Conor O’Neilland Stephen Clarke

SW-0062-3

INMOSLimitedConfidential

APPROVED 19 June, 1990

occam-2 compiler specification

INMOSLimitedConfidential occam-2 compilerspecification

1 Change history 2 1.1 Changes since issue SW-0062-02 2 1.2 Changes since issue of January 24, 1990 2 2 Importantinformation 2 2.1 Changed implementationof channels 2 2.2 UNDEFINEDand UNIVERSALerror modes 2 2.3 #SC directive 2 3 Introduction 3 4 Host implementationdetails 3 5 Processor types 4 6 Errormodes 4 7 Interactivedebugging 4 8 Filenames 5 9 LocatingFiles 5 10 Command line specification 6 11 Compilerlibrary 8 12 Diagnostics 9 12.1 Listof warnings 9 13 Related Documents 10

APPROVED 19.6.90 1 SW-0062-3

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Contents

INMOSLimitedConfidential occam-2 compilerspecification

Added more command line options.

Added ‘Importantinformation’section.

Added descriptionof UNIVERSALerror mode.

Added , , , and command line switches.

There are some major differences between this compiler and the previous occam toolset compiler (D705Betc).

The lowlevelbehaviour of channels has changed. This willnot affect programmers workingentirelyin occam. However,programmers using and code, and ing channels, must be aware of the change. It may also affect programmers using and its associated predefines.

The ‘errormode’, and the type of errors whichare detected, have now been ‘de-coupled’. Thus you can now run in HALT mode, but turn off most checks, etc, and it is possible to writecode whichwill execute in either HALT or STOP mode, but stillcorrectlytrap errors.

UNDEFINEDerror mode is no longer supported. It can be mimickedby using the new command line switch, whichturns off the insertion of any run-timeerror checks. Hence a program compiled in HALT mode, but withthis command line flag, willbehave as ifin occam UNDEFINEDerror mode.

UNIVERSALerror mode has changed its behaviour. It now is compiled to behave exactly likeHALT or STOP error mode, according to whether the transputer’s flag is set. It turn off all error checks likeit did in the past. To do this, you should also add the command line switch. Thus and together now mimicthe old UNIVERSALmode.

The compilerdirectiveis no longersupported. (See SW-0044(“occam 2 Language Implementation Manual”)).

APPROVED 19.6.90 2 SW-0062-3

•

• • •

HaltOnError does not

1.1 Changes since issue SW-0062-02

1.2 Changes since issue of January 24, 1990

2.1 Changed implementation of channels

2.2 UNDEFINEDand UNIVERSALerror modes

2.3 #SC directive

1 Change history

2 Important information

         L XO XM ZI

                          GUY ASM PLACE
                                   KERNEL.RUN

                                                                U

                                                       U
 X U

#SC

INMOSLimitedConfidential occam-2 compilerspecification

The occam 2 compileris called .

The occam 2 compilertakes as input an occam 2 source file, whichmay refer to further source files, and compiles it intoa TCOFFformat(see SW-0011),or LFFformat(see SW-0010),binaryobject file. Whichformatis determined when the compileris built:itis not selectable at compilerruntime(TCOFF is the preferred).

Command line options controlthe target transputer and error mode.

A target processor should be specified for each compilation.The compilersupports IMST212, T222, T225, M212, T400, T414, T425, T800, T801 and T805 processors, together withthe TA, TB and TC processor classes. (See SW-0032(“User Interface Specification”)).The compilerdefault is to produce code forthe T414.

Atarget error mode should be specified foreach compilation.The compilersupports HALT, STOP and UNIVERSALerror modes. The compilerdefault is to produce code forHALT mode.

The compiler can compile in a mode which supports interactive debugging with the INMOSdebugger. Alternativelyit can compileusing inlinesequences of transputer instructionsforinputand output, resultingin faster code execution.

The occam 2 source is checked for conformancy to the occam 2 language definition(see SW-0044 (“occam 2 Language ImplementationManual”)). Some extensions to the language definition in the “occam 2 Reference Manual”published by Prentice-Hallare defined. Inparticular,directivesto include source code fromother files, to reference separately compiledfiles and libraries,and to select compiler options.

Assembly language code inserts are also allowed by means of a language extension. They are only permissible ifselected by a compileroption.

Ifthe source does not conformto the occam 2 language definition,then the compilerwillissue diagnostics, in the formof error messages, during the compilationprocess, and no object module file will be produced.

occam 2 source files can containreferences to objectcode libraries,occam source to be includedinthe compilation,separately compiledoccam code, and code produced by compilersforother languages.

Librariesand separately compiledunitsmust be already compiledbefore any filewhichreferences them can itselfbe compiled. Itis the programmer’sresponsibilityto ensure allcomponents of a program are compiledin the correct order and that object code is kept up to date withchanges in the source. This may be assisted by using a MAKEprogram in conjunctionwiththe tool. The compilerinserts directivesintothe object file to enable the linkerto check that the correct modules are linkedtogether.

The occam 2 compileris writtenin a subset of ANSIstandard X3.159C, using a subset of the X3.159 run-time library,such that it may be compiled withthe followingcompilers: under VAX-VMS, under SunOS version 4 (both on Sun-3 and Sun-4), and (the Inmos C compiler).The occam 2 compileris to run on SunOS, VMSand MS-DOS(?) systems, as wellas 32-bittransputers attached to a host and communicatingusing iserver protocol(see SW-0070).

APPROVED 19.6.90 3 SW-0062-3

VAX-C gcc icc

3 Introduction

4 Host implementation details

oc

                          imakef

INMOSLimitedConfidential occam-2 compilerspecification

The inputfiles must be inthe host’s native C system text fileformat;ie. sequences ofASCIIcharacters separated by newline characters on SunOS, sequences of ASCIIcharacters separated by carriagereturn/linefeed pairs on MS-DOS, and sequences of records containing ASCIIcharacters in stream formatwitha linefeed record separator and impliedcarrriage-returnon VAX-VMS.

The occam 2 compiler followsthe occam toolset rule for combiningprocessor types (see SW-0032 (“User Interface Specification”)):

Code maybe calledprovideditis compiledforthe same typeorclass, oritis compiled fora class whichis a superset of the callingcode.

The occam 2 compilerfollowsthe occam toolset rule forcombiningerror modes (see SW-0032(“User Interface Specification”)):

Code compiled in HALT mode may call code compiled in HALT or UNIVERSAL modes. Code compiled in STOP mode may call code compiled in STOP or UNIVERSAL modes. Code compiledin UNIVERSALmode may callcode compiledin UNIVERSALmode.

Code compiledin UNIVERSALmode behaves as HALT or STOP mode, according to the state of the transputer’s flag.

The compiler supports the UNDEFINED(or REDUCED)error mode by use of the command line switch, which prevents the compiler from inserting any explicitcode for run time checks where it couldn’tcheck the validityat compiletime. This enables itto be used as a ‘gofaster’option,forcases where the code is knownto be error free. Note that some checks are stillperformed;some transputer instructions implicitlycheck for erroneous conditions. For example, arithmeticoverflowdoesn’t need any explicitchecking, but is checked by the normal instructions.

The occam 2 compilersupports interactivedebugging by default. When enabled, the compilerwillgenerate calls to libraryroutines to performinputand output,rather than using the transputer’s instructions. It may be disabled by using the command line switch, whichforces the compilerto use sequences of transputer instructions for input and output. When interactive debugging is selected, the compiler assumes the existence of a librarycalled . See SW-0063 (“occam 2 CompilerLibrary Specification”).

Interactivedebugging must be enabled in order to use the interactivefeatures of the debugger.

Code whichhas interactivedebuggingdisabled may callcode whichhas interactivedebuggingenabled, but not vice-versa.

APPROVED 19.6.90 4 SW-0062-3

HaltOnError

5 Processor types

6 Error modes

7 Interactive debugging

                                       U

Y

       virtual.lib

INMOSLimitedConfidential occam-2 compilerspecification

occam source files can be given any filename whichis legal forthe given host system. The use of the extension foroccam source, and the extension forfiles containingdeclarations ofconstants and protocols, is recommended. Ifa source filename extension is not specified on the command line, then willbe assumed.

Output files are specified using the ‘ ’option. Ifan output filename is not specified, the inputfilename is used and a extension is added in place of any existingextension.

The compileruses the extension of the output file as a default filename extension in a directive.

Ifthe Makefilegenerator tool is used to assist withversion control,the followingextensions, dependant upon the target errormode and processor type be used forthe objectfile(see SW-0060 (“Makefilegenerator specification”)).

T212 T225 T414 T425 T800 T801 TA TB TC T222 T400 T805 ErrorMode M212 HALT .t2h .t3h .t4h .t5h .t8h .t9h .tah .tbh .tch STOP .t2s .t3s .t4s .t5s .t8s .t9s .tas .tbs .tcs UNIVERSAL .t2x .t3x .t4x .t5x .t8x .t9x .tax .tbx .tcx

The occam 2 compilerlocates files bysearching a specified on the host system. The path is specified under MS-DOSand SunOS by the environmentvariable , and under VAX-VMS, by the logicalname . The name may be overriddenby a command lineoption. For the syntax of , see SW-0032 (“User Interface Specification”).

The search rules are:

1 Ifthe filename contains a directoryspecification then the filename is used as given. Relative directorynames are treated as relativeto the directoryin whichthe compileris invoked.

2 Ifno directoryis specified, the directoryin whichthe compileris invokedis assumed.

3 Ifthe file is not present in the current directory,the path specified by the environmentvariable (or logicalname) is searched. Ifthere are several files of the same name on this path, the first occurrence is used.

4 Ifthe file is not found using the above rules, then the file is assumed to be absent, and an error is reported.

Ifno search path has been set up then onlyrules 1 and 2 apply.

APPROVED 19.6.90 5 SW-0062-3 must

directorypath

8 Filenames

9 Locating Files

.occ .inc

    .occ

                           O
           .tco

                                                                 #USE

                      imakef

                                                    ISEARCH
               ISEARCH ISEARCH
          ISEARCH

                    ISEARCH

INMOSLimitedConfidential occam-2 compilerspecification

The command line takes the form

is the name ofthe filecontainingthe source code. Ifno fileextension is specified, the extension is assumed. The file is searched along the path; see section 9. If the filename is omittedthe compilerdisplays briefhelp information.

is a list, in any order, of one or more of the options given in the followingtable. Each option must be preceded by ’ ’ for MS-DOSand VMSbased toolsets, or ’ ’ for all others. Options must be separated by spaces. Options are not case sensitive.

Prevents the compiler from performingalias checking. The default is to performalias checking. This option also disables usage checking. Note that when enabled, the compilermay insert run-timealias checks. Details of alias and usage checking rules are given in SW-0044 (“occam 2 Language Implementation Manual”). Displaysmessages in brief(single line)format. Disables the generation ofobjectcode. The compilerperformssyntax, semantic, alias and usage checking only. Generates minimaldebugging information. The default is to produce debugging data. Debugging data is required by the debugger and by the transputer simulator. Disables the use of the compiler’slibraries. This prevents the compilationof some programs whichrequire ‘complicated’arithmeticsuch as real arithmeticon a processor whichdoes not have a floatingpointunit. Enables the compilerto recognise the restricted range oftransputer instructions, via the and constructs. See SW-0044(“occam 2 Language Implementation Manual”)forthe listof permitted instructions. Produces code in HALT error mode. This is the default compilationmode and may be omittedforHALT error mode programs. Displays additionalinformationas the compilerruns. This informationincludes target and error mode, and informationabout directives as they are processed. The default is not to display this information. Disables run-timerange checking. The defaultis to insert run-timerange checking. Simplyload the compiler,and do nothing. Used when loadingthe compileronto a transputer system. Disables usage checking. The default is to perform usage checking. Usage checkingis also disabled by option‘ ’.Detailsofusage checkingrules are given in SW-0044 (“occam 2 Language ImplementationManual”). Do not warn ifparameters are not used. Do not warn ifvariables or routines are not used. Specifies the name of the output file. Ifno output file is specified the compiler uses the inputfilename and adds the file extension . Redirects error and informationmessages to a file.

APPROVED 19.6.90 6 SW-0062-3

{ } filename options

filename

options

outputfile

filename

Option Description

10 Command line specification

                             oc

.occ ISEARCH

                 / -

     A

     B
     C

     D

     E

     G
                 GUY ASM

     H

     I

     K

     L

     N
                                      A

    NWP
    NWU
 O
                                                  .tco
 R

INMOSLimitedConfidential occam-2 compilerspecification

Produces code in STOP error mode. Disables the insertionofallextra run-timeerror checking. The defaultis to insert run-time error checks. This is a ‘stronger’option than , and can be used to implementthe occam UNDEFINEDerror mode. See section 6. Prevents the compilerfromproducing code whichhas a separate vector space requirement. The default is to produce code whichuses separate vector space. See SW-0044 (“occam 2 Language ImplementationManual”)for details of vectorspace usage. Enables the compilerto recognise the fullrange of transputer instructions, via the and constructs. See SW-0044(“occam 2 Language Implementation Manual”)forthe complete listof instructions. Provide a warningwhenever a name is descoped. Provide a warning whenever a run-time alias check is generated (Overlap checks). Produces code in UNIVERSALerror mode. Compilea single program only. Used when the compileris loaded onto a transputer system. Compile many programs. The compilerwillloop, accepting multiplecommand lines from the server. Used when the compiler is loaded onto a transputer system. Disables interactivedebugging with . See section 7.

Compilefortransputer class TA. Compilefortransputer class TB. Compilefortransputer class TC . Compilefora T212 processor. Compilefora T222 processor. Same as . Compilefora M212processor. Same as . Same as . Compilefora T225 processor. Same as . Compilefora T400 processor. Same as . CompileforT414 processor. This is the default processor type and may be omitted when compiling fora T414 processor. Same as . Compilefora T425 processor. Same as . Compilefora T800 processor. Same as . Compilefora T801 processor. Same as . Compilefora T805 processor. Same as .

N.B.These options are mutuallyexclusive. Ifmutuallyexclusiveoptions are given an error is reported.

APPROVED 19.6.90 7 SW-0062-3

Option Description

Option Description

  S
  U
                                                 K

  V

  W
         GUY ASM

 WD
 WO

  X
 XO

 XM

  Y idebug

 TA
 TB
 TC
T212
T222 T212
M212 T212
 T2 T212
T225
 T3 T225
T400 T425
T414

 T4 T414
T425
 T5 T425
T800
 T8 T800
T801 T805
T805
 T9 T805

INMOSLimitedConfidential occam-2 compilerspecification

Compilerdiagnostic options

Print out a help page includingthese diagnostic options. Print out code generator diagnostics and assembly code. Print out assembly code. Run compileras far as semantic checker only(no usage checking or code generation). Print out disassembled code (after code expansion). Use visiblecompilernames rather than hidingthem byappending a percent sign. Mark the object file as ‘occam harness’ rather than ‘occam’,for use by the C style configurer. Use this instead of forlocatingfiles. See section 9. Print out lexicalanalyser diagnostics. Disable all the predefined routines. Print out interspersed source and assembly code. Run compileras far as parser only(no checking or code generation). Do not insert originchecks forimportedreferences. Disable generation of originchecks forexported references. Allocateworkspace by name scope, not name usage. Print out the intermediate applicativeexpression tree. Run compileras far as usage checker only(no code generation). Perform channel i/o by instructions, not by routine calls. Used in conjunction with option. Do not implement arrays of channels as arrays of pointers to channels. This forces compatibilitywiththe previous ( ) toolset occam compiler. Force 8 byte librarypatch size. Force the code to be given prioritywhen linked. Equivalent to the LINKAGE pragma. See SW-0044 (“occam 2 Language ImplementationManual”). CompilePRI PARusing a special ALT construct.

When compilingcode which contains extended type operations or conversions, or certain compiler predefined routines, the compilermakes reference to routines whichare assumed to exist ina compiler library.

SW-0063 (“occam 2 CompilerLibrarySpecification”)describes the required contents of the compiler library,and the conditionsunder whicheach routine willbe called.

APPROVED 19.6.90 8 SW-0062-3 pathname pathname

Option Description

11 Compiler library

    Z
    ZA
    ZB
    ZC

    ZD
    ZE
    ZH

ZI ISEARCH
    ZL
    ZN
    ZO
    ZP
    ZQ
    ZR
    ZS
    ZT
    ZU
    ZV
               Y
    ZW
                                         D705B
    ZX
    ZY

    ZZ

INMOSLimitedConfidential occam-2 compilerspecification

Compilerdiagnostics take the formof warning,error and fatal error messages writtento the standard error stream under VAX-VMSand SunOS, and the standard output stream under MS-DOS. These streams normallydefault to the user’s terminal.

The compilererror messages are of the format:

Warning messages are generated whenever legal, but unorthodox,programmingstyles are detected. They do not prevent generation of an object file.

Recoverable errors are generated whenever the compiler detects a programming error which it can repair itself. No object file is produced; the compilerwillcontinue, but at terminationit willreturn an error code; this allowscorrect terminationof or batch files.

Fatal errors terminate compilationimmediately.No object file is produced. The compilerwillreturn an error code.

The pragma directivedoes not conformto the required syntax.

The named variable is never used. This warningmay be disabled by means of the command line switch.

Thisname descopes another name whichhas already been declared. Thiswarningis onlyenabled by means of the command line switch.

The named librarycontains no routines which may be called from this error mode and/or processor type.

The named parameter is never used. This warningmay be disabled by means of the command line switch.

The named variable is placed on one of the transputer links. This may interfere with the INMOS interactivedebugging system.

The calculationofthe machine address forthis variablehas overflowed;the truncated address is used.

APPROVED 19.6.90 9 SW-0062-3 filename linenumber message

filename linenumber message

filename linenumber message

name

name

name

name

name

name

name

name

12.1 List of warnings

12 Diagnostics

Warning-oc- ( )-

Error-oc- ( )-

                                 make

Fatal-oc- ( )-

Badly formed #PRAGMA directive

     is not used
                                                              NWU

Name descopes a previous declaration

          WD

No compatible entrypoints found in

Parameter is not used
                                                                 NWP

Placement expression for clashes with interactive debugger

Placement expression for wraps around memory

Routine imported by multiple #USEs

INMOSLimitedConfidential occam-2 compilerspecification

The named routine exists in twodifferent libraries;an implementationrestrictionmeans that this is not permitted.

The named routineis never called. This warningmay be disabled by means of the command line switch.

The compilerhas inserted run-timechecks to ensure that variables are not aliased (ie that they don’t overlap). This warningis onlyenabled by means of the command line switch.

The specified string fora TRANSLATE pragma may not contain a NULL(zero) byte.

You may not specifiy multipletranslation strings forthe same name.

You may not specify multiplenames to be translated to the same string.

The TRANSLATE pragma must precede any #USE of a librarycontainingthat string.

The pragma name is ignored.

A variable has been PLACEDAT WORKSPACE , and this clashes either withanother placed variable, or withthe compiler’sworkspace allocationrequirements.

SW-0044 (“occam 2 Language ImplementationManual”)describes the source language accepted by the compiler,and the implementationrestrictions imposed by the compiler,and the standard libraries providedwiththe occam 2 system.

SW-0064 (“occam 2 Run time model”) describes the run-time environment of an occam program, includingmemory allocation.

SW-0063 (“occam 2 Compiler LibrarySpecification”)describes the library routines required by the compiler.

SW-0031 (“Toolset architecture and overview”).

SW-0032 (“User Interface Specification”).

APPROVED 19.6.90 10 SW-0062-3 name

number

name

name

name

name

number number

13 Related Documents

Routine is not used
                                                              NWU

Run-time disjointness check inserted
      run-time disjointness checks inserted

                                          WO

TRANSLATE ignored: String contains NULL character

TRANSLATE ignored: Name has already been used

TRANSLATE ignored: String has already been used

TRANSLATE ignored: Module containing has already been loaded

Unknown #PRAGMA name:

Workspace clashes with variable PLACED AT WORKSPACE