











Table D-1 (Cont.): DECchip 21064/21066/21068 Performance Monitoring Functions

Function Register Usage Comments

Input: R16=0 Function code
R17=0 Argument

Output: RO=1 Success
RO=0 Failure (not generated)

Windows NT AXP

Input: a0=0 Select counter 0
a0=1 Select counter 1
al=0 Disable selected counter

Select desired events (mux_ctl)

DEC OSF/1
Input: a0 =2 Function code
al = mux_ctl mux_ctl is the exact contents of those fields from
the ICCSR register, in write format, described in
Table D-2
Output: v0=1 Success
v0=0 Failure (not generated)
OpenVMS AXP
Input: R16 =2 Function code
R17 = mux_ctl mux_ctl is the exact contents of those fields from
the ICCSR register, in write format, described in
Table D-2
Output: RO=1 Success
RO=0 Failure (not generated)

Windows NT AXP
Input: a2 = PCMUXO0 For ICCSR<PCMUXO0> field when a0 = 0
a2 = PCMUX1 For ICCSR<PCMUX1> field when a0 = 1
a3 = PCO For ICCSR<PCO0> field when a0 = 0
a3 = PC1 For ICCSR<PC1> field when a0 = 1

Select performance monitoring options

DEC OSF/1
Input: a0=3 Function code
al = opt Function argument opt is:
<0> = log all processes if set
<1> = log only selected if set
Output: v0=1 Success
v0=0 Failure (not generated)
OpenVMS AXP
Input: R16 =3 Function code
R17 = opt Function argument opt is:
<0> = log all processes if set
<1> = log only selected if set
Output: RO =1 Success
RO=0 Failure (not generated)
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D.2.1.3 DECchip 21064/21066/21068 MUX Control Fields in ICCSR Register

Table D-2: DECchip 21064/21066/21068 MUX Control Fields in ICCSR Register

Bits Option Description

34:32 PCMUX1 Event selection, counter 1:

Val Name Description
0 DCACHE_MISSES Total D-cache misses
1 ICACHE_MISSES Total I-cache misses
2 DUAL_ISSUE_CYCLES Cycles of dual issue
3 BRANCH_MISPREDICTS Branch mispredicts
(conditional, JSR, HW_REI)
4 FP_INSTRUCTIONS FP operate instructions
(not BR, LOAD, STORE)
5 INTEGER_OPERATE Integer operates
(including LDA, LDAH into R0-R30)
6 STORE_INSTRUCTIONS Total store instructions
7 EXTERNAL External events supplied by pin. See

Section D.2.1.4 for a description of
external performance counter events
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Table D-2 (Cont.): DECchip 21064/21066/21068 MUX Control Fields in ICCSR Register

Bits Option Description
11:8 PCMUXO0 Event selection, counter 0:
Val Name Description
0 ISSUES Total issues divided by 2
1 Unused
2 PIPELINE_DRY Nothing issued, no valid I-stream data
3  Unused
4 LOAD_INSTRUCTIONS All load instructions
5 Unused
6 PIPELINE_FROZEN Nothing issued, resource conflict
7  Unused
8 BRANCH_INSTRUCTIONS All branches (conditional,
unconditional, JSR, HW_REI)
9  Unused
10 CYCLES Total cycles
11 PAL_MODE Cycles while in PALcode environment
12 NON_ISSUES Total nonissues divided by 2
13  Unused
14 EXTERNAL External event supplied by pin. See
Section D.2.1.4 for a description of
external performance counter events
15 Unused
3 PCO Frequency setting, counter 0:
Val Name Description
0 LOW  2**16 (65536) events per interrupt
1 HIGH 2%**12 (4096) events per interrupt
0 PC1 Frequency setting, counter 1:

Val Name Description

0 LOW 2**12 (4096) events per interrupt
1 HIGH 2**8 (256) events per interrupt
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D.2.1.4 Monitoring External Events for the DECchip 21064/21066/21068

External events can be monitored. How such events are monitored is implementation
dependent. For example, the DECchip 21066/21066A and 21068/21068A monitor
the following external events through the error address register (EAR). The EAR
has one field for each performance counter (2 fields total) that selects particular
events. EAR<31:29> selects counter 1 and EAR<2:0> selects counter 0, as shown in
Table D-3

Table D-3: External Performance Counter Events

Counter 0 Counter 1
Select Event Select Event
0 Number of reads to Bcache from the 0 Number of events from event 0 that are also from
CPU or DMA the CPU and Bcache hits
1 Number of writes to Becache from the 1 Number of events from event 0 that are also from
CPU or DMA the CPU and Bcache misses and clean
2 Number of reads to DRAM from the 2 Number of events from event 0 that are also from
CPU or DMA the CPU and Bcache misses and dirty
3 Number of writes to DRAM from the 3 Number of events from event 0 that are also from
CPU or DMA DMA and Bcache hits
4 Number of DRAM accesses that do 4 Number of events from event 0 that are also from
page mode cycles DMA and Bcache misses
5 Number of DRMA assesses that miss 5 Number of CPU writes that write less than a full
page mode! quadword
6 Number of writes to graphics address 6 Number of DMA writes that write less than a full
space quadword
7 Number of reads to graphics address 7 Number of chip cycles that the memory controller

space

is idle?

IDRAM page-mode hit + DRAM page-mode miss does not equal all DRAM cycles because page-mode miss does not include
DRAM accesses when the mem_ras_1 signal was already deasserted.

2]dle means not accessing Bcache or DRAM or not doing a DRAM refresh or VRAM shift-register load.

Implementation Notes:

The performance counters provide the ability to generate a PC-histogram of an
event. While there is a degree of uncertainty about exactly where the PC points,
performance counters have proven useful in pinpointing hot spots in code.

Future implementations should consider adding the on-chip capability to read
/write the counters from PALcode. With an on-chip register that contains the
two counters AND any counter/mux control information, a single load/store in
SWPCTX could context switch performance monitoring data for each process
individually. The performance impact to the SWPCTX flow would be minimal.
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D.2.2 DECchip 21164 Performance Monitoring

D.2.2.1

PALcode instructions control the DECchip 21164 on-chip performance counters. For
OpenVMS AXP, the instruction is MTPR_PERFMON; for DEC OSF/1, the instruction
is wrperfmon.

The instruction arguments and results are described in the following sections. The
scratch register usage is operating system specific.

There are three on-chip counters that count events. Counters 0 and 1 are 16-bit
counters; counter 2 is a 14-bit counter. Each counter is individually programmable.
They can be read and written and are not required to interrupt.

Processes can be selectively monitored via the PME bit.
The counters can be collectively restricted according to the processor mode.

The performance monitor functions, described in Section D.2.2, can provide the
following, depending on implementation:

* Enable and disable the performance counters. Disabling a counter stops the
counter from counting interrupts but does not change the value stored in the
counter to zero.

® Select which events will be monitored.
¢ Select which processor modes will be recognized.
¢ Establish the interrupt frequency for each counter.

* Read and write the counter contents.

DECchip 21164 Performance Monitor Interrupt Mechanism

The performance monitoring interrupt mechanism varies according to the particular
operating system.

For the OpenVMS AXP Operating System

When a counter overflows and interrupt enabling conditions are correct, the counter
causes an interrupt to PALcode. The PALcode builds an appropriate stack frame.
The PALcode then dispatches in the form of an exception (not in the form of an
interrupt) to the operating system by vectoring to the SCB performance monitor

entry point through SCBB+650 (HWSCB$Q_PERF_MONITOR), at IPL 29, in kernel
mode.

An interrupt is generated for each counter overflow. For each interrupt, the status
of each counter overflow is indicated by register R4:

R4 = 0 if performance counter 0 caused the interrupt
R4 =1 if performance counter 1 caused the interrupt
R4 = 2 if performance counter 2 caused the interrupt

When the interrupt is taken, the PC is saved on the stack frame as the old PC.
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For the DEC OSF/1 Operating System

When a counter overflows and interrupt enabling conditions are correct, the counter
causes an interrupt to PALcode. The PALcode builds an appropriate stack frame and
dispatches to the operating system by vectoring to the interrupt entry point entINT,
at IPL 6, in kernel mode.

An interrupt is generated for each counter overflow. For each interrupt, registers
a0..a2 are as follows:

a0 = osfint$c_perf (4)

al = scb$v_perfmon (650)

a2 = 0 if performance counter 0 caused the interrupt
a2 = 1 if performance counter 1 caused the interrupt
a2 = 2 if performance counter 2 caused the interrupt

When the interrupt is taken, the PC is saved on the stack frame as the old PC.
D.2.2.2 Functions and Arguments for the DECchip 21164

The functions execute on a single (the current running) processor only, and are
described in Table D—4.

The OpenVMS AXP MTPR_PERFMON instruction is called with a function code in
R16, a function-specific argument in R17, and status is returned in RO.

The DEC OSF/1 wrperfmon instruction is called with a function code in a0, a function
specific argument in al, and status is returned in vO0.

Table D—4: DECchip 21164 Performance Monitoring Functions
Function Register Usage Comments

Enable performance monitoring; do not reset counters

DEC OSF/1
Input: a0=1 Function code value
al = arg Argument from Section D.2.2.3
Output: v0=1 Success
v0=0 Failure (not generated)
OpenVMS AXP
Input: R16=1 Function code value
R17 = arg Argument from Section D.2.2.3
Output: RO=1 Success
RO=0 Failure (not generated)

Enable performance monitoring; start the counters from zero
DEC OSF/1

Input: a0 =7 Function code value
al = arg Argument from Section D.2.2.3

D-10 Appendixes



Table D-4 (Cont.): DECchip 21164 Performance Monitoring Functions

Function Register Usage Comments
Output: v0=1 Success
v0=0 Failure (not generated)
OpenVMS AXP
Input: R16 =7 Function code value
R17 = arg Argument from Section D.2.2.3
Output: RO=1 Success
RO=0 Failure (not generated)
Disable performance monitoring; do not reset counters
DEC OSF/1
Input: a0=0 Function code value
al = arg Argument from Section D.2.2.4
Output: v0=1 Success
v0=0 Failure (not generated)
OpenVMS AXP
Input: R16 =0 Function code value
R17 = arg Argument from Section D.2.2.4
Output: RO=1 Success
RO=0 Failure (not generated)

Select desired events (MUX_SELECT)

DEC OSF/1
Input: a0 =2 Function code value
al = arg Argument from Section D.2.2.5
Output: v0=1 Success
v0=0 Failure (not generated)
OpenVMS AXP
Input: R16=2 Function code value
R17 = arg Argument from Section D.2.2.5
Output: RO=1 Success
RO=0 Failure (not generated)

Select Processor Mode options

DEC OSF/1
Input: a0=3 Function code value
al = arg Argument from Section D.2.2.6
Output: v0=1 Success
v0=0 Failure (not generated)
OpenVMS AXP
Input: R16=3 Function code value
R17 = arg Argument from Section D.2.2.6
Output: RO=1 Success
RO=0 Failure (not generated)

Select interrupt frequencies

Waivers and Implementation-Dependent Functionality
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Table D—4 (Cont.): DECchip 21164 Performance Monitoring Functions

Function Register Usage Comments
DEC OSF/1
Input: a0 =4 Function code value
al = arg Argument from Section D.2.2.7
Output: v0=1 Success
v0=0 Failure (not generated)
OpenVMS AXP
Input: R16 =4 Function code value
R17 = arg Argument from Section D.2.2.7
Output: RO=1 Success
RO=0 Failure (not generated)

Read the counters

DEC OSF/1
Input:

Output:

OpenVMS AXP
Input:

Output:

Write the counters

DEC OSF/1
Input:

Output:

OpenVMS AXP
Input:

Output:

a0=5

al = arg
v0 = val
R16 =5
R17 = arg
RO = val
a0 =6

al = arg
vo=1
v0=0
R16 =6
R17 = arg
RO=1
RO=0

Function code value
Argument from Section D.2.2.8
Return value from Section D.2.2.8

Function code value
Argument from Section D.2.2.8
Return value from Section D.2.2.8

Function code value

Argument from Section D.2.2.9
Success

Failure (not generated)

Function code value

Argument from Section D.2.2.9
Success

Failure (not generated)

D.2.2.3 Enable Counters Argument Format

Table D-5: Enable Counters Argument Format

Bits Name Meaning When Set

2 CTR2
1 CTR1
0 CTRO

Operate on counter 2
Operate on counter 1
Operate on counter 0
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D.2.2.4 Disable Counters Argument Format

Table D-6: Disable Counters Argument Format
Bits Name Meaning When Set

2 CTR2 Operate on counter 2
1 CTR1 Operate on counter 1
0 CTRO Operate on counter 0

D.2.2.5 Select Desired Events (MUX_SELECT) Argument Format

Table D-7: Select Desired Events (MUX_SELECT) Argument Format
Bits Name Meaning

63:32 MBZ
31 PCSELO Counter 0 selection:
Val Name Meaning

0 CYCLES Cycles
1 ISSUES Issues

30:25 MBZ

24:22 CBOX2 CBOX2 event selection (only has meaning when event selection field
PCSEL2 is value <15>; otherwise MBZ):

Val Name Meaning

0 SCACHE_MISS S-cache misses

1 SCACHE_READ_MISS S-cache read misses
2 SCACHE_WRITE_MISS S-cache write misses
3 SCACHE_SH_WRITE S-cache shared writes
4 SCACHE_WRITE S-cache writes

5 BCACHE_MISS B-cache misses

6 SYS_INV System invalidates

7 SYS_READ_REQ System read requests
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Table D-7 (Cont.): Select Desired Events (MUX_SELECT) Argument Format
Bits Name Meaning

21:19 CBOX1 CBOX1 event selection (only has meaning when event selection field
PCSELL1 is value <15>; otherwise MBZ):

Val Name Meaning
0 SCACHE_ACCESS S-cache access
1 SCACHE_READ S-cache read
2 SCACHE_WRITE S-cache write
3 SCACHE_VICTIM S-cache victim
4 Unused value
5 BCACHE_HIT B-cache hit
6 BCACHE_VICTIM B-cache victim
7 SYS_REQ Sys req

18:8 MBZ
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Table D-7 (Cont.): Select Desired Events (MUX_SELECT) Argument Format

Bits

Name

Meaning

74

PCSEL1

Counter 1 event selection:

Val Name Meaning
0 NON_ISSUE_CYCLES Nothing issued, pipeline frozen
1 SPLIT_ISSUE_CYCLES Some but not all issuable instruc-
tions issued
2 PIPELINE_DRY Nothing issued, pipeline dry
3 REPLAY_TRAP Replay traps (1du, wb/maf, lit-
mus test)
4 SINGLE_ISSUE_CYCLES Single issue cycles
5 DUAL_ISSUE_CYCLES  Dual issue cycles
6 TRIPLE_ISSUE_CYCLES Triple issue cycles
7 QUAD_ISSUE_CYCLES  Quad issue cycles
8 FLOW_CHANGE Flow change (all branches, jsr-
ret, hw_rei), where:
If PCSEL2 has value 3 (BRANCH_MISPREDICTS), then:
COND_BRANCHES Conditional branch instructions
Or:
If PCSEL2 has value 2 (PC_MISPR), then:
JSR_RET Jsr-ret instructions
9 INTEGER_OPERATE Integer operate instructions
10 FP_INSTRUCTIONS Floating point operate instruc-
tions
11 LOAD_INSTRUCTIONS Load instructions
12 STORE_INSTRUCTIONS Store instructions
13 ICACHE_ACCESS Instruction cache access
14 DCACHE_ACCESS Data cache access
15 CBOX1 Use CBOX1 selection
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Table D-7 (Cont.): Select Desired Events (MUX_SELECT) Argument Format
Bits Name Meaning

3:0 PCSEL2 Counter 2 event selection:

Val Name Meaning

0 LONG_STALLS Long stalls (> 12 cycles)
1 Unused value

2 PC_MISPR PC mispredicts

3 BRANCH_MISPREDICTS  Branch mispredicts

4 ICACHE_MISSES I-cache misses

5 ITB_MISS ITB misses

6 DCACHE_MISSES D-cache misses

7 DTB_MISS DTB misses

8 LOADS_MERGED Loads merged in MAF
9 LDU_REPLAYS LDU replays

10 WB_MAF_FULL_REPLAYS WB/MAF full replays

11 EXTERNAL Event from external pin
12 CYCLES Cycles

13 MEM_BARRIER Memory barrier instructions
14 LOAD_LOCKED LDx/L instructions

15 CBOX2 Use CBOX2 selection

D.2.2.6 Select Special Options Argument Format

Table D-8: Select Special Options Argument Format

Bits Name Meaning

63:31 MBZ

30 NOT_USER Stop count in user mode

29:10 MBZ

9 NOT_PAL Stop count in PAL mode

8 NOT_KERNEL Stop count in kernel mode

7:1 MBZ

0 PROCESSES Monitor selected processes (when clear monitor all processes)

Setting any of the "NOT" bits causes the counters to not count when the processor is
running in the specified mode. Under OpenVMS AXP, "NOT_KERNEL" also stops
the count in executive and supervisor mode, except as noted below:
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NOT_BITS Counters Operate Under These Modes When Bits Set:

K U P

0 0 O KESUP

0 0 1 KESU

0O 1 o0 KES P

0 1 1 KES

1 0 0 UP

1 0 1 U

1 1 0 P

1 1 1 ES (here "NOT_KERNEL" stops kernel counter only)

D.2.2.7 Select Desired Frequencies Argument Format
All frequency fields in Table D-9 are two-bit fields with the following values defined:
Table D-9 contains the selection definitions for each of the three counters:

Table D-9: Select Desired Frequencies Argument Format
Bits Name Meaning When Set

63:10 MBZ
9:8 PCFREQO Counter 0 frequency:

Value Meaning

0 Do not interrupt

1 Unused

2 Low frequency (2**16 (65536) events per interrupt)
3 High frequency (2**8 (256) events per interrupt)

7:6 PCFREQ1 Counter 1 frequency:

Value Meaning

0 Do not interrupt

1 Unused

2 Low frequency (2**16 (65536) events per interrupt)
3

High frequency (2**8 (256) events per interrupt)
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Table D-9 (Cont.): Select Desired Frequencies Argument Format

Bits Name Meaning When Set

5:4 PCFREQ2 Counter 2 frequency:

Value Meaning

0 Do not interrupt

1 Unused

2 Low frequency (2**14 (16384) events per interrupt)
3 High frequency (2**8 (256) events per interrupt)

3:0 MBZ

D.2.2.8 Read Counters Argument Format

Table D-10: Read Counters Argument Format

Bits Name Meaning When Returned

63:48 CTRO Counter 0 returned value

47:32 CTR1 Counter 1 returned value

31:30 MBZ

29:16 CTR2 Counter 2 returned value

15:1 MBZ

0 STATUS Set means success; clear means failure

D.2.2.9 Write Counters Argument Format

Table D-11: Write Counters Argument Format

Bits Name Meaning

63:48 CTRO Counter 0 written value
47:32 CTR1 Counter 1 written value
31:30 MBZ

29:16 CTR2 Counter 2 written value
15:0 MBZ
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Index

A

Aborts, forcing, (1), 6-6
Absolute longword queue, (II-A), 2-21
Absolute quadword queue, (II-A), 2-25
Access control violation (ACV) fault, (II-A),
6-11
has precedence, (II-A), 3-13
memory protection, (II-A), 3-8
service routine entry point, (II-A), 6-29
Access violation fault, (II-B), 3-10; (II-C),
4-3
ADDF instruction, (1), 4-98
ADDG instruction, (1), 4-98
Add instructions
See also Floating-point operate
add longword, (1), 4-24
add quadword, (1), 4-26
add scaled longword, (1), 4-25
add scaled quadword, (1), 4-27
ADDL instruction, (I), 4-24
ADDQ instruction, (I), 4-26
Address space, (II-C), 3—-1
Address space match (ASM)
bit in PTE, (II-A), 3-5; (II-B), 3-5; (II-C),
3-5
TBIAP register uses, (II-A), 5-27
virtual cache coherency, (I), 5—4
with context switch, (II-C), 2-9, 5-32
Address space number (ASN) register, (II-A),
5-4; (II-C), 2-3
at processor initialization, (III), 3—-20
defined, (II-B), 1-2
described, (II-B), 3-9
HWRPB field for maximum value, (III),
2-6
in HWPCB, (II-A), 4-2
in initial HWPCB, (I1I), 3-21
in process context, (II-B), 4-1
privileged context, (II-A), 2-92
range supported, (II-A), 3-12
TBCHK register uses, (II-A), 5-24
TBIS register uses, (II-A), 5-28
translation buffer with, (II-A), 3-11
virtual cache coherency, (I), 54
with context switch, (II-C), 2-9
with PALcode switching, (III), 3-9

Address translation
algorithm to perform, (II-A), 3-9, 3-11
page frame number (PFN), (II-A), 3-8
page table structure, (II-A), 3-8; (II-C),
3-2

performance enhancements, (II-A), 3-10
physical, (II-B), 3-7
translation buffer with, (II-A), 3-11
virtual, (II-B), 3-8
virtual address segment fields, (II-4), 3-8
ADDS instruction, (I), 4-99
ADDT instruction, (1), 4-99
Aligned byte/word memory accesses, A-11
ALIGNED data objects, (I), 1-9
Alignment
atomic longword, (1), 5-2
atomic quadword, (1), 5-2
data alignment trap, (II-A), 6-17
data considerations, A-6
double-width data paths, A-1
D_floating, (1), 2-6
F_floating, (I), 2—4
G_floating, (1), 2-5
instruction, A-2
longword, (1), 2-2
longword integer, (I), 2-12
memory accesses, A-11
program counter (PC), (II-A), 6-7
quadword, (I), 2-3
quadword integer, (I), 2-13
stack, (II-A), 6-33
S_floating, (I), 2-9
T_floating, (1), 2-10
when data is unaligned, (II-A), 6-30
X floating, (1), 2-11
Alpha AXP architecture
See also Conventions
addressing, (I), 2-1
overview, (1), 1-1
porting operating systems to, (I), 1-1
programming implications, (I), 5-1
registers, (1), 3—-1
security, (I), 1-7
Alpha AXP privileged architecture library
See PALcode
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Index

AMOVRM (PALcode) instruction, (II-A), 2-77

AMOVRR (PALcode) instruction, (II-A), 2-77
AND instruction, (I), 4-38

APC_LEVEL, IRQL table index name, (II-C),

2-2
ARC Restart Block, (II-C), 5-20
Arithmetic exceptions, (II-C), 4-5
See also Arithmetic traps
Arithmetic instructions, (1), 4-23

See also specific arithmetic instructions
Arithmetic left shift instruction, (1), 4-37
Arithmetic trap entry (entArith) register,

(II-B), 1-2, 5-4
Arithmetic traps, (II-C), 4-5

defined, (II-A), 6-10; (II-B), 5-1

described, (II-A), 6-13

disabling, (1), 4-67

division by zero, (I), 466, 4-69; (II-A),

6-16; (II-B), 5-5; (II-C), 4-6

division by zero, disabling, (I), 4-69

division by zero, enabling, B-5

division by zero, status of, B-5

dynamic rounding mode, (I), 4-69

enabling, B4

F31 as destination, (II-A), 6-13

inexact result, (I), 4-66, 4-69; (II-A),

6-16; (II-B), 5-5; (II-C), 4-6

inexact result, disabling, (I), 4-68

inexact result, enabling, B-5

inexact result, status of, B—4

integer overflow, (I), 4-67, 4-69; (II-A),

6-16; (II-B), 5-5; (II-C), 4-6

integer overflow, disabling, B—4

integer overflow, enabling, B—4

invalid operation, (I), 4-65, 4-69; (II-A),

6-15; (II-B), 5-5; (II-C), 4-7

invalid operation, disabling, (I), 4-69

invalid operation, enabling, B-5

invalid operation, status of, B-5

overflow, (I), 4-66, 4-69; (II-A), 6-16;

(II-B), 5-5; (II-C), 4-6

overflow, disabling, (I), 4-69

overflow, enabling, B-5

overflow, status of, B-5

program counter (PC) value, (II-A), 6-15

programming implications for, (I), 5-26

R31 as destination, (IT-A), 6-13

recorded for software, (II-A), 6-14

REI instruction with, (II-A), 6-10

service routine entry point, (II-A), 6-29

system entry for, (II-B), 54

TRAPB instruction with, (I), 4-126

underflow, (1), 4-66; (II-A), 6-16; (II-B),

5-5; (II-C), 4-6

underflow, disabling, (I), 4-68

Index-2

Arithmetic traps (cont’d)
underflow, enabling, B-5
underflow, status of, B-5
underflow to zero, disabling, (I), 4-68
when concurrent with data alignment,
(II-A), 6-17
when registers affected by, (II-A), 6-14
ASCII character set, C-25
ASN_wrap_indicator, (II-C), 2-9
AST enable (ASTEN) register
at processor initialization, (I1I), 3—20
changing access modes in, (II-A), 4—4
described, (II-A), 5-5
in HWPCB, (II-A), 4-2
in initial HWPCB, (111), 3-21
interrupt arbitration, (II-A), 6-37
operation (with ASTs), (II-A), 4—4
privileged context, (II-A), 2-92
SWASTEN instruction with, (II-A), 2-19
AST summary (ASTSR) register
at processor initialization, (III), 3-20
described, (II-A), 5-7
indicates pending ASTs, (1I-A), 4—4
in HWPCB, (II-A), 4-2
in initial HWPCB, (111), 3-21
interrupt arbitration, (II-A), 6-36
privileged context, (II-A), 2-92
Asynchronous procedure call (APC)
SIRR register field for, (II-C), 4-16
software interrupt for, (II-C), 4-13
Asynchronous system traps (AST)
ASTEN/ASTSR registers with, (II-A), 44
initiating, (II-A), 4-4
interrupt, defined, (II-A), 6-21
service routine entry point, (II-A), 6-29
with PS register, (II-A), 44
Atomic access, (1), 5-2
Atomic move operations, (II-A), 2-76
Atomic operations
accessing longword datum, (I), 5-2
accessing quadword datum, (1), 5-2
modifying page table entry, (II-A), 3-6
updating shared data structures, (1), 5-7
using load locked and store conditional, (1),
5-7
Atomic sequences, A-17
AUTO_ACTION environment variable, (1II),
2-26
overriding, (III), 3-27
state transitions and, (II1), 3-1
with cold bootstrap, (III), 3-10
with error halts, (III), 3-31
with system restarts, (I1I), 3-29



BB_WATCH
at power-up initialization, (III), 3—4
requirements, (I1I), 3—44
with powerfail interrupts, (III), 3-29
with primary console switching, (III), 3-32
with primary-eligible (PE) bit, (III), 3—45
BEQ instruction, (I), 4-18
BGE instruction, (I), 4-18
BGT instruction, (1), 4-18
BIC instruction, (1), 4-38
Big-endian addressing, (I), 2-14
byte operation examples, (I), 4-50
byte swapping for, A-12
extract byte with, (1), 447
insert byte with, (I), 4-51
load F_floating with, (1), 4-79
load long/quad locked with, (I), 4-8
load long/quad with, (I), 4-6
load S_floating with, (I), 4-81
mask byte with, (I), 4-53
store F_floating with, (I), 4-83
store long/quad conditional with, (I), 4-11
store long/quad with, (1), 4-14
store S_floating with, (I), 4-85
BIS instruction, (1), 4-38
BITMAP_CHECKSUM, memory cluster field
(11, 3-13
BITMAP_PA, memory cluster field, (III), 3-13
BITMAP_VA, memory cluster field, (III), 3-13
BLBC instruction, (I), 4-18
BLBS instruction, (1), 4-18
BLE instruction, (I), 4-18
BLT instruction, (I), 4-18
BNE instruction, (1), 4-18
Boolean instructions, (1), 4-37
logical functions, (I), 4-38
Boolean stylized code forms, A-15
Boot block on disk, (III), 3-38
BOOTDEF_DEV environment variable, (III),
2-26
with loading system software, (III), 3-19
BOOTED_DEV environment variable, (III),
2-26
with loading system software, (III), 3-19
BOOTED_FILE environment variable, (III),
2-27
with loading system software, (III), 3-19
BOOTED_OSFLAGS environment variable,
(I1n, 2-27
with loading system software, (III), 3-19
Boot environment, restoring, (II-C), 5-20

Index

BOOTP-UDP/IP network protocol, (III), 3—43
Boot sequence, establishing, (II-C), 1-2
Bootstrap address space
regions, (III), 3-14
Bootstrap-in-progress (BIP) flag
at multiprocessor boot, (III), 3—23
at power-up initialization, (III), 3—4
at processor initialization, (11I), 3-20
per-CPU state contains, (III), 2-23
state transitions and, (III), 3-1
with failed bootstrap, (III), 3-18
Bootstrapping, (I11), 3-1
adding processor while running system,
(111, 3-27
address space at cold, (III), 3-14
boot block in ROM, (III), 3—-42
boot block on disk, (III), 3-38
cold in uniprocessor environment, (III), 3-9
control to system software, (III), 3-20
failure of, (III), 3-18
from disk, (I1I), 3-37
from magtape, (III), 3-39
from MOP-based network, (III), 3—43
from ROM, (I1I), 3—42
implementation considerations, (III), 3-46
loading page table space at cold, (III), 3-14
loading primary image, (III), 3-36
loading system software, (III), 3-18
MEMC table at cold, (III), 3-13
multiprocessor, (III), 3-23
PALcode loading at cold, (III), 3-14
processor initialization, (III), 3-20
request from system software, (III), 3-27
state flags with, (III), 3-18
system, (III), 3-4
unconditional, (III), 3-27
warm, (II1), 3-22
BOOT_DEV environment variable, (III), 2-26
with loading system software, (III), 3-18
BOOT_FILE environment variable, (III),
2-26, 340
with loading system software, (III), 3-19
BOOT_OSFLAGS environment variable, (III),
2-27
with loading system software, (III), 3-19
BOOT_RESET environment variable, (III),
2-27
at system initialization, (III), 3—4
at warm bootstrap, (III), 3-22
overriding, (III), 3-27
with cold bootstrap, (ITI), 3-10
bpt (PALcode) instruction, (II-B), 2-2; (II-C),
5-41
required recognition of, (I), 6-5
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BPT (PALcode) instruction, (II-A), 2—4
required recognition of, (I), 6—4
service routine entry point, (II-A4), 6-30
trap information, (II-A), 6-17

Branch instructions, (I), 4-17
See also Control instructions
backward conditional, (1), 4-18
conditional branch, (), 4-18
displacement, (I), 4-19
floating-point, summarized, (I), 4-87
format of, (I), 3-10
forward conditional, (I), 4-18
opcodes and format summarized, C-1
unconditional branch, (I), 4-20
with trap shadow, (), 4-65

Branch prediction model, (I), 4-16

Branch prediction stack, with BSR

instruction, (1), 4-20

Breakpoint exceptions, (II-C), 4-9
initiating, (II-A), 2—4

Breakpoint trap, initiating, (II-B), 2-2

BR instruction, (I), 4-20

BSR instruction, (1), 4-20

Bugcheck exception, initiating, (II-A), 2-5

bugchk (PALcode) instruction, (II-B), 2-3
required recognition of, (1), 6-5

BUGCHK (PALcode) instruction, (II-A), 2-5
required recognition of, (1), 6—4
service routine entry point, (II-A), 6-30
trap information, (II-A), 6-18

Byte data type, (I), 2-1

Byte manipulation instructions, (I), 4-43
See also Extract instructions; Insert

instructions; Mask instructions; Zero
instructions
Byte swapping, A-12
Byte_within_page field, (II-A), 3-2; (II-B),
3-2

Cc

Cache blocks, virtual
invalidating all, (II-C), 5-33
invalidating single, (II-C), 5-34
Cache coherency, (II-C), 2-7
barrier instructions for, (I), 5-23
defined, (1), 5-2
HAL interface for, (II-C), 1-3
in multiprocessor environment, (I), 5-5
Caches
design considerations, A-1
flushing physical page from, (II-A), 2-85;
(II-B), 2-9
I-stream considerations, A-5
MB and IMB instructions with, (1), 5-23

Index—4

Caches (cont’d)
requirements for, (I), 5—4
translation buffer conflicts, A-8
with powerfail/recovery, (I), 5-5
callkd (PALcode) instruction, (II-C), 5-42
callsys (PALcode) instruction, (II-B), 2—4;
(II-C), 543
entSys with, (II-B), 5-9
stack frames for, (II-B), 5-3
CALL_PAL (call privileged architecture
library) instruction, (I), 4-120
Canonical form, (I), 4-57
Catastrophic errors, (II-C), 4-19
Causal ordering, (1), 5-9
cflush (PALcode) instruction, (II-B), 2-9
CFLUSH (PALcode) instruction, (II-A), 2-85
with powerfail, (II-A), 6-23
Characters
getting from console, (III), 2-35
writing to console, (III), 2-39
Charged process cycles register, (II-A), 2-93
in HWPCB, (II-A), 4-2
in process context, (II-B), 4-1
PCC register and, (II-A), 4-3
CHAR_SET environment variable, (III), 2-28
Checksum, HWRPB field for, (III), 2-9
at multiprocessor boot, (III), 3-23
CHME (PALcode) instruction, (II-A), 2-6
service routine entry point, (II-A), 6-30
trap initiation, (II-A), 6-18
CHMK (PALcode) instruction, (II-A), 2-7
service routine entry point, (II-A), 6-30
trap initiation, (II-A), 6-18
CHMS (PALcode) instruction, (II-A), 2-8
service routine entry point, (II-A), 6-30
trap initiation, (II-A), 6-19
CHMU (PALcode) instruction, (II-A), 2-9
service routine entry point, (II-A), 6-30
trap initiation, (II-A), 6-19
Clear a register, A-13
Clock
See BB_WATCH
CLOCK_HIGH, IRQL table index name,
(II-C), 2-2
CLOSE device routine, (III), 2—47
Clusters, memory, (III), 3-10
CMOVEQ instruction, (I), 4-39
CMOVGE instruction, (I), 4-39
CMOVGT instruction, (I), 4-39
CMOVLBC instruction, (1), 4-39
CMOVLBS instruction, (I), 4-39
CMOVLE instruction, (1), 4-39
CMOVLT instruction, (I), 4-39



CMOVNE instruction, (1), 4-39
CMPBGE instruction, (I), 4-45
CMPEQ instruction, (I), 4-28
CMPGEQ instruction, (I), 4-100
CMPGLE instruction, (I), 4-100
CMPGLT instruction, (I), 4-100
CMPLE instruction, (I), 4-28
CMPLT instruction, (I), 4-28
CMPTEQ instruction, (1), 4-101
CMPTLE instruction, (I), 4-101
CMPTLT instruction, (I), 4-101
CMPTUN instruction, (1), 4-101
CMPULE instruction, (1), 4-29
CMPULT instruction, (I), 4-29
Code forms, stylized, A-13

Boolean, A-15

load literal, A-14

negate, A-14

NOP, A-13

NOT, A-15

register, clear, A-13

register-to-register move, A-14
Code sequences, A-11
Coherency

cache, (1), 5-2

memory, (I), 5-1
Compare instructions

See also Floating-point operate

compare byte, (1), 4-45

compare integer signed, (I), 4-28

compare integer unsigned, (I), 4-29
Conditional move instructions, (I), 4-39

See also Floating-point operate

with trap shadow, (I), 4-64
CONFIG

See Configuration data block
CONFIG block, in HWRPB, (III), 2-10
CONFIG offset, HWRPB field for, (1II), 2-8
Configuration data block, (III), 2-23
Console

at system restart, (III), 3-27

at warm bootstrap, (1II), 3-22

console I/O mode, (III), 3—4

console initialization mode, (III), 3—4

data structure linkage, (II), 2-64

data structures loading at cold boot, (III),

3-14

definition, (I11), 1-1

detached, (III), 1-2

detached implementations of, (III), 3—47

embedded, (I11), 1-2

embedded implementation of, (III), 3-46

environment variables, (III), 2-26

error halt and recovery, (III), 3-30

Index

Console (cont’d)
forcing entry to I/O mode, (III), 3-36
HWRPB with, (III), 2-1
implementation registry, (III), 1-3
implementations, (III), 1-2
inter-console communications buffer, (III),
2-72
internationalization, (III), 1-4
interprocessor communications for, (171),
2-71
ISO Latin-1 support with, (III), 1-5
loading PALcode, (III), 3-14
loading system software, (III), 3-18
lock mechanisms, (III), 1-2
major state transitions, (III), 3-3
messages for, (III), 14
miscellaneous routines, (I11), 2—62
multiprocessor boot, (III), 3-23
multiprocessor implementation of, (III),
3-46
presentation layer, (1I1I), 1-3
processor state flags, (I11), 3-18
program I/O mode, (III), 3—4
remapping routines, (III), 2-66
requirements for, (II1), 1-2
resetting, (III), 2—41
RESTORE_TERM routine, (III), 3-36
SAVE_TERM routine, (III), 3-35
secondary at multiprocessor boot, (III),
3-26
security for, (II1), 1-4
sending commands to secondary, (III), 2-73
sending messages to primary, (III), 2-73
supported character set requirements, (III),
2-29
switching primary processors, (III), 2-63
Console callback routine block, in HWRPB,
(111), 2-10
Console callback routines, (III), 2-29
at cold boot, (III), 3-14
CTB describes, (III), 2-69
data structures for, (III), 2-64
fixing up the virtual address, (III), 2—-62
HWRPRB field for, (III), 2-8
remapping, (III), 2-66
summary of, (III), 2-31
system software invoking, (III), 2-30
Console environment variables
See also Environment variables
loading system software, (III), 3-19
Console firmware, transferring to, (II-C),
5-20
Console I/O mode, (III), 3-3
forcing entry to, (III), 3-36
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Console initialization mode, (III), 3—4
Console interface, (III), 2-1
Console overview, (), 7-1
Console routine block (CRB), (III), 2-64
console callback routines with, (III), 2-64
initializing, (III), 2-66
offset, HWRPB field for, (III), 2-8
structure of, (III), 2-65
Console terminal block (CTB)
console callback routines with, (III), 2-64
described, (III), 2-32, 2-69
HWRPB fields for, (III), 27
number, HWRPB field for, (III), 2-7
offset, HWRPB field for, (III), 2-8
size, HWRPB field for, (III), 2-7
structure of, (II1), 2-70
Console terminal routines, (III), 2-32
Context switching

See also Hardware; Process

between address spaces, (II-C), 5-32

defined, (II-A), 4-1

hardware, (II-A), 4-2

initiating, (II-A), 2-92

multiprocessor considerations, (I), 5-22

PDR register with, (II-C), 3-3

raising IPL while, (II-A), 44

software, (II-A), 4-2

‘thread, (II-C), 5-27

thread to process, (II-C), 2-9

thread to thread, (II-C), 2-8
Context valid (CV) flag

at multiprocessor boot, (I11), 3-23

at processor initialization, (III), 3-20

per-CPU state contains, (II1), 2-22
Control instructions, (1), 4-16
Conventions

code examples, (1), 1-9

code flows, (II-C), 14

extents, (I), 1-8

figures, (1), 1-9

instruction format, (1), 3-9

notation, (I), 3-8

numbering, (1), 1-7

ranges, (I), 1-8
/C opcode qualifier

IEEE floating-point, (I), 4-61

VAX floating-point, (1), 4-61
Corrected error interrupts, logout area for,

(I1I-A), 6-26

CPU ID, HWRPRB field for primary, (III), 2—-6

at multiprocessor boot, (II1), 3-23
CPU slot offset, HWRPB field for, (I1I), 2-7
CPYSE instruction, (1), 4-93

Index—6

CPYS instruction, (I), 4-93

CPYSN instruction, (1), 4-93

CRB
See Console routine block

cserve (PALcode) instruction, (II-B), 2-10
required recognition of, (I), 6-5

CSERVE (PALcode) instruction, (II-A), 2-86
required recognition of, (I), 64

csir (PALcode) instruction, (II-C), 5—4
clears software interrupts, (II-C), 4-16

CTB
See Console terminal block

CTB table, in HWRPB, (I1I), 2-10

Current mode field, in PS register, (II-A), 6-7

Current PALcode, (111), 3-5
Current PC, (II-A), 6-2
CVTDG instruction, (I), 4-105
CVTGD instruction, (I), 4-105
CVTGF instruction, (I), 4-105
CVTGQ instruction, (I), 4-103
CVTLQ instruction, (I), 4-94
CVTQF instruction, (I), 4-104
CVTQG instruction, (I), 4-104
CVTQL instruction, (1), 4-94
FP_C quadword with, B4
CVTQS instruction, (I), 4-108
CVTQT instruction, (I), 4-108
CVTST instruction, (I), 4-109
CVTTQ instruction, (I), 4-107
FP_C quadword with, B—4
CVTTS instruction, (I), 4-110
Cycle counter frequency, HWRPB field for,
(11D, 2-7

D

Data alignment, A—6

Data alignment trap (DAT) register
privileged context, (II-A), 2-93

Data alignment traps, (II-A), 6-16
fixup (DAT) bit, in HWPCB, (II-A), 4-2
fixup (DATFX) register, (II-A), 5-9
memory management, (II-A), 6-17
registers used, (II-A), 6-17; (II-B), 54
service routine entry point, (II-A), 6-30
system entry for, (II-B), 5-9
when concurrent with arithmetic, (II-A),

6-17

Data fetches (memory), (1), 5-11

Data format, overview, (I), 1-3

Data sharing (multiprocessor), A-7
synchonization requirement, (I), 5-5

Data stream considerations, A—6



Data stream translation buffer (DTB), (111),
2-13
Data structures, shared, (I), 5-5
Data types
byte, (I), 2-1
IEEE floating-point, (I), 2-7
longword, (1), 2-2
longword integer, (), 2-12
quadword, (1), 2-2
quadword integer, (I), 2-13
unsupported in hardware, (I), 2-13
VAX floating-point, (1), 2-3
word, (I), 2-1
DATA_BUS_ERROR code, (II-C), 4-19
Datum, changed, (I), 5-5
Datum, updated, (1), 5-6
DECchip 21064, waivers for, D-1
DECchip 21064/21064A, performance
monitoring for, D-2
DECchip 21066, waivers for, D-1
DECchip 21066/21066A, performance
monitoring for, D-2
DECchip 21068, waivers for, D-1
DECchip 21068/21068A, performance
monitoring for, D-2
DECchip 21164, performance monitoring, D-8
DEC OSF/1 PALcode, instruction summary,
C-17
Deferred procedure call (DPC)
SIRR register field for, (II-C), 4-16
software interrupt for, (II-C), 4-13
stack for, (II-C), 2-8
Denormal, (1), 4-58
Detached console, (III), 1-2
DEVICE ID, CTB field for, (III), 2-70
Device-specific data (DSD), (III), 2-71
DEVICE TYPE, CTB field for, (III), 2-70
DEVICE_HIGH_LEVEL, IRQL table index
name, (II-C), 2-2
DEVICE_LEVEL, IRQL table index name,
(I1-C), 2-2
di (PALcode) instruction, (II-C), 5-5
as synchronization function, (II-C), 4-16
Dirty pages, tracking, (II-C), 3-5
Dirty zero, (I), 4-58
Disk bootstrap image, (III), 3-37
DISPATCH, CRB fields for, (III), 2-65
DISPATCH procedure, (I1I), 2-65
DISPATCH_LEVEL, IRQL table index name,
(II-C), 2-2
DIVF instruction, (1), 4-111
DIVG instruction, (I), 4-111
Division
integer, A-12
performance impact of, A-12

Index

Division by zero bit, exception summary
register, (II-C), 4-6
Division by zero enable (DZEE)
FP_C quadword bit, B-5
Division by zero status (DZES)
FP_C quadword bit, B-5
Division by zero trap, (II-A), 6-16; (II-B),
5-5; (II-C), 4-6
DIVS instruction, (I), 4-113
DIVT instruction, (1), 4-113
DMA control, HAL interface for, (II-C), 1-3
DMK bit, machine check error summary
register, (II-C), 4-18
/D opcode qualifier
FPCR (floating-point control register), (I),
4-67
IEEE floating-point, (1), 4-61
DPC bit, machine check error summary
register, (II-A), 5-15; (II-B), 5-8;
(II-C), 4-18
draina (PALcode) instruction, (II-C), 5-6
required, (1), 6-6
with machine checks, (II-C), 4-19
DRAINA (PALcode) instruction
required, (1), 6-6
DSC bit, machine check error summary
register, (II-A), 5-15; (II-B), 5-8;
(11-C), 4-18
DSD, CTB field for, (I11I), 2-71
DSD LENGTH, CTB field for, (III), 2-71
DSRDB block, in HWRPB, (11I), 2-10
DSRDB offset, HWRPB field for, (III), 2-9
DTB
See data stream translation buffer
dtbis (PALcode) instruction, (II-C), 3-6, 5-7
Dual-issue instruction considerations, A-2
DUMP_DEV environment variable, (1II),
2-27
DYN bit
See Arithmetic traps, dynamic rounding
mode
DZE bit
See also Arithmetic traps, division by zero
exception summary parameter, (II-A),
6-15
exception summary register, (II-B), 5-5;
(II-C), 4-6
DZED bit
See Trap disable bits, division by zero
D_floating data type, (I), 2-6
alignment of, (1), 2-6
mapping, (1), 2-6
restricted, (1), 2-6
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E

ei (PALcode) instruction, (II-C), 5-8

as synchronization function, (II-C), 4-16
Embedded console, (III), 1-2
ENABLE_AUDIT environment variable, (III),

2-28, 3-37

entArith

See Arithmetic trap entry
entIF

See Instruction fault entry

entInt

See Interrupt entry
entMM

See Memory management fault entry
ENTRY, CRB field for, (III), 2-66
entSys

See System call entry
Environment variables, (III), 2-24
at power-up initialization, (III), 3—4
at processor initialization, (III), 3—20
getting, (I11), 2-57
resetting, (I1I), 2-58
routines described, (III), 2-56
saving, (1II), 2-59
setting, (III), 2-61
EQYV instruction, (1), 4-38
Error address register (EAR), performance
counters with, D-8
Error halt and recovery, (I1I), 3-30
Error messages
console, (III), 1-4
Errors, correctable, (II-C), 4-17
Errors, processor, (II-A), 6-24; (II-B), 5-8
Errors, system, (II-A), 6-24; (II-B), 5-8
Errors, uncorrectable, (II-C), 4-17
EXCB (exception barrier) instruction, (1),
4-121
Exceptional events
actions, summarized, (II-A), 6-2
defined, (II-A), 6-1
Exception classes, (II-C), 4-1
registry of handling routines for, (II-C),
5-36
values for, (II-C), 5-37
Exception dispatch, (II-C), 4-1
Exception handlers, B-2
TRAPB instruction with, (I), 4-126
Exception handling routines, registery for,
(II-C), 5-36
ExceptionPC address, (II-C), 4-5
Exception register write mask, (II-B), 5-6
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Exceptions

See also Arithmetic traps; Faults;
Synchronous traps
actions, summarized, (II-A), 6-2
arithmetic, (II-C), 4-5
breakpoint, (II-C), 4-9
defined, (II-B), 5-1
general class common dispatch, (II-C),
4-10
general class of, (II-C), 4—4
illegal instruction, (II-C), 4-7
initializing entry points, (II-C), 6-2
initiated before interrupts, (II-A), 6-19
initiated by PALcode, (II-A), 6-33
introduced, (II-A), 6-10
invalid address, (II-C), 4-8
memory management class, (II-C), 4-3
processor state transitions, (II-A), 6-38
returning from, (II-C), 4-2, 5-24
software, (II-C), 4-8
stack frames for, (II-A), 6-9; (II-B), 54
subsetted IEEE, (II-C), 4-9
system service calls, (II-C), 4—4
trap frames with, (II-C), 4-3
unaligned access, (II-C), 4-7
Exception service routines
entry point, (II-A), 6-27
introduced, (II-A), 6-9
Exception summary parameter, (II-A), 6-14
Exception summary register, (II-B), 5-2, 5-6;
(II-C), 4-6
format of, (II-B), 5-4
EXCEPTION_SUMMARY, (II-C), 4-6
Executive read enable (ERE), bit in PTE,
(II-A), 34
Executive stack pointer (ESP) register, (II-A),
5-10
as internal processor register, (II-A), 5-1
in HWPCB, (1I-A), 4-2
in initial HWPCB, (111), 3-21
Executive write enable (EWE), bit in PTE,
(II-A), 3—+4
EXTBL instruction, (1), 447
EXTLH instruction, (I), 4-47
EXTLL instruction, (I), 4-47
EXTQH instruction, (1), 447
EXTQL instruction, (1), 4-47
Extract instructions (list), (1), 447
EXTWH instruction, (I), 447
EXTWL instruction, (I), 4-47

F




Fault on execute (FOE), (II-A), 6-13; (II-B),
3-10
bit in PTE, (II-A), 3-5; (II-B), 3-5
service routine entry point, (II-A), 6-29
software usage of, (II-A), 6-13
Fault on read (FOR), (II-A), 6-12; (II-B),
3-10
bit in PTE, (II-A), 3-6; (II-B), 3-5
service routine entry point, (II-A), 6-29
software usage of, (II-A), 6-12
Fault on write (FOW), (I1I-A), 6-12; (II-B),
3-10
bit in PTE, (II-A), 3-6; (II-B), 3-5; (II-C),
3-5
service routine entry point, (II-A), 6-29
software usage of, (II-A), 6-12
Faults, (II-C), 4-3
access control violation, (II-A), 6-11
defined, (II-A), 6-10; (II-B), 5-1
fault on execute, (II-A), 6-13; (II-B), 3-10
fault on read, (II-A), 6-12; (II-B), 3-10
fault on write, (II-A), 6-12; (II-B), 3-10
floating-point disabled, (II-A), 6-11
memory management, (II-B), 3-10
MM flag, (II-A), 6-11
program counter (PC) value, (II-A), 6-10
REI instruction with, (II-A), 6-10
translation not valid, (II-A), 6-12
FBEQ instruction, (I), 4-88
FBGE instruction, (I), 4-88
FBGT instruction, (I), 4-88
FBLE instruction, (I), 4-88
FBLT instruction, (I), 4-88
FBNE instruction, (I), 4-88
FCMOVEQ instruction, (I), 4-95
FCMOVGE instruction, (I), 4-95
FCMOVGT instruction, (I), 4-95
FCMOVLE instruction, (I), 4-95
FCMOVLT instruction, (I), 4-95
FCMOVNE instruction, (I), 4-95
FEN
See Floating-point enable
FETCH (prefetch data) instruction, (I), 4-122
performance optimization, A—10
FETCH_M (prefetch data, modify intent)
instruction, (1), 4-122
performance optimization, A—10
Field replaceable unit (FRU)
offset, HWRPB field for, (III), 2-8
table, in HWRPB, (III), 2-10
table description, (I1I), 2-24
Finite number, Alpha AXP, contrasted with
VAX, (1), 4-59

Index

Firmware components, (II-C), 1-2
Firmware restart address, (II-C), 2-6, 6—4
FIXUP console routine, (III), 2-62
procedure descriptor for, (III), 2—65
using, (1II), 2-67
with PALcode switching, (III), 3-8
Floating-point branch instructions, (I), 4-87
Floating-point control register (FPCR), (I),
4-67
accessing, (1), 4-70
at processor initialization, (1), 4-71
bit descriptions, (1), 4-68
instructions to read/write, (I), 4-97
operate instructions that use, (I), 4-90
saving and restoring, (I), 4-71
trap disable bits in, (I), 4-67
Floating-point convert instructions, (1), 3-13
Fa field requirements, (I), 3-13
Floating-point disabled fault, (II-A), 6-11
service routine entry point, (II-A), 6-29
Floating-point division, performance impact
of, A-12
Floating-point enable (FEN) register
at processor initialization, (III), 3-20
defined, (II-B), 1-3
described, (II-A), 5-11
in HWPCB, (II-A), 4-2
in initial HWPCB, (11I), 3-21
in process context, (II-B), 4-1
privileged context, (I1I-A), 2-93
with PALcode switching, (III), 3-9
Floating-point format, number representation
(encodings), (1), 4-59
Floating-point instructions
branch (list), (I), 4-87
faults, (1), 4-57
function field format, (I), 4-73
introduced, (I), 4-57
memory format (list), (I), 4-78
opcodes and format summarized, C-1
operate (list), (1), 4-90
rounding modes, (1), 4-60
terminology, (I), 4-58
trapping modes, (I), 4-62
traps, (I), 4-57
Floating-point load instructions, (I), 4-78
load F_floating, (I), 4-79
load G_floating, (I), 4-80
load S_floating, (I), 4-81
load T _floating, (I), 4-82
with non-finite values, (I), 4-78
Floating-point operate instructions, (I), 4-90
add (IEEE), (I), 4-99
add (VAX), (1), 4-98
compare (IEEE), (I), 4-101
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Floating-point operate instructions (cont’d)
compare (VAX), (I), 4-100
conditional move, (I), 4-95
convert IEEE floating to integer, (I), 4-107
convert integer to IEEE floating, (1), 4-108
convert integer to integer, (1), 4-94
convert integer to VAX floating, (I), 4-104
convert S_floating to T_floating, (I), 4-109
convert T_floating to S_floating, (I), 4-110
convert VAX floating to integer, (I), 4-103
convert VAX floating to VAX floating, (I),
4-105
copy sign, (I), 4-93
divide IEEE), (), 4-113
divide (VAX), (1), 4-111
format of, (I), 3-12
move from/to FPCR, (I), 4-97
multiply IEEE), (I), 4-115
multiply (VAX), (I), 4-114
subtract (IEEE), (I), 4-118
subtract (VAX), (1), 4-116
unused function codes with, (1), 3-12
Floating-point registers, (I), 3-2
See also Registers
with PALcode switching, (I11), 3-9
Floating-point rounding modes, (I), 4-60
Floating-point single-precision operations, (I),
4-57
Floating-point store instructions, (1), 4-78
store F_floating, (I), 4-83
store G_floating, (1), 4-84
store S_floating, (1), 4-85
store T_floating, (I), 4-86
with non-finite values, (I), 4-78
Floating-point support
floating-point control (FP_C) quadword,
B4
FPCR (floating-point control register), (I),
4-67
IEEE, (D), 2-7
IEEE standard 754-1985, (I), 4-76
instruction overview, (I), 4-57
longword integer, (I), 2-12
operate instructions, (1), 4-90
optional, (1), 4-2
quadword integer, (I), 2-13
rounding modes, (I), 4-60
single-precision operations, (I), 4-57
trap modes, (I), 462
VAX, (D), 2-3
Floating-point trapping modes, (I), 4-62
See also Arithmetic traps
imprecision from pipelining, (I), 4-63
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FLOAT_REGISTER_MASK, (II-C), 4-5
FNOP code form, A-13
FOE
See Fault on execute
FOR
See Fault on read
FOW
See Fault on write
FP
See Frame pointer
FPCR
See Floating-point control register
FP_C quadword, B—4
Frame pointer (FP) register, linkage for,
(II-B), 1-1
FRU
See Field replaceable unit
F_floating data type, (1), 2-3
alignment of, (I), 2—4
compared to IEEE S_floating, (I), 2-8
MAX/MIN, (I), 4-60
operations, (1), 4-57
when data is unaligned, (II-A), 6-30

G

General class exceptions, (II-C), 44
common dispatch of, (II-C), 4-10
General exception address (GENERAL_
ENTRY) register, (II-C), 2-3
gentrap (PALcode) instruction, (II-B), 2-5;
(II-C), 545
raises software exceptions, (II-C), 4-8
required recognition of, (1), 6-5
GENTRAP (PALcode) instruction, (1I-A),
2-10
required recognition of, (I), 6—4
trap information, (II-A), 6-18
GETC terminal routine, (III), 2-35
ISO Latin-1 support and, (III), 1-5
GET_ENYV variable routine, (III), 2-57
GH
See Granularity hint
Global pointer (GP) register, linkage for,
(II-B), 1-1
Global translation hint, (II-C), 3-5
Granularity hint (GH)
bits in PTE, (II-A), 3-5; (II-B), 3-5;
(II-C), 3-5
block in HWRPB, (1II), 2-13
fields in, (1II), 2-13
G_floating data type, (1), 2-5
alignment of, (I), 2-5
mapping, (1), 2-5
MAX/MIN, (D), 4-60



G_floating data type (cont’d)
when data is unaligned, (II-A), 6-30

H

HAL (Hardware abstraction layer), (II-C),
1-2
halt (PALcode) instruction, (II-C), 5-9
See also reboot (PALcode) instruction
required, (1), 6-8
writes PAL_BASE register, (II-C), 2—4
HALT (PALcode) instruction
required, (I), 6-8
state transitions and, (III), 3-1
Halt PCBB register, per-CPU slot field for,
(I1D), 2-19
Halt processor, per-CPU slot fields for, (III),
2-20
Halt requested, per-CPU state flag, (III), 2-22
at multiprocessor boot, (III), 3-23
Hardware abstraction layer
interfaces for, (II-C), 1-2
Hardware context, (II-B), 4-1
Hardware errors, when unrecoverable, (II-C),
4-10
Hardware interrupts, (II-C), 4-13
interprocessor, (II-A), 6-22
interval clock, (II-A), 6-22
powerfail, (II-A), 6-23
servicing, (II-B), 5-7
Hardware nonprivileged context, (II-A), 4-3
Hardware privileged context, (II-A), 4-2
switching, (II-A), 4-2
Hardware privileged context block (HWPCB)
at cold boot, (III), 3-21
at warm boot, (III), 3-22
format, (II-A), 4-2
original built by HWRPB, (II-A), 4-5
PCBB register, (II-A), 5-17
process unique value in, (II-A), 2-81
specified by PCBB, (II-A), 4-2
swapping ownership, (II-A), 2-92
writing to, (II-A), 4-3
Hardware restart parameter block (HWRPB),
(I11), 2-1
fields for, (I11), 2-6
interval clock interrupt, (II-A), 6-22
loading at cold boot, (III), 3-14
logout area, (1I-A), 6-26
overview of, (III), 2-2
size field in, (III), 2-6
structure of, (II1), 2—4
with cold boot, (III), 3-10

Index

HIGH_LEVEL, IRQL table index name,
(11-C), 2-2
HWPCB
See Hardware privileged context block
HWRPB
See Hardware restart parameter block

I/O access, nonmapped, (II-C), 3-1
I/O device interrupts, (II-A), 6-22
I/O device registers, at power-up initializa-
tion, (III), 3-5
I/O devices
closing generic for access, (III), 2-47
device-specific operations for, (III), 2-48
generic routines for, (III), 2—45
opening generic for access, (III), 2-50
reading from generic, (1II), 2-52
required implementation support for, (II1),
2-50
service routine entry points, (II-A), 6-32
writing to generic, (III), 2-54
/O devices, DMA
MB and WMB with, (1), 5-20
reliably communicating with processor, (I),
5-24
shared memory locations with, (I), 5-10
1/0O interface overview, (I), 8-1
I/O interrupts, (I1I-A), 6-23
I/O support, HAL interface for, (II-C), 1-3
IEEE, subsetted instruction exception, (II-C),
4-9
IEEE compliance, B-3
choosing degrees of, B-2
IEEE convert-to-integer trap mode,
instruction notation for, (I), 4-63
IEEE floating-point
See also Floating-point instructions
exception handlers, B-2
floating-point control (FP_C) quadword,
B4
format, (I), 2—-7
FPCR (floating-point control register), (1),
4-67
function field format, (I), 4-74
hardware support, B-1
NaN, (D), 2-7
options, B-1
standard, mapping to, B-5
standard charts, B-12
S_floating, (I), 2-7
trap handling, B-6
trap modes, (1), 4-63
T_floating, (I), 2-9
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IEEE floating-point (cont’d)
X_floating, (I), 2-10
IEEE floating-point compliance, (I), 4-72
IEEE floating-point control word, B—4
IEEE floating-point instructions
add instructions, (I), 4-99
compare instructions, (I), 4-101
convert from integer instructions, (I),
4-108
convert S_floating to T_floating, (I), 4-109
convert to integer instructions, (I), 4-107
convert T_floating to S_floating, (1), 4-110
divide instructions, (I), 4-113
multiply instructions, (I), 4-115
opcodes for, C-6
operate instructions, (1), 4-90
subtract instructions, (1), 4-118
IEEE-FP bit, (III), 2-19
IEEE rounding modes, (I), 4-60
IEEE standard
conformance to, B-1
mapping to, B-5
support for, (1), 4-72
IEEE trap modes, required instruction
notation, (I), 4-63
IGN (ignore), (I), 1-9
IKSP register
See Kernel stack pointer, initial
Illegal instruction exceptions, (II-C), 4-7
Illegal instruction trap, (II-A), 6-18
service routine entry point, (II-A), 6-30
Illegal operand trap, service routine entry
point, (II-A), 6-30
Illegal PALcode operand trap, (II-A), 6-18
imb (PALcode) instruction, (II-C), 5-46
required, (1), 6-9
IMB (PALcode) instruction, (1), 5-21
required, (I), 6-9
virtual I-cache coherency, (I), 5-5
IMP (implementation dependent), (1), 1-9
INE bit
See also Arithmetic traps, inexact result
exception summary parameter, (II-A),
6-14
exception summary register, (II-B), 5-5;
(II-C), 4-6
INED bit
See Trap disable bits, inexact result trap
Inexact result bit, exception summary
register, (II-C), 4-6
Inexact result enable (INEE)
FP_C quadword bit, B-5
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Inexact result status (INES)
FP_C quadword bit, B—4
Inexact result trap, (II-A), 6-16; (II-B), 5-5;
(II-C), 4-6
Infinity, (I), 4-58, 4-59
conversion to integer, (1), 4-76
Initialization, PALcode environment, (II-C),
6-1
Initial kernel stack pointer (IKSP)
See also Kernel stack pointer, initial,
(II-C), 2-9
initpal (PALcode) instruction, (II-C), 5-10
at initialization, (II-C), 6-2
interrupt stack access, (II-C), 2-7
reads PAL_BASE register, (II-C), 2—4
writes KGP register, (II-C), 2—4
writes PCR register, (II-C), 2-5
writes PDR register, (II-C), 2-5
INSBL instruction, (I), 4-51
Insert instructions (list), (1), 4-51
Insert into queue PALcode instructions
longword at head interlocked, (II-A), 2-31
longword at head interlocked resident,
(II-A), 2-33, 2—48
longword at tail interlocked, (II-A), 2-39
longword at tail interlocked resident,
(I1-A), 2-42, 2-50
quadword at head interlocked, (II-A), 2-35
quadword at head interlocked resident,
(II-A), 2-37
quadword at tail interlocked, (II-A), 2-44
quadword at tail interlocked resident,
(II-A), 246
INSLH instruction, (I), 4-51
INSLL instruction, (I), 4-51
INSQHIL (PALcode) instruction, (II-A), 2-31
INSQHILR (PALcode) instruction, (II-A),
2-33
INSQH instruction, (1), 4-51
INSQHIQ (PALcode) instruction, (II-A), 2-35
INSQHIQR (PALcode) instruction, (II-A),
2-37
INSQL instruction, (I), 4-51
INSQTIL (PALcode) instruction, (II-A), 2-39
INSQTILR (PALcode) instruction, (II-A),
2-42
INSQTIQ (PALcode) instruction, (II-A), 2—44
INSQTIQR (PALcode) instruction, (II-A),
2-46
INSQUEL (PALcode) instruction, (II-A), 2-48
INSQUEL/D (PALcode) instruction, (II-A),
248
INSQUERQ (PALcode) instruction, (II-A), 2-50



INSQUEQ/D (PALcode) instruction, (II-A),
2-50
Instruction encodings
common architecture, C—2
numerical order, C-11
opcodes and format summarized, C-1
Instruction fault, system entry for, (II-B), 5—4
Instruction fault entry (entIF) register, (II-B),
1-2, 54, 5-6
Instruction fetches (memory), (1), 5-11
Instruction formats
branch, (1), 3-10
conventions, (I), 3-9
floating-point convert, (I), 3-13
floating-point operate, (I), 3—12
illegal trap, (II-A), 6-18
memory, (I), 3-9
memory jump, (I), 3-10
operands, (I), 3-8
operand values, (I), 3-8
operate, (I), 3-11
operators, (1), 3-6
overview, (I), 1-4
PAlLcode, (1), 3-13
registers, (1), 3-1
Instructions, overview, (1), 1-5
Instruction set
See also Floating-point instructions;
PAlcode instructions
access type field, (1), 3-5
Boolean (list), (I), 4-37
branch (list), (1), 4-17
byte (list), (I), 4-43
conditional move (integer), (I), 4-39
data type field, (I), 3-5
extract (list), (I), 4-43
floating-point subsetting, (I), 4-2
insert (list), (1), 4—43
integer arithmetic (list), (I), 4-23
introduced, (I), 1-6
jump (list), (1), 4-17
load memory integer (list), (I), 4—4
mask (list), (I), 443
miscellaneous (list), (1), 4-119
name field, (1), 3—4
opcode qualifiers, (I), 4-3
operand notation, (I), 3—4
overview, (I), 4-1
shift, arithmetic, (I), 4-42
shift, logical, (I), 441
software emulation rules, (), 4-2
store memory integer (list), (1), 4—4
VAX compatibility, (I), 4-128

Index

Instruction stream
See I-stream
Instruction stream translation buffer (ITB),
(IID), 2-13
INSWH instruction, (1), 4-51
INSWL instruction, (I), 4-51

Integer arithmetic instructions

See Arithmetic instructions
Integer division, A-12
Integer overflow bit, exception summary
register, (II-C), 4-6
Integer overflow trap, (II-A), 6-16; (II-B),
5-5; (II-C), 4-6
Integer registers
See also Registers
defined, (1), 3-1
R31 restrictions, (I), 3-1
with PALcode switching, (III), 3-9
INTEGER_REGISTER_MASK, (II-C), 4-6
Internal processor registers (IPR)
address space number, (II-A), 5-4; (II-C),
2-3
AST enable, (II-A), 5-5
AST summary, (II-A), 5-7
CALL_PAL MFPR with, (II-A), 5-1
CALL_PAL MTPR with, (II-A4), 5-1
data alignment trap fixup, (II-A), 5-9
defined, (II-A), 1-1
executive stack pointer, (II-A), 5-10
floating-point enable, (II-A), 5-11
general exception address, (II-C), 2-3
interprocessor interrupt request, (II-A),
5-12
interrupt exception address, (II-C), 2—4
interrupt priority level, (II-A), 5-13
kernel global pointer, (II-C), 2—4
kernel mode with, (II-A), 5-1
kernel stack pointer (IKSP), initial, (II-C),
2-4
machine check error summary, (II-A),
5-14; (II-C), 24
memory management exception, (II-C),
24
MFPR instruction with, (II-A), 2—-88
MTPR instruction with, (II-A), 2—-89
page directory base, (II-C), 2-5
page table base, (II-A), 5-19
PALcode image base address, (II-C), 2-4
panic exception, (II-C), 2-5
performance monitoring, (II-A), 5-16
privileged context block base, (II-A), 5-17
process control region base, (II-C), 2-5
processor base, (II-A), 5-18
processor status, (II-C), 2-5
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Internal processor registers (IPR) (cont’d)

restart execution address, (II-C), 2-5
returning state of, (II-C), 5-18
software interrupt request, (II-A), 5-21;
(I1-C), 2-5
software interrupt summary, (II-A), 5-22
stack pointer, (II-A), 5-1
summarized, (II-A), 5-2; (II-C), 2-2
supervisor stack pointer, (II-A), 5-23
system control block base, (II-A), 5-20
system service exception address, (II-C),
2-5
thread environment block base, (II-C), 2-6
thread unique value, (II-C), 2-6
translation buffer check, (II-A), 5-24
translation buffer invalidate all, (II-A),
5-26
translation buffer invalidate all process,
(II-A), 5-27
translation buffer invalidate single, (II-A),
5-28
user stack pointer, (II-A), 5-29
virtual page base, (II-A), 5-30
Who-Am-I, (II-A), 5-31
Interprocessor console communications, (I11),
2-71
Interprocessor interrupt, (II-A), 6-22
generating, (II-B), 2-27
protocol for, (II-A), 6-23
service routine entry point, (II-A), 6-32
Interprocessor interrupt request (IPIR)
register
described, (II-A), 5-12
protocol for, (II-A), 6-22
Interrupt acknowledge, (1I-C), 4-15
Interrupt dispatch
example, (II-C), 4-13
table (IDT), (II-C), 4-13
vectors, (II-C), 4-13
Interrupt enable mask, (II-C), 4-12
Interrupt entry (entInt) register, (II-B), 1-2,
54, 5-7
Interrupt entry (entINT) register, D-3, D-9
Interrupt exception address (INTERRUPT_
ENTRY) register, (II-C), 2—4
Interrupt handling
HAL interface for, (II-C), 1-3
Interrupt level table (ILT), (II-C), 4-12
index values/names for, (II-C), 2-2
Interrupt mask table (IMT), (II-C), 4-12
Interrupt pending (IP) field, in PS register,
(II-A), 6-7
Interrupt priority level (IPL)
See also Interrupt priority level (IPL)
register
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Interrupt priority level (IPL) (cont’d)

at processor initialization, (1), 3—20

events associated with, (II-A), 6-20

field in PS register, (II-A), 6-7

hardware levels, (II-A), 6-8

kernel mode software with, (II-A), 6-20

operation of, (II-A), 6-19

PS with, (II-B), 5-2

recording pending software (SISR register),

(II-A), 5-22
requesting software (SIRR register), (II-A),
5-21

service routine entry points, (II-A), 6-31

software interrupts, (II-A), 6-21

software levels, (II-A), 6-8

with PALcode switching, (III), 3-9
Interrupt priority level (IPL) register

See also Interrupt priority level (IPL)

described, (II-A), 5-13

interrupt arbitration, (II-A), 6-37
Interrupt request levels (IRQL)

ILT table for, (II-C), 4-12

in PSR, (I1I-C), 2-1

PSR and di instruction, (II-C), 5-5

swapping, (II-C), 5-29

with machine checks, (II-C), 4-19
Interrupts, (II-C), 4-12

actions, summarized, (II-A), 6-2

disabling, (II-C), 5-5

enabling, (II-C), 5-8

hardware arbitration, (II-A), 6-36

1/0 device, (II-A), 6-22

initiated by PALcode, (1I-A), 6-33

initiation, (II-A), 6-20

input/output, (I1I-A), 6-23

instruction completion, (II-A), 6-19

interprocessor, (II-A), 6-22

introduced, (II-A), 6-19

PALcode arbitration, (II-A), 6-36

passive release, (II-A), 6-22

powerfail, (II-A), 6-23

processor state transitions, (II-A), 6-38

processor status register and, (II-C), 2-1

program counter value, (II-A), 6-2

returning from, (II-C), 5-24

software, (II-A), 6-20

software requests for, (II-C), 4-16

sources for, (II-B), 5-2

stack frames for, (II-A), 6-9; (II-B), 5-4

system entry for, (II-B), 54
Interrupt service routines

entry point, (II-A), 6-27

in each process, (II-A), 6-20

introduced, (II-A), 6-19



Interrupt stack, (II-C), 2-7
TrPreviousKSP with, (II-C), 4-14
Interrupt stack pointer (ISP) register
initializing, (II-C), 5-11
Interrupt synchronization, (II-C), 4-16
Interrupt tables (IDT, ILT, IMT), (II-C), 2-6
Interrupt tables, at initialization, (II-C), 6-3
Interrupt trap frame, building, (II-C), 4-14
Interrupt vectors
mask table for, (II-C), 4-12
Interval clock interrupt, (II-A), 6-22
HWRPB field for, (III), 2-7
service routine entry point, (II-A), 6-31
intr_flag register, (I), 3-3; (II-B), 1-3
cleared by RC instruction, (1), 4-129
cleared by retsys, (II-C), 5-23
cleared by rfe, (II-C), 5-25
set by RS instruction, (I), 4-129
Invalid address exceptions, (II-C), 4-8
Invalid operation enable (INVE)
FP_C quadword bit, B-5
Invalid operations bit, exception summary
register, (II-C), 4-7
Invalid operation status (INVS)
FP_C quadword bit, B-5
Invalid operations trap, (II-C), 4-7
Invalid operation trap, (II-A), 6-15; (II-B),
5-5
INV bit
See also Arithmetic traps, invalid operation
exception summary parameter, (II-A),
6-15
exception summary register, (II-B), 5-5;
(II-C), 4-7
INVD bit
See Trap disable bits, invalid operation
IOCTL console device routine, (III), 2-48
/T opcode qualifier, IEEE floating-point, (I),
4-63

IOV bit
See also Arithmetic traps, integer overflow
exception summary parameter, (II-A),
6-14
exception summary register, (II-B), 5-5;
(II-C), 4-6
IPI_LEVEL, IRQL table index name, (II-C),

2-2
IPR
See Internal processor registers (IPR)
IPR_KSP (internal processor register kernel
stack pointer), (II-A), 5-1
IRQL
See Interrupt request levels; See also rdirgl
and swpirql

Index

ISO Latin-1 support, (III), 1-5
PROCESS_KEYCODE and, (III), 2-37
I-stream
coherency of, (I), 6-9
design considerations, A-2
modifying physical, (I), 5-5
modifying virtual, (I), 5-5
PALcode with, (I), 6-2
with caches, (1), 5-5
ITB
See Instruction stream translation buffer

J

JMP instruction, (I), 4-21
JSR instruction, (1), 4-21
JSR_COROUTINE instruction, (1), 4-21
Jump instructions, (I), 4-17, 4-21
See also Control instructions
branch prediction logic, (I), 4-22
coroutine linkage, (I), 4-22
return from subroutine, (I), 4-21
unconditional long jump, (I), 4-22

K

kbpt (PALcode) instruction, (II-C), 5-47
Kernel global pointer (KGP) register, (II-B),
1-3; (1I-C), 24

at initialization, (II-C), 6-2

initializing, (II-C), 5-11
Kernel mode, protection code with, (II-B), 3—6
Kernel read enable (KRE)

bit in PTE, (II-A), 3-5; (II-B), 3—4

with access control violation (ACV) fault,

(II-A), 3-13

Kernel stack, (II-C), 2-7

under/overflow detection, (II-C), 5-49
Kernel stack, PALcode access to, (II-A), 6-33
Kernel stack, when corrupted, (II-C), 4-11
Kernel stack pointer (IKSP), initial, (II-C),

24

initializing, (II-C), 5-11

returning contents of, (II-C), 5-14

swapping to current, (II-C), 5-30

with context switch, (II-C), 2-8, 2-9, 5-28

with trap frames, (II-C), 4-3
Kernel stack pointer (KSP) register

at processor initialization, (III), 3-20

defined, (II-B), 1-3

in HWPCB, (II-A), 4-2

in initial HWPCB, (I1I), 3-21

in process context, (II-B), 4-1

with PALcode switching, (I1I), 3-9
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Kernel write enable (KWE)

bit in PTE, (I1I-A), 3-4; (II-B), 3—4
KERNEL_BREAKPOINT breakpoint type,

(II-C), 4-9

Keycode, translating, (III), 2-37
KGP

See Kernel global pointer
Kseg

format of, (II-B), 3-2

mapping of, (II-B), 3-1

physical space with, (II-B), 3-3
KSP

See Kernel stack pointer

L

LANGUAGE environment variable, (III),
2-28

Languages, supported by console, (III), 2-28

LDAH instruction, (I), 4-5
LDA instruction, (1), 4-5
LDF instruction, (I), 4-79
when data is unaligned, (II-A), 6-30
LDG instruction, (I), 4-80
when data is unaligned, (II-A), 6-30
LDL instruction, (1), 4-6
when data is unaligned, (II-A), 6-30
LDL_L instruction, (I), 4-8
restrictions, (I), 4-9
when data is unaligned, (II-A), 6-30
with processor lock register/flag, (I), 4-9
with STx_C instruction, (I), 4-8
LDQ instruction, (1), 4-6
when data is unaligned, (II-A), 6-30
LDQP (PALcode) instruction, (II-A), 2-87
LDQ_L instruction, (1), 4-8
restrictions, (I), 4-9
when data is unaligned, (II-A), 6-30
with processor lock register/flag, (I), 4-9
with STx_C instruction, (I), 4-9
LDQ_U instruction, (1), 4-7
LDS instruction, (I), 4-81
when data is unaligned, (II-A), 6-30
with FPCR, (1), 4-72
LDT instruction, (I), 4-82
when data is unaligned, (II-A), 6-30
LICENSE environment variable, (III), 2-28
Literals, operand notation, (1), 3—4
Load instructions
See also Floating-point load instructions
emulation of, (I), 4-2
FETCH instruction, (1), 4-122
load address, (1), 4-5
load address high, (1), 4-5
load quadword, (I), 4-6
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Load instructions (cont’d)
load quadword locked, (1), 4-9
load sign-extended longword, (1), 4-6
load sign-extended longword locked, (D),
4-8
load unaligned quadword, (1), 4-7
multiprocessor environment, (1), 5-5
serialization, (I), 4-124
when data is unaligned, (II-A), 6-30
Load literal, A-14

. Load memory instructions, with trap shadow,

(D, 4-65
Load memory integer instructions (list), (1),

Location, (I), 5-10
Location access order
after defined, (I), 5-15
before defined, (1), 5-15
defined, (1), 5-13
with access size, (I), 5-15
with processor issue order, (1), 5-15
Location access size, (I), 5-13
Locked_physical_address register, (1), 3-2
Lock flag, per-processor
defined, (1), 3-2
when cleared, (1), 4-9
with load locked instructions, (1), 4-9
with store conditional instructions, (1),
4-11
Lock registers, per-processor
defined, (1), 3-2
with load locked instructions, (1), 4-9
with store conditional instructions, (1),
4-11
lock_flag register, (II-B), 1-3
cleared by retsys, (II-C), 5-23
cleared by rfe, (II-C), 5-25
Lock_flag register, (I), 3-2
See also Lock flag, per-processor; Lock
registers

Logical instructions

See Boolean instructions
Logout area, (II-A), 6-26
length, per-CPU slot field for, (IID), 2—-19
physical address, per-CPU slot field for,
11, 2-19
Longword data type, (I), 22
alignment of, (I), 2-12
atomic access of, (I), 5-2
integer floating-point format, (1), 2-12
LSB (least significant bit), defined for
floating-point, (1), 4-59



Machine check error handling, (II-C), 4-18
Machine check error summary (MCES)
register, (II-C), 2—4
at processor initialization, (I1I), 3—20
defined, (II-B), 1-3
described, (1I-A), 5-14
format of, (II-C), 4-18
reading, (II-B), 2-11
returning contents of, (II-C), 5-15
structure of, (II-B), 5-7
using, (II-A), 6-26
with PALcode switching, (I1I), 3-9
writing, (II-B), 2-29
writing values to, (II-C), 5-38
Machine checks, (II-A), 6-24
actions, summarized, (II-A), 6-2
catastrophic conditions with, (II-C), 4-19
classes of, (II-C), 4-17
disabling during debug, (II-C), 4-18
initiated by PALcode, (II-A), 6-33
interrupt entry for, (II-B), 5-7
logout area, (II-A), 6-26
masking, (II-A), 6-25
no disabling of, (II-A), 6-25
one per error, (II-A), 6-25
processor correctable, (II-A), 6-24
program counter (PC) value, (II-A), 6-25
REI instruction with, (II-A), 6-25
retry flag, (II-A), 6-25
service routine entry points, (II-A), 6-31,
6-32
sources for, (II-C), 4-17
stack frames for, (II-A), 6-9
system correctable, (I[-A), 6-24
type codes, (II-C), 4-19
unrecoverable reported, (II-C), 4-18
Magtape bootstrap image
ANSI format, (II1), 3-39
boot blocked, (I1I), 3—41
Major modes, (111), 3-3
Major states, (111), 3-1
Major state transitions, (III), 3-2
console rules for, (I11), 3-3
MAP_F function, (I), 2—4
MAP_S function, (1), 2-8
Masking, machine checks with, (II-A), 6-25
Mask instructions (list), (I), 4-53
MAX, defined for floating-point, (I), 4-60
maxCPU, (II-B), 1-2
Maximum ASN value, HWRPB field for, (III),
2-6

Index

MB instruction, (1), 4-124
See also IMB, WMB
multiprocessors only, (1), 4-124
using, (1), 5-21
with DMA I/O, (1), 5-20
with LDx_L/STx_C, (1), 4-12
with multiprocessor D-stream, (1), 5-20
with shared data structures, (1), 5-8
MBZ (must be zero), (I), 1-9
MCES
See Machine check error summary
MCK bit, machine check error summary
register, (II-A), 5-14; (II-C), 4-18
MEMC
See Memory cluster descriptor
MEMDSC
See Memory data descriptor table
Memory, unrecoverable errors with, (II-A),
6-24
Memory access
aligned byte/word, A-11
coherency of, (I), 5-1
granularity of, (I), 5-2
width of, (1), 5-3
with WMB instruction, (I), 4-127
Memory access sequence, (I), 5-13
Memory alignment, requirement for, (I), 5-2
Memory barrier instructions
See MB instruction; IMB (PALcode)
instruction; WMB instruction, (1),
4-124
Memory barriers, (I), 5-20
Memory cluster descriptor (MEMC) table
structure of, (III), 3-13
Memory clusters, (III), 3—10
Memory data descriptor (MEMDSC) table
at warm boot, (11I), 3-22
in HWRPB, (11D), 2-10
offset, HWRPB field for, (III), 2-8
structure of, (III), 3-12
with cold boot, (III), 3-10
Memory format instructions
opcodes and format summarized, C-1
Memory instruction format, (1), 3-9
with function code, (I), 3-10
Memory jump instruction format, (1), 3-10
Memory-like behavior, (I), 5-3
Memory management, (II-C), 3-1
See also Address translation; Pages;
Processor modes; Virtual address
space
address translation, (II-A), 3-8
always enabled, (II-A), 3-3
control of, (II-B), 3-3
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Memory management (cont’d)
faults, (II-A), 3-12, 6-11; (II-B), 3-10
introduced, (II-A), 3-1
page frame number (PFN), (II-A), 3-6
page table entry (PTE), (II-A), 3-3
protection code, (II-A), 3-7
protection of individual pages, (II-A), 3-7
PTE modified by software, (II-A), 3—-6
support in PALcode, (1), 6-2
translation buffer with, (II-A), 3—-11
unrecoverable error, (II-A), 6-24
with interrupts, (II-A), 6-20
with multiprocessors, (II-A), 3-6
with process context, (II-A), 4-1
Memory management exception (MEM_
MGMT_ENTRY) register, (II-C), 2—4
Memory management fault entry (entMM)
register, (II-B), 1-2, 54, 5-8
Memory management faults
registers used, (II-A), 6-11
system entry for, (II-B), 5—4
types, (II-B), 3-10
with unaligned data, (II-A), 6-17
Memory prefetch registers, A-10
defined, (1), 3-3
Memory protection, (II-B), 3-6
Memory sizing at cold boot, (III), 3-10
MFPR_IPR_name (PALcode) instruction,
(II-A), 2-88
MF_FPCR instruction, (I), 4-97
MIN, defined for floating-point, (I), 4-60
MIP bit, machine check error summary
register, (II-B), 5-8
Miscellaneous instructions (list), (1), 4-119
MMCSR, (1I-B), 5-8
MMCSR code, (II-B), 3-10
MOP-based network bootstrapping, (III), 343
/M opcode qualifier, IEEE floating-point, (1),
4-61
Move, register-to-register, A-14
Move instructions (conditional)
See Conditional move instructions
MSKBL instruction, (I), 4-53
MSKLH instruction, (I), 4-53
MSKLL instruction, (I), 4-53
MSKQL instruction, (I), 4-53
MSKWH instruction, (I), 4-53
MSKWL instruction, (I), 4-53
MTPR_IPR_name (PALcode) instruction,
(II-A), 2-89
MT_FPCR instruction, (1), 4-97
synchronization requirement, (I), 4-70
MULF instruction, (I), 4-114
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MULG instruction, (I), 4-114
MULL instruction, (I), 4-30

with MULQ, (1), 4-30
MULQ instruction, (I), 4-31

with MULL, (1), 4-30

with UMULH, (I), 4-31
MULS instruction, (I), 4-115
MULT instruction, (I), 4-115
Multiple instruction issue, A-2
Multiply instructions

See also Floating-point operate
multiply longword, (I), 4-30
multiply quadword, (1), 4-31
multiply unsigned quadward high, (1), 4-32
Multiprocessor bootstrapping, (III), 3-23
primary processor, (III), 3-23
Multiprocessor environment
See also Data sharing
booting, (III), 3-23
cache coherency in, (I), 5-5
console requirements, (III), 2-25
context switching, (I), 5-22
interprocessor interrupt, (II-A), 6-22
interrupts with, (1), 5-24
I-stream reliability, (I), 5-21
MB and WMB with, (I), 5-21
memory faults, (II-A), 6-12
memory management in, (II-A), 3-6
move operations in, (II-A), 2-76
no implied barriers, (I), 5-20
read/write ordering, (I), 5-9
serialization requirements in, (I), 4-124
shared data, (I), 5-5, A7
Multithread implementation, (II-A), 2-81

N

NaN (Not-a-Number)
conversion to integer, (1), 4-76
copying, generating, propagating, (I), 4-77
defined, (1), 2-7
quiet, (1), 4-59
signaling, (I), 4-59
NATURALLY ALIGNED data objects, (I), 1-9
Negate stylized code form, A-14
Network bootstrapping, (I1I), 3—43
New PALcode, (III), 3-5
Next PC, (II-A), 6-2
defined for arithmetic traps, (II-A), 6-15
Non-finite number, (I), 4-59
Nonmapped address space, (II-C), 3-1
Nonmemory-like behavior, (I), 5-3
NOP, universal (UNOP), A-13



NOT instruction, ORNOT with zero, (I), 4-38
NOT stylized code form, A-15

0

Opcode qualifiers

See also specific qualifiers
default values, (1), 4-3
notation (list), (1), 4-3
Opcodes
common architecture, C-2
DEC OSF/1 PALcode, C-17
IEEE floating-point, C-6
in numerical order, C-11
notation used in summary, C-1
OpenVMS AXP PALcode, C-15
PALcode in numerical order, C-20
reserved, C-23
summary, C-9
unused function codes for, C-23
VAX floating-point, C-8
Windows NT AXP PALcode, C-18
opDec, (II-B), 1-5
OPEN device routine, (I1I), 2-50
determines WRITE characteristics, (III),
2-55
OpenVMS AXP PALcode, instruction
summary, C-15
OpenVMS AXP PALcode instructions (list),
(II-A), 2-2
Operand expressions, (1), 3—4
Operand notation
defined, (I), 3-3
Operand values, (I), 3—4
Operate instruction format, (I), 3—-11
floating-point, (I), 3-12
floating-point convert, (I), 3-13
unused function codes with, (I), 3-11
Operate instructions
opcodes and format summarized, C-1
Operate instructions, convert with integer
overflow, (1), 4-67
Operator halted (OH) flag, (III), 3-36
at multiprocessor boot, (III), 3-23
per-CPU state contains, (III), 2-23
Operators, instruction format, (I), 3—-6
Optimization
See Performance optimizations
ORNOT instruction, (I), 4-38
OS Loader, (II-C), 1-2
Overflow bit, exception summary register,
(I1-C), 4-6
Overflow enable (OVFE)
FP_C quadword bit, B-5

Index

Overflow status (OVFS)
FP_C quadword bit, B-5
Overflow trap, (II-A), 6-16; (II-B), 5-5;
(II-C), 4-6
OVF bit
See also Arithmetic traps, overflow
exception summary parameter, (II-A),
6-14
exception summary register, (II-B), 5-5;
(II-C), 4-6
OVFD bit
See Trap disable bits, overflow disable

P

Page directory base (PDR) register, (II-C),
2-5
initializing, (II-C), 5-11
maps PTEs, (II-C), 3-3
with context switch, (II-C), 5-32
Page directory entry (PDE), (II-C), 3-3
Page frame number (PFN)
bits in PTE, (II-A), 3—4; (II-B), 3—4;
(II-C), 3-5
determining validation, (II-A), 3—6
finding for SCB, (1I-A), 5-20
in PTE, (II-C), 3-2
PTBR register, (II-A), 5-19
when a PDR, (II-C), 3-3
with address translation, (II-A), 3-8
with context switch, (II-C), 2-9, 5-28
with hardware context switching, (II-A),
4-3
with physical address translation, (II-B),
3-7

Pages
collecting statistics on, (II-A), 6-12
individual protection of, (II-A), 3-7
max address size from, (II-A), 3-3
possible sizes for, (II-A), 3-2
size range of, (II-B), 3—-1
virtual address space from, (II-A), 3-2
PAGES, CRB field for, (III), 2-65
pageSize, (II-B), 1-2
Page size, HWRPB field for, (III), 2-6
Page sizes, (II-B), 3-2
Page table base (PTBR) register, (II-A), 5-19
at processor initialization, (1II), 3—20
defined, (II-B), 1-4
in HWPCB, (II-A), 4-2
in initial HWPCB, (I1I), 3-21
in process context, (II-B), 4-1
privileged context, (II-A), 2-92
with address translation, (II-A), 3-8
with PALcode switching, (III), 3-9
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Page table base (PTBR) register (cont’d)

with physical address translation, (II-B),
3-7

Page table entry (PTE), (II-A), 3-3

after software changes, (II-A), 3-11
atomic modification of, (II-A), 3-6

bits, summarized, (II-B), 3—4

calculating at cold boot, (III), 3-17
changing and managing, (II-B), 3-5
format of, (II-B), 3-3

modified by software, (II-A), 3-6

page frame number (PFN) with, (II-C), 3-2
page protection, (II-A), 3-7

physical access of, (II-A), 3-8; (II-B), 3-7
summary of, (II-C), 3-5

virtual access of, (II-A), 3-10; (II-B), 3-8
with multiprocessors, (II-A), 3—6

Page tables

calculating base, (III), 3-17

initial mapping at cold boot, (II), 3-17
physical traversal algorithm, (II-C), 3—4
traversing, (II-C), 3-3

Page table space

loading at cold boot, (III), 3-14

PALcode

See also Queues, support for

access to kernel stack, (II-A), 6-33
argument registers used, (II-C), 5-1
barriers with, (I), 5-20

CALL_PAL instruction, (I), 4-120
compared to hardware instructions, (1), 6-1
current defined, (III), 3-5

debugging, (II-C), 549

event counters during debug, (II-C), 5-50
identifying the image, (II1), 36

illegal operand trap, (II-A), 6-18
implementation-specific, (1), 6-3
initialization of, (III), 3-5

initializing environment for, (II-C), 6-1
initial processor context for, (II-C), 6-2
instead of microcode, (I), 6-1

instruction format, (I), 3-13

internal software registers, (II-C), 5-12
kernel activates, (II-C), 1-2

loading, (III), 3-5

loading at multiprocessor boot, (III), 3-23
memory management requirements, (II-A),
new defined, (III), 3-5

OpenVMS AXP, defined for, (II-A), 2-1
OSF/1 support for, (II-B), 5-9

OS Loader and, (II-C), 1-2

overview, (I), 6-1

processor state transitions, (II-A), 6-38
queue data type support, (II-A), 2-21
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PALcode (cont’'d)

recognized instructions, (I), 64

replacing, (I), 6-3

required function support, (I), 6-3

required instructions, (I), 6-5

running environment, (I), 6-2

special functions, (I), 6-3

swapping currently executing, (II-C), 5-31

switching, (II-B), 2-20; (III), 3-5

switching at multiprocessor boot, (1II),
3-24

unexpected exceptions in, (II-C), 4-11

variants at loading, (III), 3-5

variants at multiprocessor boot, (III), 3-24

variants at processor initialization, (III),
3-20

version control, (II-C), 2-7

PALcode available, per-CPU slot field for,

), 2-21

PALcode image base address (PAL_BASE)

register, (II-C), 2—4
from initpal, (II-C), 5-11
previous, (II-C), 6—4
structure of, (II-C), 64

PALcode instructions

DEC OSF/1 privileged (list), (II-B), 2-8

DEC OSF/1 unprivileged (list), (II-B), 2-1

opcodes and format summarized, C-1

opcodes in numerical order, C-20

OpenVMS AXP (list), (II-A), 2-2

OpenVMS AXP privileged (list), (II-A),
2-84

OpenVMS AXP unprivileged (list), (II-A),
2-3

required, opcodes for, C-23

reserved, opcodes for, C-23

VAX compatibility, (II-A), 2-76

Windows NT AXP privileged (list), (II-C),
5-2

Windows NT AXP unprivileged (list),
(II-C), 5-40

PALcode instructions, DEC OSF/1 privileged

cache flush, (II-B), 2-9

console service, (II-B), 2-10

performance monitoring function, (II-B),
2-30

read machine check error summary, (II-B),
2-11

read processor status, (II-B), 2-12

read system value, (II-B), 2-14

read user stack pointer, (II-B), 2-13

return from system call, (II-B), 2-15

return from trap, fault, or interrupt, (II-B),
2-16

swap IPL, (II-B), 2-19



PALcode instructions, DEC OSF/1 privileged
(cont’d)
swap PALcode image, (II-B), 2-20
swap process context, (II-B), 2-17
TB (translation buffer) invalidate, (II-B),
2-22
who am I, (II-B), 2-23
write floating-point enable, (II-B), 2-26
write interprocessor interrupt request,
(II-B), 2-27
write kernel global pointer, (II-B), 2-28
write machine check error summary,
(II-B), 2-29
write system entry address, (II-B), 2-24
write system value, (II-B), 2-32
write user stack pointer, (II-B), 2-31
write virtual page table pointer, (II-B),
2-33
PAlLcode instructions, DEC OSF/1
unprivileged
breakpoint, (II-B), 2-2
bugcheck, (II-B), 2-3
generate trap, (II-B), 2-5
read unique value, (II-B), 2-6
system call, (II-B), 2—4
write unique value, (II-B), 2-7
PALcode instructions, OpenVMS AXP
privileged
See also individual instructions
cache flush, (II-A), 2-85
console service, (II-A), 2-86
load quadword physical, (II-A), 2-87
move from processor register, (II-A), 2-88
move to processor register, (II-A), 2-89
store quadword physical, (II-A), 2-90
swap PALcode image, (II-A), 2-94
swap privileged context, (II-A), 2-91
PALcode instructions, OpenVMS AXP
unprivileged
See also individual instructions
breakpoint, (II-A), 2—4
bugcheck, (II-A), 2-5
change to executive mode, (II-A), 2-6
change to kernel mode, (II-A), 2-7
change to supervisor mode, (II-A), 2-8
change to user mode, (II-A), 2-9
generate software trap, (II-A), 2-10
insert into queue (list), (II-A), 2-30
probe for read access, (II-A), 2-11
probe for write access, (II-A), 2-11
read processor status, (II-A), 2-13
read system cycle counter, (II-A), 2-17
read unique context, (II-A), 2—-82
return from exception or interrupt, (II-A),
2-14

Index

PAlcode instructions, OpenVMS AXP
unprivileged (cont’d)
swap AST enable, (II-A), 2-19
thread, (II-A), 2-81
write PS software field, (II-A), 2-20
write unique context, (II-A), 2-83
PALcode instructions, required privileged, (I),
6-6
PALcode instructions, required unprivileged,
1), 6-9
PALcode instructions, Windows NT AXP
privileged
clear software interrupt request, (II-C),
54
data TB invalidate single, (II-C), 5-7
disable all interrupts, (II-C), 5-5
drain all aborts, (II-C), 5-6
enable interrupts, (II-C), 5-8
halt operating system, (II-C), 5-9
initialize PALcode data structures, (II-C),
5-10
read current IRQL, (II-C), 5-13
read initial kernel stack pointer, (II-C),
5-14
read internal processor state, (II-C), 5-18
read machine check error summary
register, (II-C), 5-15
read processor (PSR) status register,
(II-C), 5-17
read processor control region base address,
(11I-C), 5-16
read software event counters, (II-C), 5-12
read thread value, (II-C), 5-19
restart operating system, (II-C), 5-21
return from exception or interrupt, (II-C),
5-24
return from system service call exception,
(II-C), 5-22
set software interrupt request, (II-C), 5-26
swap current IRQL, (II-C), 5-29
swap current PALcode, (II-C), 5-31
swap initial kernel stack pointer, (II-C),
5-30
swap process context, (II-C), 5-32
swap thread context, (II-C), 5-27
transfer to console firmware, (II-C), 5-20
translation buffer invalidate all, (II-C),
5-33
translation buffer invalidate single, (II-C),
5-34
translation buffer invalidate single for
ASN, (1I-C), 5-35
write kernel exception entry routine,
(I1I-C), 5-36
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PALcode instructions, Windows NT AXP
privileged (cont’d)
write machine check error summary
register, (II-C), 5-38
write performance monitor, (II-C), 5-39
PALcode instructions, Windows NT AXP
unprivileged
breakpoint trap, (II-C), 5-41
call kernel debugger, (II-C), 5—42
generate a trap, (II-C), 5-45
instruction memory barrier, (II-C), 5-46
kernel breakpoint trap, (II-C), 5—47
read TEB pointer, (II-C), 5-48
system service call, (II-C), 5-43
PALcode loaded (PL) flag, (III), 3-5
at multiprocessor boot, (III), 3-23
per-CPU state contains, (III), 2-22
PALcode loading at bootstrap, (III), 3-14
PALcode memory space
length of, (IID), 2-17
physical address of, (III), 2-17
with PALcode loading, (III), 3-5
PALcode memory valid (PMV) flag
at multiprocessor boot, (III), 3-23
per-CPU state contains, (III), 2-22
with PALcode loading, (III), 3-5
PALcode revision, per-CPU slot field for, (III),
2-18
with PALcode switching, (III), 3-7
PALcode scratch space
length of, (III), 2-17
physical address of, (III), 2-17
with PALcode loading, (III), 3-5
PALcode scratch value
in initial HWPCB, (III), 3-21
PALcode swapping, (II-A), 2-94
PALcode valid (PV) flag
at multiprocessor boot, (III), 3-23
per-CPU state contains, (II1), 2-22
with PALcode loading, (III), 3-5
Panic exception (PANIC_ENTRY) register,
(II-C), 2-5
Panic exceptions, (II-C), 4-10
kernel stack under/overflow, (II-C), 5-49
trap from and dispatch for, (II-C), 4-11
Panic stack, (II-C), 2-8
Panic stack pointer, (II-C), 2-6
PANIC_STACK_SWITCH code, (II-C), 4-11
Passive release interrupts, (II-A), 6-22
entry point, (II-A), 6-32
PASSIVE_LEVEL, IRQL table index name,
(II-C), 2-2
PC
See Program counter
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PCO field, ICCSR register, D-5, D-7
PC1 field, ICCSR register, D-5, D-7
PCB
See Process control block
PCBB
See Process control block base
PCC
See Processor cycle counter
PCC_CNT, (D, 3-2, 4-125
PCC_OFF, (D), 3-2, 4-125
PCE bit, machine check error summary
register, (II-A), 5-14; (II-B), 5-8;
(II-C), 4-18
PC halted, per-CPU slot fields for, (III), 2-20
PCMUXO field, ICCSR register, D-5, D-7
PCMUX1 field, ICCSR register, D-5, D-6
Per-CPU slots
block for, (III), 2-10
fields for, (III), 2-16
in HWRPB, (I1I), 2-14
number, HWRPB field for, (III), 2-7
size, HWRPB field for, (III), 2-7
state flags at multiprocessor boot, (III),
3-23
state flags in, (III), 2-22
with PALcode switching, (III), 3-8
Performance counters, controlling, D-2
Performance monitor (PME) register
privileged context, (II-A), 2-93
Performance monitoring enable (PME) bit
defined, (II-B), 14
in HWPCB, (II-A), 4-2
in process context, (II-B), 4-1
Performance monitoring register (PERF-
MON), (II-A), 5-16
using, D-2, D-8
writing, (II-B), 2-30
Performance monitor interrupt entry point,
(II-A), 6-32
Performance monitor interrupt mechanism,
D-3, D-9
Performance optimizations
branch prediction, A-3
code sequences, A-11
data stream, A-6
for frequently executed code, A-1
for I-streams, A-2
instruction alignment, A-2
instruction scheduling, A-5
I-stream density, A-5
multiple instruction issue, A-2
shared data, A-7
PFN
See Page frame number



Physical address size, HWRPB field for, (I11),
2-6
Physical address space, (II-A), 3-3; (II-B),
3-3; (II-C), 3-2
described, (D), 5-1
Physical address translation, (II-A), 3-9,
3-11; (I1I-B), 3-7; (11-C), 3-2
Pipelined implementations, using EXCB
instruction with, (I), 4-121
PME
See Performance monitoring enable
PMI bus, uncorrected protocol errors, (II-A),
6-24
Powerfail, CFLUSH PALcode instruction
with, (II-A), 6-23
Powerfail and recovery
multiprocessor type of, (III), 3~-29
split type of, (III), 3-30
uniprocessor type of, (III), 3-28
united type of, (III), 3-30
Powerfail interrupt, (II-A), 6-23
service routine entry point, (II-A), 6-32
Powerfail restart (PR) flag
powerfail and recovery, (I1II), 3-30
Power-up initialization, (III), 3—4
Prefetch data (FETCH instruction), (I), 4-122
Prefetch data registers, A-10
Pre-PALcode initialization, (II-C), 6-1
previous_PAL_BASE register, (II-C), 6-5
Primary bootstrap image
format of, (III), 3-36
loading at cold, (III), 3-14
Primary-eligible (PE) bit, (III), 2—-19
at multiprocessor boot, (III), 3-23
with BB_WATCH, (III), 3—45
with console switching, (III), 3-32
Primary processor
at multiprocessor boot, (111), 3-23
definition of, (I1I), 1-1
modes for, (II1), 3—4
running at multiprocessor boot, (11I), 3-25
switching from, (III), 3-32
Privileged Architecture Library
See PALcode
Privileged context, (II-A), 2-92
Privileged context block base (PCBB) register,
(II-A), 5-17
at processor initialization, (I1I), 3-20
with PALcode switching, (III), 3-9
Privileges, processor, (II-C), 2-2
PROBER (PALcode) instruction, (II-A), 2-11
PROBEW (PALcode) instruction, (II-A), 2-11

Index

Process, (II-A), 4-1
context switching the, (II-A), 44
Process context, (II-B), 4-1
saved in PCB, (II-B), 4-1
Process control block (PCB), (II-B), 4-1
structure, (II-B), 4-2
Process control block base (PCBB) register,
(II-B), 1-3
Process control region base (PCR) register,
(II-C), 2-5
Processor
adding to running system, (III), 3-27
states and modes, (III), 3—-1
Processor, per-CPU slot field for
halt, (III), 2-20
revision, (I11), 2-19
serial number, (1II), 2-19
software compatibility, (III), 2-21
type, (III), 2-18
variation, (III), 2-19
Processor available (PA) flag
at multiprocessor boot, (III), 3—-23
per-CPU state contains, (III), 2-23
Processor base (PRBR) register, (II-A), 5-18
Processor control block (PRCB)
at initialization, (II-C), 6-2
Processor control region, (II-C), 2-6
interrupt tables with, (II-C), 2-6
Processor control region base (PCR) register
at initialization, (II-C), 6-2
initializing, (II-C), 5-11
returning contents of, (II-C), 5-16
Processor correctable errors, (II-C), 4-17
reporting, (II-C), 4-18
Processor cycle counter (PCC) register, (I),
3-2
See also Charged process cycles
for DEC OSF/1, (II-B), 1-3
for OpenVMS AXP, (II-A), 1-1
in initial HWPCB, (III), 3-21
RPCC instruction with, (I), 4-125
system cycle counter with, (II-A), 2-17
Processor data areas, (II-C), 2-6
Processor hardware interrupt, service routine
entry points, (II-A), 6-31
Processor initialization, (III), 3-20
Processor issue order
access size effect on, (I), 5-14
causal ordering, (I), 5-12
defined, (1), 5-11
with location access order, (I), 5-15
Processor issue sequence, (I), 5-11
Processor modes, (II-C), 2-1; (III), 3-4
AST pending state, (II-A), 5-7
change to executive, (II-A), 2-6
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Processor modes (cont’d)
change to kernel, (II-A4), 2-7
change to supervisor, (II-A), 2-8
change to user, (II-A), 2-9
controlling memory access, (II-A), 3—-7
enabling executive mode reads, (II-4), 3—4
enabling executive mode writes, (II-4), 3—4
enabling kernel mode reads, (II-A), 3-5
enabling supervisor mode reads, (II-A),
34 ’
enabling supervisor mode writes, (II-A),
34
enabling user mode reads, (II-A), 3—4
enabling user mode writes, (II-A), 3—4
page access with, (II-A), 3-1
PALcode state transitions, (II-A), 6-38
Processor number, reading, (II-A), 5-31
Processor present (PP) flag
at multiprocessor boot, (III), 3-23
per-CPU state contains, (III), 2-23
Processors, switching primary, (III), 2-63
Processor state, defined, (II-A), 6-6
Processor state, internal, initialized, (II-C),
6-1
Processor state transitions, (II-A), 6-38
Processor status (PS) register
at processor initialization, (III), 3-20
bit meanings for, (II-B), 5-2
bit summary, (II-A), 6-7
bootstrap values in, (II-A), 6-7
current, (II-A), 6-6
defined, (II-A), 1-1; (II-B), 1-4
explicit reading of, (II-A), 6-6
in process context, (II-B), 4-1
in processor state, (II-A), 6—6
saved on stack, (I1I-A), 6-6
saved on stack frame, (II-A), 6-9
with PALcode switching, (III), 3-9
WR_PS_SW instruction, (II-A), 2-20
Processor status (PSR) register, (II-C), 2-1,
2-5
returning contents of, (II-C), 5-17
Processor uncorrectable errors, (II-C), 4-17
Processor unique value (unique) register
in initial HWPCB, (11I), 3-21
with PALcode switching, (III), 3-9
Process unique value (unique) register, (II-B),
14
in process context, (II-B), 4-1
PROCESS_KEYCODE console terminal
routine, (III), 2-37
Program counter (PC) register, (1), 3-1
alignment, (II-A), 6-7
current PC defined, (II-A), 6-2
defined, (II-B), 1-3
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Program counter (PC) register (cont’d)
explicit reading of, (II-A), 6-7
in process context, (II-B), 4-1
in processor state, (II-A), 6-6
next PC defined, (II-A), 6-15
saved on stack frame, (II-A), 6-9
with arithmetic traps, (II-A), 6-15; (II-B),
5-1
with EXCB instruction, (I), 4-121
with faults, (II-A), 6-10
with interrupts, (II-A), 6-2
with machine checks, (II-A4), 6-25
with PALcode switching, (III), 3-9
with synchronous traps, (II-A), 6-16
Program I/0O mode, (III), 3-3
Protection code, (II-A), 3-7; (II-B), 3-6
Protection modes, (II-A), 6-8
PS
See Processor status
Pseudo-ops, A-15
PSR
See Processor status register
PSWITCH console routine, (III), 2-63, 3-32
PS_<SP_ALIGN<XS> field, (II-A), 2-13
PTBR
See Page table base
PTE
See Page table entry
PUTS console terminal routine, (1II), 2-39

Q

Quadword data type, (I), 2-2
alignment of, (I), 2-3, 2-13
atomic access of, (I), 5-2
integer floating-point format, (I), 2-13
loading in physical memory, (II-A), 2-87
storing to physical memory, (II-A), 2-90
T_floating with, (1), 2-13

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

R

R31

restrictions, (I), 3-1

with arithmetic traps, (II-A), 6-13
RAZ (read as zero), (1), 1-9
RC (read and clear) instruction, (I), 4-129



rdcounters (PALcode) instruction, (II-C), 5-12
rdirql (PALcode) instruction, (II-C), 5-13
rdksp (PALcode) instruction, (II-C), 5-14
reads IKSP register, (II-C), 2—-4
reads kernel stack, (II-C), 2-8
rdmces (PALcode) instruction, (II-B), 2-11;
(II-C), 5-15
rdpcr (PALcode) instruction, (II-C), 5-16
reads PCR register, (II-C), 2-5
rdps (PALcode) instruction, (II-B), 2-12
rdpsr (PALcode) instruction, (II-C), 5-17
rdstate (PALcode) instruction, (II-C), 5-18
rdteb (PALcode) instruction, (II-C), 5-48
reads TEB register, (II-C), 2—6
rdthread (PALcode) instruction, (II-C), 5-19
reads THREAD register, (II-C), 2-6
rdunique (PALcode) instruction, (II-B), 2-6
required recognition of, (I), 6-5
RDUNIQUE (PALcode) instruction
required recognition of, (I), 6-4
rdusp (PALcode) instruction, (II-B), 2-13
rdval (PALcode) instruction, (II-B), 2-14
RD_PS (PALcode) instruction, (II-4), 2-13
READ device routine, (III), 2-52
Read/write, sequential, A-9
Read/write ordering (multiprocessor), (I), 5-9
determining requirements, (1), 5-10
hardware implications for, (I), 5-25
memory location defined, (1), 5-10
READ_UNQ (PALcode) instruction, (II-A),
2-82
Reason-for-halt code
at power-up initialization, (III), 3—4
reboot (PALcode) instruction, (II-C), 5-20
operation of, (II-C), 6-3
tasks and sequence for, (II-C), 6-5
Regions, bootstrap address space, (III), 3-14
Regions in physical address space, (I), 5-1
Register mask, floating-point and integer,
(II-C), 4-5
Registers, (1), 3-1
See also specific registers
DEC OSF/1 usage, (II-B), 1-1
floating-point, (I), 3-2
integer, (1), 3-1
lock, (1), 3-2
memory prefetch, (1), 3-3
OpenVMS AXP specific usage, (II-A), 1-1
optional, (I), 3-3
processor cycle counter, (I), 3-2
program counter (PC), (I), 3—-1
value when unused, (1), 3-9
VAX compatibility, (I), 3-3
Windows NT AXP usage, (II-C), 1-3
with IPRs, (II-A), 5-1

Index

Register-to-register move, A-14
Register write mask, with arithmetic traps,
(II-A), 6-15
REI (PALcode) instruction, (II-A), 2-14
arithmetic traps, (II-A), 6-10
faults, (II-A), 6-10
interrupt arbitration, (II-A), 6-37
interrupts, (II-A), 6-2
machine checks, (II-A), 6-25
synchronous traps, (II-A), 6-16
Remove from queue PALcode instructions
longword, (II-A), 2-72
longword at head interlocked, (II-A), 2-52
longword at head interlocked resident,
(II-A), 2-55
longword at tail interlocked, (II-A), 262
longword at tail interlocked resident,
(II-A), 2-65
quadword, (II-A), 2-74
quadword at head interlocked, (II-4), 2-57
quadword at head interlocked resident,
(II-A), 2-60
quadword at tail interlocked, (II-A), 2—67
quadword at tail interlocked resident,
(II-A), 2-70
REMQHIL (PALcode) instruction, (II-A),
2-52
REMQHILR (PALcode) instruction, (II-A),
2-55
REMQHIQ (PALcode) instruction, (II-A),
2-57
REMQHIQR (PALcode) instruction, (II-A),
2-60
REMQTIL (PALcode) instruction, (II-A), 2-62
REMQTILR (PALcode) instruction, (II-A),
2-65
REMQTIQ (PALcode) instruction, (II-A), 2-67
REMQTIQR (PALcode) instruction, (II-A),
2-70
REMQUEL (PALcode) instruction, (II-A),
2-72
REMQUEL/D (PALcode) instruction, (II-A),
2-72
REMQUEQ (PALcode) instruction, (II-A),
2-74
REMQUEQ/D (PALcode) instruction, (II-A),
2-74
Representative result, (1), 4-59
Reserved instructions, opcodes for, C-23
Reserved operand, (I), 4-59
RESET_ENV variable routine, (III), 2-58
RESET_TERM console terminal routine, (III),
2-41
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restart (PALcode) instruction, (II-C), 5-21

tasks and sequence for, (II-C), 6-5
Restart block

with catastrophic errors, (II-C), 4-19
Restart block pointer, (II-C), 2-6, 6-3
Restart-capable (RC) flag

at multiprocessor boot, (III), 3-23

at power-up initialization, (II), 3—4

at processor initialization, (I1), 3-20

per-CPU state contains, (III), 2-23

state transitions and, (I1I), 3—-1

with failed bootstrap, (III), 3—-18
Restart execution address (RESTART_

ADDRESS) register, (II-C), 2-5

at PALcode exit, (II-C), 5-1

RESTART RTN VA, HWRPB field for, (1II),
2-8

RESTART value, HWRPB field for, (III), 2-9
RESTORE_TERM console routine, (III), 3-36
RESTORE_TERM VA, HWRPB field for, (III),

2-8
RESTORE_TERM value, HWRPB field for,
ain, 2-8

Result latency, A-5

RET instruction, (1), 4-21

retsys (PALcode) instruction, (II-B), 2-15;

(II-C), 5-22

PS with, (II-B), 5-2
use of, (II-C), 4-2

Revision, HWRPB field for, (III), 2-6

rfe (PALcode) instruction, (II-C), 5-24
compared to retsys, (II-C), 5-22
interrupt stack access, (II-C), 2-7
use of, (1I-C), 4-2

ROM boot block structure, (III), 3—42

ROM bootstrapping, (III), 3—42

Rounding modes

See Floating-point rounding modes
RPCC (read processor cycle counter)
instruction, (I), 4-125
RSCC instruction with, (II-A), 2-18
RS (read and set) instruction, (I), 4-129
RSCC (PALcode) instruction, (II-A), 2-17
RPCC instruction with, (II-A), 2-18
rti (PALcode) instruction, (II-B), 2-16
PS with, (II-B), 5-2
with exceptions, (II-B), 5-1
RX BUFFER, field in RXTX buffer area, (III),
2-72
RXLEN, field in RXTX buffer area, (III), 2-72
RXRDY bitmask, HWRPB field for, (III), 2-9
RXRDY flag, (IID), 2-71
at multiprocessor boot, (III), 3-23
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RXTX buffer area, (III), 2-72
per-CPU slot field for, (II1), 2-21

S

S4ADDL instruction, (1), 4-25
S4ADDQ instruction, (I), 4-27
S4SUBL instruction, (I), 4-34
S4SUBQ instruction, (I), 4-36
S8ADDL instruction, (I), 4-25
S8ADDQ instruction, (I), 4-27
S8SUBL instruction, (I), 4-34
S8SUBQ instruction, (I), 4-36
SAVE_ENYV variable routine, (III), 2-59
SAVE_TERM console routine, (III), 3-35
SAVE_TERM RTN VA, HWRPB field for,
I, 2-8
SAVE_TERM value, HWRPB field for, (III),
2-8
SBZ (should be zero), (I), 1-9
SCC
See System cycle counter
SCE bit, machine check error summary
register, (II-A), 5-14; (II-B), 5-8;
(II-C), 4-18
Secondary processors
at multiprocessor boot, (III), 3-23
definition of, (III), 1-1
modes for, (III), 3—4
Security holes, (I), 1-7
with UNPREDICTABLE results, (1), 1-8
Seg0, mapping of, (II-B), 3-1
Segl, mapping of, (II-B), 3-1
Segment number fields, (II-A), 3-2
Self-relative longword queue, (II-A), 2-21
Self-relative quadword queue, (II-A), 2-26
Sequential read/write, A—9
Serialization, MB instruction with, (I), 4-124
SET_ENV variable routine, (III), 2-61
SET_TERM_CTL console terminal routine,
(IID), 2-42
SET_TERM_INT console terminal routine,
(111), 2—43
Shared data (multiprocessor), A-7
changed vs. updated datum, (I), 5-6
Shared data structures
atomic update, (I), 5-7
ordering considerations, (I), 5-8
using memory barrier (MB) instruction, (1),
5-8
Shared memory
accessing, (I), 5-10
access sequence, (I), 5-11
defined, (1), 5-10
issue sequence, (1), 5-11




Shift arithmetic instructions, (I), 4-42
Shift logical instructions, (I), 4-41
Single-precision floating-point, (1), 4-57
SLL instruction, (I), 4-41
Software (SW) field, in PS register, (II-A),
6-7
Software completion bit, exception summary
register, (II-A), 6-14; (II-B), 5-6;
(II-C), 4-7
Software considerations, A-1
See also Performance optimizations
Software exceptions, (II-C), 4-8
Software interrupt request (SIRR) register,
(II-C), 2-5
See also Software interrupts
clearing, (II-C), 5-4
described, (II-A), 5-21
format for, (II-C), 4-16
interrupt arbitration, (II-A), 6-37
protocol for, (II-A), 6-21
with interrupts, (II-A), 6-21
Software interrupts, (II-A), 6-20; (II-C),
4-13
asynchronous system traps (AST), (II-A),
6-21
protocol between summary and request,
(II-A), 6-21
recording pending state of, (II-A), 5-22
request (SIRR) register, (II-A), 6-21
requesting, (II-A), 5-21; (II-C), 4-16
requests after exception handling, (II-C),
5-22, 5-24
service routine entry points, (II-A), 6-31
setting, (II-C), 5-26
summary (SISR) register, (II-A), 6-20
supported levels of, (II-A), 5-21
Software interrupt summary (SISR) register
at processor initialization, (I11), 3—-20
described, (1I-A), 5-22 .
protocol for, (II-A), 6-21
with interrupts, (II-A), 6-20
Software traps, generating, (II-A), 2-10
/S opcode qualifier
IEEE floating-point, (I), 4-63
VAX floating-point, (I), 4-62
SP
See Stack pointer
SRA instruction, (1), 4-42
SRL instruction, (1), 4—41
ssir (PALcode) instruction, (II-C), 5-26
sets software interrupts, (II-C), 4-16
Stack alignment, (II-A), 6-33

Index

Stack alignment (SP_ALIGN), field in saved
PS, (II-A), 6-7
Stack frames, (II-A), 6-8; (II-B), 5-3
Stack pointer (SP) register
defined, (II-A), 1-1; (II-B), 14
linkage for, (II-B), 1-1
Stack pointer internal processor registers,
(II-A), 5-1
State flags, per-CPU slot field for, (III), 2-17
STATUS_ALPHA_ARITHMETIC code, (II-C),
4-5
STATUS_ALPHA_GENTRAP code, (II-C),
4-9
STATUS_BREAKPOINT code, (II-C), 4-9
STATUS_DATATYPE_MISALIGNMENT
code, (II-C), 4-7
STATUS_ILLEGAL_INSTRUCTION code,
(II-C), 4-8
STATUS_INVALID_ADDRESS code, (II-C),
4-8
STF instruction, (I), 4-83
when data is unaligned, (II-A), 6-30
STG instruction, (I), 4-84
when data is unaligned, (II-A), 6-30
STL instruction, (I), 4-14
when data is unaligned, (II-A), 6-30
STL_C instruction, (I), 4-11
when data is unaligned, (II-A), 6-30
when guaranteed ordering with LDL_L, (),
4-12
with LDx_L instruction, (I), 4-11
with processor lock register/flag, (I), 4-11
Storage, defined, (1), 5-15
Store instructions
See also Floating-point store instructions
emulation of, (1), 4-2
FETCH instruction, (I), 4-122
multiprocessor environment, (1), 5-5
serialization, (1), 4-124
store longword, (1), 4-14
store longword conditional, (I), 4-11
store quadword, (1), 4-14
store quadword conditional, (I), 4-11
store unaligned quadword, (I), 4-15
when data is unaligned, (II-A), 6-30
Store memory instructions, with trap shadow,
D, 4-65
Store memory integer instructions (list), (),
44
STQ instruction, (I), 4-14
when data is unaligned, (II-A), 6-30
STQP (PALcode) instruction, (II-A), 2-90
STQ_C instruction, (1), 4-11
when data is unaligned, (II-A), 6-30
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STQ_C instruction (cont’d)
when guaranteed ordering with LDQ_L,
@0, 4-12
with LDx_L instruction, (I), 4-11
with processor lock register/flag, (I), 4-11
STQ_U instruction, (I), 4-15
STS instruction, (I), 4-85
when data is unaligned, (II-A), 6-30
with FPCR, (1), 4-72
STT instruction, (I), 4-86
when data is unaligned, (II-A), 6-30
SUBF instruction, (I), 4-116
SUBG instruction, (I), 4-116
SUBL instruction, (I), 4-33
SUBQ instruction, (I), 4-35
SUBS instruction, (I), 4-118
SUBT instruction, (I), 4-118
Subtract instructions
See also Floating-point operate
subtract longword, (1), 4-33
subtract quadword, (I), 4-35
subtract scaled longword, (I), 4-34
subtract scaled quadword, (1), 4-36
SUM bit
See Summary bit
Summary bit, in FPCR, (I), 4-68
Superpage address space, (II-C), 3-1
disabled by debug PALcode, (II-C), 5-49
Supervisor read enable (SRE), bit in PTE,
(II-A), 3—4
Supervisor stack pointer (SSP) register,
(II-A), 5-23
as internal processor register, (II-A), 5-1
in HWPCB, (II-A), 4-2
in initial HWPCB, (111), 3-21
Supervisor write enable (SWE), bit in PTE,
(II-A), 34
SWASTEN (PALcode) instruction, (II-A),
2-19
interrupt arbitration, (II-A), 6-38
with ASTEN register, (II-A), 5-6
SWC bit
exception summary parameter, (II-A),
6-15
exception summary register, (II-B), 5-2,
5-6; (II-C), 4-7
swpctx (PALcode) instruction, (II-B), 2-17,
(II-C), 5-27
PCB with, (II-B), 4-2
PDR register with, (II-C), 2-5
with ASNs, (1I-B), 3-9
writes IKSP register, (II-C), 2—4
writes TEB register, (II-C), 2—-6
writes THREAD register, (II-C), 2-6
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SWPCTX (PALcode) instruction, (II-A), 2-91
with ASTSR register, (II-A), 5-8
swpipl (PALcode) instruction, (II-B), 2-19
PS with, (II-B), 5-2
swpirql (PALcode) instruction, (II-C), 5-29
as synchronization function, (II-C), 4-16
swpksp (PALcode) instruction, (II-C), 5-30
reads kernel stack, (II-C), 2-8
writes IKSP register, (II-C), 2—4
swppal (PALcode) instruction, (II-B), 2-20;
(II-C), 5-31, 6-6
firmware contributes, (II-C), 1-2
required recognition of, (1), 6-5
SWPPAL (PALcode) instruction, (II-A), 2-94
required recognition of, (I), 6-5
with PALcode switching, (III), 3-7
swpprocess (PALcode) instruction, (II-C),
5-32
writes PDR register, (II-C), 2-5
Synchronization levels, interrupt, (II-C), 4-13
Synchronous traps, (II-B), 5-2
data alignment, (II-A), 6-16
defined, (II-A), 6-10
program counter (PC) value, (II-A), 6-16
REI instruction with, (II-A), 6-16
System, HWRPB field for
revision code, (III), 2-7, 2-11
serial number, (I1II), 2-11
type, (III), 2-6, 2-12
variation, (III), 2-6, 2-12
System call entry (entSys) register, (II-B),
1-3, 54, 5-9
System control block (SCB)
arithmetic trap entry points, (II-A), 6-29
fault entry points, (II-A), 6-28
finding PFN, (II-A), 5-20
performance monitor with, D-3, D-9
saved on stack frame, (II-A), 6-9
structure of, (II-A), 6-27
with memory management faults, (II-A),
3-13
System control block base (SCBB) register,
(II-A), 5-20
specifies PFN, (1I-A), 6-27
System correctable errors, (II-C), 4-17
reporting, (II-C), 4-18
System crash, requesting, (III), 3-31
System cycle counter (SCC) register
at processor initialization, (III), 3-20
reading, (II-A), 2-17
System entry addresses, (II-B), 5—4
System initialization, (III), 3—4
System restarts, (III), 3-27
error halt and recovery, (III), 3-30
forcing console I/O mode, (I1I), 3-36



System restarts (cont’d)

powerfail and recovery (multiprocessor),
(I11), 3-29
powerfail and recovery (split), (III), 3-30
powerfail and recovery (uniprocessor), (III),
3-28
powerfail and recovery (united), (III), 3-30
primary switching, (III), 3-32
requesting a crash, (1II), 3-31
RESTORE_TERM routine, (111), 3-36
restoring terminal state, (III), 3-34
SAVE_TERM routine, (III), 3-35
saving terminal state, (III), 3-34
System service call exceptions, (II-C), 4—4
returning from, (II-C), 5-22
System service exception address (SYSCALL_
ENTRY) register, (II-C), 2-5
System uncorrectable errors, (II-C), 4-17
System value (sysvalue) register, (II-B), 1-4
with PALcode switching, (III), 3-9
System variation field (HWRPB)
bit summary, (I1II), 2-12
Sysvalue
See System value
S_floating data type
alignment of, (I), 2-9
compared to F_floating, (I), 2-8
exceptions, (I), 2-8
format, (), 2-8
mapping, (1), 2-8
MAX/MIN, (I), 4-60
NaN with T_floating convert, (I), 4-76
operations, (1), 4-57
when data is unaligned, (II-4), 6-30

T

Tape

See Magtape
TB

See Translation buffer
TBB

See Translation buffer hint block
TB hint offset, HWRPB field for, (III), 2-7
tbi (PALcode) instruction, (II-B), 2-22

with TBs, (II-B), 3-9
tbia (PALcode) instruction, (II-C), 3-6, 5-33
tbis (PALcode) instruction, (II-C), 3-6, 5-34
tbisasn (PALcode) instruction, (II-C), 3-6,

5-35

Temporary PALcode registers, (II-C), 5-1
Terminals

setting controls for, (III), 2-42

setting interrupts for, (III), 2-43

Index

TESTED_PAGES, memory cluster field, (III),
3-13
Thread environment block base (TEB)
register, (II-C), 2-6
initializing, (II-C), 5-11
returning contents of, (II-C), 548
with context switch, (II-C), 2-8, 5-28
Thread unique value (THREAD) register,
(II-C), 2-6
initializing, (II-C), 5-11
returning contents of, (II-C), 5-19
with context switch, (II-C), 2-8, 5-28
Timeliness of location access, (I), 5-16
Timer support, HAL interface fpr, (II-C), 1-3
Timing considerations, atomic sequences,
A-17
Translation
physical, (II-B), 3-7
virtual, (II-B), 3-8
Translation buffer (TB), (II-B), 3-8
address space number with, (II-A), 3-11
at context switch, (II-C), 2-9
fault on execute, (II-A), 6-13
fault on read, (II-A), 6-12
fault on write, (II-A), 6-12
granularity hint in PTE, (II-A), 3-5
invalidate all, (II-C), 5-33
invalidate single, (II-C), 5-34
invalidate single data, (II-C), 5-7
management of, (II-C), 3-5
recursion in, (II-C), 3-6
with invalid PTEs, (II-A), 3-11
Translation buffer check (TBCHK) register
described, (II-A), 5-24
with translation buffer, (II-A), 3-11
Translation buffer hint block (TBB), (1II),
2-9, 2-13
Translation buffer invalidate all (TBIA)
register
described, (II-A), 5-26
with translation buffer, (II-A), 3-11
Translation buffer invalidate all process
(TBIAP) register
described, (II-A), 5-27
with translation buffer, (II-A), 3-11
Translation buffer invalidate single (TBIS)
register, (II-A), 5-28
Translation not valid fault, (II-A), 6-12;
(II-B), 3-10; (II-C), 4-3
service routine entry point, (II-A), 6-29
TRAPB (trap barrier) instruction, A-15
described, (1), 4-126
with FPCR, (), 4-72
with trap shadow, (I), 4-65

Index—29



Index

Trap disable bits, (I), 4-67
division by zero, (I), 4-69
DZED with DZE arithmetic trap, (I), 4-66
DZED with INV arithmetic trap, (I), 4-66
IEEE compliance and, B-3
inexact result, (I), 4-68
invalid operation, (I), 4-69
overflow disable, (I), 4-69
underflow, (I), 4-68
underflow to zero, (I), 4-68
when unimplemented, (I), 4-67
Trap enable bits, B—4
Trap frames and offsets, (II-C), 4-3
Trap handler, with non-finite arithmetic
operands, (I), 4-64
Trap handling, IEEE floating-point, B—6
Trap modes
floating-point, (I), 4-62
IEEE, (I), 4-63
IEEE convert-to-integer, (I), 4-63
VAX, (I), 4-62
VAX convert-to-integer, (I), 4-63
Traps
See Arithmetic traps
Trap shadow, (II-B), 5-2
defined, (1), 4-63
defined for floating-point, (I), 4-59
programming implications for, (I), 5-26
trap handler requirement for, (I), 4-65
TRAP_CAUSE_UNKNOWN code, (II-C),
4-11
TrFir trap frame offset
from ExceptionPC address, (II-C), 4-5
Trigger instruction, (II-B), 5-2
TrPreviousKSP, with interrupt stack, (II-C),
4-14
True result, (I), 4-59
True zero, (I), 4-59
TTY_DEV environment variable, (III), 2-28
with CTB, (I1I), 2-69

TX BUFFER, field in RXTX buffer area, (III),

2-73

TXLEN, field in RXTX buffer area, (III), 2-72

TXRDY bitmask, HWRPB field for, (III), 2-9
TXRDY flag, (I1I), 2-71

at multiprocessor boot, (III), 3-23
T_floating data type

alignment of, (1), 2-10

exceptions, (1), 2-10

format, (I), 2-9

MAX/MIN, (1), 4-60

NaN with S_floating convert, (1), 4-76

when data is unaligned, (II-A), 6-30
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U

UMULH instruction, (I), 4-32
with MULQ, (1), 4-31
Unaligned access exceptions, (II-C), 4-7
Unaligned access fault
system entry for, (II-B), 5-4
UNALIGNED data objects, (1), 1-9
Unaligned fault entry (entUna) register,
(II-B), 1-3, 5-9
Unconditional long jump, (I), 4-22
UNDEFINED operations, (I), 1-7
Underflow bit, exception summary register,
(II-C), 4-6
Underflow enable (UNFE)
FP_C quadword bit, B-5
Underflow status (UNFS)
FP_C quadword bit, B-5
Underflow trap, (II-A), 6-16; (II-B), 5-5;
(II-C), 4-6
UNDZ bit
See Trap disable bits, underflow to zero
UNTF bit
See also arithmetic traps, underflow
exception summary parameter, (II-A),
6-14
exception summary register, (II-B), 5-5;
(II-C), 4-6
UNFD bit
See Trap disable bits, underflow
Unique
See Processor unique value; see also
Process unique value
Unique, processor unique value, (III), 3-9
Unique, process unique value, (II-B), 14
UNOP code form, A-13
UNORDERED memory references, (I), 5-9
UNPREDICTABLE results, (I), 1-7
/U opcode qualifier
IEEE floating-point, (I), 4-63
VAX floating-point, (I), 4-62
User mode, protection code with, (II-B), 3—6
User read enable (URE)
bit in PTE, (II-A), 3-4; (II-B), 3-4
User stack, (II-C), 2-8
User stack pointer (USP) register, (II-A),
5-29
defined, (II-B), 1-4
in HWPCB, (II-A), 4-2
in initial HWPCB, (IID), 3-21
in process context, (II-B), 4-1
internal processor register, (II-A), 5-1
User write enable (UWE)
bit in PTE, (II-A), 3-4; (II-B), 34



USER_BREAKPOINT breakpoint type,
(II-C), 4-9
USP
See User stack pointer

v

Valid (V)
bit in PTE, (II-A), 3-6; (II-B), 3-5; (I1I-C),
3-5
Validation, HWRPB field for, (III), 2-6
vaSize, (II-B), 1-2
VAX compatibility instructions, restrictions
for, (1), 4-128
VAX compatibility register, (I), 3-3
VAX convert-to-integer trap mode, (1), 463
VAX floating-point
See also Floating-point instructions
D_floating, (1), 2-6
F_floating, (1), 2-3
G_floating, (1), 2-5
trap modes, (I), 463
VAX floating-point instructions
add instructions, (1), 4-98
compare instructions, (I), 4-100
convert from integer instructions, (I),
4-104
convert to integer instructions, (I), 4-103
convert VAX floating format instructions,
D), 4-105
divide instructions, (I), 4-111
function field format, (1), 4-75
multiply instructions, (1), 4-114
opcodes for, C-8
operate instructions, (1), 4-90
subtract instructions, (I), 4-116
VAX-FP bit, (III), 2-19
VAX rounding modes, (I), 4-60
VAX trap modes, required instruction
notation, (I), 4-63
Virtual addresses
format of, (II-C), 3-2
non-canonical at fault, (II-C), 4-8
physical view of, (II-C), 3-3
virtual view of, (II-C), 3-3
Virtual address format, (II-A), 3-2
segment number fields, (II-A), 3-2
Virtual address space, (II-A), 3-2; (II-B),
3-1; 11-C), 3-1
minimum and maximum, (II-A), 3-2
page size with, (II-A), 3-1
Virtual address translation, (II-A), 3-10;
(II-B), 3-8; (11-C), 3-3

Index

Virtual cache blocks
invalidating all, (II-C), 5-33
invalidating single, (II-C), 5-34
Virtual D-cache, (D), 5—4
maintaining coherency of, (I), 5—4
Virtual format, (II-B), 3—-2
Virtual I-cache, (1), 5—4
maintaining coherency of, (I), 5-5
Virtual machine monitor (VMM), bit in PS
register, (II-A), 6-7
Virtual memory regions, initial, (III), 3-16
Virtual page table base (VPTB)
HWRPB field for, (I11), 2-7
with PALcode switching, (III), 3-8
Virtual page table base (VPTB) register,
(II-A), 5-30
Virtual page table pointer (VPTPTR), (II-B),
14
with address translation, (II-B), 3-8
/V opcode qualifier
IEEE floating-point, (I), 4-63
VAX floating-point, (1), 4-63
VPTB
See Virtual page table base
VPTPTR
See Virtual page table pointer

w

Waivers, D-1
Warm bootstrapping, (111), 3-22
Watchpoints
with fault on read, (II-A), 6-12
with fault on write, (II-A), 6-12
whami (PALcode) instruction, (II-B), 2-23
whami, current processor number, (II-B), 1-4
Who-Am-I (WHAMI) register, (II-A), 5-31
at processor initialization, (III), 3—20
with PALcode switching, (III), 3-9
Windows NT AXP PALcode, instruction
summary, C-18
WMB instruction, (I), 4-127
causal ordering, (1), 5-9
causal ordering from, (I), 5-12
with shared data structures, (I), 5-9
Word data type, (1), 2-2
wrent (PALcode) instruction, (II-B), 2-24
wrentry (PALcode) instruction, (II-C), 5-36
at initialization, (II-C), 6-2
writes GENERAL_ENTRY register, (II-C),
2-3
writes INTERRUPT_ENTRY register,
(I1-C), 2—4
writes MEM_MGMT_ENTRY register,
(I1-C), 2—4

Index-31
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wrentry (PALcode) instruction (cont’d)
writes PANIC_ENTRY register, (II-C), 2-5
writes SYSCALL_ENTRY register, (II-C),
2-5
wrfen (PALcode) instruction, (II-B), 2-26
wripir (PALcode) instruction, (II-B), 2-27
Write-back caches, requirements for, (I), 5-4
Write buffers, requirements for, (I), 54
WRITE device routine, (III), 2-54
characteristics determined by OPEN, (III),
2-55
WRITE_UNQ (PALcode) instruction, (II-A),
2-83
wrkgp (PALcode) instruction, (II-B), 2-28
wrmces (PALcode) instruction, (II-B), 2-29;
(II-C), 5-38
wrperfmon (PALcode) instruction, (II-B),
2-30; (II-C), 5-39
using, D-2, D-8
wrunique (PALcode) instruction, (II-B), 2-7
required recognition of, (I), 6-5

Index-32

WRUNIQUE (PALcode) instruction
required recognition of, (I), 6-5
wrusp (PALcode) instruction, (II-B), 2-31
wrval (PALcode) instruction, (II-B), 2-32
wrvptptr (PALcode) instruction, (II-B), 2-33
WR_PS_SW (PALcode) instruction, (II-A),
2-20

X

XOR instruction, (I), 4-38

X_floating data type, (I), 2-10
alignment of, (I), 2-11
big-endian format, (I), 2-11
format, (I), 2-11
MAX/MIN, (I), 4-60

y 4

ZAP instruction, (I), 4-56
ZAPNOT instruction, (1), 4-56
Zero byte instructions (list), (1), 4-56
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