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• Modifies the install and look at installed attributes, if necessary, in the section attributes field. 

• Satisfies the alignment attribute in the section attributes field by ensuring the read-only sections' 
position in the output object module. 

• Uses the old global field to select a global definition when multiple definitions of the same global 
name occur. 

• Copies module information records from input object modules and adds a maker module 
information record. 

• Combines static resource information from input object modules. 

• Prints the information in the" module information maker records if you use the binder option 
-MAKER. 

• Combines sections with the same name. 

We discuss the boldfaced terms and binder implications in greater detail where applicable in this chapter. 

F.2 What the Loader Does 
The loader loads the object module into memory by performing the following functions: 

• Maps read-only sections to memory. 

• Allocates space for read/write sections. 

• Resolves references to installed libraries using KGT (Known Global Table). When you install 
libraries in the address space, their entry points are put into KGT. We discuss this table in greater 
detail later at the end of this chapter. 

• Initializes data and relocates address in read/write sections. 

F.3 Producing an Object Module Listing 
Once the assembler, compiler, or binder translates your program into an object module, you can list 
information about the object module using the OBJDMP AEGIS Shell command. The format of the 
command is: 

$ OBJDMP input filename [-option (s) ] [outputfile] 

where the object module (filename.bin) is the input file and a text file is the output file. The output 
filename is optional (except where noted); use an output filename if you want to keep a copy of the object 
module listing. If you do not use an output filename, OBJDMP dumps the listing to stdout (standard 
output) . 

The OBJDMP command options are listed below. If you do not include any options, the OBJDMP 
displays all information. 

Option 

-L[IST] 
-H[EADERS] 
-SEC [TIONS] 
-G[LOBALS] 
-SRI 
-MAKER 
-IMP[URE1 
-DEBUG 

The Object Module 

Meaning 

Write information to the indicated file. You must specify an output filename. 
Display header information. 
Display the section table. 
Display the globals table. 
Display the SRI records. 
Display the maker records. 
Display the impure data. 
Display debug information. 
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F.4 Interpreting the Object Module Listing 
The following examples illustrate a FORTRAN source program and the object module listing. Throughout 
the section, "Object Module Elements" section that follows, we refer to the appropriate part of the object 
module listing example to illustrate our points. 

Example 1 a: FORTRAN Source Program 
subroutine try 
common /block/iarray(20) 
data iarray/20*1000/ 
call again 
end 

Example 1 b: Object Module Listing 
Apollo Object Module Dumper -- 2.0 
*** Object Module Header *** 
Identification = Program_Module 
Format_Version = 3 
Mapped_Size = 00000054 

*** Global Information Header *** 
Start_Address 0 00000000 
Name = TRY 
Creation_Time 28FE9802 
Time Stamp: 1985/09/17 14:09:08 EDT (Tue) 
N_Sections 4 
N_SRI 0 

2 
o 

*** Section Index Table *** 
ID NAME 

1 PROCEDURE$ 
Long-aligned 

2 DATA$ 
Long-aligned 

3 DEBUG$ 
Long-aligned 

4 BLOCK 
*** Globals *** 

5 ( 0 00000000) AGAIN 

LOCATION 
00000020 

00000000 

0000003C 

00000000 

SIZE 
0000001C R/O Concat Instr 

00000014 Concat Data 

00000018 R/O Concat Data 

00000050 Ovly Data Long-aligned 

6 ( 2 00000004) TRY Marked 
*** Static Resource Information *** 
*** Impure Data *** 

Text_Rec: 
Id: 2 Text_Mem_Addr: 00000000 Byte_Count: 20 

0000: 00000000 4EF90000 00000000 00140002 
0010: 00000000 
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-------------------------------------- ------------------------------

ReIoc_Rec: 4 
OFFSET RELOC_BASE_ID 

1 0000 5 
2 0006 1 
3 OOOA 2 
4 0010 3 

Text_Rec: 
Id: 4 Text_Mem_Addr: 00000000 Byte_Count: 4 

0000: 000003ES 
Repeat_Rec: 20 
End_Rec 

F.S Object Module Elements 

The object module is composed of the following standard elements: 

• Object module header 

• Read-only sections 

• Global information header 

• Section index table 

• Global table 

• Read/Write section templates 

We discuss each standard element in detail in the sections that follow. Optional elements of the object 
module (Module Information records, Static Resource Information records, and Debug Tables) are 
discussed later in the chapter. First, we present an illustration of the object module format .. 

Within each section, we illustrate the format of the particular element and provide an example from the 
actual object module listing shown in Example Ib above. The diagrams presented in .this section contain 
numbers to the left of the diagram. These numbers are byte displacements (decimal) of the fields from 
the beginning of the element. 
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.•.. : Streams Header 

Object Module Header 

Read-Only Sections 

Global Information Table 

Section Index Table 

Global Table 

Read/Write Section Templates 

Figure F-1. Object Module Elements Format 

NOTE: Object module data is preceded by a 32-byte streams header (shaded area in 
illustration) . This header is transparent if you read the file through a read 
operation. However, if you map the file, the streams header is included. 
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o F.S.1 Object Module Header 

o 

The object module header is the first element of an object module. The main purpose of the 32-byte 
header element is to provide pointers to other elements in the object module. These 4-byte pointers, 
which are 32-bit integers that give the position in the file relative to the start of the object module, are 
called file pointers. File pointers are offsets from the beginning of the object module header to the 
current position in the file. The fields in the object module header are shown below in Figure F-2. 

o 
2 

4 

8 

12 

16 

20 

24 

28 

Identifica tion 

Format Version 

Mapped Size 

Pointer to Pure Code 

Pointer to Global Information Header 

Pointer to Impure Data 

Pointer to Module Information Tables 

Pointer to Debug Tables 

Pointer to END of Object Module 

Figure F-2. Object Module Header Fields 

We discuss each field below. Use the following example, from the object module listing, for reference as 
you read about the fields. 

** Object Module Header *** 
Identification = Program_Module 
Format_Version = 3 
Mapped_Size = 00000054 
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Identification Field 
The identification field is a 2-byte field that contains a value identifying the object module as either a 
program module, a library module, or an object module modified by the debugger. Table F-1 lists the 
identification value and the object module type. 

Table F-1. Identification Field Values 

Identification Field Value Object Module Type 

1 Program Module. All object modules created by the compilers 
and binder. This is an executable object module. 

2 Library Module. Library modules are output by lbr and input 
to the binder. 

4 Object Module Modified by Debugger. Occurs if you set break-
points in a program running under DEBUG with the -NC option. 
During normal termination, DEBUG removes any breakpoints and 
sets the 10 field value back to 1. Abnormal debug terminations 
can cause the value to remain at 4. 

NOTE: The loader will not execute object modules that contain identification field 
values other than 1. 

In our example above, the subroutine is identified as a Program_Module. 

Format Version Field 
The 2-byte format version field contains a value of 3. For example, Format_version = 3. The 
format version number identifies the version; the value 2 indicates pre-SR9. 5 and 3 indicates SR9.5. 
Currently, these are the only valid values. We discuss only SR9.5 in this chapter. 

Mapped Size Field 
The mapped size field is the length in bytes of the read-only sections plus the object module header 
(32-bytes). The loader maps the object module from the stan of the object module header to the end of 
the read-only sections. The loader uses the mapped size field value as an argument to the mapping call. 

In our example, the mapped size is 00000054 bytes (hex). 

Pointer to Pure Code Field 
The pointer to pure data, pure code, or non-relocatable code, contains the byte displacement of the 
read-only sections from the start of the object module. The pointer to pure code should be 32 because 
the read-only sections follow the 32-byte object module header in the object module format. However, 
we advise using the pointer in case the header size changes. 

Pointer to Global Information Header Field 
The pointer to global information header contains the byte displacement of the global information header 
from the start of the object module. This pointer contains the same value as the mapped size field 
because the global information header follows the read-only sections in the object module format. 

Pointer to Impure Data Field 
The pointer to impure data field points to the start of the read/write section templates. These templates, 
described in greater detail in the "Read/Write Section Templates" section later in the chapter, are a series 
of records. The read/write templates provide information to the loader about initialization and relocation 
required in the read/write sections. In our Example 1b: Object Module Listing, DATA$ and BLOCK are 
read/write sections. 
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Pointer to Module Information Tables Field 

This field contains the pointer to the optional module information tables. If the tables are absent, the 
field value is O. Otherwise, the field value is the byte displacement of the module information tables from 
the start of the object module. 

When the tables are present, the module information can occur anywhere after the section index table. 
DOMAIN compilers and the binder put the module information after the read/write templates at the end 
of the object module. Refer to the "Module Information Records" section within this chapter for more 
information. 

Pointer to Debug Table Field 
This field points to the debug table header. For more information, refer to the "Debug Table" section 
within this chapter. The debug table is separate from the DEBUG$ section, which also contains 
debugging information. 

Pointer to END of Object Module 
The pointer to END of object module contains the value of the length (in bytes) of the object module. 

F.S.2 Read-Only Sections 

The read-only sections follow the object module header in the object module format. The read-only 
sections are one of two types of major sections: read-only and read/write. We describe the read/write 
section in more detail later in this chapter. 

The read-only element can contain multiple sections. However, because read-only sections cannot be 
modified during loading or execution, they can only contain instructions and constant data (pure code, 
nonrelocatable or position independent code). The loader maps read-only sections with read and 
execute-only rights to ensure that the object module is not modified during loading and execution time. 

The advantages to mapping the read-only sections include: 

• Protection by ensuring that pure code and data is not modified while the program is executing. 

• Faster loading time than read/write sections because the loader does not have to read the 
templates in the object module and initialize the data as in the read/write sections. 

• Better working set performance when more than one process is running the same program. The 
read-only sections of a program can be shared by multiple processes running the same program. 

F .5.3 Global Information Header 

The global information header follows the read-only sections in the object module format. You will recall 
that the object module header (described above) contains a file pointer to this element. 

Before introducing the global information header element, we provide an overview of globals. Globals 
are intermodule references. Compilers generate object module globals for every external function and 
data variable. 

An object module global can be either a reference or a definition. As an example, a call to an external 
procedure is a global reference. A definition can be illustrated as an external procedure body. One of 
the binder functions is to resolve global references and definitions. 

The 74-byte global information header contains the fields shown in by Figures F-3. 
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0 Start Address 

6 
Name 

38 Version 

42 Creation Time 

46 
Number of Sections 

50 
Pointer to Static Resource Information Records 

54 Number of Static Resource Information Records 

58 Pointer to Global Table 

62 Number of Globals 

66 Pointer to Shared Libraries 

70 Number of Shared Libraries 

Figure F-3. Global Information Header 

We describe each field below. Use the following example for reference. 

*** Global Information Header *** 
Start_Address 0 00000000 
Name = TRY 
Creation_Time 28FE9802 
Time Stamp: 1985/09/17 14:09:08 EDT (Tue) 
N_Sections 4 
N_SRI 0 
N_Globals 2 
N_Shared_Libraries 0 

Start Address Field 

The start address field identifies the location of the first executable instruction, where the loader 
transfers control to the program after loading the object module. The 6-byte stan address is composed of 
two fields: a 2-byte section ID and a 4-byte offset. The section ID is the section's position in the section 
table. Refer to the "Section Index Table" section in this chapter for more information. The offset is the 
displacement from the stan of the section. In our example the ID is 0; the offset is 00000000. This is 
because our example is a subroutine, which means that the object module does not have a stan address. 

A program can only have one stan address. At binding time, the binder issues a warning message: 
Attempt to respecify start addr if more than one object module contains a stan address. For 
example, the FORTRAN compiler creates subroutine object modules without stan addresses. If an object 
module does not have a start address, the section ID and offset fields are set to 0, as shown in the 
example above. 
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Name Field 
The 32-byte name field identifies the object module. If the name is shorter than 32 characters. the 
remaining spaces in the field are blank filled. The name of our example program is TRY. 

Version Field 
The 4-byte version field identifies the compiler version number. DOMAIN compilers currently set this 
field to O. 

Creation Time Field 
The 4-byte creation time field identifies the time at which the object module is created. DOMAIN 
compilers set this field to the most significant 4-bytes that the routine time_$clock returns. OBJDMP 
converts the creation time to date/time format using CAL_$ routines and the TS command prints out the 
creation time as a time stamp. 

Number of Sections Field 
The 4-byte number of sections field contains the number of sections (both read-only and read/write) 
within the object module. 

In our example. N_Sections = 4. Note that this number corresponds to the four sections identified in 
the section index table part of the listing shown in the next section. 

Pointer to Static Resource Information (SRI) Records Field 
Static resource information (SRI) records are an optional element in the object module. The 4-byte file 
pointer. which points to optional SRI records, contains the byte displacement of the first static resource 
information record from the start of the object module. This field contains a 0 if no static resource 
information records exist. 

o Number of Static Resource Information (SRI) Records Field 

o 

The 4-byte number of static resource information records field contains the actual number of static 
information records that follow. This field contains a 0 if no static resource information records exist. 
For example, N_SRI = O. We explain static information records in the" Static Resource Information 
(SRI) Records" section in this chapter. 

Pointer to Global Table Field 
The 4-byte file pointer to the global table field contains the byte displacement of the start of the global 
table from the start of the object module. We explain the global table in more detail later in this chapter. 

Number of Globals Field 
The 4-byte number of globals field contains the sum of global definitions and references found in the 
global table. In our example, the two globals are the subroutine name TRY and the called routine name 
AGAIN. 

Pointer to Shared Libraries Field 
This 4-byte field is currently not used. Its value is set to O. 

Number of Shared Libraries Field 
This 4-byte field is currently not used. Its value is set to O. For example, N_Shared_Libraries O. 
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The section index table immediately follows the global information header. The section index table is an 
array of entries consisting of one entry for each section. 

Sections have properties called attributes. These attributes are represented as bits in a 2-byte field. One 
attribute in the field determines if the section is read-only or read/write. If the bit in this field is 1, then it 
is a read-only section; otherwise. it is read/write section. 

Sections are referred to elsewhere in object modules using .16-bit integer IDs, as illustrated by the start 
address in the Global Information header and by the reloc_id in relocation records. The 10 of a section is 
its position in the section table. Each section table entry is 42 bytes long, as shown below in Figure F-4. 

0 
Location 

4 
Memory Size 

8 
Attributes 

10 

Name 

Figure F-4. A Section Table Entry 

We describe each field below. Refer to the following example for more information. 

*** Section Index Table *** 
ID NAME 

1 PROCEDURE$ 
Long-aligned 

2 DATA$ 
Long-aligned 

3 DEBUG$ 
Long-aligned 

4 BLOCK 

location Field 

LOCATION SIZE 
00000020 0000001C R/O Concat Instr 

00000000 00000014 Concat Data 

0000003C 00000018 R/O Concat Data 

00000000 00000050 Ovly Data Long-aligned 

For read-only sections, the location field is a file pointer, or byte displacement of the section, from the 
start of the object module. For read/write sections, this field is set to O. In our example, the location of 
PROCEDURES is 00000020 and the location of DEBUGS is 0003C. 
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Memory Size Field 
The 4-byte memory size field contains the size of the section. Because read-only sections are 
represented in memory image format, the size of the read-only sections corresponds to its size in the 
read-only section element in the object moqule. For read/write sections, this is the amount of memory 
that the loader allocates. In our example, the size of PROCEDURE$ is 0000001C. The size of 
DEBUG$ is 00018. The loader uses memory size to determine how much space to allocate during 
loading for read/write sections. 

Attributes Field 
The 2-byte attributes field contains several section attributes. Each bit in the field corresponds to a 
section attribute. Figure F-S illustrates each bit in the section attributes field. We discuss each attribute 
in detail. 

In the example shown above, the attributes of PROCEDURES are written as R/O Concat Instr, which 
means that the read-only and Instruction attribute bits are set and the overlay bit is reset. Many of these 
bits can be set/reset with binder options. Refer to the "Section Attributes" section in the DOMAIN Binder 
and Librarian Reference for more information. 

15 

Old-----.., 
Look At Installed ----.., Mlxed------, 

Alignment Instruction __ ..... 

Zero 

Install 
Nonreplacable -----' 

Absolute ---..... 
Overlay 

Read Only 

NOTE: The shaded bits in the figure are reserved. Therefore, they must be set .to 0 in 
each section attribute field. 

Figure F-5. Section Attributes Field 

o 

READ-ONLY BIT. This least significant bit identifies the section as read-only if the bit is 1. If the bit is 
0, the section is read/write. You can issue limited control of these attributes by using the 
-READONLYSECTION binder option. Refer to the DOMAIN Binder and Librarian Reference for a 
description of this binder option. 

OLD BIT. This bit indicates old sections. If the bit is 1, the section is old. The binder does not copy old 
sections to the output object module. Also, the loader does not load old sections. Currently, you cannot 
explicitly mark a section as old. 

OVERLA Y BIT. The overlay section attribute determines how the binder combines sections that have 
the same name. If the bit is set to 1, then the section is overlay. When the binder combines sections 
with the overlay section attribute, the size of the resultant section is the size of the largest individual input 
section. You can use an overlay section when several modules define shared data. For example, a 
FORTR-\N COMMON block is an overlay section. You have indirect control of these sections through 
the source code. 
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If a section is not overlay (the bit is set to 0), the section is concatenate. When the binder combines a 
concatenate section, the size of the resultant section is the sum of the input sections. 

MIXED BIT. The binder uses the mixed bit for internal classification. The bit indicates whether a 
section is declared concatenate in some input object modules or overlay in others. Only the binder can 
set the mixed bit. This enables the binder to repon useful error messages if contradictory declarations 
occur in a future attempt to bind object modules. In a mixed case, the binder or librarian assumes that 
the section has the overlay attribute. 

ABSOLUTE BIT. The assembler generates an absolute section when you define a global with an 
absolute address, as illustrated by the following example: 

VARl 
ENTRY 
EQU 

VARl 
$FE80AB 

Defining a global with an absolute address can be useful when you want to symbolically refer to an address 
used for memory mapped 1/0. Absolute sections have a size field of O. 

The absolute attribute informs the loader to begin the section at a fixed virtual address. In a high-level 
language, you have no control over this attribute. 

INSTRUCTION BIT. The instruction attribute indicates whether a section contains instructions. If a 
section does not contain instructions (bit is set to 0), it is a data section. Read-only and readlwrite 
sections can have an instruction attribute. However, instructions normally are found only in the read-only 
sections. Currently, only the binder examines the instruction bit. The binder does not set the install or 
look at installed attribute in a section that contains the instruction attribute. 

NONREPLACABLE BIT. The binder sets this bit if a global is defined as a non-zero offset from the 
section start and the binder resolves a reference to that global. The binder sets the nonreplacable 
attribute in the output object module for the section in which the global is defined. 

NOTE: Currently, sections cannot be replaced. 

ZERO BIT. The zero attribute is used only for read/write sections. If this bit is 1, the loader zeros the 
section after allocating space for the read/write section and before processing the read/write templates. 
However, if the bit is 0, the only initialization is specified by the template, which can leave pans of the 
section indeterminate. 

INSTALL BIT. The loader examines this bit when it installs libraries. If the bit is set to 1, the loader 
enters the section's name, location, and size into the Known Global Table (KGT). Refer to the "Known 
Global Table" section at the end of this chapter for more information. To share a section between a 
program and an installed library, the section in the installed library must contain an install bit. You can 
control the installed attribute with the -MARKSECTION and -NOMARKSECTION binder options. 

LOOK AT INSTALLED BIT. The loader examines this bit in your programs. If the look at install bit is 
set to 1, the loader checks the Known Global Table (KGT) to see if the section is installed (see above). 
An install section and a look at installed section match if they have the same name and if the size of the 
install section is equal to or greater than the look at installed section. To share a section between a 
program and an installed library, the section in the program must contain the look at installed bit. You 
can control the look at installed attribute with the -LOOKSECTION and -NOLOOKSECTION binder 
options. 

A~IGNMENT BITS. Unlike the single-bit attributes described above, this attribute is composed of two 
bits (refer back to Figure F-5 for the proper position of the bit numbers). Depending on the combinations 
of setting in the two bits, alignment can vary. Table F-2 lists the combinations and the resultant section 
alignment boundaries. 
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Table F-2. Alignment Bits and Section Alignment Boundaries 

Bit 1 Bit 2 Section Alignment Section Alignment Description 

0 0 4-byte boundary (Default) Long-aligned 

0 1 8-byte boundary Quad-aligned 

1 0 Reserved for future use N/A 

1 1 Page boundary (1024-bytes) Page-aligned 

The loader aligns read/write sections according to the alignment attributes shown in Table F-2. 

For read-only sections, the binder satisfies the alignment attribute by ensuring the read-only sections' 
position in the output object module. The pure code region of the object module is always mapped 
page-aligned. You can control these attributes through the -ALIGN binder option. Note that compilers 
that generate object modules must be concerned about alignment of read-only sections in the object 
module. 

Name Field 
The 32-byte name field contains the name of the section. Names shorter than 32 bytes are blank filled. 
Each section with the object module must have a unique name. Refer to the "Read-Only Section" section 
for more information regarding names. Our example has three default name sections. The fourth section 
name, BLOCK, is the name of a COMMON block in the program. 

F .5.5 Global Table 

The global table follows the section index table in the object module format. You will recall that the 
global information header contains a pointer to the global table. Like the section index table, the global 
table is an array of entries. Each global, like each section, has its own entry. Each entry in the table is 54 
bytes in length. Also in the table, global references must precede global definitions. Figure F-6 illustrates 
the format of a global entry table. 
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0 
ID 

2 
Value 

8 
Old Global 

10 
Use Code 

12 
Type Code 

14 
Extent 

18 
Arglist 

22 

Name 

NOTE: The shaded area is currently not used. 

Figure F-6. A Global Entry Table 

We describe each field below. Use the following example as a reference. 

*** Globals *** 
5 ( 0 00000000) AGAIN 
6 ( 2 00000004) TRY 

10 Field 

Marked 

The value in the ID field is used to reference the global in the relocation pan of the read/write section 
templates. The value of the ID must be greater than the number of sections because the ID values (from 
1 to the number of sections) refer to sections in the section table. Normally, globals are numbered in the 
global table sequentially beginning with the number of sections plus one. Like sections, each global has a 
unique ID. In the example, the globals AGAIN and TRY are numbered 5 and 6 respectively. 

Value Field 
The 6-byte value field consists of a 2-byte section ID and a 4-byte section offset. If the global is a 
reference, this field is O. In our example, the first global entry, AGAIN I is the global reference. 
Therefore, AGAIN contains the ID 0 and the offset 00000000. 

However, if the global is a definition, this field contains the value of the section ID and the offset of the 
definition. In our example, the second global entry, TRY, is the global definition. TRY contains the ID 2 
and the offset 00000004. Thus, TRY is defined at offset 4 from the stan of the DA TA$ section. 
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Old Global Field 
The old global field contains either FF (hex), which equals TRUE, or 0, which equals FALSE. If the 
global is a reference, the field always contains a 0. However, if the global is a definition, the old global 
field has binder and loader implications. If the global definition is marked, the old global field is set to 0. 
However, if the global definition is unmarked, the old global field is set to FF. In our example, the global 
definition, TRY, is marked. Thus, its old global field is set to 0. 

The loader and the binder use the old global field for different reasons. The following sections describe 
the implications of each. 

LOADER. The loader uses the old global field to determine whether to enter a global definition in the 
Known Global Table (KGT) when it installs a library. If the old global field is 0, the loader enters the 
name and address of the global in the KGT. If the value of the old global field is FF (hex), the loader 
does not enter the name and address in the KGT. Refer to the Known Global Table section at the end of 
this chapter for detailed information. 

BINDER. The binder's output object module contains all the global definitions of its input object 
modules. When the binder copies the global definitions to the output object module it changes any old 
global fields that contain ° to FF (hex). You can use a number of binder options, such as -MARK or 
-ALLMARK to override this behavior. Refer to the DOMAIN Binder and Librarian Reference for more 
information. 

When multiple definitions of the same global name occur, the binder uses the old global field to select the 
global definition. If the input object modules contain multiple definitions of the same global name, the 
binder resolves all references to the definition with an old global field of 0. If more than one of the 
multiply defined global entries contains a global field of 0, the binder issues this warning message: 
Mul tiply defined globals and resolves references to the first definition it encounters. On output 
object modules, the old global field is always set to FF unless you change it with the binder option 
-MARK. 

If none of the global definitions contain a global field that is set to ° (they all contain FF (hex)), the 
binder resolves references to the first definition it encounters and does not issue a warning. References 
resolved in previous bindings remain unchanged. Knowing how the binder treats multiple globals can be 
useful information when you are binding disparate groups of modules with conflicting global names. 

DOMAIN compilers and ASM set the old global field to ° when they create global definitions in object 
modules. 

NOTE: The values in the following four fields: use code, type code, extent, and argUst 
are not crucial to the binder's and loader's processing of object modules. 

Use Code Field 
The 2-byte use code field contains one of the values shown in Table F-3. 

Table F-3. Use Code Field Values 

Value Meaning 

° Global defines or references data. 

1 Global defines or references a value. 

2 Global defines or references a procedure. 

3 Global defines or references a function. 

DOMAIN compilers set the use field value to the appropriate value. 
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Type Code Field 
DOMAIN compilers currently set this 2-byte field to 1. 

Extent Field 
Some DOMAIN compilers currently set this 4-byte field to the variable size if the global is the name of 
the variable; otherwise, they set the field to O. 

Arglist Field 
Currently, DOMAIN compilers and the binder set this 4-byte field to O. 

Name Field 
The 32-byte name field contains the name of the global. Each global must have a unique name. For 
more information about names, refer to the "Read-Only Sections" section earlier in this chapter. 

F.S.6 Read/Write Section Templates 

The read/write section template is the last required element of the object module format. However, 
optional SRI records or module information records (discussed in the "Static Resource Information (SRI) 
Records" section later in this chapter) can follow the templates. A read/write section template consists 
of a series of records used to initialize the read/write sections. Read/write sections contain static data and 
instructions that need relocation during loading, or that are modified during execution. Unlike the 
read-only sections, which are represented by memory image format, read/write sections are represented 
in template format. Data in the read/write sections are impure or relocatable. 

The zero section attribute causes the loader to set the contents of the section to zero before processing the 
templates. If there is no zero section attribute, the contents of the section are indeterminate before 
processing the templates. Note that the templates may not initialize the entire section. 

Recall that the pointer to impure data of the object module header is a file pointer to the stan of the 
read/write section templates. The templates consist of a series of text records, which in turn, can be 
augmented by relocation records and/or a repeat record .. An end record marks the end of the 
read/write section templates. We discuss each of these records below. 

Text Records 
Text records, which can vary in size from 12 to 522 bytes, contain the initial data plus the address and 
size of the initialized area. Each record is the stan of a sequence that contains a text record and an 
optional relocation record and an optional repeat record. Figure F-7 shows the fields in a text record. 
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TEXT_MEM_ADDR 

8 Byte Count 

10 

Text 

Figure F-7. A Text Record 

We describe each field below. Use the following example for reference. 

*** Impure Data *** 
Text_Rec: 

rd: 2 Text_Mem_Addr: 00000000 Byte_Count: 
0000: 00000000 4EF90000 00000000 00140002 
0010: 00000000 

Reloc_Rec: 4 
OFFSET RELOC_BASE ID 

1 
2 
3 
4 

Text_Rec: 

0000 
0006 
OOOA 
0010 

5 
1 
2 
3 

20 

rd: 4 Text_Mem_Addr: 00000000 Byte_Count: 4 
0000: 000003EB 

Repeat_Rec: 20 
End_Rec 

o VALUE FIELD. This 2-byte field contains the value 0 to identify the record as a text record. 

ID FIELD. This 2-byte field contains the ID of the section to initialize. The ID of a section is the 
ordinal position of the field's entry in the section table. In our example, 2 refers to the DATAS section. 
Refer to the" Section Index Table" section in this chapter for more information. 

TEXT_MEM_ADDR FIELD. This 4-byte field contains the byte displacement from the section's 
beginning. The ID plus the offset give the location to initialize with text. This field is identified as 
Text_Mem_Addr: 00000000 in our example, which means the start of the DATA$ section. 

BYTE COUNT FIELD. This 2-byte field contains the size of the text field that follows. Legal values are 
between 1 and 512. In our example, the byte count is 20. If the byte count is odd, the assembler, or 
creator of the object module, appends a filler byte to the text record to start the next record on an even 
boundary. 
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TEXT FIELD. The text field contains the initial data. The size of the field can vary from 1 to 512 bytes. 
The size is set in the byte count field described above. 

Relocation Record 
A relocation record is an optional augmentation to the previous text record. The loader perfonns 
relocation on 4-byte quantities aligned on even-byte addresses. The size of a relocation record can vary 
from 8 to 518 bytes. Our example has four entries. You can have as many as 128 relocation entries 
(maximum text size = 512 bytes, or 128 4-byte quantities). Figure F-8 illustrates the fonnat of four 
relocation entries. 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

2 

Count 

···.RelocJO 

. ,Offset 

.: .: Reloc 10 

Figure F-8. A Relocation Record with Four Entries 

NOTE: The figure above illustrates a relocation record with four entries. Each bordered 
entry constitutes one entry, which contains an offset and a reloc ID field. 

We describe the fields below. Use the following example for reference. 

Reloc_Rec: 4 
OFFSET 

1 0000 
2 0006 
3 OOOA 
4 0010 

RELOC_BASE_ID 
5 ·Global Reference AGAIN 
1 ·Section PROCEDURES 
2 ·Section DATA$ 
3 • Section DEBUG$ 

2 VALUE FIELD. This 2-byte field contains the value 2, which identifies the record as a relocation 
record. 

COUNT FIELD. This 2-byte field contains the number of relocation entries in this record. The count 
field value can vary from 1 to 128. In our example, the count value is 4. 

OFFSET FIELD. This 2-byte field provides the location of the 4-byte quantity to relocate. The offset is 
relative to the stan of the text record. 

RELOC BASE ID FIELD. This 2-byte field contains the ID of a section or a global reference. When 
the load~r proc~sses the relocation entry, it adds the address of the section or global to the location 
identified by the offset. 
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Repeat Record 
The 6-byte repeat record is an optional augmentation of the previous text record. A repeat record 
repeats the previous record n times (repeat count). For example. in the following FORTRAN DATA 
statement. we initialize each element of a 20-element array called iarray to 1000: 

DATA iarray/20 * 1000/ 

Figure F-9 illustrates the format of a repeat record. Use the example that follows the figure as a 
reference. 

a 

2 
Repeat Count 

Figure F-9. A Repeat Record 

Text_Rec: 
rd: 4 Text_Mem_Addr: 00000000 Byte_Count: 4 
0000: 000003E8 [3E8 = 1000 decimal] 

20 

1 VALUE FIELD. This 2-byte field contains the value 1. which identifies the record as a repeat record. 

REPEAT COUNT FIELD. This 4-byte field contains the number of times to repeat the initialization 
specified in the previous text record. In the above example. 80 bytes (4 *20) are initialized starting at 
rd: 4 Text_Mem_Addr: 00000000. 

End Record 
The end record marks the end of the read/write section templates. There is only one end record for each 
object module. Figure F-l0 illustrates the format of an end record. 

°1~ ____________ 3 ______________ ~ 
Figure F-1 O. An End Record 

4 VALUE FIELD. This 2-byte field contains the value 3. which identifies the record as an end record. 
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There are a few optional elements that are important in fully understanding object modules. These 
elements are: 

• Module information records (MIR) 

• Static Resource Information (SRI) records 

• Debug tables 

We have already referred to these elements in our discussions within the chapter. Here we explain them 
in detail. 

F.6.1 Module Information Records (MIR) 

Module information records supply additional optional information about the object module. Currently, 
two types of MIRs are defined: a maker record, which contains module information, and object file 
module information record, which we discuss on the following page. As shown in Figure F-ll, module 
information begins with a header containing the number of module information records. In the 
illustration, two individual module information records follow the header. You will recall that the object 
module header contains a pointer to the module information. 

o 
Number of Module Information Records 

4 

Module Information Record 

Module Information Record 

Figure F-11. Module Information Header (with two records) 

We describe the field and records below. 

Number of Module Information Records Header Field 
This 4-byte header field contains the number of records following it. Each record type can have a varying 
format; however, all records begin with a 2-byte ID field and a 2-byte size field. 

Maker Version Module Information Record 
The format of the maker version module information record is shown in Figure F-12. 
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Version 
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Creation Time 

12 

Name 

Figure F-12. A Maker Version Module Information Record 

We explain each field below. 

ID FIELD. This 2-byte field identifies the object module record's type. An ID of 1 identifies a Maker 
record. 

SIZE FIELD. This 2-byte field identifies the byte size of the record including the identification and size 
field. The byte size of a Maker record is 44. 

VERSION FIELD. This field contains the version number displayed at the end of the compiler message, 

No errors, no warnings, compiler Rev nn.mm 

or displayed in response to the -VERSION option following the compiler invocation command. 

The version number displays in an nn.mm format. The number is encoded into the 4-byte version field 
by storing nn in the first two bytes and mm in the last two bytes. The binder displays the the version field. 
the creation time field, and the name field from the module information record if you use the -MAKER 
option when you bind your input modules. Note that you can use the bind command to display this 
information for any object module, for example 

$ bind test. bin -maker 

This object was made by the following: 
ftn, Rev 9.04, Date: 1987/01/28 10:01:36 EDT (Wed) 

All Globals are resolved. 

CREATION TIME FIELD. This 4-byte field identifies the creation time of the Maker. Note that this is 
not the creation time of the object module. 

NAME FIELD. This 32-byte field identifies the command name of the Maker such as, Jtn, pas, etc. 
The field is blank filled if the name has fewer than 32 characters. 

Object File Module Information Record 
A second type of MIR is called the object file module information record. The record identifies the 
object file for a module in a library file. Figure F-13 illustrates the format of the object file module 
information record. 
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Hash 
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Name Length 

10 

Name 

Figure F-13. An Object File Module Information Record 

We explain each field below. 

ID FIELD. This 2-byte field identifies the kind of object module record. An ID of 2 identifies an Object 
File MIR. 

SIZE FIELD. This 2-byte field identifies the byte size of the record including the identification and size 
field. The byte size of an Object File record is 42. 

HASH FIELD. This 4-byte field contains the hash value of the name. 

NAME LENGTH FIELD. This 2-byte field contains the length of the name. 

NAME FIELD. This 32-byte field identifies the name of the Object File. The field is blank filled if the 
name has fewer than 32 characters. 

F.6.2 Static Resource Information (SRI) Records 

Static resource information (SRI) records are a series of optional 8-byte records that mark object modules 
with special resource requirements. For example, a program compiled to use a floating-point coprocessor 
will record this special requirement in an SRI record. 

If the object module contains SRI records, the global header information contains a pointer to the first 
SRI record and contains the number of SRI records that follow contiguously. Figure F-14 illustrates the 
format of an SRI record. 
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0 Kind 

2 
Combining Rule 

4 
Value 

Figure F-14. An SRI Record 

We discuss each field below. 

Kind Field 
This 2-byte field distinguishes different types of SRI records. The three kinds of SRI records (with 
values) are: hardware SRI (1), software SRI (2), and UNIX Version Number SRI (3). The binder 
combines SRI records of the same kind according to the combining rule field. 

Combining Rule Field 
The binder uses this 2-byte field to combine SRI records. The binder combines SRI records with the 
same kind field. Table F-4 lists the values of each combining rule and the rule's definition. Following 
the value and rule, we provide a detailed description of how the binder interacts with the values from the 
kind field and the combining rule field. 

Table F-4. Binder's Interaction with Combining Rule 

Value Combining Rule Binder's Interaction 

0 Take All Does not combine records. Output obj. module contains multi-
ple SRI records with same Kind field. 

1 Take Sum Combines SRIs with previous record having the same Kind field 
by adding the two values. 

2 Take Max Combines SRI with previous record and produces an SRI whose 
value is the maximum of the value fields combined. 

3 Take Min Combines SRI with previous record and produces an SRI whose 
value is the minimum of the value fields combined. 

4 Take Or Combines SRIs by performing a logical OR on values. 

5 Take First Combines SRIs by setting value to first encountered record. 

6 Take Last Combines SRIs by setting value to last encountered record. 

7 Take Unique Like Take All, except binder issues a warning and discards an 
SRI with alikekind and value fields. 

8 Take Special Indicates that special binder code is needed to combine SRls. 
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Value Field 
The interpretation of this 4-byte field depends on the value of the Kind field. The meaning of the value 
field depends on the kind of SRI it is. The three kinds of SRI records are: 

• Hardware SRI 

• Software SRI 

• DOMAIN/IX Version Number SRI 

We describe these SRI records below. 

HARDWARE SRI. DOMAIN compilers put a hardware SRI record in the object module when the 
object module execution requires a particular model of node.' Normally, DOMAIN compilers generate 
code that runs on any node model. However, when you use the -CPU option (described in Chapter 7) to 
use a particular model's features, the loader verifies that the node contains the required hardware before 
invoking the object module. 

The value of the kind field of the hardware SRI is 1. The combining rule is Take Or (4). Figure F-15 
illustrates the value field. 

M68881 

ONx60 -------: 
PEB-----" 

NOTE: The bits within the shaded area are unused. 

Figure F-15. Hardware SRI Value Field 

If the PEB (Performance Enhancement Board) bit is set to 1, the object module requires the 
enhancement board (for example, DN320) for execution. 

If the DNx60 bit is set to 1, the object module requires a DN460, DN660, or DSP160 for execution. If 
the M68020 bit is set to 1, the object module requires a Motorola 68020 microprocessor. If the M68881 
bit is set to 1, the object module requires a Motorola 68881 floating-point coprocessor. The DN330, 
DN560, and DSP90 have both the M68020 and the M68881. 

SOFTWARE SRI. DOMAIN compilers use the software SRI record in the object module to flag the 
loader to perform special action during load time. 

The value of the kind field of the software SRI is 2. The combining rule is Take Or (4). Figure F-16 
illustrates the value field. 
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Save Section Information ------' 
C Library ----~ 

NOTE: The bits within the shaded area are unused. 

Figure F-16. Software SRI Value Field 

The C compiler generates object modules with software SRIs and sets the C library bit to 1. Then, the 
loader causes C library initialization before executing the object module. The LISP compiler generates 
object modules with software SRIs and sets the Save Section Information bit. The loader then saves some 
information when loading an object module. 

DOMAIN/IX VERSION NUMBER SRI. Object modules that require a version of DOMAIN/IX use this 
SRI record, with a kind field of 3, to mark the proper version of DOMAINIIX required for the execution 
of the object module. This SRI record is necessary because DOMAIN suppons multiple versions of 
DOMAIN/IX, which can have system calls with the same name but different semantics or calling 
sequences. 

The combining rule for a DOMAIN/IX SRI record is take special (8). Take special means that there is 
special code in bind to handle DOMAIN/IX SRI records. Bind flags an error when it attempts to combine 
two DOMAIN/IX SRI records with different value fields unless one record (or both) has a value field 
meaning any version I as shown in Figure F-17. Refer to the description of the -SYSTYPE option in the 
DOMAIN C Language Reference and in the DOMAIN Binder and Librarian Reference for more 
information. 

Figures F-17 through F-21 illustrate the five settings of the value field of a DOMAIN/IX SRI record. 

o 

o 

NOTE: The bits within the shaded area are unused. 

Figure F-17. Value Field of DOMAINIIX SRI record (runs on any version of DOMAINIIXj. 
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Figure F-18. Value Field of DOMAINIIX SRI record indicating object module requires DOMAINIIX 
version 4.1 BSD. 

1 

1 

Figure F-19. Value Field of DOMAINIIX SRI record (requires DOMAINIIX version 4.2 BSD). 
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Figure F-20. Value Field of DOMAINIIX SRI (requires DOMAIN/IX System 11/). 
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Figure F-21. Value Field of DOMAINIIX SRI record (requires DOMAINIIX System V). 

F.S.3 Debugging Information 

Debugging information is stored in two distinct places in the object module: 

• DEBUGS Section 

• Debug Index Table 

Each is discussed below. 

DeBUGS 
DEBUGS is an optional read-only section that contains debugging information for each procedure or 
function defined in the object module. The amount of information present for a routine depends on the 
options under which it was compiled: 

-DB 

-DBS 

-NDB 

The debugging information stored for a routine compiled with the -DB option (the 
default) includes the name of the routine, a line number table that relate code 
locations to source file numbers, and the number and general type of the arguments. 

These options add a symbol table describing names, types, and locations of -DBA 
all variables, plus information about the source langUage and file, structural relations 
among routines, etc. 

No information is a present in DEBUGS for routines compiled with this option. If all 
routines are compiled with the -NDB option, there is no DEBUGS section. 

Note that because DEBUGS is a section, it is loaded along with the rest of the program. The section name 
DEBUG$ is treated as special by debuggers and other programs. 

The DEBUGS section contains no information about the actual location of routines. Relating code 
location to the associated DEBUGS entry is the primary function of the debug index table. We discuss the 
debug index table next. . 

Oebug Index Table 
The debug index table consists of a set of code offset and debug offset pairs that relate the object module 
offset at the beginning of the routine's pure code to the object module offset of the corresponding 
DEBUGS information. The table entries also contain some additional information, such as registers saved 
by the routine. The format and content of a debug index table entry is described in detail below. 

All compiled routines have a debug index table entry, even if they were compiled under the -NDB option 
and thus have no DEBUGS information. The debug tables are composed of a debug header record and 
one or more debug entry records. Note that the debug index table is not in a section and therefore is not 
loaded with the program. 
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Debug Header Record 
The Debug Tables field in the object module header points to the debug header record. The debug 
header record contains the format version and the number of debug entries that follow it. Figure F-21 
illustrates the format of the debug header record. 

o 
Format Version 

2 

Size 

6 

Figure F-22. Debug Header Record. 

We discuss each field below. 

FORMAT VERSION. The 2-byte format version field identifies the format of the entries that follow it. 
The current format, described below, is version 1. 

SIZE. The 4-byte field contains the number of debug entries that follows it. 

Debug Entry Record 
The debug entry record, which is 16 bytes, relates the PC to the debug tables. Each procedure can have 
only one debug entry record, and each entry must be located in ascending order of the code off field. 
Note that there should only be one debug entry per procedure, even if the procedure has multiple entry 
points. Figure F-22 shows the format of a debug entry record. 
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Code Offset 

4~----------------------------------------------------------------~ 
DEBUG Offset 

8~------------------------------------------------------------------~ 
Saved Registers Offset 

12~------------------------------------------------------------------~ 
Saved Registers 

14~------------------------------------------------------------------~ ......... :: ... :.. .... . .... . .... : :U::pE.8UG:infom1~tion:Level ..... :"'::::"':.::.. . •........... ' .. 
:;:::::: :::::::: 
:':"::' :'::::-: 

, .. " 

: H<nYOptim1Zat,dn::Lev~i . 
0" ••••• ;.:::::::.:::.:::::: •• ................... ":.: :::::::;:::;;,.:::::::::::;::::: 

15~--------~--~~----~--------------------------------~--------~~ 
..... :.: ... :-':: ... ::·:::'.:::"·:·:·;::::POM~INJ:lag .• ... 

.. 

Figure F-23. Debug Entry Record Format 

NOTE: The lightly shaded area (between bytes 14 and 16) has been expanded to 
illustrate the record format. Figure F-24 illustrates the actual format of each of 
the flags word (2 bytes). The darkly shaded area is currently unused. 

We discuss each field below. 

CODE OFFSET. The code offset field contains the offset of the start of the code for the procedure from 
the start of the object module. 

DEBUG OFFSET. The debug offset field points to the debug information for the procedure in the 
DEBUG$ section. The value in this field is set to 0 if you compile with the -NDB debugger switch. 

SAVED REGISTERS OFFSET. The saved registers offset field is a 32-bit offset of the register save area 
from the base of the current stack frame. 

SAVED REGISTERS. The saved registers field is the set of saved registers. The set consists of A7-AO 
and D7-DO. This information enables the debugger to incrementally recover register contents to access 
variables in up-stack routines. 

DeBUG INFORMATION LEVEL. The debug information field level contains a value that codes the level of 
debugging information available. Table F-5 lists those values. 

Ext Alt No 

Entry Entry Stack 

15 db Information opt. level o 

Figure F-24. Format of the Debug Entry Record Flag Word. 
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Table F-S. Oebug Information level Field Values 

Value Meaning Debugger Switches/Comments 

0 None -NDB; no debug table; DB OFF set to O. 

1 Nam~ Line Nos. -DB option 

2 Symbol Table -DBS and -DBA options 

3-15 Reserved 

OPTIMIZATION LEVEL. This field contains the value of the level of optimization. The values are 0-15. 
Interpretation of the level is compiler-dependent. 

DOMAIN FLAG. The value 1 indicates a DOMAIN-written operating system or library routine. 

NON STO FLAG. The value 1 indicates that the routine does not use standard stack frame conventions. 

EXT ENTRY. The ext entry flag field is true if the program has an external entry prologue (XEP). XEP is 
the data section code that sets DB (AS) and jumps to the pure code. 

AL T ENTRY. The value 1 indicates that the routine has more than one entry point, or an alternate entry 
point. However, there is only one entry in the debug index for such routines. 

NO STACK FLAG. This field indicates that the routine does not use the stack. The flag can only be 
TRUE if the non std flag is also TRUE. 

How Oebuggers and Related Programs Locate Oebugging Information 

Although debugging is not the main topic here, a sketch of the mechanism by which the debugger and 
related programs, such as TB (TraceBack), locate debugging information, may be of interest. The key 
factor is that when a program is loaded, its pure code is mapped, not copied, into a process address space. 
Given a virtual address, the operating system is able to return the identity of the file currently mapped 
there and the offset of the address within it. Given this information for a PC address, a debugger can 
locate and read the currently executing object module, look up the offset in the Debug Index Table, and 
locate and read the DEBUGS information for the current routine. 

F.7 Notes on the Known Global Table (KGT) 

The known global table (KGT) provides the linkage mechanism between your program and the installed 
libraries. The KGTmaintains a list of globals that are defined in the installed libraries. When you load an 
object module that references data from an installed library or calls an installed library routine, the loader 
checks the KGT to resolve the reference. The old global field in the global table determines whether to 
enter a global in the KGT. Refer to the "Global Table" section earlier in this chapter for detailed 
information. 

In addition to maintaining a list of globals, the KGT also maintains a list of sections. This enables your 
programs and installed libraries to share sections. For example, a FORTRAN routine in an installed 
library and a FORTRAN routine in your program can reference the same COMMON block. 

Two section attributes control section sharing: the installed section attribute and the look at installed 
section attribute. Refer to the "Section Index Table" section earlier in this chapter for information about 
these section attributes. 
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Primary page references are listed first. Definition pages are in boldface. The letter f indicates that the 
reference includes a figure. The letter t indicates that the reference includes a table. Symbols are listed at 
the beginning of the index. 

Symbols 

* (asterisk), 2-2, 3-3t, 3-8, See also Comments 
(colon) 3-4, 5-3 

$ 
(comma) 3-4t, See also field, source/destination 
(dollar sign) 3-3t 
(exclamation point) 3-9, 5-3 
(greater than) 5-3 > 

% (percent sign) 3-4t, 3-11, See also Directives 
(single quotation mark) 3-4t, 4-30 

/ (slash) 3-4t, 3-8 

A 

AS, 1-5, 6-2 
A6, 1-5, 6-2 
A7, 1-5, 6-2 
absolute, 

long address, 3-12t 
shan address, 3-12t 

AC (address constant), 4-2 
ADD, 
address register direct, 3-12t 
address register indirect, 3-12t 

with displacem~nt, 3-12t 
with index, (8-bit displacement) 3-12t, 

(base displacement) 3-12t 
with postincrement, 3-12t 
with predecrement, 3-12t 

address space, 1-3 
addressing modes, 3-11 to 3-15 

determination, 3-13 to 3-14t 
direct/Memory, See absolute, program 

counter indirect, program counter memory 
summary, 3-12t to 3-13 

-ALIGN (binder option), 
-ALLMARK (binder option), F-16 

. analysis tools, 6-1 
argument passing conventions, 6-4 to 6-5, See 

also C, data representation, FORTRAN, 
function results, Pascal 
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Arithmetic operators, 3-8t 
ASM, 

command line options, 2-
how it operates, 2-1 to ::­
invoking, 2-2 to 2-3 
using, 2-1 to 2-3 

assembly language, DOMAE" 
elements, 3-3 to 3-9 
introduction to, 1-1 to 1-
routines, calling, E-5 
what is, 1-1 to 1-2 

attributes, See section 
automatic storage, E-1 

B 

.bin, 2-1 See also Object r-..1( 
binder, 

implications with object m 

interaction, F-24t, See in:: 
library files, loader 

bitwise operators, See Logica: 

c 
C (language), 

argument type conventions 
calling conventions, 6-4, 

calling conventions, 6-1 to 6-
E-1 to E-7 

C, See C calling conventio= 
calling a procedure, 6-6 
examples of, 6-10 to 6-1S 
pre-SR9.5,E1 to E-7 
routines, assembler, E-5 
standard, 6-5 

character set, 3-3 

) 3-15 

F-16 
jraries, 

)rs 

~9.5) E-7 
e-SR9.5) 

characters, special, See speci2 :ters 
cleanup handler, 6-2 
command line options, 2-3t. 

-CONFIG, -IDIR 
comments, 3-3 
COMMON block, in FORTR­
conditional assembly, 4-31 

directives, See directives 
invoking, 4-31 
predicate, 4-31, 4-32 

conditional operators, 3-8t 
conditional processing, 4-31, ~ 

conditional assembly 
-CONFIG command line optic 
%CONFIG, 4-34 

4-31 
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"!;~~~"'>:-"J 4-4, See also TERN 
?;~{,~;):~:.~~i\er option), 7-4 

:'!l~~. , 
"~,.: ;,-~, 4-6 
:C:;,;"~2::.:::>B), 1-5, See also AS 
IO."F:;:!!::~::;.tation, 6-5 
:'::~<:tz;::~~-+ addressing, 6-7 to 6-8 
~~ direct, 3-12t . 

'" '"~ .. "" 
~4:\~\~:·;;,~-,::i debugger), 
,:,~··:':~~;:.i:::;;.I commands, D-7 
"!lr':lj:::.:n::-.::s, D-2 
7.:_ ,:':::' : -: debugging assembler routines, D-7 
~', :';:r.~'::n. D-2 
~: :-L~ .. ::e AS 

"'!. ::::C ..... : ~guage level), D-1 
,1-: -2E.'--, ~ -·4 

,~;,;.:':::-;.' 1-1, See also DB, MDB 
.~~';~:.,:~resentationt 3-6 
r: ~;:;: -.; 
~ :;-:~.-

:-. _:-a:'..:,:~~~: numbers, 7-9 
~":.;~:7:- :--2, 4-10 
~&~~-uc'..:··"):-Y address modes, 3-12t 
J!_,.r'.~:;" .::~-11, 4-30 to 4-45 

.!l.,: , .. ~:::.:_:.. c)f, 4-33t 
!{4· ::L::j .:onditional assembly, include files" 
;-:r- ::::"'::';: directive name 
'i'tt ,/jt:.:.:~-r:{:ger arithmetic library function) ...... 
~~ 

:Z::<.'.z::::~l::[ 'lersion number SRI, F-26, See 
8:::,'"::,;- 5:~~::! 
Z'"t-;:,:::~---';::: " .. - ....• --:-:.:~ 

!'":::~;~~:i.:-:' Control Block) E-3, E-6 to E-8 

3~·,: .. '~ c,:..... ~5 

~:'::~:·;.7l"?dicate %THEN, 4-36 
~:~:;;::;:<~? predicate %THEN, 4-37 
.!4f~~:E.. 4-3 8 
_11' ~;.,:,:::-",:, 

2i ,crrz= ..;.-39 
~<~~.""'::':5 

~'.}:/- -16 
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o 

0 

epilogue c~ 
EQU, 4-1-
%ERROR. 
error code 
even-byte 
%EXIT, 4--

expression 
modes de 

expressions 
exponentia: 

function) 
EXTERN. 
external s: 

FAC, (Flo:_ 
FCB, (Fra:-

6-8 
field, varia: 
file pointer 
files, See .1-

stack, SOL 

floating-po: 
in-line. 
registers 
TER1\\ i~ 

See alsc 
FORTRA~­

calling c 
FP Frame 
FPP (Float: 

calling. 
exiting, 
impleme 
notes 0:-: 

operatic 
function re ~ 

global, 
definitic 
referenc 
Table, f-

arglis 
exter_ 
form: 
ID f:~ 

name 
old ~_ 

type 

--_._----

-6 to 6-7, (pre-SR9.5) E-4 

messages, A-I to A-8 
.:ary, 2-2 

3-7 to 3-9, See also address 
:lation 
operators 
(integer arithmetic library 

4-18 
3-6 

;Joint ACcumulator) 7-9 
Jntrol Block) pointers, 6-3, 

. e e Pseudo-ops 

:1clude, library, Listing, .lst, 

to 6-10 
• tion set, C-l to C-3 

:1tions, 6-4 
~ol Block, See FCB 
oint Package), 7-3 to 7-9 

:)ns, 7-4 to 7-6 
~ 

-6 to 7-9t 
6-5 

-8 
-8 
tC F-17 
::i, F-17 
d, F-17 
F-15f 

::-15 
:i. F-15 
field, F-16 
field. F-17 
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US·':;: odd, F-16 
val F-15 

0 
Global ir. .1 header, F-8 to F-10 

creatic ield, F-10 
forma, 
name -10 
numb=: Jals field, F-IO 
numb,:: :ions field, F-10 
numbe .red libraries field, F-10 
numbe :ic resource information 

reco:- . F-10 
pointe - 11s field, F-10 
point:: :d libraries field, F-10 
point.::: - resource information 
rec~ F-10 

stan a :=ld, F-9 
versio! -::-10 

global tab . to F-17 
knowr. ::JT 

hardware -25, See also Record 
hex repre: " 3-6 

0 -IDIR, 2 1 

%IF pred: fHEN, 4-42 
%IFDEF : e %THEN, 4-43 
immediatt )-12t 
%INCLU:= )0 
include di: 4-30 
include fil- :; to 4-31 
indirect ac: -g modes, 3-12t 
insert file. :lude files 
installed Ii 1-5 
instructi 0 r: 

branch determination, 3-10 
extenso '0 

format -Ie also directives, op-codes, 
pseuc 

variant 
integer ar: library, 7-1 to 7-3, See also 

division. ntiation, modulus, 
multiplic_ 

invoking .~ -2 to 2-3 

o JMP, 3-1.:: 
JSR, 1-6. 
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K 

KGT (Known Global Table), 1-5, F-31 

L 

label. 3-3 
legal suffixes. B-2 
libraries. 

installed. 1-5 
shared. 1-3 

library file. F-22 
library routines, 6-5 
line number. (of listing file) 5-3, (of 

cross-reference listing) 5-4 
LIST, 4-19 
listing file, 5-1 to 5-4 

cross-reference, 5-4 
sample, 5-4f 

examining the, 5-1 to 5-3f 
sample, 5-2f 
special symbols, 5-3t 

loader, F-2 
location counter, 2-1 
logical operators, 3-9t 
low-level debuggers, D-1 to D-7, See also 

DB, MDB o .1st, 2-2 

o 

M 

machine types, valid, B-1 
-MAKER (binder option), F-22 
maker module information records (MIRs), 

F-22 to F-23 
creation time field, F-22 
format of, F-22f 
ID field. F-22 
name field, F-22 
size field, F-22 
version field, F-22 

mathematical libraries, 7-1 to 7-9, See also 
Floating Point Package (FPP) , integer 
arithmetic library 

-MARK (binder option), F-16 
-MARKSECTION (binder option), F-13 
mapped files, 1-4 
mapping, 1-4 
MDB, (Machine Level Debugger), 

command formats, D-3 
command semantics. D-4 
commands, D-2 to D-4 
invocation. D-2 
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invocation under DEBUG, D-3 
Memory indirect, 3-12t 

post-indexed, 3-12t 
pre-indexed. 3-12t 

MODULE. 3-2, 4-20 
module information records, See maker 

module information records (MIRs) 
modulus. (integer arithmetic library function) 

7-2 to 7-3 
MOVE, 1-4, E-4 
MOVEM, 3-6, 4-25 
multiplication, (integer arithmetic library 

function) 7-2 

N 

naming conventions, See assignment, external 
reference names, reference names, reserved 
names. section names 

-NDB (DEBUG option), F-28 
-NL, 5-1 
NOLIST. 4-21 
-NOLOOKSECTION (binder option), F-13 
-NOMARKSECTION (binder option), F-13 
non-relocatable code, See pure code 
numbers. 3-6 See also decimal 

representation, denorI'J:lalized, hex 
representation 

o 
OBJDMP (Shell command), F-2 
object code, (in listing file) 5-3 
object modules, 1-4 to 1-5, F-1 to F-31 

binding. F-1 to F-2 
elements of, F-4 to F-20 
format, F-5t 
generating, See producing 
header, F-5t to F-8 
interpreting, F-3 to F-4 
listing, F2, F3 
loading, F-2 
producing, F-2 
read only, See Read only sections 
Specifics, See KGT, Record 

odd-byte boundaries, 2-2 
offset, 2-2, 3-5, (in listing file) 5-2, 5-4 

columns, (of listing file) 5-2 
cross-reference, 5-4 
pseudo-op that changes the, 2-2 

op-codes, legal, B-1 to B-19 
operator, 3-3 
operators, 3-7 to 3-9t 

--- ---_._-_ ... - ... _-_._-_._---_ .. __ .-_ ...... _---
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precedence, 3-7 
See arithmetic, conditional, logical, shift 

ORG, 2-2, 4-22 

p 

Pascal, 
calling conventions, 6-4 

pathname, 2-2 to 2-3 
of Include file, 4-30 

PEB (Performance Enhancement Board), 7-4, 
F-25 

pfm_$cleanup, 6-2 
position independent code, 1-5, See also pure 

code 
predicate, 4-32 

forms, 4-32t 
PROC, 2-2, 4-23 
PROCEDURE, 4-24 to 4-25, 6-7 
PROCEDURESS, 1-4, 3-2 
PROGRAM, 3-2, 4-26 
program counter indirect, 

with displacement, 3-12t 
with index, (with displacement) 3-12t, 

(8-bit displacement) 3-12t 
program counter memory indirect, 

post-indexed, 3-12t 
pre-indexed, 3-12t 
with index, 3-12t 

program environment, DOMAIN, 
overview, 1-2 to 1-5, See also Address 

space, Installed libraries, Mapping, Object 
modules, Run-time environment 

Programming tools, See binder, DB, DEBUG, 
MDB 

prologue code, 1-7, 6-6 to 6-7, E-4 
pseudo-ops, 3-11, 4-1 to 4-29 

mnemonics, B-1 to B-19, See also specific 
pseudo-op name 

pure code, 1-5, 3-2 
pointer to, F-7 

pure sections, 1-4, See also, impure sections 

R 

read only sections, F-8 
advantages of, F-8 

read/write section templates, F-17 to F-20 
record, 

end, F-20 
format of, F-20f 

module information, F-21 to F-23 
format of, F-21f 

-----_.---------------.. _-.-
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maker, See maker module information 
record 

number of module information records, 
header field, F-21 

relocation, F-19 
format of, F-19f 

repeat, F-20 
format of, F-20f 

Static Resource Information (SRI),F-23 to 
F-28 

combining rule field, F-24t 
kind field, F-24 
value field, F-25 to F-28, See also 

Hardware SRI, Software SRI, UNIX 
version number SRI 

text, F-17 to F-19 
format of, F-18f 

relocation, F-19 
register conventions, notes on, E-6 
register direct modes. 3-12t 
register indirect modes. 3-12t, See also 

indirect addressing modes 
register lists, 3-6 
register preservation, See register usage 
register usage, 6-2 
reserved names, 3-4 to 3-6 
RETURN, 4-27, 6-7 
routine, 

Calling a DOMAIN assembly language, E-5 
RTS. E-3 
run-time environment, 1-5, See a/sa Calling 

Conventions, Mathematical libraries 

s 
SB, See A6 
SECT, 2-2, 4-28 
sections, 1-4 

I addressing the data, 6-7 to 6-8 
attributes, F-1, F-12 to F-14 

absolute bit, F-13 
alignment bit, F-2 
field, F-l 
install bit, F-2, F-13 
instruction bit, F-13 
look at installed bit, F-13 
mixed bit, F-13 
nonreplacable bit, F-13 
old bit, F-12 
overlay bit, F-12 
read-only bit, F-12 
zero bit, F-13 

cross-reference listing, 5-4 
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index table, F-11 to F-14 
attributes field, F-12, See also section 

attributes, F-11 
format of, F-12f 
location field, F-11 
memory size field, F-12 
name field, F-14 

pseudo-ops that change the offset within, 
2-2 

names, 3-4 to 3-6 
reference, 3-3 
-relative, 3-15 
See also DATA, PROC, readonly 

shared, 
~pecial characters, 3-3t to 3-4t 
shift operators, 3-9 
software SRI, F-25 to F-26, See also Record 
source, 

code, (in lisitng file) 5-3 
line syntax, 
program (or file), 2-1, 3-2 

format, 3-2f 
SP, See A7 

stack, E-1 

base (SB), 1-5, See also A6 
file, 1-4 
frame format, 6-3t, E-2 to E-3f 
pointer, (SP), 1-5, See also A7 
trace, E-3 
unwinding, 6-1 

stan address, F-9 
string, 3-6 
suffixes, legal, B2 
supervisor space, 1-3 
symbol (in cross-reference listing), 5-4 
SYSLIB (global library), 7-4 
-SYSTYPE (binder option), F-26 

T 

TB (DEBUG command), E-3 
template, F -1 , See also Read/Write section 

templates 
TERN, (Floating-Point instruction set) C-l to 

C-3, See also CPU 
text, (of conditional assembly), 4-31 
%THEN, 

with %ELSEIF, 4-31, 4-33, 4-36 
with %ELSEIFDEF, 4-33, 4-37 
with %IF, 4-31, 4-33, 4-42 
with %IFDEF, 4-33, 4-43 

tools, 

----.--- .... ------_ .. 
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analysis, 6-1 
programming, See binder, DB, DEBUG, 

MDB 
two-pass assembler, 2-1 

u 
user global space, 1-3 
user private space, 1-3 
USING, 4-29 

v 
value, 3-5 
%VAR,4-44 
-VERSION (compiler option), F-22 

w 
%WARNING, 4-45 

x 
XEP, (eXternal Entry Prologue), 6-8, See also 

da:a section, addressing the 
-XREF, 5-4, See also Listing file 
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