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1.0 PREFACE

The Linker is a post compilation utility by which input object
text is processed and wnritten to various *hardware® segment files
which can then be joaded on the SES CYBER 180 Simulator. The
different oblect text records in a particular section are
processed to form a3 set ¢of hardware segment images. Data in the
different segments is primarily referenced via pointers set up in
the B8inding segment which is initiatized at Link time.
Unsatisfied externals are satisfied from the specified
{ibraries.

Users have the option of suppiying the input via an object
fite (with/aithout | ibrary fites) as generated by the
compiler/assemblery, or e2ise (s)he may specify an entry point from
a module on a specified 1ibrary as the PEP parameter on the LINK
commandsy and the Linker witl extract the module from the tibrary
which contains the specified entry point and link it.

The input to the Linker consists of CYBER 180 {C180) object
modules in CYBER 180 1loader text format Vi.1 generated by
compilers and/or assemblers running on CYBER 170.

The output of the Linker is a series of files corresponding to
CYBER 180 hardware segments3 a header file which contains the
segment descriptor attributes for each output segmentd and
potentially an outboard symbol table fitle.

Currentiy, the onily mechanism available for taking Linker
output and preparing it for execution in the CYBER 183 Simulator
is the Virtual Environment Generator., It will take the segment
files produced by the VE Linkery, and build a Checkpoint File
(CPF).

1.1 SCOPE

This document describes the external characteristics of the
SES Virtual Environment Linker V2.5« The Linker is written in
cYBIL.

This Linker is strictly intended as a transitional vehicle
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1.0 PREFACE
1.1 SCOPE
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from CYBER 170/SES to CYBER 180. It will not have a lifetime
beyond the period of transition.
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1.2 APPLICABLE DOCUMENTS

The folloning is a 1list of documents that either are referred
to In this specification or are recommended to aid in
understanding and using this specificatione.

1) SES User®s Handbook {4RH 1833).

2) ERS for Virtual! Envircnment Generator (ARH2591).

Z) CYBER 180 Mainframe Model Independent GDS {(ARH 1700) .
4)  ERS for Simulated NOS/VE I/0 (ARH3125).

5) ERS for CYBER 180 Oblect Code Utitities (ARH 2922).
6) ERS for CYBER 180 Simulator (ARH 1729).
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1.3 LINKER V2.5 AND LINKER V2.4 DIFFERENCES
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1.3 LINKER V2.5 AND LINKER V2.4 DIFFERENCES

1) The LINKER has been converted to CYBIL compiler janguage.
2) Updated to process Vi.l of the 180 Object Text,

3) Interface to the SES subsystem has been repliaced with an
internal 1inker parameter file.

o
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1.4 DEFICIENCIES AND LIMITATIONS

The Linker performs only cursory checks to determins {f fthe
yser has specified any duplicate file names In his/her
paraneterizatione.

The Linker performs no checks to determine if any file names
generated from the NAME_SEED duplicate any file names the user
has specified in his/her garameterization. Therefore, the Linker
may abort or yield indeterminate results. Hence, the user must
resolve any file naming conflicts prior to executing the LINKER
command.

The Linker 1is sensitive to portions of the data on an oblect
files It uses some of the data for computations. Therafore, if
an oblect file was generated by other than PASCAL-CI or the CYBER
180 Assembler’ or moditfied with other than the CYBER 188 Object
Fite Utititiesy, the Linker may abort or yield indeterminate
resul ts,
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1.5 JERMINOLOGY

Offset tinking? An optionai mode of linking wherein the segments
output by the Linker are to be 1oaded at addresses that are
different than the addresses at mhich they will wultimately
execute.

Inboard symbol tabtes A table of resolved entry points from a
previous linkage provided as input to the current linkage.
Use of the inboard symbol table allows the 1linkage of only a
part of the code that will actually be present when the code
is executed.

Qutboard symbol tablie? A table of resotved entry points produced
by the current linkage for inclusion iIin future ||inkages.
Onily entry points from modules possessing the "gated"™
attribute are included in the outboard symbol table. Use of
the outboard symbol tabte allows entry definitions from the
current ltinkage to be used in subsequent linkages without
relinking the modules in which the entry points are defined.
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2.0 ACCESSING THE LINKER

The Linker 1is accessed via an SES procedures which is
described in a later section. The user can control the linkage
by specifying his parameters on the procedure call, {GENCPF or
VELINK)» In fthe Linker Parameter Filey, or a combination of both.
Parameters on the procedure call overrjide the parameters
specified Iin the Parameter File.
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LINKER PARAMETER FILE (LPF)

The Linker Parameter File (LPF) consists of a legible file built
and maintained by an editor. LPF is an optional parameter to the
LINK command. If one is not provided, defaults are as sho#n
belon. Several “subcommands™ will be provided:s LINK_OPTIONS,
OBJECT_FILE, OBJECT_LIBRARY, DEFINE_SEGMENT, O8JECT_MODULE ,
INBOARD_SYMBOL_TABLE and ENDe. Each subcommand is entered on a
separate f{ine] however, continuation lines of a subcommand are
indicated by placing two or more periods at the end of the 1ine.

LINK OPTIONS

The LINK_OPTIONS command provides genearal miscelianeous
parameters which establish defaults for the LINK commanda. Onily
one LINK_OPTIONS command is allowed.

LINK_OPTIONS.8MAP_FILENAME=filenameyLes
MAP_OPTIONS=map_optionAREWIND_MAP,ENAME_SELD=name_seedyles
MAX_EXTERNALS=maximum_externals,AHEAP_SIZE=heap_sizesLaa»
PRIMARY_ENTRY_PT=primary_entry_point

FIELD
DEFAULT DESCRIPTION
MAP_FILENAME {CHAR 7) The NOS filename of the LINKER output
LINKMAP listing file on which the LINKER map will be
written. This parameter iIs Ignored if the MF
{map file) parameter jis specified on the LINK
commande.
MAP_OPTIONS {CHIR 1) The Linker map options which control
M the amocunt of information cutput on the Linker

mape. Values for this field ares
N - no map informatiory diaagnostics are

OutDuf.
S - section allocations for every section
N of every input object module
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REWIND_MAP
REWIND_MAP

NAME_SEED
SEGM

MAX_EXTERNALS
300
HEAPSIZE
0

LOAD_SEGMENT
40935

EXECUTE_SEGMENT
4095

PRIMARY_ENTRY_PT
' bl anks

E - Section allocations plus entry point
names and address assignments
M - Section aliocationsy entry points
plus output segment and common block
aliocations (full Linker map)l.
{KEYWORD) The option alliowing you to specify
hether to rewind the LINKER map file before
it is written. ,
REWIND_MAP - rewind map file
NO_MAP_REWIND - don*t rewind map file
{CHAR 4) Used as the first four characters of
of the NOS fitle names for the header filey
output segments, and outboard symbol table
fitle,s, This field is ignored if the name_seed
parameter is specified on the VELINK commande.
{INTEGER) The maximum number of externals
atiowed in this link.
{INTEGER) The sjize in bytes of the systenm
heape IF specifieds this value atways takas
precedence over the values specified in the
input object modutes.
{INTEGER) The starting segment number for 1oad
{oad addresse. The tinker allocates segment
numbers consecutively.
{INTEGER) The starting segment number for
execution_address. The Linker allocates
segment numbers consecutively. If either but
not both LOAD_SEGMENT and EXECUTE_SEGMENT are
specified, offset loading witl not bhe
performed. A null specification for
LOAD_SEGMENT or EXECUTE_SEGMENT is indicated
by a value of 4095,
{CHAR 31) Primary entry point of the program
being linked. If specifiedy it overides all
transfer symbols encountered in the input
object modules. This parameter s ignored if
the PEP parameter |is wused on the LINK
commands If not specified here or on the
commands the first transfer symbol encountersad
is the primary entry point.
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OBJECY FILE/QBJECY LIBRARY

One OBJECT_FILE command exists for each specified oblect file
entry, and one OBJECT_LIBRARY command exists for each specified
tibrary entry. VELINK command parameters °*0OFL®" and °“LFL*® take
precedence over these commandse.

OBJECT_FILE, FILENAME=filename, Ri=ringy, R2=rings ..
R3=ring, GLOBAL_LOCAL_KEY=key, EXECUTE_PRIVILEGE=attribute

OBJECT_LIBRARY, FILENAME=filename, R1=ring, R2=rings «.
R3=ring, GLOBAL_LOCAL_KEY=key, EXECUTE_PRIVILEGE=attribute

FIELD
DEFAULT DESCRIPTION
FILENAME {(CHAR 7) NOS file that name of a3 local fite
that
none contains object modulese.
R1 11 ; {INTEGER) The ring bracket to be used for all
R2 11 oblect modules contained on this fite.
R3 11 2
GLOBAL_LOCAL_KEY {INTEGER) The global and tocal key values
i) to be used for all objlect modules contained on
this files
EXECUTE_PRIVILEGE(CHAR 1) The type of execute to be attribute
to be
E associated with all oblect modules contained

on this file. Values for this field are:
E - executable - non priviteged
L - executable - local privilege
G - executable - global privilege
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DEFINE SEGMENT

One DEFINE_SEGMENY entry exists for each Prealiocated Segment
Descriptor, Either LOAD_ADDRESS or EXECUTE_ADDRESS and
ATTRIBUTES must be specified. ‘

DEFINE_SEGMENTY, LOAD_ADDRESS=(ring, segment, offset)y ..
EXECUTE_ADDRESS={ringysegmenty,offset)y Ri=ringy R2=rings «e
R3=ringy GLOBAL_LOCAL_KEY=key, ATTRIBURES={attributes)s .
SECTION_NAME=section_name

FIELD ‘
DEFAULY DESCRIPTION

LOAD_ADDRESS {IPL_PV3) Three component {ocad address {(ring.
0 segment and byte offset) of the segment?

specifies where the segment wWill be 1o0aded. A&
null specification 1Is indicated by a ring
number of zero.
EXECUTE_ADDRESS ({IPL_PVAY Three component execution address
i} {rinags, segment and byte offset) of the
segment; specifies where the segment will
ulttimatety execute. A null specification is
indicated by a ring number of zero. If both
LOAD_ACDRESS and EXECUTE_ADDRESS are not
specified, offset toading wilil not be
per formed,
R1 11 {INTEGER) Ring brackets for the segment.
R2 11
R3 11
GLOBAL _LOCAL_KEY {INTEGER) Global and locatl key for segment.,
]
ATTRIBUTES {CHAR ?) Segment access attributes? any number
of the following attributes can be specified.
RD = read not controiled by key/1lock
RK - read controlted by key/1lock
BI - binding? read not controlled by
key/lock
WT - write not controliied by key/lock
WK - write controfled by key/lock
EX - executable non privileged
LP - executable focal privilege
GL - executapble global privitege
ET - extensible
CB - cache bvypass
SECTION_NAME {CHAR 31) Name of Working_Storage sectijons to
blanks be mapped into this segment.
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O0BJECY MODULE

The OBJECT_MODULE command specifies module names to be included
in the 1ink. Only one OBJECT_MODULE command is allowed.

OBJECT_MODULE. NAME=(mod_name, mMOod_Nameses)

FIELD DESCRIPTION
NAME {CHAR 31) Namel(s) of modules to be included.
INBOARD SYMBOL TABLE

The INBOARD_SYMBOL_TABLE command specifies NOS file names which
contain Inboard Symbol Tabies +to be introduced into the LINK.
Only one INBOARD_SYMBOL_TABLE command is allowed.
INBOARD_SYMBOL_TABLE, NAME=(fjilename, filenameeece)
FIELD DESCRIPTION

NAME {CHAR 7) NOS file name{s) of files containing
Inboard Symbol Tables.

END

The END command or end-of-file signifies end of the Linker
Parameter File.
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3.0 LINKER FILE INTERFACE

The Linker Parameter File interface, described in a preceding
section, in its most specific sense prescribes the file interface
of the Linker. The Linker File Descriptors (LFD's) identify
input object fitles and 1{ibraries by name and their associated
attributeses The Inboard Symbol] Tabie List {ISTL) identifies by
name input file(s) containing inboard symbol ftablel(s).

NOTE: A1l fites named in the LFD and ISTL must be tocal at the
time the Linker is invoked.

The Linker Control Block {LCB), via the NAME_SEED, specifies the
string used by the Linker to generate names for the output fites?
header, segment, and outboard symbol table files. The Linker
Program Descriptor {(LPD) and Segment Array specifically
identifies the header and segment fites by name.

The following sections are a brief description of the input

fites (object, {ibrary and inboard symbol tabie fites) and the
output files {(header, segment, and outboard symbol table fites).
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3.0 LINKER FILE INTERFACE
3.1 OBJECT FILES
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3.1 OBJECY FILES

The Linker acceptsy as input, oblect files in containing
object modules in CYBER 180 toader text format V1.1 generated by
compjilters and assemblers running on CYBER 170. Muitipie oblect
modules may reside on an oblect file.

The object module structure is basically comprised of an
Identification Record ({(IDR), Section Definition Records (5DC),
and the object text asscociated with the sections. The 1IDR
describes external characterijistics (name, time and date created,
versjiony creator, and a commentary) and internal characteristics
{modutle attributes and the number of sections) of the object
modules There is a SDC fcr each section type (codey binding,
working storagey, common, etc.) contained in the obj}ect module
describing the varjous attributes of the section.

The specific structure of object modules is not of general
concern to wusers of the Linker, but for those who must generate
obyect modules {compiler, assembler and utility writers), a copy
of the objlect module type definition may be found in Appendix A
of this document, ‘
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3.2 LIBRARY FILES

The Linker also accepts as input 180 1ibrary files containing
c180 object modules formatted into a library by the C1880 Object
Code Utilitiess The definition of the oblect modules contalined
therein is the same as described In the section entitied *Oblect
Files™,

The specific structure of a fibrary file is not of general
concern to users of the Linker, but for those who are interested,
the record definition may be found in Appendix A of this
document.

COMPANY PRIVATE

FT R



3-4
CDC = SOFTWARE ENGINEERING SERVICES
027157810
ERS for SES Virtual Environment LINKER REV: &
3.0 LINKER FILE INTERFACE
2.3 HEADER FILE

S AR NP > G PP W D ST VUG I B SN0 D D P00 B AP O PO VD D TR U VoS G I O IS DG VNP A ST T I NG VD G G WP P T2z D AN WD AP FG NG T Ay L ST D P N S NP POl VD I

3.3 HEADER FILE

The Linker outputs a header file which describes the results
of a 1linkages The name of the header file is the concatentation
of the NAME_SEED from the LCB with the string *HDR".

YThe header fjile structure is comprised of one header wvariant
and a segment descriptor variant for each segment file generated
as the result of a {inkage. The header variant contains the
number of segment descriptors, the initial p-address and its key,
and the binding address. The segment descriptor identifiss by
name the file on which the segment was written and its segment
attributess.

The specific structure of the header file Is not of general
concern to the users of the Linkery, but for those wnho mnmust
interface to the header fite a copy of the type definition can be
obtained by contacting an SES representatives.
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3.4 SEGMENY FILES

The Linker outputs segment files which are acceptablie ss input
to the CYBER 180 Simulator or VE Generator. A segment file
contains a direct 1/0 user jinformation record. In the context of
the Simulator the segment fite is 5 Joad file and the user
information record is a Load Fiie Directory of type "empty®. The
Linker alliocates and outputs a segment file for each section type
encountered on object files during a tinkage.

The segment file structure is comprised basically of a 1oad
file directory and the {inked segment.

The specific structure of the segment filte is not of genersal
concern to the users of the Linker. A description of the file,
howevery, may be found Iin the C180 Simulator ERS, in the appendix
section entitied *Centratl Memory Format®.,
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A symbol table file is a file containing a table of resolved
entry points from an instance of Linker execution. The fjife is
termed an Inboard Symbol Table file when used as iInput to the
Linker. The file is termed an Outboard Symbol Table file when it
is output as a result of Linker executione.

The Jutboard Symbol Takle (0ST) fitle is aenerated by the
Linker only if entry points which have the *gated™ attribute are
encountered during a Linker execution. {Only entry points with
the ™gated®™ attribute are externalized t¢ modules in higher
rings. This attribute is specificatiy assigned to a module via
the Object Code Utitity CHANGE commands) The 0OST file name is
the concatentation of the NAME_SEED from the LCB with the string
*0ST*.

The structure of a symbol table is pertinent only to the
Linker.
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4.0 LINKER MAP

The Linker map describes the address assignments mada by the
Linker, The NOS file names, onto which the Linker map is output,
is specified elther as a VELINK command parameters, or else in the
Linker Parameter Fjile. The Linker map contains four basic
components which may be optionally 1listed. A sample map 1is
incluyded in a3 1ater section.

4.1 SECTION DEFINITIONS

The fotlonwing Iinformation is oprinted for every section of
eyery oblect modules
B Section type
Access attributes
Length
Address {1oad and execution if different)
Ring brackets
Global/local key

SO 00o000

4.2 ENTRY POINT NAMES

il
The following informaton is printed for every enfry points

0 name
0 address {toad and execution if different)

4.3 EXTERNAL REFERENCES

A l1ist of the external references is printed after the entry
point iist.
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4.0 LINKER MAP
L.4 OUTPUT SEGMENTS AND COMMON BLOCKS

4.4 QUTPUT_SEGMENTS AND_COMMON_BL OCKS

The following information is printed for every output segment
altocated by the Linkers:

NOS file name

Address {10ad and execution if different)
Ltength

Access attributes

Ring brackets

Globatl/local key

000 OO0

The follonwing information is printed for every common biock
allocated by the Linker?

o0 Name
0 Access attributes

0 Length

0 Address (1oad and execution if different)
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5.0 LINKER PROCEDURAL JINTERFACES

The followming sections are also contained in the SES User®*s
Handbooke.

- GENCPF - GENERATE A CHECKPOINT FILE (CPF)

GENCPF executes the SES VE Linker and the SES VE Generator and
produces a Checkpoint Fite {CPF) which can be ipaded and executed
on the CYBER 180 system simulator. The user must provide a file
containing 180 oblect texty and can optionally provide a Linker
Parameter File (LPF)y a set of Monitor Segment filess and/or a VE
Generator DIRective file. The *MF®* file wilt contain the map
produced by the VE Linker and additional information produced by
the VE Generator.

Note: most of the following parameters will not be used by the
*general public® {examples show general usaged.

Parameters to GENCPF aret

ofi (Fitename(s)y, optional)
Oblect_File_List - tist of up to 10 names of files
containing 188 objlect text (yer 1.0). This parameter
does not have a default.

1f1 {(Fitename{s), optional)
Library_File_List - list of up to 410 names of Library
fites containing 180 object text. This parameter does
not have a default.

pep (String{(31), optional)
Primary_Entry_Pcint - This parameter specifies the
entry point at which to start execution. The default
is to start execution at the first Transfer symbol
encountered.

ns {Stringl{4), optional)
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Name_Seed - This parameter specifies the "name seed®
for the VE Linker Segment files. The default for this
parameter {s *SEGM". The wvalue of this parameter
OVERRIDES any Linker Parameter File specification of
this fietd,

mf (Filename, optionsai)
Map_File - This parameter specifies the name of the map
fitle. The default for this parameter is *LINKMAP",

mo {Char 1, optional)
Linker Map options -~ This parameter specifies the
amount of information output on the Linker Map. The
value of this parameter OVERRIDES any Linker Parameter
Fite specification of this fleld. Values for this
field are:
N - no map information: diagnostics are output,.
S - sectjon aitlocations for every section of every
input object module
E - Section allocations plus entry point names and
address assignments
M - Section ailocationss entry points plus outpuft
segment and common biock allocations {(full
Linker map) .

rewind (Keyword, optional)

Rewind_map_file - This parameter specified whether +to
rewind the Map file before it is written. Default is
to rewind it. The wvalue of this parameter QVERRIDES
any Linker Parameter File specification of this field.
Keyword value meanings are:s

REWIND - rewmind Map fite

NOREW - don"t rewind Map file

cpf (Filenamey oOptional)
Checkpoint_File - This parameter specifies the rame of
the file containing the output from the VE Generator.
The default is °*CPFILE®*., The vatue of this parameter
OVERRIDES any Linker Parameter File specification of
this field.

ipf {(Filename, optionatl)
Linker_Paranmeter_File - This parameter specifies a file
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that contains Linker parameters that affect the Link.
If no ipf iIs specifiedy default values indicated in the
LPF description appive.

cybilib {Keyword, optional)
This parameter, when specifieds will cause CYBILIB +to
be used to satisfy externailts during the linking
process. The procedure will ACQUIRE the file from SES
and add it to the Library_File_List. The default is
not to use CYBILIB as part of the Link.

dir or tdrdir or d4 {(fFitename, optionatl)
Directives = This parameter specifies the name of a
fite containing directives to the VE Generator, The
default will be a fitle containing default directives.

mtrns or mns (Stringi{4), optional)
Monitor Name_Seed - This parameter specifies the *name
seed® of the VE Linker Segment fites that contain the
Monitor code. This parameter is provided to alilow the
user to have his own Monitor program. The default for
this parameter is °*MTRX®., The procedure will check the
tocal fitesy, the local PF catalogy and then the SES
catalog to get the files.

Exampless

The following exampie illustrates how a user would compile a test
program written in CYBIL, generate a Checkpoint Files and run it
on the Simulator.

sese.Cybil cil i=testprg t=testist b=testigo
ses.gencpf ofl=testigo cpf=testcpft cybitib
ses.5im180 restart=testcopf

? run

? bye

The 1last tWwo tines were Simutator commands.

The next example illustrates how to generate a Checpoint File
from severail input files of 180 object text. N
sese.gencpf ofi={myigol,myligo2) cof=mycpf cvpilib
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VELINK - EXECUTE THE VIRTUAL ENVIRONMENTY LINKER

VELINK executes the VE Linker, which 1inks data from 1803 objlect
files/libraries and oproduces a map file and a set of SEGMent

own Linker Parameter File containing VE Linker wvarjiables
that control the linkage. For more information on this, refer fo
the SES VE Linker ERS {ARHZ281s6}).

filese The procedure is set ui io that the user can specify his

Nota? this oproc 1is generally used only in special casess where
GENCPF is inadequate.

Parameters to VELINK ares

ofl {(Fitenama(s), optional)
Object_File_List - 1ist of up +to 10 names of files
containing 180 object text {(ver 1.0). This parameter
does not have a default.

1f1 (Filename(s), optional)
tibrary_Fitle_List - tist of up to 10 names of Library
files containing 180 object texts. This parameter does
not have a default.

pep (Stringi(31), optional)
Primary_Entry_Point - This parameter specifies the
entry point at mwmhich to start execution. The default
is to start execution at the first Transfer symbol
encountered.

ns {(String(4), optional)

Name_Seed - This parameter specifies the *name seed®
for the VE Linker Segment files, The default for this
parameter is *SEGM®*, The wvalue of this parameter

OVERRIDES any Linker Parameter File specification of
this field.

mf (Filename, optional)
Map_Ffile - This parameter specifies the name of the map
fite. The default for this parameter Is *LINKMAP®,
The wvalue of this parameter OVERRIDES any Linker
Parameter File specification of this field.
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mo (Char 1, optional)

Linker Map options - This parameter specifies the
amount of information output on the Linker Map. The
valuye of this parameter OVERRIDES any Linker Parameter
Fite specification of this field. Values for this
field are:s
N - no map information’ diagnostics are outputa.
S - section atiocations for every section of every
input oblect module
£ - Sectjon allocations plus entry point names and
address assignments
M - Section allocationss entry points plus output
segment and common block aliocations {(full
Linker map). ‘

revwind (Keyword, ocfiona!$'

Rewind_map_fitle - This parameter specified whether +to
rewind the Map fite before it iIs written. Default is
to revind ite The value of this parameter COVERRIDES
any Linker Pargmeter File specification of this field.
Keyword value meanings are?

REWIND - rewind Map file

NOREW - don*t rewind Map fitle

tpf {(Fitename, optional)

cybitib

Examples

Linker_Parameter_File - This parameter specifies a file
that <contains Linker parameters that affect the Linke.
If no Ipf is specifiedy default vatlues indicated in the
LPF description applye.

{Keyvord, optional)

This parameter, when specifiedy, will cause CYBRILIB to
be uysed to satisfy externals during the tinking
Process. The procedure will ACQUIRE the file from SES
and add it to the Library_Fitle_List. The default is
not to use PASILIB as part of the Link.

In the folloming example the Linker is passed a Linker Parameter
File containing the varjiable “*“mylchb*.

ses.velink ofi={1golyi1go2) ipf=myipf 1cb=mylichk vef=myvef

COMPANY PRIVATE
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5.1 EXAMPLE OF LINKER PARAMETER FILE

The following is an exampie of a Linker Parameter Fite. Since
the Linker ignores items In the 1ist with blank or uninitialized
file names, this altlows you to include the declaration and access
attribute iInitiatization of the oblect fite list in your command
filey, teaving onty the specification of input file name until you
are ready to issue the LINK command.

link_optionssmap_filename=linklistymap_options=myno_map_rewind,
name_seed=lxxxyload_segment=6,execute_seoment=56

object_fitleskfn=" *yri1=11,r2=11,r3=11ygl0bai_local_key=0,
execute_privilege=e

object_fileyskin=" ®yri=11,r2=11,r3=11,global_tocal_key=0,
execute_privilege=e

object_filekfn=" *,ri=1i,r2=11,r3=11ygl0bal_local_key=0,
execute_privilege=e

object_fitleyskfn=" *4ri=11,r2=11,r3=11,gtobatl_local_key=0,
execute_privilege=e

define_segment,load_address=(11,0,4000) yexecute_address=(11,0,
4000) yr1=1141r2=114,r3=11yg9l0bal_local_key=0,attributes={(rd.,ex)

define_segment,load_address=(11,0,5000) sexecute_address=(11,0,
5000) yri=11,r2=11,r3=11,gt0bali_tocal_key=0,attributes=(bi)

define_segment,load_address={11,0,6000) yexecute_address={11,0,
6000) yri=11,r2=11,r3=114gl0bai_locali_key=0yattributes=(rd.nt)

define_segment,load_address=(11,0,7000) yexecute_address={(11,0,
7000) yr1i=11,4r2=11,r3=11,qgl0bal_local_key=0yattributesz(rdynwtyet)

define_segment,ioad_address={(11,0,80300) yexecute_address=(11,0,
8000)9r1=11,r2=11,4r3=11ygl0bail_local_key=8,attributes={(rd)
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5.2 EXAMPLE OF LINKER MAP

The following

1inkmap

was

produced by

tinking the sample

program described in the ERS for the 180 CPU Assembler.

LINKER V 2.5 OQUTPUT LISTING

05/721/79 16.00.456

MODULE = TEST LANGUAGE = CPU ASSEMBLER
FILE = LGO 05721779 163:00306.,000
SECTION TYPE/ LOAD/ RING
ACCESS ATTRIBUTES LENGTH EXECUTION ADDR BRACKETS = &6/L KEY
WORKING STORAGE
READ HRITE 28 B 00D 000000060 (ByB,8B) (00,00)
WORKING STORAGE
READ 8 B 06C 0000860600 {ByB+B) (00,00)
BINDING
READ BINDING 10 B 008 00000000 (B4B,B) (00,00)
CODE
READ EXECUTE 22 B O0A 80000000 (ByB48) (80,00)
ENTRY POINT DEFINITIONS ADDRESS
ENT NOT GATED 8 00A 00000000
LINKER V 2.5 CUTPUT LISTING 057217798 16.00.486

SES/C80 LINKER OUTPUT

: LCB
PCB
LPD

PRIMARY ENTRY POINT

FILE NAME/

ADDRESS

oW oH

Hoi

LINK_CONTROL_BLK

LINK_PCB
LINKED_PRG_DESC

ENT1
B 00A 00000000

LOAD/

RING

COMPANY PRIVATE
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ACDESS ATTRIBUTES LENGTH EXECUTION ADDR BRACKETS G7L KEY

SEGM101
READ EXECUTE 22 * 00A 000D00O0D (By8B,B) {00,008)
SEGM102
BINDING 10 * 00B 00000000 (B48,B) (80,00)
SEGM103
READ 8 * 00C 08000000 {(8,8,8) {00,08)
SEGM104
READ WRITE 28 * 06D 00000800 {B8,48,8) (00,00)

NO LINKER ERRORS WERE DETECTED
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6.0 ERROR MESSAGES

The Linker provides twe varieties of error message?3

SES SCL

error messages describing the disposition of the command, and

linker diagnostics printed on the Linker map.

6.1 SCL MCSSAGES

Linker SCL messages conform to the SES message standards 3as

described Iin the Meggage Generator (MG) Interface ERSe

10000 LINKER NORMAL TERMINATED

MEANINGT The Linker has terminated normally with

nc fatal or nonfatal errors.
ACTION: Be thankful.

104100 LINKER NORMAL TERMINATE WITH NONFATAL EFRRORS - SEE MAP
LISTING

MEANING: One or morea non fatal errors were

encountered during the Linker Commande

Linker output is probably valid.

ACTION2 Check Linker map for diagnostic or

diagnosticse.

10101 LINKER ABNORMAL TERMINATE - SEE MAP LISTING

MEANINGS The Linker has detected a fatal

gracefully aborted. Linker
undefineda.

ACTION: Check Linker map for diagnostic?

probiem and rerun

10102 LINKER ABNORMAL TERMINATE - NO MODULES PROVIDED

error and
output is

correct

MEANING: No object module input was encountered by

the Linker.
ACTION: Check the ®0f1*® parameter on
command, if specified, or

the LINK
eise the

OBRJECY_FILE in the Linker Parameter Filej

check the KFN fields of ailt

the oblect fite 1ist] check ali

input.

elements of
files for
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10200 LIBRARY FILE fite_name NOT LOCAL
MEANING? File specified by the *"{fi1*parameter of
the VEL INK command or the

"OBJECT_LIBRARY®* command of the Linker
Parameter File is not a focal file.
ACTION: Make the file tocal or remove the
i parameter.

15201 OBJECT FILE file_name NOT LOCAL
MEANING: File specificsd by the *ofi*parameter of
the VELINK command or the *OBJECT_FILE®
command of the Linker Parameter File is
not a tocatl fiie.
ACTION: Make the file focal or remove the
parametera.

10202 OBJECT FILENAME fite_name DUPLICATES EXISTING FILE
MEANING: Filename specified as and objlect file or
library (*ofi1* or *1f1* of +the VELINK

command or *OBJECT_FILE" or
*"OBJECT_LIBRARY® of the Linker Parameter
File dupticates another specifed
filename.

ACTION: Remove the specification of this fil=.
Make the fite local or remove the
parameter.

10203 IST FILE file_name NOT LOCAL
MEANING: Fite specified by the
*“INBOARD_SYMBOL_TABLE "command of the
Linker Parameter File is not a tocal
filea
ACTIDNS Make the file local or remove the
parameter,

10204 IST FILENAME fite_name DUPLICATES EXISTING FILE

MEANING: Fitename specified by the
*INBCARD_SYMBOL_TABLE"® command of the
Linker Parameter File duplicates another
specifed filename,

ACTION: Remove the specification of this fite.
Make the fiie tocatlt or remove the
parameter.

10300 LPF FILE file_name NOT LOCAL
MEANING:2 Fite specified by the *"1pf* parameter of
the VELINK command is not a local file.
ACTION:S Make the file local or remove the
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18301

10302

10303

10304

10305

parameter.

UNKNOWN LPF COMMAND command SPECIFIED
MEANINGS The Linker has detected an invalid Linker
Parameter File command.,
ACTION: Correct the Linker parameter file.

INVALAD MAP OPTICN map_option SPECIFIED
MEANING2 The Linker has detected an invalid map
option specifiad by the "mo® parameter of
the VELINK command or *MAP_CPTIONS®
specification of the Linker Parameter
File "LINK_OPTIONS®* command.
ACTION: Correct the map option specificationa.

INVALAD NAME_SEED xxxx SPECIFIED
MEANING: The Linker has detected an invalid name
seed as specified by the °*ns* parameter
of the VELINK command or *NAME_SEED®
specification of the Linker Parameter
Fite "LINK_OPTIONS® command.
- ACTION: Correct the name seed specification.

INVALAD SEGMENT ATTRIBUTE segment_attribute SPECIFIED
MEANING: The Linker has detected an invalid
segment attribute specified by the
*ATTRIBUTES"® specification of the Linker
Parameter Fife *DEFINE_SEGMENT*® commande.
ACTIONS Correct the attribute specification.

INVALAD EXECUTE PRIVILEGE executive_privilege SPECIFIED
MEANING: The Linker has detected an invatid
executive privitege specified by the
"EXECUTIVE_PRIVILEGE® specification of
the Linker Parameter fFjile *OBJECT_FILE®
or "OBJECTY_LIBRARY®" commande.
ACTION: Correct the executive privilege
speci fication.
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6.2 LINKER DIAGNOSTICS

The

Linker oprints formatted messages on the Linker map. The

templiate of all messages is as follows?

* ¥ ¥ | INKER ERROR NNNNN [*FATAL*] <error message text>

NNNNN

MODULE = <module name if appropriate>
FILE =z <file name if appropriate>
NAME = <entry point name iIf appropriate>

RECORD COUNT

<record count if appropriate>

ERROR_MESSAGE_TEXTY
IMPROPER RELOCATION ADDRESS SPECIFICATION

MEANING® RIF item is being Incorrectiy generated?
Linker output unaffected.
ACTIONS Correct object text.

UNANTICIPATED EOR

MORE

MEANING: The Linker encountered an EOR scmewhere
other than the appropriate end of an
object moduie

ACTIONSs Correct object text

THAN ONE CODE SECTION IN A MODULE

MEANINGS A single object module had more than one
code section’ only one is permitted.

ACTION: Correct objlect text.

SDO GREATER THAN IDR SPECIFICATON ENCOUNTERED

CODE

MORE

MEANING: The number of sections iIn the IDR is
incorrect or sectjon ordinals do not
start at zero or are not contiguouse.

ACTION: Correct object text,

SECTION ATTRIBUTE SPECIFICATION ERROR

MEANING: Code sections must not have write or
binding attributese.

ACTION: Correct object text.

THAN ONE BINDING SECTION PER MODULE

MEANING: A single objlect module had more than one
binding sectioni onily one is permitted.

ACTION: Correct object texte.

BINDING SECTION ATTRIBUTE SPECIFICATION ERROR

MEANING?: Binding sections must not be writable or

COMPANY PRIVATE
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executable.
ACTION2 Correct object text.

8 BINDING SECTION ALIGNMENT ERROR
MEANING: The binding section must be aligned on a
64 bit CYBER 180 full word boundary.
ACTIONS Correct object text.

9 DUPLICATE SECTION DEFINITION ORDINAL
MEANING: The same ordinal has been wused for two
sections in a single cbject module.
ACTION Correct object text.

10 BINDING ATTRIBUTE SPECIFIED FOR A NON BINDING SECTION
MEANING: The binding attribute may onty be
specified for the binding sectione.
ACTION® Correct obj)ect text.

11 CONFLICTING PROTECTION ATTRIBUTE FOR COMMON BLODCK
MEANING:2 Different protection has been specified
in separate common biock decliarations.
ACTION: Correct source programe.

12 CONFLICTING LENGTH SPECIFICATION FOR COMMON BLOCK
MEANING: Unequal tengths were specified in
separate common block declarations.
ACTION: Correct source program.

13 COMMON TABLE OVERFLOW - RECOMPILE LINKER
MEANING: Linker internal table size exceeded.
ACTION: Call SES representative.

14 MISPLACED IDR OR SDC
MEANING2 Objlect text structure is incorrecte.
ACTION® Correct object text.

15 MODULE DID NOT CONTAIN A CODE SECTION
MEANING: No code section encountered; Linker
output unaffected.
ACTION2 Correct object text if necessary.

16 MODULE DID NOT CONTAIN A BINDING SECTION
MEANING? No binding section encountered: Linker
output unaffected.
ACTION2 Correct object text if necessary.

17 SDOS NOT CONTIGUCUSLY NUMBERED
MEANING:? Oblect text structure is incorrect.
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18

19

20

21

22

23

24

25

26

27

ACTION: Correct object text.

SEGMENT TABLE OVERFLOW - RECOMPILE L INKER
MEANING? Linker internal table size exceeded.
ACTION: Call SES representative.

ZEROIZE SECTION INTERNAL LOGIC ERROR
MEANING: Linker has aborted.
ACTIONS Call SES representativze.

PROCEDURE DESCRIPTOR ALLOCATED IN NON BINDING SEGMENT
MEANING: Procedure descriptors that are to be used
with the hardware CALL instructions must
be in binding segments.
ACTION:2 Correct object text if necessary.

POINTER IN BINDING SEGMENT WAS MISALIGNED
MEANING:2 Binding section entries must be right
justified Iin an CYBER 123 fulil wmord.
ACTIONS: Correct oblect text.

ATTEMPYTED TO PLACE DATA IN A BINDING SECTION
MEANING: Binding section entries may only be
pointers or procedure descriptors.
ACTION: Correct object text.

LFD RING BRACKET SPECIFICATION ERROR
MEANING: An jitegal ring number was encountered or
Ri1>R2>R3. :
ACTION2 Correct LFD entry and retry LINK commande.

PREALLOCATED BINDING SEGMENT ATTRIBUTE ERROR
MEANING: Binding segments may not be wWritable or
executable or readable under key lock
control.
ACTION: Correct PSA entry and retry LINK commande.

PREALLOCAYED EXECUTABLE SEGMENT ATTRIBUTE ERROR
MEANINGS Executable segments may not be writable.
ACTION: Correct PSA entry and retry LINK command.

PREALLOCATED SEGMENT RING BRACKET INCONSISTENCY
MEANING: The refationship R1<R2<R3 did not apply.
ACTION: Correct RSA entry and retry LINK command.

PREALLOCATED SEGMENT ADDRESS {(RING) ERROR
MEANING: An illegal ring number was specified.
ACTIONS Correct PSA entry and retry LINK command.
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32

33

34

35
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FIRST RECORD OF AN OBJECT MODULE WASNT AN IDR
MEANING: Improper object text structure or Linker
input fite was inappropriate.
ACTION: Correct input file.

DUPLICATE ENTRY POINT WAS DETECTED
MEANING: A symboi has been XDCLed as an entry
point more than once. First definition
is used’ output is unaffected.
ACTION2 Correct oblect file tist if necessarye.

LST DVERFLOHWH - T0O MANY ENTRY POINTS
MEANING: Internal table overflow - Linker must be
recompiled.
ACTION: Catl SES representative.

EXTERNAL ARRAY CVERFLOW - TOO MANY EXTERNALS
MEANING?: Internal Table overfiow - Linker must be
recompifieds. {(Maximum is 280 entrijes.)
ACTION:2 Call SES representative.

RECORD CONTAINS IMPROPER SDO
MEANING: An oblect text record referenced an
undefined objlect text section.
ACTION: Correct oblect text.

INPUT RECORD CONTAINS AN IMPROPER SECTION OFFSET
MEANINGS An oblect text record referenced an
offset outside the range specified Iin the
section definition.
ACTION: Correct object text.

NO PRIMARY ENTRY POINT ENCOUNTERED
MEANINGS: Noc primary entry point was specified.
ACTION: Deciare a procedure in your PASCAL~-X
program with the *MAIN®* attribute or
place the primary entry point name in the
PEP fieid of the PCB.

PRIMARY ENTRY POINT NOT XDCLED
MEANING: The name encountered by the Linker for
the primary entry point was not XDClLed in
any object module encountered in the
{inkage.
ACTION: Dectare a procedure In your ISWNL program
with the *XDCL® attribute.
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36

37

38

39

40

L1

L2

43

NO OBJECT FILE INPUY

MEANINGS No object module input was encountered by
the Linker,

ACTION:2 Check the 0BJ_FILE_LIST parameter on the
LINK command if specified, or else the
PCB.OBJ_FILE_LIST_NAME for an LNS name}
check the KFN fields of all elements of
the oblect file tist: check all elements
of the oblect file 1ist? check 311 files
for input.

UNSATISFIED EXTERNAL REFERENCE

MEANING: An XREFed declaration wvas not XDClLed in
any module encounterd in the linkage, or
on any of the moduies on the specified
jibrarijies.

ACTION® Check input file 1ist to assure that you
specified all the files you intended to3
check your program for a missing *XDCL'.

LFD CONTAINS IMPROPER EXECUTE ATTRIBUTE
MEANING2 Unknown execute attribute was specified
in LFD.
ACTION: Correct LFD and retry LINK command.

UNKNOWN OBJECT TEXT RECORD TYPE
MEANING: Object text structure is incorrect.
ACTIONS Correct object text.

UNKNOWN EXTERNAL REFERENCE INSERTION TYPE
MEANING2 Oblect text structure is correct.
ACTION: Correct object text,

UNKNOWN SECTION DEFINITION TYPE
MEANING: ObjJect text structure is correct.
ACTION: Correct object text.

RIF DOES NOT PERTAIN TO CODE OR BINDING SECTION
MEANING:2 Relocation information is being
incorrectiy generated. Linker output is
unaffected,
ACTION: Correct object text.

IMPROPER RELOCATION CONTAINER SPECIFICATION
MEANING:2 Relocation information is being
incorrectiy generated. Linker output is
unaffected.
ACTION: Correct object text.
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4y EXPECTED SCD RECCRD
MEANING® Objlect text structure is incorrect,
ACTION: Correct object text.

45 INVALID PROCEDURE OFFSET FOR INDIRECT CALL

MEANING: The procedure offset for an indirect cali
is not 80 mod B To faciltitate "binding™,
procedure pffsets for indirect calls
should be 0 mod 8. ‘

ACTION: None necessary at this time, but the
object text generator should be modified
to atlocate all! procedures on a word
boundarvya.

45 INVALID BIT STRING INSERTION RECORD

MEANING:2 The Linker encountered a bit string
insertion record with a bit offset
greater than 7 or bit length greater than
57« No bit string insertion has taken
place.

ACTION: The objlect text generator has caused the
error and must be corrected.

47 BAD LIBRARY FORMAT
MEANINGS A file in the Library File List was not a
recognizable 1808 Library created by the
SES CYBER 180 Object Code Utjilities.
ACTION2 Review the Libraries specified in the
*Library File List®.

48 REQUIRED LIBRARY MISSING
MEANING: The Linker encountered a Libraries record
that specified a 1ibrary that was not
present Iin the *Library File List*.
ACTION: ACQUIRE the 1ibrary and specify it in the
*Library File List".

49 ERROR IN PARAMETER VERIFICATION
MEANING: The type declarations for the variabte do
not match on the XDCL and the XREF.
ACTIONT Check the type dectiarations for the
variables, they must be word for word.
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80 OBJECT TEXT FORMAT
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Al1.0 SES/C180 O0BJECY TEXY FORMAY

The genera
with the fot

< ob
<

< ob
<

< ob
<o

for the sa
will be refe

For a CPU
the fotliowin

1.
2e)

3).

For a PPU
arranged in

i form of an oblect module is a file of binary records
loming topology?

ject text descriptor #
object text record # 1
ject text descriptor #
oblect text record # 2
ject text descriptor #
bject text record # n >

VINV
v

>
v

ke of simplicity the record descriptor - record pairs
rred to as records hereafter.

programs the object text records must be arranged in
g orders:

Identification record

Library, section definitions text, bit string insertion,
address formulation, external |inkage., entry definition,
relocation, formal parameter specification, actual
parameter specification and binding template records in
arbltrary order w®with the one stipulation that a section
definition record must precede any other objlect text
records that refer to the sectione.

Transfer symbol record.

program or overlayy the object text records must be
the foliowing orders:
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A1.0 SES/C180 OBJECT TEXT FORMAT
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1.) JIdentification record
2.) PPU absotute record

(2 W B o W W 2

{ Constants that pertain to both the object and 1oad module. 3}

CONST
11cgmax_adr_items
{ictmax_ext_itenms
{icsmax_1ibraries DFfEfFE(16),
{ictmax_rel_items BffEF(16),
ticEgmax_section_ordinat = 0ffff{i6) - 13

Oreee(16),
offff{16),

HoHHH

TYPE
1itgtoblect_text_descriptor = record
case kind: titgoblect_record_kind of
= licgidentitications l1cs$section_detinitiony 11csbit_string_insertion,
lictentry_definition, tictbinding_templiate, licgtransfer_symbol,
octgiibrary_header =
unused: ostisegment_offset, {must be zerol}
ficslibrarjes =
number_of_librarjess: 1 .. licgmax_Jlibraries,
= {ic$texty, ticireplication =
number_of_bytes: 1 .. osc¥max_segment_length,
licsretocation =
number_of_rel_itemss 1 «+ 11cSmax_reli_items,
= {ictaddress_formulatjon =
number_of_adr_items: 1 <. 11cgmax_adr_items,
{icgexternal_linkage =
number_of_ext_jtems?: 1 .. llc¥max_ext_items,
ficsformal _parameters, 1icgactual_parameters =
sequence_lengtht ost$segment_lengthy, {(REP seguence_length OF CELLY
= Yic$ppu_absolute =
number_of_words: t1t3$ppu_address,
= oct$module_directory, oct8entry_point_directory =
number_of_directory_entries: integer,
casend,
recend?

]

H

]

(]

TYPE
11tgobtect_record_kind = (licsidentification, {1c$libraries,
ticssection_definitions llc3text,y, 1icEreplication,
ticgbit_string_insertion, 1ictentry_definition, 1ilcsretocation,
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11cgaddress_formula

S S I Sy S B ST S B NG A A2 DD N WG VD AN I I AN T TS T I D VO S AD IS T I Nl S A PN VWD SO TG S A VD T W It P
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tiony tictexternal_1linkage, 1icgformal_parameters,

1icgactual_parameters, tice¢binding_templiate, i{lctppu_absolute,

jicgreserved_1, {ic
ficgtransfer_symbol
octientry_point_dir

TYPE
f1tgidentification =
name: pmts3program_n
oblect_text_versjion
kind: 1it$module_ki
time_createds: ostst
date_created?: ostsd
attributess: 1itsmod

greserved_2, l1cSreserved_3,y licSreserved_ U4,
s octslibrary_header, octimodute_directory,
ectory):

record

ame,

2 string (4), T *Vi.1" 2
ndy

ime,

ate,

ule_attributes,

greatest_section_ordinats 1itgsection_ordinal,

generator_id: 14tsm

generator_name_vers

commentary? string
recends,

{1ttmodute_kind = (11
ficgiouls

TYPE
{1t$modul e_generator
{i1cgassembler, ficsg
{1cs$pascaly 1icicyb

11t$modute_attributes

TYPE
{1t3tlibraries = array

TYPE

titgsection_definitio
kind: 1i1tg$section_k
access_attributess
sectjon_ordinatls 11
length? ost$segment
allocation_atlignmen
allocation_offsets:
name: pmtgprogram_n

recend,

odule_generator,
2 string {40},
{40)%,

c¥mi_virtual_state, 1icgvector_virtual_state,

= {(11cgatgol, Yicsaply lic$basicy ticicobol,
fortrans tict%oblect_{t{ibrary_generator,
i1s ticspl_is tlcEsympi),

= set of (1icSnonbindable, !lc$nonexéCU?able);

{ * ] of amtglocal_file_names

n = record

ind,
{1t8section_access_attributes,
t$section_ordinal,

_tength,

t2 ost8$segment_offset,
ostgsegment_offset,

amey
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1itgsection_ordinal = 0 .« 1ic3max_section_ordinsal,
{itgsection_offset = 0 .. oscimaximum_offsets

TYPE
11¥3section_kind = (1ictcode_section, 1i1cg¢binding_section,
{tcgworking_storage_sections ticscommon_block,
jictextensibie_working_storage, 1icfextensible_common_block,
11csinvalid_section),

{itesection_access_attributes = set of (1lc¥read, 11c8urite, licSexecute,
{icsbinding) 3

{ Text record. 3}

TYPE
{i1t3text = record
section_ordinails Yitgsection_ordinal,
offsat: 1itgsection_offset,
byte? array { ¥ ] of 0 .+ 255,
recend;

{ Replication record. 3}

TYPE

Iitgreplication = record
section_ordinais: 1itgsection_ordinal,
offsets t1tssection_offset,
increment: 1 .. Oosc¥max_segment_length,
counts 1 .. osc¥max_segment_iength,
bytes array [ * ] of 0 .. 255,

recend;’

{ Bit insertion record. 3}

TYPE
11tgbit_string_insertion = record
section_ordinail: 11tgsection_ordinatl,
offsets 1i1t3section_offset,
bit_offsets 0 <o 7o
bif__leng?h: 1 «» 63y
bit_string? packed array 11 .. 631 of 0 <. 1,
recend?’

{ Address formulation record. }

COMPANY PRIVATE

W e R W e Al M s W B i B B e S G e S RS e S S Gl DN S e AN R e Ge

A NS BE R wE N S SE Gl A SR S A6 we 48 B8 es 6



‘ Al1-5
CDC - SOFTWARE ENGINEERING SERVICES
027157840
ERS for SES Virtual Environment LINKER REVS &

o oy oy S0 Sa0 day w0 Ty W o amy o~ o~y o~ L e e e L e e d et B2 T T B R SRR R P Y ]

A1.0 SES/C180 OBJECY TEXT FORMAT

P S AP A S AU P SN UG P T B D D LB DL D P VT VS UG S Y Wk G SN VD G D A P PP A WD D PP S S U P PP o5 e o~ o~ e suo e g

TYPE
11tsaddress_formulation = record
value_sections: fitgsection_ordinal,
dest_section?® litgsection_ordinal,
items array [ * ] of 11t3address_tformulation_item,
recend,

fit¢address_formulation_item = record
kind2 11tginternal__address_kind,
valye_offset: litgsection_offset,
dest_offsets: 1ltgsection_offset,
recend,

11t3address_kind = {(llicipva, tictinternai_proc,s, {ictone_nord_external_proc
i1ctexternal_procy licgaddress_additions, lic$address_subtraction),

1itginternal_address_kind = 1i1c8pva .« 1ic8external_procs

{ External reference record. 3}

TYPE

{itgexternal_{inkaga = record
names pmtIprogranm_name,
fanguage: 11t$modute_generator,
declaration_matching_required: booiean,
deciaration_matching_value® jnteger,
items array T * 1 of I1t3external_linkage_item,

recends,

11tgexternai_tinkage_jitem = record
section_ordinais lit$section_ordinal,
offset: (1tgsection_offset,
kinds: t1i1t3address_kind,
offset_operand? ostfsegment_offset,
recend?}

{ Entry point definition record. }

TYPE
titsentry_definition = record
section_ordinal? 1itgsection_ordinal,
offsett titgsection_offset,
attributes: 1tgentry_point_attributes,
names: pmtiprogram_name,
1anguages 11t3imodute_generator,
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declaration_matching_requireds boolean,
declaration_matching_vatues integer,
recend,

fitgentry_point_attributes = set of (lictretain_entry_point,
l1cggated_entry_point)3

TYPE
11tsrelocation = array { # 1 of l11t8relocation_item,

iitsrelocation_item = record
section_ordinails: titssecticn_ordinail,
offsets 1itdsection_offset,
rejocating_sections (1t3section_ordinaly, -
containers ti1tsretocation_container,
address? {1 tfaddress_type,
recends,

11tgrelocation_container = {lic$parcely Jictthree_bytess llcthal fword,
licgword, 11cdd_fields, i1cgg_fields 1lcSliong_d_fieild),

{1ttaddress_type = (1lcsbyte_positivey, lictparcei_positive,
Iicthalfword_positive, liciword_positive, 11c3byte_signed,
licPparcei_signed, licthalfword_signed, {icgword_signed)?

{ Procedure formal parameter description record. }

TYPE
1itsformal_parameters = record
procedure_name? pmitg$program_name,
specificationt SEQ { * ),
recends

{ Procedure call actual parameters recorde. 3}

TYPE
11t3actual_parameters = record
callee_name: pmtfprogram_name,
{anguage? 11 tgmodule_generator,
{ine_number_of_cails: {l1tsscurce_line_number,
specifications SEQ ( * ),
recend,

11t3source_{ine_number = string (18)3
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{ FORTRAN argument description? used to describe a single actual or 3
{ formal parameter. }

TYPE

{itstortran_argument_desc = record
argument_type? (itgfortran_argument_type,
string_langth? {1t3fortran_string_t{ength, { onily used for type CHAR}
argument_kinds: 1i1t3fortran_argument_kind,
array_sizez: 1itgfortran_array_sizes, { only used for kind DIMENSION}
mode?: 1itSargument_usage,

recend,

titgfortran_argument_type = {licsfortran_logical, ticsfortran_inteqger,
licgfortran_real, lic$fortran_doubte_real, ticifortran_complexy
licgfortran_char, ticsfortran_boolean, licsfortran_null_type),

1itsfortran_string_tength = record
adaptable: boolean,
numberst 0 .. 0ffff{16),

recend,

titgsfortran_argument_kind = (licsfortran_simple_variable,
licgfortran_dimension,s {icifortran_external,
licgfortran_subscripted_var),

fitgfortran_array_size = record
adaptable? boolean,
dimension: ost$segment_length,
recend,

l1itgarogument_usage = (licBargument_unritten, 1icargument_not_written)3

TYPE
fitzbinding_template = record
binding_offset? {1tgsection_offset,
case kind: ti1tgbinding_template_kind of
= Jlcscurrent_module =
section_ordinatls:s iitgsection_ordinal,
offset: 11tgsection_offset,
internal_address: {1tsinternal_address_kind,
{1cgexternal_reference =
name?: pmtiprogram_name,
address?t 11tgaddress_kind,
casend,y
recend?

]
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TYPE _
1itsbinding_template_kind = {({icgcurrent_modulie, tlcgexternal_reference)j;
TYPE

titgtransfer_symbol = record
name? pmitfprogram_name,
recend’

TYPE

11t8ppu_absolute = record
executes_on_any_ppul booilean,
ppu_numbers? 0 .. (1cSmax_ppu_number,
{0oad_addresss: 1it3ppu_address,
entry_addresss: 1it$ppu_address,
text? arrayl * 1 OF 0 .. Q0ffff{(i6),

recend}

€ tibrary header record

TYPE

f1t¢tibrary_record = record
name? pmtiprogram_name, {name of 1ibrary
time_created?: ostitime,
date_created: ostgdate,
module_directory_index: integer,
entry_point_directory_index: integer,

recend?

{module or entry point directory record

TYPE ~

fitidirectory_item = record
name? pmtsprogram_name, {name of module or entry point
module_size? integer, {size of module (178 words)
module_indext integer, {random index of module

recend;}
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