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1. SCALAR DOUBLE SHIFTS INSTRUCTIONS 056ijk,0571ijk

0
2. DECODE Ak 2 ~ 26 FOR DOUBLE SHIFT, RIGHT SHIFT VALUE IS PUT INTO 2'S
COMPLIMENT FORMAT BY HARDWARE.

3, AKBITS 2'. 22 MUST BE ZERO FOR SHIFTER OUTPUT.

CRAY X-MP SCALAR DOUBLE SHIFT CONTROL

17-9

' 0 6
« Ak 2°-2 >
DECIMAL
6410 321 1659 819 410 210 Lo | SHIET VALUE
BIT
6 5 4 1 0
2 2 2 2 22 2 2° | posrTioN
Vié  Vi5 Vid Vi3 vi2 Vi1 V10 | TERM
A0l ALl A10' B66' BT A04'  AO03'| TEST POINT
CONTROL FOR CONTROL FOR CONTROL FOR
J AND K TERMS N TERMS R TERMS
0 0 PO DS 0 0 0 | P20 SHIFT 0 0 0 | P40 SHIET 0
0 0 P4 LDS 0 0 1 | P21 SHIFT 4. 0 1 | P41 SHIFT 1
0 1 P1 32 DS 0 1 |- o |P2sHIFTS 1 0 | P42 SHIFT 2
0 1 P5 32 LDS 0 1 1 | P23 SHIFT 12 1 1 | P43 SHIFT 3
CONTROL FOR
1 0 P2 64 DS SRS
1 0 P6 64 RDS 1 0 0 |Pp24 SHIFT 16
1 1 P3 96 DS 1 0 1 | P25 SHIFT 20
1 1 P7 96 RDS 1 1 0 | P26 SHIFT 24
0 0 P04 RDS=0 1 1 1 | P27 SHIFT 28
P32 | P31 P30 | CONTROL FOR
M TERMS
0 0 0 |SHIFTO
0 0 1 | SHIFT 4
0 1 0 |SHIFT 8
0 1 1 | SHIFT 12
1 0 0 | SHIFT 16
1 0 1 | SHIFT 20
1 1 0 | SHIFT 24
1 1 1 | SHIFT 28 A5129A



INSTRUCTIONS USED
056 DK
Shift (Sp and (Sy) left

By (Ag) places to §;

057 UK
Shift (S;) and (Sy) right

By (Ag) places to §;

C.A.L. FORMAT
St S1, ST < AK Scalar double left shift (SI, SJ) by AK places

St SJ, SI > AK Scalar shift double right shift (SJ, SI) by AK places - )
SPECIAL CASE:
0561J0 St Si1, ST «1

056I0K S SI, < AK

XV201528M

.
N

17--10



263 232 331 20
1' RIGHT SINGLE SHIFT 251g
Si |
i 254909 = 31g
AN \\ \\
N AN N 100g - 31g = 47g (SHIFT COUNT)
N
N
N \\ S 25 24 23 22 21 20
31 Ry =32
2 r2 2 1 0 0 1 1 1
|
K15 KO0 ,J15 Jo
//
. P d 7
P P
53
2 20
Si
263 232 531 20
I RIGHT SINGLE SHIFT
Si :
1 3610 = 44g
~~ S~ TS~
~o ~ 100g - 44g = 34g (SHIFT COUNT)
231 20 21 2-32
ZERO FILL 25 24 23 22 21 20
J15 Jo o 1 1 1t 0 0
p !
/
/
/
/ //
// /
263 20
Si
4-11954
RIGHT SINGLE SHIFT

e’

CRAY RESEARCH, INC.
COMPANY PRIVATE
17-11 '



CI-LT

263

EVEN 62

ODD 63

EVEN

OoDD

EVEN

OoDD

SHIFT 64 « 32
TERMS P3 & P7

SHIFT 64 « 32
TERMS P2 & P6

SHIFT 64 « 32
TERM P1

SHIFT 64 « 32
TERM PO

NOTE: SHIFT DERIVED FROM 2's COMPLEMENT OF Ak

X—RWJZ SCALAR RIGHT DOUBLE SHIFT

U - s I S R 29 ] 263 - si 20
A
1l Jl 33| 31 L] 1] 63 | 33| 31 |
. I TERMS _
163 148 | 147 132 | 137 I16| 115 10
163 148 | 147 132 | I31 I16| 115 10
H TERMS Sj G TERMS Si
H31 416 | H15 HO | G31 G16 | G15 GO
H31 416 | H15 HO | G31 G16 | G15 GO
SELECT 1 OF 4 COMBINATIONS OF SHIFTS 26,25
Sj 231 - 20 s5i 263 - 232
K31 K16 | K15 ko | 715 JO
8 263 - 232 53 231 - 29 Si 263 - 232
K31 K16 | K15 K0 | J15 JO
Sy 263 _ 532 5y 231 - 20
K15 K0 | J15 a0
S§ 263 _ 232
J15 JO

3GB F54/55

3GB F48/49

T/S 7/9

T/S 7/9

T/S 7/9

T/S 7/9

X2117C0101
T 25768



cL-L1

EVEN
ODD

EVEN

ODD

EVEN

ODD

SHIFT 64 + 32
TERM P3

SHIFT 64 - 32
TERM P2

SHIFT 64' - 32
TERM P1 & P5

SHIFT 64' - 32'
TERM PO & P4

Si Sj
| 62 32130 0 62 32] 30 0
63 33 ] 31 1 63 33] 31 1
1 TERMS
131 116] 115 100 163 148 ] 147 132
131 116 | 115 100 163 148] 147 132
G TERMS Si H TERMS Sj
G31 G16} G15 GO H31 H16] H15 HO
G31 G16 | G15 GO H31 H16| H15 HO
SELECT ONE OF FOUR COMBINATIONS OF SHIFT 26,25
sj 231. 20
K31 K16
sj 263 232 §j 231. 20
K31 K16 | K15 KO
si 231. 20 sj 263 . 232 sj 231 20
K31 Ki6] K15 KO | J15 30
Si 263. 932 Si 231. 20 Sj 263. 2%
K31 K16 | K15 Ko| |5 J0

CRAY X-MP SCALAR LEFT DOUBLE SHIFT

Nem

3GB F54/55

3GB F48/49

GB F54/55

GB F48/49

GB F54/55

GB F48/49

TS 18

TS 79

TS 7/9

A-2577A






K31 K30 K29 K28 K27 K26 K25 K24 K23 K22 K21 K20 K19 Ki8 KI17 Ki6{ Kis Ki4 K13 K12 KI1 KI0O K9 K& K7 K6 K5 K4 K3 K2 K KO} JIs Ji4 713 JI12 J11 JIO )9 B J7 J6 15 4 I3 12 I1 Jo SHIFT BITS
TS 10/13

N7 N6 N5 N4 N3 N2 NI  NO M46 M44 M42 M40 M38 M36 M34 M32 M30 M28 M26 M4 M2 M0 Mi8 M6 M4 MI2 MI0 M8 M6 M4 M2 MO LI2 LIO SHIFT 0
N7 N6 NS N4 N3 N2 NI NO M46 M4 M2 M0 M38 M36 M37 M32 M30 M28 M6 M24 M2 M0 M8 M6 M4 Mi2 MIO M8 M6 M4 M2 MO Li2 LIO SHIFT 4
N7 N6 NS N4 N3 N2 NI NO M46 M4 M2 MA0 M38 M36 M34 M32 M30 M8 M6 M4 M2 M0 MI8 M6 M4 MI2 MI0 M8 M6 M4 M2 MO LI12 L10 SHIFT 8

N7 N6 . N5 N4 N3 N2 NI NO M46 M4 M2 MA0 M3B M36 M34 M3Z M0 M28 M25 M24 M22 M20 MI18 MI6 MI4 Mi2 MI0O M3 M6 M4 M2 M0 L2 LiC SHIFT 12

M47 M4AS M43 M4l M39 M37T M35 M33 M3l M09 M27T M25 M23 M2l MIS M7 Mi1s MI3 MIit M9 M7 M5 M3 M! L13 L11 L7 L6 LS 4 L3 12 L1 Lo SHIFT 16

Md47 M4AS M43 M4 M39 M37 M35 M33 M31 M29 M27 M2S M23 M2l Mig MI7 MI5 MI3 MIl M9 M7 M5 M3 Ml L13 L11 L7 L6 Ls 14 L3 L2 LI Lo SHIFT 20

M4T M45 M43 M4l M39 M3I7 MBS M33 M3l M29 M27 M25 M23 M2l MI9 MI17 MIS MI3 MIl M9 M7 M5 M3 Ml L13 L1l L7 L6 LS 14 13 L2 LI LO SHIFT 24

M47T M4A5 M43 MA1 M39 M37 M3S M33 M31 M29 M27.M25 M23 M2l MI19 MI7 MIS MI3 Milt M9 M7 MS A3 ML L13 L1l L7 L6 LS L4 L3 L2 L1 Lo SHIFT28

M4A7 M45 M43 M4l M39 M37 M35 M33 M3l M29 M27 M25 M23 M21 MI9 MI7 M15 MI3 Mil M9 M7 M5 M3 Mi  Li3 L1l L7 L6 LS L4 L3 L2 L1 Lo

N7 N6 N5 N4 N3 N2 NI NO M46 Md4 M42 M40 W38 M36 M34 M32 M30 M8 M26 M4 M22 M20 MI8 M6 M4 MI2 MIO M8 M7 M4 M2 MO LI2 L0

TS 1660 SHIFT BITS 2! 2°

R62 R60 RS58 R56 RS54 RS2 RSO R48 R46 R44 R42 R40 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 R18 RI16 R14 RI12 RO R8 R6 R4 R2 RO SHIFT 0

262 260 958 956 554 952 950 948 A6 44 42 40 538 536 934 32 230 28 926 924 222 20 918 216 gld  g12 210 g3 26 24 22 20 F54/55

263 261 959 ST 0S5 53 oS1 49 4T 45 443 o4l 939 537 935 933 31 520 027 25 923 21 gg9 9T 15 I3 ol 29 37 35 23 a1 F48/49

R63 R61 R59 RS57 R55 RS3 RS1 R49 R47 R45 R43 R4l R39 R37 R35 R33 R31 R29 R24 R25 R23 R21 R19 RI7 R15 RI13 Ril R9 R7 RS R3 R1 R64 SHIFT 1

263 261 259 95T 555 953 551 49 94T 945 943 941 939 937 o35 33 31 529 2T 925 923- 21 919 917 415 13 ol 29 27 25 3 21 2.1 F54/55
262 60 558 oS6 54 552 S0 48 546 o44 a2 540 3B 936 oM 32 930 528 926 924 o212 920 18 516 g4 2 g0 8 26 24 22 20 F48/49
R62 R60 RS8 RS6 RS54 R52 RSO R48 R4 R44 R42 R40 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 RI8 Ri16 R14 R12 R10 R8 R6 R4 R2 RO SHIFT 2
262 260 258 256 354 P2 90 48 46 a4 42 90 238 236 33 ,m 230 228 26 M 22 920 I8 g6 g1 212 10 g8 6 g4 52 50 Fs4/55
263 281 559 ST 555 53 51 49 4T 45 43 Gl o390 37 538 L33 931 29 2T 925 523 921 519 17 415 513 pll P 5T a5 53 4l F48/49

R63 R61 RS R57 RSS RS3 RSI R49 R47 R4S R43 R4l R39 R37 R3S R33 R31 R29 R27 R25 R23 R21 RIS R17 RIS R1I3 Rl RY R7 RS R3 Rl Ré4 SHIFT3
263 261 259 257 fS 253 251 249 24'7 245 243 »1 239 237 235 2 3 931 229 227 225 223 221 2]9 217 215 213 2 29 27 25 23 21 253 F54/55
262 260 S8 56 54 952 oS0 AR 46 44 A2 40 538 936 34 932 30 28 926 24 522 520 g3 516 gl 12 pl0 98 g6 gt 7 O F48/49

RIS RI4 R13 R12 Rl RiI0 R9 R8 R7 R6 RS R4 R3 R2 Rl RO

TEST POINT
BS B6 Bl4 B13 B12 B7 BIS Bl1 B2 B10 Bi8 B9 B8 B3 B4 Bl
R31 R30 R29 R28 R27 R26 R2S R24 R23 R22 21 R20 R19 RI8 RI17 RI6
TEST POINT
AS3' A6 A4T AS2 Al6 ASC' A2l' Al9' A64 A6T' A68' ASL' AT70' AT’ A65 A66
e —
i R47 R46 R45 R44 R43 R42 R4l R40 R39-R38 R37 R36 R35 R34 R33 R32
TEST POINT
C27" C65' C63' C64' C23° C2° CI' (C21' C25 C68 C66' C69' C67° C71' C70° C72 12016
- R65 R64 R63 R62 R61 R60 RS9 RS8 RS7 RS6 R55 RS54 RS3 R52 RS1 RS0 R49 R48
TEST POINT

D4 A72 D64 D35 DS8 D53 D34 D32 D47 D39 D48 D2 C49 D66 D69 D6 DS Di

CRAY X-MP/2 SCALAR SHIFT DOUBLE LEFT/RIGHT SHIFT

17-14



3GB

20
21
22
23
24
25
26
27
28
29
210
211
212
213
214
215
216
217
218
219
220
221
222
223
22
225
226
221
228
229
230
231

Sj OPERAND
F54/55  F48/49

TERM TP TP

HOO  B56

H00 B56

HO1 D67

HO1 ___ Del

HO2 B39

HO2 B39

HO3 D36

HO3 D36

HO4 A5

HO4 AS5

HO5 ‘C40

HO5 T40

HO6 A6l

HO6 A6l

HO7 )

HO7 T50

HO8  A35

HOS A3

HO9 C12

H09 iz

HI0O  Al2

H10 ALz

H11 06

H11 C06

H12 A0S

HI2 A08

HI3 Cc&

H13 caz

Hi4 B37

H14 B37

HIS D44

H15 Daa

Si OPERAND

F54/55  F48/49
TERM TP TP
Goo  B54
G00 B54
Gol D68
Gol D68
G02 B34
G02 B34
Go3 DS5
GO03 D55
Go4 A36
Go4 A36
G05 ‘Caa
G05 Ca4
G06 A29
G06 A29
Go7 ‘C36
G07 C36
Go8 A23
Go8 ‘A23
G09 Tl6
G09 Cl6
G10 AZ0
G10 A20
Gl1 20
Gl11 €20
G12 AlB
G12 A’
G13 'C33
G13 C33
Gl4 B4S
Gl4 B49
Gls Dol
Gl15 D61

3GB

232
233
234
235
236
237
238

240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
25
257
258
259
260
261
262
263

Sj OPERAND

F54/55  F48/49
TERM TP TP
HI6  BSS
H16 B58
H17 D65
HI7 D&
H18 B43
H18 B43
H19 D37
H19 D37
H20 AST
H20 AST
H21 c35
H21 T35
H22  A63
H22 A63
H23 cs2
H23 C52
H24 A3S
H24 A38
H25 Cio
H25 CI0
H26 Ald
H26 <4
H27 o8
H27 Ald
H28 "AG6
H28 A6
H29 48
H29 C48
H30 B45
H30 B4S
H31 D45
H31 D45

CRAY X-MP SCALAR SHIFT
Sj AND Si SCOPE CHART

17-15

Si OPERAND

F54/55
TERM TP
Gl6  B60
G16
G17 D2
G17
Gi18 B4l
G18
G19  Ds7
G19
G20 A33
G20
G21 ‘C38
G21
G22 A31
G22
G23 ‘C31
G23
G24 A27
G24
G2s  Cl4
G25-
G26 A25
G26
G27 CI8
G27
G28 Al6
G28
G29 c29
G29
G30 B51
G30
G31 D63
G31

F48/49
TP

B60

D72

A33
c38

‘A3l

Cl4
A25
Ci18
Al6
€29

Bs51

B-15888



. o

AN

62 60 58 56 54
63 61 59 57 55

31 30 29 28 27

52 50

48 46 44

53 51 49 47 45 43

26 25

LEFT SINGLE SHIFT:

K31 K30 K29 K28 K27
TS 10/13
N7 N6 N5 N4 N3

N7 N6 NS

N7

K26 K2

24 23 22

42 40 38
41 39
21 20 19

36
37

18

I0-I31 -- KO-K31 SHIFT 32
SHIFT 32

I0~I1l5 -~ K16-K31

5 K24 K23 K22

N2 N1 NO M46 M44

N4 N3 N2 N1 NO

N6 N5 N4 N3 N2

N7 N6 N5 N4

M47 M45~

M47 M4S M43 14l M35E3D M35 M33 M3L M29

N7 N6 N5 N4 N3

TS 16/0

N2 N1 NO M46 M44

R62 R60 R58 R56 R54 R52 RS0 R48 R46 R44
262 260 552 556 554 552 250 o488 L6 Hlb

263 961 559 557 555 253 251 549 L7 545

R63 R61 RS9 R57 RSS
262 361 559 557 555
262 560 558 556

R62 R60 R58 R56

262 560 258 556 o

263 261 253 57
RG3 R61 R59 RS7
263 61 559 557

262 60 558

052ijk/054ijk
si=232
Jk=25g=0 10101

21499

RSS
255

RS1 R49 R47 R4S

25

25k 55

1 549 57 545
2 550 48 Hub

R52 R50 R48 R46
5k 952 550 48 H46
253 551 49 o47

B53 RS1 R49 R47
253 551 49 547

256 5% 552 550 48

K21

M42
M46
N1
N3
M43

M47

M27

M42

R42
2k2

R43
243

2bb

R44
ol

245

R45
PR
246

K20 K19 K18

M40
M44
NO
N2
M4l

M45

M25

140

RAO
240

okl

R4l
PLS!
22

R42
242
243

R43
PRE:

bl

M38
M42
M46
N1
M39
M43

M47

M23

M38

R38
238
239

R39
539
540

R40
240
il

R4l
P!
242

M36
M40
M44
NO
M37
M4l

M45

M21

M36

R36
236
237

Rr37
538

R38
538

239

R39
239
240

3¢ G2 30 28 26

35 33 31 29 27
17 16 15 14 13

RIGHT SINGLE SHIFT:
I16-I31 -- KO-K15;

K17(EL8Y K15 K14 K13

M34 M32 M30 M28 M26

24
25

21

I0-I15 -- J0-J15
I16-131

K12

M24

M38 M36 M34 M32 M30 M28

M42 M40 M38 M36 M34 M32

M46 M44 M42 M40 M38

M35 M33 M31 M29 M27

M36

M25

M39@E3D M35 M33 M3L M29

M43 M41 M39 M37 M35
M47 M45 M43 M41 M39
M19 M17 M15 M13 M11

M34 M32 M30 M28 26

R34 R32 R30 R28 R26
234 232 530 28 576
235 233 531 529 527

R35 R33 R31 R29 R27
235 533 531 529 527
236 34 532 530 528

R36 R34 R32 R30 R28
236 234 532 530 528
237 235 933 531 529
R37 R35 R33 R31 R29
237 235 533 531 229
238 536 34 232.230

R15 R14
B5 B6

M33
M37
M9
M24

R24
224

225

R2S
525
226

R26
226

227

R27
227

228

R13
B14

R31 R30 R29

C27 C65 C63

22 20 18 1l 14
23 21 19 17 15

11 10 9 8 7

K11 K10 K9 K8 K7

M22 M20 M18 M16 M14
M26 M24 M22 M20 M18
M30 M28 M26 M24 M22
M34 M32 M30 M28 M26
M23 M21 M19 M17 M15
M27 M25 M23 M21 M19
M31 M29 M27 M25 M23
M35 M33 M31 M29 M27
W5 w3 oMl 113

M22 M20 M18 Ml6 M14

R22 R20 R18 R16 R1l4
222 220 518 716 51k
223 221 519 517 515

R23 R21 R19 R17 R15
223 521 519 517 515
228 522 520 518 ,16

R24 R22 R20 R18 R16
224 922 520 ,18 316
225 2923 521 519 517

R25 R23 R21 R19 R17
225 223 221 219 217
226 22’-& 222 220 218

R12 R11l R10 R9 R8

R65 R64 R63 R62 R61 R60 R59 R58 R57 RS56
D4 A72 D64 D35 DS8

D53 D34 D32 D47 D39

CRAY X-MP/2

12 10 8 6 4
13 11 9 7 5

6 5 4 3 2

SHIFT 32
-- J0-J15 SHIFT 32

K6 K5 K4 K3 K2

M12 M10 M8 M6 M4
M16 M14 M12 M1O M8
M20 M18 M1l6 M14 MI12
M24 M22 MéO M18 M16
M13 M11 M9 M7 MS
M17 M15 M13 M1l M9
M21 M19 M17 M15 M13
M25 M23 M21 M19 M17
L1l L7 1.6 L5 L4

M12 M10 M8 M6 M4

R12 R10 R8 R6 R4
212 210 29 26 o

213 511 59 57 55
R13 R11 R® R7 RS

513 511 59 57 55
21t 512 510 58 46

R14 R12 R10 R8 R6
214 512 510 78 56
215 513 511 539 57
R15 R13 R11 R® R7
215 513 511,59 57
216 514 512 510 58

D48 D2 C49 D66 D69

SCATLAR SHIFT

SINGLE (LEFTYRIGHT SHIFT

17

-l6

2 0 3GB @ F54/55
3 1 3GB @ F48/49

1 0 I TERMS

K1 KO |Jls

M2 MO Ll12

M6 M4 M2

M10 M8 M6

M14 M12 MI10

M3 M1 L13

M7 M5 M3

M1l M9 M7

M15 M13 M1l

L3 L2 Ll

M2 MO Ll12

R3 Rl R64

A71 A65 A66

R34 R33 R32
C71 C70 C72

R50 R49 R48
D6 D5 D1

Jl4

Ll0

MO

M4

M8

Lll

M1

M5

M9

Lo

L1l0

R64

5-01

J13 J12 Jil 1o J9 J8 J7 J6 J5

Ll2 L1l0

M2 MO L12 110
M6 M4 M2 MO
L7 16 L5 L4
L13 L1l L7 16
M3 M1 113 111

M7 M5 M3 M1

SHIFT BITS 2!

SHIFT O
F54/55
F48/49

SHIFT 1.

F54/55
F48/49

SHIFT 2
F54/55
Fag8/49

SHIFT 3

F54/55

Fa3/49

TEST POINT

TEST POINT

TEST POINT

TEST POINT

L1l2 L1O

L3 L2

L5 L4

L7 16

L1

L3

L5

L13 111 L7

20

Lo

L2

L4

L6

Jl Jo

SHIFT BITS

SHIFT O
SHIFT 4
SHIFT 8
SHIFT 12
SHIFT 16
SHIFT 20
SHIFT 24

L1 LO SHIFT 28

D-1553D

EXAMPLE NO. 1
HTV-0242



62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 (32D 30 28 26 24 22 20 1B 16 14 12 10 8 6 4 2 0 3GB@FEASS
4 39 37 3 3B 3 29 2 2 23 A 19 17 15 13 11 9 7 5 3 1 3GB@F4vd0

&
&

63 61 59 57 55 53 51 49 47

31 3 20 28 2z 26 25 24 23 22 2 20 19 18 17 6H 15 14 13 12 14 10 9 8 7 6 5 4 3 2 1 0 ITERMS

LEFT SINGLE SHIFT: RIGHT SINGLE SHIFT:
10 - 131 -- KO - K31 SHIFT32 16 - 131 --KO0 - K15; 10 - 15 - J0 - J15 SHIFT 32

10 - 1S -- K16 - K31 SHIFT 32 116-B1 -J0-J15S SHIFT32

K31 K30 K29 K28 K27 K26 K25 K24 K23 K22 K21 K20 Kig K18 Ki7 K16|K15 K14 K13 Ki2 Ki1 Ki0 K9 K8 K7 K& K5 K& K3 K2 Ki |J15 JI4 S13 12 H1 H0 0 U8 97 K S5 J& B J2 J o SHETBITS

TS 10/13
N7 N6 N5 N4 N3 N2 Nt NO M46 M44 M42 M40 M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 Mi18 M16 M14 M12 M10 M8 M6 M4 M2 MO Li12 Lto SHIFTO
N7 N6 N5 N4 N3 N2 N1 NO M46 M44 M42 M40 MI8 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18_M16 M14 M12 M10 M8 M6 M4 M2 MO 112 L1O SHIFT 4
N7 N6 N5 N4 N3 N2 NI NO M46 M44 M42 M40 M3B M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 M16 M14 M12 M10 M6 M4 M2 MO L12 10 SHIFT8
N7 N6 N5 N4 N3 N2 NI NO M46 M44 M42 M40 M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 M16 M14 M12 MIO MB M6 M4 M2 MO L12 L10 SHIFT 12
M47 M45 M43 M41 M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 M19 M17 M15 M13 M1t M3 M7 M5 M3 M1 L13 L11 L7 L6 L5 L4 L3 12 L SHIFT 16
M47 M45 M43 M41 M39 M37 M35 M33 M3t M29 M27 M25 M23 M21 M19 M17 MiI5 M13 Mit M9 M7 M5 M3 M1 |13 L1t L7 L6 L5 14 3 L LU Lo SHIFT 20
M47 M45 M43 M4t M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 M19 M17 M15 M13 M1 M@ M7 M5 M3 M1 L13 L1 L7 (6 L5 L4 L3 12 11 LO SHIFT 24

M47 M45 M43 M41 M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 M13 M17 MI5 M13 M11 M3 M7 M5 M3 M1 113 L11 L7 L6 15 (4 I3 L2 L1 LO SHFT28

M47 M45 M43 M41 M39 M37 M35 M33 M31 M23 M27 M25 M23 M21 M19 M17 Mi5 M13 M1t M9 M7 M5 M3 M1 L1I3 11 L7 L6 15 14 13 L2 Lt Lo
N7 N6 N5 N4 N3 N2 N1 NO M46 M44 M42 M40 M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 M16 M14 M12 M10 M7 M4 M2- MO L12 L10

TS 160 - SHFTBITS 2! 2°
R62 R60 ARS8 R56 RS54 RS2 R50 R48 R46 R44 R42 R40 R38 K36 R34 R32 R30 R28 R26 R24 R22 R20 R18 R16 Ri4 Ri2 R0 RB R6 R4 R2 RO SHIFTO
B2 80 S8 oS8 54 52 S50 248 548 44 A2 4D 38 S38 34 532 530 28 528 .M 22 S0 18 18 g4 12 J0 8 o8 g4 52 50 F54/55
289 81 58 ST 555 553 51 g4 ST gaS A3 od1 H39 17 P35 I M LW Q2T B G2 N G 7 I8 Y B P 7 P Fa8/49
A63 R61 RS9 RS57 RS5 RS53 R51 R49 R47 R45 R43 R41 R39 R37 R3S R33 R31 R22 R24 R25 R23 R21 R19 RI17 RIS RI3 RI1 R R7 RS R3 Rt Re4 SHIFT 1
283 81 59 57 955 553 51 48 547 545 943 A1 539 537 535 231 N Q28 Q21 o525 223 221 i@ 217 25 F3 g1 8 o7 98 23 2 2-1 F54555
282 B0 058 58 54 552 950 548 48,44 542 gd0 38,38 N4 SN2 S0 52 528 24 222 B I8 18 4 J2 S0 5B 48 o4 52 0 Fasraa
R62 R60 R58 RS6 RS54 RS2 RS0 R48 R46 R44 R42 R40 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 R18 Ri16 Ri4 Rt2 RO RSB R6 R4 R2 RO SHIFT 2
282 280 958 58 o84 52 50 48 548 A4 242 40 38 3B 534,32 530 528 28 F4 222 Q20 18 518 g4 2 410 o8 98 94 52 40 F54/55
283 281 250 57 55 253 51 40 47 45 A3 41 538 537,35 33 31 520 2T L2 523 521 GI9 ST H15 513 2 7 25 1 F4srdg
R63 R61 RS9 R57 RSS RS3 R51 R49 R47 RA45 R43 R41 RI2 R37 R3S R33 R31 R29 R27 R25 R23 R21 R19 R17 RIS Ri3 R? R7? RS R3 Rl R64 SHIFT3
283 81 58,57 .55 ;53 550 249 ; 2-37 24 A3 41 Q38,37 535 533 01 520 LT 25 523 S21 18 17 S5 o1 29 27 5 23 g o F54/55
282 280 zsn 258 254 252 250 248 240 ‘244 242 240 233 ,233 ‘234 2'lz zsu 228 226 _ 224 222 220 218 213 24 .‘,12 210 28 28 24 22 20 F48/49

RIS R4 Ri3 Ri12 Ri1 Ri0O R R8 R7 R R R4 R3 R2 R1 RO
k05 TESTPOINT
053i/05Sijk BS B6 Bi4 B13 B12 B7 B15 Bi1 B2 B10 B8 B9 B3 B3 B4 Bt

Si=2%

k=25 R31 R30 R29 R28 R2Z7 R26 R25 R24 R23 R22 R21 R20 R19 Ri8 Ri7 Ri6
8 TEST POINT
A53' ABY' A47° AS2Z' A16' AS0' A21' A19' AB4' AG7 AGB' AS1' A70° A71' A65' A66'

(AFTER TWOS COMPLEMENT)
k=53¢ R47 R46 R4S R44 R43 R42 R41 R40 R39 R38 R37 R36 RIS R34 RI3 R32
TEST POINT
C27° C65' C63" C64' €C23° C27 C1' C21' C25° C68' C66° C63° C67° C71°' C70° C72
R65 R64 R63 R62 R61 MRG0 RS9 RSB RS57 RS6 RSS5 RS54 RS3 RS2 RS1 RS0 R43 A48
TEST POINT
D4 A72° D64 D35 D58 DS3 D34 D32 D47 D39 D48 D2 C49 D66 D69 D6 DS Dt A6210

CRAY X-MP/2 SCALAR SHIFT SINGLE LEFT (RIGHT) SHIFT

17-17



8T-L1

EVEN
ODD
EVEN
OoDD
EVEN
ODD
SHIFT 64 . 32
TERM P3
SHIFT 64 + 32
TERM P2

SHIFT 64 « 32
TERM P1 & P5

SHIFT 64 « 32
TERM PO & P4

Si S3
62 G2 30 o| | 62 32| 30 0
63 33 | 31 1 63 33| 31 1
I TERMS
131 @19d| 115 100 | | 163 147 132
131 116 | 115 100 | | 163 148 | 147 132
G TERMS Si H TERMS SJ
G31 G15 GO H31 @o| s HO
G31 G16| 15 GO H31 H16 | H15 HO
SELECT 1 OF 4 CONBINATIONS OF SHIFT 26, 25

sj 231 - 20
K31 K16

sy 263 _ 232 Sj 231 _ 20
K31 K16 | K15 X0

si 231 _ 20 Sj 263 _ 232 sj 231 - 20
K31 K16| | k15 J15 J0

Si 263 _ 932 gi 23t - 26 Sj 263 _ 232
K31 K16 | K15 KO J15 Jo

SCALAR LEFT DOUBLE SHIFT

3GB F54/55

3GB F48/49

056iik
sj=232
si=232
Ak=43g
0100011

TS 7/9

TS 7/9

TS 7/9

A-2577A
X2117C0102



-

+ K31 K30 K29 K28 K27

TS 10/13
N7 N6 N5 N4 N3
N7 N6 N5

N7

M47 M45 M43 M4l M39
N7 N6 NS N4 N3

TS 16/0

R62 R60 R58 R56 R54

262 260 258 256 254

R63 R61 R59 R57 RS5

263 261 259 357 555

R62 R60 R58 R56

262 260 558 556

R63 R61 RS9 RS7

K26

N2
N4

N6

M37

N2

R52

252

R54
254

255

R55

255

K25

N1
N3
N5

N7

M35

N1

253

K24

NO

N2

N4

N6

M33

NO

K23

N1
N3
NS

M47

M31

M46

R48

249

R49

249

K22

NO
N2
N4

M4S

R46

247

R47

K21

M42

N

N3

M43

M47

M42

R44

K20

M44

NO

N2

M4l

M45

R42

K19

M42
446
NI

M39

M47

M23

M38

R40

241

R41

K18

K17

M38

M42

M46

M35

M43

M47

M19

K16’ x15

M32 M30
M36 M34
M40 M38
Ma4 M42
MS‘3 M31
M37 M35
M41 M39
M45 M43
M17 M15
M32  M30
R32 R30
232 230
233 231
R33  R31
233 231
234 232
R34 R32
234 32
235 233
R35 R33
235 233
236 234
R65 R64
D4 A72

K14

M33
M37
Ma1

Mi3

R47
c27

R63
D64

K13

M30

M34

u27
M31
M35
M39

M1

R29
229

230

R14

R30
AB9

R46
C65

R62
D35

K12

M24

M32
M36

M25

M33

M37

R13
B14

R29
A47

R45
ce3

R61
D58

Kit X10 XS K8

M22 M20 M8

X7 K6 K5 K4

M6 M4 Mi12 Mi0 M8

M20 M18 M6 Mi4  M12

M24 M22 M20 Mg M16

M17 M5 M13 M1 M9

M27 M25 M23  M21 M9 M7 Mi5 M13

M31 M29 M27  M25 M23 M21 M19 M17

M35 M33
M7 M5 M3 M1 L13 L1 L7

M22 M20 ms M16 M14 M12 MI10

R22 R20 R18 R16 R14 R12 RI1C

R23 R21 R19 R17 R15 Ri3 R11
223 221 219 217 215 213 211

224 222 220 218 216 214 212 2

M8

R8
28

29

R24 R22 R20 R18 R16 R14 R12 R10

225 223 221 219 217 215 213 2

R25 R23 R21 R19 Ri7 Ri5 R13 R11

225 223 221 219 217 215 213 2

226 224 322 320 18 216 14 o

R12 R11 R10 R9 R8 R7 R6

B13 B12 B7 B15 B11 B2 B10O B

12

18

R28 R27 R26 R25 R24 R23 R22 R21

AS2 A16 A50 A21

R44 R43 R42  R41

A19 aA64  A67 a68

R40 R39 R38 R37

c64 c23 cz (o] c21 c25 068 C66

R60 R59

D53 D34 D32

CRAY X-MP/2 SCALAR SHIFT
DOUBLE LEFT/RIGHT SHIFT

17-1°

R58 R57 R56 R55 RS54 RS53
Da7 D39 D48 D2 D3

M10
M14
Mi8

M7
M1
M15

M19

M6

R6
26

27

R7
27

28

28

29

RY

g

R20
a51

R36
Cc69

R52

M12

M16

M13

M17

L4

R4
24

25

25

26

R6
26

27

R7

M7
M1

M15

i3

22

25

23

24

R4
24

25

25

26

R2

R18
A7t

R34
c71

RSO

M4 M2
M8 M6
M12 M10
M1 L13
M5 M3
M9 M7
M13 M1
L2 m

Li2

RO
20
2t
R1 R64
21 2-01
22 20
R2 RO
22 20
23 2!
R1
21
24 22
Rt RO
B4 Bl
K7 RI6
A65 n66
B33 R32
c10  C72
R49 R48
D5 D1

J14

L10

L11

M1

L0

L10

2-01

20

J13 Ji2 J11

12 1o

Li2

L7 6 L5
113 L1 L7
M3 M1 L3

M7 M5 M3

SHIFT BITS 2!

SHIFT O
F54/55

F48/49

SHIFT 1
F54/55

F48/49

SHIFT 2
F54/55

FA8/49

SHIFT 3
F54/55

F48/49

TEST POINT

TEST POINT
TEST POINT

TEST POINT

J10

.10

b

L

M

20

J9

L12

L3

L7

L13

J8

L10

L2

L1

L1

L3

L5

L7

Jé

Lo

L2

L4

J5 J4 J3 J2 J1 Jo

SHIFT O
SHIFT 4
SHIFT 8
SHIFT 12
SHIFT 16
L1 Lo SHIFT 20
L3 L2 L1 LO SHIFT 24

SHIFT 28

D-1201G

X2100S0104

EXAMPLE NO. 1
HTV-0242

SHIFT BITS



0Z-LT

263 si 20 | 263 si 20
EVEN | 62 (2) 30 0| 62 (32) 30 0
ODD 63 33| 31 11 63 33| 31 1
I TERMS
EVEN 163 148)| 147 32| 131 I16)| 115 10
ODD 163 148 | 147 I32 | 131 I16 ] 115 0
H TERMS Sj G TERMS Si
EVEN | y31 @9| mis HO | @31 c16)| c1s GO
ODD H31 H16 | H15 HO | G31 G16 | G15 GO
SELECT 1 OF 4 COMBINATIONS OF SHIFTS 26 35
. Sj 231 - 20 Si 263 - 232 " 8i 231 - 20
SHIFT 64 « 32
TERMS P3 & P7 K31 K16 ] K15 KO | J15 JO
. Sj 263 _ 232 Sj 231 _ 20 Si 263 - 232
SHIFT 64 « 32
TERMS P2 & P6 | K31 &19| k15 ko | J15 (30)
S:] 263 - 232 S] 23] - 20
SHIFT 64 « 32
TERM P1 K15 KO | J15 JO
Sy 263 _ 232
SHIFT 64 « 32
TERM PO J15 Jo

NOTE: SHIFT DERIVED FROM 2's COMPLEMENT OF Ak

X-MP/2

SCALAR RIGHT DOUBLE SHIFT

3GB F54/55

3GB F48/49

05715k
Sj=232
Si=232
Ak=43g=135g
1011101

T/S 7/9

T/S 7/9

T/S 7/9

T/S 7/9

A-2576C
X2117C0101



R

x31 K30 X29 K28 K27 K26 K25 K24 K23 K22 K21 X20 K19 K18 K17 K15 K14 K13 K12 K11 X10 X9 K8 X7 K6 K5 K4 K3 K2 K1 KO J15 Ji4 J13 J12 J1 J10 J9 J8 J7 J6 J5 J4 J3 J2 Jl SHIFT BITS

TS 10/13

N7 N6 N5 N4 N3 N2 N1 NO M46 M44 M42 M0 M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 M6 M4 M2 MO M8 M6 M4 M2 MO  L12  L10 SHIFT O
N7 N6 NS N4 N3 N2 N1 NO M46 M44 M42 M40 M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 MI8 Mi6 MI4 MI12 MIO M8 M6 M4 M2 MO L12 L10 SHIFT 4

N7 N6 NS N4 N3 N2 N1 NO M46 MA4 M42 MAO  M38 M36 M34 M32  M30 M28  M26 M24  M22 ‘w20 M8 MI6 M4 M2 MI0 M8 M6 M4 M2 MO L12 110 SHIFT 8

N7 N6 N5 N4 N3 N2 N1 NO M46 M44 M42 M40 M38 M36 M34 M32 M30 M28 M26 M24 O M22 M20 MI8 M6 M4 MI2  MIO -] M6 M4 M2 MO L12 L10 SHIFT 12

Ma7 M45 M43 M41 M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 M19  Mi7 M15 M13 M1 M9 M7 M5 M3 M1 L13 L1 L7 6 LS L4 L3 L2 1 LO SHIFT 16

M47 MAS M43 M4l  M39 M37 M35 M33  M31 M29 M27 M25 M23 M21  Mi9  MI7  MIS MI3 Ml M9 M7 M5 M3 M1 L13 L1 L7 6 LS L4 L3 L2 L1 L0 SHIFT 20

M47 M45 M43 M4 M39 M37 M35  M33  M31 M9 M27 M25 M23 M21  M19 MI7 MI5 M13  Ml! M9 M7 M5 M3 M1 L1311 L7 L6 LS L4 L3 L2 1 Lo SHIFT 24

M47 M43 M41 M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 M9 M7 M15 M13 Mi1 M9 M7 M5 M3 Mt L13 L L7 L6 LS L4 L3 L2 N SHIFT 28

M47 M43 M4 M39 M37 M35 M33 M31 A M29 M27 M25 M23 M21 M19 M7 M15 M13 M1 . M M7 M5 M3 M1 L3 L11% L7 L6 LS L4 L3 L2 L1
N7 N6

NS5 N4 N3 N2 N1 NO M46 M44 M42 M40 M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 M16 M1 4 M12 MI0 M8 M6 M4 M2 MO L12 Lo
SHIFT BITS 2! 20
TS 16/0
R62 R60 R38 RS56 RS54 R52 RSO R48 R46 R44 R42 R40 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 R18 R16 R14 R12 R10 RrR8 R6 R4 R2 RO SHIFT O
262 260 258 256 254 252 250 248 246 244 242 2840 238 236 234 232 230 228 226 224 222 220 218 216 214 212 210 28 26 24 22 20 F54/55
263 961 259 257 255 253 251 249 247 245 283 41 239 37 235 233 231 229 327 325 323 221 219 17 215 913 a2l 29 a7 25 23 2! F48/49
R63 R59 R57 R55 RS3 RS} R49 R47 R45 R43  R41 R39 R37 R35 R33 R31 R29 R27 R25 R23 R21 R19 R17 R15 RI3 RII R9 R7 RS R3 R1 R64 SHIFT 1
263 259 257 255 253 251 249 247 245 243 241 239 237 235 233 231 229 227 225 223 221 219 217 215 213 211 29 27 25 23 21 2-01 F54/55
262 260 258 256 254 252 250 248 246 244 242 240 238 236 234 232 230 228 226 224 222 220 218 216 214 212 210 28 26 26 22 20 F48/49
R62 RGO R58 RS56 R54 R52 R50 R48 R46 R44 R42 R4O0 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 RI8 RI6 R14 R12Z RIO RS R6 R4 R2 RO SHIFT 2
262 260 258 256 254 252 250 248 246 244 242 240 238 236 234 232 230 228 226 224 222 220 218 216 214 212 210 28 26 24 22 20 F54/55
263 261 259 257 255 253 251 249 247 245 243 241 239 237 235 233 231 229 227 225 223 221 219 217 215 213 211 29 27 25 23 21 F48/49
R63 R61 RS9 RS7 RSS5 R53 RS 1 R4Y R47 R45 R43 R41 R39 R37 R35 R33 R31 R29 R27 R25 R23 R21 R19 R17 R15 R13 R11 R9 R7 RS R3 R1 R64 SHIFT 3
263 261 259 257 255 253 251 249 247 245 243 241 239 237 235 233 231 229 227 225 223 21 319 217 215 213 gt 29 27 25 23 21 2-01 F54/55
262 260 2358 256 54 252 250 248 246 244 242 240 238 236 234 232 30,28 226 224 322 220 918 216 214 212 3l0 28 26 24 22 20 F48/49
RIS R4 RI3 RI2 Rl RIO R9 R8 R7 R6 RS R4 R3 R2 R1 RO
BS B6 Bl4 B13 B12 B7  B15 Bl B2 BIO BI18 B9 B8 B3 B4 B1 TEST POINT
R31 R0  R29 R28  R27 R26 R25 R24 R23 Re2 R21 R20 RI9 RIS RI7 RI6
AS3  A69 A7 AS52 A16 ASO A21 A9 A64 A67 A68 AS1 A7 A7t A65 266 TEST POINT
P47 R6 R45 R44 R43 R42 R4l RO RI9 R3S R37 R36 R3S R34 R3I  RI2
c27 C65 C63 Cc64 c23 c2 1 c21 c25 ce68 C66 c69 c67 cn c70 c72 TEST POINT
R65 R64 R63 R62 R61 R60 R59 R58 R57 R56 R55 RS54 R53 R52 R51 RS0  R49 R48 D-1201H
D4 A72 D64 D35 p58 D53 D34 D32 D47 D39 D48 D2 D3 D66 D69 D6 DS D1 TEST POINT

CRAY X-MP/2 SCALAR SHIFT
DOUBLE LEFT/RIGHT SHIFT

EXAMPLE NO. 2
17-21 HTV-0242



cc—=L1

oI o0 W K K K36 K25 K2 K23 Kz K2t Ka0 KIS K KD KIS[ KIS Kl K3 K2 Ku KD K9 K K K KS KM K3 K2 Kl KO NS4 M3 N2z M 00 ® B N % 5 M B 2 N 0 SHFTENS
TS 10713
N N6 NS N N3 N2 NI NO M6 MM Ma2 M0 MM MI6 MM MU MM M2 MA MM M2 MO My MIS M4 MIZ M0 MP M6 M4 M2 M0 L1z L0 SHIFT 0
NI N6 N5 N N3 N2 NI N0 Mé6 MU Mz MO MM MIS M3 MU MU M3 Ma M Mz MO M8 M6 MM MEZ MO MI M6 M M2 M L2 L0 SHIFT 4
N7 N6 NS Ne N3 Nz NI N0 M6 Mi M2 MO M® M6 MM MT MO M2 M MM M2 MO M M6 MM M2 MO Ms Ms Mt M2 MW L2 Lo SHIFT 8
NI N6 NS Ne N3 N2 NI NO M6 M M2 MO M% M6 MW MD MD M2 M6 MM M2 MD MIS M6 M MIZ MIOMI M6 M M2 M0 LI2 L10 SHIFT 12
M7 M4S M43 Mal M® M7 MIS MU M3 MO MZ M5 MZ M2 MBS MU MiS MI3 Mi M M7 MS M) Ml LB LM I7 IS IS L4 I3 12 L1 Lo SHIFT 16
M47T MAS M43 M1 MB MI MIS MBI M3 M® MZ M2 MZ MA MBS MI7 MIS M3 MU M M7 MS M M1 L3 Lu L7 L6 IS L I3 2 L IO SHIFT 20
M&7 MaS M43 MO MP MY MIS M3 M3 M® My M2 M3 Ml MB MP MIS M3 MU MY M7 M5 M3 M1 L3 Ly 17 L6 LS L I3 I2 L1 1o SHIFT 24
M7 MAS M43 M4l MP MY M3S MT M3 M® M7 M5 MD M2 M® MU MIS MDD MM M MS M3 Ml L3 Lit 17 L6 LS 14 I3 12 LI L0 SHIFT2
M7 S M43 MAL MB MT MIS M M3 M® M2 M5 MZ M MO M7 Mis MI3 MU MS M7 MS M3 MI L3 L1 17 s LS W I3 12 L I
NI N NS M N3 N2 NI NO M6 MU M2 MO MB M6 MM MU MO M2 M6 MK M2 MO M M6 MM M2 MO M M6 M4 M2 MO L2 L0
™ SHIFTBITS 2} 2°
R RS RSP RS6 RS4 RS2 RSO RéS RS R4 Re2 RO R3S R¥ R3¢ RIZ RXO R2 K26 R R2Z R0 RIS RI6 R RIZ RIO R R6 Re R2 RO SHIFT O
26 @ 2N 2% % 2% 0 g & M S 0 3 M g W g0 g% 2% g% B B M 28 % 2 g0 g8 g6 g4 3 0 PS4/55
P S S ST s ol A A A S P S 2P S S P S LA S ol S S LA L L S S WP LIPS L Rasp9
R63 R61 R% RS7 RSS RSI RS1 R4® Ré7 R4S Rd3 R41 R® R R3S RI3 R31 R RM RS R R1 RV RI7 RS RI3 R B9 X7 RS R3 Rl R&4 SHIFT 1
f 2“ 29 z” 2” zS 2!! 249 141 14’ 2(' z‘l 2' 251 2!’ z)! 2“ 2’ 227 1” 22! zll 2“ 2 zl, 2" zll 2’ 21 23 2! 2‘ 24 FS4/55
P L N ol i S al adi ol s Al o BPL Sl el L P Sl S O L P L L I L P LIPS Rt
RG2 RSO RSS RSG RSt RSZ RSO Rés Re6 Re4 R42 RO RM R36 RM R} R0 R R26 R R22 R0 RV Ri6 RM R2 RIO R§ B R4 B2 RO SHIFT 2
263 2@ 2% g% 2% 2B g% 28 6 gl g 0 M 5% 33 o;m g% 2% X M T W M K gl g 10 g3 g6 g4 23 P PS4/S5
P S AP LA L TP S S L S S A S LA S L P i S S S LI LANP L S LI SREP L AN S N AR Ry
R63 R61 R% RS7T RS5 RS3 RS1 R49 R47 R45 R4I R4l R® RI7 R3S R33 RI1 R® RZ RS R R2t R Ri7 RIS R13 Rl R R7 RS RI RI R64 SHIFT3
R ST T A 2 A S wE A M L AP T LU P LR TP PO G P LU L S L 2 2N L P L T
29 20 P P8 M g g0 8 g6 M g8 g0 R K M B % g oE N R B QB 8 g4 g3 g0 3 g6 2 22 P e

RIS RM RI3 RI2 RII RI0 R® Re R?7 R6 RY R¢ R3I RZ RI RO

TEST POINT
BS B6 BM B13 Biz B7 BIS B B2 B0 Bis B B8 B} B4 BI
RIl R0 R® R# RZ R RS R4 RX R2 K2 R0 RS RN R17 RIS
TEST POINT
AST ASY' MT ASZ Al ASU A2I' A" ASH AST ASK ASI' ATO ATI' ASS AGS'
R47 R46 R4S R44 R43 Re2 R4 R4O R® RIS RI7 RI6 R3S RM RI3 R
TEST POINT
czr Ces €6 Ce €23 €2 CI' (32 (25 C' G66' C®' C6F CT1' CIO' C72' =
R6S R64 R63 R&Z R61 RGO R% RS RS7T R56 RS5 RS4 RS3 RS2 RS1 RSO R49 R4B
TEST POINT
D4 A2 D6t D35 DS D3 D¥ D2 D&7 D®» DS Iz C9 D& D@ D6 DS Di

CRAY X-MP/2 SCALAR SHIFT DOUBLE LEFT/RIGHT SHIFT
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VECTOR FUNCTIONAL UNITS

OBJECTIVES

With aid of the student reference material, upon completion of the course a student should be
capable of:

L

IL

Determining the failing module type, module location and chip, given the failing
instruction or operation.

Describing the main function and differences of each of the following modules
associated with the Vector Functional Units:

3VG for the Vector Add

3RI for the Vector Pop Count

3VF for the Vector Logical

3VE for the Vector Shift

Defining with respect to time and use, the Address and Control signals.

Tracing operand through Vector Functional Unit.

.- Diagnostic Applications:

3VRA - Vector Add
3VPP - Vector Pop
3VRL - Vector Logical
3VRS - Vector Shift

Xv201S29M

18-1



VECTOR

140iJK

1411JK

142iJK

1431iJK

144iJK

1451JK

145iii

146iJK

147iJK

VECTOR
0030J0
073100
1750J0
1

2
3

LOGICAL

- Logical product of Sj and Vk elements to Vi elements

- Logical product of Vj elements and Vk elements to Vi elements

- Logical sum of Sj and Vk elements to Vi elements

- Logical sum of Vj elements and Vk elements to Vi elements

- Logical difference of Sj and Vk elements to Vi elements

~ Logical difference of Vj elements and Vk elements to Vi

elements

- Clear Vi elements

- Vector merge of Sj and Vk elements to Vi elements

- Vector merge of Vj elements and Vk elements to Vi elements

MASK

Transmit Sj to vector mask register

Transmit vector mask to Si

- Set vector mask bit based upon result of test of Vj elements

|
ARARAR

o

1
2
3

vj
Vi
Vi
Vi

elements
elements
elements
elements

equal zero

not equal to zero
positive

negative

18-2

CRAY RESEARCH, INC.
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VECTOR

154iJK

155iJK

156iJK

156i0K

1571JK

VECTOR

174iJ1

174132

VECTOR

150iJK

1501iJ0

151idK

151iJ0

VECTOR

152iJK

152iJ0

153iJK

1531J0

VECTOR REGISTER
FUNCTIONAL UNIT
INSTRUCTIONS.

ADD/SUBTRACT

- Integer sum of Sj and Vk elements to Vi elements

- Integer sum of Vj elements and Vk elements to Vi elements

- Integer difference of Sj and Vk elements to Vi elements

~ Transmit negative of Vk elements to Vi elements

- Integer difference of Vj elements and Vk elements to Vi
elements

POP/PARITY

- Population count of Vj elements to Vi elements

- Population count parity of Vj elements to Vi elements

SINGLE SHIFT

Shift Vj elements left Ak places to Vi elements

Shift Vj elements left 1 places to Vi elements

Shift Vk elements right Ak places to Vi elements

Shift Vk elements right 1 place to Vi elements

DOUBLE SHIFT

Double shifts of Vj elements left Ak places to Vi elements

Double shifts of Vj elements left 1 place to Vi elements

Double shifts of Vj elements right Ak places to Vi elements

Double shifts of Vj elements right 1 place to Vi elements

CRAY RESEARCH, INC.
1823 COMPANY PRIVATE



VECTOR ADD (Modules Involved)

3VG MODULE

when the 154ijk - 157ijk instructions are issued the 3VG will perform

an integer add or integer subtract on the j and k operands. Twos comple-
ment arithmetic is performed on the k operand when a 156 or 157 instruction
is issued. Depending on which instructions were issued, the 3VG must
determine whether to select a Vj operand or an Sj operand.

Go Vector Add enables an Sj operand to enter the 3VG module where it is
held for the duration of the Vector operation. The 3VG will perform an
integer add or subtract operation for the Vector length element. The

operands are in the Functional unit for 2cp's. The result is sent to a
Vector register specified by the i field of the instruction.

A-1604

18-4 CRAY RESEARCH, INC.
S COMPANY PRIVATE
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p——

154 DK
154 10K
155 UK
156 UK
156 10K
157 DK

VECTOR REGISTER

ADD FUNCTIONAL UNIT

INSTRUCTIONS

Integer sum of (SJ) + (VK elements) to VI elements

Transmit (VK) to VI

Integer sum of (VJ elements) + (VK elements) to VI elements
Integer difference of (SJ) - (VK elements) to VI elements

Transmit negative of (VK elements) to VI elements

Integer difference of (VJ elements) - (VK elements) to VI elements

C.A.L. FORMAT

VI
VI
VI
VI
VI

S1 + VK
ST + VK
S1 - VK
- VK

VI - VK

Sum of ST and VK
Sum of VJ and VK
Difference of SJ - VK
Negative of VK
Difference of VI - VK

XV201S30M
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9-81

- GO VECTOR ADD
20 GS50/51 (3ID) 1 3VG Ha0/41 FORCED 0, 1
FORCED 0, 1 Tao/a1 - »(3VG)
—>],3 3vc — (3VG)
” (3VB) HO, Hi SUM BIT 2923
— > §j 20 231 > ADD
- » 3VB'S
3VR's vj 2023 H, J FANOUT
> - (3GB, 3MK,
Vk 20231 > 3VB, 3VC,
»l 3VD)
Vj
. CIP 12022, H22
Vk H20 , H2 314) (3JA)
SECTION CARRIES & ENABLES
FORCED 0, 1
232 Vj 23226 ¥ 3VG H38/39 - > (3VG)
- T38/39
063 > SUM BIT 232.263
> Vk 2°°-2 > (3VA)
3VB'S 32 63 > VECTOR
Sj 232.2 ADD
e > H, K FANOUT _ (3AS, 3GB,
H BIT 20 21 Ho, /i > 3HC, 3VB,
20, 3VC, 3VD)
(31A) p 163 (3ID) GO VECTOR ADD >
CIP K2022, H2!
(314)
3GR'S 5
A-1169E
CRAY X-MP VECTOR INTEGER ADDER BLOCK DIAGRAM
’\..,«./ N “\--./



L-81

JLVATHd ANVdWOD
*ONI “HIYV3SIY AVYD

MOO =

T.P. D59 QO1

3VG @ H38/39 3VG @ H40/41
263 248 47 232 L3 216 ,15 20
Section 3 Section 2 Section 1 Section O
G6 G5 G4 G2 G1 GO G6 GS G4 G2 G1 GO
R34 R35 R34 P3
[;32 |R33 [;32
MG1 MOO MO1 MOO)
R32 = Section 2 Carry R32 = Section O Carry
R)}4 = Section 2 Enable R34 = Section 0 Enable
196 = R32 (3VG) H41 Section 0 Carry 196 = R44 (3VG) H39 Forced 0
I97 = R33 (3vG) H41 Section 1 Carry 197 = R44 (3VG) H41 Forced O -
I98 = R34 (3VG) H41 Section 0 Enable I98 = R45 (3VG) H39 Forced 1
199 = R35 (3VG) H41 Section 1 Enable I99 = R45 (3VG) H41 Forced 1
P3 = Mode h2l; Subtract
[P3 + 196 + I97)] [198 + 196 + 197] [199 + I97] MOO = [P3 + I96 + I97] ([I98 + 196 + I97] [I99 + I97]
MOO = P3 I98 199 + 196 I99 + 197 MO0 = P3
MOl = P3 I98 199 R34 + I96 I99 R34 + I97 R34 + R32 MO1 = P3 I98 199 R34 + 1I96 I99 R34 +

MO1

PROPAGATED ENABLES AND SECTION CARRIES

VECTOR ADD FUNCTION UNIT

= P3 R34 + R32

I97 R34 + R32

8-1594

Subtract



3VG MODULE

Vector Add Control

P00 = 000 select s h BIT 2%=0
' PO1 = Q01 Subtract h BIT 2'=1
P02 = Q02 Enter Parameters/GO Vector Add
P03 = QO3 Delayed H bit 20; Delayed Subtraét

NOO = Sj Data (I64) bit 20, 232 if P02 = 1

A0O = [(Select Sj Data) + (Select Vj Data)] [(Add Select.:Vk Data) +
(Subtract SelectVk Data)]
AQO0 = Bit carry 20 or 232 poth operand equal a one

MO0 = Section 0 or Section 2 enables

MO1 - Section 1 or 3 enables A-1593A

18-8



c0-ALH

6-81

AAVIArIdOdd AVEO

31463 30/62 29/61 2860 27/S9 2658 25/51 24/56 NS5 22/54 253 20/52 19/51 18/50 1749 1648 1SMT 14M6 1345 12444 1143 1042 941 BM0D 39 638 53T 4P36 335 234 133 032

s % » 22|z 26 25 ulas 2 oa |l v 18 v w6l w4 3 2l un w s slr ¢ s al3s 2 1 o|vsmsonorn.e
@ @ 6 | % 8 5 s6]|s u sa 2| s s 4 4| a4 46 45 a| 43 a2 4 4] 33 3 36| 35 34 33 3| VKBITSO-3I0RN-63
63 & 61 | s s s se| ss se sy o] st s 4y 4w a7 e 4y aa| 43 a2 4r 40| 39 38 37 3¢]| 35 34 33 3p| VKBMSO0.310R%R.@
B o % smlon o v slo s s wul v e 8 w]ln w n w3 u B mln b o6 e]la 6 & A STRuCTION)
A% Az AZ6 A% Az A20 A8 Al Al Az AlD A08 A0 A% AQ A0] CARRY
A3t A29 An A2s AR An A19 Al7 AlS AB Al A® A0 A08 A03 A0l
8% B28 B26 B4 B2 B20 BI8 B16 Bl4 BI2 B0 B3 B06 B4 B02 B00| ENABLE
B3 B29 Bz B2s B2 B2l BI B BIS B13 B11 B0 307 Bos BO3 Bo1
c o8 oY o) o) @0 cis ci6 o] cn co o8 €06 04 on coo| suM
st L =) o s [t al cy cn cis c1 cn c09 <o cos o3 el
POINTED | D30 28 D26 D24 7] D20 Dis DI6 Di4 pR Dio Dos D06 ) oo BIT CARRY
[par D2 D21 Des ™23 D21 DI b7 DI DI3 DIl Do D07 DS D03 Dot
Bl B BS B B3 B B1 Eo GROUPENABLE
Gs G5 ] @ Gl G PROPAGATED GROUP CARRY
F3 F28 26 4 m 5] P18 Fl6 Fl4 7] Flo ) 6 o4 2 FOO| PARTIAL SUMS
i 20) B F2s B3 BRI F19 FI7 FIs F13 F1I ) R7 Fos 3 1
[Ras_ [ra2. SECTION CARRY 1
R3S RY SECTION ENABLE
H30 H28 H26 H4 H2 0o HI8 Hl4 Hiz H10 HO8 HO6 HO4 HO2 INTERNAL GROUP ENABLE
H3l H21 H23 HI9 H1S HIl HO? Ho3 ,
m ] 126 4 m i) ns ne n m 5o 108 106 104 102 100| SECTION SUM
131 9 m 18 m n ne m ns m nm 109 07 105 103 101
el K28 K26 K24 K22 K0 K18 K16 K4 K12 K10 K08 K06 K04 K02 Koo| INTERSECTION ENABLE
K3 K29 K21 K23 K23 K1 K19 K17 Kis K13 K1 K09 K01 Kos X03 Kol
130 L28 126 124 L2 120 L8 L16 L4 L2 L10 Lo8 106 104 Loz Loo| SECTION SUM +1
L3t 129 Lz L23 123 121 L19 L17 LS L13 L1 Lo 107 Los Lo3 Lot
M1 M| SECTION CARRY?2
TEST R30 T8 26 I Rz R0 R18 Ri6 Ria Ri2 Ri0 RS R0G Ro4 ROZ RO0
FONTED | R31 R R27 R2s R23 R21 RI9 RIT RIS R13 Rl RO RO Ros RO3 RO FINAL RESULT
B2I' BSO' B48' BOS' B4S B4T BSC B6s B3’ B3¢ BOI BOF BOS BO# Bog BII' DO’ D02 DOS DO+ D07 DO6' D5z D36 DS D6I' D67 Des' D69 D12’ DII' DI¢’
BITSO - 31 3VG @ H40/1
BITS 32 - 63 3VG @ H3R39
1. SECTION CARRY R32 -»3VG @ HI859 AS 196 & 197
SECTION ENABLE R - 3V0  HIG9 AS 198 & 199
R32.- R35 ARENOT OUPUTTED ON 3VG @ H3879
2. MO ON 3VG @ H40/41 = SUBTRACT
M1 ON 3VG @ H4041 = SECTION 0 CARRY OR SUBTRACT INSTRUCTION & SECTION 0 ENABLE
MOON 3VG @ H38/39 = SECTION 1 CARRY OR SECTION 0'CARRY WITH SECTION 1 ENABLE OR SUBTRACT INSTRUCTION WITH SECTION 0, 1 ENABLES
M10N 3VG @ H38/39 = SECTION 2 CARRY OR SECTION | CARRY WITH SECTION 2 ENABLEOR SECTION 6 CARRY WITH SECTION 1 & 2 ENABLES OR
SUBTRACT INSTRUCTION Wl'l'l—l SECTION 0, 1, 2 ENABLES C17Ic

CRAY X-MP VECTOR ADDER (3VG MODULE)












VECTOR POP COUNT (Module Involved)

3RI MODULE

The 3RI module performs the Vector Pop Count operation. The Vector Pop
Count uses a 174 instruction which is also a decode for a Vector Reciprocal
operation. The k field of the instruction tells the 3RI to send the result
to Vi or to continue a reciprocal operation.

A 174ij1 instruction counts the number of 1 bits in each element of Vj
for Vector length times and enters the results into a corresponding Vi
element. All 1 bits set in the Vj element 0 would load a 100g into Vi
element 0., All other bits of Vi element 0 are zeroed.

A 174ij2 instruction performs the same operation as the 174ij1 instruction
except only the bit 20 of the result is sent to the corresponding Vi
element, A 1 indicates odd parity and a O indicates even parity of the
corresponding element.

Because the 3RI is also used by the Reciprocal Functional unit, the Vector
Pop would reserve the Reciprocal functional unit for Vector Pop time. A
Vector Reciprocal operation would then reserve the Vector Pop Count for the
Reciprocal time.

X2100C0209

)
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VECTOR REGISTER POP COUNT
FUNCTIONAL UNIT INSTRUCTIONS

174101 Vector Pop Count of (VJ) to VI
174132 Vector Even Parity of (VJ) to VI

C.A.L. FORMAT
Vi PV] Population count of (V) to VI
VI QVJ  Parity of (VI) to VI

DIAGNOSTIC APPLICATION
3VPP

19-2

XV201S31M
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€-61

(BVR's)

Vj ELEMENT 0-63

L

3VC
G50/51 vj 2093
vj 2429
vj 24825
vj 256 268
3VB's 3RE Kbit 20,21
248955 > E28129 (D)
(3ID) Go Vector
25626 Vj 240247
3RE
E30/31
240 247 3RA ) 3RB
E08/09 E10/11

3RI  E16/17

VECTOR
POPULATION
COUNT
AND
PARITY
FUNCTIONAL
UNIT

Pop Count 20-26

CRAY X-MP VECTOR POP COUNT FUNCTIONAL UNIT BLOCK DIAGRAM

> (3VA)

A-1177A



7—-6T

CRAY X~-MP/2 J OPERAND
VECTOR POPULATION COUNT SCOPE CHART

o/

SYN CHANNEL A 3RI T.P. D72
CHANNEL B 3RE, 3RA, 3RI
263 9262 261 260 259 258 257 256 255 254 253 252 251 250 249 248
3RE AT E30/31 3RE AT E28/29
A45 AS53 BO4 BO5 B4 BO2 BO1 BO3 A45 a53 B04 BOS B14 B0O2 BO1 BO3
L4 I r r
247 46 345 244 243 242 941 240 239 238 237 236 235 234 233 232
3RA AT RO8/09 L 3RI AT E16/17
B61 . A69 A67 A71 B55 B66 B20 B63 B34 B39 B21 837 B26 B71 B47 B69
r’ ’ ? r’
231 230 229 228 227 226 225 224 223 322 221 220 219 213 217 216
3RI AT E16/17 — e
B62 B58 B51 B854 B67 B63 B66 B4l B65 A01 A02 A0S A07 A1l A9 AS6
’ ’ — 7
215 5214 513 512 511 '210 209 08 507 506 205 04 503 502 501 500
3RI AT EI16/17
A22 Al3 a54 A39 A4l A43 A66 A49 A60 A53 A58 A61 A63 A69 A71  A51
14 ’ 14 [4
A-16424
X2100C0207



3RI MODULE

174ij1 - Vector Pop Count

174ij2 - Vector Pop Parity

191
192
I93

R56 3JD @
R36 3JD @
R37 3JD @

F19 Go Data Vector Floating Recip.

F19 Mode X bit 20
F19 Mode K bit 21

WOl =
D68 W04 = WO1;
DO3 W07 = WO04;
DO W10 = WO7;

Go Vector Pop or Parity

T2
T2
T2

W02 =
D72 W05 = WO02;
D04 W08 = WO5;
D07 W11 = WO8;
T.P. 16/0

c66 R8O = S00
c46 R81 = S01
c63 R82 = 502
c27 R83 = [S03"
c45 R84 = [S04
c59 R85 = [S05

co4 R86 = VO3

Go Vector Pop

T2
T2
T2

W10

W11 :
Wil »
+ V00] [S03 + V0Ol [W11]
+ VO1] [S04 + v01] [W11]
+ V02] [S05 + v02] [W11]
Wil

VECTOR POP COUNT CONTROL

19-5

Pop

Bit
Bit
Bit
Bit
Bit
Bit
Bit

A-/603

CRAY RESEARCH, INC.
COMPANY PRIVATE



22 21 20 23 22 1 0 23

9-61

JLVATYd ANYAWOI
"ONI “HOUVASIY AVY)

22 21 20 TEST POINT
| 20 - 239 AO-A39 AO-A2 Ht HO HO, H2,H4 J1J0 J30,32,34 X1 KO KO0,K2,T100 11 Lo p37 D30
(3vc, 3vB) A3-A5 H3 H2 H6,H8,H10 J3 a2 J6,H22, H24 K3 K2 I101-1103 L3 L2 D38 D40
A6-A8 H5 HA H12,H14,H16 J5  J4 J1,33,35 K5 K4 1104-1106 L5 L4 D22 D23
| 240 - 247  1g0-187 A9-a11 H7 H6 H18,H20,A39 J7  J6 J7,38,310 K7 X6 1107-1109 17 L6 D41 D24
(3RB) A12-A14 H9 H8 H1,H3,HS J9 Js J12,314,H25 K9 K8 I110-I112 L9 18 D17 D14
A15-17 H11 H10 H7,H9,H11 JNn J10 79,311,313 K11 K10 I113-1115 L11 110 D28 D6
248 . 263 r1900-1115 A18-A20 H13 H12 H13,H15,H17 J13 312 K1,K3,K4 L13 L12 47 A4S
(3RE) A21-223 H15 H14 H19,H21,H23 J15  J14 K6 L4
A24-A26 H17 H16 ** H22 K8 Li5 a21
A27-229 H19 H18 ** H24 *x315 K5,K7,K9 117 L6 A17  A15
A30-A32 H21 H20 *x H25 K10 Lis a19
A33-A35 H23 H22 J15 L19 a36
*#* TIME DELAY a36-a38 H25 H24 K11 120 234
TS16/0 ** A39 TS 3/5 TS 7/9 TS 11/13 TS 16/0
23 22 ot 20 24 23 22 1 20 24 23 22 1 0 24 23 22 1 0 TEST POINT
L0,L2,L4 M1 MO MO, M2 N1 NO NO, 180, 181 01 00 00,02, 04 Pl PO D62 D71
16,L8,L10 M3 M2 M1,M3, M4 N3 N2 182-184 03 02 01,03,05 P3 P2 D58 D56
11,L3,L5" M5 M4 = M6 185-187 05 04 06,N2 P5 P4 D48 D36
L7,L9,L11 M7 M6 ** M8 N1,M6,M8 07 06 07,08,N4 P7  P6 D46 D45
L12,L14,L15 M9 M8 M5,M7,L19 N5 N4 * N2 09,N5,N6 P9 P8 D54 D47
L13,L16,L18 M1t MI0 *x M9 N3, M9,M10 09 o8 N7 P10 D53
**x 1L19 ** M10 ** N4-N7
= L17 M11,L17,L20 | N7 N6 :
*% 120 TS 3/5 TS 7/9 TS 11/13 TS 16/0
25 24 23 22 1 0 25 24 23 2 a1 0 26 25 24 23 2 17 0
P1,P2,P4 o1 00 PO S0 uo vo
P3,P5,P6 03 02 00 81 Uos3 + M b
p7,P8 05 04 01,02 s2 U0S384 + U1S4 + U2 v2
P9,P10 Q7 06 03,04 s3 [U0S3S4S5 + U1S4S5 + v3
*% PO 05,06 s4 v285)
o7 s5 ENABLE
0,02 vo
03,04 Ut
TS 3/5 05,06 U2 TS 7/9  CARRY CARRY TS 11/13
B11786
26 25 a4 3 52 a1 0 TEST POINT
S0 W10 R8O c66 FOR THE 174iJ1 INSTRUCTION, NEED W10 & W11
S1 Wi R81 c46 FOR THE 174iJ2 INSTRUCTION, NEED W10
s2 Wit R82 c63
S3+V0 S3+V0 W11 R83 €27
S4+V1  S4+V1 W1 R84 c45 -
S5+V2 S54V2 Wil R85 c59
V3 Wit R86 TS 16/0 D20 VECTOR POP COUNT
" 1 “ N
\u—\../ \‘\J ‘\\/j









FULL VECTOR LOGICAL (Module Involved).

3VF MODULE

The 3VF module performs the Vector Logical operation. This includes the AND, OR and
EXCLUSIVE-OR functions on two vector elements or a scalar and one vector element. The
140-145 instructions perform these functions. Functional Unit time is 1 CP.

The 3VF also performs a merge of Sj, Vj or Vk element to Vi depending whether the Mask bitis a
-one or zero. If the Mask bit for the associated element is a one the 3VF selects Sj or Vj and loads it
into the Vi element. If the mask bit equals a zero, the 3VF selects the Vk element and loads it into
Vi elements. The 146 and 147 instruction performs these functions. Functional Unit time is 1 CP.

The 3VF at location E42/43 handles bits 20-215 and bits 232-247 of the Vector Mask register and the

Sj, Vj, or Vk data bits. The 3VF at location E40/41 handles bits 216-231 and bits 248-2%3 of the
Vector Mask register and the Sj, Vj, or Vk data bits.

HTV-0242 20-1 XV203S07TM



SECOND VECTOR LOGICAL A\

4

The Second Vector Logical resides in the Floating Multiply Functional unit. Oddly enough the
140-145 instruction also share the same h-mode bits as the 160-165 instruction.

At the time of CIP for a 140-145 instruction, a decision is made as to which of the two Vector
Logical units to use on the 3JD for X-MP/2, the Full Vector Logical unit or the Second Vector
Logical unit. Issue to the Second Vector Logical unit is attempted first; if that unit is busy, a default
to the Full Vector Logical unit occurs. If both Vector Logical units are busy, issue is held until one
of the units becomes available.

Since the Second Vector Logical unit and the Floating Multiply unit share input and output paths,
they cannot be used simultaneously. If one is busy, so is the other. Functional unit is busy for
(VL) + 4 CPs.

The Second Vector Logical unit can be disabled through software by clearing bit 2° of word three
in the exchange package of a user program. If this bit (Enable Second Vector Logical) is cleared,
only the Full Vector Logical unit is available for use by the instructions 140-145.

The Second Vector Logical Function unit times is 3 CPs, of which 1 CP is spent to fanout the

operand, 1 CP to perform the Logical operation and another CP to output the results. The Full
Functional unit time takes 1 CP.

HTV-0242 20-2 XV203S09M
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SECOND VECTOR LOGICAL (Module Involved)

3MK Module

The 3MK module is the control module., It is the replacement for the
3MH. The 3MK is the control module which allows the incoming data to be
input to the Floating Multiply Functional unit. The data is then fanout
using the Floating Multiply fanout paths. The 3MK receives the h-mode
bits 20-22 from the 140-145 instruction decode. H-mode bit 20
determines if the instruction is a Scalar/Vector or a Vector/Vector.
H-mode bit 21 and 22 determine what type of Logical operation is being
performed. The 3MK monitors to control lines Go Vector Logical and Go
Vector Floating Multiply, the absents of Go Vector Logical tells the 3MK
that it is performing a Floating Multiply operation. The presence of
both control terms tells the 3MK that it is performing a Logical
operation. The 3MK is also responsible for gating the results off the
Floating Multiply Functional unit by bringing up Go Logical at the
appropriate time to the 3MJ module,

3MA, 3MB, 3MC and 3MD Modules

The modules listed above input the operand, form the appropriate Sj or
Vj register and Vk register. The 3MC, 3MD along with the 3MJ modules
perform the Logical Product, Logical Sum, or Logical Difference
depending on which instruction was issued.

3MJ Module

The 3MJ module performs the Logical operation. On a portion of the operand
it is the replacement for the 3MG module. The 3MJ is then responsible

for outputting the final results to the 3VA when the Go Logical is

present from the 3MK module.

X2002C0106
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140ijk
141ijk
142ijk
142i0k
143ijk
144ijk
145ijk
145iii

146ijk

146i0k
147ijk

17505k
175ijk

00300
073i00
040ijkm
041ijkm
0424k

043ijk

VECTOR LOGICAL
FUNCTIONAL UNIT INSTRUCTIONS

Inst. (Sj) & (Vk) to Vi
Inst. (Vj) & (Vk)to Vi
Inst. (Sj) ! (Vk)to Vi
Transmit (Vk) to Vi
Inst. (Vj) ! (Vk)to Vi
Inst. (Sj) / (Vk)to Vi
Inst. (Vj) / (Vk)to Vi
Clear Vi

VECTOR MERGE
Inst. if VM bit = 1 (Sj)to Vi
Inst. if VM bit = 0 (Vk) to Vi

Vector merge of (Vk) and 0 to Vi
Inst. if VM bit = 1 (Vj)to Vi
Inst. if VM bit = 0 (Vk) to Vi

VECTOR TESTS

Inst. test (Vj elements) enter in VM
Whereif K = 0,4 VM = 1 if (Vjelement) = 0

K = 1.5 VM = 1 if (V] element) = 0
K =26 VM =1 if (Vjelement) is positive
K =37 VM = 1 if (Vjelement) is negative

VECTOR MASK

Inst. transmit (Sj) to vector mask register

Inst. transmit (VM) to Si

Transmit jkm to Si

Transmit exp = ones complement of jkm to Si
Form zeros mask exp bits in Si from the left;
jk field gets the exp

Form ones mask exp bits in Si from the left;
jk field gets the exp

DIAGNOSTIC APPLICATION
3VRL

XV201S32M
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140iJK LOGICAL
141iJK LOGICAL

PRODUCT SJ & VK ELEMENTS TO Vi
PRODUCT VJ ELEMENTS & VK ELEMENTS TO Vi

J 17 ===~ 7 0 ==== 0 17 === 7 17 ==== 7 1100
K 0 === 0 0 ==== 0 17 ~=== 7 17 ==== 7 1010
i 0 ~=== 0 0 ==== 0 17 ==== 7 17 ==== 7 1000

142iJK LOGICAL
143iJK LOGICAL

SUM SJ ! VK ELEMENTS TO Vi
SUM VJ ELEMENTS ! VK ELEMENTS TO Vi

J 17 =~== 7 0 ==== 0 17 ==== 7 17 ===~ 7 1100
K 0 === 0 0 === 0 17 ==== 7 17 ==== 7 1010
i 17 === 7 0 === 0 17 =~== 7 17 ===~ 7 1110

144iJK LOGICAL
145iJK LOGICAL

DIFFERENCE SJ \ VK ELEMENTS TO Vi
DIFFERENCE VJ ELEMENTS \ VK ELEMENTS TO Vi

J 17 === 7 0 ;--7 0 17 ==== 7 17 ~=e= 7 1100

K 0 -~== 0 0 —=== 0 17 ==== 7 17 ==== 7 1010

i 17 ~=== 7 0 ==== 0 0 -—~—— 0 0 ——=- 0 0110
A-1233

VECTOR LOGICAL INSTRUCTIONS
(PAGE 1 of 3)

CRAY RESEARCH, INC.
5 COMPANY PRIVATE
20-



1461iJK

TRANSMIT SJ TO Vi ELEMENTS IF VM BIT = 1
’I;RANSMIT VK ELEMENTS TO Vi ELEMENTS IF VM BIT = 0

147iJK  TRANSMIT VJ ELEMENTS TO Vi ELEMENTS IF VM BIT =1
. TRANSMIT VK ELEMENTS TO Vi ELEMENTS IF VM BIT =0
263 562 .61 560 559 20
1 0 1 0 0 —mmem———————— 0 VM REGISTER
sJ 17 ——- 7 vi
17 - 7{ ELE 0
VK
. 0 0 1| ELE 1
ELE 0 0 =—- 0
17 wmmm—————————— 71 ELE 2
ELE 1 0 0 1
0 -- 0 3| ELE 3
ELE 2 s R 0o 2
ELE 3 0 0 3
1 0 1 0 o P 0 VM REGISTER
VI
ELE O 1 0 0
ELE 1 1 1 0 0 vi
ELE 2 1 1 1 0 ————mmm—mme 0 1.0 ol ELE O
ELE 3 1 1 1 1 0 wemmm——= 0 0 0 1] ELE 1
VK 1 1 1 0 ——mmmme—mm ol ELE 2
ELE 0 0 0 0 -— 03| ELE 3
ELE 1 0 ——- -0 1
ELE 2 0 -— 0 2
A-1628
ELE 3 0 - 0 3

VECTOR LOGICAL INSTRUCTIONS
(Page 2 of 3)

20-6

CRAY RESEARCH, INC.
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0030j0  TRANSMIT (Sj) TO VECTOR MASK

073100 TRANSMIT VECTOR MASK TO Si

175030 - VM = 1 WHERE (Vj) = O

Vj ELEMENTS VM REG.
ELE 0 0 0 1 263
ELE 1 0 01 0 262
ELE 2 0 0 1 261
o 260
VL = 3 | I
0 20
175031 - VM = 1 WHERE (Vj) # O
Vj ELEMENTS VM REG.
ELE 0 0 0 0 263
ELE 1 0 1 1 262
ELE 2 |17 7 1 261
5 260
VL = 3 I I
0 20
175032 -~ VM = 1 WHERE (Vj) POSITIVE
vj ELEMENTS VM REG.
ELE 0 | 07 7 1 263
ELE 1 |10 0 0 262
ELE 2 0 1 1 261
5 260
VL = 3 l l
0 20
175033 - VM = 1 WHERE (V) NEGATIVE
Vj ELEMENTS VM REG.
ELEO |17 7 1 263
ELE 1 | 07 7 0 262
ELE 2 |10 0 1 261
VL = 3 I l 4-1628
0 20

VECTOR LOGICAL INSTRUCTIONS
(Page 3 of 3)

20-7

CRAY RESEARCH, INC.
COMPANY PRIVATE



8-0¢

140ijk
141ijk
142ijk
143ijk
144ijk
145ijk

. 0 ,15,32 ,47

LOGICAL PRODUCT OF (Sj) AND (Vk) TO Vi
LOGICAL PRODUCT OF (Vj) AND (Vk) TO Vi

LOGICAL SUM OF (Sj) AND (Vk) TO Vi
LOGICAL SUM OF (Vj) AND (Vk) TO Vi

LOGICAL DIFFERENCE OF (Sj) AND (Vk) TO Vi
LOGICAL DIFFERENCE OF (Vj) AND (Vk) TO Vi

3VF @ E42/43

LOGICAL RESULTS 20 215 232 547

Vk DATA 20 23

(3V0)

Vk DATA 24 - 215 232 54

3VF @ E40/41

(3VB)
(3VB)

VjDATA 24 -215 232 _ 247

Y'vy

3VjDATA 2O .23

Y

(3V0)

GO VECTOR LOGICAL

(31D)

it 20
(@ip) MODEHDbit20,21 22

Yy vy

(3VB)
(3VB
(3GR)

Vi DATA 216 _ 231 248 _,63

VKDATA 216 .21 48 5

63

SjDATA 216 .2

31 ,48 ,63

27 -2

P

LOGICAL RESULTS 216 . 231 248 _,63

CRAY X-MP VECTOR LOGICAL BLOCK DIAGRAM

Vi

ELEMENT 0

ELEMENT 63

B-1606



P

LOGICAL PRODUCT: AND FUNCTION
140ijk  141i3k

3VF Module
Q00 = I114; T2 Go Vector Logical cp2
NO6 = Q00 ,
164 = Sj DATA bit 20

DOO = HOLD Sj DATA
I110 = MODE h bit 20

Q06 = HOLD h bit 20
NOO = Q06, NOO = 1 take Sj, NOO = 0 take Vj
132 = vk DATA bit 20
I00 = Vj DATA bit 20

A0O0 = LOGICAL PRODUCT OF (Sj * Vk) or (Vj * Vk)

MOO = 08 07 MODE h bit 2 , 22 = zERO's
NO3 = MOO MODE h bit 22, 21 = 140, 141
NO4 = MO1

MO1 = 08Q7 MODE h bit 22, 21= 144, 145

LOGICAL PRODUCT RESULT bit 20 or 216
ROO = LOGICAL SUM RESULT bit 20 or 216

ROO

ROO = LOGICAL DIFFERENCE RESULT bit 20 or 216
ROO = merge bit 20 or 216
A-/6/2
20-9 CRAY RESEARCH, INC.
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LOGICAL SUM: OR FUNCTION
142ijk 143ijk
3VF Module

DOO = Sj bit 29
100 = v§ bit 20
I32 = vk bit 20

W

NOO = Q6 SELECT Sj or Vj DATA
NO1 = R67 + I99 SELECT j

R67 = MO2 + JOJIN10 + R67N10; T2 M2 when 140,143
MO2 = Q08 Q07 MODE bit 21, 22

NO2 = R67 MO2 + TI99 MO2 SELECT Vk

BOO = Sj + Vj + Vk EQUALS A 1

LOGICAL DIFFERENCE 144ijk 145i3jk
EXCLUSIVE-OR FUNCTION

200 = j +k AND FUNCTION
BOO =  j + k OR FUNCTION
NO3 = MOO _

MOO = 08 Q7 AND MODE h bit 22, 21
NO4 = MO1 . ,

MO1 = 08 Q7 EXOR MODE h bit 22, 2

ROO = EXCLUSIVE OR of Bit 20 or 216

A-16/34
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LOGICAL OPERATION

D 0. 29
ATA FANOUT o =23
k0.2 | M€ 0,9
(MK HOLD SCALAR ompy X20-2 292
aorave, 32021 MA 1,0 E58/59
R3VC, 7 2 - ' GO AND, X Q58/59
3VB) &% ——»GMO —GOAND, XOR |
GMK) SELECT V| _ | OUTPUT RESULTS
i 10
GMA&MB)M 3MC N
10 19
(M) HOLD SCALAR, [~ =~ oMasMB).R2-3 1 mses7 | 2000 . LB avay
12 .23 25 Qs6/57
(3GR3vC, 1222 322 o GO AND, XOR |
3VB) E64/65 =i (3MC,3MJ) BS4/5S
oM SELECTY] ) QB4/ES Q54/55 5.
1220 2% 122 3. (3VA)
@M SELECT Vivk (nmjmm;;;;; M >
e} 24,9 > 20
4 MB 0
(3MK) _HOLD SCALAR MA | 230235| oM ovammEi-2y] o o L2322
(3GRavR)J 2% 2% Basus Pzl GMD) GOAND,XOR _| Q54/55 P
B 8
o Qs K222 g 3MD)
ovp X220 | %) 0
25 E50/51 eV
kP Gma) 12220 M Q50/51
(VC3VB) 3MB o 11 5.9 » >
K2:2 o oMo @MB) K2 -2 —— 222 £.5
M) SELECT Vi ggzg GO AND, X0R | qososs1 - ———» (3VA)
——e i
12,23 30
eveK2=2" o1 3Ma o s (MB, mA)i_z__z‘L —
K222 30 30 7
| R2 -2 5, (3MC,3M)) K 2% 277} 0
My SELECT Vi oo (GMB, MA)==—"p| pugup |22
e
MK GOAND. XOR | qussan
(3MK) HOLD SCALAR
SELECT V 3MB k22 avp
GVB) K BIT 24.235 E46/47 | g 230,35 > D) GO AND, GOXOR
VB)
41 —C
GoravmIBITZS. 27 | KAy o% ol
J BIT 2. 28 s 6
BVBIGR) —————»1 1mc BIT2 -2 3MK GMAMB
HOLD SCALAR [SELECT Vi/Vk .
M) HOLDSCALAR o} psgys7 | x piT £8 8 Es2/53 MO
oM SELECT VI | Q56/57 Q5%/53 |HOLD SCALAR (3MB,3MA,
(3yp) HOLDSCALAR 1 BIT 2 °I 5. MO
1,2 VECTOR LY
cwmxanfﬁfs e @Dy MODEBIT 2, 2
LOGICAL GO LOGICAL
RS0 @1y G0 VECTOR LOGICAL
CONTROL 48 555
amoSEECTVE ¥ | oo vecror vy, 2
B-2129C

CRAY X-MP/1,2 - CPU 0 SECOND VECTOR LOGICAL FUNCTIONAL UNIT

20-11



R50
R50
R50

V10

w00

W01

SECOND VECTOR LOGICAL

3MC Module

AND, OR, XOR Operations

I100 = j operand bit 20

k operand bit 20

I110

VO = AND or Logical product of j bit 20
ANDed with k bit 20

ORed function or Logical Sum of
j bit 20 ORed with k bit 20

AND operation made from VO
OR operation made from V10

I120 Go AND 140/141 instruction from 3MK

I121 Go XOR 144/145 instruction from 3MK

XOR operation made from inverted VO ANDed with V10

20-12
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SECOND VECTOR LOGICAL

3MK Module

Go Vector Logical Control

I33

Go Data Vector Floating Multiply from 3JD

I41

Go Vector Logical from 3JD

H30 = I33 I41 Need Vector Logical and

k Vector Floating Multiply, without
Vector Logical your doing a Vector
Floating Multiply.

K22 - Select Logical Results at cp3. .

Go Add - Go XOR

I36 = h-Mode bit 21 from 3JD
137 = h-Mode bit 22 from 3JD
I32 = Go Scalar Floating Multiply

HO6, HO7 = Select h-mode bit 21 and 22
when your not doing a Scalar
Floating Multiply

R45 = Go Add 140, 141 instruction
R46 Go XOR 144, 145 instruction

X202050102
20-13



¥1-0¢

(3GR)
(3VC)
(3VB)
(3VC)
(3VvB)
(31D)
(31D)
(3ID)
(3VF)

(3GR)
(GVB)

VM REG.

Vi
Sj DATA 20 215, 232047 3VP Foo 20 Vi, Sj, Vk DATA 20215, 232,47 ELEMENT 0
Vk DATA 20 23 o > '
- >
Vk DATA 2% -215,232,47 .
Vj DATA 20.23 >
V) DATA 2% 2P, 23224 . pis ols
GO VECTOR LOGICAL > F16 232
MODE h BIT 20, 2!, 22 > Vi, Sj, Vk DATA 216231 248,63
GO DATA VL >
FORCED ZERO >
199 R67
¥ 1 247
MASK BIT
MASK BIT
VM_REG,
3VF Foo 216 | rey
E40/41
199 .
_ FI5 231 ELEMENT 63
FORCED 1 Fi6 28
Sj DATA 216231 248763 :
: 16 ,31 ,48,63 146ij)k TRANSMIT Sj IF VM =1 TO Vi
Zfi?)iii 2216 2231 22482263 > TRANSMIT VK IF VM =0 TO Vi
> F31 263 147ik TRANSMIT Vi IF VM =1 TO Vi
TRANSMIT Vk IF VM =0 TO Vi B-1614

CRAY X-MP VECTOR MERGE BLOCK DIAGRAM



VECTOR MERGE PAGE 1
146ijk, 147ijk

NO6 = Q00 CLEAR ELEMENT COUNTER
Q00 = TI114 GO VECTOR LOGICAL CP2

EO0 = J10 N6 ; T2 20 ELEMENT COUNTER

EO1 = J11 N6 ; T2 2! :

E02 = J12 N6 ; T2 22

EO3 = J13 N6 ; T2 23

EO4 = J14 N6 ; T2 24

EO5 = J15 N6 ; T2 23

G7 G6 G5 G4 G3 G2 Gl GO-= DCD (E2 E1. E0 )/##

ZU0 = I117 FORCED O ON 3VF @ E42/43
200 = I117 FORCED 1 ON 3VF @ E40/41

N

- G13 CAUSES ELEMENT COUNTER BIT 24 TO NOT BE SET ON 3VF @ E40/41.
ALSO CAUSES ELEMENT COUNTER BIT 24 TO BE SET ON THE 3VF @ E42/43.

HO7 = F31 G13 READ VM BIT 263

JOO AND JO1 ENABLE THE ADVANCE COUNTER SIGNAL.

A-/607

20-15 CRAY RESEARCH, INC.
T COMPANY PRIVATE



3VF MODULE

EO0 = J10 N06' ; T2 ELEMENT COUNT 2°
El =711 N0O6'; T2 21
E2 = J12 NO6' ; T2 22
E3 =J13 N06'; T2 23 -
E4 = J14 NO6' ; T2 24
E5 = J15 NO6' ; T2 25

G7G6G5G4G3G2G1G0 = DCD (E02', E01', EQQ") /# #

VM REGISTER BIT LOCATIONS
COUNTER BITS
VM BITS
20 77
3VF | G0 |2
E42/43 28
cnn | 2% 60
216 57
3VF G10 223
Ed041 [~=~—- 2%
én |23 40
232 37
3VF G2 | 2¥
E42443 [~77°C 240
G13 247 20
248 17
3VF | _Gg12 | 2%
E40/41 256
G13 263 0
A-5316

CRAY X-MP/2 VECTOR MASK COUNTER

20-12
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VECTOR MERGE PAGE 2
146ijk, 147ijk

N10 = MO2 Q2 + MO2 O1 + Q3 Q9
MO2 = Q8 Q7 MERGE 146, 147 INST.
Q2 = I115 ; T2 - GO DATA VL INCREMENT THE

VECTOR ELEMENT COUNTER

Q1 = N6 ; T2 - GO VECTOR LOGICAL CP3

R67 + 1I99 VECTOR MASK BIT = 1 FROM THIS MODULE
OR FROM THE OTHER 3VF MODULE.

NO1

VECTOR MASK BIT = O FROM THIS MODULE OR THE OTHER 3VF MODULE.

NO2

A-1607A4
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BOO

NO3

NO4

ROO

Y

VECTOR MERGE PAGE 3
146i3k, 147ijk

DOO = Sj DATA
100 = Vj DATA
I32 = Vk DATA

NOO = 06 SELECT Sj or Vj DATA

SELECT Sj DATA OR Vj DATA IF NO1 = 1
OR
SELECT Vk DATA IF NO2 = 1

MOO
MOO = 08 O0Q7 140, 141 INST. AND
MO1
MO1 = 08 Q7 144, 145 INS EX OR

ALLOW Sj DATA
OR
vj DATA
OR
vk DATA TO Vi
IF YOU WERE NOT DOING an AND or EX OR operation.

A-/607

e

B CRAY RESEARCH, INC.
20-18 COMPANY PRIVATE



‘\‘/__/

003050
073i00
040ijkm -
041ijkm -
042ik -
043ijk

TRANSMIT (Sj) TO VM REGISTER
TRANSMIT VECTOR MASK TO Si
TRANSMIT jkm TO Si

TRANSMIT EXP. = ONES COMPLEMENT OF jkm to Si
FORM ZEROS MASK EXP. BITS IN Si FROM THE LEFT
FORM ONES MASK EXP. BITS IN Si FROM THE LEFT

3VF E42/43

(31C) 040, 041, 073 (K=0)
(3JF) 003 ENTER VM
(31D) CLEAR VM

SCALAR
REGISTER

Yy vvyy

(3JA) JK DESIGNATOR
20_22

L00

| Foo 20

L15
| F1s

215

L TERMS = SCALAR MASK
F TERMS = VECTOR MASK

L16

| F16 232

L31
| P31

247

3VF EA40/41

VM REG.

L

HTV-0242

(3JA) JK DESIGNATOR 2° -22 ol

L0O
F00

L15
| F15

216

231

(3IC) 040, 041, 073 (K=0)
3JD) CLEARVM
(3JF) 003 ENTER VM

>

Ly

g

| m31

263

SCALAR
REGISTER

(3GRs) DESTINATION SELECT
(3VBs) ENTER Si
(3HB, 3HC) _M-FIELD (040 - 041)
(3JA) _H - FIELD (040 - 043)

A-1609E

CRAY X-MP VECTOR MASK BLOCK DIAGRAM

20-19
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VECTOR MASK 3VF MODULE

=
0030j0 - TRANSMIT (Sj) TO VM REGISTER {
J
I108 = 0030 ENTER VM
I113 = 175 INSTRUCTION CLEAR VM
011 = ENTER Sj TO VM
010 = CLEAR VM BEFORE LOADING DATA FROM THE S-REGISTER
P4 = Q11 HOLD VM
P5 = 010 011 ENTER Sj TO VM
164 = sj BIT 20
FOO = VECTOR MASK BIT 20 or 216
073i00 - TRANSMIT VECTOR MASK TO Si
1106 = 040, 041, 073 (k=0) INSTRUCTION
1107 = 042, 043, 073 (k=0) INSTRUCTION
K21 = I106 I107 073 INSTRUCTION
014 = K21 ; T2 READ NOT VM TO Si
R63 = vM BIT 293 LEAVES INVERTED TO THE 3GR f}
3GR INVERT VM BITS TO ITS TRUE STATE.
4-1610
20-20 CRAY RESEARCH, INC.
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175ijk INSTRUCTIONS

17500 SET VM =1 IF (Vj) IS ZERO 175ij4 VM =1 AND (Vi COMPRESS ELEMENT) = ELEMENT INDEX WHEN
1750j1 SET VM =1 IF (Vj) IS NON-ZERO (Vj ELEMENT) =0
17502 SET VM =1 IF(Vj) HAS A POSITIVE SIGN 175ij5 VM =1 AND (Vi COMPRESS ELEMENT) = ELEMENT INDEX WHEN
17503 SET VM =1 IF(Vj) HAS A NEGATIVE SIGN (Vj ELEMENT) NOT EQUAL TO 0
175ij6 VM =1 AND (Vi COMPRESS ELEMENT) = ELEMENT INDEX WHEN
(Vj ELEMENT) POSITIVE
175ij7 VM =1 AND (Vi COMPRESS ELEMENT) = ELEMENT INDEX WHEN
(Vj ELEMENT) NEGATIVE
3VF 0 45
® | RO - RS INDEX COUNTER 2_ 2° o (3yA'S)
EA2/43
Gp INDEX __ o, 31B) = o
@
vi SET VM BIT 20 15 232,47 o] E4243
VjDATA 20 215 232247
FORCED ZERO 198 Vj POSITIVE 915
_—.—_" .
VF 216
@
Vj=0 R64 197 Vj=0 ] E40/41
) Vi=0 R65 196 Vj=0
————
231
VF 232
196 3VF R64 @
[0 o E42/43
‘ 197 @ R6S ] 42
P Ea0i41
216231 248763 > R66 247
175 INSTRUCTION __, ‘g’ 248
GO VECTOR LOGICAL,, SET VM BITS »] E40/41
KBIT2?, 2l 22 >l 216731 48 568
GODATA VL > 263
FORCED 1 >
198 > R66
Vj POSITIVE B-1508C

CRAY X-MP GENERATOR VECTOR MASK AND COMPRESSED
INDEX BLOCK DIAGRAM

R
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175 INSTRUCTION 3VF MODULE PAGE 1

I113 175 INSTRUCTION

NO6 = GO VECTOR LOGICAL

09 = GO 175 INSTRUCTION
010 = I113 NO6 ; T2 CLEAR VM
011 = I113 NO6 + TI108 ; T2

CLEAR VM REGISTER BEFORE GENERATING THE VM.

P04 = o1 DROP THE HOLD ON VM

POS = 010 Q11  CLEAR VM

FOO = CLEAR VM REGISTER
EOO = CLEAR ELEMENT COUNT

100-131  vj BIT 20-215, 232_247 , 216_331 48_563

co0 Vj BITS ARE ZEROS

R64 Vj BITS ARE ZEROS
A-1611
R65 = Vj BITS ARE ZEROS
. 20-22 CRAY RESEARCH, INC.

COMPANY PRIVATE
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196
197
G15
04
05

198

Vj BITS ARE ZEROS

Vj BITS ARE ZEROS

R64 R6S
k BrT 20

K BIT 2!

vj BIT 263

PAGE 2

Vj BITS ARE ZEROS

IF A 175xj0 AND Vj ELEMENT BITS ARE ALL O's

A 175x3j2 AND Vj ELEMENT BIT 253 EouaLs a o

GO DATA VL

GO DATA VL DELAYED

175 INSTRUCTION IN PROCESS

NO5 =
OR
NO5 =
02 1115 ; T2
o3 Q2
09
011 ENTER Sj TO WM
N7 003 09 011!
ELEMENT COUNT
EO = J10 N6'
E1 = J11 Ne'
E2 = J12 Ne'
E3 = J13 Né'
E4 = J14 N6'
ES5 = J15 N6'

20-23

A 175 INST IN PROCESS AND A GO DATA VL

A-/6/1

CRAY RESEARCH, INC.
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Z00 FORCED ZERO ON E42/43 PAGE 3

Z00

FORCED ONE ON E40/41

G13 = SELECT VM BIT 40-47 OR 56-63

Z00 = WHEN VM BIT NEEDS TO BE SET AND IT'S PHYSICALLY LOCATED
ON THE OTHER MODULE, Z00 WILL ENABLE OR DISABLE G13-G10.

P03 1 IF A 175xj0 INST. AND Vj ELEMENT ARE ALL O's
P03 = 1 IF A 175xj1 AND Vj ELEMENTS ARE Q's

PO3 = 1 IF A 175xj2 AND vj BIT 263 = 0

PO3 = 1 IF A 175xj3 AND vj BIT 263 = 1

N7 = A 175 INST IN PROCESS

G13 = VM BIT IS ON THIS MODULE

G07 = E2 E1 EO

F31 = VECTOR MASK BIT 263 ON 3VF @ E40/41 OR 247 ON 3VF @ E42/43.

A-16114

.20-24.
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N

Term
F31

F30
F29
F28
F27
F26

F25
F24

F23

F22
F21
F20
F19
F18

F17
F16

F31
F30
F29
F28

F27
F26
F25
F24
F23
F22
F21
F20
F19

F18

F17
F16

Test
Point  Addrs.
T 00
Ca_ 01
16 02
C30 03
32 04
A19 05
AS3 06
20 07
C20 10
11
C06 12
C09 13
A54 14
A6 15
A10 16
Al2 17
C17 20
C4 21
C46 22
C30 23
A3 24
A9 25
A53 26
A20 27
C20 30
31
C6 32
9 33
A4 34
Al6 35
A10 36
Al2 37

CRAY X-MP/2 VECTOR MASK REGISTER

3VF AN E40/41

Bit
31
%30
229
2;3
2
2
2
224
223
2
2

=8

20
219

)

218 :

217

3VF at E42/43

20-25

214
213
212
211

Term

F15
F14
F13
F12
F11
F10
F9
F8
K7
F6
F5
F4
F3
F2
F1
FO

F15
F14

F13
F12

F11

F10
F9
F8
F7
F6
F5
F4
F3
F2

F1
FO

Test

)
Q
e o
=
e~

w/
Y
o)

-,
O
%

w,
S
ot

395

¥
N

jor]
th
N

o
5
0

0
[u—y
[y

»,
Ch
B

CI0

B39

553
D56
B3

336
B4
553
D7

c11

D54
C10
B2

B72
B39
B69

60
61
62
63
64
65
66
67
70
71

e §
i

73
74
75

76
77

XV201S33M












VECTOR SHIFT (Modules Involved)

3VE MODULE

The 3VE modules are at H36/37 and H34/35. The 3VE at H36/37 handles all the even data bits of
Vj, while the 3VE at H34/35 handles all the odd data bits of Vj elements. A shift of one place in the
module is equivalent to a shift of 2 places in the Vector register.

The 150-153 instructions perform the Vector Shift operation. For the 151 and 153 instructions, the
3VE at H36/37 performs the two's complement on the shift count. This shift count is sent to both
the 3VE modules at H34/35 and H36/37. Then the 3VE modules perform the shifts derived from
the two's complement arithmetic.

The 3VE module at H36/37 generates the shift control terms for the 3VE at H34/35. The 152
instruction takes 3 cp's in the functional unit while the 153 instruction takes 2 cp's in the functional
unit. The reason being that the 152 instruction's first shift is with element 0 and element 1 or
element O and zero's if Vector length equals a 1. The 153 instruction's first shift is with zero's and .
element 0.

The 150 and 151 instructions perform the single shifts on Vj elements, one element at a time for
Vector length. _

HTV-0242 21-1 XV203S11M



VECTOR REGISTER SHIFT
FUNCTIONAL UNIT INSTRUCTIONS

150DK Single shift of (V] elements) left (AK) places to VI elements
15000 Shift (VJ) left one place to VI

151DK Single shift of (VJ elements) right (AK) places to VI elements
15110 Shift (VJ) right one place to VI

152K Double shifts of (VJ elements) left (AK) places to VI elements
15210 Double shift (V) left one place to VI

1530K Double shifts of (VJ elements) right (AK) places to VI elements
15300 Double shift (V7) right one place to VI

C.AL. FORMAT

Vi VI < AK V1 shifted left to AK places
VI Vi1 V7 shifted left 1 place to VI
VI VI > AK V7 shifted right AK places to VI |
VI Vi>1 V7 shifted right 1 place to VI
Vi VI, VI < AK Double left shift AK places to VI
VI Vi, Vi1 Double left shift 1 place to VI
VI Vi, VI>A Double right shift AK places to VI
VI Vi, Vi>1 Double right shift 1 place to VI
DIAGNOSTIC APPLICATION
3VRS
XV201S34M
21-2

A



\'\,, N

e o VjBITS 2!, 2° .
G50/51
Vj BITS 25-263 ODD BITS 3VE RESULTS
> H34/35 |————» (3VR)
(3AR) —Ak=0 212 217 218 523
7 411
(GAR) _Ak 2 -2 > ODD BITS
FORCED 1'S > OVERLAP DATA
7_ 023 _
SHIFT 1 o Ak2 -27 =0
1,2,4,816,32,64
SHIFTS 184 ‘
3VB'S OVERLAP DATA @ SHIFT 1
Vj BITS 29, 22 AVE
H36/37
4 _ViBITS 24.262 EVEN BITS / RESULTS  3yR)
0 A1 EVEN BITS
MODEhBIT29, 2 >
(3ID) GO VECTOR SHIFT _I85 >
(3AR) _Ak2 0_26 >
(ID) _END DOUBLE LEFT, LAST ELEMENT |
(3ID) _BEGIN DOUBLE RIGHT, GODATA VS |
-

SHIFT 1, 2, 4, 8, 16, 32, 64

CRAY X-MP VECTOR SHIFT BLOCK DIAGRAM

21-3
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VECTOR SINGLE SHIFT CONTROL

5 0
D e Ak 2 - 2 == mmmm s mmmeeeemommm - >
5 4 3 2 1 0 . ..
) 2 2 27 2 2 AK Bit Position
32 16 8 4 2 1 Decimal Shift
NO00-N47 PO8-P47 Q12-Q47 R32-R64 R0O0-R31 Data controlled

0 MO0 R.S.S. 3_2 0 M10 = Shift 1—6 0 SO=Shift 8 | 0 0| M20 Shift 0 0 M11 = Shift 1
0 MO02 L.S.S. 32 1 M10 = Shift 16 1 SO=Shift 8 | 0 1| M21 Shift 2 1 M11 = Shift 1

1 MO1 R.S.S. 32 1 0 M22 Shift 4
1. | MO3 LS.S. 32 ' 1 1| M23 Shift 6
M02 R.S.S.=0

150 ijk Shift (Vj) Left (Ak) Places to' Vi

151 ijk Shift (Vj) Right (Ak) Places to Vi
A-5130



5-12

64

-32
NO0O-N47

0
0
1
1

0
1
0
1

V4 = Shift 0

V5 = Shift 32
V6 = Shift 64
V7 = Shift 96

VECTOR DOUBLE SHIFT CONTROL

6 0
4 3
2 2
16 8
P08-P47 Q12-Q47
0 M10 = Shift 16 0

1

M10 = Shift 16

\

LEFT DOUBLE SHIFT
MO3 = Shift 96
MO2 = Shift 64
MO1, MO7 = Shift 32
MO0, MO6 = Shift 32 ¢ 64

1

SO = Shift 8
SO = Shift 8

RIGHT DOUBLE SHIFT

MO1, M07 = Shift 96
MO0, MO6 = Shift 64
MO5 = Shift 32 __

MO4 = Shift 32 * 64
MO2 = Right 0

4

R32-R64

2

0
0
1

0
1
0

M20 = Shift 0

‘|M21 = Shift 2

M22 = Shift 4
M23 = Shift 6

DOUBLE SHIFT INSTRUCTIONS
152 ijk Double Shift (Vj) Left (AK) Places to Vi

153 ijk Double Shift (Vj) Right (AK) Places to Vi

20

1

R————

AK Bit Position

Decimal Shift Value

R00-R31 Data controlled

0
1

M11 = Shift 1
M11=Shift1

A-5131



0-ALH

9-1¢

AIV1drddodd AVdO

N TERMS
SHIPT 32

P TERMS
SHIFT 16

Q TERMS
SHIFT 8

SHIFT O
R TERMS
SHIFT 6,4,2,0
FINAL TERMS

TEST POINT

62 60 S8 56 54 52 S50 4B 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 o 3VE H3
63 61 59 57 55 S3 51 49 47 45 43 41 39 37 35 33 31 29 27 25 23 21 19 17 5 13 1 9 7 5 3 1 3VE H3
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 I TERMS

LEFT SINGLE SHIFT: SHIFT 32 I0-I31 —— N16-N47
SHIFT 32 I0-115 -~ N32-N47

RIGHT SINGLE SHIFT: SHIFT 32
SHIFT 32

116-I3t1 -~ NO-N15
I0-I31 -~ NO-N31

39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13

38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13

38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 1 1

SHIFT 0O

60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 R32
59 58 57 56 S5 §4 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 132

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 RO

€13 T2 €19 TT2 €21 €22 T20 C14 C53 T48 €52 €63 €64 C65 C7Z C66 C69 B21 BI7 BI18 B23 BI5 BAO B53 B50 BS2 B63 BG66 B68 BI2 B70 B71
OUTPUTS R32-R63 ON 3VE @ H34/35 INPUT AS I32-I63 ON 3VE @ H36/37; R64 NOT USED

OUTPUTS R33-R64 ON 3VE @ H36/37 INPUT AS I32-I63 ON 3VE @ H34/35; R32 NOT USED

EVEN BIT'S MODULE AND SHIFT 1 DROP STRAIGHT DOWN TO 132-163
ODD BIT'S MODULE AND SHIFT 1 MOVE LEFT 1 TO I32-163

VECTOR SHIFT
SINGLE LEFT/RIGHT SHIFT

6/37

4735

SHIFT 6,4,2,0

SHIFT t USE I TERM

SHIFT 1 USE R TERM

TEST POINT

C-/5664




SINGLE SHIFT 3VE H36/37 & H34/35

150, 151 INSTRUCTION

L TERMS I TERMS
L31 LO0  I31 100
ELEMENT O
ELEMENT 1
VL = 4 ELEMENT 2
ELEMENT 3
RIGHT DOUBLE 3VE H36/37 & H34/35

153 INSTRUCTION

L TERMS I TERMS

BEGIN DOUBLE L31 L00  I31 100
RIGHT——{ ZERO'S ELEMENT 0
ELEMENT 0 ELEMENT 1
VL = 4 ELEMENT 1 ELEMENT 2
ELEMENT 2 ELEMENT 3

LEFT DOUBLE 3VE H36/37 & H34/35

152 INSTRUCTION

L TERMS I TERMS

L31 LOO I31 : I00

STATIC = ELEMENT O

ELEMENT O ELEMENT 1 NOO
VL = 4 ELEMENT 1 ELEMENT 2 NOO

ELEMENT 2 ' ELEMENT 3 NOO -

ELEMENT 3 ZERO'S NOO

A
END DOUBLE LEFT
A-1623

VECTOR SHIFT

CRAY RESEARCH, INC.

NOO
NOO
NOO
NOO

NOO
NOO
NOO
NOO

N47
N47
N47
N47

N47

‘N47

N47
N47

N47
N47
N47
N47

21-7 COMPANY PRIVATE
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62 60 58

63 61

56 54 52

59 57 S5 53

31 30 29 28 27 26

31 30

29 28 27 26

LEFT DOUELE SHIFT:

LO-L15 -- N32-N47;
LO-L31 -- N16-N47;

N TERMS
SHIFT 64,32
P TERMS 4 46 45 44 43 42
SHIFT 16 °
gt
Q TERMS 47 46 45 44 43 42
SHIFT 8 6
2
SHIFT O
R TERMS 64 63 62 61 60 S9
SHIFT 6,4,2,0
63 62 61 60 59 58
FINAL TERMS 31 30 29 28 27 26
TEST POINT
LAST ELEMENT: TERM X10-DROPS
MO-M3 ZEROING '
N TERMS ON FINAL
ELEMENT
FIRST ELEMENT: TERM X11-DROPS
M4-M7 ZEROING
N TERMS ON FIRST
ELEMENT
\ ;
N

50 48 46 44 42
51 49 47 45 43
25 24 23 22 2
25 24 23 22 1
I0-I15 =-- N32-N47
I0-131 -- N16-N47
10-131 -- NO-N3%

I16-131 -- NO-N1S

11

11

58

57

25

as
40 39 138
40 39 38
§7 56 55
56 55 54
24 23 22

37

37

37

54

53

21

40

a1

20

20

36

36

36

53

52

20

38

39

36

37

‘TERM

M3
M2

M7 ;M1
M6 ;MO

35

35

35

52

51

19

34

34

34

51

50

18

33

33

33

50

49

17

32

32

32

49

48

16

OUTPUTS R32-R63 ON 3VE @ H34/35
OUTPUTS R33-R64 ON 3VE @ H36/37

RIGHT DOUBLE SHIFT:

26

27

13

13

18 16 14 12

24 22 20

25 23 21 19 17 15 13
12 11 10 9 8 7 6
12 11 10 9 8 7 6

LO-L15 -- N32-N47; I0-I31 -~ NO-N31
I16~I31 -- NO-N15
LO-L31 -- NO-N31
L16-L31 -- NO-N15

30 28
31 29
15 14
15 14

LO-L31
3t 30
31 30
31 30
48 47
47 46
15 14

-— NM16-N47;

29

29

29

46

45

13

28

28

28

45

44

12

27

27

INPUT AS I32-163 ON 3VE @
INPUT AS 132-I63 ON 3VE @

C13 C02 C19 C12 C27 C22 C20 C14 C53 C48 C52 C63 C64 C65 C72 C66 C69 B21 B17 B18 B23 B2S

26 25

26 25

43 42

a2 4

10 9

EVEN BIT's MODULE AND SHIFT 1 DROP STRAIGHT DOWN TO 132-I63
ODD BIT's MODULE AND SHIFT 1 MOVE LEFT 1 TO I32-163

VECTOR SHIFT
DOUBLE LEFT/RIGHT SHIFT

24

24

24

11

40

8

23 22
23 22
23 22
40 39
39 38
7 6

18

18

18

10 8 6
no o9 7
5 4 3
5 4 3
TERM
MT; M1 64
M6MO 64
M5 64
Ma 64
21 20 19
21 20 19
21 20 19
38 37 36 35
37 36 35 34
5 4 3 2

H36/37; R64 NOT USED
H34/35; R32 NOT USED

on 0D

B40 B53 B50 BS2 B63 B66 B68 B72 B70 B71

2 0 3VE H36/37

3 1 3VE w34/35

1 0 I TERMS

1 0 L TERMS
32 SHIFT

32 SHIPT
32 SHIFT

32 SHIFT ‘

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 NO

SHIFT 16
T 76 sazr? 28
17 16 15 14 13 12 11 10 9 B
SHIFT § o 2
s
17 16 15 14 13 _Q12
2 /48

SHIFT 0

34 33 R3 SHIFT 6,4,2,0

33 132

SHIFT 1_ USE I TERM
1 RO SHIFT 1 USE R TERM
TEST POINT

C-1557¢



VECTOR SHIFT

Vj ELEMENT SCOPE CHART

L TERMS
3VE H36/37 H34/35
T.P. T.P.

20 2a20 232
21 220 233
22 A6 234
23 a6 535
24 250 236
25 250 237
26 257 238
27 257 239
28 D70 240
29 D70 241
210 D50 242
211 D50 243
212 5_2_6 244
213 D20 245
214 ] D—:?»T 246
215 D31 247
216 a1s 248
217 IXH 249
218 A23 250
219 223 251
220 K3—§ 252
221 A35 253
222 263 254
223 263 255
224 -65_5 256
225 D69 257
226 -1533 258
227 D52 259
228 D44 260
229 D44 261
230 EZE 262
231 D42 263

SYNC. ON 3JD T.P. D07 FOR A 152 @ CP6
FOR A 153 @ CP5

H36/37
T.P‘

A27
A52

D65

D57

| &
w
w

H34/35
T.Po

4 N - Q
N ~ [o4] o)}

D65
D55
D29
D38

A1

A33
A55
D57
D40

D33



T.P.

T.P.

3VE

3VE

M2 -

A70 U4

268 us

. Voo
Vo1
Vo2
Vo3

VECTOR SHIFT CONTROL TERM

MODE h BIT 20

MODE h BIT 2!

US U4
us U4
Us U4
Us U4

LEFT SINGLE 150 INST
RIGHT SINGLE 151 INST
LEFT DOUBLE 152 INST
RIGHT DOUBLE 153 INST

SINGLE LEFT OR RIGHT SHIFT 32

woo
X02

H36/37 & H34/35 R67
166
MO2

wo8
X07
H36/37 & H34/35 R72
I
MO7

v4 VO
W00

X02
R67
166

v7? V3
w8
X07
R72
I71

SHIFT 0 LEFT SINGLE
150 INSTRUCTION

SHIFT 96 RIGHT DOUBLE

W12 = SHIFT BIT 20 - 26 - ZERO OR A RIGHT SINGLE OR RIGHT DOUBLE

X2 = W12
R67 = X2
I66 = R67

M2 = 166

ALLOWS THE DATA TO ENTER THE N-TERMS WHEN THERE IS NO SHIFTS.

-

21-10
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ak 27 - 223 pouaL ZERO'S

e

1000

w . ak __ BIT 212
R22 177 | s10

! Ak BIT 218

Q

ak  BIT 213

R22 178 S11

ak  BIT 219

Ak  BIT 214

R22 179 S12

Ak BIT 220

V20 Ak BIT 212 _ 223 gQUAL ZERO

ak  BIT 215

R22 180 513

Ak BIT 22!

Q

J(

Ak BIT 216

R22 181 s14

ak  BIT 222 S

17 :
Ak BIT 2

R 9 \ R22 182 | 815

3
Ak BIT 2 a /

3VE @ H34/35

v20 = &k BITS 212 . 223 gpouaL 2ZERO

3VE @ H34/35

187 = ak BIT 211 185 = Ak BIT 2° 183 = Ak BIT 27
186 = ak BIT 2'0 184 = Ak BIT 28

R78 ——» 184 TO 3VE @ H36/37

I84 = O WHEN Ak 27 - 223 _"0's

u17 = 184

) vos = U17
V08 = O WHEN ak 27 - 223 - o's B8-1620

CRAY RESEARCH, INC.
21-11 COMPANY PRIVATE



END DOUBLE LEFT 152 INSTRUCTION

Vo2 = US U4 152 INSTRUCTION, DOUBLE LEFT
189 = LAST ELEMENT VECTOR SHIFT FROM 3JD
X10 = V2 189 END DOUBLE LEFT

3VE H36/37, H34/35

R65 = 164 I64 = MOO SHIFT O
R66 = 165 I65 = MO1 SHIFT 32
R67 = 166 166 = MO2 SHIFT 64
R68 = 167 167 = MO3 SHIFT 96

DO NOT MAKE THE N-TERMS

BEGIN DOUBLE RIGHT 153 INSTRUCTION

Uoo = I85 ; T2 GO VECTOR SHIFT 3JD

WHEN UOO GOES TO A O, UO1 WILL STAY A 1 FOR 1 CP.

uoo lfon V.L. 5 |
Uo1' | S 1
vo1 L S ] 4-16214

21-12
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BEGIN DOUBLE RIGHT 153 INSTRUCTIONS

188 GO DATA VECTOR SHIFT; 153 INSTRUCTIONS

v3 = US U4 MODE h BIT 20, 21

U20 = MAKE U20 WHEN A 153 INSTRUCTION OCCURS. DROP U20 WHEN
188 (GO DATA VECTOR SHIFT) ARRIVES.

3VE @ H36/37, H34/35

R69 = 168 168 = MO4 SHIFT O
R70 = 169 169 = MO5 SHIFT 32
R71 = I70 I70 = MO06 SHIFT 64
R72 = IN I717 = MO7 SHIFT 96

DO NOT MAKE THE N-TERMS

A-1622

sii1s CRAY RESEARCH, INC.
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OBJECTIVES - Floating-Point Functional Unit

With the aid of the student reference material, upon completion of the course a student will be
able to:

¢ Determine the failing module type, module location, and chip, given the failing
instruction and the data errors

» Describe the main function of each of the following modules:
3AS, for the Floating-point Constants
3FA, 3FB, 3FC, 3FD, 3FE, for the Floating-point Add Functional Unit

3RA, 3RB, 3RC, 3RD, 3RE, 3RF, 3RG, 3RH, 3R], for the Floating Reciprocal
Functional Unit '

3MA, 3MB, 3MC, 3MD, 3ME, 3MF, 3MJ, 3MK, for the Floating Multiply
Functional Unit

 Describe the CRAY representation of the Floating-point Numbers
» Describe with respect to time and use, the Address and Control signals

« Diagnostic Applications:

3SFA - Scalar, Vector Floating Add
3SFR - Scalar, Vector Floating Reciprocal
3SEM - Scalar, Vector Floating Multiply
3SMU - Scalar, Floating Multiply

XV201W35A
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FLOATING-POINT FORMAT

Floating-point Arithmetic Introduction

Floating-point numbers are represented in a standard format throughout the CPU.
Floating-point numbers are used by the Floating-point functional units which are:
Floating-point Add, Floating-point Multiply, and Floating-point Reciprocal. This
format is a compact representation of a binary exponent and coefficient within a 64-bit
word. The coefficient is in the hardware bit positions 247- 20 of the 64-bit word. The
sign of the coefficient is in bit position 263, The exponent is in hardware bit positions
262- 248

Floating-point Format

263 | 262 248 | 247 20

1\ Sign % Exponent TACoefﬁcient

Sign - Sign of the coeffigjent is in bit position 203, 263 = ( and is a positive
sign of the coefficient. 203= 1isa negative sign of the coefficient.

Exponent - The exponent of the floating-point format is represented as a biased integer
number in bit positions 262 - 2*8 Bit position 26! represents the sign of this exponent.
Bit position 262 represents the bias.

A Coefficient - The coefficient is a signed magnitude number. For a negative coefficient
the sign bit 263 issettoa "1".

Exponent Ranges

The exponent of the floating-point format is represented as a biased integer in bit positions

262 _ 248 The bias added to the exponent is 40000g , which represents an exponent of 20,
The positive range of the exponent is 40000g - 57777g and the negative range is 37777 -
20000g. Thus, the unbiased range of the exponent is from 2~ 20000 . p+17777

Exponent Number Line
5 ~20000 20 217777
| Negative I Positive l
I (Fractional Numbers) l (Whole Numbers) I
20000 Coefficient 40000 Coefficient 57777

The floating-point format of the CRAY X-MP allows the expression of numbers to be accurate
to about 15 decimal digits in the approximate decimal range of 10-2466 - 1(+2463
This gives the 48-bit coefficient the ability to become an extremely large or small number.

Hardware Ting.
XV201/47A J.E.S.

HTV-0242 22-2 CRAY PROPRIETARY






EXPONENT RANGE CHECKS, UNDERFLOW,
OVERFLOW

Even the CRAY X-MP has its limitations. A hardware range check is made on the exponent
to insure that numbers being represented in Floating-point functional units are within the
limits of the Cray computer system. Double precision numbers can be used to increase the limitation.

Overflow

An Overflow condition occurs when the exponent has exceeded 57777. To check for this

condition the hardware checks bit positions 262 and 261 of the exponent. If 262 angd 201
both equal a "1", an Overflow condition exits or a number equal to or greater than 60000 has
occurred in the functional unit.

When an Overflow condition occurs, a flag is set in the Exchange Package indicating a
Floating-point Range error, and the exponent is forced to equal 60000. This will happen
during a Floating-point Add, Floating-point Multiply, or Floating-point Reciprocal operation.

Underflow

An Underflow condltlon gccurs when an Exponent is less than or equal to 17777, or, the
exponent bits 262 and 251 are both equal to zero. For an Underflow condition no Error
flag is set, however, the exponent and coefficient are both forced to zeroes. This occurs for a
Floating-point Add and Floating-point Multiply operation. However, for the Floating-point
Reciprocal operation, because the exponent is complemented and a value of two is added, an
error occurs with an exponent value equal to 20001 or less. An Underflow condition in
Floating-point Reciprocal will cause a bit to be set in the Exchange Package indicating
Floating-point Range error and the exponent will be forced to 60000.

The Floating-point Multiply follows the underflow rules with the exception of when both of

the exponents are equal to zero. If this occurs, the Floating-point Multiply allows the multiply
to complete as an Integer Multiply, leaving the Exponent and Sign bit equal to zero.

Floating-point Add or Floating-point Multiply

Underflow = [ 0 | O 0o 0
Sign Exponent Coefficient, no flag
Qverflow = | O 60000 Calculated
Sign Exponent Coefficient, flag set

XV201/52C
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Floating-point Reciprocal

Underflow = | ¢ 60000 Calculated

Sign Exponent ‘Coefficient, 247 = 0 Flag set
Overflow = 0 60000 Calculated

Sign Exponent Coefficient, 27 =0 Flag set

Normalized Floating-point

A floating-point number is considered normalized when bit 247 of the coefficient is

equal to a one. This condition of having a normalized coefficient implies that the coefficient
has been shifted left as far as possible, and therefore, the floating-point number has no
leading zeroes in the coefficient.

Each Floating-point functional unit has different requirements for its input operands. The
Reciprocal Approximation function unit MUST receive a normalized operand in

order to procude the correct results. However, there is nothing in the functional unit to
detect that the operand is normalized, it is just assumed. The Floating-point Multiply
functional unit does not require the operands to be normalized to produce the correct result.
However, because the upper one half of the pyramid is kept and the lower half is truncated,
more accurate results are produced if the two operand is normalized. Also, the functional
unit will only produce normalized results when both operands are normalized. If either
operand is unnormalized the result is not guaranteed to be normalized. The Floating-point
Add functional unit does not require normalized operands. The last thing this functional
unit does is normalize its results. In fact, floating-point numbers can be routed to this
functional unit using the 06210k, 06310k, 170i0k, or 172i0k instructions to take advantage
of this normalizing process. If we look closely at those instructions, we are taking the
operand in the k field and adding it to zero (special case of the j operand) through the
Floating-point Add functional unit the result is the normalized operand.

Conversion From Integer To Floating-point Format

When converting integers to floating-point, it is necessary to understand the construction
of a floating-point number. The components of a CRAY X-MP floating-point number
can be compared to a number written in scientific notation.

Example: The components of the floating-point format can be compared to the standard
scientific notation in power of ten as follows:
r Sign of exponent

Sign of coefficient ——p» -.1025 x 102 ¢4— Exponent
Coefficient

XV201/53A

HTV-0242 22-4 CRAY PROPRIETARY

N

"«q—/\‘_/"



Note the effect on the Exponent with the shifting of the Coefficient's decimal point to the
left. The following numbers all have the same values:

1025. x 10-2
102.5 x 101
10.25 x 100
1.025 x 10!
1025 x 102

When converting an integer number to a Floating-point number on the CRAY-X-MP, the integer
value of the number must remain the same. To accomplish this, the exponent of the Floating-
point number will define where the binary point is in the actual number being represented by the
Floating-point format. By definition, the binary point is located to the left of 247 bit position.
The exponent will define how many places to the right to move the binary point for a positive
exponent, and how many places to the left for a negative exponent. In converting an integer
number to Floating-point format (since the coefficient is only 48, bit positions) the integer
number is assumed to be less than 48 | bits. An exponent is given to the integer coefficient

to reflect its value. Because all integer numbers in the CRAY-X-MP have the binary point at
the right of the least significant bit or 29bit position, it will also have to be defined there in the
Floating-point format it will now be represented by. An exponent of 40060 is used for all
integer to Floating-point conversions. The exponent value 40060 is a positive exponent which
will move the goint right 60g or 481( places from its defined position and will now be to

the right of 2" bit position. This is the same place the binary point is in all integer numbers.
To normalize a Floating-point number the number of Leading Zeros is counted until the first
1-bit, and then-the number of Leading Zeros is subtracted from the Exponent.

Example #1 - Issue a 071424 instruction to change (A4) into a Floating-point format.

#1 A4 =[ 00001777 | A4 = aInteger, whole numbers

S4 = | 040060 000000 000000 001777

S4 = Floating-point numbers in
CRAY-X-MP format

#2  TIssue a 062404 to normalize S4

S4 = 1040012 1777000 000000 000000 | The number of Leading Zero's
is subtracted from the Exponent.

Let's take a closer look at Example #1 A4 = 00001777 which is an Integer or whole
number. A4 can also be represented as:

A4 =| 00001777.0 X 2° Which is the same value that is in A4.

Because the coefficient has 481 places and the binary point is moved to the left 48 places or
60g, as in S4. The exponent must have 60 g added to the exponent to represent the number
of places the binary point was moved to keep the same number value. The Exponent now
equals 40060 with the bias bit 262 set, and 1777 in the lower position of Coefficient.

S4 = 1040060 . (000000 000000 001777

'y

XV201S54M
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To normalize S4 the Floating-point Add functional unit is used to take advantage of the
normalizing capability that the Floating-point Add functional unit has. The 062404 instruc-
tion is used to normalize S4.

S4 =1040012 . 1777000 000000 000000

When the Floating-point Add functional normalizes S4, it counts the number of Leading
zeros and subtracts this value from the Exponent. It then adds in the bias. The coefficient
is then left shifted 46g places, as represented in the normalized S4.

The sign of the integer number originally in A4 was positive or zero which is b1t 2230f an

A-Register A4. To represent the sign of the Coefficient in S4, which is bit 263 , it must also
be set to a zero.

Example #2 - Issue a 071424 to represent the negative Integer numbers in A4 to Floating-
point format.

#1 A4 = LTTT77776 Integer number in A4 equals a negative 2,

in two's complement form.

S4 =] 140060 . 000000 000000 000002] S4is the result of the
completion of the 071424

instruction.

S4 has the sign bit set which is bit 25> of S4 indicating that the Coefficient has a negative
fraction that is two positions from zero, but on the negative side of the number line.

The integer value has been two's complemented to give it an absolute value, and is shown
in S4 as a negative signed magnitude number.

#2 Issue a 062404 to normalize S4.

S4 = [ 140002 . 100000 000000 000000

Again, the sign bit 263 js set indicating a negative number in the Coefficient. The number
of Leading Zeros is subtracted from the Exponent to make the Exponent equal to 40002.
The Coefficient is then left shifted 56 g positions in the Floating Add Functional unit.

Coefficient Number Line

| Negative Positive |

=TTTTTTTTTTTTTTT g -1 0 +.1 +TTTTTTITITTTTTT g

XV201S55M

22-6

; ,
Nr?



FLOATING POINT CONSTANTS (Module Involved)

3AS Module

The 3AS module is used for the Scalar Leading zero count, the Address
Adder, and to generate floating point constants. The 3AS module is also
used to delay the 033 instruction from the 3JB when a 033 instruction is
issued, The 033 is used to gate the error flag off the 3DJ to the 3AR,

To generate the floating point constants the 3AS module uses the
07110k=0711i70 instruction. The 071i2k instruction will take an integer
number from an A register and convert the integer number into a
un-normalized floating point number. To normalize this number, run the
number through the Floating Add functional unit using a 062i0k
instruction,

To convert an integer number in an S register which is greater than 24
bits, a three instruction algorithm is used.

The 071i0k will transfer the contents of an A register to an S register.
Bits 224-263 are zero filled in the S register.

The 071i1k instruction will transfer the contents of an A register to Si
with sign extension from bit locations 224.263, fThis is equivalent to an
integer number.

The 071140-071i70 instructions generate floating point constants of .4g,
1.08, 2.08 and 4.080 '

The 071130 is 248 x .6g which equals 040060.140000 000000 000000.

‘22277 CRAY RESEARCH, INC.
~ COMPANY PRIVATE



4
27

COEFFICIENT

MXAOZMZ
=0 Z o/
m—=<w

EXPONENT

OO M L — U — M7
N0 Z Om

UNDERFLOW

A-5132

FLOATING-POINT REPRESENTATION
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6-Ccc
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NEGATIVE POSITIVE
BIASED
20000 40000 57771
37775 37776 37777 40001 40002 40003
-00001 +00001
-20000 00000 +17777
UNBIASED
In terms of decimal values, the approximate
decimal range is from 10 “2466 through 10 +2466
A-5870

CRAY X-MP EXPONENT REAL NUMBER LINE



FLOATING POINT RANGE ERRORS

FLOATING POINT ADD:

UNDERFLOW

OVERFLOW

FLOATING POINT MULTIPLY:

UNDERFLOW

OVERFLOW

FLOATING POINT RECIPROCAL:

UNDERFLOW

OVERFLOW

EXPONENT

000000

060000

000000

060000

060000

060000

22-10"

COEFFICIENT

000000 000000 (G000GO

CALCULATED PLUS ERROR

000000 0000CO 000000

CALCULATED PLUS ERROR

CALCULATED PLUS ERROR *

CALCULATED PLUS ERROR *

* BIT 2*7 WILL BE CLEAR
* BOTH SET ERROR FLAG

—



),

07110k
07111K
07112k
071130

071140

071150
071160
071170

07110k
07111k
07112k
071130
071140
071150
071160
071170

CAL FORMAT

SI
SI
S1
SI
SI
SI
SI
SI

INSTRUCTIONS

Transmit (AK) to SI with no sign extension
Transmit (AK) to SI with sign extension
Transmit (AK) to SI as unnormalized floating point number

Transmit constant 0.75;( x 248 1o ST
0.68 X 260

Transmit constant 0.510 to SI
0.4g

Transmit constant 1.0 to SI
Transmit constant 2.0 to SI

Transmit constant 4.0 to SI

+AK

+FAK
0.6
04

XV201S56M
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INTEGER VALUE IN S1 TO FLOATING POINT FORMAT IN S3

1's Compliment

2's Compliment

Retain J Exponent

Compliment J Coefficient
No Carry Across Binary Point

Compliment Result

Unnormalized Result

Where S1 = 000000 000000 173743 026721
ALGORITHM = #1 071230 S2 = 75 x 2%
# 061121 S1 = S2 - S1
#3 063321 S3 = S2 - FSI
#1 S2 = 040060 140000 000000 000000
#2 82 = 040060 140000 000000 000000
-S1 = 000000 000000 173743 026721
S2 = 040060 140000 000000 000000
S1 = 177777177777 004034 151056
040060 137777 004034 1510453
S1 = 040060 137777 004034 151057
#3 S2 = 040060 140000 000000 000000
-S1 = 040060 137777 004034 151057
S2 = 040060 037777 177777 177777
- 137777 004034 151057
177777 004034 151056
000000 173743 026721
S3 = 040060 000000 173743 026721
S3 = 040040 173743 000000

026721

22-12

Normalized Result
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3AS

Ak BIT 0-223 »| R-TERMS 50
j=2 + SIGN BIT Ak TWO's
B o1 P! COMPLIMENT
SIGN BIT 22=0 »| Ak
e TAKEN
j=2 +j=1 +j=0 DIRECTLY
Ak BIT 20- 2% 223
) 2%
SIGN BIT
| ’
‘ 245
SIGN BIT=1- j=1 46
j=3 )
=3-7
SIGN BIT=I- j=1 ) AT
=51
48
SIGN +j=1 ) 2
=67 249
SIGN -j=1 )
250
SIGN BIT
1 ’
e 551
j=2+3 252
SIGN +j=1 ) ’
253
SIGN BIT 254
1 l
L_‘ 261
j=2-7 262
j=1+ SIGN BIT ) ’
j=1+SIGN BIT 63
j=2+SIGN BIT ) >

R24

R47

AT G28/G29

COEFFICIENT

RSS

R48

R49

R50

R51

RS5

3GR's

Si
REGISTER

EXPONENT

RS2

R55

RS3

R54

A-1624E

CRAY X-MP 07lilkk - 071i70 INSTRUCTION

HTV-0242
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FLOATING POINT CONSTANTS PAGE 1

MO3 = Q00 J bit 20

MO4 = Q01 J bit 27

MO5 = Q02 J bit 22

MO2 =002 Q01 000 J =2
NOO = I47 MO2 Complement Ak

For a 071i0k instruction all the L terms
are made

Si bit 20
Si bit 2!

R24
R25

071i1k - Transmit (Ak) to Si with sign extension

I47 = Ak bit 223

NO1 = Sign bit Ak bit 223

R55 = NO1 Si bits 24-25; 50,51; 54-61
R48-R54 = Si bit 46-49; 52,53; 62,63

A-1626

29-14 CRAY RESEARCH, INC.
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071i2k - Transmit (Ak) to Si as
unnormalized floating point

Anumber
MO2 = Q00 Q01 Q02 = j field = 2
I47 = Ak bit 223

NOO = I47 MO2

LOO-L03 - Perform the two's complement on
Ak bits 20-223 jf the sign bit
of Ak is a1

R24-R47 = LO0-L23

R24-R47 = Two's complement form if Ak
sign bit = 1

R24-R47 = Ak bit 20-223 jf Ak sign bit = O

4-1626

PAGE 2

CRAY RESEARCH, INC.
COMPANY PRIVATE
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FLOATING-POINT ADD FUNCTIONAL UNIT

The Floating-point Add Functional unit performs three operations. They are to equalize exponents,
add coefficients and normalize the results.

To equalize the exponents the larger of the two exponents is retained. The coefficient is shifted
right until both exponents are equal. Because the coefficient is only 48 bits, any shifting beyond 48
bits will result in the smaller operand's coefficient to become zeros.

The two operands are added after the exponents are equalized. If an add instruction was issued and
the signs bits are the same, an add operation is performed. If the sign bits are different, a subtract
operation is performed. This operation requires performing the ones complement arithmetic on the
K-operand or J-operand and allowing an end around carry or toggling of the result. If a subtract
instruction was issued and the sign bits are different, an add operation is performed. If the sign
bits are the same for subtract instruction, a subtract operation is performed.

To normalize the results the coefficient is shifted to the left until a 1 bit is in front of the binary

point. The exponent is decremented accordingly. If a carry across the binary point exists, a right
shift of one place is performed to normalize the coefficient, and a 1 is added to the exponent.

FLOATING ADD (Module Involved)
3FA MODULE

The 3FA module receives the exponent bits 26 - 215 or 254 - 263 of the word. The 3FA will receive
Sj and Sk if a Scalar instruction is issued. The module will receive Sj or Vj and Vk for a Vector
instruction. From the exponent bits 26 - 215 the 3FA will generate some control terms. The terms
will determine if the j exponent is greater than the k exponentorifk > j,if j+1=kork+1=j,or
if the exponents are equal. Any other combination of the exponents will cause the lower valued
exponent's coefficient to be zeroed. This will occur when the coefficient is right shifted to equalize
the exponents.

The 3FA will also receive bits 20 - 25 of the exponent from the 3FB and 3FC modules. From these
bits the 3FA can determine if the k exponent is greater than the j exponent or if j = k. The 3FA will
retain the larger exponent for shifting to the left if normalization is needed.

The 3FA will handle over flow and under flow error conditions.

The 3FA will complement the k sign bit if a subtract instruction is issued.

The final exponent is sent from the 3FA to the 3GR or 3V A modules.

XV201S38M
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3FB/3FC MODULE

The 3FB module handles the j coefficient bits 20 - 247, The 3FC handles the k coefficent bits 20 -
247, The 3FB/3FC will either shift the coefficient right to equalize the exponents or leave the
coefficient unshifted. The larger coefficient is left unshifted.

The shift counts for the 3FB/3FC is determined from the upper bits on the 3FA and the difference
of the lower bits 20 - 25 of the j and k exponent. The final shifted coefficient and the unshifted
coefficient are sent to the 3FD module.

3FD MODULE

The 3FD module will add the coefficients to finish the Floating Add operation. A check is made for
a carry across the binary point. If it exists, the coefficient is right shifted by one place and the
exponent increased by one.

The 3FD will then do a leading zero count on the coefficient. The number of leading zeros is
broken down into shift counts. These counts are used on the 3FA module to decrease the
exponents by the number of shifts needed to normalize the coefficient and to adjust the exponent
accordingly.

3FE MODULE

The 3FE will normalize the coefficient by left shifting until a 1 bit is to the left of the binary point.
The shift counts are recalculated from the number of leading zeros in the coefficient.

The final normalized coefficient is sent to the 3GR or 3V A along with the exponent from the 3FA.
If an underflow condition is detected by the 3FA, the coefficient is blocked from leaving the 3FE
module. This condition causes all zeros for a coefficient. The exponent is also zeroed from the
3FA module.

If an overflow condition exists, the coefficient is allowed to leave the 3FE. However, the exponent
is forced to 060000 on the 3FA and a Floating-point Error flag is sent to the Exchange package.

XV201S39M
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FLOATING ADD INSTRUCTIONS
SCALAR

062K Scalar Floating Sum of (SJ) and (SK) to SI

062I0K Normalize (SK) to SI

0631K Scalar Floating Difference of (SJ) minus (SK) to SI

06310K Transmit normalized negative of (SK) to SI will normalize the coefficient and
toggle the sign bit

VECTOR

170DK Vector Floating Sum of (ST) and (VK ELEMENTS) to VI

17010K Normalize (VK ELEMENTS) to VI

171DK Vector Floating Sum of (VJ ELEMENTS) and (VK ELEMENTS) to VI

172DK Vector Floating Difference of (SJ) minus (VK ELEMENTS) to VI

17210K Transmit normalized negatives of (VK ELEMENTS) to VI will normalize the
coefficient and toggle the sign bit _

1730K Vector Floating Difference of (VJ ELEMENTS) minus (VK ELEMENTS) to VI

C.AL. FORMAT
SCALAR

SI  SJ+FSK Scalar Floating Add
S1  SI+FSK Scalar Normalized SK

'S SI-FSK Scalar Floating Difference
St SJ-FSK Scalar Normalized Negative SK
VECTOR

VI SI+FVK Vector, Scalar Sum

VI  SI+FVK Vector, Normalized VK

VI  VI+FVK Vector, Vector Sum

VI SI+FVK Vector, Scalar Difference

Vi  SI-FVK Vector, Normalized Negative VK
VI  VI+FVK Vector, Vector Difference

DIAGNOSTIC APPLICATIONS
3SFA

XV201S40M
23-3



SIGN BIT
J=K ® ADD INSTR. = ADD OPERATION

J#K ® ADD INSTR. = SUBTR. OPERATION
J=K ® SUBTR. INSTR. = SUBTR. OPERATION
J#K e SUBTR. INSTR. = ADD OPERATION

3FA

‘1  COMPLEMENT
3FA K SIGN BIT

ADD OPERATION SUBTRACT OPERATION
3FA
YES NO
A A
RETAINJ RETAIN K RETAINK RETAIN T
3FA EXPONENT 3FA EXPONENT SFAl  EXPONENT 3FAl  EXPONENT
A A A A
SHIFTK SHIFT J : SHIFT J SHIFT K
3FC COEFFICIENT 3FB COEFFICIENT 3B | COEFFICENT sfc| COEFRCENT
l : T ) !
TOGGLEK — TOGGLE J
3FD ADD 3FC COEFFICIENT COEFFICIENT
COEFFICIENT
l T ]
ADD
3FD COEFFICIENTS

LEFT SHIFT
e o st
FOR
3FE 3FB BY ONE
NORMALIZATION
DECREASE END AROUND TOGGLE
3FA EXPONENT 3FA INCREASE 3FD CARRY 3FE RESULT
FOR EXPONENT
NORMALIZATION
A
L 4
TOGGLE
3FA SIGN BIT
NORMALIZE
3FA/AFE RESULT
Iy
RESULTS TO
3GR, 3VP S.V. REG.'s
C-1378F

CRAY X-MP/2 AND X-MP/48 FLOATING-POINT ADD FLOW CHART
HTV-0242 23-4 CRAY PROPRIETARY



FLOATING ADD EXAMPLES

ADD INSTRUCTION

J = 040004 004000 000000 000000 4g
K = 140003 140000 000000 000000 + =6
-5.4g
SUBTRACT OPERATION
040004 004000 000000 000000 RETAIN J
140004 060000 000000 000000 SHIFT K
040004 173777 177777 177777 TOGGLE J
140004 060000 000000 000000
040004 1.053777 177777 177777 ADD COEFFICIENTS
CBP
RETAIN EXPONENT
& SIGN OF LARGER
040004 053777 177777 177777
+1 END AROUND CARRY
140004 054000 000000 000000 TOGGLE SIGN BIT
140003 130000 000000 000000 NORMALIZE
ADD INSTRUCTION
J = 040003 140000 000000 000000 6g
K = 040002 140000 000000 000000 + 3g
Tg
ADD OPERATION
040003 140000 000000 000000 RETAIN J
040003 060000 000000 000000 SHIFT K
040003 1.020000 000000 000000 ADD COEFFICIENTS
CBP
040004 110000 000000 000000 NORMALIZE RESULT
235 CRAY RESEARCH, INC.

COMPANY PRIVATE



ADD INSTRUCTION

FLOATING ADD EXAMPLES

J = 040002 140000 000000 000000 +3g
K = 140003 140000 000000 000000 + —6g
_38
SUBTRACT OPERATION
040003 060000 000000 000000 SHIFT J
140003 140000 000000 000000 RETAIN K
040003 060000 000000 000000
140003 037777 177777 177777 TOGGLE K
140003 117777 177777 177777 ADD COEFFICIENTS
CBP
RETAIN EXPONENT
& SIGN OF LARGER
140003 060000 000000 000000 TOGGLE RESULT
140002 140000 000000 000000 NORMALIZE
SUBTRACT INSTRUCTION
J = 040003 140000 000000 000000 6g
K = 140002 140000 000000 000000 - =38
11g
ADD OPERATION
040003 140000 000000 000000
040002 140000 OOOOOO 000000 COMPL. K SIGN BIT
040003 140000 000000 000000 RETAIN J
040003 060000 000000 000000 SHIFT K
040003 1.020000 000000 000000 ADD COEFFICIENTS
CBP
040004 110000 000000 000000 SHIFT RIGHT TO
NORMALIZE;
ADJUST EXPONENTS
23-6 CRAY RESEARCH, INC.

COMPANY PRIVATE
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S - N e
oaR, 3vy S Viz*2® o)A H5051 | pvaL BxP. 20 215 - GGR. 3VA)
(GR. 3vB) Sk Yk 2%29 i RANGE OVER FLOW - GVO)
(FB.3pc) _EXP.20-2° o GO Vi, VKHOLDSCALAR ____ on 3y
(3FD)—SHIFT 1. 16, 32 PrlmkMER) o
| SHIFT 1,2, 4,8 | k+1=j(MEB)
B L Vi > EXPONENT —————t(FC) FLOATING POINT OPERATION
J i Y e EXP.EQUAL _ pp, 3r¢) 1) EQUALIZE EXPONENTS
(a1m)_HOLD SCALAR _ j>k o 2) ADD COBFFICIENTS
50 » CONTROL I Y 3) NORMALIZE RESULTS
AD)——————————— Bis N o)
D) GO SCALAR > EXP. UNDER FLOW
(@ID)_GO VECTOR i SIGNS UNLIKE (3FB, 3FC)
(9FD)—COMPLEMENT RESULT j=kEXP. BITS 28 21
—_————
(36— COEFFICIENT = ZERQ k> j EXP. BITS 20 214
3FR H4243
ooR, svey S Vi2 .25 _ {3FB H4849 N SHIFT-1
)
2.2 3FD HA4MS
(3GR, 3VB) 3. VK
cor, svpy—3: 12227 jaxe 225 ooy ot
- j OPERAND
EEay S0V Yk > 20 247 Ioo ,
(35A)—HOLD SCALAR | _ | COMPLEMENT (3FA)
PNEEY" | SHIFT 1 _ COEFFICIENT RESULT COEFFICEENT Resurr20 29 o WA)
P e
CFA) j+ 1=k (MFB) | j OPERAND 20 297 _ ADD suM 20 A7 NORMALIZATION
) >
EXP. BQUAL
GPA)EXR.BQUAL EXPONENT
UNLIKE GR
(35,;)_1‘9&5....__. 248,558 | OUP ZEROS
nez
AL =
COBFF.=0 __ pa)
T ] ¢
GOR, 3vB) - ¥i2 “2‘: o 3Fc HAGAT | SHET COUNTS g (394)
vic 2482
GoR VRS VE2 2
vi 20 29 KEXP. 20 25 28 @ 2% 97 20
GoravBy-Se V2 2 | | KEXP. 2 27 o, (3pA) .
GO Vi, Vk
(3FA) . k OPERAND
(3FA)—HOLD SCALAR - 2029 'l sxvovewt | commcmnt
)
rA)L2] » x OPERAND 2° 27 G
(3rA) <t 1= (MFB) N x> BXP. BITs 2025 N
OF A; EXP.EQUAL FLOATING POINT FORMAT
(3FA)SICNSUNLIKE | 248253

CRAY X-MP FLOATING-POINT ADD (CPU 0)

C-0934E






(3GR, 3VB)
(3GR, 3VB)
(3FB,3FC)
(3FD)
(3FD)

(3ID)

(3GR, 3VB)
(3GR, 3VB)
(3GR, 3VB)
(3FA)
(3FA)
(3FA)
(3FA)
(3FA)
(3FA)

(3GR, 3VB)
(3GR, 3VB)
(3GR, 3VB)
(3FA)
(3FA)
(3FA)
(FA)
(3FA)
(3FA)

: yia3 3FA H50/51 0,15
sj, vj 232 xp. 20 2
i Vi o -~ FINAL E > (3GR. 3VA)
Sk, Vk 2742 o RANGE OVER FLOW - GVO
0,5 - =
EXP. 20 -2 -~ GO Vj VKHOLD SCALAR  _ uon sy
SHIFT -1, 16, 32 _ j+ 1=k (MEB)
—— @FB)
SHIFT 1, 2,4, 8 k+l=jMEB) oo
> f—> FLOATING POINT OPERATION
GO Vj, Vk EXPONENT
2 > 2H L8 EXP. EQUAL (3FB, 3FQ) 1) EQUALIZE EXPONENTS
HOLD SCALAR j>x - 2) ADD COEFFICIENTS
> RS
oL 20 CONTROL > 3) NORMALIZE RESULTS
e (3FC)
GO SCALAR _ EXP. UNDER FLOW
GO VECTOR SIGNS UNLIKE (3FB, 3EC)
COMPLEMENT RESULT _ j =k EXP. BITS 28 214
COEFFICIENT =ZERO k > j EXP. BITS 2° -2}
3FE H42/43
sj, vj 24825 _ | 3FB H48/49 - SHIFT -1
Sk, v 28,5 _ 3FD H44/45
sj, vj 2029 jEXP. 2025 1ot
- > j OPERAND = GFA)
GO Vi, Vk > 20 247 100 o
HOLD SCALAR | - COMPLEMENT (3FA)
j>x _ SHIFT 1 _ COEFFICIENT RESULT COEFFICIENT RESULT 20 24 GGR. 3VA)
hatt T —
j+1=X(MFB) > j OPERAND 20 47 -~ ADD sum 20 27 NORMALIZATION
EXP. BQUAL > EXPONENT
SIGNS UNLIKE o 248,53 - GROUP ZEROS
o2
COEFF.=0 _ (3pay
1
sj. vj 2%8.28 . [3rc o7 SHIFT COUNTS 0o
Sk, Vk 24898 o
0 o4 i 0 5 .8 L8 248 47 0
Sk, vk 29.2 > X EXP. 2" -2 » (3FA) 2 :
GOVj. Vk . X OPERAND S
HOLD SCALAR 4 2029 1
> . EXPONENT | COEFFICIENT
k>j - x OPERAND 2° .27 G
k + 1 = (MFB) k>jEXP. BITS 2°2° N
EXP. EQUAL _ FLOATING POINT FORMAT
> EXPONENT
SIGNS UNLIKE > 248 53
C-0934E
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247 246 245 244 243 242 241 240 339 338 237 236 235 334 233 32 331 330 329 228 327 326 225 324 223 322 321 220 219 218 317 216 315 214 313 212 511 510 22 28 27 26 35 24 33 32 21 20 | 3FB  IFC
71 70 69 68 67 66 65 64 63 62 61 60 S9 S8 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 124 I-TERM Sj Sk

119 118 117 116 115 114 113 112 1171 110 109 108 107 106 105 104 103 102 101 100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 8 84 83 82 81 80 79 78 77 76 75 74 73 172 I-TERM Vj Vk

16/0 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 BO— B TERMS
6 4 2 [
S$10=SHIFT O
§11=SHIFT 2
S12=SHIFT 4
$13=SHIFT 6
7/9 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 GO G TRRMS
SHIFT S6=SHIFT 0
S7=SHIFT 8
Q2=SHIFT. 0
H-TERMS Ql=SHIFT 32
11713 H-TERMS s4_ 83
) . 0 1] SHIFT O
0 1 SHIFT 8
1 0 SHIFT 16
26 25 H24 11 SHIFT 24
39 38 37 36 35 34 33 #32
4746 45 44 43 42 41 H4O .
47 46 45 44 43 42 41 40 39 38 237. 31 30 29 _'28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1t 10 09 08 07 06 05 04 03 G2 01 LO= L-TERMS POfl= UNSHIFTED OPERAND
0 toqgle or untoggled,
32 SHIFT dependent on siqn bits
02=SHIFT 0
N Ot=SHIFT 32
16/0 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 62 01 ROD R-TERMS
TEST POINTS
B-TERMS 247 246 295 244 243 .42 341 240 539 538 337 536 335 334 533 532 531 330 229 228 27 326 225 324 23 22 221 220 219 218 217 316 215 214 213 212 211 310 39 28 7 36 55 4 33 52 21 0
D62 Al3 D56 A1S D54 Al1 D59 A19 D64 A20 D65 A16 D41 A33 D46 A36 D53 A28 Ad3 A41 D30 A4S D32 AS6 C26 B23 C72 B27 C57 BS5 C36 C33 €22 B36 C24 B53 C27 B68 C17 B67 C19 B59 C25 C54 C20 BAA C21 B66
R-TERMS D24 AS5 D20 AS8 D17 A68 DO7 A72 D19 AS4 DO2 AG9 D28 A70 D36 A71 D04 RAG65 D13 AG4 DO8 A67 DO3 A66 C46 B20 C41 BO3 C71 B21 CA4 B26 C53 BS6 C52 B52 C30 B57 C29 B58 C54 BOA C28 RO6 CS5 B19 C56 B22
c-1629C

NOTE: SHIFT OF 1 DONE ON 3FD

3FB/3FC MODULE DIAGRAM
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JLVATYd ANVdAWOD
"ONI “HOYYISIY AVYD

3IFE MODULE
COEFFICIENT UNNORMALIZED

SUM
UNNORMALIZED 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
16/0 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 A0 A-TERM SIGN =
48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 A0  A-TERMSSIGN #
-1 C-TERMS
7/9 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 66 05 04 03 02 O1 io E-TERMS
s10 s3 s6 s9
s10
11/13 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 0 F-TERMS
SuM $20
NORMALIZED
502
501,
16/0 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 RO  R-TERMS
SHIFT CONTROL TERMS
§77 = SHIFT -1 E47=1 $10 = SHIFT 0 §20 = SHIFT 0
S00 = SHIFT 0 S03 = SHIFT 3 SO1 = SHIFT 1
8§12 = SHIFT 12 S06 = SHIFT 6 S02 = SHIFT 2 8-1639A
$24 = SHIFT 24 S09 = SHIFT 9
$36 = SHIFT 36

3FE MODULE DIAGRAM



I1-¢2

263 262 561

R15 Rt14 Ri13

DO1 C49 C50

260 259
R12 R11
c47 c40

: /
e

FLOATING POINT ADD
FINAL, EXPONENT

3FA

958 957 56 255 554 953 952 551 250 49
R10 RO9 RO8 RO7 RO6 RO5 RO4 RO3 RO2 RO

c48 €52 C46 (€39 (€38 C21 C37 cC02 €03 cC20

ROO

CO01

NOTE: 062, 063 SYNC ON

3FA T.P. DO5 @ CP5 DATA @ CP7

TEST POINT

X210050204



Z1-£2

062, 063 SYNC ON 3FA DO5 T.P. @ CPS.

47 ,246 245 244 2

43

242 241 5
R40 R39 R38 R37 R36 R35 R34 R33 R32

2
R47 R46 R45 R44 R43 R42 R41

3FE @ H42/43 FINAL OUTPUT

DATA @ CP7.

40 239 238 237 2 2 2

36 35 34 233 2

32

C70 Cé67 cCé61

4 ’ 14

18 17

2

.C55 C40 C57 C65 C42 C59 C63 C68 C72 D14 D18 D29 D27

16

31 230 229 228

2 27
R31 R30 R29 R28 R27 R26 R25 R24 R23 R22

26 2 2 2

25 24 23 222 221 220 219 2 2
R21 R20 R19

A67 A63 A59

R18 R17 RI16

A55 A50 A16

D25 D23 D12 D03 D06 DIO D16 D20 A72 BA65

0

215 214 213 212
R15 R14 R13 R12

211

R11

210 29 28 27 26 25 24 23 22 2l
R10 RO9 RO8 RO7 RO6 RO5 RO4 RO3 -RO2 RO1

2
ROO

A52 A57 A61 A70

!

BO3 BO8 B16 BO6 B10 BO4 B18 B14 B12 B19 B23 B25

_ FLOATING~POINT ADD
FINAL COEFFICIENT

TEST POINT

TEST POINT
\

TEST POINT

A-155/8
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3FB MODULE Page 1

POO = I120 GO VECTOR J
PO1 = 1120 I122 GO SCALAR J
PO2 = I122 HOLD SCALAR

P09 = I121 GO VECTOR K

100 = Sj bit 248 OF J EXPONENT
I112 = Sk bit 248 oF k

106 = Vi bit 248 oF 7

I18 = vk bit 248 oF k

AOO
A06

SELECT Sj OR Vj; HOLD Sj IF A HOLD SCALAR
SELECT Sk OR Vk

J EXPONENT > K EXPONENT
K EXPONENT > J EXPONENT

C00 =J > K bit 223
DOO =K > J bit 248
A
EO1 = J = K bit 249 1627

13 CRAY ‘RESEARCH, INC.
23- - COMPANY PRIVATE



3FB MODULE Page 2

NOO =K > J

NO1 =J > K ™
P04 = NOO S51 S52 K > J + SHIFT 32 '
PO5 = NO1 S51 S52 J > K + SHIFT 32

R60 = SHIFT 1 TO 3FD

A-1627

S

o

' CRAY RESEARCH, INC.
23-14 COMPANY PRIVATE



3FA MODULE Page 1

SELECT CORRECT OPERANDS

R20 = I56; T2 - ADD SCALAR
R21 = I54; T2 - GO VECTOR J
R22 = I55; T2 - GO VECTOR K

SO0 = R21 GO VECTOR J
S01 = R21 R20 GO SCALAR J
S02 = R20 HOLD SCALAR
S03 = R22 GO VECTOR K
100 = Sj bit 2°4 or 26

I20 = Vj bit 254

I10 = Sk bit 234

I30 = Vk bit 2°4

A20 = SELECT Sj + Vj + HOLD Sj
A30 = SELECT Sk + Vk

SIGN BIT ADD/SUBTRACT

I19 = Sk OPERAND BIT 263, SIGN BIT
I39 = Vk OPERAND BIT 263

152 = MODE h BIT 2°0

I53 = MODE h BIT 2!

A39 = IF AN ADD INSTRUCTION,
LEAVE THE SIGN BIT AS IT WAS
A40 = IF A SUBTRACT INSTRUCTION,
COMPLEMENT THE SIGN BIT
A-/638
23-15" CRAY RESEARCH, INC.

COMPANY PRIVATE



3FA MODULE Page 2

SIGNS UNLIKE

J EXPONENT BIT 215

A29

R46 = SIGN BITS ARE UNLIKE; CHECKED AFTER THE K SIGN
BIT IS COMPLEMENTED FOR A SUBTRACT OPERATION.
R54 = SENT TO THE 3FD, 3FB, 3FC

SELECT LARGER EXPONENT

R50 = K > J EXPONENT 26_214
R51 = K > J EXPONENT 26-214

R52 = R50 + RS51 K > J BIT 26_214

R53 = E9 + E10 + E11 + E29 + E30 + E31 J = K bit 26_214
159 = K > J BIT 20-25 FrOM 3FC

FOO = I59 R53 + R52

GO - G15 - LARGER EXPONENT CAN BE SCOPED IN

THE G-TERMS OR H-TERMS
A-1638

o CRAY RESEARCH, INC.
23-16 COMPANY PRIVATE

Nt

S

e



e

T.P.

T.P.
T.P.
T.P.
T.P.

T.P.

T.P.

D27

3FA MODULE Page 3

COMPLEMENT RESULT

166
G20
H20
L20
H15

COMPLEMENT RESULTS FROM 3FD

R46 SIGN NOT EQUAL
G20
H20 166
= EXPONENT BIT 215, SIGN BIT

TOGGLE SIGN BIT IF, SUBTRACT OPERATION,

CARRY ACROSS BINARY POINT

RESULTS OUT OF RANGE

167
L77
M77

J02

D03 C20
D06 C21
D10 G21

H21

C59 M20

D14 M21

Ce1 M22

R55

Q10

011

COEFFICIENT = ZERO FROM 3FD
I60 SHIFT -1 FROM 3FD
= L77; T2

EXPONENT = 57777

I57 + I58 GO ADD, SCALAR OR VECTOR
Cc20

C21

G21 DELAY GO ADD

H21 J02 L77; T2 OVERFLOW 57777
H21 H13 H14; T2 OVERFLOW 60000

—— - e p——

H13 H14; T2 UNDERFLOW

= H13 H14

OVERFLOW OR UNDERFLOW OR EXPONENT
MULTIPLIED BY ZERO

OVERFLOW OR OVERFLOW AND COEFFICIENT

NOT EQUAL TO ZERO
A-/638

23-17 | CRAY RESEARCH, INC.
- COMPANY PRIVATE



ROO - R12

R14, R13

R15

3FA MODULE Page 4

FINAL EXPONENT

= ALL ZONES IF UNDERFLOW OR OVERFLOW OR
EXPONENT MULTIPLIED BY ZERO

1 IF OVERFLOW FROM Q11 TO MAKE EXPONENT
EQUAL 60000

0 IF UNDERFLOW OR OVERFLOW
A-/638

;23-18 CRAY RESEARCH, INC.
o COMPANY PRIVATE
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3FD MODULE Page 2

COEFFICIENT = ZERO

R61 = SHIFT -1 CARRY ACROSS THE BINARY POINT.
SHIFT BACK ONE PLACE AND INCREASE THE
EXPONENT BY 1.

R61 = I60 ON 3FA, SHIFT -1

U40 = 1st 12 BIT ARE O

U45 = UPPER 36 BIT ARE O

R90
R90

COEFFICIENT EQUAL ZERO'S -~ SHIFT -1
I67 3FA COEFFICIENT = ZERO

COMPLEMENT RESULT

F9 = I103; T2 SIGNS NOT EQUAL
F8 END AROUND CARRY

F5 = CARRY TO GROUP 5

F17 = GROUP 5-~7 ENABLED

TOGGLE RESULT IF SIGNS ARE NOT EQUAL,
NO CARRY ACROSS THE BINARY POINT

A-1637

23-19 CRAY RESEARCH, INC.
23-1 COMPANY PRIVATE



3FD MODULE Page 1

SHIFT J/K BY 1

198 = J SHIFT 1 FROM 3FB

1100 = K > J BITS 26-274 prOM 3FA
I101 = J = K BITS 25-274 prom 3Fa
I102 = X > J LOWER EXPONENT

F20 = [K > J UPPER BIT] [SHIFT J BY 1] OR

[J = X ON UPPER BITS] [K > J LOWER BIT] [SHIFT J BY 1]
F21 = 198; T2 SHIFT J BY 1

SO = F20 SHIFT J BY 1

S1 = F20 F21 SHIFT K BY 1

100 = J OPERAND BUT 20

101 = J OPERAND BIT 2'

I50 = K OPERAND BIT 20

151 = K OPERAND BIT 2!

AO0O = MADE IF AN ENABLE OR CARRY, BUT NOT A SATISFY

S00 = ENABLE SHIFT J BY 1
S01 = ENABLE SHIFT K BY 1 A-1637
23-20 ” CRAY RESEARCH, INC.

COMPANY PRIVATE
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FLOATING RECIPROCAL FUNCTIONAL UNIT

The Reciprocal Functional unit is used with the Multiply Functional unit to complete a Divide
sequence. To find the reciprocal of a number Newton's iteration formula is used.

Two iterations are solved for in the Reciprocal Functional unit. Newton's iteration formula is A; =
2A -Ay?B. The Reciprocal Functional unit solves for -A; = -2A,+A,?B for the first iteration

and -A, = -2A1+A12B for the second iteration. A third iteration can be accomplished in the
Multiply Functional unit if more accuracy is desired.

' FLOATING RECIPROCAL (Modules Involved)

3RA Module

The 3RA module handles the coefficient bits 247 - 240 from which Agand A02 are looked-up. A
is shifted 1 place and is complemented to make -2A, which is added in the A; pyramid on the 3RA
and 3RB modules.

3RB Module

The 3RB module along with the 3RA module generate the Al pyramid of AOZ*B. It also adds the
pyramid up using 3-bit adds. -2Ais added in for rounding and truncation purposes.

3RC Module

The 3RC performs the final summation of A02*B of which only 18 bits are kept. The 3RC will
delay and complement 16 bits of A for the A2 pyramid.

The 3RC will then multiply 18 bits of A; by 18 bits of A, to generate A;2. After A;2 pyramid is
formed the 3RC will begin adding the pyramid using 3-bit adds.
3RD Module

The 3RD finishes the Al2 summation and sends the final result to the A, pyramid.

3RE, 3RF, 3RG Modules

These modules make up the A2 pyramid where A,2*B logical products will be performed and
partial summation. -2A, will also be added into the summation of A12*B. The 3RE's are also
used for exponent delay.

XV201S41M

24-1



3RH Module

The 3RH module will complete the summation on the A2 pyramid. The floating reciprocal value,
which has completed two iteration, is now sent to the 3GR or 3VA modules. The coefficient of A,
is 33 bits long of which only the upper 30 bits are accurate. The exponent also leaves on the 3RH
along with the Sign bit. The exponent is complemented and a value of 2 is added into the
exponent. If a floating point range error occurs, the 3RH sends an exponent of 060000 and the
calculated coefficient sends a flag to the exchange package.

3RI Module

The 3RI module is mainly used for delay. The 3RI will delay the exponent, which is on its way to
the 3RH module. The 3RI will also delay some of the bits of B1 and B2 for the A1 and A2
pyramids.

The 3RI was also used by the Vector Pop Count Functional unit. If a Floating Reciprocal
instruction was issued, the Vector Pop Count is reserved for Floating Reciprocal Functional unit

time. Similarly, a Vector Pop instruction will reserve the Reciprocal Functional unit for Vector Pop
Functional unit time.

XV201S42M

24-2
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RECIPROCAL APPROXIMATION ITERATION FORMULA -

The iteration formula is really the solution of a hyberbola.

A
Pus1 = 20 - AR B

By the CRAY X-MP using only absclute numbers eliminated the left curve
as a possible answer.

By doing a left shift of one on the operand and always having a number
larger than one and no greater than two we are left with only a small
portion of the hyperbola in which to find our answer.

If we designate the vertical axis as A and the horizontal axis as B we
then may solve for reciprocals by finding the point on a curve for a

given B wvalue and then reading the A value i,e.:

If B=1, A=1, or if B = 2, A = 1/2,

A-1640A4

i3 CRAY RESEARCH, INC.
4-3 COMPANY PRIVATE



RECIPROCAL APPROXIMATION ITERATION FORMULA

Pfoblem: Given a number B such
A

that B».5 or <1, find a number A such /

Te find a good approximation value of A, first consider the function

£(x) = 1
x

problem), such that £(A)

=1
A

From the graph, the value A is

- B, Now find a number A, (A is a root or a solution to our

B = 0.

the x-coordinate of the point located at

the intersection of the curve of f(x) and x-axis. To find the
approximating value of A, use Newton's method for approximating the real
roots of an arbitary equation £(x)=0:

Step 1: Select an initial value Ap (by using the look-up tables in CRAY
Hardware) which is close to the value of A.

y A

£(x) = :Jc-—B
(a, £(a) = 0) "‘}
2 ’
—gp- X
(0,0)
/B (O,""!) \

V i/

(O,

Step 2: Draw a tangent line at

-1)

(pg, £(Ag) and find A, where (A4, 0) is

the intersection of the tangent line and the x-axis.

TANGENT LINE A
Y

f(x) = é-B

‘//(Ao, £(n0))

(a,0)
"// P X

From the equation of the tangen

x=A4, y=0 and factoring out Ag2

(Ao;0)€>\ <7

(Al ’O

. _ =X 2 .
t line ¥ -isi B Y substitute

we can f£ind Aq=2Rg-Ag2B

N’

A-2034
X202450101

24-4 CRAY RESEARCH, INC.
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Step 3: Draw a tangent line at (A4, £(A4) and find A5, where (A5, 0) is

the intersection of the tangent line and the x-axis.

A-2035

From the equation of the tangent line y =£—ﬁ - B +-Ai-substitute X=Agy, y=0
: 1

;and factoring out A12' we can find Ap=2Aq-A4 28

As you see, Aj is much closer to A than Ag, Aq. By repeating this
process, a good approximation of the value A can be found.

An nth approximation formula for the value A=1 is An=2An_1-A2n_1B
' B

X2024s0102

24-5
CRAY RESEARCH, INC.
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FLOATING-POINT RECPIROCAL UNIT

Newton's formula derivation -

A(i+1) =

where:

A(i+1)

Aj

B

An initial guess starts the process with Ay, i.e.

Aq = 27 - BAg2 B
Ao = 2Aq - A;2 B
2 1 1
As = 2A, - A,2 B
3 2 2
An = 23 - a2
{n-1) (n=1)

2R = AziB,

Next iteration
Current iteration

Divisor

Ag and A02 in look-up

table

1st approximation

2nd approximation

result of reciprocal unit

3rd approximation

B Nth approximation

The more iterations, the closer the approximation approaches true
reciprocal value.

An example: B

2, start with 3g = .2

2(.2) - (.2)22
.4 - .08
.32

2(.32) = (.32)22
.64 - .2048
4352

2(.4352) - (.4352)22
.8704 - ,378798

.491602

Ry

2(.491602) - (.491602)22
.983204 - .483345

499859

= 2(.499859) - (.499859)22

«999718 -~ .499718
«50000

= 2(.5) = (.25)2
«50

CRAY RESEARCH, INC,
COMPANY PRIVATE



HANDLING OF B's EXPONENT

B = [ 40000 + E | 1XXXXX | XXXXXX | XXXXXX |
EXPONENT COEFFICIENT
VALUE OF B = 2B * _qxx¥%—x NORMALIZE FLOATING-POINT NUMBER
B = 2BE-1 % 9 xxx%—=x LEFT SHIFT BY 1
LET b = 1.XX¥—X
THEN B = 2E-1xp
i1 = 1 = 1 * 1
B 2E-Tap SE=1 b
LET n = E-1
1 = 27N 1 = 2=(E-1) = 92=-E+1
2n 1 OrR 2&-1 1 1
1 = 2-E+1 » 4
B 1 b
EXAMPLE: Exponent = 51132
Bias = 40000
11132
-11132
+1
-11131
40000
-11131
26647

ANOTHER METHOD WHICH IS USED IN THE MAINFRAME:

PERFORM 1's
COMPLEMENT

51132

26645
1
1

26647

EXPONENT

ADD ONE FOR NORMALIZATION
ADD ONE FOR 2's COMPLEMENT

24-7



FLOATING RECIPROCAL INSTRUCTIONS

SCALAR
07000 Floating-Point Reciprocal approximation of (SJ) to SI
VECTOR
174130 Floating-Point Reciprocal approximation of (VJ) to VI
C.AL. FORMAT
SCALAR
S1  /HSJ)
VECTOR
Vi /HV]
DIAGNOSTIC APPLICATIONS
3SFR

24-8
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SOLVEFOR Aj=-2Ag +A¢2B
A,=2A +A 2B

(3GR, 3VB)
EXPONENT COEFFICIENT
263256 255,248 247_940 239 911
EXPONENT | 4grg A0, A02
SIGN BIT | g28729 LOOK-UP TABLE aRT lial1362/17
3RE E30/31 3RA E08/09
J S
. 240247 B1(24 BITS)239. 22
EXPONENT i
DELAY B2
3RI E16/17 ‘
. 941 540 39 911
A1PYRAMID 272 22
3RA 3RI
3RA, 3RB T -
A02
(16 BITS) 3RB aRI
240247
240 ADDED IN 239.230 229 911
——] | ] |
AL 3RC 3RG 3RI
G-TERMS 239.230 242:' 247
229-211
DELAYED YED
¥ (18 BITS) DELA
Al DELAYED
K TERMS Al
3RC (18 BITS) A12PYRAMID
IRC
Al2  3RD
B2 (37 BITS)
A2PYRAMID
A12 3RE, 3RF, 3RG
(36 BITS) s SRE
241 3RF E3435
(16 BITS)
E38/39
A2 (2%6-2!5) EXPONENT, SIGN BIT, 247 3RH
I
(3GR, 3VA)
C-1645D
CRAY X-MP FLOATING-POINT RECIPROCAL FUNCTIONAL UNIT

24-9



SOLVING FOR
-2y = =289 + Bg?B
~Ag = "231 RIZB

SCOPE

1

SCOPE PINAL,

y

SCOPE B2
AFTER FANOUT

SCOPE Al

3RE, 3RF, 3RH, 3GR,
3RG, 3RH 3VA, 3VR
PYRAMID

OR SUMMATION

_3RA, 3RB, 3RI, B}
3RG, 3RE, 3RF .
SCOPE B2
BEFORE DELAY
AND FANOUT
3RA,3RI,3RG,
3VB,3VR,3GR
SCOPE BO N
3RA, 3GR, 3VB, 3VR
SCOPE AO SCOPE Bl
EXPONENT = 3RE, 3RI, 3RH 3RI, 3RA,
SCOPE B0 3VB, 3GR, 3VR
3RA, 3GR, 3VB, 3VR
3RA, 3RB
Ay PYRAMID
OR SUMMATION
8-/647C
TRAY X-MP RECIPROCAL TROUBLESHOOTING FLOWCHART }

24-10



LL-%C

Sync Channel A T.P. D67 3RI @ E16/17

2A0 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8

Test Point B12 BS B14 Bi10 B3 B6 AT72

1 A0

2-1 2-2 2-3 2-4 2-5 2-6 27 2-8
0 : 2A0  Shifted 1 Place

A02 2-1 922 23 2-4  2-5 2-6 27 28 29 2-10 2-11 2-12 2-13

TestPoint AS55 A65 A70 A57 A6l A63 A25 A5 A23 AS2 B0 B72 B65

2-14

B6Y

2-15

Scope Channel B - 3RA @ E08/09 at the same time

CRAY X-MP A0 & A0° SCOPE CHART

2-16
AG8
—  A0?
A02
A-1307E



HTV-

242

Reciprocal table look-up values

B A0 a0? -23g
1.000 776 774004 000
1.004 o772 .764044 .010
1.010 .766 .754144 .020
1.014 762 .744304 .030
1.020 756 +734504 .040
1.024 752 724744 .050
1.030 750 721100 .054
1.034 744 .711420 .064
1.040 .740 702000 .074
1.044 734 672420 .104
1.050 732 666644 «110
1.054 726 .657344 120
1.060 2722 650104 130
1.064 2720 644400 134
1.070 714 635220 <144
1.074 .710 626100 .154
1.100 .706 0622444 <160
1.104 2702 613404 .170
1.110 700 610000 174
1.114 0674 601020 204
1.120 «672 «575444 «210
1.124 666 566544 220
1.130 .664 +563220 0224
1.134 660 554400 .234
1.140 «656 551104 240
1.144 .652 .542344 250
1.150 650 537100 .254
1.154 646 +533644 260
1.160 642 .525204 .270
1.164 640 522000 274
1.170 636 516604 300
1.174 .632 .510244 .310
1.200 630 505100 .314
1.204 .626 .501744 320
1.210 .624 .476620 .324
1.214 620 470400 .334
1.220 616 .465304 .340
1.224 614 462220 .344
1.230 0612 457144 350
1.234 <610 «454100 .354
1.240 .604 446020 .364
1.244 <602 +443004 .370
1.250 +600 440000 374
1.254 576 435004 400

X212450201
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HTV-0242

Reciprocal table look-up values (continued)

24-13

B a0 a02 =230
14260 574 .432020 .404
1.264 572 .427044 .410
1.270 .570 .424100 414
1.274 566 421144 .420
1.300 564 .416220 .424
1.304 .562 .413304 .430
1.310 .560 .410400 .434
1.314 556 .405504 .440
1.320 554 .402620 444
1.324 552 .377744 .450
1.330 550 .375100 454
1.334 .546 .372244 .460
1.340 544 .367420 .464
1.344 .542 .364604 .470
1.350 .540 .362000 .474
1.354 .536 .357204 .500
1.360 534 +354420 .504
1.364 .532 .351644 +510

1.370 .530 .347100 514
1.374 526 .344344 .520
1.400 .524 .341620 .524
1.404 .522 .337104 .530
1.410 520 .334400 .534
1.414 .520 .334400 .534
1.420 .516 .331704 .540
1.424 514 .327220 544
1.430 512 .324544 .550
1.434 .510 .322100 554
1.440 .506 .317444 +560
1.444 .506 .317444 .560
1.450 .504 .315020 564
1.454 .502 .312404 .570
1.460 .500 .310000 .574
1.464 .476 .305404 .600
1.470 .476 .305404 .600
1.474 .474 .303020 .604
1.500 .472 .300444 .610
1.504 .470 .276100 .614
1.510 .470 +276100 .614
1.514 .466 .273544 .620
1.520 .464 +271220 .624

X212450201




HTV-0242

Reciprocal table look-up

values (continued)

24-14

B A0 a02 =239
1.524 e462 «266704 «630
1.530 0462 «266704 +630
1.534 «460 +264400 .634
1.540 «456 «262104 «640
1.544 «456 +262104 0640

- 14550 «454 «257620 0644
1.554 «452 «255344 +650
1,560 «452 «255344 «650
1.564 «450 «253100 «654
1.570 0446 «250644 +660
1,574 «446 .250644 «660
1.600 0444 «246420 «664
1.604 0442 0244204 «670
1.610 0442 2244204 «670
1.614 <440 «242000 0674
1.620 «436 +237604 .700
1.624 .436 +237604 «700
1.630 434 «235420 .704
1.634. 434 «235420 704
1.640 0432 «233244 .710
1.644 +430 .231100 o714
1.650 «430 «231100 714
1.654 426 «226744 .720
1.660 0426 «226744 «720
1.664 .424 «224620 724
1.670 0422 «222504 »730
1.674 0422 «222504 0730
1.700 <420 «220400 .734
1.704 +420 +220400 0734
1.710 <416 «216304 740
1.714 <416 «216304 .740
1.720 <414 .214220 .744
1.724 o412 212144 «750
1.730 412 «212144 .750
1.734 <410 «210100 .754
1.740 <410 «210100 +754
1.744 .406 «206044 »760
1.750 .406 .206044 «760
1.754 «404 .204020 .764
1,760 -404 «204020 0764
1,764 -402 .202004 «770
1.770 «402 «202004 «770
1.774 .400 .200000 774

X212450201
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ST-%C

ap2

2-10
2-1
2-12
2-13
2-14
2-15

216

2A0

Al

Al

N _<~M)
A"
247 246 245 44 243 542 241 540 539 338 237 336 235 234 533 232 3 230 229 528 ;27 526 525 24
270 =1 272 =3 -4 2!5 276 =7 278 -9 =10 =11 =12 =13 =14 =15 3716 =17 =18 =19 =20 =21 =22 ,-23
E?75] E77 | E69 Eﬁg_ﬂ E57 El7 E43 [ E42 [E23 [E41 _{ E1 EO D6t | D60 § D31 { D30 { D1 ) F61 F60 | F31 F30 | ™ FO
E76 | E71_ | E70 ] E59 ] E58 \Eas p4d | E25 | E24 ) E3 E2 p63 ) pe2 )} b3z ) p32 | b3 D2 ¥63 ) F62 | F33 ) F32 | F3 F2
E73 | ET2 4;;:~W E60 | E47 \Ehs E27 | B26 | ES E4 p65 | p64 | p3s | D34 | D5 D4 F65 | F64 | F35 | F34 | F5 F4
I E74 | E63 | E62 | E49 | Eas | E20 | k28 | E7 E6 p67 | p66 | D37 | D36 | D7 D6 r67 | Fe6 | ¥37 | F36 | F7 F6
E65 E64 ES1 ES50 E31 E30 E9 E8 D69 D68 D39 D38 D9 D8 F69 F68 F39 F38 F9 F8
E66 | E53 | ES2 | £33 | E32 | ENM E0 | p71 | p7o | pa1 | p4o | b1 | pio f FM F70_| F41 Fa0 | F11 | F10
| E55 (F54 |E3s JE3a |Ei3} Bi2 | p73 | p72 | pa3 | pa2 ! D13 | p12 § F73 | F72 | Fa3 | P2 | 13 | mi2
l ES6 | E37 | E36 | E15] E14 \ms 074 | pas | paa | p15 | p1a | r7s | F74 | Fas | Faa | Fis | mia
KB l E39 E38 E17 E16 D77 D76 D47 D46 D17 D16 F77 F76 F47 F46 F17 F16 3RA
l | g0 |E19]| E18 | p79 | D78 | D49 | D48 | D19 | pis | r79 | F78 | Fa9 | Pas | F19 | mis
E21 20 | o1 | peo | psi | pso | b2y | p20o | rs1 | Feo | Esi Fso | F21 F20
E22 | o83 | ps2 | ps3 | ps52 ] p23 | p22 § Fe3 | Fs2 | F53 | F52 | F23 | F22
pes | pea | pss | p54 | p2s | p24 § Fes | rea | Fss | Fsa | F2s | F2a
ps9 | p57 | ps6 | p27 | p26 | ¥87 | ree | Fs57 | Fse | F27 | F26
ps8 | p29 | p28 | F89 | Fe8 | ¥59 | Fs8 | F29 | F28
| | | |
A
272 | 273 1274 | 2-5 | 276 |2-7 |2-8 1 1 1 1 1 . 1 | 1 1 I 1 272 273 2-4 2-5 2-6 2-7 2-8 280
| 7 6 5 4 3 2 1 o {3RA) SUM BITS
27| 272 | 273 l 2-4 l2-5 |2'5 2=7 |28 [2-9 |10 2-11l 2712 l P | 27M oy 1s |2’16 | 2717 | 271 | (3ro) I |
SUM BIT

NOTE:

8 BITS OF 2Ap ARE USED.

2Rp IS ADDED INTO THE PYRAMID ON (3RA).
ROUNDING PURPOSES AND DUE TO THE TRUNCATION ON THE (3RA) MODULE.

THIS IS ADDED IN FOR

** WHEN LOOKING UP BO ONLY, USE THE UPPER 8 BITS.

* ONLY
BO = 247-240
Bl = 247-324
B2 = 247-211

OF THE

COEFFICIENT

CRAY X-MP FLOATING RECIPROCAL

i
i

DIAGONALLY FORM THE LOGICAL PRODUCTS. VERTICALLY SUM THE PYRAMID.
SUM IS COMPLETED ON 3RC ONLY, RETAIN 2-1-2-18 oN 3RC, CARRY IS LOST.

C-1314E
X2000S0110

Al PYRAMID



9T-¥%¢

247 246 245 244 243 242 41 240 39 238 37 236 235 234 233 32 231 230 229 228 ) 227 226 25 2?4
2'0 2‘1 2'2 2-3 2-4 2~5 2-6 2-7 2-8 2-9 2-[0 2-]1 2-12 2-!3 =14 2-]5 -16 -17 éls 2~19 2-% iZl 2-22 iﬂ
sps1 | *Ra1 | #F31 | *F21 | *F11 | *Fo1 | #Gs1[*Ga1 [sGa1 [+G21 [*G11 | *Go1 | Goo
3RB oFs3 | #F43 | *F33 | *F23 | *F13 | *F03 | *G53|#643 |*G33 | *G23 |*G13 | *Go3 | Go2 [3RaA
TS, 113 spss | sFas | s35 | sR25 | *F15 | *Fos | *Gss|*aas |*G3s | *G2s J+a1s | *Gos | Gos 15,78
sps7 | sra7 | *Fa7 | *F27 | *F17 | *F07 | *G57{*G47 [*G37 | *G27 {*G17 | *Go7 | Gos
sr49 | 5739 | sF29 | sF19 | *F09 | *G59 | *Ga9 |*G39 | *G29 |*G19 | *Go9 | Gos
Fso| mo| mo| F20| Fio] Ros| G50| Gao| G0 | G20] Gio | roo
Fs2| ma2| m2| 2| Fi2| Foo| es2f 6a2| G32| 622| 612
Fsa| Faa| 4| Fu| Fa] Fo2f 6s4) Gaa] 634 | 6| G1a
Fs6| Fa6| F36| F26] Fi6| Fosf Gs6) Ga6 | G36 | G26| 616
D85 r8| F18| Fos| Gss| Ges| Gas | Gas| Gis
1 ros ros| ro4| Rros
*G100| *G97 | *G93 | *Gss | *G84 | +G78 | *G72 [+G66 |*Gs9 [#Gs1 | »Gao | +G33 [*G26 [ #G19 | #G12 |*Gos [sHa1 | sH33 |sH2s |+H17 { *H11 [*Hos | *Ho1 | HOO
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53 | coa | 38 | a9 [ oo ciof 1s0] 126121 | caaf casfoisfcev [ crz{cialf1so| 120f 121 [csa | ceslas|ae [erz [ ciafces Tcas [ s [ cis 22
2 | €36 |Ca1 | 007 [coa §f 19 | 118 | 11s [ cea a3 faus Jear [cro Vi 149 | s | 1o [ese T el cas [ ca [cro [ fcos [ees | 36 21
cu s [ cos[oosh e 16| 17| ceof caifosa fas | cos| ooof 148 ] 116 | 117 ] o | c81| caa [cas [cos [ oo f 8t [ome | =5 21
cnton|osfurnafusjon]owlczlcn]osiorfur] ne] nsfcms)cmw] e Tos Teos oo fomw Teso | o 213
oon o fus|uz]us|cnlen|oolonlos|osfus|nzlnifes [cn|owlon fou [osfen [cms | o 2716
coo f 145 [ 110 { 111 e [crs [ a8 |39 ooz | co3 {145 | 110 [ 111 Vera [ crs [cas [ ca {om Teoa fers [ers [ 21
144 [ 108 J 109 [C2[Ccra [ €36 [ 37 [ oo | co1 f 144 108 [ 109 fC2 [ C13 | Cas [ €37 Jcoo [ w1 [ i3 [Cra | &1 218
| Doo | E63 | E64 | Es8 | E59 [B49 [ Bso [E36 | B37 | Eoo | 97| ces [cas [cso I csr fen [en fen [en 2
E6] | E62 | BS6 | EST | AT | a8 |E34 | Bas | E08 | 096 | a3 | C84 |58 | €59 [C29 [ <30 f 69 | cmo | 30 | 22 Al
PN E60 | ES4 | ESS | E4S | B4s |B32 | B33 | E07 | cos| o1 | c82 fcs6 | o571 | o7 |28 | ces 22
1 Es2 | Es3 {B43 | Ba4 B30 | E31 | Bos | o4 | Cro | 8o [csa [ css | s {6 { css | co7 22
ES1 JE41 [Ba2 |E28 | m29 | E0s | oo3 [ 77 [ cm [os2 [csa[cazfcae Jees Jcos | oo 28
240 {200 12051206 1207 |08 |28 12710 {211 {2-12 oD 121,215 [3-16 |27 3-8 B [ B0 (m26 | B27 ] E0d [ o[ cr5]ci6 [cso | cs1 | [ 22 § ce2 [cea | 28 2%
7Yy B38 |E24 | E25 {Bo3 [ 91 [ca fen a8 [ a9 [c19 {20 N oso Jost [ iz {13 [coz 228
E22 |23 (B [cwfcn [en Jos Jor Jai7 [cs foss [cso [ cio [ cit {co 2%
. E21 [ Bot [ c89 | os9 [0 [cas [cas [cis [cie foss [cs7 | cos [coo fooo | 2%
B00 | c88 J €67 | 068 a2 a3 Jc13 |Cl4 Besa | ess | cos | o7 228
87} c65 [ce6 Jcao Joan [ [erz Bes2|esa | @7 2>
. R 053 | css 138 J cao foow [cro foso [ o5 | @6 2%
3] 3RE ce2 1ci6 [ a1 f oo [cos foas [cao | s 23
s Ea031 | B89 | Eé 34 Jcas beos |cos foas [car | s 22
33 jcos |cos fcas |cas | 23 2®
FORCB O
9 17 i i FORCHO
- AN Dot el s g oy i i, ST
B33 forced to zero, bits 217 217 ot accurate, bits 247- 218 accurate,
2\ Flus 1 during the summation of tho 3RFRO, R1 terma.
C-1315E
CRAY X-MP/2 FLOATING RECIPROCAL A2 PYRAMID
\' ““““ — \"“"‘j \»«.J



(2%-230)
e

3RA E8 3RL E17/16
2479490 239,50
Y
3RB E11/10
247240 v
3RI E17/16
| 247340
> 29,0
3RB E11/10
23530 -
A
3RG E31/36
29230
(%)
29)
4 \ 4 | J
@92%) 3RF E33/32 ) 3RE E30/31 3RF E35/34 3RE E29/28
(242%) @¥2%) (26-241) 2%23)
%)
A 29
3RG E37/36 g2~
@624
(2621 323
le—3RI (22-211)
3RFE33/32 (238.2%5 ) epd 3RE E25/28
@222 |
IRI (22213 ) ——p»
¥ y
3RE B3332 (20-235) —p» 3RE E31330
(@%22)
3RI (22) —p
3RF E3332 2902%) —pof RF 32733
%2
3RE E31530 (23423) —
3RF E34/35
(245_231 )
B-3664

CRAY X-MP/2 RECIPROCAL B2 FANOUTS

24-23




2 2 2 228 2 22] 222 22[ 220 219 218 2l7 2!6 215 2l4 213 212 2" 210 29

16 1T 18 19 20 42 5B GB U B B 92T B 52, W I pB 4B L3 L35 L6 43T L8

3 30 i 27 26 25 2

2 2 2

3RG @ B36/37

vZ-v¢

*D44 | *D24} *D07 | *DO3 | *D0O | 3RG

*D46| *D26] *D09 | *DOS[*DOL § T.S. 11/13
*D4g | *D28f °Dl11| DO6] D02
*D5S0 | *D30y “D13| D08| D04
*D521 *D32) *D15| D10(C13)
*D54 | *D34| *D17] D12[(C21)
*Ds6 | *D36] *D19| Di4
*D5g | *D38]| *D21| D16
*D60{ *D40] *D22| D18
*D62| *D42] D23| D20
*D64| D43] D25 [(C36)

D45 D27

D47] D29

D49l D31

ps51| D33

D53] D35

DS5 D37

D57y D39

D59} D4l

D61} (C105) 3RG
D63} (C107) TS, 160

(C106)

*E38| *E23 | *E09{ *EO03 | *E00
*E40| *B25 | *El1] *EO5| *E01
*Ed2| *E27| *E13] *E06| EO2
*E29 | YE15) *E07| EO04
*E31| *E17| EO08
*E33| *E19] El0
*B35| *E21| EI2
E37] E22| El4
E39| E24] El6
B4l| E26] E18
E43| E28} E20
E44 | E30
E32)
E34

E36 A-5214

A2 PYRAMID SUMMATION



GC-ve

N— —

24 23 22 21 20 19 18 17 16 15 14 13 12 11 10
P T P CUNPL Pt P S S R SO SO S LU S S S LT A L S A

216 247 218 219 220 221 22 B 2 225 226 227 228 38 230 3l 932 333 M 35 336 2V 2B ey
T *F29 | *F21 [+r11 [rroa ] *ro1 | Fo0 3RG
*F23 [*F13 | *FO5| FO2 | (BO4) TS.3/5
*r25 1p1s | *r07| FO4
*r27 |*F17 | *F09
F28 |*F19 | F10|{ KO8
F2 | P12
F22. P14
F4| P16
P26 | m18
*G18 |*G12 [*Gos |*Go2 | *Goo 3RG
*G20 |*G14 [*Go8 |*Goa| Go1 TS.7P
(®2)]*c16 |*G10 | Gos| Go3
Gl17 | Gl11 | GO7
aw | 613 | oo ITERMS AREFROM
184 | G1s 180, 182, 184, 186, 188, 90
185 { 180 3RE @ E2829
186 | 181 181, 183, I8S, 187
187 | 182 3RF @ E32/33
183
w7 | V4| B2 *H18 | *H12 | *HO6 |*Ho02 | *Hoo IRG
B8 | 15| B3 *H14 | *HO8 |*H04 | Hol ' TS.1/13
w9 | 6 *H16 |*H10 | HOS | HO3
H17| HI11 | HO7
188] H13 | Hoo I'TERMS FROM 3RE's AND
189 HiS ] (183) 3RF @ E32/33
190
1l
sj21| o119 | 518 | N6 10| *06 | #102 | =300
120 m ss12{ 508 | %04 | Jo1 "1 3RG
nsj o] Jos | Jo3 TS. 160
mj o
m
ne
A-5215

A2 PYRAMID SUMMATION



9¢-%¢

28

16

15

14

13

3RG @ E36/37
3RG

T.S. 3/5
I TERMS FROM 3RE's

3RF's

3RG
T.S.7/9

3RG
T.S. 11/13

23l 230 229 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2-16 2-17 2—18 2—19 2-20 2—21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 2-31 2-32 2-33 2-34 235 -36 2—37 -38
1151 1148 { 1144} I1140] I136| I133 | 1130 | 1126 | 1122 I118§ I1i4| I110] X106 | *KO8} *KO04 |*K02 } *K00
11521 11494 I145| T141] I137) 1134 § 11314 1127 | 1123 | 1119} I115] I111] 1107 ] 1102} *K06! K03 | KO1
1153 | 1150 In46) T1142| T138) 1135 | I132 ] 1128 | 1124} 1120 I116f 1112 1108 § 1103] KO7| KOS5} (J07)
ns4| n47| na3} n3e @21y | 19y | 1129 | 125
(320) | (J18) | (716)
a1
*[36| *L34{+*L32| *L30| *L28]|*L24 | *L20 | *L16 | *L14 { *L12| *L10| *L08| *L06 | *L04| *LO02}*L0O
L37 1350 133] L31] L129)*L26 | *122|+*L18 | L15¢ L13| Li11] L09| LO7| LO5| LO3| LO1
@154) (1147)|(1143)| 139)| L27 | L23| Li19}| L17 f(Il2l) @117)| @117)| @109) |(1104) } (1100)
J21) 125¢ L21 l {@105)} A101)
*M29 | *M27 [*M25 | *M23] *M21 [*M1S | *M17 |{*M15 |*M13 | *M11 | *MO09| *M07 *MOS | *MO03 | *MO01} MO0
(L36)| M28{ M26| M24] M22| M20; Mi18{ Mil6 | Mi4{ Mi2] MI1Qy MO8| MO6} M04] MO2
as7 @zn | a2s) |2y @05)| @L03)
*R30{ *R28 | *R26 | *R24| *R22| *R20|*R18 | *R16 | *R14 | *R12 | *R10| *R0O8| *R06| *R04 | *R02{ ROi| ROO
R29 R27| R25| R23] R21] R16! R17| R15} R13| Rii| RO9] RO7{ RO5]| RO3

3RG
[ T.S. 16/0

\ .
s

A2 PYRAMID SUMMATION

A-5216



i

/T

LT

iOl -200 é()l i02 2—03 2-04 iOS 206 -207 é08 -09 2—10 -11 -12 -13 -14 éls -16 -17
-17 2—18 2-19 2-20 2-21 2-22 2-23 2-24 2-?,5 2-26 2-27 2-_28 2-29 2—30 2-31 232 233 2-34 2—35
I57]| Is6| I55) 154 153 152| I51f ISO| 149 | 148 | 147] 146| 143 | I44| 141 | 140
145] 142
*F61 | *F53 | *F45 | *F35 | *F25 | *F13| *FO1 | FOO
*F63 | *F55 | *F47 | *F37 | *F27 | *F15{ *F03 | FO2
*F65 | *F57 | *F49 | *F39 | *F29 | *F17) *FO05 | F04
*p67 | *F59 | *Fs1 | *Fa1 | *31 | *F19 | *Fo7 | FoO6
F60 | F52 | *F43 | *F33 | *F21| *F09 | FO8
F62 | F54| F44| F34 | *F23| *F11} F10
F64 | F56 | F46| F36 | F24| F12
F66 | F58 | F48| F38| F26| F14
F50} F40| F28] F16
(C86)| F42} F30| F18
F32| F20
F22
*G94 |*G91 |*G87 |*G83 |*G78 |*G72 | *G66 | *G59 | *G49 |*G43 [*G37 {*G29 | *G22 {*G13 | *GO5{ *GO1 | GOO
G95 | G93 | G90 |*G85 |*G80 |*G74 | *G68 | *G61 | *G51 {*G45 |*G39 | *G31 | *G24 | *G15 | *GOT7 | *GO3 | GO2
G92 | G86 | G82 | G77 |*G70 | *G63 |*G53 | G48 |*G41 |*G33 | *G26 | *G17 | *G09 | GO4
G88 | G84 | G79| G71| G65|*G55| G50 | G42 | G36 | G28 |*G19 | *G11| GO6
G89 G81 | G73| G67|*G57 GSZI G44 | G38] G30| G21| G12| GO8
G715| G69| G58 | G54 | G46 | G40 | G32| G23| Gl4| G10
G76 G60 | GS6 | G47 G34| G25{ Gl6
G62 G35| G27| GI8
G64 G20

A2 PYRAMID SUMMATION

3RF @ E34/35

" 3RF@E32/33

2A1 FROM 3RC
SUM BITS FROM 3RE

3RF
T.S. 11/13

3RF
T.S. 16/0

A-5137



8Z-¥¢

‘\.N»».__/

201 2-00 2-01 2-02 2-03 2-04 2-05 2-06 207 2—08 2-09 2—10 2-11 2-12 2-13 2-14 2-15 2-16 2-17
2-17 2-18 2-19 2—20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2—30 2—31 2-32 2-33 2—34 2-35
R42 § R40 | 160
R43 Rtﬁ 161
165 | 164 | 163 | 162
(G94) | *H55 | *H53 | *HS1 | *H49 | *H45 | *H41 | *H35 | #*H31 | *H27 | *H23 |*H17| *H11 | *H0S5 | *HO1 | HOO
(G95) |(G91){ H54| H52{ HSO | *H47 | *H43 | *H37 | *H33 |*H29 | *H25 |*H19| *H13 | *HO7 | *HO03 | HO2
(G93) (G88) | (G84) | H48 | H44 |*H39| H34 | H30| H26|*H21]*HI15|*H09] HO04
(G89) (G79)| H46; H40| H36| H32| H28| H22| Hl16| HI10| HO6
(G81) |(G76)| H42| H38 |(G56) |(G47)| H24| Hi18} H12| HO8
H20| H14
R44 | 167 | 166
R45
*J48 | J4T| *J46| *J44| *J40 | *J36 | *J32| *J28| *J24 | *J22| *J18| *J14| *J10{ *J06| *JO4 |*J02 |*JOO
(G94) (H53) | J45] *J42 | *J38 | *J34| *J30| *)26| J23| *J20| *J)16] *Ji2} *JO8| JO5S | JO3 | JO1
(G95) (H54)|(H52)§ J43) J39| 135 131| J27| J25) Ji| N7} Ji3f JO9y 107
Ja11 17( 1331 129 H26)| J19f J15{ 1
(H28)
*K33 | K32 {*K31]*K29|*K27| *K25 {*K23 | *K21 | *K19 | *K17 | *K13 | *K11 {*KO09 | *KO07 | *KOS5 | *K03 K01 | K00
(J47)} K30] K28 K26| K24| K22| K20| Ki8 |*K15| K12} Ki10| K08 K06} K04 ; K02
(F341) 1 437)| (333) | (J29) | K16| K14|(J19)| (15)] (d11)
R33| *R31 ' » *R35} R34
R32 | *R29{ *R27 § *R25{ *R23 | *R21 | *R19| *R17| *R15 | *R13 | *R11 | *R09| *R07 ; *ROS5| *R03 *RO1 | R0OO
R30] R28| R26| R24| R22| R20| R18| R16| R14| R12| R10{ RO8{ RO6| RO4 | RO2

R00 FORCES A SUM INTO THE SUMMATION

A2 PYRAMID SUMMATION

3RF @ E34/35
3RF @ E32/33

3RF
TS 3/5

3RF
TS 7/9

3RF
TS 11/13

3RF
TS 16/0

A-5138



-24
2

-33
2

24

-34
2

*D97
*D99
*D101
*D103
*D105
*D107

*D85
*D87
*D89
*Do1
*Do3
*D9YS

D96

D98
D100
D102
D104
D106

*D73
*D75
*D77
*D79
*D81
*D83
D34
D386
D88
D90
D92
D94

*D61
*D63
*D65
*D67
*D69
*D71
D72
D74
D76
D78
D80
D82

*D49
*D51
*D53
*D55
*D57
*D59
D60
D62
D64
D66
D68
D70

*D37
*D39
*D41
*D43
*D45
*D47
D48
D50
D52
D54
D56
D58

*D25
*D27
*D29
*D31
*D33
D35
D36
D38
D40
D42
D44
D46

*D13
*D15
*D17
*D19
*D21
*D23
D24
D26
D28
D30
D32
D34

*DO01
*D03
*D05
*DO7
*D09
*D11
D12
D14
D16
D18
D20
D22

D00
D02
D04
D06
D08
D10

*E69
*ET71

*E61
*E63
*E65
*E67
E68
E70

*ES3
*ESS
*E57
*E59
E60
E62
E64
E66

*E45
*E47
*E49
*E51
Es2
E54
ES6
E58

*E37
*E39
*E41
*E43
E44
Ed6
E48
ES0

*E29
*E31
*E33
*E35
E36
E38
E40
E42

*E21
*E23
*E25
*E27
E28
E30
E32
E34

*E13
*E15
*E17
*E19
E20
E22
E24
E26

*E05
*E07
*E09
*Ell
E12
El4
E16
E18

*E01
*E03
E04
E06
E08
E10
R42
R43

E00
E02

R40
R41

*F31
*F33

(E69)

R44

*F21
*F29
F30
F32

*F23
*F25
F26
F28
(E64)
(E66)

*F19
*F21
F22
F24
(E56)
(E58)

*F15
*F17
F18
F20
E48
E50

*F11
*F13
F14
F16
(E40)
(E42)

*F07
*F09
F10
F12
(E32)
(E34)

*F03
*F05
F06
F08
(E24)
(E26)

*F00
*F01
F02
Fo4
(E16)
(E18)

A2 PYRAMID SUMMATION

i
i

3 RE @ E28/29
3RE @ E30/31

3RE
T.S. 11/13

3RE
T.S. 16/0

3RE
T.S. 3/5

A-5133



23 24 25 26 27 28 29 30 31 32 33 34
2 2 2 2 2 2 2 2 2 2 2 2" 3RE@ E28/29

i14 ?:15 ~-16 -17  -18 -19 -20 -21 22 -23 -24 -25

2 2 2 2 2 2 2 2" 2 2 3RE@E3031
*R47 | *G27 | *G23| *G19| *G15 | *G11| *G07 | *GO3 | *G0O | R45 3RE
G28 | *G25| *G21| *G17 | *G13 | *G09 | *GO5 | *G01 | R46 T.S. 7/9

G26| G22| G18] Gi4| G10| GO6| GO2
(F32)| G24| G20| Gie| Gi12| G08| G04

0€-vCT.

*H13 | *H11 | *H09 | *HO7 | *HO5 | *HO3 | *HO1 | HOO

(G27)| H12| H10| HO8| HO6|{ HO04| HO2 |{(G04) 3RE
(G28) | (G26) | (G24) |(G20) | (G16) |(G12) |(GO8) T.S. 11/13

*R15 | #*R13 | *R11| *R09| *RO7 | *R05]| *R03 | *R0O1| ROO 3RE
R14] RI12} R10{ RO8] RO6| RO4| RO2 T.S. 16/0
A-5134

A2 PYRAMID SUMMATION



LE-ve

29 g% g M 8 B i B 5B 3 3 % G35 M B G 31 0 a2 gB T 526 2 GU B G g B B L 16 18
P R L I A I i“ i A B » o 2.;6 ;7 2 > 2 2R
J60| IS8) 156 | 154 | I52 | IS0 8| 146 M4| M2 ] 101 DBS| B6| B4 | B2 | Bo} 28| 26 124 | 22 [ 120 | 18 | 16 14 | 12 10 | 108 106 | 104 § 102 } IOl 100
61| o157 | ss )13 f 151 We| M7 Ms| M3 | 11| Do| 7| Bs | B3| D] 9| 7|25 P23 |21 [no|n7| nsyus | m|mwe | 107 105 {108
A3l | A30]A2 | A28 | A27 | A26 | A25| A24| A23)A22 | A21 | A20 | A19] A18 | A17 | A16| A15| A14 |A13 [A12 |An1 fA10 | A09 | A08 [A07 | Aos | A0S | Aos | A0s |A02 faor | Aco
B30|B29 | B28 | B27 | B26 | B2s| B24] B23|B22 | B21 | B20 } B19| B18 | B17 | B16} B15| B14 {B13 |B12 {B11 |B1o { Bov | Bos | Boy | Bos } Bos | Bo4 | Bos |Bo2
co|ce |8 e cs| 5| ca] cn|cz|ca|co|cio|as]cir| s} cis| cia |c13 o1z |eir |cio | coo | cos Jcor | co6|cos | cos | oo
D03 bo2 D01
B1| B30(E29 | R28 | 27 ] E26 | E25| E% E22 | E21 | E20 | B19| B18 | 17 | B16] B15| R14 {E13 [E12 {E11 | E10 | Bo9 | Bos | Bo7 | Eos | Bos | Bo4 | B3 | E02 | EO2 | EsO
FO3 FO2 FO1 Fo0
G31 | G30[G29 | G28 | G27 | G26 | G25| G24| G23 | G22 | G21 | G20 .019 GI8 1 G17 | GI6 | G15 | G14 |G13 |G12 |G11 |G10 | GO9 | Gos
P1S | H31 | H30|H29 | H28 | H27 | H26 | H2s| H24| H23 [H22 | H21 | H20 | H19 | Hi8 { H17 | Hi6 | H1S | H14 |H13 |H12 |Hit [H10 | Hoo | Hos fHo? | Hos {Hos | Hos | Hos |Ho2 {HO1 | Hoo
R32 | R31 | R30|R29 | R28 | R27 | R26 | R2S R24 R23|R22 | R21 [R20 | R19 | R18 | R17 | R16 | R15 RH ‘R13 R12 |R11 |R10 | RO9 | ROS |RO7 | ROG6 JRoS | Ro4 | RO3 |RO2 JRO1 | ROO

FINAL SUMMATION

3RH@ E38/39

ENABLES T.S. 79
CARRIES T.S. 79

PROPAGATED CARRIES

PARTIAL SUMS
T.5. 16/0
GROUP CARRY
ENABLES T'S. 160
FINAL SUM
T.S.79
COEFFICIENT OUTPUT
T.S. 1600

A-5217



¢e-v2

SYNC CHANNEL A T.P. B23
- SCOPE CHANNEL B AT PLUS 1 CLOCK

3RH @ E38/39

PERIOD ON

3RH @ E38/39

263 262 261 260 259 258 257 256 255 254 253 252 25? 250 249 ‘248
Cc33, C20 c48 cC17, DS D61 D24, D63 A25 Aa20, A29 A31 At1, A0 B50 B49 TEST POINT
’ v ¢ ¢ P)
247 246 945 244 243 242 241 740 239 238 537 236 235 934 333 532
A47, C2 Ci3 C64, C34 C35 D64, C24 Ci Ci6, DA0 D39 D65, D42 D1 D8 TEST POINT
P) F} g 9 )
231 230 929 528 327 226 925 224 523 522 521 220 219 218 217 216 315
D53, D2 a45 A17, R18 A48 A46, B59 B51 B2, B1 B6 B3, B69 B62 B71, B72, TEST POINT
P s ) ’ P) v ¢
X210080202
FINAL SUM A-1311C

ERROR CONDITION
TEST POINT, C36

Nt s’

J16 TERM EXPONENT OUT RANGE

- w/‘



SYNC CHANNEL A T.P.

N J
e’

B2 AFTER FANOUT

SFR LOCATION 1002

B24 (3RH) @ E38/39

SCOPE CHANNEL B 3RG @ E36/37 AT THE SAME TIME

2-00 2~-1 9-2 9-3 9-4 9-5 929-6 2-7 2-8 2-9 92-10 2-11 2-12 95-13 2-14 2-15

A57 BJO B52 B51 A51 A49 A52 BA9 Al6 A20 A27 . A23 - A21 A29 A14

' . ' , B2

1. ' P ' . B2
2=16 9=17 5-18 3-19 35-20 9-21 2-22 2-23 2-24 5-25 2-26 2-27 2-28 2-29 2-30 3-31
A18 A38 A2 Yy A25 D40 D38 D33 D31 D52 D50 D35 D37 cC4 C31 C50
' ' ' ' '

' ' ' ' '
2-32 2=33 9=34 9-35 9-36
C10 €29 <C12 C27 <23

B2

A-13100

X2024C0101



ve-vi

SYNC CHANNEL A T.P. B23 3RH @ E38/39
SCOPE CHANNEL B AT PLUS 1 CLOCK PERIOD ON 3RH @ E38/39

263 262 261 260 259 258 257 256 255 254 253 252 251 250 249

C33, C20 c¢c48 cC17, D5 D61 D23, D63 A25 A20, A29 A31 All, AI0 BSO

248

B49 TEST POINT

247 246 245 244 243 242 741 240 239 238 537 236 235 234 533

A47, C2 Ci3 C64, C34 C35 D64, C24 CI Ci6, D40 D39 D65, D42 D1

232

D8 TEST POINT

231 230 229 228 227 226 225 224 923 922 521 220 219 218 217

D53, D2 A45 A17, A18 A48 A46, B59 B51 B2, B1 B6 B3, B69 B62

216 215

B71, B72, TEST POINT

FINAL SUM
ERROR CONDITION
TEST POINT, C36 J16 TERM EXPONENT OUT RANGE
&M)

X2100S80202

A-13118



SYNC POINTS

'SCALAR CP2 CP3 CP4 CP5 CP6 CP7 CP8 CP9 CP10 CP11 CP12 CP13 CP14

3RI c4 D69 D67 D06 D10 B26 B36 B24 B38 B39 B35 B23 3RH

VECTOR CP5 CP6 CP7 CPS CP9 CP10 CPi1 cpr12 cCP13 cPi4 CP15 CP16 CP17

B26 B36 B24 B38 B39 B35 B23 3RH

8
o
o

D69 D67

8|

3RI

A-1312A

E , CRAY RESEARCH, INC.
24-25 COMPANY PRIVATE



9¢-v¢

2312
orp B222-2

1334 B o34
GRE) —!Lz.zs 144 B227-2
B2 23524 1§ A2 21.298
a.qa2 ong) LORCETL )
T Sa— T E— ORP) - ’
aoR sjop2%. 27 el Lt orp 222 1.2 B2 2-.238
B 23
I P e SEEAR Lot st o g
TABLE | agt 31 314,206 SUMMATION
SELECTV
IRA . IRA .
ALSUM28-28 B2 2:1.2-¥
BT E2N3 B3 GRE, 8F) _FORCE"¢°
» 2 919938
Sj,Vjan-2%  [EI&T7 AIPYRAMD Al FINAL 2 AL 2 02 SUM213-230
(aR, 3VB) 030 ORMATION | Ajsumas.2® SuM fardsuma0.2% ARAL
iy {GOSCAIAR _ 3 OPERAND SUNAITION 5,07 | ABPYRAMD |___B221.2:¢ B3
SELECT Bl 28-28 B2 0p28.-2- GENERATION
_} GOVECTOR AND FAT23.2-% A2 2-1.247
Oy =" paay B1 28-217 SuMa.2%
QmyJMODEE X ;21 | op2M.2® IRC IRD — A2 FYRAMD
(B2 OP2 .27 GENERATION
IR E3651 2829
onp 8221%:2%] m2panouT mE
B2 OPERAND IRE
DELAY S 511 SUMBITS2%0.2% |
B2 2% E3031
) R B2 213.2-¥ SUMBITS 219.2%0
SELECTV T B2 218 B2FANOUT r__L
sivia%ze L _m__l
(3GR, IVB)—42b M2 -2, Al2 2-1-2% E36/37
1.3
E2829 El6m7 B2 28312 | E328) %?ﬁi& B224-2 a2 SUM215.23
SELECTV B2 27 B2FANOUT T o2 GENERATION
L L3 S0 SN,
sELECT | OPEXP.20.2% SELECT |B22-1-24 3RF
85, vj244. 2% EXPONENT [ 7| AND (7T
(R, VB~ SE V2227 ] DELAY B2 21.26 IRG
B2 FANOUT
IRE 3RI IRL IRF

EXPONENT20- 219

GORECIPROCAL

CRAY X-MP FLOATING RECIPROCAL APPROXIMATION
FUNCTIONAL UNIT (CPUG)

FINAL SUM

15_n 47
A22 :2 GGR,3VA)

0_915
MM, (3GR, 3VA)

ERROR CONDITION

e OVC)

©-08254



st v

(3GR)

(3vB)

(3GR,3VB)
(33JD)

(3JD)

(33D)

(3GR, 3VB)

(3GR, 3VB)

a1 sum 2% 26

A1 suM 2623

B2 op 7 8_p17

sj op 240_5%7 EO8/E09 FO8/E09
vi op 240_547 A0 and A0Z Al PYRAMID
LOOK-UP a0 2-2_,-8 FORMATION
TABLE and
a02 7' 714 o716 SUMMATION
SELECT V R
3RA 3RA
a1 sum 26-28
E10/E11
Al PYRAMID
55, vy 241239 E16/E17 FORMATION
and
GO SCALAR OPERAND B1 29047 SUMMATION
SELECT
GO _VECTOR N and B1 2785723
DELAY
g1 2-8_5- 17
MODE k 292! 3RB
B2 op 2'1-229
3RI
SELECT V / E30-E31
s9,v§ 256-263 J
SELECT V E28/E29 E16/E17
sj,vy 248.25%5 SELECT OPERAND
EXPONENT SELECT
op Exp 20-2'5 and
DELAY
3RE 3RI

B2 279-2712
e mam e

sum 22 2_233

suM 213.,30

suM 23 1.046

B2 op 270_»7

(3RF)
(3rg)_ B2 2" '3-2724 B2 27 9_o- 34 / e28/E20 2 SuM 2'3-224
-25_-34 2 -1 _,-18 ]
(3rT)_ B2 27%%-2 a12 o713
-1 =12
(3rF)__B2 27 '-2 (3RE)_FORCE "1° E30/E31
(3rg)_ B2 2 "2-272% B2 27123 A2 PYRAMID
GENERATION
- 25 2 -1_,-18
(3rr)__B2 2 a2 271y
3RE
B2 271516
E12/E13 E14/E15 (3RE, 3RF)_FORCE_"0" _
A1 FINAL 12 A12 - 19533 ./ E32/E33
SUM a12 sum 20-23¢ FINAL
and SUM
A12 pYRAMID
GENERATION B2 2-'.p-16 E34/E35
a1 ' 17 A2 PYRAMID
- GENERATION
3RC 3RD
281 273-718
3RF
E36/E37 E28/E29 suM BITS 230.333
-19_-24 73,30
(3rI) B2 27 '9-2 B2 FANOUT SUM BITS 2'3-2
B2 OPERAND IRE 7
DELAY B2 2713517 E30/E31 B2 2713716
B2 FANOUT E36/E37
B2 2”18 3RE a2 pmlpn36 |
3RG A2 PYRAMID
(3RB, 3RE, 3RF,3RI) _B2 2~ '-2736 .|  GENERATION
F16/817 B2 278 512 [E32/E33
OPERAND B2 277 B2 FANOUT . .
- B2 27 7 2 12
SELFCT s -
and B2 2 '-2” 3RF
DETAY E34/E35
B2 FANOUT B2 2-'.2-6
3RI 3RE

EXPONENT 20-213

sum 2! 5_251

E38/E39
FINAL SUM

and
EXPONENT

3RH

GO RECIPROCAL

CRAY X-MP FLOATING RECIPROCAL APPROX. F.U. CPU - O

a2 215587
(3GR, 3Va)

EXPONENT 20215
(3GR, 3Va)

| _.ERROR CONDITION

(3vC)

C-06254



EXPONENT : Page 1

3RE  H28/29 AND H30/31

I90 = MODE SELECT Sj OR V§
160 = vj BIT 248 pr 296
I50 = sj BIT 248 or 256

EXPONENT BIT 248_355 on 3RE AT H28/29
EXPONENT BITS 256-263 oN 3RE AT H30/31

3RI AT E16/E17
T.P. C28 B48 = I100; T2 EXPONENT BIT 20-2'5 pELAYED
T.P. BO3 C48 = B48; T2
T.P. B31 D48 = C48; T2
E48 = D48; T2
’ ____ F48 = E48; T2
T.P. C58 G48 = F48; T2

T.P. C13 R60 = G48; T2

3RH AT E38/39

170—>R60 FROM 3RI

JOO-J15 = I70 - 185 EXPONENT BIT 20-215

Il

183 = 213 EXPONENT
184 = 214 EXPONENT

A-/641

J16 = OVERFLOW OR UNDERFLOW

A CRAY RESEARCH, INC.
24-37 COMPANY PRIVATE



EXPONENT Page 2

3RH At E38/39

T.P. B15 JOO = I70; T2 EXPONENT BIT 20-213
BO4 KOO = JOO; T2
B56 LOO = KO0O; T2
B63 000 = LOO; T2

COMPLEMENT EXPONENT AND ADD IN A TWO

T.P. 243 016 = L16; T2 EXPONENT OUT OF RANGE
aA37 019 = NO2; T2 EXPONENT = 20000 OR 20001

P15 = EXPONENT IS EQUAL . TO 20000 OR 20001 OR
OUT OF RANGE

Q03 = P15 S06 GO VECTOR/SCALAR IF NO
OUT OF RANGE CONDITION

A-164/
R41 = ADD IN A 2 VALVE
R40 - R55 = EXPONENT BIT 20-215
RS54 - R55 = FORCED TO A 1 IF A RANGE ERROR TO MAKE
A 060000 EXPONENT OR 160000 EXPONENT
R56 = SENDS A FLOATING POINT ERROR FLAG TO THE

EXCHANGE PACKAGE

24-38 CRAY RESEARCH, INC.
s COMPANY PRIVATE
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Page 1

- Form A, = =27, + A02 B

Generate - 2A4y AND Ag?
3RA @ EO08/09
Generate -2A,

POO = I98 Select Vector
I00 = Sj bit 240

I10 = V§ bit 240

R40-R47 = Exponent 240247
Scalar or Vector

AQOO0 = R40 = becomes BO data bit 2-7

AQ06 = R46 BO data bit 20

1. Upper 8 bit of the coefficient are left shift by 1 place puts
exponent in the range of 1.000 - 1.774.

2. Look-up value for A, and Ag2.
3. A becomes -2Ag
a) Complement AO for a -AO
" b) Shift -a0 left 1 place for a multiply by 2.

A-1644

24-39 CRAY RESEARCH, INC.
COMPANY PRIVATE



Page 2

Generate - 2Ag (continued)

c) Send the value of -2A; to the A, pyramid which is added in on
the 3RB and 3RA.

RO-R06 = 27, data bit 272 - 28 added in on the first
3 bit add on the 3RB for bit position 241-247,

Are added in on the 3RA during the second 3 bit add
for bit position 224.229,

RO-RO5

Generate A02

Look-up the value on 3RA which is A, * a,

Form Al pyramid AyZ B
AgZ * B Ap? = Look-up value .
B = Coefficient bits 224-247 pecomes 2-23-20
1. Form the A, pyramid of Ag? * B on 3RB and 3RA.
2. Add the pyramid using 3-bit add on 3RA and 3RB.

3. Finish the Add using 2-bit add on the 3RC.
A-/6444

hpn;ﬁn CRAY RESEARCH, INC.
T COMPANY PRIVATE
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Page 3

A1 Final Sum

3RC E12/13

G0-G17 are the final sum of A1 equation retain only upper
18 bits,

Delay 16 bit of A1

LOO
MO0 = LOO; T2

KOO; T2 Delayed A1 bit 2-18

T.P. C72 ROO MOO; T2 Can scope Al on R term on 3RC bit 2-18

NOTE: Al can be partically scoped on the 3RC after it was delayed for
3 C'P.

18 bit of A1 were used to generate A12 3 C.P., earlier. You are
not scoping the true Al which was used to generate A12,

A-16444

he.nq CRAY RESEARCH, INC.
- COMPANY PRIVATE



Page 4

Form A2 = -2A,; 4+ A,;?

Generate A2

3RC @ H12/13 generate A; * a,
18 bits of A1 time 18 bits of A1 gives a total 36 bit results.

The logical products are generated on the 3RC and 3 levels of 3-bit add
to sum the pyramid.

3RD @ H14/15 finishes adding A; * A, using 3 bit and 2 bit adds.
NOTE: The final A,2 can be scoped on the 3RD R terms.
R35 - ROO

R35 = Bit 2-! or bit 247

ROO = Bit 2-35 or bit 212

Delay B2 Bit 211_346

3RI @ E16/17

R90 Select Vector

X00

A11=A39 B2 bit 211.239
3RA @ E08/09

P00 = Select Vector

R40-R47 BO, B1, B2 bit 240_247
A4-1644

e CRAY RESEARCH, INC.
COMPANY PRIVATE



Page 5

3RI Bit 211-239

3RI module @ E16/17 sends bits 239-230 to the 3RB and bit 239-224 to the
3RA to generate the A1 pyramid. The 3RI retain bits 211-229,

The 3RB gives the 3RI bits 240-247 to be delayed with 3RI's bits
2]]_229'

3RB sends bits 239-230 to the 3RG to be delayed along with the 3RI bit
211_229 and 240_247.

NOTE: B2 can be scoped after the fanout on the 3RG @ E36/37

Form A2 pyramid A,2 B

Fanout B2 and A12 to generate the A2 pyramid.

Perform the logical products and add the pyramid using 3-bit add on the
3RE, 3RF and 3RG modules.

Finish the summation on the 3RH and send the exponent and 33 bit of the
coefficient to the 3GR or 3VA. Only upper 30 bits are accurate.

g3 CRAY RESEARCH, INC.
2600 COMPANY PRIVATE












FLOATING-POINT MULTIPLY FUNCTIONAL UNIT

The Floating-point Multiply Functional unit is shared by the Scalar and Vector registers. Two
Floating-point operands are sent to the functional unit. The exponents are added together and the
sign bit of the coefficients are exclusive ORed. The coefficients are then multiplied. Only the
upper half of the multiply pyramid is retained.

The Floating-point Multiply can also multiply the integer numbers together by leaving the exponent
areas equal to zero in both operands.

The Floating-point Multiply can also perform a third iteration for more accuracy when doing a
Reciprocal Approximation. This is the maximum number of iterations that can be generated and
still receive correct results.

Floating-point Multiply has the same range error conditions as the Floating-point Add Functional
unit. If an overflow condition exists the result registers will receive an exponent equal to 60000
and the calculated coefficient. A flag is sent to the exchange package indicating a floating-point
range error. An underflow condition sends all zeros to the result register. This time a flag is not
sent to the exchange package.

FLOATING-POINT MULTIPLY (Modules involved)

3MA MODULE

The 3MA module forms parts of the multiply pyramid by performing logical products. After the
logical products are formed, the 3MA module will begin adding its portion of the pyramid using
3-bit adds. The 3MA will also fanout portions of the J and K operand to the 3MB modules.

3MB MODULE

The 3MB module performs the same functions as the 3MA module. However, the 3MB is
handling different bits of the pyramid. The 3MB module will also fanout portions of the J and K
operand to the 3MA module.

3MCMODULE

The 3MC module inputs portions of the J and K operand. Logical products are generated to form
portions of the pyramid. After the logical products are formed the 3MC will begin adding the
pyramid using 3-bit adds. The 3MC also inputs the exponent bit, 2*8 - 263, which are sent to the
3MK module.

HTV-0242 25-1 Hardware Trng.
XV204L14M D.W.B.



3MD MODULE

The 3MD module will input the J and K operand on the upper end of the pyramid. It will form the
logical products and begin adding the pyramid using 3-bit adds. The 3MD module will also
continue adding the pyramid from where the 3MB and 3MA modules left off.

3ME MODULE

The 3ME module will input J and K operands for a certain portion of the pyramids. It then forms
the logical products and starts to add the pyramid using 3-bit adds. The 3ME will also continue to
add the pyramid where the 3MC, 3MA, 3MB and 3MF modules left off.

3MF MODULE

The 3MF module will input certain portions of the J and K operands. It then forms the logical
products and starts adding the pyramid using 3-bit adds. The 3MF sums the lower end and the
middle of the pyramid.

3MJ MODULE

The 3MJ module completes the summation of the pyramid. It will output the exponent and
coefficient to the 3GR and 3VR modules depending upon the type of instruction used, Scalar or
Vector. The 3MJ will also output the results for the Second Vector Logical Functional Unit.

3MK MODULE

The 3MK module is the Floating-point Multiply control module. The 3MK module will decode the
instruction. Depending on the instruction, it will generate the terms Strong Round, Strong Round
Truncation, Weak Round, -1 Constants, or Complement Control. The 3MK also checks for
underflow or overflow conditions. The 3MK module will add the exponents and generate the
exponent and exponent -1 in the event that normalization is needed. The exponent and exponent -1
are sent to the 3MJ module where the 3MJ will make the decision to send the exponent or exponent
-1 out to the 3GR or 3VR modules. The 3MK module also generates forced zeros and ones which
are put into the summation of the pyramid. The 3MK also decodes the 140-145 instructions for the
Second Vector Logical Functional Unit.

HTV-0242 25-2 Hardware Trng.
XV204L21M D.W.B.
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FLOATING MULTIPLY INSTRUCTIONS

SCALAR
064K Scalar Floating Product of (SJ) times (SK) to SI
065UK Scalar Fleating Product, half precision, (SJ) times (SK) to (SI)
066K Scalar Floating Product, full precision, (SJ) times (SK) to SI
067DK Scalar Floating Product, 2 minus the product of (SJ) times (SK) to SI

C.A.L. FORMAT
SI SJ*ESK  Scalar Floating Product
SI SJ*HSK Half Precision
SI SJ*RSK Full Precision
S1 SJ*ISK TIteration, 2 - SJ*SK

DIAGNOSTIC APPLICATIONS
3SFM
3SMU

XV201S44M
25-3



VECTOR

160UK
1610K
162UK
163UK
164UK
1650K
166UK
1670K

C.A.L. FORMAT

VI
VI
Vi
VI
VI
VI
VI
VI

SI*FVK
VI*FVK
S1*HVK
VI*HVK
SI*RVK
VI*RVK
SI*IVK
VI*IVK

FLOATING MULTIPLY INSTRUCTIONS

Vector Floating Product (SJ) times (VK ELEMENTS) to VI

Vector Floating Product (VI ELEMENTS) times (VK ELEMENTS) to VI
Half Precision, (SJ) times (VK ELEMENTS) to VI

Half Precision, (VJ ELEMENTS) times (VK ELEMENTS) to VI

Full Precision, (SJ) times (VK ELEMENTS) to VI

Full Precision, (VJ ELEMENTS) times (VK ELEMENTS) to VI
Iteration, 2 - (SJ) times (VK ELEMENTS) to VI

Iteration, 2 - (VJELEMENTS) times (VK ELEMENTS) to VI

Vector, Scalar Product

Vector, Vector Product

Half Precision, Vector Scalar
Half Precision, Vector Vector
Full Precision, Vector Scalar
Full Precision, Vector Vector
Iteration, 2 minus Vector Scalar

Iteration, 2 minus Vector Vector

XV201545M

25-4
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FLOATING POINT
MULTIPLY CONTROL

SCALAR H2 H! Ho
06 1 0 0 1JK
06 1 o 1 iJK ~ Strong Round
0 6 1 1 0 iJK - Weak Round
06 1 1 1 idJK - Compliment Control
VECTOR H2 ' HO
16 0 0 0 iJK
16 0 0 1 iJK
16 0 1 0 iJK
Strong Round
16 0 1 1 iJK
16 1 0 0 iJK
Weak Round
16 1 0 1 iJK
1 6 1 1 0 iJK
Compliment Control
16 1 1 1 iJK

A-I1369

CRAY RESEARCH, INC.

COMPANY PRIVATE
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DIVIDE SEQUENCE

S6 = S1/S2
Accurate to 29 bits:
#1 070320 S3 = 1/82
#2 065613 S6 = S1 * FS3
Accurate to 48 bits: S6 = S1/82
#1 070320 S3 = 1/82
#2 067432 S4 = (2-[S3*S2))
#3 064543 S5 = S4*83
#4 066651 S6 = S5*%S1
#1 Ap =24 - AO2B First Iteration
A, =2A; - A’B Second Iteration
#2 S4 = (2—(A2*B))
Third Iteration
#3 A3 = A2 (2-(A2*B))
OR
#4  S6 = Ay*S1 Third Iteration * S1

25-6
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157/9 ' i M TERMS
] B
| 3MC TS 7/9
-------------------------------------------------- M TERMS ] E56/57 T T T T T T T T T T T T T e T T e e e m T S TS TS S e e
TS 1
79 : 'T-ST;:%S M TERMS
15 7/9
t
t ]
- i
1 1 )
___) i | 3MA
! ' £66/67
' [ ! MTERMS |
w T 2 R B Ny
E48/49 - = E44/45 = H —
B TERMS el L TERMS [, ! e
P Larer ) TS 475 — ! ) TRUNCATION
P, e N TERMS i ! { CONSTANT 3 18 € 64/65
TS 11/13 T :
- : D-1365
]
2V 2% g g% pd1 gh2 ga ghe 33 pas 37 36 235 p3w Qa3 232 31 530 . p23  pze p27 g2 25 g 223 a1 g2l P20 i3 pln Q17 pl6 5 lh A3 iz Il gl0 3 28 7 26 5 24 23 22 21 20 SUM BIT POSITIONS
| | STRONG ROUND CONSTANT 3F E60/61 | I WEAK ROUND CONSTANT 3MB E68/69
I | o I T T B [ I I B | [ Y R I I B [ R R Y R A B ' ool I T ITERATION CONSTANT

FLOATING POINT MULTIPLY PYRAMID MODULE LOCATION

CRAY RESEARCH, ING,
COMPANY PRIVATE



6-6¢

43 41 39 37 35 33 31

3MD

E48/49

29 27 25 23 21 19 17
44 42 40 38 36 34 32 30 28 26 24 22 20 18

15
16

W

FLOATING MULTIPLY 61 66 64 62
R TERMS 71 69 68
FIRST LEVEL SUMMATION

59 57
60 58

"M 7
5013

3MB
E68/69 47 45 44 2 4 40
a9 48 46 4@
59 57 55 53 5150
63 6160 53 56 54 52

3IMA
E70/71

63 61 59 57 55 53 S1 49 47 45 43 42 41 40
74 71 69 67 66 64 62 60 S8 S6 54 52 50 48 46 44
75 72 70 68
7
3MC m
E58/59 2 2
23 21 3MF
13 11 09 07 05 03 01 27 E60/61
4 12 10 08 06 04 02 00 28
33 31 29 27 25 23 21 19 17 15 13 11 09 07 05 03 01
|_|32 30 28 26 24 22 20 18 16 14 12 10 08 06 04
3MB
3ME E64/65
: E62/63
EA6/47 2 41 40
42 41 40 43
47 45 44 43 47 45 44
51 49 48 46 51 49 43 46
55 53 52 50 3MC 55 53 52 50
56 54 E56/57 59 57 56 54

60 58

3MA
EA44/45
64 62 60 58 56 54 52 50 48 46 44 42 41 40 74 71 70 68 65 64 62 59 57 55
63 61 59 57 55 53 51 49 47 45 43 75 72 69 67 66 63 61 60 68 56
73
23
13 11 09 07 05 03 01 24 21 19 17 15 13 11 09 07 05 04 03 Ol 00
14 12 10 08 06 04 02 00 25 22 20 18 16 14 12 10 08 06 02

3MA
E66/67

53 52

50 48 46 44 42 41 40

49 47 45 43

295 294 293 992 291 590 289 588 587 586 85 284 283 282 281 980 T 978 97T 276 915 9T T3 T2 571 270 289 968 967 966 65 264 263 962 961 60 939 238 557 336 o35 R34 533 532 531 %0 29

247 946945 24 943 542 541 240 39738 537 236 935 534 533932 231 930 29928 527 336 42592 223 922 921 920519 18 517 516 915 31 213 12 511 510 209 508 07 206 905 S04 903 502 901 00

CRAY X-MP/2 FLOATING MULTIPLY
FIRST LEVEL SUMMATION
R TERMS
(SHEET 1 OF 4)

248 7 216 545 4 243 542 941 40

RESULT BIT POSITION
SHIFT 1 PLACE LIIFT

SUM BIT

A4441
X/202C01M

JokLs.



0L-SC

56 52 48 44 40

|70 66 61 57 53 49 45 41
n 6 3MB  EA§/47
|68 62 58 54 50 46 42 38
|s9 63 59 55 51 47 43 39
64 3MA  E44/45
3MD
EA8/49

FLOATING MULTIPLY
SECOND LEVEL
I TERMS

|75 67 59 51 a3
"9 01 83 76 68 60 52 44
107 100 92 84 ]
28 115 108 3IMB  E68/69

|36 29 6] 55 47 39

|ﬁ.l|_- 87 79 71 63 56 48 40
95 88 80 72 64

| 20 24 111 103 96

| 34 25 112 104 3MB
118 E64/65 |

I__ _______

38 30 117 109 101 93 85 77 69 61
125 31 118 110 102 94 86 78 70 62
122 3MA E70/71

3MA  E66/67

s us » 2 || aME e
140 134 147 146 124 F E60/61 144 14
1 aMC Esgse | | 145 143

150 149 133 132 131 32 22

135 148 123 3MC E56/57l

3MF
E60/61

137 134 130 126 122 118 114 111 109
98 135 131 127 123 119 115 138

99 3MC ES8/59

136 132 128 124 120 116 112 110 108
96 133 129 125 121 117 113

97 3MC  ES6/57

3ME

106 102 94
334107 103 95

9 8 8 79 1T 75
91 & 80
3MB EA6/47

E62/63

30§ 104 100 92
311105 101 93

88 84 81 78 76 M
89 85 &
3MA EA4/45

3MA E70/71

56 48 43 37 33
64 57 49
7 65

68 60 52 45 42 35 31
69 61 53 46

3MA  E66/67

3MF
E60/61

295 294299 292 291 990 89 488 (BT 586 285 284 HED 482 58180 5T 978 5TT 976 375 T8 3TI T2 371 T 569 968 567 966 265 964 263 262 261 260 939 HT8 5T 536 235 34 553 252 551 250 489 48 47 46 245 44 543 542 41 580 SUMBIT

247 296445 984 243 242 941 240 53038 537 936 5 35534 933532 931 330 9B 528 2 226 92592 B . 320 220 319 518 917 16 215 314 513 12 HIL 10 H09 H08 207 H06 905 04 H03 02 o0t

St

CRAY X-MP/2 FLOATING MULTIPLY
SECOND LEVEL SUMMATION

N

I TORMS
(SHEE\-2 OF 4)

900 RESULT BIT POSITION

{IFTED { PLACELEFT

A-4442
x/202¢c02M
J.E.S.



LL1-G2

)

FLOATING MULTIPLY
R TERMS
SECOND LEVEL SUMMATION

3MF 3ME 3MF
E60/61 E62/63 E60/61

E

33 31 29 27 25 23 21 19 17 15 13 11 09 07 05 03 01 00
32 30 28 26 24 22 20 18 16 14 12 10 08 06 04 02

3MD
E48/49

16 15 14 12 10 08 06 04 02 01
13 11 09 07 05 03
43 41 39 37 35 33 31 20 27 25 23 21 19 17 15 13 11 09 07 05 03 01 00
44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 08 06 04 02

293 294 293 292 991 990 989 388 987 586 985 84 983 382 981 980 9T 378 77 976 9IS T4 373 972 971 T 969 268 967 266 265 964 26 962 6l 260 539 5B 57 956 955 934 933 932 351 950 9 4B 047 M6 945 44 543 542 941 580 SUMBIT

247 246 245 944 543 942 541 240 335938 537 936 535 93 933 532 931 530 929 928 927 426 525 924 923 2 G2 90 19 518 917 16 915 14 913 912 11 910 09 H08 07 06 505 904 503 502 501 LU0 gﬁ%’gﬁfg})&’lﬁgﬁ

CRAY X-MP/2 FLOATING MULTIPLY
SECOND LEVEL SUMMATION
R TERMS A4 o
(SHEET 3 OF #4) gors,



ll-gz

FLOATING MULTIPLY

THIRD LEVEL SUMMATION
I - R TERMS
[TamrF sl
E60/61 50
I ITERMS 00

20 18 16 14 12 10 08 06 04 02 01
22 21 19 17 15 13 11 09 07 05 03
24 23
26 25

% 27 3ME

30 29 E62/63

32 31

3MF 38 37
E60/61
ITERM

oz o1
[ o3

34 33 31 29 27 25 23 21 19 17 15 13 11 09 07 05|

|
3MD  B4g/49 |
ITERMS :

48 46 44 42 40 39

49 47 45 43 41 |

3MJ 7 ]| 3MJ

3MF

E50/51 | o E54/55

| 1TERMS

32 30 28 26 24 22 20 18 16 14 12 10 08 06L04 _

00

—

RTERM —{24 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

23 22 21 20 19 18 17 16 15 14 13 12 11 100908070605M03020100I

295 994 253 552 291 590 289 588 287 986 BS 9B 98D 282 981980 979 378 377 276 975 9T 3T T2 TN 970 969 6B 67 66 965 264 263 62 261 200 23 38 557 256 55 954 253 952 951 0 M9 4B 947 246 945 M 243 242 331 240 gy prT

247 246 245 9 ¥ 943 542 241 240 239538 231 236 235 234 933 232 931 930 520928 527 526 925924 23 422 221 920 219 18 217 916 215 214 213 512 511 210 509 908 507 506 505 504 203 902 401 400 RESULT BIT POSIITON

SHIFTED 1 PLACE LEFT
CRAY X-MP/2 FLOATING MULTIPLY
THIRD LEVEL SUMMATION AND
FINAL SUM A con

(S']\EE]‘ 4 ()F 4) JLkLs.
U s
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9mmmmm * NOTE SECTION SUMS AND CARRIES - == = == = =~ = = ———————
9l-mmmm CAN PROPOGATE 2 BIT POSITIONS
90=mm = —- ABOVE THE MODULES BOUNDARIES: = = = = = = = = = m o mn m m e m e m e mm m

E48/49

SUM BITS SHIFTED

95 1 PLACE FOR

94 NORMALIZATION

93
92
91
90
89

88-===mmmmm —————— —mmmmmmmeee- L L L L L L mmmmoo2il gy
L2t I et 240 g7
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L -1 fremmmmmmmeemmmmeeee—— e 28 55
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CRAY X-MP FLOATING-POINT MULTIPLY BIT ASSOCIATION



v1-S¢

J EXPONENT

K EXPONENT

SIGN BIT ARE
EXCLUSIVE-ORed

A28

A29

A30

A32

G14

EXPONENTS SIGNS
ALIKE

EXPONENTS BOTH

POSITIVE

EXPONENTS BOTH

NEGATIVE

EXCLUSIVE-OR
SIGN-BIT

EXPONENT SIGNS
SET OR NOT SET

215 214 513 512 511,10 59 98 57 56 5 54 53 52 51 50
s 114 13 121 10 09 o8 | 07 o6 05 0403 02 o1 100
31 | 30 29 28 | 27 26 25 24| 23 22 21 20 | 19 18 17 116
A26 A24 | A22 A20 A18 A16| A14 A12 A0 AO8 | RAO6 AO4 AO2  AOO
A27 A25 A23| A21  A19 A17  AI15| A13 A1l R09 A07 | AO5 AO3  AO1
A28
A32 co2 co1 coo
229
30 DO1 DOO
E03 EO02 EO1
F14 F13 Fl2{ F11 Fl0 FO9 FO8| FO7 FO6 FO5 FO04 | FO3 FO2  FOI1
Gl4] 613 G12| G611 G0 GO9 GO8| GO7 GO6 GO5 GO4 | GO3  GO2  GO1  GOO
K14 K13 K12| K11 K10 KO9 KO8 | KO7 KO6 KO5 KO4 | K03 K02 KO1 KOO
H15| 14 13 12| 11 110 109 08| LO7 LO6 LOS LO4 | LO3 LO2 LO1  LOO
H16 | N14 N13  N12| N1 N1O NO9 NO8| NO7 NO6 NO5 NO4 | NO3 NO2 NOT  NOO
N30 N29 N28{ N27 N26 N25 N24| N23 N22 N21 N20| N19 N18 N17 N16
R15}! R14 R13 R12[ R11 RI0O RO9 RO8) RO7 RO6 RO5 RO4| RO3 RO2 ROl  ROO
R30 R29 R28| R27 R26 R25 R24| R23 R22 R21 R20| R19 R18 R17__R16

CRAY X-MP 3MK MODULE DIAGRAM

o

I-TERMS

A-TERMS
ENABLE

A-TERMS
CARRY

C-TERMS
GROUP CARRY

D~TERMS
GROUP ENABLE

E-TERMS
GROUP CARRY
F-TERMS

GROUP SUM

G-TERMS
FINAL SUM

K-TERMS
EXPONENT

L-TERMS
EXPONENT-1

N-TERMS
EXPONENT

EXPONENT
EXPONENT-1

B-1653D



S1-6¢C

(3GR, VB)
(3GR, 3VB)
OMK)
OMK)

(BGR, 3VE)

(3GR, IVE)

(3GR, 3VB)

(3GR, 3VB)

(AGR, IVB)

GMK)
OMK)

QGR, 3VB)

(3GR, 3VB)

(3GR, 3VB)

(IGR, 3VB)

(3GR, IVB)

(3GR, 3VB)

(GGR)
GVB)
(GMK)
OGMK)

(3GR)

3vB)

spvi2".28 [3MF  Eeomt IMF ES0R1 ETRTTT
Sjivk21%.22
GOV, vk TS. 415 SuM2¢7-24 oMo SuM2%.27 247248
A/ AL I 64,273
STRONG ROUND 264278 0 4 2%.2
HOLD SCALAR oM STRONCROUND (3)—» oM, 3MB) SUM2T:27 IMF BGOBL) cypan. g
SUM 263210 = 1
" 24134
™A EX B E6560 42229 e WMC B3 264.2m T
$j, vj2 ™. 2% FANOUTDATAJ 2%3.2% K 212.18 (3MA, IMB) Y ESe50 = M RSO | proyrrp™. 947 GR 3vA)
e ) . )
TS, 45 v FORCEO (OMB,IMA) > SUM273.2% EXP.28.213 EXPONENT2%. 215
Sk, Vi 212,238 i TS.78 @My FORCED TS. 78 RESULT, |ENTZ 2 (3GR,3VA)
Sk V2328 :
(OMK) WEAK ROUND GR, 3VB! Sk, Vk 248.26 2" 2‘1
sum2%.2% oak, GO VECTORK :
0
§ivjz0.m | MA Eseey |FANOUTDATAT 2 2K 2%2% s OMK) SRR ] M 29T, 270 257970
(3GR, 3VB) @iy FORCEO omp SOYECTOR ___ famc Esers7 e Esast SECTION CARRY
TS. 48 u 10,38
Sk, Vii2%. 247 M) L CONSTANT T8 OMA, IMB) 'LL";—'” p
—_— D,
(omz) FORCEL ovpomy K220 SECTION CARRY, ENABLE
SUM24.2%¢ oMo JORCEL o »
i Vj2¥.238 |IMA  EMHS|paNOUTDATAJ 28.2% K 2%.9% |IMB  Edsu? oA FORCEQ ol 3M ES4/SS
~LOONSTANT ] $1.9% 57970
TS. 9 (GMK) sUM2%.2 2572
T.S. 4/5 -1 CONSTANT 47 264_272 0 .23
Sk, Vi 2%6. 247 (mx)____@__. (08, 3vpy S Vi 249-260 ; SUM247,264. 2 RESULT2%-2 (3GR, 3VA)
EXP.20-27
SUM264.28 (M) -HOLDSCAIAR I 2 ExpoNmTa?27
GO VI, VK RESULT: |EXRONENT2 -2 (3GR,3va)
HOLD SCALAR ___ | sumzdos | 20-28
M H47
Spvj2%.24 |MB B | oy paTAT 255,20,k 281 |PMA BN OV N B W— ™MD EsBu9 ™MD E4ga9
SUM 278.28
TS. 48 TS, 7% OMA,MP) —= 2B T35, 7 n
Sk, Vk20.21 amq____®__.F°RCE° » g o T8.35 oMA, aupy SuM27:28 sum2™ |
oma v K222 )
SUM240.2% SuM273-293 27.2% SUM27. 2%
3MB  ES463 B66/61
Sj. vj212-2% FANOUTDATAI 213.216 k 23238 | ™ (3MK) —LCONSTANT %
s TS. 45 (MK) -} CONSTANT TS any 12427 ME  E6263 IME | E6263 ME E263
Sk, Vk2%.2
e FORCEQ P
oMK O sumz24.25 Qa2 sum2 7.2 1598 SUM24-2
- 47 263
3MB  E4647 IMA  Edeps uan (@MA,IMB, SUM277.2 sum24T-248
§j,Vj2%-249 FANOUTDATAJ 2%.740,K 2%.2% K22 3 OME) ===
L L GMB) —— 247,964 241,964
TS. 45 -1 CONSTANT TS. 78
Sk, V24238 GMK)
Sk V2427 )
SUM28.28 @ave,ave 827,20 MK Esp | EXPONENTDELAYEXP ) IoMx Es2ss MK ES2/53 | EXPONENT, EXPONENT -1
- 1 92
g B2-.2 [HOLDSCAIAR (. | XPONENTDELAY | INTEGER, COMPLEMENT,
52428 Dwc Eses o) GOS8V GO VL VK .-} UNDERFLOW
s 948 963 CALAR
vjpi28 ong) HoLS L CONSTANT e (-) STRONG ROUND TRUNCATION
HOLDSCALAR |  TS.45 JEXPONENT24.26 ] STRONG ROUND oMP
GOVl . gy SELECTVRVK ] WEAK ROUND oMEy
IMC ESe/5 FORCE 0,1
Sk248.26 8963
Sk248.28 KEXPONENT2 .2
RANGE ERROR GHD)
Vk248.26 TS. 455 D-1366F
GOVK .

(MK)

CRAY X-MP FLOATING-POINT MULTIPLY EXPONENT AND COEFFICIENT DATA FLOW



R

N



N o

‘\\_/

ooR, vBy Siviz7-22 ]
GGR, 3vE) V2128
GME) GOV;_,' Vk

OMK) HOID&I\IARI

IMF  B60#61

TS. 43

: yig M3
OCR, 3vB) ShVi27-2"

(3GR, 3vB) Sk Vk212-23

MA EnNn

TS. 455

GGR, 3vp) Sh¥j20-21

36_o47
GGR, 3VB) Sk, V2 7-27

IMA B65#57

TS. 45

22238

OGR, 3ve) SE¥27-27

(3GR, 3VB) Sk Vk236. 247

3MA EB44MS

TS. 45

GO V], VK

¥ RAL T/ S

3 3

GME) HOLD SCALAR

;i 93647
aar, 3vpy S VizX-2

0_om
(GR, 3VB) Sk, Vk29-2

3MB ES3KD

TS. 43

{ vigi2. 9D
GGR, 3ve) SkVi22-27 )

3,38
(GR, 3vB) Sk Vk27-27 )

IMB B64KS

TS. 45

. . x
(3011,3v3)..sl'_v12_'2:__.

24_938
(GR, 3vR) Sk V2727

3MB  EA6M7

TS. 43

§;248.26

oery Si2-20 )
ove) Yi2®.2®
OMK) JOLD SCALAR |

(GMK) GOVl I

IMC  Es¢/S7

TS 45

3MB
FANOUTDATAJ 22-2% Kk 22215 Eeses
(3MK) M°_®_. TSI
WEAK ROUND .
(GMEK)
SUM 240258
11 36 A
FANOUTDATAJ 2° -2M,K 2%.2% [mom—fes
m FORCE 0 >
(3MK) L CONSTANT T.79
MKy FORCEL
SUM240.258
FANOUTDATAJ 2%-2%,K 2%.2% |3MB Ed6G47
MKy —LCONSTANT T8
SUM 2528
FANOUTDATAJ 2%-240,k 281 |MA  EN
(ME) FORCEO TS.78
SUM240_2%8
IMA  E6667
FANOUTDATA J 212- 216, K 232238
(MK) -L CONSTANT T.5.78
FORCE 0
GMK) SUM 2402358
IMA  EA4MS
FANOUT DATAJ 2%-2%,K 232235
(MK) L CONSTANT T8.78
SUM 284282

(3GR,3VA)

| EXPONENT28 .21 550 3ya)

GoR) Sk24-29 .

48_9 63
GVB) Vk2%.2

(OMK) GOVE |

3MC  ES8/59

TS. 45

3MF  E6O#61 3IMF  B6OSI
SUM 247248 oMo SUM29-27 ] 24724
6_978
ONG ROUND 26427 0_46 2%-2 E60/51
oMK) STRCNGROURD (33 o OMA, 3MB) SUM29:27 ME OS] sumam.a®
SUM 262_270
241,2“
] B ESo/s '
oma, vy 1272 TMC E5BR9 WC ESWS 2642 M !iresuLTo¥. 24
10931 -
oMB,3Ma) K22 SUM27.2%5 EXP.28.2%
GMK) FORCEO TS.78 RESULT:
GR, 3vB) SV 248,28 2%.24
(MK -SOVECTORK 257970 257.970
VECTOR
OME) GO MC E5G/57 IMC  ESe/S7 SECTION CARRY
3m) ’210_231
oMB,3Ma) K 2229 SECTION CARRY, ENABLE
ORCE] TS. 79
(OMK) =
Gap FORCEO M) ES4SS
L CONSTANT 51370 5727
oMO su}mz l2 272 SUM247,284. 272
S;, Vi 248.263
(3GR, 3VB) 2.1 EXP. 20 _27
(3Mg) -HOLDSCALAR
RESULT:
sumz4T.2% | 20-2%
(MA, 3MB) 72324 IMD PABMS D  BasMo MD  EABK9
B_H82 3 3
GMa, 3Mp) SUM 272 TS. 35 SUM273.28 SuM27
(3MA, IMB) ——————
omA, ) K 23424
’ SUM273.293 273_295 s‘nlzn_zﬁ
oMK LCONSTANT 3
aMaA) 123429 ME E6263 IME EG3 IME E62%63
GMA, 3MB, SUM27.29 5.7 SUM2%8.263
3MC, 3MP) 5.8 GMA,3MB, SUM247-2¢ sum247-248
K 2423 Mo GMF) =S —=—
(GMB) SUM 24724 247264 247264
ove, H 20,2} MK E52/53 | EXPONENTDELAY EXP. -1 IMK  ESVS3 3MK ES2/53 | EXPONENT, EXPONENT -1
g E21.22 HOLDSCALAR __ (5 EXPONENT DELAY INTEGER, COMPLEMENT,
o) GOS8V | GOVLVK_____ (-) ' UNDERFLOW,
QiKy -EOLDSCALAR , -1 CONSTANT _~ ) STRONG ROUND TRUNCATION
48_ 863
J EXPONENT 245 2 STRONG ROUND B> o0
SELECT VI, VK WEAK ROUND
R D> ovp
FORCE 0,1 N
48 63
K EXPONENT 24%. 2 RANGEERROR _, c3pry

0 23
IRESULT2 -2 (3GR,3VA)

EXPONENT20-27  36R, 3vA)

CRAY X-MP FLOATING-POINT MULTIPLY EXPONENT AND COEFFICIENT DATA FLOW

D-1366F



3MH MODULE Page 1

INSTRUCTION CONTROL

134= H BIT 20 SCALAR INSTRUCTIONS
135= H BIT 2!

I36= H BIT 2! VECTOR INSTRUCTIONS
I37= H BIT 22

I32= GO SCALAR MULTIPLY

HO6 = MODE H BIT 20 FOR SCALAR INSTRUCTION OR
MODE H BIT 2! FOR VECTOR INSTRUCTION
HO7 = MODE H BIT 2! FOR SCALAR INSTRUCTION OR

MODE H BIT 22 FOR VECTOR INSTRUCTION

N

STRONG ROUND BIT = 065

H22 = DECODE OF 065

R32 = H22 ADD 2 ROUND BITS INTO THE
SUMMATION

STRONG ROUND TRUNCATION

A R35 = TRUNCATICON THE LOWER 19 BITS OF THE

RESULTS FOR A 065 INSTRUCTION
A-1652

CRAY RESEARCH, INC.
25-16 COMPANY PRIVATE



i N
N



GO MINUS ONE AND Page 2

COMPLEMENT CONTROL = 067

R31 = WHEN H BIT 29 anp 2! EQUAL A 1
MAKE GO MINUS ONE FOR 067

INSTRUCTION,
THE SUMMATION.
T.P. ‘c20 HO8 = HO6; T2
c19 HO9 = HO7; T2
c14 H10 = HO3; T2
c16 H11 = H9; T2
c12 H12 = H10; T2
c10 H13 = H11; T2

./

48 1-BITS ARE ADDED IN

H BIT 20
H BIT 27

A-16524

R34 = COMPLEMENT THE RESULTS ON THE
OUTPUT TO MAKE A3=2A,~A,2B
ASSOCIATED WITH THE 067 INSTRUCTIONS.
WEAK ROUND = 066
R33 = ADD 2 ROUND BITS INTO THE
SUMMATION '
0
/
)
25-17

CRAY RESEARCH, INC.
COMPANY PRIVATE



INTEGER MULTIPLY Page 3

BO-BO5 EXPONENT BITS 20-214 = o
FOR J AND K OPERAND

D02 = BOO B0O1 BO2 J EXPONENT 'ZERO
D03 = B0O3 B04 BO5 K EXPONENT = ZFRO

HOO D02 DO03; T2
HO5 HOO; T2
R39 = HO5; T2

R39 = BOTH EXPONENTS EQUAL ZERO, SO
ALLOW THE COEFFICIENT TO LEAVE.

RANGE FRROR

JO02 = HO2 EXPONENTS EQUALS 60000
JO2 = HO4' G13 G14 EXPONENT EQUAL 60000
FROM A ADDING TO NEGATIVE
EXPONENTS .
JO02 = H3 G14' EXPONENT EQUALS 60000 FROM
ADD TO POSITIVE EXPONENTS
\
A-1652 j
25-18 ‘ CRAY RESEARCH, INC.

COMPANY PRIVATE



Sanr’

e’

UNDER FLOW Page 4

Jo3

Jo3

J03 = G13' G14' HOO'

HO1 HOO' ONE EXPONENT EQUALS ,ZERO NOT AN
INTEGER MULTIPLY

HO4 G14 BOTH EXPONENTS NEGATIVE AFTER

H21

ADDING EXPONENTS, BUT NOT AN
INTEGER MULTIPLY

HO3' BOTH EXPONENTS POSITIVE

BiT 23 anp 2'4 NOT SET
AND NOT AN INTEGER MULTIPLY

SET FLAG REGISTER RANGE ERROR

= H20; T2 GO MULTIPLY DELAYED

MOO = J02 J03 M21

NOO-N14

N31
N32
R41

R44

EXPONENT BITS 20-214, FORCE
EXPONENT EQUAL TO 60000 IF RANGER

ERROR
M0OO; T2
N31; T2
N32; T2 SET FLAG REGISTER
J03; T2 . UNDER FLOW STOP CONTROL

TERM GO MULTIPLY

A-1652
25-19 CRAY RESEARCH, INC.

COMPANY PRIVATE
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CHANNELS

/w

)

OBJECTIVES

WITH THE AID OF STUDENT REFERENCE MATERIAL, UPON COMPLETION OF THE
COURSE, A STUDENT SHOULD BE CAPABLE OF:

1. PROGRAMMING THE CHANNEL IN MACHINE LANGUAGE.

IT. DEFINING THE CONTROL SIGNAL BETWEEN CHANNEL
AND EXTERNAL DEVICE,

IT1. DESCRIBING THE CHANNEL MEMORY PRIORITY SCHEME
AND HOW DATA IS ASSEMBLED AND DISASSEMBLED,

IV. TRACING A DATA BIT THRAUGH THE CHANMEL,
) V. GENERALLY DESCRIBING THE SEQUENCE OF EVENTS

WITHIN THE CHANNEL CONTROL MODULES FOR BOTH
AN INPUT AND OUTPUT OPERATION.

26-1
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Trc0-A1LH

¥T1-9¢

AYVIARdOdd AVIO

ODD
H14/15
LSP 10

(16) ——»»

(16) LSP 12 >

(12) HSP A 3

VHISP
—

EVEN
H12/13

72

(144

| vHISP

72!

(12) HISP B )

LOSP 14
(16) =P

ODD
T14/15

EVEN
T12/13

)/

3DE

72
Y HI16/17

/

CRAY X-MP/2 I/O DATA PATHS (INPUT)

3DE
T16/17

2

—

F24/25
3AE

AN

NN

R28/29

? TO MEMORY

//'> TO MEMORY

Hardware Trng.
A-6366 R.N.S.



/i ]

3AX "
) E18/19 -t

CHECK BITS

H10/11
3 3DD

H8P

CHECK BITS

G48/49
- P
G34/35
3VA
FROM MEMORY _ %
3ZE
J'
visns
3AX
“ZE | Qisne |
FROM EACH SECTION | /

¢ S48/49

FROM MEMORY >
3ZE

LOSP 11

ZILOSE 1l o (16)

LOSP 13

P> (16)

HISP A 2

72

| vesp
[ 14 §

72

HISP B

———p (12)

LOSP 15

——— (16)

Hardware Trng.
A-6367 R.N.S.

CRAY X-MP/2 1/O DATA PATHS (OUTPUT)

HTV-0242 26-1B

CRAY PROPRIETARY
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¢rC0-ALH

OT-9¢

AdV1drddOdd AVID

—
Lo s )
10 - 31— 32 0N > ‘ ]
DATA FROM > ) =
MEMORY G2
) B
—
Gl R72 LOW
131 "\ > SPEED 0
) R® ——»
132-35 031 G".T
* L32 R8O
+ e R81
040
136-39‘ L35 \
CHECK BITS — )
FROM MEMORY ' G13 ' -
“x =D - ) of = |,
™ — R |—»
s G12 R90
—
Gli
—
on I"T_J PO
» NO G10 ¥
\ B »l RO | uicn
L/ s J |semno
36" 3__ A R35
™ M3s
T10
HISP A BUFFERS R36
HIGH
SPEED 1
N40 » >
| 36 B
;D NT5 R71
TI3 Mao P1 4
™ M75
Ti2 Hardware Trng.
VHISP BUFFERS

CRAY X-MP/2 3DD MODULE BLOCK DIAGRAM

A-6385 R.N.S.



000
I
007
010
L80 1 | ‘
LOW SPEED 0 8/ 017 N\ 32
172 - 81 (10) N 020
8DATA +2PARITY| Ls9 N— | r__J
027 P4
030
|
037
[ 037 ]
Q RO
040
I 36
047 > S— —» TO 3DE
050
190 LA~ | ‘ Q3s R35
LOW SPEED 1 g/ 057 N\ 32
182 - 91 (10) N 060
8 DATA + 2PARITY| 199 N | r_-—J
067 PS5
070
[
077
P1
L \
3 16x4's 36
Lo = No
HIGH SPEED 0 36 1, 16z 4's 36'
10- 135 (36) MO N35
32 DATA +4 CHECKBITS | 135 P'(;_
M35 Bﬁ 3 T17
FF abbidss JR0e
A0-3  TI6
ADDRESS WRITE
ENABLE
T
o 16 x4's 36
X0
- N40
HIGH SPEED 1 36 > 16 x 4's 16’
136 - I71 (36) M40 NTS
32 DATA +4 CHECK BITS | X35 plz_
M75 Dﬁ 3 t. T19
FF adoiess JTE,
co-3 TI8
ADDRESS WRITE Hardware Trng.
ENABLE A6365 AN.S.

HTV-0242

CRAY X-MP 3DJ MODULE BLOCK DIAGRAM

26-1D CRAY PROPRIETARY

\Wv./'



CRAY X-MP

LOSP 0 INPUT
LOSP 0 OUTPUT
LOSP 0 MCU CONTROL

LOSP 1 INPUT
LOSP 1 OUTPUT

LOSP 2 INPUT
LOSP2 OUTPUT

LOSP 3 INPUT
LOSP 3 OUTPUT

I0S

IOP 0 LOSP/NSC MUX OUTPUT CHANNEL 21
IOP (0 LOSP/NSC MUX INPUT CHANNEL 20
IOP 0 MCU CONTROL CHANNEL 20/21

:] LOOPBACK

:] LOOP BACK

Hardware Trng.

:] LOOP BACK A-6370 R.N.S.

CRAY X-MP/216 LOW SPEED CHANNEL CONFIGURATION

HTV-0242

26-1E

CRAY PROPRIETARY



CRAY X-MP

HISPO IN

HISPO OUT

HISP 2 IN

HISP 2 OUT

Al
A2
A3
A4
AS

108

IOP 0 HISP INPUT 00 - 23

IOP 0 HISP INPUT 24 - 47

IOP O HISP INPUT 48 - 63

JOP 0 HISP INPUT CONTROL

IOP 0 HISP IN/OUT ADDRESS EXPANSION

IOP 0 HISP OUTPUT 00 - 23
IOP O HISP OUTPUT 24 - 47
IOP O HISP OUTPUT 48 - 63
IOP 0 HISP OUTPUT CONTROL

IOP 1 HISP INPUT 00 - 23

IOP 1 HISP INPUT 24 - 47

IOP 1 HISP INPUT 48 - 63

I0P 1 HISP INPUT CONTROL

IOP 1 HISP IN/OUT ADDRESS EXPANSION

IOP 1 HISP OUTPUT 00 - 23
IOP 1 HISP OUTPUT 24 - 47
IOP 1 HISP OUTPUT 48 - 63
IOP 1 HISP OUTPUT CONTROL

Hardware Trng.
A-6369 R.N.S.

CRAY X-MP/216 HIGH SPEED CHANNEL CONFIGURATION

HTV-0242

26-1F

CRAY PROPRIETARY
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Crc0-AJH

CPUAB
EN'I‘ERCAQUABI
ENTERCLCPUA.BI

CLR INT. O’UABI
GO0 CPUAB

IDH
HOYOS

INSTRUCTION
CONTROL

K20 PUAB
LOWER CPU INSTALLED
S TA A,

08 CONFLICTCPUAB,

EXT. DEAD DUMP.

EXT. roM.C

BXT: READY CH. 10,12
EXT. READY OHf. 14,16,

X7 DISCONNECT 10,12
BXT——DISCONNECT 1416,
1p8_ACK. REF. CH. 10,12
06 _ACK. REF. CH. 1416
ny _PARITY ERROR 1012
3DpyPARITY ERROR 1416_
304308 CA = CL. CH. N0 1012
1DA.208 A = CL L NO. 14.16

9¢

1012

CHANNEL
CONTROL
1012

INSTRUCTION

14,16

416

AV IHR-dOdd AVED

X-MP/2 INPUT CHANNEL BLOCK DIAGRAM

DATAIN 10.12 ARITY
- 0, PARITY ERROR 1012,
CONFLICTS ol .
30 e b
HIIS
INPUTS 308 MEMORY ADDRESS 2028 0 ADDRESS TO MEMORY uf":""“n“ DATATO
READ ADDRESSLOWER PUAB ] 108 | GORER. na 29.223 34D DATA [ MBMORY
> I
CH.SEL READCA & CL2%2' cyaB B0 I SRR CIH NO, 1012
> = —
CH. SEL. WRITE CA & . 2021 g e oy o 308
SEL AL U0 -~ cc: = INPUTS 30 | 0ODBYTES H1
DS/DD MODE _ [ Bom CATOCRUAS CHANNEL
—— CA&CL JARY
ENTER CL LOWER - CHANNELS [ACK REECRNO.Jo12 o ead
ENTER CA LOWER g 10113223 | conFLICT o DATAIN 10,12 (GENERATION
» EXT e
g
REFERENCE 10,12 ' MEMORY CONFLICTS AC CONFLICT ol aop—CONELCTS o) B
Pee—— T T p—— || [Rer.arwo.sormvm
INTERRUPT 10.12 o8 sy _A020-28CPU AB L
SAN2T2CUAB
CLEAR €1 1052 o8 — R ot 1013 ] CARRY FROM 2 CATOCPUAB,, \\p, CHANNEL
| SAMPLE PARCEL 10,12 UPPER Ch- » 106 CACL o ipn pouT | DATATO
| SAMPLE PARGEL 10,12, o0
RESUME 1012 cr DaTA | MEMORY
- EXT | MODULES G NO. 1012
INTERRUPT CPU A . o
ERROR FLAG CPU A
[ERRORFEAGCPUA _ o: 4pp CONFLICTS INPUTS 306 | BVENBYTES | o\ prry priron 10820 e
PPy
s, A0 228 cruAB
READ ADDRESS UFPER CPU A
CH. SEL READ CA & CL2%2) cru A B
'CH. SEL WRITECA & 1, 202! g
308,3DA
SEL Ak CPU O >\ Ty
D§/DD MODE T2
ENTER CL UPPER ey DATAIN 1416 ARITY ERROR .16 o o1
ENTER CA UPPER ID8 o SONFLICTS | Iy
> 13
INPUTS 300 MEMORY ADDRESS 30-28_ 510501, ADDRESS TO MEMORY mnmn DATATO
MEMORY CONFLICTS 308 | GO REFERENCE 1o 2%-223 3D DATA | "MEmony
[ GOREFERENCE
san, ~A0D-28CUAB “m" GOWRITE ne CH NO. 14,16
— T, R L
DB
REFERENCE 14,16 - o KEFERENCE CH. 14,16 oy
INTERRUET 14,16 30E INPUTS 308 | EVEN BVTES
=
CLEAR CH. 14,16 LowER cArq CATOCPUAB IARY m"’“ﬁ?‘
SAMPLEPARCEL 1816 o o\ ooy CHANNELS | ACK.RER.CHNO.MJ36 _ . SEDm [ 38
RESUME 1,16 BXT MODULES w6y foowrder | ., T PATAIN 1416 GENERATION
NTRRUPTCRUA AC CONFLICT ey 0 ONELICTS pr
ERROR FLAG CPU A - — REFERENCS CH. NO. SLOT TIME TS
——— "
CARRY FROM 23 X CATOCPUAB
P CHANNEL
CA-CL - cA=Q. N neur | | _DATATO
DATA MEMORY
CHLNO. 14,16
INPUTS 3DH
CONFLICTS INvuts 3pa | ODDBYTES fpapiTy ERROR 14.16 08
A R e
v 7
g A 2B CUAR
Hardware Trng.
A-5167A PLN.







1
Q
[\
o
0 58
MEMORY ADDRESS 2028 _ . o 1y
GO REFERENCE 3AG ADDRESS TO MEMORY 25- 23
INPUTSIDH | 3DA
CONFLICT | Ho2/0
9 n
2
Pon— 3 f = 2
on =l 3ARY ’ %Bb 3ARS
; = -
(A} CPUAB WO | ENTER CA LOWER CA & CLFOR 3ARY A2 PR [ acvs > PO
CHANNELS ———" 3004
ENTER CA CPUAB m&m“ ENTER CL LOWER 1011,12,13 ACK. REP.LOSPL 10111213
ENTERG.CPUA.B. 113 SELECT Ak CPUO > ACK. REF. LOSP 3 g
CLR. INTERRUPT CPU A.B DS/DDMODE REF. CH. NO. SLOT
e > SLOT COUNTER| e >
GO 033k CPU AB CH. SELECT WRITE CA & CL 20 2! > CARRY FROM 28 |
k20 CPU A,B CH. SELECTREADCA & QL B2 CPUA AL
BT 1/0 MASTER CLEAR CH. SELECT READ CA & CL 2021 CPUB 30D
— e e ot
DRAD DUMP READ ADDRESS LOWER CPU A T T
ARt A Ay
LOWER CPUINSTALLED | READ ADDRESSLOWER CPUB REF. CH. REF. CH. A 292D g 0B
o ;41% 11 NO.13 CPUA oUB
R
W INSTRUCTION
1pp SONFLICT CPUA mmn;.ra o
= 2
1pa CONFLICT CPU B CHANNEHL ADDRESS TO MEMORY 20. 28, o
—_—
CONTROL 3aQ-~MEMORY CONFLICTS GO REFERENCR 3G ADDRESS TO MEMORY
n
| GO WRITE >3AG P.2 3AD
INPUTS 3DH
INPUTS 3DH D8 —covaier™ 3DA
’ TO001 3pp —CONFLICT | 0208
pxr RESUME CH. NO. 11,13 ACK. REF LOSP 1 00
———— e s
ey RESUME CH. NO. 15,17 READ ADDRESS UPPER CPU A 20 2% JACK. REF LOSP3 300 - pid 2B ea=cL DD
e r—————— S LT
| READ ADDRESS UPPER CPUB CONFLICT D A CATOCRUA . o0
f—— > >
O SELECT READ CA & . 20 2 CPU A =2 ACCONFLICT _ a CATOCMUB, ...
>3 P
STRUCTION |-G SELECT READ CA & €1 2021 CPU B CA TO CPY A AR SET ACTIVE 004
P — —
CONTROL, CH. SELECT WRITE CA & CL 292! > CARCLFOR |caTOCPUR CA & CL FOR
CHANNELS 1507} sg1 5CT A CPU O CHANNELS 3AR’ CHANNELS
SELECTALCPUO 14,15,16,17 REF. . NO. SLOT 14,15,1617
DS/DD MODE > CARRY FROM 28 o
L ENTER CLUPPER
| ENTER CA UPPER 2028 crUA ch-a #3DD's
Ak 20 28cpun o
| ' REFERENCE _T REFERENCE
RESUMECH.NO.1L, 13 .\ CHANNEL NO. 15 CHANNEL NO. 17 o . Y
Ak 29-28 Ak 29.2
RESUMB CH. NO.15. 17 . D) ano CPUA cpu2 B

AJVIEEdOdd AVID

X-MP/2 OUTPUT CHANNEL BLOCK DIAGRAM

DATA OUT CH. NO. 11

309 _ACK. REF. LOSP 1 3DD
’ Ho809 | paTA OUT CH.NO. 13
3DA3DB CA=CL. NO3 o, oy
2Da SETACTIVENO. 11 INTERRUPTNO.ML o
3pg SLEAR IN'I'ERRUP‘I,‘ mn- ERROR FLAG NO. 11 » 3D
30e - DISCONNECT £t
CONFLICT
3DB EXT
OUTPUT | MASTER CLEAR
CHANNEL EXT
conTRoL | PARCELSELECTNO. 11 -
3pp PARCEL SELECTNO. 11 _| | SAMPLEDATANO.I . o
PARCEL SELECT NO. 13 INTERRUPT TO CPU A
D MR E Ao 1] N s o= sy
30D ~SAMPLE DATA NO. 11 T | TeRRUPTTO CPUB.
SAMPLE DATA NO. 13 REF. CH. NO. 1t 08
p—
3vA DATA FROM MEMORY HOONL
RESUME CH.NO. 11 ___ | EVEN BYTES
3B ACK. REF. LOSP3 3pp |-DATAQUT GLNO. 13
DAIDE CA=CL HIO/11 | DATA OUT CH.NO. 11
a4 SETACTIVENO. 13 INTERRUPT NO. 13 e
3mw+—m’“"’z. outpur | ERRORFLAGNO.13 .,
spy——Li2 ] DATA | READY EXT
CONFLICT, DISCONNECT
EXT
snpPARCEL SELECTNO. 11 | OUTPUT | MASTER CLEAR
TP ———— 11 KT
3ppPARCEL SEECTNG. B3] rney | PARCEL SELECTNO. 13
Ipp—SAMPLEDATA NO. 11 SAMPLEDATANO.LY
3nD—SAMPLE DATA NO, 13 INTERRUPT TO CPU A
™ a1, N0, 11,3 INTERR e bind
34, -DATA FROM MEMORY -
RESUME CH. NO. 13 REF. CH. NO. 13
I == copBYyTES [ oot
aDA3DE CA=CL 3pD |RER.CH.NO. 1S
108 ACK_REF.LOSP 1 T899} DATA OUT CH.NO. 15 -
3DA —SET ACTIVENO. 1§ DATA OUT CH.NO. 17 -
————e e
3DE . CLEAR INTERRUPT REF. NO. 15 vy
H ———————’ _——-—_.
k20 DATA | INTERRUPT NO. 15
IDH K20 D8
08 CONFLICT ERROR FLAG NO. 15 o1
———— e f——
PARCEL SELECTNO.15 | oUTPUT [reaDy
30D
CQUANNHL [ = i EXT
3pp PARCEL SELECTNO, 17 ] CHAIWEL ['iysoonmrer T
100 SAMPLE DATA NO. 15 MASTER CLEAR BXT
10D~ SAMPLE DATA NO. 17 PARCEL SELECT CH. NO. 15 3pD
pm e e e T
VA DATA FROM MEMORY _ | CH. NO. 15,17 | SAMPLE DATA CH. NO. 15 0
e —————
20. 263 EVEN BYTES
s INTERRUPT TO CPU A a1
3py —RESUMBCH. NO. 13} vy pyTes | iNTERRUPT TO CPU B -0
- 3DD | REF.CH. NO.
IDB3DA CA=CL Tiont REF.CH. NO. 17
308 . ACK. REE. LOSP 3 | DATA OUT QI NO. 1§ BT
3DA — SETACTIVENO, 17 DATA OUT CH.NO. 17 EXT
— e e e ——
3DH — CLEAR INTERRUPT OgAn_"_l{r REF. NO. 17 D8
o™
- %2 INTERRUPT NO. 17 > 308
08 CONFLICT, ERROR FLAG NO. 17 o
——— U, e e —
PARCEL SELECTNO.15 | oureur [READY
30D CHANNEL ExT
3pp PARCEL SELECTNO. 17 ] CHANNEL [iyscomnecr > EXT
3D —SAMPLEDATA NO, 15 MASTER CLEAR g
SAMPLE DATA NO, 17 PARCEL SELECT GH. NO. 17,
3vp DATA FROM MEMORY_ly, NO. 15,17 | SAMPLEDATA GHLNO 1T o1y
29. 2% oppBYTES
INTERRUPT TO CPU A ny
e
stBS—UM!%IMO._I‘I. ODDBYTES | INTERRUPT TO CPU B ar
Hardware Trng.
A-5166A P.LN.



MEMORY

CPU 0

—

00125x% I0P
00113k
CPU 0 I/O PORT 00103k MIOP
033i5k | [ |- ----
BIOP
Lose |_ pIOP
P25 1 DU B R A A R R
rose [
10/11
HISP A -
INPUT/ A VHISP SSD
ouTPUT
CHANNEL 7
{(HISP INPUT
/OUTPUT)
------- B T IR G B R PORT 3
CHANNEL 7
(HISP INPUT
/OUTPUT)
HISP B
INPUT/ 1
OQUTPUT .
J
LOSP |_
16/17
LOSP
14/15
CPU 1
00123x
00113k A-19428
CPU 1 I/0 PORT 00103k
033ijk X2000S0206

CRAY X-IlIP I/O LAYOUT

L g -

26-4
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S

LOSP IDENTIFICATION

LOSP

10
11

12
13

14
15

16
17

CHANNEL #

CABLE
LOSP 0 INPUT 3DJ
LOSP 0 OUTPUT 3DD

CONTROL

LOSP
LOSP

LOSP
LOSP

LOSP
LOSP

1
1

2
2

w W

CABLE IDENTIFICATION

INPUT 3DJ
OUTPUT 3DD

INPUT 3DJ
OUTPUT 3DD

INPUT 3DJ
OUTPUT 3DD

HISP IDENTIFICATION

HISP A - 9 CABLES,

ADDRES

HISP A
PAIRS

HISP B
PAIRS

SING CABLE)

HISP 0

HISP O

HISP 2

HISP 2

EVEN
H12/13
H8/9

H12/13
H8/9

T™2/13
T8/9

T2/13
T8/9

DATA

ODD

H14/15
H10/11

H14/15
H10/11

T™4/15
T™O/11

T4/15
T10/11

(4 INPUT CABLES, 4 OUTPUT CABLES AND 1 EXTEND

CABLE

Al
A2
A3
A4
A5

B1
B2
B3
B4

BITS 0-23
BITS 24-47
BITS 48-71
CONTROL
CONTROL

BITS 0-23

BITS 24-47
BITS 48-71
CONTROL

CABLE

E1l
E2
E3
E4
E5

M
F2
F3
F4

BITS 0-23 .

BITS 24-47
BITS 48-71
CONTROL
CONTROL

BITS 0-23

BITS 24-47
BITS 48-71
CONTROL

INPUT

ouTPUT

INPUT

ouTPUT

3DJ

3DD

3Dd

3DD

ATA

DATA

EVEN

H12/13

H8/9

T™2/13

T8/9

ODD

H14/15

H10/11

T14/15

T10/11

X200050205



SLOT #

CRAY-XMP STRAIN RELIEF CHART

DESCRIPTION
LOSP O INPUT CHANNEL
LOSP O OUTPUT CHANNEL
LOSP 1 INPUT CHANNEL
LOSP 1 OUTPUT CHANNMNEL
LOSP 2 INPUT CHANNEL
LOSP 2 OUTPUT CHANNEL
LOSP 3 INPUT CHANNEL
LOSP 3 OUTPUT CHANNEL
HISP O INPUT CHANNEL
HISP O INPUT CHANNEL
HISP 0 INPUT CHANNEL
HISP 0 INPUT CHANNEL
HISP 0 IN/OUT CHANNEL

MCU CONTROL CHANNEL
ERROR CHANNEL A TO MICRO-MCU
ERROR CHANNEL B TO MICRO-MCU

Al
A2
A3
A4
AS

SLOT &

DESCRIPTION
HISP 0 OUTPUT
HISP 0 QUTPUT
HISP 0 OUTPUT
HISP 0 QUTPUT
HISP 2 INPUT
HISP 2 INPUT
HISP 2 INPUT
HISP 2 INPUT
HISP 2 OQUTPUT
HISP 2 OUTPUT
HISP 2 QUTPUT
HISP 2 OUTPUT
HISP 2 IN/OUT

26~-6

B
B2
B3
B4

E1
E2
E3
E4
F1
F2
F3
F4
ES



pe

BBe

HHe

EEe

ve

e

Hardware Trng.
A-6557 R.N.S.

CRAY X-MP 55 PIN CONNECTOR

HTV-0242 26-6A CRAY PROPRIETARY



IOS
XP1
XP3

XP4
XP5

Oo0Ooogaoop-

oOoooo
Oo0oooOoo
ooooo
onooog

O00gaOie
Oogow

Ooools

O Adjw
O dlo

OoOoooaag

ooooaog
R NEEREREEEREES

ocooo

O
0

Ooooo
oooo
ooOoog
O0oo
o0ooo

oo NLKXgE<COR® R

o o0
o o

a
O

O
oo

156 PIN CONNECTOR

X-MP SIDE

XP1

XP3
XP4
XP5

MALE SIDE

1/4 TURN
ON X-MP

* MOVEMENT OF CONNECTOR

+ MOVEMENT OF CONNECTOR

IOS HAS STATIONARY PIN

Hardware Trng.
A-6559 R.N.S.

CRAY X-MP VERY HIGH-SPEED CONNECTOR

HTV-0242

26-6B

CRAY PROPRIETARY

R



** 001201

** 001240

** 00114k

** 00100k

033100
0331J0

03314l

* %

I/0 INSTRUCTION SET

CL, Au Ak

CA, Ay AK

Al CI

Ar CA, Ay

At CE, AJ

CLEAR THE INTERRUPT FLAG AND ERROR
FLAG FOR THE CHANNEL INDICATED BY
(AJ); SET DEVICE MASTER-CLEAR
(OUTPUT CHANNEL); CLEAR DEVICE
READY-HELD (INPUT CHANNEL)

CLEAR THE INTERRUPT FLAG AND ERROR
FLAG FOR THE CHANNEL INDICATED BY
(AJ); CLEAR DEVICE MASTER-CLEAR
(OUTPUT CHANNEL)

SET THE LIMIT ADDRESS (CL) REGISTER
FOR THE CHANNEL INDICATED BY (Ay)
T0 (AK) '

SET THE CURRENT ADDRESS (CA) REGISTER
FOR CHANNEL INDICATED BY (AJ) TO (AK)
AND ACTIVATE THE CHANNEL

TRANSMIT INTERRUPTING CHANNEL
NUMBER TO A1

TRANSMIT ADDRESS OF CHANNEL (Ag) TO
A1

TRANSMIT ERROR FLAG OF CHANNEL (Au)
TO A1

PRIVILIGED INSTRUCTION - MONITOR MODE ONLY

.26-7



8-9¢

READY
DISCONNECT

MC.
DEAD DUMP
ENTER CA
ENTER CL

gy 60033
) —

DB —CONELICTS _ |

(EXD)
@)
)

3DH HOS/HO4

(3DH,
3pD)

CHAN. 14 - 17

CRAY X-MP LOSP CONTROL AND ADDRESS

3DA HO3/H02 29.223
UPPER BITS
==} /O ADDRS. TO MEMORY (3AD, 3AG, 3AQ)
3DB HOW/H00 20,48 BITS 0 e 21
_ LOWERCHANWELS .} LOWERBITS ‘
/.d [CATOAICPUD 4, (3AR, 3AS, 3AT)
— / CATO AL CPU | > (3AR, 3AS, 3AT)
CA AND CL FOR
CPU 1 CHANNELS 10, 11, 12, 13 REFERENCE » (3DA, 3AG, 3AQ)
ACKNOWLEDGE REFERENCE o_ (3. 3pD, 3D1)
CONFLICTS o (3DH, 3DA, 3DD,
.EN]BE:Z:: ® " 3DE, 3D¥)
ENTE ®
[ENTER CHAN. SEL. 0, 1 >
DS + DD MODE (3DH, 3DD)
[ CHAN, SEL 0.1 CHAN. 10-13
B CHAN. SEL 0, 1 ¢
[ JOCONFLICTS |
READ CACPU G Py GAQ
READ CA CPU | 3DA TO2/T03 29223
UPPER BITS
SAMPLE PAR. 10, 12, 14, 16, 3py) /.4 ADDRS. TO MEMORY (3AD, 3AG)
0.,8 CA TO Aj CPU 0
RESUME 10. 12, 14,16 3DB TO0/TO1 20.2 -~
NCE 10 ®&o UPPER CHANNELS LOWER BITS P> GAR, 345, 3AT)
| REFERENCE 10, 12, 14, 16 4, (3DB) - CATOAICPUL . (3AR, 3AS, 3AT)
ICLEAR INTERRUPT UPPER CHANNELS | REFEREN
ome, 0 &D’ ! cE # (3DA, 3AG, 3AQ)
ACKNOWLEDGE REFERENCE o,
[INTL.TOA+B = o (3DR) CPU 0 CA AND CL FOR (3DH, 3DD, 3DJ)
KO » (3DD, 3Di, 3DJ) CPU 1 CHANNELS 14, 15, 16, 17
RESUMETOOUTPUT o, (3pD) .
[CONFLICTS _, (3pA, 3DD, 3DE, 3DH, 3DJ)

[1/Q CONFLICTS __ 3AQ)

B-0675C



00115k
00105k

Kk
£

* PRIVILEGED INSTRUCTIONS

MONITOR MODE ONLY

(31R)

ENTER CA A, B

(315
(3AR)

ENTERCL A, B

AjBIT 20 23

DEAD DUMP

1/0 MC

Yyvvyvy

(3AR)

Ak DATA

3DH

HO04/05

R49 ENTER CL LOWER

3DA

R47 ENTER CL LOWER

ENTER CHANNEL SEL. 20 , 21

DS & DD MODE

CPU A/B SELECT

R41, R42

R50, ENTER CL UPPER

——

yvyyvyy

3DB

CHANNELS
10, 11, 12, 13

3DA

R48, ENTER CA UPPER

LOADING THE CL. AND CA REGISTER

(3AR) Ak DATA

1. Execute a 0011jk instruction to load the CL register.
Executing a 0010jk will load the CA register.

2. Ajis decoded on the 3DH to enter CA/CL in the upper/lower channels.
Ajbit 22 and 23 select upper or lower channels. Aj bits 20and 2!
becomes enter channel select bit 20 , 2%,

3. Enter channel select bits 20 , 21 will select 1 of 4 channels within the group.

4. Ajbit22, 23 with enter CL/ CA will become enter CL/CA lower which will
select the lower 4 channel while enter CL/CA upper will select the upper 4 channels.

5. The 3DB/3DA will decode the enter channel select bit and select 1 of 4 channels
and load Ak data into the register. CPU A/B select will load Ak valve from either
CPU 0 or CPU 1.

6. CL register is held until it is over written.

7. CA register is incremented each time Reference Valid comes up.

S—

P>
P>

3DB

CHANNELS
14, 15, 16, 17

CRAY X-MP/2 LOAD CA/CL REGISTER, DS & DD

26-9
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10.

DEAD DUMP MODE
DEADSTART/DEAD DUMP MODE

:DD DELAY WC N DELAY
WC =

N = 1 PREVENT AN EXCHANGE

SET CPU MC AND I/O MC.
DROP I/O MC.

DROPPING I/O MC SET INPUT CHANNEL ACTIVE.

= 1 to 1000
1 to 1000

TRANSFER UP TO 1000g WORDS TO THE LOWER 1000 WORDS OF CRAY

MEMORY .

DROP CPU MC WHEN TRANSFER IS COMPLETE; IF N=1 CPU MC WILL NOT

DROP, THEREFORE PREVENTING AN EXCHANGE.
WAIT FOR TIME DELAY TO EXPIRE.

SET CPU MC AND I/O MC.

DROP I/O MC AND SET DD; DEAD DUMP PREVENTS CHANNEL 10 FROM GOING ACTIVE.

SETTING DD CAUSES CRAY TO OUTPUT 1000 WORDS.
a) DD ACTIVATES THE OUTPUT CHANNEL
b) CA=0
c) CL=0

GO TO LINE 1

CPU MC | E }éif/

N NOT SET

s

1/0 Mc | |

DD

TRANSFER MCU DELAY TRANSFER CRAY
WC TO CRAY MEMORY TO
MEMORY MCU 1000-1777
00-(WC-1)

I/O0 MC - TEST POINTED ON 3DH T.P. A29 TERM MO6
ACTIVE - CHANNEL 10 ON 3DH T.P. B53 TERM SO02
CPU MC - TEST POINTED ON 3DF T.P. A33 TERM DOO

26-1C
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DEADSTART SEQUENCE

1. Set I/O MC and CPU MC.
A) Setting I/0O MC will set:

CA=0
CL =0

2. Input channel goes active when I/0 MC drops.
3. Send CA to memory. Reference valid time increment CA register by 1.
4, Stop if:

A) CA =CL
B) Error
C) Disconnect

5. Write 60005 words to memory for IOS or 4000, ‘for MCU.
6. Drop CPU MC:
A) Force an exchange with memory location 0-17g4
7. Execute the program.
8, Monitor in the CPU, monitor has control of the‘machine.

9, Depeﬁdent on the monitor, monitor control I/0 interrupt or never do
another exchange.,

10. With interrupt driven monitor now exchange from 160-177.

11. With monitor program send 6000g words to the IOP and cause exchange
to 160-177.

M CRAY RESEARCH, INC.
26-11 COMPANY PRIVATE



LOSP CA REGISTER

3DB'S  HO0/01- HO0/01- HO0/01- HO0/01-
T00/01 T00/01 T00/01 T00/01
CHANNELS 10 & 14 11&15 12 & 16 13 & 17
BIT TP. TERM TP. TERM TP. TERM TP. TERM
2°|__ B coo BB cCo0 B 0 B Ced
'"|__ B3 cou B® <1 BE G B}w Cel
22| ___ B2l €02 B22 C2 B39 Ca2 B2 C62
2| __ 3@ c3 BO 23 B3 OB B3 6
*{——_ B2 co4 Bo6 C4 B CH4 Bis &
25— B0 €05 B4 C25 B4T C45 B8 C65
2°| __ A0 cCos A0 C26 A8 Ca#6 AD <66
2"l _A®B co7 A6 €271 A6A G4 AW Tl
2 | — A2 co8 A €28 A3 Ca8  A3T  Ces
3DA'S  HO2/03- HO2/03- H02/03- HO02/03-
T02/03 T02/03 T02/03 T02/03
CHAN. 10& 14 11 & 15 12 & 16 13& 17
2° |__ A3 €00 A8 C20 Al0 C40 A6l Co0
21 A4 co1 C33  c21 A3 C4l  A2A  Cel
2 AD c2 AB 2 AD B AB e
22| ___ a6 co3 A4 23 A% C43 AM  Ce3
23]  A50 C04 A3 C24 A2l C44  AS1  Cod
2| ____ A0 cos AB® 25 A3 C4a5 BB oS
2131 A65 C06 A48 C26 A Ca6 A2 C66
26|  C67 cCo7 C10 €27 Cl4 C41 C27 C67
27| ____ TC50 co8 T68 (€28 CI3 Ca8 ©<C0 Co8
28  Co8 co9 C23 C29 Co06 Ca49 Ci18 C69
219 C25 cCl0 C3® C30 C31 C50 Ce63 CI0
2200 ____T52 «c11 T65 €31 C36 Cs51 <Caa Cit
22 Ca8 c12 Ta0 cCx2 G5 C52 C&2 Cn
22| A% c13 A5 ¢33 A4l G A& CB
2P| __ AW cu4 AB Cu AD CF AP TR
A-4108

26-12
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LOSP CL REGISTER

3DB'S  HO00/01- HO0/01- H00/01- HO0/01-

T00/01 T00/01 T00/01 T00/01

CHANNELS 10 & 14 11&15 12& 16 13&17
BIT TP. TERM TP. TERM TP. TERM TP. TERM
2| B0 Doo B3 D20 B5S7T D4 B56 DG
2'|{_ B3 po1 B33 D21 Bl D4l B13 Del
22| _ B2 D02 A66 D2 BS3 D42 BS§ D62
2| ___ B08 D03 B0z D23 B17 D43 BO7 D63
2|__T05 De TBO® Du BSS DE B TDH
25| __Bo4 D05 B30 D25 B54 D45 B24 D65
2|_ A% D06 A57 D26 A4l D6 A28 D66
27| _ A% D07 A@ D27 A3 DAT A6 D67
22 |__ A2 D08 A6l D28 A8 D48 A4 Des
3DA'S  HO2/03- HO2/03- HO2/03- H02/03-

T02/03 T0O203 T0203 T02/03

CHAN. 10& 14 11 & 15 12&16 13 & 17
2° | B7i D00 B62 D20 A® D4 A07T D60
2]  Be Dol Bs6 D2l AlS D4l Al7 D6l
2 BT D0Z B9 D22 All D42 Al3 D62
2% |_ B69 D03 BO7 D23 A® D43 A0 D63
231 Bé0 D04 B34 D24 A9 D4 A6 D64
241 ____ B53 D05 B3z D25 AR D45  AS4 D65
215/ BIS D06 B30 D26 A2 D46 A53 D66
26 D71 D07 D49 D27 - CO7T D47 C17 D67
27| _ D6 D8 Da7 D28 CIl D48 C21 D68
2| D53 D09 D43 D29 C09 D49 C2 D69
29|  Dé Do D4l DO €0 DO €41 D70
2201 ____Dea Dil D39 D31 C39 D51 C43 D71
22|___ Ds1 D1z D45 Dz C4 D52 C37 DR
22| ___Besa DI3 B54 D33 A3 D53 A37 D73
2P| __ P5§ D4 Bos D4 A3 D54 A6 D4

L ;
N

' A-4108
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3SA MODULE

The 3SA module is used ina CRAY X-MP/1 to replace the 3AO and 3AP modules that would normally be in the lower CPU

of a two processsor machine. The 3SA module contains logic for address and control to memory.

- 3SB MODULE

The 3SB modules (four) contain logic to replace the 3AE and 3VA modules that would normally be in the lower CPU of a

two processor machine. The 3SB handles both data to memory from the 3DE module and data from memory to the 3DD
module for IO paths.

3ZE
3ZE
37E
3ZE
3DE
3SA

If there are no lower I/O Channels, (LOSP 14 - 17, HISP B or VHISP) omit the modules at locations T00 - T17, R20 - R27,

SECTION 0 ADDRESS 2% - 223

app VO ADDRESS 20 - 28 §§;§ » 3AX
' O ADDRESS 2? - 22 SECTION 1 ADDRESS 24 - 223
3pA Y 22 » 3AX
spp GO REFERENCE SECTION 2 ADDRESS 2% - 223 > 3AX
4,23
p GO WRITE o SECTION 3 ADDRESS 24 - 2 - 3AX
CPU 1 1/O CONFLICTS
3A0 / . GO WRITE SECTION - 3D
1/O REFERENCE SECTION 0- 3 o 3AQ
/O REFERENCEBANK BITS 2224 359
GO 1/O REFERENCE - 3AQ
1/O LOCKOUT > 0
PORTA & BSECTION SELECT2,2! _ ..+ .o
3SB R26/27
248,68 CHECK BITS 6,7
~_35B R24/25
232 247 CHECK BITS 4, §
3SB R22/23
216_,31 CHECK BITS 2, 3
SECTION 0 DATA o358 R20/21 | LOMEMORYDATA _ anr
SECTION 1 DATA . 20 .28 SECTIONODATA ___ v
SECTION 2 DATA - CHECK BITS 0, 1 SECTION 1 DATA o 37E
SECTION 3 DATA . SECTION2DATA __ _ 373
DATA TO MEMORY
o SECTION3DATA ..
PORT A & B SECTION SELECT 20, 21 .

and S4/5. Add 3DQ - 2 modules in the following locations: TO, T2, T3, T4, TS, T9, T11, S5.

CRAY X-MP/1 SIX COLUMN
CPU 1 1/O ADDRESS/DATA PATH

HTV-0242

SN 309 TO 332

26-14
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Written By:

John Spiegel

MTI Monitor

051ng :TB Mode - The TB mode selects the MCU Basic as the test mode by

default, The TB mode is frequently used for executing
the Cray diagnostics. The TB mode oversees on going
activity and expects the Cray to output to the MCU in a
specified amount of time., If not, the TB will display
a message saying "Time-out", "Write Hang", "Read Hang"
or "CPU Not Responding"”.

Monitor - Causes the Cray to output an image to the MCU of the activity
in the machine.

User - The user can be the diagnostic or scope loop. The user, utilizes
the machines hardware.

Master Clear/Deadstart - Adv, MC/DS

Deadstart Sequence

1« Set I/O MC and CPU MC
: a. Setting I/O MC will set.

Ca =0
CL

2. The input channel goes active when I/O MC drops.

3. Send 40005 words from the MCU to the lower 4000 address in Cray

memory.

4. Drop CPU MC when the transfer is complete. Dropping CPU MC causes
an exchange with memory location 0-17.

X3001s50103

26-15



A) Memory CPU
0
Monitors
17| DS XA pkg. Garbage
120 Current
137 XA pkg.
140 Initial
157 CA pkg.
160 Active/User
177 XA pkg.
200 User code
3777
B) Drop CPU MC when the 4000 word transfer is complete. Dropping CPU

MC causes an exchange with memory location 0-17g,

17

120
137

140
157

160
177

Memory

Garbage

CPU

Current
XA pkg.

Initial
XA pkg.

Active/User
XA pkg.

User code

Monitor's
DS XA pkg.

26-16
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C) . Monitor copies XA pkg. 120 or XA pkg. 140 to XA pkg. 160; by
default XA pkg. 140 to XA pkg. 160. If continue flag is set
monitor copies XA pkg. 120 to XA pkg. 160. Continue flag is set
by setting address 27 to a 1.

Memory . CPU

Garbage . Monitor

Current
XA pkg.

Initial
XA pkg.

Active/User
XA pkg.

User code

D) Monitor starts a 4000 word transfer to the MCU over the output
channel., Monitor then forces an exchange which puts monitor into
memory XA pkg. 160 and the user into the CPU.

CPU
o P
Garbage o User

17

120 Current

137 XA pkg.

140 Initial

157 XA pkg.

160 Monitor

177 XA pkg.

200 User code

X300180105

26-17 ,



E) User starts executing code starting at P register address which is
200-0. Also, the output channel continues outputing to the MCU.

0
. I/0 Garbage
MCU : 17
1.2.0 Current
137 XA pkg.
140 Initial
157 XA pkg.
160 Monitor
177 XA pkg.
200 User code

CPU

User

Execution

F) I/0 interrupt occurs when CA=CL or 4000 word transfer is complete.
I/0 interrupt causes a disconnect on the output channel. I/0
interrupt also causes an exchange which puts the user XA pkg. into

memory at address 160-177.

into the CPU.

Monitor XA pkg. is then transferred

CPU

Memory

MCU 0
I/0
Disconnect

17

120 Current

137 XA pkg.

140 Initial

157 XA pkg.
160

177 | User XA pkg.

User code

26-18
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XA pkg.
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G) While the monitor is in the CPU it will copy exchange package 160 to
XA pkg. 120, Monitor will then activate the output channel to
transfer 4000 words to the MCU. This allows the user to observe the
activity of the machine at the time the I/0 interrupt occurred.

Memory CPU
0
_I/0 Garbage Monitor
MCU | 17 XA pkg.
120 Current
137 XA pkg.
140 Initial
157 X2 pkg.
160
177 User XA pkg.
200 User code

H) Monitor forces an exchange which puts the user XA pkg. back into
the CPU. 2and monitor's XA pkg. in XA pkg. 160. This sequence
reverts back to step E or until a MC is set from the MCU.

Memory CPU
o K
Garbage " | user xa pkg. Execution
17 >
120 Current
137 XA pkg.
140 Initial
157 XA pkg.
160 Moni tor
177 XA pkg. B
200 User code

X300180107
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DATAIN 10,12
_— 012 PARITY ERROR 1012 .
4 SONELICTS .
H14/18
D! 0.8
INPUTS3DH . MEMORY ADDRESS 2028 Annnssmgmrgon= GHANNEL DATATO
e B | GO RER o 3DA 29-2233AD DATA o
READ ADDRESS LOWER u;u 1A.B > Hoomt [ » 3AG Hom CH. NO. 10,12 MEMORY
(A))CPUAB,_ i |[CLSELREADCA&CL202' PUAB 20 28 WRITE > G 29 B —
ENTER CA CPU AB HO40S | CHL SEL. WRITE CA & €1.202!
> CA CA H1617
> | 3pBIDA INPUTS3DH | ODD BYTES
ENTER CL CPUAB SEL. Ak CPUO 2\ Bt @ a »
> poes CATO CPUAB - AR CHANNEL
CLR INT. CPU A.B DS/DD MODE - ARG > IARS cAac 0.7
ACK. REF. CH. NO. 10,12 MEMORY 17 -2 o 3AH
GO0I3CPUAB | INSTRUCTION |ENTER CLLOWER L CHANNELS . 21012 apn CHANNELS SECDED
0 > 10,11,12,13 10,11,12,13 DATAIN 10,12
K20 CPUAB CONTROL ENTER CA LOWER o CONFLICT » 3D EXT. 0, > GENERATION
NSTALLED CHANNELS > CONFLICTS
LOWER CPU INSTALLED 1012 AC coNFLICT + 308 LE———— oy
DB CONFLICT CPU A,B 304 MEMORY CONFLICTS i REF. CH. NO. SLOT TIME
—_— e e
(A0 20-28CPUAB CARRY FROM 28 CATOCPUAB \
3AR’s | PP CHANNEL
. CH. 10, cA=CL CA=CL o
EXT. DEAD DUMP, . 3DH REF. 12, » 3DH 'y yY # 3DH INPUT DATATO
ToMC, DATA MEMORY
EXT . CH. NO. 10,12
: READY CH. 10,12, READ ADDRESS UPPER CPU AB Ny
EXT- READY CH. 14,16, CH. SEL. READ CA & (L2921 CPUAB _ INPUTS3DH | 5
DISCONNECT 10,12 INSTRUCTION | 1y SEL. WRITE CA & C1.2021 CONFLICTS | mNpuTS 3DH | EVENBYTES | 4\ prry ERROR 10,12, 3DH
EXT— 2 CONTROL | 1DBIDA 2228 cpuaB o
T DISCONNECT 14,16, SEL. Ak CPUO > b Toomr AR e
14,16 DS/DD MODE g TRAS
ENTER CL UPPER
ENTER CA UPPER -
> 1416 ERR
lwww Y ] DATAIN o PARITY ERROR 1416 .
ACK_REF. CH. 10,12 ~CONFLICTS |
8 ACK. REF. CH 14,16 p— R “23?;
DB ——————————
PARITY ERROR 10,12
3D 8 CHANNEL
anus PARITY ERROR 14,16 INPUTS3DH MEMORY ADDRESS 20-2 > 3AG3AD ADDRESS TO MEMORY DATA TO
= 9
spa 3p 4.5 G G NO 102 3aQ MEMORY CONFLICTS 0B GO REF, > IAG 3DA 29.223 3AD _ DATA MEMORY
CA = CL CHL NO. 14,16  (A20-28CPUAB 1000t 166 wrrTe _ 1023 CH.NO. 14,16
3DA3DB 3ARs 20 8 & 3AG »9 23
y 2 2 3DE
REF. CH. 14,16
3DH CA CA Ti6/17
. INPUTS 3DH | | EVEN BYTES -
REF. 10.12 - = =
== 10 $3DB CA TO CPU AB > 3ARS CHANNEL .37
spH | DNTERRUPT 10,12 > 3DE cAxa ACK REF. CHL N > cAacCL MEMORY -2
> . 0. 14,16 |2 - 3AR
HO4L05 CLR CH 10,12 . C.H?sNNEI.S & 3DH Mj Nm_, SECDED
> UPPER 14,15,16,17 CONFLICT o 14,15,16,1 DATAIN 14,16 GENERATION
INPUT CHANNEL | sAMPLE PARCEL 1042+ \ cpyy rpw—— - 3D- EXT: > >
iRl
ComTROL | resume 1002 f MODULES SLOT COUNTER NELL » 3DH 3pp—ONFLICTS o) n
h > ‘ REF. CH. NO. SLOT TIME T4
INTERRUPTCRUA g 3ns ) — | CARRY EROM 28 CATOCPUAB .
ERRORFLAG CPUA Py > —bm 3AR's CHANNEL
f—_—— e - -
. - 3DH r i #3DH INPUT DATATO
DATA MEMORY
CH. NO. 14,16
REF. 13,16 #3DB INPUTS 3DH
INTERRUPT 14,16 —_—
3DR app CONFLICTS INPUTS 3DH | OPD BYTES § 5\ piry ERROR 14,6, D8
mpgg m:sm. CLR CH. 14,16 >0 | 1o - 29223 cPu A |
1N4.11Rs SAMPLE PARCEL 14,16 oy { }%.m —_—
RESUME 14,16 T ULES
INTERRUPT CPU A
3DJ Hardware Tmg.
ERROR FLAG CPU A 3D A-5167 P.LN.

X-MP/2 INPUT CHANNEL BLOCK DIAGRAM



MEMORY ADDRESS 20- 28

~p= IAG,3AD
GO REF. 1 .23
= IAG ADDRESS TO MEMORY 2%°. 2
3AQ MEMORY CONFLICTS GO WRITE »3AD

l"—————. 3JAG

INPUTS 3DH p— INPUTS 3DH oA 08 _ACK. REF. LOSP 1 30D | PATA OUT G NO. 11
IEPUTS SDH —_— | DA A O > EXT
0. ,8 -
aag Ax2%-28CPU A HOOP1 2> CONFLICT H203 3DA3DB CA=CL w809 | DATAQUTCHNO.13 |
0,8 : ] SET ACTIVE NO. 11 INTERRUPT NO. 11 E
ap Ae2%28cuB o . 5 - 3DA = e
—_—> CONFLICT 2 2
2 . > 1D. 2 = T nmmmrg ouTPuT . | ERRORFLAG NO. 11 ant
AC CONFLICT READ
ro W——A—D D CL M’ JARY SM{——ucr. DATA Y —= EXT
U CONFLI DISCONNECT -EXT
IDH | CATOCPUA __ .2y CATOCPUB_ . .. 8 o SO .
(Aj) CPUAB ENTER CA LOWER L - CATO CPU B 3ARY CA=CL _— MASTER CLR. >
ENTER CA CPU AB > CA & CLFOR CA&CLFOR | gpracnivE CHLANNEL PARCEL SELECT NO. 11
INSTRUCTION ENTER QL LOWER - CHANNELS CHANNELS j—————» 3DD% CONTROL  |———————13pp
ENTER CL CPUAB __ CONTROL SELECT Ak CPUD g 10,11,12,13 ACK. REF. LOSP 1 . 10,11,12,13 spp PARCEL SELECTNO. 11, SAMPLEDATANO. 1L
CHANNELS 11,13 > ACE. REF. LOSP 3
CIR. INTERRUPT CPU A8, DS/DD MODE g oADE ‘ D spp ZARCELSELECTNO.3 | | MERRUPTTOCRUA .y
GO 073ijk CPU AB | CH. SELECT WRITE CA & CL 292 o ¥ momn SLOT COUNTER m.mxo.sn:rr DD —SAMPLE DATA NO. 11| INTERRUPTTO CPUB___ -
% cPuAB CH. SELECTREAD CA & CL 202! cPUA HOXHD CARRY FROM 2 pp —SAMPLE DATA NO. 13 REF. CH. NO. 11 308
1/0 MASTER CLR. CH. SELECT READ CA & CL 2921 CPUB _ CA=CL DD 3vA _DATA FROM MEMORY Ho0p1
DEAD DUMP,_ READ ADDRESS LOWER CPU A _ T f T NG 1
LOWER CPUINSTALLED | READ ADDRESS LOWER CPU B > z ——
> REF. CH REF. CH 9. 9,8
No.11  NO.13 ‘;UZA 2 et 2
3DD 3DD -
DB ACK. REF. LOSP 3 DD |_DATA OUT CHL NO. 13
INSTRUCTION 1DADB CA~ HI/11 | DATAOUTCHNO.11
SET ACTIVE NO. 13 INTERRUPTNO. 13___
CONFLICT CPU A DECODE 3pA S AT - 3DE
IDB = A INPUT D5 LR, INTERRUPT OUTPUT ERRORFLAGNO. 13 .
CONFLICT CPU B CHANNEL — o> READY >
B i DATA > T
CoNTROL 0_28 i CONFLICT ' DISCONNECT _
ADDRESS TO MEMORY 20.28 .\ ..\, o8 . SCO -ExT
MEMORY CONFLICTS GO REF. _ ADDRESS TO MEMORY __ PARCEL SELECT NO. 11 OUTPUT MASTER CLR. _
SAQ o 3AG 553 > DD e ety CHANNEL = BEXT
GO WRITE 3AG 2.2 3AD 3p PARCEL SELECT NO. 13 CONTROL PARCEL SELECTNO. 13__
SAMPLE DATA NO. 11 SAMPLE DATA NO. 13
RESUME CH. NO. 11,13 INPUTS 3DH 8 JNPUTS SDH, DA 3o s TANO. 13 RO U A 0
BXT > — INPUTS 3DH _} AMPLE DATA NO.
oy RESUME GHL. NO. 1517 READ ADDRESS UPPER CPUA _ 9 0001 3pp—ONFLICT 0203 D oy CENoLI3 ————;;—bzm
— At DATA FROM MEMO! - R INTERRUPT TC CP,
READ ADDRESS UPPER CPU B ACK REF.1OSP 1 -pD . 2 3VA Rhnc LA L 2 Y
P Y. 2 2 - REF. CH NO. 13
CH SELECT READ CA & CL2021 CPUA _ 20 28 |ACK REF.LOSP3_ . = [CA=C. DD 0DD BYTES : =gm
» CA TO CPU A
on  |CLSELECTREADCA& CL207'cPUB = CONFLICT ___ pp. o A e 3ARY
CONTROL | G SELECT WRITE CA & C1.2Q 2! > > ':;awmxm ACCONFLICT _ 5y c;-no clyun ARY 4oy RESUME CIL No. 13 |
SHT ACT
CHANNELS 15,17 | sELECT AKX CPUD CATOCFUA 2y [ SETACTIVE o DD
CA & CL FOR CATOCPUB CA & CLFOR
DS/DD MODE CHANNELS e 3ARY CGHANNELS
ENTER CL UFPER : 14,15,16,17 REF. t;_:{ F:g. su:r 14,15,16,17
» CARR M
ENTER CA UPPER 2
- SLOT COUNTER
0,8 i CA=CL
A20.28cPU A R
Ak 20_28CcPUB
RESUME CHLNO. 1. 13 ] T T
RESUME CH. NO. 15, 17
! &= 3DD's 2
Ak 228 Ay 5928
REF. G NO. 15 REF.CH. NO. 17 CPUA  cUB
3DAIDB CA-CL T 3DB3DA CACL, 3DD
DB ACK. REF. LOSP 1 DATA OUT CH. NO. 15 > EXT 3B ACE. REF, LOSP 3 T1011 | DATA OUT CH NO. 15 -
DA SET ACTIVENO. 15 DATA OUT CH. NO. 17 3pA—SET ACTIVENO. 17 DATA OUT CH. NO. 17 -
—_— e e > » EXT
3DH. CLR nmznxu:r_ °g}¥,{f REF. NO. 15 > 3DH CIR mntgg om REF. NO. 17 > 308
+DH ! INTERRUPT NO. 15 »3DE 3DH > INTERRUPT NO. 17 > 308
. CONFLICT ERROR FLAG NO, 15 G CONFLICT ERROR FLAG NO. 17 -
PARCEL SELECT NO. 15_ OUTPUT READY _ PARCEL SELECTNO. 15 OUTPUT READY =
DD ARCEL SELECT NO. 17 CHANNEL NNECT 2D B ARCEL SELECTNO. 11 CHANNEL »- EXT
30D - CONTROL 2150 » EXT 3DD Tyl  conmor RESCONNECT » EXT
. SAMPLE DATA NO. 15 MASTER CLR. o 30D SAMPLE DATA NO. 1§ MASTER CLR. -
+bp—SAMPLE DATANO. 17 PARCEL SELECT CH. NO. 15 200 3pp_SAMPLEDATANO. 17 PARCEL SELECT CH. NO. 17__ 30D
sva -DATAFROM MEMORY,_ | CH.NO.1517 |SAMPLEDATACH.NO.15 _ 30D 3va-DATAFROMMEMORY || cx1 NO. 15,17 | SAMPLE DATA CHL NO. 17 g 30D
29. 263 EVEN BYTES 29. 293 opp ByTES
EVENBYTES |INTERRUPTTO CPU A _ INTERRUPFTTOCPUA
RESUME CH. NO. 15 300 UME CH. NO. ODD BYTES > 300 Hardware Trng.
+DH CH. N INTERRUPT TO CPU B > DH RES NO. 17 INTERRUPT TO CPUB > 303 45166 PLN

X-MP/2 OUTPUT CHANNEL BLOCK DIAGRAM



0c-9¢

3DE| HI7/H16
AGO Tz'o'fﬂ

A63] [R63

R64

R71

0 &
| MEMORY DATA 2028 (14

0 7
CHECK BYTES 2" -2 » (3AB)

3DE | TI6/T17

A00 | JROO

A63] [R63

P
R64

R71

0 &
| MEMORY DATA 2028 | 345

0 7
CHECK BYTES 29 -2 (3AE)

DATA - ODD - PARCEL ol 307 I MEMORY DATA
XD 253 > H15/14 BYTES 1,3,5, &7
—
@Dl Zm:;i:,’ARCEL s ‘ 3DJ HI3/H12
10,12 1 10
DR :Z‘I;EI.:R CHANNEL 000 ] LosPo. ROO MEMORY DATA 2028
' 007 CEL I
o0 | LOSP1 =737
047 I
. DBy SONELICT
| MEMORY DATA
I BYTES 0, 1,2,4, &6
DATA - EVEN BYTES 020 )
(xm DATA EVEN YIS =1 LOSPO. 1 e | | PARITY BRROR LOSP 0.1 3y
001 1ospL 5 1 |
067
0
R G/CHANNEL BIT 2
GO DATA 00§ 1osPo I - ERROR FLAG/CHANNEL BIT2 . (3A5)
(3DB) s e 037 )
CONFLICT BN IPARCEL
(DB) oo jLoseL , ©
(3pE, IXTER CHAN. No. o R31
READ ERROR CHAN.
D) S e e
@Dt DATA ASSEMBLY
DATA, 8 BITS - EVEN BYTES 301 TIZTI3 MEMORY DATA
@XD PARCELS 0, 1,2, &3 BYTES 0,24, &6
—>]
(3DH) SAMPLE PARCEL 3DJ TI4/TIS
CHANNEL 14, 16
i
(DH) AR CHANNEL o0 froseo Roo MEMORY DATA 29 .28
L tearcet | |
00 JLosp1 3
047 I
L »] Io6] Lospo DBy SONELICT |
2, |
—“;% ',-‘3-“3,?-“: MEMORY DATA
| LOSP L BYTES 1, 3,5, &7
057 I
-0DD 020 | LOSP 0
@xn DATAL BTy 000 BYTES o [ | PARITY ERRORLOSP 0.1y ap)
cotoset T |
067
0
ERROR FLAG/CHANNEL BIT 2
(3DB) CODATA 2: | LOSPO I =S (3A)
omer 1 ke i PARCEL
ey f -y I i N
(D) INTER: CHAN. NO. o -
(3DH) READ ERROR CHAN.
DATA ASSEMBLY

C-0677F

CRAY X-MP LOSP CHANNEL DATA INPUT
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3DJ H12/13 OR T12/13 3DJ H14/15 OR T14/15

EVEN BYTES ODD BYTES
- CHANNEL 10 OR 14 CHANNFL 12 OR 16 CHANNFEL 10 OR 14 CHANNFL 12 OR 16
\?’; T.P., TFERM T.P. TFERM T.P. TERM T.P, TERM
20 | D67 ooo | B20 o040 |28 | BET 000 B20 040
2" | Des oor | Bis o041 {22 | BEY o001 B8 o4
22 | B72 o002 | B23 o042 |20 B2 002 B23 042
23 [ B0 o003 | Bz5 o043 [2'1| B0 003 B25 043
24 | B9 o004 | Biz o044 [2'2) __ B59 004 Bl2 044
25 | BBl oos | 576 oas |23| _ Fer oos B10 045
26 | B63 oos | B14 o046 {2'4| _ 'B63 006 B14 046
27 | me5 o007 | B16 o047 {23} __  BES 007 B16 047
26| AR08 o010 | AST oS0 [224| _  a08 010 A51 050
217t R10 on1 | RSz o5t |225) A0 o1 A52 051
218  ao3 o012 | Aa® o052 |226| = AO3 o012 A48 os2
219  Foa o013 | Aa6 o0s3 |227| _ Ro4 o013 Ad6 053
2200/ A6 o014 | A6O 054 228 16 o4 760 054
22| mi7 ots | mev oss [229 A7 015 A61 055
222| 12 oie | B55 o0s6 230 a2 016 a55 056
) . 223 Ala o017 | ®se  o0s7 |23V ____ Am1a 017 256 057
/') .
232| D67 o020 | D14 os0 {240 D67 020 D14 060
2331 T8 o21 | Dos o6 |24} _ Dpes o2 D03 061
234 D70 o022 | D05 o062 |242| _ D0 022 Dos 062
2351 D72 o023 | D27 oe3 [243| D72 o023 D27 063
236| D59 o24 | D29 os4 (24| _ D59 o024 D29 o064
237| D61 o025 | Do o065 (245 D61 025 D06 065
238|  De5 o026 | D1z o066 |246| DS 026 D12 066
239 Des o027 | B31 o067 |247| D3 o027 D3T 067
298|  TI0 o030 | T67 o070 [2%6| _ Ti0 o030 T67 070
249  T33 o031 | Te® om (257} _ 33 o3x T68 071
250  To6 o032 | C65 o072 (258 = C06 032 T65 072
2511  To8 033 | Te3 o073 |2%9}| __ C08 033 Te3 073
252|  Coa o3 | 52 o074 (2601  coa o34 cs52 074
253  To3 o35 | Ts9 o7s |281| _  CO3 035 TES 075
254  Tie o3 | Tz o076 [262| = Ci6 036 c72 076
25|  Tia o037 | T30 o077 (263} _  CTia 037 Ti0 077
5-1656

INPUT LOSP CHANNEL 3DJ SCOPE CHART

26-21
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3DA  T02/03

29 . 223
3DH  H04/05
B
{EXT) READY 3DB  TO0/01
cPU 0
(EXT) DISCONNECT 20 - 28
AND CHANNELS
(EXT) RESUME 14,15,16,17
CPU 1 .
SEL CPU FOR INTER
(EXT) (3D8) CONFLICT 3DA  H02/03
LOSPe
29 - 223 1/0 ADD TO MEMORY (3A
. VALID - G, 3AD, 3AQ)
CONTROL REF. VA B
(338) GO 033 .
REFERENCE 3DB  HOO/01%
REF. CHAN NUMBER
20 - 28 GO _I1/0 REF. (3aG, 3AQ)
(3a6G) 1/0 REFERENCE CHANNELS 1/0 ADDRESS TO MEMORY (3AG, 3AD, 3AQ)
10,11,12,13 CONFLICT (3DH, 3DB, 3DE, 3DJ)
(3aQ) 1/0 CONFLICT CA/CL REG.
!
(30g,303) READ INTERRUPT/ CA = CL
READ ERROR
ACKNOWLEDGE LOSP 0 MEMORY
INTERRUPT CHANNEL 10
PARLITY ERROR
GO DATA
"l 3p3g H14/15
INTERRUPT A+B IDE H16/17
CPU A+B INTER. (3HC,3HD)
e
(EXT) ODD_BYTES, DATA DATA, CHECK BITS
DATA
(3DH) READ INTERRUPT INTER, CHAN, 21-23
CLEAR CHANNEL 303 H12/13 (3a5)
(3DB) CONFLICT
SAMPLE PARCEL 10,12,14,16 INPUT INTER. CHAN. BIT 20
CHANNEL (3ard)
(EXT) _EVEN BYTES, DATA 10,12 CPJ A ERROR FLAG_ (3AS)
OR CHAN. BIT 2 3IDE  T16/17
(3DE) _INTER. CHAN. BIT 29
ERROR A
(3DH) READ INTERRUPT/READ ERROR
(3DB) CONFLICT
CHANNELS
14,16
3D T12/13
B-15958
LI T14/15

A\
CHANNET, 10 INPUTiﬁLOCK DIAGRAM
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3DH

ISSUE 0012jk
CLEAR PARCEL

3DH

ISSUE 00115k

COUNTER
FOO - FO1

WAIT 3DH

L INPUT
READY OR
DISCONNECT

DISCONNECT

@

c16 D34

LOAD CL REGISTER

3DH

3DH

TO 3DJ
RO3 B27
INCREMENT PK.

SEND SAMPLE PARCEL

SEND RESUME TO EXT.

SET CHANNEL ACTIVE

ISSUE 00103k
LOAD CA REG.
ci5 D55

502 B53

3DH

SEND REFERENCE
ROO 832

3DB

SLOT

TO 3DB
INCREMENT PK
z15 B41

3AG/3A0

WRITE REF. DELAY

CHANNEL
X00 X01

COUNTER EQUALS

REF VALID EO3
ON 3DA

<§>4— NOT CO1
I/0 REF. SEC 0-3

1/0 BANK BIT

CONFLICT

DISCONNECT
OR CA=CL

| prop REF. ROO
ON 3DH
DATA ON 3DE

D02

B32

3DB

YES

ACK. REFERENCE _
ON 30B R4 A30
GATE CA REG. DELAY |

(3DA, 30B)
GATE DATA FROM
(3p3)

GO DATA

L ROS HO4

RESUME TO EXT
ON 3DH

IF CA # CL

O

|___cowFLICT

CA+1 ON 3DA, 3DB
SEND ADDRESS

TO MEMORY -

CLEAF. CH. TO 3DJ

CLEAR OLD WORD

CONFLICT

3DH

SECTION ADDRESS ON
3ax

GO BANK ON 3ZF/3ZZ

DATA & C.B.'s

ON 3AE

GO WRITE ON 3AD

CAUSE I/0 CONFLICT
BY 3DB

CLEAR INPUT ACTIVE

502 B53 |
SEND INTERRUPT
TO 3DE RO1 B850

CHANNEL 10 INPUT FLOW CHART

26-23
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(3HC,3HD) _CPU A INT 10 CPU A

(3AS) _  CPU A ERRUR FLAG OR
-t

CHANNEL BIT 20

(JIIC,SIID)JIPU B INTER TO CPU B

(3As) , CPU B ERROR FLAG OR

3T HI4/15
__INTERRUPT CPU A (30D, 3DH)
<E:RRQR (30H, 30D)
| READ_INTERRUPT CHANMEL — (3DH)
READ ERROR (3DH)
-t
_INTER CHAN BIT 20 CpU A
D3 H12/13
INTERRUPT CPU B (3DD, 3D8)
-l e
READ INT (3DH)
o ————————————
I TV4/15
_READ ERROR (3DH)
-
ERROR (3DH, IDD)

CHANNEL BIT 29

RO

ot

INTER CHAN. BIT 20 cpu B

3g T12/13

(3AS) _ INTER CHANNEL BIT 21-23

1o ALL 1/0 INTERRIPTS ARE DIRECTED TOWARD A CPU THAT
HAS SELFECT EXTERNAL INTERRUPT MODE SET.

2. EVEN TUONGH SELFCT FXTFERNAL INTERRUPT MODE IS SET, THE
INTERRUPTS ARF DIRECTED TOWARD A CPU HOLDING ISSUE

ON A TEST AHD SET INSTRUCTION.

3. IF NEITHFR CONDITION 1
IN THE SAME CPU,

OR 2 ARFE TRUE OR BOTH FXIST
THE INTERRUPT IS DIRECTED TOWARD

THFR CPIY TUAT LAST ISSUED A CLEAR INTERRUPT INSTRUCTION

TO TIHAT CHANNFEL.

3IDE H16/17
CHANNELS
7 -17

(3DE) INT, CHAN., 11 3oL

{30J) ERRCR CPU_A/B

{3DJ) ¢ INTERRUPT A/B

H8/9

11

(3DE) INT. CHAN, 13

(3DJ) _, ERROR CPU A/B
-t

(30J) _, INTERRUPT A/B
-

13

3D HIO/

(3DE) INTER CHAN. 15

ERROR CPU A/B

15

(303)

(3DJ) __, INTERRUPT A/B
-

{3LE) INTER, CHAN, 17

30D T8/9

(3pDJ) , ERROR CPU A/B

(30J) __, INTERRUPT A/B

3pD

17

TI0/11

(3DJ) _  INTERRUPT A/B

ERROR A/B

(3pJ)

{3DJ) READ IUTER.

A

READ ERROR

(303)

@ INTERRUPT CHANNEL 10,12,14,16

ﬁIN’I‘ERRUPT

ILH H4A/S

LOSP

TERMINATE R112

b1 T4/5

VHISP

ERROR/INTERRUPT HANDLING

033

(3J8)

8-2058C
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30D HI1/H10
(300) PARCEL SELECT BITS 0,1 LOSP 1 LOSP $ PARCEL SELFCT 0,1 (300)
MEMORY DATA 32 RITS + 4 CB'S  (3ya,3Ax)
BYTES 1,3,5 AND 7
DATA OUT
SAMPLE DATA
PARCEL BYTES 1,3,5,7
() e PATA OUT
a 30D HO9/HOS MEMORY DATA 32 BITS + 4 CR'S  (3yp,3ax)
Brr 29-2'% + parITY BYTES 0,2,4, AND 6
[CHANNELS 11 & 13} DATA OUT
LOSP 1 PARCEL SELECT 0,1 (30D)
BYTES 0,2,4,6
SAMPLF_DATA (300)
RDY 000
(EXT) R72 RESUME (3DH)
(3DD) . PARCEL SELECT BITS 0,1 LOSP 0 Loo
LOSPO ACKNOWLENGE (308)
(3pE) INTERRUPT TO A OR B «
R79 8 BITS 11 A OR B CLEAR INTERRUPT (30H)
(307) ERROR +2 PARITY| 031
’ OUT AT CA = CL IIPPER_AND LOWER (3DA, 30B)
(3D8) . REFERENCE R8O A TIME
81 CONFLICT (308)
(3DD) - SAMPLE DATA
131
040
RS2
' LOSP1
* L32
RE9 13 CHECK
071 BITS
L3S
R90
: rRO1
4
LOSP 1 PARCEL SELECT
30D TO8/T0® S (30D}
(305 PARCEL SELECT
BITS 0, 1 LOSP O MEMORY DATA 32 BITS + 4 CB's (3ya,3Ax)
BYTES 0,2,4 AND 6
DATA OUT
SAMPLE DATA
PARCEL BYTES 0,2,4,6 (3DD)
DATA OUT
300 TI0/T11 MEMORY DATA 32 BITS + 4 CB'S  (ya,3ax)
BIT 2°%- 215 pARITY BYTES 1,3,5, AND 7
(CHANNELS 15 & 17) | DATA OUT
LOSP 0 PARCFL SELECT (300
BYTES 1,3,5,7
SAMPLE_DATA (30D)
000
R72 RESUME
RDY (3DH)
(EXT) L0O
(30D) PARCEL SELECT BITS 0,1 LOSP 1 LOSPO ACKNCWLFDGE, (30R)
(3DE) « INTERRUPT TO A OR B R79 8 BITS 15 ) A OR B CLEAR INTERRUPT (30H)
+2 PARITY | 031 A
(3DJ) < ERROR OUT AT A T CA = CIL UPPER AND LOWER (3DA, 308)
TIME a
(3DB) o REFERENCE CONFLICT (308)
(30D) o SAMPLE DATA L31
- 040
Rr82
LasP1
L32
RBY 17 CHECK
(2] RITS
L35
R90
RO1
8-0678C
) CRAY X-MP LOSP CHANNEL DATA OUTPUT
26-25 CRAY RESEARCH, INC

COMPANY PRIVATE



3DD HO&/09 OR TU8/09

FEVEN BYTES

3D H10/11 OR
ODD BYTES

TI0/11

CHANNFL 11, 15 CHAMNFI 13 OR 17 CBANNEL 11, 15 CHANNFL 13, 17
T.P. TERM T.P. TFERM T.P. TFRM T.P. TERM

20 { _ BO3 ooo | B52 o040 |28 | _ BO3  ooo B52 040
2 [ Rod o001 | RS0 o041 |22 | RO4 o001 B50 041
22 | Ro6 o002 [ B57 o042 [2'0} = BO& o002 B57 042
23 | Bos o003 | BS5 o043 (2''| _ ROA 003 B55 043
24 | Bi0 o004 | BS9 o044 {2'2| B0 o004 B59 044
25 | Biz o005 | Bel o045 [2'3f B2 005 B6t 045
26 | Bia oo | Bes o046 |24} _ Bl4 006 B65 046
27 | ®ie o007 { B3 o047 |2'5 B16 007 B63 047
26| B8 oos | B67 o048 | 224 B18 008 B67 048
217 ®20 o009 | BE9 o049 | 225 B20 009 B6S 049
28|  ®23 ot0 | B72 050 | 226 F23 010 B72 050
219 B35 on | B0 os1 [227| _ B2S  on B70 051
220/ Do3 o012 | D50 os2 {228| D03 o012 TSo  os2
221 TDoa o013 | D2 o0s3 |22° Doa 013 D52 053
222|  Doe o014 | D55 o0s4 | 230 DO6 014 D55 054
223| D08 o015 | D57 o055 | 231 DO8 015 D57 055
232  Di0 o016 | DS ose | 240 D10 016 D59 056
233|  Biz o017 | Der os7 |24 D1z o7 D61 057
234| D4 o018 | Te3 oss | 242 D14 018 D63 058
235 Die o019 | D65 os9 | 243 D16 019 D65 059
2% D1 o020 | D67 o0 {24 | D8 o020 D67 060
237{ D20 o21 | DE9 oe1 (23| __ D20 o2 D69 061
238§ D25 o022 | D7z o062 | 246 D25 022 D72 062
239| D23 o023 { D70 o063 | 247 D23 023 D70 063
298| T3 o024 | Tos osa (2%6|  Te3 o024 T06 064
249  Te5 o025 | To8 o065 {257 Te5 025 o8 065
250  T59 o026 | Co4 os6 |258| _ T59 026 TO4 066
251| T o027 | Toz o067 |2%°| _ <cé1 027 To2 067
252  ©72 o028 | Ti4 oes |260)  c72 o2a C14 068
253  T70 o029 | Tie oe9 |26V €0 o029 Cl6 069
254 C&7 o030 | Tz o070 |22 Th7 030 Tiz o070
255| e o031 | Tilo o71 |263 Té8 o3 €10 on

8-1655

OUTPUT LOSP CHANNEL 3DD SCCOPE CHART

26-26

CRAY RESEARCH, INC.

COMPANY PRIVATE

Nesur s’



3DA T02/03

/w DB TOO/O}
}
J (3AR) _Ak ADDRESS CHANNEL
’ 14,15,16,17
3IDH  HO4/05
(3aR) _Aj Brr 20-23 29-223 3DA  HO02/03
(33F) _ENTER CA/ENTER CL CPU O ADDRESS TQ MEM (3AG, 3ag, 3AD)
REFERENCE_CHANNEL
(37Ey (00012 AND 20-28 3DB  HOO/O1 i
CPU 1 A ENTER CA LOWER CHANNEL I
10,11,12,13 | SET ACTIVE Losp_ 1
E
(3my 50033 CPU A SELECT =
LOSP CA/CL REG ACK_LOSP 1
. ENTER CHANNEL 20, 2!
(exT) —=STME CONTROL 2 GO _I/0 REFERENCE
A = CL = (32G,3a9)
CONFLICT 2 { 30D, 3DB, 3DA, 30H)
- (3nQ) _CONFLICT
(3DE, INT) et ZAD_TNTEPRUPT A/ ADD TQ MEMORY s (336,320, 3AD)
(exry __SEL CPU FOR INTEP
(3DD) g SAMPLE DATA |
« 3D HIO/M1 _:?gpx_a DATA  (3DD)
(3DD) g ZARCEL_SEL 0SB 1
REFERENCE LOSP ) PARCEL SEL. (3pD)
DD HO8/09
cA = CL
(30D) _ SAMPLE DATA
MEMORY
(EXT) _ DATA, PARITY CHANNEL 11,13 DATA FROM MEMORY T T 71
- ] , 1 | [
; -
(EXT) __g READY | i P :
L
RESUME SONFLICT _  (3pm) ; o
| ]
DISCONNECT SAMPLE DAT. i
(EXT) ‘ MIPLE DATA oo %
P, PARCET. SFL ;
(30D ) g SARCEL SELECT | ARCET (30m L |
. ERROR i
(3n3) RO -
- INTERRI'PT CPU A PO, P99
INTERRUPT | |
i
!
CHANNEL ’
DI TI4/15 15,17 :
e s
D TI2/13 (385)_IMTER. QAN 21 -2% | 308 nH16/17 g 300 ™8/09 ;
|
i ]
3D T10/11 ;
(3HC _JNT CPU 303 H14/15 IDE  T16/17 ;
-J_A S PEAD INTEPRUPT A '
3HD) / = /8 (3pm “
i
— I
i
B!
pt DS HI2/13
(1A5) ——i B
CPPOP OF
. pIT 20 o I
g TEAD IHTEP. a0y
EPPOP
L PP {anm)
INTER ~"HAMNEL RTT 2C C-1598E
-/

CHANNEL 11 OUTPUT BLOCK DIAGRAM

26~
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3DH

3DH

ISSUE 00123k

ISSUE 00115k

3DA/3DB

ISSUE 00103k
LOAD CA REG.

START | CLEAR PAR COUNTER o LORD CL REG. - @
FOO - FO1 Cc16 D34 ON 3DB,3DA »
3DD 3pD 3AG/3AQ
SET CHAN. ACTIVE ACK LOSP 1 FROM 3DB GENERATE
(:) | 202 D46 R42 D12 1/0 REF, SEC. 0-3
REFERENCE J ) “"] DROP REFERENCE | i I/0 BANK BITS
R92 €37 X00,X01 R92 €37
CLEAR PAR COUNTER
- NO CONFLICT CONFLICT
3DA/3DB 3DA/3DB 3DA/3DB
REF. VALID INCREMENT CA
<3> - | EO3 D02 ON 3DA REG.
1\ GENERATE WRITE “ SEND ADDRESS
CA POINTER TO MEMORY
™y
—J
CONFLICT CONFLICT
3DD 3DD
LOSP 1 SEND READY PK = 3 <:>
<:> | SEND SAMPLE DATA AND PARCEL
LATCH DATA IN “ “| OF DATA TO EXT.
0 TERMS
NO
3DD
INCREMENT RESUME
PARCEL COUNTER 704 D21 \
.
NO
3pD 3pD
DROP ACTIVE
LAST . 702 a6
2 NO SEND DISCONNECT
REFERENCE ; R96 C50
203 D39 SEND INTERRUPT
R93 €35 8-1597¢

CHANNEL 11 QUTPUT FLOW CHART
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* NOTE: Timing of first ready and between subsequent readys dependent

on external channel.
TIME 0 TIME 1 TIME 2
3DH HO04/05 3DH HO04/05 3DH HO04/05
CHANNEL 10 CHANNEL 10 CHANNEL 10
INPUTACTIVE |l INPUTACTIVE ——p{ INPUT ACTIVE
S;2  Bs3' 502  BS3' S02 BS3
1 PARCEL COUNT PARCEL COUNT PARCEL COUNT
BITS 0,1 BITS 0,1 BITS 0,1
S00, S01 S00, SO1 S00, SO1
(EXTERNAL) READY READY LATCH READY LATCH READY LATCH
—>
HANNE Y00 Y00 Y00
€ L) RESYNC READY RESYNC READY
2 Z00 B20 700 B20
Z03  BOS
SO TR O e
DRSS e
3DJ's
LOSP O
PARCEL COUNT
BITS 0,1
3 F00, FO1
AT e e
1  Parcel count will be set to zero by the issue
of a 0012jk instruction.
2 The resync latch that sets is dependent on
what time the ready arrives on the 3DH. After
the first one the rest will set in sequence.
3 Parcel count on 3DJ 's will be set to zero by the
clear channel instruction (0012jk).
4  The LOSP Data will follow the ready, time dependent
on the external device, but must be there before
time six. The "L" terms on the 3DJ 's are line B-1305C

receivers not latches.

LOSP CHANNEL TIMING OF READY AND RESUME (INPUT)

CHANNEL 10 USED AS EXAMPLE (sheet 1 of 4)

26-29




TIME 3 TIME 4 TIME 5
3DH  HO04/05 3DH  HO04/05 3DH  H04/05
CHANNEL 10 CHANNEL 10 CHANNEL 10
INPUTACTIVE | o1 INPUTACTIVE | 5t INPUTACTIVE | TO
S02  BS3' S02 BS3' S02  BS3' 3DH
PARCEL COUNT PARCEL COUNT PARCEL COUNT
BITS 0,1 BITS 0,1 BITS 0,1
S00, S01 S00, S01 S00, S01
READY LATCH READY LATCH READY LATCH
Y00 Y00 Y00
RESYNC READY RESYNC READY RESYNC READY
Z00 B20 Z00 B20 Z00 B20
Z03 BOS Z03 BOS: Z03 BOS
Z06 BO2 Z06 B02 706 BO2
Z09 BO7 Z09 BO7
CLEAR RESYNC
READY
. RESUME
712 B47 (EXT)
READY +1 TO EXTERNAL
(INC. PARCEL
COUNT)
Z15 B4l
SAMPLE PARCEL TO
) ———>
R0O3 B27 3DJ
CONTROL
ADDRESS ,
3DJ s 3DJ s
LOSP 0 LOSP 0
»] PARCEL COUNT PARCEL COUNT
]
BITS 0,1 BITS 0,1
F00, FO1 F00, FO1
LOSP 0 DATA LOSP 0 DATA To
CHANNELDATA_____ _ »| 4 Lso-Ls7 180 - L87 3DH
LOSP PARITY LOSP PARITY
L88 - L89 188 - 189
PARITY ERROR 0
R40, R41
DATA
B-1305C

LOSP CHANNEL TIMING OF READY AND RESUME (INPUT)
CHANNEL 10 USED AS EXAMPLE (sheet 2 of 4)
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TIME 6 TIME 7 TIME 8
} 3DH  HO04/05 3DH  H04/05 3DH H04/05
CHANNEL 10 CHANNEL 10 CHANNEL 10
INPUT ACTIVE —————> INPUTACTIVE |— 5] INPUTACTIVE
S02  Bs3 S02  B5S3 S02 BS3
PARCEL COUNT +1 PARCEL COUNT +1 PARCEL COUNT +1
BITS 0,1 BITS 0,1 BITS 0,1
500, SO1 S00, SO1 S00, S01
RESYNC READY RESYNC READY RESYNCREADY |RESUME
Z00 B20 Z00 B20 Z00 B20
TERNAL
7206 B02 RESUME Z09 BO7 RESUME CLEAR RESYNC EX )
Z09 BO7 —_.[EJ{TERI ; CLEAR RESYNC [P READY
CLEAR RESYNC AL) READY (EXTERNAL) Z12 B47
READY 712 B47
5 Z12 B47
ERROR CHANNEL
10
W70 B70'
CONTROL
ADDRESS
. 3DH 3DJ s 3DI s
)
LOSP O LOSP 0 . o
. PARCEL COUNT PARCEL COUNT +1 * NOTE: The Datain the "0
3pI BITS 0.1 BITS 0.1 latches will stay
' ’ R » there until moved to
F00, FO1 F00, FO1 the "R" terms and sent
SAMPLE PARCEL LOSP 0 DATA 10 memory.
F03 D17 000 - 037
e LOSP 0 DATA
L80 - L§7
LOSP PARITY
L88-L89
DA A o e e e e e e e
5 Channel parity error setting will cause zeros to

be loaded into memory, until CA = CL or until
disconnect occurs. This will set an interrupt
which can be read by an 033ijl instruction and
will be cleared by an 00120 instruction.

LOSP CHANNEL TIMING OF READY AND RESUME (INPUT)
! CHANNEL 10 USED AS EXAMPLE (sheet 3 of 4)

26-31
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TIME 9 TIME 10

3DH HO04/05 3DH H04/05 The Channel will go through
this timing four times total.
CHANNEL 10 CHANNEL 10 After which all four parcels of
INPUT ACTIVE I INPUT ACTIV'E Data will be latched in the "O"
302 B53 S02  A53 terms. The Channel will then
PARCEL COUNT +1 PARCEL COUNT +1 reference memory, send the Data
BITS 0,1 BITS 0,1 word to memory and dependent on
S00, SO1 (RESUME | S00, SOt the word count (CA and CL)
CLEAR RESYNC | (EXTERNAL) either continue or stop.
READY
Z12 B47
* NOTE: For reference timing and data
CONTROL transfers see reference timing

—————————————————————————————————————————————————— diagram.

__________________________________________________ B-1305C

LOSP CHANNEL TIMING OF READY AND RESUME (INPUT)
CHANNEL 10 USED AS EXAMPLE (sheet4 of 4)
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TIMING STARTS AT TIME 5 AFTER RECEIVING

THE LAST READY AND LAST PARCEL OF DATA FROM EXTERNAL.

TIME 5 TIME 6 TIME7
3DH H0405 3DH HO04/05 3DH HO04/05
CHANNEL 10 CHANNEL 10 CHANNEL 10
INPUT ACTIVE INPUT ACTIVE INPUT ACTIVE
S02 B5S3 S01 BS3 S02 BS3' [— (3DH)
PARCEL COUNT =3 PARCEL COUNT =0 PARCEL COUNT =0
BITS 0,1 BITS 0,1 BITS 0,1
S00, S01 S00, S01 S00, S01
READY LATCH RESYNC READY RESYNC READY
Y00 Zo0 B20 Z00 B20
RESYNC READY Z06 B02 Z09 BO7 R
Z00 B20 709 BO7 RESUME TO CLEAR RESYNC |RESUME
Z03 BOS CLEAR RESYNC }————%EXT) READY (EXTERNAL)
Z06 B02 READY EXTERNAL Z12 Ba7
Z09 B07 RESUME TO Z12 B47 REFERENCE
CLEAR RESYNC EXTERNAL REFERENCE ROO B32
READY ROO B3
Z12 B47
READY +1
Z15 B4l 3DB 3DB
SAMPLE PAR?EL * 1 SELECT LOSP *2 CONFLICT
RO3 B27 SELECT LOSP 0 R49 C21
REFERENCE X03 C52 »] ACK.LOSP0 }|—» @DB)
ROO B32' =
SLOT COUNTER =3 (REFERENCE T.IME) » (3D])
X00, X01 R4l  A30
CHANNEL SELECT |——® (3AG)
(REFERENCE TIME) | _g. (3DA)
E27 - E29
1 The LOSP reference signal has to wait REFERENCE VALID —® (3DH)
on the 3DB until its slot time comes DELAYED
up. The time that "X03" happens is E30 C04
therefore dependent on the slot timer. SLOT COUNTER = 0
X00, X01
REFERENCE
(REFERENCE TIME)
Xo4 Co8
QONTROL, _ ____ - e e e e e e e o e o e s o
3DB 3DB
2 The conflict signal may occur
at any time holding up the CL REGISTER CL REGISTER
Control, Address and Data on D00 - D08 D00 - D08
the way to memory. CHANNEL 10 CA ADDRESS TO
BITS0-8 MEMORY » GDB)
C00 - C08 (REFERENCE TIME)
BITS0-8
Joo - JOo8
3DA 3DA
CL REGISTER CL REGISTER
D00 - D12 DO00- D12
CHANNEL 10 CA o] CHANNEL 10 CA
I/O to memory reference timing BITS 9- 21 BITS 9-21 > GDA)
happens after the four parcels are C00 - C12 C00 - C12
assembled on the 3DJ ’s.
ADRESS e
3DJ 3DJ 3DJ
1/0 DATA 10 DATA IO DATA
000 - 037 000 - 037 000 - 037 — (D)
DT L e e e
A-5168

INPUT CHANNEL TIMING REFERENCE (sheet 1 of 5)
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TIME 8 TIME ¢ TIME 10
3DH  HO4/05 IDH  HO4/05 3DH  HO04/05
CHANNEL 10 CHANNEL 10 CHANNEL 10
INPUT ACTIVE INPUTACTIVE INPUTACTIVE
s2  BS¥ > sz BS3 s;2 Bsy [———————————»(@@DH
PARCEL COUNT =0 PARCEL COUNT =0 PARCEL COUNT = 0
BITS 0,1 BITS 0,1 BITS 0,1
GDH) — 500, 501 00, S01 500, 501
RESYNC READY CLEAR RESYNC |resumE TO ACKNOWLEDGE +2
00 B20 READY F—————» &1 S0S BeS'
CLEAR RESYNC Z12  B47 EXTERNAL
GDB) —1 READY RESUMETOL o REFERENCE
Z12 B47 EXTERNAL CLEARS 308
REFERENCE Roo  B32'
RO B3 ACKNOWLEDGE +1 * ;‘;mglfr
S04 B6l'
ACKNOWLEDGE + 0| » Ca o CLLOWER (3DH)
$03  B6T
J64
1DB
DB *2 CONELICT
*2 CONFLICT Rag Ccal e
WRITE POINTER CA =CL LOWER
GAQ—»f R49 C2V -
CHANNEL 0 120 C36
REFERENCE VALID Av1
(3DB) —pf  E3M  CO' ol TIME)
CHANNEL SELECT E08 D21
(DELAY 0) 3AG
B1-53 DA 1O REFERENCE CP3
N9 €25
REFERENCE VALID WRITE HOLDVOTOTHE ..
E03 D2 REFERENCE CP3 | 3DB CAUSES THE
»| WRITEPOINTER N10  Cos' ICP DELAY FOR A
CHANNEL 0 FOLLOWING 'O
_3DA EM D20 REFERENCE
REFERENCE
CHANNEL
(D) — BITS 0.1 3AG 3AQs
E00-E02 VO REFERENCE = GO BANKN .
NO2 C1¥ RI4 -R21 > (3YZ%)
WRITE
3AG  Gio/11 REFERENCE CP2 ‘
NO3  Cl4'
GO0 3AEs
REFERENCE CP1 ENABLE SECTION N
Ra7 D40 3AQ's VODATAFO.
/O REFERENCE CP1 RS0 C59 |
@DB) — NOO  Co%F /O REFERENCE
WRITE 135 CsT 3AE
REFERENCE CP1 1/0 BANK BITS 3ADs
Nol* cor 130 - 134
1/0 CONFLICTS SELECT /O
G12-Gl4 SECTION 0.3 [ (3AX)
Cl0-C4
CONTROL
IAG
20.21
1/O REFERENCE IAG 3AG
SECTION 0- 3
R40 - R43 SECTIONO-3 o) SECTIONO.3 » (3AD)
@DB) —  1/O REFERENCE NOS - N08 ‘ o N11-Ni4 hl
BK BITS O ADDRESS 2
2224 cr2
R44 - R46 No4  Co6' DB
CHANNEL 10 CA +1
DB Eio):] €00 - C08
CL. REGISTER CL. REGISTER
D00 - D08 Doo - D08
(3D8) —| ADDRESS DELAY ADDRESS T0
(DELAY () MEMORY DA
(DELAY 1)
20 - 128 140.- 148
_ JcHANNEL 10CA 41
coo0-C12
DA DA
CL. REGISTER CL. REGISTER
D00 - D12 D00 - DI2 IAD"
(3DA) —| CHANNEL 10CA ADDRESS TO AD
BITS 9-21 MEMORY SECTION ADDRESS
coo.cr Joo0 - 112 €00 - Co9 (A%
ADDRESS
a1 3DE  H16/17 IDE_ H16/17
MEMORY DATA MEMORY DATA MEMORY DATA
—n —
@np R0O - R31 A00 - AG3 AND CHECK BITS GaB)
ROO - R7T1
DATA
A-5168

INPUT CHANNEL TIMING REFERENCE (sheet 2 of 5)
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TIME 11 TIME 12
3DH H04/05
3 CHANNEL 10
INPUT ACTIVE
S02 BS53'
PARCEL COUNT=0
BITS 0,1
S00 - S01
3DB 3YX's
_— BANKN +0OR
N+10
CONFLICT > 103D REFERENCE CPO
R49 C21 ——> Q00 A3l '
BANKN+40R [~ & GYX9)
N+ 14
3Y7Z's REFERENCE CPO
Q20 D59
GO BANK F.O.
6AQ) ™ xc0-x02 )
3AD Gl2-GlI5
3YZ's
GO WRITE
(3AC) ——p»{  SECTIONN p| GOWRITE FO. | ___p (3yX%)
R58 - R59 X00 - X02
CONTROL
3AX's 3YX's
SECTION ADDRESS BANK N ADD
(3AD) > ROO - R16 ¢ > ROO - R35 — (3YX's, 3YM's)
R61 - R62
ADDRESS
3AE's 3YY's
MEMORY DATA SECTION N
AND C.B.’s & pd WRITE DATAF.O. | —p» (3YY')
ROO - R17 A0O - AO8
DATA -
3 The Channel active would drop this time if
CA = CL for this I/O transfer.
4 The hold I/O signal from the 3AG will make
R49 on the 3DB. This signal will go out to all
/0 modules to delay for 1CP any following I/O
reference. It's sent to the following modules:
3DA, 3DJ, 3DE, 3DH, 3DD, 3DF, and 3DL A-5168

INPUT CHANNEL TIMING REFERENCE (SHEET 3 OF5)
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TIME 13
3YX's

(BYX's, 3YZ's) ——p»

BANK N +0 OR
N+ 10
LOWER WRITE CP1

B4g
BANK N +4 OR
N+ 14
UPPER WRITE CP1
Q12 B3¢
BANK N +0 OR
N+10
LOWER WRITE CP1
Q22 3%
BANK N +4 OR
N+14
UPPER WRITE CP1
Q32 C38

TIME 14
3YX's

BANK N +00OR

N +10
LOWER WRITE CP1

3YX's

BYX's) ——p

MEMORY ADDRESS
ROO - R35

Y

Ba4'
BANKN+4OR
N+14
UPPER WRITE CP1
Q12 B3¢
BANKN+0OR
N+10
LOWER WRITE CP1
Q2 s
BANK N +4 OR
N+14
UPPER WRITE CP1
Q32 (3¢
BANKN+0OR
N+10
LOWER WRITE
DELAY
S00 A8
BANKN+00OR
N+10
UPPER WRITE
DELAY
S04 A5
BANKN+4OR
N+14
LOWER WRITE
DELAY
S08 D47
BANKN+40R
N+14
UPPER WRITE
DELAY
s12 D21

TIME 15
3YX's

BANK N+ 0 OR
N+10

3YX's

MEMORY ADDRESS

[)'' —

ROO - R35

LOWER WRITE CP1
B44
BANK N + 4 OR
N+14
UPPER WRITE CP1
Q12 B3¢

TIME 16
3YX's

BANK N + 0 OR
N+10
LOWER WRITE CP1
Q2 (C3%
BANK N + 4 OR
N+14
UPPER WRITE CP1
Q32 (C3%
BANK N +0 OR
N+10
LOWER WRITE

DELAY
S00 A28
S01  Al9
BANK N + 0 OR
N+10
UPPER WRITE
DELAY
S04  ASY
S05  AS2
BANK N+4 OR
N+14
LOWER WRITE
DELAY
S08 D47
S09 D45
BANK N + 4 OR
N+ 14
UPPER WRITE
DELAY
S12 D21
813 D22

BANK N + 0 OR
N+ 10
LOWER WRITE
DELAY
SO0 A28
S01  Al9
S02 A2
BANK N +0 OR
N+10
UPPER WRITE
DELAY
sS04 ASI'
S05  AS2
S06 A4S
BANKN +4 OR
N+14
LOWER WRITE
DELAY
S08 D47
S09  D4s'
S10 D49’
BANK N +4 OR
N+14
UPPER WRITE
DELAY

S12  Da2r

S13 D22
S14 D28

> (3YX's, 3YMs)

3YX's

MEMORY ADDRESS|

3YM's

MEMORY CHIPS

3YM's

BYX's)

MEMORY CHIPS
M TERMS

M TERMS

ROO - R35

3YX'’s

3YM's

MEMORY ADDRESS
ROO - R35

3YM's

MEMORY CHIPS

M TERMS

MEMORY CHIPS
M TERMS

> (3YM's)

LOSP CHANNEL TIMING OF READY AND RESUME (INPUT)
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TIME 17 TIME 18
3YX's 3YX's
BANK N +0 OR BANK N + 0 OR
N+10 N+10
LOWER WRITE LOWER WRITE
DELAY DELAY
Xy ——» o a0 PP s A
S0 A20 BANK N +0 OR
BANK N + 0 OR N +10
N + 10 UPPER WRITE
UPPER WRITE DELAY
DELAY S06 A4S
S05 A52' BANK N +40R
S06 A4S N+14
BANK N +4 OR LOWER WRITE
DELAY
N+14 S10 D49’
LOWER WRITE BANK N +4 OR
DELAY
SO D45’ N+14
S10  Ddo UPPER WRITE
BANK N +4 OR DELAY
N+ 14 S14 D28
UPPER WRITE
DELAY
S13 D22
S14 D28’
3YX's 3YX's
, MEMORY ADDRESS MEMORY ADDRESS
BYX's) > ROO - R35 7™  roo-Rr3s
3YM's 3YM's
—» L»
MEMORY CHIPS p»{ MEMORY CHIPS
BYM') . M TERMS . M TERMS
DATA
A-5168

INPUT CHANNEL TIMING REFERENCE (sheet 5 of 5)
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NIP

3HB - F11/10

CIP

3JF - F21/20

Nip 28 - 215
ROO - RO7

3HC - F13/12

CIP DECODE
G TERMS

CP1

3JF - F2120

0010 INSTRUCTION

CONFLICTS

H TERMS

NIP 2027
ROO - RO7

CONTROL

ADDRESS

3JA - F15/14

k FANOUT

ROO - RO2

G42 Cl6

CP2

3JF - F21/20

0010 "ENTERCA"

3AR's

k - j FIELDS

3JA - F17/16

j FANOUT
ROO - RO2

HOO - HOS

3AR's

A REGISTER
G TERMS

R28 C11 — (3DH)

0010 INSTRUCTION - SET THE CURRENT ADDRESS (CA)

MONITOR MODE INSTRUCTION

REGISTER FOR THE CHANNEL
INDICATED BY (AJ) TO (AK) AND
ACTIVATE THE CHANNEL.

26-38

3AR's
j OPERAND
> RO4 - » (3DH)
KOPERAND | ™ (3AR')
ROO - RO3
B-0841D

OUTPUT TIMING SEQUENCE (sheet1 of 11)
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e

CP3

3DH - H05/04

(3AR's) —»f

A ENTER CA
Ci4 D54

A TOLOWER
Ci10  A72

SELECT 00
Co6 D27

ENTER CHANNEL
SELECT 01
Cco7 D23

CPU A SELECT
Co0 Di2

CONTROL

ADDRESS

3AR's

(3AR's) ——p»l

Ak DELAYED
R12-R15

OUTPUT TIMING SEQUENCE (sheet2 of 11)

26-39

cp4 cps
3DH - HO5/04 3DD's
INPUT CHANNELS OUTPUT ACTIVE
> | » (30D
ACTIVE 702 D46 (3DD)
CHANNEL10 | = | b
st{oﬂzmmsss REFERENCE — (3DB)
12 R92 C37
s22 AT
CHANNEL 14
s42 20
CHANNEL 16
S62 DST'
CLEAR CHANNEL
RO2 B72
3DA's
ENTER LOSP 0-3
E12-E15
SET ACTIVE 1-3
OUTPUT
LOSP 1
El3 B4
LOSP 3
ElS BI16
3DB's
LOAD LOSP 0-3
EO04- EO7
3DA's 3DA's
Ak BITS 29-223 CA REGISTERS
L
AG0- Al4 29.223 | (3DA)
> C00- C72
3DB's 3DB's
Ak BITS 2923 CA REGISTERS
. L
A0O - A0S 20.28 | 5 3DB)
——»
C00 - C68
B-0841D



CP§
3DD

ACTIVE
Z02 D46

REFERENCE
RS2 C37

3DB

(3DD) ol

*1 SELECT LOSP
X3 Cs2

CP8
3DD

3DB

ACCESS TIME
SLOT COUNT =1
X00, X01

3DA's

CHANNEL 11 CA
BIT 29221

*2 CONFLICT
R4 Car

ACTIVE
Z02 Das'
DROP REFERENCE

R92 C37

SAMPLE DATA
DELAY
Z10 D29

|— (3DD) ~

Mo’

—» (3DD)

3DA

ACK. LOSP1
(REFERENCE TIME)
R42 D12

CHANNEL SELECT

E27 - E29

REFERENCE
CHANNEL
BITS 0-1
E00 - E02

—# (3DA ,3DB)

3DB

SLOT COUNT =2

REFERENCE
(REF TIME)
X4 Cog

*2 CONFLICT

3DA's

CHANNEL SELECT
(DELAY 0)
E31- E33

—® (3DA)

[— (3DA , 3DB)

3AG

GOI0
REFERENCE
R47 D40

1/O REFERENCE
CP1
NOO  Co3

— (3AG)

3AG

CHANNEL 11
CA REQ.

€20 -C32

3DB’s

(GDB) —

CHANNEL 11 CA
BIT 20-28
€20-C28

CA REGISTER

CL REGISTER
D20- D28

Bir 29 .22
c20-C32

1/O REFERENCE
SECTION 0-3

3DB's

R40 - R43
2021
1/O REFERENCE
BKBITS
22,24
RA4 - R46

[~ (3AQ) (3AG)

[— (3AQ)

3DA

CHANNEL 11
BIT 2028
700 - J08
CA REGISTER

CL REGISTER
D20 - D28

CHANNEL 11 CA
C20-C32
Brr2%.221
CL REGISTER
D20 - D32

— (3AQ)

3DB

ADDRESS DELAY
(DELAY 0)
720 - 128
CA REGISTER
2028

—»(3DB)

*2 The conflict signal may occur at any time holding up the
control and address on its way o memory.

OUTPUT TIMING SEQUENCE (shcet 3 of 11)
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following modules: 3DA, 3DE, 3DH, 3DD,

3DF, 3DL

OUTPUT TIMING SEQUENCE (sheet 4 of 11)
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cP9 CP10 crl
3DD 3DD 3DD
ACTIVE ACTIVE * 3 ACTIVE
(3DD) ——
,ﬁw s 702 D46 202 D46 Z02  Dds
; > SAMPLE DATA SAMPLE DATA SAMPLE DATA
7 (BDD) ——»f DELAY +1 DELAY +2 DELAY +3 — (3DD)
Z11 D35 Z12 D19 205 Ca7
730 B0
3DA 3DA
REFERENCE VALID CA=CL 1DB
GOB)—py __BOS_ D0z __ 20 <6 [ ODD)
WRITECA *4 CONFLICT
POINTER 0B R49 21
(3DA,3DB) —#  CHANNEL1 1/0 CONFLICT
ES Di0 *2  CONFLICT X20 AlT
R C21'
- e | 3YZ5
3DB CA=CLLOWER | o npy
*2 CONFLICT Te4 GOBANK N
R4 C2r > EO. — (37Xs)
----- E-EA-- - 3AG X00 - X02
DB) POINTER O REFERENCE |HOLDLO
™  (oEavy cP3 TOTHE
' N9 25 3DB CAUSES
E9 DOt THE 1 CP
DELAY FOR
30 3AQ A FOLLOWING
GO BANK N VO REF.
/O BANK BITS 4
GAG—d i e | Rk
" ReraRENCE MODULEIS
SECTION
GAG)—! SECTION SELECT DEPENDENT
535 CsT
GAQ—®  y9 conrLICT 3AD
GI12-Gl4
SELECT /0
SECTION
C10-C14
3AG
1/0 REFERENCE CP2
BAG)—™ N2 C13
5
. CONTROL
3AG 3AG 3AX's
SECTION 0-3 SECTION 03 SECTION 0
GAG—]  Nos- Nos N11-N14 ADDRESS e
------------- ROO - R16
GAG—»| 10 ADDRESS 2*
N4 CO6 3DB
3AF
CHANNEL 11
3DA CA+1 PORT B SECTION
C20-C32 SELECT
ADD Tg MEMORY Vo2 D16
DA 27 .2 Vo3 Do |—3» AP
GDAY—™ J00-T12 3pA o 4
_____________ CHANNEL 11 PORT A SECTION
CL. REGISTER CA+1 SELECT
D20 - D32 C20-C32 Voo  Dos
Vo1  Dog'
3DB 3AD
ADDTO MEMORY SECTION ADDRESS
GBDB)— Jio - ?48 0o - CO9
CL. REGISTER
D20- D28
ADDRESS
DATA
*3  The Channel active would drop this time
if CA = CL for this /O mransfer.
*4  The /O signal from the 3AG will
make R49 on the 3DB. This signal will go
10 all I/O modules to delay for 1CP any
following /O reference. It's sent o the
A-5169



CP12 CP13 CP14
3DD 3DD 3DD
ACTIVE ACTIVE ACTIVE 7}
Z02 D46 Z02 D46 Z02 D46
(DD) ————pp{ ACCESSDELAY |——————® ACCESSDELAY [———®| ACCESSDELAY [— (3DD)
720 Ca4' 721 C4§' 722 746
3YX's 3YX's 3YX's
BANK N+0 OR READ LOWER BIEEN?(DNL(SVLEITO
N+10 BANK N+0, N+10 c;;z ) N+
REFERENCE CPO CP1 o
20 h 3 B READQUPPER BANK
BANK N+4 OR UPPER BANK N+0,
REFERENCE CPO Q13 B3¥ RI‘:ADQL DA BANK
Q20 D59 READ LOWER BANK
N+4, N+14 N+4, N+14
Q23 C36¢ Q24 D16
READ UPPER BANK READ UPPER BANK
N+4, N+14 N+4, N+14
Q33 C44' Q34 C50
CONTROL
3YX's 3YX's 3YX's
3YZ) —>
BANK N ADDRESS MEMORY ADDRESS | g MEMORY ADDRESS p 3YX9)
BAX) —ep ROO - R35 ROO - R35 ROO - R35 BYM's)
3AF 3AF 3AF
PORT B gECTION PORT B SECTION PORT B SECTION
2021 20 21 2021
X00 ASY X0l X0n
X10 AS0' X11 X2
(BAF) —P i ] e ] e e . (3 AF)
PORT A SECTION PORT A SECTION PORT A SECTION
W00 ASY wol W02
W10 A61' w1l W12
ADDRESS
3YM's
MEMORY CHIPS
—» .
M TERMS — (3YM's)
DATA
A-5169

OUTPUT TIMING SEQUENCE (sheet5 of 11)
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CP15 CP16 cr17
3DD 3DD 3DD
ACTIVE ACTIVE ACTIVE
702 D46 702 D46 Z02 D46
REFERENCE REFERENCE REFERENCE
(3DD) ———— COUNT ™ COUNT ———> COUNT -~ (3DD)
714 A27 714  A27 714 A27
715 A33 Z15 A33 Z15  A33
716 A2l 716 A2l Z16 A2l
Z17 A% Z17 A2 ZIT A2
3YX's 3IYX's 3YX's
READ LOWER READ LOWER READ LOWER
BANK N+0, N+10 BANK N+0, N+10 BANK N+0, N+10
cP3 Cp4 CP5
Q05 A63 Q06 A5Y Q07 A65'
READ UPPER BANK READ UPPER BANK READ UPPER BANK
BYX) — ] N+0, N+10 | 5 N+0, N+10 — N+0, N+10 L » (3YXS)
Q15 B2S' Ql6 B20 Q17 BO§
READ LOWER BANK READ LOWER BANK READ LOWER BANK
N+4, N+14 N+4, N+14 N+4, N+14
Q25 D4 Q26 D20 Q27 C65'
READ UPPER BANK READ UPPER BANK READ UPPER BANK
N+4, N+14 N+4, N+14 N+4, N+14
Q35 C52 Q36 C46' Q37 D12
CONTROL
3YX's 3YX's 3YX's
GBYX's) »| MEMORY ADDRESS * »| MEMORY ADDRESS MEMORY ADDRESS (3YX's)
ROO - R35 ROO - R35 * ’ ROO - R35 (3YM's)
3AF 3AF 3AF
PORT B SECTION PORT B SECTION PORT B SECTION
20, 21 20, 91 20 7!
GAF) X03 A4l' X04 A23 X05
—> X13 A48 X14 A25' Ly X15 —» (3AF)
PORT A SECTION PORT A SECTION PORT A SECTION
W03 A3% W04 A2T wos
W13 A3l W14 A29' wis
ADDRESS
3YM's 3YMs IYM's
(3YM's) ~——p{ MEMORY CHIPS MEMORY CHIPS ! MEMORY CHIPS i
M TERMS M TERMS M TERMS —» (YM5)

BYX's) ——

OUTPUT TIMING SEQUENCE (sheet 6 of 11)
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——— 3DD

————— (3YZ's)

L (3AF)

—— (3YZ's)

CP18 CP19 CP20
3DD 3DD 3DD
ACTIVE " ACTIVE
ACTIVE Z02 D46 702 D46
z2 D46 | 2000 | eemmmmeeee] | emmmmaa o
REFERENCE REFERENCE REFERENCE
DD COUNT COUNT COUNT
— ] .
(3DD) Z14  A27 Zi4  A27 Z14  A27
Z15' A33 Z15'  A33 Z15 A33
716 A2l 716 A2l 716 A2l
VAYA A26 Z17'  A26 ZIT  A26
3YX's
CPU 0 GO READ
BANK N+0
Q40 B6I' , .
CPU 0 GO READ 3YX's 3YZs
BANK N+4
Q42 B63 CPU 0 GO READ CPU 0 READ
(3YX's) ——»{ BANK N+4,N+10 f————P> F.O. ERRE— SELECTS
REFERENCE X00 = X02 E00 - EO7
Q44 C10'
BANK N+10, N+14
REFERENCE
Q45 C12'
CONTROL
3AF 3AF 3AF
PORT B SECTION PORT B SECTION PORT B SECTION
20, 21 20' 21 20’ 21
X06 X20 X21
(BAF) —p» X16 R E——— X23 " X24
PORT A SECTION PORT A SECTION PORT A SECTION
20, 21 20,21 20 21
W06 W20 w21
W16 w23 W24
3YX's 3YX's
) MEMORY MEMORY
BYX's) ——»]  ADDRESS |[————®|  ADDRESS
ROO - R35 ROO - R35
ADDRESS | o e
3YM's 3YM's 3YM's
BYX's) MEMORY CHIPS MEMORY CHIPS MEMORY CHIPS
(BYMss) — > M TERMS [—&—» M TERMS ——— M TERMS

OUTPUT TIMING SEQUENCE (sheet 7 of 11)
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CP21 CP22 CP23
3DD 3DD 3DD
ACTIVE ACTIVE ACTIVE
~ Z02 D46 702 D46 202 D46
COUNT COUNT COUNT
Z14  A27 Z14  A27 Z14  A27
Z15  A33 Z15'  A33 Z15'  A33
Z16 A2l Z16 A2l Z16' A2l
Z1T A2 217 A26 Z17  A26
CON RO e e e e e ———————————————— e
3AF 3AF 3AE
PORT B PORT B
SECTION SECTION
20,21 20,21 1/O PORT
X22 X7 SECTION SELECT
X25 X17 BITS 20 + 2!
(3AF) - PORT A ——t PORT A FOR CPU 0
SECTION SECTION R81 BO4
2021 20,21
w22 w7
w25 w17
3YZ's 3ZE's 3ZE's
CPU 0
CPU 0
: READ DATA CrPUO
3YZ's
(g YM's; RE,?,]\)NDI’;‘\,TA 1 ATERMS }———p READDATA }———p3VA
€00 - C23 SYNDROMES ROO - R31
B TERMS
A-5169

OUTPUT TIMING SEQUENCE (sheet 8 of 11)
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CP24 CP25 CP26
3DD 3DD 3DD
ACTIVE ACTIVE
ACTIVE 702 D46 702 D46 -
Z02 D46 SAMPLE DATA PARCEL COUNT [ (3DD)
REFERENCE FO2 A17' FOO' A23'
DD COUNT REFERENCE FO1 A28
—» 714 A27 > COUNT » 5 REFERENCE READY
215 A33 Z14 A7 COUNT EXT
716 A2l 215 A33 Z14' A7 '
Z17 A2 Z16' A2l Z15'  A33
z17 A26 716 A21
717 A26
CONTROL
ADDRESS
3VA's 3DD 3DD
DATA
1/0 SECTION FROM ng)AS'Il?AO
(GAE) —p»] 0,1,23 ——————»  MEMORY S
D32- D45 000- 031
L00 - L35 )
DATA
A-5169

OUTPUT TIMING SEQUENCE (sheet 9 of 11)
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DISASSEMBLY 64-BIT WORD INTO 16 BITS

CPX +0 CPX +1 CPX + 2
3DD 3DD 3DD
*8 This sequence continues
e AcTIVE iy until Parcel Count = 3
Go back to CPX + 0
RESUME RESUME PARCEL COUNT PARCEL COUNT
(EXT) 204 D33 Z00 ASY FOO - A2 l—» (3DD)
INCREMENT 201" A63 FOI' A28
PARCELCOUNT | | | ecccccmwecccem==] | cccccdcnncccaa-
*5 SET REFERENCE
SET READY READY
COUNTER |———— (EXT))
Z05 D33 714 A2
Z15' A33
Z16 A2l
Z17 A2
CONTROL
ADDRESS
3DD
*6 CHANNEL
DATA
R72-R79
GbD) ——® PARITY
RS0 - R81
DATA
*5 Ready drops when Z14, Z15, Z16, Z17 equals
all ones or for another 3 CP's.
*6 16 bits of data and 2 parity bits are sent
to the external device at TS 6/8.
*7  Time is dependent on Resume coming back

*8

from external device.

Last reference stays up until active drops.

A-5169
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DO THIS SEQUENCE WHEN CA =CL

CPXX +0 CPXX +1 CPXX +2

3DD 3DD 3DD

ACTIVE ACTIVE DROP ACTIVE
702 D46 Z02 D46 702 D46

______________________________ PARCEL COUNT =3
YES *OLASTREFERENCE | |  SEND DISCONNECT
PARCEL COUNT =3 > SEND DISCONNECT
Z00 AS9 703 D39 R96 C56 — (EXT.)
701 A63 SEND LAST WORD
TOEXTERNAL | | =====—=—=======
"""""""" DEVICE SEND
LAST REFERENCE - INTERRUPTS —» (3DE)
703 D39 R93 C35
AT SAMPLE DATA )
DELAY +2
NO
GO BACK TO CP 5
CONTROL
ADDRESS
3DD
*6 CHANNEL
DATA
R72-R79
(3DD) ———™ PARITY
R80 - R81

*9 LAST REFERENCE STAYS UP
UNTIL ACTIVE DROPS.
A-5169

OUTPUT TIMING SEQUENCE (sheet 11 of 11)
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1-L¢

J1VATYd ANVdWOD
"ONI “HOYV3STd AVYD

(EXT)

(EXT)
(EXT)
(EXT)

(3DD)
(3D3)
(3DB)

(EXT)

(EXT)

TRANSMIT DATA ENABLE

FOR OUTPUT

.
'

CLEAR CHANNEL OUTPUT+INPUT |

DATA READY INPUT

T

«
4
H
€

LAST WORD FLAG INPUT

P

HISP EMPTY

Ll

!

HISP FULL

v

ACKNOWLEDGE REFERENCE

ADDRESS FROM CHANNEL 0,1

INPUT+OUTPUT
ADDRESS READY 0,1

INPUT+OUTPUT

Y

3DF-

EACH 3DF CONTROLS
2 HISP CHANNELS
1 INPUT AND 1 OUTPUT

CpU O

REF .REQ . - INPUT+OUTPUT

READY TO BUFFER

BUFFER A SELECT

WRITE BUFFER

CLEAR ADDRESS

\j

BUFFER A SELECT

Y

WRITE DATA

CLEAR ADDRESS

\

ENTER ADDRESS/0,1

ADDRESS TO CHANNEL 0,1

\j

TRANSMIT DATA ENABLE INPUT
TRANSMIT ADDRESS

INPUT+OUTPUT

DATA READY OUTPUT

Y

A-0680C

CRAY X~MP HISP CHANNEL CONTROL

(3DB)
(3DD)
(3DD)
(3DD)
(3DD)

(3DJ)
(3DJ)
(3DJ)

(3D2a,3DB)
(3DA, 3DB)

(EXT)
(EXT)

(EXT)



(EXT.) _ HISP 0 DATA
(21Q) 64 BITS + 8 CB'S

(EXT.) _ HISP 1 DATA
(2 " 64 BITS +8 CB'S

3DD H11/H10
oDDE DATA FROM MEMORY
2o _"7“‘33 HISP A, 7 32 BIIS + 4 CBS 4-7
3DD HO9/HO8
16x4'S
EVEN BYTES R00 MO0 T00 | ¢ DATA FROM MEMORY
CB.0-3 BUF A 32BITS + 4 CBS 0-3
M35 ¢ CLEAR ADDRESS
WRITE BUFFER
L
NoO BUFFER A SELECT
BUF B D READY TO BUFFER
R3S N35 L35 L REL
3DD TO8/T09
EVENE | DATA FROM MEMORY
C.B.0-3YIES HISP B, 7 2 BITS +4CBS 0-3
3DD T/
16x4'S
ODD BYTES R00 ) T00 | DATA FROM MEMORY
CB.4-7 BUF A 32BIIS + 4 CBS 4-7
M35 | - CLEAR ADDRESS
WRITE BUFFER
L
NOO | BUFFER A SELECT
BUF B READY TO BUFFER
R3S N35 L35 -

CRAY X-MP CHANNEL DATA OUTPUT

27-2

(3VA, 3AX)

(3VA, 3AX)

(3DF)
(3DF)
(3DF)
(3DR)

(3VA, 3AX)

(3VA, 3AX)

(3DF)
(3DF)
(3DB)
(3DF)

B-0681C

N’



M
e e

3DF HO06/07
HISP A
INPUT OUTPUT
HISP 0 HISP 1

T.P. TERM T.P. TERM

3DF T06/07

HISP B
INPUT OUTPUT
HISP 0 HISP 1
T.P. TERM T.P. TERM

20 —— D58 E00 D01 MO0 D58 E00 DOl MO0
21 — D53 EO01 D08 MOl D53 EO01 D08 MOl
22 —— D55 E02 D10 MQ2 D55 E02 DI0 MO2
23 —— D61 E03 D16 MO03 D61 E03 D16 MO3
24 —— D49 E04 D07 MM D49 E04 D07 M04
25 —— D64 E05 D14 MO5 D64 EO05 D14 MOS
26 —— D63 E06 D27 MO06 D63 E06 D27 M06
27 —— D62 E07 D12 M07 D62 E07 DI2 MO7
28 —— D44 E08 DI8 MO8 D44 E08 DI8 MO8
2° —— D72 E09 D23 MM D72 E09 D23 M09
20— D70 E10 D06 MI0 D70 EI0 D06 M10
21l —— D65 E11 D05 Mll D65 El11 D05 Mil
212 —— D35 EI2 D20 MI2 D35 EI2 D20 MI12
213 D33 EI3 D03 MI3 D33 EI3 D03 Mi3
3DG @ T04/05
HISP C HISP D

INPUT OUTPUT INPUT ~ OUTPUT

TP. TERM TJP. TERM TP. TERM TP. TERM

20 —— E00 MO0 Co3 E20 C19 M20
2l E01 MO1 cn6 F21 (31 M21
22 . A0S E02 MO02 Cco8 E22 Co4 M2
23 — A10 EO03 MO3 Ci8 E23 (23 M23
24 —— A2 EM MO4 C20 E24 Cl17 M24
25 —— A20 EO05 MO05 C33 E25 C29 M25
26 — A23  E06 MO6 Cl6 E26 C42 M26
27T —— A4p  EO7 MO7 Cl4 E27 C12 M27
28 —— A18  EO0S8 MO8 C35 E28 C44 M28
22 —— A4 EO09 M09 C10 E29 C27 M29
210 A48  EI10 M10 C25 E30 CS50 M30
21l —— A40 EN M11 C36 E31 C46 M3l
212 A25 EI12 M12 C48 E32 (38 M32
2% A61 EI3 M13 C55 E33 C40 M33

Additional
. HISP not
currently
used

A-18748

CRAY X-MP HISP BLOCK LENGTH REGISTER



3DB @ HO00/01

T00/01

/ VHISP
HISP A/B HISP A/B CHANNEL 7
INPUT OUTPUT INPUT OUTPUT
HISP O HISP 1 HISP 2 HISP 3

T.P. TERM T.P. TERM ; T.P. TERM T.P. TERM

20 D59 BOO' D46 B20' | D52' B40 D49’ B60
2! ___ D34 BOI' D18 B21' | D48 B4l D45 B6l
22 ___ DI1' B02' D16 B22' | D44 B42 D35 B62
22 ____ D69 B0O3' D70' B23' | D42' B43 D36 B63
2% __ D65 B04' D66 B24' | D38 B44 D31' B64
25 ___ D61' B05' D23 B25 ! D4l' B45 D30 B6S
2% ___ D68 BO6 D57 B26 | D29 B46 D26 B66
2; —___ B33' BOT' D55 B27' ! D14 B47 D20' B67
2° ___ D63 BO8' D25 B28' ! DI7' B48 D22’ B68

3DA @ H02/03
T02/03

T.P. TERM T.P. TERM ! T.P. TERM T.P. TERM

A =]

2 B72' BOO' B63' B20 B42' B40 B65'" B60
210 B08" BO1' B59' B21' B67' B4l B57' B6l1
2 11; B68' BO02' B06' B22 B70' B42 B61' B62
2 B46' BO03' B37' B23' B55' B43 B47'" B63

[
(93]

B48' B04' B31' B24'
B45' BO05' B29' B25'
B36' BO06' B35' B26'
Dé68" BO7' D62' B27'
D60 BOS§' D61' B28'
D63' B09' D59' B29'
D58' BI10' D48' B30’
D55' BI1l D46' B31'
D54' B12' D42' B32'
B33' B13' B25' B33
B27' BI14' B12' B34

B50' B44 B41' B64
B51' B45 B49' B65
B40' B46 B52' B66
D56’ B47 D33' B67
D57' B48 D31' B68

D36' B49 D29' B69
D35' BS50 D27' B70

D40' BS5l1 D25' B71 |
D38' BS52 D23' B72

B16' BS53 B39' B73
B14' BS54 B38' B74

—
N

-
~N O

[N T T )
N = O 0

o]
W

(NS NI O (S I (S B OB S B B SN SR )
[a—y
[«°]

A-1873C

CRAY X-MP HISP CHANNEL ADDRESS REGISTER

HTV-0242 27-4 CRAY PROPRIETARY

—_



G-L¢

ow

o

X~MP 16x4 MODULE LOCATOR

HISP A,7 | HISP B,7
INPUT INPUT
DATA 0-3 4-7 16-19 20-23 32-35 36-39 48-51 52-55 CB 0-3 3DJ H12/13,| T™2/13
BITS 8-11 12-15 24-27 28-31 40-43 44-47 56-59 60-63 CB 4-7 3DJ _H14/15, T4/15
TERM LOC. | TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.
MO0-03 BTK | MO4-07 BUK | MO8~11 AHB | M12-15 AIB | M16-19 DTI | M20-23 DUI | M24-27 CHD | M28-31 CID | M32-35 AJB | HISP BUFFER A
NOO-03 BTI | NO4-07 BUI | NO8-11 AHD | N12-15 AID | N16-19 DTK | N20-23 DUK | N24-27 CHB | N28-31 cxé N32-35 DVK | HISP BUFFER B
M40-43 BTB | M44-47 BUB | M48-51 AHK | M52-55 AIK | M56-59 DTD | M60-63 DUD | M64-67 CHI | M68-71 CII [ M72-75 AJK | VHISP BUFFER A
N40-43 BTD | N44-47 BUD | N48-51 AHI | N52-55 AII | N56-59 DTB | N60-63 DUB | N64-67 CHK | N68-71 CIK | N72-75 DVB | VHISP BUFFER B
HISP A,7 | HISP B,7
ouTPUT OUTPUT
DATA 0-3 4-7 16-19 20-23 32-35 36-39 48-51 52-55 CB 0-3 3DD HO8/09, T08/09
BITS 8-11 12-15 24-27 28-31 40-43 44-47 56-59 60-63 CB 4-7 3DD H10/11.{ ™M0/11
TERM LOC. | TERM LOC.| TERM LOC.| TERM LOC.| TERM LGC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.
MO-03  BOA | MO4-07 BQB | MO8-11 BQC | M12-15 DQOA | M16-19 DgB | M20-23 DQOC | M24-27 CEJ | M28-31 CEK | M32-35 CEL | HISP BUFFER A
NO-03 BTA | NO4-07 BTB | NO8-11 BTC [ N12-15 DTA | N16-19 DTB | N20-23 DTC | N24-27 CHJ | N28-31 CHK | N32-35 CHL | HISP BUFFER B
M40-43 BQJ | M44-47 BQK | M48-51 BOL | M52-55 DQJ | M56-59 DgK ! M60-63 DQL | M64-67 CEA | M68-71 CEB | M72-75 CEC | VHISP BUFFER A
N40-43 BTJ | N44-47 BTK | N48-51 BTL | N52-55 DTJ | N56-59 DTK | N60-63 DIL | N64-67 CHA | N68-71 CHB | N72-75 CHC | VHISP BUFFER B

X2027C0101



108

R4 UNCORRECTABLE ERROR
3DF HO6/07 -
T06/07 | TRANSMIT ADDRESS >
_ CLEAR CHANNEL
> ADDRESS, BL, PARITY
_ ADDRESS READY
(3DI) DOUBLE BIT ERROR »
_ TRANSMIT ENABLE
BIOP
ADDRESS ERROR
BL BIT 20 - 23 >
READY TO EXTERNAL
102 -
- LAST WORD FLAG -
REFERENCE REQ ROO -
23 _0 -l
ADDRESS 2 -2
20 213 | READY TO BUFFER
BUFFER A SELECT
BL
WRITE BUFFER
CLEAR ADDRESS
3DA HO02/03
T02/03
29_523
3DB HO0/0t
ENTER ADD 0-3 T00/01
>
HISP A/B
ACK. HISP A/B
LAST REFERENCE » 20——»8
CONFLICT
(3DF, 3DD, 3DA) g~ ca
(3AG,3AQ) GO I/0 REFERNCE
ADDRESS TO MEMORY CONFLICT (3AQ)
e ——————
MEMORY
3DD H10/11 |
ODD BYTES 4 C.B. TI0/11
» _OUTPUT
HISP
L 3DD HO8/09 T46 |
T08/09 .
72 BITS |EVEN BYTES 4 C.B. 140
| HISP
BUFFFER EMPTY |
BUFFER A
BUFFER B 32 BITS 4 C.B.
Note: If the Cray X-MP had the option
of four HISP's and no VHISP, a 12 BIT c.B
3DG module would be installed at B 4C.B.
location T04/05. The 3DG would
lace the 3DI at i .
replace e at location T04/05 B-1875E

CRAY X-MP HISP OUTPUT CHANNEL

HTV-0242

27-6



L=LT

3DF

SEND TRANS. CLR
«Q
START ADDRESS TO IOP CHANNEL K

TOP WILL
SEND ADD, AND

3DA/3DB

ADDRESS SENT TO THE

3DF

* SEND REF. REQ. TO

3DA/3DB AND LOAD CA
REG. FOR HISP 1

3AG/3R0

GENERATE I/O REF.
I/0 REF. SEC. 0-3

» THE 3DB TO FILL
BUFFER A

BLK LENGTH WITH
ADDRESS READIES IN
3 TRANSFERS

3DF

3n¢ )

DROP TRANS. ADD.

I0P

L]

_,//////;;;;\\\\\\ YES

3DB

3a0/3AD

CNT=HISP 1

NO

3DF

GO BANK N ON 3AQ
SECTION I/O SEC.

REF.

EMPTY BUFFER A
THFN BUFFER B
CONTINUE IN THE
SEQUENCE

> »>{ ON 3AD
\
;éngEF' BANK BITS REST OF ADDRESS SENT TO T+14
MEMORY 25-221
CONFLICT D ——"
I0P
STOP
YES SEND ERROR
3pp b TO IOP. IOP
CAN DISABLE
SWAP TO BUFFER B ERROR_CORECTION
BUFFE
IF BUFFER B IS EMPTY SOUBLE NO UFFER
= BEGIN FILLING BUFFER IT ERROR FULL OR
B WHEN BUFFER A BL=Q
IS FULL
NO
3DF
a
3DF/3DD/3DA/3DB 3P

LAST

E
REFERENCE YES

SEND BL BIT
29-23 10 3pB
FOR THE LAST REF.

TIMING =

ENABLE WHEN IT CAN
RECEIVE 16 WORDS

WILL SEND TRANS.

BL STAYS ON THE
3DF/3DG MODULE

3DB

SEND CLR ADD
AND SELECT BUFFER
A ON 3DD

SLOT CNT STOPS
UNTIL BUFFER A IS
FILLED, FOR HISP 1

A

* SEND ACK. REF. TO
3DF DROP REF. REQ.
GATE CA BIT 20-2

TO MEMORY
CONFLICT
3DF
SEND WRITE
YES BUFFER TO —@
3DD
3DF

SEND PEADY TO BUFFER
TO 3DD AND DECREMENT
BLK LENGTH AND SEND
PEADY TO EXTEPNAL

3DF

SEND LAST WORD FLAG
TO IOP WHEN BL=0

TRANSFER
COMPLETE
TRANSMIT

Is END
SET
ADDRESS

* NOTE: REFERENCE REQ.AND ACK.REF, ARE

THERE UNTIL THE BUFFER IS FULL

X-MP/2 FLOW CHART HISP 1 OUTPUT OPERATION

B-1919C



HISP ERROR LOGGING

SECDED
SYNDROME 3DE
| 3pF 21P
3DI
]
SECDED SECDED
| 3mE o 3ZE 21Q
Yy Y
MICRO SYNDROME
SYNDROME ERROR ERROR CODE/HISP- ERROR 23X ,j
SYNDROME LOGGER ERROR CODE/CPU ERROR o
HISP ERROR CORRECTION
8
3aX - 3DD 210 16
64
*
] SECDED
CB
CRAY X-MP
LOCAL
MEMORY
72 | 3zE MEMORY
*
SECDED
3DE 3DJ » 72 21P 16
*
SECDED
B-2074
X2026C0107

27-8



0-0OK .

1-64
2-65
3-D

4-66

6-D

7-32
10-67
11-D
12-D
13-40
14-D
15-48
16-56
17-D
20-68
21-b
22-D
23-1
24-D
25-M
26-M

27-D -

30-D
31-M
32-M
33-D
34-M
35-D
36-D
37-M

D - DOUBLE ERRCR
M - MULTIPLE ERROR

40-69
41-D
42-D
43-M
44-D
45-M
46-M
47-D
50-D
51-M
52-M
53-D
54-M
55-D
56-D
57-M
60-D
61-M
62-M
63-D
64-M
65-D
66-D
67-35
70-M
71-D
72-D
73-43
74-D
75-51
76-59
77-D

100-70
101-D
102-D
103-M
104-D
105-M
106-M
107-D
110-D
111-M
112~-M
113-D
114-M
115-D
116-D
117-M
120-D
121-M
122-M
123-D
124-M
125-D
126-D
127-37
130-M
131-D
132-D
133-45
134-D
135-53
136-61
137-D

SYNDROME CODES

140-D
141-M
142-M
143-D
144-M
145-D
146-D
147-38
150-M
151-M
152~D
153-46
154-D
155-54
156-62
157-D
160-00
161-D
162-D
163-03
164-D
165-05
166-06
167-D
170-D
171-01
172-02
173-D
174-04
175-D
176-D
177-07

200-71
201-D
202-D
203-M
204-D
205-M
206-M
207-D
210-D
211-M
212-M
213-D
214-M
215-D
216-D
217-M
220-D
221-M
222-M
223-D
224-M
225-D
226-D
227-33
230-M
231-D
232-D
233-41
234-D
235-49
236-57
237-D

27-9

240-D
241-M
242-M
243-D
244-M
245-D
246-~D
247-34
250-M
251-D
252-D
253-42
254-D
255-50
256-58
257-D
260-08
261-D
262-D
263-11
264-D
265-13
266-14
267-D
270-D
271-09
272-10
273-D
274-12
275-D
276-D
277-15

300-D
301-
302-M
303-D
304-4
305-D
306-D
307-36
310-H4
311-D
312-D
313-44
314-D
315-52
316-60
317-D
320-16
321-D
322-D
323-19
324-D
325-21
326-22
327-D
330-D
331-17
332-18
333-D
334-20
335-D
336-D
337-23

340-24
341-D
342-D
343-27
344-D
345-29
346-30
347-D
350-D
351-25
352-26
353-D
354-28
355-D
356-D
357-31
360-D
361-M
362-M
363-D
364-M
365-D
366-D
367-39
370-M
371-D
372-D
373-47
374-D
375-55
376-63
377-b



3DF MODULE

Page 1

TRANSFER ADDRESS AND BLOCK LENGTH

W10 =
Wil =
W12 =
W13 =

W1

z6 27

Ze 27
Z6 27

ADDRESS SLOT
SLOT
SLOT
SLOT

w N -

ENABLE TRANSMIT ADDRESS

R25 = TRANSMIT ADDRESS SENT TO IOP FOR
HISP 1 OR 5

R29 -

R32

LAST ADDRESS READY ENTER THE
ADDRESS INTO 3DA/3DB MODULES

FOR HISP 1 OR 5 OR ADDRESS

ERROR.

ADDRES

S ERROR

= Y8;

T2

SENT TO IOP

CNT = LIMIT AND
AND SEQUENCE IS

27-10

SECOND ADDRESS READY + ADDRESS READY
OVER + ADDRESS READY AND PARITY ERROR

A-1870 .

CRAY RESEARCH, INC.
COMPANY PRIVATE

p—
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)

T.8:7 5/8

10/12

ACO BOO

Al1l

B11

3DF MODULE Page 2
TRANSFER ADDRESS AND BLOCK LENGTH
A00 = I20 ADDRESS HISP £
A1l = I31
A12 = I32 PARITY BIT &
A13 = 133 BIT 1
Ald4 = I34 BIT 2
A15 - I35 ADDRESS READY
16/0 16/0 16/0 5/8 10/12 16/0 16/0 3/4 5/8 10/12
co0 €20 R43] 210 a0  BOO Cco0 c20 [r69}21'2 a0 BOO
c21 |r70} 213
c22 |r33}20
c11 C31 rR54 | 221 at1 Bt c11 c31 fra2}22 a11 BN
ADDRESS ADDRESS /BL

ADDRESS 20-221 ~ IS SENT TO THE 3DA/3DB MODULES

BLOCK LENGTH 20-213 - REMAINS ON THE 3DF FOR HISP
0~3, FOR HISP 4-7 BLOCK LENGTH

IS SENT TO THE 3DG.

27-11

16/0 3/4
co Rr57 | 20

211

Ct1 R68

BLOCK LENGTH

A-18704

CRAY RESEARCH, INC.
COMPANY PRIVATE



Voo
R12
RO2

ROO

3DF MODULE Page 3

REFERENCE REQUEST

U01 = REFERENCE MEMORY FOR HISP 1
IF NO ADDRESS ERROR AND THE
CABLE IS NOT DISCONNECTED

U1 + 00 R3 - SET CHANNEL ACTIVE
Ul + V4; T2 - CLEAR ADDRESS ON 3DD's
=R2V4 + R2V4 + Ul; T2 - BUFFER A SELECT

SEND REFERENCE REQUEST TO 3DB OR IF BUFFER

A OR B IS EMPTY SWAP THE BUFFER POINTER AND
GENERATE REFFRENCE REQUEST TO FILL THE OTHER
BUFFER, OR DROP REFERENCE REQUEST WHEN
ACKNOWLEDGE REFERENCE COMES BACK FROM 3DB.

LAST REFERENCE BLOCK LENGTH <20g

M16-M19 = LAST REFERENCE MAY BE LESS THFE

16 WORD. HISP 1
A-1870

27-12 CEONP Ry EPREYlaraNC
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3DF MODULE Page 4

REFERENCE TIMING

M60 = I02 I3' + M60 13; T2 READ ACKNOWLEDGE +00
M61 = M60 I3' + M61 I3; T2 ADDRESS GENERATION +01
M62 = M61 I3' + M62 I9; T2 ADDRESS GENERATION +02
M63 = V8; T2 ADDRESS DISTRIBUTION +03
M64 = M63; T2 ADDRESS FANOUT +04
M65 = M64; T2 ADDRESS FANOUT +05

M66 = M65 Y100 + M30 Y101 + M81 Y102 + M82 ¥103; T2

ADDED DELAY FOR DIFFERENT REFERENCE TIMES
ON MEMORY CHIPS.

M67 = M66; T2 ADDRESS ON Z - +06
M68 = M67; T2 ADDRESS ON Z - +07
M69 = M68; T2 ADDRESS ON Z - +08
M70 = M69; T2 READOUT Z - +09
M71 = M70; T2 FANIN DATA ON ZR +10
M72 = M71; T2 SECDED DATA ON ZE +11
M73 = M72; T2 SECDED DATA ON ZE +12
M74 = M73; T2 SELECT I/O DATA ON VA +13
M75 = M74; T2 DATA ON DD +14

WRITE BUFFER A

R11 = M73 WRITE BUFFER

SWAP TO BUFFER B

01 = BUFFER FULL

02 = LAST REFERENCE <20g

03 = SWAP

SO = ACTIVE NO ERROR

725 = TRANSMIT ENABLE

U0OO0 = NO REFERENCE

V4 = SWAP BUFFERS

003 = LATCH V4

A-1870
?7-13 CRAY RESEARCH, INC.

COMPANY PRIVATE



3DF MODULE - Page 5

SEND DATA TO IOP

READY TO BUFFER

Q001 = BUFFER FULL
003 = SWAP BUFFER
V06 = DELAY OVER

RO1 = SENT READY TO BUFFER TO
GET A DATA TO IOP
POO = DECREMENT BLOCK LENGTH
FOR EACH READY
DELAY READY
16/0 004 = R1 227; T2 MAKE 04 IF NO
16,0 005 = 04 227; T2 CLEAR CHANNEL
16/0 006 = 05; T2
16/0 007 = 006; T2
16/0 008 = Q07; T2
16,0 009 = 0Q08; T2

8/9 U4 = R1' 04' 05' 06"
us = 07' 08' 09’

11/13 V06 = U4 US

16/0 RO1T = 03 V6 + O1 V6; T2

READY TO EXTERNAL

R10 = READY PRECEDES THE DATA BY 25 N SEC.
A-1870

27-14 CRAY RESEARCH, INC.
: COMPANY PRIVATE



) 3DF MODULE Page 6

LAST WORD FLAG

N6 = MO M1 M2 M3 BL =

o

N5 = M16 M17 M18 M19 BL = O
04 = READY + 1 TIME
02 = LAST BL g20g

RO3 = LAST WORD FLAG SENT TO THE IOP

ALLOW TRANSMIT ADDRESS

LO' = KO 227; T2 ACTIVE
UNCORRECTABLE ERROR ON OUTPUT HISP

N
X
(S

l

R24

CHANNEL NOT ACTIVE AND NO ERRORS THEN
SEND TRANSMIT ADDRESS

UNCORRECTABLE ERRORS

R4 Z27 HOLD ERROR UNTIL CLEAR CHANNEL OCCURS

R4

R4 = U2 ENTER ADDRESS AND ADDRESS ERROR

i R4 M75 I1 DOUBLE BIT ERROR FROM CRAY MEMORY

A-1870

CRAY RESEARCH, INC.
COMPANY PRIVATE

27-15



3DB MODULE Page 1

EQO0 = I62; T2 ENTER ADDRESS INTO HISP &

EO1 = I63; T2 ENTER ADDRESS INTO HISP 1

E02 = I64 F50 + 1I73 F50 ENTER ADD INTO HISP 2
OR VHISP IF CHANNEL =7

EO3 = I65 FS50 + 1I73 F50 ENTER ADD INTO HISP 3

OR VHISP IF CHANNEL =7

LOAD HISP 1 CHANNEL ADDRESS

SLOT EQUAL ACTIVE CHANNEL

U00 = X0 X1 SLOT O READ
Uo1 = X0 X1 SLOT 1 WRITE
U02 = X0 X1 SLOT 2 READ
U03 = X0 X1 SLOT 3 WRITE

V01 = SELECT HISP 0-3 DURING THE SLOT TIME IF THE CHANNEL
IS ACTIVE
A-1871
27-16 CRAY RESEARCH, INC.

COMPANY PRIVATE
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3DD MODULE Page 1

)
,/i
BUFFER DATA FROM MEMORY
JOO = I46 SELECT A BUFFER FROM 3DF
K04 = JO I44 WRITE BUFFER FROM 3DF
A04 = K4; T2 WRITE A HISP 1
) 140 = READY TO BUFFER

KOO = CAUSES THE ADDRESS TO BE INCREMENTED

_— . MOO-M35 = LOAD 16 x 4's WITH MFMORY BLOCK REFERENCE

27;17 A-1872

CRAY RESEARCH, INC.
COMPANY PRIVATE



3DB MODULE bPage 2

BLOCK REFERENCE REFERENCE 16 CRAY WORDS

BLOCK LENGTH REGISTER GREATER THEN 20g

04

Q05 = BLOCK REFERENCE = 1

PO-P3 = BLOCK REFERENCE COUNT INITIALLY SET TO 17g
DECREMENT TO @# TO REFERENCE 16 WORDS IN
MEMORY TO FILL BUFFER A OR B

WHEN THE BLOCK LENGTH REGISTER IS LESS THAN
20g. THE LAST BLOCK REFERENCE IS GENERATED
FROM WHAT EVER THE LOWER 4 BITS OF BLOCK LENGTH
REGISTER IS EQUAL TO.

DECREMENTS THE BLOCK REFERENCE FROM
17 TO &

' 000-003 USED TO LOAD THE LAST BLOCK REF.

A-1871

27-18 . CRAY RESEARCH, INC.
COMPANY PRIVATE

N’
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3DD MODULE Page 2

POO

TO6

ROO-R35

OUTPUT DATA FROM 16 x 4's

I46 HISP O SELECT BUFFER A

T1 I40 READY TO BUFFER

BUFFER A OR B WORD SENT TO IOP
WHEN READY TO BUFFER

A-1872

CRAY RESEARCH, INC.
27-19 COMPANY PRIVATE
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0¢-LZ

N \_\J
apJ H15/H14
32 BITS & 4 CB'S ODD BYTES v
— e 5
ODD BYTES 3
CB.4-7 HISP A, 7 HI6/H17
(EXT) HISP 0 DATA 3DJ H MEMORY DATA
13/H12 o MEMORY DATA A00 RO0
(2IP) "64 BITS + 8 CB'S
CB.0-3 CORRECTED DATA
32 BITS & 4 CB'S Moo R0OO EVENBYTES CHiE & (3AE)
EVENBYIES . CK BITS TO MEMORY
BUFA
M35 A63 R63
(3DB) -REFERENCE ACKNOWLEDGE | | DOUBLERBIT » (3DF)
(3DF) _CLEAR ADDRESS Noo tror,DISABLE EC. A64 R64
(3DF) BUFFER A SELECT ‘ SYNDROME GHE)
WRITE DATA BUFB A7l R71 CPU 0 -
(3DF)
R35
N35
3pJ T12/T13
32 BITS & 4 CB'S EVEN BYTES proe
EVEN BYTES
CB.0.3 HISPB, 7 Ti6/T17
(EXT) HISP 1 DATA 3DJ MEMORY DATA
HISP1DATA __ & T14,T15 A0D
(2IP) "84 BITS + § CBS R0O
CB.4-7 CORR
32 BITS & 4 CB'S M00 ROO ODD EYTES ECTED DATA & > (3AE)
DD EYTES CHECK BITS TO MEMORY
BUFA
M35 A63 R63
(3DB) -REFERENCE ACKNOWLEDGE DOUBLE BIT » (3DF)
(3DF) LLEARADDRESS =~ N0O @/op)_DISABLE E.C. a6t Ro4
(3DF) -BUFFER A SELECT SYNDROME HE
010/ 35 5.1 01 ME—— BUFB ATl R71 CPU 1 » CHE)
3pF) WRITE DATA
( >
R35
N35
B-0682D

CRAY X-MP HISP CHANNEL INPUT/DATA
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N

N s

108
3DF HO6/07 | R13 UNCORRECTABLE ERROR
TOSA7 | TRANSMIT ADDRESS
ADDRESS, BL, PARITY
| ADDRESS READY
DOUBLE BIT ERROR 113 . R22 TRANSMIT ENABLE
BL20-23 DATA READY
CONFLICT - | _ 107 LAST WORD FLAG BIOP
ACK. REFERENCE HISP 0 112 CLEAR CHANNEL
REFERENCE REQUEST RIS | ADD ERROR
23 0
ADDRESS 27> 2 R23 CLEAR ADDRESS
20, 231 R16 SELECT BUFFER A
R17 WRITE DATA
BL
I11 BUFFER FULL
/O ADD TO MEMORY |3DA  H02/03
"V (3AG, 3AD, 3AQ) 29 o2 T0203
3DB H00/01
ENTER ADD 0 - 3 0001
ADDRESS HISP A/B
L Do T P
20 28
CA
CONFLICT
MEMORY LAST REFERENCE ————(AQ
ACK. REFERENCE
(3AG, 3AD, 3AQ) g0 ADD TO MEMORY _| HISP 0
CONFLICT
32 BITS, 4 CHECK BYTES [3DJ  H14/15 <—-|
T14/15 |
3DE  H16/17 aDJy HIZJISW
TI617] 32 BITS, T12/13 B
CORRECTED DATA 4 CHECK BYTES -
AND C.B.
BUF
TO MEMORY FERA -
BUFFER B 32 BITS, 4 CHECK BYTES
(3HE) <g—SYNDROME ¢ CONFLICT __ 35y - 32 BITS, 4 CHECK BYTES B-1878F

NOTE: Ifthe CRAY X-MP had the option of four HISP and no VHISP, a 3DG module
would be installed at location T04/05. The 3DG would replace the 3DI at

location T04/05.

HTV-0242

CRAY X-MP HISP INPUT CHANNEL

27-21

CRAY PROPRIETARY



cc-Le

3DF/3DG

3DF
3DF SEND ADD, 3DF
SEND TRANS. CLR E:ﬁl?ﬁNaigHWIT“ giﬁgs -
DRESS TO IO " | CHANNEL g -
ADDRE 0 _for ADDRESS READY IN ADD
3_TRANSFERS

3DA/3DB

ADDRESS TO
THE 3DA/3DB LOAD
CA REG FOR HISP O

Iop

(;:) A1r”/’/’§BE\\\\“-; DATA READY
wES
»<SEND TRANS ENABLE LES_JFROM IOP

3DF

SHAP BUFFERS

BUFFER

NQ

3DF

IO IOB

3DF

BL STAYS

ON MODULE

20213

SEND CLR ADD

AND SELECT BUFFER A
TO - 3DJ

—®

AND 72 BIT DATA
TO FILL BUFFER

3DF

»1AND SEND

DECREMENT BLK LENGTH

WRITE DATA TO 3DJ

BUFFEPR. FULL

3DF

OTHER NO

ULL

WAIT FOR DATA
READY, AND
72 BITS DATA

3DF

3AG/3N0

GENERATE REFER
*REQUEST TO
EMPTY THE BUFFER
TO THE 3DA/3DB

3DF

»{I/0 REF SEC 0-3

I/0 BANK BITS

WRITE REF DELAYED

DROP REF REQ

»1 DATA ON 3DF
REF VALID

DROP TRANS]
1 enasre

NO

3DB
308 SLOT CNT STOD
UNTIL BUFFER IS
EMPTY.
ELOT
YES _| * SEND ACK REF TO
»<CNT=HISP Q * 30F, 303
GATE CA REG DELAYED
NO GATE CA BIT 20-2%
TO MEMORY
CONFLICT
3DA/3DB
1/0 ADD TO
MEMORY 25-221 DOUBLE

CONFLICT I

O

EMPTY BUFFER
A THEN B
CONT IN
SEQUENCE

‘CONFLICT1

“|paTA AND CB
CORRECTED ON 3DE

CONFLICT

3DF

TRANSFER
IS COMPLETE

SET TRANSMIT

ADDRESS

BIT ERRORS

YES

ERROR, STOP
I0P CAN DISABLE
ERROR CORRECTIONS
ON ITS OUTPUT

* NOTE:

X-MP/2 FLOW CHART H;VP 0 INPUT OPERATION

REFERENCE REQUEST AND ACK. REF. ARE
THERE UNTIL THE BUFFER IS EMPTY.

B-1893C

-,



TN

3DJ MODULE Page 1

LOAD BUFFER A

JOo1 = 198 SELECT BUFFER A INPUT

12/13 K04 = J1 Il00 WRITE INTO BUFFER A
16/0 A04 = K04;T2

I92 = ACKN. REFERENCE FROM 3DB

K00 = INCREMENT 16 x4 ADDRESS WHEN WRITING INTO THE
'”j BUFFERS. OR INCREMENT THE ADDRESS WHEN READING
THE BUFFERS.

T95 T94 A4

T16 = T95

BUFFER FALL

) R36 = BUFFER ADDRESS HAS REACHED THE LIMIT.
THEREFORE A BUFFER TS FULL.

27-23

A-1876

CRAY RESEARCH, INC.
COMPANY PRIVATE



3DJ MODULE Page 2

ACKNOWLEDGE REFERENCE

ACKNOWLEDGE REFERENCE HISP &

I92 =
J00 -~ I06 CONFLICT
J01 = SELECT BUFFER

KO0 - INCREMENT ADDRESS TO READ BUFFER A
POO = 192 Z20 SELECT HISP ¢ DATA

Q00-Q35 - SELECT ONE OF THE HISP CHANNELS OR LOSP CHANNELS.
AND SEND THIS BUFFER OF DATA TO MEMORY

A-1876

CRAY RESEARCH, INC.

27-24 COMPANY PRIVATE
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3DF MODULE Page 1

TRANSMIT ENABLE

JOO = MAKE HISP ¢ ACTIVE IF NO ADDRESS ERRORS
AND CABLE IS CONNECTED
R22 = J0 SEND TRANSMIT ENABLE ON TRANSMIT DATA

TO IOP

TRANSMIT ENABLE, ENABLES A 16 WORD TRANSFER
TO FILL BUFFER A OR B.

R16 = JO SELECT BUFFER A

DATA READY FROM IOP

X20 = 16 = DATA READY

Y21, Y22 LATCH DATA READY

DATA READY RESYNC.

Z30 = ¥21; T

221 = ¥21; T6 -
Z22 = ¥21; 17

223 = Y21; T8

WRITE DATA/CLEAR ADD

220 Z21 Z22 223 WRITE DATA TO 3DJ

R17

K5; T2 WHEN CHANNEL ACTIVE CLEAR THE
ADDRESS ON 3DJ

.

R23

A-1877A

. CRAY RESEARCH, INC.
27-25 COMPANY PRIVATE



3DF MODULE Page 2

BUFFER FULL

Joé
I11

CHANNEL ACTIVE, READY, NO ERROR
BUFFER FULL

LO1

K02

BUFFER FULL, CHANNEL IS ACTIVE AND NO ERRORS

[l

IF BUFFER A IS FULL SWAP TO BUFFER B AND
BEGIN TO FILL BUFFER B.

REFERENCE HISP O

L02 = K02 Z29; T2

R15

SEND A REFERENCE TO 3DB WHEN BUFFER IS FULL.
HOLD THE REFERENCE UNTIL WE GET AN ACK BACK
FROM 3DB. ACKNOWLEDGE REF. IS ALSO SENT TO THE
3DJ TO BEGIN GATING THE DATA TO MEMORY.
ACKNOWLEDGE WILL CAUSE THE REFERENCE TO DROP.

A-1877

27-26 CRAY RESEARCH, INC.

COMPANY PRIVATE

Y
R—

g



3DF MODULE Page 3

ACKNOWLEDGE REFERENCE HISPp #&
CONFLICT

I12
I3

]

L0O5-L07 = DELAY ACKNOWLEDGE REFERENCE FOR 3 CPS IF THERE IS
A CONFLICT WAIT UNTIL THE CONFLICT GOES AWAY. ALSO
ALLOW DOUBLE BIT ERROR AT L7 TIME OR ACK + 2

HO1 = NO REFERENCE

JO5 = H1 W5 REFERENCE AND DATA READY

R22 = SEND TRANSMIT ENABLE IF NO ERRORS AND CHANNEL
ACTIVE. DROP TRANSMIT ENABLE IF THERE IS NO
REFERENCE.

LAST WORD FLAG

17 LAST WORD FLAG
HO W5 READY + ACTIVE + NO ERROR

X23
JO8é

il

A-1877
L0O3 = LAST WORD FLAG

27-27 ’ CRAY RESEARCH, INC.
COMPANY PRIVATE



3DF MODULE Page 4

BLOCK LENGTH = ¢ AND DROP ACTIVE

Jo4 - F2 F3 F4  BL = 4§
J02 = L3 L1 H1 LWF AND NOT FULL + NO REFER.

KOO = DROP ACTIVE WHEN LWF BUFFERS ARE NOT FULL AND
THERE IS NO REFERENCE.

UNCORRECTABLE ERROR

L8 = J6; T2 READY + 1
I3 DOUBLE BIT ERROR
L7 = ACK + 2 TIME

KO3 = UNCORRECTABLE ERROR CAN BE MADE FROM BL # O AND CHANNEL
NOT ACTIVE OR BL = £ AND NO LWF OR DOUBLE BIT ERROR

AT ACK + 2 TIME.

A-1877

CRAY RESEARCH, INC.
27-28 COMPANY PRIVATE

N









VHISP PROGRAMMING

™ INSTRUCTION SEQUENCE TO START AN OPERATION IS DEFINED

' WITH (AD) =7,
001208  CI, AJ CLEAR INTERRUPT
0010JK CA, Ay AK  (AK) = SSD STARTING BLOCK ADDRESS
0010JK CA, AJ Ak (AK) = X-MP MEMORY ADDRESS
0011JK CL, Ay AK  (AK) = TRANSFER BLOCK LENGTH
READ/WRITE MODE:
TRANSFER INITIATED
----------------------------- WAIT FOR INTERRUPT ON
(CHANNEL #7)
033100 READ CHANNEL NUMBER TO Al
n 033141 Al CE, AJ READ ERROR FLAGS
) 001240 Cl, AJ CLEAR INTERRUPT/CLEAR INTERFACE
NOTES:

SSD STARTING BLOCK ADDRESS - ALL TRANSFERS TO OR FROM THE

SSD MUST BE IN BLOCKS OF 64 WORDS.

X-MP MEMORY ADDRESS - ADDRESS USED TO TRANSFER INFORMATION

INTO X-MP MEMORY.

BLOCK LENGTH - BLOCK LENGTH PERTAINS TO THE NUMBER OF 6ij,

WORD BLOCK TO BE TRANSFERRED, THE MAXIMUM
BLOCK LENGTH IS 777777g. 1F AK REGISTER BIT
2% I's CLEARED READ OPERATION (SSD TO X-MP
MEMORY). IF 2°° IS SET IT's A WRITE OPERATION
(X-MP MEMORY TO SSD).
CRAY RESEARCH, INC.
COMPANY PRIVATE

28-1



3DI MODULE @ T04/05
BLOCK COUNT REGISTER SSD BLOCK ADDRESS
BIT I.P. TERM | BIT T.P. TERM
20 TOI  NOO 20 D66  R40
21 T03  NoO1 21 __  Dél R4T
22 (72 \(17) 22 D64  R42
23 CO4 NO3 23 D65 R43
24 CTiZ  No4 24 D55  R44
25 TIT  NO5 25 D59  R45
26 [o/3} NO6 26 D57 R46
27 C23  No7 27 ___ D&  R4T
28 C22  NoO8 28 D24 R48
2° T2  N09 2° __ D38 R4
210 33 N10 210 D47 R350
21 C34 N1 211 D45  R51
212 G4  N12 212 D22  R32
213 C53  NI13 23 D27 R53
214 Cl0 N4 | 24 _ D4 R
215 C7l1  NI5 215 DX R3S
216 C67  Ni16 216 D01  R36
2 17 C68  N17 27 DT R5T
218 D31 R38
223 A70 R20 29 Di3 RS
220 D20 R&0
221 D17  RI120
222 C72 Ri21
22 D68 R122
HTV-0242 28-2

3DX MODULE @ AAQ7

BLOCK COUNT REGISTER
BIT IT.P. TERM
20 A48 EA0
21 As54 E41
22 A55 E42
23 AS7 E43
24 A52 E44
25 A58 EA5
26 A67 E46
27 A63 E47
28 AT2 EA8
22 B31 EA49
210 B29 E50
211 BO6 E51
212 B23 E52
213 B36 E53
214 B34 E54
25 B28 E55
216 B30 E56
27 B32 E57
223 A6l E04

Hardware Ting.
XV204L22M D.W.B.

-
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HTV-0242

3DI @ T04/05 ——-

CPU 0/1

Description

T.P. Term
20 cot NOO
2! co3 NO1
22 o2 NO2
23 coa NO3
24 12 NO4
22 c13 NOS
26 a1 NO6
27 c23 NO7
28 c22 NO8
22 c24 NO9
210 ¢33 N10
2'' ¢34 NT1
212 ¢4 N12
23 ¢s3 N13
2’4 c70 N14
215 ¢cn1 N15
26 ce7 N16
217 ces N17
218 204 MO2
212 pes M25
220 p3g M12
221 pae M23
222 pso M28
223 D29 M13

Block length
Block 1length
Block 1length
Block length
Block length
Block length
Block length
Block length
Block length
Block length
Block length
Block length
Block length
Block length
Block length
Block length
Block length
Block length

bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit

Reqg. 1n progress

SSD single bit error
Block length error

SSD double bit error
CPU double bit error

Fatal error

*

instruction. Aj equals a 7.

CRAY X-MP/2 SSD STATUS WORD

28~3

Also loaded into Ai register from 003ij1

X2002L0502



Z0-ALH

¥-8C

AdVL1dEdOdd AVED

9 _,23 3DA  H02/03 9 522 ,23
kBIT 27 - 27.2
AR A 27.2 2
ACK. REF. HISP2_ @)
GO 1/O REF.
0,8
AkBIT 2Y.2 P (3AG,3AQ)
ARy ———2 -2 | 3DB HO0O1 [" 0 8
| (READ REF. REQ
SELECT CPU 's Ak
— —
. 0_,3 - ADD 26229
oamy ALBIT27-27  J3DH HO40S DI To4s0s - 2YU—)2Y0)
(31F) ENTER CA A/B ENTER CA CHANNEL 7 - VIA CROSSOVER MODULE
—_— ANNE
(37 ENTER BL A/B m(s}'lllw CTII(‘)N ENTER BL CHANNEL 7 o vs BLOCKLENGTHTOSSD . (2vy,)
_—
(21F) CLEAR INTERRUPT_| - CONTROL CLEAR INTERRUPT CHANNEL 7 R6 v(‘;LRiAERB(;(;NTROL » (2YY)
ACK. REF, HISP 3 » (2YY)
TRAN
< SMIT ENABLE P
FIRST REF. SELECT | R113 130 | _ACK. CLEAR RESY
< 2YY)
——————®1 3pA T02/03
SELECT CPU 's Ak
9 ,23
(3aRy AKBIT 27 -2
3DB  TO0/01
>
0,8
AKBIT 2°-2 ‘-
3AR) — ] ,
( PU 1 GO /O REF > (3AG3AQ)
. REF.
ACK HISP 2 D))
A-5206A
VHISP READ/WRITE ADDRESS PATH
MODEL "C" SSD
'; \\J‘ -




S-8¢

"t e

9,23 3DA  H02/03 9 ,22 .23
(3ARy AKBIT 2 -2 29.222 5
—»
GO 1/O REF.
0,8 — e % (3AGJ3A
caR) AKBIT 2 -2 1 0B HOOO! [0 s GAG3AQ
READ REF. REQ.
SELECT CPU * <
s Ak CPU 0 WRITE REF. REQ.
SSD
; 0.,3 3DH HO04/05 L ADD 26- 226
(3AR) Mb / DI  T04/05 P (2ZC)
ENTER CA A/B ENTER CA CHANNEL 7 VIA CROSSOVER MODULE
Tl PN LU S >
ENTER BL A/B ENTER BL CHANNEL 7 125 BLOCK LENGTHTO SSD . (3pX) g
G > CLEAR CONTROL
(317 CLEAR INTERRUPT CLEAR INTERRUPT CHANNEL 7 o 126 » (DY)
—_— >
ACK. REF. HISP3 | WRITE BIT » (3DX)
TRANSMIT ENABLE
‘ACK CL. RESY ebY)
FIRST REF. SELECT |R113 130 | ACK. CL. (DY) <
————»] DA T2/03
SELECT CPU 's Ak
5 23
B -
(saRy BT 2 -2
3DB  T00/01
0_,8 l———
ABIT 202
(3AR)
PU 1 GO 1/O REF. (3AG3AQ)
- B-2016E

VHISP READ/WRITE ADDRESS PATH

MODEL B



rZ0-ALH

9-8¢C

AIVLIHEdOdd AVID

GDB) ACK.READ CPU 0

@DB) ACK. READ CPU |

REF. REQ. CPU 0
DBy« RFAD

, . CPU
@DB) IRE\DREF REQ.CPU 1

@DB's) CONFLICT

DOUBLE BIT ERROR _ |
(2YY, 3DE)

3DI
TO4/05

R116

CONTROL
PORT 3

210

N, ;

2YP
Ad0M1

o] GROUPO > Qv

ERROR
CORRECTION

2YF
A36737

2YE
M10n1
20,47
CONFLICT | 3pD  EVEN fa‘ﬁ/ s
Do) HO809 BYTES PORT 3
vz
> 32733 48415
[}
n 2227 2¥E
10 MEMORY PORT [ B | (e [Flc]n] M14/15
(3AX, 3VA) ———ereeee—me g o
CPUO - o
DD ODD I P
HIY1 BYTES -
BRERR Mi6n7
> 2YZ
143 . e
T .nn 298,71 —
4 .
da1y) HEBA Migns
Lo 232,39
AD 20.,23 —
WRITE A SELECT/READ B SELECT T [5TA] e
WRITE INCREMENT ADDRESS AB| | |
] 2
READ INCREMENT ADDRESS A/B vz o
2. —
2
e e || L oEODn e
LAST BUFFER P o =
o] Toss BYTES
AR
TRANSMITENABLE o > , s
BL=0 > _ “22‘248. n
B s 103¢7) 285 —
= E[F]o[H] e
1/0 MEMORY PORT .
AN Gy 25658
2YE
DD ODD M26n7
TI0N1 BYTES
26497
> €BO-7
@Dp) SONFLICT ) B |

X-MP/2 VHISP WRITE DATA PATH

MODEL ncn

4

GROUP1 |—o n'
WRITE @YB's)

ERROR
OCORRECTION

Hardware Trng.
A-5180A P.LN.



N

3DD H11/H10
DATA FROM MEMORY
, i 3VA,3AX
ODD 453 BITS + 4CB's ¢ )
BYTES 47
64 BIT + 3DD | HO9/HOS
3 CB's , DATA FROM MEMORY
16x4's VAT ‘%3.5 (3VA,3AX)
EVEN | [rae M40 T
BYTES BUF. A » CLEAR ADDRESS (3DI)
M75
| @ QUTPUT WRITE BUF. CPU A (3DI)
N40 | @CUTPUT WRITE A SEL. CPUA (317
R71 | |BUF.B| | L35 | QUTPUT READ NEXT (3DI)
N75
SSD DATA
-
(2YZ) 5 BITS
+16 CB's
3DD | TO08/T09
EVEN | DATA FROM MEMORY (3VA3AX)
4 CB" ’
SUTES 32 BITS + ngs s
3DD | T10/T11
64 BITS 4 ' DATA FROM MEMORY (3VASAX)
Yol 16x4's 32 BITS + 4 CB's ’
s M40 4-7
00D R36 BUF. A L00 | |oCLEAR ADDRESS (3DI)
M75
BYTES | - QUTPUT WRITE BUF. CPU B (3D1)
N40 | ¢QUTPUT WRITE A SEL. CPUB (3DI)
BUF. B
R71 L35 OUTPUT READ NEXT
N75 - (3DI)
B-0679C

CRAY X-MP VHISP CHANNEL OUTPUT DATA
(MODEL C SSD)

HTV-0242 ' 28-7 CRAY PROPRIETARY



¢vZ0-ALH

8-8¢C

READ MEMORY DATA
0_463 - RVE
(3uny 20-263 cpuo | 300 n8/9 ~ RVEN PORT 3 DATA
— > H10/11 - opp
0
(3ny) C:B. 20-27 sEeT N 1p2 a4/
w2007 ; BITS 20247 2280-7
(3ax) SeB. 272 SECT N + 2 cpu 0 FROM CPUO
20_27 . 20-263 _
(3pm) —CONFLICT > B 07 >
(20-263 & c,B. 0-7) [ _BurEer ]
BUFFER BUFFER | (] 5] (o]
A B GROUP 0
(30Y) 0 ] LAST BUFFER _ (3DY) o
- (30Y) WORDS
{3DY, 3DE) DOUBLE BIT ERROR 143
——
DI T4/5 R23 :;}1‘:3' DATA 143 10z \ :%/3
BITS 20-2
(3DB) ACKNOWLEDGE READ Cpua_ | 135 147 | 32 BITS EACH MODULE, FROM CPUT 228815
EVERY OTHER BYTE C.B.
143 ] spLIT 20-23 anD 20263
(3DB) ACKNOWLEDGE READ CPUR_ [ 136 24-2 | = | o
' Bl ¢c]p
R116 | CLEAR ADDR HISP 3
READ INCREMENT
(3DY) TRANSMIT ENABLE R31 ADDRESS _ A/B
302 A0/1 GROUP 1
R37 WRITE A SELECT/READ B SELECT | srms 248263 | |
o CPUO & CPU1
R3S WRITE INC. ADD A/B
- c.B. 20.27
3DB READ REF CPU A/B R26 30D TR/9 - EVEN
(308) T10/11 - opp CPUD & CPU1
CONPTLICT
(AIPR) —— " ]
» { BUFFER ]
1 tal B cl®
= crt 1
A #
Len (3DY) WRITE BUFFER
A, 8 C, D
CONFLICT BuiFER BU;FER (3DX) READ BUFFER
{3NB) ————————» A, B, C, D
::gnns 2027 (3DY) CLEAR ADDRESS
(20-263 5 c.8, 0-7)
Gnxy .8, 20-27 sEeT N + 1
»- X202680103
gy Sal 20-27 skcr v+ 3 | 32 BITS EACH MODULE, i '
(3 *1 =Every orHEr BYTE C.B. C-16064K
(wry 20-263 ceor | sewrr 20-23 awp
""" READ MEMORY DATA 24-27
oI
R116 ~ CLEAR ADDER HISP 3 - WHEN SET ACTIVE APTER ACKNOWLENGE
I35 [AO_ A1 A2 A} AS
A 2 2 AS AT A9 ,.}ﬁ 2,‘,2 :}L ‘;;f, ;\\',: :;g S Esggm A R31 - INCREMENT ADDRESS - GO DATA REAPY OR WORD COUNT = 17

R37 ~ WRITE A SELECT HISP 3 - CPUO SELECT BUFFER A
R35 - WRITE BUFFER HISP 3 - NEXT CLOCK PERIND DATA ON 3bD MODULE
R23 - ONE WRITE DATA READY PER 16 - 144 BIT TRANSFER PRECKDES THE DATA

B ‘s
LABO A81 AB2 A100 UP ' 4 C.P. DELAY FOR MOS MEMORY v ozer
3pD
—_— k - BUFFEI Al ‘FER C SRS 5P
136 | A40 A4 Ad2 A43 AA4 A4S A46_ A4T A48 A4Q  ASO A51  AS52 A53  AS54 A5S [ cpol * 1as cLERRS D M o s DUNTERS FOR WLSD 3

I49 ALLOWS C OR D TERM5 (COUNTERS FOR BUFFER A AND 8) TO BE ADVANCED

147 - SELECTS HISP 3 BUPFER A

145 MAKES WRITE ENABLE FOR BUFFER A OR BUFFER B; THRE ABSENT OF WRITE
ENABLE MEANS THE 16x4 ARE BEING READ TO THE 850

BUFFER A

[a86 a87 asg_ar02

VHISP WRITE TO SSD PATH
'MODEL B'



6-8¢

2YF
A38/39

GROUP 0
READ

ERROR
CORRECTION

2YE
M10/11

20. 27

2YE
M12/13

28,15

2YF
A34/35

GROUP 1
READ

) 4

2YE
M14/15

216,23

2YE
M1617

224 231

2YE
M18/19

23239

2YE
M2021

29047

2YE
M22/23

448 55

2YE
M24/25

236,63

2YE
M26/21

264,571
o7

ACK. REF. INC. ADDRESS  o/p
@vY e TRANSMIT ENABLE 301 K32 WRITE A SELECT/READ
DOUBLE BIT ERROR .| T04/05 R34 |WRITE BUFFER A/B
(2YY, 3DE) ; RI16
READ DATA READY CLR. ADDRESS
@ WRITE REF. REQ. CPUG
DB RITE REl; ng. CPU ) 2%20
a0B) 1 opp
H1415 BYTES
A 3DE
PORT 3 > H1617
2YZ -
A3 ERROR 1/0 MEMORY PORT,
_ | CORRECTION | (AE)
BITS 20- 223 3D)  EVEN o
(A ]8]c]p] H1213 BYTES
2YZ
A30/31
> A
Brrs 224 247 . DISABLEEC.
c [ |
i‘;.?m 23 f ACK. REF. INC. ADDRESS (;np,
prrs 248 27 WRITE A SELECT/READ 1,
RIE TSR A3
Moz CLR. ADDRESS .1\
™1 nen
0,,23
> BOS2-2 D oDD
noan Thns s
2YZ
AU25
24_ 47 > A
BITs 24 2 5 DR
A [s[c o] o
ERROR O MEMORY PORT :
%‘2:27/23 .| correcTiON |9 (AB)
Dl EVEN
BITS 298.27 TI213 BYTES
[als]c]p]
L — 3
A
5 DISABLEE.C.

T L 4 A
CLR. ADDRESS
any

WRITE BUFFER A/B

(3D!

3D
(3DB)

D)

WRITE A SELECI/READ

ACK. REF. INC. ADDRESS

X-MP/2 VHISP READ DATA PATH
MODEL "C"

Hardware Trng.
A-5181 P.LN.
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SSD DATA

(3DZ) 128 BITS + 16 CB's

3D | misma

32 BITS +4 CB's ODD 3DE | H17/H16
ODD BYTES BYTES
MEMORY | [a00 ROO
64 BITS + 8 CB's D1 | I { DATA |
16 x 4 CORRECTED DATA AND
X4s
30 BITS +.4 CB's bxt BVEN CHECK BITS TO MEMORY o (3,5
EVEN BYTES * BYTES
X00 BUlls' Al | RO A63 R63
(3pB) —REFERENCE ACKNOWLEDGE M|75
A64 R64
(3DI ) —CLEAR ADD >
(3D1) —NPUT WRITE A > N‘I‘O AT R71
SELECT CPU A BUE. B
X35 N R35
(3p1) —INPUT WRITE BUFFER > N75
300 | 112113
32 BITS + 4 CB's 3DE | T16/T17
EVEN BYTES EVEN
BYTES
A00 ROO
64 BITS + 8 CB's 301 _| Tamis MEMORY
DATA
"
16 x 4 CORRECTED DATA AND
32 BITS + 4 CB's M40 CHECK BITS TO MEMORY » (3AE)
ODD BYTES ™ ODD
X00 : ROO | IBYTES
(3DB ) REFERENCE ACKNOWLEDGE | BUF. A A63 R63
M75
(3p1) SHEARADD » Ab4 R64
INPUT WRITE A N40 ATl R71
(3D1) “SELECT CPU B > |
BUF. B
3ppy INPUT WRITE BUFFER X35 I R35
(3DI) > NS B-0674A

CRAY X-MP VHISP CHANNEL INPUT DATA

MODEL C



CvCc0-ALH

11-8¢

e

‘\\/

20.263 ¢.8, 0-7

P
Lot

3DE H16/17

ERROR
CORRECTION

20-263 c¢.8, 0-7

| _WRITE REF. REQ. (3DB)
3pI R34 WRITE BUFFER A/B
T04/05 R32 WRITE A SELECT/READ B SELECT
PANS BNARLY
(1) T ART. R116 CLEAR ADD
(3DY) (3DE) DOUBLE BIT ERROR
(3DY) READ DATA READY
22E0-7 30z MO/1
20-263 .8, 0-7 | 33 m2/13 - eop
> H14/15 - BvEN
paTA 20-263 DATA 20-247 cpug
GROUP 0 C.B, 0-7 ™1 FoORr crPuO 1 199
32 BITS-EVERY OTHER
BUFFER _ | BYTE C.B. 0-7
[(Zlelclp] ™ non
g { BUFFER ]
3Dz M2/3 1 193 Al B ]
2ZE8-15 o
o -
DATA 20-247 CPUI
FOR CPU 1 303 T12/13 - onn
™4/15 - Fvrn
BUFFER =
paTA 20-263 o A[BJC|D 20-263 c¢.p. 0-7 o
GROUP 1 C.B. 07 > P 32 BITS-EVERY OTHER
BYTE C.B. 0-7
302 M4/5
BUFFER
= a[B]c]D
PATA 2148.263
.| FOR cPUU & cPU1 o
C.B. 0-7 FOR
CPUO & CPUY
(3DB) ACK. REF. INCREMENT ADD A / B
READ FROM SSD DATA FATH

"MODEL B’

3DE T16/17

ERROR
CORRECTION

B-1662C

X202650101
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3DI

3DH | HO5/HO4 ENTER SSD ADDRESS’ (3DA, 3DB)
CHANNEL
ADDRESS
CONTROL CLEAR CHANNEL CPUAORB
ENTER SSD ADDRESS >
ENTER BLOCK LENGTH q
(3DB) _REFERENCEACKNOWLEDGE
(3pB) —CONFLICT >
(3DA,3DB) —AKDATA >
(3DY) —_TRANSMIT ENABLE >
(3py) —READDATAREADY >
(3py) —BLOCKLENGTH=0 >
(3DY) _ACKNOWLEDGE CLEAR RESYNC
(3py) —BUSY >
(3DY) —BLOCKLENGTH ERROR >
(3pY) —MPTY —»

VHISP

CHANNEL CONTROL

READ REFERENCE REQUEST CPU A +B

WRITE REFERENCE REQUEST CPU A +B

OUTPUT READ NEXT

OUTPUT WRITE BUFFER

OUTPUT A SELECT CPU A +B

CLEAR ADDRESS

INPUT WRITE A SELECT CPUA +B

INPUT WRITE BUFFERS

INTERRUPT TOCPU A + B

CLEAR CHANNEL

WRITE BIT

TRANSMIT ENABLE

SET CURRENT ACTIVE ( START XFER )

GO WRITE DATA READY

LAST BUFFER

ADDRESS TO SSD

BLOCK LENGTH TO SSD

Y Y VY Y Y Y VYVYY YV YV Y VY

CRAY X-MP VHISP CHANNEL CONTROL

MODEL C

N

(3DB)
(3DB)
(3DD)
(3DD)
(3DD)
(3DD, 3DJ )
(3DJ)
(3D7)

(3DJ - FANOUT)
(3DY)
(3DY)

(3DY)

- (3DY)

(3DY)
(3DY)
(2ZC)
(3DX)

B-0676A
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Ow

ow

X-MP 16x4 MODULE LOCATOR

HISP A,7 | HISP B,7
INPUT INPUT
‘DaTA  0-3 4-7 16-19 20-23 32-35 36-39 48-51 52-55 CB 0-3 3DJ H12/13,f T 2/13
BITS 8~-11 12-15 24-27 28-31 40-43 44-47 56-59 60-63 CB 4-7 3DJ H14/15,4 T14/15
TERM LOC. | TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.,| TERM LOC.| TERM LOC.| TERM LOC.
MO0-03 BTK | M0O4-07 BUK | MOB-11 AHB | M12-15 AIB | M16-19 DTI | M20-23 DUI | M24-27 CHD | M28-31 CID | M32-35 AJB | HISP BUFFER A
NOO-03 BTI | NO4-07 BUI | NO8B-11 AHD [ N12-15 AID | N16-19 DTK | N20-23 DUK | N24-27 CHB | N28-31 CIB | N32-35 DVK | HISP BUFFER B
M40-43 BTB | M44-47 BUB | M48-51 AHK | M52-55 AIK | M56-59 DTD | M60-63 DUD | M64-67 CHI | M68-71 CII | M72-75 AJK | VHISP BUFFER A
N40-43 BTD | N44-47 BUD | N48-51 AHI | N52-55 AII N55-59 DTB | N60-63 DUB | N64-67 CHK | N68-71 CIK | N72-75 DVB | VHISP BUFFER B
HISP A,7 HISP B,7
OUTPUT OUTPUT
DATA 0-3 4-7 16-19 20-23 32-35 36-39 48-51 52-55 CB 0-3 3DD HO8/09,| T08/09
BITS  8-11 12-15 24-27 28-31 40-43 44-47 56-59 60-63 CB 4-7 3DD H10/11,] T10/11
TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.,| TERM LOC.|! TERM LOC.
MO-03  BQA | M04-07 BQOB | MO8-11 BQC | M12-15 DQA | M16-19 DQB | M20-23 DQC | M24-27 CEJ | M28-31 CEK | M32-35 CEL | HISP BUFFER A
NO-03  BTA | N0O4-07 BTB | NOS-11 BTC [ N12-15 DTA | N16-19 DTB | N20-23 DTC | N24-27 CHJ | N28-31 CHK | N32-35 CHL | HISP BUFFER B
M40-43 BQJ | M44-47 BQK | M48-51 BQL | M52-55 DQJ | M56-59 DQK | M60-63 DQL | M64-67 CEA | M68-71 CEB | M72-75 CEC | VHISP BUFFER A
N40-43 BTJ | N44-47 BTK | N48-51 BTL | N52-55 DTJ | N56-59 DTK | N60-63 DTL | N64-67 CHA | N68-71 CHB | N72-75 CHC | VHISP BUFFER B

X2027C0101



tox4 VHISP MODULE LOCATOR ON SSDL "MOULEL C"

NOTE: Odd or even words are the results of the number of words transferred.

.\.W~w)

Port 3
2YZ @ A32/33 Handles the even Cray words bits 20-223 railing addrs. equals current addrs.
2YZ 8 A30/31 Hanales the even (ray words bits 224-247 minus starting addrs.

2YZ @ A28/29 Handles the even Cray words bits 248.27t
Failing addrs.:

2YZ @ A26/27 Handles the odd Cray words bits 20-223 26 25 = Q0 Buffer A/E
2YZ © A24/25 Handles the odd Cray words bits 224-247 26 25 = 01 Buffer B/F
2YZ @ A22/23 Handles the odd Cray words bits 248-271 26 25 = 10 Buffer C/G
26 25 = 11 Buffer D/H

Port 4

2YZ @ A12/13  Handles the even Cray words bits 20-223
2Y2 @ A10/11 Handles the even Cray words bits 224247
2YZ @ A08/09 Handles the even Cray words bits 248.271

2YZ @ A06/07 Handles the odd Cray words bits 20~223
2YZ @ A04/05 Handles the odd Cray words bits 224-247
2YZ @ A02/03 Handles the odd Cray words bits 248-27!

Data U -3 4 - 7 8 - 11 12 - 15 16 - 19 20 - 23
24 - 27 28 - 1 32 - 35 36 - 39 40 - 43 44 - 47
48 -~ 51 52 - 55 56 -~ 59 60 - 63 64 - 67 68 ~ 71
Port 3 or Port 4
Read from SSD TERM LoC TERM LOC TERM LOC TERM Loc TERM Loc TERM LoC
Buffer A J00-03 BRI J04/07 BRK JO08-11 AFC J12-15 BRC J16~-19 AFI J20-23 AFK ,~>
Buffer B K00-03 BSI K04~-07 BSK KO08-11 AGC K12-15 BSC K16-19 AGI X20-23 AGK
Buffer C LO0-03 BTI L04-07 BTK LO8-11 AHC L12-15 BTC L16-19 AHI L20-23 AHK
Buffer D M00-03 BUI M04~07 BUK MO08-11 AIC ( Mi12-15 BUC M16=-19 AIl M20-23 AIK

Port 3 or Port 4

Write to SSD TERM  LOC TERM  LOC TERM  LOC TERM  LOC TERM  LOC TERM  LOC
Buffer E NOU-03 DRI | NO4-07 DRK | NO8-11 CFC | N12-15 DRC | N16=19 CFI | N20-23 CFK
Buffer F 000-03 DSI | 004-07 DSK | OUB-11 CG 012-15 DSC | 016=19 CGI | 020-23 CGK
Buffer G PO0-03 DTI | PU4-07 DTK | PO8-11 CH P12-15 DTC | P16-19 CHI | P20-23 CHK
Butfer H QUO-U3 DUI | Q04~07 DUK | Q08-11 CI Q12-15 DUC | ¢16-19 <CII | 920-23 CIK

X2002L050

16X4 VHISP MODULE LOCATOR
ON 8sD "MODEL C"

28-14
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WRITE TO SSD

16x4 VERY HIGH SPEED

MODULE LOCATOR

3pZ @ AA 4/5 handles the EVEN Cray Words to the SSD bits 0-47,
302 @ AA 2/3 handles the ODD Cray Words to the SSD bits 0-47.
3DZ @ AA 0/1 handles the EVEN and ODD Words to the SSD bits 48-63 and CB 0-7, (RO-R23 on 3DZ is EVEN R24-47 is ODD),
READ FROM SSD
3DZ @ MM 0/1 handles the EVEN Cray Words from the SSD bits 0-47,
302 @ MM 2/3 handles the ODD Cray Words from the SSD bits 0-47.
3DZ @ MM 4/5 handles the EVEN and ODD Words from the SSD bits 48-63 and CB 0-7. (RO-R23 on 3DZ is EVEN, R24-47 is ODD).
DATA 0-3 4-7 8-11 12-15 16-19 20-23 24-27 28-31 32-35 36-39 40-43 44-47
EVEN oDD
BITS 48-51 52-56 56-59 60-63 CBO-3 CB4-7 48-51 52-5% 56-59 60-63 CBO-3 CB4-7
BUFFER | TERM 1LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC.| TERM LOC, TERM LOC.| fTERM LOC.| TERM LOC.
A MO-08 AFC |{ M04-07 BRI | M0O8-11 BRC | M12-15 AFK | M16-19 BRK | M20-23 DRK | M24-27 AFI | M28-31 CFC | M32-35 DRI | M36-39 DRC | M40-43 CFI | M44-47 CFK
3 BUFFER
D B H0-03 AGC | N4a-7 BSI | N8-11 BsC | N12-15 AGK | N16~19 BSK | N20-23 DSK | N24-27 AGI | N28-31 CGC | N32-35 DSI | N36-39 DSC | N40-43 CcGI | N44-47 CGK
2z
BUFFER
c p0-03 AHC | p4-7 BTI | P8-11 BTC | P12-15 AHK | P16-19 BTK | P20-23 DTK |} P24-27 auI | p28-31 CHC | P32-35 DTI | P36-39 DTC | p40-43 CHI | P44-47 CHK
BUFFER
D 00-03 AIC | 04-7 BUIl | 08-11 BUC | 912-15 AIK | 016-19 BUK | 020-23 DUK | 024-27 AII | Q28-31 CIC | 032-35 pur | 936-39 DUC | 040-43 CII | 044-47 CIK
B-2017A
NOTE; ODD OR EVEN WORDS ARE THE RESULT OF X2027C0103

THE NUMBER OF WORDS TRANSFERED.

16X4 VERY HIGH SPEED MODULE LOCATOR




PORT 3 GENERAL DESCRIPTION

Port 3 of the SSD is the interface between SSD Memory and the CRAY X-MP. The port is capable
of maintaining transfer speed of 2-64 Bit words every 9.5 N sec. clock period.

Port 3 is utilized when accessing the SSD from a X-MP/22, 24 or from CPU 0/1 of a X-MP/48.
Port 4 is used when accessing the SSD from CPU 2/3 of a X-MP/48.

The port is given a starting SSD Address and a starting Block Length. The Block length relates to
the number of 64-64Bit words to be transferred. The transfer may only be active in one direction at
a time.

There are 2 module types which make up Port 3. They are the 2YY and the 2YZ modules. One (1)

2YY module is used and is defined as Port Control. Six (6) 2YZ modules are Buffer modules,

used for data transfer to and from the X-MP and the SSD. Each 2YZ module contains 4 input and
4 output Buffers. Each Buffer is 16 words in length.

Both the 2YY and the 2YZ modules need the CPU and SSD clock rates of 9.5 N sec.

HTV-0242 28-16" Hardware Trng.
XV204L15M D.W.B.



SIGNAL DEFINITIONS

CRAY X-MP to Port 3

Block length - (20-217) Supplies Port 3 with the initial number of 64-64 Bit word blocks of data for
a Read or Write transfer.

Last Buffer Write - Informs Port 3 that this is the last buffer to be transferred.

Write Data Ready - A one clock period pulse sent when a buffer of data is to be transferred. One
Signal per 16-144 Bit words transferred. Precedes data by two clock periods.

Transmit Enable - Informs Port 3 that the X-MP Buffers are ready, and the port can transfer at least
one buffers worth of data to the CRAY X-MP.

Port 3 Address 26-226 - Starting address for a SSD transfer; either Read or Write. SSD Address
resides on a 100; Word Boundary.

Clear Control - Clears and initializes Port 3.
Write Bit - Indicates to Port 3 to perform a Write (1) or a Read (0) transfer.
Write Data - 144 Bits (128 Data - 16 check Bits) used for transferring data to Port 3.

Start Transfer - Becomes true when the X-MP Control outputs Block Length and becomes active.

HTV-0242 28-17 Hardware Trng.
Xv204L16M D.W.B.



PORT 3 to CRAY X-MP

Read Data Ready - Signal sent to the X-MP for one clock period when a buffers worth of data is to
be transferred. Read Data Ready is sent for each 16-144 Bit word transfer. Read Data Ready
precedes data by two clock periods.

Empty - Signals to CRAY X-MP the SSD is Busy and Read buffers are no longer full. Signal will
clear when SSD goes busy.

Block Length Error - May occur during a Write to SSD. Occurs when X-MP sends Last Buffer
Flag and Ports BL # 0 and there is still a Write Buffer full.

Multi-Bit Error - Sets when an error is detected on data transfer between Port 3 and SSD Memory.
Clears when Clear Control is present.

Busy - Indicates that the port is active with a Read or Write transfer.
Acknowledge Clear Resync - Signal sent to the X-MP to indicate the Port is clear.

Read Data - 144 Bit (128 Data and 16 check bits) used for transferring data frorn Port 3 to the
X-MP.

Transmit Enable - Informs the CRAY X-MP that at least one input buffer is empty and is free to be
filled.

HTV-0242 28-18 Hardware Trng.
XV204L17M D.W.B.
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CRAY X-MP PORT 3 OF SSD SSD MEMORY
/0
2-3DD 32YZ
CPU O o 4-16 WORD x 72
X-MP BIT BUFFERS
OUTPUT 9-2YE
BUEFER (2YY) SELECT BUFFERS |
A[E, BfF, C/G, DH
DATA
FANOUT
23D (2YY) READ ADVANCE >
CPU 0 A-D,E-H —
X-MP
INPUT r 4-16 WORD x 72
BUFFER BIT BUFFERS « |
(2YY) CLEAR 1 f ? DATA
ADDRESS FANIN
230D 32z
4-16 WORD x 72
CPU 1 BIT BUFFERS
X-MP
OUTPUT (2YY) SELECT BUFFERS |
BUFFER AE, BJF, C/G, D/H
2-3DF —
CPU 1 (YYREADADVANCE 26,26
X-MP A-D,E-H ——e————} SYSTEM
INPUT PORT 3 ADDRESS ADDRESSING
—
BUFFER | 416 WORDx 72 |
BIT BUFFERS
}Am_D‘D A _}D"HE ?SECTIONS
EH EH INSTALLED
3DI 2YY 2YD
START TRANSFER > LOAD ADDRESS >
CLEAR CONTROL (0012) > INTERFACE READY >
WRITE DATA READY > REFERENCE REQUEST >
WRITE OR READ > WRITE OR READ >
TRANSMIT ENABLE >
LAST BUFFER >
- 0 17
s ST ST VT ] craRe SYSTEM
:ED SET (X- 12, CONTROL CONTROL
CONTROL TRANSMIT ENABLE >
READ DATA READY
«—ACKNOWLEDGE CLEAR RESYNC _|
BUSY READ DATA READY
| ¢—BLOCK LENGTH ERROR “ REFERENCE ACKNOWLEDGE
EMPTY : SSD BUSY
SSD OFF LINE ¢ SECTION INSTALLED
& MULTI BIT ERROK
[ ¢ DOUBLE BIT ERROR (2YF)

SSD ADDRESS (2YC) >

A-5310

PORT 3 INTERFACE FLOW & EXTERNAL SIGNALS
MODEL "C"

28-19
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SSD PORT 3
CRAY X-MP /0 NOTE: 3DZ's run on both SSD MEMORY CONTROL
12.5 nsec. and 9.5 clocks.
128 DATA, 16 CB. 128 DATA, 16 C.B.
4-3DJ's GO READ
CLEAR OUTPUT BUFFER
ADDRESS
CRAY X-MP READ . 14-16 woRD x 144 BUFFER A, B, C, OR D
oate—(4)-»| BITBUFFERS [ = 2ZEs
BUFFER READ SSD < & 1
INPUT BUFFER GROUPO's & 1's
SELECT Mgg _ _‘ — DATA
A,B,C,ORD oo
128 DATA, 16 C.B. ” 128 DATA, 16 CB.
1 3-3DZs pr—
4-3DD's INPUT BUFFERS N INSTALLED
WRITE @ , . @ BUFFER
CRAY X-MP BUFFER ¢ _Bllgrgggl?ﬁfzéu B, C,OR D :
AB,C,ORD WRITE SSD ApgRD'l[;éss " 2ZC
OUTPUT BUFFER A4f5 INC. WRITE NEXT 2% ( FROM 3DI ) REFERENCE
CLEAR A3 ADDRESS
A0 BUFFER ADDRESS
ADDRESS
START XFER aDY SET ACTIVE » 3DX LOAD SSD ADDRESS 27D
CLEAR CONTROL 0012 CLEAR CHANNEL
WRITE CONTROL BIT X WRITE BIT SSD INTERFACE READY ssb
WRITE DATA READY SINGLE BIT
BUFFER BUFFER LREQUEST REFERENCE REFERENCE
XMIT ENABLE CONTROL DOUBLE BIT CONTROL CONTROL
LAST BUFFER READ FULL A, B, WRITE
3Dl C,ORD @"
XMIT ENABLE WRITE FULL A, B
NOTE: runs on  f—t= o= :)—' NOTE: runson | _READ DATA READY
CRAY X-MP 05 lock C,ORD :
g READ D READ .5 nsec. clock. 12.5 nsec. clock.
BﬁSCK :;:GTH : ACK. SET ACTIVE
SSD CONTROL =
NTR ACK. CLEAR REFERENCE ACK.
_ ACK. CLEAR RESYNC.
__BUSY BUSY SSD READY.
END XFER OK.
BLOCK LENGTH ERROR
o ————————— READ FULL SET SECTIONS INSTALLED
EMPTY ‘@ A,B,C,OR D
SINGLE BIT 7)__WRITE FULL CLEAR
_ DOUBLEBIT A, B,C,ORD

PORT 3 ADDRESS 26. 226 (21) TO 22C |
0 17
-2

BLOCK LENGTH 2 C-1303E

CRAY X-MP PORT 3 INTERFACE BASIC AND EXTERNAL SIGNAL
MODEL B
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Port to SSD
Load Address - Signals the SSD to capture the ports Address for a pending reference.

Interface Ready - Informs the SSD that the port is ready to communicate to the Memory. The port
is on-line.

Request - Signals the SSD that the port wants to make a transfer; either Read or Write.
Write - Informs the SSD that the Reference will be a Write transfer. Request without Write
indicates a Read Reference.

SSD to Port

Read Data Ready - Informs the port that there is Valid data on the lines in the next clock period.
This signal goes out every time there is Valid data from the SSD.

Reference Acknowledge - Signals the port that its Reference has been accepted and a transfer will
take place.

SSD Busy - Informs the port that the SSD is currently Busy and the port cannot make a request.

Sections Installed - Signals the port how many words to send or receive per Memory cycle.

HTV-0242 A 28-21 Hardware Trng.

XV204L18M D.W.B.



SSD WRITE SEQUENCE

1. CRAY X-MP (3DI Module) Sends Clear Control to the 2YY module. The 2YY Resyncs Clear
Control and Sends Acknowledge Clear Resync to the 3DI. The 3DI Sends SSD Address to the
SSD. The 2YY initialize their control for the Buffers on the 2YZ to point to Buffers E-H. The
2YY Sends Interface Ready to the SSD.

2. The 3DI drops Clear Control and outputs Block length, Write Control Bit and Start transfer to
the 2YY. The 2YY Resyncs Set active, latches Block length and latches the Write Control Bit.
The 2YY Sends Load Address and Write Bit to the SSD. The 2YY Sends Busy and Transmit
Enable to the 3DI.

3. The 3DI will Send Write Data Ready 2 clock periods prior to sending 16-144 Bit words. Data
leaves the X-MP Buffers (3DD modules) and inputs to Port 3 Buffers (2YZ modules).

4. The 3DI/3DD will continue to Send blocks of data to the 2YZ module as long as Transmit
Enable is true and BL # 0.

5. When the 2YY Sends Write Full for Buffer E the 2Y'Y checks for SSD Ready and if Ready
sends Request Reference and the Write Control Bit to the SSD. The SSD drops Ready after it
receives Request from the Port.

6. The SSD will Send Reference Acknowledge to the 2YY when the SSD can accept the Buffer of
data. The 2YY will take into consideration the number of sections installed and output
accordingly. i.e. Buffer E loads 16 words from Address 0-17; on the Write, but Reads the
Buffer 174-0 on the Read (4 sections). For 1 or 2 Section SSD's the number of words per

transfer decreases. Two Section SSD's transfer 8 words per Memory cycle and One Section
SSD's transfer 4 words per Memory cycle.

7. Upon Emptying the Buffer to the SSD the 2YY will tell itself Full Clear for the Buffer indicating
the buffer is empty. The process of filling and emptying the buffers will continue as long as the
Block Length # 0.

8. As soon as the last buffer is transferred to the SSD the 2YY drops Ready. The 2YY drops Busy
to the 3DI and Sends Empty to the 3DI when all buffers are empty.

HTV-0242 28-22 Hardware Trng.
XV204L19M D.W.B.
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SSD Read Sequence

1.

The CRAY X-MP (3DI) Sends Clear Control to the SSD (2YY). The 2YY Resyncs Clear
Control and Sends Acknowledge Clear Resync to the 3DI. The 3DI also Sends SSD Address
26.226 to the SSD. The 2YY initializes the buffers to point to Buffer A-D. The 2YY Sends
Interface Ready to the SSD. _

The 3DI drops Clear Control and outputs Block Length and Start Transfer to the 2YY (Write
Control Bit = 0). The 2YY Resyncs Set Active and latches Block Length. The 2YY Sends
Load Address to the SSD and verifies that the SSD is Ready. If SSD is Ready (Busy) and an
output Buffer is empty, a Request Reference is made to the SSD. Also, Busy is sent to the 3DI.

The SSD will Send Reference Acknowledge to the 2YY when the Request has been accepted.
Block Length is decremented every time Reference Acknowledge is received that will fill a
buffer. The SSD will Send Read Data Ready for every 144 Bit word transferred. The Ready
precedes the data by 2 clock periods.

The 2YY controls the loading of buffers on the 2YZ modules. Once a buffer is full, the 2YY
samples Transmit Enable from the 3DI to see if a buffer can be transferred to the X-MP. If
Transmit Enable is true, the 2YY will Send a Read Data Ready to the 3DI and control the output
of the Buffer to the X-MP. One Read Data Ready is sent to the 3DI for every 16-144 Bit
words. The Ready precedes the data by 2 clock periods.

The 2YY and 2YZ modules will continue to fill the buffers and Send data to the X-MP until the
Block Length = 0.

HTV-0242 28-23 Hardware Trng.
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Group 0

Sec. O Sec. 1 Sec. 2
Banks
4 Sections/Group
0 4 2 Memory cycles
1 5 "32 Million words of storage with
2 6 ' 64K chips
3 7 128 Million words of storage with
------------- 256K chips
Sec, 3
Sec., 0| Sec. 1 Sec. 2
Sec. 3
Group 1
Group O
Sec. 0| Sec. 1
Banks 2 Sections/Group
4 Memory cycles
0 4 16 Million words of storage
1 5 64 Million words of storage
2 6 with 256K.
3 7
=EmsoEsms==== ==============Q
Sec. 0| Sec. 1
Group 1
Group 0
Sec. O
Banks
0 4 1 Section/Group
1 5 8 Memory cycles
2 6 8 Million words of storage
3 7 32 Million words of storage
- - - - - - - - - - - - with 256K.
Sec. 0
Group 1
28-24

"MODEL B" SSD

SECTIONS INSTALLED X202650102



R69
R74

I4
I5

3DH MODULE

Clear Channel 7

2 I41 140
2 151 150

CPU 0 Aj inst. Decode
CPU 1 Aj inst. Decode

B7 = CPU O select channel 7
B17 = CPU 1 select channel 7
B20 = I/0 MC or Dead Dump

C26 = Select channel 7 CPU O
C27 = Select channel 7 CPU 1

I46 = Clear Interrupt from 3JB
001230 decode for CPUO

I56 = Clear Interrupt CPU 1
A12 = 156 P100!

C18 = Clear Interrupt CPU O
C19 = Clear Interrupt CPU 1

if CPU 1 is installed

Clear Interrupt channel 7 from CPU 0
Clear Interrupt channel 7 from CPU 1

28-25
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3DB MODULE

Load SSD Block Address

First 0010jk Instruction

AQO-AD8 = Is loaded with the value of Ak depending
on which CPU's Ak value you want

R9-R17 = Block Address bit 20-28
sent to 3DI

3DI MODULE

I25 = Bnter CA channel 7 from 3DH
I47, 148 = Clear interrupt channel 7

MO3 = Make MO3 if enter CA for channel 7
is present and hold MO3 until a clear
interrupt instruction is issued

28-26 X202850103
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3DH MODULE

/? Enter Current Address
C14 = 144; T2 Enter CA from 3JB
0010jk decode from
CPU O
A10 = I54 P100!' Select CPU 1 and Enter
BL Add. if CPU 1 is installed
C15 = A10; T2
C26 = CPU 0 channel 7
C27 = CPU 1 channel 7
R51 = Enter Current Address for Channel 7

- Transfer Block Length

Cie = I45; T2 Enter BL from 3JB
0011ik decode from CPU 0

A11 = I55 p100! Select CPU 1 and enter BL
C17 = A11; T2 Enter BL from 3JB

0011jk decode from CPU 1
if CPU 1 is installed

R52 = Transfer the Block Length sent to 3DI

28-27
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3DI MODULE

M04 = M03; T2 Delay enter CA M04=0
when address arrives
from the 3DA/3DB

T04 = TO1 MO04 The next clock M04=1

making T4=0 which will hold the
address until a clear interrupt
is issued

R40-R60 = The current SSD address sent to the
22X module as address bit 26-226

Load Central Memory Address

Second 0010jk Instruction

3DB Module

I72 = Forced zero for VHISP
Forced one if HISP
F50 = 172

A40-7A48 = Select central memory address
Ak bits 20-28

: X2028s50104
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3DB MODULE

Load Central Memory Address

I73 = Enter CA channel 7 up for 1 cp

E2, E3 = Decode to load CA address

F26,F27 = Enable the CA address to be loaded
or incremented

B40-B48 = Load CA address into Input Register. Next
cp E2=0 enabling the address to be incremented by 2

B60-B68 = Load CA address into Output Register. Next
cp E3=0 enabling the address to be incremented by 2

X2028S0105
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3DI MODULE

Transfer Block Length

126 = Enter BL sent from the 3DH module when
an 0011jk instruction is issued

MO5 = I26; T2 MO5 = set the BL

100-I17 = Block Length sent by the 3DA/3DB 20-217

J00

NOO-N17

= Enter the Block Length Register from Ak when issuing

a 0011jk instruction, or Bump the WC when a 64 word
block is transferred

= Block Count Register - the Block Count is decremented
each time a 6449 word block is transferred

28-30 X2028s50106
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3DI MODULE

Transfer Block Length

RO0O-R17 = Block Length sent to the 3DX module

Write Bit

1 write
0 read

Ak bit 223
Ak bit 223

123

MO5 = Set Block Length

R20 = Write bit sent to the 3DX

MO0 Wait clear

R113 = First Reference Select will increment address by
one in CPU 1

8-31 X202850107



3DI MODULE

Read Reference Reguest

M08 = Set Channel Active

R116 = M08 -~ clear 16x4 Address on 3DD

123 = Ak bit 223 write control

Enter Block Length

MO5

G14 = 1 1if a Write Reference to SSD

HOO = Reference CPU O
HO1 = Reference CPU 1
R26 = HO0O; T2 Read Request CPU 0 of X-MP
R27 = HO1; T2 Read Request CPU 1 of X-MP

I36, I35 = Ack. Read from -3DB when slot counter
equals HISP 3 starts a delay chain

850108
28-32 X2028s0
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3DI MODULE

Write Buffer A/B from X-MP

A13 = Delayed I35 Acknowledged Reference from 3DB,
HISP 3 for Buffer A

R35 Write to Buffer A/B on 3DD for CPU O

R36 Write to Buffer A/B on 3DD for CPU 1

1

Increment Address on 3DD

J01 = Clear Channel Enabled by an 0012 instruction

E10 = G10 JO1'
E11 = G11 Jo1!
E12 = G12 Jo1°

E13 = G13 JOo1°

H5 = FOO E10 + JO1 Count = 17

R31 = Sent to the 3DD to increment the address until
the Buffer is filled

X2028s50109
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3DI MODULE

Write Data Ready

E4 = Buffers full for CPU O
E5 = Buffers full for CPU 1
GO7 = E4 E5 Both CPU's Buffers are full

I30 = Transmit Enable informs the X-MP that at least
one buffer on the SSD is empty.

R23 = Send Go Data Ready to the 3DY 2cp ahead of
the data to the SSD. R31 will drop R23 the
next up.

One Write Data Ready per 16-~144 bit word
tranfers.

Ready Buffers A Both CPU's to SSD

Go Data - Increment Add

R31 = Increment Address to Read 16x4's on the 3DD
to be written into the SSD.

X202850110
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G14

E22 =

3DI MODULE

Decrement the Block Length

= M08 R20 Channel active on a Writé to SSD

EO7, EO08 - Hold the Reference on CPU 0 and CPU 1
until BL=0 or an error.

HOO Ref., CPU O
HO1 Ref. CPU 1
E20 - Ref. A Buffer

Bump WC, have currently transferred 1 Block of 64
words to SSD. When Ref., is back to Buffer A.

E23 = Enable the check for BL=0

JO00 = Enable the BL to be decremented

X2028s0111
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TO3

3DI MODULE

Decrement Block Length

= T01 J0O0 -~ Enable Enter Block Length

NOO-N17 - Decrement Block Length by 1 after
transferring 64 words.

Q00 = PO1 PO3 PO4 PO5 Block Length = 0

Last Buffers

M12 - Block Length Error from 3DY
M23 - Double Bit Error from 3DY
M28 -« CPU Double Error from 3DE

M13 -~ Error
H8 -~ Terminate if BL=0 or an error

28-36
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Busy

3DI MODULE

Last Buffer

' Jo1 =
H8
M13

]

Clear channel 0012

Terminate

Error

= I28 SSD Busy from 3DY. Sets when SSD
is active, and clears when the transfer
is complete,

R25 = Last Buffer generated to the 3DY
E09 = Error; BL=0 or Double bit error
R37 = Wait until the last buffer has transferred
Ref, Buffer A
R23 = BL=0
Read Block Length Error
I46 = Empty sets when Busy clears and
No Read reads Buffers full on SSD
W14 = Buffer is empty and BL=0
W15 = Buffer is empty and BL=0
LO1 = SSD Busy

M10 = Read of SSD Block Length Error

Write

Block Length Error

I45
I48
EO6
M9

Block Length Error

Clear Interrupt

Active on a Write to SSD
SSD Busy

M11 - Write Block Length Error

28-37 X202850113



Read of SSD Memory

to become a write of CRAY X~MP Memory

3DI MODULE

Read Data from SSD; Write to CRAY X~-MP

Uuo2

W00

W06 = Count = 17
I29 = Read Data Ready from SSD
R34 = Sent to the 3DJ as 1101

Will generate input write Buffer to the 3DJ.
Write Buffer will be held-up until a count of 17g

U10 U002 Aadd 1 to the Write word count

U10 - U13 = Increment write word count

98-38 X202850114
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T10 = T35
T11 = T96
T95 = T94 A4

A4 = K4; T2 Write A

T96 = T94 B4

B4 = K5; T2 Write B

K04 = J1 144 Write Buffer from 3DI select A Buffer
KOS5 = JO' 144

I select B Buffer

K6 = J1 1I45 Select A Write
K7 = J1' I45 Select B Write
I45 = Write Buffer HSP 1

I01

I47; Select A

C04 = KO06; T2
D04 K7; T2

When—Aisselected—andbeing—written;Buffer B—isbeingreads

X2028s0115
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SAFETY PRACTICES

All Field Engineers are expected to follow reasonable and:appropriate precautions with respect to
electrical, mechanical, and personal safety hazards while working on computer system equipment. You
should pay careful attention to entries in the maintenance documentation labeled "DANGER" or
"WARNING", which identify hazardous areas or procedures encountered in maintaining the system
equipment. The following additional procedures should be followed when working on equipment:

Personal

1. You are responsible for insuring that no action on your part causes unsafe conditions that may
expose personnel to hazards in any device.

2. You should never work alone on equipment havin g exp.os'ed‘operating mechanical parts or
exposed hazardous power components. If you MUST do so, notify your EIC or manager. In
any case, the following precautions must be observed: :

a. Someone familiar with the power-off controls must be in the immediate area.

b. Personal jewelry (rings, wristwatches, bracelets, necklaces, etc.) shall be removed. A
small box in the FE tool kit makes a good storage place for these items.

c. If using one hand, keep the other one in your pocket.

d. Avoid wearing loose articles of clothing that can be snagged and drawn into moving
machinery. Wear short-sleeve shirts or pull sleeves above the elbow. Neckties, where
required, should be tucked in between the second and third shirt button or fastened about
three inches from the end with a tietack or tieclasp, preferably non-conductive. Don't use
tie chains. Clip-on type neckties are preferable to the regular ones; if caught they will pull
free without causing injury.

f. While working in equipment put red tape strips across any power controls, or use "DO
NOT OPERATE" tags where available.

3. Keep FE tool kits out of walkways; put them on or under a desk or table.

4. Put doors and covers removed from a machine in a safe, out-of-the-way location where
nobody will trip over them or cause them to fall on top of someone. All machine covers
MUST be restored in place before the machine is returned to the customer.

5. All safety covers, guards, shields, groundstraps, panels, etc., shall be properly reinstalled after
maintenance is finished.

6. Maintain good housekeeping practices during and following each maintenance activity. Do not

permit tools, manuals, wipers, paper, trash and the like to accumulate in the work area, and
CLEAN UP AFTER YOURSELF.

HTV-0242 1 CRAY PROPRIETARY



Electrical

1. Remove ALL AC and DC power when removing or installing major assemblies, working inside J
power supplies or power control enclosures, performing detailed mechanical maintenance
procedures, or doing wiring and/or module changes in the machine. If possible, turn off and lock or
tag the circuit breaker in the service panel on the wall; unplug the main power supply cord.

2. Only use well—msulated phers, screwdnvers, test leads, etc., when working on or near live
circuits. =~ - _ -

3. Do not disconnect or otherwise disable safety groundmg systems even if the equlpment is
powered ofr These are mstalled 10 53 YOUR protectlo’n

4. Avoid coming in contact w1th grounds such as equipment frames, metal floor tile edgings,
electncal COIIdLlltS, and the like. Tf possible; locally purchase rubber or vinyl iats.

Mechanical

1. Do not use chemicals, greases, orls or solvents that have not been specifically approved by the
equipment manufacturer for that device. His recominendations are usually based on extensive
experience with this equipment in serv1ce ,

2. Use the proper tools for the job. Improper use of tools can result in personal injury or
equipment damage. _

3. Replace worn or. broken tools or test equlpment as quickly as possible.

4. If the'machine is runnmg, DO.NOT reach in to the works; remember, they are YOUR fingers and
" you only getone set pet lifetime. -

5. Ifusinga strobelxght on mechamcal dev1ces DON'T TOUCH ANYTHING,; it may be
Jmovmg Gl e _

6. Safety glasses or goggles must be used 1f you are:
a. Driving pins, riveting, swedglng,’ and ‘similar activities.
b. Using an élé*’éﬁié aﬁ’n;‘*-gﬁnaéi{ réarhéf,icté;
c. Instalhng or removmg springs under tensmn or compression.

d. Using any type of solvent, spray, or chemical for cleaning or touch-up pamtmg

e. Any other activity which may endanger the eyes. They are YOUR eyes, and you need
them for this type of work.

7. When lifting, use a method (bent knees, straight back) that will not injure the spine or strain back
muscles. Be realistic as to what your capacity for lifting really is.

ABOVE ALL, USE GOOD JUDGEMENT AND COMMON SENSE - A MOMENT OF
THOUGHT BEFORE YOU ACT CAN SAVE HOURS OF AGONIZING AFTERTHOUGHT.
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SAFETY PRECAUTIONS

Power Tool Precautions

Power tools can be hazardous when improperly.used.; There are, several types of power tools,
based on the power source they use: electric, pneumatic, liquid fuel, hydraulic, and powder-
actuated.

Employees should be trained in the use and. rhitation Wt h"fpower tools. They should
understand potential hazards and safety precautlons fo prevent those hazards from occumng

The following general precautions should be observed by power ;ool“ users: ' " T
» Never carry a tool by the cord or hose. -
» Never yank the cord or the hose to disconnect from the receptacle.
« Keep cords and hoses away from heat, oil, andsharp edgesf aE

» Disconnect tools when not in use, before serviding;ahd when changing accessories
such a blades, bits, and cutters. . .

» All observers should be kept at a safe distance from the work area.

* Secure work with clamps or a vise freemg both handstooperatethetool S

« Avoid accidental starting. The worker should not hold’ a ﬁngeron the sw1tch button” ’;

while carrying a plugged-in tool. G

« Tools should be maintained with care. They sh01ild be kept sharp and clean for th'
best performance. Follow instructions in the user's manual for lubricating and "
changing accessories. o a s es

* Be sure to keep good footing and maintain good balance. TR

» The proper apparel should be worn. Loose clothmg t1es, or Jewelry can. become |
caught in moving parts. :

« All portable electric tools that are damaged st be removed, or tagged "DO’ NO’[“
USE." , _

Guards

Hazardous moving parts of a power tool need to be safeguarded. For example, belts, gears:,,‘
shafts, pulley, sprockets, spindles, drums, fly wheels, chains, or other reciprocating, rotating or
moving parts of equipment must be guarded if such parts are exposed to contact by employees. -

* Guards, as necessary, should be provided to protect the operator and others from:
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* Point of operation i

¢ In-running nip points, rotating parts;. ;. «; .~ ree oo

* Flying chips and spatks. ... ., .-

Safety guards must never be removed when the tool is being-used. For example, portable
circular saws must be equipped with guards. ‘An upper guard must cover the entire blade of the
saw. A retractable lower guard must cover the teeth-of the saw, except when it makes contact.
with the work material. The lower guard must automatlcally return to the covering position when
the tool is withdrawn from the work. , - .

Safety Switches

The following hand-held powered tools must be equipped with a momentary contact "on/eff* % -
control switch: drills, tappers, fastener drivers, horizontal, vertical and angle grmders with ~
wheels larger than two inches in diameter, disc sanders, belt sanders, reciprocating saws, saber
saws, and other similar operations. These tools may also be equipped with a lock-on control
provided that turn off can be accomplished by a single motion of the same finger or fingers that
turn it on.

The following hand-held powered tools maybe equlpped with only a positive "On-off" coritrol
switch: platen sanders, grinders with whegls two inches or less in diameter, routers, planers,

laminate tmmmvrs, nlbblers, shears scroll; SAWS, -and j pgsaws with blade shanks one-fourth inch -
wideorless. - .+ -y oo s ve :

TV : "?"" i

off the power wherythe pressure is, released

RIS

RS SR e e - -, . , e

Lo THLELDT T B I
Employees usmg electric tools must be aware of several dangers, the most serious is’ the i
possibility of electrocution.

Among the chief hazards of electric-powered tools are burns and slight shocks which can lead to™>

injuries or even heart failure. Under certain conditions, even a slight shock can result in

fibrillation of the heart and eventual death -A shock also can cause the wuser to fall off a Jadder or' :

other elevated work surface.

To pxotect the user from shock tools must elther have a three ~wire cord w1th ground or be .
double insulated. Three-wire cords contain two current-carrying conductors and a grounding .
conductor. One end of the grounding conductor connects to the tool's metal housing. The other
end.is.grounded through a prong on the plug. Anytime an adapter is used to accommodate a two-
hole receptacle, the adapter wire must be attached to a known ground. The third prong should
never be removed from the plug.

Double insulation is more convenient. The user and the tools are protected in tiwo ways: by

normal insulation on the wires inside, and by a housing that cannot conduct electricity to the
operator in the event of a malfunction.

HTV-0242 4 : CRAY PROPRIETARY
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The following general practices should be followed when using electric tools:
» Electric tools should be operated within their desigi‘fimitations.

* Gloves and safety footwear are recommended during use of electric tools.

When not in use tools should be stored in a dry place :

Howl Shocks Occur '

Electricity travels in closed circuits, and its normal route is through a conductor. Shock occurs
when the body becomes a part of the electrical cireuit. ‘The current must enter the body at one
point and leave at another. Shock normally oecuts in ofe-of three ways. The person must come
in contact with the following: both wires of the electrical ‘cifcuit; o€ wir€ of an eriérgized circuit
and the ground; or a metallic part that has become "hot" by being in contact with an energized - -
wxre, wh11e the person isalso i in contact with the ground. o .
oF R Aoz 2inos berawer Bl Llun tudus
The metal parts of electncal tools and machmes miay become "Hot!" if.thete i5 @ bréuk m{he G20
insulation of the tool or machine wiring. The worker usirgsthése fools and hachifies is'made T
vulnerable to electrical shock when a low-resistance path from the metallic case of the tool or
machine to the ground is established. This is done through the use of an equipment grounding
conductor - a low-resistance wire that causes the unwanted current to pass directly to the ground
rather than through the body of the person in contact with the tool or machine. Ifthe€quipment.
grounding conductor has been properly mstalled, 1t has a low resistance to ground, and the
worker is being protected. - e ey s sepnn plor  ofLes pen e Vo
OUGLGT! VI GRS RT I PN

Severlty 0f the Shock Az B nn Eloo) Rt og-Liss!
: Aues seball i n :
The seventy of the shock recerved when a person becomes-a‘part of an electncal crrcdrt i affected
by three primary factors: the amount of current flowing through the body (measured in amiperes);:
the path of the current through the body; and the length of time the body is in the circuit. Other
factors which may affect the severity of shock are' théifrequency:of-the current, the: phase of the
heart: cycle when shock occurs, and the gcneral health of the person pnor to shoclc RGNS

et “.‘f'l Y

PSP R APo S

The effects from electnc shock depend upon the type of circuit, its voltage resistance, amperage
pathway through the body, and duration of the contact.  Effects can range from a barely =~ -~ "~
perceptible tingle to immediate cardiac arrest. Although there are not absolute limits or evén - -
known values which show the exact injury from any given amperage, the following table shows
the general relationship between the degree of injury and amount of amperage for a 60-cycle
hand-to-foot path of one second's duration of shock.
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Effects of Electrical Current in the Human B@dy wt L )

CURRENT REACTION
1 Milliampere Preception level. Just a faint tinﬁl‘é;ﬁ K
5 Milliamperes - - Slight'shibek’felt; ot painful but disturbing. Average 7

individual can let go. However, strong involuntary
reactlons to shocks in th:s Tange can lead to 1nJur1es. B

s et U ST

6-25 Milliamperes (women) Pa,mful shock, muscular control is lost. ‘

cexi

9-30 Mﬂlramperes (men) Eene THSS caiIed the freemﬁg current or "let go rang >

VIS P .n‘ﬁ 2EGVT

50-150 M1H1amperes 9 AExtr pam, respiratory arrest, severe muscular e
D% 2T sontactions*! Individual' cannot let go.- Deith'is possible. -7

1,000-4,300 Milliamperes Ventricular fibrillation. (The rhythmic pumping actionof the
heart ceases.) Muscular contraction and nerve damiage: occur. v
'Death is most hkely

10, OOO Mllllamperes S -Cardxac .an‘est severeibums and probable death.

* If the extensor muscles are excited by the shock the.,person may be thrown away from the
circuit.
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Arm and Hand Protection,:. ... . ., isvsi noissor -

.
A

Examples of injuries.to arms and hands, are bums,. cuts, electricak shock, amputation,.and;.;;; ., =
absorption of chemicals.. . . O (

w3

AT 18 6 tsabes

. O H RTINS Lol G LT SR TR 3 .
There is a wide assortment of gloves, hand pads, sleeves, and wristlets for protection from
various hazardous SIUAtONS. i ;i jor.q .o i scumm vz Iddasd  as.ow

- LovsTerr
PAR LS AR H HITC

At O ;v’i ?:._‘ .
The protective device, should be selected to fit.the job.. Forexample, some gloves are designedto.

protect against spécific chierical hazards. Employees may need to use gloves which have been
tested and provide, insulation from bugns and cugs.such as, gjx;gglggh, leather, and.canyas. - The ;=
i : i a5, » ¥AC

employee should become;acquainted withthe limitations,of the clothing used.
5T 1 nGIRL waiars wiinby oy nobziind It whroin eV esreqrnei bl bl ]
Ear Protection. - ~s: “r. -+ coipion vtV 4 sseiss reed

sl szorr gl upsll
Exposure to high noise levels can cause hearing loss or impairment. It can create physical and
psychological stress. There is no cure for:noisesinduced-hearing loss, so the prevention of
excessive noise exposure is the only way to avoid hearing damage. Specifically designe
protection is required, depending on thetype-of noise encountéred.»s =+~ = = - e

Performed or molded ear plugs should be individually fitted by a professional. Waxed cottohx: o
foam, or fiberglass wool earplugs are self-forming. When properly inserted, they work as well
as most molded earplugs. .

Some earplugs are disposable, to be used one time and then thrown away. The non-disposable
type should be cleaned after each use for proper protection. Plain cotton is ineffective as
protection against hazardous noise. .

Earmuffs need to make a perfect seal around the ear to be effective. Glasses, long sideburns,
long hair and facial movements, such as chewing, can reduce protection. Special equipment is
available for use with glasses or beards. v

For extremely noisy situations, earplugs should be worn in addition to earmuffs. When used
together, earplugs and earmuffs change the nature of sounds; all sounds are reduced including =
one's own voice, but other voices or warning signals are easier to hear.

Eye and Face Protection

Eye and face protective equipment is required by OSHA where there is a reasonable probability
of preventable injury when such equipment is used. Employers must provide a type of protector
suitable for work to be performed and employees must use the protectors. These stipulations
apply also to supervisors, management personnel, and visitors while they are in hazardous areas.

The BLS study found that about 60 percent of workers who suffered eye injuries were not
wearing eye protective equipment. When asked why they were not wearing face protection at the
time of the accident, workers indicated that face protection was not normally used or practiced in
thei.x('i type of work, or it was not required for the type of work performed at the time of the
accident.
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Suitable eye protectors must be provided where machines or operations present the hazard of
flying objects, glare, liquids, injurious radiation, or a combination of these hazards. Protectors
must meet the following minimum requirements:

» Provide adequate protection against particular hazards for which they are designed.
» Be reasonably comfortable when worn under the designated conditions.

« Fit snugly without interfering with the movements or vision of the wearer.

» Be durable.

» Be capable of being disinfected.

» Be easily cleanable.

< Be kept clean and in good repair.

Respiratory Proteciion

Hazards to the lungs are not always easy to detect. Some of the most common hazards are lack
of oxygen and presence of harmful dust, fogs, smokes, mists, furnes, gases, vapors, or sprays
including substances which may cause cancer, lung impairment, other diseases, or death.
Respirators prevent entry of harmful substances into the body during breathing and make sure-
that the user has an adequate supply of clean air. Some respirators also provide a separate supply
of air so work can be done where there is inadequate oxygen.

Prevention of atmospheric contamination at the worksite generally should be accomplished as far
as feasible by engineering control measures (for example, enclosure or confinement of the
contaminant-producing operation, general and local ventilation) or by work-practice controls such
as substitution of less toxic materials. Historically, the industrial hygiene profession has sought
to control hazardous air contamination through engineering or work-practice means. However,
when effective engineering controls are not feasible, or while those controls are being installed,
appropriate respirators must be used. The user should be aware that respirators have their
limitations and are not a substitute for effective engineering controls. Where respirators are
necessary for health protection, specific procedures are necessary to overcome potential
deficiencies and to assure effectiveness.
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E VALUAT ION OF MATERIALS

Your opinion about the qualityof our training materials is impottant to-us! Please take a moment, .

and in the space below; tell‘us how you would rate the effectiveness of our materials, Whenever o

possible, use specifi¢ manual numbers and page numbers to: note-errors or areas of confusmn An

instructor will collect thlS page from.you when you complete the course. .- Fhank you for your PR
valuable input! : _ 4
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