






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SCNHDR

NAME

(File Format) SCNHDR

scnhdr — Section Header for a WE 32100 Microprocessor Object File

SYNOPSIS
#include "scnhdr.h"

DESCRIPTION

Every object file has a table of section headers to specify the layout of the data within
the file. Each section within an object file has its own header. The C structure

appears below.
struct scnhdr

char
long
long
long
long
long
long
unsigned short
unsigned short
long

1

s_namej8] ;
s_paddr ;
s_vaddr ;
s_size ;
s_scnptr ;
s_relptr ;
s_Innoptr ;
s_nreloc ;
s_nlnno ;

s _flag ;

/* physical address */

/* virtual address */

/* section size */

/* file ptr to raw data */

/* file ptr to relocation */

/* file ptr to line numbers */
/* # reloc entries */

/* # line number entries */
/* flags */

File pointers are byte offsets into the file; they can be used as the offset in a call to
the UNIX System command fseek. If a section is initialized, the file contains the
actual bytes. An uninitialized section is somewhat different. It has a size, symbols
defined in it, and symbols that refer to it. But it can have no relocation entries, line
numbers, or data. Consequently, an uninitialized section has no raw data in the object
file, and the values for s_scnptr, s_relptr, s_Innoptr, s_nreloc, and s_ninno are zero.

SEE ALSO
m32ld, m32a.out.
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SYMS (File Format) SYMS

NAME
syms — WE 32100 Microprocessor Object File Symbol Table Format

SYNOPSIS
#include "syms.h"

DESCRIPTION
Processor object files contain information to support symbolic software testing. Line
number entries, /inenum, and extensive symbolic information permit testing at the C
source level. The symbol table for every object file is organized as:

File name 1.
Function 1.
Local symbols for function 1.
Function 2.
Local symbols for function 2.

Static externs for file 1.

File name 2.
Function 1.
Local symbols for function 1.
Function 2.
Local symbols for function 2.

Static externs for file 2.

Defined global symbols.
Undefined global symbols.

The entry for a symbol is a fixed-length structure. The members of the structure hold
the name (null padded), its value, and other information. The C structure is:

#define SYMNMLEN 8
#define FILNMLEN 14

struct syment

{

union

char _n_name[SYMNMLEN];, /* symbol name */
struct
{
long n_zeros; /* ==OL when in
string table */
long _n_offset; /* location of
name in table */
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} nn;
char * n_nptr[2];

unsigned long
short
unsigned short
char
char

ks

#define n_name _n._n_name
#define n_zeros _n._n_n._n_zeros

#define n_offset _n._n_n._n_offset

#define n_nptr _n._n_nptr[1]

(File Format) SYMS

/* allows overlaying */

n_value ;/* value of symbol */
n_scnum ;/* section number */

n_type ;/* type and derived type */
n_sclass ;/* storage class */

n_numaux ;/* number of aux entries */

Some symbols require more information than a single entry; they are followed by
auxiliary entries that are the same size as a symbol entry. The format is:

union auxent

struct

long

union

{
struct
}x_Insz;
long

}x_misc;

union

{
struct
{
} x_fen;
struct
}

}

unsigned short

x_tagndx;

unsigned short x_lnno;
unsigned short x_size;

x_fsize;

long x_Innoptr;
long x_endndx;

unsigned short x_dimen[DIMNUM];
x-ary;

x_fenary;

x_tvndx;



SYMS
} X_sym;
struct
{
char
} x_file;
struct
{
} X_scn;
struct
{
}
};

(File Format) SYMS

x_fname[ FILNMLEN];

long x_scnlen;
unsigned short
unsigned short

long x_tvfill;
unsigned short
unsigned short
X_tv;

x_nreloc:
x_nlinno:

X_tvlen;
x_tvran[2];

Indices of symbol table entries begin at zero.

SEE ALSO
m32a.out, linenum.
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Glossary and
Acronyms






Absolute deferred mode - An address
mode that uses an address embedded in
the operand to locate a pointer to data.

Absolute mode - An address mode that
uses an address embedded in the
operand to locate data.

Address arithmetic unit (AAU) - Fetch
unit element that calculates 32-bit
addresses.

Argument pointer (AP) - User register
that points to the beginning location in
the stack where a set of arguments for
a function has been pushed.

Arithmetic logic unit (ALU) - On-chip
unit that performs arithmetic
operations on 32-bit data.

Assert - To drive a signal to its active
state.

Bit field - A sequence of 1 to 32 bits
contained in a base word. The field is
specified by the address of its base
word, a bit offset, and a width.

Bit offset - Identifies the starting bit of
the field in its base word. The offset
ranges from O to 31.

Bus interface control - Provides all the
strobes and control signals necessary to
implement the interface with
peripherals.

Byte - An 8-bit quantity that may appear
at any address in memory.

Cache - A high-speed memory filled at a
lower speed from main memory. Used
to reduce memory access time.

Cache disable (CD) - A field in the PSW
that enables and disables the
instruction cache.

Cache flush disable (CFD) - A field in
the processor status word (PSW) that
enables and disables instruction cache
flushing (emptying of the cache’s
contents) when a new process is loaded

GLOSSARY

via the XSWITCH_TWO
microsequence.

Condition codes (NZVC) - The flags in
this 4-bit field reflect the resulting
status of the most recent instruction
execution which affects them. The
four flags are negative (N), zero (Z),
overflow (V), and carry (C).

Coprocessor - A support processor that
operates synchronously with the CPU
to provide greater throughput in
arithmetic or I/0 functions.

Current execution level (CM) - A 2-bit
field in the PSW that represents the
current execution level. The four
execution levels are kernel, executive,
supervisor, and user.

Dedicated registers - Seven registers
(r9—r15) that have specific,
predetermined functions.

Displacement mode - An address mode
that uses a register and an offset, both
embedded in the operand, added
together to form the address of data.

Displacement deferred mode - An address
mode that uses a register and an offset,
both embedded in the operand, added
together to form the address of a
pointer to data.

Enable overflow trap (OE) - A field in
the PSW that enables overflow traps.

Exception type (ET) - A 2-bit field in the
PSW that indicates exceptions
generated during operations. The four
types of exceptions are normal, stack,
process, and reset.

Exceptional conditions - Events other
than interrupts and reset requests that
may interrupt the execution of a
program. The four classes of
exceptional conditions are normal
exceptions, stack exceptions, process
exceptions, and reset exceptions.



GLOSSARY

Execute unit - The elements in this unit
perform all arithmetic and logic
operations, perform all shift and all
rotate operations, and compute the
condition flags.

Expanded-operand-type mode - An
address mode that changes the type of
the instruction for an operand and
those that follow it in the instruction.
It does not affect immediate operands.

Faults - Error conditions that are
detected outside the microprocessor
and conveyed to the microprocessor
over its fault input FAULT.

Fetch unit - The elements in this unit
handle the instruction stream and
perform memory-based operand
accesses.

Frame pointer (FP) - User register that
points to the beginning location in the
stack of a function’s local variables.

Full interrupt - Interrupt whose handling
routine implements a process switch to
the interrupt’s handler. All interrupts
are handled via the full interrupt
sequence if the QIE bit in the PSW is
cleared (0).

General-purpose registers - Nine registers
(r0—r8) that may be used for high-
speed accumulation, for addressing, or
for temporary data storage.

Halfword - 16-bit quantity that may
appear at any address in memory that
is divisible by 2.

Immediate and displacement extractor -
Provides address calculation data to the
address arithmetic unit (AAU) for its
use in calculating 32-bit addresses.

Immediate mode - An address mode
where the operand contains actual data
to be used by instruction.

Instruction cache - A 64- by 32-bit
on-chip cache used to increase the
microprocessor’s performance by

reducing external memory reads for
instruction fetches.

Instruction queue - An 8-byte, first-in-
first-out (FIFO) on-chip queue that
stores prefetched instructions.

Internal state code (ISC) - A 4-bit field
in the PSW that distinguishes between
exceptions of the same exception type.

Interrupt - A means by which external
devices may request service by the
MiCroprocessor.

Interrupt priority level (IPL) - A 4-bit
field in the PSW that represents the
current interrupt priority level.

Interrupt stack pointer (ISP) - User
register that contains the 32-bit
memory address of the top of the
interrupt stack.

Main controller - The microprocessor’s
central control unit. It is responsible
for acquiring and decoding instruction
opcodes and directing the action of the
fetch and execute controllers.

Memory management unit (MMU) - A
software or hardware unit, or
combination of both, that translates
virtual addresses into physical
addresses and verifies access
authorization. The WE 32101
Memory Management Unit provides
this function for the CPU.

Negate - To drive a signal to its inactive
state.

Nonmaskable interrupt - Type of
interrupt that interrupts the
microprocessor regardless of the
priority level in the IPL field of the
PSW.

Normal exceptions - A class of
exceptional conditions generated by the
microprocessor when it detects a
condition such as a trap, invalid
opcode, or illegal operation.



Operand descriptor - First byte of an
operand defining which address mode
and register the operand uses.

Pipelining - Overlapping the execution of
instructions to increase the
microprocessor’s performance.

Prefetch - A technique where the CPU
fetches an instruction prior to the
completion of previous instructions.

Previous execution level (PM) - A 2-bit
field in the PSW that represents the
previous execution level. The four
execution levels are kernel, executive,
supervisor, and user.

Privileged instruction - An operating
system group instruction that can
execute only in kernel execution level.

Process control block (PCB) - A process
data structure in external memory that
saves the context of a process when the
process is not running. This context
consists of the initial and current
contents of control registers (PSW, PC,
and SP), the last contents of registers
r0 through r10, boundaries for an
execution stack, and memory
specifications for the process.

Process control block pointer (PCBP) -
User register that points to the starting
address of the process control block for
the current process.

Process exceptions - A class of
exceptional conditions that may occur
during a process switch.

Processor status word (PSW) - User
register that contains status
information about the microprocessor
and the current process.

Program counter (PC) - User register
that contains the 32-bit memory
address of the instruction being
executed or, upon completion, contains
the starting address of the next
instruction to be executed.

GLOSSARY

Quick interrupt - An interrupt whose
handling routine pushes the old PSW
and PC on the stack and fetches a new
PSW and PC that correspond to the
interrupt’s handler. For this reason the
quick interrupt handling routine
requires less time than a full interrupt
which implements a process switch to
the interrupt’s handler. Interrupts are
handled via the quick-interrupt
sequence if the QIE bit in the PSW is
set (1).

Quick-interrupt enable (QIE) - A field in
the PSW that enables and disables the
quick-interrupt facility.

Read interlocked operation - An operation
which consists of a memory fetch (read
access), one or more internal
microprocessor operations, and then a
write access to the same memory
location.

Register deferred mode - An address
mode that uses a register name,
embedded in an operand, which
contains a pointer to data to be used
by the instruction.

Register mode - An address mode that
uses a register name, embedded in an
operand, which contains data to be
used by the instruction.

Register-initial context (RI) - A 2-bit
field in the PSW that controls the
microprocessor context switching
strategy.

Reset exceptions - A class of exceptional
conditions that is triggered by an error
condition in accessing critical system
data.

Scratch registers - User registers r0, rl,
and r2. These three registers are used
by the C compiler to store temporary
values and also return specific values
during procedure calls.



GLOSSARY

Short offset mode - An address mode that
uses an offset embedded in an operand.
The offset is added to the frame
pointer or argument pointer to form
the address of data.

Sign extension - Automatic extension of a
byte or halfword value to 32 bits by
filling the high-order bits with the
value of the sign bit.

Stack exceptions - A class of exceptional
conditions that may occur during a
process switch or a GATE sequence.

Stack pointer (SP) - User register that
contains the current 32-bit address of
the top of the execution stack; i.e., the
memory address of the next item to be
stored on (pushed onto) the stack or
the last item retrieved (popped) from
the stack.

Trace enable (TE) - A field in the PSW
that enables the trace function.

Trace mask (TM) - A field in the PSW
that enables masking of a trace trap.

Trace mechanism - An interpretive
diagnostic trace trap using two bits in
the PSW, trace enable (TE) and trace
mask (TM), to analyze each executed
instruction.

User registers - The sixteen 32-bit
registers (r0—r15) that are available to
the user. The user registers consist of
nine general purpose registers (r0—r8)
and seven dedicated registers
(r9—r15).

Vestigial cycle - A clock cycle that
follows every access and is provided to
allow enough time for a memory
management unit to release the shared
address bus.

Wait-state - Idle periods that may be
generated during a bus transaction to
allow slow peripherals to handshake
with the microprocessor.

Width - The size of a bit field. Width
plus one is the number of bits in the
field. The width ranges from 0 to 31.

Word - A 32-bit quantity that may
appear at any address divisible by 4.

Working registers - Registers that are
used exclusively by the microprocessor
and are not user-accessible.

Zero extension - Automatically extending
a byte or halfword value to 32 bits by
filling the high-order bits with zeros.

3-state - To place an input in a high-
impedance state.



AAU - Address arithmetic unit

ALU - Arithmetic logic unit

AP - Argument pointer

BPT - Breakpoint trap

BSS - Bounded static storage

C - Condition flag bit carry

CALLPS - Call process

CD - Cache disable

CFD - Cache flush disable

CM - Current execution level

CMOS - Complimentary metal-oxide
semiconductor

COFF - Common object file format

COPY - "Copy" section

CPU - Central processing unit

CR - Configuration register

DMA - Direct memory access

DSECT - "Dummy" section

EPROM - Eraseable programmable ROM

ET - Exception type

FLTAR - Fault address register

FLTCR - Fault code register

FP - Frame pointer

1/0 - Input/output

IPL - Interrupt priority level

ISC - Internal state code

ISP - Interrupt stack pointer

LIFO - Last-in-first-out

LRU - Least recently used

LSB - Least significant bit

mmmm - Mode field
MMU - Memory management unit
MSB - Most significant bit

ACRONYMS

N - Condition flag bit negative
NOP - No operation

OE - Overflow enable

PC - Program counter

PCB - Process control block
PCBP - Process control block pointer
PD - Page descriptors

PDT - Page descriptor table
PM - Previous execution level
POT - Page offset field

PPC - Prefetch counter

PSL - Page select field

PSW - Processor status word
QIE - Quick-interrupt enable
RAM - Random access read/write memory
RI - Register-initial

ROM - Read-only memory

rrrr - Register field

RSB - Return from subroutine
SD - Segment descriptors

SDP - Software demand paging
SDT - Segment descriptor table
SGP - Software generation programs
SID - Section ID field

SOT - Segment offset field

SP - Stack pointer

SSL - Segment select field

TE - Trace enable

TM - Trace mask

TT - Trace trap

TTL - Transistor-transistor logic
V - Condition flag bit overflow
Z - Condition flag bit zero
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AAU. See Address arithmetic unit
ABSOLUTE, 5-24
Absolute
address modes, 3-10
binary file, 5-3, See also Object
file format
deferred, 3-11
Access protection, 4-43
Accessing
library, 5-117
macros, 5-121
Address
and data bus, 2-1
assigned to symbols, 5-53
assigning of, 5-53
fault, 2-30
mode absolute, 3-10
mode absolute deferred, 3-11
modes, 3-6
mode syntax, 3-8
physical, 5-56, 5-78
printing of computed, 5-108
range of target processor, 5-53
signals, 2-75
virtual, 4-36, 5-56, 5-78
Address arithmetic unit (AAU), 2-1
Addressing modes
absolute, 3-10
absolute deferred, 3-10
argument pointer (AP) short offset, 3-15
byte displacement, 3-11
byte displacement deferred, 3-12
byte immediate, 3-16
displacement, 3-11
expanded operand type, 3-20
frame pointer (FP) short offset, 3-15
halfword displacement, 3-12
halfword displacement deferred, 3-13
halfword immediate, 3-17
immediate, 3-16
negative literal, 3-18
positive literal, 3-18
register, 3-19
register deferred, 3-19
short offset mode, 3-15

INDEX

syntax, 3-8
word displacement, 3-14
word displacement deferred, 3-14
word immediate, 3-17
.align, 5-35
Alignment
data, 2-10
fault, 2-10, 2-68
fault bus activity, 2-56
fault properties, 2-68
output section, 5-57
pseudo operation, 5-35
Allocating sections, 5-61, 5-65
Allocation algorithm, 5-65
Allocation errors, 5-70
ALU. See Arithmetic logic unit
a.out header, 5-80
Arbitration signals, 2-48
Architecture, 1-2, Chapt. 2
overview, 2-1
pipelining, 2-1, 2-57
Archive
distinguishing members from object
files, 5-118
magic number, 5-118
maintainer, m32ar, 5-103
opening and closing files, 5-118
ordering of libraries, m32lorder, 5-114
reading of header, 5-120
stripping information from
libraries, m32strip, 5-116
use of libraries, 5-63, 5-121, 5-117
Argument macros, 5-19
Argument pointer (AP), 2-4, 3-8, 5-38
short offset mode, 3-15
Arithmetic instructions, 3-25
Arithmetic logic unit (ALU), 2-2
execute controller, 2-1
Arrays, symbol table entry, 5-99
asm, assembler escape, 5-7
Assembled files, 5-15
Assembler, 5-13
directives, 5-31
escapes, 5-7
example of programming, 5-43
language, 5-22
m32as, 5-14
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m32as and registers, 5-26
m32as and sections, 5-15
m32as diagnostics, 5-15
m32as location counter, 5-15

m32as macro processing facilities, 5-16

m32as options, 5-14

m32as use, 5-13

predefined interface macros,

M4 processor, 5-16

restrictions on macros, 5-19

syntax, 5-14
Assembly language, 5-22

applications requiring, 5-13

descriptions, 5-22 thru 5-43

function calling, 5-37

statements, 5-22

symbols, 3-36, 5-23
Asserted signal, 2-13, 2-70
Assigning of structures, 5-9
Assigning of values and

types to symbols, 5-25

Assignment

pseudo operation, 5-33

statements, 5-53

to dot, 5-34
Asynchronous read, 2-15
Asynchronous write, 2-18
Auto-vector interrupt, 2-45, 4-24
Auxiliary table entries, 5-97

B

Beginning of blocks
and functions, 5-100
Bit field
base word, 2-8
defined, 2-8, 3-1
instructions, 3-1
offset, 2-8, 3-1
width, 2-8, 3-1
Blockfetch operation, 2-25
Borrow, 3-23
Branch, 3-43 thru 3-60, See also
Program control instructions
BSS, 5-24
.bss section, 5-15, 5-31, 5-32, 5-82

finding size of, 5-82
grouping together, 5-58
section header, 5-82
initialized, 5-61

Bus
address, 2-1, 2-12, 2-75
arbitration, 2-49
data, 2-1, 2-75
exceptions, 2-30

exceptions, retry and relinquish, 2-34

operation, Chapt. 2
request, 2-51
.byte, 5-32, 5-35
Byte
data, 2-8, 3-1
descriptor, 3-8
displacement deferred mode, 3-12
displacement mode, 3-11
immediate mode, 3-16
ordering and m32conv, 5-106

C

Carry, 3-23
C language, 5-1, 5-6
calling sequence, 5-37
examining object files from, 5-117
features, 5-1, 5-6
flag, 5-79
macros, 5-16
preprocessor, 5-4
stack frame, 5-37
Cache
instruction, 2-1, 2-6
instruction cache flush, 2-7
instruction cache hit, 2-55
memory, 4-42
MMU descriptor, flushing, 4-41
Call process instruction, 4-16, 4-46
Central processing unit (CPU), 1-2
architecture, Chapt. 2
instructions, Chapt. 3
operation, Chapt. 2
register syntax, 3-3, 3-9, 5-26
registers, 2-3, 3-3, 5-26
Changing entry point, 5-62



Classes, CPU output, 2-84
Clock
input, 2-11, 2-83
state, 2-12
Closing object files, 5-118
Common object file format (COFF), 5-77
Compiler, 5-3
m32cc, 5-3
options, 5-4
register usage, 5-6
Complete structure and union member
reference qualifications, 5-11
Compress utility, m32cprs, 5-107
Condition flags, 2-4, 3-1, 3-22, 3-23, 3-34
Constants, 5-25
Context switching strategy, 4-17
Control-register save area, 4-7
Controllers
main, 2-1
executive, 2-1
fetch, 2-1
Coprocessor, 2-58
broadcast, 2-58
data write, 2-65
instructions, 3-32
operand fetch, 2-63
status fetch, 2-64
Corrupt input files, 5-68
Creating and defining symbols, 5-60
Creating holes within
output sections, 5-59
Current execution level (cm),
2-5, 4-11

D

.data, 5-31, 5-32
Data
alignment fault properties, 2-68
embedded in operands, 3-6
generation pseudo operations, 5-35
in memory, 2-10
transfer instructions, 3-23
types, 2-8, 3-1
Deferred address modes, 3-6
Diagnostics, See Error

Direct memory access (DMA), 2-51
Disassembler
m32dis, 5-108
m32dis error messages, 5-110
options, 5-108
Disassembly, 5-27, 5-44
Displacement modes, 3-11
DMA, See Direct Memory Access
DSECT, COPY and NLOAD sections
output file blocking, 5-67

E

Efficient mapping strategies, 4-41
Electrical
requirements, 2-84
specifications, 2-86
End
of blocks and functions, 5-100
of structures, 5-99
Entry point, 4-14
Enumerations
constants, 5-7
enumeration-tag, 5-7
Epilogue sections, 5-43
Error
messages, 5-68
messages, m32as, 5-15
messages, m32conv, 5-107
messages, m32cprs, 5-107
messages, m32dis, 5-110
messages, m32dump, 5-113
messages, m32ld, 5-68
messages, m32list, 5-113
messages, m32nm, 5-115
messages, m32strip, 5-116
Exception
breakpoint trap, 2-67, 4-33
conditions, 2-66, 4-30
defined, 2-66, 4-30
external memory, 2-68, 4-33
gate vector, 2-68, 4-36
handler, 4-30
illegal level change, 2-68, 4-33
illegal opcode, 2-68, 4-33
integer overflow, 2-67, 4-33

INDEX
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integer zerodivide, 2-68, 4-33
interrupt-stack fault, 2-66, 4-36
invalid descriptor, 2-68, 4-33
new-PCB fault, 2-66, 4-35
normal, 2-67, 4-32

old-PCB fault, 2-66, 4-35

on-normal exception, 2-67, 4-32, 4-65
on-process exception, 2-67, 4-35, 4-69

on-reset exception, 2-67, 4-35, 4-71
on-stack exception, 2-67, 4-33, 4-67
privileged-opcode, 2-68, 4-33
privileged-register, 2-68, 4-33
process, 2-67, 4-35
reserved-data-type, 2-68, 4-33
reserved opcode, 2-68, 4-33
reset, 2-67, 4-35
severity, levels of, 2-67, 4-30
stack, 2-67, 4-33
system-data, 2-66, 4-36
trace trap, 2-68, 4-33
Executable instructions, assembly
language, 5-27
Execution
modes, levels, 2-5, 4-1, 4-5, 4-11
privilege, 4-5
stack, 4-5
Executive mode (level 1), 4-1
Expanded-operand
type mode, 3-20
Explicit process switch, 4-3, 4-16

F

Fault,
blockfetch, 2-37
defined, 2-30
exception mechanism, 4-30, 2-68
memory, 2-30, 2-68, 4-41
stack fault, 4-33
Features of the operating system, 4-1
Fields in the PSW, 2-4, 4-10
File
a.out header, 5-80
address, 5-118
contents of header, 5-79
conversion, 5-105

flags, 5-79
header, 5-79
magic number, 5-118
name pseudo operation, 5-37
names, auxiliary table, 5-98
pointer, 5-118
reading of header, 5-120
sections, 5-82
seeking to header, 5-120
specifications, 5-56
Flexnames, 5-7
Flushing
instruction cache, 2-7
MMU descriptor cache, 4-41
Frame pointer (FP), 2-4, 3-8
short offset mode, 3-15
Full interrupts, 2-42, 4-29
Full-interrupt handler’s PCB, 4-25
Function
accessing, 5-118
auxiliary table entries, 5-100
call stack frame, 5-41
called, 5-39
calling, 5-39
calling sequence, 5-37
index return, 5-120
interface macros, 5-17
names, listing, 5-108
returning structure values, 5-9
saving no registers, 5-44
symbols for, 5-84
to close, 5-118
to open, 5-118
to read, 5-120
to return aggregate values, 5-9
to return symbol index, 5-120
to seek, 5-120

G

Gate, 4-10

instruction, 4-14, 4-57

mechanism, 4-13

return from, 4-16
Gate-PCB fault, 4-16, 4-35
Gate-vector fault, 4-15, 4-36



General-purpose library, 5-121
General-purpose registers, 2-4, 3-3, 5-26
General-register save area, 4-7

H

Halfword

boundary, 2-10

data, 2-8, 3-1

displacement deferred mode, 3-13

displacement mode, 3-12

immediate mode, 3-17
Handling-routine tables, 4-13
Header

file (Idfcn), 5-117

reading of information, 5-120
Holes in physical memory, 5-64
Host computers for SGP, 5-2

I bit, 4-17
ifiles, 5-48
Immediate modes, 3-16
Implicit process switch, 4-3, 4-23, 4-28,
4-34, 4-35, 4-36
Include files, 5-118
Indirect segment descriptors, 4-42
Initial context for a process, 4-9, 4-17
Initialize
section holes, 5-61
memory management unit, 4-40
In-line procedure expansion, 5-13
Inner blocks, 5-86
Input specifications, 2-86
Instruction format, 3-6
Instruction set, 1-4, 3-1, 5-13, 5-38
descriptions, 3-33
functional groups, 3-23
listings, 3-33
operating system, 4-2, 4-43
summary by function, 3-126
summary by mnemonic, 3-132
summary by opcode, 3-136
Instruction cache hit, 2-55
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Interface macros, 5-17
Interlocked operation, read, 2-22
Internal errors, 5-70
Internal reset, 2-52
Internal State Code (ISC), 2-5, 2-66,
4-11, 4-32 thru 4-36
Interrupt
acknowledge, 2-42, 4-24
auto-vector, 2-45, 4-24
handler model, 4-23
handler’s PCB, 4-25
mechanism, 4-24
nonmaskable, 2-45
on-interrupt microsequence, 4-28, 4-73
request and acknowledge codes, 2-44
returning from, 4-29
quick interrupt, 2-48, 4-29
signals, 2-79
stack, 4-26
stack pointer (ISP), 2-7, 4-26
stack and ISP, 4-26
structure, 4-23
vector table, 4-27

K
Kernel mode (level 0), 4-1
L

Ldaclose, 5-118
Ldaopen, 5-117
Ldclose, 5-118
Ldfcn. See Header file, 5-117
Ldfile structure, 5-117
Ldopen, 5-117
Ldtbindex, 5-117
Least significant bit (LSB), 2-8, 3-1
Least significant byte, 5-30
Levels of exception severity, 4-30
Library,
access routines, 5-117
archive file, 5-63
functions and macros, 5-118
general purpose, 5-121
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routines, 5-102, 5-122
Line
listing of numbers, 5-113
number pseudo operation, 5-37
numbers, 5-84
numbers, stripping from an object
file, 5-116
seeking numbers, 5-118, 5-120
Link editing in one pass, 5-102
Link editor, m32ld, 5-48
assignment statements, 5-53
command language, 5-51
command line options, 5-50
error messages, 5-68
ifiles, 5-48
initialization of .bss, 5-61
library order and m32ld, 5-114
memory configurations, 5-53
notes on m32ld use, 5-62
options to m32ld, 5-50
reserved names for m32ld, 5-52
section definition directives, 5-55
List utility, m32list, 5-113
Listing
assembly language programs,
m32dis, 5-108
instruction set, 3-33
&lit defined, 3-8, 3-18
Load specified address section, 5-57
Location counter, 5-25
Logical instructions, 3-26

M

m32a.out. See Object file format
m32ar. See Archive

m32as. See Assembler

m32cc. See Compiler

m32convert. See Object file converter
m32cprs. See Compress utility
m32dis. See Disassembler
m32dump. See Object file dumper
m32ld. See Link editor

m32list. See List utility

m32lorder. See Object file order
m32man. See On-line documentation

m32nm. See Name list utility
m32size. See Object file section size
m32strip. See Strip utility
Machine independent instruction set, 5-45
Macro processing facilities, M4, 5-16
reserved words, 5-21
Macros
accessing, object files, 5-121
assembler, 5-17
Main controller, 2-1
Memory
link editor configurations, 5-53
management, 2-10, 4-36
management, virtual, 4-4, 4-36
options, 4-37, 2-10
PCB specifications, 4-9
translation, 4-37
Memory management unit
(MMU), 2-10, 4-36
exceptions, 4-41
initialized, 4-40
interactions, 4-40
mapping strategies, 4-41
peripheral mode, 4-40
translation
continuous segment, 4-37
paged segment, 4-37
Microprocessor
architecture, 2-1, 4-1
bus arbitration, 2-48
bus exceptions, 2-30
characteristics, Chapt. 2
coprocessor interface, 2-58
data handling, 2-8
exceptional conditions, 2-66
features of the operating systems, 4-1
operating requirements, 2-83
output classes, 2-84
outputs during DMA, 2-51
outputs during reset, 2-53
pin assignments, 2-70
registers, 2-3, 3-3
signals for interfacing, 2-75 thru 2-83
specifications, 2-83
trace mechanism, 2-69
Microsequence, 4-2, 4-64
on-interrupt, 4-28, 4-73



on-normal, 4-32, 4-65
on-process, 4-35, 4-69
on-reset, 4-35, 4-71
on-stack, 4-33, 4-67
XSWITCH, 4-21, 4-22, 4-28, 4-77
Misuse
expressions, 5-72
link editor directives, 5-71
options, 5-72
mmmm field (address mode
field), 3-10
Mnemonic, 3-1, 3-6
Modifier options, 5-111
Most significant bit, 2-8, 3-1

N

Name list utility, m32nm, 5-114
Names related to structures, unions
and enumerations, 5-100

Negated signal, 2-13, 2-70
Negative literal mode, 3-18
New flexibility for member
names, 5-10
New-PCB fault, 2-66, 4-35
Nonmaskable interrupt, 2-45
Nonprivileged instructions, 4-56
Nonrelocatable input files, 5-67
Nonunique structure member
names, 5-9
Nonunique tag names allowed, 5-12
Normal exceptions, 4-32
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Object file
archive, m32ar, 5-103
access functions, 5-118
access routines, 5-117
conversion, m32conv, 5-105
converter, m32convert, 5-105
dumper, m32dump, 5-111
format, features of, 5-77
opening and closing, 5-118

order, m32lorder, 5-114
relocatable, 5-83
section headers, 5-81
section size, m32size, 5-116
sections of, 5-82
stripping information from,
m32strip, 5-116
symbols, 5-84
symbol table, 5-114
Object traps, 4-42
Old-PCB fault, 2-66, 4-35
On-interrupt microsequence, 4-28, 4-73
On-line documentation,
m32man, 5-103, 5-123
On-normal exception, 2-67, 4-32, 4-65
On-process exception, 2-67, 4-35, 4-69
On-reset exception, 2-67, 4-35, 4-71
On-stack exception, 2-67, 4-33, 4-67
Opcodes, 3-34, 3-136
Operand, 3-6, 5-28
See also Addressing modes
data embedded in, 3-6
descriptor, 3-6, 5-30
in instruction format, 3-6
syntax, 3-8, 5-28
Operating system
considerations, Chapt. 4
features, 4-1
instructions, 4-2, 4-43
support, 1-4, Chapt. 4
Operation
read, 2-12
write, 2-12
Operator precedence, 5-52
opnd. See Operand
Optimization, 5-4, 5-43
Optimizer, 5-4
Optional header, 5-80
Output
classes, 2-84
errors in m32ld, 5-69
file blocking, 5-68
file, redirection from
m32conv, 5-106
sections, 5-55, 5-65
specifications, 2-86

INDEX
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PC. See Program counter
PCB. See Process control block
PCBP. See Process control block pointer
Peripheral mode, 4-40
Physical

address, 2-10, 4-36

memory, 2-10, 4-13, 4-36
Pin assignments, 2-70
Pipelining, 2-1, 2-57
Pointer table, 4-13
Positive literal mode, 3-18
Predefined macros, use of, 5-20
Previous execution level (PM), 2-5, 4-11
Privileged

execution modes, 4-1, 4-5

instructions, 4-2, 4-44

opcode, exception, 2-68

register, 2-3, 3-4

register exception, 2-68
Procedure transfer, 3-28
Process,

defined, 4-1

exceptions, 2-67, 4-35

structure of a, 4-4

switching, 4-1, 4-16
Process control block (PCB), 4-4, 4-6
Process control block pointer

(PCBP), 2-7, 4-5

locations, 4-6, 4-7

register, 3-3, 4-5
Processor. See Central processing unit
Processor status word (PSW), 2-4, 4-10

fields, 2-5, 4-11

register, 2-3, 3-3
Program control instructions, 3-28
Program counter (PC), 2-8, 3-4
Programming example, assembly, 5-43
Prologue sequence, 5-17, 5-43
Pseudo operations, 5-31

Q

Quick interrupt, 2-48, 4-29, 4-23

R

R bit, 4-17
Register, 2-3, 3-3
as an operand, 3-3
assembler syntax, 3-4
compiler usage, 5-6
modes, 3-19
reading from a, 3-6
save area, 3-28, 5-38
writing to a, 3-6
Registers defined, 5-26
Relinquish and retry, 2-34
Relinquish and retry of blockfetch, 2-42
Relocatable symbols, 5-83
Relocation, 5-83
entries, 5-83
seeking entries, 5-118, 5-120
stripping entries, 5-116
types, 5-83
Removing duplicate structures, 5-107
Reserved
data type exception, 2-68, 4-33
opcode, exception, 2-68, 4-33
symbol names, 5-52, 5-21
Reset, 2-52
exceptions, 4-35, 4-71, 2-66
internal, 2-52
sequence, 2-54
signal, 2-53
states, 2-53
Restrictions, macros, 5-19
Retry, 2-34
Return
from gate, 4-16, 4-62
from interrupt, 4-29
instruction set commands, 3-94
to process, 4-22, 4-52
rrrr field (register field), 3-10
Routines
general purpose library, 5-122
printf and scanf, 5-123
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Save-context area, 4-7
Saved context for a process, 4-9, 4-17
Scratch register macros, 5-19
Second entry point, 4-15
Section
control pseudo operations, 5-31
definition directives, 5-55
definition of, 5-78
headers, 5-81
numbers, 5-93
Sections, See also .bss section,
.data section, and .text section
aligning, 5-57
allocating into memory, 5-61
assigning symbols, 5-60
auxiliary table entry for, 5-98
binding, 5-56
creating holes in, 5-59
grouping of, 5-58
initialize, 5-61
loading, 5-57
output, 5-56
seeking to, 5-118, 5-120
user-defined, 5-55
SECTIONS directives,

5-55 thru 5-68, 5-82
Seeking file headers, 5-79, 5-120
Selective inclusion, 5-63
Sending object files, 5-106
Shell commands, and utilities, 5-102
Sign and zero extension, 3-3
Signal sampling points, 2-11
Software Generation Programs

(SGP), 1-5, Chapt. 5

distinctive features, 5-1
SP. See Stack pointer
Space restraints, 5-73
Special symbols, 5-84
Stack

and miscellaneous

instructions, 3-32, 3-131

bounds, 4-6, 4-33

exceptions, 2-67, 4-33, 4-67

execution, 4-5

fault, 4-33

INDEX

frame, 3-28, 5-38

frame macros, 5-19

interrupt, 4-6, 4-26
Stack-bound, 4-8

exception, 4-33

fault, 4-33
Stack-exception handler, 3-32, 4-6, 4-34
Stack pointer (SP), 2-7, 3-28, 3-36
Standard UNLX System a.out

header, 5-80
Statements, assembly language, 5-22
Standard input (output),
Stdio, 5-117

Storage classes, 5-90
String table, 5-101
Strip utility, m32strip, 5-116
Structure,

assignment, 5-7, 5-9

field names, 5-9, 5-10

member name restrictions, 5-10

member names, 5-9, 5-10

of a process, 4-4

operands, 5-9

references, 5-11

symbol table entries, 5-97

tag names, 5-12
Structure-tag, 5-8
Structure-valued arguments, 5-7
Subroutine transfer, 3-28
Subsystems link editing, 5-66
Supervisor mode (level 2), 4-1
Support, application, 1-4
Symbol information

finding index of, 5-118

name field, 5-90

reading, 5-120

storage classes, 5-90

value field, 5-90
Symbol table, 5-84

auxiliary entries, 5-97

displaying, 5-114

entries, 5-89

entry format, 5-89, 5-97

functions reading, 5-89

removing, 5-116

seeking, 5-120

stripping, 5-116



INDEX

Symbolic
debugger, 5-6
debugging, and assembly code, 5-17
debugging pseudo operations, 5-36
debugging symbols, 5-93
information, 5-1, 5-2
Symbols
creating and defining, 5-23
for functions, 5-89
pseudo-ops for, 5-33
Synchronous
read, 2-13
write, 2-18
Syntax diagram for input, 5-74
System reset, 2-52

T

Tag names, 5-99
Target machine, 5-106
Target processor address range, 5-53
TEXT, 5-24
.text section, 5-31, 5-33

and m32conv, 5-106
Trace mechanism, 2-69

trace enable (TE), 2-69

trace mask (TM), 2-69

trace trap (TT), 2-68

truth table, 2-69

Transferring structure value, 5-9
Translation virtual, 4-37
Trap, 2-66, 4-30
TTL

input, 2-84

input specifications, 2-86
tttt field (data type), 3-20, 3-21
TYPE, 5-118
Type

entry, 5-94

field, 5-94
Type-checking for structures, 5-11
Types, symbol, 5-24

U

UNDEFINED, 5-24
Unions, 5-11, 5-12
UNIX System, 1-5, 5-1
and utilities, 5-103
a.out header, 5-80
archive maintainer, 5-103, 5-114
User mode (level 3), 4-1
User registers, 2-3, 3-3
Utilities and library routines, 5-102
Utility programs
m32ar, 5-103
m32conv, 5-105
m32convert, 5-105
m32cprs, 5-107
m32dis, 5-108
m32dump, 5-111
m32list, 5-113
m32lorder, 5-114
m32nm, 5-114
m32size, 5-116
m32strip, 5-116

\%

Value types, assembler, 5-24
ABSOLUTE, 5-24
BSS, 5-24
DATA, 5-24
TEXT, 5-24
UNDEFINED, 5-24
Vertical tab character literal, 5-13
Virtual
address, 5-56, 4-37
address space, 4-36, 5-53
memory, 4-36, 4-40, 5-53
memory, division of, 5-54, 4-37
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w

Word
address modes, 3-9
data, 2-10, 3-1
boundary, 2-10
displacement deferred mode, 3-14
displacement mode, 3-14
immediate mode, 3-17

Writing and reading registers, 3-6

X

XSWITCH function, 4-21, 4-22, 4-28, 4-77
XSWITCH_ONE, 4-77
XSWITCH_TWO, 4-78
XSWITCH_THREE, 4-79

z

Zero extension, 3-3, 3-6






