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differences.

10.3 EPICODE EFFECTS ON SYSTEM CODE

Epicode will have one major effect on system code. Because Epicode
may be resident in main memory and maintain privileged data structures
in main memory, the operating system code that allocates physical
memory cannot use all of physical memory. The amount of memory
Epicode will require will be small, so the 1loss to the system is
negligible.

10.4 SPECIAL FUNCTIONS REQUIRED FOR EPICODE

Epicode uses the PRISM instruction set for most of its operations.
There are a small number of additional functions needed to implement
the Epicode. There are five opcodes reserved to implement Epicode
functions (i.e., EPIRESO, EPIRES1, EPIRES2, EPIRES3 and EPIRES4).
These instructions produce a Reserved Opcode fault if executed while
not in the Epicode environment.

o Epicode needs a hardware mechanism to transition the machine
from the Epicode environment to the non-Epicode environment.
This instruction loads the PC, enables interrupts, enables
mapping, and disables Epicode privileges in a single
instruction.

o Epicode needs a set of instructions to access the hardware
control registers (i.e., a hardware MxPR).

o Epicode needs a mechanism to save the current state of the
machine and dispatch into Epicode.

A PRISM implementation may also choose to provide additional functions
to simplify or improve performance of some Epicode functions. The
following are some examples:

o A PRISM implementation may include a READ/WRITE virtual
function that allows Epicode to perform mapped memory
accesses using the mapping hardware rather than providing the
virtual-to-physical translation in Epicode routines. Epicode
may provide a special function to do PHYSICAL READs/WRITEs
and have the PRISM LOADs/STOREs continue to operate on
virtual address in the Epicode environment.

0o A PRISM implementation may include hardware assists for
various functions, for example, saving the virtual address of
a reference on a memory management error rather than having
to generate it by simulating the effective address
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calculation in Epicode.
o A PRISM implementation may include private registers so it

can function without having to save and restore the native
general registers.
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CHAPTER 11
SYSTEM BOOTSTRAPPING AND CONSOLE

This chapter describes system bootstrapping and required console
functionality.

NOTE

/This chapter is not yet complete and will evolve as
the hardware and software design progresses./

11.1 BOOTSTRAPPING

This section describes PRISM bootstrapping. Topics covered include
responsibilities of the console, the initial state seen by system
software, and powerfail recovery. Bootstrapping is discussed in both
a multiprocessor and uniprocessor environment.

Many of the actions described below are the responsibility of the
console. This does not imply that a separate console processor is
required. Rather, it is expected that console functionality will be
implemented in Epicode running in the PRISM processor. Thus, anywhere
the console is referred to in this chapter, it is meant that the
function must be provided, not that a console processor exists.

11.1.1 Bootstrapping In A Uniprocessor Environment

In this section a cold start in a uniprocessor environment is
discussed. Powerfail recovery and multiprocessor bootstrapping are
described in Sections 11.1.3 and 11.1.4.

The following steps occur in the bootstrap segquence. Each is
discussed in more detail in subsequent sections:
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l. Test memory for bootstrapping
2. Build the Restart Parameter Block (RPB)
3. Load Epicode
4. Initialize the page table
5. Load system software
6. 1Initialize processor IPRs
7. Transfer control to system software
Note that these steps may be performed in different orders on

different implementations of the PRISM architecture. The final state

seen by system software is defined, but the implementation-dependent
procedure is not.

11.1.1.1 Memory Testing

In general, memory s:z1ng and testlng is the responsibility of system

;'softvare. “The exception to this is the memory needed to set up the

initial environment for system software as described below. This
includes the _memory for Epicode, the RPB, page tables, and system
software. It is the responsibility of the console to find the 1lowest
addressable good memory for these purposes.

11.1.1.2 Restart Parameter Block

The Restart Parameter Block is the primary mechanism for passing data
between the console and system software. It is also critical in
poverfail recovery. The console is responsible for setting up a page
aligned RPB in the first good memory that can be found. UNDEFINED
operation will result if the RPB memory is reused by system software
for any other purpose.

An area is reserved in the RPB for each processor. The per-processor
areas immediately follow the main portion of the RPB in the same page
and any necessary contiguous pages. Each per-processor area must be
quadword aligned. A field in the RPB specifies the number of
processor slots.

A state longword for each processor is included in the per-processor
area. It contains several flags used to either control bootstrapping
or record progress. This 1longword can only be modified with
interlocked instructions to guarantee proper synchronization in
multiprocessor systems.
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The RPB, including all per-processor areas, is initialized at this
time. Other than the fields listed below, the initialization value is
zero:

o Physical address of RPB

o Version number

o Number of processor slots

o Physical address of per-processor area

o Physical address of checksum area

o Checksum

o Page size

O ASN size

o Number of physical address bits
A checksum area must be created for use during powerfail. This area
exists only to help guarantee that a valid RPB can be located. This
area can be anywhere that is accessible to all processors, including
at the end of the RPB. It can contain any data that does not change.
(Zero data is not recommended because it increases the probability of
locating a spurious RPB.)
Note that the RPB does not contain a save area for vector registers.
Instead, there is only a pointer to this area. It is the
responsibility of system software to allocate a page aligned B8-Kbyte
vector register save area for each processor.

The length of the RPB can be calculated by software based on the
version number and the number of slots.
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1l 0
D e L ettt - -+
| | :RPB
+ Physical Address of RPB +
| | +4
e e e - - ———————————— +
| RPB Version Number | +8
e - —————— ———————————— - ———
| Number of Processor Slots | +12
e e, ———— - —————————— - -——<+
| | +16
+ Physical Address of Per-Processor Area of RPB +
| | +20
R et e L e e - ———e—eee———— +
| | +24
+ Physical Address of Checksum Area +
| | +28
e et e L L L L D S e - - +
| Checksum | +32
e -- - - +
| Page Size | +36
Y : ————— +
| ASN Size | +40
e —————— e e - - +
| Number of Physical Address Bits | +44
L e - - - . . o - - - - - +
B - Bootstrap Master ID | +48
o - —— - ——— - -—<
| Length of Available Epicode Memory | +52
B ———————— - -——— +
| | +56
+ Physical Address of Available Epicode Memory T
| +60
trmmm————— - -——— —-—— —-——t
| Bootstrap Options |
e ———— - -—
| LBN Bootstrap Data |
+ - - - - —-—
| |
+ System Device T
|
e — e - e o e e e e e e +
| |
+ System Software Filename T
|
e e e r e r— e, - ————————— = e o o +
| Network Bootstrap |
T - -—

Figure 11-1: Restart Parameter Block
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1l 0
o e e e e - o — — ———_——————————— +
| State Longword |
o e - - = = - = - - - +
| Epicode Length |
B e e e e +
| |
T Epicode Physical Address +
|

dmm e e m e ———— +
| |
; Restart SCBB +
|

et e e L +
| I
T Restart PCBB +
|

e e e ———— +
| Restart IPIE |
D e +
| Restart SISR |
Fmmmrr e — e, —————— +
| Restart ICIE |
S —— e —— +
| Restart PRBR I
tm———— et r et e c e —————— +
{ Restart R2 |
: |

| Restart R63 |
o e e e e e e o e e e e e e e e e e e e e +
| Restart PC |
B e e +
| Restart PS |
B et e +
| Restart VC |
o e e e e e e e e e e e e e e e e e e e +
| Restart VL |
e ————————————————— - = = = = = = o o e e +
| Restart VML |
o e e e e e e e +
| Restart VMH |
B e el +
| |
+ Physical Address of Vector Register Save Area +
| |
B T e e T +
| HWPCB For Use During Bootstrap and Powerfail |
| I
e rm e e e e ———————————————————— +

Figure 11-2: Per-Processor Portion of RPB
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:SLOT
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+16
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+24
+28
+32
+36
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+300
+304
+308
+312
+316
+320
+324
+328
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1 9876543210

o e e > = - LAl Bl Dol Dol Dol LT T S Ay

| ICISIPIEISIPIPIR|B]

| Zero ITIRIEILITISISIT|I]

| Isl 1 | Iclclsiplp|

‘- e, — e —cr— e — e — e —————— totmtmb bt by

Figure 11-3: State Longword

Fields in the state longword are interpreted as shown below:

Bits
0

Description

Bootstrap in Progress (BIP) - The system is currently

bootstrapping. This bit 1is set by Epicode and cleared by
system software.

Restart in Progress (RIP) - The system is currently restarting
after powerfail. This bit is set by Epicode and cleared by
system softwvare. -

Powérfail Sequence Started (PSS) - Epicode has entered

powverfail processing. This bit is set and cleared by Epicode.

Poverfail Sequence Completed (PSC) - Epicode has completed
powverfail processing. This bit is set and cleared by Epicode.

Self Test Complete (STC) - Any self test functions have been
completed during bootstrapping or powerfail restart. This bit
is set by Epicode.

Epicode Loaded (EL) - Epicode loading is complete. This bit
is set by Epicode.

Processor Enabled (PE) - A processor in a multiprocessor
system is enabled. This bit is set and cleared by system
software.

Slave Request (SR) - A slave processor is ready to bootstrap
in a multiprocessor system, This bit is set by slave
processor Epicode and cleared by system software.

Control Transferred to System Software (CTS) - Epicode has
transferred control to system software during bootstrapping.
This bit is set by Epicode.
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11.1.1.3 Epicode Loading

1f Epicode does not reside in a ROM, it is 1loaded into the next
available good memory and its address and length are recorded in the
per-processor slot of the RPB. The Epicode is always page aligned.
The Epicode source and its loading mechanism is
implementation-specific. The source may be a special console device,
a system device, or any other implementation-specific source.
Possible loading mechanisms include a diagnostic processor or ROM.
The physical address and length of the Epicode is recorded in the RPB.

1f control must be transferred to Epicode in memory or ROM at this
point, it is done in an implementation-specific manner.

Certain assumptions are made about the state of the system when
Epicode is to be loaded or is to gain control if it is in ROM. First,
it must be possible to access a bootstrap device. This may be ROM,
mass storage, or a communication 1line. This is necessary to load
either Epicode, controller microcode, or system software. Note that
this does not have to be the device which contains the system
software. Another device, perhaps one dedicated to console functions,
may contain the necessary Epicode and controller microcode. Second,
the 1/0 processors and controllers need not contain microcode to
support their full functionality. They need only be capable of the
primitive operations necessary to read the full microcode from disk.

11.1.1.4 1Initial Page Tables
All system software runs in a virtual memory environment. Thus, it is
the responsibility of the console to set up initial page tables.
These are located in the next available good memory. These page
tables map four regions of virtual memory:

1. The page tables themselves

2. The Restart Parameter Block (RPB)

3. The 1/0 registers for the port controller

4. 256 Kbytes of good memory for use by system software

The virtual memory is at the high end of the 32-bit wvirtual address
space and is laid out as shown below:
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e —————————————————— +
I | FFF80000
256 KB | 256 KB of good memory | FFFBFFFF
tommm—— e —— e ——— +
| | FFFC0000
64 KB | 1/0 port controller registers | FFFCFFFF
o m—— e — e e ————— +
| | FFFD0000
64 KB | RPB | FFFDFFFF
tmm—————— - - -+
| | FFFEO0000
64 KB | level 2 page table | FFFEFFFF
+ e, — e, —————————————— +
] | FFFF0000
64 KB | level 1 page table | FFFFFFFF
e ccc e cc e ———— +

Figure 11-4: Initial Virtual Memory Layout

All pages have Kernel read/write/execute protection.

©.11.1.1.5 Bootstrap Flags

The console sets the Bootstrap-in-Progress (BIP) flag in the RPB state
longword whenever a cold (not powerfail recovery) bootstrap is done.
System software is responsible for clearing the flag at the
appropriate time. This should be done after system software is
capable of handling powerfail recovery.

\The Bootstrap-in-Progress (BIP) and Restart-in-Progress (RIP) flags
exist only in the RPB. They do not exist in an IPR as is the case in
a VAX. The RPB is sufficient since it is accessible to both the
console and the system software.\

11.1.1.6 Loading Of System Software

The console is responsible for loading system software into the 256
Kbytes of good memory. This software is expected to be a bootstrap
vhich is responsible for loading other system software. However, it
may be diagnostics or other special purpose software, see Section 11.3
below.

11.1.1.7 1IPR Initialization

Before control is transferred to system software, certain IPRs must be
initialized as shown in the following table:
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Table 11-1: 1IPR Initialization

Mnemonic Register Name Initialized State
ASN Address Space Number zero

ASTEN AST Enable disabled

ASTSR AST Summary ‘zero

CRSR Console Receive Status disabled

CTSR Console Transmit Status disabled

ICIE Interval Clock Int Enable disabled

IPIE Interprocessor Int Enable disabled

PCBB Privileged Context Block RPB HWPCB

PTBR Page Table Base Register bootstrap page table PFN
SISR Software Interrupt Summary zero

The contents of all other IPRs are UNPREDICTABLE.

11.1.1.8 Transfer Of Control To System Software

At this point there is a conceptual change from console control to
normal Epicode since the PRISM system is now running in its normal
mode rather than bootstrapping. There may or may not be an actual
change of control. Depending on implementation details of a PRISM
processor, normal Epicode may have gained control at any point before
this.

When the console has completed the actions described above, control is
transferred to system software in Kernel mode at IPL 7 with virtual
memory management enabled. The Hardware Privileged Context Block
(HWPCB) in the RPB is already initialized and is active. System
software is loaded into the lowest portion of the 256-Kbyte region
reserved for this purpose and control is transferred to its first
byte. All locations have Kernel read/write/execute access.

All scalar and vector register contents, including the stack pointer,
are undefined.

All bootstrap information is passed from the console to system
software in the RPB. This includes:

o System device name

o System software file name

o Bootstrap options

o Logical Block Number (LBN) bootstrap data if appropriate



Bootstrapping and Console Company Confidential Page 11-10
BOOTSTRAPPING 22 December 1985

o Network bootstrap data if appropriate

The rest of the bootstrap process is the responsibility of system
software.

11.1.2 Powerfail

When powerfail is detected, control is transferred to Epicode in an
implementation-specific manner. I1f the Restart-in-Progress (RIP) or
‘Bootstrap-in-Progress (BIP) flag is set in the RPB per-processor state
longword, no powerfail processing is possible and Epicode takes no
action. Otherwise, Epicode sets the Powerfail Sequence Started (PSS)
flag in the per-processor state longword in the RPB and then saves all
volatile processor state in a combination of the per-processor portion
of the RPB and Epicode private storage. Vector registers are saved
only if system software has allocated a save area and recorded its
address in the RPB and if the Vector Enable bit is set in the
Processor Status (PS<VEN>)., System software does not have the
opportunity to take any action until powerfail recovery. After
Epicode completes all powerfail processing, the Powerfail Sequence
Complete (PSC) flag in the per-processor state longword in the RPB is
set. '

11.1.3 Powerfail Recovery

Powverfail recovery occurs if memory is preserved by battery backup
during an interruption of power to the processor and the halt action
is restart. After determining that memory was backed up and the halt
action 1is restart, the console 1locates the RPB and examines the
per-processor RPB state longword flags to determine that powerfail was
completed (PSC set) and that restart or bootstrapping was not in
progress (BIP and RIP clear). 1If these conditions are not met, the
processor either halts or starts a cold bootstrap.

The RPB is found by a search of memory 1looking for the distinctive
signature of the RPB as described below. 1If the search fails, the
processor either halts or starts a cold bootstrap.

1. Search for a page of memory that contains its physical
address in the first two longwords. If none is found, the
search for an RPB has failed.

2. Get the physical address of the checksum area from the
potential RPB. If it is not a valid physical address, return
to Step 1.

3. Calculate the 32-bit twos complement sum (ignoring overflows)
of the 31 longwords in the checksum area. If the sum does
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not match the checksum in the potential RPB, return to Step
1.

4. A valid RPB has been found.

If all tests pass, the console transfers control to the Epicode
restart routine in an implementation-specific manner. Epicode
properly restores internal processor registers and the contents of the
HWPCB, After setting the Restart-in-Progress (RIP) flag and clearing
the Powerfail Sequence Started (PSS) and Completed (PSC) flags in the
per-processor. state longword, Epicode initiates a Powerfail Recovery
interrupt to transfer control to system software. When the Powerfail
Recovery interrupt is initiated, PC and PS (saved in the RPB) are
pushed onto the Kernel stack. System software is responsible for
restoring all other scalar and vector registers. Note that no Epicode
or system software is loaded during a restart.

11.1.4 Multiprocessor Bootstrapping

Multiprocessor bootstrapping differs from uniprocessor bootstrapping
primarily in areas relating to synchronization between processors.
Obviously, in a shared memory system, processors cannot independently
load and start system software.

11.1.4.1 1Initial Synchronization

In a multiprocessor system, the console must be capable of some
primitive operations before Epicode is loaded into memory. These are
necessary to synchronize with other processors in the system as
described below.

Before continuing the bootstrap process a master processor must be
chosen to control bootstrapping. This can be done in any fashion that
guarantees choosing exactly one master.

To provide one example of choosing a master, the presence of a
register which can be accessed with interlocked instructions is
assumed. Note that this is only an example; any workable mechanism,
including a predefined master, can be used. An interlocked sequence
must be done to see if the interlocked register 1is clear. If the
register is clear, it is loaded with a flag (1) to indicate that a
processor is in control of bootstrapping. 1f the register is already
set, there must be a mechanism to loop waiting for an interprocessor
interrupt. This can be Epicode in ROM or any other
implementation-specific mechanism.
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11.1.4.2 Actions Of Bootstrap Master

The first processor to gain control is referred to as the bootstrap
master. (In the example, this was the first processor to gain the
interlock.) It is the responsibility of this processor to control
bootstrapping and allow all other processors to proceed only at the
appropriate time. The bootstrap master allocates an RPB and writes
its ID into the RPB. It then proceeds with the normal uniprocessor
bootstrap. When bootstrapping is complete, system software sets
Processor Enabled (PE) flags in the RPB per-processor state longwords
to indicate which other processors are enabled. At this time, it
requests interprocessor interrupts to these processors.

11.1.4.3 Actions Of Bootstrap Slaves

Bootstrapping processors other than the bootstrap master are referred
to as bootstrap slaves. After failing to become master, a slave
remains in console mode and polls for interprocessor interrupts. When
an interprocessor interrupt is received, the bootstrap slave must
locate the RPB and then check its state longword to ensure that it is
enabled. 1f Epicode memory is required, the slave loads the Epicode
length field in the RPB slot. Regardless of the need for memory, the
slave then sets the Slave Request (SR) bit in its state word and
initiates an.interrupt to the bootstrap master.. The slave now waits

_for an interrupt to indicate that memory has been allocated and the

address returned in the RPB. Epicode is . then loaded by the slave
(possibly different Epicode than that loaded by the master). 1If no
memory was required, the slave simply continues with the bootstrap
process at this point. The master clears the Slave Reguest bit before
initiating the second interrupt to the slave.

All processors should be prepared to load Epicode on any 8-Kbyte
boundary. This is to allow packing of Epicode in large pages in the
future. An RPB cell is used to keep track of available memory.

Note that system software in the bootstrap master is responsible for
allocating the Epicode memory for the slaves. The master should wait
a "reasonable" period of time for a memory request from each slave.
Slaves that do not respond are disabled. Explicit operator action is
then required to enable additional slaves at a later time. (This is
described in the next section.)

Once Epicode is loaded and control transferred to Epicode, the proper
environment must be established for system software. This is done by
loading the powerfail restart IPRs and registers from the
per-processor portion of the RPB and then transferring control to the
address specified in the PC field of the RPB. System software in the
master is responsible for initializing the RPB fields containing the
IPRs and registers.
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11.1.4.4 Addition Of A Processor To A Running System

Once bootstrapping is complete, system software is no longer expecting
requests for Epicode memory from bootstrapping processors. Thus, the
RPB is not examined when interprocessor interrupts are received. In
order to add a new processor, system software must provide an operator
function to request that the bootstrap sequence be completed for any
new processor.

11.1.5 Powerfail In A Multiprocessing System

Powerfail processing is identical in multiprocessor and uniprocessor
systems., Epicode saves state without any communication with other
processors.

Poverfail recovery proceeds almost exactly as in a uniprocessor
system, Epicode determines if powerfail was not successfully
completed (PSC clear) or if restart or bootstrapping was in progress
(RIP or BIP set). If so, further checks are done as described below.
In the normal case, Epicode restores state and initiates a powerfail
recovery interrupt just &as in a uniprocessor system. It is the
responsibility of system software to coordinate recovery in a
multiprocessor system. The multiprocessor system software has the
context to determine if it is necessary to wait for some other
processor or if this processor should be rebooted. It is responsible
for all further powerfail recovery synchronization.

1f a processor cannot complete normal powerfail recovery, further
checks are needed to distinguish between cases where a cold bootstrap
must be initiated and those where the processor must enter slave mode
wvaiting for an interrupt from another processor. The processor must
examine all per-processor RPB slots looking for a processor which |is
either running (PSS, PSC, RIP, and BIP clear) or has successfully
completed powerfail processing (PSC set). I1If one 1is found, the
processor enters slave mode and waits for an interrupt from the
running or powerfailed processor. Note that this is exactly the state
a slave enters after failing to become a master on cold bootstrap. 1If
no processors are running or have successfully completed powerfail, a
cold bootstrap is initiated. This procedure is necessary to guarantee
that a processor which failed to complete powerfail processing cannot
interfere with powerfail recovery of the rest of the system by
becoming a master and performing a cold bootstrap. Very unlikely
windows do exist where all processors can hang. 1In particular, if the
master/slave interlock is not cleared, it may be impossible to select
the new master. However, this is considered more acceptable than an
unsynchronized bootstrap.

This procedure is independent of whether or not all processors
powerfailed.
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11.2 CONSOLE

This section describes the PRISM console functionality.

Implementation-specific considerations such as diagnostic functions
are not discussed.

A console terminal is‘ connected to each PRISM processor, More
information on communication with console terminals can be found in
Chapter 8, Internal Processor Registers.

11.2.1 Required Functionality

All PRISM systems must provide console functxonallty to perform all of
the functions described as console responsibility in the bootstrapping
portion of this chapter. These include testing part of memory,
loading Epicode, setting up a system software environment, loading
system software, and handling powerfail recovery. Note that all of
these functions are expected to be done with special Epicode executed
in the PRISM processor.

11.2.2 Entering Console Mode

The PRISM processor can be put in console mode as follows:

1. Console terminal BREAK key

2. HALT instruction, Kernel Stack Not Valid, or a Double Machine
Check Error

In all cases, the console is now ready to accept commands.

The result of a HALT instruction, Kernel Stack Not Valid, or a Double
Machine Check Error depends on the current setting of the
implementation-dependent halt action. This may be either halt, warm
restart, or cold boot.

1f enabled, the BREAK key on the console terminal will always cause
the PRISM processor to enter console mode.

11.2.3 Program Controlled Console I1/0

Program controlled console I1/0 is necessary to allow system software
to communicate with the operator during the bootstrap process. More
information on communication with console terminals can be found in
Chapter 8, Internal Processor Registers.
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11.3 CONSOLE LANGUAGE

The PRISM console interprets commands typed on the console terminal,
and controls the operation of the PRISM processor.

Through the console terminal, an operator can boot the operating
system, or a field service engineer can maintain the system. When the
processor is halted, the operator controls the system through the
console command language. When the processor is in console mode, the
operator is prompted for input with the string "Pn>>>" where n is the
processor number.

It may be possible for the operator to put the system in an
inconsistent state through the use of the console commands. For
example, it may be possible to use the console to set bits in MB2
fields, or to set conflicting control bits. The operation of the
processor in such a state is UNDEFINED.

11.3.1 Control Charécters

In console 1/0 mode, several characters have special meanings.

o Carriage Return - Ends a command line. A null line
terminated by a carriage return is treated as a valid, null
gommand. Carriage return is echoed as carriage return, line

eed.

o RUBOUT - When the operator types RUBOUT, the console ignores
the entire line and prompts for another command.

o CTRL/U - When the operator types CTRL/U the console ignores
the entire 1line and prompts for another command. 1I1f CTRL/U
is typed on an empty 1line, it is echoed, and otherwvise
ignored. The console prompts for another command.

o CTRL/S - Stops output to the console terminal until CTRL/Q is
typed. Additional input between CTRL/S and CTRL/Q is
ignored. Additional CTRL/Ss before the CTRL/Q are ignored.
CTRL/S and CTRL/Q are not echoed.

o CTRL/Q - Resumes output stopped by CTRL/S. Additional
CTRL/Qs are ignored. CTRL/S and CTRL/Q are not echoed.

o BREAK - If the console is 1in console 1/0 mode, BREAK is
ignored. I1f the console is in program 1/0 mode and BREAK is
disabled, BREAK is passed to the operating system 1like any
other character. If the console is in program I1/0 mode and
BREAK is enabled, BREAK causes the processor to enter console
1/0 mode.
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11.3.2 Command Syntax

All commands are abbreviated to a single character. Multiple adjacent
spaces and tabs are treated as a single space by the console. Leading
and trailing spaces and tabs are ignored. Illegal characters are
ignored and echoed as BEL (ASCII code 7).

Command qualifiers must appear immediately after the command keyword
without intervening spaces.

All numbers (addresse§, data, counts) are in hexadecimal. (Note,
though, that symbolic register names include decimal digits.) Hex

digits are 0.through 9, and A through F. The console does not
distinguish between upper and lower case. Both are accepted.

11.3.3 Commands
Processor control commands:

o INITIALIZE

O START
o CONTINUE
o BOOT

Data transfer commands:
o EXAMINE
o DEPOSIT

Console control commands:

o TEST



Bootstrapping and Console Company Confidential Page 11-17
CONSOLE LANGUAGE 22 December 1985
BOOT
Format:

B [<qualifier list>] [<device:>][<filename>]
Qualifiers:

o /<data> - This allows a console user to specify the

bootstrap options parameter to be stored in the RPB.

o /S - The console loads the bootstrap program and prompts
for further console commands.

o /L - The console loads the bootstrap program from the
logical block number 0.

Description:

The device specification format is consistent with the PRISM system
software naming conventions.

The console initializes the processor, and loads a file and starts the
system bootstrap program running; see Section 11.1 above. The system
bootstrap program boots the operating system from the specified
device. The default device and filename are implementation-dependent.
The console searches through an implementation-dependent default
search list.
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CONTINUE
Format:
(o
Qualifiers:
None
Description:
The processor begins instruction execution at the address currently

contained in the Program Counter. Processor initialization is not
performed. The console enters program I/0 mode.
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DEPOSIT
Format:

D [<qualifier list>] <address> <data>
Qualifiers:

See Table 11-2 in the description of the EXAMINE command,
Description:
Deposits the data into the address specified. If no address space or
data size qualifiers are specified, the defaults are the last address
space and data size used in a DEPOSIT or EXAMINE command. On each
entry to console mode, the default address space is virtual memory,
the default data size is longword, and the default address is zero.
I1f the specified data is larger than the destination data size, the
console truncates the data to the least significant digits typed. 1If
the specified data is smaller than the data size to be deposited, it
is zero extended.
Deposits to IPRs execute the equivalent MTPR instructions using the

contents of scalar registers R4 and R5 (when needed) for their data.
See Chapter 8 for register usage.

Examples:

D/P/B/N:200 0 O ~Clears the first 512 bytes of physical memory.

D/V/L/N:4 1234 5 ‘Deposits *5" into 4 longwords in virtual
memory.

D/R/N:8 R2 FFFFFFFF Loads general registers R2 through RS with
FFFFFFFF.

D/N:200 - O Clears 512 locations starting at the previous
address.

D/R ESP Deposits the contents of R4 in the Executive

Stack Pointer.
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EXAMINE
Format:
E [<qualifier list>] <address>
Qualifiers:
See Table 11-2
Response:
<tab><address space identifier> <address> <data>
The address space identifier can be:

o P - Physical memory. Note that when virtual memory is
examined, the address space and address in the response
are the translated physical address.

o R - Register.

o M - Machine-dependent address space.

Description:

Examines the contents of the specified address. If no address is
specified, "+" is assumed.

Examining an IPR executes the equivalent MFPR instruction and writes
the appropriate scalar registers called for in the MFPR description.
See Chapter 8 for register usage. The response displays the registers
that are written and the data.
Examples:
The response to E/R WHAMI on processor 3 is:

R R4°00000003
The response to E/V 1234564 is:

P 0000FE3C 01739102
Where the virtual address 1234564 maps to the physical address FE3C.
The response to E/P FE3C is:

P 0000FE3C 01739102
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Table 11-2: Qualifiers for Examine and Deposit

Qualifier Meaning

s The data size is byte.
/W The data size is word.

/L The data size is longword.

/0 The data size is quadword.

/v The address space is virtual memory. No access and

protection checking occurs. If the virtual address
cannot be translated due an invalid PTE, the console
issues a "?TNV" error message.

/P The address space is physical memory. 1If an attempt
is made to reference a non-existant memory location,
The console issues a "?NXM" error message.

/R The address space is registers. These are the scalar
registers, vector registers, internal processor
registers, Program Counter, and Processor Status.

The followving symbolic addresses can be used for
either Examine or Deposit commands:

PS - Processor Status.

PC - Program Counter.

SP - Current Mode Stack Pointer (scalar
register Rl).

Rn - Scalar Register 'n'. The register number

is in decimal and in the range 0-63.

vn[m] - Vector Register 'n', element 'n'. The
register number is decimal and in the
range 0-15; the element number is
decimal and in the range 0-63.

vC - Vector Count.

VL - Vector Length.

VM - Vector Mask.

CRCS - Console Receive Control Status.

CTCS - Console Transmit Control Status.

ESP - Executive Stack Pointer.

ICIE - Interval Clock Interrupt Enable.

IPIE - Interprocessor Interrupt Enable.

KSP - Kernel Stack Pointer.

PRBR - Processor Base Register.

SCBB - System Control Block Base.

sSSP - Supervisor Stack Pointer.

TOY - Time Of Year.

USP - User Stack Pointer.
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Table 11-2: Qualifiers for Examine and Deposit (Continued)
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The following symbolic addresses can be used for the
Examine command only:

ASN - Address Space Number.

ASTEN - AST Enable.

ASTSR - AST Summary Register.

CRDB - Console Receive Data Buffer.
PCBB - Privileged Context Block Base.
PRSN - Processor Serial Number.

PTBR - Page Table Base Register.

SID - System Identification.

SISR - Software Interrupt Summary Register.
TBCHK - Translation Buffer Check.
WHAMI - Who-Am-1I1,

The“following symbolic addresses can be used for the
Deposit command only:

ASTRR - AST Request Register.

CTDB - Console Transmit Data Buffer.

IPIR - Interprocessor Interrupt Request.

SIRR - Software Interrupt Request Register.

TBIASN - Translation Buffer Invalidate by ASN

TBIS - Translation Buffer Invalidate Single.
/™ (Optional) The address space is machine dependent.
/N:<count> The address is the first of a range. The

console examines or deposits the specified number of
addresses starting at the first address. If the
first address is the symbolic address "-", the
succeeding addresses are at still larger addresses.
The symbolic address specifies only the starting
address, not the direction of succession.

The address parameter may also be one of the following symbolic
addresses:

'+' - The location immediately following the last
location referenced in an examine or deposit.
For references to physical or virtual memory
spaces, the location referenced is the last
address, plus the size of the last reference
(1 for byte, 2 for word, 4 for longword, and 8
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Table 11-2: Qualifiers for Examine and Deposit (Continued)
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for quadword). For other address spaces, the
address is the last addressed referenced,
plus 1.

'-' - The location immediately preceding the last
location referenced in an examine or deposit.
For references to physical or virtual memory
spaces, the location referenced is the last
address minus the size of this reference (1
for byte 2 for word, 4 for longword, and 8
for quadword). For other address spaces, the
address is the last addressed referenced
minus 1.

*«' - The location last referenced in an examine or
. deposit.

'@' - The location addressed by the last location
referenced in an examine or deposit.
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INITIALIZE
Format:

I
Qualifiers:

None
Description:

A processor initialization is performed; see Section 11.1.1.7 for
initial register contents.
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START
Format:

S [<address>]
Qualifiers:

None
Description:
The console starts instruction execution at the specified address.
The default address 1is implementation dependent. Instructions are

executed from virtual memory. The START command is equivalent to a
DEPOSIT to PC, followed by a CONTINUE. No INITIALIZE is performed.
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TEST
Format: ,

T [<qualifier list>]
Qualifiers:

Implementation-dependent
Description:

The PRISM processor executes a self test. All qualifiers are
optional.
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11.3.4 Error Messages
The following are the console error messages:

o BEL - Illegal characters are ignored and are echoed as BEL.

o ?NXM - Non-existent memory.

o ?TNV - Translation Not Valid.
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APPENDIX A
INSTRUCTION SET SUMMARY

This appendix summarizes the instruction mnemonics and their opcode
and function code fields in hex. There are three listings:

o Functional group 1listing - Groups related instructions
together.

o Mnemonic listing - Lists the instructions sorted by mnemonic.

o Opcode listing - Lists the instructions sorted by opcode and
function code.

A.1 ENCODING HINTS

The instruction encoding was worked out so that it would simplify
instruction-issue 1logic. The following comments and equations may be
helpful in understanding the encoding that was chosen. In the
following, the term OPCODE is used for instruction bits <31:26> and
FUNC is used for instruction bits <13:9>.

1. All scalar load and store instructions have OPCODE<5:3> equal
to 11l1l(bin). OPCODE<2> 1is a 0 for load and a 1 for store.
OPCODE<1:0> specifies the data size (0 for byte, 1 for word 2
for longword, and 3 for quadword).

2. All floating-point instructions encode floating underflow
enable in FUNC<3> (0 for underflow disabled and 1 for
underflow enabled).

3. All floating-point instructions encode floating rounding mode
in FUNC<2> (0 for round toward zero and 1 for VAX rounding).

4. All vector instructions use FUNC<4> to determine whether the
Ra field selects a scalar or a vector register (0 for scalar
Ra and 1 for vector Ra).



Instruction Set Summary Company Confidential Page A-2
FUNCTIONAL GROUP LISTING 22 December 1985

A.2 FUNCTIONAL GROUP LISTING

Opcode Function

Mnemonic (hex) Code (hex)
LDB d(rb),ra 38 -
LDW d(rb),ra 39 -
LDL d(rb),ra 3A -
LDQ d(rb),ra 3B -
STB ra,d(rb) 3C -
STW ra,d(rb) 3D -
STL ra,d(rb) 3E -
STQ ra,d(rb) 3F -
VLDL ra,rb,vc 30 02
VLDQ ra,rb,vc 30 03
VSTL ra,rb,vc 30 06
VSTQ ra,rb,vc 30 07
VGATHL ra,vb,vc 31 02
VGATHQ ra,vb,vc 31 03
VSCATL ra,vb,vc 31 06
VSCATQ ra,vb,vc 31 07
RDVL re 32 00
RDVC rc 32 01
RDVML rc 32 02
RDVMH rc 32 03
WRVL ra 33 00
WRVC ra 33 01
WRVML ra 33 02
WRVMH ra 33 03
COPRD ra 34 -
COPWR ra . 35 -
EPIRES3 36 -
EPIRES4 37 -
BEQ ra,dest 20 -
BNE ra,dest 21 -
BGT ra,dest 22 -
BLE ra,dest 23 -
BGE ra,dest 24 -
BLT ra,dest 25 -
BLBC ra,dest 26 -
BLBS ra,dest 27 -
JSR ra,dest 28 -
JSR ra,(rb) 29 00

FOB ra 2A
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EPIRESO 2D -
EPIRES1 2E -
EPIRES2 2F -
ADD ra,rb,rc 01 00
ADDV ra,rb,rc 01 01
SUB ra,rb,rc 01 08
SUBV ra,rb,rc 01 0%
CMPEQ ra,rb,rc 02 08
CMPNE ra,rb,rc 02 09
CMPGT ra,rb,rc 02 OA
CMPLE ra,rb,rc 02 0B
CMPGE ra,rb,rc 02 0C
CMPLT ra,rb,rc 02 0D
CMPUGT ra,rb,rc 02 1A
CMPULE ra,rb,rc 02 1B
CMPUGE ra,rb,rc 02 1C
CMPULT ra,rb,rc 02 1D
SLL ra,rb,rc 03 04
SRL ra,rb,rc 03 05
SRA ra,rb,rc 03 06
ROT ra,rb,rc 03 07
AND ra,rb,rc 03 00
BIC ra,rb,rc 03 08
OR ra,rb,rc 03 01
ORNOT ra,rb,rc 03 09
XOR ra,rb,rc 03 02
EQV ra,rb,rc 03 0A
DIV ra,rb,rc 04 00
DIVV ra,rb,rc 04 01
REM ra,rb,rc 04 04
MULL ra,rb,rc 04 02
MULV ra,rb,rc 04 03
MULH ra,rb,rc 04 06
UMULH ra,rb,rc 04 OA
CVTFL ra,rc 05 04
CVTFLZ ra,rc 05 00
CVTLF ra,rc 05 05
CVTLFZ ra,rc 05 01l
CVTFG ra,rc 06 00
CVTLG ra,rc 06 01
CVTGL ra,rc 07 04
CVTGLZ ra,rc 07 00
CVTGF ra,rc 07 05
CVTGFzZ ra,rc 07 01
CVTGFU ra,rc 07 (1)s]

CVTGFUZ ra,rc 07 09
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ADDG
ADDG2Z
ADDGU
ADDGUZ
SUBG
SUBGZ
SUBGU
SUBGUZ

ADDF
ADDFZ
ADDFU
ADDFUZ
SUBF
SUBFZ
SUBFU
SUBFUZ

CMPGEQ
CMPGNE
CMPGGT
CMPGLE
CMPGGE
CMPGLT

CMPFEQ
CMPFNE
CMPFGT
CMPFLE
CMPFGE
CMPFLT

DIVG
DIVGz
DIVGU
DIVGUZ

MULGZ
MULGU
MULGU2

DIVF
DIVFZ
DIVFU
DIVFUZ

MULFZ
MULFU
MULFUZ
LDA

VMERGE

ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc

ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc

ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc

ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc

ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc

ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc

d(rb),ra

ra,vb,vc
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04
00
0C
08
05
01
0D
09

04
00
oC
08
05
0l
0D
09

00
01
02
03
04
05

00

02
03
04
05

04
00
0C
08
05
01
0D
09

04
00
0C
08
05
01
0D
09

00
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VMERGE
IOTA

VADD
VADDV
VSUB
VSUBV
VADD
VADDV
VSUB
VSUBvV

VCMPEQ
VCMPNE
VCMPGT
VCMPLE
VCMPGE
VCMPLT
VCMPEQ
VCMPNE
VCMPGT
VCMPLE
VCMPGE
VCMPLT

VSLL
VSRL
VAND
VBIC
VOR
VORNOT
VXOR
VEQV
VSLL
VSRL
VAND
VBIC
VOR
VORNOT
VXOR
VEQV

VDIV
VDIVV
VREM
VMULL
VMULV
VDIV
VDIVV
VREM
VMULL
VMULV

VCVTFL

va,vb,vc
ra,vc

ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc

ra,vb
ra,vb
ra,vb
ra,vb
ra,vb
ra,vb
va,vb
va,vb
va,vb
va,vb
va,vb
va,vb

ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc

ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc

va,vc
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10
01



VCVTFLZ
VCVTLF
VCVTLFZ

VCVTFG
VCVTLG

VCVTGL
VCVTGLZ
VCVTGF
VCVTGFZ
VCVTGFU
VCVTGFUZ

VADDG
VADDGZ
VADDGU
VADDGUZ
VSUBG
VSUBGZ
VSUBGU
VSUBGUZ
VADDG
VADDGZ
VADDGU
VADDGUZ
VSUBG
VSUBGZ
VSUBGU
VSUBGUZ

VADDF
VADDFZ
VADDFU
VADDFUZ
VSUBF
VSUBF2Z
VSUBFU
VSUBFUZ
VADDF
VADDFZ
VADDFU
VADDFUZ
VSUBF
VSUBF2Z
VSUBFU
VSUBFUZ

VCMPGEQ
VCMPGNE
VCMPGGT
VCMPGLE
VCMPGGE
VCMPGLT
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va,vc
va,vc
va,vc

va,vc
va,ve

va,vc
va,vc
va,vc
va,vc
va,vc
va,vc

ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc

ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc

- va,vb,vc

va,vb,vc
va,vb,vc
va,vb,vc
va,vb,ve
va,vb,vc
va,vb,vc
va,vb,vc

ra,vb
ra,vb
ra,vb
ra,vb
ra,vb
ra,vb
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15
15
15

16
16

17
17
17
17

17

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

1A
1A
1A
1A
1a
1A
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10
15
11

10
11

14
10
15
11
1D
19

04
00
0C
08
05
01
0D
09
14
10
1C
18

15

11
1D
19

04
00
0C
08
05
0l
0D
09
14
10
1C
18
15
11
1D
19

00
01
02
03
04
05



VCMPGEQ
VCMPGNE
VCMPGGT
VCMPGLE
VCMPGGE
VCMPGLT

VCMPFEQ
VCMPFNE
VCMPFGT
VCMPFLE
VCMPFGE
VCMPFLT
VCMPFEQ
VCMPFNE
VCMPFGT
VCMPFLE
VCMPFGE
VCMPFLT

VDIVG
VDIVGZ
VDIVGU
VDIVGUZ
VMULG
VMULGZ
VMULGU
VMULGUZ
VDIVG
VDIVGZ
VDIVGU
VDIVGUZ
VMULG
VMULGZ
VMULGU
VMULGUZ

VDIVF
VDIVF2
VDIVFU
VDIVFUZ
VMULF
VMULF2Z
VMULFU
VMULFUZ
VDIVF
VDIVFZ
VDIVFU
VDIVFUZ
VMULF
VMULF2Z
VMULFU
VMULFUZ
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va,vb
va,vb
va,vb
va,vb
va,vb
va,vb

ra,vb
ra,vb
ra,vb
ra,vb
ra,vb
ra,vb
va,vb
va,vb
va,vb
va,vb
va,vb
va,vb

ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc

ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
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10
11
12
13
14
15

00
01
02
03
04
05
10
11
12
13
14
15

04
00
0c
08
05
01
oD
09
14
10
1c
18
15
11
1D
19

04
00
0oC
08
05
01
0D
09
14
10
1C
18
15
11
1D
19
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HALT

DRAIN

REI

BPT

BUGCHK

IFLUSH

MOVPS

PROBER

PROBEW

SWASTEN

SWIPL

SWPCTX

RMAQI

RMAQIP

TBFLUSH

MFPR ESP
MTPR ESP
MFPR SSsP
MTPR Ssp
MFPR usp
MTPR uUsp
MFPR PTBR
MFPR PCBB
MFPR SCBB
MTPR SCBB
MTPR ASTRR
MFPR ASTSR
MFPR ASTEN
MTPR SIRR
MFPR SISR
MFPR ICIE
MTPR ICIE
MFPR TOY
MTPR TOY
MFPR ASN
MFPR TBCHK
MTPR TBIS
MTPR TBIASN
MTPR IPIR
MFPR IPIE
MTPR IPIE
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00
00
00
00
00

00
00

00
00

00
00
00

00
00

00

00
00
00
00
00
00

00
00
00
00

00
00
00
00
00

00
00
00
00

00
00
00
00

00
00
00
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00
30
02
03
04

31
32

17
0B

05
06
07

38
39

o8

Cl
81
C2
82
c3
83

C4
C5
Cé6
86

87
cs8
Cc9
8Aa
Ca

CB
8B
CC
8C

CD
CE
8F
90

91
D2
92
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MFPR
MTPR
MFPR
MFPR
MFPR

MFPR
MTPR
MFPR
MFPR
MTPR
MTPR

reserved
reserved
reserved
reserved
reserved

PRBR
PRBR
WHAMI
SID
PRSN

CRCS
CRCS
CRDB
CTCS
CTCSs
CTDB
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00

00
00
00

00
00

00
00
00

OF
1E
1F
2B
2C
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D3
93
D4
D5
D6

D7
97
D8
DS
99
9A

00
00
00
00
00
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A.3 MNEMONIC LISTING

Mnemonic

CMPGLT

CMPLT

CMPULE
CMPULT
COPRD
COPWR
CVTFG

ra,rb,rc
ra,rb,rc
ra,dest
ra,dest
ra,dest
ra,rb,rc
ra,dest
ra,dest
ra,dest
ra,dest
ra,dest

ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra

ra

ra,rc
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Opcode

(hex)

01
09
09
09
09
08
08
08
08
01
03
20
24
22
03
26
27
23
25

21

00
00
02
0B
0B
0B
0B
0B
0B
02
OA
0A
OA
OA
oA
OA
02
02
02
02
02
02
02
02
34
35
06
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CVTFL
CVTFLZ
CVTGF
CVTGFU
CVTGFUZ
CVTGFz
CVTGL
CVTGLZ
CVTLF
CVTLFZ
CVTLG
DIV
DIVF
DIVFU
DIVFUZ
DIVFZ
DIVG
DIVGU
DIVGUZ
DIVGZ
DIVV
DRAIN
EPIRESO
EPIRES1
EPIRES2
EPIRES3
EPIRES4
EQV
FOB
HALT
IFLUSH
I0TA
JSR
JSR
LDA
LDB
LDL
LDQ
LDW
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
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ra,rc
ra,rc
ra,rc
ra,rc
ra,rc
ra,rc
ra,rc
ra,rc
ra,rc
ra,rc
ra,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc

ra,rb,rc
ra

ra,vc
ra,(rb)
ra,dest
d(rb),ra
d(rb),ra
d(rb),ra
d(rb),ra
d(rb),ra
ASN
ASTEN
ASTSR
CRCS
CRDB
CTCS

ESP

ICIE
IPIE
PCBB
PRBR
PRSN
PTBR
SCBB
SI1D
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04
00
05
0D
09
01
04
00
05
01
01
00
04
0C
08
00
04
oC
08
00
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MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MOVPS
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MULF
MULFU
MULFUZ
MULFZ
MULG
MULGU
MULGUZ
MULGZ
MULH
MULL
MULV
OR
ORNOT
PROBER
PROBEW
RDVC
RDVL
RDVMH
RDVML
REI
REM
RMAQI
RMAQIP
ROT
SLL
SRA
SRL
STB
STL
STQ
STW

SISR
SSp
TBCHK
TOY
USP
WHAMI

ASTRR
CRCS
CTCS
CTDB
ESP

ICIE
IPIE
IPIR
PRBR
SCBB
SIRR
SSP
TBIASN
TBIS
TOY

USP
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc

rc
rc
rc
rc

ra,rb,rc

ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,d(rb)
ra,d(rb)
ra,d(rb)
ra,d(rb)
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00
00
00
00
00

- 00

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
0D
0D
0D
0D
0C
0C

0C
04
04
04
03
03
00
00
32
32
32
32
00
04
00
00
03
03
03
03
3C
3E
3F
3D
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Ca
c2
CE
CC
C3
D4
32
87
97
99
9A
81
8B
92
91
93
86
8A
82
90
8F
ec
83
05
0D
09
01
05
0D
09
01
06
02
03
01
09
173
0B
01
00
03
02
02
04
38
39
07
04
06
05



SUB
SUBF
SUBFU
SUBFUZ
SUBFZ
SUBG
SUBGU
SUBGUZ
SUBGZ
SUBV
SWASTEN
SWIPL
SWPCTX
TBFLUSH
UMULH
VADD
VADD
VADDF
VADDF
VADDFU
VADDFU
VADDFUZ
VADDFUZ
VADDFZ
VADDFZ
VADDG
VADDG
VADDGU
VADDGU
VADDGUZ
VADDGUZ
VADDGZ
VADDGZ
VADDV
VADDV
VAND
VAND
VBIC
VBIC
VCMPEQ
VCMPEQ
VCMPFEQ
VCMPFEQ
VCMPFGE
VCMPFGE
VCMPFGT
VCMPFGT
VCMPFLE
VCMPFLE
VCMPFLT
VCMPFLT
VCMPFNE
VCMPFNE
VCMPGE
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ra,rb,rc
ra,rb, rc
ra,rb, rc
ra,rb,rc
ra,rb, rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc
ra,rb,rc

ra,rb,rc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
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08
05
0D
09
01
05
oD
0S
01
09
05
06
07
08
0A
00
10
04
14
0C
1C
08
18
00
10
04
14
0oC
1C
08
18
00
10
01
11
00
10
08
18
00
10
00
10
04
14
02
12
03
13
05
15
01
11
04



VCMPGE
VCMPGEQ
VCMPGEQ
VCMPGGE
VCMPGGE
VCMPGGT
VCMPGGT
VCMPGLE
VCMPGLE
VCMPGLT
VCMPGLT
VCMPGNE
VCMPGNE
VCMPGT
VCMPGT
VCMPLE
VCMPLE
VCMPLT
VCMPLT
VCMPNE
VCMPNE
VCVTFG
VCVTFL
VCVTFLZ
VCVTGF
VCVTGFU
VCVTGFUZ
VCVTGF2
VCVTGL
VCVTGLZ
VCVTLF
VCVTLFZ
VCVTLG
VDIV
VD1V
VDIVF
VDIVF
VDIVFU
VDIVFU
VDIVFUZ
VDIVFUZ
VDIVFZ
VDIVFZ
VDIVG
VDIVG
VDIVGU
VDIVGU
VDIVGUZ
VDIVGUZ
VDIVGZ
VDIVGZ
vDIVV
VDIVV
VEQV
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va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
ra,vb
va,vb
va,vc
va,vce
va,vc
va,vce
va,vc
va,vce
va,vc
va,vc
va,vc
va,vc
va,vce
va,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
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14
00
10
04
14
02
12
03
13
05
15
01
11
02
12
03
13
05
15
01
11
10
14
10
15
1D
19
11
14
10
15
11
11
00
10
04
14
0C
1C
o8
18
00
10
04
14
0cC
1C
08
18
00
10
01
11
0A



VEQV
VGATHL
VGATHQ
VLDL
VLDQ
VMERGE
VMERGE
VMULF
VMULF
VMULFU
VMULFU
VMULFUZ
VMULFUZ
VMULF2Z
VMULFZ
VMULG
VMULG
VMULGU
VMULGU
VMULGUZ
VMULGUZ
VMULGZ
VMULGZ
VMULL
VMULL
VMULV
VMULV
VOR
VOR
VORNOT
VORNOT
VREM
VREM
VSCATL
VSCATQ
VSLL
VSLL
VSRL
VSRL
VSTL
VSTQ
VSUB
VSUB
VSUBF
VSUBF
VSUBFU
VSUBFU
VSUBFUZ
VSUBFUZ
VSUBFZ
VSUBFZ
VSUBG
VSUBG
VSUBGU
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va,vb,vc
ra,vb,vc
ra,vb,vc
ra,rb,vc
ra,rb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vec
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,rb,vc
ra,rb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
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1A
02
03
02
03
00
10
05
15
0D
1D
09
19
01l
11
05
15
0D
1D
09
19
01
11
02
12
03
13
01
11
09
19
04
14
06
07
04
14
05
15
06
07
02
12
05
15
oD
1D
09
19
0l
11
05
15
0D



VSUBGU
VSUBGUZ
VSUBGUZ
VSUBGZ
VSUBGZ
VSUBV
VSUBV
VXOR
VXOR
WRVC
WRVL
WRVMH
WRVML
XOR
reserved
reserved
reserved
reserved
reserved
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va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra,vb,vc
va,vb,vc
ra

ra

ra

ra

ra,rb,rc
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18
18
18
18
18
11
11
13
13
33
33
33
33
03
OF
1E
1F
2B
2C
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1D
09
19
01
11
03
13
02
12
0l
00
03
02
02
00
00
00
00
00
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A.4 OPCODE LISTING

Mnemonic

Company Confidential

Opcode
(hex)

HALT

BPT
BUGCHK

SWASTEN

SWIPL
SWPCTX

TBFLUSH

PROBER
PROBEW
DRAIN
IFLUSH
MOVPS
RMAQI
RMAQIP
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MTPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR
MFPR

PTBR
PCBB
SCBB
ASTSR
ASTEN
SISR
ICIE
TOY
ASN
TBCHK
IPIE
PRBR
WHAMI

Page A-17
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Function
Code (hex)
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MFPR SID 00 D5
MFPR PRSN 00 Dé
MFPR CRCS 00 D7
MFPR CRDB 00 D8
MFPR CTCS 00 DS
ADD ra,rb,rc 01 00
ADDV ra,rb,rc 01 01
SUB ra,rb,rc 01 08
SUBV ra,rb,rc 01 09
CMPEQ ra,rb,rc 02 08
CMPNE ra,rb,rc 02 09
CMPGT ra,rb,rc 02 0A
CMPLE ra,rb,rc 02 0B
CMPGE ra,rb,rc 02 1] o
CMPLT ra,rb,rc 02 0D
CMPUGT ra,rb,rc 02 1A
CMPULE ra,rb,rc 02 1B
CMPUGE ra,rb,rc 02 1C
CMPULT ra,rb,rc 02 1D
AND ra,rb,rc 03 00
OR ra,rb,rc 03 01
XOR ra,rb,rc 03 02
SLL ra,rb,rc 03 04
SRL ra,rb,rc 03 05
SRA ra,rb,rc ' 03 06
ROT ra,rb,rc . 03 07
BIC ra,rb,rc - 03 08
ORNOT ra,rb,rc 03 09
EQV ra,rb,rc 03 OA
D1V ra,rb,rc 04 00
DIVV ra,rb,rc 04 01
MULL ra,rb,rc 04 02
MULV ra,rb,rc 04 03
REM ra,rb,rc 04 04
MULH ra,rb,rc 04 06
UMULH ra,rb,rc 04 0A
CVTFLZ ra,rc 05 00
CVTLFZ ra,rc 05 01
CVTFL ra,rc 05 04
CVTLF ra,rc 05 05
CVTFG ra,rc 06 00
CVTLG ra,rc 06 01
CVTGLZ ra,rc 07 00
CVTGFZ ra,rc 07 01
CVTGL ra,rc 07 04
CVTGF ra,rc 07 05
CVTGFUZ ra,rc 07 09
CVTGFU ra,rc 07 0D
ADDGZ ra,rb,rc 08 00
SUBGZ ra,rb,rc 08 01
ADDG ra,rb,rc 08 04
SUBG ra,rb,rc 08 05
ADDGUZ ra,rb,rc 08 08

SUBGUZ ra,rb,rc 08 09
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ADDGU ra,rb,rc 08 0oC
SUBGU ra,rb,rc 08 0D
ADDFZ ra,rb,rc 09 00
SUBF2 ra,rb,rc 09 01
ADDF ra,rb,rc 09 04
SUBF ra,rb,rc 09 05
ADDFUZ ra,rb,rc 09 08
SUBFUZ ra,rb,rc 0% 09
ADDFU ra,rb,rc 0S 0oC
SUBFU ra,rb,rc 09 0D
CMPGEQ ra,rb,rc 0A 00
CMPGNE ra,rb,rc oA 01
CMPGGT ra,rb,rc oA 02
CMPGLE ra,rb,rc 0A 03
CMPGGE ra,rb,rc 0A 04
CMPGLT ra,rb,rc OA 05
CMPFEQ ra,rb,rc 0B 00
CMPFNE ra,rb,rc 0B 01
CMPFGT ra,rb,rc 0B 02
CMPFLE ra,rb,rc 0B 03
CMPFGE ra,rb,rc 0B 04
CMPFLT ra,rb,rc 0B 05
DIVGZ ra,rb,rc (1] o 00
MULGZ ra,rb,rc 0C 01
DIVG ra,rb,rc (1] o 04
MULG ra,rb,rc 0oC 05
DIVGUZ ra,rb,rc - 0cC 08
MULGUZ ra,rb,rc : 0cC 09
DIVGU ra,rb,rc 1] o 1] o
MULGU ra,rb,rc 1] o 0D
DIVFZ ra,rb,rc 0D 00
MULFZ ra,rb,rc 0D 01
DIVF ra,rb,rc 0D 04
MULF ra,rb,rc 0D 05
DIVFUZ ra,rb,rc 0D 08
MULFUZ ra,rb,rc 0D 09
DIVFU ra,rb,rc 0D (1]
MULFU ra,rb,rc 0D (1)s]
LDA d(rb),ra 0E -
reserved OF 00
VMERGE ra,vb,vc 10 00
I0TA ra,vce 10 01
VMERGE va,vb,vc 10 10
VADD ra,vb,vc 11 00
VADDV ra,vb,vc 11 01
VSUB ra,vb,vc 11 02
VSUBV ra,vb,vc 11 03
VADD va,vb,vc 11 10
VADDV va,vb,vc 11 11
VSUB va,vb,vc : 11 12
VSUBV va,vb,vc 11 13
VCMPEQ ra,vb 12 00
VCMPNE ra,vb 12 01

VCMPGT ra,vb 12 02
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VCMPLE

ra,vb 12 03
VCMPGE ra,vb 12 04
VCMPLT ra,vb 12 05
VCMPEQ va,vb 12 10
VCMPNE va,vb 12 11
VCMPGT va,vb 12 12
VCMPLE va,vb 12 13
VCMPGE va,vb 12 14
VCMPLT va,vb 12 15
VAND ra,vb,vc 13 00
VOR ra,vb,vc 13 01
VXOR ra,vb,vc 13 02
VSLL ra,vb,vc 13 04
VSRL ra,vb,vc 13 05
VBIC ra,vb,vc 13 08
VORNOT ra,vb,vc 13 09
VEQV ra,vb,vc 13 1]
VAND va,vb,vc 13 10
VOR va,vb,vc 13 11
VXOR va,vb,vc 13 12
VSLL va,vb,vc 13 14
VSRL va,vb,vc 13 15
VBIC va,vb,vc . 13 18
VORNOT wva,vb,vc 13 19
VEQV va,vb,vc 13 1A
VD1V " ra,vb,vc 14 00
vDIVV ra,vb,ve 14 01
VMULL ra,vb,vc 14 02
VMULV ra,vb,vc 14 03
VREM ra,vb,vc 14 04
VDIV va,vb,vc 14 10
VDIVV va,vb,vc 14 11
VMULL va,vb,vc 14 12
VMULV va,vb,vc 14 13
VREM va,vb,vc 14 14
VCVTFLZ wva,vc 15 10
VCVTLFZ wva,vcec 15 11
VCVTFL wva,vc 15 14
VCVTLF wva,vc 15 15
VCVTFG va,vce 16 10
VCVTLG va,vc 16 11
VCVTGLZ wva,vc 17 10
VCVTGFZ wva,vc 17 11
VCVTGL wva,vc 17 14
VCVTGF va,vc 17 15
VCVTGFUZ va,vc 17 19
VCVTGFU wva,vc 17 1D
VADDGZ ra,vb,vc 18 00
VSUBGZ ra,vb,vc 18 01
VADDG ra,vb,vc 18 04
VSUBG ra,vb,vc 18 05
VADDGUZ ra,vb,vc 18 08
VSUBGUZ ra,vb,vc 18 09
VADDGU ra,vb,vc 18 0C
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VSUBGU
VADDGZ
VSUBGZ
VADDG
VSUBG
VADDGUZ
VSUBGUZ
VADDGU
VSUBGU
VADDFZ
VSUBFZ
VADDF
VSUBF
VADDFUZ
VSUBFUZ
VADDFU
VSUBFU
VADDF2Z
VSUBFZ
VADDF
VSUBF
VADDFUZ
VSUBFUZ
VADDFU
VSUBFU
VCMPGEQ
VCMPGNE
VCMPGGT
VCMPGLE
VCMPGGE
VCMPGLT
VCMPGEQ
VCMPGNE
VCMPGGT
VCMPGLE
VCMPGGE
VCMPGLT
VCMPFEQ
VCMPFNE
VCMPFGT
VCMPFLE
VCMPFGE
VCMPFLT
VCMPFEQ
VCMPFNE
VCMPFGT
VCMPFLE
VCMPFGE
VCMPFLT
VDIVGZ
VMULGZ
VDIVG
VMULG
VDIVGUZ

Summary

ra,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
va,vb,vc
ra,vb
ra,vb
ra,vb
ra,vb
ra,vb
ra,vb
va,vb
va,vb
va,vb
va,vb
va,vb
va,vb
ra,vb
ra,vb
ra,vb
ra,vb
ra,vb
ra,vb
va,vb
va,vb
va,vb
va,vb
va,vb
va,vb
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
ra,vb,vc
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0D
10
11
14
15
18
18
1c
1D
00
01
04
05
08
08
0C
0D
10
11
14
15
18
19
1C
1D
00
01
02
03
04
05
10
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VMULGUZ ra,vb,vc 1C 09
VDIVGU ra,vb,vc 1C 0C
VMULGU ra,vb,vc 1C 0D
VDIVGZ va,vb,vc 1C 10
VMULGZ va,vb,vc 1C 11
VDIVG va,vb,vc 1C 14
VMULG va,vb,vc 1C 15
VDIVGUZ va,vb,vc 1C 18
VMULGUZ wva,vb,vc 1C 19
VDIVGU va,vb,vc 1C 1C
VMULGU va,vb,vc 1C 1D
VDIVFZ ra,vb,vc 1D 00
VMULFZ ra,vb,vc 1D 01
VDIVF ra,vb,vc 1D 04
VMULF ra,vb,vc 1D 05
VDIVFUZ ra,vb,vc 1D 08
VMULFUZ ra,vb,vc 1D 09
VDIVFU ra,vb,vc 1D 0C
VMULFU ra,vb,vc 1D 0D
VDIVFZ va,vb,vc ip 10
VMULFZ va,vb,vc 1D 11
VDIVF va,vb,vc 1D 14
VMULF va,vb,vc 1D 15
VDIVFUZ wva,vb,vc 1D 18
VMULFUZ va,vb,vc ; 1D 19
VDIVFU va,vb,vc 1D 1C
VMULFU va,vb,vc 1D 1D
reserved 1E 00
reserved 1F 00
BEQ ra,dest 20 -
BNE ra,dest 21 -
BGT ra,dest 22 -
BLE ra,dest 23 -
BGE ra,dest 24 -
BLT ra,dest 25 -
BLBC ra,dest 26 -
BLBS ra,dest 27 -
JSR ra,dest 28 -
JSR ra,(rb) 29 00
FOB ra 2A -
reserved 2B 00
reserved 2C 00
EPIRESO 2D -
EPIRES1 2E -
EPIRES2 2F -
VLDL ra,rb,vc 30 02
VLDQ ra,rb,vc 30 03
VSTL ra,rb,vc 30 06
VSTQ ra,rb,vc 30 07
VGATHL ra,vb,vc 31 02
VGATHQ ra,vb,vc 31 03
VSCATL ra,vb,vc 31 06
VSCATQ ra,vb,vc 31 07

RDVL rc 32 00
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RDVC
RDVML
RDVMH
WRVL
WRVC
WRVML
WRVMH
COPRD
COPWR
EPIRES3
EPIRES4
LDB
LDW
LDL
LDQ
STB
STW
STL
STQ

rc
rc
rc
ra
ra
ra
ra
ra
ra

d(rb),ra
d(rb),ra
d(rb),ra
d(rb),ra
ra,d(rb)
ra,d(rb)
ra,d(rb)
ra,d(rb)
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32
32
32
33
33
33
33
34
35
36
37
38
39
3A
3B
3C
3D
3E
3F
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01
02
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APPENDIX B

64-BIT ARCHITECTURE

B.l GOALS AND NON-GOALS

At some point in the future the proposed 32-bit PRISM architecture
will run out of virtual address bits. When this event occurs it is
highly desirable to upgrade the PRISM architecture to a larger virtual
address and migrate software with as little effort as possible.

1f all software were written correctly and in a higher level language,
then the source programs could simply be recompiled to take advantage
of the larger virtual address space. It is doubtful, however, that
this level of transportability will be achieved since a large amount
of VAX software which is written in BLISS will be transported to PRISM
architecture machines with 1little or no change (i.e., most BLISS
software will not be rewritten to alleviate address size
dependencies).

This appendix describes a possible 64-bit extension of the PRISM
architecture. It does not claim or imply that this is an optimal
solution, or for that matter, the one that will actually be
implemented. It assumes that the 32-bit architecture specified in
this document will be implemented first, and 1later, a 64-bit
architecture with a compatible 32-bit mode will be implemented. This
would allow software to be migrated to the extended architecture
without extensive rewvrite.

The 32-bit PRISM architecture has 32-bit registers. There is a
defined set of 32-bit integer operations, 32-bit single precision
floating operations and 64-bit double precision floating operations on
even/odd register pairs. Virtual addresses are 32-bits long.

The proposed 64-bit architecture has 64-bit registers. There is a
defined set of 64-bit integer operations, 32-bit single precision
floating operations and 64-bit double precision floating operations.
Virtual addresses are 64-bits long.

In addition, the 64-bit architecture has a 32-bit mode which |is
enabled by a bit in the PS. When running with 32-bit mode enabled,
integer operations are executed compatibly with the 32-bit
architecture and virtual addresses are constrained to 32-bits. Double
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precision floating operations are executed using even/odd register
pairs.
Goals of this proposal are:
l. To design an architectural solution to the quandry
surrounding the cost effectiveness of a 32-bit architecture

versus the long-term desirability of a 64-bit architecture.

2. To be able to run 32-bit software on a 64-bit architecture
WITHOUT recompilation or relinking.

Architectural constraints are:

1., A 32-bit program when run on a 64-bit machine must get
identical answers. This means that if a computation
overflows on the 32-bit machine it must also overflow on the
64-bit machine.

2. It must be possible to write a program that may be compiled
and run on either the 32- or 64-bit environment without any
source changes.

Non-goals are:
"1l. For a program compiled for a 64-bit architecture to be able
to run on a 32-bit machine without recompilation.

The architectural modifications are such that new instructions are not
required. The definition of an operation depends on whether the
program is running in 32-bit or 64-bit mode.

B.2 DATA TYPES
The 64-bit architecture supports the following data types:

1. Byte - zero extended loads and stores only.

2. Word - zero extended loads and stores only.

3. Longword - zero extended loads and stores only.

4. Quadword - complete set of arithmetic, logical, and compare
operations. This is the primary integer data type. All
operations provided for longwords in the 32-bit architecture
are provided on quadwords in the 64-bit architecture.

5. F_floating - same operations as the 32-bit architecture

except that converts to and from quadword are provided
instead of longword.
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6. G_floating - same operations as the 32-bit architecture
except that converts to and from quadword are provided
instead of longword.

B.3 REGISTERS
B.3.1 Scalar Registers

There are 64 scalar registers, each 64-bits wide. Rl 1is the stack
pointer. RO always reads as zero and writes are ignored.

B.3.2 Vector Régigters

The vector registers are identical to those in the 32-bit
architecture. There are 16 vector registers, each containing 64
elements. Each element is 64-bits wide. The Vector Length register
is 6-bits wide. The Vector Mask register is 64-bits wide. The Vector
Count register is 7-bits wide.

B.3.3 Program Counter

The PC is 64-bits wide. Bits <1:0> and high order bits corresponding
to reserved virtual address bits are RAZ/IGN (see Section B.6.2).

B.4 INSTRUCTION FORMATS

All instructions are 32-bits 1long. The instruction formats and
encodings are identical to those used in the 32-bit architecture.

B.5 INSTRUCTION SET

The definition of an operation depends on whether the program is
running in 32-bit or 64-bit mode. In 32-bit mode all integer
operations are zero extended from bit 32 through 63. This is required
so that addresses are the same in 32-bit mode as they are in 64-bit
mode. The operating system must allocate space for 32-bit mode
programs from the first 4 Gbytes of the virtual address space.
Effective address calculations for loads and stores are zero extended
from bit 32 through 63 also. And branches are constrained to not go
outside the 32-bit range.
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The following sections describe instruction operation in 32- and
64-bit modes. Table B-1 describes the instruction notation,

Table B-1l: 1Instruction Notation

- —— e — - > . - T — —— - > G G W G S S W G G - - - - - - - - —— - —— - - -

- —— - —— - — - - — - - T - - - —— —— - —— -~~~ ———— -~

L x When used on the left hand side of an assignment
statement, bits x<31:0> receive the result and bits
x<63:32> are cleared. When used as a source operand,
only bits x<31:0> participate in the operation.

L_QRn When used on the 1left hand side of an assignment
statement, bits <31:0> of each of the even-odd register
pair QRn receive the low and high parts of the result and
bits <63:32> of each of the register pair are cleared.
When used as a source operand, only bits <31:0> of each
of the even-odd register pair QRn participate in the
operation.

I This designator is used to denote integer data type in
‘ convert instruction mnemonics. In 32-bit mode, I denotes
longword, and in 64-bit mode I denotes quadword.

- - wn s an o o> w e o o - - - -
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B.5.1 MEMORY LOAD/STORE INSTRUCTIONS

Instr

LDA
LDB

LDW

LDL

LDQ

STB

STW

STL

STQ

RMAQI

VLDL

VLDQ

L_Ra

L_va
L_Ra

L_va
L_Ra

L_va
L_Ra

L va

< -

L=
-

K-
-

K-
-

-

32-bit Mode

Rbv + SEXT(disp)

Rbv + SEXT(disp)
ZEXT((va)<7:0>)

Rbv + SEXT(disp)
ZEXT((va)<15:0>)

Rbv + SEXT(disp)
(va)<31:0>

Rbv + SEXT(disp)

L_QRa <- (va)<63:0>

L_va
(va)

L_va
(va)

L_va
(va)

&=
K=

-

K-

K-
-

Rbv + SEXT(disp)
Rav<7:0>

Rbv + SEXT(disp)
Rav<15:0>

Rbv + SEXT(disp)
Rav<31l:0>

va <- Rbv + SEXT(disp)
(va) <- L_QRav

L va <- R4

L QR4 <- (va){interlocked}

(va){interlocked} <-

{L_OR4 AND L_QR6} + L_ORB

L_va <- Rbv
FOR i <- 0 TO VL-1

BEGIN

veli) <- (va)<31:0>
L_va <- va + Rav
END

L_va <- Rbv
FOR i <= 0 TO VL-1

BEGIN

veli] <- (va)<63:0>
L va <- va + Rav
END

Company Confidential Page B-5
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64-bit Mode

Ra <- Rbv + SEXT(disp)

va <- Rbv + SEXT(disp)
Ra <- ZEXT((va)<7:0>)

va <- Rbv + SEXT(disp)
Ra <- ZEXT((va)<l5:0>)

va <- Rbv + SEXT(disp)
Ra <- ZEXT((va)<31:0>)

va <- Rbv + SEXT(disp)
Ra <- (va)<é63:0>

va <- Rbv + SEXT(disp)
(va) <- Rav<7:0>

va <- Rbv + SEXT(disp)
(va) <- Rav<15:0>

va <- Rbv + SEXT(disp)
(va) <- Rav<31:0>

va <- Rbv + SEXT(disp)
(va) <- Rav

va <- R4

R5 <- (va){interlocked}

(va){interlocked} <-
{RS AND R6} + R7

va <- Rbv

FOR i <- 0 TO VL-1
BEGIN
veli] <- (va)<31:0>
va <- va + Rav
END

va <- Rbv

FOR i <- 0 TO VL-1
BEGIN
veli] <- (va)<63:0>
va <- va + Rav
END
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INSTRUCTION SET

Instr

VGATHL

VGATHQ

VSCATL

VSCATQ

32-bit Mode

- — - — - - -

FOR i <- 0 TO VL-1
BEGIN
L_va <- Rav + Vb[i]
velil <- (va)<31:0>
END

FOR i <- 0 TO VL-1
BEGIN
L_va <- Rav + Vb[i]
veli] <- (VA)<63:0>
END

FOR i <= 0 TO VL-1
BEGIN
L_va <- Rav + Vb[i]
(va) <- vecl[il<31:0>
END

FOR i <- 0 TO VL-1
BEGIN . ‘
L_va <- Rav + Vb[i]
(va) <- veli]

END

Company Confidential
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64-bit Mode

FOR i <- 0 TO VL-1
BEGIN
va <- Rav + Vbl[i]
veli] <- (va)<31:0>
END

FOR i <- 0 TO VL-1
BEGIN
va <- Rav + Vb[i]
veli] <- (va)<63:0>
END

FOR 1 <- 0 TO VL-1
BEGIN
va <- Rav + Vbli]
(va) <- vecl[il<31:0>
END

FOR i <= 0 TO VL-1
BEGIN
va <- Rav + Vb[i])
(va) <- velil
END



64-bit Architecture

INSTRUCTION SET

B.5.2

VADD
VSUB
VDIV

VREM

VCMP

INTEGER ARITHMETIC INSTRUCTIONS

32-bit Mode

L_Rc <- L Rbv op L Rav

L Rc <-
{L_Rbv * L Rav}<63:32>

L_Rc <-
{L_Rbv *U L_Rav}<63:32>

IF L_Rav op L_Rbv THEN
L_ Rc <- 1

ELSE
L Rc <=0

FOR i <- 0 TO VL-1
BEGIN
{vector op Vector}
veli] <- L_vali] op L_Vbli])
{Scalar op Vector}

vcl[i) <- L_Rav op L_Vbli]
END

VM <- 0

FOR i <- 0 TO VL-1
BEGIN

{Vector op Vector}
IF L_vali) op L_Vbl[i] THEN
VM<i> <- 1
{Scalar op Vector}
IF L_Rav op L_Vbl[i) THEN
VM<i> <= 1
END

Company Confidential
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64-bit Mode

Rc <- Rbv op Rav
NOT IMPLEMENTED

NOT IMPLEMENTED

IF Rav op Rbv THEN
Rc <- 1

ELSE
Rc <- 0

FOR i <- 0 TO VL-1
BEGIN

vcli) <- valil] op vbli]

veli] <- Rav op Vb[i]
END
VM <- 0
FOR i <- 0 TO VL-1
BEGIN
IF vali] op Vb[i] THEN
VM<i> <= 1
IF Rav OP Vb[i] THEN
VM<i> <= 1
END
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B.5.3 LOGICAL AND SHIFT INSTRUCTIONS
Instr 32-bit Mode 64-bit Mode
AND
BIC
OR
ORNOT
XOR
EQV L Rc <- L_Rbv op L_Rav Rc <- Rbv op Rav
SLL
SRL
SRA L_Rc <- op(L_Rbv,Rav<4:0>) Rc <- op(Rbv,Rav<5:0>)
ROT L_Rc <- op(L_Rbv,Rav<4:0>) Rc <- op(Rbv,Rav<5:0>)
VAND
VOR
VXOR
VBIC
VORNOT -
VEQV FOR i <- 0 TO VL-1 FOR i <- 0 TO VL-1
BEGIN BEGIN
{vector op Vector}
veli) <- L vali] op L_Vb[i] vecli] <- vali] op Vblil]
Tscalar op Vector}
veli) <- L_Rav op L_Vb[il] vcli] <- Rav op Vbli]
END END
VMERGE FOR i <- 0 TO VL-1 FOR i <- 0 TO VL-1
BEGIN BEGIN
{Vector op Vector}
IF VM<i> EQ 0 THEN IF VM<i> EQ 0 THEN
velil <- valil veli] <- valil
ELSE ELSE
velil] <- vbli] vel[i) <- vbli]
{Scalar op Vector}
IF VM<i> EQ 0 THEN IF VM<i> EQ 0 THEN
vcli] <- L_QRav veli] <- Rav
ELSE ELSE
veli) <- vblil veli] <- vbli]
END END
VSLL
VSRL FOR i <- 0 TO VL-1 FOR i <= 0 TO VL-1
BEGIN BEGIN
{vector op vector}
veli] <- veli] <-
op(L_vbl[i]),vali]<4:0>) op(vb[i],valil<5:0>)
{vector op scalar}
velil <- velil <-

op(L_vb[i],Rav<4:0>) op(vb[i],Rav<5:0>)
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END END
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B.5.4 FLOATING POINT INSTRUCTIONS

Instr 32-bit Mode 64-bit Mode
ADDF
SUBF
DIVF
MULF L_Rc <- L Rbv op L_Rav L Rc <- L _Rbv op L_Rav
ADDG
SUBG
MULG
DIVG L _ORc <- L_QRbv op L_QRav Rc <- Rbv op Rav
CMPF  IF L_Rav op L_Rbv THEN IF L_Rav op L_Rbv THEN
Rc <- 1 Rc <- 1
ELSE ELSE
Rc <- 0 Rc <- 0
CMPG IF L_QRav op L_QRbv THEN IF Rav op Rbv THEN
Rc <=1 Rc <=1
ELSE ELSE
Rc <- 0 Rc <- 0
CVTFG L_QRc <- cvt(L_Rav) Rc <- cvt(L_Rav)
CVTGF L_Rc <- cvt(L_QRav) L_Rc <- cvt(Rav)
CVTFI L_Rc <- cvt(L_Rav) Rc <- cvt(L_Rav)
CVTGI L _Rc <- cvt(L_QRav) Rc <- cvt(Rav)
CVTIF L _Rc <- cvt(L_Rav) L_Rc <- cvt(Rav)
CVTIG L_QORc <- cvt(L_Rav) Rc <- cvt(Rav)
VADDF
VSUBF
VDIVF
VMULF FOR i <- 0 TO VL-1 FOR i <- 0 TO VL-1
BEGIN BEGIN
{Vector op Vector}
velil <- L_vali] op L_vbli] Veli) <- L_valil] op L_vbli]
{Scalar op Vector}
veli) <- L_Rav op L_Vb[il vcli) <- L_Rav op L_Vbli]

END END
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INSTRUCTION SET

Instr

VADDG
VSUBG
VDIVG
VMULG

VCMPF

VCMPG

32-bit Mode

FOR i <= 0 TO VL-1
BEGIN
{vector op Vector}
veli] <- vali] op Vblil
{Scalar op Vector}
vec[i] <- L_QRav op Vbli)
END

WM <- 0
FOR i <- 0 TO VL-1
BEGIN
{vector cmp Vector}
IF L _Vali) op L_Vb[i] THEN
VM<i> <=1
ELSE
VM<i> <- 0
{Scalar cmp Vector}
IF L_Rav op L_Vb[i] THEN
VM<i> <=1
ELSE
VM<i> <= 0
END

VM <- 0
FOR i <= 0 TO VL-1
BEGIN
{vector cmp Vector}
IF vali) op Vb[i] THEN
VM<i> <- 1
ELSE
VM<i> <= 0

{Scalar cmp Vector}

IF L_QRav op Vb[i] THEN
VM<i> <= 1

ELSE
VM<i> <- 0

END

Company Confidential

64-bit Mode

FOR i <- 0 TO VL-1
BEGIN

veli] <- val[i) op Vbli)

vel[i] <- Rav op Vbli]
END

VM <- 0
FOR i <- 0 TO VL-1
BEGIN
IF L vali] op L_Vb[i] THEN
VM<i> <= 1
ELSE
VM<i> <= 0
IF L_Rav op L_Vb[i] THEN
VM<i> <=1
ELSE
VM<i> <= 0
END
VM <- 0
FOR i <- 0 TO VL-1
BEGIN
IF vali) op Vb[i] THEN
VM<i> <= 1
ELSE
VM<i> <= 0
IF Rav op Vb[i] THEN
VM<i> <= 1
ELSE
VM<i> <= 0
END

Page B-11
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Instr 32-bit Mode 64-bit Mode

VCVTFG FOR i <- 0 TO VL-1 FOR i <- 0 TO VL-1
BEGIN BEGIN
veli] <- cvt(L_valil) veli] <- cvt(L_vali))
END END

VCVTGF FOR i <- 0 TO VL-1 FOR i <= 0 TO VL-1
BEGIN BEGIN
velil <- evt(valil) veli) <- evt(valil)
END END

VCVTFI FOR i <- 0 TO VL-1 FOR i <= 0 TO VL-1
BEGIN BEGIN
veli] <- evt(L_valil) velil <- cvt(L_valil)
END END

VCVTGI FOR i <- 0 TO VL-1 FOR i <= 0 TO VL-1
BEGIN BEGIN
veli]l <~ cvt(valil) velil <- evt(valil)
END END

VCVTIF

VCVTIG FOR i <~ 0 TO VL-1 FOR i <- 0 TO VL-1
BEGIN BEGIN
velil <- evt(L_valil)) velil <- cvt(valil)
END END



64-bit Architecture
INSTRUCTION SET

B.5.5 CONTROL INSTRUCTIONS

Instr 32-bit Mode
Bxx L_va <- PC + {4*SEXT(disp)}
IF TEST(L_Rav) THEN
PC <- va
FOB IF Rav<0> EQ 1 THEN

{FOB exception}

JSR {Branch format}
L_va <- PC + {4*SEXT(disp)}
{Memory format}
L_va <- Rbv AND {NOT 3}
L_Ra <- PC
PC <~ va

Company Confidential
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64-bit Mode

- - - - - -

va <- PC + {4*SEXT(disp)}
IF TEST(Rav) THEN
PC <- va

IF Rav<0> EQ 1 THEN

{FOB exception}
va <- PC + {4*SEXT(disp)}
va <- Rbv AND {NOT 3}

Ra <- PC
PC <- va
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B.5.6 MISCELLANEOUS INSTRUCTIONS

- -

BUGCHK

DRAIN
IFLUSH
IOTA

MOVPS
PROBE

RDVC
WRVC
RDVL
WRVL

RDVMH

WRVMH

32-bit Mode

{push current L_PC and

PS on kernel stack}
{Change Mode to Kernel}
{dispatch through SCB vector}

{push current L_PC and

PS on kernel stack}
{Change Mode to Kernel}
{dispatch through SCB vector}
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64-bit Mode

{push current PC and

PS on kernel stack}
{Change Mode to Kernel}
{dispatch through SCB vector}

{push current PC and

PS on kernel stack}
{Change Mode to Kernel}
{dispatch through SCB vector}

{stall instruction issuing until all prior instructions completed}

{Invalidate instruction prefetch and instruction cache}

j<0
tmp <- 0
FOR i <- 0 TO VL-1
BEGIN .
IF VM<i> EQ 1 THEN
BEGIN
velj) <- tmp
j<=3j+1
END
L_tmp <- tmp + Rav
END
VC <~ 3
L_R4 <- PS

L_R4 contains the base address
L R5 contains the signed offset
R6 contains the access mode
R7<0> <- {success}

R7<63:1> <- 0

L_Rc <- ZEXT(VC)

VC <- Rav<6:0>

L_Rc <- ZEXT(VL)

VL <- Rav<5:0>

L _Rc <- VM<63:32>

L_Rc <- VM<31:0>

VM<63:32> <- L_Rav

j<-0
tmp <- 0
FOR i <- 0 TO VL-1
BEGIN
IF VM<i> EQ 1 THEN
BEGIN
veljl <- tmp
j<=3+1
END
tmp <- tmp + Rav
END
VC <- j

R4 <- ZEXT(PS)

R4 contains the base address
R5 contains the signed offset
R6 contains the access mode
R7<0> <- {success}

R7<63:1> <- 0

Rc <- ZEXT(VC)
VC <~ Rav<6:0>

Rc <- ZEXT(VL)
VL <- Rav<5:0>
Rc <- VM
Rc <- VM

VM <- Rav
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WRVML  VM<31:0> <- L_Rav VM <- Rav
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Instr 32-bit Mode

REI tmpl <- (SP)<31:0>
IF tmpl<31> EQ 0 THEN
{return to 32-bit mode}
ELSE
{illegal operation}

SWASTEN tmp <- R4<0>
L_R4 <- ZEXT(ASTEN<PS<CM>>)
ASTEN<PS<CM>> <- tmp

Company Confidential
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64-bit Mode

tmpl <- (SP)<31:0>
IF tmpl<31> EQ 0 THEN
{return to 32-bit mode}
ELSE
{return to 64-bit mode}

tmp <- R4<0>
R4 <- ZEXT(ASTEN<PS<CM>>)
ASTEN<PS<CM>> <- tmp
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B.5.7 PRIVILEGED INSTRUCTIONS

RMAQIP

SWPCTX

SWIPL

32-bit Mode

- -

Company Confidential
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64-bit Mode

{halt processor or enter restart sequence}

IPR specific results are
returned in L_R4, L_R5, L_R6

L_R4 and L_R5 contain
IPR specific source operands

1l va <- L_QR4 AND {NOT 7}
L_QR4 <- Taddr){interlocked}
(va){interlocked} <-

{L_QR4 AND L QR6} + L_ORS

L QR4 contains the physical
address of the HWPCB.

tmp <- R4<2:0>
L_R4 <- ZEXT(PS<IPL>)
PS<IPL> <- tmp

TBFLUSH {Invalidate all TB entries}

IPR specific results are
returned in R4, R5, R6

R4 and RS contain
IPR specific source operands

va <- R4 AND {NOT 7}
R5 <- (addr){interlocked}
(va){interlocked} <-

{R5 AND R6} + R7

R4 contains the physical
address of the HWPCB.

tmp <- R4<2:0>
R4 <- ZEXT(PS<IPL>)
PS<IPL> <- tmp
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B.6 MEMORY MANAGEMENT
B.6.1 Virtual Address Space
A virtual address is a 64-bit unsigned integer spec1fy1ng a byte

location within the virtual address space. The page size ranges from
8 Kbytes to 64 Kbytes.

B.6.2 Virtual Address Format

The processor generates a 64-bit virtual address for each instruction
and operand in memory. The virtual address consists of three Segment
Number fields, and a Byte Within Page field, as shown in Figure B-1

...... - [ PR - - - —

l Rsvd l Segl_Number l Seg2_Number I Seg3_Number | Byte Within Page l
L D Y s -

Figure B-1: Virtual Address Format

The byte within page field can be either 13, 14, 15, or 16 bits
depending on a particular implementation. Thus, the allowable page
sizes are 8 KBytes, 16 Kbytes, 32 KBytes, and 64 KBytes. All three
segment number fields are the same size for a given implementation.
The segment number field is a function of the page size; all page
table entries at any given level fit in exactly one page. The PFN
field in the PTE is always 32 bits wide. Thus, as the page size grows
the) virtual and physical address size also grows (as shown in Table
B-Z .

Table B-2: Virtual Address Options

- - - - - - —— - - - - - - - —— - -~ - —— -

Page Byte Segment Virtual Physical
Size Offset Size Address Address
(Bytes) (bits) (bits) (bits) (bits)

8 K 13 10 43 45

16 K 14 11 47 46

32 K 15 12 51 47

64 K 16 13 55 48

- — - - - - - S - - - . - —— . - . - - - - -
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B.6.3 Physical Address Space

Physical addresses are at most 48 bits. A processor may choose to
implement a smaller physical address space by not implementing some
number of high order bits. The most significant implemented physical
address bit selects memory space when it is 0, and 1I/0 space when it
is 1.

B.6.4 Address Translation

Address translation is performed by accessing entries in a three-level
page table - structure. The Page Table Base Register (PTBR) contains
the physical page frame number of the highest level (Segment 1) page
table. Bits <Segl_ Number> of the virtual address are used to index
into the first level page table to obtain the physical page frame
number of the base of the second level (Segment 2¥ page table. Bits
<Seg2_Number> of the virtual address are used to index into the second
level page table to obtain the physical page frame number of the base
of the third level (Segment 3) page table. Bits <Seg3_Number> of the
virtual address are used to index the third level page table to obtain
the physical Page Frame Number (PFN) of the page being referenced.
The PFN is concatenated with virtual address bits <Byte Within_Page>
to obtain the physical address of the location being accessed.

The processor uses a 64-bit Page Table Entry that is identical to the
one used in the 32-bit architecture. The algorithm to generate a
physical address from a virtual address is similar to the one used in
the 32-bit architecture with the addition of one more level of
mapping.
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B.7 PROCESSOR STATE

33

10 B7 543210
ot e — e, —————————— to———— hdmh At T T
vl | Iviviv] ]
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1x| | INIFIM| |
Lt D D et e D D DD L e D T te———— Sk e L s 4

Figure B-2: Processor Status

Bits <30:0> of the PS are identical to the PS in the 32-bit
architecture. Bit <31> 1is the Virtual Address eXtension (VAX) bit.

When set, the processor is in 64-bit mode. When clear the processor
is in 32 bit mode.

3

1 210
to———— - - - - — - ————
| . ~ I 11
: Instruction Virtual Address <31:0> : G }

N

- - - - - - - - - - -
| ' . I
; Instruction Virtual Address <63:32> =
trmm e cr e ————————— e ———————————————————————— +

Figure B-3: Program Counter

B.8 EXCEPTION STACK FRAMES

In 32-bit mode, the exception stack frames are identical to those in
the 32-bit architecture. The exception stack frames for 64-bit mode
are shown in the subsequent sections. A processor always enters
64-bit mode when an exception occurs.
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B.8.1 Arithmetic Traps
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3
1 0
D et et ettt it L LT Tt +
| |
{ Exception Summary | :sP
e e !
| Vector Register |
| Write Mask for |
| Registers VO - V15 I
e L ettt +
| Scalar Register |
| Write Mask for |
I Registers RO - R31 |
B e b +
| Scalar Register |
| Write Mask for |
| Registers R32 - Ré64 I
e c e e rcrr e e cccr— e, —— e —————————— +
| |
} Processor Status (PS) :
D i e T A +
| |
| Zero |
| |
D D +
| Virtual |
| Address <31:0> of Next |
| Instruction |
o e e e e e e e o e e e e e o e e e +
| Virtual |
| Address <63:32> of Next |
| Instruction |
e e — e —————————————————————— +

Figure B-4:

Arithmetic Trap Exception Frame
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B.8.2 Scalar Alignment Fault

3
1

- — - — -~ - - - —— —— " - —— -~ - - -

- - - - — - — - — - -~ ——— - - — -~ -~ - ———— -

Virtual
Address <31:0> of
Reference

Virtual
Address <63:32> of
Reference

Faulting Instruction

Zero

Processor Status (PS)

Zero

—— o e e e o ..........4'. —— . e o o o e o —

Virtual
Address <31:0> of Faulting
Instruction

- - - - —— - -

Virtual
Address <63:32> of Faulting
Instruction

Figure B-5:

Scalar Alignment Fault Exception Frame
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B.8.3 Vector Alignment Abort

3
1 0
D ittt ittt LT L LD Ll Lt P . +
| Virtual I
| Address <31:0> of | :SP
| Reference |
D ittt e U L L L LT S . +
| Virtual |
| Address <63:32> of |
| Reference |
B e +
| |
: Processor Status (PS) |
|
D +
| |
| Zero |
| |
e e e —————————————————————— ———— +
| : Virtual |
| : Address <31:0> of Next |
| Instruction |
e e e e e e e e e e e e o e e +
| Virtual |
| Address <63:32> of Next |
| Instruction |
tmmem e c e e m e rc e cc e r e c e — e e e e — -, ———————————————————— ——— +

Figure B-6: Vector Alignment Abort Exception Frame
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B.8.4 BPT, BUGCHK, Vector Enable, And Privileged Instruction Faults

- —— - - - ————— - - - - — - — - - - ——

Virtual
Address <31:0> of Faulting
Instruction

Virtual
Address <63:32> of Faulting
Instruction

Figure B-7:

BPT, BUGCHK, and Privileged Instruction
Exception Frame

Fault
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B.8.5 FOB, Illegal Operand, And Reserved Opcode Faults

3

1 0
e e e e e e e = = = = = - = —————— e
I

: Faulting 1Instruction
o o e = = - — — —
|

| Zero

|
o o e o o e e e = = -~ - ————— -
|

: Processor Status (PS)
- - - —— — — —
|

: Zero
-~~~ - - - - - -
| Virtual

| Address <31:0> of Faulting

| Instruction
- = - - - -~ -
| . Vvirtual

| Address <63:32> of Faulting

| Instruction
o e e e = - - ——

Figure B-8:

FOB, Illegal Operand, and Reserved Opcode
Exception Frame
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B.8.6 Memory Management Faults
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1 10
o e e e e e e e e e e e e e e e — —  — — — ————————— +-+
| Bits <31:0> of Related |
| Virtual Address in |
| Page |
o e e e e e e e 5 e e S L D D 4 G D - +
| Bits <63:32> of Related |
| Virtual Address in |
| Page |
Ty SO -t
| IR
| Zero 171
| Iwl
trmmm e cm e e c e c e e —— e m e e — e e e ————————— +-+
| |
| Zero |
| |
tm———— ——————————— e +
| |
: Processor Status (PS) :
e - -—- B T . ——— -—— ———
| |
| Zero |
| |
+ e ——————————————————————— +
| Virtual |
| Address <31:0> of Faulting |
| Instruction |
- e —_————————————— = = = = - +
| Virtual |
| Address <63:32> of Faulting |
| Instruction |
‘- - e rrcccc e r e —————————— +

Figure B-9:

Memory Management Fault Exception Frame
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longwords

Virtual
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Instruction

Virtual
Address <63:32> of Next
Instruction
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| :SP

Figure B-10: Machine Check Abort Exception Frame
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B.8.8 Stack Alignment Abort

3
1 0
o e e e - e e ——————— +
| |
: Processor Status (PS) | :SP
|
o —————————————————— +
| |
| Zero |
| |
e e e e — — —— —— — ———————— ————————————————————————— +
| Virtual |
| Address <31:0> of Next |
| Instruction |
e +
| Virtual |
| Address <63:32> of Next |
| Instruction |
- - - - - - - - - - - - - - - - - - - - +

Figure B-11: Stack Alignment Abort Exception Frame
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B.B.9 Vector Exceptions

Figure B-12:

<39
+——"13
o]
[
-3
b ——
3

Bits <31:0> of Related
Virtual Address in
Page

Bits <63:32> of Related
Virtual Address in
Page

Base

Base
Address <63:32>

Stride <31:0>
or
Index Vector Register Number

22

 o———

Page B-29
December 1985

Vector Exception Information Frame
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B.8.10 SCB Vectors

3

1 210
D e e PO
| Virtual | s |
| Address <31:0> of | B |
| Service Routine 1 Zz |
D ettt el el Dt T +-——4
| Virtual |
| Address <63:32> of |
| Service Routine |
o - ———————————————————— +

Figure B-13: System Control Block Vector
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B.9 64-BIT MODE INTERNAL PROCESSOR REGISTERS

Table B-3: Internal Processor Register (IPR) Summary

Register Name Mnemonic Access R4 RS R6
Address Space Number ASN R number
AST Enable ASTEN R mask
AST Request Register ASTRR W mode
AST Summary Register ASTSR R mask
Console Receive Ctrl. Status CRCS R/W enable
Console Receive Data Buffer CRDB R char
Console Transmit Ctrl. Status CTCS R/W enable
Console Transmit Data Buffer CTDB W char
Stack Pointer Registers
Executive Stack Pointer ESP R/W address
Supervisor Stack Pointer sSSP R/W address
User Stack Pointer usp R/W address
Interval Clock Int. Enable ICIE R/W enable
Interprocessor Int. Enable IPIE R/W enable
Interprocessor Int. Request IPIR W number
Privileged Context Block Base PCBB R address
Processor Base Register PRBR R/W value
Processor Serial Number PRSN R serial
Page Table Base Register PTBR R frame
System Control Block Base SCBB R/W address
System Identification SI1D R ident
Software Int. Request Register SIRR W level
Software Int. Summary Register SISR R mask
Trans. Buffer Check TBCHK R number address status
Trans. Buffer Invalidate ASN TBIASN W number
Trans. Buffer Invalidate Single TBIS W number  address
Time Of Year TOY R/W time
Who-Am-1 WHAMI R number

- - —— - -~ ———— - - — - - - - - - - - - — - - - - - - - - -
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Abort
See Exceptions
Access Control Violation
exception, 5-9, 5-14, 6-24
Access modes
AST enable bit, 4-87, 7-4
AST pending bit, 7-4
defined, 5-1, 5-6
protection codes, 5-6, 5-7 to
5-9
Access type
defined, 5-6
operand notation, 4-4
ACV
See Access Control Violation
exception
ADD (Add Integer w:th no Overflow
Detect), 4-18
ADDF (Add F_Floating VAX
Rounding), 4-47
ADDFU (Add F_floating VAX
Rounding), 4-47
ADDFUZ (Add F_floating Round
toward Zero), 4-47
ADDFZ (Add F_Floating Round
toward Zero), 4-47
ADDG (Add G_Floating VAX
Rounding), 4-47
ADDGU (Add G_floating VAX
Rounding), 4-47
ADDGUZ (Add G_floating Round
toward Zero), 4-47
ADDGZ (Add G_Floating Round
toward Zero), 4-47
Address Space Match (ASM) bit
See ETE, Address Space Match
it
Address Space Number (ASN),
5-12 to 5-13, 8-23, 8-26
Address Space Number (ASN)
register, 5-13, 8-3, 11-9
Address translation
See Virtual address,
translation
Addressing, 2-1
ADDV (Add Integer with Longword
Overflow Detect), 4-18
Alignment
F_floating, 2-5
G _floating, 2-6
longword, 2-3

5-12,

quadword, 2-4
word, 2-2
AND (Logical Product), 4-32
Arithmetic left shift instruction,
4-31
Arithmetic trap
See Exceptions, Arithmetic trap
ASN
See Address Space Number
AST
See Asynchronous System Trap
AST Enable (ASTEN) register, 6-41,
7-4, 8-4, 11-9
AST enable bit, 4-87, 7-4
AST Request Register (ASTRR),
6-40, 8-5
AST Summary Register (ASTSR),
8-6, 11-9
ASTEN
See AST Enable (ASTEN) regxster
ASTRR :
See AST Request Register
(ASTRR)

7-4,

ASTSR
See AST Summary Register
(ASTSR)
Asynchronous System Trap
and REI instruction, 4-86
and SWASTEN instruction, 4-87
and SWIPL instruction, 4-96
AST Request Register (ASTRR),
6-40
description, 6-7, 7-4
enable bit, 4-87, 7-4
software model for AST
processing, 7-4 to 7-6
when initiated, 7-4

BEL, 11-15, 11-16

BEQ (Branch if Register Equal to
Zero), 4-71

BGE (Branch if Register Greater
Than or Equal to Zero), 4-71

BGT (Branch if Register Greater
Than Zero), 4-71

BIC (Bit Clear), 4-32

Bit field extract, 4-31

Bit numbering, 2-1, 2-2, 2-3, 2-4,
2-5, 2-6

BLBC (Branch if Register Low Bit
is Clear), 4-71
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BLBS (Branch if Register Low Bit
is Set), 4-71
BLE (Branch if Register Less Than
or equal to Zero), 4-71
BLT (Branch if Register Less Than
Zero), 4-71
BNE (Branch if Register Not Equal
to Zero), 4-71
Booleanzfunctxon instructions,
4-3
BOOT console command, 11-17
Bootstrap in Progress (BIP) bit,
11-6, 11-8
Bootstrap master
See Bootstrapping, master
processor
Bootstrap slave
See Bootstrapping, slave
processors
Bootstrapping
See also Restart Parameter
Block
adding a processor, 11-13
BOOT command, 11-17
console
and powerfail, 11-10
“and RPB, 11-2
command syntax, 1l1l- 16
commands, 11-16 to 11-27
control characters, 11-15
definition, 11-1
finding memory, 11-2
functionality, 11-14
language, 11-15
loading system software, 11-8
page tables, 11-7
flags, 11-8
initialspage tables, 11-7 to
11-8
initializing IPRs, 11-8 to 11-9
master processor, 11-11, 11-12,
11-13
memory testing, 11-2
multiprocessor environment,
11-11 to 11-13
Processor Status, 6-5
program controlled console 1/0,
11-14 : :
restart action, 11-10
ROM, 11-7
slave processors, 11-12, 11-13
State Longword, 11-6
summary of steps, 1l1l-1
transfer control, 11-9 to 11-10
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uniprocessor environment, 11-1
to 11-10
BPT (Breakpoznt), 4-75, 6-17
Branch condition codes, 1-4, 1-6
Branch instruction format, 3~5,
4-73
Branch instructions
See also Control instructions
description of, 4-71
summary of, 4-70
test, 1-4, 4-71
BREAK, 11-14, 11-15
Breakpoint exception
description, 6-17
exception frame, 6-17
exception frame in 64-bit
architecture, B-24
Breang;nt instruction, 4-75,
Breakpoint SCB vector, 4-75
Bug Check exception
description, 6-18
exception frame, 6-18
exception frame in 64-bit
architecture, B-24
Bug Check instruction, 4-76, 6-18
BUGCHK (Bug Check), 4-76, 6-18
BUGCHK SCB vector, 4-76
Byte, 2-1
Byte Within Page field, 5-2

Cache
and IFLUSH instruction, 4-78,
9-4
data, 9-3
description, 9-4
implementation methods, 9-5 to
9-8
implementation requirements,
9-4 to 9-8
instruction, 9-3
invalidation, 9-3 to 9-4
prefetch, S-8
TBFLUSH instruction, 4-97, 9-4
Character done (DON), 8-9, 8-10
Character ready (RDY), 8-7, 8-8
Character string, 2-7
Chopping, 4-43
Clusters, 1-7
CMPEQ (Compare Signed Longword

Equal), 4-19
CMPFEQ (Compare F_floating Equal),
4-48

CMPFGE (Compare F_floating

Greater Than or Equal), 4-48
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CMPFGT (Compare F_floating
Greater Than), 4-48

CMPFLE (Compare F floating Less
Than or Equal), 4-48

CMPFLT (Compare F_floating Less
Than), 4-48

CMPFNE (Compare F_floating Not
Equal), 4-48

CMPGE (Compare Signed Longword
Greater Than or Equal), 4-19

CMPGEQ (Compare G_floating Equal),

4-48
CMPGGE (Compare G_floating
Greater Than or Equal),
CMPGGT (Compare G_floating
Greater Than), 4-48
CMPGLE (Compare G floating Less
Than or Equal), 4-48
CMPGLT (Compare G_floating Less
Than), 4-48 A
CMPGNE (Compare G floatxng Not
Equal), 4-48
CMPGT (Compare Signed Longword
Greater Than), 4-19
CMPLE (Compare Signed Longword
Less Than or Equal), 4-19
CMPLT (Compare Signed Longword
Less Than), 4-19
CMPNE (Compare Signed Longword
Not Equal), 4-19
CMPUGE (Compare Unsigned Longword
Greater Than or Equal), 4-20
CMPUGT (Compare Unsigned Longword
Greater Than), 4-20
CMPULE (Compare Unsigned Longword
Less Than or Equal), 4-20
CMPULT (Compare Unsigned Longword
Less Than), 4-20
Compilers, 1-5, 1-6, 1-7
Conditional Branch instructions,
4-71
Console
See Bootstrapping, console
Console commands
BOOT, 11-17
command syntax, 11-16
CONTINUE, 11-18
control characters, 11-15
CTRL/Q, 11-15
CTRL/S, 11-15
CTRL/U, 11-15
DEPOSIT, 11-19
EXAMINE, 11-20 to 11-23
INITIALIZE, 11-24
keywords, 11-16 to 11-27

4-48

Page Index-3
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START, 11-25
TEST, 11-26
Console interrupts, 6-8 to 6-9
Console mode, 4-89, 11-14, 11-15
Console Receive Control Status
(CRCS) register, 6-8, 8-7,
11-9
Console Receive Data Buffer
(CRDB) register, 8-8
Console terminal, 11-14, 11-15
Console Transmit Control Status
(CTCS) register, 6-9, 8-9,
11-9
Console Transmit Data Buffer
(CTDB) register, 8-10
Context switch, 1-7, 4-94 to 4-95,
5-12, 6-4, 7-2, 7-6 to 7-9
See also SWPCTX
CONTINUE console command, 11-18
Control characters, 11-15
Control instructions
descriptions of, 4-70 to 4-73
summary of, 4-70
Control Transferred to System
Software (CTS) bit, 11-6
Conventions
figure drawing, 1-10
used in PRISM SRM, 1-9 to 1-10
Convert F Floatzng to G_Floating
instruction, 4-49
Convert Floatzng to Integer
instructions, 4-51
Convert G Floatxng to F_Floating
1nstructzons, 4-50
Convert instruction format, 3-8
Convert Integer to Floating
instructions, 4-52
COPRD (Coprocessor Read), 4-99
Coprocessor instruction format,
Coprocessor instructions
descriptions of, 4-98 to 4-100
summary of, 4-98
Coprocessor Read/Write
instructions, 4-99 to 4-100
COPWR (Coprocessor Write), 4-99
CRCS
See Console Receive Control
Status (CRCS) register
CRDB
See Console Receive Data Buffer
(CRDB) register
CTCS
See Console Transmit Control
Status (CTCS) register
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CTDB
See Console Transmit Data
Buffer (CTDB) register
CTRL/Q console command, 11-15
CTRL/S console command, 11-15
CTRL/U console command, 11-15
Current Mode stack
Fault On Bit exception frame,
6-19
Illega%OOperand exception frame,
6-
‘Privileged Instruction
exception frame, 6-21
Reservgg Opcode exception frame,
6-
Scalar Alignment exception
frame, 6-16
CVTFG (Convert F_floating to
G_floating), 4-49
CVTFL (Convert F_floating to
Longword VAX Rounding), 4-51
CVTFLZ (Convert F floating to
Longword Round toward Zero),
4-51
CVTGF (Convert G floatlng to
“F géoat1ng VAX Rounding),
4-

CVTGFU (Convert G_floating to

F_floating VAX Rounding),
4-50

CVTGFUZ (Convert G_floating to
F_floating Round toward Zero),
4-50

CVTGFZ (Convert G_floating to
F_floating Round toward Zero),
4-50

CVTGL (Convert G_floating to
Longword VAX Rounding), 4-51

CVTGLZ (Convert G_floating to
Longword Round toward Zero),
4-51

CVTLF (Convert Longword to
F_floating VAX Rounding),
4-52

CVTLFZ (Convert Longword to
F_floating Round toward Zero),
4-52

CVTLG (Convert Longword to
G_floating ), 4-52

D_floating data type, 2-7
Data Alzgnment exceptions

See Exceptions, Data Alignment
Data sharing, 9-1 to 9-2, 9-7
Data type
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byte, 2-1
D _floating,
F_floating,
G _floating,
H floating,
in 64-bit ar
B-3
in operand specifier notation,
4-4
longword, 2-3
no hardware support for, 2-7
quadword, 2-4
word, 2-2
DEPOSIT console command, 11-19
Displacement field, 3-6, 4-3
DIV (Divide Longword with no
Overflow Detect), 4-21
DIVF (Divide F_floating VAX

0 NNNN
[ \ld\(ﬂ\l

h tecture, B-2 to

Rounding), 4-53
DIVFU (Divide F_floating VAX
Rounding), 1-53

DIVFUZ (Divide F floatzng Round
toward Zero), 4-53

_ DIVFZ (Divide F_floating Round

tovard Zero), 4-53

DIVG (Divide G floatxng VAX
Rounding), 4-53

DIVGU (Divide G_floating VAX
Rounding), 4-53

DIVGUZ (Divide G_floating Round
towvard Zero), 4-53

DIVGZ (Divide G floating Round
toward Zero), 4-53

DIVV (Divide Longword with
Overflow Detect), 4-21

DON

See Character done
Don't Cache Virtual bit
See PTE, Don't Cache Virtual
bit

DRAIN (Drain Instruction
Pipeline), 4-77, 6-12

Drain Instruction Pipeline
instruction, 4-77, 6-12

Epicode instruction format, 3-8
to 3-9

Epicode instructions
and power-down, 6-10
and powerfail, 11-10, 11-13
and RPB, 11-7
and State Longword, 11-6
and user exceptions, 3-9
console functionality, 11-14
effect on system code, 10-3
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environment, 10-2 to 10-3
functions of, 10-1, 10-2
interrupt arbitration, 6-40 to
6-41
loading of, 11-7, 11-12
optional functions, 10-3
reserved opcodes, 10-3
restart routine, 11-11
special functions required,
10-3
Epicode Loaded (EL) bit, 11-6
EQV (Logical Equivalence), 4-32
ESP
See Stack pointer registers
EXAMINE console command, 11-20
Exception handling, 1-5, 4-77
Exception stack frame
Arithmetic trap, 6-13, B-21
Breakpoint, 6-17, B-24
Bug Check, 6-18, B-24
Fault On Bit, 6-19, B-25
Illegal Operand, 6-20, B-25
Machine Check, 6-26, B-27
Memory management, 6-23, B-26
Privileged‘Instruction, 6-21,
B-24 :
Reserved Opcode, 6-22, B-25
Scalar Alignment, 6-16, B-22
Stack Alignment, 6-27, B-28
Vector, 6-29 ‘
Vector Alignment, 6-17, B-23
Vector Enable, 6-23
Vector exception, B-29
Vector information frame, 6-28
to 6-29
Exceptions
See also specific exceptions
abort, 6-2
Access Control Violation, 5-9,
5-14, 6-24
Arithmetic trap
and floating-point
instructions, 2-5, 2-6
definition of, 6-2 to 6-3
description, 6-12 to 6-15
exception frame, 6-13
exception frame in 64-bit
architecture, B-21
Exception Summary parameter,
6-13 to 6-14
Scalar Register Write Mask
parameter, 6-15
Vector Register Write Mask
parameter, 6-14
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as result of an instruction,
6-17 to 6-19
Breakpoint, 6-17, B-24
Bug Check, 6-18, B-24
changes to VAX exception
handlers, 1-8
contrast with interrupts, 6-3
to 6-4
data alignment, 6-15 to 6-17
definition of, 6-1
descriptions of, 6-2 to 6-4,
6-11 to 6-31
fault, 6-2
Fault On Bit, 4-72, 6-18 to
6-19, B-25
Fault On Execute, 5-14, 6-25
Fault On Read, 5-14, 6-25
Fault On Write, 5-14, 6-25
floating-point, 4-46
Illegal Operand
description, 6-19 to 6-23
exception frame, 6-20
exception frame in 64-bit
architecture, B-25
integer
See Arithmetic trap
Kernel Stack Not valid, 6-25,
8-11
list of, 6-11
Machine Check, 6-25 to 6-26,
B-27
Memory management
and prefetch, 9-8
description, 6-23 to 6-25
exception frame, 6-23
exception frame in 64-bit
architecture, B-26
summary of, 5-13 to 5-14
precedence, 5-14, 6-24, 6-31
Privileged Instruction, 4-88,
6-20 to 6-21, B-24
Reserved Opcode, 6-21 to 6-22,
B-25
ScalarzAlignment, 6-15 to 6-16,
B-22
serialization of, 6-31
serious system failures, 6-25
to 6-26
Stack Alignment
description, 6-27
exception frame, 6-27
exception frame in 64-bit
architecture, B-28
occurrence of, 8-11
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System Control Block vectors,
5-14, 6-12, 6-32 to 6-34,
B-30

Translation Not Vvalid, 4-81,
5-14, 6-24

trap, 6-3

types of, 6-2 to 6-3

Vector

description, 6-27 to 6-31

exception continuation, 6-30
to 6-31 .

information frame, 6-28 to
6-29

information frame in 64-bit
architecture, B-29

Vector glignment, 6-16 to 6-17,
B-2

Vector Enable, 4-3, 6-22 to
6-23

Executive mode
See Access modes, defined
Extended Processor Instruction
code _
See Epicode instructions

F_floating data type, 2-5
Fault On Bit exception
description, 6-18 to 6-19
exception frame, 6-19
exception frame in 64-bit
architecture, B-25
FOB (Fault On Low Bit Set)
instruction, 4-72
FOB (Fault on Low Bit Set)
instruction, 6-18
Fault On Execute (FOE) exception,
5-14, 6-25
Fault on Execute bit
See PTE, Fault On Execute bit
Fault On Low Bit Set instruction,

4-72

Fault on Low Bit Set instruction,
6-18

Fault On Read (FOR) exception,
5-14, 6-25

Fault on Read bit

See PTE, Fault On Read bit
Fault On Write (FOW) exception,

5-14, 6-25

Fault on Write bit

See PTE, Fault On Write bit
Faults

See Exceptions
Figure drawing conventions, 1-10
Floating Add instructions, 4-47

Page Index-6
22 December 1985

Floating Compare instructions,
4-48
Floating Divide instructions,
4-53
Floating Multiply instructions,
4-54
Floating Subtract instructions,
4-55
Floating-point accuracy, 4-43 to
4-45
Floating-point exceptions
description of, 4-46
Floating-point instructions
arithmetic exception, 2-5, 2-6
chopping, 4-43
D and H, 1-8
descriptions of, 4-39 to 4-69
G and F, 1-4
guard bits, 4-43, 4-44 to 4-45
overflow bit, 4-43, 4-44 to
4-45
relation among chopped,
rounded, and true, 4-44
" rounding bit, 4-43 to 4-45
rounding modes, 4-39
summary of, 4-39 to 4-42
Flush Instruction Cache
instruction, 4-78, 9-3, 9-4
Flush Translation Buffer
instruction, 4-97, 5-12, 9-3
FOB (Fault On Low Bit Set), 4-72
FOB (Fault on Low Bit Set), 6-18
Function field
in Epicode instructions, 3-8 to
in Operate instructions, 3-7
Function units, 1-4, 1-5

G_floating data type, 2-6

Gather Memory Data into Vector
Register instructions, 3-1,
4-12

Generate Compressed Iota Vector
instruction, 4-79

Guard bits, 4-43, 4-44 to 4-45

H_floating data type, 2-7

HALT (Halt Processor), 3-8, 4-89,
9-4, 9-6, 11-14

HALT action switch. 4-89, 11-14

Halt instruction, 3-8, 4-89, 9-4,
9-6, 11-14

Hardware implementation notes,
5-12, 9-4, 10-1
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Hardware Privileged Context Block,

4-%4, 7-2 to 7-4, 7-6
HWPCB
See Hardware Privileged Context

Block

1/0 Port Controller
interrupts, 6-9
registers, 11-7
1/0 space, 4-9, 4-92, 5-3, 7-3,
9-4, 9-5, 9-8
ICIE
See Interval Clock Interrupt
Enable (ICIE) register
IFLUSH (Flush Instruction Cache),
4-78, 9-3, 9-4
IGN
See Ignore
Ignore, 1-10
I1llegal Operand exceptions
See Exceptions, Illegal Operand
IND bit
See PTE, Indirect Page Table
Pointer bit
Indirect Page Table Pointer
See PTE, Indirect Page Table
Pointer bit
INITIALIZE console command, 11-24
Instruction cache
See Cache
Instruction formats
Branch, 3-6, 4-73
Convert, 3-8
Coprocessor, 3-9
Epicode, 3-8 to 3-9
in 64-bit architecture, B-3
Memory, 3-5 to 3-6, 4-73
Operate, 3-7 to 3-8, 4-3
summary of, 3-5
Instruction issue, 1-4 to 1-5
Instruction issue model, 6-37 to
6-39
Instruction set
in 64-bit architecture, B-3
overview and notation, 4-1 to

4-5
summary of characteristics, 1-3
to 1-4
Instructions
control, 4-70 to 4-73
coprocessor, 4-98 to 4-100

floating-point, 4-39 to 4-69

integer arithmetic, 4-16 to
4-30

logical and shift, 4-31 to 4-38
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memory load/store, 4-6 to 4-15
miscellaneous, 4-74 to 4-87
operand notation, 4-3 to 4-5
privileged, 4-88 to 4-97
vector, 4-3
Integer Add instructions, 4-18
Integer arithmetic instructions
descriptions of, 4-16 to 4-30
summary of, 4-16 to 3-17
Integer Divide instructions, 4-21
Integer exceptions
See Exceptions, Arithmetic trap
Integer Multiply instructions,
4-23
Integer Remainder instructions,
4-22
Integer Signed Compare
instructions, 4-19
Intege; Subtract instructions,
4-24
Integer Unsigned Compare
instructions, 4-20
Interlocked memory access
See Memory access, interlocked
Internal Processor Registers
See also Processor Status
See also Program Counter
Address Space Number (ASN),
5-13, 8-3, 11-9
and SWPCTX instruction, 4-94
AST Enable (ASTEN), 6-41, 7-4&,
8-4, 11-9
AST Request Register (ASTRR),
6-40, 8-5
AST Summary Register (ASTSR),
7-4, 8-6, 11-9
Console Receive Control Status
(CRCS), 6-8, 8-7, 11-9
Console Receive Data Buffer
(CRDB) '} 8"8
Console Transmit Control Status
(crcs), 6-9, 8-9, 11-9
Console Transmit Data Buffer
(cTpB), 8-10
initialization, 11-8 to 11-9
Interprocessor Interrupt Enable
(1IPIE), 6-10, 8-13, 11-9
Interprocessor Interrupt
Request (IPIR), 6-11, 8-14
Interval Clock Interrupt Enable
(1CI1IE), 6-9, 8-12, 11-9
Kernel mode, 8-1
MFPR instruction, 4-90, 8-1
MTPR instruction, 4-91, 8-1
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Page Table Base Register (PTBR),
5-9, 8-18, 11-9

Privileged Context Block Base
(PCBB), 4-94, 7-3, 8-15,
11-9

Processor Base Register (PRBR),
8-16, 11-9

Procgsigr Serial Number (PRSN),

Software Interrupt Request
Register (SIRR), 6-7, 6-40,
8-21

Software Interrupt Summary
Register (SISR), 6-7, 8-22,
11-9

Stack pginter registers, 8-11,
11-

summary of, 8-1 to 8-2, B-31

System Control Block Base
(sceB), 8-19, 11-9

System Identification (SID),
8-20

Time Of Year (TOY), 8-27 to

8-28

Translation Buffer Check ”
(TBCHK), 5-12, 8-23 to 8-24
Translation Buffer Invalidate
by ASN (TBIASN), 5-13, 8-25
Translation Buffer Invalidate
Single (TBIS), 5-12, 8-26
Who-Am-I (WHAMI), 8-29
Interprocessor Interrupt Enable
(IPIE) register, 6-10, 8-13,
11-S
Interprocessor Interrupt Request
(IPIR) reglster, 6-11, B8-14
Interprocessor 1nterrupts, 6-10
to 6-11, 8-13, 11-11, 11-12
Interrupt Priority Level
and SWIPL instruction, 4-96,
6-41
description of, 6-1
field in Processor Status
register, 6-5
in multiprocessor system, 6-2
list of, 6-6
when changed, 6-3
Interrupts
See also Asynchronous System
Trap
See also Machine Check
console, 6-8 to 6-9
contrast with exceptions, 6-3
' to 6-4 ,
definition of, 6-1

descriptions of, 6-2, 6-6 to
6-11
Epicode arbitration, 6-40 to
6-41
1/0 Port Controllers, 6-9
interprocessor, 6-10 to 6-11,
8-13, 11-11, 11-12
Interval Clock, 6-9, 8-12
list of, 6-6
Power Recovery, 6-10, 11-11,
11-13
serialization of, 6-31
software generated, 6-7 to 6-8
System Control Block vectors,
6-6, 6-32 to 6-34
urgent, 6-10 to 6-11
Interval Clock Interrupt Enable
(ICIE) register, 6-9, 8-12,
11-9
Integva% Clock interrupts, 6-9,
-1
I0TA (Generate Compressed Iota
Vector), 4-79, 4-82

~ IPIE

See Interprocessor Interrupt
Enable (IPIE) register
IPIR
See Interprocessor Interrupt
Request (IPIR) register
IPL
See Interrupt Priority Level
IPRs
See Internal Processor
Registers

JSR (Jump to Subroutine), 4-73
Jump to Subroutine instruction,
4-73

Kernel mode :

See also Access modes

and Internal Processor
Registers, 8-1

for Breakpoint instruction,
4-75

for Bug Check instruction, 4-76

Machine Check, 6-26

privileged instructions, 4-88,

Stack Alignment exception, 6-27
with interrupts and exceptions,
6-4
Kernel stack
See also Stack
alignment, 6-27
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Arithmetic trap exception frame,
6-13

Breakpoint exception frame,
6-17

Bug Check exception frame, 6-18

for Breakpoint instruction,
4-75

for Bug Check instruction, 4-76

Machine Check exception frame,
6-26

Memory management exception
frame, 6-23

Not Valid exception, 6-25, 8-11

pointer, 8-11

residency, 6-35

Stack Alignment exception frame,
6-27

Vector Alignment exception
frame, 6-17 .

Vector Enable exception frame,
6-23 .

Vector exception information
frame,. 6-28 to 6-29

Kernel Stack Not Valid exception,
6-25, 8-11

L
See Literal control bit, 3-7
LDA (Load Address), 4-7
LDB (Load Zero Extended Byte from
Memory to Register), 4-8
LDL (Load Longword from Memory to
Register), 4-8
LDQ (Load Quadword from Memory to
Register Pairs), 4-8
LDW (Load Zero Extended Word from
Memory to Register), 4-8
Leading separate numeric string,
2-7
Literal .
as floating-point operand, 4-43
as source operand, 1-4, 3-2,
3-7, 4-4, 4-43
field, 3-7
Literal control bit, 3-7
Load Address instructions, 4-7
Load Memory Data into Scalar
Register instructions, 4-8
Load Memory Data into Vector
Register instructions, 4-11
Logical and shift instructions
descriptions of, 4-31 to 4-38
summary of, 4-31
Logical Functions instructions,
4-32
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Longword
format, 2-3
signed integer, 2-3
unsigned integer, 2-3

Machine Check
description, 6-25 to 6-26
exception frame, 6-26
exception frame in 64-bit
architecture, B-27
interrupt level, 6-10, 6-26
non-existent memory, 4-92, 4-94
MBZ
See Must Be Zero
Memory access
See also Cache
control, 5-1
criteria, 5-6
interlocked, 4-9, 4-92, 9-2,
9-5, 9-7
protection, 5-6 to 5-9
Memory costs, 1-3, 1-7
Memory instruction format, 3-5 to
3-6, 4-73
Memory load/store instructions
cache miss, 1-5
descriptions of, 4-6 to 4-15
purpose of, 1-4
summary of, 4-6
Memory management
and Epicode, 10-2
definition of, 5-1
enabled, 5-3
exceptions
See Exceptions, Memory
management
in 64-bit architecture, B-18 to
B-19
PRISM goals, 5-1 to 5-2
Memory protection
See Memory access, protection
MFPR (Move From Processor
Register), 4-90, 8-1
Miscellaneous instructions
descriptions of, 4-74 to 4-87
summary of, 4-74
Move From Processor Register
instruction, 4-90, 8-1
Move Processor Status instruction,
4-80, 6-4
Move To Processor Register
instruction, 4-91, 5-12, 8-1
MOVPS (Move Processor Status),
4-80, 6-4
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MTPR (Move To Processor Register),

4-91, 5-12, 8-1

MULF (Mult:ply F_floating VAX
Rounding), 4-54

MULFU (Multiply F _floating VAX
Rounding), 4-54

MULFUZ (Multiplg F_floating Round
toward Zero), 4-54

MULFZ (Multiply F float:ng Round
toward Zero), 4-54

MULG (Multiply G_floating VAX

Rounding), 4-54
MULGU (Multzply G floating VAX
Rounding),

MULGUZ (Multxpl G floating Round
toward Zero¥ 4-54
MULGZ (Multiply G_floating Round
toward Zero), 4-54
MULH (Multiply Longword and
Return High 32 Product Bits),
4-23
MULL (Multiply Longword and
Return Low 32 Product Bits),
4-23
Multiprocessing
- See also Interprocessor
interrupts
adding a processor, 1l1- 13
and Address Space Numbers, 5-13
and caches, 9-6, 9-7
and PTEs, 5-5
and Translation Buffer entries,
5-13
bootstrapping, 11-11 to 11-13
interlocked memory access, 4-9,
4-92, 9-2, 9-5, 9-7
Interrupt Priority Levels, 6-2
master processor, 11-11, 11-12,
11-13
powerfail,”11-13
Processor Base Register (PRBR),
8-16
Processgr Enabled (PE) bit,
11~
slave processors, 11-12, 11-13
WHAMI register, 8-29
MULV (Multiply Longword with
Overflow Detect), 4-23
Must Be Zero, 1-10

NOT logical function, 4-32
Octaword, 2-7

Opcode field, 3-5
Operand fields, 3-7
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See also Reg1ster fields
Operate instruction format, 3-7
to 3-8, 4-3
Operating system
and hardware context, 7-4
AST processing, 7-4 to 7-6
context switching model, 7-7 to
7-9
hardware context, 7-6
softwvare context, 7-1
transfer control to, 11-9 to
11-10
VAX/VMS compatibility, 1-7

‘ Operator precedence, 3-5

Operators, 3-3 to 3-4

OR (Logical Sum), 4-32

ORNOT (Logical Sum with
Complement), 4-32

Packed decimal string, 2-7
Page
definition of, 5-2
protection, 5-1, 5-6, 5-7 to
size, 1-6, 1-7, 5-2, 5-3
Page Frame Number
See PTE, Page Frame Number
Page table, 5-1, 11-7 to 11-8
Page Table Base Register (PTBR),
5-9, 8-18, 11-9
Page Table Entry
See PTE
PC
See Program Counter
PCBB
See Privileged Context Block
Base (PCBB) register
PFN
See PTE, Page Frame Number
Physxcal address, 5-3
Physical address space, 5-3, B-19
Pipeiined processor model, 1-4 to
-5
Powver Recovery interrupt, 6-10,
11-11, 11-13
Powerfail, 9-4, 9-7, 11-2, 11-10
to 11-11, 11-13
Powerfail Sequence Completed
(PSC) bit, 11-6, 11-10
Powerfail Sequence Started (PSS)
bit, 11-6, 11-10
PRBR
. See Processor Base Register
(PRBR)
Prefetch, 9-8
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PRISM
advantages, 1-6
64-bit extension, B-1 to B-2
code size of programs, 1-7
comparison with RISC, 1-3
compatibility with VAX, 1-7 to
1-9

design guidelines, 1-3
disadvantages, 1-6 to 1-7
meaning of acronym, 1-1

memory management goals, 5-1 to

operating system, 1-7
overview, 1-3 to 1-5
processor model, 1-4 to 1-5
separation of procedure and
data, 9-3
software emulation of
instructions, 1-8, 4-2
subset implementations, 4-2 to
4-3
Privileged Context Block Base
(PCBB) register, 4-94, 7-3,
8-15, 11-9
Privileged Instruction exception
description, 6-20 to 6-21
exception frame, 6-21
exception frame in 64-bit
architecture, B-24
occurrence of, 4-88
Privileged instructions
descriptions of, 4-88 to 4-97
summary of, 4-88
Probe Memory Access instructions,
4-81
PROBER (Probe for Read Access),
4-81
PROBEW (Probe for Write Access),
4-81
Process
address space, 7-2
context switching, 7-2, 7-6 to
7-9
contex; switching model, 7-7 to
7-
definition, 7-1 to 7-2
hardware context, 7-1, 7-2
hardware privileged context,
7-2 to 7-4
software context, 7-1
Process tag
See Address Space Number (ASN)
Processor Base Register (PRBR),
8-16, 11-9
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Processor Enabled (PE) bit, 11-6,
11-12
Processor modes
See Access modes
Processor Serial Number (PRSN)
register, 8-17
Processor state
definition of, 6-4
in 64-bit architecture, B-20
preserving during exception or
interrupt, 6-4
transition table, 6-42
Processor Status
and MOVPS instruction, 4-80,
6-4
as part of processor state, 6-4
at bootstrap, 6-5
Current Mode field, 5-6, 6-5,
6-35
current versus saved, 6-4
description, 6-4 to 6-5
Intezrupt Priority Level field,
-5
reserved to DIGITAL field, 6-5
Vector Enable bit, 4-3, 6-5,
11-10
Vector Exception Frame bit, 6-5
Virtual Machine Mode bit, 6-5
Program Counter
and JSR instruction, 4-73, 6-4
as part of processor state, 6-4
description, 3-2, 6-5
in 64-bit architecture, B-3,
B-20
with branch instructions, 4-71
PROT
See PTE, Protection field
Protection field
See PTE, Protection field

PRSN

See Processor Serial Number
(PRSN) register
PS
See Processor Status
PTBR
See Page Table Base Register
PTE
Address Space Match (ASM) bit,
5-4, 5-12, 8-25
and multiprocessing, 5-5
changes to, 5-5
defined, 5-3 to 5-5
Don't Cache Virtual (DCV) bit,
5-4
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Fault On Execute (FOE) bit, 5-4,
5-14, 6-25

Fault On Read (FOR) bit, 4-81,
5-4, 5-14, 6-25

Fault On Write (FOW) bit, 4-81,
5-4, 5-14, 6-25

first-level, 5-9, 5-14

indirect, 5-10, 5-14

Indirect Page Table Pointer
(IND) bit, 5-4

Page Frame Number (PFN), 5-3,
5-5, 5-9, 8-18

Protection (PROT) field, 5-4

protection codes, 5-6, 5-7 to
5-9

Reserved for DIGITAL field, 5-5

Reserved for software field,
5-5

second-level, 5-9, 5-14

valid bit, 5-4

Quadword, 2-4
Quadword shift instructions, 4-31
Queues, 2-7

- RAZ
See Read As Zero
RDVC (Read Vector Count Register),
4-82
RDVL (Read Vector Length
Register), 4-83
RDVMH (Read Vector Mask Register,
High Part), 4-84
RDVML (Read Vector Mask Register,
Low Part), 4-84
RDY
See Character ready
Read As Zero, 1-10
Read, Mask, Add Quadword
Interlocked instruction, 4 9,
5-5, 5-14, 9-2
Read, Mask Add Quadword,
Interlocked, Physical
instruction, 4-92, 5-5, 9-2
Read/Write Vector Count Register
instructions, 4-82
Read/Write Vector Length Register
instructions, 4-83
Read/Write Vector Mask Register
instructions, 4-84
Register fields, 3-5
Registers
See also Internal Processor
Registers

See also Processor Status
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See also Program Counter
even-odd pairs, 3-1, 3-2, 4-5,
4-39, 5-5

in 64-bit architecture, B-3

RO, 1-3, 3-1, 3-7, 6-12

1-3, 3-1, 8-11

4-8 4-96, 8-1

4-9

4-8

R7, 4-8

scalar, 1-3, 1-6, 3-1

vo, 3-7

vector, 1-4, 3-1 to 3-2, 4-3,
11-3

Vector Count, 1-4, 3-2

vector count, 4-79, 4-82

Vector Length, 1-4, 3-2

vector length, 4-11, 4-12, 4-14,
4-15, 4-25, 4-26, 4-27,
4-28, 4-29, 4-30, 4-36,
4-37, 4-38, 4-56, 4-58,
4-60, 4-61, 4-62, 4-63,
4-64, 4-66, 4-68, 4-83

Vector Mask, 1-4, 3-2

vector mask, 4-26, 4-58, 4-79,
4-84 _

REI (Return from Exception or
Interrupt), 4-85, 6-4, 6-41
REM (nggword Integer Remainder),
4-

Reserved Opcode exception
description, 6-21 to 6-22
exception frame, 6-22
exception frame in 64-bit

architecture, B-25

Restart in Progress (RIP) bit,
11-6

Restart Parameter Block, 4-94,
7-6, 11-2 to 11-6, 11-9

Return From Exception or
Interrupt instruction, 6-4,
6-41

Return from Exception or
Interrupt instruction, 4-85
to 4-86

Revision history, 1-11, 2-8, 3-10,
4-101, 5-15, 6-43 to 6-44,
7-10, 8-30 to 8-31, 9-9, 10-5,
11-28

RMAQI (Read, Mask, Add Quadword,
;ngerlocked), 4-9, 5-5, 5-14,

RMAQIP (Read, Mask, Add Quadword,
Inter;ocked, Physical), 4-92,
5-5, 9-2

7 4-91,
l, 8-1
1, 8-1
1
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ROM, 11-7
ROT (Rotate Bits), 4-35
Rotate instructions, 4-35
Rounding bit, 4-43 to 4-45
Rounding modes, 4-39
RPB

See Restart Parameter Block

SBZ
See Should Be Zero
Scalar Alignment exception
description, 6-15 to 6-16
exception frame, 6-16
exception frame in 64-bit
architecture, B-22
software emulation of, 6-16
Scalar operands, 3-2, 3-7
Scalar registers ‘
See Registers, scalar
Scatter Vector Register Data into
Memory instructions, 4-15
SCBB
See System Control Block Base
(SCBB) register
Security, 3-7
Segment number field, 5-2
Self Tezt Complete (STC) bit,
11-
Serious system failures
See Exceptions, serious system
failures
Shift Arithmetic instructions,
4-34
Shift Logical instructions, 4-33
Should Be Zero, 1-10
SI1D
See System Identification (SID)
Sign extension, 4-31
SIRR
See Software Interrupt Request
Register (SIRR)
SISR
See Software Interrupt Summary
Register (SISR)
Slave Request (SR) bit, 11-6,
11-12
SLL (shift Left Logical), 4-33
Softwvare emulation
of instructions, 1-8, 4-2
of Scalar Alignment exception,
6-16
Software Interrupt Request
Register (SIRR), 6-7, 6-40,
8-21
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Software Interrupt Summary
Register (SISR), 6-7, 8-22,
11-9

Sp .

See Stack Pointer

SRA (Shift Right Arithmetic),
4-34

SRL (Shift Right Logical), 4-33

SSP

See Stack pointer registers

Stack

See also Current Mode stack

See also Kernel stack

alignment, 6-27, 6-36

initéagg exception or interrupt,

instruction issue model, 6-37
to 6-39

parameters pushed for
exceptions, 6-12

programming implications, 9-8

residency, 6-35

saving processor state, 6-4

switching between, 4-86

writability, 6-35

Stack Alignment exceptions

See Exceptions, Stack Alignment

Stack pointer, 1-3, 3-1, 4-86,
4-94, 4-95, 6-35, 7-3, 8-11

Stack pointer registers, 8-11,
11-9

START console command, 11-25

State Longword, 11-6

See also Restart Parameter
Block

STB (Store Byte from Register to
Memory), 4-10

STL (Store Longword from Register
to Memory), 4-10

Store Scalar Register Data into
Memory instructions, 4-10

Store Vector Register Data into
Memory instructions, 4-14

STQ (Store Quadword from Register
Pairs to Memory), 4-10

STQ (Store Quadword from Register
to Memory), 5-5

STW (Store Word from Register to
Memory), 4-10

SUB (Subtract Longword with no
Overflow Detect), 4-24

SUBF (Subtract F_floating VAX
Rounding), 4-55

SUBFU (Subtract F floating VAX
Rounding), 4-55
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SUBFUZ (Subtract F_floating Round
toward Zero), 4-55
SUBFZ (Subtract F_floating Round
toward Zero), 4-55
SUBG (Subtract G_floating Vax
Rounding), 4-55
SUBGU (Subtract G_floating VAX
Rounding), 4-55
SUBGUZ (Subtract G_floating Round
toward Zero), 4-55
SUBGZ (Subtract G_floating Round
toward Zero), 4-55
SUBV (Subtract Longword with
Overflow Detect), 4-24
Supervisor mode
See Access modes, defined
Swap AST Enable instruction, 4-87,
6-41, 7-4
Swap IPL instruction, 4-96, 6-41
Swap Privileged Context
instruction, 4-94 to 4-95,
3-12, 5-13, 7-3, 7-6, 8-18,
-5
SWASTEN (Swap AST Enable for
Current Mode), 4-87, 6-41,
7-4 -
SWIPL (Swap Processor IPL), 4-96,
6-41
SWPCTX (Swap Privileged Context),
4-94, 5-12, 5-13, 7-3, 7-6,
8-18, 9-5
Synchronization, 9-1 to 9-2,
11-11
System Control Block
and exceptions, 6-12
and interrupts, 6-6
description, 6-32
vectors, 5-14, 6-12, 6-32 to
6-34, B-30
System Control Block Base (SCBB)
register, 8-19, 11-9
System Identification (SID)
register, 8-20

TB
See Translation Buffer
TBCHK
See Translation Buffer Check
(TBCHK) register
TBFLUSH (Flush Translation
Buffer), 4-97, 5-12, 9-3
TBIASN
See Translation Buffer
Invalidate by ASN (TBIASN)
register '
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TBIS
See Translation Buffer
Invalidate Single (TBIS)
register
Terminology, 1-9 to 1-10
TEST console command, 11-26
Time Of Year (TOY) register, 8-27
to B-28
TNV
See Translation Not Valid
exception

TOY

See Time Of Year (TOY) register
Trailing numeric string, 2-7
Translation Buffer

See also Translation Buffer

Check (TBCHK) register

See also Translation Buffer

Invalidate Single (TBIS)
register

defined, 5-12

invalidation, 5-12, 9-3 to 9-4

TBFLgsg instruction, 4-97, 5-12,
Translation Buffer Check (TBCHK)

register, 5-12, 8-23 to 8-24
Translation Buffer Invalidate by
gsgs(TBIASN) register, 5-13,
Translation Buffer Invalidate
Single (TBIS) register, 5-12,
8-26
Translation Not Valid exception,
4-81, 5-14, 6-24

UMULH (Unsigned Multiply Longword
and Return High 32), 4-23

‘Unconditional branches, 4-71

Unconditional jump, 4-73

Undefined, 1-9, 4-92, 4-94, 5-9,
5-10, 6-32, 7-3, 8-19, 11-2,
11-15

UNPREDICTABLE, 5-14

Unpredictable, 1-9, 1-10, 3-1,
3-7, 4-9, 4-11, 4-12, 4-13,
4-14, 4-15, 4-21, 4-22, 4-25,
4-27, 4-28, 4-29, 4-30, 4-36,
4-38, 4-43, 4-46, 4-56, 4-61,
4-62, 4-63, 4-64, 4-66, 4-68,
4-94, 4-99, 6-12, 6-15, 7-4,
g‘;. e-8, 8-9, 8-10, 9-2, 9-3,

User mode

See Access modes, defined
usp
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See Stack pointer registers

VADD (Vector Add Longword with no
Overflow Detect), 4-25
VADDF (Vector Add F_Floating VAX
Rounding), 4-56
VADDFU (Vector Add F _floating VAX
Rounding), 4-56
VADDFUZ (Vector Add F floating
Round toward Zero), 4-56
VADDFZ (Vector Add F Float1ng
Round toward Zero), 4-56
VADDG (Vector Add G_Floating VAX
Rounding), 4-56
VADDGU (Vector Add G _floating VAX
Rounding), 4-56
VADDGUZ (Vector Add G_floating
Round toward Zero), 4-56
VADDGZ (Vector Add G Floatxng
Round toward Zero), 4-56
VADDV (Vector Add Longword with
Overflow Detect), 4-25
valid bit
See PTE, valid bit
VAND (Vector Logical Product),
4-36 '
Variable length bit field, 2-7
VAX
architecture, 1-1, 1-3
branch instructions, 1-2
condition codes, 1-2
data sharing, 9-2
difficulty in building, 1-1 to
1-3
instructions, 1-1
memory operand fetch, 1-2
microcode,"1-6, 10-1
operand specifier usage, 1-3
pipelining, 1-2
PRISM compatibility with, 1-7
to 1-9
RE! compared with PRISM REI,
4-86
unaligned operands, 2-2
VBIC (Vector Logical Product with
Complement), 4-36
vC
See Vector Count register
VCMPEQ (Vector Compare Signed
Longword Equal), 4-26
VCMPFEQ (Vector Compare
F_floating Equal), 4-58
VCMPFGE (Vector Compare
F_floating Greater Than or
Equal), 4-58
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VCMPFGT (Vector Compare
F_floating Greater Than),
4-58

VCMPFLE (Vector Compare
F_floating Less Than or
Equal), 4-58

VCMPFLT (Vector Compare

F_floating Less Than), 4-58
VCMPFNE (Vector Compare
F_floating Not Equal), 4-58

VCMPGE (Vector Compare Slgned
Longword Greater Than or
Equal), 4-26

VCMPGEQ (Vector Compare
G_floating Equal), 4-58

VCMPGGE (Vector Compare
G_floating Greater Than or
Equal), 4-58

VCMPGGT (Vector Compare
2 féoatxng Greater Than),

-5

VCMPGLE (Vector Compare
G_floating Less Than or
Equal), 4-58

VCMPGLT (Vector Compare
G_floating Less Than), 4-58

VCMPGNE (Vector Compare
G_floating Not Equal), 4-58

VCMPGT (Vector Compare Signed
Longword Greater Than), 4-26

VCMPLE (Vector Compare Signed
Longword Less Than or Equal),
4-26

VCMPLT (Vector Compare Signed
Longword Less Than), 4-26

VCMPNE (Vector Compare Signed
Longword Not Equal), 4-26

VCVTFG (vVector Convert F_floating
to G_floating), 4-60

VCVTFL (Vector Convert F floating
tosgongword VAX Rounding),

4

VCVTFLZ (Vector Convert
F_floating to Longword Round
toward Zero), 4-62

VCVTGF (Vector Convert G floating
:osF floating VAX Rounding),

1

VCVTGFU (Vector Convert
G_floating to F_floating VAX
Rounding), 4-61"

VCVTGFUZ (Vector Convert
G_floating to F_floating
Round toward Zero), 4-61
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VCVTGFZ (Vector Convert
G_floating to F_floating
Round toward Zero), 4-61

VCVTGL (Vector Convert G floating
tosgongword VAX Rounding),

4-

VCVTGLZ (Vector Convert
G_floating to Longword Round
toward Zero), 4-62

VCVTLF (Vector Convert Longword
to F_floating VAX Rounding),
4-63"

VCVTLFZ (Vector Convert Longword
to F floating Round toward
Zero), 4-63

VCVTLG (Vector Convert Longword
to G_floating), 4-63

VDIV (Vector Divide Longword with
no Overflow Detect), 4-27

VDIVF (Vector Divide F_floating
VAX Rounding), 4-6%4

VDIVFU (Vector Divide F_floating

: VAX Rounding), 4-64 .

VDIVFUZ (Vector Divide F_floating
Round toward Zero), 4-64

VDIVFZ (Vector Divide F_floating
Round toward Zero), 4-64

VDIVG (Vector Divide G_floating
VAX Rounding), 4-6%

VDIVGU (Vector Divide G_floating
VAX Rounding), 4-64"

VDIVGUZ (Vector Divide G floating
Round toward Zero), 4-64
VDIVGZ (Vector Divide G_floating
Round toward Zero), 4-64

VDIVV (Vector Divide Longword
with Overflow Detect), 4-27

Vector Alignment exception

description, 6-16 to 6-17

exception frame, 6-17

exception frame in 64-bit
architecture, B-23

Vector Convert F Float1ng to
G_Floating instruction, 4-60

Vector Convert Floatxng to
Integer instructions, 4-62

Vector Convert G Floatxng to
F_Floating instructions, 4-61

Vector Convert Integer to
Floating instructions, 4-63

Vector Count register, 1-4, 3-2

Vector count register, 4-79, 4-82

Vector Enable bit, 4-3, 6-5,
11-10

Vector Enable exception
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description, 6-22 to 6-23
exception frame, 6-23
occurrence of, 4-3
Vector exceptions
See Exceptions, Vector
Vector Floating Add instructions,
4-56 to 4-57
Vector Floating Compare
instructions, 4-58 to 4-59
Vector Floating Divide
instructions, 4-64 to 4-65
Vector Floating Multiply
instructions, 4-66 to 4-67
Vector Floating Subtract
instructions, 4-68 to 4-69
Vector instructions, 4-3
Vectorzgnteger Add instructions,
4-
Vector Integer Compare
instructions, 4-26
Vector Integer Divide
instructions, 4-27
Vector Integer Multiply, 4-29
Vector Integer Remainder
instructions, 4-28
Vector Integer Subtract
instructions, 4-30
Vector Length register, 1-4, 3-2
Vector length register, 4-11,
4-12, 4-14, 4-15, 4-25, 4-26,
4-27, 4-28, 4-29, 4-30, 4-36,
4-37, 4-38, 4-56, 4-58, 4-60,
4-61, 4-62, 4-63, 4-64, 4-66,
4-68, 4-83
Vector Logical Functions
instructions, 4-36
Vector mask bit, 4-26, 4-37, 4-58
Vector Mask register, 1-4, 3-2
Vector mask register, 4-26, 4-58,
4-79, 4-84
Vector Merge instruction, 4-37
Vector operands, 3-7
Vector reglsters
See Registers, vector
Vvector Shift Logical instructions,
4-38
VEN
See Vector Enable bit
VEQV4(g§ctor Logical Equivalence),
VGATHL (Gather Longword Vector
from Memory to Vector
Register), 4-12
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Who-Am-I (WHAMI) register, 8-29
Word, 2-2
Write-back cache
See Cache, implementation
methods
Write-buffer
description, 9-4
implementation methods, 9-5 to
9-8
implementation requirements,
9-4 to 9-8
Write-through cache
See also Write-buffer
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See Cache, implementation
methods

WRVC (Write Vector Count
Register), 4-82

WRVL (Write Vector Length
Register), 4-83

WRVMH (Write Vector Mask
Register, High Part), 4-84

WRVML (Write Vector Mask
Register, Low Part), 4-84

XOR (Logical Difference), 4-32



