Paul Sidnell,MartinDay, AndyPepperdine, AndyWhitlow

SW-0011-7

INMOSLimitedConfidential

APPROVED 1 March,1991

Transputer Common Object File Format

INMOSLimitedConfidential TCOFF

1 Introduction 2 2 Objectives 2 2.1 Migrationto the new standard 2 2.2 The file format 2 2.3 Design strategy 2 2.4 Contents of the object file 3 2.5 Run time initialisation 5 3 Detailed description 6 3.1 Highlevel syntax 7 3.2 Interpretationby a Linker 9 3.2.1 Directives 11 3.2.2 Values and Expressions 21 3.3 Encoding Methods 23 3.3.1 Numbers 23 3.3.2 Strings 24 3.3.3 Sets 24 3.4 SpecifyingTransputer Attributes 25 3.4.1 T Architecture 26 3.4.2 H Architecture 32 4 AlphabeticList 34 4.1 Syntax of TCOFF 34 4.2 BitRepresentations 42 5 References 45

APPROVED 1.3.91 1 SW-0011-7

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

Contents

INMOSLimitedConfidential TCOFF

This document sets out the reasons forthe creation of the transputer common object format,TCOFF. Itfallsintotwomain sections. First there is a general descriptionof the motivationsbehind the design and features required. This is followedby a more detailed descriptionof the format.

The major objectivein defining a standard object file format for transputer software is to increase the compatibilityofsoftware products fromdifferent companies. Thiswillallowusers to mixobject modules and libraries builtwithdifferent compilers and assemblers and for vendors to supply object modules and libraries compatible with a large range of compilers. This should lead to an even more rapidly increasing software base forthe transputer range of processors.

In defining the object format we hope to enable all current manufacturers to switch to the new object format withoutany major changes in the way they compile their code. Obviouslyall compilers are going to have to be modified to some extent but we hope that everyone willbe able to switch to the new formatby simple changes.

Whilstthis description is to be freely available, it isn’t going to be possible for all manufacturers to switch straight to the new standard simultaneously. There is going to be a changeover period during whichcustomers are going to have object modules in both old and new formats whichthey are going to want to linktogether.

The chosen solutionis to supply a conversion program to convert object files in the old format to the new one. This program wouldinitiallybe used to convert all object and libraryfiles that the customer has produced and willalso be needed after each compilationthat produces object code in the old format.

Itwouldbe useful ifother software tools were able to read and copy object files withoutany knowledge of the operand types and data record formats that make up the file. It is therefore proposed that an object file is made up of records composed of a tag and then a length count followedby that many bytes of data. This means that tools do not need to know the format of every record type in order to quicklyread through a file only searching for certain kinds of record. The tag indicates the meaning and formatof the remainder of the data in the block.

Parameters of various record types can be either numbers or strings. Numbers are be stored using a compactiontechnique. Strings are represented as a number givingthe length of the string followedby that many bytes.

The object file formatshould enable a large number of linkingstrategies to be used. For example the relative positioningof items of static data may take place at compile, linkor run time. It should be

APPROVED 1.3.91 2 SW-0011-7

2.1 Migration to the new standard

2.2 The file format

2.3 Design strategy

1 Introduction

2 Objectives

INMOSLimitedConfidential TCOFF

possible to convert all current object file formats to the new standard format.

Because of the need to support these different linkingschemes the linker willneed to be relatively complicated compared to most current implementations. This extra complicationwill,however, add a lotofflexibilityand itshould be possible to convert most current object file formats to the new standard using onlya subset of the new linkercommands.

The followingis a description in fairlygeneral terms of the proposed object file format givingsome justificationfor the features included. A concise description of the linkercommand tags followsin the next section.

An object file is composed of one or more modules. A module is a self-contained collectionof code, data and linkinginformationtogether withdefinitions of imported and exported symbols and symbols local to the module.

A collectionof C functions and static data definitions in one file would typicallyproduce, after compilation,an object file containing a single module. FORTRANwould produce an object file withone module per subroutine.

Code may be compiledfor execution on onlya particularset of processors running in certain modes. Current processors may be run in one of two modes, halt on error or ignore error. Code can be compiled to behave in various ways when an error occurs. Those currentlysupported by the occam compilerare to halt the entire processor or stop onlythe process that set the error. Code can also be compiledin a universal error mode whichis compatiblewithboth of the above.

Librarieswillbe created and maintained by a librarianutilityprorgam. Librarieswillconsist ofan object file withan index at the front. This willmake selection of the appropriate object modules for inclusion more efficient. Libraries may also be built from linked units to allow for configuration programs to choose froma selection of loaders.

The linkerwillcheck that all code being linked is compatible withthe target processor type and will all run in the same mode. When searching libraries only those modules compatible with the target processor willbe considered for inclusionin the output file. Since more than one module in a library may be used for the same purpose, eg the same functionbut compiledfor two compatible processor classes, linkers must have some algorithm for picking the ’best’ module for the job. The simplest method wouldbe for a librarianto order the librarymodules by increasing target generality, ie. more specific (and therefore efficient)first. Alinkermay then pickthe first compatiblemodule itfinds and be sure that it is the best choice.

Future variants and new generations oftransputers may support different instructionsets and execution modes. The compatibilitychecking scheme must be able to cope withthis.

To reduce the number of object files in a system several object files may be combined into one file. This is done by simple concatenation of the files.

Compilerswilldirectthe linkerto place text(alldata is referred to as textwhether executable code, fixed tables, initialvalues forvariables or uninitialisedblocks)in one of a number of named sections. These sections could then be concatenated together into a single contiguous image or scattered throughout

APPROVED 1.3.91 3 SW-0011-7

(1) Modules

(2) Placing text

2.4 Contents of the object file

INMOSLimitedConfidential TCOFF

memory,possibly,in the case ofexecutable code, being shared by several concurrent processes. The run time environmentwilldictate what approach is to be used. Byincludingthe appropriate relocation informationin the linker output file the decision could be put off until run-time. It is the compilers responsibilityto supply linkerdirectives such that this is possible.

Sections can either be externallyvisibleor localto a particularmodule(note that even when a section is localto one modulelabels can stillbe defined insideitthat are externallyvisible).Theywillbe tagged to indicatewhether the text inside them is executable, readable, writableetc. or any combinationthereof.

Text records specifyinitialdata values or code to be placed in a particularsection. Each text record is appended to the end of the previous text record added to the section. The first text record is placed at offset zero inside the section.

Sections may be extended withtext blocks initialisedto allzeros. Whether these zeros need to appear in the binaryimage file produced by the linkerwillbe implementationdependent.

Totallyuninitialisedblocks of text may be declared. These are useful where data does not need to be given any particularinitialvalue.

The current load point in a section can be altered by a linkerdirective. One use of this is to support FORTRANstyle common blocks (see Detailed descriptionlater).

Symbols can be either section names or labels. Each type of symbol may be local to the module in whichitis defined or globaland externallyvisible,shared between allthe modules that are being linked together.

As symbols are declared they willbe allocated symbol numbers. These numbers willthen be used to refer to the symbol in the linkerdirectives that follow.

A section symbol is a name used to refer to a section. Attributebits in the symbol definitionrecord indicate whether the symbol is a section symbol. When a module wishes to refer to a section it will use the symbol number assigned to the section symbol.

Label symbols are defined by expressions givingtheir value. This could be at a fixed offsets within a section, an address or a more complicated value. Label symbols may only be defined once. Ifthe symbol is global onlyone module may define it but all may reference it.

It is also possible to declare local anonymous symbols which do not have a name, only a reference number. This saves compilershaving to invent a unique name foreach local symbol.

Expressions in linker directives willbe stored in a prefix form. Operands can either be symbols, constants or other expressions.

Symbols are represented by a value indicatingthat a symbol operand follows.This is followedby the symbol number.

Constants are represented by a value indicatingthat a constant operand follows,followedby the value of the constant.

APPROVED 1.3.91 4 SW-0011-7

(3) Text records

(4) Symbols

(5) Expressions

INMOSLimitedConfidential TCOFF

Special operands includethe address of the current load point,the size of a specified section and the size in bytes of the machine wordof the target processor.

When a label symbol is used as an operand the value used willbe the position in the final text that corresponds to the locationat whichit was defined, as an offset in bytes fromthe zeroth byte of that text.

When a section symbol is used as an operand the value is taken to be a label, corresponding to the first byte of the section, as above.

Operators in expressions include add, subtract, multiply,divide, remainder, minimumand maximum. Allarithmeticis carried out as unchecked signed 32 bit integer arithmetic.

Some directivesmay require expressions to be evaluated at the time they are first encountered by the linker. Other expressions may not need to be evaluated until all object modules and libraries have been read.

Linkertext patching directives specify what adjustments the linkershould make to the text.

There are two basic types of patch: patching a transputer instructionincludinga prefix sequence and patching values of various sizes.

Transputer instructionscan be patched inone oftwoways. Eitherthe compilermust leave a slot inthe code big enough for the linkerto patch in the instructionsequence or the linkermust be able to open up a hole in the code to the minimumsize necessary.

The first method is easiest to implementbut willproduce bulkierand less efficientcode than the second method.

The second method is more complicated and requires many more patches at linktime since jumps around an instructionto be patched cannot be resolved at compile time. The linkerwillalso have to adjust the positions of any labels that get moved as a result of changing the instructionsize. A word alignmentdirectivewillalso be needed to force certain pieces of code onto wordboundaries (eg. any constant tables builtinto the code). An algorithmto perform this operation is given in the Transputer InstructionSet - Acompilerwriter’sguide [INMOS’86](section 4.4 Generating prefix sequences). This willneed a small modificationin order to support wordalignmentbut otherwise remains unchanged.

When patching a value, it willbe writteninto the text withthe least significantbyte first.

Itmay be useful to performeach patch type witheither the value of the expression given, or the value dividedby the machine wordsize in bytes, since most references to globalstatic data willrequire this.

There are two methods of initialisingwritableglobal data.

The first method is to providean initialisationroutine in each module to set up the globaldata defined in that module.

It is proposed that a convention be adopted that a certain section name is reserved for use by the initialisingpart of the run-timesystem. Each module wouldcontain linkerdirectives to place into this section the addresses of any routines that need to be run to initialisedata before the program proper

APPROVED 1.3.91 5 SW-0011-7

(6) Patching text

2.5 Run time initialisation

INMOSLimitedConfidential TCOFF

is started. Atstartup this section wouldbe scanned and all the routines specified wouldbe called. It may be useful to specify a prioritylevel foreach routine so that they can be run in a certain order.

The second method is to include linkerdirectives to initialisethe text in a global data section. This is then included as an image in the binaryfile produced by the linker.

If a program is to be run in parallel withitself or is restarted in memory withoutthe data area being reloaded then the second method presents a problem since the two instances of the program cannot share the same data. The controllingprogram or operating system willhave to providesupport inorder to make copies of the initialisedstatic data areas foreach instance of the program.

The description of the Transputer Common Object File Format (TCOFF)given here is in a modified formof IDL(InterfaceDescriptionLanguage [L83],[N86]).In particular,the use of IDLhere should be read to implythat the order of the fields in each instance of an object is the lexicalorder found in the objecttype’sdescription. For example, inthe objectofthe class , the field immediatelyprecedes the field withno padding between them.

Anextension to IDLspecifies the representation(s) an identifiermay have. These values are given in definitionstatements, where the syntax of the value is:

is any constant in the syntax of occam, and defines the representation size and form of . Eg. 10 (INT32)defines the constant value 10 in 2’s complement form, 32 bits long. Occam was chosen because itdefines the representation ofalltypes in an unambiguous manner. The intent is that ifreal values were ever required, then the IEEErepresentations wouldbe adopted.

Anotherextension is used to express the case that a generic object is instantiated witha given parameter. (See foran example of a definitionof such an object, and fora reference to one.)

Class and constant names are in upper case, and object names are in lowercase. Allfields in objects start conventionallywithtwo characters whichuniquelyidentifythe object to whichthey belong.

The definitionof the format of the TCOFF falls into two forms; the formthat allows any tools to read the file and pickout onlythose directivesitis interested in;and the formthat describes what the linker willdo withall the directives herein defined. In the last chapter, there is a listof all the IDLdefinitions in the alphabetic order of their left-handsides.

APPROVED 1.3.91 6 SW-0011-7

3 Detailed description

                                               OBJECT FILE of linkable
                       of directives

  constant (TYPE)

constant TYPE
  constant

        header sm header

INMOSLimitedConfidential TCOFF

First, the descriptionof the formof the data. Alltools can scan this formand select onlythe directives whichare relevant to the tool.

An is an object withtwo components. It can be read as a sequence of directives, the first one being a directive. identifies this file as an object file. It is defined as a (qv.), whose representation is such that the linkers can distinguishthis format from all previous formats.

A is an object identicalin structure to an object file except that itbegins witha directive. These files are produced by the linkerand must therefore be distinguishable from linkable files.

enables the commands to be scanned withouthaving to lookinside them.

Thisgeneric object is described inan extension to IDL.Itspecifies that a object consists oftwo fieldswhichmaydepend on the parameter ( ).Infact, is defined as ofclass but must have the value ofthe parameter . These values are defined at the end ofthis description.

precedes the length field in this object because we want to define a tag value whichmust be different fromall possible initialrecords of the older linkerfiles. This tag can then be used to identify this file as being of this new format.

is the number of bytes in . It is non-negative (ie. zero is a validlength).

APPROVED 1.3.91 7 SW-0011-7

3.1 High level syntax

  object_file => of_linkable : linkable,
                        of_directives : OPT SEQUENCE OF directive ;

  linkable => ln_header : header (LINKABLE_TAG) ;

   object file
             linkable of linkable
    directive

  linked_file => lf_linked : linked,
                        lf_directives : OPT SEQUENCE OF directive ;

  linked => lk_header : header (LINKED_UNIT_TAG) ;

  linked file linked

  directive => dr_header : header,
                        dr_command : OPT SEQUENCE OF BYTE ;

dr header

  header (TAG) => hd_tag : DIRECTIVE_TAG = TAG ;
                         hd_length : length ;

  length => number ;

                                                      header
                                TAG hd tag DIRECTIVE TAG
                               TAG

hd tag

hd length dr command

  DIRECTIVE_TAG ::= LINKABLE_TAG
                      | LINKED_UNIT_TAG
                      | START_MODULE_TAG
                      | END_MODULE_TAG
                      | SET_LOAD_POINT_TAG
                      | ADJUST_POINT_TAG
                      | LOAD_TEXT_TAG
                      | LOAD_PREFIX_TAG
                      | LOAD_EXPR_TAG
                      | LOAD_ZEROS_TAG
                      | ALIGN_TAG

INMOSLimitedConfidential TCOFF

These tags define the directivewhichthe linkerwillrecognise. They willalways be found immediately preceding a length field in a directive.

APPROVED 1.3.91 8 SW-0011-7

| SECTION_TAG
| SYMBOL_TAG
| DEFINE_MAIN_TAG
| SPECIFIC_SYMBOL_TAG
| LOCAL_SYMBOLS_TAG
| DEFINE_LABEL_TAG
| DEFINE_SYMBOL_TAG
| DESCRIPTOR_TAG
| KILL_ID_TAG
| BYTE_PATCH_TAG
| WORD_PATCH_TAG
| REP_START_TAG
| REP_END_TAG
| COMMENT_TAG
| MESSAGE_TAG
| VERSION_TAG
| LIB_INDEX_START_TAG
| LIB_INDEX_END_TAG
| INDEX_ENTRY_TAG
;

INMOSLimitedConfidential TCOFF

In order that the definitioncan be read easily, there is a conventionthat wherever a is defined itis foundimmediatelywithinthe object that corresponds to the full . Thus is equivalent to the remainder of the object containingthe and is of length .

An object of class is either a sequence of modules, or is a library. It is assumed that the librarianis a separate tool that combines a number of objects of type into one of type , but whichcan stillbe described by essentially the same description.

An object of class is identical in format to a except that a directive is used in place of directive.

defines functionalitythat the transputer must have for the code to execute correctly. The linkercan check the compatibilityof all modules being linkedtogether.

defines which attributes the module has. These attributes include such things as word size, error response, and communicationmethod (directinstructionor via librarycalls).

defines the source language used to create the module.

APPROVED 1.3.91 9 SW-0011-7

3.2 Interpretation by a Linker

                                                              header
                                                  directive dr command
                                          header hd length

  OBJECT_FILE => module_list
                      | library
                      ;

              OBJECT FILE
                                                        object file
    library

  LINKED_FILE => lk_module_list
                      | lk_library
                      ;

              LINKED FILE unit linked
             linkable

  module_list => ml_body : OPT SEQUENCE OF unit ;

  lk_module_list => lm_body : OPT SEQUENCE OF lk_unit ;

  unit => un_linkable : linkable,
                        un_body : module ;

  lk_unit => lu_linkable : linked,
                        lu_body : module ;

  module => md_start : start_module,
                        md_body : OPT SEQUENCE OF LINK_COMMAND,
                        md_end : end_module ;

  start_module => sm_header : header (START_MODULE_TAG),
                        sm_cpus : SET OF TRANS_FUNCTION,
                        sm_attrib : SET OF ATTRIBUTES,
                        sm_language : LANGUAGE,
                        sm_name : string ;

sm cpus

sm attrib

sm language

  LANGUAGE ::= LANG_NOT_KNOWN
                      | LANG_LINKED
                      | LANG_OCCAM
                      | LANG_OCCAM_HARNESS
                      | LANG_ANSI_C
                      | LANG_FORTRAN_77

INMOSLimitedConfidential TCOFF

is the name of the module. Some languages such as Modula 2 require named modules. Other languages may leave this field unused or simplyuse the source file name.

Modules may be nested in this format,although it is not anticipated that any of the existingcompilers can make use of this fact. (See also ).

It is expected that compilers willgenerate a single for each compilationof a source file. A unit starts withan indicationof the format it is in and the generated code follows. Several s can be combined intoa single by simple concatenation, hence the formatindicatorscan occur between units in this case.

This directivemerely shows where the most recent module terminates. Ifit is nested withinanother module, then the state is unstacked.

APPROVED 1.3.91 10 SW-0011-7

                      | LANG_ISO_PASCAL
                      | LANG_MODULA_2
                      | LANG_ADA
                      | LANG_ASSEMBLER
                      ;

sm name

                            symbol

                                      unit
                                                                 unit
                 LINKED FILE

  end_module => em_header : header (END_MODULE_TAG) ;

INMOSLimitedConfidential TCOFF

These are the directivesthat the linkersare expected to recognise. Other tools need recognise onlya subset.

The linkeroperates withthe concept of a . Thisis the positionat whichalltext is placed. The loadingof text increments current load pointby the size of the text.

The loading is done into s. These can be named. Linkersand compilers can choose their names appropriatelyfor the areas of text to be located in proximityto one another. Linkerscan state preferred names ifit is required to combine output fromdifferent compilersin a sensible way.

The load point is initiallyundefined and each module which is loaded must direct the linkerto place the load point in an existing section. Thereafter, text is loaded at the current load point unless it is explicitlyreset.

Sets the load point to current end of section . The in must have been defined by a directivespecifyingitas a section. Ifthe section is empty then the end of the section is in fact the start of the section.

This directive increments the current load point by the value in . It remains in the same section.

APPROVED 1.3.91 11 SW-0011-7

3.2.1 Directives

LINK_COMMAND ::= SIMPLE_DIRECTIVE
                      | replicator
                      | module
                      ;

SIMPLE_DIRECTIVE ::= set_load_point
                      | adjust_point
                      | load_text
                      | load_prefix
                      | load_value
                      | load_zeros
                      | align
                      | section
                      | symbol
                      | define_main
                      | specific_symbol
                      | local_symbols
                      | define_label
                      | define_symbol
                      | descriptor
                      | kill_id
                      | patch
                      | comment
                      | message
                      | version
                      ;

                             current load point

                 section

set_load_point => sl_header : header (SET_LOAD_POINT_TAG),
                      sl_location : ident ;

                                sl location ident sl location
            section

adjust_point => aj_header : header (ADJUST_POINT_TAG),
                      aj_offset : VALUE ;

                                              aj offset

INMOSLimitedConfidential TCOFF

The value in must be determined at the time the directiveis found. There can be no unresolved symbols in the expression.

is defined in the next subsection.

This directive can be used in defining FORTRANCOMMONblocks and their initialvalues. When a BLOCKDATA statement is used to initialisea COMMONblock (named ’common’,say), then the sequence:

willdo the job. The directivesets the load-pointto the of the section named ’common’.The then adds to the current positionthe value of (”locationof ’common’” minus ”locationof current load-point”);in other words, it sets the load point at the start of the section ’common’.Text is now overlayed at this point.

Ifthere is no initialvalue, then the sequence:

can be used. This sets the load pointto be ’size of common’bytes fromthe start of the section. Ifthe section was smaller, it willhave been stretched. Ifthe section was larger, it remains the same size. Note that in the second example the contents of this section is undefined, since no initialisedtext has been loaded.

Loads into the next bytes fromthe current load point. The load point is updated to the byte beyond the loaded text.

Places into the text and fixes up the prefixes to occupy the minimumspace. The value of the prefix willbe taken from .

is the number of bytes the instructionmust take. The linkerwillleave that number and fill in the prefix with . As a special case, a size of zero indicates that the linkerwilluse the fewest number of prefix operations that willaccommodate the value. Otherwise, the instructionwill use the fewest prefixes at the least significantend of the space, withthe remainder padded with operations.

contains the instructionto be included in the final byte of the patch. This is the transputer opcode in the range [0 15].

APPROVED 1.3.91 12 SW-0011-7

..

end

pfx0

          aj offset adjust point

VALUE

     set_load_point common
     adjust_point MINUS_OP common load_point
     load_text text

                set load point
            adjust point

     set_load_point common
     adjust_point PLUS_OP MINUS_OP common load_point size_of_common

  load_text => lt_header : header (LOAD_TEXT_TAG),
                        lt_text : string ;

     lt text

  load_prefix => lx_header : header (LOAD_PREFIX_TAG),
                        lx_size : number,
                        lx_value : VALUE,
                        lx_instr : instruction ;

  instruction => in_op_code : number ;

      lx instr
                     lx value

lx size
             lx value

lx instr

  load_value => lv_header : header (LOAD_EXPR_TAG),
                        lv_size : number,

INMOSLimitedConfidential TCOFF

Places into the text at this point using bytes. The value willbe stored withthe least significantbitat the lowest address (ie. ”little-endian”likethe transputers). Ifthe size is given as zero, then the machine wordsize is used.

Places bytes containingbinaryzeros at the current load pointand updates the load pointto the next byte beyond them.

Causes the load pointto be aligned on the next higher offset fromthe start of the current section (mod ). It is assumed that the linkersand configurers willbe sensible and that each section will start at an address withthe most stringentalignmentrequirementforthe target machine. If is zero, then the alignmentis taken to be to the wordsize of the target machine (ie, 2 or 4 bytes). The gap willbe filledwith operations.

Assigns to the ident next in sequence. The first in a module defines the symbol to have the ident 0, and subsequent ones have idents incremented by one foreach in sequence. The idents are validonlywithina module,the numberingstartingafresh witheach new moduleencountered.

Ifa module is nested inside another one, then the count of identifiersis not re-initialisedto zero when the module starts. Instead, the count continues upward untilthe end of the module is found, when the count is reset to what it was on entry to the module. This enables references to be made from the inner one to symbols defined in the outer one withoutambiguity,and withouthaving to make them globallyknown.

The usage of a symbol is given by . Atthe end of a module, all the local symbols become out of scope and can no longer be referenced.

is the name given to the symbol for humans to read. For local symbols that the compiler generates forits own use, can be a nullstring.

Note: The sizes of workspace and vectorspace are required by some systems. These values are attributes of entry points to routines. One method of implementingit in this formatis as follows:

Define a conventionfornaming the attributes (eg. add ’WSto the name to get a symbol meaning the worspace size forthis entry point). Use the linker’sexpression handlingto give this symbol a value.

APPROVED 1.3.91 13 SW-0011-7 pfx0

                        lv_value : VALUE ;

      lv value lv size

  load_zeros => lz_header : header (LOAD_ZEROS_TAG),
                        lz_count : number ;

      lz count

  align => al_header : header (ALIGN_TAG),
                        al_modulo : number ;

al modulo
                                                                   al modulo

  symbol => sy_header : header (SYMBOL_TAG),
                        sy_usage : SET OF USAGE,
                        sy_symbol : string ;

        sy symbol symbol

                           sy usage

sy symbol
                    sy symbol

  USAGE ::= LOCAL_USAGE
                      | EXPORT_USAGE
                      | IMPORT_USAGE
                      | WEAK_USAGE
                      | CONDITIONAL_USAGE
                      | UNINDEXED_USAGE
                      | PROVISIONAL_USAGE

INMOSLimitedConfidential TCOFF

means that the identifieris known only withinthis module - the linkercan expect it to be defined before the end of the module, and it is not kept beyond the end.

means that the definitionof the symbolicname is passed to all other modules. Only one module can export a given name.

means that the references to this name are defined elsewhere.

Asymbol may have onlyone of the , or attributes.

means that the label does not have to be resolved during linking. If it is not, then the value is zero (absolute). This can be used to set up chains of control blocks at linktime, as wellas onlyincludinglibrarymodules ifthe compilerdictates that they are actuallynecessary. Such a symbol may onlyhave the attribute.

means that the definitionof the name should onlybe done ifit has not already been defined, ie. ifthis symbol is defined many times, only the first definitionis used. This enables a compilerto providea reference to a label to be used as the head of a chain withoutknowingwhich entry in the chain willbe the head.

means that the librarianshould not include this symbol in the index at the head of the library. It is meaningful only if the symbol is also defined in the module and is marked as . means that the definitionof the name is when that name is no longer in scope, when it has been killedor at the end of linkage, ie. ifthis symbol is defined many times, only the last definitionis used. Anynew definitionoverrides an existingone. Symbols of this type are used in situations where the value may have to be changed as linkage progresses. For example, many expressions may depend upon the size ofsome module table, but they must not be evaluated untilthe final size of this table is known,ie. at the end of linkage.

Asymbol may have onlyone of the or attributes.

specifies that a symbol may be used by directives (see later). Such a symbolmay onlybe either or . Itis an error to attempt to define such a symbol or use itinan expression. The compilermust ensure that this symbolmust not corruptthe users name space, for example by being a valid function name. Only one such symbol may be exported by a module.

APPROVED 1.3.91 14 SW-0011-7 fixed

                      | ORIGIN_USAGE
                      ;

LOCAL USAGE

EXPORT USAGE

IMPORT USAGE

                           LOCAL USAGE EXPORT USAGE IMPORT USAGE

WEAK USAGE

              IMPORT USAGE

CONDITIONAL USAGE

UNINDEXED USAGE

EXPORT USAGE

PROVISIONAL USAGE

                           CONDITIONAL USAGE PROVISIONAL USAGE

ORIGIN USAGE specific symbol
                          IMPORT EXPORT

  section => se_header : header (SECTION_TAG),
                        se_section : SET OF SECTION_TYPE,
                        se_usage : SET OF USAGE,
                        se_symbol : string ;

  SECTION_TYPE ::= WRITE_SECTION
                      | READ_SECTION
                      | EXECUTE_SECTION
                      | DEBUG_SECTION
                      | VIRTUAL_SECTION
                      ;

INMOSLimitedConfidential TCOFF

Symbols may also be used to represent sections by using the directive. This directive is similarto the directive,but has an extra set of protectionattributes in . It should be noted that the effect of is identicalto ifno protection attributes are given, ie. a normal symbol is produced.

Since section names are generated by compilers, it is the responsibilityof the compilerthat they do not corrupt the users name space.

The symbolformedby creating a section willtake the value ofthe offset fromthe start ofalloutput text to the locationin the text where the section was placed.

Sections may have only the or attributes. Sections are assumed to have the attribute by the librarian.

When a symbol defines a section, then the section can be used in various ways, specified by the followingsection types.

means that the section contains data, and can be writtento. This wouldbe used for static variables and FORTRANCOMMONblocks.

means that the data in it may only be read. This would be used for constant pools and initialisationvalues.

impliesthat the section contains code.

Anycombinationof , and may be used to represent the intended limitationsof the section contents . Ifhardware support for such protection mechanisms exist, then these mechanisms willbe used to enforce the protectionregime.

causes the linkerto builda section that contains no actual text. Valid operations withinsuch a section include adjusting the load point and defining labels. No patches or text my be placed in such a section. Such a section is used as a convienient method of calculatingoffsets and sizes ofsome run timeresource. Thissection willnot occupyany space inthe output. Alllabels defined withinsuch a section willtake the value of their positionwithin(offset fromthe start of)the section.

Since the section willnever be output, the location of the section in the output is always set to zero. The size of the section willbe the maximumload pointpositionused.

causes the linkerto builda section forthe loader to keep as debug information.This section willbe kept separate fromother text sections. Labels willbe calulated in an identicalmanner to s.

Asection may not be both virtualand debug. Also,the read, writeand execute attributes do not apply to debug or virtualsections.

This directive defines as the main entry point to the program. It willnormallybe in the run-timesystem forthe language, whichwillthen call the user’s program.

APPROVED 1.3.91 15 SW-0011-7

                                                section
          symbol se section
                    section symbol

                      LOCAL USAGE EXPORT USAGE
       UNINDEXED USAGE

WRITE SECTION

READ SECTION

EXECUTE SECTION

               WRITE SECTION READ SECTION EXECUTE SECTION

VIRTUAL SECTION

DEBUG SECTION

  VIRTUAL SECTION

  define_main => dm_header : header (DEFINE_MAIN_TAG),
                        dm_entry : ident ;

                 dm entry

  specific_symbol => sp_header : header (SPECIFIC_SYMBOL_TAG),
                        sp_usage : SET OF USAGE,
                        sp_symbol : string,
                        sp_origin : ident ;

INMOSLimitedConfidential TCOFF

This directive defines a symbol in a similarmanner to except that it associates the symbol withan originsymbol. The linkerwilltreat the the name of the symbolas an extension of . Thismechanism allowsnames to have scope bydistinguishingsymbolsofthe same name withdiffering originsymbols.

Similarly,the name of the originsymbol may be a functionof some aspect of the module fromwhich it was exported, providingsecurity forlanguages such as occam withstrict module dependancies.

Note that must be of type .

Typically,when exporting such a symbol, a single originsymbol name is first formulatedsuch that it does not corrupt the users name space and is then exported withthe directive. Allsymbols subsequently exported fromthe module use the id of this originsymbol in the field of the directive.

When importingsuch a symbol,the module of originis scanned untilthe originsymbolis encountered and a symbol of the same name imported into the module under construction. This id is then placed in the sp originfield of all symbols subsequently imported that must originate fromthe module being scanned.

The linkermust consider two identicalsymbols withdifferingoriginsas being unique.

If a non specific symbol is imported withthe directive then it may be resolved by a symbol exported by the directive. This allowsformixedlanguage programming. There is, however, no way of determiningwhichspecific version is used ifthere is more than one.

The linkermust consider it an error ifit detects a specific and non specific symbol of the same name to be exported in a single link.

This is a quicker and more compact way of defining local labels. It is equivalent to copies of a definitionof an anonymous local label by means of the directive.

Assigns the address where the current load pointis as the value of the symbolgiven by . If this ident is used withinan expression, then the intentis that itis the actual address whichis used (and not eg. the offset withina named section). Linkersare expected to place restrictions on the contexts where such labels can be used (see ). It is an error to attempt to define a label whichis already defined (unless it is a or symbol).

Assigns the value in as the value of the symbol defined in . Note that all the attributes of the expression in should be passed on as attributes of the symbol. Eg. if A is a label in section X, and c is a numerical constant, then it would be expected that (+ A c) would represent another locationin section Xat offset c fromA.

APPROVED 1.3.91 16 SW-0011-7

                                          symbol
                                               sp origin
sp symbol

       sp origin ORIGIN USAGE

                                                     symbol
                                                           sp origin
specific symbol

                                  symbol
            specific symbol

  local_symbols => lo_header : header (LOCAL_SYMBOLS_TAG),
                        lo_count : number ;

                                                               lo count
                                             symbol id

  define_label => dl_header : header (DEFINE_LABEL_TAG),
                        dl_ident : ident ;

                                                                  dl ident

                            expression
                       CONDITIONAL USAGE PROVISIONAL USAGE

  define_symbol => ds_header : header (DEFINE_SYMBOL_TAG),
                        ds_ident : ident,
                        ds_value : VALUE ;

                ds value ds ident
                       ds value

INMOSLimitedConfidential TCOFF

The descriptor is primarilyto allowoccam compilers to find the parameter profile, channel usage and workspace requirements for an entry point, defined by . The contents of the descriptor in can be in any format suitable for the appropriate compiler. Note that a C compilercould put a prototype here fordocumentation purposes.

The symboldefined by is removed fromthe symbolname table. Thiswillallowa redefinition by another module for the same name. Allexisting resolutions to the name are not changed; ie. ifa reference to the ident has already been seen, it continues to refer to the old definition.

The means that in the directive willbe added into the patch location. willdividethe value by the wordsize of the target machine before adding it into the patch. It is expected that there willbe a lot of such patches, and hence this willsave 2 bytes per patch ( and ).

The final value of is added to the contents of what has been loaded into the text at . The location can be a in order to allow patching of fixed size tables without generating large numbers of local s (eg. the debug informationfromcompilersis typicallyin this form). In this case, the patch locationcan be represented as ”debug-section-name plus offset”.

The value willbe added ina ”little-endian”way (ie. least significantbitat the lowest address). The size of the patch is given by in bytes, where a length of 0 means that the length is that of a word in the target processor. The intent of this directiveis to allowlanguage systems to extract information fromvarious compilationunits so that the run-timesystem can allocate the appropriate resources.

It is expected that linkers willrestrict some combinations of values of the fields in this directive (eg. sizes must be less than 16, or must be a power of 2, etc.).

APPROVED 1.3.91 17 SW-0011-7

  descriptor => de_header : header (DESCRIPTOR_TAG),
                        de_symbol : ident,
                        de_language : LANGUAGE,
                        de_string : string ;

                                         de symbol
de string

  kill_id => ki_header : header (KILL_ID_TAG),
                        ki_ident : ident ;

                 ki ident

  patch => pt_header : header (PATCH_TAG),
                        pt_location : VALUE,
                        pt_size : number,
                        pt_value : VALUE ;

  PATCH_TAG ::= BYTE_PATCH_TAG
                      | WORD_PATCH_TAG

    BYTE PATCH TAG pt value patch
       WORD PATCH TAG

        DIVIDE word length

               pt value
pt location VALUE
                            ident

                  pt size

  replicator => rp_start : rep_start,
                        rp_body : OPT SEQUENCE OF REPL_DIR,
                        rp_end : rep_end ;

  rep_start => rs_header : header (REP_START_TAG),
                        rs_count : number ;

  rep_end => re_header : header (REP_END_TAG) ;

  REPL_DIR ::= set_load_point
                      | adjust_point
                      | section

INMOSLimitedConfidential TCOFF

The directives in willbe executed times. Replicators can be nested to any implementation limit.This is intended to reduce the amount of text required to implementinitialisationof large data area withreplicationof values (eg. FORTRANDATAstatements withimpliedDO loops).

Itis expected that the directivesinthe body ofthe replicatorwillnormallyonlybe directives and that linkers may restrict what they willallow there. defines the directives it seems reasonable to expect can be implemented everywhere. Note that the definition directives are only sensible ifthey are conditional,provisional,or ifthere is also a in the replicatortoo.

This is designed for use with other tool’s where the linker is required to ignore . Eg. the compilerscould supply filenames and version numbers in comments in the linkerfile.

If is TRUE,then the comment directiveis copied intothe linker’soutput in an implementation defined manner. Ifit is FALSE,then it is discarded. This provides a mechanism forcompilersto pass informationthroughto other tools. For instance, the date and timeofcompilationand the language the module was writtenin could be stored in the linkeroutput foreach component module.

If is FALSEthen a lister tool knows that the is not ascii.

The text in is printedout on some implementationdefined device. Thisis designed to provide the language implementations with a way of informingthe user of error cases and levels of library modules included. The linkermay or may not copy the directiveto its output in some form.

In addition, if has the value , then the linkingis terminated immediatelywitha suitable operating system dependent return code. If is , then when the linking

APPROVED 1.3.91 18 SW-0011-7

                     | symbol
                     | local_symbols
                     | patch
                     | load_text
                     | load_prefix
                     | load_value
                     | load_zeros
                     | align
                     | define_label
                     | define_symbol
                     | kill_id
                     | replicator
                     | comment
                     | message
                     ;

            rp body rs count

                                                          load text
                                          REPL DIR

                                              kill id

 comment => cm_header : header (COMMENT_TAG),
                       cm_copy : BOOLEAN,
                       cm_print : BOOLEAN,
                       cm_text : string ;

                                                            cm text

cm copy

cm print cm string

 message => ms_header : header (MESSAGE_TAG),
                       ms_level : ERROR_LEVEL,
                       ms_text : string ;

 ERROR_LEVEL ::= NORMAL_MSG
                     | WARNING_MSG
                     | ERROR_MSG
                     ;

       ms text

         ms level ERROR MSG
                                     ms level WARNING MSG

INMOSLimitedConfidential TCOFF

is finished, the linkerwillreturn to the operating system witha warninglevelreturn code (ifapplicable). Ifthe value is , then the message is simplyprinted. (The divisionis explicitlygiven in the directivebecause different host operating systems use different conventions forwhat is a normalreturn and what is not. The linkershould knowits host and convert the code appropriately.)

This record is used forinformationconcerning the historyof the module. holds the name of the tool used to create the module and holds the name of that tools primaryinputfile.

A has an index at the front to cut down the search times when the linkeris searching for unresolved references. The presence of determines that the file contains a . A tool is available for combiningseveral s into a . This tool may make use of to store informationconcerning the originof the modules.

An is a libraryconsisting exclusivelyof linkedunits. This is envisaged to be a varietyof bootstrap loaders foruse by a configurer.

The is searched by the linker first. Only those entries that refer to symbols that are unresolved at the time of search are included in the final output. Hence, if a defines more than one symbol,then there should be one entry foreach label, each referringto the same in the .

The value held by defines the positionwithinthe libraryofthe module whichwillresolve the identifier . Its value is the number of bytes from the start of the file at whichthe first byte ofthe module(ie. the byte is to be found. Itis represented ina 32-bitinteger formin order to make the sizes of the index entries determinable as they are created. Then onlythe

APPROVED 1.3.91 19 SW-0011-7

           NORMAL MSG

  version => vn_header : header (VERSION_TAG),
                        vn_tool_id : string,
                        vn_origin : string ;

                                                      vn tool id
                                vn origin

  library => lb_linkable : linkable,
                        lb_lookup : lib_index,
                        lb_version : OPT version,
                        lb_body : OPT SEQUENCE OF module ;

  lk_library => ll_linkable : linked,
                        ll_lookup : lib_index,
                        ll_version : OPT version,
                        ll_body : OPT SEQUENCE OF module ;

  library
                               lib index library
                             module list library
lb version

   lk library

  lib_index => li_start : lib_index_start,
                        li_entries : OPT SEQUENCE OF index_entry,
                        li_end : lib_index_end ;

  lib_index_start => ls_header : header (LIB_INDEX_START_TAG),

  lib_index_end => le_header : header (LIB_INDEX_END_TAG) ;

    lib index
                                                           module
                                                                    module
   library

  index_entry => ie_header : header (INDEX_ENTRY_TAG),
                        ie_position : INT32 (unsigned),
                        ie_cpus : SET OF TRANS_FUNCTION,
                        ie_attrib : SET OF ATTRIBUTES,
                        ie_language : LANGUAGE,
                        ie_descriptor : string,
                        ie_symbol : string ;

              ie position
          ie symbol
                    START MODULE TAG

INMOSLimitedConfidential TCOFF

values of need be filledin.

Incommonwiththe other formsinteger inthe transputer, the value is stored inthe fileina ”little-endian” manner; ie. the first byte in the file represents the least significantpart.

Althoughtthisrestricts the size ofa libraryto 4Gb, thisis not expected to cause a probleminthe lifetime of the product.

and can be used either to check the compatibilityor to select fromalternatives where a includes multipledefinitionsforthe same label.

is copied fromthe symbols module of originand is copied fromany descriptor associated withthe symbol,or is zero length.

APPROVED 1.3.91 20 SW-0011-7

       ie position

ie cpus ie attrib
       library

ie language ie descriptor

INMOSLimitedConfidential TCOFF

Everysymbolhas a . Ifthe symbolis a label, then the value is the address ofthe locationwhere it willbe found in the final text, as an offset in bytes from the first byte of text. This means that, in general, labels are only used as a means of locating a point in the text relative to some base point. The resultingfile should be relocatable withoutfurtherpatching.

The symbol could be given a value by means of a directive. In this case, a general expression can be given fromwhicha value can be computed. This value could be an address, with the same restrictions as if it had been defined like a label; or it could be independent of where the program is loaded (”positionindependent”).

Notethat the difference between twolabels defined inthe same section is always positionindependent, although ifthe labels are in the code section and there are instructionsto be patched between them, then the actual value is not known until the patching has been done. If the labels are in different sections, then it depends on the loading strategy of the operating system whether the linkercan treat it as positionindependent or not.

It is expected that linkers might not implement the fullgenerality for expressions in this format. For example, a linkermightprepare a program where each code section can be placed independently of allothers (”scatter loading”).Itmightthen insist that labels can onlybe used inexpressions whichtake the difference between two labels in the same section, or which add or subtract constants to/froma label.

A mightbe knownat the timeitis encountered, or itmightcontain relocatable references which willonlybe established at the end of the loadingprocess.

Defines a constant value, which is assumed to be an integer. Linkers may restrict the sizes of the acceptable values.

Has the value of the current load point. This need not be computable at the time it is encountered. It is invalidifthe load pointhas not been initialised.

Has the value of the symbol. Ifthe symbolis a label, then the value is the address at whichthe linker has placed or willplace it. Ifthe symbol usage is and it is not resolved, then the value is zero.

Onlyin the case where the linkeris preparing the module for execution at a predetermined location, can itassume that the label has a knownaddress; in other cases, itis interpreted as a base-point plus

APPROVED 1.3.91 21 SW-0011-7

3.2.2 Values and Expressions

             value

                                     define symbol

VALUE ::= constant
                    | load_point
                    | symbol_value
                    | section_size
                    | expression
                    | word_length
                    | adjust_prefix
                    ;

value

constant => co_value_tag : CO_VALUE_TAG,
                      co_value : number ;

load_point => lp_value_tag : LP_VALUE_TAG ;

symbol_value => sv_value_tag : SV_VALUE_TAG,
                      sv_identifier : ident ;

                                    WEAK

INMOSLimitedConfidential TCOFF

offset. The offset is always computable at linktime,but the base-point willbe knownonlysymbolically. For linkersthat are preparing modules forexecution by an operating system, then the base-point may be the start of the module on loading. Ifthe operating system can support scatter-loading (ie. sections are to be loaded wherever the OS decides), then the base-point may be the start of the containing section.

The index number of the symbol (see ).

Has the value ofthe number ofbytes inthe section at the end oflinking.Thisenables run-timesystems to get the sizes of tables (eg. the module table formodule linkage).

Has the value of minus the length of when it is prefix encoded. This is used in prefix patches where the positionof the patch is knownbut the actual patched value must be relativeto the end of the patch.

Anexpression is given in prefix form. is what is normallywrittenon the leftside of the operator, and is the right-handside.

It is expected that linkers willrestrict the type of expressions that they willallow. For example, they could restrict labels to operands in expressions of the form (- A B), where A and B are labels in the same named section, thus makingthe expression relocatable.

Alloperations are carried out as unchecked signed 32 bit integer arithmetic.

These operators do the obvious forthe names they have.

is the number of bytes in the target machine’s word. This may be required for linking modules that may execute on both 16 and 32 bit machines.

APPROVED 1.3.91 22 SW-0011-7

  ident => id_index : number ;

                             section

  section_size => ss_value_tag : SS_VALUE_TAG,
                        ss_identifier : ident ;

  adjust_prefix => ap_value_tag : AP_VALUE_TAG,
                       ap_operand : VALUE ;

             ap operand ap operand

  expression => ex_oper_tag : OPER_VALUE_TAG,
                        ex_operand1 : VALUE,
                        ex_operand2 : VALUE ;

                             ex operand1
           ex operand2

  OPER_VALUE_TAG ::= PLUS_OP
                      | MINUS_OP
                      | TIMES_OP
                      | DIVIDE_OP
                      | REM_OP
                      | MAX_OP
                      | MIN_OP
                      ;

  word_length => WL_VALUE_TAG ;

word length

251

INMOSLimitedConfidential TCOFF

The general encoding methods used withinthe TCOFFformatare described below.

The intentionis that the format of willallowflexibleextension in the future and not seriously inconvenience us now.

The decoding algorithmfornumbers can be described as follows:

Lookat the first byte; let the code be (unsigned, 0 = = 255). If = 250, then the value is . If251 = = 254, then the value is (unsigned) in next 2 bytes. If = 255, then the ones-complement ofthe value followsincoded form.

If the number is negative, then it is represented as the sign bit followedby its ones-complement in coded form. Ifthe number is greater than 250, then it placed in the smallest field of 1, 2, 4 or 8 bytes and the appropriate prefix is prepended (251, 252, 253 or 254 respectively).

Thisalgorithmlookedmost attractivewhen we examined some real data fromvariouscompilers. There are very few negative numbers and a large number of small positiveones.

Note that the combinationof 255 (meaning negative) can not be followedby another 255; so we have at least one reserved combinationforthe future.

APPROVED 1.3.91 23 SW-0011-7

n− n < n < n < n < n < n

3.3.1 Numbers

3.3 Encoding Methods

number => nm_sign : OPT SIGN_INDICATOR,
                      nm_pos_number : CODED_NUMBER ;

CODED_NUMBER ::= simple_number
                    | prefix_1_number
                    | prefix_2_number
                    | prefix_4_number
                    | prefix_8_number
                    ;

simple_number => sn_number : <0 .. 250>(BYTE) ;

prefix_1_number => p1_prefix : PFX_1_TAG,
                      p1_number : BYTE ;

prefix_2_number => p2_prefix : PFX_2_TAG,
                      p2_number : INT16 ;

prefix_4_number => p4_prefix : PFX_4_TAG,
                      p4_number : INT32 ;

prefix_8_number => p8_prefix : PFX_8_TAG,
                      p8_number : INT64 ;

                        number

INMOSLimitedConfidential TCOFF

is used in TCOFFin libraryindices where a fixed size field is required. An number has bits. The bytes are ordered in increasing significance, i.e. smallest first (littleendian).

64 bit numbers of any formatcan not presently be supported.

Strings are used in TCOFFforstoring sequences of bytes

is the length of . It does not include itselfand is non-negative.

Sets are encoded numbers whichrepresent groups of attributes. The positionof a set bitsignifies the fact that a particular attribute is present. Each individualitem in a particular set is represented by a power oftwo. Aset is constructed by or’ingtogether the elements required in a set. Itshould be noted that where a bit is not used by any member of a set, it is reserved as being clear. This allows for compatiblefutureextension. Aset may also be accompanied by a ”reserved”number whichrepresents a group of unused bits which must at all times be set to ’1’. This enables some as yet unspecified attribute to be removed , should the need arise withsome future transputer.

APPROVED 1.3.91 24 SW-0011-7

3.3.2 Strings

3.3.3 Sets

INT32 INTnn
nn

  string => st_length : number,
                        st_chars : OPT SEQUENCE OF BYTE ;

st length st chars

INMOSLimitedConfidential TCOFF

Transputer attributes are define using two words, the word and the word. In order to provide maximumexpandabilitythe meaning of these words is defined according to the architecture of the transputer in question.

Currently2 architectures are defined:

1 : T212, T222, T225, M212,T400, T414, T425, T800, T801, T805, TA,TB.

(T426, T806).

2 : H1

The architecture ofa transputer is encoded inTCOFFby a set of5 bits inthe word.

The reserved architecturebitsare reserved unset. Notethat the architecturebitsare mutuallyexclusive.

The definitionofthe rest ofthe bits inthe and worddepends on which of the architecture bits is set. The IDLdefinitionof the is thus given by:

The type is currentlydefined as follows:

Those values marked witha are foruse withthe T architecture only,similarlyfor .

The word is easier to define as it is simplya set of bits. Possible values are given by

APPROVED 1.3.91 25 SW-0011-7

3.4 Specifying Transputer Attributes

                                       TRANS FUNCTION ATTRIBUTES

     T Architecture

     H Architecture

                                                        TRANS FUNCTION

ARCHITECTURE ::= ARCH_T
                    | ARCH_H
                    | ARCH_RESERVED_1
                    | ARCH_RESERVED_2
                    | ARCH_RESERVED_3
                    ;

                             TRANS FUNCTION ATTRIBUTES
                                       TRANS FUNCTION

trans_function => tf_arch : ARCHITECTURE;
                      tf_functionality : SET OF TRANS_FUNC;

     TRANS FUNC

     TRANS_FUNC ::= INSTR_CORE -- (T)
                    | INSTR_FMUL -- (T)
                    | INSTR_FP_SUPPORT -- (T)
                    | INSTR_DUP -- (T)
                    | INSTR_WSUBDB -- (T)
                    | INSTR_MOVE2D -- (T)
                    | INSTR_CRC -- (T)
                    | INSTR_BITOPS -- (T)
                    | INSTR_FPU_CORE -- (T)
                    | INSTR_FPTESTERR -- (T)
                    | INSTR_LDDEVID -- (T)
                    | INSTR_DEBUG_SUPPORT -- (T)
                    | INSTR_TIMER_DISABLE -- (T)
                    | INSTR_LDMEMSTARTVAL -- (T)
                    | INSTR_POP -- (T)
                    | INSTR_RESERVED_SET -- (T)
                    | H_INSTR_RESERVED_SET -- (H)
                    ;

                    (T) (H)

  ATTRIBUTES

INMOSLimitedConfidential TCOFF

the followingIDLdefinition:

The use of the and is the same as for .

Each architecture is now discussed in more detail.

The subset of applicableto the Tarchitecture can be givenby the followingIDLdefinition:

Each of these values represents some functionalityof the transputer that willexecute the code. The code can be executed onlyifthe target cpu implements ALLthe functionalityin the set, or a super-set of it. If a value is not in the set, then the code does not use it (eg. no floating point operations). It is expected that linkers willdo some checking on these values for consistency. Belowis listed each attribute and the instructioncapabilitiesit represents.

APPROVED 1.3.91 26 SW-0011-7

3.4.1 T Architecture

ATTRIBUTES ::= ATTRIB_WORD_16 -- (T) 16 bit words
               | ATTRIB_WORD_32 -- (T) 32 bit words
               | ATTRIB_MEMSTART18 -- (T) memstart at 18
               | ATTRIB_MEMSTART28 -- (T) memstart at 28
               | ATTRIB_MEMSTARTLEQ28 -- (T) either 18 or 28
               | ATTRIB_INSTR_IO -- (T) direct channel I/O
               | ATTRIB_CALL_IO -- (T) I/O as calls
               | ATTRIB_FPU_CALLING -- (T) fpu calling convention
               | ATTRIB_NON_FPU_CALLING -- (T) non fpu calling convention
               | ATTRIB_UNIVERSAL -- (T) compatible with halt or stop
               | ATTRIB_HALT -- (T) halt processor on error
               | ATTRIB_STOP -- (T) stop process on error
               | H_ATTRIB_UNIVERSAL -- (H) compatible with halt or stop
               | H_ATTRIB_HALT -- (H) halt processor on error
               | H_ATTRIB_STOP -- (H) stop process on error
               | H_ATTRIB_RESERVED_SET -- (H)
               ;

     (T) (H) TRANS FUNC

    TRANS FUNC

T_TRANS_FUNC ::= INSTR_CORE
                 | INSTR_FMUL
                 | INSTR_FP_SUPPORT
                 | INSTR_DUP
                 | INSTR_WSUBDB
                 | INSTR_MOVE2D
                 | INSTR_CRC
                 | INSTR_BITOPS
                 | INSTR_FPU_CORE
                 | INSTR_FPTESTERR
                 | INSTR_LDDEVID
                 | INSTR_DEBUG_SUPPORT
                 | INSTR_TIMER_DISABLE
                 | INSTR_LDMEMSTARTVAL
                 | INSTR_POP
                 | INSTR_RESERVED_SET
                 ;

INMOSLimitedConfidential TCOFF

j ldlp pfix ldnl ldc ldnlp nfix ldl adc call cj ajw eqc stl stnl opr and or xor not shl shr add sub mul div rem gt diff sum prod ladd lsub lsum ldif lmul lshl lshr norm rev xword cword xdble csngl mint bsub wsub bcnt wcnt lb sb move ldtimer tin talt taltwt enbt dist in out outword outbyte resetch alt altwt altend enbs diss enbc disc ret ldpi gajw gcall lend startp endp runp stopp ldpri csub0 ccnt1 testerr seterr stoperr clrhalterr sethalterr testhalterr testpranal saveh savel sthf sthb stlf stlb sttimer

fmul

unpacksn roundsn postnormsn ldinf cflerr dup wsubdb

move2dinit move2dall move2dnonzero move2dzero

crcword crcbyte

bitcnt bitrevword bitrevnbits

APPROVED 1.3.91 27 SW-0011-7

INSTR CORE

INSTR FMUL

INSTR FP SUPPORT

INSTR DUP

INSTR WSUBDB

INSTR MOVE2D

INSTR CRC

INSTR BITOPS

INMOSLimitedConfidential TCOFF

fpldnlsn fpldnldb fpldnlsni fpldnldbi fpldzerosn fpldzerodb fpldnladdsn fpldnladddb fpldnlmulsn fpldnlmuldb fpstnlsn fpstnldb fpstnli32 fpentry fprev fpdup fpurn fpurz fpurp fpurm fpgt fpeq fpordered fpnan fpnotfinite fpuchki32 fpuchki64 fpur32tor64 fpur64tor32 fprtoi32 fpi32tor32 fpi32tor64 fpb32tor64 fpunoround fpint fpadd fpsub fpmul fpdiv fpuabs fpremfirst fpremstep fpusqrtfirst fpusqrtstep fpusqrtlast fpuexpinc32 fpuexpdec32 fpumulby2 fpudivby2 fpchkerror fpuseterror fpuclearerror

fptesterr

lddevid

break clrj0break setj0break testj0break

timerdisableh timerdisablel timerenableh timerenablel

ldmemstartval pop is a numberwhichdefines a bitpattern. Thisbitpattern defines whichremaining instructionbits must be set. These bits have no defined meaning but allowforfuture extension.

Note that bits that are unused by any of the above instructionsare reserved as being cleared.

The subset of used by the T architecture is as follows:

is a set, as in . It can be furthersub-dividedinto groups, each of whichis itselfa set. A single item fromeach subset must be present to make a validattribute set. These furthersubsets are as follows:

APPROVED 1.3.91 28 SW-0011-7

 INSTR FPU CORE

 INSTR FPTESTERR

 INSTR LDDEVID

 INSTR DEBUG SUPPORT

 INSTR TIMER DISABLE

 INSTR LDMEMSTARTVAL

 INSTR POP

INSTR RESERVED SET

           ATTRIBUTES

  T_ATTRIBUTES ::= ATTRIB_WORD_16 -- (T) 16 bit words
                   | ATTRIB_WORD_32 -- (T) 32 bit words
                   | ATTRIB_MEMSTART18 -- (T) memstart at 18
                   | ATTRIB_MEMSTART28 -- (T) memstart at 28
                   | ATTRIB_MEMSTARTLEQ28 -- (T) either 18 or 28
                   | ATTRIB_INSTR_IO -- (T) direct channel I/O
                   | ATTRIB_CALL_IO -- (T) I/O as calls
                   | ATTRIB_FPU_CALLING -- (T) fpu calling convention
                   | ATTRIB_NON_FPU_CALLING -- (T) non fpu calling convention
                   | ATTRIB_UNIVERSAL -- (T) compatible with halt or stop
                   | ATTRIB_HALT -- (T) halt processor on error
                   | ATTRIB_STOP -- (T) stop process on error
                   ;

ATTRIBUTES TRANSPUTER FUNCTION

  AT_WORD_LENGTH ::= ATTRIB_WORD_16 -- 16 bit words
                      | ATTRIB_WORD_32 -- 32 bit words
                      ;

INMOSLimitedConfidential TCOFF

defines the wordlength to be either 16 or 32 bits.

defines the start of memory to be 18, 28 or ‘don’tcare’.

defines the error behavior.

defines the channel communicationbehaviour of a module as being implimenteddirectly by instructionsor by calls to some external routine whichmay alter the routingof the channel.

defines floating point calling conventions, ie. whether the fpu stack is used to hold parameters and return values.

is a number which defines a bit pattern. This bit pattern defines which remainingattribute bits must be set. These bits have no defined meaning but allowforfuture extension.

Note that bits that are unused by any of the above attributegroups are reserved and defined as being cleared.

The above sets specifythe relevant characteristics of allcurrent T transputers withroom forextension in the future. Belowis listed the bitmasks of these transputers and supported transputer classes. The given below require that relevent items from and be added to reflect the attributes of the code. (Note that these definitionsare not IDL).

APPROVED 1.3.91 29 SW-0011-7

  AT_MEMSTART ::= ATTRIB_MEMSTART18 -- memstart at 18
                      | ATTRIB_MEMSTART28 -- memstart at 28
                      | ATTRIB_MEMSTARTLEQ28 -- don’t care
                      ;

  AT_ERR_MODE ::= ATTRIB_UNIVERSAL -- compatible with halt or stop
                      | ATTRIB_HALT -- halt processor on error
                      | ATTRIB_STOP -- stop process on error
                      ;

  AT_IO_MODE ::= ATTRIB_INSTR_IO -- direct channel I/O
                      | ATTRIB_CALL_IO -- I/O as calls
                      ;

  AT_FP_MODE ::= ATTRIB_FPU_CALLING -- fpu calling convention
                      | ATTRIB_NON_FPU_CALLING -- non fpu calling convention
                      ;

  ATTRIB_RESERVED_SET ::= reserved_bits : number; -- reserved for extension

AT WORD LENGTH

AT MEMSTART

AT ERR MODE

AT IO MODE

AT FP MODE

ATTRIB RESERVED SET

ATTRIBUTES AT ERR MODE AT IO MODE

  T212_INSTR => ARCH_T
                      | INSTR_CORE
                      | INSTR_RESERVED_SET

  T212_ATTRIB => ATTRIB_WORD16
                      | ATTRIB_MEMSTART18
                      | ATTRIB_NON_FPU_CALLING
                      | ATTRIB_RESERVED_SET

  T222_INSTR => T212_INSTR

  T222_ATTRIB => T212_ATTRIB

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 30 SW-0011-7

T225_INSTR => ARCH_T
                    | INSTR_CORE
                    | INSTR_DUP
                    | INSTR_CRC
                    | INSTR_BITOPS
                    | INSTR_LDDEVID
                    | INSTR_DEBUG_SUPPORT
                    | INSTR_TIMER_DISABLE
                    | INSTR_LDMEMSTARTVAL
                    | INSTR_POP
                    | INSTR_WSUBDB
                    | INSTR_RESERVED_SET

T225_ATTRIB => ATTRIB_WORD_16
                    | ATTRIB_MEMSTART18
                    | ATTRIB_NON_FPU_CALLING
                    | ATTRIB_RESERVED_SET

T400_INSTR => T425_INSTR

T400_ATTRIB => T425_ATTRIB

T414_INSTR => ARCH_T
                    | INSTR_CORE
                    | INSTR_FMUL
                    | INSTR_FP_SUPPORT
                    | INSTR_RESERVED_SET

T414_ATTRIB => ATTRIB_WORD32
                    | ATTRIB_MEMSTART18
                    | ATTRIB_NON_FPU_CALLING
                    | ATTRIB_RESERVED_SET

T425_INSTR => ARCH_T
                    | INSTR_CORE
                    | INSTR_FMUL
                    | INSTR_FP_SUPPORT
                    | INSTR_DUP
                    | INSTR_WSUBDB
                    | INSTR_MOVE2D
                    | INSTR_CRC
                    | INSTR_BITOPS
                    | INSTR_FPTESTERR
                    | INSTR_LDDEVID
                    | INSTR_DEBUG_SUPPORT
                    | INSTR_TIMER_DISABLE
                    | INSTR_LDMEMSTARTVAL
                    | INSTR_POP
                    | INSTR_RESERVED_SET

T425_ATTRIB => ATTRIB_WORD32
                    | ATTRIB_MEMSTART28
                    | ATTRIB_NON_FPU_CALLING
                    | ATTRIB_RESERVED_SET

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 31 SW-0011-7

T800_INSTR => ARCH_T
                    | INSTR_CORE
                    | INSTR_FMUL
                    | INSTR_DUP
                    | INSTR_WSUBDB
                    | INSTR_MOVE2D
                    | INSTR_CRC
                    | INSTR_BITOPS
                    | INSTR_FPU_CORE
                    | INSTR_FPTESTERR
                    | INSTR_RESERVED_SET

T800_ATTRIB => ATTRIB_WORD32
                    | ATTRIB_MEMSTART28
                    | ATTRIB_FPU_CALLING
                    | ATTRIB_RESERVED_SET

T801_INSTR => ARCH_T
                    | INSTR_CORE
                    | INSTR_FMUL
                    | INSTR_DUP
                    | INSTR_WSUBDB
                    | INSTR_MOVE2D
                    | INSTR_CRC
                    | INSTR_BITOPS
                    | INSTR_FPU_CORE
                    | INSTR_FPTESTERR
                    | INSTR_LDDEVID
                    | INSTR_DEBUG_SUPPORT
                    | INSTR_TIMER_DISABLE
                    | INSTR_LDMEMSTARTVAL
                    | INSTR_POP
                    | INSTR_RESERVED_SET

T801_ATTRIB => ATTRIB_WORD32
                    | ATTRIB_MEMSTART28
                    | ATTRIB_FPU_CALLING
                    | ATTRIB_RESERVED_SET

T805_INSTR => T801_INSTR

T805_ATTRIB => T801_ATTRIB

TA_INSTR => ARCH_T
                    | INSTR_CORE
                    | INSTR_FMUL
                    | INSTR_RESERVED_SET

TA_ATTRIB => ATTRIB_WORD32
                    | ATTRIB_MEMSTARTLEQ28
                    | ATTRIB_NON_FPU_CALLING
                    | ATTRIB_RESERVED_SET

INMOSLimitedConfidential TCOFF

Itis expected that forthe Harchitecture the and wordscan be thought more of a set of 64 bits rather than two disjoint32 bit sets although the terms and are stillused forclarity.

Atthis time there is only one example of the H architecture and so most informationrequired can be gleaned fromthe H architecture bit alone. Howeverformaximumfuture expansion half of the unused bits are defined set and half defined unset.

The subset of the set applicable to the H architecture can be represented thus:

No specific functionalitybits exist because at present the ARCHH bit is used to define the entire functionalityofthe H1. Thisdefinitionis expandable inthat futureHseries transputers withmore or less functionalitycan be easily represented whileremainingbackwards compatible. As forT architecture, it is expected that linkerswilldo some checking on these values forconsistency.

is a number whichdefines a bit pattern. This bit pattern defines whichremaininginstructionbitsmust be set. These bitshave no defined meaning but allowforfutureextension.

The subset of the set applicable to the H1 is as follows:

As forthe T architecture this set can be furthersubdividedas follows:

Since there is currently only one example of an H architecture processor there is only one variable whichneeds representing in the word,that is, the error mode.

APPROVED 1.3.91 32 SW-0011-7

3.4.2 H Architecture

  TB_INSTR => ARCH_T
                      | INSTR_CORE
                      | INSTR_FMUL
                      | INSTR_FP_SUPPORT
                      | INSTR_RESERVED_SET

  TB_ATTRIB => ATTRIB_WORD32
                      | ATTRIB_MEMSTARTLEQ28
                      | ATTRIB_NON_FPU_CALLING
                      | ATTRIB_RESERVED_SET

                                TRANS FUNCTION ATTRIBUTES
                                                           TRANS FUNCTION
ATTRIBUTES

              TRANS FUNC

  H_TRANS_FUNCTION ::= H_INSTR_RESERVED_SET;

H INSTR RESERVED SET

              ATTRIBUTES

  H_ATTRIBUTES ::= H_ATTRIB_UNIVERSAL -- (H) compatible with halt or stop
                   | H_ATTRIB_HALT -- (H) halt processor on error
                   | H_ATTRIB_STOP -- (H) stop process on error
                   | H_ATTRIB_RESERVED_SET -- (H)
                   ;

  H_AT_ERR_MODE ::= H_ATTRIB_UNIVERSAL -- compatible with halt or stop
                    | H_ATTRIB_HALT -- halt processor on error
                    | H_ATTRIB_STOP -- stop process on error
                    ;

  H_ATTRIB_RESERVED_SET ::= reserved_bits : number; -- reserved for extension

                        ATTRIBUTES

INMOSLimitedConfidential TCOFF

defines the error behavior.

is a number which defines a bit pattern. This bit pattern defines which remainingattributebits must be set. These bits have no defined meaning but allowforfutureextension.

Note that bits that are unused by any of the above attributegroups are reserved and defined as being cleared.

The above sets specifythe relevant characteristics of allcurrent H transputers withroom forextension in the future. Belowis listed the definitionof these transputers and supported transputer classes. The given below require that relevent items from be added to reflect the attributes of the code. (Note these definitionsare not IDL)

APPROVED 1.3.91 33 SW-0011-7

H AT ERR MODE

H ATTRIB RESERVED SET

ATTRIBUTES H AT ERR MODE

  H1_INSTR => ARCH_H
                      | H_INSTR_RESERVED_SET

  H1_ATTRIB => H_ATTRIB_RESERVED_SET

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 34 SW-0011-7

4.1 Syntax of TCOFF

4 Alphabetic List

adjust_point => aj_header : header (ADJUST_POINT_TAG),
                      aj_offset : VALUE ;

adjust_prefix => ap_value_tag : AP_VALUE_TAG,
                      ap_operand : VALUE ;

align => al_header : header (ALIGN_TAG),
                      al_modulo : number ;

ARCHITECTURE ::= ARCH_T
                    | ARCH_H
                    | ARCH_RESERVED_1
                    | ARCH_RESERVED_2
                    | ARCH_RESERVED_3
                    ;

ATTRIBUTES ::= ATTRIB_WORD_16 -- (T) 16 bit words
                    | ATTRIB_WORD_32 -- (T) 32 bit words
                    | ATTRIB_MEMSTART18 -- (T) memstart at 18
                    | ATTRIB_MEMSTART28 -- (T) memstart at 28
                    | ATTRIB_MEMSTARTLEQ28 -- (T) either 18 or 28
                    | ATTRIB_INSTR_IO -- (T) direct channel I/O
                    | ATTRIB_CALL_IO -- (T) I/O as calls
                    | ATTRIB_FPU_CALLING -- (T) fpu calling convention
                    | ATTRIB_NON_FPU_CALLING -- (T) non fpu calling convention
                    | ATTRIB_UNIVERSAL -- (T) compatible with halt or stop
                    | ATTRIB_HALT -- (T) halt processor on error
                    | ATTRIB_STOP -- (T) stop process on error
                    | H_ATTRIB_UNIVERSAL -- (H) compatible with halt or stop
                    | H_ATTRIB_HALT -- (H) halt processor on error
                    | H_ATTRIB_STOP -- (H) stop process on error
                    | H_ATTRIB_RESERVED_SET -- (H)
                    ;

BOOLEAN ::= BOOL_TRUE
                    | BOOL_FALSE ;

CODED_NUMBER ::= simple_number
                    | prefix_1_number
                    | prefix_2_number
                    | prefix_4_number
                    | prefix_8_number
                    ;

comment => cm_header : header (COMMENT_TAG),
                      cm_copy : BOOLEAN,
                      cm_print : BOOLEAN,
                      cm_text : string ;

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 35 SW-0011-7 constant => co_value_tag : CO_VALUE_TAG,
                      co_value : number ;

define_label => dl_header : header (DEFINE_LABEL_TAG),
                      dl_ident : ident ;

define_main => dm_header : header (DEFINE_MAIN_TAG),
                      dm_entry : ident ;

define_symbol => ds_header : header (DEFINE_SYMBOL_TAG),
                      ds_ident : ident,
                      ds_value : VALUE ;

descriptor => de_header : header (DESCRIPTOR_TAG),
                      de_symbol : ident,
                      de_language : LANGUAGE,
                      de_string : string ;

directive => dr_header : header,
                      dr_command : OPT SEQUENCE OF BYTE ;

DIRECTIVE_TAG ::= LINKABLE_TAG
                    | LINKED_UNIT_TAG
                    | START_MODULE_TAG
                    | END_MODULE_TAG
                    | SET_LOAD_POINT_TAG
                    | ADJUST_POINT_TAG
                    | LOAD_TEXT_TAG
                    | LOAD_PREFIX_TAG
                    | LOAD_EXPR_TAG
                    | LOAD_ZEROS_TAG
                    | ALIGN_TAG
                    | SECTION_TAG
                    | SYMBOL_TAG
                    | DEFINE_MAIN_TAG
                    | SPECIFIC_SYMBOL_TAG
                    | LOCAL_SYMBOLS_TAG
                    | DEFINE_LABEL_TAG
                    | DEFINE_SYMBOL_TAG
                    | DESCRIPTOR_TAG
                    | KILL_ID_TAG
                    | PATCH_TAG
                    | REP_START_TAG
                    | REP_END_START
                    | COMMENT_TAG
                    | MESSAGE_TAG
                    | VERSION_TAG
                    | LIB_INDEX_START_TAG
                    | LIB_INDEX_END_TAG
                    | INDEX_ENTRY_TAG
                    ;

end_module => em_header : header (END_MODULE_TAG) ;

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 36 SW-0011-7

ERROR_LEVEL ::= NORMAL_MSG
                    | WARNING_MSG
                    | ERROR_MSG
                    ;

expression ::= ex_oper_tag : OPER_VALUE_TAG,
                      ex_operand1 : VALUE,
                      ex_operand2 : VALUE ;

header (TAG) => hd_tag : DIRECTIVE_TAG = TAG ;
                      hd_length : length ;

ident => id_index : number ;

index_entry => ie_header : header (INDEX_ENTRY_TAG),
                      ie_position : INT32 (unsigned),
                      ie_cpus : trans_function,
                      ie_attrib : SET OF ATTRIBUTES,
                      ie_language : LANGUAGE,
                      ie_descriptor : string,
                      ie_symbol : string ;

instruction => in_op_code : number ;

kill_id => ki_header : header (KILL_ID_TAG),
                      ki_ident : ident ;

LANGUAGE ::= LANG_NOT_KNOWN
                    | LANG_LINKED
                    | LANG_OCCAM
                    | LANG_OCCAM_HARNESS
                    | LANG_ANSI_C
                    | LANG_FORTRAN_77
                    | LANG_ISO_PASCAL
                    | LANG_MODULA_2
                    | LANG_ADA
                    | LANG_ASSEMBLER
                    ;

lib_index => li_start : lib_index_start,
                      li_entries : OPT SEQUENCE OF index_entry,
                      li_end : lib_index_end ;

lib_index_end => le_header : header (LIB_INDEX_END_TAG) ;

lib_index_start => ls_header : header (LIB_INDEX_START_TAG),

library => lb_linkable : linkable,
                      lb_lookup : lib_index,
                      lb_version : OPT version,
                      lb_body : OPT SEQUENCE OF module ;

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 37 SW-0011-7

LINK_COMMAND ::= SIMPLE_DIRECTIVE
                    | replicator
                    | module
                    ;

linkable => ln_header : header (LINKABLE_TAG) ;

linked_file => lf_linked : linked,
                      lf_directives : OPT SEQUENCE OF directive ;

LINKED_FILE => lk_module_list
                    | lk_library
                    ;

linked => lk_header : header (LINKED_UNIT_TAG) ;

lk_library => ll_linkable : linked,
                      ll_lookup : lib_index,
                      ll_version : OPT version,
                      ll_body : OPT SEQUENCE OF module ;

lk_module_list => lm_body : OPT SEQUENCE OF lk_unit ;

lk_unit => lu_linkable : linked,
                      lu_body : module ;

load_point => lp_value_tag : LP_VALUE_TAG ;

load_prefix => lx_header : header (LOAD_PREFIX_TAG),
                      lx_size : number,
                      lx_value : VALUE,
                      lx_instr : instruction ;

load_text => lt_header : header (LOAD_TEXT_TAG),
                      lt_text : string ;

load_value => lv_header : header (LOAD_EXPR_TAG),
                      lv_size : number,
                      lv_value : VALUE ;

load_zeros => lz_header : header (LOAD_ZEROS_TAG),
                      lz_count : number ;

local_symbols => lo_header : header (LOCAL_SYMBOLS_TAG),
                      lo_count : number ;

message => ms_header : header (MESSAGE_TAG),
                      ms_level : ERROR_LEVEL,
                      ms_text : string ;

module => md_start : start_module,
                      md_body : OPT SEQUENCE OF LINK_COMMAND,
                      md_end : end_module ;

module_list => ml_body : OPT SEQUENCE OF unit ;

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 38 SW-0011-7 number => nm_sign : OPT SIGN_INDICATOR,
                      nm_pos_number : CODED_NUMBER ;

object_file => of_linkable : linkable,
                      of_directives : OPT SEQUENCE OF directive ;

OBJECT_FILE ::= module_list
                    | library
                    ;

OPER_VALUE_TAG ::= PLUS_OP
                    | MINUS_OP
                    | TIMES_OP
                    | DIVIDE_OP
                    | REM_OP
                    | MAX_OP
                    | MIN_OP
                    ;

patch => pt_header : header (PATCH_TAG),
                      pt_location : ident,
                      pt_size : number,
                      pt_value : VALUE ;

PATCH_TAG ::= BYTE_PATCH_TAG
                    | WORD_PATCH_TAG
                    ;
prefix_1_number => p1_prefix : PFX_1_TAG,
                      p1_number : BYTE ;

prefix_2_number => p2_prefix : PFX_2_TAG,
                      p2_number : INT16 ;

prefix_4_number => p4_prefix : PFX_4_TAG,
                      p4_number : INT32 ;

prefix_8_number => p8_prefix : PFX_8_TAG,
                      p8_number : INT64 ;

rep_end => re_header : header (REP_END_TAG) ;

rep_start => rs_header : header (REP_START_TAG),
                      rs_count : number ;

REPL_DIR ::= set_load_point
                    | adjust_point
                    | section
                    | symbol
                    | local_symbols
                    | patch
                    | load_text
                    | load_prefix
                    | load_value
                    | load_zeros

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 39 SW-0011-7

                    | align
                    | define_label
                    | define_symbol
                    | kill_id
                    | replicator
                    | comment
                    | message
                    ;

replicator => rp_start : rep_start,
                      rp_body : OPT SEQUENCE OF REPL_DIR,
                      rp_end : rep_end ;

section => se_header : header (SECTION_TAG),
                      se_section : SET OF SECTION_TYPE,
                      se_usage : SET OF USAGE,
                      se_symbol : string ;

section_size => ss_value_tag : SS_VALUE_TAG,
                      ss_identifier : ident ;

SECTION_TYPE ::= WRITE_SECTION
                    | READ_SECTION
                    | EXECUTE_SECTION
                    | DEBUG_SECTION
                    | VIRTUAL_SECTION
                    ;

set_load_point => sl_header : header (SET_LOAD_POINT_TAG),
                      sl_location : ident ;

SIMPLE_DIRECTIVE ::= set_load_point
                      | adjust_point
                      | load_text
                      | load_prefix
                      | load_value
                      | load_zeros
                      | align
                      | symbol_id
                      | define_main
                      | specific_symbol
                      | local_symbols
                      | define_label
                      | define_symbol
                      | descriptor
                      | kill_id
                      | patch
                      | comment
                      | message
                      | version
                      ;

simple_number => sn_number : <0 .. 250>(BYTE) ;

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 40 SW-0011-7 specific_symbol => sp_header : header (SPECIFIC_SYMBOL_TAG),
                      sp_usage : SET OF USAGE,
                      sp_symbol : string,
                      sp_origin : ident ;

start_module => sm_header : header (START_MODULE_TAG),
                      sm_cpus : trans_function,
                      sm_attrib : SET OF ATTRIBUTES,
                      sm_language : LANGUAGE,
                      sm_name : string ;

string => st_length : number,
                      st_chars : OPT SEQUENCE OF BYTE ;

symbol => sy_header : header (SECTION_TAG),
                      sy_usage : SET OF USAGE,
                      sy_symbol : string ;

symbol_value => sv_value_tag : SV_VALUE_TAG,
                      sv_identifier : ident ;

TRANS_FUNC ::= INSTR_CORE -- (T)
                     | INSTR_FMUL -- (T)
                     | INSTR_FP_SUPPORT -- (T)
                     | INSTR_DUP -- (T)
                     | INSTR_WSUBDB -- (T)
                     | INSTR_MOVE2D -- (T)
                     | INSTR_CRC -- (T)
                     | INSTR_BITOPS -- (T)
                     | INSTR_FPU_CORE -- (T)
                     | INSTR_FPTESTERR -- (T)
                     | INSTR_LDDEVID -- (T)
                     | INSTR_DEBUG_SUPPORT -- (T)
                     | INSTR_TIMER_DISABLE -- (T)
                     | INSTR_LDMEMSTARTVAL -- (T)
                     | INSTR_POP -- (T)
                     | INSTR_RESERVED_SET -- (T)
                     | H_INSTR_RESERVED_SET -- (H)
                     ;

trans_function => tf_arch : ARCHITECTURE;
                      tf_functionality : SET OF TRANS_FUNC;

unit => un_linkable : linkable,
                      un_body : OPT SEQUENCE OF module ;

USAGE ::= LOCAL_USAGE
                    | EXPORT_USAGE
                    | IMPORT_USAGE
                    | WEAK_USAGE
                    | CONDITIONAL_USAGE
                    | PROVISIONAL_USAGE
                    | UNINDEXED_USAGE
                    | ORIGIN_USAGE
                    ;

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 41 SW-0011-7

VALUE ::= constant
                    | load_point
                    | symbol_value
                    | section_size
                    | expression
                    | word_length
                    | adjust_prefix
                    ;

version => vn_header : header (VERSION_TAG),
                      vn_tool_id : string,
                      vn_origin : string ;

word_length => WL_VALUE_TAG ;

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 42 SW-0011-7

4.2 Bit Representations

ARCHITECTURE (part of TRANS_FUNCTION word)

  ARCH_T ::= 0x100000 (number) ;
  ARCH_H ::= 0x200000 (number) ;
  ARCH_RESERVED_1 ::= 0x400000 (number) ;
  ARCH_RESERVED_2 ::= 0x800000 (number) ;
  ARCH_RESERVED_3 ::= 0x1000000 (number) ;

BOOLEAN

  BOOL_FALSE ::= 0 (number) ;
  BOOL_TRUE ::= 1 (number) ;

DIRECTIVE_TAG

  LINKABLE_TAG ::= 1 (number) ;
  START_MODULE_TAG ::= 2 (number) ;
  END_MODULE_TAG ::= 3 (number) ;
  SET_LOAD_POINT_TAG ::= 4 (number) ;
  ADJUST_POINT_TAG ::= 5 (number) ;
  LOAD_TEXT_TAG ::= 6 (number) ;
  LOAD_PREFIX_TAG ::= 7 (number) ;
  LOAD_EXPR_TAG ::= 8 (number) ;
  LOAD_ZEROS_TAG ::= 9 (number) ;
  ALIGN_TAG ::= 10 (number) ;
  SECTION_TAG ::= 11 (number) ;
  DEFINE_MAIN_TAG ::= 12 (number) ;
  LOCAL_SYMBOLS_TAG ::= 13 (number) ;
  DEFINE_LABEL_TAG ::= 14 (number) ;
  DEFINE_SYMBOL_TAG ::= 15 (number) ;
  KILL_ID_TAG ::= 16 (number) ;
  BYTE_PATCH_TAG ::= 17 (number) ;
  REP_START_TAG ::= 18 (number) ;
  REP_END_TAG ::= 19 (number) ;
  COMMENT_TAG ::= 20 (number) ;
  MESSAGE_TAG ::= 21 (number) ;
  LIB_INDEX_START_TAG ::= 22 (number) ;
  LIB_INDEX_END_TAG ::= 23 (number) ;
  INDEX_ENTRY_TAG ::= 24 (number) ;
  WORD_PATCH_TAG ::= 25 (number) ;
  DESCRIPTOR_TAG ::= 26 (number) ;
  VERSION_TAG ::= 27 (number) ;
  LINKED_UNIT_TAG ::= 28 (number) ;
  SYMBOL_TAG ::= 30 (number) ;
  SPECIFIC_SYMBOL_TAG ::= 31 (number) ;

ERROR_LEVEL

  NORMAL_MSG ::= 1 (number) ;
  WARNING_MSG ::= 2 (number) ;
  ERROR_MSG ::= 3 (number) ;

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 43 SW-0011-7

H_ATTRIBUTES

  H_ATTRIB_UNIVERSAL ::= 0x0 (number);
  H_ATTRIB_HALT ::= 0x80 (number);
  H_ATTRIB_STOP ::= 0x100 (number);

  H_ATTRIB_RESERVED_SET ::= 0x3F87F (number);

H_TRANS_FUNCTION

  H_INSTR_RESERVED_SET ::= 0x3FFF (number) ;

LANGUAGE

  LANG_NOT_KNOWN ::= 1 (number);
  LANG_LINKED ::= 2 (number);
  LANG_OCCAM ::= 3 (number);
  LANG_ANSI_C ::= 4 (number);
  LANG_FORTRAN_77 ::= 5 (number);
  LANG_ISO_PASCAL ::= 6 (number);
  LANG_MODULA_2 ::= 7 (number);
  LANG_ADA ::= 8 (number);
  LANG_ASSEMBLER ::= 9 (number);
  LANG_OCCAM_HARNESS ::= 10 (number);

NUMBERS
  PFX_1_NUMBER ::= 251 (BYTE) ;
  PFX_2_NUMBER ::= 252 (BYTE) ;
  PFX_4_NUMBER ::= 253 (BYTE) ;
  PFX_8_NUMBER ::= 254 (BYTE) ;
  SIGN_INDICATOR ::= 255 (BYTE) ;

OPER_VALUE_TAG

  PLUS_OP ::= 6 (number) ;
  MINUS_OP ::= 7 (number) ;
  TIMES_OP ::= 8 (number) ;
  DIVIDE_OP ::= 9 (number) ;
  REM_OP ::= 10 (number) ;
  MAX_OP ::= 11 (number) ;
  MIN_OP ::= 12 (number) ;

SECTION_TYPE

  WRITE_SECTION ::= 0x01 (number) ;
  READ_SECTION ::= 0x02 (number) ;
  EXECUTE_SECTION ::= 0x04 (number) ;
  DEBUG_SECTION ::= 0x08 (number) ;
  VIRTUAL_SECTION ::= 0x10 (number) ;

T_ATTRIBUTES

  ATTRIB_WORD_16 ::= 0x1 (number);
  ATTRIB_WORD_32 ::= 0x2 (number);

INMOSLimitedConfidential TCOFF

APPROVED 1.3.91 44 SW-0011-7

  ATTRIB_MEMSTART18 ::= 0x8 (number);
  ATTRIB_MEMSTART28 ::= 0x10 (number);
  ATTRIB_MEMSTARTLEQ28 ::= 0x0 (number);

  ATTRIB_UNIVERSAL ::= 0x0 (number);
  ATTRIB_HALT ::= 0x80 (number);
  ATTRIB_STOP ::= 0x100 (number);

  ATTRIB_INSTR_IO ::= 0x800 (number);
  ATTRIB_CALL_IO ::= 0x0 (number);

  ATTRIB_NON_FPU_CALLING ::= 0x40000 (number);
  ATTRIB_FPU_CALLING ::= 0x80000 (number);

  ATTRIB_RESERVED_SET ::= 0x3E040 (number);

T_TRANS_FUNCTION

  INSTR_CORE ::= 0x1 (number) ;
  INSTR_FMUL ::= 0x2 (number) ;
  INSTR_FP_SUPPORT ::= 0x4 (number) ;
  INSTR_DUP ::= 0x8 (number) ;
  INSTR_WSUBDB ::= 0x10 (number) ;
  INSTR_MOVE2D ::= 0x20 (number) ;
  INSTR_CRC ::= 0x40 (number) ;
  INSTR_BITOPS ::= 0x80 (number) ;
  INSTR_FPU_CORE ::= 0x100 (number) ;
  INSTR_FPTESTERR ::= 0x200 (number) ;
  INSTR_LDDEVID ::= 0x400 (number) ;
  INSTR_DEBUG_SUPPORT ::= 0x800 (number) ;
  INSTR_TIMER_DISABLE ::= 0x1000 (number) ;
  INSTR_LDMEMSTARTVAL ::= 0x2000 (number) ;
  INSTR_POP ::= 0x4000 (number) ;
  INSTR_RESERVED_SET ::= 0xF8000 (number) ;

USAGE

  LOCAL_USAGE ::= 0x01 (number) ;
  EXPORT_USAGE ::= 0x02 (number) ;
  IMPORT_USAGE ::= 0x04 (number) ;
  WEAK_USAGE ::= 0x08 (number) ;
  CONDITIONAL_USAGE ::= 0x10 (number ;
  UNINDEXED_USAGE ::= 0x20 (number) ;
  PROVISIONAL_USAGE ::= 0x40 (number) ;
  ORIGIN_USAGE ::= 0x80 (number) ;

VALUE_TAG

  CO_VALUE_TAG ::= 1 (number) ;
  LP_VALUE_TAG ::= 2 (number) ;
  SV_VALUE_TAG ::= 3 (number) ;
  SS_VALUE_TAG ::= 4 (number) ;
  WL_VALUE_TAG ::= 5 (number) ;
  AP_VALUE_TAG ::= 13 (number) ;

INMOSLimitedConfidential TCOFF

D.A.Lamb. Sharing Intermediate Representations - The Interface DescriptionLanguage. Technical Report CS-83-129, Computer Science Department, Carnegie-MellonUniversity,May 1983.

J.R. Nestor, W.A.Wulf,D.A.Lamb. IDL- Interface DescriptionLanguage: Formal Description.

Technical Report, Software EngineeringInstitute,Pittsburgh, PA,Feb. 1986.

The Transputer InstructionSet - ACompilerWriters Guide. INMOSLtd72 TRN119

APPROVED 1.3.91 45 SW-0011-7

[L83]

[N86]

[INMOS’87]

5 References