CRAY T90 SERIES INSTRUCTION SET OVERVIEW

HTM-xxx-0
September 23, 1994

Notational Conventions ............ccveiteeerernnnnnenes 2
Instruction Formats ...............coiiiiiiiiiiiienn.. 3
One-parcel Instruction Formats ........................ 3
p Three-parcel Instruction Formats . ...................... 4
@ r-parcel Instruction Format ........................ 6
& ng#dInstruction Set ....... ... . .ol 7
ial L1 T 7
dI (i1 ) S PP 8

Triton-m 4@ ...........................
Monitor-mode ns ¢ }, / ..................... 10
IMI-mode InstructiOns G ... % ............... 11

Instruction and Branch Tlml%. e o

.......... 13
Issue Timing . ............ @ ... A ;‘% ..... 14
Branch Timing ................%4 / 4 15

Special CAL Syntax Forms ..............% - A
Instruction Summary .............ccevveeennnnns 7\6
Figures , , -

Figure 1.  Vector Element Layout ....................... 2
Figure 2. - General Instruction Format ............ e -3
Figure 3.  One-parcel Instruction Formats .............. e, 4
Figure 4.  Three-parcel Instruction Formats ............... 5
Figure 5.  Four-Parcel Instruction Formats ................. 6

Tables

Table 1.  Special Register Values ....................... 7

Table 2.  Triton-mode Instructions ............. e 9

Table 3. Monitor-mode Instructions -................. ... 10

Table 4.  IMI-mode Instructions .................... U ||

Table 5. Special Indicators .............. . i, 17

Table 6.  Imstruction Special Indicators ...... e SR 17
Cray Research Proprietary 1

- Preliminary Information



Instruction Set Overview CHAY 19U Series Instruction Set

This overview describes the CPU instruction set. Depending on the state
of the Triton mode (TRI) bit in the exchange package, the CPU operates in
one of two modes: Triton mode or C90 mode.

In Triton mode, the A registers are 64 bits wide; bit 63 is the sign bit.
(Software written for earlier machines needs to be recompiled before it
can run in Triton mode.) In C90 mode, the CRAY T90 series system is
binary-compatible with software written for the CRAY C90 computer
system. The A registers are 32 bits wide; bit 31 is the sign bit.

Some instructions operate differently in Triton mode, than in C90 mode;
the following subsectlons explain these d1fferences

Notational Conventions

® Machme mstructlons are octal all other numbers are decimal unless
oth rw15e mdlcated :

e Reg’lste;r blt’js ag‘e—.nﬁmbered from right to left as powers of 2.
Tiie- llg_t"ter‘h’-represents a specified value.
. . Variable parameters are in izalic type.

The symbol * designates an arithmetic product.

* ' e  The VM register contains the vector mask bits, which consists of two
parts: VMO and VMI1. As shown in Figure 1, VMO contains vector
mask bits for elements O through 63; VM1 contains vector mask bits
for elements 64 through 127.

Element 0 63
VMO [63 0
Element 64 127
VM1 |63 0]

Figure 1. Vector Element Layout
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Instruction Formats

Instructions can be 1 parcel (16 bits), 3 parcels (48 bits), or 4 parcels (64
bits) long. Instructions contain 4 parcels per word. Within a word,
parcels are numbered O through 3 from left to right.

A 3- or 4-parcel instruction can begin in any parcel of a word and can
span a word boundary. For example, a 3-parcel instruction beginning in
parcel 3 of a word ends in parcel 1 of the next word. No padding of word
boundaries is required. Any parcel position can be addressed in branch
instructions.

Figure 2 shows the general instruction format. The first parcel is divided
into five fields. The second, third, and fourth parcels each contain a single
field. Figure 3 and Figure 4 show how multiparcel instructions are
actually stored in memory.

Second Parcel Third Parcel Fourth Parcel

First Parcel
— — —— —
g h i j m n p Field
Number
413]13]| 3 16 v 16 16 of Bits

Figure 2. General Instruction Format

One-parcel Instruction Formats

HTM-xxx-0

September 23, 1994

-Most instructions are 1-parcel instructions; there are two types of 1-parcel
instruction formats as shown in the following list. Figure 3 illustrates
these two formats.

e  ]-parcel instructions with discrete j and % fields
e  1-parcel instructions with combined j and & fields

Cray Research Proprietary 3
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gh i j k
7 |3]|3
_.l
Operation Code l— Register Designators
gh i ik

7 3 6
‘J L |— Constant or Register Designator
Operation Code Register Designators

Figure 3. One-parcel Instruction Formats

In 1-parcel instructions with discrete j and % fields, the j and % fields
usually designate operand registers. The i field designates a destination
register. Some instructions do not use all three of these fields. Other
instructions use the i or £ field to provide additional bits for the operation
code.

In 1-parcel instructions with combined j and & fields, the jk field usually
contains a constant or designates a source or destination register. The i
field usually designates a destination or source register. Some instructions
use the i field or bit 2 of the j field to provide additional bits for the
operation code.

Some 1-parcel instructions of both formats are part of the extended
instruction set. For example, they perform different operations when
immediately preceded by the extended instruction set (EIS) parcel 005400.

Three-parcel Instruction Formats

Some instructions are 3-parcel instructions. Figure 4 shows the 3-parcel
format.

e  3-parcel instruction with field nm as a constant
®  3-parcel instruction with field nm as a branch address
e  3-parcel instruction with field nm as an address displacement

In all three formats, field nm is a 32-bit field with parcel » (the last parcel
of the instruction) the most significant parcel.

4 Cray Research Proprietary HTM-xxx-0
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First Parcel Third Parcel Second Parcel
—M ——— —
gh i jk n m Field
Number
7 3 6 16 16 of Bits
N\ J
Y
32-bit Constant
— Desﬁnation Register Designator
Operation Code
First Parcel Third Parcel Second Parcel
" A N\ A N
r gh i i k\ 4 n m Field
Number
7 3 6 16 16 of Bits
N\ J
Y
32-bit Direct or Indirect Branch Address
Test Register Designator (006 Instruction)
Operation Code
First Parcel Third Parcel Second Parcel
'd A N A N A N
g h i j k n m Field
Number
4]13]3]3]3 16 16 of Bits
g J

Y
32-bit Address Displacement

Source/Destination Register Designator

— Address Register Designator (Used as Index)
—— Operation Code

Figure 4. Three-parcel Instruction Formats

Three-parcel instructions with the nm fields as constants transmit a
constant value to an A or S register (instructions 020, 021, 040, and 041).
The i field specifies the destination register. The j and £ fields are not
used, except that bits 1 and 2 of the j field specify different operations for
instructions 020 and 040.

HTM-xxx-0 Cray Research Proprietary 5
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Three-parcel instructions with the nm fields as jump addresses are used for
all types of jumps (instructions 006 through 017). Instructions 006 and
007 use i field bit 0 to distinguish between direct and indirect jumps.

Instruction 006 uses i field bit 2 to distinguish between unconditional and
conditional jumps. For conditional jumps, instruction 006 uses the jk field
as the test register designator. Instructions 010 through 017 do not use the
i, j, and k fields.

Three-parcel instructions with field nm as address displacements are used
for A-register and S-register memory references (instructions 104 through
13h) using normal addressing. The 4 field selects an A register to be used
as an address index. The i field designates an A or S register as the source
or destination of the data. For memory read references (instructions 10h
and 12h) j field bit 1 disables/enables bypass of the data cache. Bit 2 of
the j field must be O to indicate a 3-parcel (normal addressing) instruction.
The £ field is not used.

Four-parcel Instruction Format

Figure 5 shows the 4-parcel instruction format. Field pnm is a 48-bit field
with parcel p (the last parcel of the instruction) the most significant parcel.

First Parcel Fourth Parcel Third Parcel Second Parcel
— ——— — A
Number
413]13})3}3 16 16 16 of Bits
1\ J
Y

48-bit Address Displacement

Source/Destination Register Designator

——— Address Register Designator (Used as Index)

Operation Code

Figure 5. Four-Parcel Instruction Formats

Four-parcel instructions are used for A- and S-register memory references
(instructions 104 through 13#) using extended addressing. The & field
selects an A register to be used as an address index. The i field designates
an A or S register as the source or destination of the data. For memory

6 Cray Research Proprietary HTM-xxx-0
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read references (instructions 10% and 124), j field bit 1 disables/enables
bypass of the data cache. Bit 2 of the j field must be 1 to indicate a
4-parcel (extended addressing) instruction. The £ field is not used.

Extended Instruction Set

The operation of some 1-parcel instructions is modified when they
immediately follow a special instruction parcel (005400). The set of
modified instructions is called the extended instruction set (EIS).

Each EIS instruction must be immediately preceded by the instruction
parcel 005400 or the instruction performs its normal operation. For
example, if instruction 044ijk is not preceded by parcel 005400, it
computes the logical sum of registers Sj and Sk and transmits the result to
register Si. If instruction 044ijk is preceded by parcel 005400, it computes
the logical sum of registers Aj and Ak and transmits the result to register
Ai.

Special Register Values

If register AO or SO is referenced in the A, j, or k field of certain
instructions, the contents of the respective register are not used; instead, a
special operand is generated.

The special operand is available regardless of existing A0 or SO
reservations (and in this case is not checked). This special operand does
not alter the actual value of the AO or SO register. If register AO or SO is
used in the i field as the operand, the actual value of the register is
provided. Cray Assembly Language (CAL) issues a caution-level error
message for AQ or SO when O does not apply to the i field. Table 1 lists
the special register values.

Table 1. Special Register Values

Instruction Field | Operand Value
Ah, h=0 0
Aj,j=0 0
Ak, k=0 1
Sj,j=0 0
Sk, k= 0 bit 63= 1
HTM-xxx-0 Cray Research Proprietary 7
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Undefined Instructions

Executing an illegal instruction produces undefined results. Some
instructions cause an error exit, others are no-ops, etc. However, no
illegal instruction will halthang the CPU.

Triton-mode Instructions

Triton mode is active when the Triton-mode (TRI) bit in the exchange
package modes field is set. Some instructions execute correctly only if the
CPU is operating in Triton mode. If a Triton-mode instruction issues
while the CPU is operating in C90 mode, the result is undefined. Table 2
lists the instructions that are privileged to Triton mode.

8 Cray Research Proprietary HTM-xxx-0
Preliminary Information September 23, 1994



CRAY T80 Series Instruction Set

Instruction Set Qverview

Table 2. Triton-mode Instructions

Machine Instruction CAL Syntax Instruction Type
00302 VMO Aj Instructions that require 64-bit A reg-
00303 VM1 Aj isters.
02020nm Ai Alexp
020/40nm Ai exp:Ai
027ift Aj ZAj
005400 042ijk Ai <exp
005400 043ijk Ai >exp
005400 044ijk Ai Aj&Ak
005400 045ijk Ai #AKSAS
005400 046ijk Ai AjiAk
005400 047 ifk Ai #AjIAK
005400 050ijk Ai AJABAK
005400 051ijk Ai AjlAk
005400 052ijk A0 Akcexp
005400 053ijk AQ Abexp
005400 054ijk Ai Ai<exp
005400 055ijk Aj Aexp
005400 056ijk Ai AiAj<Ak
005400 057 ijk Ai AjABAk
073120 Aj VMO
07330 Ai VM1
10hid0pnm Ai exp,Ah A- and S-register memory reterence
10hi60pnm Ai exp,Ah,BC instructions that use extended ad-
11hid0pnm exp,Ah  Ai dressing.
12hid0pnm Si exp,Ah
12hi60pnm Si exp,Ah,BC
13hid0pnm exp,Ah  Si
006100nm J exp Indirect jump and indirect return jump
007100nm IR exp instructions.
005400 153i0 Vi Vj[VM] Vector compress, expand, and
005400 153if1 Vi[VM] Vj double gather instructions.
005400 176ijk Vi:Vj JAQ0:AkVk
001501 - Clear performance monitor pointer.

HTM-xxx-0
September 23, 1994
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Monitor-mode Instructions

10

Monitor mode is active when the monitor mode (MM) bit in the exchange
package modes field is set.

Monitor-mode instructions perform specialized functions that are useful to
the operating system. These instructions execute normally only if the
CPU is in monitor-mode. If a monitor-mode instruction issues while the
CPU is in user mode, the instruction is treated as a no operation (no-op)
instruction. However, all hold-issue conditions still apply.

In normal user mode, most monitor-mode instructions act as simple
no-ops; program execution continues with the next sequential instruction.
Instruction 073ij1 (j = 2 through 7) is the only exception. If this
instruction is executed in normal user mode, it returns a value of O to
register Si.

In interrupt-on-monitor-instruction (IMI) mode, most monitor-mode
instructions execute as no-ops, but a monitor instruction interrupt (MII)
occurs before the next instruction issues. Instruction 073ij1 (j =2
through 7) is the only monitor-mode instruction that executes normally
when the IMI mode bit is set. Table 3 lists the instructions that are
privileged to monitor mode.

Table 3. Monitor-mode Instructions

Machine Instruction CAL Syntax Machine Instruction CAL Syntax
0010jk (jk = 0) CAAj Ak 001406 ECI
0011 jk CL,Aj Ak 001407 DCI
0012/0 CLAj 001500 —
00121 MC,Aj 001501 —
00122 DLAj 001600 ESI
00123 ELAj 001640 BCD
00130 XA Aj 0017k BPk Aj
0013/ Aj XA 023ij6 Ai EA,j
001302 EMI 023ij7 Ai EAAf
001303 DMI 027i2 EAj Ai
00140 RT Sj 027i3 EAAj Ai
001411 SIPI Aj 033100 Ai o]
001402 CIPI 033i0 (j=0) Ai CAAj
00143 CLN Aj 033§t (j=0) Ai CE,Aj
0014/ PCI Sj 073if1 (j=2-7) Si SRj
001405 CCl 07305 SRO Si

Cray Research Proprietary HTM-xxx-0
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IMI-mode Instructions

IMI mode is active when the monitor mode (MM) bit in the exchange
package modes field is clear and the IMI bit in the exchange package
interrupt modes field is set.

IMI mode is a special operating mode designed to facilitate testing of an
operating system in a nondedicated CPU. The operating system under test
is run under the control of a supervisory program running in monitor
mode. The test operating system runs in IMI mode.

The test operating system can run most instructions at full speed.
However, monitor-mode instructions and instructions that affect the
system environment or the environment of the test operating system are
trapped. (Most trapped instructions execute as no-ops, but some execute
normally.) After execution of a trapped instruction, an MII occurs. The
supervisory program can then simulate the operation of the trapped
instruction.

For proper operation, the cluster number (CLN) must be set to 0 when
operating in IMI mode. Table 4 lists all instructions that are trapped in
IMI mode.

Table 4, IMI-mode Instructions

Machine Instruction CAL Syntax Operation When IMI Mode Active
0010jk (jk = 0) CAAj Ak These instructions are privileged to monitor mode.
0011jk CL,Aj Ak They execute as no-ops in IMI mode. An MIl interrupt
0012/0 CLAj occurs after the instruction executes.
0012/1 MC,Aj
00122 DL A/
00123 ElLAf
00130 XA Aj
0013/ Aj XA
001302 EMI
001303 DMI
00140 RT Sj
00141 SIPI Aj
001402 CIPI These instructions are privileged to monitor mode.
00143 CLN Aj They execute as no-ops in IMI mode. An MIt interrupt
00144 PCI Sj occurs after the instruction executes.
001405 CCl
001406 ECI
001407 DCI
001500 —
HTM-xxx-0 Cray Research Proprietary 1
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Table 4. IMI-mode Instructions (continued)

Machine Instruction CAL Syntax Operation When IMI Mode Active
001501 — These instructions are privileged to monitor mode.
001600 ESI They execute as no-ops in IMI mode. An MIl interrupt
001640 BCD occurs after the instruction executes.
0017jk BPk Aj
023ip6 Ai EA,j
023ij7 Ai EAAj
027i2 EAj Ai
027i/3 EAAj Ai
0731005 SRO Si
00200k VL Ak These instructions execute normally in IMI mode. An
072100 Si RT Mil interrupt occurs after the instruction executes.
07301 Si SRO

073125 (no-op when in | SR2 Si
maintenance mode)

002100 EFI These instructions execute normally in normal user

002200 DFI mode, but execute as no-ops in IMI mode. An Ml

002210 CBL interrupt occurs after the instruction executes.

002300 ERI

002301 EBP

002400 DRI

002401 DBP -
002500 DBM )
002501 ESC S
002600 EBM

002601 DSC

0034k (2 = 0) SMjk 1,TS Because the cluster number must be set to 0 when IMi

0034jk (2 = 1) SM,Ak 1,TS mode is active, these instructions execute as no-ops.

0036jk (2 = 0) SMjk 0 An MIl interrupt occurs after the instruction executes.

0036jk (2 = 1) SMAk O

0037jk (2 =0) SMjk 1

0037jk (2 = 1) SM,Ak 1

027i6 SB,Aj Aj

027ij7 SBj Aj

07302 SM Si

073i3 STj Si

073i6 STAj Si

0064jknm (2 = 0) JTSjk exp Because the cluster number must be set to 0 when IMI

0064jknm (2 = 1) JTS, Ak exp mode is active, these instructions execute as no-ops.

An MIl interrupt occurs after the instruction executes.
Following the interrupt, the P register points to the
second parcel (m field) of the instruction.

12 Cray Research Proprietary HTM-xxx-0
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Table 4. IMI-mode Instructions (continued)

Machine Instruction CAL Syntax Operation When IMI Mode Active
026i4 Ai SB,A/j,+1 These instructions execute normally when IMI mode is
026ip Ai SBj,+1 active, but the data is blocked from entering register
026ip6 Al SB,Aj AiSi. In addition, because the cluster number must be
026ij7 Ai SBj set to 0 when IMI mode is active, instructions 0264
072102 Si SM and 0265 do not increment an SB register. An MI|
072i3 Si STj interrupt occurs after the instruction executes.
072ip6 Si STAj
033100 Ai Cl ' These instructions execute normally when IMI mode is
033iP (= 0) Ai CAAj active, but the data is blocked from entering register Ai.
033if1 (j=0) Ai CE,Aj This effectively makes them no-ops. An Mil interrupt

occurs after the instruction executes.

073i1 (j=2,3) Si SRj This instruction is privileged to monitor mode. It

executes normally in IMI mode except that the perfor-
mance monitor pointer is prevented from advancing.
An Ml interrupt occurs after the instruction executes.

073ij1 (j=4-7) Si SRj This instruction is privileged to monitor mode. it clears
register Sito O in IMI mode. An MIl interrupt occurs
after the instruction executes.

073i75 SR7 Si This instruction operates as a no-op unless
maintenance mode is active. With maintenance mode
active, this instruction operates normally. An Ml
interrupt occurs after the instruction executes.

NOTE: Normal use of this instruction requires checking
of register SRO bit 0 before executing the instruction.
Because the instruction that does the checking
(073/01) is trapped in IMI mode, it is recommended
that instruction 07375 not be used in IMI mode.

Instruction and Branch Timing

The instruction buffer attempts to keep ahead of instruction issue; this
reduces instruction waiting times. Because the instruction set is complex
and is executing in a complex environment, issue timing might not seem
deterministic (due to things such as variable wait times for memory
conflicts). However, some general rules can be stated for events that
occur within a CPU.

HTM-xxx-0 Cray Research Proprietary 13
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Issue Timing

14

Although the instruction word that is the destination of a branch request is
the first word requested from memory (followed by the remainder of the
instruction block in circular order) instruction words can enter the stack in
any order. (Eight words at a time are requested so that the 32-word block
is requested over 4 clock periods.) Priority conflicts, however, can
lengthen the request time. '

The issue logic has five valid flags. The first flag corresponds to the
branch address word. The next three flags correspond to the following 3
words (unless the branch address is 3 words or less from the end of a
32-word address block). The last flag indicates the validity of the
remainder of the address block. : '

When the first valid flag sets, the issue unit retrieves the corresponding
word from the buffer and starts issuing instructions. At the time the first
parcel is issued, a request for the next word is made. The issue unit can
request a new instruction word every 4 clock periods (CPs), corresponding
to the maximum issue rate. The maximum issue rate is four 1-parcel

- instructions with no dependencies issued in 4 clock periods.

Issue continues until the next instruction word is required. If the next
instruction word is available, issue continues; if the next word is not
available, issue halts after the last complete instruction. (Instructions split

‘across word boundaries are never issued until all parcels are available to

the issue unit.) This sequence continues for the first four instruction
words/valid flags.

Because the fifth valid flag indicates the validity of the remaining 28
words of the instruction block, issue halts after 4 instruction words unless
the entire instruction block is available. This is true even if the first
instruction issued is in the middle of the instruction block, with one
exception. If the next sequential instruction word of the block enters the
buffer in the same clock period that issue would halt, that word is sent to
the issue unit without waiting.

In order to reduce delays caused by memory access times, a prefetch of
the next sequential 32-word instruction block is requested when the 25th
word (8th word from the end) of the current instruction block is entered or
when a branch is done into the last 8 words of the current block. If the
next instruction block is already in the buffer, it does not have to be
fetched from memory. If the current block is still being fetched when the
request for the next block occurs, the next block is not fetched until the
current fetch is completed; the hardware can perform only one instruction
fetch at a time.

Cray Research Proprietary HTM-xxx-0
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A delay occurs if the first word of the next sequential instruction block is
needed while the current block is still being fetched. In this case, issue
halts after the last word of the first block until the first word of the next
block is fetched.

If an out-of-stack branch occurs while the next sequential block is waiting
to be prefetched, the prefetch is aborted and the block containing the
branch address is fetched instead. Issue of instructions at the branch
address will be delayed until the fetch of the current block is completed, a
fetch of the block containing the branch address can begin, and the

p& guested instruction word is available from the instruction buffer.

ecause the word at the branch address is already
ed and issue continues without delay.

Branch Timing 07 O .

In issuing, just like other m o en

instruction buffer timing and iss (0 .
affected by branch success and by the dre 0
Even if the destination address is currently 1
is further affected by, for example, the destination ?
the size (number of parcels) of the destination instructio

Two timing numbers are given for branches: issue time and branch time.
The issue time corresponds to the number of parcels in the instruction;
most branch instructions are 3 parcels long and therefore take 3 clock
periods to issue. The branch time listed is the minimum additional time
required to complete an in-stack branch.

Branch fall-through, for conditional branches, requires no additional time.
If a branch that is taken completes in 10 clock periods (3 CPs to issue and
7 CPs branch time) the fall-through time for that instruction is 3 CPs.

HTM-xxx-0 Cray Research Proprietary 15
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To the times listed, add additional time according to the rules in the
following list. This time is in addition to the time required for
out-of-stack instruction issues discussed previously and applies only to
branches that are taken.

e  If the destination parcel is parcel 0, no additional time is added.
e  [f the destination parcel is parcel 1 and the destination instruction is a
4-parcel instruction, add 1 CP to the branch time. (Ifitisnota

4-parcel instruction, do not add any time.)

e If the destination is parcel 2 and that mstructlon isa smgle parcel,
add 1 CP. If it is a multiparcel mstrucflon) add 2 CPs

e  If the destination parcel 1s‘parcelA 3, add 2 CPs

This timing can create a specml’;case If a branch toa multiparcel
instruction in parcel 2 can be. converted from a branch to a single parcel
mstructlon i’ parcel 1 (even an inserted no-op before the multiparcel

Amstructlon) a CP can be saved even if the multlparcel instruction is not
- ‘moved.” (What would have been a 2-CP wait is converted to 1 CP to issue
“» * the single-parcel'instruction.) If a 3-parcel instruction can be moved from
parcel 2 to'parcel 1, two CPs are saved.

S’becial CAL Sy}ltax Forms

16

Certain machine instructions can be generated from two or more different
CAL instructions. Any of the operations performed by special
instructions can be performed by instructions in the basic CAL instruction
set. For example, the following CAL instructions generate instruction
002000, which transmits a 1 to the vector length (VL) register:

VL A0 (normal CAL syntax)
e VLI (special CAL syntax)

The first instruction is the basic form of the instruction, which takes
advantage of the special case in which (Ak) =1 if k=0. The second
instruction is a special syntax form that provides the programmer with a
more convenient notation for the special case.

In several cases, a single CAL syntax can generate several different
machine instructions. These cases provide for transmitting the value of an
expression to an A register or S register, or for shifting A register or S
register contents. For example, the CAL instruction Ai exp generates
instruction 020, 021, or 022, depending on the value of exp. The
assembler uses exp to determine which instruction to generate.

Cray Research Proprietary HTM-xxx-0
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Instruction Summary

Instruction Set Overview

Table 5 lists the special indicators that apply to many of the instructions.
When one or more of these indicators applies to a specific instruction, the
indicator is shown as a superscript letter following the machine
instruction.

Table 6 lists, in numerical order, all instructions in the CRAY T90 series
instruction set. Included for each instruction is the machine instruction,
the CAL syntax, and a brief description.

Table 5. Special Indicators

Superscript

Description

4

New instruction (not available on CRAY C90 system)

New version of CRAY C90 instruction

Triton mode only

Difference in operation between Triton mode and C90 mode

Monitor mode only

OlZ|olH|<

Maintenance mode onty

Table 6. Instruction Special Indicators

Machine Instruction CAL Syntax Description

000000 ERR Error exit.

001000 PASS Pass (no operation).

0010jk (jkzO)M CAAj Ak Set channel (Aj) CA register (Ak) and activate
channel.

0011 kM CL.Af Ak Set channel (A)) CL register (AK).

0012,0M CLAj Clear interrupt fiag and error flag for channel (Aj).
Clear Device Master Clear (output channels only).
Enable channel interrupt.

0012j1M MC,Aj Clear interrupt flag and error flags for channel
(Aj). Set Device Master Clear (output channels
only). Clear Ready Held (input channels only).
Enable channel interrupt.

0012/2M DI,Aj Disable channel Ajinterrupt.

0012/3M ELAj Enable channel Ajinterrupt.

0013,0M XA Aj Transmit (Aj) to exchange address.

0013j1NM Aj XA Transmit exchange address to Aj.

HTM-xxx-0 Cray Research Proprietary 17
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Table 6. Instruction Special Indicators (continued)

Machine Instruction CAL Syntax Description
001302M EMI Enable monitor interrupt mode (set EIM to 1).
001303M DM Disable monitor interrupt mode (clear EIM to 0).
0014,0M RT Sj Transmit (S)) to real-time clock.
0014j1M SIP! Aj Send inter-CPU interrupt to CPU (Aj).
001402M CIPI Clear inter-CPU interrupt.
00143M CLN Aj Transmit (Aj) to cluster number register.
0014p4M PCI Sj Transmit (Sj) to programmable clock.
001405M CCl Clear programmable clock interrupt (clear PCI to
0).
001406M ECI Enable programmable clock interrupt (set IPC to
: 1).
001407M DCI D)isable programmable clock interrupt (clear IPC
to 0).
001500M — Clear all performance monitor counters.
001501NT™ — Clear performance monitor pointer.
001600M ESI Enable system I/O interrupts (set SEl to 1).
001640NM BCD Broadcast cluster detach.
0017jkM BP,k Aj Transmit (Aj) to breakpoint address k (k=0 or 1).
00200k VL Ak Transmit (AK) to vector length register.
002100 EFI Enable interrupt on floating-point error (set IFP
to 1).
002200 DFI Disable interrupt on floating-point error (clear IFP
to 0).
002210 CBL Clear bit matrix loaded bit (clear BML to 0).
002300 ERI Enable interrupt on operand range error (set IOR
to 1).
002301 EBP Enable interrupt on breakpoint (set IBP to 1).
002400 DRI Disable interrupt on operand range error (clear
I0R to 0).
002401 DBP Disable interrupt on breakpoint (clear IBP to 0).
002500 DBM Disable bidirectional memory transfers (clear BDM
to 0).
002501N ESC Enable scalar cache (set SCE to 1).
002600 EBM Enable bidirectional memory transfers (set BDM
to 1).
002601N DSC Disable and invalidate scalar cache (clear SCE to
0).
002700 CMR Complete memory references.
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Table 6. Instruction Special Indicators (continued)

September 23, 1994

Machine Instruction CAL Syntax Description

002704 CPA Complete port reads and writes (ports A, B,
and C).

002705 CPR Complete port reads (ports A and B).

002706 CcPW Complete port writes (port C).

00300 VMO Sj Transmit (S)) to VMO.

003011 VM1 Sj Transmit (Sj) to VM1.

00302NT VMO Aj Transmit (Aj) to VMO.

0030/3NT VM1 Aj Transmit (Aj) to VM1.

0034jk (2 =0) SMjk 1,TS Test and set semaphore jk (jk= 0 — 375).

0034jk (2 =1) SM,Ak 1,TS Test and set semaphore (Ak).

0036/k (2 = 0) SMjk 0 Clear semaphore jk (jk = 0 - 375).

0036jk (2 = 1) SM,AkK 0 Clear semaphore (Ak).

0037jk (2 = 0) SMjk 1 Set semaphore jk (jk = 0 — 374).

0037jk (2 =1) SM,Ak 1 Set semaphore (AK).

00400kY EXk Exit k.

0050jk J Bjk Jump to Bjk.

0051 jk° JINV Bjk Jump to Bjk (invalidate instruction buffers).

006000nm J exp Jump to exp.

006100nmNT 1J exp Jump to address in exp.

0064jknm (2 = 0) JTSjk exp Jump to exp if SMjk = 1; else set SMjk.

0%4jknm (2=1) JTS,Ak  exp Jump to exp it SM(AK) = 1; else set SM(AK).

007000nm R exp Return jump to exp; set BOO to (P)+3.

007100nmNT IR exp Return jump to address in exp; set BOO to (P)+3.

010000nmP JAZ exp Jump to expif (AO) = 0.

011000nmP JAN exp Jump to expif (AQ) = 0.

012000nmP JAP exp Jump to exp if (A0) = 0.

013000nmP JAM exp Jump to expif (A0) <0.

014000nm Jsz exp Jump to expif (S0) = 0.

015000nm JSN exp Jump to expif (S0) # 0.

016000nm JSP exp Jumpto expit (S0) =2 0.

017000nm JSM exp Jump to expif (S0) < 0.

020/00nmP Aij exp Transmit nm to Aibits 0 —31; Aibits 32 -63 = 0.

02020nmNT Ai Alexp Transmit nm to Aibits 0 — 31; Ai bits 32 — 63
unchanged.

02040nmNT Ai exp:Ai Transmit nm to Aibits 32 — 63; Aibits 0 — 31
unchanged.
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Table 6. Instruction Special Indicators (continued)

Machine Instruction CAL Syntax Description

02100nmP Ai exp Transmit not(nm) to Aibits 0 — 31; Aibits
32-63=1.

(&21’]1( Aj exp Transmit jk to Aibits 0 — 5; Aibits 6 - 63 = 0.

023i0P Ai Sj Transmit (S)) to Al

02301 Aj VL Transmit (VL) to Al

023ipNM Ai EA,j Transmit exit address jto Al

023jj7\M Ai EAAj Transmit exit address (A)) to Ai.

024 jjkP Ai Bjk Transmit (Bjk) to AL

025ijkP Bj Ai Transmit (Aj) to Bjk.

0260 Ai PSj Transmit population count of (S)) to Al

026if1 Ai Qsj Transmit population count parity of (Sj) to Al

026j2ND Aj PAj Transmit population count of (Aj) to Ai.

0263ND Ai QAj Transmit population count parity of (Aj) to Ai

02640 Ai SB,Aj,+1 Transmit (SB(A))) to Aj; increment SB(A)) by 1.

02650 Ai SBj+1 Transmit (SBj) to Ai; increment (SBj) by 1.

026i/6P Ai SB,Aj Transmit (SB(Aj)) to Al

026ij7P Aj SBj Transmit (SBj) to Ai

027if0 Ai ZSj Transmit leading zero count of (S)) to AL

027ijINT Ai ZAj Transmit leading zero count of (A)) to Ai.

027 j2NM EAj Ai Transmit (Aj) to exit address .

027i3NM EAAj Ai Transmit (Aj) to exit address (A)).

02760 SBL,Aj Aj Transmit (Aj) to SB(A)).

0277 SBj Ai Transmit (Aj) to SBj.

030ijkP Ai Ajr+Ak Transmit integer sum of (Aj) and (Ak) to AL

031jkP Ai AFAKk Transmit integer difference (Aj) and (AK) to Ai

032ijkP Ai Aj*Ak Address multiply.

033/00PM Ai Ci Transmit channel number of highest-priority
interrupt request to Ai.

0330 (j = 0)PM Ai CAAj Transmit current address of channel (Aj) to
register Ai.

033if1 (j= 0)OM Ai CE,Aj Transmit status/error word of channel (Aj) to
register Ai,

034.jkD Bjk,Ai ,AQ Transmit (Aj) words from common memory start-
ing at address (AQ) to B registers starting at
register jk.

035ijkD ,AQ Bjk,Ai Transmit (Aj) words from B registers starting at
register jkto memory starting at address (AQ).
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Table 6. Instruction Special Indicators (continued)

Machine instruction CAL Syntax Description
036ijkD Tk Al ,AO Transmit (Ai) words from memory starting at ad-
dress (A0) to T registers starting at register jk.
037jkP ,AO TjkAi Transmit (Aj) words from T registers starting at
register jk to memory starting at address (AD).
04000nm Si exp Transmit nm to Sibits — 31; Sibits 32 - 63 = 0.
04020nm Si Siexp Transmit nm to Sibits 0 — 31; Sibits 32 — 63
unchanged.
04040nm Si exp.Si Transmit nm to Si bits 32 — 63; S/ bits 0 — 31
unchanged.
04100nm Si exp Transmit not(nm) to Sibits 0 — 31; Sibits 32 - 63
=1. ,
042ijk Si <exp Form ones mask in Si exp bits from right;
jk field gets 1005 — exp.
005400 042jKNT Ai <exp Form ones mask in Ai exp bits from right;
Jjk field gets 100g — exp.
043jjk Si >exp Form ones mask in Si exp bits from left; jk field
gets exp.
005400 043ijKNT Ai >exp Form ones mask in Ai exp bits from left; jk field
gets exp.
044ijk Si Sj&Sk Transmit logical product of (Sj) and (Sk) to Si.
005400 044 jjKNT Ai Aj8Ak Transmit logical product of (Aj) and (Ak) to Ai
' 045ijk Si #SK&Sj Transmit logical product of (Sj) and one’s
complement of (Sk) to Si.
005400 045jjiNT Ai #AKRA] Transmit logical product of (Aj) and one’s
complement of (AK) to Al
046k Si SjiSk Transmit logical difference of (Sj) and (Sk) to Si.
005400 046jjKNT Ai Aj\Ak Transmit logical difference of (Aj) and (AK) to Al
047ijk Si #SjiISk Transmit logical equivalence of (Sj) and (Sk) to Si.
005400 047 ijjkNT Ai #AAK Transmit logical equivalence of (Aj) and (Ak) to Ai.
050ijk Si SASi&Sk Merge (Si) and (S)) to Siusing (Sk) as mask.
005400 050iKNT Ai AJAIBAK Merge Aiand Ajto Aiusing (AK) as mask.
051ijk Si SjSk Transmit logical sum of (Sj) and (Sk) to Si.
005400 051 jjKNT Ai AjAk Transmit logical sum of (Aj) and (AK) to Ai.
052ijk S0 Skexp Shift (S)) left exp = jk places to S0.
005400 052ijKNT A0 Akcexp Shift (A)) left exp = jk places to AQ.
053ijk SO Skexp Shift (Si) right exp = 100g — jk places to SO.
005400 053ijKNT A0 Abexp Shift (A} right exp = 1005 — jk places to AQ.
054k Si Sicexp Shift (Si) left exp = jk places to Si.
005400 054 jjiNT Ai Aicexp Shift (A)) left exp = jk places to Ai
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Table 6. Instruction Special Indicators (continued)

Machine Instruction CAL Syntax Description
055ijk Si Si>exp Shift (Si) right exp = 1005 — jk places to Si.
005400 055iKNT Ai Abexp Shift (Aj) right exp = 100g — jk places to Ai.
056jk0 Si SiSi<Ak Shift (Si) and (S)) left (Ak) places to Si.
005400 056jKNT Ai AiAjAk Shift (Aj) and (A)) left (Ak) places to Ai.
057 ijkP Si Sj,Si>Ak Shift (Sj) and (Si) right (Ak) places to Si.
005400 057 jjkNT Aj AjABAk Shift (Aj) and (Aj) right (AK) places to Al
060ijk Si Sj+Sk Transmit integer sum of (S)) and (SK) to Si.
061ijk Si SiSk Transmit integer difference of (Sj) and (Sk) to Si.
062jjk Si Sj+FSk Transmit floating-point sum of (Sj) and (Sk) to Si.
063ijk Si SiFSk Transmit floating-point difference of (Sj) and (Sk)
to Si.
064 ijk Si Sj*FSk Transmit floating-point product of (S)) and (Sk) to
Si.
065ijk Si Sj*HSk Transmit half-precision rounded floating-point
product of (Sj) and (Sk) to Si.
066ijk Si Sj/* RSk Transmit rounded floating-point product of (S))
and (Sk) to Si.
067 ik 2Y] 57118k Transmit 2 - (S)) * (Sk) to S/ (reciprocal iteration).
070if0 Si IHSj Transmit floating-point reciprocal approximation of
(Sj) to Si.
070ifIN Vi CL,Sj&vM Transmit compressed index of (S)) controlled by
(VM) to Vi.
070ipN Si S/BT Transmit bit-matrix product of (Sj) and (BT) to Si.
0710KD Si Ak Transmit (Ak) with no sign extension to Si.
0711 KD Si +Ak Transmit (Ak) with sign extension to Si.
0712K0 Si +FAk Transmit (Ak) as unnormalized floating-point num-
ber to Si.
07130 Si 0.6 Transmit 0.75 x 248 as normalized floating-point
constant to Si.
07140 Si 0.4 Transmit 0.4g as normalized floating-point
constant to Si.
07150 Si 1.0 Transmit 1.0 as normalized floating-point constant
to Si.
07160 Si 20 Transmit 2.0 as normalized floating-point constant
to Si.
071i70 Si 4.0 Transmit 4.0 as normalized floating-point constant
to Si.
07200 Si RT Transmit real-time clock to Si.
07202V Si SM Transmit semaphores to Si.
072i3 Sij STj Transmit (ST)) register to Si.
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Machine Instruction CAL Syntax Description

072ipVv Si STAj Transmit ST(A)) to Si.

073100 Si VMO Transmit (VMO) to Si.

07310 Si VM1 Transmit (VM1) to Si.

07320NT Ai VMO Transmit (VMO) to Al

073B0NT Ai VM1 Transmit (VM1) to Al

073ij1VM Si SRj Transmit (SRj) to Si (monitor mode only for j=
2-7).

07302v SM Si Transmit (Si) to semaphores.

073i3 STj Si Transmit (S)) to STj.

073105 SRO Si Transmit (Si) bits 48 — 52 to SRO.

07325° SR2 - Si Advance performance monitor pointer.

073i75V0 SR7 Si Transmit (Si) to maintenance channel.

073ipY STAj Si Transmit (S)) to ST (A)).

074ijk Si Tjk Transmit (Tjk) to Si.

075ijk Tik Si Transmit (Si) to Tjk.

076k Si Vj,Ak Transmit (Vj element (AK)) to Si.

077ijk ViAk Sj Transmit (8)) to Vielement (Ak).

10h00NmMP Ai exp,Ah Load Ajfrom ((Ah) + exp).

10h20nmND Ai exp,Ah,BC Load Aifrom ((Ah) + exp) bypassing data cache
and invalidating cache line.

10hi4d0pnmNT Ai exp,Ah Load Aifrom ((Ah) + exp).

10h60pNmNT Ai exp,Ah,BC |Load Aifrom ((Ah) + exp) bypassing data cache
and invalidating cache line.

11 h00nmP exp,Ah  Ai Store (Ai) to ((Ah) + exp).

11 hidOpnmNT exp,Ah  Ai Store (Ai) to ((Ah) + exp).

12h00nm Si exp,Ah Load Sifrom ((Ah) + exp).

12h20nmN Si exp,AhBC |Load Sifrom ((Ah) + exp) bypassing data cache
and invalidating cache line.

12hid0pnmNT Si exp,Ah Load Sifrom ((Ah) + exp).

12hB0pnmNT Si exp,AhBC |Load Sifrom ((Ah) + exp) bypassing data cache
and invalidating cache line.

13h00nm exp,Ah  Si Store (S)) to ((Ah) + exp).

13hl,':1,_0pnmNT exp,Ah  Si Store (Si) to ((Ah) + exp).

140ijk Vi Sj&Vk Transmit logical products of (Sj) and (Vk
elements) to Vi elements.

141ijk Vi Vj&Vk Transmit logical products of (Vj elements) and (Vk
elements) to Vi elements. -
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Table 6. Instruction Special Indicators (continued)

Machine Instruction CAL Syntax Description
142ijk Vi SAVk Transmit logical sums of (Sj) and (Vk elements) to
Vielements.
143ijk Vi ViVk Transmit logical sums of (Vj elements) and (Vk
elements) to Vi elements.
144ijk Vi Sj\Vk Transmit logical differences of (Sj) and (Vk
elements) to Vi elements.
145ijk Vi Vj\Vk Transmit logical differences of (Vj elements) and
(Vk elements) to Vielements.
146ijk Vi SAVK&VM Merge (S)) and (Vk elements) to Vi elements
using (VM) as mask.
147 ijk Vi VAiVK&VM Merge (Vj elements) and (Vk elements) to Vi
elements using (VM) as mask.
1504k Vi Vj<Ak Shift (Vj elements) left (Ak) places to Vielements.
005400 150i0 Vi Vi<VO0 Shift (Vj elements) left (VO elements) places to Vi
elements.
151ijkP Vi VEAK Shift (Vj elements) right (Ak) places to Vi
elements.
005400 1510 Vi ViV0 Shift (Vj elements) right (VO elements) places to
Vielements.
152k Vi VjVi<Ak Double shift (Vj elements) left (Ak) places to Vi
elements.
005400 152ijk Vi VjAk Transfer (Vjelements) starting at element (AK) to
Vielements.
163ijk Vi ViVEAk Double shift (Vj elements) right (AK) places to Vi
elements.
005400 153/ONT Vi Vj[VM] Compress Vjby (VM) to Vi.
005400 153jANT Vi[VM] Vj Expand Vjby (VM) to Vi.
154ijk Vi Sj+Vk Transmit integer sums of (S)) and (Vk elements)
to Vielements.
155ijk Vi Vj+Vk Transmit integer sums of (Vjelements) and (Vk
elements) to Vi elements.
156ijk Vi SiVk Transmit integer differences of (Sj) and (Vk ele-
ments) to Vi elements.
157 ifk Vi ViVk Transmit integer differences of (Vj elements) and
(Vk elements) to Vi elements.
160ijk Vi Sjf*FVk Transmit floating-point products of (Sj) and (Vk
elements) to Vi elements.
161k Vi VjFVk Transmit floating-point products of (Vj elements)
. and (Vk elements) to Vielements.
162ifk Vi Sj*HVk Transmit half-precision rounded floating-point
products of (Sj) and (Vk elements) to Vi elements.
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Machine Instruction CAL Syntax Description

163ijk Vi Vj*HVk Transmit half-precision rounded floating-point
products of (Vjelements) and (Vk elements) to Vi
elements.

164jjk Vi Sj*RVk Transmit rounded floating-point products of (S))
and (Vk elements) to Vi elements.

165ijk Vi ViRVk Transmit rounded floating-point products of (Vj
elements) and (Vk elements) to Vielements.

166jKkD Vi Sj*'Vk Transmit integer products of (Sj) and (Vk
elements) to Vi elements.

167k - Vi Vji*Vk Transmit 2 — the integer products of (Vjelements)
and (Vk elements) to Vielements (reciprocal
iteration).

170ijk Vi Sj+FVk Transmit floating-point sums of (S)) and (Vk
elements) to Vi elements.

171k Vi Vj+FVk Transmit floating-point sums of (Vj elements) and
(Vk elements) to Vi elements.

172ifk Vi SfFVK Transmit floating-point differences of (S)) and (Vk
elements) to Vi elements.

173ijk Vi ViFVK Transmit floating-point differences of (Vj elements)
and (Vk elements) to Vielements.

174i0 Vi HVj Transmit floating-point reciprocal approximation of
(Vj elements) to Vielements.

174if1 Vi PVj Transmit population count of (Vj elements) to Vi
elements.

174i2 Vi Qvj Transmit population count parity of (Vj elements)
to Vielements.

174i3 Vi ZVj Transmit leading zero count of (Vj elements) to Vi
elements.

174044 BMM LVj Transmit Vj elements 0 — 63 to B matrix.

1740/5N BMM Uvj Transmit Vj elements 64 — 127 to B matrix.

174i6 Vi VBT Transmit bit-matrix product of (Vj) and (BT) to Vi.

17500 VM VjZ Set VM bit if (Vj element) = 0.

175011 VM VjN Set VM bit if (Vj element) = 0.

17502 VM VjP Set VM bit if (Vj element) = 0.

17503 VM VjiM Set VM bit if (Vj element) < 0.

175if4 ViVM VjZ Set VM bit if (Vj element) = 0 and store
compressed indices of Vjelements = 0 in Vi,

175ip VivVM VjN Set VM bit if (Vj element) = 0 and store
compressed indices of Vjelements = 0 in Vi,

175i% ViVM Vj,P Set VM bit if (Vj element) = 0 and store
compressed indices of Vjelements > 0 in Vi.
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Table 6. Instruction Special Indicators (continued)

Machine Instruction CAL Syntax Description
1751]7 ViVM VjiM Set VM bit if (Vj element) < 0 and store
compressed indices of Vjelements < 0 in Vi
1760k Vi ,AQ,Ak Load Vifrom memory starting at address (AQ) and
incrementing by (AK).
1761k Vi ,AQVk Load Vifrom memory using addresses (AQ) +
(VK).
005400 176ijKkNT ViVj AQ:AK VK Load Vifrom memory using addresses (AQ) + (VK)
and load Vj from memory using addresses (Ak) +
(VK).
1770jk AQAk V) Store (Vj) to memory starting at address (A0) and
increment by (AK).
1771jk AO VK V) Store (V)) to memory using addresses (AQ) + (VK).
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