3
This will make the RTS line "TRUE® at ifnitialization time.

Disk Dascriptors

The T™node" byte was added to the Device Descriptor Header, See
Chapter 6 of the "0S5-9/68000 OPERATING SYSTEM TECHNICAL MANUAL®"™ for
details. No driver changes are necessary for this addition.

Entries have hean addeq for:

Sector Size: this will be used in future releases to define disk
seqctor size. Not implemented in this release but
set to 256.

Control Word: Bit 0 has been defined as a format inhibit bit.
1 = inphibit format on thias device
0 = enable format
Bits 1 through 7 are reserved for future use for
Microware.
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Trys: Thia byte is used to set the number of attempts to
read or write a sector. A deseriptor with
formatting enabled would set this byte to 1 which
would in effe2et disable any retrys.

Disk Drivers (rd765, rbi79x, rbd8500)

Added code to support the above changes.

The driver now tests for format inhibit in the Write Track
routine and also with any attempt to write gector 0. If either of the-.
above 1s attempted with the format inhibit bit set the driver exits.
with an error.

It should be noted that Microware has not tested the changes to
the rb179x driver due to lack of available hardware.

Clock Driveras {meb6840, am9513 Note: These are not battery backed)

These drivers were wmodified to return an error if they were
passed a Zero for the month. This would prevent anyone from doing a
setime with the -s gption. ( Intended only for battery backup cloecks)
Clock Driver (mS8167)

The bug which caused the driver to sometimes exit with the
stack destroyed i3 now fixed.

System Debugger

An option has been added imn sysinit to inhibit the use of the
system debugger.
Ram Disk Driver

These now allow sizes up to 65535 sectors (16 Meg).

Page 11



MICROWARE RELEASE NOTES
MATH CHANGES
08-9/68000 VERSION 1.2

MATH CHANGES .

"Math1®™ and "Math2" have been combined into one trap handler
called T™MathT™. To use old software that makes TLinks to "Mathit®" and
"Math2", copy the new "Math™ module to files named "Mathi"™ and
"Matha",

Other Math chaages are as follows:

DAdd: The bug causing inecorrect results when two operands had
equal hinary exponents has been corrected.

Dtod: The twoe numbers passed in register d2 have ‘been changed
from bhytes teo words. Therefore, &the "pumber of digits
after the decimal point"™ may now be greater than 127 or
less than =-128. ‘

DtoA now works properly when the deciral exponent {(result)

is zero,
Dtol: Numbers between -1 and 1 would always'be rounded to zero.
This has been corrected. .
DtoL: This did net work with negative numbers with only a
fractional .part (e.g. =0.723, =0.5 ). This has been
corrected,
DIrn: Now also returns the fractional part (see Dtol above).
Exp: If =x/log2 < 1,0, then 1.0 would always be returned. This

bug has been corrected.
FtoL: Now also returns the fractional part (see Dtol above).

Numisa: Numbers greater than 10"#%#308 or less than 10%%-.308 would
return inconsistent resulta. This has heen corrected.

Some aumber valuaes would cause an infinite loop. This has
been corrected, : :

Misc: The - ‘single precision math routines did not Ffuncticn
gorrectly. When registers were reatored, d0 was also
restored,. Because d0 is wused for the return value, it
would always be destroyed. This has been corrected. .

On the 68070, the dinstruction ‘*move ar,<ead" is a
privileged instructicn. Some math routines wused this
instruction and because it was executed in uaer mode, did
not function properly. This bhas been corrected.
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MICROWARE RELEASE NOTES
MATH CHANGES
05-9/68000 YERSION 1.2

Numbera which are.exactly between two whole numbers (e.g.
30.5 eor 17.5) are now properly rounded, IEEE specifies
that numbers of this type should always be rounded to the
even number.

Fixed rounding of numbers where abs(x)} < 0.5.

Many funetions have been rewritten with major spsed and
8ize optimizations.
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Attr:

Binex:

Cfp:

Cmp:

Copy:

Date:

RELEASE NOTES
UTILITY CHANGES
038-9/68000 VERSION 1.2

UTILITY CHANGES

4 sgetsfat was being done on a file ¢ven when no attributes
were being changed, whichk «c¢ould c¢ause an error if you
didn't bave permissions to change it. The setstat was
removed in that c¢ase.

Checks were installed to prevent confliceting options. i.e.
Tattr -praprt, Also the syntax of the options was
tightened wup to prevent "attr -nar", ete. This was
interprated as "-a -ap",

The error message generated when you tryléd turn off the
"d®™ bi% and the directory is not empty*haa been changed to
"directory not emptyn,

‘ 5

The asyutax message in tﬁé command suhmary (;? opticn) has .-

been c¢i1anged slightly to refleet the true syntax.” The
bracket a were in the wrong place. N

Aan =-a Ooption has been added tc specify the load addrésa in
Bexadeclmal.

82 and 83 records oan now be generated. {see the Binex
utility description in .the KOS-QISBOO OPERATING SYSTEM
USER'S MANUAL for datails).‘

Cfr now executes the procadure file by piping it to.the
shell to insure deletion of the ftemp file even when the ofp
is aborted. .

An error message is now generated, if no procedure file is
glven and the -5 option is net used.

The ayntax for -3 option, in the command summary (-7

option), has been changed to conform with the manual
description of the option.

The 218 error generated when eopying to an SCF device has
been fixed.

The T"continue ?" message now requires a "y" gr "n" as a
resaponse.

The "=-t" option is now transparent.- Ddte will now always
print the time. ;

Checking for conflicting options (e.g. -m and -j) has been
improved,.
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Dohack:

Del:

Deldir:

Dir:

Daave:

RELEASE NOTES
UTILITY CHANGES
» 08-9/68000 VERSION 1.2

The "-?" poption has been removed from the help message.

New prompt optiona have been added when using the ".gpr"
option: Delete ? {(y,n,a,q).

Only 1 character is naow read after the (d,1,q) prompt.
Previoualy, a2 102 error c¢ould have occurred if too many
charactera were entered and the input buffer was overrun.

4 c¢learer prompt message 13 now generated after listing a
directory: *®delete ? (y,n)". Deldir now allows you to
skip a directory and continue deleting other directories.

Dir =& no longer wuses the open of 8. Instead, special
system calls are lssued to locate the individual file's FD
sector. The open of @ is now a privileged function,

Dir now sorts the ianput names.

The -a option has been added. This allows file pames
beginning with ", " te be displayed. Without the =a option
they will npnot be displayed by ™dir",

Dir now prints all files first and then directories when
using wildecards from the command line.

The -d option bhas been added to appead "/" on directory
pames for easy identification of directory files in output,

The -2 option has been added to immediately execute its
output.

The -r option has been added for rewriting over files
(effectively uses copy with -r optiom).

The -d option has been added to copy Ffiles by date when
doing selective backups. This option coples only files
with newer dates.

The -3 goption has been added to eircumvent the "Continue 7
{(y/n)" prompt on error. Wheno using -s, dsave will skip the
file (that caused the error) and keep going.

The -a option has been added to make dsave sensitive to
file names beginning with a "." (period). The =a option
cauges dsave to ignore these files.

The continue prompt has ©been changed ¢te T"ecantioue
(y,n,a,q)".
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Dump:

Echo:

Expand:

Ident:

Load:

Login:

Maka:

RELEASE NOTES
UTILITY CHANGES
0S-9/68000 VERSION 1.2

The last line was being shown as a duplicate even when it

had fewer than 16 charactera on it. Thias has been
corrected. .

The address bug when dump atarted in mid-file has been
fized. It wused to diaplay starting point as 0 regardles

of where you atarted, .

A message is now generated if no input was read.

The -d eption has been removed from help message.

The inconsistencies with receiving arguments from the
command line and from atandard input have been correctasd.

"Expand now closes the input file before deleting it. This

caused a 253 error.

The M"-nz=file™ combination no longer produces a #103 error.
Ident no longer liats a system module as an unknown type.
The module type and language are now printed as text.

fhe -d option has been added to locad a module from your
current directory instead of just from the execution
diractory.

Login assumed a "null pasaword® when an extra space was
typed at the end of a user name, This has been corrected.

If you had multiple entries in the password file with the
same user name and different passwords, and one entry had a
null password, you «could not log on with a name and
password that was listed after the "null password™ entry.
This has been corrected.

Previously, a T"de~reference through zero" bug caused bus
trap errors on memory protected systems. This has been
corrected.

The RDIR macro tested the character pointed at by a null
pointer instead of the pointer itself being null. This
haa been corrected. .

s

RDIR, SDIR  énd'5ODIﬂ were improperly appended on command
lines. This“has been corrected.
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. Make

Mdir:
‘Pd:
Pr:
Procsa:
Qaort:

RELEASE NOTES
UTILITY CHANGES
0S-9/68000 VERSION 1.2

{eont.): Make nou corraetly handles a tab batween nanpes before

a golen on the command lines.

The 3pac1ng_ ln' the error message, "can't open makefilen®,
has been corrected. '

Make now forks a process with the same priority as itselrf,
rather than always 128.

The -u option has been added for unformatted listings.

Wildcard searching and selective requests for individual
modules bhave been added. Wildeards must appear in quotes,
otherwise the Shell will expand them.

The -t option has been added for diasplaying only certain
types of modules. .

Mdir information i3 now displayed in two formats. "Mdir”®
prints the type field and "Mdir -a® prints the language
field.

The type/language information is now using mnemonies. See
Mdir wutility  deseription in the "0S-9/68000 OPERATING
SYSTEM USER'S MANUAL" for details.

Previﬁhaly, the cption parser only checked the first option
apecified on the gommand line. This has been corrected.

The -z option now correctly prints the title.

When wusing the -mp option, the title will be omitted unless
specifically set using the -u option.

Uaing the -n option twice would inerement line numbers by
two each time (using it three times would inerement line
numbers by three), This has been corrected.

If the system clock was not started, proes would terminate
with a 105 (divide by zere) error. This has been
corrected. . ’

The "grp/user”" field is now displayed in the default proecs
display and the TMaging"™ fileld is now displayed in the
alternate format.

If both the ~b and -2 options are apecified, oanly the -b
option 1is used.

Specifying zero (0) in the -f option is now illegal.
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Rename:

Save:

Setime:

Shell:

Tmode:

Xmode:

RELEASE NOTES
UTILITY CHANGES
0sS-9/68000 YERSICN 1.2

Filenames are now allowed to start with a '.' (peried).
Some error messages have been changed for clarity.

When using both -f and -z=file options, save now behaves as
expected.

The -3 option has been added for battery backed up eclocks.

Arguments on the command line may now be separated by
spacges,

Setime will automatically call the date utility to display
the current time, The -d option preventa this.

Checks for 4illegal days within a month (i.e. Feb 29) have
been added.

An am/pm option has been added. The prompt and the syntax
message haa been changed to reflect this addition.

Arguments are now passed to the process with the C language
function, os9exec(). This allows more flexability 4in
argument passing.

When forking a Shell by way of parenthesis (e.g. $ (echd)),
the number of trailing parentheses was not checked This
has been corrected.

Setenv, printenv and upmsetenv commands have been added to
handle environment variables.

The Set command 'has been added to set Shell parameters.
Parameters may still bdbe set by listing only the option on a
command line.

The baud rate field has been added.

4 user is now able to change parity, character size and
number of stop bits with aew mnemonics. These are combined
for diaplay in the type byte.

The baud rate field has been added.

A user i3 onow able to change parity, character size and
aumber of stop bits with new mnemonies. These are combined

" for display in the type byte.
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SCRED CHANGES
The "ser®" prompt has been changed to ">»n,

In Version 1.1, typing a linefeed in the middle of a line would
cause the cursor to be shown in an incorrect position. This has
been ocorrected, The displayed position now refleects the true
position of the cursor,

Scred now pre-extends the output file in order to prevent disk
fragmentation.

Serolling routines have been optimized to reduce the amount .of
I/0 processing.

After wusing the T"more™ command with a long file, aand then
searching for a non-existant string, Scred now returns the
cursor to its criginal positicn,

New Dbuffer extension and compression routines have been written
in assembly language for improved performance.

A "-g" option has been added for terminals with ne linefeed.

The "k" kay (in Edit mode) now moves the cursor to the end of
the 1line 1if it i3 already positioned at the beginning of the
line (and vise versa),

*
The cursor. 13 now positioned at the beginning of the new text,
after inserting a text file with the "add" command.

The status line i1s now displayed only upon requast,

The cursor is now returned to its proper position when returning
to EQdit mode from Command mode.

. “The '"ourser addressing mode and the cursor position offset are
- now ‘séperate in the termaet file.

The termset file now has screen length and sereen width fields.

Better error messages have been added for invalid buffer aize
requests. -

The goto command (in Command moda) now réprints the screen‘and
correctly positions the curser whes specifying a line on' the
page you were last editing. -
Pasting text direetly after inserting characters om a line no
longer corrupts the file,
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After writing a marked section, highlighting of sections/lines
is now correctly turned off.

Error wmessages are now returned for using old or incomplete’
termset files.

Sered now allows larger files to Dhe added using the "add™
command. The size of the file to be added may now fill the
entire non-used space of the edit buffer:

Edit_buffer - text - cut_buffer = space_to_add_text

Sered now uses a getatat for file size to insure this
qualifications before adding any text. If the file is too
large, an error message is returned and no text 1s added.

An error check has been added and appropriate error messages are
returned {upon error} when Sc¢red repames "ed.temp.xxx" files,

Getenv() is now used to check the enviroament variable "TERM®
for the type of terminal to be used, If the "-tz=term"” option is
used, it has the greatest priority., Next the environment is
checked for "TERM", 1If peither of these are used, the default
terminal type is assumed.

Getenv() 1is alsoc used to check the environment variable "DDEVY"
for the default drive t¢ search for the termset file, If "DDEV"™
is used, the apecified device is searched before the usual
checking sequence (/dd/sys, /h0/sys, /d0/sys).

L] w

Deleting the Ffirst line of a file no longer causes Ehg:file to
be displayed incorrectly. and noc longer causes  any -btextual
problems within the file. ‘

Error numbers are now displayed with error messages. '
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BASICO9 CHANGES

After any procedure is run, the first procedure in the directory
no longer bdecomes the current procedure,.

Typing a "save®™ yithout givipg a file name no longer causes the
standard input path (#0) to get c¢losed, resulting in an endless
"Yhat?® loep.

BASICO9 programé ean now open files in the execution directory,
i.e., "OPEN fpath,"file":READ+EXEC™H,

SUBSTR function now works correctly when it finds a partially
matehing string immediately prior toc a fully matching string.

When DEBUG mode is entered because of error #0447 and a user
executes a list command, BASICO9 no longer crashes,

BASICO9 system mode now reads commands from standard input,

When both internal and external procedures exist in the
direetory, and an internal procedure is edited, then a DIR is
attempted, BASICO09 will no longer craah.

With the "r" format in PRINT USING, the correct number of digits
for numbers that are less than 0.1 are now printed,

When stepping through a2 procedure in edit mode, bottom-aof-loop
statements are no longer indented,

The decompiler's problem of putting too wany parentheses around
expressions which contain functions has been_ corrected.

When "auto ruaning"” a packed program, BASICO0Y9 now does an FSEXIT
when the program terminates.

If ©"TRACE™ is on, anpd another procedure is run, both the
statement decompilation and expreasion trace are now turned off.

If an executable statement follows a non-executable statement
cn the same line, the executable statement now is executed.

With a statement =uch as "1 = J \V jJ = 1 V1 = i", TRACE mode now
prints each atatement seperately prior to its execution:

1=
jJ =1
1 =1
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The BASIC03/68K compiler now restricts the arguments of the ADDR
and SIZE functions. In previous versions it was allowing
expressiona rather than just variables.

The expres3sion trace is now disabled after entry to debug mode.

The CREATE and OPEN routines din the interpreter now akips
statement terminators (<CR> or "\"), This was a problem,
because a terminator would get printed out twice when trace mode
is active,

Using BASIC09's 1list feature and redirectiang the output te /p1
(a serial printer) no longer causes the offset addresses to be
sent to the terminal and the lines of code to be sent to the
printer.

The c¢change command in the editor can now make changes to
extremely long lines {(greater than 100 c¢haracters).

Line numter problems (i,e, typing a line number in edit mode
always going to the first line in the file) have heen corrected.

Frocedures are now bound correctly even if the available apace
i3 greater than 64K.

The BASIC09 INPUT statement will now allow hex values to bhe
entered by preceding the value with a "gw,

The *"Val" function now does coaversions on hex values (i.e,
values with a "$" at the beginning).

When wusing the H format for INTEGER, BYTE and BOOLEAN values
-with "PRINT USING, BASICO09 no longer prints the high order bytes
. when the specified field width is not large enough.

ek
;The PRINT USING format "R8.2>" and "R10.2"" no longer puts the
minus sign on the wrong aide of the number.

BASIC0S no longer closes any open paths when normally returning
to command mode.

The segquence of renauming a4 non-current procedure and then

listing, packing or saving the procedure by name no longer
crasahes the system.
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The LIST command from DEBUG mode now denotes the current line
(%) 4if the 1ine had more than one statement and the I-code
pointer points to a statement other than the first. For
examnple:

® §=3 \ x=y N\ PRINT x,i
I-¢code pointer
BASIC09 does now sets the wuser and group ID. when 1i packs a
procedure,
Running an empty procedure no longer crashes BASICO09.

An error 138 now reported if an error ccecurs during the traeing
of a statement.

The RUN command now correctly saves procedure addresses. It no
longer searches the directory each time a procedure is run.

Several problems have been corrected that had caused the system
to erash:

Apack proect: when proec is already packed in the
workspace.

"rename proel proec2": when proci is packed and in the
worksapace,

The PACK procedure no longer removes end-of-1ine tokens at the
end of CREATE and OPEN statements. This caused strange problems
for any programs being run as packed procedures.

The INPUT statement now validates its input variables.

When in edit mode, a "d+®" now correctly displays the current
line after deleting to eand of file.

When inserting a numbered line with the BASICO09 editor it will
now insert the Jline at the current edit pointer positien 1if
sequentially gcorreect. Otherwise the 1line will be placed
directly before the line with the next higher number.

The amount of avallable memory is anow checked correctly when a
procedure is lanterpreted. ’
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Listing a procedure that has a nesting deeper than 30 levels no
longer causes BASICCY to hang up; an error measage is returned
instead and the listing is terminated,

When BASIC09/68K executes the command "CHAIN "ex runb"", it now
correctly unliaks all external procedures and returns memory to

the system.

The BASICO09 debugger no longer allows the assignment or printing
of atruetured data type variables. If either is tried, an error
ig generated and the instruction is not performed.

If the carry 1s aset when a machine language module {being
executed from a BASICO09 procedure) exits, the correct error code
is aow returned and Debug mode is entered

2 and 3 dimensional arrays now work.

Naming c¢onventions for procedure games now correspond to 085-9

naming conventions. This dincludes the characters allowed in
names and the length of names.
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L]

C COMPILER CHANGES

The following i1s a list of the known and corrected problems in
Microware 08-9/68000 C Compiler System. These fixes apply to
the reaident and cross versions of the software. The number in

square brackets {] indicates the edition number to which the bug fix
applies.

cg:

cpp:

(executive) 0068 for eroas compiler aystems

fec" has bheen changed to liank with math.l, because the math
libraries have been combined into one file. In addition, the -h
option is no longer available because there is only one math
library to choose from. [ed12]

The -j option that causes the linker to generate a jumptable for
distant code references is now enabled by default. The -j
option now does NOT cause the linker generate a Jjumptable. The
effect of the corresponding option in the linker (-a) has not
been changed. [ed13]

The -v= option can appear more than once to specify additional
directories for the pre-processor to search when handling the
#inelude <> directive. The directoriea are searched in the
order given, Additionally, if noc -v= appears the directory
"/dd/defs" is searched., If that directory does not exist, the
environment 13 checked for the variable DDEV which indicatsd the
device on which to look for the "defs"™ directory. {edil]

(C preprocessor)

Sometimes epp tried to call detach() with -1 as the pointer
causing some versions of the kernel to crash in system state.
This only affects resideat 68000 versions, [edb]

A M"-o=" gption has been added toc cpp to avoid re-direction from
ccb8. .

Embedded aassembly lines are not passed through as comments when
embedding C source lines in assembly output. This eliminates
the assembly lines being listed as a comment lines. [ed3]

The =~v= option ocan appear more than once to specify additional
directories for the pre-processor to search when handling the
#include <> directive. The directories are searched in the
order given. [ed9] :
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¢ COMPILER CHANGES
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(68000 C Compiler)

Code generated for leong constant pushes to the stack kas been
improved. For coustants in the range -32T68 <= n <= 32767, a
"pea <n>.w" 13 generated instead of ‘fmove.l #<nd>,=(ap)’.
Constants outside this range still use the latter form. Also,
address register moves to the stack are accomplished by: "pea
(an)" instead of "move.l an,-{(sp)}". [ed13]

Signed short quantities are pushed to the stack as:

movea,w <ea>,al
pea {a@)

The movea.w autcomatically sign-extends .the« source word to a
long. The pea (a0) 13 a quick way to get the-contents of an a-
reglister -to the stack. [edi3] .

o

The ,++ oberator applied to a "float" operand dida't work because
T4DIn¢ ‘'was called instead of T$FIne. This has been corrected.
[ed13]

An indexing bug involving certain array subseript calculations
has been corrected. For example, given the following:

struct joe {
char xxx[4],yyy[4]1;
} lax{16];

lax{il.yyy(j]l = '0r;

The offset (4) from the "lea"™ of the inner subscript would
"stick®™ to the expression and cause a "move.b #'0',4(aC,d0.1}"
instead of the correct ‘"move,b #'0',0(a0,d0.1)", The offset
value 1is now c¢leared when an indirection (lea nnn,a0) is
performed, [edil4]

Assignment operators involving float types did not work.
Sometimes incorrect code was output. At other times the compiler
would quit with a P"dreg free" fatal error message. This has
been corrected. [edi5]
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068 (cont.):

Alignment {s now always enforced for "unsigned short" and
"unsigned char™ tfypes. Global and static struets .are now
aligned on word boundaries (i.e,, ds.w). [ed1§]

Division by powers of 2 for signed numbers are now performed by
calling the divide routine instead of arithmetic shifts.
Shifting negative quantities 4is not correct because the wralue
approcaches -1 rather than zero. [ediT]

A type is now required in the strucet-declaration of a struct-
decl-1list. For example, in the following declaration, the type-
apecifier is missing from the "noe" member struct-declaration:

struect xxx |
int 1i;

char j;

moe;

b

A4 "type required” error is now lssued when this is deteuted,.
{ed19]

Register utilization invelving certain integei multiply, integer
divide, float and double expressions is now improved. [ed20]

Typedef involving arrays and pointers now work:

typedef char #%xxx;
xxx fune();

The type of T"fune"™ should be ®funetion returning pointer to
char™. Thias wuased to evaluate to "pointer to function returning
ehar®., [ed21]

Types have been expanded t¢ allow 14 levels of indirection
rather than 6 with a 16-bit type specifier, [ed22]

Previously, «c¢ertain type conversions did not work properly:
unsigned types to most other types, and float and double types
to shert or wunsigned ahort (char). This has been corrected,

[ed23]
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268 (eont.):

-~

.

4
£

Sometimes array accesses would generate incorrectly formed
assembler ipnatruetions. For example:

These instructions: would fail when assembled with:
int index,ptadb(10]{40]; ###% prpror - bad operand Ee#
main() addi.1 #128, :6

{
ptab[index](32] = 20;
) .

T"‘1‘1:1:15.,'x.'.=.1:r'at'.e=gy For array accessing has been improved to avoid

i, this problem, [ed2i}

v

[

The sizeof operator would not return the correct type for de-
referenced arrays. In particular,
int 1i[10]1[41(81;

expression: returned: instead of:
sizeof 1 1600 1600
sizeof i[x] 4 160
sizeof 1i[x][(y] 4 32
sizeof ilx]lyl[z] 4 4

sizeof now returns’the proper size for arrays, [ed2s5]
The >>= operator was pot generating proper code for various
classes of unsigned lvalues. [ed26]

Boclean testa involving short quantities and large constants
>32k were not properly handled. [ed27]

The o¢ode for boolean tests agalinst zero and powers of two has
been improved. [ed28]

The code for eertaln operations involving short data types has
bean improved to yield shorter and faster code. [ed29]

Dimension information for declarations like:
iat (®(2(2(%(%y[10])()) [B81)C)) [51)();

are now handled properly. The problem with handling constant
subseripts has been fixed, also. [ed30]
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. e68 {(cont.):

Code generatad for “switch statements has been improved,
resulting in shorter and/er faster case selection. [ed3ii1]

Types "unsigned long", "™unsigned short", ete. are now allowed on
struct member names. [ed32] :

If a function declared ita first 3 arguments as an int and the
fourth as a double, the double argument's address would be the
game as the last int. {ed33] .

The "remote® storage elass has been added for external variables
to allow huge arrays to be atatically declared. [ed3i4]

Wegative float/doudle values are pow aceephed in initializers.
[ed3s5]

Ine/dec coperators applied to .double types now generate the
correct math library call. [ed36]

Assignment . operators usacd with array destinations would
sometimes foul wup the temporary register used for the array
destination. This has been corrected. [ed38]

The addr/bus trap problem iavolving declaration of arraya of
structs has been Fized. [ed39]

The kanji-version compiler now handles the kanji code sequence
properly if \n appears in the string. [ed30]

. The auto increment/decrement addressing mode 18 now being used
when accessing pointers toc peinters. [edi1]

The format of the error message line has baen changed slightly
to allow " filter programs easy access to error messages, The
line now looks like:

"file.e", line 1: #4%#% eppor measage BEFN
The erronecus line is still liasted after the arror message with
a pointer arrow to the offending element. [ediz2]

Incorrect oode was cvccasionally genmerated if the first argument
to a funetion was a double expression cast to an int. This has
been correoted. [ed43]
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w5

e68 (eont.):

068:

rb68:

Under certain conditions, comments in the assembly listing would
appear immediately after the compiler-generated labels causing
assemblar syntax errors, This ano longer happens. [edis]

The c¢oaupiler line buffer size has been inereased from 256 bytes
to 512 bytes, The maximum 1length of an input line to the
compiler is 512 bytes, A string or preprocessor macro continued
over more than one physical line is limited te this 512-byte
limit., fedts5]

The exponent range check toc limit exponents on double constants
to the range of -308 <= exp <= 307 has been fixed. [edl5]

Code generation for expressions dinvolving remote double
variablea bBas been improved. [edB§]

The form feed character (\f) and the vertieal tab character (\v)
i3 now iaterpreted as white space. [edl?]

(C objeet-code improver)

The current edition is [ed8].

(68000 Macro Assembler)

The problem with the Mequ™ directive involving global symbols
has been fixed, For example:

psect
Joe: equ *®

nop

ands »
The label "joe" previously was not assoeiated with the code araa
by the aassembler thereby causing the linker to treat references
to "joe" as absoclute address acoess. 3ince this change affects
the format of the assembler ogutput, the linker will interpret
output file edition 4 as having this change, while all previous
versions being interpreted as the old style. This is go library
(and previously assembled files) do not have to change.

The -maero work file 15 now qualified by process 1d so more than

_one r68 can be run in the same directory. [ed12]

i
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r68 (econt.):

168;:

For ease of portabllity to and from other asasemblers, r68 now
allows a size extension on machine mnemonics that have no choice

of aize. For example:

" seq xx" can appear as " seq.b xx"

The memory shift instructions were flagged with "illegal sige”
errors if the size was not byte. This has been fixed to happen
only if the size is not word. [Ed13]

The T™move al,usp” instructicn no longer causes r68 to fail with
an internal azssembler error: groupla Ffff8000, [edi1h]

Support for "remote" vsects has been added. This also required
a change to the rof. The rof number ig now 5. [ed15]

The offset for indexed register indirect with offset addressing
mode "n{a0,d0)" is now restricted to the range -128 >z x <= 127.
[ed16]

A -7 option has been added to display the r68 command line and
synopsis of the options. [ed17]
(0S=-9/68000 Linker)

Pgeets larger that 32k previocusly would cauae the linker to foul
up the reference resolution for offsets greater that 32676. The

.linker will now handle both new (ed U4} aand old (pre-ed %}

assembler output files. The warning:

®168: warning - '<{filename>' should be re-assembled”

appears when an old-style input file is read. The linker ean
still process these files. 1If an old-style input file is read,

and a pseet within 1t is larger than 32k, this warning turns

inte an error. The file must be reassemdled with the new
assembler before linking. [ed11]

The bug in "equ™ that caused a constant value to be biased by
the base of the data when the "equ" appeared in a vsect has been
fixzed.

A "-p" option has ©been added to set permission in the module

header. The global label ™_sysperm® is now recogaized to allow
sodule permissien to be set,
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168 (cont.): .

Error messages for duplicate name problems has been inproved.
Jumptable information i3 now written to stdout. [ed13]

Allowable psect and file name length has been icreased from 32
to 255 characters. [edt3]

Suppert for the "remote” data area has been added. The remote
area is an extensicn of the statie storage beyond the 66Uk
absolute limit. This =2allows huge arrays to be allocated with
the C directive T"remote", This i3 the inverse of the 6800
direct page. The 68k ean only address 6ik bytes with the
"register indirect with offset™ addressing mode. The compiler
generates dinatructions to offset the data pointer with a large
econstant value, thereby providing a full 32-bits of iadex. The
linker separates the vsects indicating "remote™ and alloecates
all the remote storage after the normal static and data areas.

{ed12]
Program-counter relative lea instruetions that reference :
destinationa farther away than 32k are now converted to movea

inatructiona that extract the destination address from the
Jumptable. [ediS]

A =-? option has been added to display the r68 command line and
synopsis of the options. [edi16]

An error is now reported if initialized data is allocated to
modules other than "program®™ or "trap handler® modules. [ed17]

VYarious linker error messages have been improved, [edi8]

The resident 68k linker will place symbol modules in a directory
named S3TB in the execution directory, if STB is present,
otherwise, the symbol module is left in the execution directory.
This 1is to- keep the executien directory as swall as possible.
Croas versions of the linker leave the symbol file in the same
directory as the output file. [ed19]

eio/alib: .
Cio can now be used with programs larger than 32k.

Scanf() no longer returna incorrect values for integer
quantities,
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. elo/elid (oent.):

Fclose() previcusaly failed to close a file open for write acceas
if no writes were performed to the file. This could result in
running out of path naumbers for the proeceas. This has been
correctead,

If pflinit() or pffipit() are called in a program being linked
against 'the eio traphandler (ce68 -i), the linker nc longer
complains about duplicate symbol definitions for printf(),
fprintf() and sprintf().

".The documentatiom for modlink() and modload() was incorrect.
fjhe proper arguments for these functions are:

-
LIRY A .
d nod_exec *modlink(modname,typelang)
char *modname;
short typelang;
mod_axec *modload(modname, accessmode)
char "modname;
. short accessmode;
Ptypelang" indicates the desired ¢type and language for the
module being 1linked. "accessmoda™ is the mode with which te

open the file to load.

The printf() %g conversion now suppresses trajiling zerces after
the decimal. Additiconally, the 'decimal point i3 not displayed
if the anumber has no fraction. .
The type/language parameters for oa9fork{)} aand chain{) library
calls are now being passed to the system correctly.

The sbrk() funetion ia now rounding the given size to an even
bytecount. :

The rindex() function previocusly would not find the specified
character if the only occurrance of the character happened to be

the first character of the given string. This has been
corrected.

. The _srqumem() function no longer fouls up the stack if the
system could not grant the memory size requested.
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elo/elid (eont.): .

The following functions have been added to provide access to
contents of 08-9 directories in a more machine-independent
manner. These functions operate like the BSDY.2 funections of
the same name:

closedir()- close a directory file

opendir{)- open a directory rile

readdir()- read the next directory entry

rewinddir({)- return to the beginning of the directory
seekdir()- move to position in directory

telldir()- report position in directory

<dir.h>- defines structures for accessing directories
It i3 now possible to pass an environment to a C pregram. Also,

the method in which the arguments are passed has been improved
by allowing the entire "argv" pojnter list to be passed to the

new process, This faecility requires linking existing programs
with the new T"estart.r™ module, which, handles the "old™ method
of argument passing from os9fork() as well as the new method

provided by os9exee(). cestart will call the main() function of
the program as: -

main(arge,argv,envp)
iat argv;
char #*argv[], %envpl];

The arge and argv are received in the traditional mannér.
argv(0] points to the name of the running module, _ "eavp"™ is an
array of pointers to the environment strings provided by the
pareat processa. The list of pointers for both "argv?" and "eavp"
are terminated by a WULL (0) pointer.

Typiecally an environment variable as set by the shell looks
like:

USER= joe

The name of the variable is "USER™ and the value of PUSER® {ia
Pjoe®, The c¢ase of +the letters in the variable need not be
uppercase, but case is significant.

The startup routine Peastart.r® will now TLink to the math trap
handler module called "math™ for both trap 14 and trap 15 traps.
Previously, trap 15 would TLink ¢to "mathi1™ and trapii would
TLink to "mathav,
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eio/eclib (eont.):

Al
4 new function called geteanv() can be used to access environment
variables by name:
charé'getenv(name)
uehar,'name;

"name"” is a pointer to a character string representing the name
of the desired variabdle. If the variable is present in the
environment, getenv() returns a pointer to the value string. If
the variable is not in the eavironment, a NULL (Q) poiater is
returned. .

»

e L
A pew function called os9exec() has been added to the library to
allow a new process to access 'the new argument and eovironment
facility: R

#include <oa9exec.h>

os9exec({func,modname, argv, envp,datasize,priority, pathent)
int (*func)();/%* usually os9forke() */

char %*modname;

unsigned datasize;

short priority,pathent;

char ®¥%argy, %tenyp;

"modname® i3 the name ¢f the apodule to fork or chain.
"datasize"™ i3 the additional amoun$ of stack memeory for the new
process; zero for no change. "priority" is the priority for the
new process; zero for no change. T"pathent®™ i3 the number of
open paths to pass on %te¢ the new process. Tfargv™ is an array of
eharacter pointers pointing to the argumeant strings for the new
process. The last pointer in the array must be a NULL (0Q)
polnter. "envp" i3 an array of character pointers pointing to
the envirooment strings for the new process. Normally, the
external glohal variable "eaviron" is passed hare to cause the
current eavironment to be made available to the new process.
"func® 4is a pointer to the function that will perform a fork or
ehain. “ :
The arguments for this function are the same as for oszd9fork().
Generally, the functions os9fork(), chain(), os9forke() or
chaine(} are wused. os9forke{) and chaine() are used if the
"pathcnt™ value ia to be used. When using osSfork() or chain(),
"pathent®™ 13 not required. The valus returned by the "funen®
function is returned by osgexec().
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elo/0lib (aont.): .

The C startup routine (ecstart.r) has been changed to recognize
the environment. If a vprogran 13 forked via the os%exee()
function, estart.r use the pointer offset information passed
from os9exec() to re-construct the argv pointers t¢ the argument
strings, and will make the enviruvnment strings available to the
program via., the Menvp"™ argument to main, and by the global
variable Tfenviron™, Programs forked by the eold os9fork()
funection cannot receive the eanvironment, and cstart.r will parse
the parameter string for the argunents.

Two new functioans have been 3dded to the libdbrary to provide
aceess” to the F$Fork and F$Caain system call parameter that
indicates the number of open paths for the child process to
inherit:

) es9forke(modname, parmaize, parmptr, type,iang,datasize,prior,
pathent)
char "modname, %parmptr;
int parmsize, datasize;

short type, lang, prior, pataecat; .
chainc(modname, parmsize, parnptr,type,lang,datasize, prior,
pathent)

char *modname, ¥parmptr;
int parmsize, datasize;
short type, lang, prier, pathent;

The arguments are defined as for ¢s9fork() and chain{). The
pathent is the number of open paths for the new process to
inherit, Normally, this value ia 3 to cause at least standard
input, cutput and error to be inberited. os9forke() returas tke
process id of the child process,

chaine() does not return, unless the chain was unsuccessful, in
which case it returna the system aerror number.

Standard library funetions that read stdin will now do readln()
calls by default regardless of the type of the device.
Previously, when reading stdin from an RBF-style device, the
routines would wuse read() which caused buffering problems when
forking processes that continue t¢ read the parent's atandard

input path. Q
The startup routine "estart.r" now defines a global short value i
(_pathent} that coatains the number of paths open when the
process was created.
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