














































































































































































































































































































































































































































































































































































































































































































CRAY-1 CAL

103445k Bjk,Ai 0,A0
03574k ,A0 Bjk,Al
103574k 0,A0 Bjk,AZ
03674k Tik,AL ,AD

103674k Tjk,A7 0,A0Q
03747k ,A0 Tjk,A7
103744k 0,A0 Tjk,AZ

0407 km S1 exp

04lijkm  Si exp

04274k St <exp
104275k Si #>exp
1042777 St 1
1042700 si -1
0437jk Si >exp
104315k Si #<exp
1043200 St 0

t Special syntax form

HR-0029

PAGE

8-32

8-32

8-32

8-32

8-32

8-32

8-32

8-34

8-34

8-35

8-35

8-35

8-35

8-35

8-35

UNIT

Memory

Memory

Memory

Memory

Memory

Memory

Memory

S Logical

S Logical

S Logical
S Logical

S Logical

S Logical

S Logical

DESCRIPTION

Read (A1) words to B
register jk from (A0)

Store (A7) words at B
register jk to (A0)

Store (A1) words at B
register jk to (AQ)

Read (A1) words to T
register jk from (A0)

Read (A7) words to T
register jk from (A0)

Store (A%Z) words at T
register jk to (A0)

Store (AZ) words at T
register jk to (A0)

Transmit Jkm to St

Transmit exp=ones
complement of jkm to S7

Form ones mask
exp=64-jk bits in S7
from the right

Form ones mask
exp=64-Jjk bits in S<
from the right

Enter 1 into S7

Enter -1 into S7

Form ones mask exp=jk
bits in S7 from the left

Form ones mask exp=jk
bits in S7 from the left

Clear St7



CRAY-1 CAL PAGE UNIT DESCRIPTION

04474k Si Sj&Sk 8-36 S Logical Logical product of (S8j)
and (Sk) to S17
104470 S7 Sj&SB 8-36 S Logical Sign bit of (Sj) to St
1044750 S71 SB&SJ 8-36 S Logical Sign bit of (Sj) to S
(J#0)
04575k Si #Sk&SJ 8-36 S Logical Logical product of (SJ)
and ones complement of
(Sk) to St
1045250 ST #SB&SJ 8-36 S Logical (SJ) with sign bit

cleared to Si

04617k S7 SJ\sk 8-36 S Logical Logical difference of
(Sj) and (Sk) to S<z

1046750 Si SJ\SB 8-36 S Logical Toggle sign bit of Sj,
then enter into S%

10467450 S7 SB\SJ 8-36 S Logical Toggle sign bit of Sj,
then enter into S (j#0)

04715k ST #87\Sk 8~36 S Logical Logical equivalence of
(Sk) and (SJ) to St

104770k Si #sk 8-36 S Logical Transmit ones complement
of (Sk) to Si

10474140 Si #Sj\SB 8-36 S Logical Logical equivalence of
(Sj) and sign bit to S7

1047450 Si #SB\SJ 8-36 S Logical Logical equivalence of (SJj)
and sign bit to Si (j#0)

1047700 Si #SB 8-36 S Logical Enter ones complement of
sign bit into S%

05027k St Sgj!Si&Sk 8-36 S Logical Logical product of (SJ)
and (Sk) complement ORed
with logical product
of (Sj) and (Sk) to S%

1050750 Si1 Sj!Si&SB 8-36 S Logical Scalar merge of (S7) and
sign bit of (S8j) to Si

t Special syntax form
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CRAY-1

CAL

05174k

1051710k

1051750

1051740

1051700

05274k

05374k

0547gk

05574k

0567k

105670

105670k

05714k

1057440

105770k

0607Jk

st

St

Sz

St

Si

SO0

S0

St

St

Si

St

St

St

Sglsk

sk

Sj!SB

SB!SJ

SB

Si<exp

Si>exp

Si<exp

. Si>exp

Si,874<ak

8i,87<1

Si<Ak

SJd,Si>Ak

SJ,St>1

Si>Ak

Sj+Sk

t Special syntax form

HR-0029

PAGE

8-36

8-36

8-36

8-40

8-40

8-41

8-43

UNIT

S Logical

S Logical

S Logical

S Logical

S Logical

S shift

S shift

S shift

S shift

S shift

S shift

S shift

S shift

S shift

S shift

S Int Add

DESCRIPTION

Logical sum of (SJ) and
(Sk) to Sz

Transmit (SKk) to S<

Logical sum of (SJj) and
sign bit to S7

Logical sum of (SJ) and
sign bit to Si (j#0)

Enter sign bit into S7

shift (S7) left exp=jk
places to SO

shift (S%) right
exp=64-jk places to SO

shift (S%) left exp=jk
places

shift (S7) right
exp=64-jk places

Shift (S7 and S§J)
left (Ak) places to S<

shift (S7 and Sj) left
one place to Si

shift (Si) left
(Ak) places to Sz

shift (SJ and S%) right
(Ak) places to S<

shift (8Jj and S7) right
one place to S7

shift (S%) right (Ak)
places to S7

Integer sum of (SJ) and
(Sk) to si



CRAY-1 CAL
06177k si
106120k St
06275k st
106270k S7
0637 jk st
106370k Si
06474k st
06574k St
06617k St
0671k St
070%jx St
07170k st
07171k S
07172k S

t Special syntax

HR-0029

Sj-sk

Sj+FSk

+FSk

Sj-Fsk

-Fsk

Sj*FSk

SJ*HSk

Sj*RSk

Sj*18k

/HSJ

Ak

+Ak

+FAk

form

8-44

8-44

8-44

8-46

8-46

8-46

8-48

8-49

8-49

8-49

UNIT

S Int Add

S Int Add

Fp Add

Fp Add

Fp Add

Fp Add

Fp Mult

Fp Mult

Fp Mult

Fp Mult

Fp Rcpl

DESCRIPTION

Integer difference of (Sj)
and (Sk) to St

Transmit negative of (Sk)
to St

Floating-point sum of (Sj)
and (Sk) to St

Normalize (Sk) to S<7

Floating-point difference
of (S8J) and (SK) to S%

Transmit normalized negative
of (Sk) to s1

Floating-point product of
(sj) and (Sk) to St

Half-precision rounded
floating~-point product of
(SJ) and (Sk) to S7

Full-precision rounded
floating-point product of
(sJ) and (Sk) to S<

2-Floating=-point product
of (SJ) and (Sk) to Si

Floating-point reciprocal
approximation of (SJ) to Si

Transmit (Ak) to Si with
no sign extension

Transmit (AK) to S7 with
sign extension

Transmit (Ak) to S7 as
unnormalized floating-point

number




CRAY-1 CAL

071i3x ST 0.6
07174x S1 0.4
071152 st 1.
071762 st 2.
071<7x si 4.
0721ixx St RT
0737xx S1 VM
07414k si Tjk
0751 jk Tjk 81
076<1Jjk si Vvg,Ak
07714k Vi,Ak Sj
1+07710k vi,Ak 0
10h1jkm A1 exp,Ah

1100Z5km A7l exp,0
11007 jkm Al exp,
110472000 A1 ,Ah

11hijkm exp,Ah A%

t110Zjkm exp,0 A7

1110%Z jkm exp, Al

1 Special syntax form

HR-0029

PAGE

8-49

8-49

8-49

8-52

8-52

8-53

8-53
8-53
8-53

8-53

8-53

8-53

-—

Memory

Memory
Memory
Memory

Memory

Memory

Memory

DESCRIPTION

Transmit constant
0.75%2**48 to S7

Transmit constant 0.5
to St

Transmit constant 1.0
to S7

Transmit constant 2.0
to s7

Transmit constant 4.0
to St

Transmit (RTC) to St
Transmit (VM) to S<

Transmit (Tgk) to Si
Transmit (Si) to Tjk

Transmit (VJ, element
(Ak)) to Si

Transmit (SJ) to Vi
element (Ak)

Clear Vi element (AK)

Read from ((Ah)+exp) to
A7l (A0=0)

Read from (exp) to Al
Read from (exp) to A7
Read from (Ah) to AZ

Store (A7) to
(Ah) +exp (A0=0)

Store (A%) to exp

Store (A7) to exp



CRAY-1 CAL
711h7000 ,Ah A7
12higkm Si exp,Ah
11207 5km Si exp,0
112075km Si exp,
112h1000 st ,Ah
13higkm exp,Ah 87
t130Z km exp,0 St
t130Zgkm exp, Si
113h72000 ,Ah 87
1407 jk Vi SJsvk
14174k Vi Vj&vVk
14274k Vi SJvk
114270k vi Vk
14347k Vi VJivk
1447jk Vi SJ\Vk
14574k Vi VJ\Vk
1145711 vi 0
1461k Vi S8J51VksVM

t Special syntax form

HR-0029

PAGE

8-53

UNIT
Memory

Memory

Memory
Memory
Memory

Memory

Memory
Memory
Memory

V Logical

V Logical

V Logical

V Logical

V Logical

V Logical

V Logical

V Logical

V Logical

DESCRIPTION
Store (AZ) to (Ah)

Read from ((Ah)+exp) to
Si (A0=0)

Read from (exp) to Si
Read from (exp) to S7
Read from (Ah) to Si

Store (Si) to (Ah)+exp
(A0=0)

Store (S7) to exp
Store (S7) to exp
Store (S7) to (Ah)

Logical products of (Sj)
and (Vk) to Vi

Logical products of (V)
and (Vk) to Vi

Logical sums of (SJ) and
(Vk) to V<

Transmit (VK) to V<

Logical sums of (Vj) and
(Vk) to Vi

Logical differences of
(Sj) and (Vk) to Vi

Logical differences of
(Vj) and (Vk) to vi

Clear Vi
Transmit (Sj) if VM

bit=1; (Vk) if VM bit=0
to Vi.




CRAY-1

——

114670k

14714k

150Z4k

1150740

151714k

1151740

15274k

1152240

15374k

1153770

15474k

15524k

15677k

115670k

15714k

CAL

Vi #VMaVk

Vi VjivkaVM

Vi Vj<ak

Vi Vi<l

Vi Vj>ak

Vi Vj>1

Vi Vj,Vi<ak

Vi VJ,Vji<l

vi VJj,Vj>ak

vi Vj,vj>1

Vi SJ+Vk

Vi Vj+vk

Vi 8g§-Vk

Vi =Vk

Vi Vvj-vk

t Special syntax form

HR-0029

8-55

8-59

8-59

8-61

8-66

8-66

8-66

8-66

D-10

UNIT

V Logical

V Logical

V shift

V shift

V Shift

V Shift

vV shift

V Shift

V Shift

V Shift

V Int Add

V Int Add

V Int Add

V Int Add

V Int Add

DESCRIPTION

Vector merge of (Vk) and
0 to Vi

Transmit (VJ) if VM
bit=1; (Vk) if VM bit=0
to Vvi.

Shift (Vj) left (Ak)
places to Vi

shift (VJj) left one place
to Vi

Shift (Vj) right (ak)
places to Vi

shift (vJj) right one
place to V<

Double shift (Vj) left
(Ak) places to Vi

Double shift (Vj) left
one place to Vi

Double shift (VJj) right
(Ak) places to V<

Double shift (Vj) right
one place to Vi

Integer sums of (SJj) and
(Vk) to Vi

Integer sums of (VJj) and
(VK) to Vi

Integer differences of
(Sj) and (VKk) to Vi

Transmit negative of (Vk)
to V2

Integer differences of
(Vj) and (VK) to Vi



CRAY-1 CAL
1607k Vi SJ*FVk
1611jk Vi VJ*FVk
162717k Vi SJ*HVkK
16375k Vi VJ*HVK
le64ijk Vi SJ*RVK
16574k Vi VJ*RVk
16615k Vi SJ*IVk
16725k Vi VJ*IVk
17024k Vi SJ+FVk
117070k Vi +FVk
17114k Vi VJ+FVk
17274k Vi SJ-FVk
117270k Vi =FVk
17314k Vi VJ-Fvk

1 Special syntax form

HR-0029

PAGE

8-68

8-68

8-68

8-68

8-68

8-71

8-71

8-71

8-71

8-71

8-71

D-11

Fp

Fp

Fp

Fp

Fp

Fp

Fp

Fp

Fp

Fp

Fp

Fp

Fp

Fp

UNIT

Mult

Mult

Mult

Mult

Mult

Mult

Mult

Mult

Add

Add

Add

Add

Add

Add

DESCRIPTION

Float%ng-point products
of (SJj) and (Vk) to Vi

Floating-point products
of (VJj) and (Vk) to Vi

Half-precision rounded
floating-point products
of (SJ) and (Vk) to Vi

Half-precision rounded
floating-point products
of (Vj) and (VK) to VI

Rounded floating-point
products of (SJ) and
(Vk) to Vi

Rounded floating-point
products of (VJ) and
(VK) to Vi

2-floating-point products
of (Sj) and (Vk) to Vi

2-floating-point products
of (Vj) and (VK) to Vi

Floating-point sums of
(84) and (VK) to V<

Normalize (Vk) to Vi

Floating-point sums of
(Vj) and (Vk) to V<

Floating-point differences
of (Sj) and (Vk) to Vi

Transmit normalized
negatives of (VK) to V<

Floating-point differences
of (Vj) and (Vk) to Vi




CRAY-1

174150

174741

174752

175x40
175x41
175252
175x43

1767ixk

11767x0

177xjk

1+177x250

Legend:

A

Fp

Int
Pop
Pop/LZ
Repl

(]

v

CAL PAGE UNIT
Vi /HVJ 8-73 Fp Rcpl
Vi PVJ 8-74 V Pop
Vi QVJ 8-74 V Pop
VM Vj,Z 8-75 V Logical
VM VJ,N 8-75 V Logical
VM VJ,P 8-75 V Logical
VM VJ,M 8-75 V Logical
vi ,A0,Ak 8-77 Memory
vi ,A0,1 8-77 Memory
JA0,Ak Vi 8-77 Memory
»A0,1 VJ 8-77 Memory

Address

Floating-point

Integer

Population/Parity

Population/Leading Zero
Reciprocal Approximation
Scalar
Vector

+ Special syntax form

HR-0029

D-12

DESCRIPTION

Floating-point reciprocal
approximations of (VJ) to

v

Population
to Vi

Population
of (VJ) to

VM=1 where
VM=1 where
VM=1 where
VM=1 where
Read (VL)
from (A0)
(k)

Read (VL)
from (AO0)

counts of (V)
count parities
Vi

(Vg) =0

(V) #0

(VJ) positive

(VJ) negative

words to V<
incremented by

words to Vi
incremented by

Store (VL) words from Vj
to (A0) incremented by

(Ak)

Store (VL)

words from Vj

to (AO) incremented by 1
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INDEX

A register, see Address registers Central Processing Unit (continued)
Addition algorithm, 6-24 control paths, 3-3
Address Add functional unit, 6-2, 6-12 control section, 3-1, 3-5, 5-1
Address functional units, 6-12 data paths, 3-3
Address Multiply functional unit, 6-2, 6-12 input/output section, 3-7, 7-1
Address processing, 6-1 instruction summary, D-1
Address registers, 3-5, 6-2 instructions, 8-1
AND function, 6-31 memory section, 3-1, 3-4, 4-1
Arithmetic operations, 6-20 organization, 3-1

floating-point, 6-21 speed, 1-4

integer, 6-20 timing information, A-1
Asynchronous channels, 7-2, 7-8, 7-22 Chain slot time, 6-9
Auxiliary I/O Processor, 2-3, 2-10, 3-7, 7-1 Channel bits

data bits, 7-8, 7-10, 7-12, 7-14, 7-18,
7-19
B registers, see Intermediate address parity bits, 7-8, 7-10, 7-13, 7-15,
registers 7-18, 7-19

BA, see Base Address register Channel block length restrictions, 7-19,
Base Address register (BA), 5-14 7-21
Beginning address registers, 5-4 Channel control signals, 7-4
BIOP, see Buffer I/0 Processor Channel groups, 7-3
Block length restrictions, 7-19, 7-21 Channel 1/0 control, 7-24
Block transfers, 4-1, 6-2, 6-6 Channel Limit register (CL), 7-3
Branching Channel operation, 7-3

backward, 5-4 Channel programming

forward, 5-4 input, 7-5
Buffer I/0 Processor, 2-3, 2-10, 3-7, 7-1 input channel error conditions, 7-6
Buffer Memory, 1-7 output, 7-7

output channel error conditions, 7-7
Channel signals

CA register, see Current Address register clock, 7-19, 7-21
CAL, see Cray Assembler Language disconnect, 7-10, 7-12, 7-14, 7-16,
Central Memory, 3-1, 3-4, 4-1 7-18, 7-21
8-bank phasing, 4-5 Master Clear, 7-10, 7-16, 7-21, 7-22
access, 4-1, 7-23 ready, 7-8, 7-11, 7-14, 7-16, 7-18, 7-21
access time, 3-4, 4-1 resume, 7-9, 7-12, 7-14, 7-16, 7-18,
addressing, 4-4 7-21
8 banks, 4-4 Channel word assembly/disassembly, 7-4
16 banks, 4-4 Channels
bank conflicts, 7-25 asynchronous, 7-2, 7-8, 7-12

high-speed input channel signal

conflicts, 4-2
exchange, 7-13

cycle time, 4-1

data path with SECDED, 4-6 high-speed output channel signal
error correction/error detection exchange, 7-15
(SECDED) , 4-5 input channel signal exchange, 7-9

error data, 5-7 output channel signal exchange,
field protection, 5-13 7-11
organization, 4-3 sequence, 7-22, 7-23
size, 3-4, 4-1 input channels, 7-8, 7-12, 7-16,
speed control, 4-4, 6-10 output channels, 7-10, 7-14, 7-19
transfer rate, 3-4 Memory, 2-3, 2-10, 3-1

Central Processing Unit, 1-5, 3-1 synchronous, 7-2, 7-16
computation section, 1-5, 3-1, 3-5, 6-1 input channel signal exchange, 7-17

HR-0029 Index-1




output channel signal exchange,
7-20
sequence, 7-23
CIP, see Current Instruction Parcel register
CL register, see Channel Limit register
Clear programmable clock interrupt request,
5-17

Clock, 7-19, 7-21, B-4

Programmable, 5-~15
Clock period, 3-4
Clock pulse waveform, B-4
Computation section, 1-5, 3-5, 3-6
Condensing units, 1-12
Configuration, 1-4, 2-1, 2-7
Control section, 3-1, 3-5, 5-1
Conventions

Clock period, 3-4

Italics, 3-2

Number conventions, 3-2

Register conventions, 3-2
Cooling, B-5
CPU, see Central Processing Unit
Cray Assembler Language, 8-5
CRAY-1 S Computer System, 1-3

characteristics, 1-4

components, 1-1, 1-3

configuration, 2~1

models, 1-7, 2-1
Current Address register (CA), 7-3
Current Instruction Parcel register (CIP),

5-2

Data bits, 7-8, 7-10, 7-12, 7-14, 7-18, 7-19
Data transfer

I1/0 Subsystem, 7-1

Solid-state Storage Device, 7-2
DCU-4, see Disk controller unit
DD-29, see Disk storage unit
Deadstart, 2-12

sequence, 5-17
Derivation of the division algorithm, 6-28
DIOP, see Disk I/0 Processor
Direct memory access ports (DMA), 2-3
Disconnect signal, 7-10, 7-12, 7-14, 7-16,

7-18, 7-21

Disk controller unit (DCU-4), 1-8
Disk I/O Processor, 2-3, 2-10, 3-7, 7-1
Disk storage unit (DD-29), 1-8, 2-12
Division algorithm, 6-27
DMA, see Direct memory access ports
Double-precision numbers, 6-24
DSU, see Disk storage unit

E - error type, 5-7
Error correction/error detection, (SECDED)
description, 4-5
matrix, 4-7
Exchange Address register (XA), 5-8, 6-3
Exchange mechanism, 5-5
Exchange package, 5-5
Active, 5-10
Management, 5-12

HR-0029

Index-2

Exchange registers, 5-8

Exchange sequence, 5-10
initiate, 5-11
initiated by deadstart sequence, 5-10
initiated by interrupt flag set, 5-11
initiated by program exit, 5-11
issue conditions, 5-11

Exclusive NOR function, 6-32

Exclusive OR function, 6-32

F register, see Flag register
Fetch operations, 4-2
First word address (FWA), 5-8, 6-9, 7-5, 7-7
Flag register (F), 5-9
Flags, 5-8
Floating-point addition, 6-24
Floating-point arithmetic, 3-5, 6-21
Floating-point data formats, 6-21
Floating-point multiply partial-product
sums pyramid, 6-26
Floating-point range errors, 6-22, C-2
Floating-point subtraction, 6-24
Front-end computers, 1-15, 2-9
interfaces, 1-15, 2-8
Functional units, 6-11
address, 6-2, 6-12
address add, 6-2, 6-12
address multiply, 6-2, 6-12
floating-point, 6-15
floating-point add, 6-16, 6~22
floating~point multiply, 6-16, 6-23
reciprocal approximation, 6~16, 6-24,
6-27
scalar, 6-5, 6-12
scalar add, 6-13
scalar logical, 6-13
scalar population/parity/leading zero,
6-13
scalar shift, 6-13
vector, 6-7, 6-14
vector add, 6-14
vector logical, 6-15
vector population/parity, 6-15
vector shift, 6-15
FWA, see First word address

g field, 8-1

h field, 8-1
Hold issue, A-4
Hold memory, A-5

1 field, 8-1

I/0, see Input/output

I/0 channel operation, 7-3
I/0 instructions, 7-3

I/0 interrupts, 7-4

I/0 lockout, 7-25

1/0 memory addressing, 7-26
I/0 memory conflicts, 7-25



I/0 memory reference, 4-2 mask, 6-32

1/0 memory request conditions, 7-26 Lower Instruction Parcel register (LIP), 5-3
1/0 Processor, 1-7, 2-10, 7-2 LWA, see Last word address

I/0 program flowchart, 7-5

I/0 Subsystem, 1-7

chassis, 1-7 M, see Mode register
communication, 2-10 m field, 8-2
data transfer, 7-1 Machine minimum, 6-23
power distribution unit, 1-13 Mainframe
ICD, see Interrupt Countdown counter chassis, 1-5, B-3
II, see Interrupt Interval register clock, B-4
Inclusive OR function, 6-32 cooling, B-5
Input channels, 7-8, 7-12, 7-16 modules, B-2
error conditions, 7-6 physical characteristics, 1-4
programming, 7-5 physical organization, B-1
signal exchange, 7-9, 7-13, 7-17 power distribution urit, 1-13
Input/output, 1-4 power supplies, B-4
Input/output channels, 3-7, 7-2 Maintenance control unit (MCU), 1-6
Input/output section, 3-1, 3-7, 7-1 communication, 2-9
Instruction buffers, 5-3 Mask operation, 6-32
backward branching, 5-4 Mass storage, 1-4, 1-8
forward branching, 5-4 Master Clear signal, 7-10, 7-16, 7-21, 7-22
in~-buffer condition, 5-4 Master 1/0 Processor, 2-3, 2-10, 3-7, 7-1
out-of-buffer condition, 5-4 MCU, see Maintenance control unit
Instruction control, 5-1 Memories, 1-4
Instruction issue, 5-1, 8-4 Memory, see Central Memory
Instruction parcel, 5-2 Memory Channel, 2-3, 2-10, 3-1, 3-7, 7-1
Instructions, 5-16, 8-1, D-1 Memory error data fields, 5-7
descriptions, 8-5 error type (E), 5-7
fields, 8-1 read address (R'RAB), 5-8
formats, 8-1 read mode (R), 5-7
functional unit used, D-1 syndrome (S), 5-7
programmable clock, 5-16 Memory field protection, 5-13
summary, D-1 Memory section, see Central Memory
Integer arithmetic, 3-5, 6-20 MIOP, see Master I/0 Processor
Integer data formats, 6-20 Mode register (M), 5-8
Integer multiply in Floating-point Multiply Models of CRAY-1 S Series of Computer
functional unit, 6-24 Systems, 1-2
Interfaces, 1-15, 2-8 S/500, 1-8, 2-1
Intermediate address registers (B), 3-5, 6-4 s/1000, 1-8, 2-1
Intermediate scalar registers (T), 6-5 5/1200, 1-7, 2-2
Interrupt Countdown counter (ICD), 5-16 5/1300, 1-7, 2-3
Interrupt Interval register (II), 5-16 $/1400, 1-7, 2-5
Interrupt timing, A-6 §/2200, 1-7, 2-2
I0P, see I/0 Processor S$/2300, 1-7, 2-3
Italics, 3-2 S/2400, 1-7, 2-5
S/4200, 1-7, 2-2
s/4300, 1-7, 2-3
J field, 8-1 §/4400, 1-7, 2-5

Modules, B-1
Motor-generator units, 1-14
k field, 8-1 Multiplication algorithm, 6-25
full-precision, 6-26
half-precision, 6-26
LA, see Limit Address register
Last word address, 7-5, 7-7

Limit Address register (LA), 5-14 Newton's method, 6-27

LIP, see Lower Instruction Parcel register Next Instruction Parcel register (NIP), 5-2

Local Memory, 7-1 NIP, see Next Instruction Parcel register

Logical operations, 6-31 Normalized floating-point numbers, 6-22
AND function, 6-31 Number conventions, 3-2

exclusive NOR function, 6-32
exclusive OR function, 6-32
inclusive OR function, 6-32
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One-parcel instruction format, 8-1

Operand range error, 5-15

Operating registers, 6-1

Operating system, C-1

Out-of range conditions, 6-23

Output channels, 7-10, 7-14, 7-16
error conditions, 7-7
programming, 7-7
signal exchange, 7-11, 7-15, 7-20

Overflow, 6-22

P, see Program Address register
parity bits, 7-8, 7-10, 7-13, 7-15, 7-18,
7-19

parity error, 7-6

Phasing, 4-5

Power distribution units, 1-13

Power supplies, B-4

Primary registers, 6-2

Program Address register (P), 5-2

Program range error, 5-14

Programmable clock, 5-15
clear interrupt request, 5-17

Programmed Master Clear to external device
7-22
asynchronous channels, 7-22
synchronous channels, 7-23

R - read mode, 5-7
R'RAB - read address, 5-8
Ready signal, 7-8, 7-11, 7-14, 7-16, 7-~18,
7-21
Real-time clock, 5-14
Reciprocal approximation functional unit,
6-24
Recursive characteristic of vector
functional units, 6-17
Register conventions, 3-2
Registers, 5-2, 6-3
Address registers, 3-5, 6-2
Base Address register (BA), 5-14
Beginning address registers, 5-4
Channel Limit register (CL), 7-3
Current Address register (CA), 7-3
Current Instruction Parcel register
(CIP) 5-2

Exchange Address register (XA), 5-8, 6-3

Exchange registers, 5-8

Flag register (F), 5-9

Intermediate address registers (B),
3-5, 6-4

Intermediate scalar registers (T), 6-5

Interrupt Interval register (II), 5-16

Limit Address register (LA), 5-14

Lower Instruction Parcel register
(LIP), 5-3

Mode register (M), 5-8

Next Instruction Parcel register (NIP),
5-2

Operating registers, 6-1

Primary registers, 6-2

Program Address register (P), 5-2

HR-0029

Index-4

Scalar registers, 3-5, 6-5
Special register values, 8-4
Vector control registers, 6-10
Vector Length register (VL), 6-3, 6-10
Vector Mask register (VM), 6-11
Vector registers, 3-5, 6-7
Resume signal, 7-9, 7-12, 7-14, 7-16, 7-18,
7-21

S - syndrome, 5-7
S registers, see Scalar registers
Scalar Add functional unit, 6-13
Scalar functional units, 6-5
Scalar instruction timing, A-1
Scalar Logical functional unit, 6-13
Scalar Population/Parity/Leading Zero
functional unit, 6-13
Scalar processing, 3-5, 6-1
Scalar reference, 4-2
Scalar registers, 3-5, 6-5
Scalar Shift functional unit, 6-13
SECDED, see Central Memory
Sequence for asynchronous channels, 7-22
Sequence for high-speed asynchronous
channels, 7-23
Sequence for synchronous channels, 7-23
Software considerations, C-1
floating-point range errors, C-2
operating system, C-1
system monitor, C-1
system operation, 2-9, C-2
user program, C-1
Solid-state Storage Device (SSD), 1-11
chassis, 1-11
configured with CRAY-1 S System, 2-7
data transfer, 7-2
power distribution unit, 1-13
Special register values, 8-4
Speed control, 4-4
SSD, see Solid-state Storage Device
Summary of CPU timing information, A-1
Synchronous channels, 7-2, 7-16, 7-23
System
components, 1-1, 1-3
configuration, 2-1
monitor, C-1
operation, 2-9, C-2

T registers, see Intermediate scalar
registers

Timing information, A-1

Two-parcel instruction format, 8-2

Twos complement integer arithmetic, 6-20

Unexpected Ready signal, 7-6
User program, C-1

V registers, see Vector registers
Vector, 3-5
Vector Add functional unit, 6-14



Vector control registers, 6-10
Vector functional unit reservation, 6-14
Vector functional units, 6-7, 6-14
Vector instruction timing, A-3
Vector left double shift, 8-62
Vector Length register (VL), 6-3, 6-10
Vector Logical functional unit, 6-15
Vector Mask register (VM), 6-11
Vector memory rate, 4-5
Vector operation, 3-5, 6-8, 6-17
Vector Population/Parity functional unit,
6-15
Vector processing, 6-1
Vector registers, 3-5, 6-7
conflict, 6-8
reservations, 6-9
Vector right double shift, 8-63
Vector Shift functional unit, 6-15
VL, see Vector Length register
VM, see Vector Mask register

XA, see Exchange Address register
XIOP, see Auxiliary I/0 Processor
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