
, 
\ 

I 
" 

) 

) 

6410 

2
6 

V16 
AOI 

0 

0 

0 

0 

1 

1 

1 

0 

3210 

2
5 

VIS 
A11' 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1. SCALAR DOUBLE SHIFTS rnSTRUCTIONS 056 ij k, 057 ij k 

2. DECODE Ak 2
0

- 2
6 

FOR DOUBLE SHIFT, RIGHT SHIFT VALUE IS PUT INTO 2'S 
COMPLIMENT FORMAT BY HARDWARE. 

3. AkBITS 2
7

_ 2
23 

MUST BE ZERO FOR SHIFTER OUTPUT. 

16 10 

24 

V14 
AlD' 

CONTROL FOR 
JANDKTERMS 

PO DS 0 

P4 LDS 0 

PI 32 DS 0 

P5 32 LDS 0 

P2 64 DS 

P6 64 RDS 1 

P3 96 DS 1 

P7 96 RDS 1 

P04 RDS=O 1 

P32 

0 

0 

0 

0 

1 

1 

1 

1 

o 6 
Ak 2 - 2 

810 4 10 

3 22 2 

V13 V12 
B66' B71' 

0 0 

0 1 

1 - 0 

1 1 

0 0 

0 1 

1 0 

1 1 

P31 P30 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

CONTROL FOR 
NTERMS 
P20 SHIFT 0 

P21 SHIFT 4 

P22 SHIFT 8 

P23 SHIFT 12 

CONTROL FOR 
LTERMS 

P24 SHIFT 16 

P25 SHIFT 20 . 

P26 SHIFT 24 

P27 SHIFT 28 

CONTROL FOR 
MTERMS 

SHIFf 0 

SHIFf 4 

SHIFf 8 

SHIFf 12 

SHIff 16 

SHIff 20 

SHIFf 24 

SHIFf 28 

2
10 

1 
2 

Vll 
A04' 

0 

0 

1 

1 

CRAY X-MP SCALAR DOUBLE SHIFf CONTROL 

17-9 

1
10 

DECIMAL 
SHIff VALUE 

2
0 BIT 

POSmON 

VI0 TERM 
AD3' TEST POINT 

CONTROL FOR 
RTERMS 

0 P40 SHIff 0 

1 P41 SHIff 1 

0 P42 SHIff 2 

1 P43 SHIff 3 

A-5129A 



056 UK 

By (AK) places to SI 

057 UK 

C.A.L. FORMAT 

SI SI, SJ < AK 

SI SJ, SI > AK 

SPECIAL CASE: 

056UO 
056IOK 

INSTRUCTIONS USED 

Scalar double left shift (Sr, SJ) by AK places 

Scalar shift double right shift (SJ, SI) by AK places 

SI SI, SJ <1 
SI SI, < AK 

1 7 -·1 0 

XV201S28M 

) 

J 



J 

) 
) 

Si 

Si 

Si 

Si 

263 

I 
" " "-

"-
"-

"-

., 
", 

", 
", 

", 

[ 2

63 

263 

I 
<:: ...... ...... 

'- ...... 

/ 
/ 

,/ 

/ 
/ 

/ 

f 2
63 

232 231 
I 
I 
I 
I 

" "-
"- ..... 

"- ..... 
"- ..... 

2 

K15 

232 231 
I 
I 
I 
I ..... 

..... 
2 
ZERO FILL 

,/ 

2° 

I 
"-

"-
"-

"-
"-

"-
"-

"-

JO 
., 

", 

", 
", ,-

2° r 

2° 

I 
'- ...... ...... ...... ..... 

J15 JO 

/ 
/ 

,/ 
/ 

/ 
,/ 

2° r 
A-1/95A 

RIGHT SINGLE SHIFT 25 10 

2510 = 31 8 

1 008 - 31 8 = 478 (SHIFT COUNT) 

25 24 23 22 21 2° 

° ° 

RIGHT SINGLE SHIFT 

3610 = 448 

1008 - 448 = 348 (SHIFT COUNT) 

25 24 23 22 21 20 

° ° ° 

RIGHT SINGLE SHIFT 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 

17-11 



I-' 
-..J 
I 

I-' 
I\) 

E:ll1111Jl111111l-~~~~111wml111tt~:t::illlillimmE:ti~OOlmmlEj EVE[-..j 

ODD 

EVEN 

ODD 

EVEN 

ODD 

SHH"r 64 • 32 

TERMS P3 & P7 

SHH"r 64 • 32 
TERMS P2 & P6 

SHUT 64 • 12 
TERt1 P1 

SHH"r 64 • 32 

TERM PO 

I TERMS 

l::: -______ it::: ~==- :::E::-=~_-~- ::: 
--------:1 ::: ~=~ 

H TERMS Sj G TERMS Si 

H31 .. ~161 H15 HO G31 G16 G15 GO E
-------------------------·-------- --~ 

H31_ _~1_?_ HO __ G31 G16 G15 ~_ 

SELF.::C'r 1 OF 4 COMBINATIONS OF' SHH"rs 2 6 ,2 5 

Sj 2 31 _ 20 Si 263 - 2 32 Si 2 31 - 20 

[::1-=~=~=_-K1~;~5~------~O I ,}1 ;-- ___ -----~-JOJ 

Sj 263 - 2 32 Sj 2 31 - 20 Si 263 _ 2 32 

[:3 ~_===__=~_ K 16 IK_1 5 ---~~-:;I J 1 5 __ =-=~_ ,TO J 
Sj 263 _ 232 Sj 23 1 _ 20 

[Kl~-=_==-:OJ -J15_-=~~~-~= J_~J 
r-St.}~~-~. :3----
L!J2 ______ .iTJ 

NOTE: SIIIFT DERIVED FROM 2's COMPLEMENT OF Ak 

\---../ x-~, ;2 SCALAR RIGHT DOUBLE SHIFT 
'-----' 

3GB F'54/55 

3GB F48/49 

TIS 7/9 

TIS 7/9 

TIS 7/9 

TIS 7/9 

X2117C010l 
. 25768 
l~ 



-...J 
I 

w 

',----"-, 

EVEN 

ODD 

EVEN 

ODD 

EVEN 

ODD 

SHIFT 64 • 32 

TERMP3 

SHIFT 64 • 32' 
TERMP2 

SHIFT 64' • 32 
TERM PI & P5 

Si 

I I 
',,--,,' 

Sj 

[::111111111111111 :: I :: 111111111111111 : I ElIIIIII""1 m :: I :: 111111111111111 : I 
3GB F54/55 

3GB F48/49 

I TERMS 

I31 116 115 100 ! 163 148 147 132 GB F54/55 

131 116 115 __ J()() I 163 148 147 132 GB F48/49 

G TERMS Si H TERMS Sj 

G31 G16 G15 GO H31 H16 HIS Hoi GB F54/55 
I 

G31 G16 G15 GO H31 H16 HIS HO GB F48/49 

SELECT ONE OF FOUR COMBINATIONS OF SHIFT 26,25 

Sj 231 - 2° 

r~;-;- K161 TS 7/9 

Sj 263 - 232 Sj 231 - 2° 

1 K31 K161 K15 -KO I TS 7/9 

Si 231 - 2° Sj 263 - 232 Sj 231 - 2° 

IK31 K161 I K15 KO 1 115 ... JOI TS 7/9 

Si 263 - 232 Si 231 - 2° Sj 263 _ 232 

SHIFT 64'· 32' r I I 
TERM PO & P4 K31 K16 K15 KO 

r------- I 
J15 JO A-2577A 

CRAY X-MP SCALAR LEFT DOUBLE SHIFT 

,_ ... ~~,J 



l 

) 

1 
j 



) 

) 

101 100 K29 K28 K27 1(26 K25 K24 K23 K22 K2l K20 K19 K18 K17 K161 K15 K14 K13 K12 Kll KIO K9 K8 K7 K6 K5 K4 K3 K2 Kl KO I 115 114 113 112 Jll 110 J9 J8 ]7 J6 J5 J4 J3 J2 11 JO SHIFT BITS 

TS 10/13 

N7 N6 N5 N4 N3 N2 Nl NO 1146 M44 M42 M40 M38 M36 M34 M32 M30 M28 M26 :M24 M22 M20 M18 M16 M14 M12 MIO M8 M6 M4 M2 Ml L12 LlO 

N7 N6 N5 N4 N3 N2 Nl NO 1146 M44 M42 11140 M38 M36 M37 M32 M30 M28 M26 :M24 M22 M20 M18 M16 M14 M12 MIO M8 M6 M4 M2 Ml Ll2 LIO 

N7 N6 N5 N4 N3 N2 N1 NO 1146 M44 M42 11140 M38 M36 M34 M32 M30 ~ M26 M24 M22 M20 M18 M16 M14 M12 M10 M8 M6 M4 112 MO L12 LlO 

SHlFI' 0 

SHIFT 4 

SHlFI' 8 

SHIFT 12 

SHlFI'16 

SHIFT 20 

N7mIDmmmmm1146M44~M40~~~~M30M28~M24~M20~~~~~~WM4M2 

M47 M45 M43 M41 M39 M37 M35 M33 M31 M209 M27 M25 M23 M2l M19 M17 M15 M13 MIl M9 M7 M5 M3 Ml L13 LIl L7 L6 L5 

M47 M45 M43 M41 M39 M37 M35 M33 M3l M29 M27 1.125 M23 M21 M19 M17 MIS M13 MIl M9 M7 M5 M3 Ml Ll3 LIl L7 

M47 M45 M43 M4l 1139 M37 M35 M33 M31 M29 M27 M25 M23 M21 M19 M17 MIS M13 MIl M9 M7 M5 M3 M1 I.13 

M47 M45 M43 M4l M39 M37 M35 M33 M3l M29 M27. M25 M23 1121 M19 M17 MIS M13 MIl M9 M7 M5 113 

M47 M45 M43 M4I M39 M37 M35 M33 M3l M29 M27 M25 M23 M2l M19 M17 MIS M13 MIl M9 M7 M5 M3 Ml L13 LIl L7 L6 L5 L4 L3 L2 Ll LO 

N7 N6 N5 N4 N3 N2 Nl NO M46 M44 M42 11140 1.138 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 M16 M14 MI2 MIO M8 M7 M4 M2 Ml L12 LIO 

'IS 16/0 

R62 R60 RS8 R56 RS4 RS2 RSO R48 R46 R44 R42 R40 RJ8 RJ6 RJ4 RJ2 R30 R28 R26 R24 R22 R20 R18 RI6 R14 R12 RIO R8 R6 R4 Rl RO 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2 26 224 

i 5 253 il 249 247 f5 243 241 '}}9 237 227 225 

R63 R61 RS9 R57 RS5 RS3 RS1 R49 R47 R45 R43 R41 RJ9 RJ7 RJ5 RJ3 R31 Rl9 R24 R25 R23 Rl1 

263 261 259 257 255 253 251 249 247 245 243 241 239 237 235 233 231 229 227 225 223. 221 

262 260 2 58 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 236 234 232 230 228 226 224 222 

2 18 

2 19 

214 

21S 

R19 RI7 R15 RI3 RIl 

219 217 215 213 211 

220 218 216 214 211 

R9 

29 

210 

26 

27 

R7 

27 

24 

25 

22 

23 

RJ 

23 

R1 

21 

22 

R64 

2-1 

20 

R62 R60 R58 RS6 R54 RS2 RSO R48 R46 R44 R42 R40 RJ8 R36 RJ4 R32 RJO R28 R26 R24 Rl2 R20 R18 R16 R14 R12 RIO R8 R6 R4 Rl RO 

262 260 258 

263 2
61 

259 

R63 R61 R59 

263 261 259 

262 2 60 

256 254 -;:2 242 

257 255 253 

RS7 RS5 RS3 RS1 R49 R47 R45 R43 

257 is i 3 251 249 24'1 245 243 

i 8 i 6 254 252 250 f8 246 244 

238 

239 

R41 RJ9 

2'1 239 

t2 240 

RJ7 RJ5 

237 2 35 

238 236 

232 230 228 226 

233 231 229 227 

R33 R31 

2 33 231 

234 232 

Rl9 R27 R25 R23 

229 227 225 2 23 

230 228 226 i4 

220 218 216 

221 2 19 217 

214 212 

21S 2 13 

R21 R19 R17 R15 R13 Rll R9 

221 219 217 215 213 211 29 

222 220 218 216 214 212 210 

R7 

27 

28 

RS 

25 

26 

R15 R14 R13 R12 Rll RIO R9 R8 R7 R6 RS R4 RJ R2 Rl RO 

B5 B6 B}4 B13 B12 B7 B15 Bll B2 BlO B18 B9 B8 B3 B4 Bl 

RJ1 RJO R29 R28 R27 R26 R25 R24 R23 R22 R21 R20 R19 R18 R17 R16 

A53' A69' A47' A52' A16' A50' A21' A19' A64' A67' A68' A5l' A70' A7l' A65' A66' 

R47 R46 R45 R44 R43 R42 R41 R40 R39 R38 R37 RJ6 RJ5 RJ4 RJ3 RJ2 

C27' C65' C63' C64' C23' C2' Cl' C21' C25' C68' C66' C69' C67' C7l' C70' cn' 

R65 R64 R63 R62 R61 R60 RS9 RS8 RS7 RS6 RS5 R54 RS3 RS2 RSI RSO R49 R48 

~~~~~~~~~~~moo~~~mm 

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

17-14 

SHIFT BITS 21 2 0 

SHIFT 0 

F54/55 

F48/49 

SHIFT 1 

F54/55 

F48/49 

SHIFT 2 

F54/55 

F48/49 

SHIFT 3 

F54/55 

F48/49 

TESTPOTh'T 

TEST POINT 

TESTPOINr 

TESTPOINr 

Ml L12 LIO 

L4 L3 L2 

L6 L5 L4 

LIl L7 L6 

L1 LO 

L3 L2 

L5 L4 

Ll 

L3 

LO 

L2 Ll LO SHIFf U. 

M1 L13 LIl L7 L6 L5 L4 L3 L2 Ll LO SHIFT 28 

~1201G 



) 

) 
j 

3GB 

2° 
21 

22 

23 

24 

2 5 

2 6 

27 

2 8 

2 9 

2 10 

211 

212 

2 13 

214 

2 15 

2 16 

217 

2 18 

2 19 

220 

221 

222 

2 23 

224 

225 

226 

227 

2 28 

2 29 

2 30 

2 31 

SjOPERAND 

F54/55 

TERM TP 

HOO 

HOO 

HOI 

HOI 

H02 

H02 

H03 

H03 

H04 

H04 

H05 

H05 

H06 

H06 

H07 

H07 

H08 

H08 

H09 

H09 

H10 

H10 

Hll 

H11 

H12 

H12 

H13 
H13 

H14 

H14 

H15 

H15 

B56 

067 

B39 

036 

A61 

C50 

A35 

A12 

C06 

A08 

C42 

B37 

044 

F48/49 
TP 

B56 

067 

B39 

036 

AS5 

C40 

A61 

eso 

A12 

C06 

A08 

C42 

B37 

SiOPERAND SjOPERAND 

F54/55 
TERM TP 

GOO 
GOO 
G01 

G01 

G02 

G02 

G03 

G03 

G04 

G04 

G05 

G05 

G06 

G06 

G07 

G07 

G08 

G08 

G09 

G09 

010 

010 

Gll 

Gll 

012 

012 

013 
013 

014 

014 

015 

015 

B54 

068 

B34 

055 

A36 

C44 

A29 

A23 

C16 

A20 

B49 

F48/49 
TP 

B54 

068 

B34 

A36 

C44 

A29 

A23 

A18 

B49 

3GB 

2 32 

2 33 

2 34 

235 

2 36 

2 37 

2 38 

2 39 

240 

241 

242 

2 43 

244 

245 

246 

247 

248 

2 49 

2 50 

2 51 

2 52 

2 53 

2 54 

2 55 

2 56 

2 57 

2 58 

2 59 

2 60 

2 61 

262 

2 63 

F54/55 
TERM TP 

H16 

H16 

H17 

H17 

H18 

H18 

H19 

H19 

H2O 

H2O 

H21 

H21 

H22 

H22 

H23 

H23 

H24 

H24 

H25 

H25 

H26 

H26 

H27 

H27 

H28 

H28 

H29 
H29 

H30 

H30 

H31 

H31 

B58 

065 

B43 

037 

AS7 

A63 

C52 

A14 

C08 

A06 

C48 

D45 

CRAY X-MP SCALAR SHIFf 
Sj AND Si SCOPE CHART 

17-15 

F48/49 

TP 

B58 

065 

B43 

037 

A57 

A63 

A38 

B45 

D45 

SiOPERAND 

F54/55 

TERM TP 

016 

016 

G17 

017 

018 

018 

019 

019 

G20 

G20 

G21 

G21 

G22 

G22 
G23 

G23 

G24 

G24 

G25 

G25 

G26 
G26 

G27 

G27 

G28 

G28 

G29 

G29 

G30 

G30 

G31 

G31 

B60 

D72 

B41 

D57 

A33 

C38 

A31 

C3I 

A25 

CI8 

AI6 

063 

F48/49 
TP 

B60 

D72 

B41 

D57 

A33 

C38 

A3I 

C3I 

A27 

CI4 

CI8 

AI6 

C29 

B5I 

8-15888 



) 
) 

) 

62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 ® 30 28 26 24 22 20 18 16 14 12 10 8 6 4 203GB @ F54/55 

63 61 59 57 55 53 51 49 47 45 43 41 39 37 35 33 31 29 27 25 23 21 19 17 15 13 11 9 7 5 313GB @ F48/49 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 21 11 10 9 8 7 6 5 4 3 2 1 0 I TERMS 

LEFT SINGLE SHIFT: 
10-131 -- KO-K31 SHIFT 32 
10-115 -- K16-K31 SHIFT 32 

RIGHT SINGLE SHIFT: 
116-131 -- KO-K15; 10-115 

Il6-I31 
JO-J15 SHIFT 32 
JO-J15 SHIFT 32 

K31 K30 K29 K28 K27 K26 K25 K24 K23 :<22 K2l K20 K19 K18 K17~K15 K14 K13 K12 K11 KI0 K9 K8 K7 K6 K5 K4 K3 K2 Kl KO I J15 J14 J13 J12 Jll JI0 J9 J8 J7 J6 J5 J4 J3 J2 Jl JO 

TS 10/13 

N7 N6 N5 N4 N3 N2 Nl NO M46 1144 1142 M40 1138 1136 1134 1132 1130 H28 M26 1124 1122 M20 M18 1116 H14 M12 MlO M8 M6 M4 M2 MO L12 LI0 

N7 N6 N5 N4 N3 N2 Nl NO 1146 M44 M42 1140 1138 1136 H34 1132 1130 1128 1126 1124 M22 1120 1118 M16 M14 1112 MlO M8 M6 M4 M2 MO L12 LlO 

N7 N6 N5 N4 N3 N2 Nl NO M46 1144 M42 1140 1138 1136 M34 M32 1130 1128 1126 1124 M22 M20 1118 1116 M14 1112 MI0 M8 M6 M4 M2 MO Ll2 LI0 

N7 N6 N5 N4 N3 N2 Nl NO M46 1144 1142 1140 1138 1136 1134 1132 1130 1128 1126 M24 H22 M20 M18 H16 M14 M12 MI0 M8 M6 M4 M2 MO L12 LI0 

1147 1145· M43 1141 M39 1137 M35 1133 M31 1129 H27 1125 1123 M21 M19 1117 MIS M13 M11 M9 M7 M5 M3 Ml L13 Lll L7 L6 L5 L4 L3 L2 Ll LO 

M47 M45 M43 M41 M39@1135 M33 fl31 1129 1127 M25 1123 1121 M19 M17 MIS 1113 M11 M9 M7 M5 M3 Ml L13 L11 L7 L6 L5 L4 L3 L2 L1 LO 

M47 M45 M43 M41 M39 M37 1135 M33 M31 1129 1127 1125 M23 M21 M19 M17 MIS M13 Mll 119 M7 M5 M3 Ml L13 Lll L7 L6 LS L4 L3 L2 Ll LO 

M47 ~145 M43 M41 H39 1137 1135 M33 M31 M29 M27 M25 M23 M21 M19 M17 MIS M13 M11 M9 M7 M5 113 111 L13 Lll L7 L6 L5 L4 L3 L2 Ll LO 

~147 1145 1143 1141 1139@1.!35 1133 ~!31 1129 H27 1125 1123 1·121 IH9 1117 1115 In3 ~!ll M9 M7· 115 H3 Ml L13 L11 L7 L6 L5 L4 L3 L2 Ll LO 

N7 N6 N5 N4 N3 N2 Nl NO 1146 1144 1142 1140 1138 1136 1134 1132 1130 1128 a26 1124 1-122 1120 M18 1116 1114 1112 MlO 118 116 114 M2 MO L12 LI0 

TS 16/0 

R62 R60 RS8 RS6 R54 RS2 RSO R48 R46 R44 R42 R40 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 R18 R16 R14 R12 RIO R8 R6 R4 R2 RO 

2 62 2 60 2 58 2 56 2 54 2 52 2 50 248 246 244 242 240 238 236 234 232 230 228 226 224 222 220 218 216 214 212 210 2 8 2 6 24 22 20 

2 63 2 61 2 59 2 57 2 55 2 53 2 51 249 247 245 243 241 239 237 235 233 231 229 227 225 223 221 219 217 215 213 211 2 9 27 2 5 2 3 21 

R63 RGI RS9 RS7 RS5ARSl 

255~251 
2 56 254 2 52 

R49 R47 R45 R43 R41 R39 R37 R35 R33 R31 p29 R27 R25 R23 R21 R19 R17 R15 R13 R11 R9 R7 RS R3 

2 49 2 4 7 245 243 241 239 237 235 233 231 229 227 225 223 221 219 217 2 15 2 13 211 2 9 27 2 5 2 3 

2 50 2 48 2 46 244 242 240 238 236 234 232 230 228 226 224 222 220 218 216 214 212 2 10 2 8 2 6 24 

Rl R64 

R62 R60 RS8 RS6 p,54 RS2 RSO R48 R46 R44 R42 R40 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 R18 R16 R14 R12 RIO R8 R6 R4 R2 RO 

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 2 10 2 8 2 6 24 22 2 0 

263 261 259 257 255 253 251 249 247 245 243 241 239 237 235 233 231 229 227 225 2 23 221 2 19 217 2 15 2 13 211 2 9 27 2 5 2 3 21 

R63 RGI R59 RS7 RS5 P53 RSl R49 R47 R45 R43 R41 R39 R37 R35 R33 R31 R29 R27 R25 R23 R21 R19 R17 R15 R13 Rll R9 R7 RS R3 

2 63 2,6i 2'59 257 255 253 251 249 247 245 243 241 2 39 237 235233 231 2 29 227 2 25 2 23 221 2 19 217 2 15 2 13 211 2 9 27 2 5 2 3 

2 62 2 60 2 58 2 56 2 54 2 52 250 2 48 246 244 2~2 240 238 236 234 232.230 228 226 224 222 2 20 2 18 2 16 214 212 2 10 2 8 2 6 24 

052ijk/054ijk 
Si=2 32 

Jk=258=0 10101 

2110 

R15 R14 R13 R12 Rll RIO R9 R8 R7 r6 R5 R4 R3 Il2 R1 RO 

B5 B6 B14 B13 B12 B7 B15 Bll B2 BIO B18 39 B8 B3 B4 Bl 

R31 R30 R29 R28 R27 r26 R25 R24 R23 p22 R21 R20 R19 R18 Rl7 Rl6 

A53 A69 M.7 A52 A16 A50 A21 A19 A64 A67 A68 A51 A70 A71 A65 A66 

R47 R46 R45 R44 R43 R42 R41 p40 R39 R38 R37 R36 R35 R34 R33 R32 

C27C65C63C64C23~dC21Q5C68C66C69~7C71C70C72 

R65 R64 R63 R62 R61 R60 n59 R58 RS7 RS6 RS5 RS4 RS3 RS2 RSl RSO R49 R48 

D4 A72 D64 D35 D58 D53 D34 D32 D47 D39 D48 D2 C49 D66 D69 D6 D5 Dl 

SHIFT BITS 

SHIFT 0 

F54/55 

F48/49 

SHIFT 1 

F54/55 

F48/49 

SHIFT 2 

F54/55 

FJ·8/49 

SIliFT 3 

F54/55 

F4o/49 

TEST POINT 

TEST POINT 

TEST POIN'l' 

TEST POINT 

SHIFT BITS 

SHIFT 0 

SHIFT 4 

SHIFT 8 

SHIFT 12 

SHIFT 16 

SHIFT 20 

SHIFT 24 

SHIFT 28 

0-15530 

CRAY X-MP/2 SCALAR SHIFT 
SINGLE Cb~!yRIGHT SHIFT 

EXAMPLE NO. 1 
HTV-0242 

17-16 



) 

) 
) 

62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 ® 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 0 3G8@F54/55 

63 61 59 57 55 53 51 49 47 45 43 41 39 37 35 33 31 29 'Zl 25 23 21 19 17 15 13 11 9 7 5 3 

31 30 29 28 'Zl 26 25 24 23 22 21 20 19 18 17 ® 15 14 13 12 11 10 9 

LEFT SINGlE SHIFT: 
10 -131 -- KO - K31 SHFT 32' 
1l-115--K16-K31 SHFT32 

8 7 6 5 4 3 2 

RIGHT SINGLE SHIFT: 
116 - 131 -- KO - K15; 10 - 115 -- JO - J15 SHIFT 32 

116- 131 -JO-J15 SHIFT32' 

3G8@F4&'49 

o 1 TERMS 

K31 K30 K29 K28 K'Zl K26 K25 K24 K23 1<22 K21 K20 K19 K18 K17 K161 K15 K14 K13 K12 K11 K10 K9 K8 K7 K6 K5 K4 K3 K2 K1 @IJ15 J14 J13 J12 J11 J10 J9 J8 J1 J6 J5 J4 J3 J2 J1 JO SHFTBITS 

TS 10113 

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 M8 M6 M4 M2 MO l12 l10 

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 M8 M6 M4 M2 MO l12 l10 

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@M6 M4 M2 MO l12 L10 

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 M8 M6 M4 M2 MO l12 l10 

M47 M45 M43 M41 M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 M19 M17 M15 M13 M11 M9 M7 M5 M3 M1 l13 l11 l7 l6 l5 L4 13 l2 L1 LO 

M47 M45 M43 M41 M39 M37 M35 M33 M31 M29 M'Zl M25 M23 M21 M19 M17 M15 M13 M11 M9 M7 M5 M3 M1 l13 l11 l7 L6 l5 L4 l3 l2 L1 lO 

M47 M45 M43 M41 M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 M19 M17 M15 M13 M11 M9 M7 M5 M3 M1 L 13 l11 L7 l6 L5 l4 l3 L2 l1 LO 

SHFTO 

SHFT4 

SHFT8 

SHIFT 12 

SHIFT 16 

SHFT20 

SHFT24 

M47 M45 M43 M41 M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 M19 M17 M15 M13 M11 M9 M7 M5 M3 M1 l13 l11 L7 l6 l5 l4 13 l2 l1 lO SHIFT28 

M47 M45 M43 M41 M39 M37 M35 M33 M31 M29 M'Zl M25 M23 M21 M19 M17 M15 M13 M11 M9 M7 M5 M3 M1 l13 L11 l7 L6 l5 l4 13 L2 l1 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 1610 

AS2 R60 R58 R56 AS4 AS2 ASO R48 R46 R44 R42 R40 RJ8 R36 R34 R32 R30 R28 R26 R24 R22 R20 R18 R16 R14 R12 R10 R! R6 R4 R2 RO 

~ 280 ~I 258 ~4 252 ~O 248 248 244 ~2 240 23. 238 ~4 232 230 228 228 224 ~2 220 218 218 214 212 i O ~ 2' 24 22 20 

283 281 258 257 255 253 251 249 247 245 ~3 241 2311 237 235 233 t1 228 227 225 223 221 211 217 215 213 i1 21 27 25 2' 21 

A63 R61 AS9 AS7 ASS R53 AS1 R49 R47 R45 R43 R41 R39 R37 R35 R33 R31 R29 R24 R25 R23 R21 R19 R17 R15 R13 R11 RI R7 AS R3 R1 AS4 

SHIFT 0 

F54155 

F48I49 

SHIFT 1 

~ ~1 ~II 257 255 253 251 248 247 245 243 ~1 238 237 235 233 2'1 228 227 225 223 221 218 217 215 t 3 i1 ~ 27 25 23 21 2-1 F54155 

~2 280 258 ~8 ,/,4 252 250 248 248 244 242 240 238 238 t4 232 to 221 228 224 222 220 211 218 214 212 210 28 28 24 22 20 F48I49 

R62 R60 R58 AS6 AS4 AS2 ASO R48 R46 R44 R42 R40 RJ8 R36 R34 R32 R30 R28 R26 R24 R22 R20 R18 R16 R14 R12 R10 AS R6 R4 R2 Rl SHIFT 2 

282 280 258 ~, 254 ~2 250 248 248 ~ 242 240 238 238 234 232 230 228 228 -14 222 220 218 218 214 i2 210 21 28 24 22 20 F54155 

283 281 258 ~7 255 253 ~1 249 247 245 t 3 241 238 237 235 t 3 t1 228 227 225 223 221 218 217 215 213 211 28 27 25 23 21 F48I49 

AS9 AS7 R55 R53 AS1 R49 R47 R45 R43 R41 R39 R37 R35 R33 R31 R29 R'Zl R25 R23 R21 R19 R17 R15 R13 A RI 

213 Vj 28 

R7 

0531Jk!055IJk 

SI ~ 232 

11- 258 

2;7 245 t 3 

248 248 244 

(AFTER TWa; COMPlEMEN1) 

II-53 1 

~ 223 221 218 217 

~ 224 222 220 218 218 t4 212 210 28 

R15 R14 R13 R12 R11 R10 R9 AS R7 AS AS R4 R3 R2 R1 Rl 

B5 B6 B14 B13 B12 B7 B15 B11 B2 B10 B18 B9 B8 B3 B4 B1 

R31 R30 R29 R28 R27 R26 R25 R24 R23 R22 R21 R20 R19 R18 R17 R16 

A53' A69' A47' A52' A16' ASO' A21' A19' A64' A6T A68' AS1' A70' A71' A65' A66' 

R47 R46 R45 R44 R43 R42 R41 R40 R39 R38 R37 R36 R35 R34 R33 R32 

C'Zl' C65' C63' C64' C23' C2' C1' C21' C25' C68' C66' C69' C67' C71' C70' C72' 

~~~~~~~R58~R56~~~~~~~~ 

~~~~~~~~~~~~~~~oooorn 

R64 SHIFT3 

2-1 F54155 

t F48I49 

TEST POINT 

leST POINT 

TEST POINT 

TEST POINT 

CRAY X-MP/2 SCALAR SHIFT SINGLE LEFf I@G® SHIFT 

17-17 

A-621Q 



i-' 
~ 
I 

i-' 
(X) 

\._---, 

EVEN 

ODD 

EVEN 

ODD 

EVEN 

ODD 

SHIFT 64 • 32 
TERM P3 

SHIFT 64 • 32 
TERM P2 

SHIFT 64 . 32 
TERM P1 & P5 

~ 

Si Sj 

Ijjljltlllllll~:: 111111111111111: I l:~lltilllltJ II tl ::111111111111118 
I TERMS 

I31 ~ 115 IOO 163 147 I32 

I31 116LI15 IOO 
--------

163 148 147 I32 

G TERMS Si H TERMS Sj 

G3J 6i6> G15 GO H31 Qij]) H15 HO 

G31 G16 G15 GO H31 H16 H15 HO 

SELECT 1 OF 4 CONBINATIONS OF SHIFT 26 , 25 

Sj 231 _ 20 

G~~~-~-- -- ---~~61 
Sj 263 - 232 Sj 231 - 20 

I K31 K161 ~1-5- -~--- KO -I 
Si 231 - 20 Sj 263 - 232 Sj 231 - 20 

1 K31 K1611 K15 @I J15 JO 

__ Si 263 - 232 Si 231 - 20 Sj 263 - 232 

SHIFT 64 • 32 I I I 
TERM PO & P4 K31 K16 K15 KO J15 JO 

SCALAR LEFT DOUBLE SHIFT 

~ 

3GB F54/55 

3GB F48/49 

056ijk 
Sj=2 32 

Si=2 32 

Ak= 43S 
0100011 

TS 7/9 

TS 7/9 

TS 7/9 

A-2577A 
X2117C0102 



) 

) 
) 

K31 K30 K29 K28 K27 K2G 

TS 10/13 

N7 N6 N5 N4 N3 N2 

N7 N6 N5 N4 

N7 NG 

H47 H45 H43· M41 M39 M37 

N7 N6 N5 N4 N3 N2 

TS 16/0 

~2 ~O E8 E6 E4 E2 

R63 R61 E9 E7 E5 E3 

255 2 53 

262 260 258 2 56 2 54 

R62 R60 E!! E6 E4 

262 260 258 2 56 2 54 

263 261 259 257 

R61 E7 R55 

263 261 259 2 57 2 55 

262 260 258 2 56 

K25 K24 K23 K22 K21 K20 K19 K17 K16/ K15 K14 K13 K12 Kll Kl0 K9 K8 K7 KG K5 K4 K3 K2 Kl @IJ15 JI4 J13 JI2 Jll JIO J9 J8 

Nl NO M46 M44 H42 M40 M38 M34 M32 M30 M28 M26 IU4 M22 M20 H18 H16 H14 H12 Hl0 M8 M6 M4 M2 @ L12 LIO 

N3 N2 Nl NO M46 H44 H42 M40. M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 H18 M16 H14 H12 Hl0 M8 M6 M4 HZ MO L12 LIO 
i 

N5 N4 N3 N2 Nl NO H46 M44: H42 M40 M38 M36 M34 M32 M30 M28 M26 H24 M22 M20 Hl!! H16 H14 H12 Hl0 M8 HG M4 

N7 N6 N5 N4 N3 N2 Nl NO· H46 M44 H42 M40 M38 M3G M34 M3 2 M30 M28 M26 M24 M22 M20 H18 H16 H14 H12 Hl0 M8 

H47 H45 M43 H41 M39 M37 M35 M33 M31 M29 M27 IUS M23 M2l H19 H17 H15 H13 Hll M9 H7 

M47 H45 M43 H41 M39 M37 M35 M33 M31 M29 M27 M25 M23 H21 

H47 M45 H43 H41 M39 M37 M35 M33 M31 M29 M27 M25 M23 M2l 

H47 H45 H43 M41 M39 M37 M35 M33 M31 M29 M27 M25 M23 M2l 

M35 M33 M31 M29 M27 M25 M23 M9 M7 M5 M3 Hl L13 Lll L7 L6 L5 

Nl NO H46 M44 H42 M40 M3.8 M36 M34 M32 M30 M2!! ·1!26 M24 M22 M20 H8 H6 

EO Md M6 M4 M2 MO ~8 ~6 ~4 ~2 ~O ~8 ~6 ~4 ~2 ~O ~8 ~6 ~4 ~2 ~O R8 RG 

El R49 R47 R45 R43 R41 ~9 ~7 ~5 ~3 R31 ~9 ~7 ~5 ~3 ~1 R9 R7 

219 217 215 213 211 29 27 

252 250 248 246 244 220 218 216 214 212 210 28 

E2 EO M8 M6 M4 R8 

242 240 238 236 234 232 230 228 226 224 222 220 218 216 214 212 210 28 

243 241 239 237 235 233 231 229 227 225 223 221 219 217 215 213 211 29 

El R49 R47 R45 R43 R41 ~9 ~7 ~5 ~1 ~9 ~7 ~5 ~1 R19 R17 R15 R13 Rll R9 

2 53 251 249 247 245 243 239 237 235 233 229 227 2 25 223 221 2 19 217 2 15 2 13 211 29 

2 54 252 246 244 242 240 238 236 234 232 230 2 28 2 26 224 222 220 2 18 216 214 212 210 

65 

R47 
C27 

B6 

R4G 
CG5 

614 613 

R45 R44 
C63 CG4 

612 

R43 
C23 

Rl0 

67 

R42 
C2 

R9 

615 

Ri.!. 
Cl 

R8 

611 

R40 
C21 

R7· R6 

B2 610 

~8 

CGII 

618 

~7 

CG6 

R4 

B9 

R36 
C69 

M5 

M9 

L4 

M4 

R4 

26 

R6 

l!6 

27 

R7 

27 

28 

B8 

R19 
A70 

R65 R64 R63 R62 ~1 ~O E9 R58 E7 E6 E5 E4 E3 R52 El 
04 A72 064 035 OS!! 053 034 032 047 039 048 02 03 066 069 

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

17-19 

M3 

H7 

L3 

M2 

24 

R4 

24 

2 5 

26 

R2 

B3 

R18 
A71 

~4 

C71 

Hl L13 Lll 

M5 M3 HI 

M9 H7 M5 

M9 

L2 Ll LO 

@ L12 Ll0 

RO 

Rl 

22 

2 3 

24 

Rl 

B4 

R17 
AG5 

R64 

2- 01 

20 

RO 

20 

21 

Rl 

21 

22 

RO 

Bl 

RI6 
A66 

R32 
C72 

2- 01 

20 

EO R49 R48 
06 05 01 

M2 MO L12 LIO 

M6 M4 HZ MO LI2 LIO 

L7 L6 L5 L4 L2 

LI3 Lll L7 L6 L5 L4 

M3 HI LI3 Lll L7 L6 

H7 M5 M3 HI LI3 Ll1 

SHIFT 6ITS 21 

SHIFT 0 

F54/55 

F48/49 

SHIFT I 

F54/55 

F48/49 

SHIFT 2 

F54/55 

F48/49 

SHIFT 3 

F54/55 

F48/49 

TEST POINT 

TEST POINT 

TEST POINT 

TEST POINT 

J7 J6 J5 J4 J3 

LI LO 

L3 L2 Ll LO 

L5 L4 L3 L2 LI 

L7 L6 L5 L4 L3 

J2 

LO 

L2 

JI JO SHIFT BITS 

SHIFT 0 

SHIFT 4 

SHIFT 8 

SHIFT 12 

SHIFT 16 

SHIFT 20 

SHIFT 24 

LI LO SHIFT 28 

D-1201G 
X210050104 

EXAMPLE NO. 1 
HTV-0242 



i-' 
-.J 
I 

t\.J 
o 

',,-~, \.-/ 

263 Si 2° 263 Si 

_:~t1I$" 
r---

$t.~ !ill I~ 62 162' 30 

63 33 31 

EVEN 

ODD 

I TERMS 

EVEN I63 '(i48) I47 I32 I31 (16) I15 IO 

ODD I63 I48 I47 I32 I31 I16 I15 IO 

H TERMS Sj G TERMS Si 

EVEN ~ ~ 
I 

H31 H15 HO G31 G15 GO I 

I 

ODD H31 H16 H15 HO G31 G16 G15 GO 

SELECT 1 OF 4 COMBINATIONS OF SHIFTS 26,25 

Sj 231 _ 20 si 263 - 232 ' Si 231 - 20 
SHIFT 64 • 32 
TERMS P3 & P7 

[::1' - .... ~.~ ~ - -- -K16 t ~:15- . - - '-~~ ~ ~ - - -KOT~J-1-5-~ - - - ----- - -;oJ 

SHIFT 64 • 32 
TERMS P2 & P6 

Sj 263 _ 232 Sj 23 1 _ 20 Si 263 _ 232 

[K31 §I K15 Kol J15 Gi21 
Sj 263 _ 232 Sj 23 1 _ 20 

~ ~ ---.. ---~~ ~ ~ --. T- ~~ ~ ~ ~ ~ ~--- ~ -
SHIFT 64 • 32 
TERM P1 IK15 KOJ15 JO I 

Sj 263 - 232 

SHIFT 64 • 32 I.~~~ I 
TERM POJ1 5 JO 

NOTE: SHIFT DERIVED FROM 2'5 COMPLEMENT OF Ak 

X-MP/2 SCALAR RIGHT DOUBLE SHIFT 

~ 

3GB F54/55 

3GB F48/49 

057ijk 

Sj=2 32 

Si=2 32 

Ak= 43 8=1358 

1011101 

TIS 7/9 

TIS 7/9 

TIS 7/9 

TIS 7/9 

A-2S76C' 
X2117C0101 



) 

J 

J 

K3' K30 K29 K28 

TS '0/'3 

N7 N6 N5 N4 

N7 N6 

H47 ® M43 H4' 

N7 N6 

TS ,6/0 

R62 R60 

R63 M 
'd 

US N4 

RS8 RS6 

RS9 RS7 

259 257 

R62 R60 R5H 

26} 261 259 

K27 K26 K25 K24 K23 K22 K2' K20 K'9 K,8 K,7 e K,5 K,4 K'3 K,2 K" 

N3 N2 N' NO M46 H44 H42 M40 MJ8 MJ6 MJ4 MJ2 MJO M28 M26 1124 M22 

N5 N4 N3 N2 N' NO M46 M44 M42 M40 MJ8 MJ6 MJ4 MJ2 MJO M28 M26 

N7 N6 N5 N4 N3 N2 N' NO H46 M44 H42 M40 MJ8 M36 MJ4 MJ2 MJO 

N7 N6 N5 N4 N3 N2 N' NO H46 M44 H42 M40 MJ8 MJ6 MJ4 

H47 H45 M43 H4, MJ9 MJ7 MJ5 MJ3 MJ' M29 M27 M25 M23 

M47 M45 M43 H4' MJ9 MJ7 MJ5 MJ3 MJ' M29 M27 

H47 M45 H43 H4' MJ9 MJ7 H35 MJ3 MJ, 

H47 e H43 M4' MJ9 M37 M35 

MJ9 MJ7 MJ5 MJ3 MJ, M29 M27 M25 M23 M2, H' 9 H' 7 H' 5 H' 3 H' , M9 H7 

N3 N2 N' NO H46 M44 M42 M40 MJ8 MJ6 MJ4 MJ2 MJO M2!l M26 M24 M22 

RS4 RS2 RSO R4~ R46 R44 

244 

245 

RS5 R53 RS, R49 R47 R45 R43 R4' R39 R35 R27 R25 

2 55 2 5 } 2 51 249 247 245 24 } 2}9 2}7 2}5 2}} 229 227 225 22 } 

256 254 252 250 248 246 242 240 2}8 2}6 2}4 2}2 2}0 228 226 224 

RS6 RS4 RS2 RSO M8 M6 R44 

256 254 252 250 248 246 244 242 240 2}8 2}6 2}4 2}2 2}0 228 226 224 

245 225 

R63 R6, R59 RS7 RS5 RS3 RS, R49 R47 R45 R43 R4, R39 R37 R35 R33 R3' R29 R27 R25 

26 } 261 259 257 255 25 } 25 I 249 247 245 24 } 241 229 227 225 

260 256 2 54 252 250 248 246 244 242 240 2}8 2}4 2}2 2}0 228 226 

R,5 R'4 R,3 R' 2 

B5 B6 B'4 B,3 

54 7 R46 R45 R44 
C27 eG5 eG3 C64 

R65 R64 RG3 RGi RG, RGO 
04 A72 064 035 058 053 

K'O K9 K8 K7 K6 K5 K4 K3 K2 Kl KO I J'5 J,4 

H20 H,8 H,6 H,4 H,2 H'O M8 116 M4 M2 MO L'2 LIO 

M24 H22 M20 H,8 H'6 H,4 H'2 H'O H8 H6 M4 M2 HO 

M28 M26 H24 M22 M20 H,8 H'6 H,4 H,2 H'O M8 H6 M4 

MJ2 MJO H2!l M26 1124 M22 M20 H,8 H'6 H'4 H,2 H'O 

M2, H,9 H,7 H,5 H,3 H' , M9 H7 115 MJ H' L'3 L" 

M25 M23 H2' H,9 H,7 H,5 H,3 H" H9 H7 115 MJ H' 

M29 M27 H25 H23 M2, H,9 H,7 H,5 H'3 H" H9 H7 115 

MJ3 MJ' H29 H27 1125 M23 M2, H,9 H' 7 H' 5 H' 3 H11 H9 

115 H3 H' L,3 L" L7 L6 L5 L4 L3 L2 L' 0 
H8 H6 

R20 R,8 R'6 R' 4 R'2 R'O R8 R6 

R2, R'9 R,7 R'5 R,3 R' , R9 R7 

2 2 ' 2'9 2'7 2'5 2' } 2' , 29 27 

222 220 2'8 2'6 2'4 2'2 2'0 28 

R22 R20 RHI R,6 R,4 R,2 R'O R8 

222 220 2'8 2'6 214 2'2 2'0 28 

22 } 22 ' 2'9 217 2'5 2'} 2" 29 

R23 R2, R,9 RI7 R' 5 R,3 R" R9 

22} 22 ' 

R" 

B,2 

R43 
C23 

R'O 

B7 

R26 
ASO 

R42 
C2 

2'9 2'7 2'5 2'} 2" 29 

210 2'8 2'6 214 2'2 2'0 

R9 R8 R7 R6 RS R4 

B,5 B' , B2 B'O B,8 B9 

R25 R24 R23 R22 R2' R20 
A21 ill A64 A67 A68 A51 

R~ R40 R39 R38 R37 R36 
C' C2' C25 eG8 eG6 eG9 

H4 M2 MO L'2 

R4 RO 

20 

RS R' 
25 2} 2' 

26 24 22 

R6 R4 

26 24 22 

27 25 

R7 RS R3 

27 25 2} 

28 26 24 

R2 R' 

as B3 B4 

R35 R34 R33 
C67 C7' C70 

R64 

2- 0 ' 

20 

RO 

20 

2' 

R' 

2' 

22 

RO 

B' 

R,6 
A66 

R32 
C72 

R59 R58 RS7 RS6 RS5 RS4 RS3 RS2 RS' RSO R49 R48 
034 032 047 039 048 02 03 066 069 D6 05 0' 

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

17-21 

L'O 

R64 

2- 0 ' 

20 

J'3 J,2 J11 J'O J9 J8 

L,2 L'O 

M2 MO L'2 L'O 

116 M4 M2 HO L'2 L'O 

L7 L6 L5 L4 L3 L2 

L,3 L" L7 L6 L5 lA 

MJ H' L'3 L11 L7 L6 

H7 115 MJ H' L'3 L11 

SHIFT BITS 2' 20 

SHIFT 0 

F54/55 

F48/49 

SHIFT , 

F54/55 

F48/49 

SHIFT 2 

F54/55 

F48/49 

SHIFT 3 

F54/55 

F48/49 

TEST POINT 

TEST POINT 

TEST POINT 

TEST POINT 

J7 J6 J5 J4 

L' LD 

L3 L2 L' LO 

L5 L4 L3 L2 

L7 L6 L5 L4 

J3 J2 

L' LO 

L3 L2 

J10 SHIFT BITS 

SHIFT 0 

SHIFT 4 

SHIFT 8 

SHIFT'2 

SHIFT '6 

SHIFT 20 

SHIFT 24 

L' ® SHIFT 28 

0-1201H 

EXAMPLE NO. 2 
HTV-0242 



-...J 
I 

I'V 
I'V 

<~ 

KJl OJ IJP XlI U1 Xl6 IUS IU4 K23 IU1 lUI x:zo &19 Kli &17 :1.161 XU 1.14 Itl3 I'll 1.11 KID D D ICJ lUi K.S &4 I3 K2 1.1 JW I llS 114 J13 JIl 111 lIO 19 JI n ., IS 14 

TSl(W'll 
m~~mmmm~ ___ ~~_~~~~~ ___ ~_~~_~~~~~W~ 
m~~mmmm~ ____ ~~~~~~~ _____ ~~_~~~~~w~ 

m~~mmmm~ ___ ~~_~~~~~ _____ ~~_~~~~~W~ 
m~~~mmm~ ____ ~_~~~~ _______ ~~~~~~ ~W~ 

u u u u w ~ __ ~~~~~~~~~~~~~~~~WW~~~illWU~U 

~ __ ~~~~~~_~~~~_~~~~WW~~WillWU ~ u u u u u w 

13 12 

M41 )d6S ),143 M41 )Q) Wl7 Ml5 M33 J4l1 M2P M27 M25 MZ3 Mil 1419 14.' M15 Mil Ull M9 M7 M.S MJ Ml U3 Lll L1 IJ5 1.5 lA 13 12 L1 1.0 

II 10 

'-) 

SIIIFI'BITS 

SHIFf. 
SHlPr4 

SHIFf' 
SHIFf 12 
SHIFf I. 
SHlPr20 

SHIPr:>A 
____ ~~~~~ __ ~ __ ~~~~~WW~~ ~=WU~UUUUUWSHlFf~ 

~~_~~~~~~~~~~~_~~~~~W~~~illWUUUUUUUW 
m~~mmmm~ ____ ~_~~~~~ ___ ~_~ __ ~~~~~W~ 

n,~ 

_~~~AAW~W_~~~~~~~~~~~W~~~~W~UMM~~ 

~ ~ ~ 2- ~ ~ ~ ~ ~ ~ ~ ~ ~ p ~ ~ ~ p ~ p ~ ~ p ~ ~ p ~ ~ ~ ~ ~ ~ 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ 

~~~~~~~~~w~~~~w~~~~~~m~rowww~~~~m~ 

~ 2" 2' %" 
2112 f4 2--~~ 
2'l 2" 2" 

~ 2" ~ 

~ ~ ~ ~ ~ ~ ~ ~ ~ %" ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

~AAW~W_~~~~~~ 

P P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

~ ~ ~ ~ ~ ~ ~ ~ ~ p ~ ~ 

2" z» Zll 225 i» 221 2" 217 2" 21' 211 2' 2' 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

R32 RlD R2I ll26 R24 R22 R20 I... 1.16 1.14 JU2 RIO RI 

lU 230 231 2- Zl4 

2n 2" 2" 

222. 230 2- 2" Zw 21.2 2 10 2' 

211 ZIt 21'1 2d 21' 2" 2' -?' ~ ~ 

2' 

2' 

M 

2' 

27 

2' 

24 

M 

24 

2' 

2' 

2' 

~ 

2' 

2' 

2" 

2' 

~ 

2' 

2' 

SIIIPT BrrS 21 20 

SHIFf. 
PS4/55 

1141/49 

SHIFf 1 

PS4/55 

1141/49 

SHlPr2 

PS4/55 

1141/49 

~~~~~~~~~w~~~~~~~~m~~m~roWww~~~~m~SHIFf' 

t' 2" 2" z'" t' z" 2S1 ~ z<Q t' 2<0 2"1 2' Z" 2" 2" 2" 221 227 2:&5 2lS 22,1 2" 217 2" 21' 2" f 2' %' 2' 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ • • t 
21 2.1 

22 20 

RIS R14 R13 R12 Rll RIO R9 RI .7 R6 JI.S 1.4 R3 R2 Rl RO 

B5 B6 B14 B13 B12 B1 D15 Dll B2 810 B11 BSJI HI 83 B4 Dl 

m~~~m~~~mwm~~~~~ 

~---~~~--~--~-~~ 
w_w~~~~~~~~~m~~~ 

-==~=~~==~-~~=== 

W~~_~~~~W~~~~W~~~W 

~_~~~M~~~~~m~_~~mru 

FS4/SS 

P41/49 

11!STPOINT 

11!STPOINT 

11!STPOINT 

11!STPOINT 

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

o.'20JH 
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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: 

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

ll. 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 

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

IV. Tracing operand through Vector Functional Unit. 

V.· Diagnostic Applications: 

3VRA -
3VPP -
3VRL -
3VRS 

Vector Add 
Vector Pop 
Vector Logical 
Vector Shift 

18-1 

XV201S29M 



VECTOR LOGICAL 

140iJK - Logical product of Sj and Vk elements to Vi elements 

141iJK - Logical product of Vj elements and Vk elements to Vi elements 

142iJK - Logical sum of Sj and Vk elements to Vi elements 

143iJK - Logical sum of Vj elements and Vk elements to Vi elements 

144iJK - Logical difference of Sj and Vk elements to Vi elements 

145iJK - Logical difference of Vj elements and Vk elements to Vi 
elements 

145iii - Clear Vi elements 

146iJK - Vector merge of Sj and Vk elements to Vi elements 

147iJK - Vector merge of Vj elements and Vk elements to Vi elements 

VECTOR MASK 

0030JO - Transmit Sj to vector mask register 

073iOO - Transmit vector mask to Si 

1750JO - Set vector mask bit based upon result of test of Vj elements 
1 - K = 0 Vj elements equal zero 
2 - K = 1 Vj elements not equal to zero 
3 - K = 2 Vj elements positive 

K = 3 Vj elements negative 
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VECTOR ADD/SUBTRACT 

VECTOR REGISTER 
FUNCTIONAL UNIT 

INSTRUCTIONS 

154iJK - Integer sum of Sj and Vk elements to Vi elements 

155iJK - Integer sum of Vj elements and Vk elements to Vi elements 

156iJK - Integer difference of Sj and Vk elements to Vi elements 

156iOK - Transmit negative of Vk elements to Vi elements 

157iJK - Integer difference of Vj elements and Vk elements to Vi 
elements 

VECTOR POP/PARITY 

174iJ1 - Population count of Vj elements to Vi elements 

174iJ2 - Population count parity of Vj elements to Vi elements 

VECTOR SINGLE SHIFT 

150iJK - Shift Vj elements left Ak places to Vi elements 

150iJO - Shift Vj elements left 1 places to Vi elements 

151iJK - Shift Vk elements right Ak places to Vi elements 

151 iJO - Shift Vk elements right 1 place to Vi elements 

VECTOR DOUBLE SHIFT 

152iJK - Double shifts of Vj elements left Ak places. to Vi elements 

152iJO - Double shifts of Vj elements left 1 place to Vi elements 

153iJK - Double shifts of Vj elements right Ak places to Vi elements 

153iJO - Double shifts of Vj elements right 1 place to Vi elements 

CRAY RESEARCH, INC. 
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-/604 
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VECTOR REGISTER 
ADD FUNCTIONAL UNIT 

INSTRUCfIONS 

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 

154 UK 
154 10K 
155 UK 
156 UK 
156 10K 
157 UK Integer difference of (VJ elements) - (VK elements) to VI elements 

C.A.L. FORMAT 

VI SJ + VK 
VI SJ + VK 
VI SJ - VK 
VI VK 
VI VJ - VK 

Sum of SJ and VK 
Sum ofVJ and VK 
Difference of SJ - VK 
Negative of VK 
Difference of VJ - VK 

18-5 
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00 
I 

0) 

3VR's 

~ 

Vj 

Vk 

H BIT 20 21 
(3JA) , 

--+ 

..-.. 

~ 

~ 

.... -

GO VECfOR ADD 
20 GSom (3JD) --" 3VG H40/41 FORCED 0, 1 I-- -

T40/41 
}3 3VC 

FORCED 0, 1 -r- (3VG) ~ 

24 
(3VB) HO, HI .. SUM BIT 20 _2 31 

VECfOR 
Sj 20 _2 31 ADD 

-" 
3VB'S 

Vj 2°_2 31 H, J FANOUT 
--" -

VIc 2°.231 .. 
231 

CIP J20-22 , H22 Ii 
H2O, H21 

(3JA) 
(3JA) 

SECfION CARR1ES & ENABLES 

I FORCEDO,l 
(: 3VG H38/39 232 

Vj 232 _2 63 
T38/39 

Vk 2 32 _263 SUM BIT 232 _2 63 
(: 

VECfOR 
3VB'S Sj 2 32 _263 ADD H, K FANOUT --" - (: 

HO, HI .... 3 - 3 
2 63 (3JD) 

GO VECfOR ADD 

CIP K20.22, H21 
(3JA) 

3GR'S 
Sj 

CRAY X-MP VECTOR INTEGER ADDER BLOCK DIAGRAM 
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(3VG) 

(3VA) 

(3GB,3MK, 
3VB,3VC, 
3VD) 

VG) 

VA) 

AS, 3GB, 
HC,3VB, 
VC,3VD) 

A-1169E 

o 



........ 
00 
I 

':l 

("'") 
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0);:0 
3:-< 
"'0 
);:0:;:0 
2rn 
-< (/) 

rn 
"'0);:0 
:;:0 :;:0 ...... ("'") 
< ::c 
);:0'" 
--l 
rn ...... 

2 
("'") . 

',,- -./ 

MOO 

MOl 

\,"_ .. ,) 

3VG @ H38/39 3VG @ H40/41 

263 248 247 232 231 216 215 20 

Section 3 Section 2 Section 1 Section 0 

T.P. 059 QOI 

/G6 rct5 fG4 ra2 retl /GO ri6 ri5 TG4 _112 _rdlnO 
R34 

I 
R35 

I 
R34 P3 

I 

(":.32 r:33 (":.32 

MOl MOO MOl MOO 

R32 Section 2 Carry R32 Section 0 Carry 
R34 Section 2 Enable R34 Section 0 Enable 

196 R32 (3VG) H41 Section 0 Carry 196 = R44 (3VG) H39 Forced 0 

197 R33 (3VG) H41 Section Carry 197 = R44 (3VG) H41 Forced 0 . 

198 R34 (3VG) H41 Section 0 Enable 198 = R45 (3VG) H39 Forced 

199 R35 (3VG) H41 Section Enable 199 = R45 (3VG) H41 Forced 

P3 = Mode h21; Subtract 

[P3 + 196 + 197] [198 + 196 + 197] [199 + 197] MOO [P3 + 196 + 197] [198 + 196 + 197] [199 + 197] 

MOO = P3 198 199 + 196 199 + 197 MOO = P3 

P3 198 199 R34 + 196'199 R34 + 197 R34 + R32 MOl = P3 198 199 R34 + 196 199 R34 + 197 R34 + R32 

MOl = P3 R34 + R32 

PROPAGATED ENABLES AND SECTION CARRIES 
8-/594 

VECTOR ADD FUNCTION UNIT 

.~ 

Subtract 



3VG MODULE 

vector Add Control 

pOO = QOO Select Sj h BIT 2°=0 

P01 = Q01 Subtract h BIT 2
1

=1 

P02 = Q02 Enter Parameters/GO vector Add 

P03 = Q03 Delayed H bit 20. Delayed Subtract , 

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

AOO = [(Select Sj Data_)_+ (Select Vj Data)] [(Add Se1ect~-~VkData) + 
(Subtract Select Vk Data)] 

AOO = Bit carry 20 or 232 both operand equal a one 

MOO = Section ° or Section 2 enables 

M01 - Section 1 or 3 enables A-1593A 
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I 95 H 93 92 91 90 19 II 17 16 IS .. 13 12 11 10 79 78 77 76 75 74 73 72 71 70 69 61 67 66 65 64 ~Wo~I~~~~ON) 
I 

A30 AlI'r- - Al6 Al4 All AlO AI8 A16 AI4 AI2 AIO A08 A06 A04 A02 Aool CARRY 
A31 Al9 A27 AlS AD All AI9 AI7 AIS A13 All A09 AI11 AOS A03 AOI 

B30 B28 B26 B24 B22 820 BI8 B16 BI4 BI2 BIO BOB B06 B04 B02 Bool ENABLB 

831 829 B27 B2S B23 B21 BI9 BI7 BU BI3 Bll B09 BI11 DOS B03 DOl 

C30 C8 C6 C4 C22 CO CI8 C16 CI4 CI2 CIO CD8 C06 C04 CO2 cool SUM 

TEST 01 C9 C27 C2S en CI CI9 CI7 CIS C13 Cll cog C03 COl 

POlN'lED D30 D28 D26 D24 D22 D20 DI8 D16 DI4 D12 DIO DOl DOl DOO Brr CARRY 

D31 D29 D2S 021 DI7 DIS 013 D09 DOl 

B7 E6 E5 B4 53 B2 DO I GROUP ENABLB 
PROPAOA1ED GROUP CARRY 

FlO P26 P22 PI8 P16 FI4 FlO F02 FOG PAR11AL SUMS 

F31 P29 F27 F25 P23 P21 FI9 FI7 FIS FI3 Fll F09 POl POI 

R33 SllCTlON CARRY I 

R3S R34 SllCTlON ENABLB 

H30 828 826 824 H22 H2O HII HI4 HI2 HIO H02 IN'lllRNALGROUFENABLB 

H31 827 H23 HI9 HIS Hll H03 

130 128 J26 124 J22 J20 JlI 116 114 112 JlO J08 J06 J04 J02 JOO I SECTlttI SUM 

J31 J29 127 J2S 123 121 119 Jl7 Jl5 113 J1l JOS J03 JOI 

K30 lC28 Kl6 Kl4 K22 lC20 KI8 K16 KI4 KI2 KIO 

J09 I JI11 

KG8 K06 K04 K02 Kool INTERSECTION ENABLB 

DI Kl9 I K27 KlS I Kl3 KlI I KI9 KI7 I KU KI3 I Kll K09 I KI11 KGS I K03 KOI 
1-30 128 126 124 L22 L20 LI8 L16 LI4 LI2 LIO L08 L06 L04 L02 LOOI SEcrlON SUM +1 

L31 129 L27 US 123 121 Ll9 LI7 LU LI3 Lll L09 LI11 LOS L03 LOI 

MI MO SllCTlONCARRY2 

TEST 
POlN1ED I R31 

R30 R28 826 824 R22 820 RI8 R16 RI4 RI2 RIO ROB R06 R04 R02 ROO 

829 827 825 823 821 RI9 R17 RU RI3 Rll 'R09 RI11 KGS R03 KGI FlNALRBSULT 

B21' BSO' B48' D09' B49' B47' B60' B68' B31' B36' BOI' B03' BOS' B04' B06' Bll' DOl' D02' DOS' DO.' DI11' D06' DS2' D36' D58' 061' 067' D68' D69' 1Y,~ un u,v 

1_ SEC'11ONCARRYR32->3VG@H311139AS196lt197 
SllCTlON ENABLB R34 -> 3VG@ H3III39 AS 198 It 199 
R32 - R35 ARB NOTOUPUITI3D ON 3VG@H311139 

2_ MOON3VG@H40/41=SU8TRAcr 
MI ON 3VG@ H40/41 = SECTION 0 CARRY OR SUBTRAct INSTRUCTION It SEC'11ON 0 ENABLB 

BrrSO -313VG@H40/41 
Brrs32 - 633VG@H311139 

MO ON 3VG@ H311139 = SECl'IttI I CARRY OR SllCTlON 0 CARRY wrm SECTION I ENABLB OR SUBTRAcr INSTRUCTION wrm SBCl'IttI 0. I ENABLBS 
MI ON 3VG@H3III39=SECTION2CARRYORSBCl'1ON I CARRYwrm SBCTION2ENABLBORSBCTlONO CARRywrmSBCTlON I It 2 ENABLBS OR 

SUBTRAcr INSTRUCl'ION WJ11{ SECTION 0, 1,2 ENABLES 
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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 1008 into Vi 
element O. 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 0 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 

HTV-02L!2 19-1 



VECTOR REGISTER POP COUNT 
FUNCTIONAL UNIT INSTRUCTIONS 

174rr1 Vector Pop Count of (VJ) to VI 

174rr2 Vector Even Parity of (VJ) to VI 

C.A.L. FORMAT 

VI PVJ Population count of (VJ) to VI 

VI QVJ Parity of (VJ) to VI 

DIAGNOSTIC APPLICATION 

3VPP 
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(3VR's) 
Yj ELEMENT 0-63 

3YC 
050/51 Yj 2°_23 

Yj 24 _239 

3VB's r--- 3RE 
248 _255 E28/29 I--

2 56-2 63 

3RE - E30/31 

240 _247 3RA 
E08/09 

-

, \ 

\~' 

Yj 248_255 

Yj 256 _263 

(3JD) K bit 20 , 21 

(310) Go Yector 

Yj 24O~ 

3RB 
~ 

EIO/11 

3RI E16/17 

YECfOR 
POPULATION 

COUNf Pop Count 20-zC' 
AND 

PARITY 
FUNCTIONAL 

UNIT 

CRA Y X-MP VECTOR POP COUNT FUNCTIONAL UNIT BLOCK DIAGRAM 
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(3YA) 
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~ 
\0 
I 
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~ 

SYN CHANNEL A 3RI 'f.P. D72 
CHANNEL A 3RE, 3RA, 3RI 

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

3RE AT E30/31 3RE AT E28/29 __ 
A45 A53 804 A05 814 1302 801 B03 A4S AS3 804 1305 814 802 BOl 

, , , , , -- -- -- -- -- -- -- -- -- --

247 246 245 244 243 242 241 240 2 39 238 2 37 236 2 35 2 34 2 33 

3RA AT E:08/09 __ 3RI AT E16/17 __ 
861 . A69 A67 A71 8SS 866 820 863 834 B39 821 837 826 871 847 

, , , , , -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ---

231 2 30 2 29 228 227 2 26 225 224 2 23 222 221 2 20 2 19 218 217 216 

3RI AT El 6/1 7 
862 85S 851 1354 867 868 866 841 B6S A01 A02 AOS A07 All A9 A56 

---' ---' ---' ---' 

215 214 213 212 211 210 209 208 207 206 205 204 203 202 201 200 

3R I A ~ E2..~L17__ _ __ 
A22 A13 A54 A39 M1 .1\43 A66 A49 A60 AS3 A58 A61 A63 A69 A71 AS1 

---' ---' ---' 

CRAY X-MP/2 J OPERAND 
VECTOR POPULATION COUNT SCOPE CHART 
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3RI MODULE 

174ij 1 - Vector Pop Count 
174ij 2 - Vector Pop Parity 

191 = RS6 
192 = R36 
193 = R37 

3JD @ F19 
3JD @ F19 
3JD @ F19 

Go Data Vector Floating Recip. 
Mode K bit 20 

Mode K bit 21 

W01 = Go Vector Pop or Parity 

068 W04 = W01; T2 
003 W07 = W04; T2 
008 W10 = W07; T2 

W02 = Go Vector Pop 

072 WOS = W02; T2 
004 W08 = WOS; T2 
007 W11 = W08; T2 

T.P. ~ Pop Count 

C66 R80 = SOO WIO Bit 20 

C46 R81 = S01 W11 Bit 21 

C63 R82 = S02 W11 Bit 22 

C27 R83 = [S03'+ VOO] [S03 + VOO] [W11 ] Bit 23 

C4S R84 = [S04 + V01] [S04 + V01] [W11 ] Bit 24 

CS9 R8S = [SOS + V02] [SOS + V02] [W11 ] Bit 25 

C04 R86 = V03 W11 Bit 26 

A-/603 

VECTOR POP COUNT CONTROL 
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VECTOR POP COUNT 
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FULL VECTOR LOGICAL (Module Involvedlr 

3VFMODULE 

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 bit is 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 CPo 

The 3VF at location E42/43 handles bits 2°_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_263 of the 
Vector Mask register and the Sj, Vj, or Vk data bits. 

HTV-0242 20-1 XV203S07M 



SECOND VECfOR LOGICAL 

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.~) 

I 
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 CPo 

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 2 0-2 2 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 
perforlned. 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 3M3 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 3M3 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 
14lijk 
142ijk 
142iOk 
143ijk 
144ijk 
145ijk 
145iii 

146ijk 

146iOk 
147ijk 

1750jk 
175ijk 

0030jO 
073iOO 
040ijkm 
04lijkm 
042ijk 

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 lESTS 

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

K = 1,5 VM = 1 if (Vj element) * 0 
K = 2,6 VM = 1 if (Vj element) is positive 
K = 3,7 VM = 1 if (Vj element) 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 

20-4 

XV201S32M ) 

J 



140iJK LOGICAL PRODUCT SJ & VK ELEMENTS TO Vi 
141iJK LOGICAL PRODUCT VJ ELEMENTS & VK ELEMENTS TO Vi 

J 17 7 o o 17 7 17 7 o 0 

K o o o o 17 7 17 7 o o 

i o o o o 17 7 17 7 a a a 

142iJK LOGICAL SUM SJ ! VK ELEMENTS TO Vi 
143iJK LOGICAL SUM VJ ELEMENTS! VK ELEMENTS TO Vi 

J 17 7 a o 17 7 17 7 a a 

K o o a o 17 7 17 7 a a 

i 17 7 a a 17 7 17 7 a 

144iJK LOGICAL DIFFERENCE SJ , VK ELEMENTS TO vi 
145iJK LOGICAL DIFFERENCE VJ ELEMENTS 'VK ELEMENTS TO vi 

J 17 7 

K a o 

i 17 7 

a a 17 7 17 

a a 17 7 17 

o o a a a 

VECTOR LOGICAL INSTRUCTIONS 
(PAGE 1 of 3) 

20-5 

7 a a 

7 a a 

o a a 

A-1233 
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146iJK 

147iJK 

SJ 

VK 

ELE 0 

ELE 

ELE 2 

ELE 3 

VJ 

ELE 0 

ELE 1 

ELE 2 

ELE 3 

VK 

ELE 0 

ELE 

ELE 2 

ELE 3 

TRANSMIT SJ TO "Vi ELEMENTS 
TRANSMIT VK. ELEMENTS TO vi 
'\ 

TRANSMIT VJ ELEMENTS TO Vi 
TRANSMIT VK. ELEMENTS TO Vi 

o o 

1 7 ------------------ 71 

0 

0 

0 

0 

------------------- 0 

--------------- 0 

--------------- 0 2 

--------------- 0 3 

o o 

o ----------------- 0 

o -------------- 0 

". 
o ----------- 0 

o -------- 0 

o -------------------- 0 

0 ----------------- 0 

0 ----------------- 0 2 

IF VM BIT = 1 
ELEMENTS IF VM BIT = 0 

ELEMENTS IF VM BIT =1 
ELEMENTS IF VM BIT =0 

o ------------ 0 VM REGISTER 

17 ------------------ 7 

0 --------------- 0 

17 ------------------ 7 

0 --------------- 0 3 

o ------------ 0 VM REGISTER 

0 ---------------- 0 

0 ---------------- 0 

0 ---------- 0 

0 ---------------- 0 3 

A-1628 

0 ----------------- 0 3 

VECTOR LOGICAL INSTRUCTIONS 
(Page 2 of 3) 

Vi 

ELE 0 

ELE 1 

ELE 2 

ELE 3 

Vi 

ELE 0 

ELE 1 

ELE 2 

ELE 3 

t20~6 
CRAY RESEARCH, INC. 
CO~1PANY PRIVATE 
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0030jO TRANSMIT (Sj) TO VECTOR MASK 

073iOO TRANSMIT VECTOR MASK TO Si 

1750jO - VM - 1 WHERE (vj) = 0 

Vj ELEMENTS VM REG. 

ELE 0 0 0 1 

ELE 1 0 01 0 

ELE. 2 0 0 1 
0 

VL = 3 I 
0 

1750j1 - VM = 1 WHERE (Vj) ~ 0 

Vj ELEMENTS VM REG. 

ELE 0 0 0 0 

ELE 1 0 1 1 

ELE 2 17 7 1 
0 

VL = 3 I 
0 

1750j2 - VM = 1 WHERE (Vj) POSITIVE 

Vj ELEMENTS VM REG. 

ELE 0 07 7 1 

ELE 10 0 0 

ELE 2 0 1 1 
0 

VL = 3 I 
0 

1750j3 - VM = 1 WHERE (Vj) NEGATIVE 

Vj ELEMENTS VM REG. 

ELE 0 17 7 1 

ELE 1 07 7 0 

ELE 2 10 0 1 
0 

VL = 3 I 
0 

VECTOR LOGICAL INSTRUCTIONS 
(Page 3 of 3) 

20-7 

263 

262 

261 

260 

I A-1628 
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I'.l 
o 
I 

00 

140ijk LOGICAL PRODUcr OF (Sj) AND (Vk) TO Vi 
14lijk LOGICAL PRODUcr OF (Vj) AND (Vk) TO Vi 

142ijk LOGICAL SUM OF (Sj) AND (Vk) TO Vi 
143ijk LOGICAL SUM OF (Vj) AND (Vk) TO Vi 

144ijk LOGICAL DIFFERENCE OF (Sj) AND (Vk) TO Vi 
145ijk LOGICAL DIFFERENCE OF (Vj) AND (Vk) TO Vi 

SjDATA2 0 _21~232_247 
3VF@E42/43 

(3GR) 

(3VC) 

(3VB) 

(3VB) 

(3VC) 

(3JD) 

(3JD) 

--VkDATA20 _23 

--Vk DATA 24 _ 215 ,2 32 _ 247 

. --VJDATA24 _2 15,2 32 _247 --3Vj DATA Xl _2 3 . 
po 

GO VEcrOR LOGICAL _. 
po 

MODE H bit 2 0 , 2 1 ,22 --

Vj DATA 216 _ 231 ,248 _ 263 . (3 

(3 

(3 

VB) 

VB) 
Vk DATA 216 _ 231 ,248 _ 263-P --p 

Sj DATA 216 _ 2 31 ,2 48 _ 2 63 
GR) ..... 

3VF@E4O/41 

LOGICAL RESULTS 2 0 _ 2 15 • 232 _ 247 --
LOGICAL RESULTS 2 16 _ 2 31 ,248 _ 2 63 .... 

Vi 

CRA Y X-MP VECTOR LOGICAL BLOCK DIAGRAM 

-_/ 

ELEMENT 0 

ELEMENT 63 

8-1606 
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~) 

) 
LOGICAL PRODUCT: AND FUNCTION 

140ijk 141ijk 
3VF Module 

QOO = 1114; T2 
N06 = QOO. 

Go Vector Logical cp2 

164 = Sj DATA bit 20 

DOD = HOLD Sj DATA 
1110 = MODE h bit 20 

Q06 = HOLD h bit 20 

NOO = Q06, NOD = 1 take Sj, NOD = ° take Vj 
132 = Vk DATA bit 20 

100 = Vj DATA bit 20 

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

-- 21 22 = ZERO's MOO = Q8 Q7 MODE h bit , 
N03 = MOO MODE h bit 22, 21 = 140, 141 
N04 = M01 

M01 = Q8Q7 MODE h bit 22, 21= 144, 145 

ROO = LOGICAL PRODUCT RESULT bit 20 or 216 

ROO = LOGICAL SUM RESULT bit 20 or 216 

ROO = LOGICAL DIFFERENCE RESULT bit 20 or 
ROO = merge bit 20 or 216 

A-16/2 

20-9 CRAY RESEARCH, INC. 
COMPANY PRIVATE 



LOGICAL SUM: OR FUNCTION 
142ijk 143ijk 

DOO = Sj bi t 20 

IOO = Vj bit 20 

132 = Vk bit 20 

3VF Module 

NOO = Q6 SELECT Sj or Vj DATA 
N01 = R67 + 199 SELECT j 

R67 = M02 + JOJ1NIO + R67NI07 T2 M2 when 140,143 
M02 = Q08 Q07 MODE bit 21, 22 

N02 = R67 M02 + 199 M02 SELECT Vk 

BOO = Sj + Vj + Vk EQUALS A 1 

LOGICAL DIFFERENCE 144ijk 145ijk 
EXCLUSIVE-OR FUNCTION 

AOO = j • k AND FUNCTION 
BOO = j + k OR FUNCTION 

N03 = MOO -- 22 21 MOO = Q8 Q7 AND MODE h bit , 

N04 = M01 
M01 = Q8 Q7 EXOR MODE h bit 22, 21 

ROO = EXCLUSIVE OR of Bit 20 or 216 

A-1613A 

.20'-10; . 

) 
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LOGICAL OPERATION 

DATA FANOUT (3MA) ~...----, 

(3MK) HOLD SCALAR 

(3GR,3VC, J 2
0 

- it 
3VB) -----.-I 

(3MK) SELECf Vj 

(3MK) HOLD SCALAR. 

(3GR,3VC, J 21~ i13 

3VB) ...;....:~--... 

(3MK) SELECr Vj 

(3MK) SELECr Vj/Vk 

(3MK) HOLD SCALAR. 

(3GR,3VB)..!J,-,,2::..:1I!~2,-3S_---I" 
(3VB) K~-E' 

(3MK) SELEer Vk 

(3MK) SELECf Vk 

(3MK) HOLD SCALAR 

(3MK) SELEer Vj/Vk 

(3YB) K BIT i1A- 235 

(3GR,3VB) J BIT 2?6-1fT 

(3VB,3GR) J BIT 248_ 263 

(3MK) HOLD SCALAR 

(3MK) SFLEer VI 

(3MK) SFLECr Vk 

3MA 

E66/OT 
Q66/61 

3MB 

E64{6S 
Q6416S 

(3MC) 

(3MC,3M1) 

o 9 3MC 
(3MB) K2 -2 

ES8/S9 
GO AND XOR QS8/59 

. 10 .IQ 

(3MA,3MB) J 2 - z= 3MC 
10 ~19 

(3MA,3MB) K 2 - .... ES6/57 

GO AND XOR 
QS6/57 

10 19 
2-2 

(3MB,3MA)~ 3MJ 
:ID:1II 

(3MB,3MA)~ 2~213 
,~ ES4/SS 

OlITPlIT RESULTS 

3MJ 

ES4/SS 
QS4/SS 

~263 (3V) A 

GO AND, XOR QS4/SS t----'2 .... :1II; ___ H--I 

3MB 0 11 
K2 -2 (3MC) 

E68/69 
Q!>8/69 

(3MA) ~ 
2S 29 

(3MB)~ 
GOAND,XOR 

3MJ 

ESOISI 
QSO/Sl 

3MA 
J 23f! 1fT ...----, 

(3MB,3MA)~ 
12 13 

mOr7l 
qTOm 

K 2 - 2 (3MC,3MJ) (3MB,3MA)~ 
GO AND. XOR 

3MB 

E46/47 

QI.6/47 

3MC ~JB~IT~248~_~2~63 _____ ~ 

ES6/S7 l-J K BIT P- za 
QS6/S7 

3MC 

(3JD) HOLD SCALAR h BIT 2 0 

I 2 
(3JD) h-MODE BIT 2 , 2 

ES8/S9 _ (3JD) GO VECTOR LOGICAL 

QS8/S9 (3JD) GO VEerOR FL. MULT. 

GO AND. GOXOR 

3MK 

ES2IS3 
QS2IS3 

VECrOR 

LOGICAL 

CONTROL 

SELEer VIM (3MA,3MB, 
3MC) 

I'IOJ J,) ~AI.AR (3MB,3MA. 
3MC) 

GO LOGICAL 

3MJ 

ESO/Sl 
QSO/Sl 

~(3VA) 

248 55 
~(3VA) 

8-2129C 

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

20-11 



SECOND VECTOR LOGICAL 

3MC Module 

AND, OR, XOR Operations 

1100 = j operand bit 20 

1110 = k operand bit 20 

va = AND or Logical product of j bit 20 

ANDed with k bit 20 

V10 = ORed function or Logical Sum of 
j bit 20 ORed with k bit 20 

woo = 1120 Go AND 140/141 instruction from 3MK 

W01 = 1121 Go XOR 144/145 instruction from 3MK 

R50 = AND operation made from va 
R50 = OR operation made from V10 
R50 = XOR operation made from inverted va ANDed with V10 

X2020S0101 

20-12 
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SECOND VECTOR LOGICAL 

3MK Module 

Go Vector Logical Control 

133 = Go Data Vector Floating Multiply from 3JD 

141 = Go Vector Logical from 3JD 

H30 = 133 141 Need Vector Logical and 
Vector Floating Multiply, without 
Vector Logical your doing a Vector 
Floating Multiply. 

K22 - Select Logical Results at cp3. 

Go Add - Go XOR 

136 = h-Mode bit 21 from 3JD 
137 = h-Mode bit 22 from 3JD 
132 = Go Scalar Floating Multiply 

H06, H07 = 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 

X2020S0102 
20-13· 
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o 
I 

,j:>. 

(3GR) 

(3VC) 

(3VB) 

(3VC) 

(3VB) 

(3JD) 

(3JD) 

(3JD) 

(3VF) 

(3GR) 

(3VB) 

-~' 

Sj DATA 20 _215,232_247 

Vk DATA 20 -23 

Vk DATA 24_215,232_247 

Vj DATA 20 _2 3 

VJ DATA 24 _215,232_247 

GO VECfOR LOGICAL 

MODE h BIT 20 , 21 , 22 

GO DATA VL 

FORCED ZERO 

199 

199 

FORCED 1 

Sj DATA 216_231, 2 48_263 

Vj DATA 216_231, 2 48_263 

Vk DATA 216 _231, 2 48_263 

VM REG. y 
3VP 2° Vj, Sj, Vk DATA 20 _215, 232_247 FOO 

E42/43 .. .. ELEMENT 0 

~ .. 
.. 
.. ... 

F15 215 .. I 

~ Fi6 232 i .. 
Vj, Sj, Vk DATA 216_2 31, 2 48_263 

~ .. 

.. 

.. F31 247 
, R67 

MASK BIT 

MASK BIT 
VM REG. 

3VF FOO 216 
R67 

E40/41 
~ .. 

F15 231 ELEMENT 63 ----
F16 248 .. 

~ .. 146ijk .. .. 
F31 263 147ijk 

TRANSMIT Vk IF VM = 0 TO VI 8-1614 

CRA Y X-MP VECTOR MERGE BLOCK DIAGRAM 



) 
\ 

j 

N06 = QOO 
QOO 

EOO = Jl0 
EOl = Jll 
E02 = J12 
E03 = J13 
E04 = J14 
EOS = J1S 

VECTOR MERGE 
146ijk, 147ijk 

CLEAR ELEMENT COUNTER 
= Il14 GO VECTOR LOGICAL CP2 

N6 ; T2 20 ELEMENT COUNTER 
N6 ; T2 21 
N6 ; T2 22 
N6 ; T2 23 

N6 ; T2 24 
N6 ; TJ 25 

PAGE 1 

G7 G6 GS G4 G3 G2 Gl GO- = DCD (E2 El _ EO )/## 
ZUU = III "/ FORCED 0 ON 3VF @ E42/43 
ZOO = Il17 FORCED 1 ON 3VF @ E40/41 

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. 

H07 = F31 G13 READ VM BIT 263 

JOO AND JOl ENABLE THE ADVANCE CO(~TER SIGNAL. 
A-/607 

20-15 CRAY RESEARCH, INC. 
COMPANY PRIVATE 



EO = JIO N06' ; T2 
EI = JII N06'; T2 
E2 = JI2 N06' ; T2 

E3 = JI3 N06' ; T2 
E4 = JI4 N06' ; T2 
E5 = JI5 N06' ; T2 

3VFMODULE 

G7G6G5G4G3G2GIGO = DCD (B02',EOI', Eoo') /# # 

3VF 
E42/43 

3VF 
E40/41 

3VF 
E42/43 

3VF 
E40/41 

VM REGISTER BIT LOCATIONS 

VMBITS 
2° 

GIO 27 
----- 28 

G11 215 

216 

GIO 223 
------ 224-

G11 231 

232 

GI2 239 
------ 240 

G13 247 

248 

GI2 255 
r------

256 

G13 263 

COUNTER BITS 

77 

60 
57 

40 
37 

20 
17 

0 

A-5316 

CRA Y X-MP/2 VECTOR MASK COUNTER 

/..0-15 

j 

) 
) 
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) 

VECTOR MERGE 
146ijk, 147ijk 

PAGE 2 

N10 = M02 Q2 + M02 Q1 + Q3 Q9 

M02 = Q8 Q7 MERGE 

Q2 = I115 i T2 

Q1 = N6 T2 

146, 1 47 INST. 

GO DATA VL INCREMENT THE 
VECTOR ELEMENT COUNTER 

GO VECTOR LOGICAL CP3 

N01 = R67 + I99 VECTOR MASK BIT = 1 FROM THIS MODULE 
OR FROM THE OTHER 3VF MODULE. 

N02 = VECTOR MASK BIT = 0 FROM THIS MODULE OR THE OTHER 3VF MODULE. 

A-/607A 

20-17 



DOO = 
IOO = 
132 = 
NOO = 

BOO = SELECT 

SELECT 

N03 = MOO 

MOO = 

N04 = M01 

M01 = 

Sj 
Vj 

VECTOR MERGE 
146ijk, 147ijk 

DATA 
DATA 

Vk DATA 
Q6 SELECT Sj or Vj DATA 

Sj DATA OR Vj DATA IF N01 = 
OR 

Vk DATA IF N02 = 1 

Q8 Q7 140, 141 INST. AND 

Q8 Q7 144, 145 INS EX OR 

ROO = ALLOW Sj DATA 
OR 

vj DATA 
OR 

Vk DATA TO Vi 

PAGE 3 

IF YOU WERE NOT DOING an AND or EX OR operation. 

A-/607 

20-18 
CRAY RESEARCH, INC. 
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0030jO lRANSMIT (Sj) TO VM REGISTER 

073iOO lRANSMIT VECfOR MASK TO Si 

O4Oijkm - lRANSMIT jkm TO Si 

O4lijkm - TRANSMIT EXP. = ONES COMPLEMENT OF jkm to Si 

042ijk FORM ZEROS MASK EXP. BITS IN Si FROM THE LEFT 

043ijk FORM ONES MASK EXP. BITS IN Si FROM THE LEFT 

3VF E42/43 

(3JC) 040, 041, 073 (K=O) L~O (3JF) 003 ENTER VM 
I FOO 2° 

(3JD) CLEAR VM 

(3JA) JK DESIGNATOR LI5 

I 20 _22 F15 2 15 

~16 
I F16 2 32 

SCALAR I 
REGISTER L31 

l F31 247 

3VF E40/41 
VMREG. 

~ 
I FOO 

2 16 

(3JA) JK DESIGNATOR 2° _22 LI5 

I F15 231 

L TERMS = SCALAR MASK 
F TERMS VECfOR MASK = 

. 

~16 -. 
(3JC) 040,041,073 (K=O) I F16 248 

(3JD) CLEARVM 

(3JF) 003ENTERVM Jl 
I F31 263 

(3GRs) DESTINATION SELECf 

(3VBs) ENTERSi 

(3HB,3HC) M - FIELD (040 - 041) 

(3JA) H - FIELD (040 - 043) 

CRA Y X-:MP VECfOR MASK BLOCK DIAGRAM 

SCALAR 
REGISTER 

A·1609E 

HTV-0242 20-19 CRAY PROPRIETARY 



VECTOR MASK 3VF MODULE 

0030jO - TRANSMIT (Sj) TO VM REGISTER 

1108 = 0030 ENTER VM 
1113 = 175 INSTRUCTION CLEAR VM 

Q11 = ENTER Sj TO VM 

Q10 = CLEAR·VM BEFORE LOADING DATA FROM THE S-REGISTER 

P4 Q11 HOLD VM 

P5 = Q10 Q11 ENTER Sj TO VM 

164 = Sj BIT 20 

FOO = VECTOR MASK BIT 20 OR 216 

073iOO - TRANSMIT VECTOR MASK TO si 

1106 = 040, 041, 073 (k=O) INSTRUCTION 

1107 = 042, 043, 073 (k=O) INSTRUCTION 

K21 

Q14 

= 1106 1107 073 INSTRUCTION 

= K21 ; T2 READ NOT VM TO Si 

R63 = VM BIT 263 LEAVES INVERTED TO THE 3GR 
3GR INVERT VM BITS TO ITS TRUE STATE. 

20-20 

A.-/6/0 

CRAY RESEARCH, INC. 
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'I , 
) .. 

1750jO 
1750j1 
1750j2 

1750j3 

175ijk INSTRUCTIONS 

SET VM = 1 IF (Vj) IS ZERO 
SET VM = 1 IF (Vj) IS NON-ZERO 
SET VM = 1 IF (Vj) HAS A POSITIVE SIGN 
SET VM = 1 IF (Vj) HAS A NEGATIVE SIGN 

Vj 
Vj DATA 20 _215, 232_247 

FORCED ZERO 

Vj =0 R64 
Vj=O R65 

196 

197 

216_231 248_263 .. 

175 INSTRUCTION .. 
GO VECTOR LOGICAL 

K BITt' 21 22 

GO DATA VL 

FORCED 1 

198 

175ij4 VM = 1 AND (Vi COMPRESS ELEMENT) = ELEMENT INDEX WHEN 
(Vj ELEMENT) = 0 

175ij5 VM = 1 AND (Vi COMPRESS ELEMENT) = ELEMENT INDEX WHEN 
(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 RO - R5 INDEX COUNTER 2° _25 
@ • (3VA'S) 

E42/43 
GO INDEX (3HB) 2° VF 

SETVMBIT20 _215,232_247 
@ 

I E42/43 

198 Vi POSITIVE 215 

VF 216 
@ 

I 197 Vj=O -+ E40/41 

196 Vj=O 

231 

VF 232 

3VF R64 
@ 

I @ R65 - -+ E42/43 

E40/41 

R66 247 

VF 248 
@ 

I SETVMBITS E40/41 
216_231, 248_263 

263 

R66 

VjPOSITIVE B-1S08C 

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

20-21 



175 INSTRUCTION 3VF MODULE PAGE 1 

1113 =175 INSTRUCTION 

N06 = GO VECTOR LOGICAL 

Q9 = GO 175 INSTRUCTION 

Ql0 = 1113 N06 ; T2 CLEAR VM 

Qll = 1113 N06 + 1108 T2 
CLEAR VM REGISTER BEFORE GENERATING THE VM. 

P04 = Ql1 DROP THE HOLD ON VM 

P05 Ql0 Qll CLEAR VM 

FOO = CLEAR VM REGISTER 

EOO = CLEAR ELEMENT COUNT 

100-131 

COO = Vj BITS ARE ZEROS 

R64 = Vj BITS ARE ZEROS 
A-/611 

R65 = Vj BITS ARE ZEROS 
) 

J 

20-22 CRAY RESEARCH, INC. 
COMPANY PRIVATE 
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196 = Vj BITS ARE ZEROS PAGE 2 

197 = Vj BITS ARE ZEROS 

G15 = R64 R65 Vj BITS ARE ZEROS 

Q4 = K BIT 20 

Q5 = K BIT 21 

198 = Vj BIT 263 

NOS = 1 IF A 1 75xj 0 AND Vj ELEMENT BITS ARE ALL 0' S 

OR 

NOS = 1 A 1 75xj 2 AND Vj ELEMENT BIT 263 EQUALS A 0 

Q2 = 1115 T2 GO DATA VL 

Q3 = Q2 GO DATA VL DELAYED 

Q9 = 175 INSTRUCTION IN PROCESS 

Q11 = ENTER Sj TO VM 

N7 = Q03 Q9 Q11' A 175 INST IN PROCESS AND A GO DATA VL 

ELEMENT COUNT 

EO = J10 N6' 20 

E1 = J11 N6' 21 
E2 = J12 N6' 22 
E3 = J13 N6' 23 

E4 = J14 N6' 24 
E5 = J15 N6' 25 

A-/.611 

20-23 CRAY RESEARCH, INC. 
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zoo = FORCED ZERO ON E42/43 PAGE 3 

zoo = 

G13 = 

zoo = 

P03 

P03 

P03 = 

P03 = 

N7 = 

G13 

G07 = 

F31 = 

FORCED ONE ON E40/41 

SELECT VM BIT 40-47 OR 56-63 

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

IF A 175xjO INST. AND vj ELEMENT ARE ALL a's 

IF A 1 75xj 1 AND vj ELEMENTS ARE O's 

IF A 175xj2 AND vj BIT 263 = a 

IF A 175xj3 AND vj BIT 263 = 

A 175 INST IN PROCESS 

VM BIT IS ON THIS MODULE 

E2 E1 EO 

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

A-/6//A 

·20-24: 
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3VF ANE40/41 
Test Test -, Bit Tenn Point Addrs, Bit Tenn Point Addrs. 

~ 263 F31 C17 00 2 31 F15 D46 40 
262 - F30 C4 01 230 - F14 D58 41 
261 - F29 C46 02 229 - F13 D53 42 
260 - F28 C30 03 228 - F12 D56 43 
259 - F27 A32 04 227 - Fll B8 44 
258 - F26 A19 05 226 - FlO B56 45 
257 

- F25 A53 06 225 - F9 B42 46 
256 - F24 A20 07 224 - F8 B54 47 
2 55 - F23 C20 10 223 -F7 D48 50 
254 - F22 11 222 - F6 Cll 51 
253 - F21 C06 12 221 - F5 D54 52 
252 - F20 C09 13 220 - F4 C10 53 
251 - F19 A54 14 219 - F3 B2 54 
250 F18 A16 15 

18 . 
F2 B72 55 - 2 -

249 - F17 AlO 16 217 - F1 B39 56 
248 - F16 A12 17 216 - FO B69 57 

3VF at E42/43 

" 247 _ F31 C17 ) 20 215 F15 D46 60 
246 - F30 C4 21 214 - F14 D58 61 
245 - F29 C46 22 213 - ·F13 D53 62 
244 _ F28 C30 23 212 - F12 D56 63 
243 - F27 A32 24 211 - F11' B8 64 
242 _ F26 A19 25 2

10 - FlO B56 65 
241 - F25 A53 26 29 - F9 B42 66 
240 - F24 A20 27 28 - F8 B54 67 
239 - F23 C20 30 27 - F7 D48 70 
238 - F22 31 26 - F6 Cll 71 
237 - F21 C6 32 25 - F5 D54 72 

236 - F20 C9 33 24 - F4 C10 73 
235 - F19 A54 34 23 - F3 B2 74 
234 - F18 A16 35 22 - F2 B72 75 
233 - F17 AlO 36 21 - F1 B39 76 
232 - F16 A12 37 20 - FO B69 77 

CRA Y X-MP/2 VECTOR MASK REGISTER 
XV201S33M ) 
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VECfOR SHIFf (Modules Involved) 

3VEMODULE 

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 0 and zero's if Vector length equals a 1. The 153 instruction's first shift is with zero's and 
elementO. 

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

IITV-0242 21-1 XV203S11M 



150rrK 

150rrO 

151rrK 

151rrO 

152rrK 

152rrO 

153rrK 

153rrO 

VECTOR REGISTER SHIFT 

FUNCTIONAL UNIT INSTRUCTIONS 

Single shift of (VJ elements) left (AK) places to VI elements 

Shift (VJ) left one place to VI 

Single shift of (VJ elements) right (AK) places to VI elements 

Shift (VJ) right one place to VI 

Double shifts of (VJ elements) left (AK) places to VI elements 

Double shift (VJ) left one place to VI 

Double shifts of (VJ elements) right (AK) places to VI elements 

Double shift (VJ) right one place to VI 

C.A.L. FORMAT 

VI VJ < AK 

VI VJ < 1 

VI VJ > AK 

VI VJ > 1 

VI VJ, VJ < AK 

VI VJ, VJ < 1 

VI VJ, VJ > A 

VI VJ, VJ > 1 

DIAGNOSTIC APPLICATION 

3VRS 

VJ shifted left to AK places 

VJ shifted left 1 place to VI 

VJ shifted right AK places to VI . 

VJ shifted right 1 place to VI 

Double left shift AK places to VI 

Double left shift 1 place to VI 

Double right shift AK places to VI 

Double right shift 1 place to VI 

21-2 
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3VC 
G50/51 

3VB'S 

(3m) 

(3AR) 

(3m) 

(3m) 

Vj BITS 21,23 . 
Vj BITS 25 _ 263 ODD BITS 3VE RESULTS 

(3VR) 
H34/35 --

(3AR) Ak-O 212_217 218 _223 

(3AR) All" 27_211 
ODD BITS 

FORCED l'S OVERlAP DATA 

SHIFT 1 
Ak27 _223 -0 

1 2 4 8 16 3264 

SHIFTS T~d. --
OVERlAP DATA SHIFT 1 

Vj BITS 2°, 22 
3VE 

Vj BITS 24_ 2 62 EVEN BITS 
H36/37 

RESULTS . (3VR) 

MODEh BIT 2 ° 21 
EVEN BITS 

GO VECTOR SHIFf 185 

Ak2 0 _2 6 

END DOUBLE LEFr LAST ELEMENT 

BEGINDOUBLERIGIIT GO DATA VS 

SHIFT 1. 2 4 8 16, 32 64 
8-1616 

CRA Y X-MP VECTOR SHIFf BLOCK DIAGRAM 

21-3 
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VECTOR SINGLE SHIFT CONTROL 

5 0 
~-------------------------------Ak 2- 2-------------------------------~ 

5 4 
2 2 

32 16 

NOO-N47 P08-P47 

0 MOO R.S.S. 32 0 MlO = Shift 16 

0 M02 L.S.S. 32 1 M10 = Shift 16 

1 MOl R.S.S. 32 

1. I M03 L.S.S. 32 

M02 R.S.S.= 0 

\..---...1 

3 2 1 
2

0 
2 2 2 AI( Bit Position 

8 4 2 1 Decimal Shift 

Q12-Q47 R32-R64 ROO-R31 Data controlled 

0 SO = Shift 8 0 0 M20 Shift 0 N Mil = Shift 1 
1 SO = Shift 8 0 1 M21 Shift 2 1 I MIl = Shift 1 

1 0 M22 Shift 4 

1 1 M23 Shift 6 

150 ij k Shift (Vj) Left (Alc) Places to' Vi 

151 i j k Shift (Vj) Right (Alc) Places to Vi 
A-5130 
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tn 
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( 
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VECTOR D 0 U B L E SHIFT CONTROL 

6 0 
~-------------------------------Ak 2- 2-------------------------------~ 

6 
2

5 4 3 2 1 
2

0 2 2 2 2 2 

64 -32 16 8 4 2 1 

'-, 

'~---

AK Bit Position 

Decimal Shift Value 

NOO-N47 P08-P47 Q12-Q47 R32-R64 ROO-R31 Data controlled 

0 0 V4 = Shift 0 

0 1 V5 = Shift 32 

1 0 V6 = Shift 64 

1 1 LV7 = Shift 96 

LEFf DOUBLE SHIff 
M03 = Shift 96 
M02 = Shift 64 
MOl, M07 = Shift 32 
MOO, M06 = Shift 32· 64 

0 

1 

MI0 = Shift 16 0 

MlO = Shift 16 1 

RIGHT DOUBLE SHIFT 
MOl, M07 = Shift 96 
MOO, M06 = Shift 64 
M05 = Shift 32 
M04 = Shift 32. 64 
M02=Right 0 

SO = Shift 8 

SO = Shift 8 

0 o M20 = Shift 0 I 
0 1 M21 = Shift 2 I 

1 0 M22 = Shift 4 

1 1 M23 = Shift 6 

DOUBLE SHIFT INSTRUCTIONS 

152 i j k Double Shift (Vj) Left (AK) Places to Vi 

153 i j k Double Shift (Vj) Right (AK) Places to Vi 

0 I Mll = Shift 1. 
1 IMII = Shift 1 

A-5131 



~ 
~ 

tv -I 0\ 

~ 
~ 
~ 
~ 

N TERMS 
SHIFT 32 

P TERMS 
SHIFT 16 

Q TERMS 
SHIFT 8 

SHIFT 0 

R TERMS 
SHIFT 6,4,2,0 

FINAL TERMS 

TEST POINT 

'~ . ../ 

62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 0 

63 61 59 57 55 53 51 49 47 45 43 41 39 37 35 33 31 29 27 25 23 21 19 17 15 13 11 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 

LEFT SINGLE SHIFT: SHIFT 32 10-131 -- N16-N47 
SHIFT 32 10-115 -- N32-N47 

RIGHT SINGLE SHIFT: SHIFT 32 116-Ill -- NO-N15 
SHIFT 32 10-131 -- NO-N31 

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 

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 ,6 

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 

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 

63 62 61 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 13~ 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 8 RO 

C13 CO2 C19 C12 C21 C22 C2ii C14 C53 C48 C52 C63 C64 C65 en C66 C69 BITBi7.81 8 823 B25 840 BS3 B50 B52 863 B66 B68 ill B70 B71 

OUTPUTS R32-R63 ON JYE ~ H34/35 INPUT AS 132-163 ON lVE .a H36/37; R64 NOT USED 
OUTPUTS R33-R64 ON 3VE P H36/37 INPUT AS 132-163 ON lVE €a 834/35; R32 NOT USED 

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

VECTOR SHIFT 
SINGLE LEFT/RIGHT SHIFT 

~ 

3VE H36/37 

3VE H34/35 

I TERMS 

15 14 13 12 11 10 9 

15 14 13 '1. 11 10 

SHIFT 8 .:11' I'> 
S'P· . 

13 Q1.2 
6 

SHIFT 6,4,2,0 

SHIFT 1 USE I TERM 
SHIFT T USE R TERM 

TEST POINT 

C-I556A 
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SINGLE SHIFT 3VE H36/37 & H34/35 

150, 151 INSTRUCTION 

L TERMS 
L31 

VL = 4 

RIGHT DOUBLE 

L TERMS 
BEGIN DOUBLE L31 
RIGHT .. ZERO's 

ELEMENT 0 . 
VL = 4 ELEMENT 1 

ELEMENT 2 

LEFT DOUBLE 

L TERMS 
L31 
STATIC 
ELEMENT 0 

VL = 4 ELEMENT 1 
ELEMENT 2 
ELEMENT 3 

END DOUBLE LEFT 

LOO I31 
ELEMENT 0 
ELEMENT 1 
ELEMENT 2 
ELEMENT 3 

I TERMS 
IOO 

NOD - N47 
NOD - N47 
NOD - N47 
NOD - N47 

3VE H36/37 & H34/35 

153 INSTRUCTION 

LOO 131 
ELEMENT 0 
ELEMENT 1 
ELEMENT 2 
ELEMENT 3 

I TERMS 
IOO 

NO~ - N47 
NO~ - N47 
NO~ - N47 
NOD - N47 

3VE H36/37 & H34/35 

152 INSTRUCTION 

LOO 131 
ELEMENT 0 
ELEMENT 1 
ELEMENT 2 
ELEMENT 3 
ZERO'S 

VECTOR SHIFT 

21-7 

I TERMS 
IOO 

NOD - N47 
NOD - N47 
NOD - N47 
NOD - N47 

A-162.3 
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62 60 58 56 54 52 50 48 46 44 42 40 39 36 34 32 30 28 26 24 22 20 18 16 14 12 10 

63 61 59 57 55 53 51 49 47 45 43 41 39 37 35 33 31 29 27 25 23 21 19 17 15 13 11 9 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 

31 30 29 28 21 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 

LEFT DOUBLE SHIFT: 

10-11 5 -- N32-N47 

10-131 -- N16-N47 
LO-L15 -- N32-N47; 10-131 -- NO-N31i 
LO-L31 -- N16-N47; 116-!31 -- NO-Nl5 

TERM 

83 
82 

M7,Ml 
M6;MO 

RIGHT DOUBLE SHIFT: TERM 

LO-L15 -- N32-N47, 10-131 -- NO-N31 M7;Ml 
LO-L31 -- N16-N47, 116-131 -- NO-N15 M6,MO 

LO-L31 -- NO-N31 MS 
L 1 6-L3 1 -- NO-Nl 5 84 

3VE H36/37 

3VE H34/35 

o I TERMS 

64 & 32 SHIFT 
64 & 32 SHIFT 
6i & 32 SHIFT 
64 & 12 SHIFT 

L TERMS 

N TERMS 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 29 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 8 7 6 5 4 3 2 1 NO 
SHIPT 64,32 

SHIFT1G ! Sll1C~~ 
20 19 18 17 16 15 14 13 12 11 10 9 p~ 40 39 38 31 36 35 34 33 32 31 30 29 28 21 26 25 24 23 22 21 P TERMS 

SHIF'!' 16 

Q TERMS 
SHIFT 8 

4~-'46 45

11 

44 43. 42 41 

"tt! 

S 43 42 41 Y);J-} 40 39 38 31 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 

SHIFT8~ 
20 19 18 17 16 1~\ 1\ 13 6 Q12 

SHIFT 0 
SHIFT 0 

R TERHS ~ . 60 59 58 57 64 63 62 61 56 55 54 53 52 51 50 49 49 41 46 45 44 43 42 41 40 39 38 37 36 35 34 33 R3 SHIFT 6,4,2,0 
SHIFT 6,4,2,0 

63 62 61 60 59 58 51 56 55 54 53 52 51 50 49 48 41 46 45 44 43 42 41 40 39 38 37 36 35 34 33 132 

FINAL TERMS 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 RO 

TEST POINT C13 C02 C19 Ci2 C21 C22 c20 C14 C53 <;48 C52 c63 C64 c65 C12 C66 C69 BITB17 B18 823 B25 B40853 B50 852 B63B66 868 872870 811 

LAST ELEMENT: TERM X10-DROPS 
MO-M3 ZEROING 
N TERMS ON FI NAL 
ELF..MENT 

FIRST ELEMENT: TERM Xt t -DROPS 
H4-H7 ZEROING 

\ . 
~ 

N TERMS ON FIRST 
ELEMENT 

OUTPUTS R32-R63 ON 3VE (a H34/35 INPUT AS 132-163 ON 3VE (a H36/37; R64 NOT USED 
OUTPUTS R33-R64 ON 3VE (a H36/37 INPUT AS 132-163 ON 3VE (a H34/35, R32 NOT USED 

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

VECTOR SHIFT 
DOUBLE LEFT/RIGHT SHIFT 

\....-) 

SHIFT t USE I TERM 
SHIFT" USE R TERM 

TEST POINT 

C-155TC 
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VECTOR SHIFT 

Vj ELEMENT SCOPE 
L TERMS 

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

20 A20 232 

21 A20 233 

22 A16 234 

23 A16 235 

24 A50 236 

25 A50 237 

26 A57 238 

27 A57 239 

28 D70 240 

29 D70 241 

210 D50 242 
211 D50 243 

212 D20 244 

2 13 020 245 

214 D31 246 

2 15 031 247 

216 A15 248 

217 A15 249 

218 A23 250 

219 A23 251 

2 20 A35 252 

221 A35 253 

222 A63 254 

2 23 A63 255 

224 D69 256 

225 069 257 

226 052 258 

227 052 259 

228 D44 260 

229 044 261 

230 D42 262 

231 D42 263 

SYNC. ON 3JO T.P. D07 FOR A 152 @ CP6 
FOR A 153 @ CPS 

21-9 

CHART 

H36/37 H34/35 
T.P. T.P. 

A06 
A06 

A18 
A18 

A27 
A27 

A52 
A52 

D65 
D65 

D55 
055 

029 
029 

038 
038 

A11 
A11 

A12 
A12 

A33 
A33 

A55 
ASS 

057 
057 

D40 
040 

033 
033 

016 
016 



VECTOR SHIFT CONTROL TERM 

T.P. A70 U4 MODE h BIT 20 

T.P. A68 US MODE h BIT 21 

VOO = US U4 LEFT SINGLE 150 INST 
V01 = US U4 RIGHT SINGLE 151 INST 
V02 US U4 LEFT DOUBLE 152 INST 
V03 = US U4 RIGHT DOUBLE 153 INST 

SINGLE LEFT OR RIGHT SHIFT 32 

WOO V4 VO SHIFT 0 LEFT SINGLE 
X02 = WOO 150 INSTRUCTION 

3VE H36/37 & H34/35 R67 X02 
I66 = R67 
M02 = I66 

W08 V7 V3 SHIFT 96 RIGHT DOUBLE 
X07 = W8 

3VE H36/37 & H34/35 R72 = X07 
I71 R72 
M07 = I71 

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

X2 W12 
R67 = X2 
I66 R67 

M2 = I66 

M2 - ALLOWS THE DATA TO ENTER THE N-TERMS WHEN THERE IS NO SHIFTS. 

21-10 
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Ak BIT 212 

Ak BIT 218 

Ak BIT 213 

Ak BIT 219 

Ak BIT 214 

Ak BIT 220 

Ak BIT 215 

Ak BIT 221 

Ak BIT 216 

Ak BIT 222 

Ak BIT 217 

Ak BIT 223 

Ak 27 _ 223 EQUAL ZERO'S 

J R22 I77 S10 

] R22 I78 S11 

] R22 I79 S12 

J '\ R22 I80 S13 

] R22 I81 S14 

~ 

] R22 I82 S15 

3VE @ H34/35 

V20 Ak BITS 212 _ 223 EQUAL ZERO 

I87 
I86 

Ak BIT 211 
Ak BIT 210 

3VE @ H34/35 

I85 
I84 

R78_I84 'l'O 3VE @ H36/37 

U17 I84 

V08 U17 

V08 a WHEN Ak 27 _ 223 a's 

21-11 

V20 Ak BIT 212 _ 223 EQUAL ZERO 

I83 
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UOo 

U01' 

U01 

END DOUBLE LEFT 152 INSTRUCTION 

V02 = 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 = 164 164 = MOO SHIFT 0 
R66 = 165 165 = M01 SHIFT 32 
R67 = 166 166 = M02 SHIFT 64 
R68 = 167 167 = M03 SHIFT 96 

DO NOT MAKE THE N-TERMS 

BEGIN DOUBLE RIGHT 153 INSTRUCTION 

UOO = 185 T2 GO VECTOR SHIFT 3JD 

WHEN UOO GOES TO A Q, uo 1 WILL STAY A 1 FOR 1 CP. 

I FOR V.L. 5-....... 
----5----. 

---5------' A-/62/A 

21-12 
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BEGIN DOUBLE RIGHT 153 INSTRUCTIONS 

188 = GO DATA VECTOR SHIFT; 153 INSTRUCTIONS 

v3 = US U4 

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 = M04 SHIFT 0 
R70 = 169 169 = M05 SHIFT 32 
R71 = I70 170 = M06 SHIFT 64 
R72 = 171 171 = M07 SHIFT 96 

DO NOT MAKE THE N-TERMS 

A-1622 

21-13 CRAY RESEARCH, INC. 
COMPANY PRIVATE 

• 



l 

o 

) 
) 







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, 3RI, for the Floating Reciprocal 
Functional Unit 

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

• Describe the CRA Y representation of the Floating-point Numbers 

') • Describe with respect to time and use, the Address and Control signals 
-j 

) 
) 

• Diagnostic Applications: 

HTV-0242 

3SF A - Scalar, Vector Floating Add 
3SFR - Scalar, Vector Floating Reciprocal 
3SFM - Scalar, Vector Floating Multiply 
3SMU - Scalar, Floating Multiply 

22-1 
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FLOATING-POINT FORMAT 

J Floating-point Arithmetic Introduction 

J 

) 
) 

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 - 24~ 

Floating-point Format 

Exponent 3 Coefficient 

&. Sign - Sign of the coefficient is in bit position 263 , 263 = 0 and is a positive 
sign of the coefficient. 263 = 1 is a negative sign of the coefficient. 

&. Exponent - The exponent of the floating-point format is represented as a biased integer 
number in bit positions 262 - 248 . Bit position 261 represents the sign of this exponent. 
Bit position 262 represents the bias. 

~ Coefficient - The coefficient is a signed magnitude number. For a negative coefficient 
the sign bit 263 is set to a "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 400008 , which represents an exponent of 20. 
The positive range of the exponent is 400008 - 577778 and the negative range is 377778 -
200008' Thus, the unbiased range of the exponent is from 2 - 20000 - 2+17777. 

2 -20000 

20000 

Negative 

(Fractional Numbers) 
Coefficient 

Exponent Number Line 

20 

40000 

Positive 

(Whole Numbers) 
Coefficient 57777 

The floating-point format of the CRA Y X-MP allows the expression of numbers to be accurate 
to about 15 decimal digits in the approximate decimal range of 10 -2466 - 10+246~ 
This gives the 48-bit coefficient the ability to become an extremely large or small number. 

Hardware Trng. 
XV201147A J.E.S. 
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EXPONENT RANGE CHECKS, UNDERFLOW, 
OVERFLOW 

I 
) Even the CRA Y 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 and iiI 
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 condition occurs when an Exponent is less than or equal to 177778, or, the 
exponent bits 262 and 261 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 2000 1 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 = 
1 

0 
1 

0 0 0 01 

Sign Exponent Coefficient, no flag 

Overflow = I 
0 

I 60000 Calculated 

Sign Exponent Coefficient, flag set 

XV201152C 
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Floating-point Reciprocal 

Underflow = I 0 
I 

60000 Calculated 

Sign Exponent Coefficient, 247 = 0 Flag set 

Overflow = I 
0 

I 
60000 Calculated 

Sign Exponent Coefficient, 247 = 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 

l 

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 062iOk, 063iOk, 170iOk, or 172iOk 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 CRA Y 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: 

t Sign of exponent 

Sign of coefficient _-I •• -.1025 x 10 -2 ... Exponent 

L Coefficient 

XV201153A 
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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 10.1 

10.25 x 10° 
1.025 x 10 1 

.1025 x 10 2 

When converting an integer number to a Floating-point number on the CRA Y -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 4810 bit positions) the integer 
number is assumed to be less than 4810 bits. An exponent is given to the integer coefficient 
to reflect its value. Because all integer numbers in the CRA Y-X-MP have the binary point at 
the right of the least significant bit or 2 ° bit position, it will also have to be defmed 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 80int right 608 or 4810 places from its defmed 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 
I-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 

#2 

A4 = I 00001777 I 
S4 = 1040060 000000 

normalize S4 

A4 = a Integer, whole numbers 

000000 001777 1 

S4 = Floating-point numbers in 
CRA Y-X-MP format 

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

Because the coefficient has 4810 places and the binary point is moved to the left 48 10 places or 
608, as in S4. The exponent must have 608 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 = I 040060. 000000 000000 001777 I 
+~ ______________ ~r 
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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- -I 
tion is used to normalize S4. ) 

S4 = 1 040012 1777000 000000 0000001 

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 468 places, as represented in the normalized S4. 

The sign of the integer number originally in A4 was positive or zero which is bit 223 of an 
A-Register A4. To represent the sign of the Coefficient in S4, which is bit 2 63 , 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 = 1777777761 

S4 = 1140060 

Integer number in A4equals a negative 2, 
in two's complement form. 

000000 000000 0000021 S4 is the result of the 
completion of the 071424 
instruction. 

S4 has the sign bit set which is bit 263 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 = 1140002 100000 000000 0000001 

Again, the sign bit 263 is 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 8 positions in the Floating Add Functional unit 

Coefficient Number Line 

Negative Positive 

-.77777777777777778 -.1 o +.1 +.77777777777777778 

XV201S55M 
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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 
071iOk-071i70 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 062iOk 
instruction. 

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

The 071iOk 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. This is equivalent to an 
integer number. 

The 071i40-071i70 instructions generate floating point constants of .48' 
1.08, 2.08 and 4.08. 

The 071i30 is 248 x .68 which equals 040060.140000 000000 000000. 
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NEGATIVE POSITIVE 

BIASED 

20000 40000 57777 

-20000 

37775 37776 37777 I 40001 40002 40003 

-00001 +00001 

00000 

UNBIASED 

In terms of decimal values. the approximate 
decimal range is from 10 -2466 through 10 +2466 

CRAY X-MP EXPONENT REAL NUMBER LINE 

+17777 
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FLOATING POINT RANGE ERRORS -, 

FLOATING POINT ADD: 

UNDERFLOW 

OVERFLOW 

FLOATING POINT MULTIPLY: 

UNDERFLOW 

OVERFLOW 

FLOATING POINT RECIPROCAL: 

UNDERFLOW 

OVERFLOW 

I 
) 

EXPONENT COEFFICIENT 

000000 000000 000000 000000 

060000 CALCULATED PLUS ERROR 

000000 000000 000000 000000 ~ 

060000 CALCULATED PLUS ERROR 

060000 

060000 
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071rOK 

071I1K 

071r2K 

071I30 

071I40 

071I50 

071r60 

071I70 

071I0K 

071I1K 

071I2K 

071I30 

071r40 

071r50 

071r6O 

071I70 

CAL FORMAT 

Sr 

Sr 

Sr 

Sr 

Sr 

Sr 

Sr 

Sr 

INSTRUCTIONS 

Transmit (AK.) to Sr with no sign extension 

Transmit (AK) to Sr with sign extension 

Transmit (AK) to Sr as unnonnalized floating point number 

Transmit constant 0.7510 x 248 to Sr 
0.68 x 260 

Transmit constant 0.510 to Sr 

0.48 

Transmit constant 1.0 to Sr 

Transmit constant 2.0 to Sr 

Transmit constant 4.0 to Sr 

AK 

+AK. 

+FAK 

0.6 

0.4 

1. 

2. 

4. 
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INTEGER VALUE IN S 1 TO FLOATING POINT FORMAT IN S3 

Where Sl = 000000 000000 173743 026721 

ALGORITHM = #1 071230 S2 = .75 x 248 

#2 061121 Sl = S2 - Sl 

#3 063321 S3 = S2 - FS1 

#1 S2 = 040060 140000 000000 000000 

#2 S2 = 040060 140000 000000 000000 

-Sl = 000000 000000 173743 026721 

S2 = 040060 140000 000000 000000 
Sl = 177777 177777 004034 151056 l's Compliment 

040060 137777 004034 151056 
+1 2's Compliment 

Sl = 040060 137777 004034 151057 

#3 S2 = 040060 140000 000000 000000 

-Sl = 040060 137777 004034 151057 

S2 = 040060 037777 177777 177777 Retain J Exponent 
137777 004034 151057 Compliment J Coefficient 
177777 004034 151056 No Carry Across Binary Point 

000000 173743 026721 Compliment Result 

S3 = 040060 000000 173743 026721 U nnormalized Result 

S3 = 040040 173743 026721 000000 Normalized Result 

XV201S37M 
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3AS 
--" 

{ Ak BIT jJ - 223 R-TERMS 2° ) R24 

- ATG28/G29 

j=2 - SIGN BIT Ak TWO's 

223 =1 
COMPLIMENT 

SIGN BIT 223= 0 Ak 

j=2 + j=1 + j=O TAKEN 
DIRECTLY 

Ak BIT jJ - 223 
223 

R47 

224 COEFFICIENT 
SIGN BIT 

'=1 RS5 3GR's 

245 

246 R48 

j=3 

j=3-7 
_ .. 

SIGN BIT=1- j=1 R49 
-

Si -
j=5,7 - REGISTER 

SIGN-j=1 RSO 

'=6,7 ---. -
RS 1 

250 
SIGN BIT 

'=1 
R55 

j=2+3 
EXPONENT 

R5 2 

SIGN BIT 

'=1 R5 5 

'=2-7 

RS 3 

RS4 

A-1624E -

CRA Y X-MP 07lilk - 07li70 INSTRUCTION 
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FLOATING POINT CONSTANTS 

M03 = QOO J bit 2° 
M04 = Q01 J bit 21 
M05 Q02 J bit 22 

M02 = Q02 Q01 QOO J = 2 

NOO = I47 M02 Complement Ak. 

For a 071iOk instruction all the L terms 
are made 

R24 = Si bit 20 
R25 Si bit 21 

PAGE 1 

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

I47 = Ak. bit 223 

N01 = Sign bit Ak. bit 223 

R55 = N01 Si bits 24-25; 50,51; 54-61 
R48-R54 = Si bit 46-49; 52,53; 62,63 
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071i2k - Transmit (Ak) to Si as 
unnormalized floating point 
number 

M02 = QOO Q01 Q02 = j field 2 
I47 = Ak bit 223 

NOO = I47 M02 

LOO-L03 - Perform the two's complement on 
Ak bits 20 _22 3 if the sign bit 
of Ak is a 1 

R24-R47 = LOO-L23 

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

R24-R47 = Ak bit 20 _22 3 if Ak sign bit = 0 

A-1626 
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FLOATING-POINT ADD FUNCTIONAL UNIT 

-'J 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 I-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) 

3FAMODULE 

The 3F A module receives the exponent bits 26 - 215 or 254 - 263 of the word. The 3F A 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 3F A will generate some control terms. The terms 
will determine if the j exponent is greater than the k exponent or if k > j, if j + 1 = k or k + 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 3F A 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 3F A will 
retain the larger exponent for shifting to the left if normalization is needed. 

The 3F A will handle over flow and under flow error conditions. 

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

The fmal exponent is sent from the 3F A to the 3GR or 3V A modules. 

23-1 
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3FB/3FC MODULE 

The 3FB module handles the j coefficient bits 2° - 247. The 3FC handles the k coefficent bits 2° - l 
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 3F A 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. 

3FDMODULE 

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 3F A module to decrease the 
exponents by the number of shifts needed to normalize the coefficient and to adjust the exponent 
accordingly. 

3FEMODULE 

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

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 

23-2 



) 

) 
) 

FLOATING ADD INSTRUCTIONS 

Scalar Floating Sum of (SJ) and (SK) to SI 
Nonnalize (SK) to SI 
Scalar Floating Difference of (SJ) minus (SK) to SI 

SCALAR 

062UK 
062IOK 
063UK 
063IOK Transmit normalized negative of (SK) to SI will nonnaIize the coefficient and 

toggle the sign bit 

Vector Floating Sum of (SJ) and (VK ELEMENTS) to VI 
Nonnalize (VK ELEMENTS) to VI 

VECTOR 

170UK 
170IOK 
171UK 
172UK 
172IOK 

Vector Floating Sum of (VJ ELEMENTS) and (VK ELEMENTS) to VI 
Vector Floating Difference of (SJ) minus (VK ELEMENTS) to VI 
Transmit nonnalized negatives of (VK ELEMENTS) to VI will nonnaIize the 
coefficient and toggle the sign bit 

173UK Vector Floating Difference of (VJ ELEMENTS) minus (VK ELEMENTS) to VI 

C.A.L. FORMAT 

SCALAR 

SI SJ+FSK 
SI SJ+FSK 
SI SJ-FSK 
SI SJ-FSK 

VECfOR 

VI SJ+FVK 
VI SJ+FVK 
VI VJ+FVK 
VI SJ+FVK 
VI SJ-FVK 
VI VJ+FVK 

Scalar Floating Add 
Scalar Nonnalized SK 
Scalar Floating Difference 
Scalar Nonnalized Negative SK 

Vector, Scalar Sum 
Vector, Nonnalized VK 
Vector, Vector Sum 
Vector, Scalar Difference 
Vector; NonnaIized Negative VK 
V ector, Vector Difference 

DIAGNOSTIC APPLICATIONS 

3SFA 
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SIGN BIT 

] = K • ADD INS1R. = ADD OPERATION 

] " K • ADD INS1R. = SUB'm. OPERATION 
3FA 

] = K. SUB'm. INS1R. = SUB'm. OPERATION 

] "K • SUB'm.INS1R. = ADD OPERATION 

3FA 

3FC 

3FB 

3FA 

3FA 

ADD OPERATION 

RETAIN] 
EXPONENT 

SHIFI'K 
COEFFICIENT 

3FD 

LEFfSHJFI' 
COEFFICIENT 

FOR 

3FA 

3FB 

ADD 
COEFFICIBNT 

3FB 
NORMALIZATION 

DECREASE 
EXPONENT 3FA 

FOR 
NORMALIZATION 

RETAINK 
EXPONENT 

SHIFI' ] 
COEFFIOENT 

RIGHT SHIFl' 
COEFFIOENT 

BYONB 

INCREASE 
EXPONENT 

COMPUlMENT 
KSIGNBIT 

3FA 

3FB 

3FC 

3FD 

3FA 

3GR.3VP 
RESULTS TO 
S.V. REG,'. 

NO 

SUB'mACT OPERATION 

YES 

RETAINK 
EXPONENT 

SHIFI' ] 
COBFFIOENT 

100GLEK 
COBFFIOENT 

3FD 

3FA 

3FC 

3FB 

RETAIN] 
EXPONENT 

SHIFl' K 
COEFFIOENT 

1OOGLE] 
COBFFIOENT 

ADD 
COEFFIOENTS 

100GLE 
RESULT 

C-1378F 

eRA Y X-MP/2 AND X-MP/48 FLOATING-POINT ADD FLOW CHART 
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FLOATING ADD EXAMPLES 

\ 
ADD INSTRUCTION 

J 040004 004000 000000 000000 .48 
K = 140003 140000 000000 000000 + -6 

-5.48 

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 , 

') 
j 

140003 130000 000000 000000 NORMALIZE 

ADD INSTRUCTION 

J = 040003 140000 000000 000000 68 
K = 040002 140000 000000 000000 + 38 

1'18 

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 
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FLOATING ADD EXAMPLES 

-\ 
) 

ADD INSTRUCTION 

J = 040002 140000 000000 000000 +38 
K 140003 140000 000000 000000 + -68 

-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 68 
K = 140002 140000 000000 000000 - --=1.8 

118 

ADD OPERATION 

040003 140000 000000 000000 
040002 140000 000000 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 

) 

J 
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FLOATING POINT FORMAT 

C-0934E 

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



16/0 

7/9 

-' '---./ 

247246245244243242241 240239238237 236 235 234 233 232 231 230229 228 227 226 225 224 223 222 221 220219218217 216 215 214 213 212 211 21029 28 27 26 25 24 23 22 21 20 3FB 3FC 

71 70 69 68 67 66 65 64 63 62 61 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 32 31 30 29 28 27 26 25 124 I-TERM Sj Sk 

119118117 116 115 114 113 112 111 110 t09 108 107 106 105 104 103 102 101 100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 73 172 I-TERM Vj Vk 

30 29 28 27 26 25 47 46 45 44 43 42 41 ~ n " " " .. .. " " .. .. " " " .. ~ M " ~ 

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 2L23 :: 21 20 19 18 17 1~6 15 :: 13 12 11 10 09 08 078 06 05 04 03 02 01

J
GO

o 
H ' 

~-----------------~55 54 53 52 51 50 49 H: 

40 39 38 37 36 35 34 33 32 31 B TERMS 

G TRRMS 

SHIFT 

H-TERMS 

S10=SHIFT 0 
511 ",SHIFT 2 
S12=SHIFT 4 
S13=SHIFT G 

S6=SHIFT 0 
S7=SHIFT 8 

Q2=SHIFT,0 
Ql=SHIFT 32 

,11/13 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 HO H-TERMS 54 53 

N 
W 
I 

C0 

16/0 

23 22 21 20 19 18 17 H16 

31 30 29 28 27 26 25 H24 

39 38 37 36 35 34 33 H32 

47 46 45 44 43 42 41 H40 

47~3837' 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 as 04 03 02 01 LO 

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 "----20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 ro ~ ~ v u ~ ~ U U ~ 
l" 
ROO 

TEST POINTS 

B-TERMS 247 246 245 244 243 242 241 240 239 238 237 236 235 234 233 232 231 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 

i562Ai3"'iiS6AiSDs'im 059 A19 064 A20 065 A16 D41 Al3 046 A36 D53 A28 A43 A41 030 A45 D32 AS6 C26 823 C72 B27 C57 aSS C36 el3 C22 836 C24 853 C27 86B C17 867 C19 B59 C2S c54 C2D 864 C2l 866 

R-TERMS 024 ASS 020 ASS 017 AGS D07 A72 019 AS4 D02 A69 028 A70 036 A71 004 A6S 013 A64 008 A6? 003 A66 C46 B20 C41 803 C71 821 C64 826 C53 B56 C52 852 C30 857 C29 858 C54 804 c28 B06 C55 B19 C56 822 

NOTE: SHIFT OF 1 DONE ON 3FD 

3FB/3FC MODULE DIAGRAM 

, 

SHIFT 0 
SHIFT 8 
SHIF'r 16 
SHIFT 24 

L-TERMS POA= UNSHH'TED OPERAND 
toqqle or untoqqleo, 
dependent on siqn hi ts 

R-TERMS 

Q2=SHIFT 0 
Pl=SHIFT 32 

C-/629C 
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N 
'W 

I 
I-' 
a 

o 
0:0 
0)::0 
3:-< 
"'0 
)::0:0 
:z rr1 
-<til 

rr1 
"'0)::0 
:0:0 
...... 0 
<: ::r: 
)::0 .. 
-I 
rr1 ...... 

:z 
o 

SUM 
UNNORMALIZED 

3FE MODULE 
COEFFICIENT 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 AO A-TERM SIGN = 

48 47 46 4s 44 43 42 4140 Jg 38 37 36 35 34 33 32 3130 29 2B 2'i 26 25 24 23 22 2120 191'81716151413121110 09 08 O'i 06 Os 04 03 02 01 110 A-TERMS SIGN I 

7/9 

11/13 

SUM 
NORMALIZED 

16/0 

',,-~-..../ 

rJ.0' 
~ 

40 39 38 37 3 

S9 

23 22 21 20 19 18 17 16.15 ·14 CO C-TERMS 

SO 

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 Eo E-TERMS 

510 

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 01; 05 04 03 0d2 01 EO F-TERMS 

520 

502 
501 

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 

577 SHIFT -1 E47=1 510 = SHIFT 0 520 SHIFT 0 
500 SHIFT 0 503 = SHIFT 3 501 SHIFT 1 
512 SHIFT 12 S06 = SHIFT 6 502 SHIFT 2 B-1639A 

524 SHIFT 24 609 = SHIFT 9 

636 SHIFT 36 

3FE MODULE DIAGRAM 

\ ........ ~,j ,~ 



',- --..../ 
,~./ 

FLOATING POINT ruDD 

FINAL EXPONENT 

3FA 

N 263 262 261 260 259 258 257 256 255 254 253 252 251 250 249 248 
w 
I ...... R15 R14 R13 R12 R11 R10 R09 R08 R07 R06 R05 R04 R03 R02 R01 ROO ...... 

001 C49 C50 C47 C40 C48 C52 C46 C39 C38 C21 C37 CO2 C03 C20 C01 TEST POINT 

---' ---' ---' 

NOTE: 062, 063 SYNC ON 3FA T.P. 005 @ CP5 DATA @ CP7 

X2100S0204 



·3FE @ H42/43 FINAL OUTPUT 

062, 063 S~C ON 3FA 005 T.P. @ CPs. DATA @ CP7. 

247 .246 
2

45 244 2
43 242 241 2

40 
2

39 
2

38 
2

37 

R47 R46 R45 R44 R43 R42 R41 R40 R39 R38 R37 

C70 C67 C61 C55 C40 CS7 C65 C42 C59 C63 C68 

--' , --' --' 

,;131 2
30 

2
29 

2
28 227 2

26 
2

25 224 223 222 221 

R31 R30 R29 R28 R27 R26 R25 R24 R23 R22 R21 
N 
w 
I 025 023 D12 D03 D06 D10 D16 D20 A72 A65 AG7 ....... 

N " 

--' , --' --' 

2
15 214 2

13 212 211 2
10 

2
9 

2
8 27 2

6 
2

5 

R15 R14 R13 R12 Rl1 Rl0 R09 Roa R07 ROG' R05 

A52 AS7 A61 A70 B03 Boa B1G BOG Bl0 B04 Bla 

---' , ---' ---' 
FLOATING-POINT ADD _.- .. 

FINAL COEFFICIENT 

"-.---..,../ \.,,--) 

2
36 

2
35 

R36 R35 

C72 D14 

. 

--' 

2
20 

2
19 

R20 R19 

AG3 A59 , 

--' 

24 2
3 

R04 R03 

B14 B12 

---' 

2
34 

2
33 

2
32 

R34 R33 R32 

D18 D29 D27 

2
18 217 2

16 

Rla R17 R16 

A5S A50 A16 

22 21 2
0 

R02 ROl ROO 

B19 B23 B25 

TEST POINT 

TEST POINT 
\ 

TEST POINT 

A-15518 

, 
,~,/ 



~ 

I 
/ 

3FB MODULE 

POO = 1120 GO VECTOR J -- --
P01 = 1120 11 22 GO SCALAR J 
P02 = 1122 HOLD SCALAR 
P09 = 1121 GO VECTOR K 

100 = Sj bit 248 OF J EXPONENT 
1112 = Sk bit 248 OF K 
106 = Vj bit 248 OF J 
118 =Vk bit 248 OF K 

AOO = SELECT Sj OR Vj; 
A06 = SELECT Sk OR Vk 

J EXPONENT> K EXPONENT 
K EXPONENT> J EXPONENT 

COO = J > K bit 248 

000 = K > J bit 248 

E01 = J ~ K bit 249 

HOLD Sj 

23-13 

Page 1 

IF A HOLD SCALAR 

A-1627 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 



3FB MODULE 

NOO = K > J 

N01 = J > K 

P04 = NOO S51 S52 
P05 = N01 S51 S52 

Page 2 

K > J + SHIFT 32 
J > K + SHIFT 32 

R60 = SHIFT 1 TO 3FD 

23-14 

'1 
/ 

A-foE? 

; 
) 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 
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3FA MODULE 

SELECT CORRECT OPERANDS 

R20 = 156; T2 - ADD SCALAR 
R21 = 154; T2 - GO VECTOR J 
R22 = ISS; T2 - GO VECTOR K 

SOO = R21 GO VECTOR J ----S01 = R21 R20 GO SCALAR J 
S02 = R20 HOLD SCALAR 
S03 = R22 GO VECTOR K 

IOO = Sj bit 254 or 26 

120 = Vj bit 254 

110 Sk bit 254 

I30 Vk bit 254 

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 

I52 = MODE h BIT 20 

153 = MODE h BIT 21 

A39 = IF AN ADD INSTRUCTION, 
LEAVE THE SIGN BIT AS IT WAS 

A40 = IF A SUBTRACT INSTRUCTION, 
COMPLEMENT THE SIGN BIT 

A-/639 

Page 1 

23-1? CRAY RESEARCH, INC. 
COMPANY PRIVATE 



3FA MODULE Page 2 

SIGNS UNLIKE 

A29 = J EXPONENT BIT 215 

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_2 14 

R51 = K > J EXPONENT 26_2 14 

R52 = R50 + R51 K > J BIT 26_2 14 

R53 = E9 + E10 + E11 + E29 + E30 + E31 

159 = K > J BIT 20 _25 FROM 3FC 

FOO = 159 R53 + R52 

GO - G15 - LARGER EXPONENT CAN BE SCOPED IN 
THE G-TERMS OR H-TERMS 

A-/638 

23-16 
CRAY RESEARCH, INC. 
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3FA MODULE 

COMPLEMENT RESULT 

166 = COMPLEMENT RESULTS FROM 3FD 
G20 = R46 SIGN NOT EQUAL 
H2O = G20 
L20 H20 166 
H15 = EXPONENT BIT 215 SIGN BIT , 

M15 = TOGGLE SIGN BIT IF, SUBTRACT OPERATION, 
CARRY ACROSS BINARY POINT 

RESULTS OUT OF RANGE 

167 = COEFFICIENT = ZERO FROM 3FD 
L77 = 160 SHIFT -1 FROM 3FD 

T.P. 027 M77 = L77; T2 

J02 = EXPONENT = 57777 

T.P. 003 C20 = 157 + 158 GO ADD, SCALAR OR VECTOR 
T.P. 006 C21 C20 
T.P. 010 G21 = C21 

H21 = G21 DELAY GO ADD 

T.P. C59 M20 H21 J02 L77; T2 OVERFLOW 57777 

--
T.P. 014 M21 = H21 H13 H14; T2 OVERFLOW 60000 

T.P. C61 -----M22 = H13 H14; T2 UNDERFLOW 
R55 = H13 H14 

Q10 = OVERFLOW OR UNDERFLOW OR EXPONENT 
MULTIPLIED BY ZERO 

Q11 = OVERFLOW OR OVERFLOW AND COEFFICIENT 
NOT EQUAL TO ZERO 

A-1638 

Page 3 

23-17 CRAY RESEARCH, INC. 
COMPANY PRIVATE 



3FA MODULE Page 4 

FINAL EXPONENT 

ROO - R12 = ALL ZONES IF UNDERFLOW OR OVERFLOW OR 
EXPONENT MULTIPLIED BY ZERO 

R14, R13 1 IF OVERFLOW FROM Q11 TO MAKE EXPONENT 
EQUAL 60000 

R15 = 0 IF UNDERFLOW OR OVERFLOW 

A-loSS 

',23-18 CRAY RESEARCH, INC. 
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 = 160 ON 3FA, SHIFT -1 

U40 = 1st 12 BIT ARE 0 
U45 = UPPER 36 BIT ARE 0 

R90 = COEFFICIENT EQUAL ZERO'S - SHIFT -1 
R90 = I67 3FA COEFFICIENT = ZERO 

COMPLEMENT RESULT 
F9 = 1103; 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 . 
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F20 

F21 

= 

3FD MODULE 

SHIFT J/K BY 1 

198 = J SHIFT 1 FROM 3FB 
1100 = K > J BITS 26 _214 FROM 3FA 
1101 = J = K BITS 26 _2 14 FROM 3FA 
1102 = K > J LOWER EXPONENT 

[K > J UPPER BIT] [SHIFT J BY 1] OR 
[J = K ON UPPER BITS] [K > J LOWER BIT] 

= 198; T2 SHIFT J BY 

SO = F20 SHIFT J BY 
S1 = F20 F21 SHIFT K BY 

100 = J OPERAND BUT 20 

101 = J OPERAND BIT 21 

ISO = K OPERAND BIT 20 

151 = K OPERAND BIT 21 

page 1 

[SHIFT J BY 1] 

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

SOO = ENABLE SHIFT J BY 
S01 = ENABLE SHIFT K BY 1 

23-20 
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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 Al = 

2AO -Ao2B. The Reciprocal Functional unit solves for -AI = -2Ao+A02B for the first iteration 
and -A2 = -2AI+AI2B for the second iteration. A third iteration can be accomplished in the 
Multiply Functional unit if more accuracy is desired. 

FLOATING RECIPROCAL (Modules Involved) 

3RAModule 

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

3RBModuie 

The 3RB module along with the 3RA module generate the Al pyramid of A02*B. It also adds the 
pyramid up using 3-bit adds. -2AO is added in for rounding and truncation purposes. 

3RCModule 

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

The 3RC will then multiply 18 bits of Al by 18 bits of Al to generate AI2. After AI2 pyramid is 
formed the 3RC will begin adding the pyramid using 3-bit adds. 

3RDModuie 

The 3RD fmishes the AI2 summation and sends the fmal result to the A2Pyramid. 

3RE, 3RF, 3RG Modules 

These modules make up the A2 pyramid where AI2*B logical products will be performed and 
partial summation. -2AI will also be added into the summation of AI2*B. The 3RE's are also 
used for exponent delay. 

XV201S41M 

24-1 



3RHModule 

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 3V A modules. The coefficient of A2 
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. 

3RIModule 

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 B I and B2 for the Al 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 
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RECIPROCAL APPROXIMATION ITERATION FORMULA 

The iteration formula is really the solution of a hyberbola. 

A 
AN+l = 2AN - A~ B 

By the CRAY X-MP using only absolute 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 value and then reading the A value i.e.: 

If B = 1, A = 1, or if B = 2, A = 112. 

A-1640A 

.- .... - -.-.-
\ 

. 24-3) 
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RECIPROCAL APPROXIMATION ITERATION FORMULA 

Problem: Given a number B such that B~e5 or <1, find a number A such 
that 1 = B. 

A 

To find a good approximation value of A, first consider the function 
f (x) =.1. - B. Now find a ..number A, (A is a root or a solution to our 

x 
problem), such that f(A) = 1 - B = 00 

A 

From the graph, the value A is the x-coordinate of the point located at 
the intersection of the curve of f(x) and x-axiSe To find the 
approximating value of A, use Newton's method for approximating the real 
roots of an arbitary equation f(x)=O: 

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

= l-B 
x 

feA) = 0) 

Step 2: Draw a tangent line at (AO, f(AO) and find A, where (A11 0) is 
the intersection of the tangent line and the x-axis. 

f(x) = l-B x 
TANGENT LINE 

/(AO, f(Ao» 

-x 
From the equation of the tangent line y = ~ 

x=A1' y=O and factoring out A02 we can find 

24-4 

x 

- B + 1-. substitute 
AO 

A1=2Ao-A02B 

A-2034 

X2024S0101 

CRAY RESEARCH, INC. 
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Step 3: Draw a tangent line at (A1' f(A,) and find A2' where (A2' 0) is 
the intersection of the tangent line and the x-axis. 

LINE 

= l_B 
x 

----------~~-+--~~~----~~x (AO,O) 
(A,O) 

(A2,0) 
A-2035 

th . f th li -x 2 b . From e equatl.on 0 e tangent ne y = ~ - B + - su stitute X=A2, y=O 
Al Al 

As you see, A2 is much closer to A than AO' A,. By repeating this 
process, a good approximation of the value A can be found. 

) An nth approximation formula for the value A=' is An=2An_1-A2n_1 B 
B 

X2024S0102 

24-5 
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FLOATING-POINT RECPIROCAL UNIT 

Newton's formula derivation ~ 

where: 

A(i+1) = Next iteration 

Ai : Current iteration 

B = Divisor 

AO and A02 in look-up 
table 

An initial guess starts the process with AOI i.e. 

A1 = 2AO - A02 B 1st approximation 

A2 = 2A1 - A12 B 2nd approximation 
result of reciprocal unit 

A3 = 2A2 - A22 B 3rd approximation 

An = 2A (n-1 ) 
_ A2 

(n-1 ) 
B Nth approximation 

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

An example: B = 2, start with AO .2 

A1 = 2( .2) - (.2)22 A4 = 2(G491602) - (.491602)22 

= .4 - .08 = .983204 - .483345 

= .32 = .499859 

A2 = 2( .32) -' (.32.) 22 A5 = 2( .499859) - (.499859)22 

.64 - .2048 = .999718 - .499718 

= .4352 = .50000 

A3 = 2( .4352) - (.4352)22 A6 2( .5) (.25)2 

= .8704 - .378798 = .50 

= .491602 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 
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) 
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HANDLING OF B's EXPONENT 

B = I 40000 + E I 1 XXXXX I XXXXXX I XXXXXX I 
EXPONENT COEFFICIENT 

VALUE OF B = 2E * .1 XX:x:--:x NORMALIZE FLOATING-POINT NUMBER 

B = 2E- 1 * 1.XX:X:---:X LEFT SHIFT BY 1 

LET b = 1. Xx:x:--:x 

THEN B = 2E- 1 *b 

1 
B 

LET 

1 
2i1 

B 

= 1 
2E- 1*b 

n = E-1 

= 2-n 

1 OR 

= 2-E+1 * 
1 

= 

1 
~ 

1 
b 

* 1 
2E- 1 b 

= 2-(E-1) = 2-E+1 

1 

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 EXPONENT 

26645 

26647 

ADD ONE FOR NORMALIZATION 
ADD ONE FOR 2's COMPLEMENT 

24-7 



FLOATING RECIPROCAL INSTRUCTIONS 

SCALAR 

070IJO Floating-Point Reciprocal approximation of (SJ) to Sr 

VECTOR 

174110 Floating-Point Reciprocal approximation of (VJ) to VI 

C.A.L. FORMAT 

SCALAR 

SI /HSJ 

VECTOR 

VI /HYJ 

DIAGNOSTIC APPLICATIONS 

3SFR 

2<1-8 

XVS01243M 
) 

) 



EXPONENT 3RE 
SIGN BIT E28/29 

3RE E30m 

EXPONENT 
DElAY 

3RI E16/17 

AtDElAYED 
KTERMS 

3RC 

-2Al 

(16 BITS) 

SOLVEFOR A1 = -2AO +A02 B 
A 2 =-2A 1 +A12B 

COEfFICIENT 

247_ 240 

AO,A02 
LOOK-UP TABLE 

3RAE08/09 

(3GR, 3VB) 

239.. 211 

Bl, B2 
3RI E16/17 

2 40_2 47 B1(24BITS)Z39_2 24 

-2AO 

Al 
(18 BITS) 

Al PYRAMID 

A02 
(16 BITS) 

ADDED IN 

Al 3RC 
G-TERMS 

(18 BITS) 

A12 3RD 

B2(37 BITS) 

A12 
(36 BITS) 

3RF E34(35 

AZPYRAMID 

3RE, 3RF, 3RG 

E38(39 
AZ (246_ 21S ) EXPONENT, SIGN BIT, 247 3RH 

(3GR,3VA) 

3RA 

B2 

3RB 

2 39_ 2 30 

DELAYED 

CRA Y X-MP FLOATING-POINT RECIPROCAL FUNCfIONAL UNIT 

24-9 

2 39_ 211 

3RI 
240- 247 

3RI 
240_ 247 
229- 211 

DElAYED 

C-16450 



3RD "'--. ... 3RC 

3RA, 3GR, 3VB, 3VR 

EXPONENT - 3RE, 3RI, 3R11 

SOLVING FOR 

-Al = -2Ao + Ao2B 

-A2 = -2Al A12B 

YES 

SCOPE B2 
BEFORE DELAY 
AND FANOUT 

3RE, 3RF, 
3RG, 3R11 
~ PYRAMID 
OR SUMMATION 

3R11, 3GR, 
3VA, 3VR 

r-....::==--.... 3RA, 31m, 3RI, 
3RG, 3RE, 3RF 

'-___ .... 3RA,3RI,3RG, 
3VB ,3VR,3GR 

~N_O __ 3RI, 3RA, 

3VB, 3GR, 3VR 

~:':::::~-i .. 3RA, 31m 
Al PYRAMID 
OR SUMMATION 

8-1647C 

8RAY X-MP RECIPROCAL TROUBLESHOOTING FLOWCHART 

24-10 

) 

J 



tv 
Ii'> 
I 

--" 

-2AO 

Test Point 

A02 

Test Point 

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

B12 B5 B14 BIO B3 B6 A72 

o . --.--
_1_. --, -- --.--

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

o 

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

A55 A65 A70 A57 A61 A63 A25 ASO 

-.- -.- -.-
-.- -.- -.-

AO 

AO 

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

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

2AO Shifted 1 Place 

2-9 2-10 2-11 2-12 2-13 2-14 2 -15 2-16 

A23 A52 B70 B72 B65 B69 A68 

-.- -. A02 

0 A02 -.- -. 
A-1307E 

CRAY X-MP AO & A02 SCOPE CHART 



Reciprocal table look-up values 

B AO A02 

1.000 .776 .774004 
1.004 .772 .764044 
1.010 .766 .754144 
1.014 .762 .744304 
1.020 .756 .734504 
1.024 .752 .724744 
1.030 .750 .721100 
1.034 .744 .711420 
1.040 .740 .702000 
1.044 .734 .672420 
1.050 .732 .666644 
1.054 .726 .657344 
1.060 .722 .650104 
1.064 .720 .644400 
1.070 .714 .635220 
1.074 .710 .626100 
1.100 .706 0622444 
1.104 .702 .613404 
1 .110 .700 .610000 
1 .114 .674 .601020 
1.120 .672 .575444 
1.124 .666 .566544 
1.130 .664 .563220 
1.134 .660 .554400 
1.140 .656 .551104 
1.144 .652 .542344 
1.150 0650 .537100 
1.154 .646 .533644 
1.160 .642 .525204 
1.164 .640 .522000 
1.170 .636 .516604 
1.174 .632 .510244 
1.200 0630 .505100 
1.204 .626 .501744 
1.210 .624 .476620 
1.214 .620 .470400 
1.220 .616 .465304 
1.224 .614 .462220 
1.230 .612 .457144 
1.234 .610 .454100 
1.240 .604 .446020 
1.244 .602 .443004 
1.250 .600 .440000 
1.254 .576 .435004 

H'!'V-0242 24-12 

- 2AO 

.000 

.010 

.020 

.030 

.040 

.050 

.054 

.064 
0074 
0104 
.110 
.120 
.130 
0134 
.144 
.154 
.160 
.170 
.174 
.204 
.210 
.220 
0224 
.234 
.240 
.250 
.254 
.260 
.270 
.274 
.300 
.310 
.314 
.320 
.324 
.334 
.340 
.344 
.350 
.354 
.364 
.370 
.374 
.400 

X2124S0201 

) 

) 
) 



) 

) 
) 

HTV-0242 

Reciprocal table look-up values (continued) 

B AO A02 - 2AO 

1.260 .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 

X2124S0201 

24-13 



Reciprocal table look-up values (continued) 

B AO A02 - 2AO 

1 .. 524 .462 .266704 .630 
1.530 .462 .266704 .630 
1.534 .460 .264400 .634 
1.540 .456 .262104 .640 
1.544 .456 .262104 .640 
1.550 .454 .257620 .644 
1.554 .452 .255344 .650 
1.560 .452 .255344 .650 
1.564 .450 .253100 .654 
1.570 .446 .250644 .660 
1.574 .446 .250644 .660 
1.600 .444 .246420 .664 
1.604 .442 .244204 .670 
1.610 0442 .244204 .670 
1.614 .440 .242000 .674 
1.620 .436 .237604 .700 
1.624 .436 .237604 .700 
1.630 .434 .235420 .. 704 
1.634 .434 .235420 .704 
1.640 .432 .233244 .710 
1.644 .430 .231100 .714 
1.650 .430 .231100 .714 
1.654 .426 .226744 .720 
1.660 .426 .226744 .720 
1.664 .424 .224620 .724 
1.670 .422 .222504 .730 
1.674 .422 .222504 .. 730 
1.700 .420 .220400 .734 
1 .. 704 .420 .220400 .734 
1.710 .416 .216304 - .740 
1.714 .416 .216304 .740 
1.720 .414 .214220 .744 
1.724 .412 .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 0404 .204020 .. 764 
1.764 .402 .202004 .. 770 
1.770 .402 .202004 .770 
1.774 .400 .200000 .774 

X2124S0201 

24-14 
HTV-0242 

) 

) 
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N 
,r.:. 
I 

r-' 
U1 

,-.~ 

2-1 

2-2 

2- 3 

2-4 

2-5 

2-6 

2-7 

A02 2-B 

2-9 

2-10 

2-11 

2-12 

2-13 

2-14 

2-15 

2-16 

2AO 

& 
247 246 245 244 243 

2-0 2-1 2-2 2-3 2-4 

242 

215 
241 

2-6 - -
1 E7S E77 E69 E68 E57 E!7 E43 

I E76 E71 E70 E59 ES8 ~45 

I E73 E72 E61 E60 E47 

I I I E74 E63 E62 E49 

I I 1 
1 

E6S E64 ESI 

E66 E53 

Bl 

240 

2-7 -
E42 

E44 

1)46 

E4B 

ESO 

ES2 

239 

2-8 -
E23 

E2S 

E27 

r'i29 
E31 

E33 

238 

2-9 -
E41 

E24 

E26 

E28 

~O 
E32 

237 

2-10 -
El 

E3 

ES 

E7 

E9 

~1 

236 

2-11 -
EO 

E2 

E4 

E6 

E8 

El0 

I I I I I I 
E5S ES4 E3S E34 E13 "'i:l ~ 

I I I 
I I 1 

ES6 E37 E36 E15 E14 

3RB 1 
1 

I 1 I 
E39 E38 E17 E16 

I I I I 
I I 

E40 E19 E18 

1 
I I I I I 

E21 E20 

1 I 1 I I I I 
E22 

I 1 

1 2-21 2-
3 I 

I 2- 1 I 2-2 I 

Iii I i I I i I 
12-5 12-6 12-7 12-8 11 I 1 11 11 I 
12-4 12-5 12-6 12-7 12-8 \2-9 12-10 12-111 2-12 

2-4 

2-3 

Ai--. __ 

',-) 

235 

2-12 -
061 

063 

065 

067 

069 

071 

073 

i'07S 

077 

079 

OBI 

OB3 

OBS 

i 

1 

I 

2-13 

Ai ~ _______ , ________ , ____ -_, __________ , __ 

& 

NOTE: 

2AO IS ADDED INTO THE PYRAMID ON (3M). THIS IS ADDED IN FOR 
ROUNDING PURPOSES AND DUE TO THE TRUNCATION ON THE (3M) MODULE. 

• ONLY 8 BITS OF 2AO ARE USED. 
WHEN LOOKING UP BO ONLY, USE TilE UPPER 8 BITS. 

BO 2
47

_2 40 } 
Bl 247_224 OF THE 
B2 24L211 COEFFICIEN'£ 

I 

234 

2- 13 -
060 

062 

064 

066 

068 

070 

072 

074 

076 

078 

OBO 

DB2 

OB4 

059 

2-14 

CRAY X-MP FLOATING RECIPROCAL 

I 

233 232 231 230 229 

2-18 

228 

2-19 2-14 2-15 - - 2-16 2-17 
~ ~ ~ -

031 030 01 DO F61 F60 

033 032 03 02 F63 F62 

035 034 05 04 F6S F64 

037 036 07 06 F67 F66 

039 038 09 08 F69 F68 

041 040 011 010 F71 F70 

043 042 013 012 F73 F72 

045 044 DIS 014 F7S F74 

047 046 017 016 F77 F76 

049 048 019 018 F79 F7B 

051 050 021 020 FBI FBO 

053 052 023 022 FB3 F82 

055 054 025 024 F8S F84 

057 056 027 026 FB7 F86 

058 029 028 F89 F88 

I I 
I I 7 

-15 I -16 1 -17 2 2 2 

2-2 I 2-3 1 2-4 

6 I 5 1 4 
2-1B (3RC) 

SUM BIT 

227 226 

2-20 -21 - -
F31 F30 

F33 F32 

F3S F34 

F37 F36 

F39 F38 

F41 F40 

F43 F42 

F45 F44 

F47 F46 

F49 F4B 

FSI FSO 

F53 FS2 

F5S FS4 

FS7 F56 

FS9 F58 

225 

22 
~ 

Fl 

F3 

FS 

F1 

F9 

Fll 

F13 

F15 

F17 

F19 

F21 

F23 

F25 

F27 

F29 

224 

~ 
23 

FO 

F2 

F4 

F6 

F8 

FlO 

F12 

F14 

F16 

F18 

F20 

F22 

F24 

F26 

~~8 

1& I I 
~ i :~ I '-l-' 

3M 

2AO 

(3RA) SUH BITS 

& DIAGONALLY FORM THE LOG!CAL PRODUCTS. VERTICALLY SUH THE PYRAMID. 
SUH IS COMPLETED ON 3RC ONLY, RETAIN 2-1_2-18 ON 3RC, CARRY IS LOST. 

Al PYRAMID 

C-1314E 
X2000S0110 



t.J 
.g:,. 
I 

I-' 
0\ 

3RB 

T.S.1II1 

3RB 

T.S.16/0 

3RB 

T.S.3/S 

I 

47 46 45 44 43 42 41 40 39 38 37 36 3S 34 33 32 31 30 29 28 Z1 26 25 24 
222222222222222222222222 

·0 
2 
-----

*GlOO 

0101 

0102 

(GlOO) 

(0101) 

(0102) 

-I 
2 

*097 

G99 

"'857 

(097) 

(099) 

·2 
2 

"'093 

096 

098 

°HSS 

HS6 

-3 
2 

°089 

0091 

092 

094 

095 

°HS3 

H54 

(094) 

(095) 

2"" 

"'084 

"'086 

088 

GOO 

"'851 

852 

(090) 

-S 
2 

*078 

*080 

083 

085 

087 

"'H47 

·H49 

850 

(085) 

(087) 

·6 
2 

0072 

0074 

°076 

077 

079 

081 

082 

*H43 

·H4S 

846 

H48 

(082) 

-7 
2 

"'066 

"'068 

"'070 

071 

073 

@ 

*H39 

"'H41 

H42 

1144 

-8 
2 

*059 

°061 

*063 

065 

067 

069 

"'H33 

°H3S 

°H37 

H38 

H40 

·9 
2 

°051 

"'053 

°055 

"'0S7 

058 

060 

062 

064 

*H27 

°829 

°H31 

H32 

H34 

@ 

-10 ·11 
2 2 

"'FSI 

°FS3 

°FSS 

*FS7 

0040 *033 

°042 *035 

°044 "'037 

·046 039 

"'048 041 

050 043 

OS2 045 

054 047 

(@) 049 

*H21 ·Hl7 

°823 *H19 

"'825 H2O 

H26 H22 

1128 H24 

H30 

--- - ---

i 12 2-13 

°F41 °FJI 

°F43 *FJ3 

"'F4S "'FJS 

"'F47 *FJ7 

"'F49 tloFJ9 

FSG F40 

FS2 F42 

F54 F44 

FS6 F46 

D8S i@ 
"'026 *019 

°028 *021 

"'030 °023 

032 G2S 

034 G27 

036 029 

038 031 

"'HI3 °H09 

"'HIS ·HII 

H16 HI2 

H18 H14 

(038) (031) 

-14 
2 

0F2) 

°F23 

"'F2S 

"'F27 

"'F29 

FJO 

FJ2 

F34 

FJ6 

® 

*012 

°Gl4 

*016 

018 

020 

022 

024 

*805 

°H07 

H08 

HI0 

(024) 

215 

"'FH 

"'FI3 

"'FIS 

"'F17 

'"F19 

flO 

1"22 

F24 

F26 

F28 

*005 

*007 

"'009 

011 

Gl3 

GIS 

Gl7 

.RS4 -·HOI 

°H03 

H04 

H06 

(017) 

IS2 

-16 ·17 
2 2 

°FOl 0051 

°F03 °053 

"'FOS "'055 

"'F07 *057 

*F09 *059 

FlO R06 

FI2 ""'FOO 
F14 F02 

FI6 F04 

F18 F06 

F08 

°H41 *H33 

°H43 "'H3S 

10001 °H37 

°003 "'H39 

004 H40 

006 842 

008 I 000 

GlO 002 

"'as) $124 

°RS2 "J26 

@ J29 

Too RSO 

H02 1(000) 

ISI (002) 

ISO 

-18 
2 

"'041 

0043 

"'045 

"'047 

"'049 

050 

052 

054 

056 

GS8 

ROS 

°H25 

*H27 

°H29 

*831 

832 

834 

H36 

H38 

"'Jl8 

"'J20 

J23 

J25 

127 

128 

219 

"'031 

"'033 

*035 

"'037 

*039 

040 

042 

G44 

046 

048 

R04 

"'H17 

°H19 

*821 

"'1123 

1124 

1126 

828 

H30 

0113 

0115 

117 

J19 

J21 

122 

·20 
2 

"'021 

"'023 

"'025 

"'027 

*029 

030 

032 

034 

036 

038 

R03 

"'Hl1 

·Hl3 

*HIS 

HI6 

818 

820 

822 

°J07 

*J09 

112 

114 

116 

-21 
2 

*011 

"'Gl3 

*GlS 

*Gl7 

*Gl9 

020 

022 

024 

026 

028 

*HOS 

*H07 

"'H09 

HIO 

Hl2 

814 

(28) 

R02 

°102 

*104 

106 

J08 

JlO 

Jll 

-22 
2 

"'GOI 

"'003 

*005 

*007 

°009 

GlO 

Gl2 

Gl4 

Gl6 

Gl8 

*HOI 

*H03 

H04 

806 

808 

ROt 

(Gl8) 

°JOO 

JOI 

J03 

JOS 

·23 
2 

000 

002 

004 

006 

008 

ROO 

HOO 

H02 

@=FORCEDSUM 

(XX) = TERM DELA YEO FROM PREVIOUS LEVEL OF SUMMATION 

·XX = CARRY FROM PREVIOUS BIT POSITION 

A 1 PYRAMID SUMMATION 

\ .. ..-.. -~ 
\.....--' 

3M 

T.S.7/8 

3RA 

T.S.lI/13 

3M 

T.S.l6nO 

A·5135 

I 
,-,---...../ 



~ 
I 

S 
t:3 

~ 
I 
~ 

-....J 

~ 
~ 

;g 
o 
'i:::J 

~ 
~ 

, , 

'-. ---

3RB 

T.S.7/9 

3RB 

T.S. 11/13 

"R3S 

3RB 

T.S.16/O 

., ....... -/ 

247 246 245 244 2 43 242 241 2 40 2 39 2 38 2 37 236 2 35 ~ 233 232 231 ro 2 29 i 1Jl 227 2 26 2 25 224 

.() .1 ·2 ·3 -4 ·S -6 ·7 ·8 ·9 ·10 ·11 ·12 ·13 ·14 ·15 ·16 ·17 ·18 ·19 ·20 ·21 ·22 ·23 
222222222222222222222222 

(GlOO) (1IS7~I"I4S "143 "141 (*139) "137 "133 "129 "125 "121 "117 "113 "109 "lOS "J03 "RSS "K13 "K09 "K07 "K03 "KOI KOO 

(GlOl) (G97} (1ISS) , J44 J42 J40 J3S "J3S "J31 "J27 "J23 "119 "I1S "J11 "J07 J04 I "JOI "KlS "K11 KOS "KOS K02 (JOS) 

(Gl02) (G99) (1IS6) (G95) (GSS) (1I4S) J36 J32 I2S J24 J20 116 112 JOS J06 J02 K16 K12 KI0 K06 K04 

® @ k§ ~ 

(G87) (GS2) (1144) 130 126 114 110 IS3 100 K14 (114) 

IS4 (116) 

ISS 

(GlOO) (1IS7) (14S) (J43) "K23 *K21 *K19 *K17 "KlS "K13 "Kll "K09 "K07 "KOS "K03 "KOI "RSS "RS6 "L07 "LOS *L03 1.02 LOI 

KOS 
r--

(GI01) (G97) (1ISS) (144) (141) K22 K20 KlS K16 K14 K12 KI0 K06 K04 KOl KOO RS7 LOS 1.06 1.04 

® @) ~ @) 
,.-

(GlOl) (099) (1IS6) (G9S) (J42) (GSS) (1I4S) (1144) (130) (126) (114) (110) K2S (JOO) (K14) (114) 

ISS IS6 (116) 

IS7 

"R33 "R31 "R29 "R27 "R2S "R23 "R21 "R19 "R17 "RlS "R13 "R11 "R09 "R07 "ROS "R03 "ROI ROO (1.07) "MOl MOl 

R34 RJ2 RJO R28 R26 R24 R22 R20 RlS RI6 R14 RI2 RIO ROS R06 R04 R02 (LOS) (1.0S) MOl 

(K14) (1.06) (116) 

"R64 "R62 "R60 

R63 R61 

13S 136 I34 132 130 I28 126 124 122 120 I1S 116 114 112 110 lOS 106 104 102 100 

139 I37 13S 133 131 129 127 125 123 121 119 117 I1S 113 111 109 107 lOS 103 101 

AI9 AlS A17 A16 AIS A14 A13 A12 All AIO A09 AOS A07 A06 AOS A04 A03 A02 AOI 

BlS B17 BI6 BIS B14 B13 BI2 Bll BI0 B09 BOS B07 B06 BOS B04 B03 B02 BOI BOO 

C19 CIS C17 CI6 CIS C14 Cl3 C12 C11 CI0 C09 COS C07 C06 COS C04 C03 CO2 

012 011 010 D09 D08 rxn D06 DOS D04 D03 D02 DOl 

E04 E03 E02 EOl EOO 

El7 E16 ElS El4 E13 El2 Ell EIO E09 EOS E07 E06 EOS 

F17 F16 FIS FI4 F13 F12 FIl FlO F09 FOS F07 Rl6 ros 

Gl7' Gl6' GlS' Gl4' GI3' GI2' Gll' GlO' G09' GOS' G07' G06' GOS' G04' G03' G02' GOl' GOO' 

·1 ·2 ·3 -4 ·S -6 ·7 -8 ·9 ·10 ·11 ·12 ·13 ·14 ·lS ·16 ·17 ·18 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Al PYRAMID SUMMATION 

3RA 

T.S.3/S 

3RA 

T.S.7/9 

3RA 

T.S.11/13 

3RA 

T.S. 16/0 

3RC 

2BITA 

BIT ENABLE 

BITCARRYS 

PROPAGATEDCOOE 

GROUP ENABLE 

SUM BITS 

BIT ENABLE 

BITCARRYS 

~SUM 

Al 

A·5136A 



SYNC CHANNEL A T.P. B38 3RH @ E38/39 
CHANNEL B 3RC @ E12/13 AT THE SAME TIME .005 

2- 1 r 2 2- 3 2- 4 2- 5 2- 6 2- 7 2- 8 r 9 2- 10 2- 11 r 12 r 13 2- 14 2- 15 2- 16 r 17 r 18 

N TEST POINT B04 B03 B01 BO? C03 065 014 054 A11 020 026 011 003 C67 C58 C72 
oJ::> 
I 

co Al ~, X e , , , , , -- -- -- -- -- -- -- -- -- -- -- -- -- --

Al ..2:.-, X --' - -' -- -'- --'- -' --' -- - - --
A-1308C 

A1 SCOPE CHART 

~~ ~ 
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~ 
~ 
0 
N 
~ 
N 

0172-1 

0162-2 

0152-3 

01424 

0132-5 

0122-6 

G112-7 

Al GI02-8 

G092-\I 
N 

G082-1O ~ , 
...... 
\0 G072-11 

0062-12 

G052-13 

0042-14 

G032-1S 

0022-16 

G012-17 

GOO 2-18 

() 

~ 
.-< 
;g 
0 
"i:I 

~ 
~ 
.-< 

'-..../' 

At 

017 016 015 014 013 012 Gil 010 G09 G08 GOO 006 G05 G04 GOO 002 GOI GOO 
2-1 2-2 2-3 2-4 2-5 2 -6 2-7 2-8 2 -9 2 -10 2-11 2-12 2-13 2-14 2-15 2-16 2-17 2 -18 

iXI 152 151 148 147 142 141 134 133 124 123 112 111 98 97 82 81 80 

• ~ 150 149 144 143 136 135 126 125 114 113 100 99 84 83 65 • 'L __ 
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*Ll8 Ll5 Ll3 Lll L09 L07 L05 

L19 L17 (1121) (1117) (1117) (1109) (1104) 

L21 (1105) 

*MI5 *M13 *Mll *M09 "'MOO *M05 *M03 

M16 M14 M12 MIO M08 M06 M04 

(1..21) (L05) 

"'R14 *RI2 "'RIO *R08 *R06 *R04 *R02 

RI5 R13 Rll R09 R07 R05 R03 

-

A2 PYRAMID SUMMATION 

. I 
"--' 

*K04 *K02 

*K06 K03 

Koo KOS 

*L02 *LOO 

L03 LOI 

(1100) 

(1101) 

*MOl MOO 

MOO 

(L03) 

ROt ROO 

*Koo 

KOt 

(107) 

3RG 

T.S.3/5 

I TERMS FROM 3RE's 
3RF's 

3RG 

T.S.7/9 

3RG 

T.S. 11/13 

3RG 

T.S.16/O 

A-5216 

, .......... ~I 



IV 
I~ao 
I 

IV 
~ 

, 

-01 
2 

-00 -01 -02 -{)3 -04 -05 -06 
2222222 

-07 -08 -09 -10 -11 -12 -13 -14 -15 -16 -17 3 RF @ E34/35 
22222222222 

2 -17 t 18 2-19 220 2 -21 2 -22 2-23 2-24 2-F 2-26 2-27 2-28 2-29 2"30 2-31 232 233 2-34 2-35 3 RF@ E32/33 

157 156 155 154 153 152 151 150 149 148 

"'F61 "'F53 

"'F63 "'F55 

"'F65 "'F57 

"'F67 "'F59 

F60 

F62 

F64 

F66 

"'G94 "'G91 "'087 "'083 "'078 "'072 "'066 "'059 "'049 "'043 "'037 

G95 G93 G90 "'085 "'080 "'074 "'068 "'061 "'051 "'045 "'039 

G92 086 082 077 "'070 "'063 "'053 048 "'041 

088 084 079 071 065 "'055 050 042 

089 081 073 067 "'057 052 044 

075 069 058 054 046 

076 060 056 047 

062 

064 

A2 PYRAMID SUMMATION 

147 146 143 144 

145 

"'F45 "'F35 "'F25 "'F13 

"'F47 "'F37 "'F27 "'F15 

"'F49 "'F39 "'F29 "'F17 

"'F51 "'F41 "'F31 "'F19 

F52 "'F43 "'F33 "'F21 

F54 F44 F34 "'F23 

F56 F46 F36 F24 

F58 F48 F38 F26 

F50 F40 F28 

(C86) F42 F30 

F32 

"'029 "'022 "'013 "'005 

"'031 "'024 "'015 "'007 

"'033 "'026 "'017 "'009 

036 028 "'019 "'011 

038 030 021 012 

040 032 023 014 

034 025 016 

035 027 018 

020 

141 

142 

"'FOI 

"'F03 

"'F05 

"'F07 

"'F09 

"'F11 

F12 

F14 

F16 

FI8 

F20 

F22 

"'001 

"'003 

G04 

G06 

008 

010 

140 

FOO 

F02 

F04 

F06 

F08 

FlO 

GOO 

G02 

2A1 FROM 3RC 
SUM BITS FROM 3RE 

3RF 

T.S.11/13 

3RF 

T.S.16/0 

A-5137 



N 
.1>­
I 

N 
co 

\..,~.,..., .. -/ 

2 01 2 -00 2-01 2-02 2-03 2-04 2-05 2-06 

2-17 2 -18 2-19 2-20 2-21 2-22 2 -23 2-24 

(G94) *H55 *H53 *H51 *H49 *H45 *841 

(G95) (G91) H54 H52 850 *H47 *H43 

(G93) (G88) (G84) H48 H44 

(G89) (G79) H46 

(G81) (G76) 

*J48 J47 *J46 *J44 *J40 *J36 *J32 

(G94) (H53) J45 *J42 *J38 *J34 

(G95) (H54) (H52) J43 J39 J35 

J41 J37 

*103 102 *101 *K29 *K27 *K25 *K23 *K21 

(J47) 100 K28 K26 K24 K22 

(141) (137) 

R33 *R31 

R32 *R29 *R27 *R25 *R23 *R21 *R19 

R30 R28 R26 R24 R22 R20 

Z07 2-08 2-09 

2-25 2-26 2-27 

*ID5 *IDI *H27 

*H37 *H33 *H29 

*H39 H34 IDO 

H40 H36 1132 

H42 H38 (G56) 

*J28 *J24 *J22 

*J30 *J26 J23 

J31 J27 J25 

J33 J29 

*K19 *K17 *K13 

K20 K18 *K15 

(133) (J29) K16 

*R17 *R15 *R13 

R18 R16 R14 

2-10 2"11 

2-28 Z29 

*H23 *H17 

*H25 *H19 

H26 *H21 

1128 822 

(G47) H24 

*118 *114 

*J20 *116 

J21 117 

(H26) 119 

(H28) 

*Kll *K09 

K12 KI0 

K14 (119) 

*Rll *R09 

R12 RIO 

2-12 2-13 2-14 2-15 2-16 i17 

Z30 2-31 Z32 Z33 Z34 2-35 

R42 R40 160 

R43 R41 161 

165 164 163 162 

*Hl1 *805 *HOI HOO 

*813 *H07 *H03 802 

*H15 *H09 804 

H16 HI0 H06 

H18 H12 H08 

H2O H14 

R44 167 166 

R45 

*110 *J06 *J04 *J02 *JOO 

*112 *J08 J05 J03 JOI 

113 J09 )07 

115 Jll 

*K07 *K05 *K03 "'KOt KOO 

K08 K06 K04 K02 

(115) (J11) 

*R35 R34 

*R07 *R05 "'R03 *ROt ROO 

R08 R06 R04 R02 

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

3RF 
TS 3/5 

3RF 
TS7/9 

3RF 
TS 11/13 

3RF 
TS 16/0 

ROO FORCES A SUM INTO THE SUMMATION A-5138 

A2 PYRAMID SUMMATION 

\ .. -) ~' 



'" .!::> 
I 

'" '.0 

'.~--'-

-30 
2 

-23 -24 -25 -26 -27 -28 -29 
2222222 

-21 
2 

-14 -15 -16 -17 -18 -19 -20 
2222222 

*D97 *D85 *073 *D61 *D49 *D37 

*099 *D87 *075 *D63 *D51 *D39 

*D101 *D89 *D77 *D65 *D53 *D41 

*0103 *D91 *D79 *D67 *D55 *D43 

*0105 *D93 *D81 *D69 *D57 *D45 

*0107 *D95 *D83 *D71 *D59 *D47 

096 D84 D72 D60 D48 

098 D86 074 D62 D50 

0100 D88 076 D64 D52 

0102 090 078 D66 D54 

0104 092 D80 D68 D56 

0106 094 D82 070 D58 

*E69 *E61 *E53 *E45 *E37 *E29 *E21 

*E71 *E63 *E55 *E47 *E39 *E31 *E23 

*E65 *E57 *E49 *E41 *E33 *E25 

*E67 *E59 *E51 *E43 *E35 *E27 

E68 E60 E52 E44 E36 E28 

E70 E62 E54 E46 E38 E30 

E64 E56 E48 E40 E32 

E66 E58 E50 E42 E34 

*F31 *F27 *F23 *F19 *F15 *Fll *F07 

*F33 *F29 *F25 *F21 *F17 *F13 *F09 

(E69) F30 F26 F22 F18 F14 FlO 

F32 F28 F24 F20 F16 F12 

(E64) (E56) E48 (E40) (E32) 

R44 (E66) (E58) E50 (E42) (E34) 

A2 PYRAMID SUMMATION 

-31 
2 

-22 
2 

*D25 

*D27 

*D29 

*D31 

*D33 

*D35 

D36 

D38 

D40 

D42 

D44 

D46 

*E13 

*E15 

*E17 

*E19 

E20 

E22 

E24 

E26 

*F03 

*F05 

F06 

F08 

(E24) 

(E26) 

i 32 
2-

33 i 34 
3 RE @ E28/29 

-23 -24 -25 
2 2 2 3RE@ E30/31 

*013 *DOI 

*015 *D03 

*017 *D05 

*019 *D07 

*D21 *D09 

*D23 *011 

024 012 

D26 014 

D28 016 

D30 018 

032 020 

D34 D22 

*E05 *EOl 

*E07 *E03 

*E09 E04 

*Ell E06 

E12 E08 

E14 EIO 

E16 R42 

E18 R43 

*FOO 

*FOl 

F02 

F04 

(E16) 

(E18) 

DOO 

D02 

D04 

D06 

D08 

D10 

EOO 

E02 

R40 

R41 

3RE 

T.S. 11/13 

3RE 

T.S.16/0 

3RE 

T.S.3/5 

A-5133 



IV 
~ 
I 

W 
o 

'\......-~, 

-23 -24 -25 -26 -27 -28 -29 -30 -31 -32 -33 -34 3 RE @ E28/29 
2 2 222 2 222 2 2 2 

-14 -15 -16 -17 -18 -19 -20 -21 -22 -23 -24 -25 
2 2 2 2 2 2 2 2 2 2 2 2 3 RE @ E30/31 

*R47 *027 *023 

028 *025 

G26 

(F32) 

*H13 *Hll 

(027) H12 

(028) (026) 

*R15 *R13 *Rll 

R14 R12 

*G19 *015 *011 *007 *003 *000 

*021 *G17 *G13 *G09 *005 *001 

G22 G18 G14 G10 006 002 

G24 G20 G16 012 G08 004 

*H09 *H07 *H05 *H03 *HOI HOO 

HlO H08 H06 H04 H02 (004) 

(024) (020) (016) (012) (008) 

*R09 *R07 *R05 *R03 *ROI ROO 

RIO R08 R06 R04 R02 

A2 PYRAMID SUMMATION 

\----./ 

R45 

R46 

3RE 

T.S.7/9 

3RE 

T.S. 11/13 

3RE 

T.S. 16/0 

A-5134 

,.--.J 



r-j 
of:. 
I 

LV 

''-..---_/ 
, 

,~/ 

247 2" 24$ 244 2 43 241 241 2 40 2" 2" 2.37 236 2" 'f4 233 2n 231 i4 2 29 i11& in 2 26 21$ 224 223 ,p 221 -jIl 2" 2" 217 2 16 21S 

-III -Ill -GI -114 -OS -116 .m .Q8 .QI -10 -II -12 -13 -14 -IS -16 -17 -II -If -20 -21 -ZI -23 -l4 -1$ -26 -27 -28 -29 -30 -31 -n -33 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

160 IS8 IS6 JS4 IS2 ISO 148 146 144 142 140 138 J36 J34 J32 130 D8 J26 J24 In no Jl8 116 114 112 110 lOS 106 104 102 101 JOO 

161 IS9 IS7 ISS IS3 lSI 149 147 I4S 143 141 139 137 I3S m r-m 129 127 I2S 123 121 Jt9 Jt7 liS 113 111 ID!I 107 lOS 103 

A31 A30 A'1S A28 AZI A26 .us A24 A23 A22. All A20 AI9 AI8 AI7 AI6 AIS AI4 AI3 All All AIO A09 A08 A07 A06 AOS A04 A03 A02 AOI AOO 

B30 B29 B28 BZI B26 BlS B24 B23 B22. B21 B20 BI9 BI8 BI7 BI6 BIS BI4 BI3 BI2 BII BIO B09 B08 BOO B06 BOS B04 B03 B02 

00 C29 C28 C27 C26 C2S C24 C23 C22 C21 C20 CI9 Cl8 C17 CI6 CIS Cl4 CI3 Cl2 CII ClO C09 cos C07 C06 cos C04 C03 

D03 D02 DOl 

WI mo E29 E28 E27 826 B2S B24 B23 822. E21 H2O 819 818 817 816 81S BI4 BI3 BI2 BII BIO B09 BOB B07 B06 B05 B04 BOO B02 BOI BOO 

Rl3 POl rol RIO 

031 030 029 028 027 au OlS 024 023 G22. 021 020 019 018 017 016 OIS 014 Gl3 012 011 GlO G09 G08 

PIS H31 H30 H29 H28 H27 H26 HlS H24 H23 H22. H21 H2O HI9 HI8 H17 HI6 HIS HI4 HI3 HI2 HII HIO H09 H08 H07 H06 HOS H04 H03 H02 - HOI HOO 

R32 R31 R30 R29 R28 R27 R26 R2S R24 R23 R22 R21 R20 RI9 RI8 RI7 RI6 RIS RI4 RI3 RI2 RII RIO R09 R08 ROO R06 ROS R04 ROO ROO ROI ROO 
- 1...--- - ---_.-

FINAL SUMMATION 

3RH@W8/39 

ENABLES T.S_ 7/9 

CARRIES T.S. 7/9 

PROPAOATBDCARRIBS 
T.S.II/13 
GROUP ENABlE 

PARTIAL SUMS 
T.S.16/O 

OROUPCARRY 

BNABLES T.S. 16/0 

PINAL SUM 
T.S.7/9 

COBFPIClBNT OUTPUT 
T.S.16/O 

A·5217 



N 
.~ 

I 
l" 
~ 

SYNC CHANNEL A ToPe 823 3RR @ E38/39 
- SCOPE CHANNEL B AT PLUS 1 CLOCK PERIOD ON 3RR @ E38/39 

263 262 261 260 259 258 251 256 255 254 253 252 251 250 249 248 

C33, C20 C48 C17, D5 061 024, D63 A25 A20, A29 A31 All, A10 B50 849 TEST POINT 

--" 

, ---, ---' ---' ---' 

247 246 245 244 243 242 241 240 239 238 237 236 235 234 233 232 

A47, C2 C13 C64, C34 C35 D64, C24 C1 C16, 040 D39 065, D42 D1 09 TEST POINT 

--9 -- --' --' --' ---' 

231 230 229 228 227 226 225 224 223 222 221 220 2'9 2'8 2'7 2'6 2'5 

053, 02 A45 A17, A18 A48 A46, 859 B51 B2, B1 

---' ---' 

ERROR CONDITION 
TEST POINT, C36 

---, ---' 

FINAL SUM 

316 TERM EXPONENT OUT RANGE 

\_) 

B6 B3, B69 B62 B71, B72, 

---' -' ---' 

TEST POINT 

X2100S0202 
A-1311C 

,_--.J 



\,.,..,,#) 

B2 AFl'ER FANOUT 

SFR LOCATION 1002 

SYNC CHANNEL A T.P. B24 (3RH) @ E38/39 
SCOPE CHANNEL B 3RG @ E36/37 AT THE SAME TIME 

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

A57 B70 B5 2 851 AS 1 A4 9 A52 B4 9 A 1 6 A20 A27 ,A23 A21 A29 A14 

--, -- -- --, -- , --' B2 -- --
1 , --' -- --' -- , , B2 -- -- -- -- -- -- --

" 

!\) 
:.~ 
I 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 
w 
(.v' 

A18 A38 A2 A4 A25 040 038 033 031 052 050 035 037 C4 C31 C50 

--' --, --, --' --, 

--' --, --, --, --, 

2 -32 2- 33 2- 34 2 - 35 2- 36 

C10 C29 C12 C27 C23 

, B2 A-13100 --
, , B2 X2024C0101 -- --



: . .,) 
.. )-

:, I 
'.>.) 

.~ 

SYNC CHANNEL A T.P. B23 
SCOPE CHANNEL B AT PLUS 

3RH @ E38/39 
CLOCK PERIOD ON 3RH @ E38/39 

263 262 261 260 259 258 257 256 255 254 253 252 251 250 249 248 

C33, C20 C48 C17, 05 061 023, D63 A25 A20, A29 A31 All, A10 B50 B49 

---' ---' ---' ---' ---' 

247 246 245 244 243 242 241 240 239 238 237 236 235 234 233 232 

A47, C2 C13 C64, C34 C35 064, C24 C1 C16, 040 039 065, 042 01 08 

--, -- -- --, -- -- --, -- -- --, -- -- --, -- -- --

TEST POINT 

TEST POINT 

231 230 229 228 227 226 225 224 223 222 221 220 219 218 217 2 16 215 

053, 02 A45 A17, A18 A48 A46, B59 B51 B2, B1 

---' ---' 

ERROR CONDITION 
TEST POINT, C36 

---' ---' 

FINAL SUM 

J16 TERM EXPONENT OUT RANGE 

",-,) 

B6 B3, B69 B62 B71, B72, TEST POINT 

---' ---' ---' 

X2100S0202 

A-1311B 

.. -......-.../ 



SYNC POINTS 

SCALAR CP2 CP3 CP4 CPS CP6 CP7 CPS CP9 CP 10 CP11 CP12 CP13 CP14 

3RI C4 069 067 D06 010 B26 B36 B24 B3S B39 B3S B23 3RH 

VECTOR CPS CP6 CP7 CPS CP9 CP10 CP11 CP12 CP13 CP14 CP1S CP16 CP17 

3RI C4 069 067 06 010 B26 B36 B24 B3S B39 B3S B23 3RH 

A-1312A 

) 

CRAY RESEARCH, INC. 
24-35 COMPANY PRIVATE 



N 
tl:>-
I 

W 
0'1 

(]Gil) 

(lVB) 

(JOII,JVB) 

(lJIl) 

(lID) 

(lID) 

(](JJl,JVB) 

(](JJl,JVB) 

S·OP:z"' ..... 

VjOP:z"I.247 

SEUlCTV 

~"·2" 

OOSCAUR 

OOVBCTOR 

MOOEk:!O 2' 

SEU!CTV 

S',V'2"-20 

SEl.ECl'Y 

S',V'2".2" 

'---- -.. ' 

EIl8,Ql 

fbo"':e&" I AD." .• " 
TABUl I Ao1 2-' 2,10$ 2'" 

lM r= 

616111 J 
OPERAND RI."·.'" 
SEU!CT 812"·24) 

AND 
DElAY 812oA -2·n 

1!!2 OP."·2" 
III 

71iJ01)1 / 
EIIIJ!l 

SEU!CT OPBXP.2o·2" 
EXPONENT 

lIB 

822".2-11 .. 4;. -. 
(lRIlI B. 2· ....... 1 _ .. -. 
(JIUJ B2 2 ... ·2 ... A11 2,L2·1e 7E111J!l 

(IRI') . B.2·'.2·" 
(lRll) FORCH"I" 1iJOI)! 

EIl8,Ql 
(]alll 

B2 2·1J_2~ B2 2-1·2.:u 

JAI~ 
B.2'" 

~ON AI SUM"·2' (JIUJ 
A2~ 

_AI' 2"'."" 
GliNEllAllON 

SUMMAllON 

lM l lRl! 

AlSUM2'-2' 822"·2·M 

L. 61~1 61211l EI4/l5 
-0 1----1 (lRl!,lRF) PORCH..,. 

AIPYIIAMD AI FINAL AI' "".2'" 7 IIl7Jl3 
FOlIMAllON AISUM2'.'" SUM AI'SUM2··2" AI' 

AND A"~ 
FINAL r-t7 

SUMMAllON B10l'2"·.·'7 
SUM 

GENERAllON 
822-'·2-·' El4/IS 

mz"·z·" AI' 2".2 •• 7 

lIB lRC 1 lID A2~ 
GliNERAllOli 

fil(o'l1 EIIIJ!l 

(lRl)~ BZFANOUT lRF 
'-0 BlOPBRAND lIB 

DElAY B2 2,IS. 2 ,17 t 
ElWlI 822·U·2'W 

B2 2-11 B2FANOUT , 
liD lIB 

AI! 2.1-2& fil(o'l1 

61~1 B2 01' • .0.2.7_1 EI6111 B2 ... ·2·n El7Jll (]aB,lll!, 

1 OPERAND 

lRF,lRl) 
B22-1.2-315 

B2 Z·7 BZPANOOT 
A2PYRAMID 

sw;cr 
lJ!l.2"·2·12 GliNERAllON 

SEUlCT B2 2""" lRF 
AND AND 

DElAY 

I 
DElAY 

E34/lS 

11 
B2FANOtrr 

B2 2-1.2" liD 

III 1RI lRF 

HXPONENT20 _ 2Ui 

OORl!aPROCAL 

CRAY X-MP FWATING RECIPROCAL APPROXIMATION 
FUNCTIONAL UNIT (CPU 0) 

\-----J 

7,UM2".2>A 
I 

SUM2"·'" 

iL2~ 
SUM"'·Z" 

LK1IIJP A2 215.2'" 
(]GR,3VAj 

,--.. FINAL SUM 
I!XPONl!NT'··2" 

SUMBml2"'-2'" 
AND 

IIXPONllNT 
(lOR,3VAj 

SUMBmlZ"·2~ rl ERROR OONDmON 
~ lIB -(]Yq 

SUM2"-2'1 

c· ...... 

,--...J 



) 
) 

(3GR) 

(3VB) 

(3GR,3VB) 

(3JD) 

(3JD) 

(3JD) 

) 

) 
) 

(3GR,3VB) 

(3GR,3VB) 

Sj OP 24 °_247 

Vj OP 240 _247 

SELECT V 

Sj, Vj 2 '1 _239 

GO SCALAR 

GO VECTOR 

MODE k 2°,21 

SELECT V 

Sj, Vj 256 _2 63 

SELECT V 

Sj, Vj 248 _2 55 

EOS/E09 

AO and A02 

LOOK-UP 
TABLE 

3RA 

El 6/El 7 

OPERA."ID 
SELECT 

and 
DELAY 

3RI 

/ E30-E31 

1 
E28/E29 

SELECT 
EXPONENT 

3RE 

I I 
B08/E09 

Al PYRAMID 
AO T 2_2- 8 FORMATION 

and 
A02 2- 1 2- 14 2- 16 SUMMATION 

-+ 

3RA 

Al SUM 26 _28 

L 
El0/El1 

Al PYRAMID 
FORMATION 

I-- and 
Bl 24 °_247 SUMMATION 

Bl r 8 _2- 23 

Bl 2- 8 _2- 17 

3RB 

B2 OP 211_2 29 

7 
E16/E17 

OPERAND 
SELECT 

OP EXP 2°_2 15 and 
DELAY 

3RI 

(3RF) 

2- 13_2- 24 7 (3RE) B2 B2 2- 9_2- 34 E28/E29 SUM 2 '3 _224 

7 (3RI) B2 2- 25 -2- 34 A12 2- 1_2- 18 

Al SUM 24 _26 
(3RF) B2 2- 1_2- 12 

(3RE) FORCE "1" E30/E31 

(3RE) B2 2- 13_2- 24 B2 2-1_2-25 A2 PYRAMID SUM 2 22 _233 

GENERATION 

(3RI) B2 2- 25 A12 2- '_ 2- 18 

1 3RE 

B2 2-1_ 2-16 

t--' 

~,~ El 2/El 3 E14/E15 FORCE 110" --- (3RE,3RF 

7 Al FINAL A12 A12 2- 19 _2- 33 E32/E33 

Al SUM 26 _22 3 SUM A12 SUM 2°_2 34 FINAL / 
213_ 230 

and SUM / 
B2 OP T 8_ 2- 17 A12 PYRAMID rJ E34/E35 GENERATION B2 r

'
_2- 16 

A12 2- 1_2- 17 A2 PYRAMID SUM 23 1_246 

-- 12A'12- 3_2- 18 

GENERATION 

3RC 3RD f-

3RF E38/E39 A2 215_ 247 --i (3GR,3V") 
E36/E37 E28/E29 SUM 8ITS 23 °_233 FINAL SUM 

82 OPERAND 
(3RI) B2 2- 19 _2- 24 82 FANOUT SUM BITS 2 13 _ 2 30 

~ 
and EXPONENT 20 _2

' 
5 

-+ 3RE 1- EXPONENT (3GR,3VA) 
DELAY I 82 2- 13 _2- 17 E30/E31 82 2- 13 -2- 16 

- ~ 82 FANOUT E36/E37 ERROR CONDITION 

82 2- 18 3RE A12 2- 1_2- 36 ~ 
3RG 

3RH (3VC) 

A2 PYRAMID 

-l (3R8,3RE,3RF,3RI) B2 2- 1_2- 36 GENERATION SUM 2' 5 _2 31 

E16/E17 B2 2- 8_2- 12 E32/E33 

82 OP TO_2- 7 I----

OPERAND B2 2- 7 B2 FANOUT 3RG 

SELECT 82 2- 7 -2- 12 

anoi 82 2- 1_2- 6 3RF 

DELAY E34/E3j 

f-- 82 FANOUT 82 2- 1_2- 6 

3RI 3RF 

-

EXPONENT 2°_2 15 

GO RECIPROCAL C-0625A 

CRAY X-MP FLOATING RECIPROCAL APPROX. F.U. CPU - 0 



) 

) 
) 

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

T.P. 
T.P. 

EXPONENT 

3RE H28/29 AND H30/31 

190 = MODE SELECT Sj OR Vj 
160 = Vj BIT 248 OR 256 

150 Sj BIT 248 OR 256 

Page 1 

EXPONENT BIT 248_255 ON 3RE AT H28/29 

EXPONENT BITS 256_263 ON 3RE AT H30/31 

3RI AT E16/E17 

C28 B48 = 1100; T2 EXPONENT BIT 20 _2 15 DELAYED 
B03 C48 = B48; T2 
B31 D48 = C48; T2 

E48 = D48; T2 
F48 = E48; T2 

C58 G48 F48; T2 
C13 R60 = G48; T2 

3RH AT E38/39 

JOO-J15 = 170 - 185 

J16 

183 = 213 EXPONENT 
I84 214 EXPONENT 

OVERFLOW OR UNDERFLOW 

::!L1,-37 

A-/64/ 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 
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3RH At E38/39 

T.P. B15 JOO = 170; T2 EXPONENT BIT 20_2 15 

B04 KOO = JOO; T2 
B56 LOO = KOO; T2 
B63 000 = LOO; T2 

COMPLEMENT EXPONENT AND ADD IN A TWO 

T.P. A43 
A37 

R41 
R40 - R55 
R54 - R55 

R56 

016 = L16; T2 EXPONENT OUT OF RANGE 
019 = N02; T2 EXPONENT = 20000 OR 20001 

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

Q3 = P15 S06 

= ADD IN A 2 VALVE 

GO VECTOR/SCALAR IF NO 
OUT OF RANGE CONDITION 

A-/64/ 

= EXPONENT BIT 20 _2 15 

FORCED TO A 1 IF A RANGE ERROR TO MAKE 
A 060000 EXPONENT OR 1 60000 EXPONENT 
SENDS A FLOATING POINT ERROR FLAG TO THE 
EXCHANGE PACKAGE 

24-38 
"9, 

CRAY RESEARCH, INC. 
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" Form Al = - 2A o + A02 B 

Generate - 2Ao AND A02 

3RA @ E08/09 

Generate - 2A o 

POO = I98 Select Vector 
IOO = Sj bit 2 40 

Il0 = Vj bit 240 

R40-R47 = Exponent 2 4 °_2 47 

Scalar or Vector 

AOO = R40 - becomes BO data bit 2- 7 

A06 = R46 = BO data bit 2 0 

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 AO and A02. 

3. AO becomes -2Ao 

a) Complement AO for a -AO 

b) Shift -AO left 1 place for a multiply by 2. 

A-1644 

211-39 CRAY RESEARCH, INC. 
COMPANY PRIVATE 
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Generate - 2Ao (continued) 

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

RO-R06 = 2Ao data bit 2- 2 - 2- 8 added in on the first 
3 bit add on the 3RB for bit position 241_247. 

RO-R05 = Are added in on the 3RA during the second 3 bit add -) 
for bit position 224_229. _ 

Generate A02 

Look-up the value on 3RA which is AO * AO 

Form A1 pyramid A02 B 

A02 * ~ A02 = Look-up value 
B = Coefficient bits 224_247 becomes 2- 23 _20 

1. Form the Al pyramid of A02 * 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-/644A 

CRAY RESEARCH, INC. 
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T.P. C72 

Page 3 

A1 Final Sum 

3RC E12/13 

GO-G17 are the final sum of A1 equation retain only upper 
18 bits. 

Delay 16 bit of A1 

LOO = KOO; T2 
MOO = LOO; T2 

ROO = MOO; T2 

Delayed A1 bit 2- 18 

Can seope A1 on R term on 3RC bit 2- 18 

NOTE: A1 ean be partieally seoped 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 seoping the true A1 whieh was used to generate A12. 

A-1644A 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 
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Form A2 = -2A I + AI2 

Genera te A I 2 

3RC @ H12/13 generate AI * AI 

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 AI * AI using 3 bit and 2 bit adds. 

NOTE: The final AI2 can be scoped on the 3RD R terms. 

R35 - ROO 

Bit 2- 1 or bit 247 R~5 

ROO "" Bit 2- 35 or bit 212 

Delay B2 Bit 2 11 _2 46 

3RI @ E16/17 

XOO = R90 Select Vector 

A11-A39 

3RA @ E08/09 

POO = Select Vector 

R40-R47 BO, B1, B2 bit 2 4 °_2 47 
A-/644 

CRAY RESEARCH, INC. 
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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 
211_229. 

3RB sends bits 239 _230 to the 3RG to be delayed along with the 3RI bit 
2 11 _ 229 and 24°_247 • 

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

Form A2 pyramid A12 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. 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 
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FLOA TING-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. 

FLOA TING-POINT MULTIPLY (Modules involved) 

3MAMODULE 

The 3MA module forms parts of the multiply pyramid by performing logical products. Mter 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, 248 - 263, which are sent to the 
3MKmodule. 

HTV-0242 25-1 Hardware Trng. 
XV204L 14M D. W.B. 



3MDMODULE 

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 1 
continue adding the pyramid from where the 3MB and 3MA modules left off. 

3MB MODULE 

The 3MB 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. 

3MFMODULE 

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. 

3MJMODULE 

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. 

3MKMODULE 

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 
-lout 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. 
XV204L21 M D. W.B. 

') 

j 



FLOATING MULTIPLY INSTRUCTIONS 

SCALAR 

Scalar Floating Product of (SJ) times (SK) to SI 064uK 

065uK 

066uK 

067uK 

Scalar Floating Product, half precision, (SJ) times (SK) to (SI) 

Scalar Floating Product, full precision, (SJ) times (SK) to SI 

Scalar Floating Product, 2 minus the product of (SJ) times (SK) to SI 

C.A.L. FORMAT 

SI SJ*FSK Scalar Floating Product 

SI SJ*HSK Half Precision 

SI SJ*RSK Full Precision 

SI SJ*ISK Iteration, 2 - SJ*SK 

DIAGNOSTIC APPLICATIONS 

3SFM 

3SMU 

25-3 
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FLOATING MULTIPLY INSTRUCTIONS 

VECTOR 

160UK Vector Floating Product (SJ) times (VK ELEMENTS) to VI 

161UK Vector Floating Product (VJ ELEMENTS) times (VK ELEMENTS) to VI 

162uK Half Precision, (SJ) times (VK ELEMENTS) to VI 

163uK Half Precision, (VJ ELEMENTS) times (VK ELEMENTS) to VI 

164uK Full Precision, (SJ) times (VKELEMENTS) to VI 

165uK Full Precision, (VJ ELEMENTS) times (VK ELEMENTS) to VI 

166uK Iteration,2 - (SJ) times (VK ELEMENTS) to VI 

167uK Iteration, 2 - (VJ ELElvlENTS) times (VK ELEMENTS) to VI 

C.A.L. FORMAT 

VI SJ*FVK Vector, Scalar Product 

VI VJ*FVK Vector, Vector Product 

VI SJ*HVK Half Precision, Vector Scalar 

VI VJ*HVK Half Precision, Vector Vector 

VI SJ*RVK Full Precision, Vector Scalar 

VI VJ*RVK Full Precision, Vector Vector 

VI SJ*IVK Iteration, 2 minus Vector Scalar 

VI VJ*IVK Iteration, 2 minus Vector Vector 

XV201S45M 
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FLOATING POINT 
MULTIPLY CONTROL 

SCALAR H2 HI IfO 

0 6 0 0 iJK 

0 6 0 iJK - Strong Round 

0 6 0 iJK - Weak Round 

0 6 iJK - Compliment Control 

VECTOR H2 HI If> 

6 0 0 0 iJK 

1 6 0 0 iJK 

1 6 0 0 iJK 
Strong Round 

6 0 iJK 

-. 

j 6 0 0 iJK 
Weak Round 

1 6 0 iJK 

6 0 iJK 
Compliment Control 

6 iJK 

A-1369 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 
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Accurate to 29 bits: 

#1 

#2 

070320 

065613 

Accurate to 48 bits: 

#1 070320 

#2 067432 

#3 064543 

#4 066651 

#1 Al = 2AO - A02B 

A2 = 2AI - AI2B 

#2 S4 = C2-CA2*B» 

#3 A3 = A2 C2-CA2*B» 

OR 

A3 = 2A2 - AiB 

#4 S6 = A3*S1 

DIVIDE SEQUENCE 

S6 = Sl/S2 

S3 = l/S2 

S6 = Sl * FS3 

S6 = S1/S2 

S3 = l/S2 

S4 = C2-[S3*S2]) 

S5 = S4*S3 

S6 = S5*S1 

First Iteration 

Second Iteration 

Third Iteration 

Third Iteration * S 1 

25-6 
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SUM2n 

~ 

1... __ -11- E62,<13 
• 1-1----' 

SUM1Sl·Z" 

(3MF) SUMZ 4'·Z48 

EXPONENTDE1A Y 

247 .264 

JMK El2t'3IEXPONENT,EXPONENT.I 

INTEGER, COMPLEMENT. 
~'UERADW 

EXP.ZO·Z' 

RESULT: 
2°.223 

(31K) HOlD SCAlAR -1 CONSTANT ®--+ (.) 
STRONG ROUND ~ (3MF) 

WEAK ROUND ®--- "MB) 
FORCE 0.1 

STRoNG ROUNDllt.UNCAll0N 
J EXPONENT2 048. 261 

(JJK) SaECfVl, VK 

KEXPONENTZ..a·2'] .. I I RANGE ERROR .. QUO) 

RESULTZO _211 
(30R,3VA) 

EXPONENTZO_Z7 (JOR.3VA) 

lJ.1366F 

CRAY X-MP FLOATING-POINT MULTWLY EXPONENT AND COEFFICIENT DATA FLOW 
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'" ,j 

) 

) 
) 

) 5j, Vj2 17-22J 
(lOR, VB 

(30R,3VB) 

(3MlQ 

(3MlQ 

(30R,3VB) 

(30R,3VB) 

(30R,3VB) 

(3GR,3VB) 

(30R,3VB) 

(3GR,3VB) 

(3MlQ 

(3MlQ 

(3GR,3VB) 

(30R,3VB) 

(30R,3VB) 

(30R,3VB) 

(30R,3VB) 

(3GR,3VB) 

(3GR) 

(3VB) 

(3MlQ 

(3MlQ 

(3GR) 

(3VB) 

5j, Vk217_2D 

GOVj, Vk 

HOlD SCALAR. 

5j, Vi2:M-235 

51<, Vk212_22J 

~ Y.i20-211 

SI<, Vk 236 - 2-4'7 

~Yi2:M-235 

SI<, Vk 236. 2-4'7 

GO VI. VIC 

HOlD SCALAR. 

~ Y.i236 _ 2-4'7 

Sit, Vk2°·2 11 

5j, Vj212_223 

SI<,Vk2~·235 

Sj, Vj 236. z-47 

Sit, Vk2~·235 
~ 

Si2 ... ·263 

Vi2'"·z63 

ROI n lft'.U .... 11 
~ 

GO VI 

5k241·263 

Vk241·2 63 
~ 

00 VIC 

3MF EiiQfil 

T.5.4/5 

3MA F:1O{11 
FANOUTDATA1 :zl'-235 .K 212_2 15 

T.5.4/5 (3MlQ FORCE 0 -0-----
(3MlQ WEAK ROUND~ 

3MA FH1I01 FANOUTDATA1 zO _211.K 2 36_2" 

(3MlQ FORCE 0 
T.5.4/! 

(3MlQ -1 CONSTANT -0-
(3MlQ FORCE 1 ~ 

3MA E44,14S FANOUTDATA1 :z33-235.K 236_2" 

T.5.415 (3MlQ -1 CoNSTANT -e---... 

I . 

3MB E6Il,l9} 
FANOUTDATA1 z36·240.K 28 .211 

T.S.4/5 (3MlQ FORCE 0 -0---t 

3MB ~ 
FANOUTDATAI 212.21'.K 2 32.2 35 

T.!.4/5 (3MIQ ·1 CONSTANT 

(3MlQ FORCI! 0 <D-
3MB ~7 

FANOUTDATAI z3'.z40.K 2 32.2 35 

T.!.415 (3MK) ·1 CONSTANT-0---

3MC ES6(.f7 

T.!.415 

3MC ~ 

T.S.415 

3MF ~1 3MF ~l 

SUM:z41- 248 SUM263_2 72 2-4'7-2'" (3MC) 

S'l1tONG ROUND -Q)-. 2"'- 2"" 2"'_2 73 
(3MK) SUM240_2~ 3MF EtiO,61 

(3MA,3MB) SUM 271_2 73 

SUM 2'2_270 

2-4'7-2'" 

3MB E68,(i/;l (3MA.3MB) 
12:19-2-4'7 3MC m~ 3M<:: E~ 2"'-2" 3MJ E!lWSl RESULT2:M_247 

K 2 111.2 31 t-
(3MB.3MA) SUM2"-2" EXP.2 8-215 

T.$. 7/9 (3MK) FORCI!O -@- T.5.7/9 
EXPONENT28 - 215 

RESULT: 

(3GR, 3VB) 
Sk. Vk 248_ 2 65 ;--ill 2:M_ 2-4'7 

5UM240-2" GOVECfORK 
3MB ~ 

(3MK) SUM251_27O 251_2'10 

GOVECfOR ]Me ES6(.f7 3M<:: ES6(.f7 (3MK) SECI10N CARRY 

T.5.7/9 (3MA.3MB) I 2 1°_2 31 

(3MB.3MA) K2:19-2 47 SECllON CARRY. HNABlB 

SUM 240_2" FORCE 1 
T.5.7/9 

L~ (3MK) 
3MB E46147 (3Al!) FORCEO E.S4I'S 

f-
-1 CONSTANT 

T.$. 7/9 (3MK) SUM2 57-270 257 _ 210 
SUM247.2"'-272 RESULT 2° _221 

(lOR, 3VB) Sj, Vj 2'".265 t f 
SUM 2 "'·21l (3MK) Horn SCAlAR 

EXP.2°·27 
EXPONENT20·27 

RESULT: 

SUM 247. 2'" 2°.223 

3MA E1O{11 (3MA.3MB) I 2 34. 247 :PdD B48,149 3MD B48I49 3MD E48,l49 

I---

(3MA.3MB) 
SUM 2 73.212 

T.S.31S T.$. 7/9 SUM273·21l SUM 2 73 
(3MA,3MB) 

K 2 34.2 47 

SUM 240. 2" 
(3MA.3MB) 

SUM 273. 295 273.2" SUM273 ·2" 

3MA Ff>6I{;1 -1 CONSTANT + (3MK) • T.S.7/9 
(3MA) 

I 2 :M·2 32 3MB E.6'2,63 3MH E67,(;3 lMIi E67,(;3 

(3MA,3MB. SUM2 47·2 65 SUM258_2 63 

SUM 240. 2" 3MC,3MF) T.S.7/9 

3MA E4414S K 2""2 32 (3MA.3MB. SUM 2-4'7· 2 63 
(3MF) SUM2-4'7_ 2 48 

(3MB) 3MC) 
SUMz47·2'" z47.2'" 247.2'" 

T.$. 7/9 

H 20.21 EXPONENTDELA Y EXP. ·1 

SUM2"'·21l (3VG.3VB) 3MK. E.S2IS3 3MK. ES2IS3 3MK m2l53 EXPONENT. EXPONENT-I 

H 21 .2 2 HOID SCALAR C3IK) ~ C·) EXFONENTDELA Y INTEGER. COMPLEMENT. 

(31K) GO$. v GO VI VIC C-) UNDERFLOW 

(31K) 
HOlD SCALAR ·1 CONSTANT 4 C -) STRONG ROUND nmNCAnON 

1 EXPONHNT2 ... • 265 STRONG ROUND 
2 (3MF) 

(3IK) SELECTVI VIC WEAK ROUND 2 QMB) 
FORCE 0.1 

KEXPONENT248..2 65 RANGE ERROR (3HD) 

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

(3GR,3VA) 

(3GR,3VA) 

(3GR..3VA) 

(3GR.3VA) 

IJ.I388F 



H06 

H07 

~) 

j 

3MH MODULE 

INSTRUCTION CONTROL 

I34= H BIT 2° SCALAR INSTRUCTIONS 
I35= H BIT 21 

I36= H BIT 21 VECTOR INSTRUCTIONS 
I37= H BIT 22 

132= GO SCALAR MULTIPLY 

MODE H BIT 2° FOR SCALAR INSTRUCTION 
MODE H BIT 21 FOR VECTOR INSTRUCTION 

MODE H BIT 21 FOR SCALAR INSTRUCTION 
MODE H BIT 22 FOR VECTOR INSTRUCTION 

STRONG ROUND BIT 065 

H22 = DECODE OF 065 

R32 H22 ADD 2 ROUND BITS INTO THE 
SUMMATION 

STRONG ROUND TRUNCATION 

Page 1 

OR 

OR 

R35 TRUNCATION THE LOWER 19 BITS OF THE 
RESULTS FOR A 065 INSTRUCTION 

A-/652 

CRAY RESEARCH, INC. 
25-16 COMPANY PRIVATE 
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/ 

) 

) 
) 

T.P. C20 
C19 
C14 
C16 
C12 
C10 

GO MINUS ONE AND 
COMPLEMENT CONTROL = 067 

R31 = WHEN H BIT 20 AND 21 EQUAL A 1 

Page 2 

MAKE GO MINUS ONE FOR 067 
INSTRUCTION. 48 l-BITS ARE ADDED IN 
THE SUMMATION. 

H08 = H06; T2 H BIT 20 

H09 = H07; T2 H BIT 21 
H10 = H03; T2 
H11 = H9; T2 
H12 = H10; T2 
H13 = H11; T2 

R34 = COMPLEMENT THE RESULTS ON THE 
OUTPUT TO MAKE A3=2A2-A22B 
ASSOCIATED WITH THE 067 INSTRUCTIONS. 

WEAK ROUND = 066 

R33 = ADD 2 ROUND BITS INTO THE 
SUMMATION 

A-I652A 

25-17 CRAY RESEARCH, INC. 
COMPANY PRIVATE 



INTEGER MULTIPLY 

BO-B05 EXPONENT BITS 20_2 14 0 
FOR J AND K OPERAND 

D02 BOO B01 B02 J EXPONENT 
D03 = B03 B04 B05 K EXPONENT 

HOO = D02 D03; T2 
H05 HOO; T2 
R39 = H05; T2 

R39 = BOTH EXPONENTS EQUAL ZERO, 

ZERO 
ZERO 

SO 
ALLOW THE COEFFICIENT TO LEAVE. 

RANGE ERROR 

J02 = H02 EXPONENTS EQUALS 60000 

J02 = H04' G13 G14 EXPONENT EQUAL 60000 

J02 H3 G14' 

FROM A ADDING TO NEGATIVE 
EXPONENTS. 

EXPONENT EQUALS 60000 FROM 
ADD TO POSITIVE EXPONENTS 

Page 3 

A-1652 

J 

) 

) 
) 

25-18 CRAY RESEARCH, INC. 
COMPANY PRIVATE 



) 

) 
) 

J03 = H01 HOO' 

J03 = H04 G14 

J03 = G13' G14' HOO' H03' 

UNDER FLOW Page 4 

ONE EXPONENT EQUALS ,ZERO NOT AN 
INTEGER MULTIPLY 

BOTH EXPONENTS NEGATIVE AFTER 
ADDING EXPONENTS, BUT NOT AN 
INTEGER MULTIPLY 

BOTH EXPONENTS POSITIVE 
BIT 213 AND 214 NOT SET 
AND NOT AN INTEGER MULTIPLY 

SET FLAG REGISTER RANGE ERROR 

H21 = H20; T2 GO MULTIPLY DELAYED 

MOO = J02 J03 M21 

NOO-N14 = EXPONENT BITS 20_214. FORCE 
EXPONENT EQUAL TO 60000 IF RANGER 
ERROR 

N31 = MOO; T2 
N32 = N31; T2 
R41 = N32; T2 SET FLAG REGISTER 

R44 = J03; T2 UNDER FLOW STOP CONTROL 
TERM GO MULTIPLY 

A-f652 

25-19 CRAY RESEARCH, INC. 
COMPANY PRIVATE 
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CHANNELS 

OBJECTIVES 

WITH THE AID OF STUDENT REFERENCE MATERIALJ UPON COMPLETION OF THE 
COURSEJ A STUDENT SHOULD BE CAPABLE OF: 

I. PROGRAMMING THE CHANNEL IN MACHINE LANGUAGE. 

II. DEFINING THE CONTROL SIGNAL BETWEEN CHANNEL 
AND EXTERNAL DEVICE. 

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

IV. TRACING A DATA BIT THR8UGH THE CHANNEL. 

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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~ , 
~ 

N 
(J) 
I 

I-' 
:J:' 

~ 
~ 

~ 

(16) LSP 10 

(16) 
LSP 12 __ 

(72) 
HSPA 

VHISP .. 
72' 

(144) 

72' 

(72) HISPB 

(16) LOSP 14 

(16) LOSP 16 

ODD 
H14/15 

EVEN 

I~_?'d 3DE I 72' 
HI2/13 H16/17 

ODD 
T14/15 

EVEN 
T12/13 172

' 'd 3DE 
T16/17 

I 72' 

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

TO MEMORY 

I~ TOMEMORY 

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

_J 



CHECK BITS 

FROM MEMORY 

3ZE 

3ZE 

CHECK BITS 

3ZE 

FROM EACH SECTION 

FROM MEMORY 

3ZE 

E18/19 
CHECK BITS 

8 

CHECK BITS 
-+........., Q18/19 

LOSP 11 (16) 

LOSP 13 (16) 
HISPA 

(72) 
72' 

VHISP 

144 

.I'"---~ 72' 

-+-HI_SP_B--t~ (72) 

LOSP 15 (16) 

LOSP 17 (16) 

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

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

HfV-0242 26-1B eRA Y PROPRIETARY 

) 
) 

) 

) 
J 
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L80 
LOW SPEED 0 8' 32' 
172 - SI (10) 

SDATA+2PARTIY 1.89 

QO RO 

T03DE 

L90 Q3S R3S 
LOW SPEED 1 8' 32' 
IS2-91 (10) 

8 DATA + 2PARTIY L99 

PI 

16 x 4'. 
LO NO 

) 
IDGHSPEEDO 36' 

10 - I3S (36) MO N3S 
32 DATA + 4 CHECK BITS L3S 

PO 
M3S T17 

BO-3 WRITE ADDRESS 
ENABLE 

AO-3 T16 
ADDRESS WRITE 

ENABLE 

P3 

16 x4's 
XO 

N40 
IDGHSPEEDI 36' 

136 - 171 (36) M40 N7S 
32 DATA + 4 CHECK BITS X3S 

P2 
M7S T19 

DO-3 
WRITE ADDRESS 
ENABLE 

CO-3 TIS 
ADDRESS WRITE Hardware Trng. 

ENABLE A-6365 R.N.S. 

CRA Y X-MP 3DJ MODULE BLOCK DIAGRAM 
'\ 
I 

) 

HTV-0242 26-1D CRAY PROPRIETARY 
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) 

CRAYX-MP 

LOSPO INPUT 
LOSP 0 OUTPUT 
LOSP 0 MCU CON1ROL 

LOSP 1 INPUT 
LOSP 1 OUTPUT 

LOSP2 INPUT 
LOSP 2 OUTPUT 

LOSP3 INPUT 
LOSP 3 OUTPUT 

lOP 0 LOSP/NSC MUX OUTPUT CHANNEL 21 
lOP 0 LOSP/NSC MUX INPUT CHANNEL 20 
lOP 0 MCU CON1ROL CHANNEL 20/21 

:J LOOPBACK 

:J LOOPBACK 

:J LOOP BACK 
Hardware Trng. 
A-6370 R.N.S. 

CRAY X-MP/216 LOW SPEED CHANNEL CONFIGURATION 

HTV-0242 26-1E CRAY PROPRIETARY 



CRAYX-MP 

HISP 0 

HISPO 

mSP2 

IN Al 
A2 
A3 
A4 
AS 

OUT Bl 
B2 
B3 
B4 

IN El 
E2 
E3 
E4 
E5 

HISP 2 OUT Fl 
F2 
F3 
F4 

lOP 0 HISP INPUT 00 - 23 
lOP 0 HISP INPUT 24 - 47 
lOP 0 HISP INPUT 48 - 63 
lOP 0 HISP INPUT CONTROL 
lOP 0 HISP IN/OUT ADDRESS EXPANSION 

lOP 0 msp OUTPUT 00 - 23 
lOP 0 HISP OUTPUT 24 - 47 
lOP 0 HISP OUTPUT 48 - 63 
lOP 0 HISP OUTPUT CONTROL 

lOP 1 HISP INPUT 00 - 23 
lOP 1 HISP INPUT 24 - 47 
lOP 1 HISP INPUT 48 - 63 
lOP 1 HISP INPUT CONTROL 
lOP 1 HISP IN/OUT ADDRESS EXPANSION 

lOP 1 HISP OUTPUT 00 - 23 
lOP 1 msp OUTPUT 24 - 47 
lOP 1 HISP OUTPUT 48 - 63 
lOP 1 HISP OUTPUT CONTROL 

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

CRAY X-MP/216 mGH SPEED CHANNEL CONFIGURATION 

HTV-0242 26-1F CRA Y PROPRIETARY 

) 

J 



~ 
S 
t!3 

_ 
EXT· 

EXT· 

EXT· 
EXT, 

EXT, 

EXT, _ _ 
lDJ'o 

tv lDJ'o 

9'lDA.DI 
tv lDA.DI 

~ 

I 
~ 
~ 
~. 

,--.- ----

lAO Q>U A.B 

EI<I'ER CA CPU A.B 

EI<I'ER CL CPU A.B 

CLIlOO. Q>U A.B 

00031 Q>UA.B 

DO a>UA.B 

LOWER Q>U INSTAU.ED 

CONFUcrCPU A.B 

DBADDUMP 

VOM,C 

READY m. 10.U 

READY at. 14 16 

DlSOONNECf 10.12 

DISCONNEcr I. 16 

Act[. REP. m. 100U 

AClC. REP. ar. 14,16 

PAlU1Y ERROR 10.12 

PAlU1Y ERROR 1'.16 

CA - a. m NO.lo.U 

CA -a.m NO, 1'.16 

lDII 
BOWS 

!NSnUCDON 
CON'11ICL 

ClIANIil!U 
10.12 

INPtrr 
aJANNI!L 
CD<T1U1 

10.12 

INSTIIUCDON 
camux. 

aJANNELS 
14.105 

INPUT 
aJANNEL 
CONTIlOL 

1'.16 

INP\JTSIIlII 
IU1AU AlJDMtiSS LOWEll C'lJ A.B 

CJI. sm. READ CA A CL2~21 Q>U A.B 

:) -.-
m. SEL WRITE CA A a. 2~ 21 

SEL AkcPUo 

OSIOOMOOE 

ENTER a.I..OWER 

1iN11!IlCALOWER 

REFERENCE lo.U 

INTI!lUUlPT 10.12 
IDE 

. _I 
IJl1.(I! 

lQ'" MEMORY CONFUCt'S 
JAR, (Ak)20. 2' Q>U A.B 

'~ 

MBMORY ADDRBSS ~. 2 1• lAO,lAD 

lIlII 100RIiF. : lAO 
IDIOl OOWR1TI! lAO 

20 21 

rn I CATOCPUA.B IAR' 
CAAa. 

CIIANIIIU 
1001U2.ll 

Act[. REP. CD. NO. 10.12 __ lDII 

CONFUCT -]I). 

AC COIIFUCT ~ lDII ISLOTt:::J REP. m. NO. SLOTTIME 

IDA 
BII1,Q] 

EEf 
CAA.a. 

aJANNBLS 
10.11.12.11 

-I CLIlAlt m 10.12 
3DJ 

SAMPUl PARCIlL 10 12 3DJ tm 

CARRY 810M 2' 

i I I 
lOB 1Jili. 01. 10.12"1 I CA. a. • 3DII 

RBSUMB 10.12 

:~ INTERRUPT mr A 

ERROR FLAG CPU A 

IIlVlJiS 

READ ADDRESS uPPER Q>U AJl 

CJI. sm. READ CA A CL2~21 CPU A.B 

m. SEL WRITE CA A a. 2q 21 

SEL AkcPUo 

OSIOOMOOE 

EN'IEIla.UPPER 

IiN11!Il CA UPPER 
··1-.-

TCIIOI 
'I'II1,Q] 

.. ".-v ......... 

Q MEMORY CONFLICt'S 
(AIo)~·21Q>UA.B 

REFERENa! 14.16 

-I INTERRuPT 14 16 
IIlI! 

CLEAR m. 14.16 
IIlI U 

SAMPLE PARCBL 1'.16 IIlI CJ 
RBSUMB 14.16 M 

EXT 
INTERRUPt' CPU A 

IIlI 
ERROR FLAG CPU A 

IIlI 

IlBFERENCB CJl 14.16 'B 

0IlUlJlS 

_ 
TCIIOI 

f ~ r 
CAAa. 

CIIAIIIIIWI 
14.15.16,17 

II~~ 

AAlllua. fiU......-" ~-. -
00 RllFERliNCIl 

00WRm! 

CATOCPU ... .B 

... ct[. REP. CD. NO. 14.16 

CONFLIcr 

.!!!!!!:!!1!!!. 
CONFUCt'S 

lIl8~cPUA.B 
JAR', 

lAO,lAD 

lAO 
IDA 

'111I.CII 
lAO 

E±3
21 

JAR, CAAa. 
IDB ClIANNlILS 

]I). 
1'.15.16,11 

... C CONPlJCT lDII 

RBPBRIiNC!! m NO. SLOT TIME 

CARRY PIlOM 2' 

eA-a. 
lDII 

1NPUTSIIlII 

lIl8 CONFUCt'S 
(Ak) 20.221 a>UA.B 

JAR', 

BX 
DATA IN 10.12 

OONFUCt'S 
mI 

~ ADDRBSS TO MEMI 

2°.221 lAD 

INP\JTS lDII 

DATAlNlo.U 

I 
OONFUCt'S 

CA TO a>U A.B. JAR' , 
rCA-a. .. 3DB 

INP\JTS lDII 

BXT D.\TA IN 14.16 

3IJI CONFUCTS 

ADDIlBS5 TO MEMORY 

2°.221 lAD 

3DJ 
BI4/15 

aJANNEL 
INPIlT 
DATA 

mNO.lo.12 

OODBYTIIS 

3DJ 
B17I13 

aJANNEL 
INPIlT 
DATA 

mNG.lo.u 

IM!NBYTIIS 

lDI 
Tl2,ll 

aJANNEL 
INPIlT 
DAT ... 

CJl.No.l,,16 

-INP11I'S mil .. ' EVEN BYI1IS 

CATOCPUA.B 

CA_a. 

BXT.! DA..!:i!!!.ill! 

!:!!!!!:!E! lIl8-

JAR> 

lDII 

lDI 
n4/15 

aJANNEL 
INPIlT 
DATA 

CJl.No. 1'.105 

PAIU1Y ERROR ........ 
IIlII 

DATA TO 

MEMORY L 
]JJI! 

Blf/17 

ClIANNBL 
MEMORY 
SIiCl6D 

OIiNBRATlON 

~ 

DATA TO 

MEMORY 

PAIU1Y ERROR 10.12_ 

PAlU1Y BROR 14.16 - IDB 

~ 
MEMORY 

~ 
MEMORY 

IDB 
Tl6I11 

lAB 

2°.211_ lAB 

INPtrrslDll .1 ODDBYTIIS IpAlU1Y ERROR 1'.16. IDU -

Hs.rdw.e Trng. 
A·SI67A P.L.N. 

X-MP/2 INPUT CHANNEL BLOCK DIAGRAM 
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~ 
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tv 
0\ 

I 
\.).) 

~ 
~ 
~ 

~ 
~ 

_/ 

(Aj)CpU A.B 

IiIfI1iR CA CPU A.B 

IiIfI1iR C. CPU A.B 

c.a.IN'Il!RIIUPT CPU A.B 

I!XT 

I!XT 

GOomj< CPU A.B 

uOcpu A,B 

I/O MASTER a.EAR 

DBADDUMP 

LOWER CPU iNSTAUJID 

I!XT 

I!XT 

3IlII CONPUCI'CPU A 

3IlII CONPUCI' CPU B 

RBSUMB CII. NO. 11.13 

RBSUMB CII. NO. 15.17 

3m -INS'IlWcnON 
CON1lla. 
OIANNEL'I 11.13 

iNSTRUcnON 
1lIlC000 

INPUT 
atANNIlL 
CON1lla. 

iNSTRUcnON 
CON1lla. 
0IANNEL'I15,17 

IiIfI1iR CA LOWER 

IiIfI1iR CL LOWER 

SBLBCI' Ak CPUO 

DSnlDMOOB 

INPUTS 3m 

3AR Ak zO. Z, CPU A 

3AR Ak zO. Z, CPU B 

at. SELIiCf W1UiB CA A CL :Po oJ 
at. SELIiCf READ CA A C. :Po oJ CPU A 

at. SELIiCf READ CA A CL zq Zl CPU B 

READ ADDRESS LOWBR CPU A 

"'-.:_,./ 

]m 
CONFLICI' 3IlII~---

zO Z, CONPUCf 3D-I CA I ~ CONFLICf ... 3D-
CL CA TO CPU A 3AR~ 

CAA CLPOR 
atANNIlLS 
10.1I.lt\] 

i 

CA TO CPU B -""3AR~ 

ACK. REP. LOI!IP I~ ]00 
ACK. REP. LOI!IP ] 
-----.. ~300 
REP. OJ. NO. SLOT 

CARRY PROM2' 

,CAI"CL .. 3m 

AIlDRESS TO MBMORY 2'- 223 ~ ]AD 

]DA 
Jm.Ql 

2' 223 

I ~ I 
CAACLPOR 
atANNIlLS 
10,11,12013 

CATOCPUA~3AR~ 
CA TO CPU B~ 3AR~ 

I CA=CL ~ 31lD'1 

SBT ACTIVB ~ 31lD'1 

READ ADDRESS LOWER CPU B 
REP. at. REP. CH. AIt 2'.223 A1t';. 223 
NO. II NO. 13 CPU A CPUB 300 ]00 

3AQ~ 

-~ 
READ ADDRESS UPPIlR CPU A 

READ ADllR6SS UPPER CPU B 

at. SEUlCT READ CA A CL zq oJ CPU A 

OJ. SEUlCT READ CA A CL zOZI CPU B 

OJ. SEUlCT W1UiB CA A CL ZO Zl 

SEUlCT Ak CPU ° 

DSIDDMOOH 

HNTER CL UPPER 

I HNTER CA UPPER AkZO. Z'CPUA 
2aCPU B Ak ZO •. 

~..-- .... ~ ....... ~--"-"'3AOJAD 

J i I GO::CB : :~: __ ..L.. __ -, 

I , INPUTS 3DH. I 'In .. 

ADIlRBSS TO MBMORY 

z'.223 3AD 

3IJII CONFLICf 'IiiQj 'Iln'D1 3IlII 
ACK. REP LOSP I 

300 
2° 2' ACK. REP LOSP 3 ]00 2' 223 CA.CL 

I I CA I CA CONPUCf CA TO CPU A 
CL 3D- CL ACCONPUCf CATOCPUB 

~]D-
CATOCl!UA 

~3AR~ 
SBTACTIVB 

CA A CLFOR 
ICA TO CPU B ~ ]AR~ CAACLPOR 

atANNllLS atANNllLS 
14,IS,16.17 • REP. at.IilO. SLOT _ 14,1S,16,17 

CARRYFIIOM 2' 

ICA =CL ~ 3DD'. 

]1lD'I 

3AR~ 

]AR~ 

]1lD'I 

l RSSUMB CH. NO. II. 13 
3D1b 

REPBRSNCB 
atANNIlL NO. IS 

(300) 

REPBRSNCB 
CIIANNIlL NO. 17 

(31lD) RBSUMB CII. NO. IS. 17 
3DD', 

AIt 2'.223 AIt 2'. 223 
CPU A CPUB 

X-MP/2 OUTPUT CHANNEL BLOCK DIAGRAM 

DB ACK. REP. LOSP I 

]OA,] DB CAmCL 

300 

]00 

]00 

300 

3VA 

lA SBT Acnvn NO. II 

lH CLBAR IN'Il!RIIUPI' 

]m 
UO 

3IlII CONFLICf 

• ARCEL SIlUiCl' NO. II 

PARCEL SIlUiCl' NO. I] 

SAMPUl DATA NO. II 

SAMPUl DATA NO. I] 

DATA PROM MEMORY 

RBSUMB OJ. NO. I 

DB ACK. REP. LOSP 3 

30A,], DB CA.CL 

300 

300 

300 

]00 

3VA 

lA SBT Acnvn NO. 13 

lH CLBAR IN'Il!RIIUPI' 

3m UO 

3IlII CONFLICf 

• 'ARCEL SIlUiCl' NO. 11 

V-RCEL SIlUiCl' NO. 13 

SAMPUl DATA NO. 11 

SAMPUl DATA NO. 13 

DATA PROM MEMORY 

3 lH RSSUMB at. NO. I] 

]0A,]1lII 

3IlII 

3DA 

3~ 

3m 

3IlII 
]IJI) 

]00 

300 
300 

3VA 

3m 

300.lDA 

3IlII 

3DA 
]1lII 

]1lII 

3IJII 

300 
300 

300 
300 

3VA 

31111 

CA.CL 

ACK. REP. LOSP I 

SBT AcnVB NO. 15 

CLBAR INmRRUPI' 
UO 

CONFLICf 
PARCEL SIlUiCl' NO. IS 

PARem. SIlUiCl' NO. 17 

SAMPUl DATA NO. IS 
SAMPUl DATA NO. 17 

DATA PROM MEMORY 

20. 263 HYBN BYI1lS 

RSSUMB at. NO. IS 

CA=CL 
ACK. REP. LOSP 3 

Sin' AcnVH NO. 17 

Q.BAR INTERRUPT 
120 

CONFLICf 
PARCEL SIlUiCl' NO. IS 

PARCEL SIlUiCl' NO. 17 

SAMPUl DATA NO. IS 

SAMPUl DATA NO. 17 

DATA PROM MEMORY 

2°· 263 000 BYI1lS 

RBSUMB CII. NO. 11 

300 
!IlI,QII 

IXTI1'UI' 
DATA 

IXTI1'UI' 
atANNIlL 
CONTRa. 

OJ. NO. 11,13 

HYBNBYI1lS 

300 
HIIVII 

IXTI1'UI' 
DATA 

IXTI1'UI' 
atANNIlL 
CON1lla. 

OJ. NO. 11,13 

OODBYI1lS 

300 
TOII,QII 

IXTI1'UI' 
DATA 

IXTI1'UI' 
atANNIlL 
CON1lIa. 

at. NO. 15,17 

HYBNBYI1lS 

3DD 
TIIVII 

IXTI1'UI' 
DATA 

IXTI1'UI' 
atANNIlL 
CON1lla. 

at. NO. 1S,17 

OODBYTBS 

DATA OI1l'OJ. NO. II 

DATA 0111' OJ. NO. 13 
INmRRUPT NO. II 

ERROR FLAG NO. II 

READY 

IlISCONNHCI' 

MASTER a.EAR 

PARCEL SIlUiCl' NO. II 

SAMPUlDATANO. II 

INTERRUPT TO CPU A 

INmRRUPT TO CPU B 

REP. OJ. NO. II 

DATA our at. NO. 13 

DATA 0111' OJ. NO. II 

INmRRUPT NO. 13 

ERROR FLAG NO. 13 
READY 

IlISCONNHCi' 

MASTER CLEAR 

PARem. SBLBCI' NO. I] 

SAMPUl DATA NO. 13 

INTERRUPT TO CPU A 

INmRRUPT TO CPU B 

REP. at. NO. 13 

REP. at. NO. IS 

DATAOl1l'at.NO.IS 

DATAOI1l'OJ.NO.17 
REP. NO. IS 

INmRRUPT NO. IS 

ERROR FLAG NO. IS 

READY 
IlISCONNHCI' 

MASTER a.EAR 

PARCEL SHUlCT at. NO. IS 

SAMPUlDATA at. NO. IS 

IN'Il!RIIUPT TO CPU A 

INmRRUPT TO CPU B 

REP.CH. NO. 17 

DATA 0111' CII.NO. IS 

DATA 0111' CII. NO. 17 
REP. NO. 17 
INmRRUPT NO. 17 

ERROR FLAG NO. 17 

READY 
IlISCONNHCI' 

MASTER a.EAR 
PARCEL SIlLHCI' OJ. NO. 17 

SAMPlB DATA OJ. NO. 17 

I!XT 

I!XT 
]00 

]0/ 

I!XT 

I!XT 

I!XT 

]00 

300 

]0/ 

30/ 

]00 
l100,01 

I!XT 

I!XT 
31111 

30/ 

I!XT 

I!XT 

I!XT 

300 

]00 

]0/ 

]0/ 

3IJII 
l100,01 

I!XT 

I!XT 
3IlII 

31111 

]0/ 

I!XT 

I!XT 

I!XT 
300 
300 

30/ 

30/ 

I!XT 

I!XT 
3IlII 

300 

30/ 

I!XT 
I!XT 

I!XT 

300 

300 

INTERRUPI'TOCPU A 
INTERRUPI' TO CPU B 

30/ 

30/ 

HardWBffl Trng. 
A·SI66A P.LN. 



CPU 0 

~ 
0012jx 
0011jk 

CPU 0 I/O PORT 0010jk 
033ijk 

LOSP 

12/13 

MEMORY 
LOSP 

I-

10/11 

HISP A 
INPUT/ WISP 
OUTPUT 

CHANNEL 7 
(HISP INPUT 

/OUTPUT) 
~ 

- - - - - - - - - - - - - - - - - --------
CHANNEL 7 
(HISP INPUT 

~ /OUTPUT) 
HISP B 
INPUT/ 
OUTPUT 

LOSP 

16/17 

-LOSP 

14/15 

CPU 1 

0012jx 
0011jk 

CPU 1 I/O PORT 0010jk 
033ijk 

CRAY X-UP I/O LAYOUT 

26-4 

lOP 

r---- MIOP 
- - - - -

~ 
BIOP 

- - - - -
DIOP 

-----

SSD 

PORT 3 

X2 

A-19428 

00050206 

) 
) 



CABLE IDENTIFICATION 

LOSP IDENTIFICATION 

LOSP DATA 
CHANNEL # CABLE EVEN ODD 

10 LOSP 0 INPUT 3DJ H12/13 H14/15 
11 LOSP 0 OUTPUT 3DD H8/9 Hl0/11 

CONTROL 
12 LOSP INPUT 3DJ H12/13 H14/15 
13 LOSP OUTPUT 3DD H8/9 Hl0/l1 

14 LOSP 2 INPUT 3DJ T12/13 T14/15 
15 LOSP 2 OUTPUT 3DD T8/9 Tl0/11 

16 LOSP 3 INPUT 3DJ T12/13 T14/15 
17 LOSP 3 OUTPUT 3DD T8/9 Tl0/11 

HISP IDENTIFICATION 

HISP A - 9 CABLES, (4 INPUT CABLES, 4 OUTPUT CABLES AND 1 EXTEND 
ADDRESSING CABLE) 

-, DATA 
) CABLE EVEN ODD 

HISP '0 Al BITS 0-23 INPUT ! 
A2 BITS 24-47 3DJ H12/13 H14/1S 
A3 BITS 48-71 
A4 CONTROL 

HISP A A5 CONTROL 
PAIRS 

HISP 0 Bl BITS 0-23 OUTPUT! 
B2 BITS 24-47 3DD H8/9 Hl0/l1 
B3 BITS 48-71 
B4 CONTROL 

CABLE 
HISP 2 El BITS 0-23 INPUT ! E2 BITS 24-47 3DJ T12/13 T14/15 

E3 BITS 48-71 
E4 CONTROL 

HISP B E5 CONTROL 
PAIRS 

HISP 2 Fl BITS 0-23 OUTPUT! T8/9 Tl0/ll 
F2 BITS 24-47 3DD 
F3 BITS 48-71 
F4 CONTROL 

\ 
I X2000S0205 

26-5 



SLOT tt 
------

J2 
Kl 
14 
J4 
N2 
N1 
03_ 
H4 

13 
12 
JI 
K4 
K5 

L2 
11 
02 

CRAY-XMP STRAIN 

DESCRIPTION 
---~----~--~--------. 
LOSP 0 INPUT CHANNEL 
LOSP 0 OUTPUT CHANNEL 
lOSP 1 INPUT CHANNEL 
lOSP 1 OUTPUT CHANNEL 
lOSP 2 INPUT CHANNEL 
LOSP 2 OUTPUT CHANNEL 
LOSP 3 INPUT CHANNEL 
LOSP 3 OUTPUT CHANNEL 

HISP 0 INPUT CH~EL Al 
HISP 0 INPUT CHANNEL A2 
HISP 0 INPUT CHANNEL A3 
HISP 0 INPUT CHANNEL A4 
HISP 0 IN/OUT CHANNEL A5 

HCU CONTROL CHANNEL 
ERROR CHANNEL A TO MICRO-HCU 
ERROR CHANNEL B TO HICRO-HCU 

:2 
3 
I.f 

26-6 

RELI EF CHART 

SLOT M ----...,.-
J3 
K2 
K3 
L1 

01 
N4 
N3 
L3 
Ht 
H2 
M3 
L4 
l5 

1 
If 

DESCRIPTION 
-~---~---------------
HISP 0 OUTPUT CHANNEL 81 
HI Sft 0 OUTPUT CHAN'jEl 82 
HISP 0 OUTPUT CHAt+lEL 83 
HI SP 0 OUTPUT CHANNEL 84 

HISP 2 INPUT CHANNEL EI 
HISP 2 INPUT CHANNEL E2 
HISP 2 INPUT CHANNEL E3 
HISP 2 INPUT CHANNEL E4 
HISP 2 OUTPUT CHANNEL Fl 
HISP 2 OUTPUT CHANNEL F2 
HISP 2 OUTPUT CHANNEL F3 
HISP 2 OUTPUT CHANNEL F4 
HISP 2 IN/OUT CHANNEL E5 

~l 



s. 

k. 

R. 

1· 
P. 

i • 

) N. 

h. 

M. 

) 
) 

HTV-0242 

T. v. B. 

n • w. 
m. p. x. 

AA. q • 

z. BB. r. 

00. ee. 
y. HH. s. 

FF. nn. 

x. EE. t. 

w • u • 

g. v. £. 

f • d • 

L. e. H. 

CRAY X-lVIP 55 PIN CONNECTOR 

26-6A 

e. 

Y. 

z. 

a· 

b. 

o. 

n. 

E. 

F. 

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

eRA Y PROPRIETARY 



HTV-0242 

lOS 

XP1 
XP2 
XP3 
XP4 
XP5 

12345 6 

0 0 0 0 0 0 
0 0 D 0 0 0 
0 0 0 0 
0 0 0 
0 0 

0 D 0 0 0 0 
0 0 D 0 0 0 
0 D 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

0 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 D 0 0 0 0 

0 0 0 0 0 0 
0 0 D 0 0 0 

156 PIN CONNECfOR 

X-MPSIDE 

XP1 
XP2 
XP3 
XP4 
XP5 

A 

B MALE SIDE 

C 

D 

E l/4TURN 

F ONX-MP 

G 

H 

J 

K 

L 

M + MOVElVIENT OF CONNECfOR 
N 

P t MOVEMENT OF CONNECfOR 
R 

S 

T 

U 

V 

W lOS HAS STATIONARY PIN 
X 

Y 

Z 

a 

b 

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

CRAY X-MP VERY HIGH-SPEED CONNECTOR 

26-6B CRAY PROPRIETARY 

---j 

J 



) 

'. 
) 

) 
) 

! 

1/0 INSTRUCTION SET 

** 0012Jl 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) 

** 0012JO CLEAR THE INTERRUPT FLAG AND ERROR 
FLAG FOR THE CHANNEL INDICATED BY 
(AJ); CLEAR DEVICE MASTER-CLEAR 
(OUTPUT CHANNEL) 

** OOllJK CLJ AJ AK SET THE LIMIT ADDRESS (CL) REGISTER 
FOR THE CHANNEL INDICATED BY (AJ) 
TO (AK) 

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

033100 AI CI TRANSMIT INTERRUPTING CHANNEL 
NUMBER TO AI 

033IJO AI CAJ AJ TRANSMIT ADDRESS OF CHANNEL (AJ) TO 
AI 

033IJI AI CEJ AJ TRANSMIT ERROR FLAG OF .CHANNEL (AJ) 
TO AI 

** PRIVILIGED INSTRUCTION - MONITOR MODE ONLY 

.. 26-7 



I\.) 

m 
I 

00 

(EXT) 

(EXT) 

(EXT) 

(EXT) 

(EXT) 

(J-) 

(J-) 

(J-) 

(1-) 

(30B's) 

READY 
DISCONNECT 

RR~IIMP 

I/O M.C. 

OBAODUMP 

E.NTI3RCA 
E.NTI3R CL 

nnm1 
KO 
rn""",""" 

\.......-.../ 

30H H05/H04 PNTPR rA 

ENTERCL 

ENTER CHAN. SEL. 0 I 
OS+OOMODB 

A CHAN SP!. 0 I 

B CHAN. SEL 0 I 

REAO CA CPU 0 
l~f'Il'I 

SAMPLE PAR. 10 12. 14 16 

I RESIJMI! 10 12, 14. 16 

IRP""''''NrR 10 12,14.16 
I CLEAR JPT 
IK'lU:C 

II1IIT TOA+" 

KO 

RESUME TO OUTPUT 

130A H03/H02 2 9 _2 23 
UPPER BITS 

./ I/O AOORS. TO MEMORY 
LOWER CHAmlFJ.~ 
LOWER rou • ""'"" ~ 

30BHOI/HOO 2°_28 V BITS 0--. 21 
LOWPRBITS 

-" CA TO AI CPU 0 

V-" CATO AI CPU I 
CPU 0 

CAANDCLFOR V 
C'PI"I 

CHANNELS 10, 11, 12" 13 REFERENCB 

ACKNOWLEDGE RBFBRBNCB 

CONFLICTS 

t (30H,30D) 
CHAN.la-13 

(3AQ) 
110 ""~= .~~ 

29 _ 223 
J30A Touro3 

UPPFRBITS -1110 AOORS. TO MEMORY 
(3DJ) 

(EXT) 30B TOO/fOI 2°.2 8 ~ CATO Aj CPU 0 

(30B) UPPER CHANNELS LOWPRBITS V-.-- ICA TO AI CPU I 

(300) 
InpPI'R rnAIIINPI_" V REFERENCB 

(EXT) 
I ACKNOWLEDGE 

(300) CPU 0 CAAND CLPOR 
(30D, 301, 301) CPU I CHANNELS 14, IS, 16, 17 

(300) 

CONFLICTS (3DA, 300, 3DB, 30H, 3DJ) 

t tlO CONFLICTS 
3DD) CHAN. 14· 17 

CRA Y X-MP LOSP CONTROL AND ADDRESS 

·1) 

(3AO, 3AO, 3AQ) 

(3AR, 3AS, 3AT) 

(3AR, 3AS, 3AT) 

(30A, 3AO, 3AQl 

(30B, 300, 3DJ) 

(3011, 30A, 3DO, 
3DB,3DJ) 

(3AO,3AO) 

(3AR, 3AS, 3A T) 

(3AR, 3AS, 3A T) 

(30A, 3AO,3AQl 

(3011, 300, 3DJ) 

8·06750 

,--.J 



1 
\ 

OOlljk: ** 
0010jk: ** 

GED INSTRUCrIONS * PRlVILE 
MONIT 

(3.JF) 

(3.JF) 

(3AR) 

(EX1) 

(EX1) 

OR MODE ONLY 

ENTERCAA,B 

ENTERCLA,B 

Aj BIT 20 _23 

DEAD DUMP 

1/0MC 

3DH 

~ 

~ 

~ 

~ 

~ 

(3AR) AkDATA 

I H04/05 

R49 ENTER CL LOWER 

R47 ENTER CL LOWER . 
ENTER CHANNEL SEL. 20 ,21 

DS&DDMODE 

CPU AlB SELECf 

R41, R42 

R50, ENTER CL UPPER -R48, ENTER CA UPPER 

(3AR) Ak DATA --

LOADING THE CL AND CA REGISTER 

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

2. Aj is decoded on the 3DH to enter CNCL in the upper/lower channels. 
Aj bit 22 and 2 3 select upper or lower channels. Aj bits 20 and 21 
becomes enter channel select bit 20 , 21. 

3. Enter channel select bits 2° , 21 will select 1 of 4 channels within the group. 

4. Aj bit 2 2 , 2 3 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 AlB 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. 

3DA H02/03 

2 9 ___ 2'13 

-[ 

3DB HOO/01 

~ 
20 ___ 2 8 

EB 
~ 

CHANNELS 

10, 11, 12, 13 

3DA T02/03 

2 9 ___ 2'13 

3DB Too/01 

~ 
20 ___ 2 8 

EB f--
CHANNELS 
14, 15, 16, 17 

B-1567F 

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

26-9 



DEAD DUMP MODE 
DEADSTART/DEAD DUMP MODE 

:DD DELAY WC N 

1. SET CPU MC AND I/O MC. 

2. DROP I/O MC. 

3. DROPPING I/O MC SET INPUT CHANNEL ACTIVE. 

DELAY = 1 to 1000 
WC = 1 to 1000 
N = 1 PREVENT AN EXCHANGE 

4. TRANSFER UP TO 10008 WORDS TO THE LOWER 1000 WORDS OF CRAY 
MEMORY. 

5. DROP CPU MC WHEN TRANSFER IS COMPLETE; IF N=1 CPU MC WILL NOT 
DROP, THEREFORE PREVENTING AN EXCHANGE. 

6. WAIT FOR TIME DELAY TO EXPIRE. 

7. SET CPU MC AND I/O MC. 

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

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

1 O. GO TO LINE 1 

CPU MC lL-_____ ~1 

I/O MC 11o----! 
DD 

TRANSFER MCU 
WC TO CRAY 
MEMORY 
00-(WC-1) 

I 

NOT SET 

DELAY 

I '--______ ~n~ ______ __ 
I 

LJ 
I 

TRANSFER CRAY 
MEMORY TO 
MCU 1000-1777 

I/O MC - TEST POINTED ON 3DH T.P. A29 TERM M06 
ACTIVE - CHANNEL 10 ON 3DH T.P. B53 TERM S02 
CPU MC - TEST POINTED ON 3DF T.P. A33 TERM DOO 

X2000S0204 

26-10 
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) 
I 

j 

-~\ 

I 

DEADSTART SEQUENCE 

} 1. Set I/O MC and CPU Me. 

A) Setting I/O MC will set: 

CA = 0 
CL = 0 

2. Input channel goes active when I/O 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 60008 words to memory for lOS or 4000 'for MCU. 
8 

6. Drop CPU Me: 

A) Force an exchange with memory location 0-178 

7. Execute the program. 

8. Monitor in the CPU, monitor has control of the machine. 

9. Dependent on the monitor, monitor control I/O interrupt or never do 
another exchange. 

10. with interrupt driven monitor now exchange from 160-177. 

11. with monitor program send 60008 words to the lOP and cause exchange 
to 160-177. 

CRAY RESEARCH, INC. 
25-11 COMPANY PRIVATE 



LOSP CA REGISTER 

3DB'S Hoo/01- Hoo/01- Hoo/01- Hoo/01- -) 
Too/Ol Too/OI TOO/Ol Too/Ol ) 

CHANNELS 10& 14 11 & 15 12& 16 13 & 17 

BIT T.P. TERM T.P. TERM T.P. TERM T.P. TERM 

2
0 

B71 COO B29 C20 B66 C40 B36 C60 

21 B31 COl B28 C21 B05 C41 B26 C61 

22 B21 CO2 B22 C22 B39 C42 B32 C62 

2
3 

Bl4 C03 B19 C23 B35 C43 B25 C63 

24 B42 C04 B06 C24 B16 C44 B15 C64 

2 5 BI0 C05 B49 C25 B47 C45 B18 C65 

2
6 

ASO C06 AIO C26 Al8 C46 A20 C66 

27 A48 C07 A16 C27 A64 C47 A40 C67 

2
8 

A42 C08 A25 C28 A33 C48 A37 C68 

3DA'S H02l03- H02l03- H02l03- H02l03-
T02I03 T02l03 T02I03 T02l03 

CHAN. 10& 14 11 & 15 12& 16 13& 17 ----j 
2 9 

A03 COO A18 C20 AIO C40 A61 C60 

2 10 
A04 COl C33 C21 A63 C41 A24 C61 

211 Al2 CO2 A23 C22 A22 C42 A25 C62 

212 C46 C03 A44 C23 A26 C43 A34 C63 

2 13 ASO C04 A43 C24 A21 C44 ASI C64 

214 A20 C05 A29 C25 A33 C45 AS5 C65 

2 15 A65 C06 A48 C26 A40 C46 AS2 C66 

2 16 C67 C07 C70 C27 Cl4 C47 C27 C67 

217 C50 C08 C68 C28 Cl2 C48 C20 C68 

2 18 C08 C09 C23 C29 C06 C49 C18 C69 

2 19 C25 CIO C38 C30 C31 C50 C63 C70 

2 20 N Cll C65 C31 C36 C51 C44 C71 

221 C48 Cl2 C40 C32 C35 C52 C42 cn 
222 A46 C13 AS7 C33 A41 C53 A47 C73 

2
23 

A39 C14 A45 C34 A42 C54 A49 C74 
) 

A-410B ) 
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LOSP CL REGISTER 
/-, 

) 
30B'S Hoo/01- Hoo/Ol- HOO/01- HOO/01-1 

Too/01 Too/01 Too/01 Too/01 

CHANNELS 10& 14 11 & 15 12& 16 13 & 17 

BIT T.P. TERM T.P. TERM T.P. TERM T.P. TERM 

2
0 

B20 DOD B37 020 BS7 D40 BS6 060 

2 1 B34 DOl B23 021 Bll 041 B13 061 

22 B12 002 A66 022 BS3 042 BS8 062 

2
3 

B08 D03 B02 .023 B17 043 B07 063 

24 B03 D04 B09 024 BSS D44 B01 064 

2 5 B04 DOS B30 02S BS4 045 B24 065 

2
6 

A46 D06 AS7 026 A41 D46 A28 066 

27 A39 D07 A62 027 A43 00 A36 067 

2
8 

AS2 D08 A61 028 A38 048 A34 068 

30A'S H02l03- H02l03- H02l03- H02l03-
T02l03 T02l03 T02/03 T02I03 

) CHAN. 10& 14 11 & 15 12 & 16 13 & 17 

2 9 B71 DOD B62 020. A09 D40 A07 060 

2
10 

B66 DOl BS6 021 A1S 041 A17 061 

211 B17 D02 B09 022 All 042 A13 062 

212 B69 D03 B07 023 A28 043 A30 063 

2 13 B60 D04 B34 024 A19 D44 AS6 064 

214 BS3 DOS B32 025 A32 045 AS4 065 

2 15 BlS D06 B30 026 A27 D46 AS3 066 

2 16 071 D07 049 027 C07 047 C17 067 

217 069 D08 047 028 Cll D48 C2l 068 

2 18 053 D09 043 029 C09 049 C22 069 

2 19 066 010 041 030 C30 050 C41 070 

2 20 D64 D11 039 D31 C39 051 C43 071 

221 051 012 045 032 C34 052 C37 072 

222 B64 013 BS4 033 A38 053 A37 073 

') 2
23 

BS8 014 BOS 034 A31 0S4 A36 074 

) 
/ 

A-4109 
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3SA MODULE 
The 3SA module is used in a CRA Y X-MP/l 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 3V A modules that would normally be in the lower CPU of a 
two processor machine. The 3SB handles both data to memoty from the 3DE module and data from memory to the 3DD 
module for I/O paths.' . 

3ZE 

3ZE 

3ZE 

3ZE 

3DE 

3SA 

3DB 

3DA 

3DB 

3DB 

3AQ 

I/O ADDRESS 20 _ 2 8 _ 

I/O ADDRESS 29 - 2 23 

GO REFERENCE 

GO WRITE 

CPU 1 I/O CONFLICI'S 

SECTION 0 DATA 

SECTION 1 DATA 

SECTION 2 DATA 

SECTION 3 DATA . 
DATA TO MEMORY 

'" 
PORT A & B SECTION SELECT 2 0 ,2 I. 

3SA 
S4/5 

3SB 

248 _263 

3SB 
, 232_247 

3SB 
20 _ 2 1S 

SECTION 0 ADDRESS 24 _ 223 

SECTION 1 ADDRESS 24 _ 223 

SECTION 2 ADDRESS 24 _223 

SECTION 3 ADDRESS 24 _ 2 23 

GO WRITE SECTION 

I/O REFERENCE SECTION 0 - 3 

I/O REFERENCE BANK BITS 2 2 _ 2 4 

GO I/O REFERENCE 

I/O LOCKOUT 

PORT A & B SECTION SELECT 20 , 21 

R26/27 
CHECK BITS 6, 7 

R24/25 
CHECK BITS 4, 5 

R22/23 

CHECK BITS 2, 3 

R20/21 to MEMORY DATA 

SECTION 0 DATA 

CHECK BITS 0, 1 SECTIONl DATA 

3DD 

3ZE 

3ZE 

3ZE 

3ZE 

SECTION 2 DATA 

SECTION 3 DATA 

If there are no lower I/O Channels, (LOSP 14 -17, msp B or YmSP) omit the modules at locations TOO - T17, R20 - R27, 
and S4/5. Add 3DQ - 2 modules in the following locations: TO, TI, T3, T4, T5, 1'9, Ttl, S5. 

CRAY X-MP/l SIX COLUMN 
CPU 1 I/O ADDRESS/DATA PATH 

SN 309 TO 332 

- 3AX 

3AX 

3AX 

3AX 

3YD 

3AQ 

3AQ 

3AQ 

3AQ 

3AX,3SB 

B-3188C 

HTV-0242 26-14 CRAY PROPRIETARY 

l 

J 



l 

Written By: John Spiegel 

MTI Monitor 

Using :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 

De~dstart Sequence 

1. Set I/O MC and CPU MC 
a. Setting I/O MC will set. 

CA = 0 
CL = 0 

2. The input channel goes active when I/O MC drops. 

3. Send 4000e 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. 

X3001S0103 

26-15 
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A) Memory CPU 
0 

Monitors 
17 DS XA pkg. Garbage 

120 CUrrent 
137 XA pkg. 

140 Initial 
157 CA pkg. 

160 Acti ve/User 
177 XA pkg. 

200 User code 

.3777 

B) Drop CPU MC when the 4000 word transfer is completee Dropping CPU 
Me causes an exchange with memory location 0-178e 

o 

17 

120 
137 

140 
157 

160 
177 

Memory 

Garbage 

CUrrent 
XA pkg. 

Initial 
XA pkg. 

Active/User 
XA pkg. 

User code 

CPU 

Monitor's 
DS XA pkg. 

X3001S0104 

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 
0 

Garbage Monitor 
17 

120 Current 
137 XA pkg. 

c~ Initial 
157 XA pkg. 

160 Active/User 
177 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 
0 

Garbage User 
17 

120 Current 
137 XA pkg. 

140 Initial 
157 XA pkg. 

160 Monitor 
177 XA pkg. 

r--

200 User code 

X3001S0105 
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E) User starts executing code starting at P register address which is 
200-0. Also, the output channel continues outputing to the MCU. 

CPU 
o 

I I I/O Garbage 
MCUI~--~~1~7~ ____________ ~ ~ _____ u_s_e_r ____ ~~ExeCUtiOn 

F) 

MCU 

120 Current 
'37 XA pkg. 

1 40 In~ tl.a.l 
157 XA pkg. 

160 Monitor 
177 XA pkg. 

200 User code 

I/O interrupt occurs when CA=CL or 4000 word transfer is complete. 
I/Q interrupt causes a disconnect on the output channel. I/O 
interrupt also causes an exchange which puts the user XA pkg. into 
memory at address 160-177e Monitor XA pkg. is then transferred 
into the CPU e 

Memory CPU 
0 

I/O Monitor 
Disconnect XA pkgc 

17 

120 Current 
137 XA pkg. 

140 Initial 
157 XA pkg. 

160 
177 User XA pkg. ~ 

User code 

X3001S0106 

26-18 

J 



~) 

) 

) 

"" 

) 
) 

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/O interrupt occurred. 

Memory CPU 
0 

I MCU I I/O Garbage Monitor 
17 

r--- XA pkg. 

120 Current 
137 XA pkg. 

140 Initial 
157 XA pkg. 

160 
177 User XA pkg. 

200 User code 

H) Monitor forces an exchange which puts the user XA pkg. back into 
the CPU. And 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 
0 

Garbage User XA pkg. Execution 
17 -

120 Current 
137 XA pkg. 

140 Initial 
157 XA pkg. 

160 Monitor 
177 XA pkg. 

r--

200 User code 

X3001S0107 
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1 
.1 

A· CPU A,B 

BNrER CA CPU A,B 

BNrER a. CPU A,B 

Cl.R. INT. CPU A,B 

GO 033 CPU A,B 

DO CPU A,B 

LOWER CPU INSTAlLED 

3DB 
CONFUCT CPU A,B 

BXT 
DBADDUMP 

BXT I/O M.e. 

BXT READY CH. 10,12 

BXT READY CH. 1416 

BXT DISCONNBCT 10.12 

BXT DISCONNBCT I 16 

3DB ACK. REF. at 10,12 

3DB ACK. REF. at 14,16 

31»', PARITY ERROR 10,1Z 

31»', PARITY ERROR 14,16 

IDA.3DB 
JOA,JDB CA = a. at NO. 14,16 

INPUI"S3DH 

READ ADDRESS LOWER CPU A,B 

3DH 
at SBL. READ CA I: a. Z~ ZI CPU A,B 

RI4,Q5 

INSTRUCTION 
CON1ROL 

CHANNBLS 
10,12 

INSTRUCTION 
CON1ROL 

CHANNBLS 
14,16 

3DH 
RI4,Q5 

INlVI' CHANNBL 
CON1ROL 

10,1Z 

INlVI' CHANNBL 
CON'lltOL 

14,16 

at SBL. WRITB CA I: a. 2~ 21 
JOB,JDA 
ImOI SEL. Ak CPU 0 

DSlDDMODB lIl2I03 

BNrER a. LOWER 

BNrER CA LOWER 

MEMORY CONFllCTS 

(Ak) 20- Z 8 CPU A;B ~ 
REF. CH. 10,1:! 

3QA 

3AR', 

3DH 

READ ADDRESS UPPER CPU A,B 

at SEL. READ CA I: a. 2~ 21 CPU A,B 

at SEL. WRITB CA I: a. 2~ ZI 

SBL. AkCPUO 

DMODB 

BNrER CL UPPER 

BNrER CA UPPER 

REF. 10.12 
3DB 

lNI'ERRUPT 10,12 
3DB 

Cl.R. at 10,12 
31» 

SAMPUl PARCEL 10,12 
31» 

RBSUMB 10,12 
BXT 

lNI'ERRUPT CPU A 
31» 

BRROR FlAG CPU A 
31» 

REF. 14,16 
3DB 

lNI'ERRUPT 14,16 
3DB 

cut at 14,16 
31» 

SAMPUl PARCEL 14,16 
31» 

RBSUMB 14,16 
BXT 

lNI'ERRUPT CPU A 
31» 

JOB,JDA 
1 

INPUI"S3DH 

3AQ 
3AR', 

3DH 

MEMORY CONFllCTS 

(Ak) 20-Z 8 CPU A;B-

UPI'IlR 
CPU 
MODULBS 

LOWER 
CPU 
MODULBS 

REF. CH. 14,16~ 
~ 

BRROR FlAG CPU A 
31» 

JOB 
HOOJOI 

20 Z8 

EEl 
CAl: a. 

CHANNBLS 
10,l1.1Z,13 

II~ 

JOB 
'I'OO,OI 

20 2 8 

EEl 
CAl: a. 

CHANNBLS 
14,15,16,17 

1~t::J 

3AG,JAD 
GO REP. 3DA 

3AG HazJD3 
GOWRlTB 

JAG 2 9 Z23 

EEl 
CA TO CPU A,B 

JAR', CAI:CL 
ACK. REP. at NO. 10,12 

JOH CHANNBLS 

CONFUCT 
3D-

10,l1,1Z,13 

ACCONFUCT 
JOH 

REP. at NO. SLOT TIMB 

CARRY FROM Z 8 

CA=a. 
3DH 

INPUTS3DH 

JOB CONFllCTS 
(At) 2 9_ Z 23 CPU A.B 

3AR', 

MEMORY ADDRESS tJ 2 8 -
JAG,JAD 

GO REP. 3DA 
lAG T02,()l 

GOWRlTB 
3AG 

29 2 23 

EEl 
CATOCPUA,B 

JAR .. CAI:CL 
ACK. REP. at NO. 14,16 

3DH CHANNBLS 
CONFUCT 

3D-
14,15,16,17 

ACCONFllCT 
3DH 

REP. at NO. SLOTTIMB 

CARRY FROM Z 8 

CA=a. 
JOH 

INPUJ"S3DH 

JOB CONFllCTS 

(Ak) 29_2 23 CPU A,B 
3AR', 

DATA IN 10,12 

JO,R-..:CO=NFU=:::CI'S= .... 

ADDRESS TO MEMORY 

29_Z23 3AD 

CA TO CP!J A.B 

CA-a. 

INPUI'S3DH 

ATAINIo,12 BXTD 

JOB 
CONFUCI'S 

3AR', 

3DH 

INPUI'S3DH 

BXTDATA IN 14.16 

JOB CONFUCI'S 

ADDRESS TO MEMORY 

29_Z23 3AD 

INPUI'S3DH 

D 
BXT 

ATAIN 14,16 

JOB 
CONFUCI'S 

CATOCPUA,B 
3AR', 

CA-CL 
3DH 

INPUI'S3DH 

X-MP/2 INPUT CHANNEL BLOCK DIAGRAM 

31» 
H14/15 

CHANNEL 
INPUI' 
IlA.TA 

at NO.Io,U 

ODD BYTES 

31» 
H121l3 

CHANNEL 
INPUI' 
IlA.TA 

at NO. 10,12 

BVBNBYlBS 

31» 
TIZ,13 

CHANNEL 
INPUI' 
IlA.TA 

l:H. NO. 14,16 

BVBNBYlBS 

31» 
TI4/15 

CHANNEL 
INPUI' 
DATA 

at NO. 14,16 

PARITY ERROR 10,12 
3DH 

DATA TO 

MEMORY 

3DB 
H161l7 

CHANNBL 
MEMORY 
SBCDED 

GENERA110N 

DATA TO 

MEMORY 

PARITY ERROR 10,12 
3DH 

PARITY ERROR 14,16 3DH 

DATA TO 

MEMORY 

DATA TO 

MEMORY 

JOB 
TI6Il7 

tJ- 271 
3AB 

ODD BYTES PARITY ERROR 14,16~ 3DH 

HtlcNtars Tmg. 
A-5167 P.LN. 
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(AD CPU A.lI 

ENTER CA CPU A.lI 

ENTER CL CPU A.lI 

cut 1NTI!RltUPI' CPU A.lI 

00 033ijlt CPU A.lI 

1:20 cpuA.lI 

1lXT __ -,OO=-=-M=ASTHR=::.:..:cut=,.. 

1lXT ___ ~D~EAD==~D~~~~ 

LOWBIlCPU~ 

3DB CONFUCI' CPU A 

lOB CONFUCI' CPU B 

IlXT RBSUMB CH. NO. 11,13 

EXT RESUMB CH. NO. 15.17 

3DH 
lIl4,O$ 

INS1l(UcnON 
CONTROL 
CHANNEI3 11,13 

INS1l(UcnON 
DECODB 
INPUl' 

CHANNEL 
CONTROL 

3AQ MEMORY CONFLICTS 

ENTER CA LOWER 

ENTER CL LOWER 

SBlECI' At CPUO 

DSJDDMODB 

CIL SELIlCI' WRm! CA '" CL :zI! 21 

CH. SELIlCI'READ CA '" CL 2'1,21 CPU A 

CIL SELIlCI' READ CA '" CL 2~ 21 CPU B 

READ ADDRESS LOWER CPU A 

READ ADDRESS LOWER CPU B 

3DA,3DB 

lIlMIll 

lII1JIII3 

2° 

CA 
CL 

CA'" CLFOR 
CHANNELS 
10,11,12,13 

2 8 

I 
CONFUCI' 

3J).. 

ACCONFLICI' 
3J).. 

CATOCPU A 
3AR'. 

CATOCPUB 
3AR~ 

ACK. REF. LOSP 
lOD 

~ACK.=..;;R::;EF;.;.;.;;LOS=:..P.:.3.lOD 
ISLOT ~UNTJiRh REF. rn. NO. SLOT 

L....J CARRY FROM 28 

REF. CIL REF. CH. 
NO. 11 NO. 13 
lOD lOD 

29 

I 

lOA 
Hl2.03 

223 

CA 

CL 

CA"'CLFOR 
CliANNBLS 
10,11,12.13 

I 

At 29 _2 23 At 29_223 

CPU A CPUB 

CA'IO CPU A 

CATOCPUB 

CA-CL 

SETAC'I1VB 

lOB 
ACK. liEF. LOSP I lOD 

3DA,3 DB 
CA-CL 1Il8,w 

3DA SET AC'I1VB NO. 11 

3AR~ 

3DR CLR. INIllRII~ .. 0UI1'UJ' 

3DH 1:2 DATA 

3AR~ 
3D!!CONFLICI' 

0UI1'UJ' 
1O~ aiANNBL 
1O~ CONnOL 

3DD 
P ARCBL SBIJlCI' NO. 11 

3DD 

3DD 

P ARCBL SBIJlCI' NO. 13 

SAMPLBDATA NO. 11 
at NO. 11,13 

3DD 

3VA 

SAMPLE DATA NO. 13 

DATA FROM MEMORY 
I!VBNBYIBS 

RESUME CH. NO. 11 f 

lOB ACK. REF. LOSP 3 

lOA,3DB ___ ~C:::;Ao..:-,-"" ... 

3DA SET ACI1VB NO. 13 

3DR CLR. OOEIlRUPT 

3DH __ ....::k2::..,0 .. 

3DD 
HIWI1 

Ol.l1PUI' 
DATA 

ADDRESS TO MEMORY 20 2 8 - 3AG,3AD 3D!! CONFUCI' 

ARCBL SBIJlCI' NO. II 3AQ MEMORY CONFLICTS GO REF. 

I 
3AG 

1 

INS1l(UCTION 

CONTROL 
CHANNEI3 15,17 

READ ADDRESS UPPER CPU A 

READ ADDRESS UPPER CPU B 

CIL SELIlCI'READ CA '" CL 2'l21 CPU A 

CH. SELIlCI' READ CA .I: CL 2 ° 21 CPU B 

CH. SELIlCI' WRm! CA.I: CL20 21 

SBlECI' At CPU ° 

DSJDDMODB 

ENTER CL UPPER 

ENTER CA UPPER 

RESUMB CIL NO. II, 13 
300'. 

RESUME CH. NO. 15, 17 
1O D'. 

I 
lOA,3DB 

lOB 

CA-CL 3DD 

ACK. l\EF. LOS!' 1 T08,09 

3DA 
SET ACI'IVB NO. IS 

3DH 

3DH 

lOB 

3DD 

3DD 

CLR. INTERRUPT Ol.l1PUI' 
1:20 DATA 

coNFLiCl' 
PARCEL SELIlCI' NO. IS Ol.l1PUI' 

CHANNEL PARCELSELIlCI' NO. 17 
CONTROL 

SAMPLB DATA NO. IS 
3DD 

3DD 
SAMPLE DATA NO. 17 

3VA 
DATA FROM MEMORY CIL NO. 15.17 

20_ 263 BVBNBYTES 

BVBNBYrES 

3DH 
RESUME CIL NO. IS 

GOWRm! 
3AG 

INPUI'S3DH 1NPUI"S1OH 
3D!! 

100,(11 3D!! CONFLICI' 

ACK. REF. LOSP 1, 
lOD 

2° 2 8 ACK. REF. LOSP 3 
lOD 

I CA I CONFUCI' 
3J).. 

lOA,3DB 
CL ACCONFLICI' 

> '1w.cJ1 
3J).. 

CATOCPU A 
'Itl2,(l3 3AR~ 

CA.l:CLFOR CATOCPUB 
CHANNELS 3A1l~ 
14,15,16,17 REF. CH. NO. SLOl' 

CARRY FROM 21 

At20_2'CPUA ~LOT'UNrnR1 CA-CL 

At 20_ 2 8 CpU B 
lOD~ 

REF. CIL NO. IS REF.CIL NO. 17 

3DB,3DA CA-CL 

PATA our CIL NO. IS 
IlXT lOB 

ACK. REF. LOSP 3 

DATA our CIL NO. 17 
IlXT 3DA 

SET ACI'IVB NO. 17 

REF. NO. IS 
3DB 3DH 

CLR OOEIlRUPT 

1NTI!RltUPI' NO. IS 1:20 
30B 3DH 

ERROR. FLAG NO. IS 
lOB 

CONFUCI' 
301 

READY PARCEL SBIJlCI' NO. IS 
IlXT 3DD 

DISCONNECT 
IlXT 

3DD PARCELSBIJlCI'NO. 17 

MASTHR CLR. SAMPLB DATA NO. 15 
IlXT 3DD 

PARCELSELIlCI'CIL NO. IS 
300 

SAMPLBDATANO.17 
3DD 

SAMPLBDATAClLNO.1S 
300 3VA 

DATA FROM MEMORY 

20_ 263 ODDBYIES 
IN'IERRUPTTO CPU A 

301 RESUMBCIL NO. 17 IN'IERRUPI'TO CPUB 3DH 301 

ADDRESS TO MEMORY 

I 29_223 3AD 

3DA 
'lllZ.03 

300
P 

300 P 

300 

300 

Ol.l1PUI' 
aiANNEL 
CONTROL 

ARCBL SBIJlCI' NO. 13 

SAMPLBDATANO.II 

SAMPLBDATANO.13 

ATA FROM MEMORY D 
CIL NO. 11,13 

29 223 
3VA 

CA-CL 

I I 1OD'. 
CA CATOCPUA 
CL 3AR~ 

CATOCPUB 
3AR~ 

Sin' At:UYH 

CA.I: CLFOIl 
1OD'. 

CliANNBLS 
14,15,16,17 

J 
At'il_223 r 

At 29_223 
CPU A CPUB 

I 
3DD 

nOll I DATA our CH. NO. IS 

DATA our CIL NO. 17 

Ol.l1PUI' REF. NO. 17 

DATA INTERRUPT NO. 17 

ERROR FLAG NO. 17 

Ol.l1PUI' READY 
CHANNEL DISCONNBCl' 
CONTROL 

MASTHRCLR. 

PARCEL~ELECTCIL NO. 17 

CIL NO. 1S,I7 SAMPLB DATA CIL NO. 17 

ODDBYIES 
IN'IERRUPI'TO CPU A 

IN'IERRUPI'TO CPU B 

EXT 

EXT 
3IlB 

300 

3Dl 

EXT 

EXT 

EXT 

300 

300 

3Dl 

3Dl 

oooBYIES 

3DH RBSUMB CIL NO. 13 

X-MP/2 OUTPUT CHANNEL BLOCK DIAGRAM 

DATAOurClLNo.l1 

DATA OurCIL NO. 13 

IN1CRRUPI' NO. 11 

ERROR FLAG NO. 11 

READY 

D1SCONNECl' 

MASI'Ell cut 

PARCELSBLECI' NO. 11 

SAMPLBDATA NO. 11 

IN1CRRUPI'TO CPU A 

IN1CRRUPI'TO CPU B 

REF. CH. NO. 11 

DATA our CIL NO. 13 

DATAOurClLNO.11 

IN1CRRUPT NO. 13 

ERROR FLAG NO. 13 

READY 

D1SCONNBCl' 

MASI'Ell CLR. 

PARCELSBLBCTNO.13 

SAMPLBDATANO.13 

IN1CRRUPTTO CPU A 

IN1BRRUPT TO CPU B 

REF. CIL NO. 13 

IlXT 

IlXT 

30B 

301 

IlXT 

IlXT 

IlXT 

300 

300 

301 

301 

3DB 
1100,01 

IlXT 

IlXT 

30B 

301 

EXT 

IlXT 

EXT 

300 

300 

301 

301 

3DB 
1100,01 

Hardware Trng. 
A-StU P.LN. 
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0\ 
I 

N 
o 

'-. -../ 

DATA - ODD - PARCEL 
O. I, 2. &3 r-;:: (EX!) 

(3011) 
I ~':::.!~~~~L 

a.EAR CHANNEL 
10.12 

(3011) 

4 

----10 

OATA - EVEN BYTES 
PARCELS 0. I. 2. & 3 (EX1) 

(30B) GO OATA 

(30B) CONFLICT ~ 

(30E) INTER. CHAN. NO. 

(3011) REAO ERROR CHAN~ 

DATA. 8 BITS - EVEN BYTES 

PARCELS 0. I. 2. & 3 r-;:: (EX!) 

SAMPLE PARCEL 
CHANNEL 14. 16 

(30H) 

a.EAR CHANNEL 
14.16 

(3011) 

~ 

L-., 

OATA8 BITS - 000 BYTES 
~ 

PARCELS 0. I. 2. & 3 
(EX1) 

(30B) GO OATA 

(30B) CONFLICT 

(30E) INTER. CHAN. NO. 

(3011) REAO ERROR CHAN. 

"--.,/: '-.~ 

3DI I MEMORYOATA 
HlS/14 BYTES I. 3. S. & 7 

~ Hl3JHI2 

10 
~ HI7JHI6 

rnrn 8~'" 
rruiO MEMORY OATA 20 _2 63 MEMORY OATA 2° _2 63 ------, 
I 007 'PARCEL 

040 !-~~P_l:..j--3--

047 I A63 R63 

"Oiii" (30B) CONFLICT 
CHECK BYTES 2° _27 __ 

LOSPO 

I Cl ..gg.. ------, 
, PARCEL MEMORYOATA r-----050 !-~P_LJ 2 

I BYTES 0. 1.2.4.&6 R71 

~ 

(3AB) 

(3AB) 

S""J_', I P!lRITY ERROR LOSP O. I (30H) 
027 'PARCEL 
060 !-~uj--i-- I 067 

~r"" I 

I PilRnR Fl.AGK'HANNEL BIT20 (3AS) ------, 
037 ,PARCEL 
070 !-2SJ'_LI--O--- I 
077 R31 

~ 

OATA ASSEMBLY 

301 I TI2Il'13 MEMORYOATA 
BYI'ES 0. 2.4. &6 

~ TI4mS ~ TI6m7 

14 

r""ROO 

rnrn 8-' MEMORY OATA 2° _2 63 MEMORY OATA 20 _263 ------, 
I 007 'PARCEL 

040 !-~~L.r--3--

047 I A63 R63 
CHECK BYTES 20 _27 

"Oiii" LOSPO 

I 
(30B) CONFLICT 

CJ 
-----., 

~ I PARCEL MEMORYOATA 
050 !-g~.p.!..J--2--

I BYTES I. 3. S. & 7 R71 
...2E.. 

(3AB) 

(3AB) 

f!r"" I PARITY ERROR LOSP O. 1 (30H) -----., 
027 I PARCEL 
060 !-g~_L.r--i-- I 067 

I!r'" I 
EitRORFLAG/CHANNEL BIT20 {3AS) 

037 -----V-A!f!j~ I 
070 _____ .' 0 

077 ~ 

OATAASSEMBLY C .()677F 

CRAY X-MP LOSP CHANNEL DATA INPUT 
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3DJ H12/13 OR T12/13 
EVEN BYTES 

CHANNEL 10 OR 14 CHANNEL 12 OR 16 

T P . TERM T P . . TERM 

20 D67 000 820 040 ---
21 --D69 001 818 041 ---
22 872 002 Fi23 042 ---
2 3 870 003 825 043 ---
24 859 004 Bi2 044 --- ----25 861 005 iiiO 045 ---
26 --863 006 814 046 ---
27 865 007 816 047 ---
216 A08 010 A51 050 ---
217 Al0 011 A52 051 ---
218 A03 012 A48 052 ---
219 -- A46 A04 013 053 ---
220 A16 014 A60 054 ---
221 -- 015 -- ass A17 A61 ---
222 -- ASS A12 016 056 ---
223 -- A56 057 A14 017 ---
232 D67 020 Di4 060 ---
233 "[i'6B 021 D03 061 ---
234 D70 022 DOS 062 ---
235 D72 023 D27 063 ---
236 D59 024 D29 064 ---
237 D61 025 D06 065 ---
238 D65 026 Di2 066 ---
239 D63 027 D31 067 ---
248 Cl0 030 C67 070 ---
249 -- C68 C33 031 071 ---
250 C06 032 C65 072 ---
251 C08 033 C63 073 ---
2 52 -- C52 074 C04 034 ---
253 -- C59 C03 ()35 075 ---
254 --

C16 036 C72 076 ---
2 55 --C14 037 C70 077 ---

INPUT LOSP CHANNEL 

3DJ 1114/15 OR T14/15 
ODD BYTES 

CHANNEL 10 OR 14 CHANNEL 12 OR In 

T P TERH T P TER~' 

28 -- --B67 000 B20 040 ---
29 --8n9 001 818 041 ---
210 -- 823 872 002 042 ---
211 -- 825 043 870 003 ---
212 859 --004 812 044 ---
2 13 B61 005 

--810 045 ---
214 863 006 --814 046 ---
215 B65 007 

--816 047 ---
224 A08 010 As1 050 ---
225 -- A52 051 Al0 011 ---
226 A03 012 A48 052 ---
227 -- --A04 013 A46 053 ---
228 A16 014 A60 054 ---
229 ill 015 A61 055 ---
230 -- A55 056 A12 016 ---
231 -- 017 A56 057 A14 ---
240 D67 020 D14 060 ---
241 --D68 021 D03 061 ---
242 -- --D70 022 DOS 062 ---
243 D72 023 D27 063 ---
244 D59 024 D29 064 ---
245 D61 025 D06 065 ---
246 D65 026 D12 066 ---
247 D63 027 D31 067 ---
256 --Cl0 030 C67 070 ---
257 C33 031 C68 071 ---
258 -- C65 072 C06 032 ._--
259 -- 033 -- 073 COS C63 ---
260 -- 034 C52 074 C04 ---
261 -- 035 Cs9 075 C03 ---
262 -- 036 C72 076 C16 ---
263 -- 037 C70 C14 077 ---

8-/656 
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f\.) 

0'1 
I 

f\.) 
f\.) 

\""'"'----..-/ 

(3UE,3DJ) 

30A T02/03 

2 9 _ 223 

30B '1'00/01 

2" - 28 

CHANNELS 

14,15,16,17 

I--

(30B) ~ 30A H02/03 I---

REF. VALID 

REFERENCE 

( 3AG) I/O RE,'ERENCE 

(3AQ) I/O CONFLICT 

2 9 _ 2 23 I/O ADD TO MEMORY (3AG,3AO,3AQ) 

30B HOO/Ol L-J- ---
20 _ 2 8 

CHANNELS 
10,11,12,13 
CA/CL REG. 

~. CHAN NUMBER 
~-::G::::O:-C-;I-;/"O"'R~E;;;' Fi-.==~"'-~( 3AG, 3AQ) 

I/O ADDRESS TO ~1EMORY • (lAG, 3AO, 3AQ) 

CONFLICT ~ (3DH, 30B, 30E, 30J) 

READ INTERRUPT/ 
READ ERROR 

CA = CL 
L..-----J1 

( 3DH) 

(30B) 

.-­
r::--

r--

ACKNOWLEUGE LOSP 0 

INTERRUPT CHANNEL 10 

PARITY ERROR 

GO DATA 

INTERRUPT A+B 
3DJ H14/15 t-

CPU A+B INTER. (3HC,3HO) 
(EXT) ODD BYTES, DATA .1 

IlATA 

CLEAR CHANNEL 3DJ H12/13 I--
( 30H) READ INTERRUPT 

(30B)~ 
SAMPLE PARCEL 10,12,14,16 I---

(EXT) EVEN BYTES, DATA CP:J A ERROR FLAG (lAS) 

3DE H16/17 

(30E) INTER. CHAN. BIT 2° 

INPUT 
CHANNEL 

10,12 
OR CHAN. Brr 2" ~ I 30E '1'16/17 f--

ERROR A 

READ INTERRUPT/READ ERROR 

COtI,'LICT t--

CHANNELS 
14,16 

3DJ Tl~13 

t--

3LJJ '1'14/15 

.1 ) 

CHANNEL 10 INPU'r~LOCK. DIAr,n1\M 

DATA, CHECK BITS 

INTER. CHAN. 21-2 3 

(3AS) 

lUTER. CHAN. BIT 2° 
(3[,J) 

8-15958 

MEMORV 

~ 



) 
) 

~ 

B 

(c). 
~ 

3DR 

ISSUE 0012jk 
CLEAR PARCEL 

COUNTER 
FOO - rol 

WAIT 3DR 

O:SCOlINECT 

3DH 

SEND REFERENCE 
ROO B32 

TO 3DB 
INCREMENT PK 
z,s W 

3AG/3AQ 

WRI~EF...:....£ELAY 
NOl COl 

I/O REF. SEC 0-3 
I/O BANK BIT 

CONFLICT I 

o 
PRIOR 

DISCONNECT 
OR CA=CL 

READY 

YES 

3DR 

ISSUE 0011jk 
LOAD CL REXiISTER 

C16 034 

3DR 

SEND SAMPLE PARCEL 

TO 3DJ 
R03 B27 

INCREMENT PK. 

SEND RESUME TO EXT. 

NO 

30B 

SLOT 
COUNTER EQUALS 

CHANNEL 
XOO XOl 

REF VALID E03 Co2 
ON 3DA 

DROP REF. ROO B32 

CONFLICT 

ON 3DH 
DATA ON 3DE 

I 

PARCEL COUNT 
EQU1.LS 0 

NO 

SET 

3DR 

ISSUE 0010jk 
LOAD CA REG. 

C1S Ds5 
CHANNEL ACTIVE 
S02 Bs3 

30R 

PARCEL 

COUNT 
EQUAL 3 

3DB 

>-_..:Y.:E:::S __ -0 

ACK. REFERENC.!.-
YES ON 30B R41 A30 

>-IF4-i GATE CA REG. DELAY t-___ ...... _'-C'jI 
(3DA,3DB) 

GATE DATA FROM 
(3DJ) 

GO DATA 

I RESUME TO EXT 

ON 3DH r:'I 

I IFCA¢CL 
'-----' 

CA+l Ot: 3DA, 3DB I SECTION ADDRESS ON I 
RoS H04 r--------.. \.V 

I-' SEND ADDRESS 3AX 
TO MEMORY r GO BANK 011 3ZF/3ZZ 

CLEAR CH. TO 300 DATA & C.B.'s 
CLEAR OLD WORD ON 3AE 

I 
GO WRITE ON 3AO 

CAUSE I/O CONFLICT 

CONFLICT BY 3DB 

3DH 

~~YES~~~ CL~2INP~3ACTlVE t-__ ~~~EN~'D~J 

SEND INTERRUPT 
TO 3DE ROl B50 

CHANNEL 10 INPUT FLOW CHART 

26-23 
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N 
Q) 
I 

N 
~ 

3DJ 1114/15 

IN'l'ERRUP'f CPU II (300,3011) 

(311e, 3If1>~CPU II INT 1'0 CPU II_ 

I--~~ (3011,300) 

REIID INTERRUP'r CHlllmEL ( lOR) 

(JM).. CPU II ERROR FLIIG OR 

CI\IIIIIIEL Dl'r 20 I-
30J 1112/13 

INTEHRUPT CPU D (300,30S) 

(311C, llllJ) ~PU D IN'l'EH TO CI'I:I B 
I--

READ INT ( 3011) 
31)J 1'14/15 

READ ERROR (3I)H) 

( JIIS) --C CPU U EHROR F.'.!I.",II",G~O:::H ______ _ 
ERROR (3011,300) 

Cllllll11l-:l. DI T 20 
INTER CIIIIN. BIT 20 CPIJ B 

30J T12/1 J 

(3AS)--C INTER CIlIINIIEL BfT 21-23 

HUT,.:: 

1. 111.1. I/O IN'I'P.HRIII"I'S liRE illRECTF.Il 'l'OWIlRO /\ CPU THIIT 
III1S SEI.ECT F.xTEIWIII. INTERRUPT MODE RET. 

2. EVEN 'fl'OIlGIf J=;EI.F:CT F.){TF:HN1\J. INTERRUPT }t1IJE IS SET, 'nIE 
INTERRIIPTS J\ru~ IHREt:1'EIl '1l)WJ\RO A. CPU 1I0UHNG IS,SUE 
ON 1\ 'rE!;'r All[) SE'r INS1'RIJCTIOt' 6 

3. IF' NEITIIER CONCH'nON 1 OR 2 ARE TRUE OR ROTH P.XIST 

IN TilE SI\HF. CPU, TIIP. IN'r":HRlIPT IS DIREC'fED TOWARD 

TIIR CPII milT IART IS~IIF.O II CLEIIR INTERRUPT INSTRIICTION 
TO 'I'll liT CIIIINtlRL. 

( 30E) INT. CHAt!. 11 300 

(30J) ERROR CPU A B 

(30J) INTERRUPT A B 

(30E) INT. CHAN. 13 

(JOJ) .. ERROR CPU A/B 

(JOJ) .. INTERRUPT /\/B 

(30E) INTER CHIIN. 15 

(30J) _ ERIl()R. CP U 1\/ B 

'-TERRUPT II/I! 

(3UE) IN'fER. CBIIN. 17 

(30J) "" ERROR CPU II/I! 

(JOJ) _ INTERRUPT II/B 

~ (JOJ) .. lUTERRUPT A/B 

(30J) .. ERROR A/B 

.. (JOJ) READ IIITER. 

7 - 17 I 
(30J) READ ERROR -

INTERRUPT CUIINIIEI. 10,12,14,16 

INTERRUP'f 

TERMINATE R112 

ERROR/INTERRUPT HANDLING 

" ~ ,~ 

I '. 
V 

IIB/9 

11 I--

13 

I--
300 III 0/11 

17 

300 Tl0/ll 

30H 114/5 

I _ 033 (3JIl) 

LOSP 

301 'r4/5 

VBrsp 

B-/?05BC 

X2026C0106 

.--.J 







( 300) 

(EXT) 

BIT 2°_ 
[CHANNE 

(EXT) 

(3DO) 

(30E) 

(3DJ) 

(30B) 

(300) 

300) 

PARCEL SELECT SITS 0,1 LOSP 1 

DATA onT 

PARCEL BYTES 1,3,5,7 
DATA OUT 

2 15 + PARITY 
LS 11 • 13J DATA OUT 

BYTES 0,2,4,6 

RDY 

PARCEL SELECT BITS 0,1 LOSP 0 

INTERRUPT TO A OR B 

ERROR 

REFERENCE 

SAMPLE DATA 

PARCEL SELECT 

BITS D, 1 LOSl' 0 

OATA OUT 

PARCEL BYTES 0,2,4,6 

DATA OUT 

BIT 2°_ 2 15+ PARITY 
(CHANNELS 15 • 17) DATA OUT 

BYTF.s 1,3,5,7 

EXT) 
RDY 

300) PARCEL SELECT . BITS 0.1 LOSP 1 

30E) INTERRUPT ro A OR B 

30J) ERROR 

30B) REFERENCE 

300) SAMPLE DATA 

~ Hll/Hl0 

~ H09/H08 

--

r--
R72 

I 
R79 8 BITS 

~ 
+2 PARITY 

OUT AT 
A TIME 

i<81 

r---

R82 

I 
R89 

-

~ R91 

~ TOQ/T09 

~ TID/TIl 

r---

R72 

I 
R79 8 BITS 

'- +2 PARITY 
OUT AT A c:J TIME 

Ra1 

r--
R82 . I 
Ra9 

-

c:J R91 

LOSP ~ PARCRL SELF.('T 0,1 (JDO) 

HRHORY DATA 32 RITS -+- 4 CR's (JVA,3AX) 
AYTES 1,3,5 ""n 7 

SAMPLE DATA 

MEMORY nATA 32 RrT'S + 4 CR's (3VA,3AX) 
BYTP.S 0,2,4, AND 6 

~_1 PARCV,L S"F;LF.C':T 0,1 (300) 

r-- SAMPLF: nATA (300) 
000 

RRRIJ"I'E (30H) 
LOO 

LOSPO I+-
ACKNOWLEDGE (30B) 

11 lit. OR R CLF.!AR INTERRUPT (30H) 
031 

'-
CA = CL UPPER AND LOWER (30A,30B) 

>---
CONFLICT (30B) 

;-
L31 

040 

LOSPI I-- L32 
13 CHECK. 

071 AITS 
L35 -

LOSP 1 PARCEL SELECT 
(3DD) 

MEMORY DATA 32 BITS + 4 CS's (3VA.3AX) 
BYTES 0,2,4 AND 6 

S1\MPLE OA'l:A (300) 

MEMORY DATA. 32 AITS + 4 CB's 
BYTES 1,3,5, AND 7 

(3VA.3AX) 

LOSP 0 PA.RCF.I, SF.:LF.cT (300) 

r-- SAHPLF. DATA (300) 
000 

RESUME (30R) 
LOO 

LOSPO I+- ACKNC"MLRDGF. (30R) 

15 0 II OR R CLEAR INTERRUPT (30R) 
031 II 

'--- T CA = cr~ OPPER AND IDWER (3DA,30B) 
II 

I-------
CONFLICT (30B) 

- L31 
040 

LO~Pl 
r+-- L32 

17 CHECK 

071 AITS 
L35 -

c 8-0578 
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20 

21 

22 

23 

24 

25 

26 

27 

216 

217 

218 

2 19 

220 

221 

222 

223 

232 

233 

234 

235 

236 

237 

2 38 

2~9 

248 

249 

250 

251 

252 

253 

254 

255 

30D HOR/09 OR TUR/09 
EVEN BYTES 

CHAIlNEL 11, 15 CHANNEL 13 OR 17 

T P . TERM T P TERM 

B03 000 852 040 28 ---
-- 29 1'04 001 850 041 ---
806 002 B57 042 2 10 

---
-- -- 211 BOR 003 855 043 ---
-- 212 Bl0 004- R59 044 ---
B12 005 Bnl 045 2 13 ---
B14 006 B65 046 214 

---
B16 007 Bn3 047 215 

---

-- -- 224 818 008 B67 048 ---
820 009 869 049 225 ---
823 010 -- 050 226 872 ---
B25 

-- 227 011 B70 051 ---
D03 012 D50 052 228 ---
D04 013 052 053 229 ---
006 014 Ds5 054 2 30 

---
008 015 D57 055 2 31 ---
Dl0 016 11';9 O'ifi 240 ---
D12 017 D61 057 241 ---
-- 242 D14 018 D63 058 ---
D16 019 ii6s 059 243 ---
-- 244 D18 020 D67 060 ---
-- D69 245 D20 021 061 ---
D25 022 D72 062 246 ---
D23 023 D70 063 247 ---
C63 024 Co6 064 256 ---
C65 025 C'OR 065 257 

---
C59 026 Co4 066 2 58 

---
-- 027 Co2 259 C61 067 ---
-- Ci4 260 C72 02R OnR ---
-- Ci6 261 C70 029 069 ---
Cn7 030 Ci2 070 262 ---
-- C10 263 C6B 031 ()71 ---

OUTPUT LOSP CHANNEL 

30D Hl0/ll OR Tl0/ll 
ODD BYTFS 

CHANNEL 11, 15 CHA!lIJEL 13, 17 

T P . TERrI . , T P . TF.r~l 

Ii03 000 Bs2 040 ---
--1'04 001 850 041 ---
BOn 002 1'57 042 ---
ROR 003 855 043 ---
-- Bs9 810 004 044 ---
ill 005 B61 045 --- --B14 006 B65 046 --- --B16 007 863 047 ---

-- --
B18 008 B67 04R ---
B20 009 i:i69 049 ---
B23 --

010 B72 050 --- -- --B25 011 870 051 --- --D03 012 D50 052 ---
Do4 --

013 052 053 ---
DoG 014 D55 054 ---
008 015 057 055 ---
Dl0 016 D59 056 ---
D12 017 Ii61 057 --- -- --D14 018 D63 058 ---
D16 019 D65 059 ---

--
D18 020 D67 060 --- -- --020 021 D69 061 ---
D25 022 072 062 --- --D23 023 D70 063 ---

C63 024 C06 064 ---
C65 025 C08 065 ---
C59 026 C04 066 ---
C61 027 CO2 067 ---
C72 02R C14 068 ---
-- --
C70 029 C16 069 ---

--Cn7 030 C12 070 ---
-- .--
C6B 031 Cl0 071 ---

8-/655 
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[:- ::-
,-- -

30B 1'00/01 r--
(JAR) Ak ADDRESS CHANNEL 

14,15,16,17 

(JAR) 

30H H04/05 --1':-::~-: A' BIT 20 -2} 29 _213 
-

ENTER CA /E!!TER CL CPU 0 
ADDRESS TO ~!EMO"". (JAG,JAQ,JAD) 

(JJF) 

F 
~FERENCE CHANNEL I :0 0012 AND 2°_28 JOB HOO/01 

---~ I CPU 1 A ENTER CA LOWER CHANNEL 
'0, , 1, T 2.13 

, 
GO 033 CPu A SELECT 

I SET ACTIVE LOSP 1 ----LOSP CA/CL REG ACK LOSP 1 

ENTER CHANNEL 2° , 2' I 
F.ESl"ME CONTROL GO I/O RE!ERENCE 

i 
[ 

.J,:A = CL 
.. (JAG,JAQ) 

(3JF) (! 

(J.1B) 

(F.XT) 

CONl-"'LICT (30D. JOB, 30A, 3DH) 

(JnE, J1\7 I!!'!'F.P.RUl'T All' I 
(JAQ) CONF'LICT. 

) PEAD ADD TO MEMORY (3AG,3~_Q,3AD) r--
SEL ct'U FOR INTEP 

,--
I (3Dn) 

SAMPLE DATA 
JOO "~~ ( 300) 

I (300) P1IRCEL SEL .asp 1 

_. REFERENCE LOSP 1 (JOO) I 
300 H08/09 I 

(EXT) 

CA = CL - ~--- I 
(3DD)~MPLE DAT!-_ 

FROM MEMORY (EXT) ~T~!,AR~~ CHANNEL 

1 "'"'' 
11,13 ~_ATA -

--) 

~;BC-P.!!..... (3HC~ 
3HO) 

) 

) 

( 1 A5) -"';''''. ~::-:~",'()"'~:--"();;'p-l 
I~!J\!':'DI"!' 20 

JOJ 

I 
30.1 

HI 2/1 3 

(EXT)_ READY -- , 
I 

RESIJME ~NFLICT _ (JOB) 

(EXT)~CONNE<:T_ S1\,"~PU:: ::I\':'A 
(Jr.~) 

L ( 300) ~ ~ARCEL SELECT T"ARcr.r. ~r:r. 
(1 nCo) 

(10.1) 
EPPOR 

INTF.P.RP!,'!' r'PU A pqH, pq'J r--
INTERRUPT 

---f.'-I 
CHANNEL n 3DJ T14/15 , S, 1 7 

30.1 T12/13 (3AS)~f,.r:P·_c:t~~2~ 30E 111('117 J ~D mlij~J 
- -- C~O/11 

H14/15 30E T1 ti/17 
!>F.1\D el'I'EPPt.'T''':' AID 

(JOII) 

,-- --
--..---- l __ J 
~ 

f-o-.:..PE~.1I:.:;0c...;r,,-":.:TF..:.:_,,-P.:.. _ ( ') 011) 

f-1--"P.:.::P:.::PD::.;p ____ < 1!1n) 

ef'l"F.P. '!t1\!I'!'IF.I. nT'":'...:o_O ____ --' 

X-MP/2 
CHANNEL 11 OUTPUT BLOCK DIAGRAM 
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30H 30H 30A/30B 

-ISSUE 0012jk ISSUE 0011 jk ISSUE 0010jk 

( START CLEAR PAR COUNTER LOAD CL REG. LOAD CA REG. 
FOO - FOI C16 034 ON 30B,30A 

300 30B 300 3AG 3AQ 

SET CHAN. ACTIVE ACK LOSP FROM 30B GENERATE 

A Z02 046 R42 012 I/O REF. SEC. 0-3 0 REFERENCE DROP REFERENCE I/O BANK BITS 
R92 C37 R92 C37 

CLEAR PAR COUNTER 

CONFLICT CONFLICT 

30A 30B 30A/30B 30A/30B 300 

REF. VALID INCREMENT CA 
B E03 002 ON 30A REG. CA a CL NO YES ® GENERATE WRITE SEND ADDRESS 

CA POINTER TO MEMORY 

NO \ 
---cJ 

CONFLICT CONFLICT 

300 300 

LOSP 1 SEND READY C0 C SEND SAMPLE DATA AND PARCEL 
LATCH DATA IN OF DATA TO EXT. 

o TERMS 

NO 

300 

INCREMENT RESUME 
PARQ:L COUNTER Z04 D2l 

300 300 

DROP ACTIVE 

LAST 
Z02 046 END 

0 YES tIC SEND DISCONNECT 
REFERE~IT2 R96 CSO 

Z03 039 SEND INTERRUPT 
R93 C35 

B-/597C 

CHANNEL 11, OUTPUT FLOW CHART 
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\ 

* NOTE: Timing of fIrSt ready and between subsequent readys dependent 
on external channel. 

(EXTERNAL) 

(CHANNEL) 

READY ---. 

TIME 0 

3DH H04!OS 

CHANNEL 10 
INPUT ACTIVE . 

S02 BS3' 
1 PARCEL COUNT 

BITS 0,1 

SOO, SOl 
READY LATCH 

YOO 

TIME 1 TIME 2 

3DH H04/0S 3DH H04/0S 

CHANNEL 10 CHANNEL 10 
INPUT ACTIVE INPUT ACTIVE 

S02 BS3' S02 B53' 
PARCEL COUNT PARCEL COUNT 

BITS 0,1 BITS 0,1 
SOO, SOl SOO, SOl 

READY LATCH READY LATCH 
YOO YOO 

RESYNC READY RESYNC READY 

CONTROL 

ADDRESS 

DATA 

3DJ's 

LOSPO 
PARCEL COUNT 

BITS 0,1 
3 FOO, F01 

Parcel count will be set to zero by the issue 
of a 00 12 jk 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 (0012J"k). 

4 The LOSP Data will follow the ready, time dependent 
on the external device, but must be there before 
time six. The "L" tenos on the 3DJ 's are line 
receivers not latches. 

2 ZOO B20 

LOSP CHANNEL TIMING OF READY AND RESUME (INPU1) 
CHANNEL 10 USED AS EXAMPLE (sheet 1 of 4) 

26-29 
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TIME 3 TIME 4 TIME 5 

3DH H04/05 3DH H04/05 3DH H04/05 

CHANNEL 10 CHANNEL 10 CHANNEL 10 
INPUT ACTIVE INPUT ACTIVE .. INPUT ACTIVE TO .. -S02 B53' S02 B53' S02 B53' 3DH 

PARCEL COUNT PARCEL COUNT PARCEL COUNT 
BITS 0,1 BITS 0,1 BITS 0,1 

SOO, SOl SOO, SOl SOD, SOl 
READY LATCH READY LATCH READY LATCH 

YOO YOO YOO 
RESYNC READY RESYNC READY RESYNC READY 

ZOO B20 ZOO B20 ZOO B20 
Z03 B05 Z03 B05 Z03 B05 

Z06 B02 Z06 B02 Z06 B02 
Z09 B07 Z09 B07 

CLEAR RESYNC 
READY RESUME 

Z12 .. B47 
READY +1 TO EXTERNAL 

(EXT) 

(INC. PARCEL 
COUNT) 

Z15 B41' 
SAMPLE PARCEL TO .. 

R03 B27' 3DJ 

CONTROL 

ADDRESS ------------------------------------------------------------------------------

DATA 

3DJ's 3DJ's 

LOSPO LOSPO 
PARCEL COUNT .. PARCEL COUNT - BITS 0,1 BITS 0,1 

Foo, FOl FOO, FOI 
LOSP 0 DATA LOSP 0 DATA 

CHANNEL DATA 
----------------~ 

4 L80 - LS7 LSO -L87 
LOSP PARITY LOSPPARITY 

L88 - LS9 LS8 -L89 
PARITY ERROR 0 

R40, R41 

LOSP CHANNEL TIMING OF READY AND RESUME (INPUT) 
CHANNEL 10 USED AS EXAMPLE (sheet 2 of 4) 
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CONTROL 

ADDRESS 

3DJ 

DATA 

5 

TIME 6 

3DH H04/05 

CHANNEL 10 

INPUT ACITVE 

S02 B53' 
PARCEL COUNT +1 

BITS 0,1 

SOO, SOl 
RESYNC READY 

ZOO B20 
Z06 B02 RESUME 
Z09 B07 (EXTERNAL) 

CLEAR RESYNC 
READY 

5 Z12 B47 

ERROR CHANNEL 
10 

W70 B70' 

3DH 3DJ's 

LOSPO 
PARCEL COUNT 

BITS 0,1 - FOO, F01 
SAMPLE PARCEL 

F03 017 
LOSPODATA 

LSO - L87 
LOSP PARITY 

L8S - LS9 

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 0012jO instruction. 

-

TIME 7 

3DH H04/05 

CHANNEL 10 

INPUT ACTIVE 

S02 B53' 
PARCEL COUNT +1 

BITS 0,1 

SOO, SOl 
RESYNC READY 

ZOO B20 
Z09 B07 

CLEAR RESYNC 
READY 

Z12 B47 

3DJ's 

LOSPO 
PARCEL COUNT +1 

BITS 0,1 
FOO, F01 

LOSPODATA 
000 - 037 

TIMES 

3DH H04/05 

CHANNEL 10 

INPUT ACITVE 

S02 B53' 
PARCEL COUNT +1 

BITS 0,1 
SOO, SOl 

RESYNC READY RESUME 
ZOO B20 

(EXTER.NAL) 
RESUME CLEAR RESYNC 

(EXTERNAL) 
READY 

Z12 B47 

* NOTE: The Data in the "0" 
latches will stay 
there until moved to 
the "R" terms and sent 
to memory. 

B-1305C 

LOSP CHANNEL TIMING OF READY AND RESUME (INPUT) 
CHANNEL 10 USED AS EXAMPLE (sheet 3 of 4) 
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CON1ROL 

ADDRESS 

DATA 

TIME 9 

3DH H04/05 

CHANNEL 10 
INPUT ACTIVE .. 

S02 B53' 
PARCEL COUNT +1 

BITS 0,1 
SOO, SOl RESUME 

CLEAR RESYNC (EXTERNAL) 

READY 
Z12 B47 

TIME 10 

3DH H04/05 

CHANNEL 10 
INPUT ACTIVE 

S02 A53' 
PARCEL COUNT +1 

BITS 0,1 
SOO, SOl 

The Channel will go through 
this timing four times total. 
After which all four parcels of 
Data will be latched in the "0" 
tenns. The Channel will then 
reference memory, send the Data 
word to memory and dependent on 
the word count (CA and CL) 
either continue or stop. 

* NOTE: For reference timing and data 
transfers see reference timing 
diagram. 

B-1305C 

LOSP CHANNEL TIMING OF READY AND RESUME (INPUT) 
CHANNEL 10 USED AS EXAMPLE (sheet 4 of4) 

26-32 

) 

) 



) 
) 

TIMING STARTS AT TIME 5 AFTER RECEIVING 
THE LAST READY AND LAST PARCEL OF DATA FROM EXTERNAL 

TIMES 

3DH H04t1)S 

CHANNEL 10 
INPUT ACTIVE 

S02 B53' 

PARCEL COUNT = 3 
BITS 0,1 
SOO, SOl 

READY LATCH 
YOO 

RESYNC READY 
ZOO B20 
Z03 BOS 
Z06 B02 
Z09 B07 

CLEAR RESYNC 
READY 

Z12 B47 
READY +1 
Z15 B41' 

SAMPLE PARCEL 
R03 B27' 

REFERENCE 
ROO B32' 

The LOSPr eference signal has to wait 
until its slot time comes on the3DB 

up. Thetimc 
therefore depen 

that "X03" happens is 
dent on the slot timer. 

TIME 6 

3DH H04/0S 

CHANNEL 10 

INPUT ACTIVE 
SOl B53' 

PARCEL COUNT = 0 
BITS 0,1 
SOO, SOl 

RESYNC READY 
ZOO B20 
Z06 B02 

Z09 B07 
CLEAR RESYNC 

READY 
RESUME TO Z12 B47 

(EXT) 
REFERENCE EXTERNAL 
ROO B32' 

3DB 

• 1 SELECT LOSP 
SELECT LOSP 0 

X03 C52 
SLOT COUNfER = 3 

XOO,X01 

TIME 7 

3DH H04/05 

CHANNEL 10 
INPUT ACTIVE 

S02 BS3' 

PARCEL COUNT = 0 
BITS 0,1 
SOO, SOl 

RESYNC READY 
ZOO B20 
Z09 B07 

CLEAR RESYNC 
RESUME TO 

(EXT) READY 

EXTERNAL Z12 B47 

REFERENCE 
ROO B32' 

3DB 

·2 CONFUCT 
R49 C21' 

ACK. LOSPO 
(REFERENCE TIME) 

R41 A30' 
CHANNEL SELECT 
(REFERENCE TIME) 

E27 - E29 
REFERENCE V AUD 

DELAYED 
E30 C04 

SLOT COUNTER = 0 
XOO,X01 

REFERENCE 
(REFERENCE TIME) 

X04 COS' 

_~O~Q~ __________________________________________________________________ _ 

2 The conflict signal may occur 
at any time holding up the 
Control, Address and Data on 
the way to memory. 

ItO to memory reference timing 
happens after the four parcels are 
assembled on the 301 's. 

ADDRESS 

301 

3DB 

CLREGISTER 
000- 008 

CHANNEL 10 CA 
BITSO-S 
COO- C08 

3DA 

CLREGISTER 
000-012 

CHANNEL 10 CA 
BITS 9- 21 
COO- C12 

301 

3DB 

CL REGISTER 
000- DOS 

ADDRESS TO 
MEMORY 

(REFERENCE TIME) 

BITSO-8 
100 -J08 

3DA 

CL REGISTER 
000- 012 

CHANNEL 10 CA 
BITS 9 - 21 
COO - C12 

301 

(3DH) 

RESUME 

(EXTERNAL) 

(JOB) 

(301) 

(3AG) 

r-----+- (3DA) 

~(3DH) 

(JOB) 

f--+ (3DA) 

~ __ I_~ __ ~_~T_3~ ____ ~------------~~~I~ ___ I!O_OO_0_~A_OT_3~ ____ ~------------~~~I ____ ~_oo_~_~_;_~ __ ~~o'"' 
_~AIb _________________________________________________ ____________________ _ 
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(3D1l) 

(JOB) 

(3AQ) 

(JOB) 

(JOB) 

(JOB) 

(JOB) 

(3DB) 

(3DA) 

(3DJ) 

-
-

-

-

TIME 8 

30H H04/OS 

CHANNEL 10 

INPUT ACTIVE 
502 BS3' 

PARCEL COUNT = 0 
BITS 0,1 
500,501 

RESYNC READY 
ZOO B20 

CLEAR RESYNC 
READY 

ZI2 B47 
REFERENCE 

ROO B32' 
ACKNOWLEDGE + 0 

503 B6T 

lOB 

·2 CONFLICT 
R49 C21' 

REFERENCE VALID 
E34 C06' 

CHANNEL SELECT 
(DELAY 0) 

E31-E33 

3DA 

REFERENCE 
CHANNEL 
BITS 0-1 
EOO-E02 

3AG GlO/1I 

GO I/O 
REFERENCE CPI 

R47 040 
I/O REFERENCECPI 

NOO C03' 
WRITE 

REFERENCE CPI 
NOI' COl' 

CONTl\OL 

3AG 

2 0 _2 1 

I/O REFERENCE 
SECTION 0- 3 
R40- R43 

va REFERENCE 
BKBITS 
22_24 

R44 - R46 

lOB 

CI. REGIS1ER 
DOD-DOS 

ADDRESS DELAY 

(DELAY 0) 

120 -128 

3DA 

CI. REGIS1ER 
Doo-012 

CHANNEL 10 CA 

BITS 9-21 

COO-CI2 

ADDRESS 

DATA 

-

RESUME TO 

EX1ERNAL 
(EX1) 

TIME 9 

30H H04/OS 

CHANNEL 10 

INPUT ACTIVE 
502 BS3' 

PARCEL COUNT = 0 
BITS 0,1 
500, SOl 

CLEAR RESYNC 
READY 

ZI2 B47 
REFERENCE 

CLEARS 
ROO B32' 

ACKNOWLEDGE + I 
504 B61' 

30B 

·2 CONFLICT 
R49 C21' 

WRITE POIN1ER 
CHANNEL 0 

(DELAY I TIME) 

E08 021' 

30A 

REFERENCE VALID 

RESUME TO 

EX1ERNAL 

E03 002' t----' 
WRITE POIN1ER 

CHANNEL 0 
E04 020 

3AG 

va REFERENCE CP2 
N02 C13' 

WRITE 
REFERENCE CP2 

N03 CI4' 

3AO', 

I/O REFERENCE 
135 CST 

va BANK BITS 
130 -134 

va CONFLICTS 
Gl2-Gl4 

3AG 

SECTIONO-3 
NOS-NOS 

I/O ADDRESS 24 
CP2 

N04 C06' 

lOB 

CL_ REG/s1ER 
000-008 

ADDRESS TO 
MEMORY 
(DELAY I) 
140 - 148 

30A 

CL_ REG/s1ER 
000-012 

ADDRESS TO 
MEMORY 
100 -112 

I-

r---

TIME 10 

300 H04/OS 

CHANNEL 10 
INPUT ACTIVE 

502 853' (3011) 

PARCEL COUNT = 0 
BITS 0,1 
500, SOl 

ACKNOWLEDGE + 2 
(EX1) 50S B65' 

30B 

·2 CONFLICT 
R49 C21' ,--- CA=CLLOWER 

(3DH) 

164 

3AG 

I/O REFERENCE CP3 
N09 C2S' 

WRITE 
REFERENCECPJ 

NIO COS' 

HOLD I/O TO THE 

3DB CAUSES THE 
ICP DELAY FOR A 

(lOB) 

L-_____ ..... FOLLOWING I/O 
REFERENCE 

t------+(3yz'.) 

1-----.. (3AX) 

t------.(3AD) 

lOB 

-'CHANNEL 10 CA +/1 I COO - C08 

lOA 

--1CHANNEL 
10 CA +/1 COO -Cll 

3AD', 

J SECTION ADDRESS I 
I COO - C09 I 

(3AX) 

1----~.(3AE) 

.A-5168 
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) 
) 

(3AQ) 

(3AG) 

CONTR OL 

TIME 11 

3DH H04/05 

3 CHANNEL 10 
INPUT ACITVE 

S02 B53' 
PARCEL COUNT = 0 

BITS 0,1 
SOO - SOl 

3DB 

* 4 
CONFUCT 
R49 C21' 

3YZ's 

GO BANK P.O. 
XOO-X02 

3AD GI2 - GI5 

GO WRITE 
SECTIONN 
R58 - R59 

TIME 12 

3YX's 

BANKN+OOR . TO 3D- N+1O 
REFERENCE CPO .. . QOO A31' 

-"' 
BANKN +40R -

N + 14 
REFERENCE CPO 

Q20 D59' 

3YZ's 

GO WRITE P.O. 
XOO-X02 

---------------------- --------------------------

3AX's 3YX's 

SECTION ADDRESS BANKNADD 

(3AD) ROO - R16 ROO -R35 .. .. 
R61 - R62 

ADDR ESS ---------------------- --------------------------
3AE's 

MEMORY DATA 
ANDC.B.'s 
ROO - R17 

DATA 

3 The Channel active would drop this time if 
CA = CL for this 1/0 transfer. 

4 The hold 1/0 signal from the 3AG will make 
R49 on the 3DB. This signal will go out to all 
1/0 modules to delay for 1 CP any following 1/0 
reference. It's sent to the following modules: 
31M, 3DI, 3DE, 3DH, 3DD, 3DF, and 3D!. 

3YY's 

SECTIONN . WRITE DATA F.O. 

AOO - A08 

(3YX's) 

(3YX's) 

(3YX's,3YM's) 

(3YY's) 

A-5168 
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(3YX's,3YZ's) 

(3YX's) 

(3YY's) 

(3YX's) 

TIME 13 TIME 14 TIME 15 TIME 16 

3YX's 3YX'. 3YX'. 3YX's 

BANKN+OOR BANKN+OOR BANKN+OOR BANKN+OOR 

N+ 10 N+ 10 N+ 10 N+ 10 
LOWER WRITE CP1 LOWER WRITE CP1 LOWER WRITE CP1 LOWER WRITE 

Q02 B44' Q02 B44' Q02 B44' DELAY --- BANKN+40R BANKN+40R BANKN+40R SOO A28' 
N+ 14 N+ 14 N+ 14 SOl A19' 

UPPER WRITE CP1 UPPER WRITE CP1 UPPER WRITE CP1 S02 A'2JY 
Q12 B36' Q12 B36' Q12 B36' BANKN+OOR 

BANKN+OOR BANKN+OOR BANKN+OOR N+10 
N+ 10 N+10 N+1O UPPER WRITE 

LOWER WRITE CP1 LOWER WRITE CP1 LOWER WRITECP1 DELAY 
Q22 C3S' Q22 C3S' Q22 C3S' S04 AS1' 

BANKN+40R BANKN+40R BANKN+40R SOS AS2' 

N+ 14 N+ 14 N+ 14 S06 A4S' 
UPPER WRITE CP1 UPPER WRITE CP1 UPPER WRITE CP1 BANKN+40R 

Q32 C3S' Q32 C3S' Q32 C3S' N+14 
BANKN+OOR BANKN+OOR LOWER WRITE 

N+ 10 N+1O DELAY 
LOWER WRITE LOWER WRITE SOS 047' 

DELAY DELAY S09 045' 

SOO A28' SOO A28' S10 049' 

BANKN+OOR SOl A19' BANKN+40R 

N+10 BANKN+OOR 
N+ 14 

UPPER WRITE N+1O UPPER WRITE 

DELAY UPPER WRITE DELAY 

S04 AS l' DELAY S12 D21' 

BANKN+40R S04 AS l' S13 D22' 

N+ 14 SOS AS2' S14 D28' 

LOWER WRITE BANKN+40R 
DELAY N+14 

S08 047' LOWER WRITE 
BANKN+40R DELAY 

N+ 14 S08 047' 
UPPER WRITE S09 045' 

DELAY BANKN+40R 
S12 D21' N+ 14 

UPPER WRITE 
DELAY 

S12 D21' 

&13 D22' 

CONTROL 

3YX's 3YX'. 3YX'. 3YX's 

MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS 

I ROO -R3S ROO- R3S ROO- R3S ROO- R3S 

ADDRESS ---------------- ------------------- ------------------- --------------

3YY's 3YM's 3YM'. 3YM's 

MEMORY WRITE 4 ~ 4 
MEMORY CHIPS MEMORY CHIPS MEMORY CHIPS DATA 

MTERMS M TERMS M TERMS ROO-R71 
~ 

3YM'. 

MEMORY CHIPS 
MTERMS -

DATA 

LOSP CHANNEL TIMING OF READY AND RESUME (INPUT) 
CHANNEL 10 USED AS EXAMPLE (sheet 4 of 5) 
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(3YX's,3YM's) 
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-, 
) 

'\ 
I 

) 

TIME 17 TIME 18 

3YX's 3YX's 

BANKN+OOR BANKN+OOR 

N+lO N+lO 
LOWER WRITE LOWER WRITE 

DELAY DELAY 
(3YX's) - SOl A19' - S02 A20' 

S02 A20' BANKN+OOR 

BANKN+OOR N+10 

N+lO UPPER WRITE 

UPPER WRITE DELAY 

DELAY S06 A45' 

S05 A52' BANKN+40R 

S06 A45' N+ 14 

BANKN+40R 
LOWER WRITE 

N+ 14 
DELAY 

LOWER WRITE 
SlO 049' 

BANKN+40R 
DELAY 

N+ 14 
S09 045' 
SlO 049' UPPER WRITE 

BANKN+40R DELAY 

N + 14 S14 D28' 

UPPER WRITE 
DELAY 

S13 D22' 
S14 D28' 

3YX's 3YX's 

.. MEMORY ADDRESS .. MEMORY ADDRESS 
(3YX's) ---I~ ROO _ R35 t--.--+-.... ROO _ R35 

. -
(3YM's) ---I." 

DATA 

3YM's 3YM's 

MEMORY CHIPS 
MTERMS 

.. . -
MEMOR Y CHIPS 

MTERMS 

A-5168 
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NIP 

3HB - Fll/IO 

3HC - F13/12 

CONTROL 

ADDRESS 

DATA 

CIP 

3JF - F21!20 

CIPDECODE 
GTERMS 

MONITOR MODE 
G26 C44' 

CONFUCTS 
HTERMS 

3JA - F1S/14 

kFANOUT 

ROO - ROO 

3JA - F17/16 

jFANOUT 

ROO - ROO 

0010 INSTRUCTION - SET THE CURRENT ADDRESS (CA) 
REGISTER FOR THE CHANNEL 
INDICATED BY (AI) TO (AK) AND 
ACTIVATE THE CHANNEL. 

MONITOR MODE INSTRUCTION 

CPl 

3JF - F21/20 

0010 INSTRUCTION 
I-----.f G42 C16' I----~ 

3AR's 

k -j FIELDS 

HOO- HOS 

~'------I 

3AR', 

CP2 

3JF - F21/20 

0010 "ENTERCA" 
R28 Cll 

3AR'. 

I---l" (3DH) 

A REGISTER ___ 
G TERMS - I----l .. (3DI-I) 

L_.:..==_..Jr----~- -----------1----l .. (3AR's) 
kOPERAND 

jOPERAND 
R04 

ROO - R03 

8-08410 
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CP3 CP4 CPS 

3DH-H05/04 3DH-H05/04 3DD's 

(3JF) -+ 
AENrERCA INPUf CHANNELS ,. OUfPUf ACTIVE 

~ C14 D54' ACTIVE ZOZ 046' 
(3DD) 

----------- CHANNEL 10 ---------------. A TO LOWER S02 B53' 
REFERENCE ~ 

CI0 A72' - CHANNEL 12 
----------- S22 AI7' 

R92 C37 
CHANNEL NO. 

CHANNEL 14 
ENrER CHANNEL 

S42 C20' 
SELECT 00 

f- CHANNEL 16 
C06 D27 

----------- S62 D57' 

(3AR's) 
(3DB) 

-----------ENrER CHANNEL 
SELECT 01 

CLEAR CHANNEL 

C07 D23' ~ R02 B72 

-----------
CPU A SELECT I--

COO 012 I-- 3DA's 

ENTER LOSP 0-3 
E12- E15 

-----------
SET ACTIVE 1-3 

OUfPUf 
LOSP 1 

E13 B24 
-----------

LOSP3 
E15 B16 

3DB's 

--. LOAD LOSP 0-3 I--. E04-E07 

CONTROL -------------------- ------------------------ -- ------------------------

ADDRESS -------------------- ------------------------ -- ------------------------
3AR's 3DA's 3DA's 

Ale DELAYED Ale BITS 2 9 _ 2 23 CA REGISTERS 

R12 - R15 AOO-A14 2 9_2 23 f---+ 
COO- C72 

(3AR's) (3DA) 

3DB's 3DB's 

Ale BITS 2 0 _ 2 8 CA REGISTERS 

. AOO-A08 2 0 _2 8 
~ (3DB) 

COO- C68 

DATA 

8-08410 

OUTPUT TIMING SEQUENCE (sheet 2 of 11) 
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(300) -

CONTROL 

CP6 

300 

ACI1VE 
Z02 046' 

-----------
REFERENCE 

R92 C37 

30B 

·1 SELEcrLOSP 
X3 CS2 

ACCESS TIME 
SLOT COUNT = I 

XOO,XOI 

30A', 

CHANNEL 11 CA 
BIT 29 _ 221 

(30A) C20 - C32 

(30B)_ 

ADDRESS 

DATA 

CLREGISTER 
020- 032 

30B', 

CHANNEL 11 CA 
BIT 20 _28 
C20 -C28 

CAREGISTER 

CLREGISTER 
020- 028 

-

"2 The conflicllignal may occur Bl any rime holding up the 
cODllOi and addreBa OIl itIJ way 10 memory. 

CP7 

300 

ACI1VE 
ZD2 046' 

-----------
REFERENCE 
R92 C37 

30B 

"2 CONFUcr 
R49 C21' 

-----------
ACK. LOSPI 

(REFERENCE TIME) 
R42 OIX ------------

CHANNEL SELEcr 

E27 -E29 ------------
REFERENCE VALID 

EO C04 
DELAY ------------

SLOT COUNT = 2 
XOO,xOI ------------

REFERENCE 
(REF TIME) 
X04 COS' 

30A', 

CHANNEL II 
CAREQ. 

Ill!' 29 _ 221 

C20 - C32 
------------

CLREQ. 
020- 032 

30B', 

CHANNEL II 
BIT 20 _28 

100 -108 
CAREGISTER 

------------
CLREGISTER 

020- 028 

CP8 

300 

ACI1VE 
Z02 046' 

------------
DROP REFERENCE 

R92 C37 

------------
SAMPLE DATA 

DELAY 
ZIO 029 

r---- 30A 

REFERENCE 

U 
CHANNEL 
BITS()'I 
BOO- E02 

30B 

n "2 CONFucr 
R49 C21' ------------

REFERENCE VALID 

E4' C06' 
------------- CHANNEL SELECT 

(DELAY 0) 

EI- E3 

3AG 

GO I/O 
REFERENCE 
R47 040 ------------

I/O REFERENCE 
CPI 

NOO COJ' 

3AG 

I/O REFERENCE 
SECI10N()'3 

R40· R43 
2°_21 

------------
I/O REFERENCE 

BKBITS 
22_24 

R44 - R46 

30A 

CHANNEL II CA 
C20 - C32 

BIT 2 9 _ 221 

------------
CLREGISTER 

020 - 032 

30B 

ADDRESS DELAY 
(DELAY 0) 
120 - 128 

CAREGlSTER 
2°_28 

------------
CLREGISTER 

020- D28 

OUTPUT TIMING SEQUENCE (sheet 3 of 11) 
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f---+ (300) 

-(30A ,30B) 

- (30A) 

-(30A,30B) 

r--+ (3AG) 

(lAQ) (JAG) 

(3AQ) 

_(3AQ) 

f---.- (30B) 
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) 
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) 

(30D) ---
('300) ---
('30B) 

(3DA,3DB) 

('3OB) 

('3AG) 

CONTROL 

('3DA 

(JDB 

ADDRESS 

DATA 

CP9 

30D 

ACI'lVE 
Z02 046' 

------------
SAMPLE DATA 

DELAY + I 
ZII 035' 

30A 

REFERENCE V AUD 
BOO DOZ' 

WarrECA 
POINfER 

CHANNELl 
ES 010 

30B 

'2 CONFUCT 
R49 0.1' 

warrECA 
POINfER 

(DElAY!) 
E9 DOl' 

3AQ 

I/O BANK BITS 
J30 - 134 ------------

lJO REFERENCE 
SECTION SELECT 

J3S CS7' 

I/OCONFUCT 
012-014 

3AG 

I/O REFERENCE cn 
Noz C13' 

3AG 

SECTION 0·3 
NOS- NOS 

-----------
I/O ADDRESS 24 

N4 C06' 

3DA 

ADD TO MEMORY 
29 _221 

JOO - 112 -----------
Cl.. REGISTER 

020- 032 

3DB 

ADD TO MEMORY 

20 ·2S 

J40· J48 -----------
Cl.. REGISTER 

020- D28 

*3 The Channel active would drop this time 
if CA = CL for !hi. lJO IraDSfcr. 

"4 The lJO signal from lb. 3AG will 
make R49 on the 3DB. This lignal wiIl go 
10 a1llJO modulca to delay for I CP any 
following 1/0 refezence. Ira sent to the 
following modulca: 3DA, 3DE, 3DH, 3DD, 
3DP,3DL 

CPIO 

300 

ACI'lVE 
Z02 046 

------------
SAMPLE DATA 

DElAY +2 
ZI2 019 

30A 

CA=CL 
J20 C36 

30B 

'2 CONFUCT 
R49 0.1' 

CA=CLLOWER 
J64 

3AG 

I/O REFERENCE 
CP3 

N9 C2S' 

(3DD) 

HOLD I/O 

TO THE 
3DBCAUSES 

~ __________ -JTHE!CP 

DELAY FOR 

r---OO--:;,;~,;;Q~N--"" ~OFO~W1NG 
R!4- R2! 

MODULE IS 
SECTION 

DEPENDENT 

3AO 

SELECTlJO 
SECTION 
CIO-CI4 

3AG 

SECTION 0·3 
NII- N!4 

3DB 

CHANNEL!! 
CA+! 

CZO - C32 

3DA 

CHANNEL!! 
CA+! 

CZO- C32 

3AD 

SECTION ADDRESS 
COO - C09 

~I 

• 3 

CPII 

30D 

ACllVE 
Z02 046 

------------
SAMPLE DATA 

DELAY +3 
Z03 0.7' 
Z30 E2O' 

3DB 

'4 CONFUCT 
R49 0.1' 

lJOCONFUCT 

X20 AI7' 

3YZ's 

00 BANK N 
F.O. 

XOO-XOl 

3AX's 

SECTION 0 
ADDRESS 
ROO - RI6 

3AF 

PORT B SECTION 
SELECT 

VOl 016' 
V03 010" 

-----------
PORT A SECTION 

SELECT 
VOO DOS' 
VOl 006' 

OUTPUT TIMING SEQUENCE (sheet 4 of 11) 
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(3DD) 

3YZ 

CONTROL 

(3YZ) --I" 
(3AX) --I" 

CPl2 

3DD 

ACTIVE 
Z02 D46 ----------

ACCESS DELAY 
Z20 C44' 

3YX's 

BANKN+OOR 
N+I0 

REFERENCE CPO 
QOO A31' 

BANKN+40R 
N+14 

REFERENCE CPO 
Q20 D59' 

3YX's 

BANK N ADDRESS 
ROO - R35 

3AF 

PORT B SECTION 
2°,2 1 

XOO A5l' 
XIO A50' 

(3AF) --1 .. _-----------

ADDRESS 

DATA 

PORT A SECTION 
WOO A59' 
WI0 A6l' 

. .. 

CP13 

3DD 

ACTIVE 
Z02 D46 ----------

ACCESS DELAY 
Z21 C45' 

3YX's 

READ LOWER 
BANKN+O, N+I0 

CPl 
Q03 B42' 

UPPER BANK N+O, 
N+I0 

Q13 B33' 
READ LOWER BANK 

N+4, N+14 
Q23 C36' 

READ UPPER BANK 
N+4, N+14 
Q33 C44' 

3YX's 

MEMORY ADDRESS 
ROO - R35 

3AF 

PORT B SECTION 
2 0,2 1 

XOI 
Xll 

------------
PORT A SECTION 

WOl 
Wll 

-----------------

CP14 

3DD 

ACTIVE 
Z02 D46 

----------
ACCESS DELAY 

Z22 Z46' 

3YX's 

READ LOWER 
BANK N+O, N+I0 

CP2 
Q04 A61 

READ UPPER BANK 
N+O, N+IO 

-" Q14 B23' 
READ LOWER BANK 

N+4, N+14 
Q24 D16' 

READ UPPER BANK 
N+4, N+14 
Q34 C50' 

3YX's 

. MEMORY ADDRESS 
ROO - R35 

3AF 

PORT B SECTION 
2 0,2 1 

X02 
X12 

------------
PORT A SECTION 

W02 
W12 

~ 

f----+ 

f----+ 

-. 

(3DD) 

(3YX's) 

(3YX's) 
(3YM's) 

(3AF) 

---------------------
3YM's 

~ MEMORY CHIPS 
~ MTERMS 

(3YM's) 

A-5169 
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) 

(3DD) 

(3YX) 

(3YX's) 

(3AF) 

(3YM's) 

(3YX's) 

CPl5 CPl6 CPl7 

3DD 3DD 3DD 

ACTIVE ACTIVE ACTIVE 
202 046 202 046 Z02 046 

---------- ---------- ----------
REFERENCE REFERENCE REFERENCE 

COUNT COUNT COUNT 
Zl4 Art Zl4' Art Zl4 Art 
Zl5' A33 Zl5 A33 Zl5 A33 
Zl6' A21 Zl6' A21 Zl6' A21 
Zl7' A26 ZIT A26 ZIT A26 

3YX's 3YX's 3YX's 

READ LOWER READ LOWER READ LOWER 
BANK N+O,N+IO BANKN+O,N+IO BANKN+O,N+IO 

CP3 CP4 CP5 
Q05 A63' Q06 A59' Q07 A65' 

READ UPPER BANK READ UPPER BANK READ UPPER BANK 
N+O, N+IO N+O, N+IO N+O, N+IO 
Ql5 B25' Ql6 B20' Ql7 B06' 

READ LOWER BANK READ LOWER BANK READ LOWER BANK 
N+4, N+14 N+4, N+14 N+4, N+14 
Q25 014' Q26 DZO' 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 012' 

CONTROL 

3YX's 3YX's 3YX's 

MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS 
ROO - R35 ROO - R35 ROO - R35 

3AF 3AF 3AF 

PORT B SECTION PORT B SECTION PORT B SECTION 
2°,21 2°,21 2°,21 

X03 A4l' X04 A23' X05 
Xl3 A4S' Xl4 A25' Xl5 

PORT A SECTION PORT A SECTION PORT A SECfrON 
W03 A33' W04 Art' W05 
Wl3 A3I' Wl4 A29' Wl5 

ADDRESS ------------------------ ----------------------- -----------------------
3YM's 3YM's 3YM's 

MEMORY CHIPS MEMORY CHIPS MEMORYCillPS . MTERMS MTERMS MTERMS -
DATA 

OUTPUT TIMING SEQUENCE (sheet 6 of 11) 
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(3YX's) 
(3YM's) 

(3AF) 

(3YM's) 

A-St69 



(3DD) 

(3YX's) 

(3AF) 

(3YX's) 

(3YX's) 
(3YM's) 

CP18 CP19 CP20 

3DD 3DD 3DD 

ACTIVE ACTIVE 
ACTIVE Z02 D46 Z02 D46 

Z02 D46 ---------- ----------
REFERENCE REFERENCE REFERENCE 

COUNT COUNT COUNT .. 
~ Z14' A27 Z14 A27 Z14' A27 

3DD 

ZIS' A33 ZIS' A33 ZIS A33 
Z16 A21 Z16 A21 Z16 A21 
ZI7' A26 ZI7' A26 ZI7' A26 

3YX's 

CPU 0 GO READ 
BANKN+O 
Q40 B61' 

3YX's 3YZ's 
CPU 0 GO READ 

BANKN+4 
Q42 B63' CPU 0 GO READ CPU o READ 

~ BANK N+4,N+I0 
_ .. 

SELECTS F.O. (3YZ's) 
REFERENCE XOO=X02 EOO - E07 

Q44 CW' 
BANKN+W,N+14 

REFERENCE 
Q4S C12' 

CONIROL 

3AF 3AF 3AF -) 

PORT B SECTION PORT B SECTION PORT R SF.\.TTON 
2°,21 20,21 2°,21 

X06 X20 X21 
X16 X23 X24 

PORT A SECTION 
~ 

PORT A SECTION PORT A SECTION 
(3AF) 

20,21 20,21 2°,21 

W06 W20 W21 
W16 W23 W24 

3YX's 3YX's 

MEMORY MEMORY 
ADDRESS ADDRESS 
ROO - R3S ROO - R3S 

ADDRESS ------------------- -------------------- ------------------------
3YM's 3YM's 3YM's 

MEMORY CHIPS MEMORY CHIPS MEMORY CHIPS .. 
MTERMS 

.. 
MTERMS 

.. .. 
MTERMS (3YZ's) 

A-5169 ) 
) 

/ 

OUTPUT TIMING SEQUENCE (sheet 7 of 11) 

26-44 



) 
) 

) 

(3DD) 

(3AF) 

(3YZ's) 
(3YM's) 

CP21 CP22 CP23 

3DD 3DD 3DD 

ACTIVE ACTIVE ACTIVE 
Z02 D46 Z02 D46 Z02 D46 

- REFERENCE REFERENCE - REFERENCE . 3DD 
COUNT COUNT COUNT 

Z14 A27 Z14' A27 Z14 A27 
Z15 A33 Z15' A33 Z15' A33 
Z16 A21 Z16' A21 Z16' A21 
Z17' A26 Z17 A26 Z17 A26 

SQ~O~ _________________________________________________ __ _ 

3AF 3AF 3AE 

PORTB PORTB 
SECTION SECTION 

2°,2 1 2°,2 1 
I/O PORT 

X22 X7 SECTION SELECT 
X25 X17 BITS t+21 

PORTA PORTA . FOR CPU 0 
SECTION SECTION R8I B04 

2°,2 1 2°,2 1 

W22 W7 
W25 W17 

3YZ's 3ZE's 3ZE's 

CPU 0 
CPU 0 

READ DATA CPU 0 . READ DATA 
A TERMS READ DATA 

FAN IN - .. 
SYNDROMES ROO - R3I 

COO - C23 
BTERMS 

3VA 

A-5169 

OUTPUT TIMING SEQUENCE (sheet 8 of 11) 
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CP24 CP25 CP26 

3DD 3DD 3DD 

ACTIVE ACTIVE 
ACTIVE Z02 D46 Z02 D46 

Z02 D46 SAMPLE DATA PARCEL COUNT --
REFERENCE F02 Al7' FOO' A23' 

-. COUNT . REFERENCE F01 A28 3DD 
COUNT * 5 REFERENCE Z14' A27 -Z15 A33 Z14 A27 COUNT 

Z16' A21 Z15 A33 Z14' A27 
Z17 A26 Z16' A21 Z15' A33 

Z17 A26 Z16 A21 
Z17 A26 

CONTROL 

ADDRESS 

3 VA's 3DD 3DD 

(3AE) ----+ 
I/O SECTION 

0, 1,2,3 
D32- D45 

. 
DATA 
FROM 

MEMORY 

LOSP 0 
DATA 

LOO-L35 
000-031 

DATA 
-----------------------------------------------------------

A-5169 

OUTPUT TIMING SEQUENCE (sheet 9 of 11) 
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(3DD) 

READY 
EXT. 

l 

) 
) 



(EXI".) RESUME 

CONlROL 

ADDRESS 

ODD) _ 

DATA 

DISASSEMBLY 64-BIT WORD INTO 16 BITS 

3DD 

.., ACfIVE 
"Z1J1. D46 

RESUME 
204' D33 

INCREMENT 
PARCEL COUNT 

3DD 

06 CHANNEL 
DATA 

R72· R79 
PARITY 

RSO· R81 

CPX+ 1 

3DD 

ACTIVE 
"Z1J1. D46 

PARCEL COUNT 
ZOO AS9' 
ZOl' A63 

SET READY 
ZOS D33 

CPX+ 2 

3DD 

ACTIVE 
"Z1J1. D46 

PARCEL COUNT 
FOO A23' 
FOI' A28 

os SET REFERENCE 
COUNTER 
Z14' AZI 
ZlS' A33 
Z16 A21 
Z17 A26 

*8 TItis sequence continues 
until Parcel Count = 3 
Go back to CPX + 0 

---. (3DD) 

READY 
(EXI".) 

--------------------------------------------------------------------~----------

*5 Ready drops when Z14, Z15, Z16, Z17 equals 
all ones or for anothsr 3 CPOs. 

*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 
from external device. 

*8 Last reference stays up until active drops. 

OUTPUT TIMING SEQUENCE (sheet 10 of 11) 
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DO TIllS SEQUENCE WHEN CA = CL 

CPXX+ 0 

3DD 

ACTIVE 
ZOZ D46 

---------------
PARCEL COUNT = 3 

ZOO A59' 
ZOI A63' 

---------------
LAST REFERENCE 

Z03 D39 
AT SAMPLE DATA 

DELAY+Z 

CONTROL 

ADORESS 

3DD 

*6 CHANNEL 

(30D) ---.t 

DATA 
R72- R79 
PARITY 

R80 - R81 

DATA 

CPXX + 1 

3DD 

ACTIVE 
ZOZ D46 

---------------
YES -- *9 LAST REFERENCE 

Z03 D39 
SEND LAST WORD 

TO EXTERNAL 
DEVICE 

I-

I-

NO 
'-- GO BACK TO CP 5 

CPXX + Z 

3DD 

OROPACTIVE 
ZOZ D46 

PARCEL COUNT = 3 

SEND DISCONNECT 
R96 C56' 

SEND 
INfERRUPTS 

R93 C35 

(EXT.) 

(30E) 

-------------------------------------------------------------------------------

*9 LAST REFERENCE STAYS UP 
UNTIL ACTIVE DROPS. 

OUTPUT TIMING SEQUENCE (sheet 11 of 11) 
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N 
-...,J 
I 

I-' 

("") 
("") ;0 
0» 
3:-< 
-0 
»;0 
::z I'T1 
-<VI 

I'T1 
-0» 
;0 ;0 
....... ("") 

<:c » .. 
-i 
I'T1 ....... 

::z 
("") 

''-.-- .---" 

(EXT) 

(EXT) 

(EXT) 

(EXT) 

(300) 

(3DJ) 

(30B) 

(EXT) 

(EXT) 

TRANSMIT DATA ENABLE J 
FOn. OUTPUT 

CLEAR CHANNEL OUTPUT+ INPUT ; lz>-, 

DATA READY INPUT 1 , 

LAST WORD FLAG INPUT 
... 
J 

I 
HISP EMPTY j 
HISP FULL I 
ACKNOWLEDGE REFERENCE 

ADDRESS FROM CHANNEL 0,1 
INPUT+OUTPUT 

ADDRESS READY 0,1 
INPUT+OUTPUT 

o 

30F' REP.~Q. INPUT+OUTPUT 

HEADY TO BUFI·'EH 

BUFFER A SELECT 
EACH 30F CONTROLS 

WRITE BUFFER 
2 HISP CHANNELS 

1 INPUT AND 1 OUTPUT CLEAR ADDRESS 

BUFFER A SELECT 

WRITE DATA 

CLEAR ADDRESS 

ENTER ADDRESS/a, 1 

ADDRESS TO CHANNEL 0,1 

TRANSMIT DATA ENABLE INPUT 

TRANSMIT ADDRESS 
INPUT+OUTPUT 

CPU 0 DATA READY OUTPUT 

A-0680C 

CRAY X-MP HISP CHANNEL CONTROL 

-.......J 

(30B) 

( 300) 

(300) 

(300) 

(300) 

( 3DJ) 

(30J) 

(3DJ) 

(30A,3DB) 

(301\,30B) 

(EXT) 

(EXT) 

(EXT) 



(EXT.) 
(2IQ) 

(EXT.) 
(2IQ) 

HISPODATA 
64 BITS + S CB'S 

HISP 1 DATA 
64 BITS + S CB'S 

3DD I Hll/HIO 
DATA FROM MEMORY 

ODD BYTES 32 BITS + 4 CB'S 4 - 7 
C.B. 4-7 HISP A, 7 

3DD I H09/HOS 

16x4'S 

EVEN BYTES ROO 

~ 
LOO DATA FROM MEMORY 

C.B. 0 - 3 BUFA 32 BITS + 4 CB'S 0 - 3 

M35 CLEAR ADDRESS 

WRITE BUFFER 
NOO BUFFER A SELECT 

BUFB 

R35 N35 L35 
READY TO BUFFER 

3DD I TOS/f09 
DATA FROM MEMORY 

EVEN BYTES 32 BITS + 4 CB'S 0 - 3 
C.B. 0 - 3 HISPB, 7 

3DD I TIO{f11 

16x4'S 
ODD BYTES ROO 

~ 
LOO DATA FROM MEMORY 

C.B. 4-7 BUFA 32 BITS + 4 CB'S 4-7 

M35 CLEAR ADDRESS 

WRITE BUFFER 

~ 
BUFFER A SELECT 

BUFB 
READY TO BUFFER 

R35 N35 L35 

CRAY X-MP CHANNEL DATA OUTPUT 

27-2 

(3VA,3AX) 

(3VA,3AX) 

(3DF) 

(3DF) 

(3DF) 

(3DF) 

(3VA,3AX) 

(3VA,3AX) 

(3DF) 

(3DF) 

(3DF) 

(3DF) 

B·0681C 

) 

-) 



',I 

3DF H06/07 3DF T06/07 

mSPA mSPB 
INPUT OUTPUT INPUT OUTPUT 
mspo msp 1 mspo msp 1 
T.P. TERM T.P. TERM T.P. TERM T.P. TERM 

2° -- D58 EOO DOl MOO D58 EOO DOl MOO 
21 -- D53 EOl D08 MOl D53 EOl D08 MOl 
22 -- D55 E02 DIO M02 D55 E02 DIO M02 

23 -- D6l E03 D16 M03 D6l E03 D16 M03 
24 -- D49 E04 D07 M04 D49 E04 D07 M04 

25 -- D64 E05 D14 M05 D64 E05 D14 M05 
26 -- D63 E06 D27 M06 D63 E06 D27 M06 
27 -- D62 E07 D12 M07 D62 E07 D12 M07 

28 -- D44 E08 D18 M08 D44 E08 D18 M08 
29 -- D72 E09 D23 M09 D72 E09 D23 M09 
2 1° __ D70 EIO D06 MIO D70 EIO D06 MlO 
211_- D65 Ell D05 Mll D65 Ell D05 Mll 
212 -- D35 E12 D20 M12 D35 E12 D20 M12 
2 13 __ 

D33 E13 D03 M13 D33 E13 D03 M13 

3DG @T04/05 
mspc HISPD 

INPUT OUTPUT INPUT -OUTPUT 
T.P. TERM T.P. TERM T.P. TERM T.P. TERM 

2° -- EOO MOO C03 E20 C19 M20 
21 -- EOl MOl COo R21 C31 M21 
22 -- A08 E02 M02 C08 E22 C04 M22 
23 -- AlO E03 M03 C18 E23 C23 M23 
24 -- A12 E04 M04 C20 E24 C17 M24 > 
25 -- A20 E05 M05 C33 E25 C29 M25 
26 -- A23 E06 M06 C16 E26 C42 M26 
27 -- A42 E07 M07 C14 E27 C12 M27 
2 8 -- A18 E08 M08 C35 E28 C44 M28 
29 
-- A14 E09 M09 CIO E29 C27 M29 

2 1° __ A48 EIO MIO C25 E30 C50 M30 
211 __ A40 Ell Mll C36 E3l C46 M31 
212 -- A25 E12 M12 C48 E32 C38 M32 

2
13 
-- A6l E13 M13 C55 E33 C40 M33 -

A-18748 

CRAY X-MP HISP BLOCK LENGTH REGISTER 

27-3 

Additional 
HISP not 
currently 
used 



3DB@ HOO/OI 
TOO/OI 

2° --
21 --
22 --
2 3 --
24 -
2 5 --
2 6 -
27 --
2 8 --

HISPAIB 

INPUT 
HISPO 
T.P. TERM 

D59' BOO' 
D34' BOI' 
Dll' B02' 
D69' B03' 
D65' B04' 
D6l' B05' 
D68' B06' 
B33' BOT 
D63' B08' 

3DA@ H02/03 
T02/03 

T.P. TERM" 

2
9 

- B72' BOO' 
2 10 __ B08' BOI' 
211 __ B68' B02' 
212_ B46' B03' 
2 13 _ B48' B04' 
214_ B45' B05' 
2 15 _ B36' B06' 
2 16 __ D68' BOT 
217 __ D60' B08' 

2
18 
-- D63' B09' 

2 19 
" -- D58' BIO' 
2 2° __ D55' Bll' 
221_ D54' Bl2' 
222 __ B33' Bl3' 
2 23 _ B2T Bl4' 

HISP AlB 
I 

VHISP 
CHANNEL 7 

OUTPUT I INPUT OUTPUT 
HISP I : HISP 2 HISP 3 

I T.P. TERM I T.P. TERM T.P. TERM 
I 

D46' B20' D52' B40 D49' B60 
Dl8' B2l' D48' B41 D45' B61 

Dl6' B22' D44' B42 D35' B62 
D70' B23' D42' B43 D36' B63 
D66' B24' D38' B44 D3l' B64 
D23' B25' D4l' B45 D30' B65 
D5T B26' D29' B46 D26' B66 
D55' B2T Dl4' B47 D20' B67 
D25' B28' DIT B48 D22' B68 

T.P. TERM T.P. TERM T.P. TERM 

B63' B20' B42' B40 B65' B60 
B59' B2l' B67' B41 B5T B61 
B06' B22' B70' B42 B6l' B62 

B3T B23' B55' B43 B4T B63 
B3l' B24' B50' B44 B4l' B64 
B29' B25' B5l' B45 B49' B65 
B35' B26' B40' B46 B52' B66 
D62' B2T D56' B47 D33' B67 
D6l' B28' D5T B48 D3l' B68 
D59' B29' D36' B49 D29' B69 
D48' B30' D35' B50 D2T B70 
D46' B3l' D40' B51 D25' B71 
D42' B32' D38' B52 D23' B72 
B25' B33' Bl6' B53 B39' B73 
Bl2' B34' Bl4' B54 B38' B74 

I 

A-1873e 

CRA Y X-MP HISP CHANNEL ADDRESS REGISTER 
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N 
-....,J 
I 

(J1 

3 
o 
J 

3 
D 
o 

-'-

DATA 0-3 

BITS S-ll 

TERM 

MOO-03 

NOO-03 

M40-43 

N40-43 

DATA 0-3 

BITS S-11 

TERM 

MO-03 

NO-03 

M40-43 

N40-43 

LOC. 

BTK 

BTl 

BTB 

BTD 

LOC. 

BQA 

BTA 

BQJ 

BTJ 

4-7 16-19 

12-15 24-27 

TERM LOC. TERM 

M04-07 BUK MOS-ll 

N04-07 BUI NOS-ll 

M44-47 BUB M4S-51 

N44-47 BUD N4S-51 

4-7 16-19 

12-15 24-27 

TERM LOC. TERM 

M04-07 f!QB MOS-ll 

N04-07 BTB NOS-ll 

M44-47 BQK M4S-51 

N44-47 BTK N4S-51 

20-23 

2S-31 

LOC. TERM LOC. 

AHB M12-15 AlB 

AHD N12-15 AID 

AHK M52-55 AIK 

AHI N52-55 All 

20-23 

2S-31 

LOC. TERM LOC. 

BQC M12-15 DOA 

BTC N12-15 DTA 

BQL M52-55 DQJ 

BTL N52-55 DTJ 

! 
'-/ 

X-MP 16x4 MODULE LOCATOR 

32-35 36-39 

40-43 44-47 

TERM LOC. TERM LOC. 

M16-19 DTI M20-23 DUI 

N16-19 DTK N20-23 DUK 

M56-59 DTD M60-63 DUD 

N56-59 DTB N60-63 DUB 

32-35 36-39 

40-43 44-47 

TERM LOC. TERM LOC. 

M16-19 DQB M20-23 DOC 

N16-19 DTB N20-23 DTC 

M56-59 DQK M60-63 DQL 

N56-59 DTK N60-63 DTL 

I~ 

HISP A,7 HISP B, 7 
INPUT INPUT 

4S-51 52-55 CB 0-3 3DJ H12/13, T12/13 

56-59 60-63 CB 4-7 3DJ H14/15, T14/15 

TERM LOC. TERM LOC. TERM LOC. 

M24-27 CHD M2S-31 CID M32-35 AJB HISP BUFFER A 

N24-27 CHB N2S-31 CIB N32-35 DVK HISP BUFFER B 

M64-67 CHI M6S-71 ClI M72-75 AJK VHISP BUFFER A 

N64-67 CHK N6S-71 CIK N72-75 DVB VHISP BUFFER B 

HISP A,7 HISP B, 
OUTPUT OUTPUT 

4S-51 52-55 CB 0-3 300 HOS/09, TOS/09 

56-59 60-63 CB 4-7 300 Hl0/ll, Tl0/ll 

TERM LOC. TERM LOC. TERM LOC. 

M24-27 CEJ M2S-31 CEK M32-35 CEL HISP BUFFER A 

N24-27 CHJ N2S-31 CHK N32-35 CHL HISP BUFFER B 

M64-67 CEA M6S-71 CEB M72-75 CEC VHISP BUFFER A 

N64-67 CHA N6S-71 CHB R72-7~ CHC VHISP BUFFER B 

X2027C010l 



lOS 

R4 UNCORRECTABLE ERROR · 3DF HOG/07 -
TOG/07 TRANSMIT ADDRESS · 

CLEAR CHANNEL 

ADDRESS, BL, PARITY 

ADDRESS READY 
( 301) DOUBLE BIT ERROR 

_ TRANSMIT ENABLE 

BIOP 
ADDRESS ERROR · BL BIT 20 - 2 3 

READY TO EXTERNAL 
102 

LAST WORD FLAG 
REFERENCE REQ ROO 

ADDRESS 2
23

_2
0 

20 --213 READY TO BUFFER 

[J ~ BUFFER A SELECT 

WRITE BUFFER 

CLEAR ADDRESS 

3DA H02/03 
T02/03 

29_223 

3DB HOO/Ol 
ENTER ADD 0-3 TOO/OI 

HISP A/B . 

ACK. HISP A/B 

LAST REFERENCE . 20--28 

(3DF, 3DA) 
CONFLICT ~ 300, 

(3AG,3AQ) GO I/O REFERNCE 

ADDRESS TO MEMORY CONFLICT (3AQ) 

MEMORY 

300 Hl0/ll 
ODD BYTES 4 C.B. Tl0/ll 

OUTPUT 
HISP "'" 

300 H08/09 I4G 
T08/09 "'" 

72 BITS EVEN BYTES 4 C.B. 140 
HISP 

BUFFFER EMPTY 

I BUFFER Al 
I BUFFER B\ 32 BITS 4 C.B. 

N ote: If the Cray X-MP had the option I---
of four HISP's and no VHISP, a 

32 BIT 4 C.B. 
3DG module would be installed at 
location T04/05. The 3DG would 
replace the 301 at location T04/05. B·1875E 

CRAY X-MP HISP OUTPUT CHANNEL 

HTV-0242 27-6 



<. 

tv 
--J 
I 

--J 

',--,,' lOP 3DF 
3DF 

lOP WILL 
SEND TRANS. 
ADDRESS TO lOP 

I--,--I~~I SEND ADD, AND 
BLK LENGTH WITH 

DROP TRANS. ADD. 
1----+-1 lOP WILL SEND TRANS. 

ENABLE WIlEN IT CAN 
RECEIVE 16 WORDS ADDRESS READIES IN 

3 TPJ\NSFERS 

3DA/3DB 3DF 

ADDRESS SENT TO TIlE * SEND REF. REQ. TO 
3DA/3DB AND LOAD CA THE 3DB TO FILL I ~<' 
REG. FOR lIISP 1 BUFFER A 

3AG/3AQ 

GENERATE I/O REF. 
I/O REF. SEC. 0-3 
I/O REF. BANK BITS 
22_24 

CONFLICT 

3DP 

St>7AP TO BUFFER B 

3AQ/3AD 

GO BANK N ON 3AQ 
SECTION I/O SEC. 

f--r--I~~I ON 3AD 
REST OF ADDRESS SENT TO 
MEHORY 2 5_2 21 

CONFLICT 
IOP 

STOP 
SEND ERROR 

D 

IF BUFFER B IS EHPTY 
BEGIN FILLING BUFFER 
B limEN BUFFER A 
IS FULL 

3DF 
NO 

3DP 

SEND BL BIT 
":::. H.w ~120_23 TO 3DB 

3DB 

3DF 

3DB 

SLOT CNT STOPS 
UNTIL BUFFER A IS 

YES I FILLED, FOR HISP 1 
':> I - * SEND ACK. REF. TO 

3 DF DROP REF. REO. 
GATE CA BIT 2 0-2ij 
TO MEMORY 

CONFLICT 

3DF 

YES I SEND WRITE 
':> ~ BUFFER TO 

3DD 

3DF 

SEND PEADY TO BUFFER 
TO 300 AND DECREMENT > YES ~ I BLK LENGTH AND SEND 
PE1\DY TO EXTEPNAL 

3DF 
3DF/3DD/3DA/3DB 

EMPTY BUFFER A 
THF.N BUFFER B 
CONTINUE IN THE 
SEQUENCE 

FOR THE LAST REF. 

SEND LAST WOFD PLAG 
To lOP WHEN BLmO 

1--""_--11 TRANSFER IS 
COMPLETE SET 
TRANSMIT ADDRESS 

3Dt' 

BL STAYS ON TIlE 
3DF/3DG MODULE 
SEND CLR ADD 
AND SELECT BUFFER 
1\ ON 3DD 

* NOTE: REFERENCE REQ. AND ACK. REF. ARE 
TIIERE UNTIL THE BUFFER IS FULL B-1919C 

X-MP/2 FLOW CHART HISP 1 OUTPUT OPERATION 



HISP ERROR LOGGING 

SECDED 

SYNDROME 3DE 
I---

3DF 2IP 

3DI - , 

SECDED SEeDED 

I 

3HE 3ZE 2IQ 

MICRO SYNDROME 

SYNDROME ERROR ERROR CODE/HISP ERROR 

SYNDROME LOGGER ERROR CODE/CPU ERROR 

~--+,,~ 

HISP ERROR CORRECTION 

8 
3AX 3DD 2IQ 

~ * 
SECDED 

CB 
CRAY X-MP 

ME140RY 
72 3ZE 

* 
SECDED 

3DE 3DJ 72 2IP 

* 
~iECDEL 

27-8 

-

16 

16 

2AX 

LOCAL 

MEMORY 

8-2074 
X2026C0107 

iJ 

,) 

J 



", 
} 

) 

) 
) 

O-OK 40-69 
1-64 41-0 
2-65 42-0 
3-0 43-M 
4-66 44-0 
5-0 45-M 
6-0 46-M 
7-32 47-0 

10-67 50-0 
11-0 51-M 
12-0 52-M 
13-40 53-0 
14-0 54-M 
15-48 55-0 
16-56 56-0 
17-0 57-M 
20-68 60-0 
21-0 61-M 
22-0 62-1'1 
23-:1 63-0 
24-0 64-t·l 

25-r·1 65-0 
26-n 66-0 
27-0 67-35 
30-0 70-1·1 

31-t-1 71-0 
32-r-1 72-0 
33-0 73-43 
34-11 74-0 
35-0 75-51 
36-0 76-59 
37-t'l - 77-0 

o - OOUBLE ERROR 
M - MULTIPLE ERROR 

SYNOROME 

100-70 140-0 
101-0 1 41 -f.l 
102-0 142-M 
103-M 143-0 
104-0 144-M 
105-M 145-0 
106-M 146-0 
107-0 147-38 
110-0 150-t-1 
111-M 151-f.l 
112-1'1 152-0 
113-0 153-46 
114-M 154-0 
115-0 155-54 
116-0 156-62 
117-1'-1 157-0 
120-0 160-00 
121-M 161-0 
122-t1 162-0 
123-0 163-03 
124-t-1 164-0 
125-0 165-05 
126-0 166-06 
127-37 167-0 
130-t·1 170-0 
131-0 171-01 
132-0 172-02 
133-45 173-0 
134-0 174-04 
135-53 175-0 
136-61 176-0 
137-0 177-07 

CODES 

200-71 240-0 300-D 340-24 
201-0 241-M 301-:·1 341-0 
202-0 242-1-1 302-!'1 342-0 
203-r-1 243-0 303-0 343-27 
204-0 244-M 304-!·1 344-0 
205-M 245-0 305-J 345-29 
206-t1 246-0 306-0 346-30 
207-0 247-34 307-36 347-0 
210-0 250-M 310-r'1 350-0 
211-M 251-0 311-J 351-25 
212-M 252-0 312-0 352-26 
213-0 253-42 313-44 353-0 
214-f.1 254-0 314-0 354-28 
215-0 255-50 315-52 355-0 
216-0 256-58 316-60 356-0 
217-t-1 257-0 317-0 357-31 
220-0 260-08 320-16 360-0 
221-l'1 261-0 321-Q 361 -l'1 

222-f.l 262-0 322-0 362-t·1 
223-0 263-11 323-19 363-0 
224-r-l 264-0 324-D 364-r-1 
225-0 265-13 325-21 365-0 
226-0 266-14 326-22 366-0 
227-33 267-0 327-0 367-39 
230-H 270-0 330-0 370-1·1 

231-0 271-09 331-17 371-0 
232-0 272-10 332-18 372-0 
233-41 273-0 333-0 373-47 
234-0 274-12 334-20 374-0 
235-49 275-0 335-0 375-55 
236-57 276-0 336-0 376-63 
237-0 277-15 337-23 377-0 

27-9 
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3DF MODULE Page 1 

TRANSFER ADDRESS AND BLOCK LENGTH 

--W10 = Z6 Z7 ADDRESS SLOT f1 
W11 = Z6 Z7 SLOT 1 
W12 Z6 Z7 SLOT 2 
W13 Z6 Z7 SLOT 3 

Wl ENABLE TRANSMIT ADDRESS 

R25 TRANSMIT ADDRESS SENT TO IOP FOR 
HISP 1 OR 5 

R29 - LAST ADDRESS READY ENTER THE 
ADDRESS INTO 3DA/3DB MODULES 
FOR HISP 1 OR 5 OR ADDRESS 
ERROR. 

ADDRESS ERROR 

R32 Y8; T2 SENT TO IOP 

CNT = LIMIT AND SECOND ADDRESS READY + ADDRESS READY 
AND SE9IJENCE IS OVER + ADDRESS READY AND PARITY ERROR 

A-1870 

27-10 CRAY RESEARCH, INC. 
COMPANY PRIVATE 
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T.S. 5/8 10/12 16/0 16/0 

AOO BOO COO C20 

All Bl1 C11 C31 

) 

3DF MODULE Page 2 

TRANSFER ADDRESS lIND BLOCK LENGTH 

AOO = I20 ADDRESS HISP yJ 

-0 
All = I31 
A12 = I32 PARITY BIT yJ 
A13 = I33 BIT 1 
A14 = I34 BIT 2 
A15 - I35 ADDRESS READY 

5/8 10/12 16/0 16/0 3 4 5/8 10/12 16/0 3 4 
210 AO BOO COO C20 R69 212 AO BOO CO R57 20 

C2l R70 2 13 

C22 R33 20 

I 
R54 221 Al1 B11 Cll C3l R42 29 All Bll Cll R68 211 

ADDRESS ADDRESS/BL BLOCK LENGTH 

ADDRESS 20_221 - IS SENT TO THE 3DA/3DB MODULES 

BLOCK LENGTH 2°_213 - REMAINS ON THE 3DF FOR HISP 
0-3, FOR HISP 4-7 BLOCK LENGTH 
IS SENT TO THE 3OG. A-1870A 

27-11 CRAY RESEARCH, INC. 
COMPANY PRIVATE 



3DF MODULE Page 3 

REFERENCE REQUEST 

U01 REFERENCE MEMORY FOR HISP 1 
IF NO ADDRESS ERROR AND THE 
CABLE IS NOT DISCONNECTED 

U1 + QO R3 
U1 2.-V4i T2 

SET CHANNEL ACTIVE 
CLEAR ADDRESS ON 3DD's 

VOO 
R12 
R02 R2 V4 + R2 V4 + U1i T2 BUFFER A SELECT 

ROO SEND REFERENCE REQUEST TO 3DB OR IF BUFFER 
A OR B IS EMPTY SWAP THE BUFFER POINTER AND 
GENERATE REFF.RENCE REQUEST TO FILL THE OTHER 
BUFFER, OR DROP REFERENCE REQUEST WHEN 
ACKNOWLEDGE REFERENCE COMES BACK FROM 3DB. 

LAST REFERENCE BLOCK LENGTH <208 

M16-M19 LAST REFERENCE MAY BE LESS THE 
16 WORD. HISP 1 

" 27-12 
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I 
j 

M60 
M61 = 
M62 
M63 
M64 = 
M65 = 
M66 

M67 
M68 = 
M69 
M70 
M71 
M72 = 
M73 
M74 = 

) M75 

3DF MODULE Page 4 

REFERENCE TIMING 

I02 I3' + M60 13; T2 READ ACKNOWLEDGE +00 
M60 I3' + M61 I3; T2 ADDRESS GENERATION +01 
M61 13' + M62 I9; T2 ADDRESS GENERATION +02 
V8; T2 ADDRESS DISTRIBUTION +03 
M63; T2 ADDRESS FANOUT +04 
M64; T2 ADDRESS FANOUT +05 
M65 Y100 + M30 Y101 + M81 Y102 + M82 1.""103; T2 

M66; 
M67; 
M68; 
M69; 
M70; 
M71; 
M72; 
M73; 
M74; 

ADDED DELAY FOR DIFFERENT REFERENCE TIMES 
ON MEMORY CHIPS. 

T2 ADDRESS ON Z -
T2 ADDRESS ON Z -
T2 ADDRESS ON Z -
T2 READOUT Z -
T2 FANIN DATA ON ZR 
T2 SECDED DATA ON ZE 
T2 SECDED DATA ON ZE 
T2 SELECT I/O DATA ON VA 
T2 DATA ON DD 

WRITE BUFFER A 

R11 = M73 WRITE BUFFER 

SWAP TO BUFFER B 

Q1 BUFFER FULL 
Q2 LAST REFERENCE ~208 
03 = SWAP 
SO ACTIVE NO ERROR 
Z25 TRANSMIT ENABLE 
UOO = NO REFERENCE 

V4 = SWAP BUFFERS 
003 = LATCH V4 

'27-13 

A-IS70 

+06 
+07 
+08 
+09 
+10 
+11 
+12 
+13 
+14 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 



R01 

POO 

16/0 
16/0 
16/0 
16/0 
16/0 
16/0 

8/9 U4 
us 

11/13 

16/0 

= 

3DF MODULE 

SEND DATA TO IOP 

READY TO BUFFER 

Q01 = BUFFER FULL 
Q03 = SWAP BUFFER 
V06 = DELAY OVER 

SENT READY TO BUFFER 
GET A DATA TO IOP 

Page 5 

TO 

= DECREMENT BLOCK LENGTH 
FOR EACH READY 

DELAY READY 

004 = R1 Z27; T2 MAKE Q4 IF NO 
90S 94 Z27; T2 CLEAR CHANNEL 
006 = Q5; T2 
Q07 Q06; T2 
908 907; T2 
009 = 908; T2 

R1 ' Q4' 95' 96' 
= Q7' 98' 99' 

V06 = U4 US 

R01 = Q3 V6 + Q1 V6; T2 

READY TO EXTERNAL 

R10 READY PRECEDES THE DATA BY 25 N SEC. 

A-1870 

27-14 CRAY RESEARCH, INC. 
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3DF MODULE Page 6 

LAST WORD FLAG 

----N6 = MO M1 M2 M3 BL 0 ----
N5 = M16 M17 M18 M19 BL 0 
Q4 = READY + 1 TIME 
Q2 = LAST BL ~208 

R03 LAST WORD FLAG SENT TO THE lOP 

ALLOW TRANSMIT ADDRESS 

LO' = KO Z27; T2 ACTIVE 
R4 = UNCORRECTABLE ERROR ON OUTPUT HISP 

R24 CHANNEL NOT ACTIVE AND NO ERRORS THEN 
SEND TRANSMIT ADDRESS 

UNCORRECTABLE ERRORS 

R4 R4 Z27 HOLD ERROR UNTIL CLEAR CHANNEL OCCURS 

R4 U2 ENTER ADDRESS AND ADDRESS ERROR 

R4 = M75 11 DOUBLE BIT ERROR FROM CRAY MEMORY 

A-/870 

27-15 CRAY RESEARCH, INC. 
COMPANY PRIVATE 



EOO 
E01 

E02 

E03 

3DB MODULE Page 1 

162; T2 ENTER ADDRESS INTO HISP ~ 
163; T2 ENTER ADDRESS INTO HISP 

164 PSO + I73 FSO ENTER ADD INTO HISP 
OR VHISP IF CHANNEL 

165 FSO + I73 FSO ENTER ADD INTO HISP 
OR VHISP IF CHANNEL 

LOAD HISP 1 CHANNEL ADDRESS 

SLOT EQUAL ACTIVE CHANNEL 

UOO = XO X1 
U01 = XO X1 
U02 XO X1 
U03 = XO X1 

SLOT 0 READ 
SLOT 1 WRITE 
SLOT 2 READ 
SLOT 3 WRITE 

2 
=7 

3 
=7 

V01 = SELECT HISP 0-3 DURING THE SLOT TIME IF THE CHANNEL 
IS ACTIVE 

A-f87f 

27-16 CRAY RESEARCH, INC. 
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3DD MODULE Page 1 

BUFFER DATA FROM MEMORY 

JOO 146 SELECT A BUFFER FROM 3DF 
K04 JO 144 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 4'5 WITH MFMORY BLOCK REFERENCE 

27-17 A-/872 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 



3DB MODULE Page 2 

BLOCK REFERENCE REFERENCE 16 CRAY WORDS 

Q4 = BLOCK LENGTH REGISTER GREATER THEN 208 
Q5 BLOCK REFERENCE = 1 

PO-P3 = BLOCK REFERENCE COUNT INITIALLY SET TO 178 
DECREMENT TO ¢ TO REFERENCE 16 WORDS IN 
MEMORY TO FILL BUFFER A OR B 

WHEN THE BLOCK LENGTH REGISTER IS LESS THAN 
208. 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-18ll 

27-18 CRAY RESEARCH, INC. 
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3DD MODULE Page 2 

OUTPUT DATA FROM 16 x 4'8 

POO = I46 HISP 0 SELECT BUFFER A 

T06 = T1 I40 READY TO BUFFER 

ROO-R35 = BUFFER A OR B WORD SENT TO rop 
WHEN READY TO BUFFER 

27-19 
CRAY RESEARCH, INC. 
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i'-l 
-...J 
I 

i'-l 
o 

\_~- ........ ' 

(EX1) 
(21P) 

(EX1) 
(2JP) 

32 BITS & 4 CB'S 
OOOBYfES 

C.B. 4-7 

HISPO DATA 
64 BITS + 8 CB'S 

C.B. 0 - 3 
32 BITS & 4 CB'S 

EVENBYfES 

(3DB) REFERENCE ACKNOWLEDGE 

(3DF) CLEAR ADDRESS 

(3DF) BUFFER A SELECT 

(3DF) WRITE DATA 

32 BITS'" 4 CB'S 
EVENBYfES 

C.B.O- 3 

HISP 1 DATA 
64 BITS + 8 CB'S 

C.B.4-7 
32 BITS &: 4 CB'g 

ODD BYTES 

(3DB) REFERENCE ACKNOWLEDGE 

(3DF) CLEAR ADDRESS 

(3DF) BUFFER A SELECT 

(3DF) WRITEDATA 

301 

301 

301 

301 

-.. 

--.. . 
-.. 

\ 

~' ,--J 

1115/1114 
ODDBYfES 

30E 
HISP A, 7 Hl6/H17 

H13/H12 MEMORY DATA AOO ROO 

MOO ROO EVENBYfES CORRECTED DATA & 
CHECK BITS TO MEMORY 

(3AE) 

BUFA 

M35 A63 R63 

DOUBLE BIT 

c:J CJ 
___ (3DF) 

EJ 
(IJOP) DISABLE E.C. 

~ 
SYNDROME ___ (3HE) 

BUFB A7l R71 CPU 0 

R35 

N35 

Tl2/f13 
EVEN BYTES 

3DE 
HISPB,7 Tl6{fl7 

Tl4,Tl5 MEMORY DATA AOO ROO 

MOO ROO ODD BYTES CORRECTED DATA '" 
CHECK BITS TO MEMORY 

(3AE) 

BUFA 

M35 A63 R63 

DOUBLE BIT (3DF) 

NOO (IJOP) DISABLE E.C. CJ CJ ~ 
SYNDROME 

(3HE) 
BUFB A7l R7l CPU 1 

R35 

N35 

B '.(J682[) 
-------

CRAY X-MP HISP CHANNEL INPUT/DATA 
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) 

3DF H06ft)7 R13 UNCORRECl'ABLE ERROR 
T06m TRANSMIT ADDRESS 

ADDRESS BL PARITY 

ADDRESS READY 

DOUBLE BIT ERROR 113 R22 TRANSMIT ENABLE 
BL20 _23 

DATA READY 

CONFUCl' 107 LAST WORD FLAG 

ACK. REFERENCE JITSP 0 112 CLEAR CHANNEL 
REFERENCE REQUEST R15 ADD ERROR 

ADDRESS 2 23_ 2° 
R23 CLEAR ADDRESS 

2° ___ i 3 R16 SELECl' BUFFER A 

[] R17 WRITEDATA 

III BUFFER FULL 

I/O ADD TO MEMORY pDA H02ft)3 

(3AG, 3AD, 3AQ) 129 _ 223 T02ft)3 

3DB HOOjOl 

ENTER ADD 0 - 3 100m 
ADDRESS HlSP AlB 

,,°-_28 

c:J :--CONFLlCl' (3AQ) 
MEMORY LAST REFERENCE 

ACK. REFERENCE 
(3AG, 3AD, 3AQ) I/O ADD TO MEMORY HlSPO 

CONFUCl' 

32 BITS, 4 CHECK BYTES 1301 H14/l5 ~ 

3DE H16/l7 
T16/17 32 BITS, 

CORRECl'ED DATA 4 CHECK BYTES 

ANDC.B. 
TO MEMORY 

(3HE) SYNDROME CONFLlCl' (30B) 

NOTE: If the CRAY X-MP had the option oHour HlSP and no VHlSP, a 300 module 
would be installed at location T04ft)5. The 30G would replace the 3D! at 
location T04/OS. 

1 T14/15 

301 H121l3 
T121l3 

i I BUFFER A I 
1/ BUFFERB I 32 BITS, 4 CHECK BYTES 

I- 32 BITS, 4 CHECK BYTES 

CRAY X-MP HISP INPUT CHANNEL 

lOS 

BroP 

r-

B·1878F 

HTV-0242 27-21 CRAY PROPRIETARY 



tv 
-...J 
I 

tv 
tv 

3DF 

SEND TRANS. 
ADDRESS TO lOP 

3DAl3DB 
ADDRESS TO 

~ITHE 3DA/3DB LOAD 
V - CA REG FOR IIISP 0 

3DF 

SHAP DUFFERS 

EMPTY BUFFER I y 

SEQUENCE 

3DF 
SEND ADD, 
BLK LENGTH WITH 
PARITY WITH 
ADDRESS READY IN 
3 TRANSFERS 

3DF 

3DF 
DROP 
TRANS 
ADD 

DATA READY 
YES .. IFROM 101" 

3DF/3DG 
BL STAYS 
ON f10DULE 
2 0_2 13 

SEND CLR ADD 
AND SELECT BUFFER A 
TO - 3DJ 

t--.... ~( A 

I~ 3DF 
I DECREMENT BLK LENGTH 

AND 72 BIT DATA 
TO FILL BUFFER I It'ltlITE DATA TO 3DJ 

3DF 
3DF 

WAIT FOR DATA 
READY, AND 
72 BITS DATA 

3DF 
GENERATE REFER 
*RF.QUEST TO 
EHI"TY TilE BUFFER 
'TO THE 3DA/3DB 

3DB 

3DAL3DB 

DROP TRANS 
ENlIBf,E 

3DB 
SLOT (lIT STOI" 
IJNTIL BUFFER IS 
EMPTY • 

> YES .1 * SEND ACK REF TO 
i 3DF,3DJ 

GATE CA REG DELAYED 
GATE CA BIT 20-2~ 

conFLICT 

REQI 
I/O A1")D TO 

I MEMORY 2 5_2 21 

DATA AND CB 
CORR&CTED ON 3DE 

I 
CONFLICT 

3DF 

./Z. I TRANSFER 
YES IS COMPLETE 

SET TRANSMIT 

YES 
ERROR CORRECTIONS 
ON ITS OUTPUT 

"""7 I ADDRESS * NOTE: REFERENCE REQUEST AND ACK. REF. ARE 
THERE UNTIL THE BUFFER IS EMPTY. 

8-1893C 

X-MP /2 FLOW CHART H~_).=l 0 INPUT OPERATION ~ 



) 

) 

3DJ MODULE Page 

LOAD BUFFER A 

J01 = 198 SELECT BUFFER A INPUT 

12/13 
16/0 

K04 J1 I100 
A04 = K04;T2 

WRITE INTO BUFFER A 

192 = ACKN. REFERENCE FROM 3DB 

KOO = INCREMENT 16 x4 ADDRESS WHEN WRITING INTO THE 
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 JS FULL. 

27-23 
A-1876 
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3DJ MODULE Page 2 

ACKNOWLEDGE REFERENCE 

I92 ACKNOWLEDGE REFERENCE HISP ~ 

JOO - I06 CONFLICT 
J01 = SELECT BUFFER 

'i"';o.,'. 

"',',',',',.,,., ...... , .... 

KOO - INCREMENT ADDRESS TO READ BUFFER A 
POO I92 Z20 SELECT HISP ~ DATA 

QOO-Q35 - SELECT ONE OF THE HISP CHANNELS OR LOSP CHANNELS. 
AND SEND THIS BUFFER OF DATA TO MEMORY 

A-1876 

27-24 CRAY RESEARCH, INC. 
COMPANY PRIVATE 

l 

') 
j 

) 
) 

,/ 



) 

j 

3DF MODULE Page 1 

TRANSMIT ENABLE 

JOO = MAKE HISP ¢ ACTIVE IF NO ADDRESS ERRORS 
AND CABLE IS CONNECTED 

R22 = JO 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 = I6 

Y21, Y22 

= DATA READY 

LATCH DATA READY 

DATA READY RESYNC. 

~ = Y21 i T5 
~ = Y21 i T6 
~ =.::2!.i T7 
Z23= Y21i T8 

WRITE DATA/CLEAR ADD 

R17 Z20 Z21 Z22 Z23 WRITE DATA TO 3DJ 

R23 .; K5i T2 WHEN CHANNEL ACTIVE CLEAR THE 
ADDRESS ON 3DJ 

A-/877A 

27-25 
CRAY RESEARCH. INC. 
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3DF MODULE Page 2 

BUFFER FULL 

J06 CHANNEL ACTIVE, READY, NO ERROR 
I11 = BUFFER FULL 

I. 

,.,.."" .•• = ......... ·X: 

~H::im2 i 
.}} 

. ..... : ..• }) 

L01 = BUFFER FULL, CHANNEL IS ACTIVE AND NO ERRORS 

K02 = IF BUFFER A IS FULL SWAP TO BUFFER BAND 
BEGIN TO FILL BUFFER B. 

REFERENCE HISP 0 

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-18T? 

27-26 CRAY RESEARCH, INC. 
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LOS-L07 

J 

3DF MODULE Page 3 

I12 ACKNOWLEDGE REFERENCE HISP ~ 
13 CONFLICT 

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 

H01 = NO REFERENCE 

JOS = H1 WS REFERENCE AND DATA READY 

R22 SEND TRANSMIT ENABLE IF NO ERRORS AND CHANNEL 
ACTIVE. DROP TRANSMIT ENABLE IF THERE IS NO 
REFERENCE. 

X23 
J06 

LAST WORD FLAG 

17 LAST WORD FLAG 
HO W5 READY + ACTIVE + NO ERROR 

A-187? 

L03 LAST WORD FLAG 

27-27 CRAY RESEARCH, INC. 
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3DF MODULE Page 4 

BLOCK LENGTH = ~ AND DROP ACTIVE 

BL = 0 J04 - F2 F3 F4 
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 + 
I13 = DOUBLE BIT ERROR 

L7 = ACK + 2 TIME 

K03 = UNCORRECTABLE ERROR CAN BE MADE FROM BL # 0 AND CHANNEL 
NOT ACTIVE OR BL = ~ AND NO LWF OR DOUBLE BIT ERROR 
AT ACK + 2 TIME. 

A-IS?? 

27-28 
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VHISP PROGRN1MING 

INSTRUCTION SEQUENCE TO START AN OPERATION IS DEFINED 
WITH (AJ) = 7. 

0012J0 CL AJ CLEAR INTERRUPT 

OOlOJK CA" AJ AK (AK) = SSD STARTING BLOCK ADDRESS 

OOlOJK CA" AJ AK (AK) = X-MP MEMORY ADDRESS 

OOllJK CL" AJ AK (AK) = TRANSFER BLOCK LENGTH 

READ/WRITE MODE: 
.. TRANSFER INITIATED 

----------------------------- WAIT FOR INTERRUPT ON 
(CHANNEL #7) 

033100 READ CHANNEL NUMBER TO AI 

033IJI 
0012JO 

NOTES: 

AI CE" AJ 

CI" AJ 

READ ERROR FLAGS 

CLEAR INTERRUPT/CLEAR INTERFACE 

SSD STARTING BLOCK ADDRESS - ALL TRANSFERS TO OR FROM THE 
SSD MUST BE IN BLOCKS OF 64 WORDS. 

X-MP MENORY ADDRESS - ADDRESS USED TO TRANSFER INFORMATION 
INTO X-MP MEMORY. 

BLOCK LENGTH - BLOCK LENGTH PERTAINS TO THE NUMBER OF 64 10 
WORD BLOCK TO BE TRANSFERR~D. THE MAXIMUM 
BLOCK LENGTH IS 7777778 , IF AK REGISTER BIT 
223 IS CLEARED READ OPERATION (SSD TO X-MP 
MEMORY). IF 223 IS SET IT'S A WRITE OPERATION 
(X-MP MEMORY TO SSD). 

CRAY RESEARCH~ INC. 
CO~1PANY PRI VATE 

28-1 



3DI MODULE@ 1'04/05 

BLOCK COUNT REGISTER SSD BLOCK ADDRESS 

BIT T.P. TERM BIT T.P. TERM 

2 0 COl NOO 20 D66 R40 

21 C03 NOI 21 D61 RAT 

22 CO2 N02 22 D64 R42 

2 3 C04 N03 23 D65 R43 

24 CIT N04 24 D55 R44 

25 "CIT N05 25 D59 R45 

2 6 CiT N06 2 6 D57 R46 

27 C23 N07 27 D60 R47 

2 8 C22 N08 2 8 D24 R48 

2 9 C24 N09 29 D38 R49 

2 10 (;3! NlO 2 10 D47 R50 
211 C34 Nll 211 D45 R51 

212 C54 Nl2 212 D22 R52 

2 13 C53 N13 2 13 D27 R53 

214 C70 Nl4 214 D34 R34 

2 15 C71 Nl5 2 15 D25 R55 

2 16 C67 Nl6 2 16 DOl R56 

217 C68 N17 217 'UrIT R57 

2 18 D31 R58 

2 23 A70 R20 2 19 D13 R59 

220 D20 m;rr 

221 D17 Rl20 

222 cn Rl21 

2 23 D68 1IT22 

HTV-0242 28-2 

3DX MODULE@ AA07 

BLOCK COUNT REGISTER 

BIT 

20 

21 

22 

23 

24 

25 

2 6 

27 

28 

29 

2 10 

211 

212 

2 13 

214 

2 15 

2 16 

217 

223 

T.P. 

A48 

A54 

A55 

A57 

A52 

A58 

A67 

A63 

A72 

B31 

B29 

B06 

B23 

B36 

B34 

B28 

B30 

B32 

A61 

Hardware Trng. 
XV204L22M D.W.B. 

TERM 

E40 

E41 

E42 

E43 

E44 

E45 

E46 

E47 

E48 

E49 

E50 

E51 

E52 

E53 

E54 

E55 

E56 

E57 

E04 

~ 
i , 

) 

-~) 
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HTV-0242 

3D! @ T04/05 --- CPU 0/1 

T.P. Term Description 

2 0 C01 NOO Block length bit 2 0 

21 C03 N01 Block length bit 21 
22 CO2 N02 Block length bit 22 

2 3 C04 N03 Block length bit 2 3 

24 C12 N04 Block length bit 24 

25 C13 N05 Block length bit 25 

2 6 C21 N06 Block length bit 26 

27 C23 N07 Block length bit 27 

28 C22 N08 Block length bit 28 

2 9 C24 N09 Block length bit 29 

2 10 C33 N10 Block length bit 210 
211 C34 N11 Block length bit 211 
212 C54 N12 Block length bit 212 

2 13 C53 N13 Block length bit 2 1 3 
214 C70 N14 Block length bit 214 

215 C71 N15 Block length bit 215 

2 16 C67 N16 Block length bit 216 

217 C68 N17 Block length bit 217 

218 A04 M02 Req. in progress 
2 19 068 M25 SSD single bit error 
2 20 030 1:112 Block length error 
221 D46 M23 SSD double bit error 
222 050 M28 CPU double bit error 
223 D29 H13 Fatal error 

Also loaded into Ai register from 003ij1 
ins truction. Aj equals a 7. 

CRAY X-t1P /2 SSD STATUS \vORD 

X2002L0502 
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00 

L. 

~ 
;g 
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(3AR) 

(31F) 

(3JF) 

(31F) 

AjBIT2 0 -23 

ENTER CA A/B 

ENTER BL A/B 

CLEAR INTERRUPT 

\-..,..--------' 

p 

. 

9 23 
(3AR) Ak BIT 2 - 2 

3DA H02/03 2 9 _ 222, 223 

(3AR) 

-
3DH H04/05 

CHANNEL 

INS1RUCTION 
CON1ROL 

ACK. REF. HISP 2. (3DJ) 

Ak BIT 2 0 _2 8 GO I/O REF. 
(3AG,3AQ) 3DB HOO/OI 2 0 _ 2 8 

p 

_ READ REF. REQ. 
SELECT CPU's Ak -

p CPU 0 . WRITE REF. REQ. 

-+ -

~ 
3DI T04/05 

ENTER CA CHANNEL 7 

ENTER BL CHANNEL 7 125 . 
CLEAR INTERRUPT CHANNEL 7 126 

ACK. REF. HISP 3 

I I 
FIksT REF. SELECT RIl3 130 

3DA T02/03 
SELECT CPU's Ak 

9 23 
(3AR) Ak BIT 2 - 2 

3DB TOO/OI +-
o 8 -.. (3AR) Ak BIT 2 - 2 

GO I/O REF. 
... (3AG,3AQ) CPU I 

ACK. REF. HISP 2 
-- (3DJ) 

VI-llSP READ/WRITE ADDRESS· PATH 
MODEL "c" SSD 

I 

'~ 

ADD 2 6 _ 229 

VIA CROSSOVER MODULE 

BLOCK LENGTH TO SSD 

CLEAR CONTROL 

WRlTEBIT . -. 
TRANSMIT ENABLE 

_ACK. CLEAR RESY 

(2YU---:) 2YC) 

(2yy) 

(2yy) 

(2yy) 

(2yy) 

(2yy) 

A-5206A 
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OJ 
I 

U1 

(3AR) 

(3JF) 

(3JF) 

(3JF) 

Aj BIT 20 _ 23 3DH 

ENfERCAA/B 

ENfERBLA/B 

CLEAR INfERRUPT 

9 23 3DA 
(3AR) Ak BIT 2 - 2 -

o 8 
(3AR) Ak BIT 2 - 2 3DB -

H02/03 

HOO/O! 

" '~ 

29 _ 222, 223 

GO I/O REF. 

20 _ 28 

READ REF. REQ. 

. 
• (3AG,3AQ) 

SELECf CPU's Ak 
~ WRITE REF. REQ. . CPU 0 -- I-

H04/05 
f- 4-

ENTER CA CHANNEL 7 --ENTER BL CHANNEL 7 -CLEAR INfERRUPf CHANNEL 7 

ACK. REF. HISP 3 

J T --
FIksT REF. SELECf 

3DA T02/03 
SELECT CPU's Ak 

(3AR) 
AkBIT 29 _223 

3DB TOO/O! ~ 
o 8 

301 T04/05 

125 

126 

R113 130 

(3AR) Ak BIT 2 - 2 . GO I/O REF. - (3AG,3AQ) CPU! 

VHISP READ/WRlTE ADDRESS PATH 
MODEL B 

ADD 26_ 226 

VIA CROSSOVER MODULE 

BLOCK LENGTH TO SSD 

CLEAR CONTROL . 
WRITE BIT 

TRANSMIT ENABLE 

"ACK.CL.RESY 

(2'Z£ 

(3DX) 

(3DY) 

(3DX) 

(3Dy) 

(3Dy) 

\) 

,--J 

SSD 

8-2016E 



~ 
< I 

f3 
+:0-
N 

N 
00 

I 
0\ 

n 

~ 
'"d 
:;0 
o 
'"d 
~ 

~ 
~ 

(lOB) 

(lOB) 

I (lOB: 

(lOB) 

(lOB'.) 

(2¥y,30E) 

ACX. READ CPU ° 

ACX. READ CPU I 

READ RI!F. REO. CPU 0 

READ RI!F. REQ. CPU I 

CONFUcr 

DOUBLE BIT ERROR 

.... _,--

301 
T04/OS 

R116 

Rl7 

RlS 

RlI 

VlUSP 
CONTROL 

PORT 3 

217_ 20 

DO 

(lOO) CONFUcr 300 EVEN PORT 3 HOIl/O!l BYTES 

2YZ ,-.. 
r---

Al2l33 
f--

2°.223 

EE IE I p 10 IH I 
110 MEMORY PORT 

(lAX,3VA) 2YZ 
CPU ° AlW31 

300 000 r--- 224_ 247 
HIII'I1 BYTES 

I B I pi 01 HI 

143-
2YZ 

EE 
A2S/29 

147 248_2 71 

~ ~ IB I p 10 IH I 

2YZ 
A2IiI27 

CLI!AR AD1:IRESS r---I' 20_ 223 

WRITE A SEI.Bcr/READ B SBLEcr IS I P 10lH I 
WRITE INCREMENT ADDRESS AlB 

2YZ 
READ INCREMENT ADDRESS AlB A2412S 

~ 224_ 247 

WRITE OATA READY I Sip I 01 HI (2YY) 

~ LASTBUFPER 300 EVEN (2YY) 
TOIl/O!l BYTES 2YZ 

TRANSMIT ENABLE A22123 (2YY) 
248_ 271 BL=O (2YY) ~ 

IE I piG IH I 
EE 110 MEMORY PORT 

(lAX. 3VA) CPU I 

300 ODD 
TlO/11 BYTES 

'----- f--

(lOB) CONFUcr EE 

X-MP/2 VHISP WRITE DATA PATH 
MODEL II COl 

u 

2Y1! 
MIO/11 

,.---. 
20_ 27 

2Y1! 
MI2I13 

~ 
28 _ 21S 

2Y1! 
M14/1S 

~ 
216_223 

2Y1! 
MI6117 

~4_231 

2Y1! 
M18/19 

232_239 

2Y1! 
M2D/21 

to_t7 
2Y1! 
M22/23 

24h SS 

2Y1! 
M24J2S 

2S~ 263 

2Y1! 
M26/27 

264_ 271 
CBO-7 

I-

I-

-

I-

---< 

I-

I-

2YP 
A40MI 

OROUPO 
WRITE 

BRROR 
CORREC110N 

2YP 
Al6i37 

GROUP I 
WRITE 

ERROR 
CORREC110N 

(2YB'.) 

(2YB'.) 

·</war. Trng. 
80A P.L.N. 

'-~ 



\ 
) 

(2YZ) 

3DD Hll/HlO 
_DATA FROM MEMORY 

ODD 32 BITS + 4CB's 
BYlES 4-7 

64 BIT + 3DD H09/HOS 

SCB's 16x4's _ DATA FROM MEMORY 
32 BITS + 4CB's 

~ 
0-3 

EVEN R36 LOO 
BYlES BUF.A _ CLEAR ADDRESS 

M75 _ OUTPUT WRITE BUF. CPU A 

N40 _ OUTPUT WRITE A SEL. CPU A 

R71 BUF.B L35 
OUTPUT READ NEXT 

N75 
... 

SSDDATA 
- 128 BITS 

+16 CB's 

3DD TOS{f09 
DATA FROM MEMORY 

EVEN - 32 BITS + 4 CB's 
BYlES 0-3 

3DD TlO{fll 
64 BITS of 

DATA FROM MEMORY 
16x4's ... 

32 BITS + 4 CB's SCB's 

~ 
4-7 

R36 BUF.A LOO _ CLEAR ADDRESS 
ODD 

BYlES M75 _ OUTPUT WRITE BUF. CPU B ... 

[;:] _ OUTPUT WRITE A SEL. CPU B 

R71 
BUF.B 

L35 _ OUTPUT READ NEXT 
N75 

CRAY X-MP VHISP CHANNEL OUTPUT DATA 
(MODEL C SSD) 

(3VA,3AX) 

(3VA,3AX) 

(3DI ) 

(3DI) 

(3DI ) 

(3DI) 

(3VA,3AX) 

(3VA,3AX) 

(3DI ) 

(3DI ) 

(3DI ) 

(3DI ) 

8-0679C 

HTV-0242 28-7 CRAY PROPRIETARY 



N 
00 
I 

00 

::r: 
t-3 
<: 
I 

o 
N 
~ 
N 

(JOY) _B.!!::~ __ _ 

(JOY. JOE) DOUBLE BIT ERROR 

301 T4/5 

(308) ACKNOWLEDGE REAO CPU 

(3DB) ACKNOWLEDGE READ CPU 136 

(3DY) TRANSMIT ENABLE 

( JOB) ~READ REF CPU A/B R26 

(3!"'R) r0'7:-T.H"T ~ I 

READ MEMORY DATA 

(3VI\) 2°_263 CPUO 

(11\:-:) C.B. 2°_27 SECT N 

().t\X) C.H. 2°_2 7 SECT N + 2 

(3DH) CONFLICT .. , 

LAST BUl-"fo"ER ( lOY) 

• (3DY) 

R23 WRITE DATA 
READY 

R116 I CLEAR ADDR HISP 3 

R3~ 

READ INCREMENT 
ADDRESS A/B 

R37 I WRITE A SELECT/READ B SELECT 
i --,--

R35 I WRrTE INC. ADD A/B 

(JDB) CONFLICT 

(31IX) C.B. 2°_2 7 SECT N + 1 

(3,'1X) 
C.b. 2°-2 7 SECT N + 3 

-I 

(":1.) ;~~~6~EM~:~1 DATA' 

3DD IIB/9 - r.VEN 
1110/11 - oon 1 

CPU 0 

BUFFER BUFFER t 
A . 

10 
WORDS 

32 BITS EACH MODULE, 
EVERY OTHER BYTE C.B. 
SPLIT 2°_23 AND 
24_27 

3DD 

BUFFER 

A 

'6 
WORDS 

24_27 

'!"P./9 - EV':ll 
'rlO/ll - nor 

CPt' 1 

u 

I 
20 _2 71 

(2°_263 & C.B. 0-7) 

j 

l 
I 

20 _2 71 

(2°_263 & C.B. 0-7) 

32 BITS EACH MODULE, 

EVERY OTHER BYTE C.B. j 
SPLIT 2°_23 AND 

'--------------

~~~ __ A_2 __ ~ __ ~~~ 1\7 AA A9 ,1\10 All A12 A13 1\14 1\15 ICPUO 

-I36~40 1\41 

\_--.../ 

]:z- 3ZR )ZE )Z8 )VI\ 300 8m'FER A 

~ A81 A82 Al00 I UP '10 4 C.P. DELAY FOR MOS MEMORY 

A42 1\43 M4 I\4S 1\46 1\47 MH 1\49 1\50 A51 A52 A53 A54 A55 ~ 

l!.B6 AB7 ABS Al02 

BUFFER A 

VHISP WRITE TO SSD PATH 
'MODEL B' 

"--) 

PORT 3 DATA 

3DZ A4/5 
BITS 20 _247 2ZEO-7 
FROM CPUO 

2°_263 

C.B. 0-7 I BUFFER I 
A I B I c I D 

GROUP 0 

3DZ A2/3 
BITS 20 _2 47 

FROM CPUl 2ZE8-15 

20 _2 63 

I BUFFER I 
:. I B I c I D: 

C.B. 0-7' 

3DZ AO/l GROUP 1 
BITS 248_2 63 

cpuo & CPU1 

C.B. 2°_27 

CPUO & CPU1 

f--I BUFFER 

D I AI BI cl 

(30Y) WRITE BUFFER t 
A, 8, C, 0 

(30X) READ Bm'FER 

A, B, C, D 

( 3DY) CLEAR ADDRESS 

X~026S0103 

3'H 

R116 - CLEAR ADDER 'lISP 3 - WIIBN l-i1~T ACTIVB Afo'Tfm ACKNOWLP.IlGfo~ CLF.AR 
R31 - INCREMENT ADDRP.l-il-i - GO DATA Rfo;AIW OR WORn COUNT::: 17 

R37 - WRITE A SE[.Ec'r HI5P 3 - CPUO SEI.F.CT Hlll"fo'ER A 
R35 - WRITfo: lim'fER IHSP J - NBX'I' l;I,OCK PERInD DATA ON 3D() MODULP. 

R23 - ONE WRITfo~ DA1'A RP.AO't PER 16 - 144 RI'r 'rRANSfo'fo;H I'REC~;UEl-i 'rufo; IlI\TA 
BY 2 CP'S 

3DD 

143 - CLEARS BUI-'~'ER A AND BUfo'fo'ER R COUNTfo;RS ~'OR IIISP 3 

149 - ALLOWS C OR n TI~RM5 (COUNTfo!RS fo'OR BUI-'fo'EH A AND B) TO fm ArWANC~:1l 
147 - SELF.C'rS IH5P 3 BIWfo'ER A 

145 - MAKES WRIT"; ENARI.F. ,"'t)R BUfo'I-'ER A OR BUI-'fo'r~R 11; TIIP. ARSfo:N'1' l)}o~ WHI'I').; 
ENABLE M";ANS 'rilE 16x4 ARF: HrUNG READ '1'0 THE SSD 

___ .-..J 



\ 
---.,~./ 

2YE 
MIO/II 

2°.27 

2YE 
MI2I13 

2YF ~~28'2IS 
A38/39 2YE 

MI4/IS 

GROUPO 

READ 216.223 

ERROR 
roRRErnoN ~ 

MI4'17 

224.231 
2YF 
A34/3S • 2YE 

MI8/l9 
~ GROUP I 1----
o READ I l- 2

32
.:z39 

2YE 
M20/21 

240./7 

2YE 
M22/23 

248.2SS 

2YE 
M24!2S 

2S6.263 

2YE 
M26{r/ 

2&1. 271 
CII()'7 

(2YY, TRANSMITENABI.B 

(2YY,30E) DOUBLE BIT ERROR 
READ DATA READY 

(2YY)----'==;.;.;.:.:..:.::="'O" 

'--..-/ 

217.2° 

R34 
R1l6 

WRl1ll BUFFER AlB 

CI~. ADDRESS t ! ! ! 

,_,.J 

ACK. REI'. INC. ADDRESS (30B) 

(3DB) .. WRrJll REI'. REQ. CPU ° 

(30B) .. WRl1ll REI'. REQ. CPU I 

1--------. ~ 
, 

3DJ ODD 
HI4/IS BYI1lS 

PORT 3 

>n~ Al2/33 

BITS 20, 223 ~IAIBlcIDI 
2VZ 
AlW31 

BITS 224. 247 

I A I B IC ID I 

2VZ 
AW29 

BITS 248. 271 
I---

I A I B IC ID I 

2VZ 
A26/ZI 

-?t 
BITS 20. 223 f--

I A I B Ic ID I 

2VZ 
A24!2S 

BITS 224. 247 

I A I B Ic ID I 

2VZ 
A22/23 

BITS 248.271 f--

I A I B Ic ID I 

H3 Hl6/l7 y~ 
ERROR 1110 MEMORY PORT 

,---. roRRECTION ~ (3AB) 

3DJ I!VEN 
Hl2I13 BYI1lS 

I I DISABLI!I!.C. f ~ B3 rt' n-r ACK. REP. INC, ADDRI!SS ODB) 

WRI1ll A SI!I.BCT/READ (301) 

WRIT!! BUFFER AlB (3DI) 

T CLR. ADDRI!SS (3DI) 

~~ 
3DJ ODD 
Tl4/IS BYI1lS 

l-

B3 Tl6/17 Li ,n, 
ERROR 1110 MEMORY PORT 

.-. CORRECTION ~ (3AB) 
3DJ I!VEN 
TI2!13 BYI1lS 

L--., 

B3 
CI.R. ADDRESS t 

(3DI) -
ODI)..;W.:..;R:.:;I.;.·I1~!:.:;II:.:;lJ.:..F1:..::E:.:;'R.:..:..:N:..::II:..J 

(301) WRITE A SEI.Eer/READ 

(3DII/CK. REP. INC. ADDRESS 

f---I OISAB:J 

Hardware Trng. 
A·5181 P.L.N. 

X-MP/2 VHlSP READ DATA PATH 
MODEL "e" 



IV 
00 
I 

o 

(3DZ) 

SSDDATA 
128 BITS + 16 CB's 

301 H15/H14 
32 BITS + 4 CB's. ODD ~ H17/H16 
ODD BYTES 

.. 
BYTES 

MEMORY 
...--- """RoO AOO 

64 BITS + 8 CB's 
3DJ DATA 

H13!H12 .. 
16 x 4's 

32 BITS + 4 CB's M40 EVEN 
EVEN BYTES r--- I ....-- BYTES 

XOO BUF.A ROO 

REFERENCE ACKNOWLEDGE I 
A63 R63 

(3DB) M75 
'--- -

(301 ) CLEAR ADD [d [:J .. 
(301 ) INPUT WRITE A N40 A71 R71 

SELECT CPU A I 
X35 BUF.B R35 

INPUT WRITP BUFFER 
'--- I L---

(301 ) N75 .. 

3DJ T12{f13 
32 BITS + 4 CB's ~ T16{f17 

EVEN BYTES EVEN 
BYTES 

'AOil 'ROO 
64 BITS + 8 CB's 301 I Tl4{f1S MEMORY 

DATA .. 
16 x 4's 

32 BITS + 4 CB's M40 ODDBYTES -.. 
'XOO I rruiO 

ODD 

(3DB) REFERENCE ACKNOWLEDGE ~ 
BUF.A BYTES 

I 
A63 R63 ... '--- -

( 3DJ) CLEAR ADD 
M75 

[d [:J ( 301) INPUT WRITE A N40 A71 R71 
SELECTCPUB 

.. 
I 

BUF. B 
( 301) INPUT WRITE BUFFER . ~ I ~ 

N75 

CRAY X-MP VHISP CHANNEL INPUT DATA 
MODEL C 

.~ 

CORRECTED DATA AND 
CHECK BITS TO MEMORY (3AE) 

CORRECTED DATA AND 
CHECK BITS TO MEMORY .. (3AE) 

B-0674A 

-.._.J 



::r: 
~ 
I 

o 
N 
.:::. 
N 

N 
00 
I 
-' 

\ .. - -- ..... .----' 

2ZEO-7 

GROUP 0 

2ZE8-1S 

GROUP 1 

3DI 

T04/0S 

(,nY) Tf'~'NS T~flAnLr' 

(3DY) (3DE) DOUBLE BIT ERROR 

(3DY) READ DATA READY 

DATA 2°_263 
C.B. 0-7 

DATA 2°_263 

C. B. 0-7 

L-. 

3DZ MO/l 

DATA 2°_247 
FOR CPUO 

1-- BUFP-ER - I 
AIBlclD 

3DZ M2/3 

DATA 20-247 

FOR CPUl 

F BUFFER 1 
AIBlclD 

3DZ M4/S 

BUFFER 
G~~lgJ=L 

------------1 
rlTl'l'A 2~e_263 
FOR CPUO & CPUl 
C.B. 0-7 FOR 

CPUO & CPUl 

'-..... --.--"1 

WRITE REF. REg. (3DB) 

R34 WRITE BUFFER A/B 

R32 
I 

WRITE A SELECT/READ B SELECT 

R116 CLEAR ADD 1 

2°_263 C.B. 0-7 3DJ 1!1~/ll - ('1'1' 
1tlt1/1S - '[.;oCt! 

I--

2°_263 c.B.10-7 

CPU.0 
I99 
32 BITS-EVERY OTHER 

, I BYTE C.B. 0-7 
~ Il0l 

CPUl 

BUPFER 
I93 A I B 

3DJ 'l'l~/D - nn, 
'!"'14/1S - r.:''l"-:l! 

32 BITS-EVERY OTHER 
BYTE C.B. '0-7 

r-:UFFE:I 
1 ~~_.--I--_.---

(3DB) ACK. REF. INCREMENT ADD A / B 

READ FROM SSD DATA FATH 
"MODEL B' 

2°_263 C.B. 0-7 

2°_263 C.B. 0-7 

3DE 

\ 

'---..oJ 

H16/17 

ERROR 
CORRECTION 

3DE T16/17 

ERROR 
CORRECTION 

B-1662C 

X2026S0101 



N 
co 
I 

N 

~ H05/H04 

CHANNEL 
ADDRESS 
CON1ROL 

(3DB) 

(3DB) 

(3DA, 3DB) 

(3DY) 

(3DY) 

(3DY) 

(3DY) 

(3DY) 

(3DY) 

(3DY) 

1._---,/ 

ENTER SSD ADDRESS (3DA, 3DB) 

3D! I 
CLEAR CHANNEL CPU A OR B READ REFERENCE REQUEST CPU A + B ___ 

· 
ENTER SSD ADDRESS WRITE REFERENCE REQUEST CPU A + B .. 

ENTER BLOCK LENGTH _ .. OUTPUT READ NEXT 

· -
OUTPUT WRITE BUFFER 

REFERENCE ACKNOWLEDGE .. · 
OUTPUT A SELECT CPU A + B _ .. 

CONFUCT .. -· CLEAR ADDRESS .. 
AkDATA _ .. · 

INPUT WRITE A SELECT CPU A + B 
VHISP · 

1RANSMIT ENABLE _ ... INPUT WRITE BUFFERS 
CHANNEL CON1ROL -

READ DATA READY _ .. INTERRUPT TO CPU A + B · 
BLOCK LENGTH = 0 CLEAR CHANNEL .. · 
ACKNOWLEDGE CLEAR RESYNC .. WRITE BIT 

BUSY 1RANSMIT ENABLE _ .. · 
BLOCK LENGTH ERROR SET CURRENT ACTIVE ( START XFER ) 

EMPTY -'"' 
GO WRITE DATA READY .. 

· 
LAST BUFFER .. 
ADDRESS TO SSD .. 
BLOCK LENGTH TO SSD ______ ----.lIrt.. 

CRA Y X-MP VHISP CHANNEL CONTROL 
MODEL C 

(3DB) 

(3DB) 

(3DD) 

(3DD) 

(3DD) 

(3DD, 3DJ) 

(3DJ) 

(3DJ) 

(3DJ - FANOUT) 

(3DY) 

(3DY) 

(3DY) 

- (3DY) 

(3DY) 

(3DY) 

(2ZC) 

(3DX) 

8-0676A 

~ 



IV 
ex> 
I 

w 

3 
o 
J 

3 
o 
o 

"'-,-_/ 

DATA 0-3 

BITS 8-11 

TERM 

MOO-03 

NOO-03 

M40-43 

N40-43 

DATA 0-3 

BITS S-l1 

TERM 

MO-03 

NO-03 

M40-43 

N40-43 
----

LOC. 

BTK 

BTl 

BTB 

BTD 

LOC. 

BQA 

BTA 

BQJ 

BTJ 

4-7 16-19 

12-15 24-27 

TERM LOC. TERM 

M04-07 BUK M08-11 

N04-07 BUI N08-11 

M44-47 BUB M4S-51 

N44-47 BUD N4S-51 

4-7 16-19 

12-15 24-27 

TERM LOC. TERM 

M04-07 f!QB MOS-ll 

N04-07 BTB NOS-ll 

M44-47 BQK M4S-51 

N44-47 BTK ~~8-51 

, 
,~ 

X-MP 16x4 MODULE LOCATOR 

20-23 32-35 36-39 

28-31 40-43 44-47 

LOC. TERM LOC. TERM LOC. TERM LOC. 

AHB M12-15 AlB M16-19 DTI M20-23 DUI 

AHD N12-15 AID N16-19 DTK N20-23 DUK 

AHK M52-55 AIK M56-59 DTD M60-63 DUD 

AHI N52-55 All N56-59 DTB N60-63 DUB 

20-23 32-35 36-39 

2S-31 40-43 44-47 

LOC. TERM LOC. TERM LOC. TERM LOC. 

BQC M12-15 DOA M16-19 DOB M20-23 DQC 

BTC N12-15 DTA N16-19 DTB N20-23 DTC 

BQL M52-55 DQJ M56-59 DQK M60-63 DQL 

BTL N52-55 DTJ ~?§-?9 DTK N60-63 DTL 

,--.J 

HISP A,7 HISP B, 7 
INPUT INPUT 

48-51 52-55 CB 0-3 3DJ H12/13, T12/13 

56-59 60-63 CB 4-7 3DJ H14/15, T14/15 

TERM LOC. TERM LOC. TERM LOC. 
I 

M24-27 CHD M28-31 CID M32-35 MB HISP BUFFER A 

N24-27 CHB N28-31 CIB N32-35 DVK HISP BUFFER B 

M64-67 CHI M6S-71 CII M72-75 AJK VHISP BUFFER A 

N64-67 CHK N6S-71 CIK N72-75 DVB VHISP BUFFER B 

HISP A,7 HISP B, 7 
OUTPUT OUTPU'I 

4S-51 52-55 CB 0-3 300 HOS/09, TOS/09 

56-59 60-63 CB 4-7 300 Hl0/ll, Tl0/ll 

TERM LOC. TERM LOC. TERM LOC. 

M24-27 CEJ M2S-31 CEK M32-35 CEL HISP BUFFER A 

N24-27 CHJ N2S-31 CHK N32-35 CHL HISP BUFFER B 

M64-67 CEA M6S-71 CEB M72-75 CEC VHISP BUFFER A 

N64-67 CHA N6S-71 CHB N72-75 CHC VHISP BUFFER B 

X2027C010l 



lbX4 VHISP MODULE LOCATOR ON SSD "MODEL COO 

NOTE: Odd or even words are the results of the number of words transferred. 

Port 3 

2YZ @ A32/33 
2YZ @ A3U/31 
2YZ ~ A2<1/29 

2YZ @ A26/27 
2Y2 (~ A24/25 
:.In @ A22/:.13 

port 4 

2YZ I! A12/13 
2YZ· (!! Al0/ll 
2YZ I!! A08/U9 

2YZ (!! A06/07 
2Y2 @ A04/05 
2YZ !! A02/03 

Port 3 or Port 
Read from SSO 

Buffer A 

Buffer B 

Buffer C 

Buffer 0 

Port 3 or Port 
Write to SSO 

Buffer E 

Bufter f" 

<luffer G 

Bufter H 

Handles the ev~n Cray words bits 20 -2 23 Failing addrs. equals current a<ir:!rs. 
Hanales the even Cray words bits 224 _247 minus starting addrs. 
Handles the even Cray words bi ts 248 _2 71 

Failing 
Handles the odd Cray words bits 20-223 26 2 5 
Handles the odd Cray words bi ts 224_247 26 2 5 
Handles the odd Cray words bi ts 248-271 26 2 5 

26 25 

Handles the even Cray words bits 20 _223 

Handles the even Cray words bits 224 _~4 7 

Handles the even Cray words bits 248_271 

Handles the ada Cray words bits 20-2 23 

Handles the Odd Cray words bi ts 224_247 

Handles the Odd Cray words bi ts 248 _2 71 

Data l.l - 3 4 - 7 <I - 11 12 - 15 
24 - 27 28 - 31 32 - 35 36 - 39 
48 - 51 52 - 55 56 - 59 60 - 63 

4 
TERM LOC TERM LOC TERM LOC TERM LOC 

JOO-03 BRI J04/07 BRK J08-11 AFC J12-15 BRC 

KOO-03 BSI K04-07 BSK K08-11 AGC K12-15 BSC 

LOO-03 BTl L04-07 BTK L08-11 AHC L12-15 BTC 

MOO-03 BUI M04-07 BUK M08-11 AIC M12-15 BUC 

4 
TERM LOC TERM LOC TERM LOC TERM LOC 

NOO-03 ORI N04-07 ORK NOS-II CFC N12-15 ORC 

00U-U3 DSI 004-07 OSJ( OU8-11 CG 012-15 OSC 

POO-03 DTI P04-U7 DTK P08-11 CH P12-15 DTe 

QOO-03 DUI 1.104- 07 DUK Qoa-II CI 1.1'2- 15 DUC 

16X4 VHISP MODULE LOCATOR 
ON S5D "MODEL C" 

28-14 

addrs. : 
00 Buffer AlE 
Ul Buffer B/P 
10 Buffer C/G 
11 Buffer J/H 

16 - 19 20 - 23 
40 - 43 44 - 47 
64 - 67 68 - 71 

TERM LOC TERM LOC 

J16-19 AFI J20-23 AFK 

K16-19 AGI K20-23 AGK 

L16-19 AHI L20-23 AHK 

M16-19 All M20-23 AIK 

TERM LOC TERM LOC 

N16-19 cn N20-23 CFK 

016-19 CGI 020-23 CGK 

P16-19 CHI P20-23 CHK 

1.1
'
6-19 err <,;120-23 CIK 

X2002L0501 

I 

I 

I 
I 

I 

/t 
) 

) 

) 
) 



I\.) 

(Xl 
I 

U1 

~- ..... ' 

16x4 VERY HIGH SPEED MODULE LOCATOR 

WRITE TO SSD 

3DZ @ AA 4/5 handles the EVEN Cray Words to the SSD bits 0-47. 
3DZ @ AA 2/3 handles the ODD Cray Words to the SSD bits 0-47. 
3DZ @ AA 011 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 FROH SSD 

3DZ @ HH 011 handles the EVEN Cray Words from the SSD bits 0-47. 
3DZ ~ HH 2/3 handles the ODD Cray Words from the SSD bits 0-47. 
3DZ @ HH 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 

EVEN 

BITS 48-51 52-55 56-59 60-63 CBO-3 CB4-7 48-51 52-55 56-59 

ODD 

B ,UFFER TERM LOC. TERH LOC. TERH LOC. TERH LOC. TERM LOC. TERM LOC. TERH LOC. TERH LOC. TERH LOC. 

A HO-08 AFC H04-07 BRI H08-11 BRC H12-15 AFK H16-19 BRK H20-23 DRK H24-27 AFI H28-31 CFC H32-35 DRI 

IUFFER 3 B 
o B tlO-03 AGC N4-7 BSI N8-11 BSC N12-15 AGK N16-19 BSK N20-23 DSK t124-27 AGI N28-31 CGC N32-35 DSI 
Z 

B ,UFFER 

C PO-03 AHC P4-7 BTl 

B .UFFER 

0 QO-03 AIC Q4-7 BUI 

P8-11 BTC P12-15 AHK 

Q8-11 BUC Q12-15 AIK 

P16-19 BTK P20-23 DTK P24-27 AHI P28-31 CHC 

Q16-19 BUK Q20-23 DUK Q24-27 All Q28-31 CIC 

NOTE; ODD OR EVEN WORDS ARE THE RESULT OF 
THE NUMBER OF WORDS TRANSFERED. 

P32-35 DTI 

Q32-35 DUI 

16X4 VERY HIGH SPEED MODULE LOCATOR 

i 
'-_/ 

36-39 40-43 44-47 

60-63 CBO-3 CB4-7 

TERM LOC. TERH LaC. TERM LOC. 

M36-39 DRC M40-43 CFI M44-47 CFK 

N36-39 DSC N40-43 CGI N44-47 CGK 

P36-39 DTC P40-43 CHI P44-47 CHK 

Q36-39 DUC Q40-43 ClI Q44-47 9L 

B-20ITA 

X2027C0103 



PORT 3 GENERAL DESCRIPTION 

Port 3 of the SSD is the interface between SSD Memory and the CRA Y 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 ofaX-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 Hardware Trng. 
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SIGNAL DEFINITIONS 

l CRAY X-MP to Port 3 

Block length - (2°_217) ~upplies 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 CRA Y X-MP. 

Port 3 Address 26_226 - Starting address for a SSD transfer; either Read or Write. SSD Address 
resides on a 1008 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 Tmg. 
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PORT 3 to CRA Y 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 CRA Y 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 from Port 3 to the 
X-MP. 

Transmit Enable - Informs the CRA Y X -MP that at least one input buffer is empty and is free to be 
filled. 

HTV-0242 28-18 Hardware Trng. 
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CRAY X-MPI 

I/O 

2-3DD 

CPU 0 
X-MP 

OUTPUT 
BUFFER 

2-301 

CPU 0 
X-MP 
INPUT 

BUFFER 

2-3DD 

CPU 1 
X-MP 

OUTPUT 
BUFFER 

2-301 

CPU 1 
X-MP 
INPUT 

BUFFER 

3D! 

X-MP 
SSD 

CONTROL 

.. 
--

(2Y¥) SELECT BUFFERS 
AlE. B/F. C/G. D/H 

(2Y¥) READ ADVANCE . 
A-D.E-H 

..... 
(2 CLEAR 

ADDRESS ..... 

(2Y¥) SELECT BUFFERS 
AlE. B/F. C/G. D/H 

(2Y¥) READ ADVANCE 
A-D.E-H 

READ 
A-D 
E-H 

START TRANSFER 
CLEAR CONTROL (0012) 
WRlTEDATAREADY 
WRITE OR READ 
TRANSMIT ENABLE 
LAST BUFFER . 
BLOCK LENGTH 20 _ 217 
SPEED SET ~-MP t 1 1214) _. 
TRANSMIT ENABLE 
RF.AD DATA READY 
ACKNOWLEDGECLEARRF~YNC 

BUSY 
BLOCK LENGTH ERROR 
EMPTY 
SSDOFFLINE 
MULTI BIT ERROR 

PORT 3 OF SSD I SSD MEMORY I 
3-2YZ 

4-16 WORD x 72 
BIT BUFFERS 

9-2YE 

DATA 
FANOUT 

4-16 WORD x 72 
BIT BUFFERS 

f f DATA 
FANIN 

3-2YZ 

4-16 WORD x 72 
BIT BUFFERS 

26_ 226 2YC 
SYSTEM 

PORT 3 ADDRESS ADDRESSING 

4-16 WORD x 72 
BIT BUFFERS 

~~. SECTIONS 2 
E-H INSTALLED 

2YY 2YD 

LOAD ADDRESS 
INTERFACE READY 
REFERENCE REQUEST 
WRiTE OR READ 

PORT 3 SYSTEM 
CONTROL CONTROL 

READ DATA READY 
.. REFERENCE ACKNOWLEDGE 

SSD BUSY 
SECTION INSTALLED 

OOUBLE BIT ERROR (2YF) 

I SSD ADDRESS (2YC) 

PORT 3 INTERFACE FLOW & EXTERNAL SIGNALS 
MODEL "C" 
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CRA Y X-MP I/O 
SSD PORT 3 

NOTE: 3DZ's run on both 
125 nsec. and 9.5 clocks. 

SSD MEMORY CONTROL I 
4 - 301's 

CRAYX-MP 

INPUT BUFFER 

4-3DD'. 

CRAYX-MP 

OUTPUT BUFFER 

3D! 

CRAYX-MP 

SSDCONTROL 

~ 
128 DATA, 16 C.B. r--e 128 DATA, 16 C.B. 

3 - 3DZ's 
GO READ 

CLEAR OUTPUT BUFFER 

ADDRESS 

READ -G-+ 4 - 16 WORD x 144 ~ BUFFER A, B, C, OR D 
BUFFER 4 BIT BUFFERS 2ZE's 

READSSD GROUP O's & 1'. 

~ SELECT M4/5 DATA 
A,B,C,ORD M2i3 

MO/I 

128 DATA, 16 C.B. 
144 .... 128 DATA, 16 C.B. 

3 - 3DZ's 

INPUT BUFFERS 
SECTION INSTALLED 

WRITE ..(V. ~BUFFER 
4 - 16 WORD x 144 A,B,C,ORD 

BUFFER BIT BUFFERS WRITESSD PORT 3 A,B,C,ORD 
ADDRESS 26 @-- 2ZC 

A4/5 INC. WRITE NEXT 226 ( FROM 301 ) REFERENCE 

CLEAR A2i3 
BUFFER ADDRESSI 

ADDRESS 

ADDRESS AO/I 

START X FER SET ACTIVE 3DX 
LOAD SSD ADDRESS 2ZD 3DY 

CLEAR CONTROL 0012 CLEAR CHANNEL 

WRITE CONTROL BIT I/X WRITE BIT SSD INTERFACE READY SSD 
WRITE DATA READY SINGLE BIT REFERENCE BUFFER BUFFER REQUEST REFERENCE 
XMITENABLE CONTROL DOUBLE BIT CONTROL CONTROL 

LAST BUFFER READ FULL A, B, 
C,ORD -0- WRITE 

XMITENABLE NOTE: ruos on WRITE FULL A B 0- NOTE: runs on READ DATA READY C,ORD 
READ DATA READY 9.5 osee. clock. 12.5 osee. clock. 

ACK. SET ACTIVE 
BLOCK LENGTH = 0 REFERENCE ACK. ACK.CLEAR 
ACK. CLEAR RESYNC. 

BUSY SSDREADY BUSY 
END XFER O.K. 

BLOCK LENGTH ERROR 
SECTIONS INSTALLED +0 READ FULL SET 

EMPTY A,B,C,ORD 

SINGLE BIT +0 WRITE FULL CLEAR 
OOUBLEBIT A,B,C,ORD 

91 PORT 3 ADDRESS 26_ 226 r 21 T02ZC 
o 17 C-/303E BLOCK LENGTII2 - 2 

CRA Y 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 - Infonns 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 - Infonns 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 - Infonns 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 28-21 Hardware Trng. 
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SSD WRITE SEQUENCE 

1. CRA Y X-MP (3DI Module) Sends Clear Control to the 2YY module. The 2YY Resyncs Clear 
Control and Sends Acknowledge Clear Resyric to the 3D!. 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 3D!. 

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 #- O. 

5. When the 2YY Sends Write Full for Buffer E the 2YY 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 0-178 on the Write, but Reads the 
Buffer 178-0 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 #- o. 

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. 
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SSD Read Sequence 

1. The CRA Y X-MP (3Dn Sends Clear Control to the SSD (2YY). The 2YY Resyncs Clear 
Control and Sends Acknowledge Clear Resync to the 3D!. 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. 

2. 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 3D!. 

3. 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. 

4. 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. 

5. The 2YY and 2YZ modules will continue to fill the buffers and Send data to the X-MP until the 
Block Length = O. 

HTV-0242 28-23 Hardware Trng. 
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Sec. 0 
Banks 

o 
1 

2 

4 
5 
6 

3 7 

Sec. 3 

Group 0 
Sec. Sec. 2 

========================== 
Sec. 0 Sec. 1 

Sec. 3 
Group 

Group 0 
Sec. 0 Sec. 1 
Banks 

o 4 
1 5 
2 6 
3 7 

Sec. 2 

========================== 
Sec. () Sec. 1 

Sec. () 
Banks 

o 4 
1 5 
2 6 
3 7 

Group 

Group 0 

=====.====-================: 
Sec. () 

Group 

4 Sections/Group 
2 Memory cycles 

32 Million words 
64K chips 

128 Million words 
256K chips 

2 Sections/Group 
4 11emory cycles 

16 ~1illion words 
64 11illion words 

with 256K. 

1 Section/Group 
8 11emory cycles 
8 Million words 

32 Million words 
with 256K. 
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SECTIONS INSTALLED 
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3DH MODULE 

Clear Channel 7 

142 141 140 = CPU o Aj inst. Decode 
152 151 ISO = CPU 1 Aj inst. Decode 

B7 = CPU 0 select channel 7 
B17 = CPU 1 select channel 7 
B20 = I/O MC or Dead Dump 

C26 = Select channel 7 CPU 0 
C27 = Select channel 7 CPU 

146 = Clear Interrupt from 3JB 
0012jO decode for CPUO 

156 Clear Interrupt CPU 1 
A12 = 156 P1001 

C18 = Clear Interrupt CPU 0 
C19 = Clear Interrupt CPU 1 

if CPU 1 is installed 

R69 = Clear Interrupt channel 7 from CPU 0 
R74 = Clear Interrupt channel 7 from CPU 

28-25 
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3DB MODULE 

Load SSD Block Address 

First 0010jk Instruction 

AOO-A08 = 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 

125 = Enter CA channel 7 from 3DH 
147, 148 = Clear interrupt channel 7 

M03 Make M03 if enter CA for channel 7 
is present and hold M03 until a clear 
interr~pt instruction is issued 

28-26 X2028S0103 
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3DH MODULE 

Enter Current Address 

C14 = 144; T2 Enter CA from 3JB 
0010jk decode from 
CPU 0 

A10 = 154 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 

C16 145; T2 Enter BL from 3JB 
0011jk decode from CPU 0 

A11 = ISS P100' Select CPU 1 and enter BL 

C17 = A 11 ; T2 Enter BL from 3JB 
0011jk decode from CPU 
if CPU 1 is installed 

R52 = Transfer the Block Length sent to 3DI 

28-27 
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3DI MODULE 

M04 = M03; T2 

T04 = T01 M04 

Delay enter CA M04=0 
when address arrives 
from the 3DA/3DB 

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 
2ZX module as address bit 26-226 

Load Central Memory Address 

Second 0010jk Instruction 

3DB Module 

172 = Forced zero for VHISP 
Forced one if HISP 

F50 = 172 

A40-A48 = Select central memory address 
Ak bits 20-28 

28-28 
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3DB MODULE 

Load Central Memory Address 

173 = 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 

28-29 
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3DI ~ODULE 

Transfer Block Length 

126 = Enter BL sent from the 3DH module when 
an 0011jk instruction is issued 

M05 = 126; T2 M05 = set the BL 

100-117 ~ Block Length sent by the 3DA/3DB 20_217 

JOO = Enter the Block Length Register from Ak when issuing 
a 0011jk instruction, or Bump the WC when a 64 word 
block is transferred 

NOO-N17 Block Count Register - the Block Count is decremented 
each time a 6410 word block is transferred 

28-30 
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3DI MODULE 

Transfer Block Length 

ROO-R17 Block Length sent to the 3DX module 

write Bit 

I23 = Ak bit '223 = 1 write 
Ak bit 223 = 0 read 

M05 = Set Block Length 

R20 = write bit sent to the 3DX 

MOO = wait clear 

Rl13 = First Reference Select will increment address by 
one in CPU 1 

28-31 
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3DI MODULE 

Read Reference Request 

M08 = set Channel Active 

R116 = M08 - clear 16x4 Address on 3DD 

I23 = Ak bit 223 write control 

M05 = Enter Block Length 

G14 = 1 if a Write Reference to SSD 

HOO = Reference CPU 0 
H01 = Reference CPU 1 

R26 = HOO; T2 
R27 = H01; T2 

Read Request CPU 0 of X-MP 
Read Request CPU of X-MP 

I36, I35 = Ack. Read from -3DB when slot counter 
equals HISP 3 starts a delay chain 

X2028S0108 
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3D1 MODULE 

write Buffer A/Bfrom X-MP 

A13 = Delayed 135 Acknowledged Reference from 3DB, 
H1SP 3 for Buffer A 

R35 = Write to Buffer A/B on 3DD for CPU a 

R36 = write to Buffer A/B on 3DD for CPU 1 

Increment Address on 3DD 

J01 = Clear Channel Enabled by an 0012 instruction 

E10 = G10 J01' 
E11 = G11 J01' 
E12 = G12 J01' 
E13 G13 J01' 

H5 = FOO E10 + J01 Count 17 

R31 = Sent to the 3DD to increment the address until 
the Buffer is filled 

X2028S0109 
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3DI MODULE 

write Data Ready 

E4 = Buffers full for CPU 0 
E5 = Buffers full for CPU 

G07 = 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. 

X2028S0110 
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3D! MODULE 

Decrement the Block Length 

G14 = M08 R20 Channel active on a Write to SSD 

E07, E08 - Hold the Reference on CPU 0 and CPU 1 

until BL=O or an error. 

HOO = Ref. CPU 0 
HOl Ref. CPU 1 
E20 - Ref. A Buffer 

E22 = 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=O 

JOO = Enable the BL to be decremented 

X2028S0ll1 
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3D1 MODULE 

Decrement Block Length 

T03 = T01 JOO Enable Enter Block Length 

NOO-N17 - Decrement Block Length by 1 after 
transferring 64 words. 

QOO P01 P03 P04 P05 Block Length = a 

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=O or an error 

28-36 X2028S0112 
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I46 = 

W14 = 
W15 = 
L01 = 

3DI MODULE 

Last Buffer 

J01 = Clear channel 0012 
H8 = Terminate 

M13 = Error 
M9 = 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=O or Double bit error 
R37 = wait until the last buffer has transferred 

Ref. Buffer A 
R23 = BL=O 

Read Block Length Error 

Empty sets when Busy clears and 
No Read reads Buffers full on SSD 
Buffer is empty and BL=O 
Buffer is empty and BL=O 
SSD Busy 

M10 = Read of SSD Block Length Error 

Write Block Length Error 

I45 = Block Length Error 
I48 Clear Interrupt 
E06 = Active on a write to SSD 
M9 = SSD Busy 

M11 - Write Block Length Error 

28-37 X2028S0113 



Read of SSD Memory 
to become a write of CRAY X-MP Memory 

3DI MODULE 

Read Data from SSD; write to CRAY X-MP 

W06 Count = 17 
I29 = Read Data Ready from SSD 
R34 sent to the 3DJ as I101 

U02 = will generate input write Buffer to the 3DJ. 
Write Buffer will be held-up until a count of 178 

woo = U10 U02 Add 1 to the Write word count 

U10 - U13 = Increment write word count 

28-38 X2028S0114 
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T10 '1'95 
T11 T96 

T95 = T94 A4 

A4 K4; T2 write A 

T96 = T94 B4 

B4 K5; T2 write B 

K04 J1 I44 write Buffer from 3DI select A Buffer 
K05 = JO' I44 

L-. Select B Buffer 

K6 
K7 

J1 I45 
J1' I45 

Select A write 
Select B Write 

I45 write Buffer HSP 
I01 I47; Select A 

C04 K06; T2 
D04 K7; T2 

-------W-hen-A-.is-se-le-cted-and-be-i-ng-wr-i-t-ten,Bu-f-f-er-B-.l:-s-be-i-nq-r-eaa •• ------------

) 

) 
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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 having exposed 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. A void 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 jn 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. 
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Electrical 

1 .. Remove ALL AC and DC power when removing or installing major assemblies, working inside 
power supplies or power control enclosures, perfonning 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 seIYice panel on the wall; unplug the main power supply cord. 

2. Only use well-insulated pliers~'scteWdi1v.ers;.testl¢ads, etc., when working on or near live 
circuits.' . ....... .: :~.~;~::-:, -: _H ....• 

3. Do not disconn~ct or otherwisedisable~af~ty grQu,~ding systems even if the equipment is 
powered off. These are iii'Stalle~':for'YOURj)roteetion.· . . , 

-:-. :' -- ' ... 6:" .::f~' ~ .. : .. ",: ';~ ~~."'" "'A • ::- _.' • _ •••• :--:;.:;.,.... • 

4. Avoid coming in contact witJ:1 grounds" such as equipment frames, metal floor tile edgings, 
electrical conduits,aria tile 'like. 'Ifp6ssible~looal1y pUrchase rubber or vinyl mats. . 

Mechanical .'-:. '. ~.~ :. 
"-

1. Do not use chemicals, greases, oils 9r ,solvents that have not been specifically approved by the 
equipment manufacturer forthafdevice. His recoIlliJlendations are usually based on extensive 
experience with this equipment in service.,. _ 

2. Use the proper tools for the job. Improper use of tools can result in personal injury or 
equipment damage. 

3. Replace worn QrJFpken t90JS or. te~t equipment as quickly as possible. 
. . . -:. ~ . " . : ". i . ..' " . I. I .• , f ~! • ~ .' • 

4. . ~ th~,'p.l3;<;.hjn~ ~sJ1,lnn~g~ D.9.,r~QT re~ch in to the works; remember, they are YOUR fingers and 
youotiJ.y get"<Jtte setperlifetime~ '.' . '. . 

5. If us4'!g ~ s,~Q~~ig4tl'<)n Il!~ch.~nica.ldevices, DON'T TOUCH ANYTHING; it may be .' 
·mo,ving. ', .. ' ~';:.,:."; .;.',: .'-, , ..... _ .. ;'.)... .. , ........... ', _',' . 

- - ,. ,,'.. ' ,.:;. .",.". ~ ." 

6. Safety glasses or goggles mp~t Qe used if you are: 

a. Driving pins, riveting, sw~dgirrg,:and 'siinllar activities. 

b. Using art ~le&tric dtUtgrinder, rean1et,etc~ 

c. Installing or removi~g springs .under tension or compression. 
• ~, ,u ..• ' • '4,' .'. . 

d. Using any type of solvent, spray, or chemical for cleaning or touch-up painting. 

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 mOOEMENT 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 imprQ~r1Y:tus~: .Th~~,are,s~veral types of power tools, 
based on the power source they use: electric, pneumatic,'iiquid fuel, hydraulic, and powder­
actuated. 

- . -, ' .. ~[J:J,:.~:;. -!·:,,,::,~;1,,~. ::-:}d,:'~~ l~_L·~' _.'F'Z':'~· _ ~ _ " 

Employees shoul~ be trained in the use. an..~~ta9~19f~~powe(tools. They sho~~~, '. 
understand potentIal hazards and safety precautions topreveht·those hazards from occumng, 

. " .', ,.., . • r·,.:..·· -. ',' ,- .?~~ ,". I" ~I- : ...... "," •..• . 

The following general precautions sho~id! 1~(Q~~¢IY¢,~r;powe~$~i\:users': . 

• Never carry a tool by the cord or hose. 

• Never yank the cord or the hose to disconnect from the receptacle. 
1. ),), ~:. ~ 

:t \: 

• Keep cords and hoses away from heat" oiL imd'shirrp edgeS: ;~" . 

• Disconnect tools when not in use, before seIVicing;' ami when changing accessories 
such a blades, bits, and cutters.,. ,_ .. , 

• All obseIVers should be kept at a safe distance from the work area. 

• Secure work with clamps or a vise, freefugboth h~Mt6()p~~at~'the:tOoLi: 
. • 1. ' ' , .' i.: ~ '" . ,"" 1..;;'- '. . ,', ~.... '. f -. . '-r'" '- < ," t . '': 

• Avoid accidental starting. The worker should not 'hold: a' finger'QnJh6 :swjtcl).15ti.~tPrfi'i·': i,.~' 
whilecarryingaplugged-intool.-".'· ,~ . ~',j c'-'~::i'!:'c 

• Tools should be maintained with care. They sh(;riId 6eI&pf~hatP'ari!d cl~~'Ior tH~fv1L 
best performance. Follow instructions in the user's manual for lubricating and '-:',;:;. ~~:. 
changing accessories. ' , 

::.:.~>,: ?}f:/l>~-~i~!:) j' - . .' ~> ~ ',:;: .2.~·";::<'~',.>~i- ',~ 1.1 

• Be sure to keep good footing and mai,ntain gqod_ba1,an~~",,'r; -,·T~.';r,. (;'" ";, . ,:-r .. ',~ ...... ~.It.:·~_.{'i.·. ,~ .. -- ~~.~:~iI>.. , .... :'A." .. ..,I.~ •• ;.;. 

• The proper apparel should be worn. Loose~IQPl~, tj~~,. or je\y-elry ,C.aIl :pe.cOtne 
caught in moving parts. -' ';;,':-_ ,. '-. . '-:'.' " ""... -:., -. f!.-' "'';-

• All portable electric tools that ~e damaged~ust be ~irio~ed, or taggcii ';DO'NOt: i
," 

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 

• In-running nip points,rotating-~i>_,'- _, 

• Flying chips and spru;)ss ;', L 

Safety guards must never be removed.~4e~ t4~, wql i~~jngused. 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 m~~tp<?y:q- m~,t~t!kof,~~ ~awl' except when it makes contact, 
with the work material. The lower guard must automatically 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 contaqt "on/~ff.' ';_:; -' 
control switch: drills, tappers, fastener drivers, horizontal, vertical and angle grinders-wifh- ~,,­
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 tum off can be accomplished by a single motion of the same finger or fmgers that 
tum it on. 

~ " _,'I'; {,~ ". '''.:-

The following hand-held power¢'toois maybe ~tripp-ed. with only a positive "On-off' coritroi. 
switch: platen sander_s, grinders ~ith_ wh~~ls two ;iIl~he~ or less in diameter, routers, planer~,. " _' 
laminate trimm~s, ~ibbler:s"s1!ewS,,:S.cr9!1!s'I:l\Vs,~~djigsaws with blade shanks one-fourthiQ-ch: 
wide o~J~ss .. :::: .:; '-_ _~J. '~:1::j' \~r, ]/ ie' j <1)'" 

Other hand-held powered tools such as c;c~iar saws, chain saws, and percussion tools witho~i' -'/,­
positive·access,Qlyh9ldin.,.g·,means-:Q1us!p@.equipped with a constant pressure switch thatwilLsgut 
offJ~pow~r wberMbe ~pr~ssUf~ i_sJ:e:le~~d .... ' "; [1: :;,; i 

. - -
;:.;.~·ri..:;'~·:; ~~L .. "'f~(.i;'ij::~ fi'; ~(." ",;:~~.; ~>"li I;~~Lr~:-;.r:.: ~:::' .<.' .,-

'.··'~.H(n;:. c.'::~, ,",1 ~;~ :'/1 I ")L -. o~ ;"i"./~l!j:i ;~·;"~J;} .... 'r\::l: :j~,7 

". ,; 

. ~ .' 

Employees using electric tools must be aware of several dangers; the most- serious is the j i -, .~'. " 
possibility of electrocution. 

Among the chief hazards of electric-powered tools are bums and slight shOClcS which, can leaq, to, "~~:> 
injuries or even heart failure. Under certain conditions, even a slight shock can result in 
nlwJlatlon Q{;t.he-_heart ,and eventu~,death. A ,~hock also can cause the user to falloff a:~adder 9P.T 
other;ele~at~;.work 's.ur:fac~ •. :, .;:':, "_ ,f !;',].:" ,-'_, --r· ,-j,!r:I 

';.'::,,;';} : \ .,' _'" j'- .' :.r:i~J' !.J~ '":. '. .. " -i-: i' :,;: • :"S~;,'" 

To Pxoteclthe u~er from shock, tools-Il11,1~!-eithefhavea three-wire cord wit,h ground or be 
double insulated. Three-v"ire cords contain two curren~-carrying conductors and a grounding: 
conductor. One end of the grounding conductor connects to the tool's metal housing. The other 
epd. i;sgrounqed through a prong on the plug. Anytime an adapter is used to accommodate a two­
hole receptacle, the adapter wire must be attac~ed 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 two 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. 
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The following general practices should be followed when using electric tools: 

! l · Electric tools should be operated within their desigiiifuDitatrons. 

• Gloves and safety footwear are recommended during use of electric tools. 

• When not in use tools shoUld'qe'sfbred in a d:rY place. ~:~::", /;;:r:::..: ': 
:::l. ;'j.:"G: :'.1:j:,-n:.1.:' ~:,.'''''L.~;:!.'· :'~::.: ~.\~ ; ..... '": .-:. 

• Electric tools should not be used iliiaafup'or\v~f Iocatldrts; c: ~)~.:,':". 
- - ::.- : _~ .. }j.1Lr:-;·~i·:'~.:L ·:.~2~:'T.: .r}1.";L:~~~ ~·5\ .. ·· -:~.: ~,,- . __ :j. - - .i 

• Work areas should be well lighted. ."j'],\V'! J;(' . 

~ •.• ; 'T 

.. ' • .1 t 

. ~. ;~'~[!':' ('~.~;(;3 _~::::::'Vlr ... : b!~)[~-Lr;B~'i ~. :. ···~··!10·-· '. ': .-, 
, .f}!! f:,' ... ~,;.~~· .• l[1i) -:~)!"!':iJ;;L~J :,~~·:: .. qc~J·: T_?L~;J} ::~'):.: -r __ ~ 

')(~:1' ,: -:~i!:7f:T~li.b f1!' ?~.}d'.L~·.; (i ;:-' r;J;~:r :·.:'·~":.L, ~ ., 
,'.1. 

, . ... ; .. 

How Shocks Occur 

Electricity travels in closed circuits, and its nonnal route is through a conductor. Shock occurs 
whenthe body becomes a part of the electriealcireliitJ'hel~urrentrl'lUst enter the body at one 
point and leave at another. Shock normallyoecmsin o~e--of three ways. The person must come 
in contact with the following: both wires oftheelectrical~ciicuit;··ooe·wireofan eri~gized ¢rcui{"; 
and the ground; or a metallic part that has become "hot" by being in contact with an energized· ,; , 
wire, while the person is also in contact with the ground. , " .' ,. , .. 

11.F"J: " .' .~.,'. ":':;.~.::':,-.i~ .... ~:j: fiJr% ,:~l~V")} b~~:..;·)/C!: :J!: -> .. "",£n ~:.:.i[i~l.) 

The metal parts of electrical tools and machines may: becefue: ~Jffot!!if ffiere' l~ 'if lbre~ iff-tfle ~ '/I.L ~'?-; 
insulation of the tool or machine wiring. The worker usirtgq}iese tools aIfd'mathirtes"1iSimade-less I 

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. U <the·~qujpI.1tt~l'!:t. ::_ 
grounding conductor has been properly installed, it has a low resistance to ground, and the 
worker is being protected. -,' :),",' ,.:;: ';-, ':i"\".G '/ll?urr; ;-k" ''Jr.:,,':, 5 :"'i.:".:.: < ';vo; . 

Severity-of the: Shock'li% ~y; 
[:; _:J~j:' ..... l;I;:'i/·.~r·;,~; - '=, J 

n:;~lUJO-:~"'~~~~:~ :C) '/;i~J;j;c:c_ ' 

',.::} '11, ~:!(~')J :_~':::~·l.t()q·-:,fT;~)l.::Is 1(' /~/:~~:\J;r: .~. if::) ::-:.-1J gr~<'!:[;~· 

.<;;1. '·:L,.'! . .l'.; ,·~j.U~;l~,:) 1::;bi1~: ~:-~U!:_:"1 rLf,~-,~ri 0"": ./,-. 1() '~;~' .. ~;~~ 

me severity of the:shock'teceived when a person becomes·aJpan ofan electri£al'c1rCu'it is' gffecl1ed' 
by three primary factors: the amount of current flowing through the body {measurediitl.'arrtp€tes);' . 
the path of the current through the body; and the length of time the body is in the circuit. Other,. 
factors which mayaffett the severity of 'shock 'are1 theifrequency of the current?_"th~·phase'.of th~ ':: . 
heartcyc1e.,when shock occurs, and the general health of:the'petson priortoshOck:~; ;C"l, ::'!C;.' 

. ;' . .J '1, .. , , ! '_!~J.u~~' "~ 

The effects from electric 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 even 1 ' 

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 Bedyc's":n"--: 

CURRENT REACTION 

1 Milliampere Preception level. Just a faint tingIeYi , 

5 Milliampere~ .. ;SiIghFsfibCk!'felt;' not :patnfulbUtdisturbing. Ayerage 
individual can let go. However, strong involuntary 

~"~' .;(;', . . < s, '~~itig~ff t~:;~~,~~s~~~ !h!s,~~~ ~a~ le,~~;~o in.i;rri~s~ .:' 

6-25 Milliamperes (women) Painful shock, muscular control is lost "-);jf ,~:;j" > 
r 

_,' '" •• _ . .) i _ ~ 

9.;.30 :Milliamperes~(inenr:L<:~ . ~~!iS:C3.1iecHni rre'e!rlqg ctirrerttor "leil..go:li~ge~) ~"i:: :',:, (.'1, -:;.i,;';' 
, .. /.:: :~.J:~:': .:: . __ .... ~. _.: . ..!~-,~;.:"': ";'~~J r.n C~;.·Jr~ \~':~.r:i .'!~:::f./-·~/~:··~· -; ./.."". __ .. :~ !i: .... :r~~· '~.,- .. j~;t ... "':-·(~< <;u.;; .:, ~ .. ··~.:f}~. 

50-ISO Milliamp·· breis :~';;nL1:~d -"EXti-eirte ~1n' res~ira:toTV li+rest,' :severe mu~cu.;' lk-·:un~(: ;)C';; :.,::;·1(.:, .., . J:'~' ¥.u.. ..,,~.. . . , ! 

.J~, ::':' : -:comractldris1i<: -1ritllvidriafeannot let go. 'Diiithis possible ... -: u,';:~ 'j 

1,000-4,300 Milliamperes 

10,000 Milliamperes' 

Ventricular fibrillation. (The rhythmic pumping ac~on of th~ -T 

heart ceases.) Muscular contraction and nerve damage'occur. "L ,~, 
Death ,is most likely. _,' 
; (. .• ~ . ~ ;,'3 (: ;-; ~ ~ :< .. :. { .. i: ;:: t L . ~ , 

Cardiac:,anest~sever,e burns and probable death. 
... -;~ ::::"·,iJ.b ·2~·:1~.~~·~,> b:·~. -·1 - . 

," '.'-" ._' .. ' ... >:0 

* If the extensor muscles are excited;by the:shoCk~ the~person may be thrown away from the' ,_, :'1(' 

circuit. 

-, ' 
. i .. ~. ilf;';;' ·~,.j:)1q 

:/'T!L!(i~.:{;!? ~::~~~:'i .::"~.l.:' '~j:~Q .. ~ ;i;:)3:.·:.~) :.;r; :...~] ~rL~:~ ';:f- .j.: 

.,,~ .i1r:'r· .. ·i((U;j·;::f l~~C~·::,q .. · ·.,~·!1:.;·j}O·lq :';'_ . .0:)"'.:-1 iL~' ~~:.~, ''; 
, . ... 

~.~~~'..r.! ./~:: ~_~{~: ~jL.:i.~~~;:<\: .. ~ 

... "l'" • ~ .".' •.••• \ 

;. r.i"I, <".", :" i. ,rf'"i .. , ; ....... . 

.!/ :: .. ,'.'" 

... :".:.' . . ~ '"1: , ," 

' .. /' ." 

'.1 
:{J 
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Examp~es of injuri~s. to anps:~d;~~.:~:.?~~,;qgfSj~£~~hock, amputatio1}:~'~~':;;IL t;, : 
absorptIon of c~eIn1cals.;"\ c; 'J'-: :;~'J·<.,;ol~! i)~i 1:; ru ..... i£'Jbr·,il>; i 

There is a wide-as'~oitmeh-{ol glbv~~,:h1ttpa~s~;sfgb~~~: t1al~~t1ets for protection from 
various hazardous situation~.r)!~i jO";i;.;·.;1H.;.iiJ<;.Jfn .;,i: .• i .. )i1·~ £Iiini£q ;lj!.;UW •. ::'1;;q:r:. :'ill; t~,. 

The protec~ve ~~~iSe. Sh.PM~~, be, sel~ste<! ~{~t;tb;~ jgP'b~!Y~~le, som~ $!PYP~_¥FJ~~~~~~d)t9· [) 
protect agamst specific cRermcal hazards .. Employees may nero to use gloves whIch have been 
tested and provide~~J~tio.g·,:g~In 9~S. ~.:C~;'~H~~ !~~ ~t;~h.' leather, iLYA . .can,YifS;, 'Th.t? .. f;:~ 
employee sh9:u1~ ~9P'P3~iac;quamted. W;l;YtJ tfit?JiJ1BffitI~~qbijifi1%iynng used. 

Exposure to high noise levels can cause hearing loss or impairment. It can create physical and 
psychological stress. There is no cure for;noise3induced:-h.earing~.loss, so the prevention of 
excessive noise exposure is the only way to avoid hearing damage. Specifically designed 
protection is required, depending on the:~t)ql~of noise ;encountered. )::; ;: J;'. ,,' " , 

Performed or molded ear plugs should be individually fitted by a professional. Waxed cotton, 
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. 

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 
their 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 J 
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 Protection 

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, fumes, gases, vapors, or sprays 
including substances which may cause cancer, lung impainnent, 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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EVALUATION O]t·MATERIALS 
Your opinion aboutthequalitY:of out training materials. is important to":Us! Please take a moment, .. 
and in the space below, tell'us 'how you wotild rate theefrectiveness of our materials~ WlIenever' .,'. 
possible, use specifi~ mailUal"numbers and'page nuIllbers:tO-llote·errorsOr areas of confusion. J\n. 
instructor will collect this page fromyoti when you· completetheeourse .. ,.·Tbank you for your .:;: ' .; 
valuable input! ' . '. "... . ,: " .. 
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