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A

A DIR

assembler 8-12, 8-13
A_DIR (assembler) 3-7, 3-8
abbreviations and symbols 5-4
absolute lister 9-3

creating the absolute listing file 3-5

examples 9-6
invoking 9-5
absolute output module 8-10
addressing modes 5-5
alignment 4-13, 4-20, 8-28
allocation 2-4, 2-11, 8-26
alignment 4-20, 8-28
binding 8-26
blocking 8-28
GROUP 8-38
named memory 8-27
of output sections 8-22
UNION 8-35
alternate directories
naming with -i option 3-7
naming with A_ DIR 3-7
naming with C_DIR
linker 8-12
naming with the -l option
linker 8-12
ar370 command 7-5
archive libraries 3-7, 4-48, 7-3, 8-12,
8-15, 8-19
back referencing 8-15
archiver 7-3
examples 7-7
input 7-3
invocation 7-5
options 7-5
arithmetic operators 3-19
asm370 command 3-5
assembler 3-3
character strings 3-14
constants 3-12

cross_reference listings 3-3, 3-26
error messages C-3
expressions 3-18, 3-19, 3-20, 3-21,
3-22
invocation 3-5
macros 6-3
output 3-23, 4-14
list options 4-50, 4-52
listing 4-14, 4-24, 4-44
enable 4-44
length 4-14, 4-43
suppress 4-44
width 4-14, 4-43
listing title  4-64
macro listing 4-48, 4-50
page control 4-54
relocation 2-14
source listings 3-23, 3-25
source statement format 3-9, 3-10,
3-11
symbols 2-17, 3-15
assembler directives see also directives
align 4-13, 4-20
.asqg 4-7,4-17, 4-19, 4-21, 6-8
.block B-4
.break 4-16, 4-46, 6-16
.bss 4-8, 4-23
holes 8-48
initializing 8-48
linker definition 8-44
section 8-45, A-5
.byte 4-10, 4-24
.cinit
linker definition 8-45
section 8-52
.copy 3-7, 4-15, 4-24
.data 4-8, 4-27
linker definition 8-44
section 4-27, A-5
.def 4-15, 4-37
.else 4-16, 4-40, 6-16
.elseif 4-16, 4-40, 6-16
.emsg 4-18, 4-29, 6-20
.end 4-18, 4-30
.endblock B-4
.endfunc B-4, B-6
.endif 4-16, 4-40, 6-16
.endloop 4-16, 4-46, 6-16
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.endm 6-5
.endstruct 4-17, 4-61
.e0s B-4, B-10
.equ 4-17, 4-56
.etag B-4, B-10
.eval 4-17, 4-21, 6-9
fclist 4-14, 4-32, 6-21
fcnolist 4-14, 4-32, 6-21
field 4-11, 4-13, 4-33
file B-4, B-5
float 4-10, 4-36
func B-4, B-6
.global 2-17, 4-15, 4-37
.heap

section 8-52
.hstack

section 8-52
if 4-16, 4-40, 6-16
.include 3-7, 4-15, 4-24
label 4-18, 4-42
lenght 4-14, 4-43
line B-4, B-8
list 4-14, 4-44
loop 4-16, 4-46, 6-16

default value 6-16
.macro 6-5

libraries 3-7
.member B-9
.mexit

macro directive 6-5
.mlib  3-7, 4-15, 4-48, 6-15
.mlist 4-14, 4-50, 6-21
.mmsg 4-18, 4-29, 6-20
.mnolist 4-14, 4-50, 6-21
.newblock 4-17, 4-51
.nolist 4-14, 4-44
.option 4-14, 4-52
.page 4-14, 4-54
ref 4-15, 4-37
.sect 4-8, 4-55

section 4-7
.set 4-17, 4-56
.setsect 4-18
.setsym 4-18
.Sspace 4-10, 4-11, 4-58
.sslist 4-14, 4-59, 6-21
.ssnolist 4-14, 4-59, 6-21
.sstack

section 8-52
.stag 4-17, See structure tag, 4-61,
B-4, B-10
.string 4-10, 4-24
.struct 4-17, 4-61
.sym B-4, B-12
tag 4-17, 4-61
text 2-4, 2-6, 2-7, 2-8, 2-12, 2-13,
2-14, 4-8, 4-27, 4-63
linker definition 8-44
section A-5
title 4-14, 4-64
.usect 2-6, 2-7, 4-8, 4-65
.utag B-4, B-10
var
macro directive 6-14
width 4-14, 4-43
.wmsg 4-18, 4-29, 6-20
.word 4-10, 4-67
assembler output
list options 4-52
listing 4-14, 4-24, 4-44
enable 4-44
length 4-43
suppress 4-44
width 4-43
listing title 4-64
macro listing 4-48, 4-50
page control 4-54
assembly language development flow
7-4, 8-6
assembly_time constants 4-56
assigning a value to a symbol 4-56
autoinitialization 8-51
RAM model 8-11, 8-51
ROM model 8-11, 8-51
auxiliary entries A-22

B

binary integers 3-12
binding 8-26

block definitions A-16, B-4
blocking 8-28

boot.asm 8-15

boot.obj 8-51, 8-52

byte alignment 4-20
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C

C compiler 8-11, 8-51, A-3, B-4
block definitions B-4
enumeration definitions B-10
file identification B-5
function definitions B-6
line number entries B-8
line number information A-12
member definitions B-9
special symbols A-16
storage classes A-19
structure definitions B-10
symbol table entries B-12
union definitions B-10

C memory pool 8-12, 8-52

C system stack 8-52

C DIR
linker See environment variables,
8-13

c_int0 (_c_int0) 8-11, 8-52

calling a macro 6-4

character strings 3-14

cl370 command B-3

Clock cycles 5-8

code conversion 10-3

COFF 2-3, 8-5, 10-3, A-3
auxiliary entries A-22
default sections 2-4
file headers A-6
file structure A-4
initialized sections 2-4
line number table A-12
maximum number of 2-4
named sections 8-45
optional file header A-7
relocation information A-10
section headers A-8
sections 2-3

default 2-4, 2-6, 4-8, 4-23, 4-27,
4-55, 4-63
initialized 2-4, 2-6, 4-27, 4-55,
4-63
maximum number of 2-8
named 2-4, 2-7, 4-8, 4-23, 4-27,
4-55, 4-63, 4-65, 8-45

text 4-63
uninitialized 2-6, 4-8, 4-23, 4-65

uninitialized i 2-4

special symbols A-16

storage classes A-19

string table A-18

symbol table A-14

symbolic debugging A-12

type entry A-21
command

-a (archiver) 7-5

-d (archiver) 7-5

-r (archiver) 7-5

-t (archiver) 7-5

-X (archiver) 7-5
command files

linker 8-16

reserved words 8-18

command files (linker) 8-7
comments

in a linker command file 8-16

in macros 6-20

that extend past page width 4-43
comments . ..

in assembly language source code

3-11

that extend past page width 4-43
common object file format See COFF
conditional assembly directives 4-16

in macros 6-16

maximum nesting levels 6-16
conditional block 4-32, See conditional
assembly directives, 4-40, See
conditional assembly directives, See
conditional assembly directives
conditional expressions 3-20
configured memory 8-39
constants 3-12

assembly-time 4-56

assembly_time 4-56

binary integers 3-12

character 3-12

decimal integers 3-12

floating-point 4-36

floating_point 4-36

hexadecimal integers 3-12

in linker expressions 8-43

octal integers 3-12

symbols as 3-12
copy files 3-7, 4-24
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COPY section 8-41
creating holes 8-45
cross_reference listings 3-3, 3-26

D

debugging See symbolic debugging
producing error messages in macros
6-20
decimal integers 3-12
default
memory allocation 2-12
default allocation 8-39
default fill value for holes 8-11
default memory allocation 2-12
default memory model 8-20
defining macros 6-5
directives
section
.bss 4-8
.data 4-8
.sect 4-8
text 4-8
.usect 4-8
directives, assember
section
.usect 4-65
directives, assembler See assembler
directives
assembly-time symbols
.asg 4-21
.endstruct 4-17, 4-61
.equ 4-17, 4-56
.eval 4-17, 4-21
.set 4-17, 4-56
.struct 4-17, 4-61
tfag 4-17, 4-61
conditional assembly
.else 4-16, 4-40
.elseif 4-16, 4-40
.endif 4-16, 4-40
if 4-16, 4-40
directives
.data 4-27
miscellaneous
.emsqg 4-18, 4-29
.end 4-18, 4-30
label 4-18, 4-42

.mmsg 4-18, 4-29
.wmsg 4-18, 4-29
section
.bss 2-4, 2-6, 2-7, 2-15, 4-8, 4-23,
4-27
data 2-4, 2-6, 2-7, 4-8, 4-27
.emsg 4-18
.end 4-18
.global 4-37
Jlabel 4-18, 4-42
.mmsg 4-18
.sect 2-6, 2-7, 2-8, 4-8, 4-55
.secti 2-6
.setsect 4-18
.setsym 4-18
text 2-4, 2-6, 2-7, 4-8, 4-27, 4-63
.usect 2-6, 2-7, 4-8, 4-65
.wmsg 4-18
summary table 4-4
that affect assembler output
.end 4-18, 4-30
Jdength 4-43
dist 4-44
.mlist 4-50
.mnolist 4-50
.nolist 4-44
.option 4-52
.page 4-54
title 4-64
width  4-43
that align the SPC 4-13
.align 4-13, 4-20
field 4-13, 4-33
that format the output listing
length 4-14, 4-43
dist 4-14, 4-44
.mlist 4-14, 4-50
.mnolist 4-14, 4-50
.nolist 4-14, 4-44
.option 4-14, 4-52
.page 4-14, 4-54
title 4-14, 4-64
width 4-14, 4-43
that initialize data
.byte 4-24
.equ 4-17, 4-56
float 4-36
.set 4-17, 4-56
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.Sspace 4-58
.string  4-24
.word 4-67
that initialize memory
.byte 4-10, 4-24
field 4-10, 4-11, 4-33
float 4-10, 4-36
.Space 4-11, 4-58
.string 4-10, 4-24
.word 4-10, 4-67
that reference other files
.copy 4-15, 4-24
.def 4-15, 4-37
.global 4-15, 4-37
.include 4-15, 4-24
.mlib 4-15, 4-48
ref 4-15, 4-37
directives, conditional assembly 4-16
directives, linker
MEMORY 2-13
SECTIONS 2-13
directory search algorithm
assembler 3-7
linker 8-12
DSECT section 8-41
dummy section 8-41

E

etext
linker symbol 8-44
expressions 3-18, 3-19, 3-20, 3-21, 3-22
left_to_right evaluation 3-18
linker 8-43
overflow 3-19
parentheses effect on evaluation
3-18
precedence of operators 3-18
that are well defined 3-20
that contain arithmetic operators 3-19
that contain conditional operators
3-20
that contain relocatable symbols 3-20
underflow 3-19
external symbols 3-20, 4-15, 4-37, 4-56

F

edata

linker symbol 8-44
end

linker symbol 8-44
entry points

_c_int0 8-11, 8-52

_main 8-11

for C code 8-52

for the linker 8-11
enumeration definitions B-10
environment variables

A DIR 3-7, 3-8

C DIR

linker 8-12, 8-13

EPROM programmers 10-3
error messages

assembler C-3

linker D-3

producing in macros 6-20

false conditional blocks See
felist/.fcnolist
file headers A-6
file identification B-5
filenames
as character strings 3-14
copy/include files 3-7
executable code 1-7
list file 1-7, 3-5
macros
in macro libraries 6-15
object code 1-7, 3-5
searching for, assembler 3-7
source code 1-7, 3-5
fill
linker directive 8-14
ignoring fill directive 8-14
MEMORY specification 8-22
fill value 8-49, See holes
default 8-11, 8-48
flags 8-24
setting 8-11
flags
fill value 8-24
floating-point constants 4-36
floating_point constants 4-36
format | instructions 5-8
format Il instructions 5-9
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format Il instructions 5-9
function definitions A-17, B-6

G

glossary F-3
GROUP
SECTIONS directive 8-38

H

halt conditions 10-11
hardware stack
changing the size of 8-15
default size 8-15
heap (-heap)
linker 8-12, 8-52
heap definition 8-12
HEAP_SIZE (_ HEAP_SIZE) 8-45
holes 8-11, 8-45
fill value
flags 8-24
fill values 8-47
ignoring fill specs 8-14
in output sections 8-45
in uninitialized sections 8-48
initialized 8-49
HSTACK_SIZE (__ HSTACK_SIZE) 8-45

I
MEMORY attribute 8-21
i-hstack
linker 8-52
i-sstack
linker 8-52
i HEAP_SIZE 8-52
i HSTACK_SIZE 8-52
i_ SSTACK_SIZE 8-52
IBM PC/AT software installation 1-6
iheap
definition 8-52
ihstack
definition (C system) 8-52

include file letter (source listing) 3-23
include files 3-7, 4-24
incremental linking 8-50
initialized sections 8-45
input
linker 8-6, 8-16
object format converter 10-9
input . . .
archiver 7-3
assembler 7-3
linker 7-3
instruction set
addressing modes 5-5
Clock cycles 5-8
Length of Instructions 5-8
summary 5-3, 5-6
symbols and abbreviations 5-4
instructions
format| 5-8
clock cycles 5-8
length of 5-8
format Il 5-9
clock cycles 5-9
length of 5-9
format Il 5-9
clock cycles 5-9
length of 5-9
miscellanous instructions 5-9
clock cycles, RETI, interrupt 5-9
length of, RETI, interrupt 5-9
Intel hex object format 10-3, 10-6
Intel object format 10-9
invoking the . . .
assembler 3-5
invoking the ...
absolute lister 9-5
archiver 7-5
linker 8-7
object format converter 10-9
isstack
definition (C system) 8-52

K

keywords (linker)
linker 8-18
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L

labels
case sensitivity 3-9
defined and referenced
(cross_reference list) 3-26
in assembly language source 3-9
in macros 6-18
local 3-15, 4-51
resetting 4-51
local labels 4-51
resetting 4-51
syntax 3-9
using with .byte directive 4-24
using with .word directive 4-67
left_to_right evaluation (of expressions)
3-18
length
MEMORY specification 8-21
Length of Instructions 5-8
library search algorithm
assembler 3-7
linker 8-12
line number table A-12
entry format A-12
line number blocks A-12
removing from object module A-13
line numbers
from C source in assembly code B-8
in source file listings 3-23
stripping 8-15
linker 8-5
COFF 2-11, 2-12, 2-13, 8-5
command files 8-7, 8-16
configured memory 8-39
error messages D-3
expressions 8-42
incremental linking 8-50
input 8-16
invocation 8-7
linking C code 8-51
Ink370 command 8-7
loading a program 2-16
operators 8-43
options summary 8-9
relocation 2-14
sections 2-11, 2-12, 2-13
SECTIONS directive 8-23

symbols 2-17
unconfigured memory 8-39
linker input 8-6
linker options 8-9
linker output 8-6, 8-14
linking C code 8-11
listing
page size 4-43
listing . ..
control 4-44, 4-50, 4-52, 4-54, 4-64
file 4-14
listing control 4-44, 4-50, 4-52, 4-54,
4-64, 6-21
listing file 4-14
listing page size 4-43
Ink example 8-53
Ink370
linker command 9-5
Ink370 command 8-7, 8-16
Ink370 example 8-52
load
linker keyword 8-31
load (linker keyword) 2-15
loading a program 2-16
local labels 3-15, 4-51
logical operators 3-19

M

macro directives
summary table 6-24
macro libraries 4-48, 6-15, 7-3
macro parameters See substituition
symbols
macros 6-3
.mlib directive 4-48
.mlist directive 4-50
calling 6-4
conditional assembly 6-16
defining a macro 6-5
description 6-4
directives summary 6-24
expansion 6-4
formatting the output listing 6-21
labels 6-18
libraries 4-48
macro libraries 4-48, 6-15
nested macros 6-22
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parameters See substitution symbols
producing messages 6-20
recursive macros 6-22
substitution symbols 6-7
as variables in macros 6-14
using comments in  6-20
main (_main) 8-11
malloc() 8-12, 8-52
map file 8-14
example 8-53
member definitions B-9
MEMORY
linker directive 8-20
default model 8-20
ignoring fill specifications 8-14
overlay pages 8-39
MEMORY (linker directive) 2-11
memory map 2-13
memory pool, C language 8-12, 8-52
MEMORY syntax 8-20
MEMORY_SIZE ( MEMORY_SIZE) 8-12
miscellanous instructions 5-9
mnemonic field 3-9
syntax 3-9
modes, addressing 5-5
Motorola S object format 10-3, 10-8, 10-9

N

named memory 8-27

named sections 8-45, A-5

naming an output module 8-14

nested macros 6-22

nesting level number (source listing) 3-23
NOLOAD section 8-41

O

object code (source listing) 3-23
object file format See COFF
object format converter 10-3
examples 10-10
input 10-9
invocation 10-9
output 10-9
object formats See COFF
Intel hex 10-3

Motorola S 10-3

Tektronix 10-3
Tl tagged 10-3
object libraries 7-3, 8-12, 8-19, 8-51
octal integers 3-12
operands 3-9
immediate addressing 3-10
local label
prefixes 3-9
register aliasing 3-10
operator precedence order 3-19

3-15

option
-a
assembler 3-5
linker 8-10
-C
assembler 3-5
linker 8-11, 8-51
-cr
linker 8-11, 8-51
-e
archiver 7-5
linker 8-11
-f
linker 8-11
-hstack
linker 8-15
-i
assembler 3-5, 3-7
linker 8-12
object format converter 10-9
-l
assembler 3-5
linker 8-12
-m
linker 8-14, 8-39
object format converter 10-9
-n
linker 8-14
-0
linker 8-14
-q
archiver 7-5
linker 8-14
-r
linker 8-10, 8-50
-S

archiver

7-5
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linker 8-15 Q
-sstack
linker 8-15 quiet run
-t linker 8-14
object format converter 10-9
-u
linker 8-15 R
-V
archiver 7-5 )
x MEMORY attribute 8-21

linker 8-15 RAM model of autoinitialization 8-11,
object format converter 10-9 8-51 _
optional file header A-7 recursive macros  6-22
origin register
MEMORY specification 8-21 aliasing 3-10
output relocatable output module 8-10
assembler See assembler output relocatable symbols  3-20
linker 8-6, 8-14 relocation 2-14, 3-23, 8-10
module name relocation information A-10
linker 8-14 reserved words
linker 8-18

object format converter 10-9 L
sections ROM model of autoinitialization 8-11,

rules 8-40 8-51
output . . . rom370 command 10-9
assembler 4-14 rts.lib 8-51, 8-52
output listing 4-14 Rule 1, output sect?ons contents 8-40
overflow (in expression) 3-19 Rule 2, output sections contents 8-40

overlay pages 8-39 run
maximum number of 8-39 linker keyword 8-31

PAGE definition 8-39 run (linker keyword) 2-15
using the MEMORY directive 8-39 runtime initialization  8-51
using the SECTIONS directive 8-39 runtime support - 8-51
overlaying sections 8-35
S
P section headers A-8
page length 4-43 section specifications 8-23
PAGE option SECTIONS
MEMORY directive Ilnker_d|rect|ve 8-23
definition 8-39 alignment  8-28
page width 4-43 a!loqatlon 8-23, 8-25, 8-26
parentheses in expressions 3-18 binding  8-26
partially linked files 8-50 blocking 8-28
PC-DOS, MS-DOS, or 0S/2 software default allocation 8-39
installation 1-6 default model 8-23
GROUP 8-38

precedence groups 3-18
producing an absolute listing 9-4
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named memory 8-27
overlay pages 8-39
reserved words 8-18
section specifications 8-23
specifying runtime address 8-31
specifying two addresses 8-31
syntax 8-23
UNION 8-35
use with MEMORY directive 8-22
specifying runtime address 2-15
specifying two addresses 2-15
sections
special section types 8-41
SECTIONS (linker directive) 2-11
software installation
IBM PC/AT 1-6
list of supported operating systems
1-6
PC-DOS, MS-DOS, or OS/2 1-6
UNIX 1-7
VAXIVMS  1-7
software stack
default size 8-15
source listings 3-23, 3-25
source statement
field (source listing) 3-23
format 3-9, 3-10, 3-11
comment field 3-11
label field 3-9
mnemonic field 3-9
operand field 3-9
number (source listing) 3-23
SPC 2-8
aligning
by creating a hole 8-46
linker 8-43
to byte boundaries 4-20
assembler’s effecton 2-8
assigning a label to 3-9
linker symbol 8-42, 8-45
maximum number of 2-8
value associated with labels 3-9
value shown in source listings 3-23
special section types 8-41
special symbols in the symbol table A-16
sstack (-sstack)
linker 8-15
SSTACK_SIZE (__SSTACK_SIZE) 8-45

stack size
linker 8-15
static variables A-14
storage classes A-19
string . . .
functions (substitution symbols)
$firstch  6-10
$iscons 6-10
Sisdefed 6-10
$ismember 6-10
$isname 6-10
$isreg 6-10
$lastch 6-10
$symcmp 6-10
$symlen 6-10
string table A-18
stripping line number entries 8-15
stripping symbolic information 8-15
structure definitions B-10
structure tag (.stag) 4-61
structure tag (stag) 4-17
substitution symbols 6-4, 6-7
.var (macro directive) 6-14
arithmetic operations on 4-17, 4-21,
6-9
as local variables in macros 6-14
assigning character stringsto 4-17,
4-21
built_in functions 6-9
directives that define 6-8
expansion 4-59
listing 4-14, 4-59
forcing substitution 6-11
in macros 6-7
maximum number per macro 6-7
passing commas and semicolons 6-7
recursive substitution 6-11
subscripted substitution 6-12
valid definition 6-7
symbol
table 2-17
creating entries 2-17
symbol names A-17
symbol table
entry from .sym directive B-12
special symbols used in A-16
stripping entries 8-15
structure and content A-14
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symbolic debugging A-12, A-14, B-4
block definitions B-4
enumeration definitions B-10
file identification B-5
function definitions B-6
line number entries B-8
member definitions B-9
stripping symbolic information 8-15
structure definitions B-10
symbol table entries B-12
union definitions B-10
symbolic offsets 4-61
symbols 2-17, 3-15
and their definitions (cross_reference
listy 3-3, 3-26
assigning values to 4-56
at link time  8-42
character strings 3-14
number of statements that reference
3-26
relocatable symbols in expressions
3-20
reserved words 8-18
statement number that defines 3-26
value assigned 3-26
symbols and abbreviations 5-4
system stack, C language 8-52

T

SECTIONS directive 8-35
union definitions B-10
UNIX software installation 1-7

Vv

VAX/VMS software installation 1-7

w

w
MEMORY attribute 8-21
well_defined expressions 3-20

X

Tektronix hex object format 10-5
Tektronix object format 10-3, 10-9

Tl _tagged object format 10-3, 10-7, 10-9
TMS370 archiver See archiver

TMS370 linker  See linker

TMS370 object format converter See
object format converter

type entry A-21

U

unconfigured memory 8-20, 8-39
underflow (in expressions) 3-19
uninitialized sections 8-45

holes 8-48
initializing 8-48
UNION

X
MEMORY attribute 8-21
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