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7. 0 Qa.!E.~.L~EWLl.B..QNMENT ANO-EQR!:1All 

Object information for any module In IPLOS may resIde In two 
different formatsl object modules and load ~odules. Object 
modules are the output of comollers and the input to both the 
loader and OBLIGE, the library generator. Load modules are only 
output by OBLIGE and may be Input to the loader and OBLIGE as 
well. Two formats are provided for approximately the same 
puroose to allow one of the formats (object module) to be 
amenable to compiler code generatIon, and the other to be 
amenab Ie to ooerating system purposes Ii .e. ·sharing of code). 

Table 7-1 summarlzes the differences between obJect modules 
and load modules. 
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~-----------+-----------~-------------+--------------------------4 
I TOPIC I OBJECT MODULE I LOAD MODULE 
+-----------+-------------..;-----------+--------------.,.----_._-----+ 
I structure I binary f lie of record I a virtual memory segment I 
I I descriptor-record pairs; I I 
I I each pair reoresenting I I 
I I a logically discrete I I 
I I enti ty II 

.+-----------+-------------------------.--------------------------+ 
I access I SWL standard 1/0 I directly addressed I 
+-----------+-------------------------+--------------------------. 
I output I complIers I lIbrary generator I 
I from I I (OBLIGE) I 
+-----------+-------------.,.---- -------+------------- --- -------_._-. 
I inout to I loader I loader I 

I OBLIGE I OBLIGE I 
+-----------+-------------------------.-..;------------------------+ code no : code section is in yes I code is in exec- I 

shared? record format which utable form; same phys- I 
must be copied for each ical image can be given I 
instance of execution to each instance of eXec-I 

utlon I 
+----.,.-----~+-------------------------+--------------------------+ 
I residency I binary flies only I IPL .Iibrary segments onlyl +-----------+--------:--------------_._-+-------------------------. 

TABLE 7-1 
o b j ec t modu Ie-load mOdul e summary 
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7.0 OBJECT CODE ENVIRONMfiNT AND FORMATS 
7.1 INTRODUCTION ------------------------------------------------------------------

Any program executing under IPLOS may have three malor kinds 
of components which reside in different segments havi~g different 
characteristics and protection'attributes. The IPLOS object and 
load module structures are designed to support that three part 
env ironment. The thr ee kinds of 'components are cod e, working 
storage and binding. Table 7-2 summarizes the protection, 
contents and characteristics of the three sections. 

f------- -__ + _______ --- ---+--- ----- --- ------ - -------------f-
1 PROTECT I CONTENTS 1 CHARACTERISTICS 1 

+---------1---------1-------------1------------------------------1 
I CODE I read I. reentrant I .sharab' e among a II act i va- I 
I I execute I instructionsl tloris; if module is in load I 
I I I.con-stant I modul e format, every activa- I 
I I I data I tion shares the-same physical I 
I -I I I cooy 1 
I I I_ I.only one per module I 

+---------+---------+-------------+------------------------------+ I WORKING I section I.all unsharedl.nonshared among all activa- 1 
I STORAGE I deoend- I or modifi- I tlons; a new copy is providedl 
I - I ent I able data I for e_ach instance of exec- 1 
I I I I ut ion 1 
1 I I I.typically multiple sections I 
I I I i per modul e I 
I - I I I .orotection attr i butes are 1 
I I I I compll er specif i ed I 

+---------+---------+-------------+------------------------------+ I BINDING I read I.pointers or I.nonshared among all activa- I 
I I binding I pointer I tions; a new COpy is orovidedl 
I I I pairs I for each instance of exec- 1 
I I I.word alignedl ution I 
I I I I.unstructured; no ordering I 
I I I 1 relationship may exist be- I 
I I I I tween polnters or polnter I 
I I I I pairs I 
I I I I.bindingattribute is admin- I 
I I I I is,tered by IPLOS; may not be I 
I I I I compll er specif 1 ed I 
I I 1 I.only one per module I 

+---~-----+---------+-------------+------------------------------+ 
TABLE 7-2 

Program components 

A more detailed description of the object and load modules 
and the object environment is -provided in the ensuing sections. 
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------------------------.,.-----~------~--.---------~-----~-----

The object module is a _file o-f binary records with the 
following topology: 

< I' ecor d de SCI' i p tor 1> 
<record 1>­

<record descriptor_2> 
<record 2> 

<record descriptor n> 
<record n> 

Each record descriptor contains two fields which define the 
ensuing record: 1. Irecord - type and -2.llength (record type 
dependentl. The length field is used chiefly to fix the lengths 
of adaptable arrays. -

For the sake of simplicity. the record descriptor-record 
pairs will be ~eferred to as records in the remainder of this 
document. 

The following is a list and explanation of each varIant 
record of the ObJect, modulel 

Record 
lQ ~2!12l.s!!.i!!J..!!.Il 

lOR Identifica-tIonrecor-d; fir-st record of the module; 
soecifies module name and attributes. 

SDC SectIon de-flnitlon record; specIfies length and 
attributes of every object module section (code, workIng 
storage, and bfndlng) and all common blocks. 

TEX T~xt record; specifies data to be placed into any 
section~_ -

RPL Repllcatio~ record; specifies data to be repetitively 
inserted into any sectiori. 

BIT Bit lnse'rtlon; inserts a specIfied subset of a byte Into 
any section. --

EPT Entry pointdeHnltlon; defines an address In any section 
as a named exter-nally accessible value. 

RIF RelocatIon informatIon; defInes those areas in each 
sec_tIon,which must be modIfied by OBLIGE when binding 
modules toqether; not processed by the loader. 

AIN Address InsertIon; replaces or adds the address of a 
section of t"he module to another location withIn a 
module; allows the construction of full PVAs at load 
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-----------------.---- ----r--- --- ---- --------- - ---------------------

tIme; requIred sInce the ring number, segment number, and 
offset of each section are only determi~ed at load time. 

AOI Address offset insertion; essentially the same as AIN 
above except that a (section,offsetl may be replaced or 
added. 

XRL External reference linkage; speci fIes a I ist of addresses 
In the containing module Into which the address of the 
named external Is to be placed. 

TRA Transfer record; specifies· a.lthe prImary entry point and 
b.l the end of the object module. 

The object module records must be arranged in the fol lowing 
order: 

1.IIDR record 
2.ISDC records for alt object module sections 
3.lTFX,RPL,BIT.EPT,RIF,AIN,AOI, and XRL records In arbitrary 

order 
4.ITRA record 

The records I n group three are not required to be in any 
order, however they will be processed by the loader in the order 
that they are received. Therefore some concern must be gIven to 
the order in Which they are generated. 
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7.0 OBJECT CODE ENVIRONMENT AND FORMATS 
7.3 LOAD MODULE - LIBRARY SEGMENT SUMMARY 

7. 3 • 1 LIB RA R Y SU M 'IA R Y 

A library is a directly addressible virtual memory structure 
which contains a number of· modules plus the module and entry 
point dictionaries required to retrieve them. 

When an object module Is placed on a library it Is 
reformatted into a load module. The most sIgnificant difference 
between an object module and a load module is that the code 
section of the load module is In executable form. This means 
that the library segment containing the load module need only be 
INITIATEd in the address space of the requestIng user and the 
code section will be ready to execute (the workIng storage and 
binding sections must stili be allocated and inItialized). 
Furthermore any other task in the same or any other job 
requesting the use of that library wIll receive the same copy of 
the code section although not neccessarily INITIATEd In the same 
process segment number. 

The components whIch organize and define the load modules on 
a library are as followsl 

Libra ry header 

Subprogram dictionary 

Procedure dictIonary 

Entry poInt I module 
dictionary 

Identifies the library; contaIns relative 
pointers to the library dictIonaries. 
Contains the name, attributes 
relative pointer to the load module 

and 
for 

calls each subprogram module. Used for 
to subprograms. 
Contains the name, attributes and 
relatIve pointer to the load module for 
each procedure modu Ie; used by OBLIGE 
durIng library generation. 
Contains the relative pointer to the load 
module for each entry point in each 
procedure module: used by the loader to 
load modul es associated with a part icular 
entry point. 
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7.0 OBJECT CODE ENVIRONMBNT AND FORMATS 
7.3.2 LOAD MODULE SUMMAR¥ ------------------------------------------------------------------
7.3.2 LQAD MODULE SUMMARY 

A detailed format of the load module is not available at 
this time. however an outline of the major elements of the load 
module and of the components of each element is orovlded below. 

The load modul e consists of six maJor elementsl the module 
header, the code element. the linkage element, the working 
storage element. the entry point definitions. and the information 
element. The components of each element are summarized below. 

The load module heRder 
module. The header is 
dictionaries of the library 
following itemsl 

Module header header 

identIfies and organizes the I~ad 
pointed to by one of the module 
in which it resides. It contains the 

- Primary entry poInt name 
- Back oointer to procedure or subprogram module dictIonary 

entry for this module 
- Module generator code 
- Module qenerator name and versIon 
- Time/date created 
- Pointer (relative to module hl'ader I')eader) of section 

definition list 
- Number of section definitIons 
- Pointer (relative to module header header) of load module 

map 
- Number of load module map entries 
- Commentary supplied at module qeneration time 

Section definitIon list entry - one for each sectIon defIned 
in the I~ad module 

- Section type 
- Section attributes 
- SectIon length 
- MaXimum length for extensible sectIons 
- SectIon ~IIgnment 
- Name for common blocks 

Load module map entry one for each element of the load 
modul e 

- Element tYPe 
- PoInter (relative.to the library segment) of the element 
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- Element length 

7.3.2.2 Code elemgnl 

The code el~ment may contain constants. 
relative pOinters to other sections. ThIs 
nonselfmodifying to enable the element to be 
activatIons of the load module. 
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instructIons and 
element must be 

shared by all 

The linkaqe element contains the names and linkage chains 
for all external references made by this load modul e. 

The working stor~ge element contains the interpretIve 
initialization Information for all the workI~g storage sectIons 
and common blocks defined In the module. Each of these sectIons 
is allocated and initialized for every activation of the module. 
Since the code section Is not modIfied at load time, all 
modifiable data and f~11 address pointers must reside In workIn9 
storage sections. 

The kinds of interpretIve inItIalIzatIon records supported 
in the working storage element are as fol lowsl 

Record 
III 

Record 
!ia!n~ 

TEX Text insertion record 
RPL Reolication record 
BIT Rit InsertIon record 
AIN Address insertion record 
AOI Address offset insertion record 

Since the System/hardware cal linq convention only provIdes a 
called module with the address of its binding section. the 
bindIng sectIon must contain self-referencing links whIch allow 
the code section to find the appropriate working storage sectIons 
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------------------------------------------------------------------
at execution time. 

The entry point def initlons are a lIst of al I the named, 
externally accessible addresses in the load module. 

The information element contains informatIon whIch does not 
belong in the other four elements, notably relocation Information 
for library generation, module information, compiler generated 
symbol tables. etc. The element. consists of a header and several 
tab les which lTake UP the body of the information el ement. 

The informatIon el~ment header organizes the InformatIon 
element. It contains the lIst headers for the other components 
of the Information element. 

7.3.2.6.2 ~~UfNTIFICATION 

A load module may consist of several object and load modules 
bound together by OBLIGE. In this c:lse a component 
identification entry Is maIntaIned for each of the orIgInal 
components of the module. Each entry consIsts of the following 
items' 

Module name 
MOdu(e generator code 
Module generator name and versIon 
Time/date created 
User supplIed commentary 

7.3.2.6.3 ~~~FORMATIQN 

Relocation Information is used by OBLIGE when binding object 
or load modules together. It identifIes every offset relative to 
the base of either the code or binding section which must be 
altered to reflect the offset in the new bound module. 
Relocation information Is not used by the loader when the module 
Is loaded. 

NCR/COC PRIVATE REV 28 J4N 75 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3D 
31. 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

7-10 
AOVANCED SYSTEM LABORATORY CHP1104 

75/05/30 
IPLOS GDS - MAJOR INTERFACE AREAS 
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7.0 OBJECT CODE ENVIRONMENT AND FORMATS 
7.3.2.6.3 RELOCATION INFORMATION 

Each relocation Information Item consists of the followlngl 

Section and offset containing field to be relocated 
Section to which field Is to be relocated (l.e. code or 
binding) 
Size and kind of field 
Sign and type of offset contained wIthIn the field 

The bInding section template is produced by OBLIGE whenever 
it creates a load module. It identifies the contents of each 
word In the bindIng section for the load mOdule. 
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7.0 OBJECT CODE ENVIRONMENT AND FORMATS 
7.4 OBJECT ENVIRONMENT AND CONVENTIONS 

7.4.1 OBJECT COMPONENTS 

Any program executing in IPLOS has an object environment 
consistIng of three types of componentsl code sections, working 
storage sections, and binding sections. A sin91e module (object 
or load) consists of a single code section, a sin91e bindi n9 
section, and multiple workin9 storage sections. The code section 
is separated from the workin9 storage sections in order to allow 
the sharin9 of the code section amon9 multiole activatIons of the 
module. The binding section is separated from the working 
storage sections in order to a.)allow controlle1 transfer between· 
rin9s of orotection and ~.)al low the binding sectIons of several 
load modules to be combined durin9 library generation by the 
elimination of matching entry pOint-external oairs and redundant 
external references. 

All code produced by standard IPL compiler oroducts must be 
reentrant to al low it to be shared amon9 all activations of the 
module. The code section of every module, therefore, should only 
contain nonselfmodifYin9 instructions, constant data and relative 
poInters to other sectIons. There. may be no 'IIore than one code 
sectIon per module. 

Since the object module may contain code that has been 
generate1 discontiguously (i.e. not in the order in which It Is 
to be eXecuted), the code sectIons of object modules are 
allocated in a seg'llent rNITI~TEd at load time for every 
activation of the module. However., should that module be 
processed by the· I ibrary generator and reformatted Into a load 
module, its code section will be in eXecutab-le image and will be 
shared amon9 all activations of the module. 

WorkIng storage sections contain al I modifiable, nonshared 
data used during a modules execution. There may be an arbitrary 
number of working storage sectIons per modul e each hay in9 its own 
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7.4.1.2 WorkIng storage sections ---------------------------------------------------------.--------
attributes specified by the program that generated the module. 

The attributes that may be specified for each working 
storage section are as follows: 

Working storage 

Common block 

Extensible workin9 
st orage 

Extensible common 

Read 
Write 
Execute 
Binding 

ALLru;.A TI a N A TTP IB..!.!.li:-S. 
Length 

Maximum length 
AlIgnment -

Fixed length known at allocation ~ime and 
unchanging during execution; always 
allocated and initialized when module is 
loaded. 

Named data section equivalent to FORTRAN 
common, SWL external. PL/l static 
external, and COBOL (ATG) global; 
allocated once for every ~ask. 
Like working storage except length may 
increase during execution; maximum length 
is specif i'3bl e. 
like common block except I ength may 

-increase during execution; maximum length 
is specifiab Ie. 

Indicates sect ion Is readable 
I nd ica tes section is wr itab Ie 
IndIcates section is executabl e 
Indi ca tes section is a bindin9 sect ion; 
this attribute is administered by the 
s ys tem and may therefore only be 
-speclf ied in the bInding sect-ion (c.f. 
7.4.1.3). 

Section I ength; initial all ocation for 
extensible sections. 
Maximum len9th for extensible sections. 
Bvte alignment of section; section is 
allocated startin9 at a 0 HOD alignment 
byte address. 

7 • 4. 1.;3 ]H.!ll!.l.Dg-!ig.s;li.m:!~ 

The bInding sect ion may be thought of as a special clas~ of 
working storage section that is administered by the Operating 
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7.4.~.3 BindIng sections ------------------------i-----------------------------------------
System. There may be only one bIndIng sectIon per module just as 1 
there may be only one code· section. BInding sectIons are 2 
allocated in a segment that has the read and bIndIng protectIon 3 
attrIbutes and does nQi have'the wrIte attrIbute in user rIngs. 4 
Furthermore only the Operating System may INITIATE a segment wIth 5 
a bInding attrIbute; users may not. & 

7 
In order to Insure the effIcacy of the bIndIng sectIon, 8 

several conventIons concernIng It must be adhered to by alt 9 
modules executed In, IPLOS. These conventions have been 10 
establishej to aChieve the fol lowIng endsl 11 

12 
1.IAssure the Int~grlty of crossIng rIng of protectIon 13 

boundaries; one of the requIrements of protectIng one pIece 14 
of code from another Is that the prot~cted code only be 15 
entered from points at which It is prep~red to receIve 1& 
control. BranchIng to arbitrary entry .points within a pIece 17 
of code coul d cause undef Ined, possIbly destruct Ive resu Its. 18 

2.IAI low the bIndIng sections of several modules to be combIned 19 
at library qeneration time In such a fashIon thate 20 
a.IFurther processIng of matchIng entry-external references 21 

at .Lruui time Is elImInated in some cases. 22 
b.IRedundant external references are removed thereby reducing 23 

the overall sIze of the combIned bIndIng sectIon of the 24 
·new module. 25 

3.IProvide a conslstant mechanIsm for all pure procedure code 2& 
(user and systeml to dIscover the data base assocIated with 27 
the approprIate Instance of exe·cutlon. 28 

29 
30 

The conventIons associated with the binding sectIon are as 31 
followsl 32 

33 
1.10nly the Operating System may INITIATE a segment wIth the 34 

bInding protection sttribute. . 35 
2.lThe bindIng section is readable but D.21 wrItable In the users 3& 

rIng of protectIon. 37 
3.lThe only data that!!!U be stored In the bInding sectIon are 38 

pointers, and they must be in one of the three following 39 
.formsl 40 
a.IFortyeight bit data poInter, right Justified In a full 41 

word wIth the two unused bytes zero filled; alIgned In a 42 
fu II word. 43 

b.IA sixty four bit internal procedure code base pointer; 44 
alIgned In a full word 45 

c. I A 128 bIt external procedure code base-bInding section .4& 
poInter pall'; aligned in two full words. 47 

DespIte the fact that the bindIng sectIon Is readable In the 48 
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7.4.1.3 BindIng sectIons ------------------------------------------------------------------

user "lng, placement of constant data Is 
eXplicitly ~ls~!!~~ed to prevent generatIon of erroneous 
entry pOints to more privIleged rIngs under false pretenses. 

4.IThe only data that mY§! be stored in the bInding sectIon 
!i .e. hardware requirement) are Internal and external 
procedure descriptors (I.e. 3b and c abovel. 

5ilThe bIndIng sectIon must be unstructured; that Is no 
predetermined order can be assumed between bindIng sectIon 
entrIes since a gIven entry·s relatIve locatIon within the 
bInding sectIon may change Independently of any other entry 
durIng library generation, ThIs Implies that address 
arIthmetic (indexingl or assumptIons about pointer contIguity 
are not permItted with regard to the bindIng sectIon. 

6.IThe Ooeratlng System/hardware callIng conventIon only 
provIdes a procedure wIth the address of Its bInding 
section. ThIs implies that the base address of at least one 
of the module's working storage sectIons must be stored In 
the binding sectloh. 
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Table 7-3 summarizes the' segm,ent allocatlon that takes place 
for each type of module section when a program is established as 
a task. 

+-------+---------------------------------------------------~----+ 
I SECTION I SEGMENT ALLOCATION I 
+-------+---------------~-----~----------------------------------+ 

CODE I.one segment per ring for the code sections of all the 
I object modules in the object file list 
I.one segment per system for each library in the lIbrary 
I s,egment list ' 

+-------+------------------------------------------~-------------+ 
IWDRKINGI.one segment per rIng per access attrib~te set in which I 
ISTDRAGEI all non-extensible working storage sectIons and common I 
I I blocks are allocated I 
I I.one segment for each extensible working storage sectionl 
I I and common block I 
+-------+--------------------------------------------------------+ 
IBINDINGI.one segment foral I binding sections of al I the modulesl 
I I in a task I 
+-------+--------------------------------------------------------+ 

TABLE 7-3 
Module-segment allocation 
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The conventions to which all modules !obJect and load. must 
conform in order to be ~rocessed by the loader and library 
gen.rator are summarIzed belowl 

Object modules must be generated in the fol lowing orderl lOR; 
all SDCs; any combination of TEX.RPL,BIT,EPT.RIF.AIN,AOI, and 
XRL records; TRA. 
Object module records are processed as they are read by the 
loader and library generator. Overlapping records are not 
detected. 
Each module may cont'lin at most one code sect ion and one 
binding section but an arbitrary number of ,working storage 
sections and common blocks. 
Section definition ordinals in every module must start at 
zero and be numbered consecutively. 
The code section of every module must be 
to be shared with all activatIons of the 
The binding section of every module 
followIng conventionsl 

"pure" to a II ow it 
module. 

must adhere to the 

- Only the O.S. may INITIATE a segment with the binding 
attr i buteo 

- The binding sectIon is 
user'S ring 

readable and 0Q1 wrItable in the 

- Only right Justified, word aligned pointers and procedure 
descriptors may be stored in the binding section; constant 
data is eXollcitly 2lsalloweg • 

- Only procedure descriptors m~~l be stored In the binding 
sectIon. 

- The bInding sectlon must be unstructured; that is no order 
may be presumed to exist among binding section entries. 

- The O.S./hardware calling convent ion onl y supplles a call ed 
procedure with the base address of its bInding section; ,the 
base addresses of all working storage sections must be 
bootstrapped from the bindIng sectIon. 

Code section protection attributes are read and e~ecute. 
FORTRAN blank common should be an extensible common block 
with a name of al I blanks. 
Entry-externals and common blocks havIng the same names are 
specIfIcally allowed. 
For dynamic linking address arithmetic instruction 
seauences using external addresses must load the ooIn,ter to 
the external address into an A register' before performing any 
computation to allow the dynamic ,linking fault to be 
processed correctly. 
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7. 7 !2EIAI.!..EJL!1Q.QULL.E.QR I'1A T S 1 
2 
3 

A detaIled listIng of the current versIon of the type 4 
defInItions of the object module is avaIlable In catalog GSa In 5 
an ASCII lIst on f 11 e OBJTEXT and In the out out lIst 1ng of ISHL 6 
on the fll e OBJSHL. 7 

8 
A detaIled listInq of the load module Is not currently 9 

available. 10 
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6. 0 A~~SS_!:1fIHODS 1 
2 
3 
4 
5 
& 
7 

To be supplIed 6 
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9. 0 ll!S.B.ill:IfN TilT I.ll.N 1 
2. 
3 
4 
5 
6 
7 

To be SUPD lIed 8 
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