











Quadword data type (cont’d)
storing to physical memory, (II), 2-88
T_floating with, (1), 2-11

Queues, support for
absolute longword, (1I), 2-21
absolute quadword, (II), 2-25
PALcode instructions (list), (II), 2-30
self-relative longword, (II), 2-21
self-relative quadword, (II), 2-26

R

R31
restrictions, (1), 3—-1
with arithmetic traps, (1), 6-12
RAZ (read as zero), (I), 1-9
RBADR field (mailbox), (1), 8-5
RC (read and clear) instruction, (I), 4-122
RD_PS (PALcode) instruction, (II), 2-13
RDATA field (mailbox), (I), 86
rdps (PALcode) instruction, (III), 2-9
rdunique (PALcode) instruction, (III), 26
PCB with, (1ID), 4-1
required recognition of, (1), 6—4
RDUNIQUE (PALcode) instruction
required recognition of, (1), 64
rdusp (PALcode) instruction, (III), 2-10
PCB with, (III), 4-1
rdval (PALcode) instruction, (III), 2-11
READ_UNQ (PALcode) instruction, (II),
2-81
Read/write, sequential, A-10
Read/write ordering (multiprocessor), (I), 5-9
determining requirements, (I), 5-9
memory location defined, (1), 5-10
Registers, (1), 3-1
See also specific registers
floating-point, (1), 3-2
integer, (1), 3-1
lock, (), 3-2
memory prefetch, (1), 3-2
optional, (1), 3-2
program counter (PC), (I), 3-1
value when unused, (I), 3-8
VAX compatibility, (I), 3-2
with IPRs, (II), 5-1
Register-to-register move, A-14
Register write mask, with arithmetic traps,
(IDn, 6-14
REI (PALcode) instruction, (II), 2-14
arithmetic traps, (II), 6-9
faults, (II), 6-8
interrupt arbitration, (II), 6-35
interrupts, (II), 6-2
machine checks, (II), 6-23

REI (PALcode) instruction (cont’d)
synchronous traps, (II), 6-15
Remote devices
defined, (1), 8-1
interrupts with, (1), 8-12
with DMA, (I), 8-10
Remote I/O space, (I), 8-2
accessing, (1), 8-2, 8-8
flow control, (I), 8-3
read/write ordering, (I), 8-9
Remote writes (mailbox), (I), 8-5
Remove from queue PALcode instructions
longword, (II), 2-72
longword at head interlocked, (II), 2-52
longword at head interlocked resident, (II),
2-55
longword at tail interlocked, (II), 2—62
longword at tail interlocked resident, (II),
2-65
quadword, (1), 2-74
quadword at head interlocked, (II), 2-57
quadword at head interlocked resident,
an, 2-60
quadword at tail interlocked, (II), 2-67
quadword at tail interlocked resident, (1),
2-70
REMQHIL (PALcode) instruction, (II), 2-52
REMQHILR (PALcode) instruction, (II), 2-55
REMQHIQ (PALcode) instruction, (II), 2-57
REMQHIQR (PALcode) instruction, (II), 2-60
REMQTIL (PALcode) instruction, (II), 2—62
REMQTILR (PALcode) instruction, (II), 2—65
REMQTIQ (PALcode) instruction, (II), 267
REMQTIQR (PALcode) instruction, (II), 2-70
REMQUEL (PALcode) instruction, (II), 2-72
REMQUEL/D (PALcode) instruction, (1I),
2-72
REMQUEQ (PALcode) instruction, (II), 2-74
REMQUEQ/D (PALcode) instruction, (II),
2-74
Representative result, (1), 4-57
Reserved instructions, opcodes for, C-10
Reserved operand, (I), 4-58
Result latency, A-5
RET instruction, (I), 4-20
retsys (PALcode) instruction, (III), 2-12
PS with, (I1D), 5-2
Rounding modes

See Floating-point rounding modes
RPCC (read process cycle counter) instruction,
I, 4-118
RSCC instruction with, (II), 2-18
RS (read and set) instruction, (I), 4-122
RSCC (PALcode) instruction, (II), 2-17
RPCC instruction with, (II), 2-18
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rti (PALcode) instruction, (III), 2-13
PS with, (III), 5-2
with exceptions, (III), 5-1

S

S4ADDL instruction, (1), 4-24
S4ADDQ instruction, (I), 4-26
S4SUBL instruction, (1), 4-33
S4SUBQ instruction, (I), 4-35
S8ADDL instruction, (1), 424
S8ADDQ instruction, (1), 426
S8SUBL instruction, (1), 4-33
S8SUBQ instruction, (1), 4-35
S_floating data type

alignment of, (I), 2-8

compared to F_floating, (1), 2-8

exceptions, (I), 2-8

format, (1), 2-8

mapping, (1), 2-8

MAX/MIN, (I), 4-58

operations, (I), 464

when data is unaligned, (1), 6-27
SBZ (should be zero), (I), 1-9
SCC

See System cycle counter
Security holes, (I), 1-7

with UNPREDICTABLE results, (1), 1-8
Seg0, mapping of, (III), 3-1
Segl, mapping of, (III), 3-1
Segment number fields, (11), 3-2
Self-relative longword queue, (1), 2-21
Self-relative quadword queue, (II), 2-26
Sequential read/write, A-10
Serialization, MB instruction with, (I), 4-117
Shared data (multiprocessor), A-7

changed vs. updated datum, (I), 5-5
Shared data structures

atomic update, (1), 5-6

ordering considerations, (I), 5-7

using memory barrier (MB) instruction, (I),

5-8

Shared memory

accessing, (I), 5-10

access sequence, (1), 5-10

defined, (1), 5-9

issue sequence, (1), 5-10
Shift arithmetic instructions, (I), 441
Shift logical instructions, (I), 440
Single-precision floating-point, (I), 4-64
SLL instruction, (I), 440
Software (SW) field, in PS register, (II), 66
Software completion bit, (1), 6-13
Software considerations, A-1

See also Performance optimizations

Index—16

Software interrupt request (SIRR) register
described, (II), 5-20
interrupt arbitration, (II), 6-35
protocol for, (II), 6-19
with interrupts, (ZI), 6-19
Software interrupts, (1), 6-19
asynchronous system traps (AST), (II),
6-20
protocol between summary and request,
an, 6-19
recording pending state of, (II), 5-21
request (SIRR) register, (1), 6-19
requesting, (II), 5-20
service routine entry points, (1I), 6-28
summary (SISR) register, (II), 6-19
supported levels of, (II), 5-20
Software interrupt summary (SISR) register
described, (1I), 5-21
protocol for, (II), 6-19
with interrupts, (II), 6-19
Software traps, generating, (II), 2-10
/S opcode qualifier
IEEE floating-point, (1), 461
VAX floating-point, (1), 4-61
SP
See Stack pointer
SRA instruction, (I), 441
SRL instruction, (1), 4-40
Stack alignment, (1), 6-31
Stack alignment (SP_ALIGN), field in saved
PS, (I1), 6-6
Stack frames, (II), 6-7; (III), 5-3
Stack pointer (SP)
defined, (1), 1-1; (III), 14
register linkage for, (II), 1-1
Stack pointer internal processor registers,
(I, 5-1
Starvation, (I), 8—4
STATUS field (mailbox), (1), 8-6
STF instruction, (1), 4-73
when data is unaligned, (II), 6-27
STG instruction, (I), 4-74
when data is unaligned, (II), 6-27
STL_C instruction, (I), 4-11
when data is unaligned, (1), 6-27
with LDx_L instruction, (1), 4-11
with processor lock register/flag, (1), 4-11
STL instruction, (I), 4-13
when data is unaligned, (1), 6-27
Store instructions
See also Floating-point store instructions
emulation of, (I), 4-2
FETCH instruction, (I), 4-115
multiprocessor environment, (1), 5-5
serialization, (1), 4-117



Store instructions (cont’d)
store longword, (1), 4-13
store longword conditional, (1), 4-11
store quadword, (I), 4-13
store quadword conditional, (1), 4-11
store unaligned quadword, (I), 4-14
when data is unaligned, (II), 6-27

Store memory integer instructions (list), (),

44

STQ_C instruction, (I), 4-11
use in accessing MBPR, (1), 8-3
with LDx_L inst., (I), 4-11
with processor lock register/flag, (I), 4-11
STQ_L instruction
when data is unaligned, (1), 6-27
STQ_U instruction, (I), 4-14
STQ instruction, (1), 4-13
when data is unaligned, (II), 6-27
STQP (PALcode) instruction, (II), 2-88
STS instruction, (I), 4-75
when data is unaligned, (II), 6-27
STT instruction, (1), 4-76
when data is unaligned, (II), 6-27
SUBF instruction, (1), 4-109
SUBG instruction, (1), 4-109
SUBL instruction, (I), 4-32
SUBQ instruction, (1), 4-34
SUBS instruction, (1), 4-111
SUBT instruction, (I), 4-111
Subtract instructions
See also Floating-point operate
subtract longword, (I), 4-32
subtract quadword, (1), 4-34
subtract scaled longword, (I), 4-33
subtract scaled quadword, (I), 4-35
Supervisor read enable (SRE), bit in PTE,
an, 3-6
Supervisor stack pointer (SSP)
as internal processor register, (II), 5-1
in HWPCB, (II), 4-2
Supervisor stack pointer (SSP) register, (II),
5-28
Supervisor write enable (SWE), bit in PTE,
(I1), 3-6
SWASTEN (PALcode) instruction, (II), 2-19
interrupt arbitration, (II), 6-36
with ASTEN register, (II), 5-6
SWC bit
exception summary parameter, (II), 6-13
exception summary register, (III), 5-2, 5—4
swpctx (PALcode) instruction, (III), 2-14
PCB with, (III), 41
with ASNs, (III), 3-8
SWPCTX (PALcode) instruction, (II), 2-89
with ASTSR register, (II), 5-8

swpipl (PALcode) instruction, (III), 2-16
PS with, 1), 5-2
Synchronous traps, (III), 5-2
data alignment, (II), 6-15
defined, (1), 6-9
program counter (PC) value, (II), 6-15
REI instruction with, (II), 6-15
System call entry (entSys) register, (III), 1-3,
54, 5-8

System control block (SCB)
arithmetic trap entry points, (1), 6-27
fault entry points, (II), 6-26
finding PFN, (II), 5-19
saved on stack frame, (II), 67
structure of, (II), 6-25
with memory management faults, (7I),
3-14
System control block base (SCBB) register,
(1D, 5-19
System cycle counter (SCC), reading, (1),
2-17
System entry addresses, (III), 5-3
System value (sysvalue) register, (III), 1-4

T

T_floating data type
alignment of, (I), 2-10
exceptions, (I), 2-10
format, (1), 2-9
MAX/MIN, (D), 4-59
when data is unaligned, (II), 6-27
TB
See Translation buffer
tbi (PALcode) instruction, (III), 2-17
with TBs, (III), 3-8
Tightly coupled I/O bus, (I), 8-1
Timeout, (I), 8—4
Timing considerations, atomic sequences,
A-17
Translation
physical, (III), 3-6
virtual, (III), 3-7
Translation buffer (TB), (III), 3-8
address space number with, (II), 3-11
fault on execute, (II), 6-12
fault on read, (II), 6-11
fault on write, (II), 6-11
granularity hint in PTE, (1II), 3-5
with invalid PTEs, (II), 3-12
Translation buffer check (TBCHK) register
described, (II), 5-22
with translation buffer, (1I), 3-12
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Translation buffer invalidate all (TBIA)
register
described, (1), 5-24
with translation buffer, (II), 3-12
Translation buffer invalidate all process
(TBIAP) register
described, (II), 5-25
with translation buffer, (1), 3-12
Translation buffer invalidate single (TBIS)
register, (II), 5-26
Translation not valid fault, (ZI), 6-10
service routine entry point, (II), 6-26
Translation-not-valid fault, (III), 3-9
TRAPB (trap barrier) instruction, A-14
described, (I), 4-120
with MT_FPCR, (1), 4-66
with trap shadow, (1), 462
Trap handler, with non-finite arithmetic
operands, (1), 4-63
Trap handling, IEEE floating-point, B—4
Trap modes
floating-point, (I), 4-60
IEEE, (), 4-61
IEEE convert-to-integer, (1), 4-61
VAX, (I), 4-60
VAX convert-to-integer, (I), 4-61
Traps
See Arithmetic traps
Trap shadow, (III), 5-2
defined, (1), 462
defined for floating-point, (1), 4-58
trap handler requirement for, (I), 4-62
Trigger instruction, (III), 5-2
True result, (I), 4-57
True zero, (I), 4-57

U

UMULH instruction, (I), 4-31

with MULQ, (), 4-30
Unaligned access fault

system entry for, (I1I), 54
UNALIGNED data objects, (1), 1-9
Unaligned fault entry (entUna) register, (I1I),

1-3, 5-8

Unconditional long jump, (1), 4-21
UNDEFINED operations, (1), 1-7
Underflow trap, (II), 6-15; (III), 5-5
UNF bit

exception summary parameter, (II), 6-13

exception summary register, (III), 5-5
UNORDERED memory references, (1), 5-9
UNPREDICTABLE results, (I), 1-7
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Unprivileged PALcode instructions (list), (III),
2-1
Unprivileged PALcode instructions, VAX
compatibility, (II), 2-75
/U opcode qualifier
IEEE floating-point, (1), 4-61
VAX floating-point, (I), 4-61
Updated datum, (I), 5-5
User mode, protection code with, (III), 3-6
User read enable (URE)
bit in PTE, (II), 3-6; (III), 34
User stack pointer (USP)
defined, (11D), 14
in HWPCB, (1), 4-2
internal processor register, (II), 5-1
User stack pointer (USP) register, (II), 5-29
User write enable (UWE)
bit in PTE, (1), 3-6; (1II), 34

'}

Valid (V)
bit in PTE, (II), 3—4; (III), 3-5
vaSize, (III), 1-2
VAX compatibility instructions, restrictions
for, (I), 4-121
VAX compatibility register, (I), 3-2
VAX convert-to-integer trap mode, (1), 4-61
VAX floating-point
See also Floating-point instructions
D_floating, (1), 2—-6
F_floating, (1), 2-3
G_floating, (I), 2-5
trap modes, (1), 4-62
VAX floating-point instructions
add instructions, (I), 4-88
compare instructions, (I), 4-91
convert from integer instructions, (1), 4-95
convert to integer instructions, (1), 4-94
convert VAX floating format instructions,
(D, 4-96
divide instructions, (1), 4-102
multiply instructions, (I), 4-106
opcodes for, C-5
operate instructions, (1), 4-80
qualifiers, summarized, C-5
subtract instructions, (1), 4-109
VAX rounding modes, (I), 4-59
VAX trap modes, required instruction
notation, (1), 461
Virtual address format, (II), 3-2
segment number fields, (1), 3-2
Virtual address space
minimum and maximum, (7I), 3-2
page size with, (II), 3—-1




Virtual address spaces, (III), 3—1
Virtual address translation, (II), 3-10
Virtual D-cache, (I), 5-3
maintaining coherency of, (I), 5-3
Virtual format, (III), 3-1
Virtual I-cache, (1), 5-3
maintaining coherency of, (I), 5-5
Virtual machine monitor (VMM), bit in PS
register, (II), 6—6
Virtual page base (VPTB) register, (II), 5-30
Virtual page table pointer (VPTPTR), (1II),
14
/V opcode qualifier
IEEE floating-point, (I), 4-61
VAX floating-point, (I), 4-61

w

Watchpoints
with fault on read, (II), 6-11
with fault on write, (1), 6-11
WDATA field (mailbox), (1), 8-6
W field (mailbox), (I), 8-5
Whami, (I1), 1-4
whami (PALcode) instruction, (III), 2-18
WHO_ARE_YOU command, (I), 8-13
Who-Am-I (WHAMI) register, (II), 5-31
Word data type, (1), 2-1
WR_PS_SW (PALcode) instruction, (7I),
2-20
wrent (PALcode) instruction, (III), 2-19
wrfen (PALcode) instruction, (III), 2-21
WRITE_UNQ (PALcode) instruction, (II),
2-82
Write-back caches, requirements for, (I), 5—4
Write buffers, requirements for, (I), 54
wrkgp (PALcode) instruction, (III), 2-22
wrunique (PALcode) instruction, (1II), 2-7
PCB with, (III), 4-1
required recognition of, (1), 6—4
WRUNIQUE (PALcode) instruction
required recognition of, (I), 64
wrusp (PALcode) instruction, (II1), 2-23
PCB with, (1II), 4-1
wrval (PALcode) instruction, (III), 2-24
wrvptptr (PALcode) instruction, (III), 2-25

X

XOR instruction, (I), 4-37
y 4

ZAP instruction, (I), 4-55
ZAPNOT instruction, (I), 4-55

Zero byte instructions (list), (I), 4-55
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