




























































































































































































































































































































































































































Table 4-8. CRAY X-MP/28 Features (continued) 

Special Instruction Information 

The following instructions are specific to multi-processor systems: 
Interprocessor instructions - 0014j1, 001401, 001402, 0014j3, 
0034jk, 0036jk, 0037jk, 026ij7, 027ij7, 072i02, 
072ij3, 073ij1, 073i02, 073ij3 

Support Equipment 

Mainframe power distribution unit 
IDS power distribution unit 
Refrigeration condensing unit 
Motor-generator sets 
SSD power distribution unit (optional) 
Maintenance micro computer unit 

-

SSD 
(64,128,256 

or 512 Mword) 

lOS 

........ 
6-Mbyte/s channel 

100-Mbyte/ s channel 

....... 1000-Mbyte/s channel 

Optional equipment 

1
1
'1 

'. 
I'll 

"'" 

"'I 
". 

Peripheral Expander 

(Including Disk 
Unit and Magnetic 

Tape Unit) 

MlOP 

(3 CRTs) 

BlOP 

Number of Units Needed 

1 
1 
1 
2 
1 
1 

To 3 FEls or NSC A130 Adapters 

To 4 FEls or NSC Al30 Adapters 

Tape Channels 

1772-05 

Figure 4-14. CRAY X-MP/28 Configuration (Maximum) 
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CRAY X-MP/216 SPECIFICATION SHEET 

Figure 4-15. CRAY X-MP/216 Computer System 
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Table 4-9. CRAY X-MP/216 Features 

CPU Features Functional Units Available 

Number of CPUs 
Clock speed 
Memory size 
Number of banks 
Number of memory 
ports 

Channels 

Number of columns 
Arc 
Floor space 

Weight 

2 
8.5 ns 
16 Mword 
32 
4 (A, B, 

C, liD) 

One 1000 Mbytels 
to SSD 

Up to two 100 
Mbyte/s to 
IDS 

Up to four 
6 Mbytels 

8 
180

0 

25.75 sq ft 
(2.39 m2 ) 

3.76 tons 
(3411.1 kg) 

(Register Usage) 

Address functional units: 
Addition (A) 
Multiplication (A) 

Scalar functional units: 
Addition (S) 

Shift-single (S) 
Shift-double (S) 
Logical (S) 
Population, parity, and 

leading zero (S) 
Vector functional units: 

Addition (S and V) 
Shift (V) 
Full vector logical (S and V) 
2nd vector logical (S and V) 
Population, parity (V) 

Floating-point functional units: 
Addition (S and V) 
Multiplication (S and V) 
Reciprocal approximation 

(S and V) 

Register Type Available: Quantity Size 

Address (A) 
Intermediate (B) 
Scalar (S) 
Scalar-save (T) 
Vector (V) 

HR-3005 

8 
64 

8 
64 

8 

4-32 

(64 

24 bits 
24 bits 
64 bits 
64 bits 

64 elements 
bits per element) 



Table 4-9. CRAY X-MP/216 Features (continued) 

Special Instruction Information 

The following instructions are specific to multi-processor systems: 
Interprocessor instructions - 0014j1, 001401, 001402, 0014j3, 
0034jk, 0036jk, 0037jk, 026ij7, 027ij7, 072i02, 
072ij3, 073ij1, 073i02, 073ij3 

Support Equipment 

Mainframe power distribution unit 
lOS power distribution unit 
Refrigeration condensing unit 
Motor-generator sets 
SSD power distribution unit (optional) 
Maintenance micro computer unit 

SSD 
(64,128,256 

or 512 Mword) 

peripheral Expander 

(Including Disk 
Unit and Magnetic 

Tape Unit) 

Number of Units Needed 

1 
1 
1 
2 
1 
1 

.......... MIOP 

To 3 FEIs or NSC A130 Adapters 

LSP-4 t--P To 4 FEIs or NSC A130 Adapters 

-

lOS 1"1 

1'1" 

6-Mbyte/s channel 

100-Mbyte/s channel 

- 1000-Mbyte/s channel 

optional equipment 

'II, 

'1 1 '1 

" 
" 

"""" 

(3 CRTs) 

""" 

8 IBM-compatible 
Tape Channels 

Figure 4-16. CRAY X-MP/216 Configuration (Maximum) 
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CRAY X-MP/44 SPECIFICATION SHEET 

Figure 4-17. CRAY X-MP/44 Computer System 
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Table 4-10. CRAY X-MP/44 Features 

CPU Features Functional Units Available 

Number of CPUs 
Clock speed 
Memory size 
Number of banks 
Number of memory 
ports 

Channels 

Number of columns 
Arc 
Floor space 

Weight 

4 
8.5 ns 
4 Mword 
32 
4 (A, B, 
C, I/O) 
Two 1000 Mbyte/s 

to SSD 
Up to four 100 

Mbyte/s to 
IDS 

Up to four 
6 Mbyte/s 

12 
270

0 

38.5 sq ft 
(3.57 m2 ) 

5.65 tons 
(5125.5 kg) 

Register Type Available: Quantity 

Address (A) 
Intermediate (B) 
Scalar (S) 
Scalar-save (T) 
Vector (V) 

HR-3005 

8 
64 

8 
64 

8 

4-36 

(Register Usage) 

Address functional units: 
Addition (A) 
Multiplication (A) 

Scalar functional units: 
Addition (S) 

Shift-single (S) 
Shift-double (S) 
Logical (S) 
Population, parity, and 

leading zero (S) 
Vector functional units: 

Addition (S and V) 
Shift (V) 
Full vector logical (S and V) 
2nd vector logical (S and V) 
Population, parity (V) 

Floating-point functional units: 
Addition (S and V) 
Multiplication (S and V) 
Reciprocal approximation 

(S and V) 

Size 

24 bits 
24 bits 
64 bits 
64 bits 

64 elements 
(64 bits per element) 



Table 4-10. CRAY X-MP/44 Features (continued) 

Special Instruction Information 

The following instructions are specific to multi-processor systems: 
Interprocessor instructions - 0014j1, 001401, 001402, 0014j3, 
0034jk, 0036jk, 0037jk, 026ij7, 027ij7, 072i02, 
072ij3, 073ijl, 073i02, 073ij3 

Support Equipment 

Mainframe power distribution unit 
lOS power distribution unit 
Refrigeration condensing unit 
Auxilliary refrigeration condensing units 

(with SSD - 2 units needed) 
Motor-generator sets 
SSD power distribution unit (optional) 
Maintenance micro computer unit 

SSD 
(64,128,256 

or 512 Mword) 

lOS 

6-Mbyte/s channel 

100-Mbyte/s channel 

- 1000-Mbyte/s channel 

1#""""",)/;;;1 Optional equipment 

11111, 

............. 
". 

t Four 100-Mbyte/s channels are standard; 
software to support the MIOP and DIOP 
channel connection to Central Memory 
is not currently available. 

'. ". 

Peripheral Expander 

(Including Disk 
Unit and Magnetic 

Tape Unit) 

Number of Units Needed 

1 
1 
1 
1 

3 
1 
1 

To 3 FEls or NSC A130 Adapters 

To 4 FEls or NSC Al30 Adapters 

1773 

Figure 4-18. CRAY X-MP/44 Configuration (Maximum) 

HR-3005 4-37 



RESEARCH, INC. Copyright© 1987 by CRAY RESEARCH, INC. 



CRAY X-MP/48 SPECIFICATION SHEET 

Figure 4-19. CRAY X-MP/48 Computer System 
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Table 4-11. CRAY X-MP/48 Features 

CPU Features Functional Units Available 

Number of CPUs 
Clock speed 
Memory size 
Number of banks 
Number of memory 
ports 

Channels 

Number of columns 
Arc 
Floor space 

Weight 

4 
8.5 ns 
8 Mword 
32 
4 (A, B, 
c, I/O) 

Two 1000 Mbyte/s 
to SSD 

Up to four 100 
Mbyte/s to 
lOS 

Up to four 
6 Mbyte/s 

12 
270

0 

38.5 sq ft 
(3.57 m2 ) 

5.65 tons 
(5125.5 kg) 

Register Type Available: Quantity 

Address (A) 
Intermediate (B) 
Scalar (S) 
Scalar-save (T) 
Vector (V) 

8 
64 

8 
64 

8 

(Register Usage) 

Address functional units: 
Addition (A) 
Multiplication (A) 

Scalar functional units: 
Addition (S) 

Shift-single (S) 
Shift-double (S) 
Logical (S) 
Popul~tion, parity, and 

leading zero (S) 
Vector functional units: 

Addition (S and V) 
Shift (V) 
Full vector logical (S and V) 
2nd vector logical (S and V) 
Population, parity (V) 

Floating-point funct~onal units: 
Addition (S and V) 
Multiplication (S and V) 
Reciprocal approximation 

(S and V) 

Size 

24 bits 
24 bits 
64 bits 
64 bits 

64 elements 
(64 bits per element) 

Unique Features 

• 8-Mword Buffer Memory is standard. 
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Table 4-11. CRAY X-MP/48 Features (continued) 

Special Instruction Information 

The following instructions are specific to multi-processor 
Interprocessor instructions - 0014j1, 001401, 001402, 
0034jk, 0036jk, 0037jk, 026ij7, 027ij7, 072i02, 
072ij3, 073ij1, 073i02, 073ij3 

systems: 
0014j3, 

Support Equipment Number of Units Needed 

Mainframe power distribution unit 
lOS power distribution unit 
Refrigeration condensing unit 
Auxilliary refrigeration condensing units 

(with SSD - 2 units needed) 
Motor-generator sets 
SSD power distribution unit (optional) 
Maintenance micro computer unit 

SSD 
(64,128,256 

or 512 Mword) 

lOS •••••••••• 

6-Mbyte/s channel ". 

lOO-Mbyte/s channel 1
111

'1 

- 1000-Mbyte/s channel •••••• 

F:,:,}":'",,,,,,,,! Optional equipment •••••••• , 

t Four 100-Mbyte/s channels are standard; 
software to support the MIOP and DIOP 
channel connection to Central Memory 
is not currently available. 

Peripheral Expander 

(Including Disk 
Unit and Magnetic 

Tape Unit) 

1 
1 
1 
1 

3 
1 
1 

To 3 FEIs or NSC A130 Adapters 

To 4 FEls or NSC A130 Adapters 

1773-01 

Figure 4-20. CRAY X-MP/48 Configuration (Maximum) 
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CRAY X-MP/416 SPECIFICATION SHEET 

Figure 4-21. CRAY X-MP/416 Computer System 
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Table 4-11. CRAY X-MP/416 Features 

CPU Features Functional Units Available 

Number of CPUs 
Clock speed 
Memory size 
Number of banks 
Number of memory 
ports 

Channels 

Number of columns 
Arc 
Floor space 

Weight 

4 
8.5 ns 
16 Mword 
64 
4 (A, B, 
C, I/O) 
Two 1000 Mbyte/s 

to SSD 
Up to four 100 
Mbyte/s to 
lOS 

Up to four 
6 Mbyte/s 

12 
270

0 

38.5 sq ft 
(3.57 m2 ) 

5.65 tons 
(5125.5 kg) 

Register Type Available: Quantity 

Address (A) 
Intermediate (B) 
Scalar (S) 
Scalar-save (T) 
Vector (V) 

8 
64 

8 
64 

8 

(Register Usage) 

Address functional units: 
Addition (A) 
Multiplication (A) 

Scalar functional units: 
Addition (S) 

Shift-single (S) 
Shift-double (S) 
Logical (S) 
Population, parity, and 

leading zero (S) 
Vector functional units: 

Addition (S and V) 
Shift (V) 
Full vector logical (S and V) 
2nd vector logical (S and V) 
Population, parity (V) 

Floating-point functional units: 
Addition (8 and V) 
Multiplication (S and V) 
Reciprocal approximation 

(S and V) 

Size 

24 bits 
24 bits 
64 bits 
64 bits 

64 elements 
(64 bits per element) 

Unique Features 

• 8-Mword Buffer Memory is standard. 
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Table 4-11. CRAY X-MP/416 Features (continued) 

Special Instruction Information 

The following instructions are specific to multi-processor systems: 
Interprocessor instructions - 0014j1, 001401, 001402, 0014j3, 
0034jk, 0036jk, 0037jk, 026ij7, 027ij7, 072i02, 
072ij3, 073ij1, 073i02, 073ij3 

Support Equipment 

Mainframe power distribution unit 
lOS power distribution unit 
Refrigeration condensing unit 
Auxilliary refrigeration condensing units 

(with SSD - 2 units needed) 
Motor-generator sets 
SSD power distribution unit (optional) 
Maintenance micro computer unit 

SSD 
(64,128,256 

or 512 Mword) 

lOS " • 

............. 
6-Mbyte/s channel 

100-Mbyte/s channel '. = :::::'::,:,:::;.' """""'", 
t Four 100-Mbyte/s channels are standard; 

software to support the MIOP and DIOP 
channel connection to Central Memory 
is not currently available. 

Peripheral Expander 

(Including Disk 
Uni t and Magnet ic 

Tape Unit) 

Number of Units Needed 

1 
1 
1 
1 

3 
1 
1 

TO 3 FEIs or NSC A130 Adapters 

To 4 FEls or NSC A130 Adapters 

1773-02 

Figure 4-22. CRAY X-MP/416 Configuration (Maximum) 
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GLOSSARY 

A 

A register - Address register 

B 

B register - Intermediate Address register 

BDM - Bidirectional Memory Mode flag 

BIOP - Buffer lID Processor 

BMC - Block multiplexer controller 

C 

CA - Current Address register 

CAL - Cray Assembly Language 

CCI - Clear clock interrupt 

CE - Channel Error flag 

CI - Channel Interrupt flag 

CIP - Current Instruction Parcel 

ClPl - Clear interprocessor interrupt 

CL - Channel Limit register 

CLN - Cluster Number register (Exchange Package) 

CMR - Complete memory references 

CP - Clock Period 

CPU - Central processing units 

CRI - Cray Research, Inc. 

CSB - Read Address register (Exchange Package) 
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D 

DBA - Data Base Address register (Exchange Package) 

DBM - Disable bidirectional memory transfers 

DCI - Disable clock interrupts 

DCU - Disk controller unit 

DFI - Disable floating-point interrupt 

DIOP - Disk IIO Processor 

DL - Deadlock flag 

DLA - Data Limit Address register (Exchange Package) 

DMA - Direct Memory Address 

DRI - Disable interrupt on range error interrupt 

DSU - Disk Storage Unit 

E 

E - Error type (Exchange Package) 

EAM - Enhanced Addressing Mode (Exchange Package) 

EBM - Enable bidirectional memory transfers 

ECI - Enable clock interrupts 

EEX - Error Exit flag 

EFI - Enable floating-point interrupt 

ESVL - Enable Second Vector Logical (Exchange Package) 

EX - Normal exit 

F 

F - Flag register (Exchange Package) 

F - Floating-point operation (symbolic instructions) 

FEI - Front-end interface 
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FOL-3 - Fiber-optic link (3 Mbyte/s) 

FPE - Floating-point Error flag 

FPS - Floating-point Error Status flag 

FWA - First Word Address 

H 

H - Half-precision floating-point operation (symbolic instructions) 

HSX-l - High-speed External Channel 

I 

I - Reciprocal iteration (symbolic instructions) 

IBA - Instruction Base Address register (Exchange Package) 

ICM - Correctable Memory Error Mode flag 

ICP - Interrupt From Internal CPU flag 

IFP - Floating-point Error Mode flag 

ILA - Instruction Limit Address register (Exchange Package) 

IMM - Interrupt Monitor Mode flag 

101 - lID Interrupt flag 

lOP - lID Processor 

lOR - Operand Range Error Mode flag 

IDS - lID Subsystem 

IUM - Uncorrectable Memory Error Mode flag 

J 

JAM - acronym for a series of branch instruction 

JAN - acronym for a series of branch instruction 

JAP - acronym for a series of branch instruction 
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JAZ - acronym for a series of branch 

JR - acronym for a series of branch 

JSM - acronym for a series of branch 

JSN - acronym for a series of branch 

JSP - acronym for a series of branch 

JSZ - acronym for a series of branch 

L 

LIP - Last Instruction Parcel 

M 

M - Mode register (Exchange Package) 

MC - Master Clear 

MCU - MCU Interrupt flag 

MCU - Maintenance control unit 

ME - Memory Error flag 

MIOP - Master IIO Processor 

MM - Monitor Mode flag 

N 

NEX - Normal Exit flag 

NIP - Next Instruction Parcel 

o 

ORE - Operand Range Error flag 

instruction 

instruction 

instruction 

instruction 

instruction 

instruction 
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P 

P - Population count (symbolic instructions) 

P register - Program Address register (Exchange Package) 

PCI - Programmable Clock Interrupt flag 

PDU - Power distribution unit 

PN - Processor number (Exchange Package) 

PRE - Program Range Error flag 

PS - Program State register (Exchange Package) 

Q 

Q - Parity count (symbolic instructions) 

R 

R - Read mode (Exchange Package) 

R - Rounded floating-point operation (symbolic instructions) 

RT - Real-time clock (symbolic instructions) 

RTC - Real-time clock 

S 

S - Syndrome bits (Exchange Package) 

S register - Scalar register 

SB - Shared Address register 

SB - Sign Bit (symbolic instructions) 

SEI - Selected for External Interrupts flag 

SIPI - Set Interprocessor Interrupt 

SM - Semaphore register 

SSD - Solid-State storage device 

ST - Shared Scalar register 
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T 

T register - Scalar-save register 

V 

VL - Vector Length 

VM - Vector Mask 

VNU - Vector Not Used (Exchange Package) 

W 

WS - Waiting for Semaphore flag 

x 

XA - Exchange Address register (Exchange Package) 

XIOP - Auxiliary I/O Processor 

z 

Z - Leading-zero count (symbolic instructions) 
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INDEX 





INDEX 

1-Parcel instruction format 
with combined j and k fields, 3-3 
with discrete j and k fields, 3-2 

100-Mbyte/s channel, 1-4 
1000-Mbyte/s channel, 1-5, 4-2 
15-bit instruction, 3-1 
2-Parcel instruction format 

with combined i, j, k, and m 
fields, 3-5 
with combined j, k, and m 
fields, 3-3 

5-Mbyte/s channels, 1-4, 
22-bit immediate constant, 3-3 
24-bit immediate constant, 3-110 
32-bit instruction, 3-1 
54-bit integer arithmetic, 3-110 

A registers, see Address registers 
Active Exchange Package, 2-9 
Addition algorithm, 2-23 
Addition, floating-point, 2-23 
Address Add functional unit, 2-5, 3-38, 3-39 
Address functional units, 2-5 
Address Multiply functional unit, 2-5, 3-40 
Address processing, 2-1 
Address registers, 2-4, 3-102, 3-104 
Algorithm 

addition, 2-23 
derivation of division, 2-25 
division, 2-24 
multiplication, 2-23 

AND function, 2-29 
Arithmetic instructions, 3-2 
Arithmetic operations 2-15 
Auxiliary I/O processor (XIOP), 1-4 

B registers, see Intermediate registers 
Beginning address registers, 2-30 
Bank phasing, 2-30 
Bidirectional Memory 

mode flag, 2-11 
mode, 3-22 
transfers, 3-107 

Binary machine code, 3-1 
Bit count instructions, 3-100, 3-118 

scalar leading zero count, 3-119 
scalar population count, 3-119 
scalar population count parity, 3-119 
vector population count, 3-119 

HR-3005 Index-l 

Branch instructions, 3-1, 3-119 
conditional, 3-120 
error exit, 3-121 
normal exit, 3-121 
return jump, 3-120 
unconditional, 3-120 

Buffer I/O processor (BIOP), 1-4 
Buffers, instruction, 2-8 

CA register, see Current Address register 
Central Memory, 2-30 

banks, 4-2 
memory ports, number of, see CRAY X-MP 
(model specifications) 
size, 4-2 

Central Processing Unit 
computation section characteristics, 2-1 
control and data p.ths, 2-2 
input/output section, 2-31 
instruction format, 3-1 
instructions, 3-1 
overview, 3-1 
shared resources, 2-15 
speed, 4-2 

Channel 
100-Mbyte/s, 1-4, 4-2 
1000-Mbyte/s, 1-5, 4-2 
6-Mbyte/s, 1-4, 4-2 
control, 3-121 
number, 3-41 
types, 4-2 

Channel Limit register (CL), 3-11, 3-12 
Characteristics of system, 1~1 

Check bit memory storage, 3-18 
CIP register, see Current Instruction 

Parcel register 
CL register, See Channel Limit register 
Clear clock interrupt (CCI), instruction, 

3-15 
CLN register, see Cluster Number register 
Clock 

programmable, 2-3 
real-time, 2-15 

Clock period, 4-2 
Cluster number register (CLN), 2-14, 3-16, 

3-123 
CMR, 3-22 
Communication, inter-CPU, 2-15 
Composite word, 3-51 
Compressed index, 3-96 



computation section, 2-1 
Condensing units, 1-7 
Conditional branch instructions, 3-120 
Configurations of system, see CRAY X-MP 

(model specifications) 
Control and data paths of CPU, 2-2 
Control, inter-CPU, 2-15 
Conventions, notatio~~i, 1-10 
Correctable Memory Error Mode flag, 2-11 
CP, see clock period 
CPU, see Central Processing Unit 
CPU operating registers 

A registers, 2-4 
address registers, 2-4 
B registers, 2-4 
S registers, 2-4 
scalar registers, 2-4 
T registers, 2-4 
V registers, 2-4 
Vector registers, 2-4 

CRAY X-MP (model specifications), 4-1 
114se computer system, 4-3 

CPU features, 4-4 
Functional units, 4-4 
Maximum configuration, 4-5 
Register types, 4-4 
Special instructions, 4-5 
Support equipment, 4-5 
Unique features, 4-5 

114 computer system, 4-7 
CPU features, 4-8 
Functional units, 4-8 
Maximum configuration, 4-9 
Register types, 4-8 
Special instructions, 4-9 
Support equipment, 4-9 
Unique features, 4-8 

118 computer system, 4-11 
CPU features, 4-12 
Functional units, 4-12 
Maximum configuration, 4-13 
Register types, 4-12 
Special instructions, 4-13 
Support equipment, 4-13 
Unique features, 4-12 

1116 computer system, 4-15 
CPU features, 4-16 
Functional units, 4-16 
Maximum configuration, 4-17 
Register types, 4-16 
Special instructions, 4-17 
Support equipment, 4-17 
Unique features, 4-16 

122 computer system, 4-19 
CPU features, 4-20 
Functional units, 4-20 
Maximum configuration, 4-21 
Register types, 4-20 
Special instructions, 4-21 
Support equipment, 4-21 

124 computer system, 4-23 
CPU features, 4-24 
Functional units, 4-24 
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CRAY X-MP (model specifications) (continued) 
Maximum configuration, 4-25 
Register types, 4-24 
Special instructions, 4-25 
Support equipment, 4-25 

128 computer system, 4-27 
CPU features, 4-28 
Functional units, 4-28 
Maximum configuration, 4-29 

. Register types, 4-28 
Special instructions, 4-29 
Support equipment, 4-29 

1216 computer system, 4-31 
CPU features, 4-32 
Functional units, 4-32 
Maximum configuration, 4-33 
Register types, 4-32 
Special instructions 4-33 
Support equipment, 4-33 

144 computer system, 4-35 
CPU features, 4-36 
Functional units, 4-36 
Maximum configuration, 4-37 
Register types, 4-36 
Special instructions, 4-37 
Support equipment, 4-37 

148 computer system, 4-39 
CPU features, 4-40 
Functional units, 4-40 
Maximum configuration, 4-41 
Register types, 4-40 
Special instructions, 4-41 
Support equipment, 4-41 
Unique feature, 4-40 

1416 computer system, 4-43 
CPU features, 4-44 
Functional units, 4-44 
Maximum configuration, 4-45 
Register types, 4-44 
Special instructions, 4-45 
Support equipment, 4-45 
Unique feature, 4-44 

CSB - read address, 2-10 
Current Address register (CA), 3-11, 3-41 
Current Instruction Parcel register (CIP), 

2-9, 3-23 

Data Base Address register (DBA), 2-14 
Data formats 

integer, 2-16 
floating-point, 2-17 

Data Limit Address register (DLA), 2-14 
DBA register, see Data Base Address register 
DBM, 3-22 
Decimal equvialents, 2-17 
Derivation of the division algorithm, 2-25 
DFI, 3-21 
Disable floating-point interrupt, 3-21 
Disk control unit, 1-5 
Disk 1/0 processor (DIOP), 1-4 
Disk storage units, 1-5 
Division algorithm, 2-24 



DL flag, 3-23 
DLA register, see Data Limit Address 

register 
Double-precision numbers, 2-22 
Double-shift instructions, 3-2 
DRI, 3-21 

E - error type, 2-10 
EBM, 3-22 
EFI, 3-21 
Enable floating-point interrupt, 3-21 
ERI, 3-21 
Error condition, 3-10 
Error detection and correction, 3-18 
Error Exit flag, 3-10 
Error exit, 3-121 
Error flag, 3-13, 3-41 
Exchange Address (XA) register, 2-13, 3-10, 

3-25 
Exchange mechanism, 2-9 
Exchange Package, 2-9, 3-10, 3-23 

active, 2-9 
contents, 2-10 
enable Second Vector Logical, 2-12 
management, 2-12 
memory error data, 2-10 
processor number, 2-10 
vector not used (VNU), 2-12 

Exchange Package registers 
A registers, 2-15 
Cluster Number register, 2-14 
Exchange Address register, 2-13 
Flag register, 2-12 
Mode register, 2-11 
Program Address register, 2-10 
Program State register, 2-14 
S registers, 2-15 

Exchange sequence, 2-9, 3-10, 3-25 
Exclusive NOR function, 2-30 
Exclusive OR function, 2-30 
Exponent matrix for floating-point multiply 

unit, 2-20 
External Interrupts flag, 2-11 

F register, see Flag register 
Flag register, Exchange Package, 2-12, 3-10 

3-16, 3-25 
Flags 

Bidirectional Memory Mode, 2-11 
Correctable Memory Error Mode, 2-11 
External Interrupts, 2-11 
Floating-point Error Mode, 2-13 
Monitor Mode, 2-12 
Operand Range Error Mode, 2-11 
Operand Range Error, 2-11 
Program Range Error, 2-13 
Uncorrectable Memory Error Mode, 2-12 

Floating-point 
Add functional unit, 2-7, 3-59, 3-90 
add functional unit range error, 2-19 
addition, 2-23, 3-111 
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Floating-point (continued) 
arithmetic, 2-17, 3-111, 3-112, 3-113 
constant instructions, 3-2 
data format, 2-17 
difference, 3-59, 3-89 
Error Mode flag, 2-12 
exponent matrix, 2-20 
functional units, 2-7 
Interrupt flag, 3-21 
multiplication, 3-112 
Multiply functional unit, 2-8, 3-61, 

3-87 
multiply functional unit out-of-range 

conditions, 2-19 
normalized numbers, 2-18 
operations, 3-98 
product half-precision rounded of, 3-61 
products half-precision rounded, 3-87 
products, 3-87 
quantity, 3-59 
range errors, 2-19 
range overflow, 2-19 
reciprocal approximation functional 

unit range error, 2-22 
subtraction, 2-23 

Floating-point arithmetic, 2-17 
exponent range, 2-17 
underflow, 2-17 

Functional units, 2-4 
address, 2-5 
Address Add, 2-5 
Address Multiply, 2-5 
Floating-point, 2-7 
Floating-point Add, 2-7 
Floating-point Multiply, 2-8 
Full Vector Logical, 2-7 
Reciprocal Approximation, 2-8 
scalar, 2-5 
Scalar Add, 2-6 
Scalar Logical, 2-6 
Scalar Population/Parity/Leading Zero, 

2-6 
Scalar Shift, 2-6 
Second Vector Logical, 2-7 
vector, 2-6 
Vector Add, 2-7 
Vector Population/Parity, 2-7 
Vector Shift, 2-7 
vector reservation, 2-5 

Functions 
AND, 3-114 
EXCLUSIVE OR, 3-114 
INCLUSIVE OR, 3-114 

Functional instruction summary, 3-102 
Functional units, 3-98 

g field, 3-1 
General instruction form, 3-1 

h field, 3-1 



i field, 3-1 
ICP flag, 3 -16 
IIO channels, 4-2 
IIO processors, types of, 1-4 
IBA register, see Instruction Base Address 
register 
Inclusive OR function, 2-29 
Instruction 

32-bit, 3-1 
arithmetic, 3-2 
bit count, 3-100, 3-118 

scalar leading zero count, 3-119 
scalar population count, 3-119 
scalar population count parity, 3-119 
vector population count, 3-119 

branch, 3-1, 3-119 
conditional, 3-120 
error exit, 3-121 
normal exit, 3-121 
return jump, 3-120 
unconditional, 3-120 

buffers, 2-8, 3-10, 3-25 
clear clock interrupt, 3-16 
cluster number, 3-120 
conditional branch, 3-120 
descriptions, 3-9 
double shift, 3-2 
functional summary, 3-102 
general form, 3-1 
JAM, 3-29 
JAP, 3-30 
JSM, 3-30 
JSP, 3-30 
monitor, 3-121 

channel control, 3-121 
cluster number, 3-123 
interprocessor interrupt, 3-122 
operand range error interrupt, 3-123 
performance counters, 3-123 
programmable clock interrupt, 3-122 
set real-time clock, 3-122 

shift, 3-100, 3-117 
summary, 3-98 
syntax, 3-1 

format, 3-1 
monitor mode, 3-9 
special register values, 3-6 
symbolic notation, 3-6 

types, 3-1 
vector, 3-19 

merge, 3-23 
Instruction Base Address register, 2-11 
Instruction buffers, 2-8, 3-10, 3-25 
Instruction format 

I-Parcel with combined j and k fields, 
3-3 

I-Parcel with discrete j and k fields, 
3-2 

2-Parcel with combined i, j, k, and m 
fields, 3-5 

2-Parcel with combined j, k, and m 
fields, 3-3 
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Instruction Limit Address register (ILA), 
2-11 

Instruction issue, 2-8 
Instruction parcel, 2-8 
Instructions, general form for, 3-1 
Integer arithmetic, 2-16, 3-100, 3-109, 

3-110 
Integer data formats, 2-16 
Inter-CPU communication and control, 2-15 
Interfaces, 1-3 
Inter-register transfers, 3-101, 3-104 

A registers, 3-104 
S registers, 3-105 
semaphore registers, 3-106 
V registers, 3-106 
Vector Length register, 3-106 
Vector Mask register, 3-106 

Intermediate registers, 2-3, 3-42, 3-43 
Internal CPU interrupt request, 3-15, 3-16 
Interprocessor interrupt 

instructions, 3-122 
requests, 3-15 

Interrupt Countdown counter (ICD), 3-16 
Interrupt flag, 3-13 
Interrupt Interval register (II), 3-16 
Issue, 3-8 

j field, 3-1 
JAM instructions, 3-29 
JAP instructions, 3-29 
JSM instructions, 3-30 
JSP instructions, 3-30 

k field, 3-1 

Loads, 3-108 
Logical 

AND function, 2-29 
differences, 3-50, 3-115 
exclusive NOR function, 2-30 
exclusive OR function, 2-29 
inclusive OR function, 2-30 
operations, 3-2, 3-99, 3-101, 3-114 

differences, 3-115 
equivalence, 3-116 
merge, 3-117 
products, 3-49, 3-50, 3-114 
sums, 3-51, 3-115 
vector mask, 3-116 

Lower Instruction Parcel register (LIP), 2-9 

m field, 3-1 
M register, see Mode register 
Mask length, 3-46, 3-47 
Mass storage, 1-5 
Master Clear, 3-13 
Master IIO processor (MIOP), 1-4 
Memory, see Central Memory 



Memory error data fields, 2-10 
Memory 

references, 3-107 
completion, 3-22 

transfers, 3-107 
bidirectional, 3-101, 3-107 
loads, 3-108 
references, 3-107 
stores, 3-107 

Merge, 3-11 
Mode register (M), 2-11, 3-21 
Monitor instructions, 3-121 

channel control, 3-121 
cluster number, 3-121 
interprocessor interrupt, 3-122 
operand range error interrupt, 3-123 
performance counters, 3-123 
programmable clock interrupt, 3-122 
set real-time clock, 3-122 

Monitor mode, 3-10, 3-25 
flag, 2-12 
instructions, 3-9 
operations, 3-100 

Monitor program, 3-14 
Motor-generator units, 1-9 
Multiplication algorithm, 2-,3 

Newton's method, 2-24 
Next Instruction Parcel register (NIP), 

2-9, 3-23 
Normal Exit flag, 3-25 
Normal exit, 3-121 
Normalized floating-point numbers, 2-18 
Notation conventions, 1-10 

Operand 
range error interrupt instructions, 

3-122 
Range Error flag, 2-13, 3-21 
Range Error Mode flag, 2-11 

Operating registers, see CPU operating 
registers 

Organization of system, 2-1 

P register, see Program Address register 
Parcel address, 3-26, 3-27, 3-28 
Parcel-address attribute, 3-72 
Parcels, 3-1 
Performance counters, 3-18, 3-123 
Physical dimensions of system, see CRAY X-MP 

(model specifications) 
PN, see Processor number 
Population count 

scalar, 3-119 
scalar parity, 3-119 
vector, 3-119 

Power distribution units, 1-8 
Processor Number (PN), 2-10 
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Program 
Address register (P), 2-10 

instructions, 3-23, 3-26, 3-27, 3-28, 
3-29 

branches and exits, 3-100 
range error, 3-13 
Range Error flag, 2-13 
State register (PS), 2-14 

Programmable clock, 2-3 
Programmable clock interrupt instructions, 

3-122 

R - read mode, 2-10 
Read address, 2-10 
Read mode, 2-10 
Ready flag, 3-13 
Real-time clock, 2-15, 3-15, 
Real-time clock interrupt request, 3-16 

Real-time Clock register (RTC), 2-15, 3-67 
Reciprocal Approximation functional unit, 

2-8, 3-113 
Reciprocal Approximation functional unit 

iterations, 2-27, 3-113 
Register entry instructions 

A registers, 3-100, 3-102 
S registers, 3-102 
V registers, 3-103 
semaphore registers, 3-104 

Registers 
Address (A), 2-4, 2-15 
Cluster Number (CLN), 2-14 
Current Instruction Parcel (CIP), 2-9 
Data Base Address, 2-14 
Data Limit Address, 2-14 
Exchange Address (XA), 2-13 
Exchange, see Exchange registers 
Flag (F), 2-12 
Instruction Base Address, 2-11 
Instruction Limit Address, 2-11 
Intermediate, 2-4 
Lower Instruction Parcel (LIP), 2-9 
Mode (M), 2-11 
Next Instruction Parcel (NIP), 2-9 
operating, see CPU operating registers 
Program Address, 2-8 
Program State (PS), 2-14 
Real-time Clock register, 2-15 
Scalar registers (S), 2-4, 2-15 
Semaphore, 2-15 
shared, 2-15 
Shared Address, 2-15 
Shared Scalar, 2-15 
Vector Length, 2-13 

Register values, 3-101 
Return jump, 3-120 
Return linkage, 3-28 
RTC register, see Real-time Clock register 

S - syndrome, 2-10 
S registers, see Scalar registers 



SB registers, see Shared Address registers 
Scalar 

Add functional unit, 2-6, 3-58 
functional units, 2-5 
Logical functional unit, 2-6, 3-46, 3-51 
memory transfers, 3-4 
registers (S), 2-4 
Population/Parity/Leading Zero 

functional unit, 2-16, 3-37 
Shift functional unit, 2-6, 3-54, 3-57 

SECDED, 3-18 
Second Vector Logical unit enable/disable, 

2-12 
Second Vector Logical/Floating-point 

Multiply input, output data paths, 2-2 
Semaphore flag, 2-11 
Semaphore registers, 2-15, 3-23, 3-67, 

3-104, 3-106 
Shared 

address registers, 2-15 
registers, 2-15 
resources of CPU, 2-15 
scalar registers, 2-15 

Shift instructions, 3-100, 3-117 
Sign bit, 3-51, 3-58 
SM registers, see Semaphore registers 
Solid-state Storage Device, 1-6 
Special register values, 3-6 
ST registers, see Shared Scalar registers 
Status register, 3-68 
Stores, 3-107 
Symbolic instruction summary, 3-98, 3-99 
Symbolic notation, 3-6 

general syntax, 3-6 
special syntax form, 3-8 

Syntax, 3-6 
comment field, 3-8 
location field, 3-7 
operand field, 3-7 
register designators, 3-7 
result field, 3-7 

System 
basic organization, 1-1 
characteristics, 1-1 
configurations, see CRAY X-MP 

(model specifications) 
physical dimensions of, see CRAY X-MP 

(model specifications) 

T registers, see Intermediate scalar 
registers 
Twos complement, 3-58, 3-84 
Twos complement integer arithmetic, 2-16 

Unconditional branch instruction, 3-26, 
3-27, 3-120 

Uncorrectable Memory Error Mode flag, 2-12 
Unnormalized floating-point value, 3-65 

V registers, see Vector registers 
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Vector 
Add functional unit, 2-7, 3-85 
instructions, 3-19, 3-103, 3-106 
Length register, 2-13, 3-17, 3-34, 

3-73, 3-77, 3-84, 3-85, 3-87, 3-89, 
3-106 

logical functional units, 2-16, 3-76 
Mask, 3-95, 3-116 

register, 3-23, 3-68, 3-70, 3-94, 
3-106 

merge instruction, 3-23 
population, 3-119 
Population/Parity functional unit, 2-7 
processing, 2-1 
Shift functional unit, 2-7 

VL register, see Vector Length register 
VM register, see Vector Mask register 
VNU - vector not used, 2-12 

Word boundary, 3-1 
WS flag, 3-23 

XA register, see Exchange Adc -ess register 
XIOP, see Auxiliary I/O processor 



READER'S COMMENT FORM 

CRAY X-MP computer Systems Functional Description Manual HR-3005 

Your reactions to this manual will help us provide you with better documentation. Please take a moment to 
check the spaces below, and use the blank space for additional comments. 

1) Your experience with computers: __ 0-1 year __ 1-5 years __ 5+ years 
2) Your experience with Cray computer systems: __ 0-1 year __ 1-5 years __ 5+ years 
3) Your occupation: __ computer programmer __ non-computer professional 

__ other (please specify): ___________ _ 
4) How you used this manual: __ in a class __ as a tutorial or introduction __ as a reference guide 

__ for troubleshooting 

Using a scale from 1 (poor) to 10 (excellent), please rate this manual on the following criteria: 

5) Accuracy __ 8) Physical qualities (binding, printing) __ 
6) Completeness __ 9) Readability __ 
7) Organization __ 10) Amount and quality of examples __ 

Please use the space below, and an additional sheet if necessary, for your other comments about this 
manual. If you have discovered any inaccuracies or omissions, please give us the page number on which 
the problem occurred. We promise a quick reply to your comments and questions. 

Name Address ----------------- ----------------------
Title --------------------- City __________ _ 
Company ________ _ State/ Country ______ _ 
Telephone _______ _ Zip Code ________ _ 
Today's Date ______ _ 
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