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CRAY Y-MPFETCH OPERATION 

The Fetch operation in the CRA Y Y -MP is the process that transfers instructions from memory to 
the Central Processing Unit (CPU). This operation reads 32 consecutive words from memory and 
loads them into one of four instruction buffers. The CPU initiating the Fetch reads one word at a 
time from memory, competing for memory among the other CPUs. The instruction buffer is 
written and read separately, controlled by the (HA) option. 

Fetch Sequence 

An Exchange Sequence voids the instruction buffers by clearing the four mAR buffer valid bits. 
This will cause Fetch to occur immediately after the exchange completes. During a Fetch, the mAR 
associated with the instruction buffer being loaded receives the upper 17 bits of the P register. 

The four mARs are compared against the P register each clock period. If the upper 17 bits of the 
P register coincides with one of the mARs and the valid bit is set, then an in-buffer or a 
coincidence condition exists and the proper instruction parcel is selected from the associated 
instruction buffer. If the P register does not coincide, then a no-coincidence condition exists, 
causing a Fetch operation. Instruction must be loaded into an instruction buffer before execution 
can continue. 

Pregister = 

Buffer Valid Bit 

Compare Coincidence A-6485 

The (YZO) option checks for coincidence. If there is no coincidence, the (yZ) will generate a Fetch 
request and send the Port D reference to the (YK) option along with the address bits (21 - 24) to 
select the proper section and subsection. If a conflict exists among Port A - D, Port D would have 
the highest priority. 

Accessing Memory Conflicts 

The Fetch operation accesses the CRA Y Y-MP memory for 32 consecutive CPs. However, each 
clock period could be held because of bank conflicts among the other CPUs. The (YK) option will 
check for any subsection conflicts among the other previously issued ports. If a conflict exists, the 
(YK) will suspend the request until the SS conflict is cleared. The (YL) option will check for any 
bank conflicts among the other CPU s. The CPU with the lowest lettered reference (A - H) would 
have the highest priority. 
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Fetch Address Generation 

The (YHO) option adds P register bits (221 - 25) to the rnA bits (227 - 28). The Absolute Fetch 
address is then compared against the ILA, also held on the (YH) option, to determine if a Program 
Range Error exists. .. 

P register = 221 

rnA = 1227 -- 225 1224-------28127 _______ _ 

fA 
fA 
In 
& 
& 
& 
& 

+ 

224 ______ _ 

Parcel Select bits are not used in Memory ,Word address. 

Lower 8 bits of rnA are forced to zero so Instruction Base address starts on 
4008 word boundaries. 

A-6486 

Upper 3 bits are not used on the eRA Y Y -MP 8/32 but will allow future expansion 
to 256 million words of memory. 

Section Select bits (20 , 21) select one of four sections. 

Subsection Select bits (24 , 23, 22) select one of eight subsections within the sections. 

Bank Selects will select one of eight banks within a subsection. 

Internal address and I-bit of chip select is used to address 32 million words. 
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Instruction Buffers 

Each CPU module contains four instruction buffers each of which holds 128 consecutive 16-bit 
instruction parcels. The instruction buffers hold the in~truction parcels and make them available to 
the NIP/LIP and LIP 1 registers, eight (HS) options contain the four instruction buffers which are 
divided by even and odd words. 

The beginning instruction parcel in a buffer always has a Word address that is a multiple of 408. 

For each buffer there is an mAR associated with it that contains this value. 

Each (HS) option contains 16 bits of the 64-bit word. The 16 bits are in groups of 8 bits and the 
8-bit groups are separated by 32 bits. For example, (HSO) contains bits (27 - 20) and (239 - 232) of 
all the even words. 

Loading Instruction Buffer 

When a no-coincidence condition is generated on the (YZ) option, the (YZ) will generate a fetch 
request and set Port D active. The (YZ, YH) options will send control bits (24 - 21) to the (YK) to 
check for SS conflicts and also bank bits (27, 26, 25) to the (YL) to check for bank conflicts. The 
(YO, YN) option will delay the controls for the duration that the conflicts exist Once the coast is 
clear, the (YN, YO) passes a Port D reference to the (yZ) option which will start a timer from 
CP 10 - CP 4. At CP 3, time the word which was read from memory is present on the (HS) 
option. The (yZ) will signal the (HA) to then supply the address to the (HS) option so the data can 
be loaded into the buffer. The (YZ, YH) will have, within the next clock period, generated the next 
request which would go through the same process as the fIrst reference. To load the (HS) options, 
the (HA) will supply the (HS) with a 6-bit address (25 - 20). The 6-bit address was previously 
divided into even buffer or odd buffer to separate the Read and Write conflicts to the same options. 
The address breaks down as follows. 

Bit position 2° on the (HA) is separated from the (HS) options as mo R1W' 
andml R/W. 

Bit position (23 - 2°) on the (HS) options identifIes two, 8-bit bytes per buffer. 

&. Bit position (25, 24) on the (HS) option identifIes one of four instruction buffers 
(0 - 3). 

A-6487 
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Reading Instruction Buffer 

Before the (HA) option can begin reading the instruction buffer, the Write address must be greater 
than or equal to the Read address, taking into account end-around. If the parcel which is to be read 
from the instruction buffer has been previously fetched from memory, the (HA) will supply the 
(HSO - 3) if the address is even, or (HS4 - 7) if the address is odd, and in 2 CPs the (HS) option 
will output 4 parcels or an entire word. The (HCIHD) will select the proper parcels from 1 of 8 
parcels if available from memory. To select the proper parcel, the (HCIHD) is given a 3-bit address 
which consists of (2°,2-1,2-2) of the P register. The bypass path is not used on the (HS) option. 

Control Dump Sequence 

The Control Dump sequence is a maintenance feature which is built into the CRA Y Y-MP to allow 
the four instruction buffers to be loaded from memory and then dumped back into memory. To 
enable the Control Dump (CD) the maintenance switch must be Enabled, for CD, followed by a 
Deadstart, and then a dead dump. The EAM bit in the Exchange Package should be Enabled. The 
CD sequence has bit 210 forced in the address, so memory is read from 2000 - 2177, into the four 
instruction buffers. The instruction buffers will then be written back to memory along with the P 
register in locations 2200 - 2377 for mo, 2403 - 2602 for ml, 2606-3005 for IB2, and 3011 -
3210 for m3. Memory can then be dumped to the MCU by using the dead dump lines. The MCU 
memory can then be examined to see if everything transferred correctly. 

) 

When filling the four instruction buffers, the path from memory would be the same as a normal 
Fetch operation. However, when reading the instruction buffers, instruction parcels LIP and LIP 1 
are both selected in the (HCIHD) options and take there own path back to the (yCIYD) option. The ~) 
path used is through extra fanout paths on the (VS, HZ) options. The (YCIYD) will assemble a / 
64-bit word to be written into memory which consists of the P register, LIP, and LIP 1. 

CRAY Y-MP FETCH OPERATION 
(OPTIONS INVOLVED) 

(HAO) Option 

The (HA/HZ) options contain the P register. (HAO) contains P register bits (24 - 20, 2-1 - 2-2) while 
(HBO) contains P register bits (221 - 25). The (HA) is also responsible for supplying the m Read 
address and the ill Write address. The m Read address and Write address are divided into even 
and odd instruction buffers to interleave the reading and writing of the ms. The (HA) also supplies 
the controls necessary for performing the Control Dump sequence. 
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(HZO) Option 

The (HZ) contains the upper P register bits (221 - 25) which are loaded and compared against the 
mAR each clock period to check for a no-coincidence condition. 

(HSO - HS7) Options 

The (HS) options contain the storage for the instruction buffers. Each (HS) option contains 
16 bits which are in two groups of 8 bits; the 8-bit groups are separated by 32 bits. The eight (HS) 
options are also divided into even word and odd word as they are written from memory. The 
bypass path on the (lIS) option is not used, so it takes 2 CPs to get a parcel readout of the (lIS) 
option. One CP to address the m and another CP to readout the parcels, if the parcel were 
previously written from memory. 

(YZO) Option 

The (YZ) option checks for conflicts against the Ports A - D and allows Port D the highest priority 
when used by Fetch. The (YZ) contains the lower 5 bits (24 - 20) of the P register which contains 
the control for sections and" subsections. The (yZ) will check for the no-coincidence condition and 
generate the fetch request. The (yZ) will delay the control needed to load the data from memory 
into the instruction and supply these controls to the (HA) at the proper time. The (YZ) generates the 
initial CD control and also increments the lower address bits (21 - 25) which is used to address 
memory during the CD sequence. 

(YHO) Option 

The (YHO) option will add P + mA to create the Absolute Fetch address. The Absolute Fetch 
address is then checked against the ILA to see if the Fetch is within its limits, if not, the (YH) will 
generate a Program Range Error to the (YB) option. 

(YA - YR) Option 

The (Y A - YR) option is similar to the operation covered in the Memory Control section of this 
manual. The only difference being the Fetch operation would be using Port D. Port D goes 
through the subsection conflict checks and bank conflict checks similar to what Port A,B, C would 
go through. 
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ADDRESS (20 _ 25 ) ~ (HAO 'I ..... 152 - 57" 

6 (FORCED 
00 
Vl .po. 

-Vl , 
-...J 

(YR8 - YRII 

(N/A 

(N/A) 

(HAO 

(FORCED 

(N/A 

DATA SELECT (2°.2 1 ) -( i48.49"'-

-
~1O-7"-

IWRlTEDATAMEM. ..... 10-:17' -

WRITE DATA (UNUSED) ...... - i"'\.. 
116 -23 

WRITE DATA (UNUSED) (132 _ 39) 

-
1 GO WRITE (' 16S) 

WRITE 0-IS.0-7 ...... -:>--,,170.71 

GO BYPASS (UNUSED) ..... -
166 "" 

GOREAo ...... 164' ""'\ 
'J -(HAO 

~ 

I 
~ 
~ 

(FORCED' 

(YR8 - YRIl 

(N/A) 

(N/A) 

(HAO') 

DATA SELECT (2°.21 ) ...... 5-;-S1I\. 
, "I O. I • 

r-<5I8 -IS""'\ ~ 
WRITE DATA MEM. ...... - S ....... , 18 - I - -
WRITE DATA (UNUSED) .(124 _ 31) • 

WRITE DATA (UNUSED) ....... I40-=-47' -
ADDRESS (2° - 25) 

...... 158 - 63"""-

"'--/ 

(HSO - HS7) 25 

(0) 

~ . 

~ 

170=1 

I71 = I 

-
-

·X7 _Xl) ()() 

MUX 

M ....... 
U bO-b7 

X CONFLICT 37 
X27 -X20 40 

77 -
27 _20 24 _20 
DATA ADDRESS 

FORCED 0 Lr\ S20 -S3S 

r=t--I GO READ 

DATA ADDRESS 
215 _ 2 8 24 _2° 

XI5 - X8 ()() 

. --,...... 

kfJ 37 M 
b8 - blS u X3S - X28 40 

X ---
77 -
t 2 5 

CRAY Y-MP (HS) BLOCK DIAGRAM 
INSTRUCTION BUFFERS 

MUX 

-~ ~-...... RO-R7."..., 

I- .....::: 
...... R8-RI~ 

'-/ 

READ DATA BIT 
(HCO'.HDO') 

(2 ° -27) -+ (HSO I) 

(28 _215 ) -+ (HS! ) EVEN 
(2 16 - 223) -+ (HS2 .) ADDRESS 

(224 _231 ) -+ (HS3 ) 

(2°_27) -+ (HS4 

(28 _215 ) -+ (HS5, 

(216_223 ) -+ (HS6 

(224_231 ) -+ (HS7: 

READ DATA BIT 

(232_2 39) -. (HSO' 

(2 4°_2 47) -. (HS!: 

(2 48_255) -. (HS2: 

(256_ 263) -+ (HS3: 

(232_ 239) -. (HS4) 

(2 4°_ 2 47) -. (HS5) 

(2 48_ 2 55) -. (HS6) 

(2 56_ 2 63) -. (HS7) 

ODD 
ADDRESS 

(HCO'.HDO') 

EVEN 
ADDRESS 

ODD 
ADDRESS 
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I 
o 
00 

~ 

...... 
W 
I 

00 

~ 
~ 
~ 
~ 
~ 

(HS3!HS7) (HS2!HS6) 

26L-256 255_248 

263 256 255 248 

f 

\ ~ "'.,-------

(HSl!HS5) (HSO !HS4) (HS3!HS7) (HS2!HS6) (HSl!HS5) (HSO!HS4) 

247_240 239_232 23_1 _224 223_216 2 15_28 27_20 

(Xl::; - XH) (X7 - xor 

BUFFER 0 

247_240 239_232 23_1 _224 223_216 2 15_28 27 _20 

BUFFER 1 

(XI5 - X8) I (X7 - XO) 
(X35 - X28) I I (X27 - X20) 

BUFFER 2 

BUFFER 3 . 
(X35 - X28) I (X27 - X20) 

CRAY Y-MP (HS) INSTRUCTION BUFFER FORMAT 

\~ 

ADDRESS 

2 5 2 4 2 3 2221 2 0 

0 0 o 0 0 0 
0 0 o 0 0 0 
0 0 o 0 0 1 
0 0 o 0 0 I 
0 0 o 0 1 0 
0 0 o 0 1 0 
0 0 o 0 1 1 
0 0 o 0 1 1 
0 0 0 1 0 0 
0 0 0 1 0 0 
0 0 0 1 0 1 
0 0 0 I 0 1 
0 0 0 1 1 0 
0 0 0 1 1 0 
0 0 0 I 1 1 
0 0 0 1 1 I 
0 0 I 0 0 0 
0 0 1 0 0 0 
0 0 I 0 0 I 
0 0 1 0 0 I 
0 0 I 0 1 0 
0 0 I 0 I 0 
0 0 1 0 I 1 
0 0 I 0 I 1 
0 0 1 I 0 0 
0 0 I 1 0 0 
0 0 1 I 0 I 
0 0 I 1 0 I 
0 0 I 1 1 0 
0 0 1 1 1 0 
0 0 1 I I I 
0 0 I I I I 

0 I o 0 0 0 

I I I I I I 
0 1 1 1 I 1 
1 0 o 0 0 0 

I I I I I I 
I 0 I I I 1 
I 1 0 0 0 0 

I I I I I I 
I 1 I 1 1 1 

0 (HSO - 3) 
1 (HS4 -7) 
0 (HSO - 3) 
1 (HS4 -7) 
0 (HSO - 3) 
1 (HS4 -7) 
0 (HSO - 3) 
1 (HS4 -7) 
0 (HSO - 3) 
I (HS4 -7) 
0 (HSO - 3) 
1 (HS4 -7) 
0 (HSO - 3) 
I (HS4 -7) 
0 (HSO - 3) 
1 (HS4 -7) 
0 ~HSO - 3~ I HS4 -7 
0 (HSO - 3) 
I ~HS4 -7~ 0 HSO-3 
1 (HS4 -7 
0 (HSO - 3) 
1 (HS4 -7) 
0 (HSO - 3) 
I (HS4 -7) 
0 (HSO - 3) 
I (HS4 -7) 
0 

tSO - 3~ 1 HS4 -7 
0 HSO -3 
I (HS4 -7) 

0 (HSO - 3) 

I I 
I (HS4 -7) 
0 (HSO - 3) 

I I 
I (HS4 - 7) 
0 

I 
I 

(HSO - 3) 

I 
(HS4 -7) 
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CRAY Y-MP FETCH TIMING SEQUENCE 

~ 
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CRAY Y-MP CONTROL DUMP 

1. Enable Control Dump switch, Disable Error Correction switch 

2. :DS - Deadstart 

3. :DD - Dead Dump to Force Memory to I/O 

4. Set EAM - Set CRA Y Y -MP mode in Initial Exchange Package 

5. Dump Locations 2000 - 2177 to four instruction buffers. 
Locations 2000-2177 - Contain Memory instructions to be loaded into the four instruction 
buffers. 

6. Four instruction buffers to memory breakdown: 

Location 2200 - 2377 = IBO 
Location 2403 - 2602 = IB 1 
Location 2606 - 3005 = IB2 
Location 3011 - 3210 = IB3 

7. Four instruction buffers to memory format: 

PARCEL 0 PARCELl PARCEL 2 PARCEL 3 
LOCATION PREG. LIP 1 LIP 0 

2200 0-0 0-0 2000 - 1 2000 - 0 

2201 0-0 0-0 2000 - 2 2000 - 1 

2202 0-0 0-01 2000 - 3 2000 - 2 

2203 0-0 0-02 2001- 0 2000 - 3 

Q 
2377 1 0 - 0 I 1 0 - 0177 I 12000 - 0 I 12177 - 3 I 
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'~.- '< ,. . :~< .>:~ 

00002000 001000 001001 001002 001003 202 .". -" 
00002001 001004 001005 001006 001007 050 
00002002 0010:).0 001011 001012 001013 050 

) 
00002003 001014 001015 001016 001017 202 

., ;~.:..'! 

00002004 001020 001021 001022 001023 0150 
00002005 001024 001025 001026 001(127 202 
00002006 001030 001031 001032 001033 202 
00002007 001034 001035 001036 001037 050 
00002010 001040 001041 001042 001043 050 
00002011 001044 001045 001046 001047 202 
00002012 001050 001051 001052 001053 202 
00002013 001054 001055 001056 001057 050 
00002014 001060 001061 001062 001063 202 
00002015 001064 001065 001066 001067 050 
00002016 001070 001071 001072 001073 050 
00002017 001074 001075 001076 001077 202 
00002020 001100 001101 001102 001103 050 
00002021 001104 001105 001106 001107 202 
00002022 001:...10 001111 001112 001113 202 
00002023 001114 001115 001116 001117 050 
00002024 001120 001121 001122 001123 202 
00002025 001:1.24 001125 001126 001127 050 
00002026 001130 001131 001132 001133 050 
00002027 001134 001D5 001136 001137 202 
00002030 001140 001141 001142 001143 202 
00002031 001144 001145 001146 001147 050 
00002032 001150 001151 001152 001153 050 
00002033 001154 001155 001156 001157 202 
00002034 001160 001161 001162 001163 050 
00002035 001164 001lE.5 001166 001167 202 

~) 
00002036 001170 001171 001172 001173 202 
00002037 001174 001175 001176 001177 050 
00002040 001200 001201 001202 001203 050 
00002041 001204 001205 001206 001207 202 
00002042 001210 001211 001212 001213 202 
00002043 001214 001215 001216 001217 050 
00002044 001220 001221 001222 001223 202 
00002045 001224 001225 001226 001227 050 
00002046 001230 001231 001232 001233 050 
00002047 001234 001235 001236 001237 202 
00002050 001240 001241 001242 001243 202 
00002051 001244 001245 001245 001247 050 
00002052 001250 001251 001252 001253 050 
00002053 001254 001255 001256 001257 202 
00002054 001260 001261 001262 001263 058 
00002055 001264 001265 001266 001267 202 
00002056 00~_270 001271 001272 001273 202 
00002057 001274 001275 001276 001277 050 
00002060 001300 001301 001302 001303 202 
00002061 001304 00D05 001306 001307 050 
00002062 001310 001311 001312 001313 050 
000020f.3 001314 001315 001316 001317 202 
0000206~ 001320 001321 001322 001323 050 
00002065 001324 001325 001326 001327 202 
00002066 001330 001331 001332 001333 202 
OOc:e2067 0(11:334 001335 001336 001337 050 
00002070 001340 001341 001342 001343 050 

) 000[:207i 001344 001345 001346 001347 202 
j OCOC2()72 001350 001351 001.352 001353 202 

00OC2:J~<?' C:H354 001355 001356 001357 fj50 
0000207·< 001360 001361 001362 001353 202 
OOOG207~·. 001.364 001365 001366 001367 D50 
00C0207E:. 001370 001371 001372 001373 (ISO 



00002077 001374 001375 001376 (J01377 202 
00002100 001400 001401 0Ol~O2 001403 327 
00002101 001404 001405 001406 001407 175 -) 000C2102 001410 001411 001412 001413 175 
00002103 001414 001415 001416 001417 327 
00002104 001420 00H21 001422 00142::: J_75 
00002105 001424 001425 [J!H426 001427 327 
00002106 001430 001431 0:J1432 0014::::3 327 
00002107 001434 001435 001436 001437 175 
00002110 ... (401440 001441 001442 001443 175 
00002111 001~44 0:01445 O:H446 001447 .... :.'")~ -~~. .. ' 

.... '!- , 
.. -'~. 

00002112 00145G 001451 Ij0145,? 001453 327 
00002113 00145':; 001455 001456 0014'57 175 
00002114 001460 001461 001462 001463 ~"J" --''-, 

00002115 001464 001455 [101'466 001467 175 
00002116 001470 (101471 001472 001473 175 
00002117 001474 001475 001476 001477 327 
00002120 001500 001501 001502 001503 175 
00002121 001504 001505 001506 001507 327 
00002122 001510 001511 Q01512 001513 327 
00002123 001514 001515 001516 001517 175 
00002124 001520 001521 001522 001523 327 
00002125 001524 001525 001526 001527 175 
00002126 001530 001531 001532 001533 175 
00002127 001534 001535 001536 001537 327 
00002130 001540 001541 001542 001543 327 
00002131 001544 001545 001546 001547 175 
00002132 001550 001551 001552 001553 175 
00002133 001554 001555 001556 001557 327 , 

.00002134 001560 001561 001562 001563 ) 175 
00002135 001564 001565 001566 001567 327 / - ~ 
00002136 001570 001571 001572 001573 327 
00002137 001574 001575 001576 001577 175 
00002140 001600 001601 001602 001603 175 
00002141 001604 001605 001606 001607 327 
00002142 001610 001611 001612 001613 327 
00002143 001614 001615 001616 001617 175 
00002144 001620 001621 001622 001623 327 
00002145 001624 001625 001626 001627 175 
00002146 001630 001631 001632 001633 175 
00002147 001634 001635 001636 001637 327 
00002150 001640 001641 001642 001643 327 
00002151 001644 001645 001646 001647 175 
00002152 001650 001651 001652 001653 175 
00002153 001654 001655 001656 001657 327 
00002154 001660 001661 001662 001663 175 
00002155 001664 ·001665 001666 001667 327 
00002156 001670 001671 001672 001673 327 
00002157.001674 001675 001676 001677 175 
00002160 001700 001701 001702 001703 327 
·00002161 001.704 001705 001706 001707 175 
00002162 001710 001711 001712 001713 175 
00002163 001714 001716 001716 001717 327 
00002164 001720 001721 001722 001723 175 
00002165 001724 001725 001726 001727 327 
00002166 001730 OC1731 001732 001733 327 

. 00002167 001734 00173E 001736 001737 175 ) 
···.·'·00002170 001740 ·001741 001742 001743 175 

. 00002171'-001744 001745 001746 001747 327 
-' 
./ 

00002172 001750 001761 001752 001753 327 
00002173 001754 001755'001756 001757 175 
00002174 001760 001761 001762 001763 327 
OOOO~1~5~01764 001765 001766 001767 175 



00002176 001770 001771 001772 001773 175 
00002177 001774 001775 001776 001777 327 
00002200 .,p00000 000000 001001 001000 000 

-) 00002201 000000 000000 001002 001001 000 
00002202 000000 000001 001003 001002 000 
00002203 000000 000002 001004 0010J3 000 
00002204 000000 000003 001005 001004 000 
00002205 000000 000004 001006 001005 000 
00002206 000000 000005 001007 001005 000 
00002207 000000 OCOO06 001010 001007 000 
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00003104 OODDCIO 000672 CD1674 001673 000 
00003105 OOODOO 000£=.73 001675 001674 000 
00003106 000000 000674 001676 001675 000 
00(03107 000000 000675 001677 001576 COO 
00003110 000000 000676 001700 001677 000 
00003111 000000 000677 001701 001700 000 
00003112 000000 000700 001702 001701 000 
00003113 000000 000701 001703 001702 000 
00003114 000000 000702 001704 001703 elOO' -
00003115 000000 000703 001705 001704 000 
00003116 oooeoo 000704 001706 001705 000 
00003117 000000 000705 001707 001706 000 
00003120 000000 000706 001710 001707 000 
00003121 000000 000707 001711 001710 000 
00003122 000000 000710 001712 001711 000 
00003123 000000 000711 001713 001712 000 
00003124 000000 000712 001714 001713 000 ) 00003125 000000 000713 001715 001714 000 
00003126 000000 000714 001716 001715 000 
00003127 000000 000715 001717 001716 000 
00003130 000000 000716 001720 001717 000 
00003131 000000 000717 001721 001720 000 
00003132 000000 000720 001722 001721 000 
00003133 000000 000721 001723 001722 000 
00003134 000000 000722 001724 001723 000 
00003135 000000 000723 001725 001724 000 
00003136 000000 000724 001726 001725 000 
00003137 000000 000725 001727 001726 000 
00003140 000000 000726 001730 001727 000 
00003141 000000 000727 001731 001730 000 
00tl03142 000000 000730 001732 001731 000 
00003143 000000 000731 001733 001732 000 
00003144 000000 000732 001734 001733 000 
00003145 000000 000733 001735 001734 000 
00003146 000000 000734 001736 001735 000 
00003147 000000 000735 001737 001736 000 
00003150 000000 000736 001740 001737 000 
00003151 000000 000737 001741 001740 000 
00003152 000000 000740 001742 001741 000 
00003153 000000 000741 001743 001742 000 
00003154 000000 000742 001744 001743 000 
00003155 000000 000743 001745 001744 000 
00003156 000000 000744 001746 001745 000 
00003157 000000 000745 001747 001746 000 ) 

. 00OO316QOOriooo 000746 0(11750 001747 000 
~/ 

/ 
.' ~""; 

00003161 000000 OOQ747 001751 001750 000 
00003162 000000 000750 .. 001752 001751 000 
00003163 000000 000751 001763 001752 000 
00003164000000 000752 001754 001753 000 ., 
00003165 000000 000753 001755 001754 000 



' ....... 

00003166 000000 000754 001756 001755 000 
00003167 000000 000755 001757 00:..756 000 
00003170 000000 000756 001760 001757 000 

) 
00003171 000000 000757 00i761 001760 000 
00003172 000000 000760 001762 00176j, 000 ' 

," 

- -~-.. -

00003173 000000 000761 001763 001762 000 
00003174 000000 000762 001764 001763 000 
00003175 000000 000763 001765 001764 DOC 
00003176 000000 000764 001766 001765 000 
00003177 000000 000765 001767 001766 000 
00003200 000000 000766 001770 001767 000 
00003201 000000 000767 001771 001770 000 
00003202 000000 000770 001772 001771 000 
00003203 000000 000771 001773 001772 000 
00003204 000000 000772 001774 001773 oeD 
00003205 000000 000773 001775 001774 000 
00003206 000000 000774 001776 001775 000 
00003207 000000 000775 001777 001776 000 
00003210 000000 000776 001600 001777 000 
00003211 000000 000777 001601 001600 000 
00003212 000000 001000 001601 001600 000 
00003213 000000 001000 001601 001600 000 
00003214 000000 001000 001601 001600 000 
00003215 000000 001000 001601 001600 000 
00003216 000000 00100Q 001601 001600 000 
00003217 000000 001000 001601 001600 000 
00003220 000000 001000 001601 001600 000 
00003221 000000 001000 001601 001600 000 
00003222 000000 001000 001601 001600 000 
00003223 000000 001000 00160:i. 001600 000 

) 00003224 000000 001000 001601 001600 000 
00003225 000000 001000 001601 001600 000 
00003226 000000 001000 001601 001600 000 
00003227 000000 001000 001601 001600 000 
00003230 000000 001000 001601 001600 000 
00003231 000000 001000 001601 001600 000 
00003232 000000 001000 001601 001600 000 
00003233 000000 001000 001601 001600 000 
00003234 000000 001000 001601 001600 000 
000032::::5 00(:000 001000 001601 001600 000 
00003235 000000 001000 0016(:1 001600 000 
00003237 000000 001000 001601 001600 000 
00003240 000000 001000 001601 001600 000 
00003241 000000 001000 001601 001600 000 
00003242 000000 001000 001601 001600 000 
00003243 000000 001000 001601 001600 000 
00003244 000000 001000 001601 (101600 000 
00003245 000000 OnODO 001601 001680 000 
00003246 000000 001000 001601 001600 000 
00003247 000000 001000 001601 001600 000 
00003250 OOCOOO 001000 001601 001600 000 
00003251 000000 001000 001601 001500 000 
(0003252 000000 001000 001601 001600 000 
00003253 000000 0[11000 001601 001 SOO 000 
OOlj03254 000000 001000 001601 001600 080, 

00003255 000000 001000 0;j1601 001600 000 
00003256 001)000 00100(: 0016[,1 001600 OOD 

/) 00003257 oeoooo 001000 001601 001600 oeD 
00003260 oooooel [101000 001601 001600 000 
00003261 O:JOOOO 0010~IO Ij0160: 0']1600 000 
00003262 000000 001000 001601 001600 1)00 
00003263 000000 001000 001601 001600 000 
00003264 000000 00100.0 001601 001600 000 



) 

) 







) 

) 

INSTRUCTION ISSUE 

Instruction issue is the process by which the CRA Y Y -MP introduces instructions into the 
Central Processor Unit (CPU) for execution. 

00 E 
X 
E 
C 
U 

378 
T 
I 

INSTRUCTION 0 
BUFFER N 

During the instruction issue operation, the P register selects an instruction parcel from one of four 
instruction buffers. The P register increments by (+ 1, +2), depending on a 2 or 3 parcel 
instruction. A plus two is used for 3 parcel instructions when in 32-bit mode, while a plus one is 
used for 1 and 2 parcel instructions when not in 32-bit mode. The CRA Y Y -MP loads the 
selected instruction parcels into the NIP register. While the instruction parcel is in the NIP 
register, a pre-decode is done to determine if the instruction is aI, 2, or 3 parcel instruction. 

If the instruction in NIP is a 1 parcel instruction, the instruction parcel is advanced to CIP, and 
the P register is incremented by a plus one. If the instruction in NIP is decoded as a 2 parcel 
instruction, the parcel will move into CIP upon getting the Go Issue. The next parcel of the 2 
parcel instruction will be loaded into NIP/LIP. When issuing the 2 parcel instruction, both CIP 
and LIP are unloaded. The next clock period that LIP would normally go into CIP, the 
instruction is prevented from being decoded by a Blank NIP. All during this operation the P 
register has been incrementing by one as long as there are no Hold Issue conditions, where the 
P register would be held. The 2 parcel instructions include the (005 - (07) instruction and the 
branch instructions, which are the (OIX) instructions. The (OIH) is not used in Y-mode. 

During a 3 parcel instruction, the 3 parcel instruction is pre-decoded in the NIP register. When 
the fIrst parcel of the 3 parcel instruction advances to CIP, the second and third parcels are loaded 
into the LIP and LIP 1 registers at the same time. When the 3 parcel instruction issues all three 
registers, CIP, LIP, and LIP 1 will unload their instruction parcels into execution. This unique 
operation allows a 3 parcel instruction to issue in 2 clock periods. The 3 parcel instruction can 
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only be used in 32-bit mode, where the (020, 021, 040, 041, lOX - 13X) instructions are 
converted into 3 parcel instructions. 

When the second parcel of a 2 or 3 parcel instruction moves from the LIP 0 register to execution, 
Blank NIP is loaded into CIP. The CPU decodes the Blank NIP as a no operation instruction 
when it issues from the CIP register. The P register is then incremented by plus two for a 3 
parcel instruction to address the next instruction within the ffi. When Blank NIP is loaded into 
CIP, a new parcel is being loaded into NIP and being decoded for aI, 2, or 3 parcel instruction. 

THREE PARCEL INSTRUCTION FORMAT 

The format of the 3 parcel instruction while in machine code is the fIrst parcel containing the 
instruction decode, which are the (ghijk) fields of the instruction. However, the Gk) fIeld is not 
used. The second parcel of a 3 parcel instruction is the (m) field, which contains 16 bits. The 16 
bits are numbered (215 - 20). The third parcel of a 3 parcel instruction contains the (n) fIeld, 
which also contains 16 bits numbered (231 - 216). The example below shows the format 

16 16 16 

g h J k I I m II 1 0 0 n 

2 3_ 2° 22_ 2° 22_ 2° 22_ 20 22_ 2° 2
15 2° 2

31 2 16 

The reason the (m) field is before the (n) fIeld is so that when not in 32-bit mode, the 2 parcel 
instruction can issue using the Gk) as part of the expression, and the third parcel would be 
another instruction. However, after the instruction issues, the (mn) field is reversed into its 
proper bit position (nm). The 3 parcel instruction includes the (020 - 021) instruction, the 
(040 - 041) instruction, and the (lOX - 13X) instructions. 

') 
~~ 
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BRANCH CONTROL 

The branch control portion of the CRA Y Y -MP decodes and controls the issue of all branch 
instructions. All branch instructions, whether in Y -mode or X-mode, are decoded as a 2 parcel 
instruction. This is because the P register can only increment up to four million words, 
and a 2 parcel branch instruction would reach four million words. A branch instruction, if 
executed, loads the P register with a new address, depending on the branch instruction. As a 
result, the program branches to the instruction at the new P register address. 

The branch control logic decodes all branch instructions at NIP time. The branch is decoded at 
NIP time so that the path into the NIP register can be disabled for the next instruction parcel. It is 
important that no more instructions enter the NIP register from the instruction buffer until it is 
determined if the branch will be taken. This is because the instructions cannot be backed up once 
they enter NIP, except for the Text and Set instructions. 

The instruction issue logic treats all branch instructions as a 2 parcel instruction. Therefore, it 
effectively takes 2 clock periods to issue a branch instruction. 

ISSUE CONTROL BLOCK DIAGRAM 

Before an instruction can issue, it fIrst must be read out of the Instruction buffer. The Instruction 
buffer is loaded by a Fetch operation. The Fetch operation uses Port D and requests one word at 
a time from memory, competing with the other CPU for its memory words. Within the CPU, 
Port D has the highest priority when used for a fetch operation. As the words arrive from 
memory to the Instruction buffers, the (HAO) option controls the writing and reading of the 
Instruction buffers. The Instruction buffers are divided into even and odd words of the four 
Instruction buffers 0 - 3. Each Instruction buffer will hold 3210 CRA Y words, or 128 
instruction parcels. The Instruction buffers are contained on the (HS) options. The Go Bypass 
is not used on the (HS) option. 

The (HAO) option controls the reading and writing of the Instruction buffers. The (HA) contains 
an Instruction buffer (IB) Write address, and a ill Read address. The m Write address and Read 
address contain 6 bits (25 - 20). The ill address breakdown is as shown on the next page. 
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& (X) 

2 5 24 2 3 2 2 2 1 20 X = IB WRITE/READ ADDRESS ON (HS) 

The address bit (20) will select the even or odd address words within the 
IB. (HSO - HS3) contain all the even words, and (HS4 - HS7) contain all 
the odd words. Address bit (20) = 0 selects IBO, while (20) = 1 selects 
IBl. 

Leaves the (HA) option as (R18 - R21) for IBO or (R24 - R27) for IBI as 
address bits (20 - 23), and selects one of sixteen addresses within an 
Instruction buffer. 

Leaves the (HA) option as (R22, R23) for IBO, and (R28, R29) for IB 1 as 
address bits (24, 25). Address bits (24 - 25) are the Instruction buffer 
pointers. The (HS) option (24) is used as part of the internal storage 
address, and (25) is used to select one of thirty two address words. 

(24,25) = 0 IBO 
(24,25) = 1 IBI 
(24,25) = 2 IB2 
(24,25) = 3 IB3 

The IB Read address is active as long as the Write address is greater than the Read address, and 
the Read address is greater than or equal to the Fetch Starting address, with no end around. Or, 
the Read address can be active as long as it is greater than or equal to the Fetch Starting address 
with an end around occuring, or the Read address is active when it is less than the Write address 
with an end around occuring. 
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) 

Besides the (HA) option controlling the reading and writing of the m, it also contains P register 
bits (24 - 20, 2-1, 2-2). P register bits (20, 2-1, 2-2) are sent to the (HC, lID) option to select one 
of 8 parcels, which were read out of the (HS) option to be gated into the NIP/LIP register. P 
register bits (24 - 20) are loaded into the m Read address and incremented as each word is being 
read out of the m. P register bits (24 - 20) are also loaded into the m Write address during a 
Fetch operation. The m Write address is then incremented each time a word is read from 
memory, which is caused by the Go Write Fetch from the (YZO) option. The P register is (221 -
2-2) incremented by a plus one or a plus two each time a Go Issue is present. A P + 2 is done on 
a 3 parcel instruction, while a P + 1 is done on a 1 or 2 parcel instruction. The P register 
can be loaded or changed in four different ways: 

• Exchange process while muxing in a new P register value 
• Branch instruction, an unconditional branch instruction, or a conditional branch 

instruction which the conditions were made 
• Return jump instruction - on a 005ijk instruction when (Bjk) is loaded in the P register 
• P + 1, P + 2 - Go Issue causing an increment of the P register, and changing the value 

of the P register 

The (HA) option also generates Blank NIP when the m data is invalid, or during a Branch 
instruction when the P register has to be reloaded. The (HA) will also check for a 2 or 3 parcel 
split caused by the second or third parcel being in another m, or not in an m and having to 
be fetched. 

The Control Dump (CD) arriving from the (YZO) and sent to the (HA) option will be passed to 
the (HZO), causing the (HZO) to invalidate the m. This forces a Fetch operation on the (yZO) 
option. The (HAO), upon getting the CD, will fill four buffers from memory. The (HA) will 
then send a Go Read m even or a Go Read m odd to the (yZO) to force a read of all Instruction 
buffers (IBO - m3) through the issue circuits back to memory, along with the P register on the 
(YZ, YH) options. 

The (HZO) option contains the upper P register bit (221 - 25), along with the mAR 0 - 3 and the 
buffer valid bits. The (HZO) will compare the mAR against the P register to detennine if the P 
register has coincidence with the Instruction buffers. If not, a Fetch operation is forced on the 
(YZO) option. The (HZO) also contains the buffer counter, which is forced to zero on an 
Exchange sequence. 

The (HC, lID) options contain the NIP/LIP or LIP 1 registers. The NIP registers are loaded 
from the m or (HS) option. If available, the (HC, lID) option will have 8 parcels of data to 
select into the NIP/LIP registers. Which parcels are chosen is detennined by the decode of P 
register bits (20, 2-1, 2-2). The (HC) will also perform the pre-decode for a 2 or 3 parcel 
instruction. The (HC, lID) option also contains the LIP 1 register, which is loaded for a 3 parcel 
instruction when in 32-bit mode. 

Hardware Tmg. 
YM10/05 JES. 

HTV-0834 14-5 CRA Y PROPRIETARY 



ISSUE CONTROL 

The Issue control involves the moving of instruction parcels from NIP/LIP to CIP, and then into 
execution. The Go Issue control tenn controls the flow of instruction from NIP/LIP to CIP into 
execution. The Go Issue control tenn also involves chaining together the various (J-, H-) 
options such that as they decode the various instructions, anyone of of the (J-) options needing 
to Hold Issue on that particular instruction will hold up the Go Issue, and all the (J-, H-) options 
will be prevented from moving further. Basically what we are looking at is a series of And gates, 
such that if anyone of the gates are not made, the Go Issue would not be made. 

INSTRUCTION 
DECODE 

CP 1 
E 

(IDO) GO ISSUE X 
-- GO ISSUE J----~~E 

C 
U 
T 
I 
o 
N 

The (JA, JB, JC, ID) Go Issues are on the sharing end of the Go Issue circuit, while the (HA, 
HB, YI, YJ, IE, JG) Go Issues are on the receiving end. These options only need to be told 
whether to advance or to continue with what they were doing. 

The diagrams on the following pages outline the execution of the 2 or 3 parcel instruction, which 
summarizes Issue control. 
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TWO PARCEL INSTRUCTION ISSUE 

00 

I 
20 
21 

I 
37 

00 

I 
20 
21 

I 
37 

P-REGISTER = 20 - 0 

READOUT 
INSTRUCTION BUFFER EVEN ODD P REG. 

CP 1 
E 
X 
E 
C 
U 
T 
I 
o 
N 

20- 0 21- 0 
20 - 1 21 - 1 

20-0 20 - 1 20- 2 20- 3 20- 2 - 21- 2 

I1Bh 
~ 

20- 3 21- 0 21 - 1 21 - 2 21- 3 21- 3 

f t 
NIP/LIP CIP 

A. 

B. 

C. 

D. 

I 1 1_1 __ 

Fetch operation loads the instruction buffers and Readout registers as words from 
memory become available on the (HS) option. 

The P register is pointing to the next parcel to be read out of the Readout register. 

The Readout register is interweaved into the Even and Odd addresses. 

Because 8 parcels are present on the Readout registers, the passed pointer is 
eliminated. P register bits (20, 2-1, 2-2) are used to select the correct parcel while 
in NIP/LIP. 

READOUT 
INSTRUCTION BUFFER EVEN ODD PREG. 

CP 1 
E 
X 
E 
C 
U 
T 
I 
o 
N 

~ 
20-0 20 - 1 20 - 2 20- 3 

21- 0 21 - 1 21 - 2 21- 3 

20-0 ~ 21- 0 20-
20 - 1 21 - 1 
20- 2 21- 2 
20- 3 21- 3 

NIP/LIP CIP 

~ 20-0 I 
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00 

I 
20 
21 

I 
37 

A. Increment P register when the instruction 20 - 0 enters NIP. 

B. Pre-decode at NIP for a 2 parcel instruction while 20 - 0 is in NIP. 

INSTRUCrtON BUFFER 

20- 0 20 -1 20 -2 20 - 3 

21- 0 21 - 1 21- 2 21- 3 

READOUT 
EVEN ODD 
20 - 0 21 - 0 
20 - 1 21 - 1 
20 - 2 21 - 2 
20 - 3 21 - 3 

RECYCLE 

PREG. 

~ 
~ 

CP 1 
E 
X 
E 
C 
U 
T 
I 
o 
N 

A. Pre-decode loads 20 - 1 into LIP register, and 20 - 0 into CIP when 20 - 0 was 
decoded as a 2 parcel instruction in NIP/LIP. 

B. Increment P register by plus one to 20 - 2. 

C. Check for conflicts or reservation. If there are conflicts, recycle CIP and LIP. 

D. If there are no conflicts, issue in the next clock period. 

) 
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) 

) 

0 

00 

I 
20 
21 

I 
37 

00 

I 
20 

21 

I 
37 

INSTRUCTION BUFFER 

20- 0 20 -1 20-2 20- 3 

21- 0 21 - 1 21- 2 21- 3 

READOUT 
EVEN ODD 
20 -0 21- 0 
20 - 1 21- 1 
20 - 2 I- 21- 2 
20 - 3 21- 3 

NIP/LIP 

a....: 20-2: 

PREG . 

~ +1 

CIP 

~BLANKI 

CP 1 
E 
X 
E 
C 
U 
T 
I 
o 
N 

A. When 20 - 2 enters NIP/LIP, Blank is generated in CIP to prevent 20 - 1 from 
being decoded as an instruction. 

B. Load 20 - 2 into NIP and increment the P register to 20 - 3. Do a pre-decode on 
20 - 2 for a 2 parcel instruction. 

'INSTRUCTION BUFFER 

20- 0 20 -1 20 - 2 20 - 3 
21- 0 21- 1 21 - 2 21- 3 

READOUT 
EVEN ODD PREG. 
20 -0 21 - 0 

~ 20 -1 21- 1 
+1 20- 2 21- 2 

20- 3- 21- 3 

NIP/LIP eIP 

41 20 - 3 t::::=" 1 20 - 2 L 
A ~RECYCLEI • ~I RECYCLE 

.. 

... ... 

CP 1 
E 
X 
E 
C 
U 
T 
I 
o 
N 

A. If 20 - 2 was a 2 parcel instruction, 20 - 2 and 20 - 3 would issue together. 
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00 

I 
20 
21 

22 

I 
37 

B. If 20 - 2 was at 1 parcel instruction, only 20 - 2 would issue and 20 - 3 WOUld,) 
move into CIP. . 

C. Check for conflicts on 20 - 2 while in CIP. If there are conflicts, recycle CIP and 
NIP/LIP. 

INSTRUCTION BUFFER ... 
, :: 20-0 20 - 1 20 -2 20- 3 

21- 0 21 - 1 21 - 2 21- 3 
... 

22- 0 22 - 1 22 -2 22- 3 -

READOUT 
EVEN ODD 
22- 0 21- 0 
22 - 1 21 - 1 
22-2 21- 2 
22- 3 21- 3 

I NIP/LIP 

~ 21-0 

PREG. 

~ +1 

CIP 

20 - 3 -.--. 

CP 1 
E 
X 
E 
C 
U 
T 
I 
o 
N 

A. Readout even is loaded with the next word (22 - 0 through 22 - 3) caused by an . ). 
Enable Read of m 1 on the (HA) option. This will advance the m Read address as _ 
long as there is no Go Branch at the Buffer Boundary, and there is coincidence on 
IBI and mo. 

B. Return to step 2. 
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THREE PARCEL INSTRUCTION ISSUE 

00 

I 
20 

21 

I 
37 

00 

I 
20 

21 

I 
37 

P REGISTER = 20 - 0 

READOUT 
INSTRUCTION BUFFER EVEN ODD 

20-0 21- 0 
20-1 21 - 1 

20-0 20 - 1 20- 2 20- 3 - 20- 2 21- 2 

21- 0 21 - 1 21 - 2 21- 3 

l 
20- 3 21 - 3 

• t 

PREG. 

~ ---w 
NIP/LIP CIP 

1 1 .... 1_ .... 
LIP 1 

I 

CP 1 
E 
X 
E 
C 
U 
T 
I 
o 
N 

A. The Fetch operation loads the instruction buffers and Readout registers as words 
from memory become available. 

B. The P register is pointing to the next parcel to be read out of the Readout register. 

READOUT 
INSTRUCTION BUFFER EVEN ODD 

20-0 - 21- 0 
20 - 1 21 - 1 

20-0 20 -1 20-2 20- 3 20-2 21- 2 

21- 0 21 - 1 21 - 2 21- 3 
20- 3 21- 3 

PREG. 
20-

~ 

CP 1 
E 
X 
E 
C 
U 
T 
I 
o 
N 

NIP/LIP CIP 
.... : 20 - 0 I I 

LIP 1 
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00 

I 
20 

21 

I 
37 

A. Increment P register when instruction 20 - 0 enters NIP/LIP. 

B. Pre-decode 20 - 0 for a 2 or 3 parcel instruction when in 32-bit mode. 

READOUT 
INSTRUCTION BUFFER EVEN ODD PREG. 

20- 0 20 -1 20-2 20- 3 

20-0 21 - 0 

~ 20 - 1 - 21 - 1 
20 - 2- 21- 2 

+2 

21- 0 21 - 1 21 - 2 21- 3 
20 - 3 21 - 3 

NIP/LIP CIP 

~ 20-1 t-- I 20-0 L-. 
4 
tRECYCLE\ 4 ~RECYCLEI 

LIP 1 ... 
20-2~ 

A ~RECYCLE 

A. Go Issue advances 20 - 0 into CIP. 

... 

... 
r 

_ .... 

CP 1 
E 
X 
E 
C 
U 
T 
I 
o 
N 

B. Pre-decode loads 20 - 1 into LIP and 20 - 2 into LIP 1 when a 20 - 0 was decoded 
as a 3 parcel instruction in NIP/LIP. 

C. P register is incremented by plus two to point to the new instruction at 20 - 3. 

D. Check for conflicts or reservations. If there are conflicts, recycle CIP, LIP, and 
LIP 1. 

E. If there are no conflicts, issue the 3 parcel instruction from CIP, LIP, and 
LIP 1. 
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CD 

00 

I 
20 

21 

I 
37 

00 

I 
20 
21 

22 

I 
37 

READOUT 
INSTRUCTION BUFFER EVEN ODD 

20-0 21- 0 
20 -1 21 - 1 

20-0 20 -1 20-.2 20- 3 20 -2 21-2 

21- 0 21 - 1 21- 2 21- 3 
20- 3 21- 3 

P REG. 

21-

~ 
NIP/LIP CIP 

:--1 20 - 3 I I BLANKI 
LIP 1 

I 

CP 1 
E 
X 
E 
C 
U 
T 
I 
o 
N 

A. When 20 - 3 enters NIP/LIP, Blank is generated in CIP to prevent 20 - 1 from 
being decoded as an instruction. 

B. Load 20 - 3 into NIP and increment the P register to 21 - O. Do a pre-decode on 
20 - 3 for a 2 or 3 parcel instruction. 

INSTRUCTION BUFFER 

----.. :. 
20-0 20-1 20- 2 20- 3 .. .. 
21- 0 21 - 1 21 - 2 21- 3 
22- 0 22 - 1 22-2 22 - 3 

READOUT 
CP 1 

E 
X 
E 
C 
U 
T 
I 
o 
N 

EVEN ODD PREG. 
22-0 21- 0 -

~ 22 - 1 21 - 1 
+1 22- 2 21 - 2 

22- 3 21- 3 c: NIP/LIP CIP .. .. 
21 - 0 l --. 20 - 3 [ ---.,. 

j~ ~I j~ ~:I RECYCLE RECYCLE 

LIP 1 

Hardware Trng. 
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A. If 20 - 3 was a 2 parcel instruction, 20 - 3 and 21 - 0 would issue together if 
there were no conflicts. 

B. If 20 - 3 was a 1 parcel instruction, 20 - 3 would issue and 21 - 0 would move 
into CIP if there were no conflicts. 

C. Advance the Instruction Read address and load the Even Readout register with 
(22 - 0 thru 22 - 3). 

D. Return to step 2. 

) 

Hardware Trng.) 
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') 
/ 

ONE PARCEL 

030ijk 
022ijk 

TWO PARCEL 

0050jk 
006ijkm 
007ijkm 
01hijkm 

010ijkm 

Ollijkm 

o 12ijkm 

013ijkm 

) o 14ijkm 

- o 15ijkm 

016ijkm 

017ijkm 

020ijkm 
02lijkm 
040ijkm 
O4lijkm 
10hijkm 
llhijkm 
12hijkm 
13hijkm 
056ijk 
057ijk 
176iOk 

1770jO 

) 
HTV-0834 

CRAYX-MP 
INSTRUCTION ISSUE X-MODE 

Integer sum of (Aj) and (Ak) to Ai 
Transmit the constant formed by jk to Ai 

Jump to (Bjk) 
Jumptoijkm 
Return jump to ijkm; and load BOO with P register 
Transmit the constant formed by the ijkm 24 bits to Ah 

(Special case i 22 must equal to a one) 
Branch to ijkm if (AO) equals zero 

(Special case i 22 must equal to a zero) 
Branch to ijkm if (AO) not equals zero 

(Special case i 22 must equal to a zero) 
Branch to ijkm if (AO) is positive 

(Special case i 22 must equal to a zero) 
Branch to ijkm if (AO) is negative 

(Special case i 22 must equal to a zero) 
Branch to ijkm if (SO) equals zero 

(Special case i 22 must equal to a zero) 
Branch to ijkm if (SO) not equals zero 

(Special case i 22 must equal to a zero) 
Branch to ijkm if (SO) is positive 

(Special case i 22 must equal to a zero) 
Branch to ijkmif (SO) is negative 

(Special case i 22 must equal to a zero) 
Transmit jkm to Ai 
Transmit ones complement of jlan to Ai 
Transmit jlan to Si 
Transmit ones complement of jkm to Si 
Read from Memory address Ukm + (Ah) + DBA] to Ai 
Write (Ai) to Memory address Ukm + (Ah) + DBA] 
Read from Memory address Ulan + (Ah) + DBA] to Si 
Write (Si) to Memory address Ulan + (Ah) + DBA] 
Shift (Si and Sj) left (Ak) places to Si 
Shift (Sj and Si) right (Ak) places to Si . 
Read VL words to Vi from Memory address 

[(Ao) + (DBA)] incremented by (Ak) 
Write VL words from Vj to Memory address to 

[(Ao) + (DBA)] incremented by (Ak) 

Hardware Tmg. 
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ONE PARCEL 

030ijk 
022ijk 

TWO PARCEL 

0050jk 
006ijkm 
007ijkm 
010ijkm 
01lijkm 
o 12ijkm 
o 13ijkm 
o 14ijkm 
015ijkm 
016ijkm 
o 17ijkm 
056ijk 
057ijk 
176iOk 

1770jO 

TIIREEPARCEL 

02Oi00mn 
02liOOmn 
040i00mn 
O4liOOmn 
10hiOOmn 
llhiOOmn 
12hiOOmn 
13hiOOmn 

HTV-0834 

CRAYY-MP 
INSTRUCTION ISSUE Y-MODE 

Integer sum of (Aj) and (Ak) to Ai 
Transmit the constant formed by jk to Ai 

Jump to (Bjk) 
Jumptoijkm 
Return jump to ijkm; and load BOO with P register 
Branch to ijkm if (AD) equals zero 
Branch to ijIan if (AD) not equals zero 
Branch to ijIan if (AD) is positive 
Branch to ijIan if (AD) is negative 
Branch to ijkm if (SO) equals zero 
Branch to ijIan if (SO) not equals zero 
Branch to ijIan if (SO) is positive 
Branch to ijkm if (SO) is negative 
Shift (Si and Sj) left (Ak) places to Si 
Shift (Sj and Si) right (Ak) places to Si 
Read VL words to Vi from Memory address 
[(Ao) + (DBA)] incremented by Ak 
Write VL words from Vj to Memory address 
[(Ao) + (DBA)] incremented by Ak 

Transmit nm to Ai 
Transmit ones complement of nm to Ai 
Transmit nm to Si 
Transmit ones complement of nm to Si 
Read from Memory address [nm + (Ah) + DBA] to Ai 
Write (Ai) to Memory address [nm + (Ah) + DBA] 
Read from Memory address [nm + (Ah) + DBA] to Si 
Write (Si) to Memory address [nm + (Ah) + DBA] 

Hardware Trng. ) 
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CRAY Y-MP ISSUE CONTROL 

') 
OPTIONS PER MODULE 

OPTION TYPE NUMBER USED DESCRIPTION 

(RA) 1 Lower Program Counter 

(HZ) 1 Upper Program Counter 

(HC) 1 Upper NIP/LIP gh 

(lID) 1 Lower NIP/LIP ijk 

(HE) 1 Exchange Parameters XA, VL, CLN, 
FLAGS, MODES 

(HF) 1 Exchange Parameters P, rnA, ILA, DBA, DLA 

(HG) 1 Exchange Parameters Errors 

(HH) 1 Interrupting Channel Dead lock, Error Channel 

(HI) 1 Performance Monitor Selection 

(Ill) 1 Performance Monitor Counters 

) (HS) 
/ 

15 IDlBrrlPM No parity 
--

(JA) 1 Address Register Issue 

(JB) 1 Scalar Register Issue 

(JC) 1 Vector Register Issue 

(JD) 1 Functional Unit Issue 

(JE) 1 Address Register Timing 

(JF) 1 Vector Write Timing 

(JG) 1 Scalar Register Timing Designator MUX 

(JQ) 1 SR Control Byte Local Semaphores 

(JR) 4 Shared Register Data Select 

(IS) !... CPU Shared Register Data RTCIPC 

41 Total , 

) Hardware Trng. 
YM10115 J.E.S. 
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CRAY Y-MP ISSUE CONTROL 
(OPTIONS INVOLVED) 

(HAO) Option 

The (HAO) option contains the P register bits (24 - 20, 2-1, 2-2 ) which is used for part of the 
initial Fetch address, and is also used to address the Instruction buffers. The (HAO) contains an 
IB Write address which is incremented as the Fetch word arrives from memory, and an m Read 
address which is incremented by plus one or plus two as the Go Issue arrives. The (HAD) also 
decodes the Branch instructions for both conditional and unconditional branches to determine if 
the P register needs to be reloaded or left alone. Also, the (HA) option insures that on a Control 
Dump (CD) the write of the four buffers is completed. 

(HZO) Option 

The (HZO) option contains the P register bits (221 - 25 ), and advances the P register by plus one 
or plus two, depending on the instruction that is issued. The P register can be loaded one of 
three ways; on an Exchange sequence, on a Branch instruction, or on a 005 instruction. The Go 
Issue allows the P register to advance. The P register is also compared against the mAR D - 3 to 
check for coincidence. The (HZO) also contains the Buffer Counter, which is cleared on an ") 
Exchange and a Control Dump, along with the Buffer valid bits. _ 

(HCO) Option 

The (HCO) option contains the NIP/LIP and LIP 1 registers for the (gh) field of instruction, or 
the (m9 - 15) of a 2 parcel instruction, or the (n25 - 31) of a 3 parcel instruction. The (HC) will 
perform a pre-decode on the (gh) field of the instruction to determine if a 2 or 3 parcel instruction 
has issued The (HC) generates and fanout the Wait Exchange during the Exchange process. 

(HDO) Option 

The (HDD) option contains the lower half of the instruction, either (ijk) field of the instruction, or 
(mO - m8) on a 2 parcel instruction, or (n16 - 24) on a 3 parcel instruction. The lower half of the 
instruction basically contains the operand and destination field for the instructions, so no 
instruction decode is needed. 

---

Hardware Trng. ) 
YM1D116 J.E.S. 

HTV-0834 14-18 CRA Y PROPRIETARY 



) 

(HSO - HS7) Options 

The (HS) options contain the Instruction buffers which are divided into the even/odd words. 
(HSO - HS3) contain the even address words, and (HS4 - HS7) contain the odd address words. 
Each (HS) option contains 16 bits of the 64-bit word. The 16 bits are separated by 32 bits. 
(HSO) contains bits (20 - 27) and bits (232 - 239). The (HS) option has 64 locations for 16 bits. 
The storage locations are divided into four 16 address locations. One address location would be 
IBO. Instruction buffer zero for data bits (239 - 232) (27 - 20) are found on (HSO) for even 
addresses and (HS4) for odd addresses. The (HS) option also contains a bypass path which is 
not used. 

(J-) Option 

The various (J-) options contain the CIP decode for the various instructions. Before an 
instruction can issue, reservation must be checked on the operand, the destination fields of the 
instruction, and on the functional units. If a conflict occurs, the Go Issue is held until the conflict 
is resolved. Holding the Go Issue stops the instruction flow. 

(YR8 - YRll) Options 

The (yR) options receive the words from memory, and perform SECDED prior to the word 
being sentto the Instruction buffers or (HS) options. 

Hardware Trng. 
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~ 
00 
W 
~ 

I--' 
~ 
I 

~ 

~ 

I 
~ 
~ 

NIP/LIP/LIP I 
(!/CO) (l1S-1') 

(YZO) IDmOl.OOMP CE 
(YZO)IIII"I'I""II&~ -w- (YZO) 

R26 WA1T11XCHANOB (!lA, HZ. 1-) 

NIP UPO .. '-I (1-, H-) 

UPI 25-31 (Y1/1-) 

M:::-n:r:,,.JIW301l11J:!II:--_(I-) 
1lI!CO\)B 1-) 

1WOI1IIRBB 
PARan. IN NIP (IIA. HZ, 1-) 

Ri~=-=~-l(IB) 
.~~~~~~~~ 

PlBO,.c!'.! •• ~ • (lIDO) (ll_!"> 

(1-) ISSUB 

(llB1l) 

(IIC,IID) NIP (11-e 

(VB, VC) lID - lID SlON BIAIIX NIP (YZ) J 
(lFO) ""ABU! PARCllLSPIJT (JB) r::~~~=-=-+::"";'; 
~ ~~ 

OORBADIBO IBIID ~) 

(YZO) IB 0 AIlDRBSS • - • 
(YZO) ~ 

'~-~---+----"~ g j::lrn: 

LOWBR PROGRAM C01lImlR 

(YP) MI!!oDIYD\.1l!. I SBaJIlDl 

PORTD 

U 
T 

IMINW08J) IB 0 
YmlIlOlARIIIlI!'1IIa 

a 
B 

:J----il--+-I ~ ~ 
o 

_ I IXlRRBCIIlDD\.TA ~ 

CIlDWOIDIBI 
YmlIlOlAIU!OIS'I1lIl 

[~~i3;;::~~~~~~L:(!IA,HZ,l-) (yI,IlLY,) 

CRA Y Y -MP INSTRUCTIOl'T TSSUE BLOCK DIAGRAM 
'\"-..------" \ / 

~ 

CIP 

(VS) 

~INS11tUC\1CNIPANOUT. (_) 
PANOUT 

t------t ... (mo) 

I~I 
(I-)~AD~cF 

~ 

(1-) 

(I-)~ 

(IAu) 

1t&1 
ADDRESS 
Rl!GtS11lR 

ISSUB 

(100) 

I~I 
SCAlAR 

Rl!GtS11lR 
'11M1NO 

IlI!SIONATOR 
MUle 

ISSUB 

(I-,H-) 

(IDIl) 

IllBcrdlllSsUB 

~ (I-,H-) 
ISSUB 

(ICO) 

I~I 
wcrar. I (l-~H-) 

RBCIIlI'I1!R 
ISSUB 

(IDO) 

I~I 
PUNC'l1CNAL 

~ 

OA'11IBRI 
SCATI1!R 
ADDRBSS 

STACIt 

ISSUB 

(l-,H-) 

~---------I.I I~I (vp, YD, 
10) 

(l-)~ 

PROGRAM 
COUN'11!R 

.... -'; J,E.S. , 
/ 

'~ 



) 

"'\ 
J 

-~./ 

(H2O) (221.2') 

(J He HO) 
CJP /UP (i j t m) 10 -16 P REGISlER _ 

-, , ~~ 2' =--RO-16 PREGlSlER (Y-,H-) 
(HS12.HS13) B·t ~ 221 ~ -

(HF) EXCHANGEP MUX~ ~~ ~~f!::"'-!:IC~H~IO!.l:IU~IET!!;.!.._(JDO) 
---- t-j"irux ~ 

(HF)I..:EN=..rJ1!:..:..::R::..=EXHAN==G:!:E:.!P-< 149 81 ~ 21 _},! C 

(HC)2(3PARCELINNlP~ mAR 0 v 0 

(He) WAIT EXCHANGE ~ • mARl v A~ R17-20 COINCIDENCE (Y-.H-) 
~ mAR 2 v 

(YZO) CONTROL DUMP 

(YZO) fETCH Acmffi ISS 

mAR 3 v R 

:-]~ E ~mDATAINVAUD 
~B~R~L-I~~[~~I~ CDAcmffi 

~ ENTER UPPERP 

~ENTERPiikm,ENTERPBik 

UPPER PROGRAM COUN1ER ~cOINCIDENCEl 

(HAO) (24_2°2.1 2-2) I~J-----.J 
-.1<12 -IS L.r 
,.,;:: ENTER Pi 'km,EN1ERPB 'k 

(He) ISSUE IN NIP lIS - 17 I.-., ~ CD Acmffi 

(YZO) 

NIP/LIP/LIP 1 
(Heo) (2"_2 9 ) 

(HEO) INTERRUPT ~. WAlT ll-__ -I"~ WAIT EXCHANGE CHA.HZ,J-) 

(HAO) BLANKNIP ~~ 

RELEASE EXCHANGE~I~ EXCHANGE I ~ 
(JDO) -=======c~ L-__ -...J 

INSTRUCTIONBUffERDATA 10-SS MUX UPI b 
ENTER UPOI,UP I 1S9,60 ~ 

~ NlPgIl/UPO(m9-15) (J-.H-) 

RI6-22 UPI (n25-3l) (Yl/J-) 
PREGISTER(2°,2·

1 
2.

2 
~_58 FfNIPlUPor-

ISSUE' ~~~~s:~~~~~~~ (J-) ISSUE ~ ~~~ 
BLANKNIP ~ - "l' D~~~DE 

2(3 PARCEL .... l::Jt23:1:t:~~~~!4 

(Jeo) T&SHOlDING~ UPPERNIP/UP 

NIP gil / \fp ~::' :ik_l11 

(lIDO) (28-2°) 2(3 PARCEL ~ COINCIDENCE:rt ~ ENABLE UPPER P 

(J-) 190-93 • 1 ~::)--===:::.!.:~ ______ ---l 
WAiTEXCHANGE~::: -.J """~ '-- RIO ~")---.!:m~DA~T~A~INV:..!.!:AUD~:!--_______ --II ... (m 

(He UP(ijkm)BRANC~ PREGISlER ++1.+21 - ) 

PREG. (2 °.2 -1.2 '''J 172. 740.-+--r--"'--, 

INST.BUffER DATA~r:~ 
(lIDO) 10-6 ~4_2012"1 2 .r ..... k~...,RO;;;;-_-;;6~.....!P~RE~G!:!IS:.!.lER!'!.._ (y-, H-) -----------1 

(HF) ..:EX=CH::.::..::AN:.:.G=E::..:P:.:.MU=lX:.:,~ 124-25 MUX 
(HS!2) B j k DATA C2" -2°) 17 -13 

ENTER LIP 01,UP I ~ lS }----K~~@0:::-!8 ~NIP!!:!:.!i~ik'l./~UP!!..!!0~(m~0.:.-!J81.. 
~ ~ NlP/UPO = (HA,HZ,J-) 

UP I I:::::;" R9 -16 UP I (0 16 - 24) (yJ,DLY. 

~ 0-) ISSUE ~ 
(HEO) 32-BlT MODE~ 

(He.HO) 
NlP(i2 -gO) 
~~~~----~~~18.22 

(AR I AO=O.AOSIGI'i ..:::::..=...:.::..::!.::!.:....---<C"126.31 INSTRUCTION ~J-_=BRAN=.:..:CH"-!..:IN,-,-'..::C=IP_ (YZ) 
_ 1 -I DECODE I ~ BLANK NIP 

(VB, ve) so = 0, SO SIGN 

(00) MASTER CLEAR 

(J-) ISSUE 

=rrH 'i""TIVl' (YZOI 

~I..-.l BRANCH TEST ...... ~'>--'=='-!!!'---______ ....J 

-""!!!.!.=.;==-~r 194 C!D- ENABLETHIRDPARCELSPUT (m) 

~ _ 2'_2° ~ ENTERUPOI,UPI (HCO,lIDO)-
..:::::=------<~CiI90 ·93 IB WRITE L ~ GO READ IB O,IB I CD 

..... ADDRESS I" r ~.J..---'::":::":=~=C=':"'!::!=+ (YZO) 

")--+ .............. -l~UffER IBOADDRESS(2'-2 0) ~ 
o.TR. ~ I Rl!.:J3 ~ -

(Y201 GO WRITE fETCH C@>- B ~ ~ 
-C~BREAD f-+ 0 ~ GOREAD,GOWRlTEIBO ~~ 

ADDRESS 4 I ~...... IB I ADDRESS (2' _2°) ~ 
_BUFfER B ~ 

o.TR. I 1<~E.3311I, 3'34D-~G~O~RE~AD~GO=~WRlTE~!..:..!IEB-\1 
~~ 

WWER PROGRAM COUNTER 

(yp) MEMORY DATA 

l(YRll) 
(2 63_2'·)(2 31 _22"J 

/

(YR10) 
(2"-248)(223_2 II') 

(YR9) 
(2 47 - 2 40)(2 "- 2 8J 

(YR8) 

(239_232)(27_20) 

PORTD 

:RO-TI CORRECTED DATA 

~ 
L-~ 

~ 

1(HS3) (263 -2""j(2 31_2 24) 

I (HS2)(2"-2 48 )(223_2 16) 

1(lIS!) (2 47 _2 40 1(2 "-2 8 ) 

(HSO) (239 _2 32 )(2 7 _2°) 

crt 
E 

~ '-R-O-.-IS-:>

o 
U 

c..2:.. 

EVEN WORD IB 0 
MOTOROLA REGiSlER 

I (HS7)(263 - 2 '6) (2 31.2 24 ) 

1(HS6) (2" .248 )(223_2'6) 

1(HS5) (2 47 -2 40 )(2"-2 8 ) 

(HS4) (2 39 _2 32 )(27_2°) 

239_232 2 7.20 
01 

~7 BUffER 0 .--
41 

BmohRI 
R 

17 
E 
A 

~S':>-
10 B~R2 

D 
I 0 

137 U 

B~R3 
T It I L..-

In 

ODDWORDIBI 
MOTOROLA REGIS1ER 

WWERNIP/UP 
NlPijk/UPOmO-8 

UPnI6-24 

CRAY Y-MP INSTRUCTION ISSUE BLOCK DIAGRAM 

(VS) 

INSTRUCTION fANOUT (_) 
fANOUT 

(lEO) 

~ DECODE 

ADDRESS REG 
TIMING 

f.U. nMlNG 

(JAO) 

~ DECODE 

ADDRESS 
REGISTER 

ISSUE 

(JGO) 

~ DECODE 

SCALAR 
REGISTER 

TIMING 
DESIGNATOR 

MUX 

(mo) 

~ DECODE 

SCALAR 
REGISTER 

ISSUE 

(leo) 

VECTOR 
REGISTER 

ISSUE 

(JDO) 

fUNCTIONAL 
UNIT ISSUE 

ICiPl 
~ 

GATHER! 
SCATTER 
ADDRESS 
STACK 

f"CiPl 
~ 

PROGRAM 
COUNlER 

ISSUE 

(J-,H-) 

(J-, H-) 

ISSUE 

(J-,H-) 

(VF, YD. 
JQ) 

H-"Tmg. 
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i 

\~ 

~ (HAO 

6 (FORCED 
00 

~ 

ADDRESS (20 _ 2 5 ) ,..-" ,..152 -57 ....... 

DATA SELECT (2°,2 1) ,. 14S 49 ...... 
..... './ 

(YRS - YRll 

(N/A) 

r--:: 10 -7 ....... 

,WRITEDATAMEM. /10-17 ...... 

-.+>0. 
I 
tv -

~ 
;g 

~ 
~ 
~ 

(N/A) 

(HAO) 

(FORCED) 

(N/A) 

(HAO I 

(FORCED) 

(YRS - YRll) 

(N/A) 

(N/A) 

(HAO) 

WRITE DATA (UNUSED) / ;-0.,. 
I16 - 23 

WRITE DATA (UNUSED) /132 _ 39 ....... 
....... _:...-" 

GO WRITE -
( 165 ~ 

WRITE 0 - 15,0 - 7 
"170,71~ 

GO BYPASS (UNUSED) r 166 """ 

GO READ r 164'""" -
DATA SELECT (2°,2

1 )"15O:-5i~ , 

r-SIS -15 ....... 

WRITEDATAMEM. ,. IS-IS ..... 

WRITE DATA (UNUSED) (124 _ 3() 

WRITE DATA (UNUSED) (140-"47) 

ADDRESS (20 _ 2 5 ) 
/158 -63' 

\---1 

(HSO - HS7) 2 5 

(0) 

170= 1 

I71 = 1 

X7 _Xi 00 

MUX 

M 
,....... 

u bO-b7 

X CONFUCT 37 
X27 -X20 40 

77 I-

27 _20 24 _2° 
DATA ADDRESS 

FORCED 0 ---r--\ S20 - S35 

===L....I 
GO READ 

DATA ADDRESS 
215 _ 2 8 24 _20 

XIS - XS 00 

--
M -n 37 

U bS - b15 X35 - X2S 40 
X 

77 -
T 2 5 

CRA Y Y-MP (HS) BLOCK DIAGRAM 
INSTRUCTION BUFFERS 

MUX 

-f--< .....- ...... 
...... RO-R7,...., 

>-- """'RS RIP r-.:; - -:/ 

'---.-) 

READ DATA BIT 
(HCO, lIDO) 

(2 ° - 2
7

) -+- (HS(] i) 

(2 8 _215 ) -+- (HSI 

(2 16_223) -+- (HS2 

(224_2 31 ) -+- (HS3 

(2°_27 ) -+- (HS4) 

(2 8 _215 ) -+- (HS5) 

(2 16_2 23) -+- (HS6) 

(224 _2 31 ) -+- (HS7) 

READ DATA BIT 

(232_2 39) .... (HSO) 

(2 40_2 47) .... (HSl) 

(2 48_255) .... (HS2) 

(2 56_263) -+- (HS3) 

(232_239) .... (HS4) 

(2 40_2 47 ) .... (HS5) 

(2 48_2 55) .... (HS6) 

(2 56_2 63) .... (HS7) 

EVEN 
ADDRESS 

ODD 
ADDRESS 

(HCO,lIDO) 

EVEN 
ADDRESS 

ODD 
ADDRESS 

Hardware rrng. 
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~ 
I 
o 
00 
W 
.J:::. 

,.... 
.J:::. 

I 

~ 

~ 
;g 
~ ; 

BUFFER COUNTER • EVEN/ODD (HS) SELECT 

(HS) OPTION ADDRESS ,_ ,_ ,_ _ , __ , 
I I i 

uu 32 ADDRESS SELECT 

263_256 255_248 247_240 239_232 231_224 223_2 16 215_28 27 _2° 263_256 255_248 247_240 239_232 231_224 223_2 16 215_28 27 _20 

(HS3) (HS2) (HS1) 

mo 

ml 

m2 

m3 

\,,~ 

(HSO) (HS3) (HS2) (HS1) (HSO) c (HS7) (HS6) (HS5) (HS4) (HS7) (HS6) 
00 00 , 
! 7 mo 

2 .0 21 ~ 

I 
,7 3 3 1 ml 

J 
~ 

0 

I 
7 m2 

o 4 

I 
;7 5' - -60 60 , 

m3 

EVEN WORDS 

77 7' 

ADDRESS ODD WORDS 

PARCEL 0 PARCELl PARCEL 2 PARCEL 3 
(HS7) (HS6) (HS5) (HS4) (HS7) (HS6) (HS5) (HS4) -ODD WORDS 
(HS3) (HS2) (HS1) __ <!i~~~_ (HS3) (HS2) (HS1) J!!.s..°L ------- ------- ------- -EVEN WORDS 

n n n n n n n n 
------ ------- ------ ------- ------- ------- ------ ------

m m m m m m m m 
--- -- ------- --- -- ------- ---- -- ------- ---- - ------

gh ijk gh ijk gh ijk gh ij'k 

2 63_ 2 56 255_ 248 24L 240 239_232 231_ 224 223_2 16 215_ 
2 8 27 _2° 

R15-R9 R8 R15-R8 R15-R9 R8 R15-R8 R7-R1 RO R7-RO R7-R1 RO R7-RO 

!! ~! !! ~! !! ~! !!~! 
(HCO) (HDO) (HCO) (HDO) (HCO) (HDO) (HCO) (HDO) 

16--101 113-17 120-114 127-121 -EVEN WORDS 
134-128 141- 135 148-142 155-149 -ODDWORDS 

18- 10 117-119 126-118 135-127 -EVEN WORDS 

144- 136 153-145 162-154 171-163 -ODDWORDS 

P REGISTER (2°,2-1,2-2) 

r- ow 'ow ow I => NIP ij'k/LIP 0 m8 - 0 
R22-R16 R17-R9 => LIP 1 n24 -16 

CRAY Y-MP NIP/LIP READOUT 

~I 

(HS5) (HS4) 

HsrdwsffI Tmg. 
A-6259C J.E.S. 

',,--/ 
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CRAY Y-MP A BOARD FANOUTS 

(VSlO) 141 - Enter SO - 3 Upper (VC) 
142 - Vjk VFUO (CP 1) (VBNC) 
143 - Vjk VFUI (CP 1) (VBNC) 
144 - KO (CP 1) (VD) 
145 - J/I Bit 0' (CP 1) (VDIYE) 
146 - Enter S4 - 7 Upper (VC) 
147 - J/I Bit I' (CP 1) (VDIYE) 
148 - Kl (CP 1) (VD) 
149 - K2 (CP 1) (VD) 

(VS30) 141 - Enter S iO (VBNC) 
142 - H/K/J/I Bit 0 (CP 1) (YIIYJ) 
143 - H/K/J/I Bit 1 (CP 1) (He/Hh) 
144 - H/K/J/I Bit 2 (CP 1) (HEIHH) 
145 - nm4' (VFIYD) 
146 - Enter S i1 (VBNC) 
147 - J/I Bit 2' (CP 1) (VDIYE) 
148 - Go VA (CP 1) (VA) 
149 - IIO Master Clear (VS) 

(VS50) 141 - Vjk VFU2 (CP 1) (VBNC) 
142 - Gather/Scatter (CP 1) (VB) 
143 - nmO' (VFIYD) 
144 - nml' (VFIYD) 
145 - nm2' (VFlYd) 
146 - nm3' (VFIYD) 
147 - nm7' (VFIYD) 
148 - nm6' (VFIYD) 
149 - nm5' (VFIYD) 

(VS70) 141 - Enter SO - 3 Lower (VB) 
142 - Bjkl (CP 5) (yC/YD) 
143 - Bjk2 (CP 5) (yC/YD) 
144 - Bjk3 (CP 5) (yC/YD) 
145 - Bjk4 (CP 5) (yC/YD) 
146 - Enter S4 - 7 Lower (VB) 
147 - Bjk5 (CP 5) (yC/YD) 
148 - Bjk6 (CP 5) (yC/YD) 
149 - Bjk7 (CP 5) (yC/YD) 

(YCOO) (4-2) - Port C Conflict (YC/YD) 
(yDOO) (1-2) - Port C Section 0 Enable (yCIYD) 
(yD04) (1-2) - Port C Section 1 Enable (yCIYD) 

HTV-0834 14-23 

(VSO) 141 - K/J/I Bit 0' (CP 1) 
142 - SFU Bit 0 
143 - SFU Bit 1 
144 - SFU Bit 2 
145 - IIJ Bit 0 (CP 1) 
146 - K/J/I Bit I' (CP 1) 
147 - IIO Ch. # Bit 0' 
148 - IIJ Bit 1 (CP 1) 
149 - IIJ Bit 2 (CP 1) 

(VS20) 141 - K/J/I Bit 2' (CP 1) 
142 - SFU Bit 4 (CP 5) 
143 - J/I Bit 1 (CP 1) 
144 - SFU Bit 3 
145 - Vi VFUO (CP 1) 
146 - J/I Bit 0 (CP 1) 
147 - Vi VFUI (CP 1) 
148 - Vi VFU2 (CP 1) 
149 - Vi VFU3 

(VBNC) 
(VBNC) 
(VBNC) 
(VBNC) 
(VA) 
(VBNC) 
(HH) 
(VA) 
(VA) 

(VBNC) 
(VBNC) 
(VbNc) 
(VBNC) 
(VA) 
(VBNC) 
(VA) 
(VA) 
(VA) 

(VS40) 141 - VSHIFfl (CP 4) (VA) 
142 - HO' (CP 2) (VBNC) 
143 - H/K/J/I Bit 2 (CP 2) (VBNC) 
144 - J/I Select (CP 1) (VBNC) 
145 - BjkO (CP 5) (yC/YD) 
146 - SSHIFfl (CP 4) (VBND) 
147 - H/K/J/I Bit 1 (CP 2) (VBND) 
148 - AjkiO' (CP 3) (yC/YD) 
149 - Ajkil' (CP 3) (YCIYD) 

(VS60) 141 - J/I Bit 2 (CP 1) (VBNC) 
142 - Sk Cntrl. 0 - 61 (CP 1)(VBNC) 
143 - Ajki2' (CP 3) (yCIYD/JS) 
144 - Ajki3' (CP 3) (yCIYD/JS) 
145 - Ajki4' (CP 3) (yCIYD/JS) 
146 - Ajki5' (CP 3) (yCIYD/JS) 
147 - Ajki6' (CP 3) (yCIYD/JS) 
148 - Ajki7' (CP 3) (yCIYD/JS) 
149 - IIO Master Clear (YKIYLIYM) 

Hardware Trng. 
YM10120 J.E.S. 
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CRAY Y-MP B BOARD FANOUTS --) 
(VSll) I4I - Enter S4 -7 Upper (VC) (VSI) I4I - KlJII Bit I' (CP 1) (VBNC) 

I42 - I/O Syn. Bit 66 (HH) I42 - I/O Syn. Bit 64 (HH) 
I43 - I/O Syn. Bit 70 (HH) I43 - I/O Syn. Bit 68 (HH) 
I44 - I/O Syn. Bit 67 (HH) I44 - I/O Syn. Bit 65 (HH) 
I45 - I/O Syn. Bit 71 (HH) I45 - I/O Syn. Bit 69 (HH) 
I46 - Enter SO - 3 Upper (VC) I46 - KlJII Bit 0' (CP 1) (VBNC) 
I47 - Exch. Seq. (CP 6) (HG) I47 - KO (CP 1) (VFNGNH) 
I48 _. Monitor Mode' (HI/HJ) I48 - KI (CP 1) (VFNG) 
I49 - I/O Master Clear (D-IHH) I49 - K2 (CP 1) (VFNG) 

(VS3I) I4I - Enter S i1 (VBNC) (VS2I) I4I - JII Bit 0 (CP 1) (VBNC) 
I42 - Vjk VFU 0 (CP 1) (VBNC) I42 - SFU Bit 0 (VBNC) 
I43 - Vjk VFU 1 (CP 1) (VBNC) I43 - SFU Bit 1 (VBNC) 
I44 - I/O Master Clear (YNIHD) I44 - SFU Bit 2 (VBNC) 
I45 - AjkiI6' (CP 3) (YCIYD) I45 - Ajki20' (CP 3) (yC/YD/JS) 
I46 - Enter S iO (VBNC) I46 - KlJII Bit 2' (CP 1) (VBNC) 
I47 - AjkiI7' (CP 3) (YCIYD) I47 - Ajki2I' (CP 3) (yC/YD/JS) 
I48 - Ajki18'(CP 3) (YCIYD) I48 - Ajki22' (CP 3) (yC/YD/JS) 
I49 - AjkiI9' (YCIYD) I49 - Ajki23' (CP 3) (yC/YD/JS) 

(VS5I) I4I - nmI2' (VF/YD/AR) (VS4I) I4I - SSHIFfI (CP 4) (VBNC) 
I42 - nm13' (VF/YD/AR) I42 - SFU Bit 4 (CP 5) (VBNC) 
I43 - nmI4' (VF/YD/AR) I43 - JII Bit 1 (CP 1) (VBNC) 
I44 - nmI5' (VF/YD/AR) I44 - SFU Bit 3 (VBNC) ~ 

I45 - Bjk8 (CP 5) (yC/YD) I45 - HlK/JII Bit 1 (CP 2) (VBNC) ) 
I46 - Bjk9 (CP 5) (YCIYD) I46 - VSHIFfI (CP 4) (VA) 
I47 - BjklO (CP 5) (YCIYD) I47 - HlK/JII Bit 2 (CP 2) (VBNC) 
I48 - Vjk VFU2 (CP 1) (VBNC) I48 - HO' (CP 2) (VBNC) 
I49 - GatherlScatter (CP'I) (VB) I49 - 32 Bit Mode (EAM') (YJ/YF/AR) 

(VS7I) I4I - Enter S4 -7 Lower (VB) (VS6I) I4I - AjkiIO' (CP 3) (yC/YD/JS) 
I42 - BjkII (CP 5) (yCIYD) I42 - AjkiII' (CP 3) (yC/YD/JS) 
I43 - BjkI2 (CP 5) (YCIYD) I43 - AjkiI2' (CP 3) (yC/YD/JS) 
I44 - Bjk13 (CP 5) (YC/YI) I44 - JII Select (CP 1) (VBNC) 
I45 - BjkI4 (CP 5) (YC/YI) I45 - AjkiI3' (CP 3) (YClYD/JS) 
I46 - Enter SO - 3 Lower (VB) I46 - AjkiI4' (CP 3) (yC/YD/JS) 
I47 - BjkI5 (CP 5) (YC/YI) I47 - AjkiI5' (CP 3) (yC/YD/JS) 
I48 - Ajki8' (CP 5) (YCIYD) I48 - JII Bit 2 (CP 1) (VBNC) 
I49 - Ajki9' (CP 5) (YC/YI) I49 - Sk Cntrl. 0 - 61 (CPI) (VBNC) 

(YNO) I29 - Exch. Pckge. Bit 42' (yCIYD) (YNI) I29 - Exch. Pckge. Bit 47' (YC/YD) 
I30 - Exch. Pckge. Bit 43' (YC/YD) I30 - Exch. Pckge. Bit 48' (YC/YD) 
I3I - Exch. Pckge. Bit 44' (YC/YD) I3I - Exch. Pckge. Bit 49' (YC/YD) 
I32 - Exch. Pckge. Bit 45' (YC/YD) I32 - Exch. Pckge. Bit 50' (YC/YD) 
I33 - Exch. Pckge. Bit 46' (YC/YD) I33 - Exch. Pckge. Bit 51' (YC/YD) 

Hardware Trng. ) 
YM10121 J.E.S. 
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CRAY Y-MP B BOARD FANOUTS 

(VF1) 18 -
19 -
IlO -
III -

(YBO) 186 - Port A Range Error (YB) 
187 - Port B Range Error (YB) 
188 - Port A+B Range Error (HE) 
189 - Port C Range Error (HE) 

(YD5) (1-2) - Port C Sec. 3 Enable (YCIYD) 

(JR1) I31 - Correctable Memory Error (HE) 
146 - Uncorrectable Memory Error (HE) 
147 - Register Parity Error (HE) 
148 - Uncorrectable I/O Memory 

Error (0-) 

HTV-0834 14-25 

(VHO) 166-

(VHO) 161 - Not Exch. Seq. (Y A) 
162 - Not Exch. Seq. (CP 5) (VS) 

(YC1) (4-2) - PortD Conflict (yCIYDIYQ) 

(YD1) (1-2) - Port C Sec. 2 Enable (yCIYD) 

Hardware Trng. 
YM10122 J.E.S. 
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CRAY Y-MP C BOARD FANOUTS 

(VS12) I41 - Enter SO - 3 Upper (VC) 
I42 - Vjk VFUO (CP 1) (VBNC) 
I43 - Vjk VFU1 (CP 1) (VBNC) 
I44 - Resync. I/O M. C. (EXT.) 
I45 - I/I Bit 0 (CP 1) (JF) 
I46 - Enter S4 - 7 Upper (VC) 
I47 - Resync. I/O M.C. (EXT.) 
I48 - III Bit 1 (CP 1) (JF) 
I49 - III Bit 2 (CP 1) (JF) 

(VS32) I41 - Enter S iO (VBNC) 
I42 - MCU Interrupt (EXT.) 
I43 - (P-1 + P-2)' (WS') (HG) 
I44 - nm24' (VF/AR) 
I45 - Not Go Write Seq. (VNU) (HG) 
I46 - Enter S i1 (VBNC) 
I47 - Go VA (CP 1) (VA) 
I48 - nm16' (VPIYD/AR) 
I49 - nml7' (VPIYD/AR) 

(VS52) I41 - Vjk VFU2 (CPI) (VBNC) 
I42 - Gather/Scatter (VB) 
I43 - nm18' (VPIYD/AR) 
I44 - nm19' (VPIYD/AR) 
I45 - nm20' (VPIYD/AR) 
I46 - nm21' (VPIYD/AR) 
I47 - nm22' (VRIYD) 
I48 - nm23' (VFIYD) 
I49 - Bjk16 (CP 5) (YCIYD) 

(VS72) I41 - Enter SO - 3 Lower (VB) 
I42 - Bjk17 (CP 5) (YCIYD) 
I43 - Bjk18 (CP 5) (YCIYD) 
I44 - Bjk19 (CP 5) (YCIYD) 
I45 - Bjk20 (CP 5) (YCIYD) 
I46 - Enter S4 - 7 Lower (VB) 
I47 - Bjk21 (CP 5) (yCIYD) 
I48 - Bjk22 (CP 5) (yCIYD) 
I49 - Bjk23 (CP 5) (YCIYD) 

(VF2) I8 - Enter Data Stack (A, S) 
I9 - Enter Data Stack (A, S) 
Il 0 - Enable EC Port B (YQ) 
III - Enable Vk to CB (YQ) 

(YLO) I48 - Gated B Data Bit 24 (yCIYD) 
I49 - Gated B Data Bit 25 (yCIYD) 

(VS2) I41 - KlIII Bit 0' (CP 1) (VBNC) 
I42 - SFU Bit 0 (VBNC) 
I43 - SFU Bit 1 (VBNC) 
I44 - SFU Bit 2 (VBNC) 
I45 - III Bit 0 (CP 1) (VA) 
I46 - KlIII Bit I' (CP 1) (VBNC) 
I47 - Resync. CPU M.C. (EXT.) 
I48 - III Bit 1 (CP 1) (VA) 
I49 - III Bit 2 (CP 1) (VA) 

(VS22) I41 - KlIII Bit 2' (CP 1) (VBNC) 
I42 - SFU Bit 4 (CP 5) (VBNC) 
I43 - III Bit 1 (CP 1) (VBNC) 
I44 - SFU Bit 3 (VBNC) 
I45 - Vi VFUO (CP 1) (VA) 
I46 - III Bit 0 (CP 1) (VBNC) 
I47 - Vi VFU1 (CP 1) (VA) 
I48 - Vi VFU2 (CP 1) (VA) 
I49 - Vi VFU3 (VA) 

(VS42) I41 - VSHIFf1 (CP 4) (VA) 
I42 - HO' (CP 2) (VBNC) 
I43 - HlK/III Bit 2 (CP 2) (VBNC) 
I44 - III Select (CP 1) (VBNC) 
I45 - FPE' Interrupt (HE) 
I46 - SSHIFT1 (CP 4) (VBNC) 
I47 - HlK/III Bit 1 (CP 2) (VBNC) 
I48 - Enable Data to CB (YQ) 
I49 - Enable Data to CB (YQ) 

(VS62) I41 - III Bit 2 (CP 1) (VBNC) 
I42 - Sk Cntrl. 0 - 61 (CP 1) (VBNC) 
I43 -
I44 -
I45 -
I46 -
I47 -
I48 -
I49 -

(VH1) I66 - Disable Data to CB (yC) 
I61 - Go SN Flting. Recip. (RO) 
I62 - Go SN Flting. Add (FA) 
I63 - Go SN Flting. Mult. (MI) 
I64 - Disable Data to CB (YQ) 
I67 - Disable Vk to CB (YC) 

(YL2) I48 - Gated B Data Bit 28 (YCIYD) 
(yC2) (4-2) - Floating-point Range Error (VS42) I49 - Gated B Data Bit 29 (YCIYD) 

(YD6) I49 - (YD2) I49 -
YM10123 
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CRAY Y-MP D BOARD FANOUTS 

(VSI3) 141 - Enter S4 -7 Upper (VC) 
142 - SR Cntrl. Byte Bit 2' (HS) 
143 - SR Cntrl. Byte Bit 3' (HS) 
144 - SR Cntrl. Byte Bit 4' (HS) 
145 - SR Cntrl. Byte Bit 5' (HS) 
146 - Enter SO - 3 Upper (VC) 
147 - Cluster # Bit 0 (HS) 
148 - Cluster # Bit I' (HS) 
149 - HO (CP 1) (VS) 

(VS33) 141 - Enter S i1 (VBNC) 
142 - Vjk VFUO (CP 1) (VBNC) 
143 - Vjk VFUI (CP 1) (VBNC) 
144 - Port D Ch, # Bit 0 (HG) 
145 - SSD Phase Sync. to CPU 
146 - Enter S iO (VBNC) 
147 - H/K/J/I Bit 0 (CP 1) (HEIHH) 

(VS3) 141 - K/J/I Bit I' (CP 1) (VBNC) 
142 - Sk Cntrl. 62-63 (CP 1) (VC) 
143 - LOSP-IN I/O Inter. (EXT.) 
144 - LOSP-OUT I/O Inter. (EXT.) 
145 - Cluster # Bit 2' (HS) 
146 - K/J/I Bit 0' (CP 1) (VBNC) 
147 - KO (CP 1) (VFNGNH) 
148 - Kl (CP 1) (VFNG) 
149 - K2 (CP 1) (VFNG) 

(VS23) 141 - J/I Bit 0 (CP 1) (VBNC) 
142 - SFU Bit 0 (VBNC) 
143 - SFU Bit 1 (VBNC) 
144 - SFU Bit 2 (VBNC) 
145 - 32 Bit Mode' (EAM') (VG/JA) 
146 - K/J/I Bit 2' (CP 1) (VBNC) 
147 - Prog. Clock Int. (HE) 

148 - H/K/J/I Bit 1 (CP 1) (VG/VHIVS) 
149 - H/K/J/I Bit 2 (CP 1) (VGNS) 

148 - Not Go I/O Write (HH) 
149 - Port D Ch. # Bit 1 (HG) 

(VS53) 141 - run25' (VF/YD/AR) 
142 - run26'M (VFIYD/AR) 
143 - nm27' (VF/YD/AR) 
144 - nm28' (VF)/YD/AR) 
145 - nm29' (VFIYD/AR) 
146 - nm30' (VF/YD/AR) 
147 - nm31' (VF/YD/AR) 
148 - Vjk VFU2 (CP 1) (VBNC) 
149 - Gather/Scatter (CP 1) (VB) 

(VS73) 141 - Enter S4 -7 Lower (VB) 
142 - SR Ctrl. Byte Bit 3' (DE/AF) 
143 -
144 -
145 - G3 (CP 1) (VG) 
146 - Enter SO - 3 Lower (VB) 
147 -
148 - Ajki24' (CP 3) (YCIYD) 
149 - Ajki25' (CP 3) (YCIYD) 

(VS43) 141 - SSHIFTI (CP 4) (VBNC) 
142 - SFU Bit 4 (CP 5) (VBNC) 
143 - J/I Bit 1 (CP 1) (VBNC) 
144 - SFU Bit 3 (VBNC) 
145 - H/K/J/I Bit 1 (CP 2) (VBNC) 
146 - VSHIFTI (CP 4) (VA) 
147 - H/K/J/I Bit 1 (CP 2) (VBNC) 
148 - HO' (CP 2) (VBNC) 
149 - 32 Bit Mode' (EAM') (VFIYL) 

(VS63) 141 - Ajki26' (CP 3) (yCIYD/JS) 
142 - Ajki27' (CP 3) (yCIYD/JS) 
143 - Ajki28' (CP 3) (YCIYD/JS) 
144 - J/I Select (CP 1) (VBNC) 
145 - Ajki29' (CP 3) (YClYDIIS) 
146 - Ajki30' (CP 3) (YClYDIIS) 
147 - Ajki31' (CP 3) (YCIYD/JS) 
148 - J/I Bit 2 (CP 1) (VBNC) 
149 - Sk Cntrl. 0 - 61 (CP 1) (VBNC) 

(VF3) 18 - H/K/J/I Bit 0' (CP 1) (VFNGNH) (y00) 124 - Exch. Pckge. Bit 52 (yCIYD) 
19 - JIKIH Bit 0' (CP 1) (VFNG) 125 - Exch. Pckge. Bit 53 (YCIYD) 
110 - JIKIH/Bit I' (CP 1) (VFNG) 126 - Exch. Pckge. Bit 54 (YCIYD) 
III - JIKIH/ Bit 2' (CP 1) (VFNG) 127 - Exch. Pckge. Bit 55 (YCIYD) 

(yC3) (4-2) - Enter Data Stack Port C (yCIYD) (YD3) (1-2) - Select A Data (YDIYC) 

(YD7) (1-2) - Select B Data (YDIYC) (YLl) 148 - Gated B Data Bit 26 (YDIYC) 
149 - Gated B Data Bit 27 (YDIYC) 

(YL3) 148 - Gated B Data Bit 30 (YCIYD) (JR3) 148 - VHISP I/O Inter. (EXT.) 
149 - Gated B Data Bit 31 (YCIYD) YM10124 
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HTV-0834 

(JGO) Test Point Select Chart 

Decode 

196 195 194 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

T.P. 

Tenn 

PO 

PI 

P2 

PI03 

PI04 

P105 

P6 

P7 

P8 

P9 

PlO 

Pll 

P12 

P13 

P14 

P15 

Selects 

Description 

CIP k 2° 

CIPk2 1 

CIP k 22 

CIP j 2° 

CIP j 21 

CIP j 22 

CIP i 2° 

CIP i 21 

CIP i 22 

CIP h 2° 

CIP h 21 

CIP h 22 

CIP g 2° 

CIPg2 1 

CIP g 22 

CIP g 23 

Hardware Trng. 
A-6319 J.E.S. 
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ISSUE ISSUE ISSUE ISSUE ISSUE ISSUE 

CRAY Y-MP (HA) OPTION BUFFER BOUNDARY 
WITH COINCIDENCE 
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SECOND PARCEL SPLIT 

ISSUE ISSUE ISSUE ISSUE 
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CRAY Y-MP SHARED REGISTERS 

The Shared registers in the CRA Y Y -MP/8 consist of nine clusters of Shared B registers (SB), 
Shared T registers (ST), and the Semaphore register (SM), while the Cray Y-MP/l/2/4 contains 
seven clusters. The clusters are numbered one through nine, or one through seven, with the 
cluster zero not being used. Any processor using cluster zero will cause the Shared register 
instruction to execute as a no-op. There are eight SB registers numbered 
SBO - SB7, and eight ST registers. There are 32 SM registers which are I-bit in length. The SB 
registers are 32 bits in length, while the ST registers are 64 bits in length. 

The Shared registers (SB, ST) are used to pass A register values and S register values from one 
processor to the next. The Shared registers are the intermediate storage between the processors. 

The Semaphore registers are used to control the flow of a program between two or more 
processors. This causes a particular CPU to Hold Issue until it is appropriate to begin execution. 
In order for a processor to use the Semaphore, there must be another processor in execution with 
the same cluster number value. If not, the processor that is waiting on Semaphore would be in a 
Deadlock condition. This will set a flag in the Exchange Package, causing an exchange. Another 
condition which would cause a Deadlock would be when all processors are in the same cluster, 
and all processors are Holding Issue. This would cause all processors to do an exchange. 

The Shared registers (SB, ST, SM) take up a lot of space, containing approximately 96 options, 
not counting the fanouts. Each CRA Y Y -MP board layer contains approximately 78 options, 
which means that the Shared registers take up well over one board layer. The 96 Shared register 
options are distributed among the eight CPU modules. Each CPU module contains 
approximately 12 options of the Shared registers. 

The different types of instructions allow the SB register to be loaded from the A register, and the 
A register to be loaded from the SB register. The ST registers are allowed to be loaded from the 
S registers, or the S register can be loaded from the ST register. The SM registers can be loaded 
from the S register bits (263 - 232), and vice versa. Any bit in the Semaphore can be set or 
cleared. A 0034jk instruction or Test and Set will examine the contents of SMjk. If SMjk = 0, 
the instruction will set SMjk equal to a one. However, if upon examining SMjk it is found that 
SMjk = 1, the processor will Hold Issue until SMjk has been cleared. 

One of the easiest ways to understand how the Shared registers are used is to follow the flow of 
the Program Exercise on the following page. Notice that part of the program is executing in 
CPU 0 cluster 1, and the other half is executing in CPU 1 cluster 1. The idea of the program is 
to demonstrate shared processing among two CPU s. In order for the sequence of events to work 
properly, CPU 0 must be in execution before CPU 1. CPU 0 will set SMOO in step 1, such that 
when CPU 1 does a Test and Set on SMOO, it will Hold Issue until CPU 0 clears SMOO. 
Likewise, when CPU 1 sets SMOI in step 1, it will cause CPU 0 to Hold Issue when CPU 0 
gets to step 11. CPU 0 will Hold Issue until CPU 1 clears SMOI in step 11. When CPU 0 
processes its job in steps 2 - 6, it will pass the location of where in memory its results are kept by 
using the SB register. CPU 1 will read up the value of the SB register and continue to process 
the program in steps 3 - 8. In summary, you can get a feel for how the Test and Set instruction 
can be used with this program, and the importance of the SB/ST registers. 

The difficulty in the Shared registers is knowing what clusters the various CPUs are using, and 
being able to multiplex the NS register to any SB/ST register in anyone of nine clusters. To 
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eRA Y Y -MP SHARED REGISTERS PROGRAM EXERCISE 

Supply the machine code for the following operations 

CPU 0 VL = 100 CLUS1ER 7 

STEP 

1. Set SMoo __ S"",-"......,"'_:· _0",,'') __ 

2. Load A3 with 4 __ -",~::..:O::::""\-220.o:::':..::O::...' __ 0 ! DO 0 

3. Set inteIprocessor intenupt for CPU 4 _("",.J~\w'~_\--!A~~~--:{:...' L( 3 L 
4. Load AO with 1000s ~OC, ('; C:.J 0 10('; (;:) 

5. ReadMemorytoVO ~\{dJ.... Ac6 A. I') bOO (J 

6. Put all ones into Sl <~ 'd.. \ 00 

7. DologicalsumofVOS1-+VO }L.\d.010 
-~ 8. Increment AP by 7000s ______ _ 

9. LoadA1 with20oo0s ';).~I 00 o3-a (iC.)O 

10. SubtractAOfromA1-+AO 3 ) 0 (0 .' . 

11. Jump to exit if AO = 0 __ :r_P_'\_'Z.. ___ I_~,-,,-: --,<:J~ < ty~ \ 1-

12 SB74-AO _______ _ 

LJ iL 13. WriteVOtomemory ________ _ 

14. Decrement AO by 6000
S 
________ _ 

15. CIearSMoo _______ _ 

16. T &S SM01 _______ _ 

17. Jump to Step 3 _______ _ 

18. Exit ______ _ 

CPU 4 VL = 100 CLUS1ER 7 

STEP 

1. CIearinterprocessorintenupt _______ _ 

2 ~tSMOl _______ _ 

3. T&SSMOO _______ _ 
<,,," 

4. ReadSB7~AO ________ ~~, 

5. Read Memory to VO _______ _ 

6. Put all ones into Sl _______ _ 

7. Logical product of Sl VO -. VO _______ _ 

8. Increment AO by 10000s _______ _ 

9. Load Al with 30000 s _______ _ 

10. Subtract AO from A1-. AD _______ _ 

11. Jump to exit if AO = 0 _______ _ 

12. Write VO to memory _______ _ 

13. CIearSM01 _______ _ 

14. Jump to Step 2 ________ _ 

15. Exit ________ _ 

HTV-0834 15-2 
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allow only one Shared register instruction to issue between the CPUs, the (JC) options will 
check between the other (JC) options with a CPU A - H SR request against a SR in progress. 
When a conflict between CPU s exists, physical CPU 0 has the highest priority, followed by 
CPU 1 - 7. CPU 0 cannot make another request until all other conflicting CPU s have gone. 

Shared Register SB/ST Write Operation 

The Shared registers block diagram shows the SB/ST being stored in the (HS 14 - HS 15) 
options. The SB/ST for clusters 1 -7 are stored in the (HS14) option, while (HS15) contains the 
SB/ST registers for clusters 8 and 9. The (HS) options are controlled by the (JRO - 3) options. 
The (JR) options each contain 2 bits of the Shared registers to be sent to the (HS) options, while 
the 32 (JR) options are spread across all eight CPU modules. 

The (JR) SR byte control and data bits arrive from the various (JSO - 3) options. If CPU 0 wants 
to load S2 into ST3 for a 073233 instruction in cluster 3, the (JSO - 3) in CPU 0 would pass the 
byte controls, and then the S2 data bits to all (JRO - 3) options in all CPU s. The CPU number 
(0, 0, 0) in progress would have been supplied by the (JQO) in CPU 0 to all (JR) options. Each 
(JR) option receives data bits (N, N+32) along with a portion of the controls, which the (JRO - 3) 
share among themselves per each CPU. The SR byte controls are decoded to determine what 
type of operation to perform RJW of the SB/ST registers. The cluster number is also decoded, 
and becomes part of the address which is sent to the (HS 14 - 15) SB/ST registers. Upon 
assembling the write address, the S2 data is then stored into the ST3 register in cluster 3 on the 
(HS14) option. The S2 data was originally read from the S registers on the (VB, VC) options, 
and passed to the (JSO - 3) options in CPU O. The (JSO - 3) then distributed the S2 data bits to 
the 32 (JR) options. The (JR) options then loaded the S2 data bits into the SB/ST registers 
located on the (HS) option. 

Shared Register SB/ST Read Operation 

To read the contents of SB4 and send the results to A5 for cluster 4 for CPU 0, a 026547 
instruction would be used. The instruction decode at CIP time would occur on the (JC) option in 
CPU O. The (JC) would fIrst determine if a Shared register instruction was in progress before 
proceeding. If not, the (JC) will generate a request to the other (JC) option to determine if a 
conflict among any other CPU exists. If no other CPUs are requesting a Shared register 
operation, CPU 0 (JC) option would procede by sending its SR controls and SR in progress to 
the (JQO) option in CPU O. The (JQO) will pass the SR controls to the (JSO - 3) options to allow 
the SB4 data to be sent to the A5 registers. The (JQO) also sends out a SR in progress, which is 
encoded on the (YR11) option to represent CPU O. The (YR11) supplies this information to the 
(JRO - 3) options. The (JSO - 3), upon receiving the SR controls from the (JQO) option, will 
pass the SR controls to the (JRO - 3) options. The (JR) option will decode the SR controls and 
determine that SB4 is to be read from cluster 4. Among all CPUs, the (JRO - 3) will supply the 
(HS14) with the proper address to read SB4 in cluster 4. Once the (HS14) has been addressed, 
the (HS14) will output the contents of SB4 back to the (JRO - 3) options. The (JR) options will 
then pass the SB data to the (JSO - 3) option in CPU 0, and then the (JSO - 3) will send the SB 
data to the A register. The (JQ) will send to the (JA, JB) the four or fIve clock period access 
times which are needed to check for Access Conflicts, and load the results into (Ai) or (Si). 
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Semaphore Operation 

The Semaphores (SM) are located in two places, with the Master SM kept on the (JR) option, 
and the Local SM kept on the (IQ) option. The Semaphores are I-bit registers, with 32 
Semaphore registers per cluster. There are eight (IQ) options, with one per CPU module. Each 
CPU module also contains a Local Semaphore register. The Local Semaphores on the (IQ) are 
controlled by the (JRO - JR3) common controls. When the (JR) option decodes a Semaphore 
instruction to Write Clear/Set the SM, the (JR) will pass the control terms to the (IQ) and (IS) 
options. The Local SM and Master SM are updated at the same time. 

If the Local Semaphore is to be loaded, as in a 073i02 instruction, the (IS) will select the SM data 
from the Scalar register and pass it to the (IQ) option. The (IQ) will accept the SM data if the 
local CPU has the same cluster number as the global cluster number. During a Clear/Set of the 
Semaphore, the (JR) will pass the byte controls to the (IQ) option. Here also, if the cluster 
number of the local CPU matches the global cluster number, the Local Semaphore will be 
changed according to the byte controls. The Master SM for the appropriate cluster number will 
always be updated. 

When a 0034jk instruction is decoded on the (IC) option, it is on a CPU level. Mter getting the 
go ahead to make a SR request, the (IC) option will send a Test and Set signal, along with the 
byte controls to the (IQ) within the same CPU to perform a Test and Set instruction on the cluster 
that the CPU is working within. If the Semaphore flag is set to a one, the (IQ) will pass a Go 
Test and Set signal back to the (IC) option, allowing the CPU to Hold Issue until the Semaphore 
flag gets cleared. The (IQ) also sends a signal called waiting on Semaphore to the (YR) option, 
which the (YR) passes to the (HH) option to check for a Deadlock condition. When the 0034jk 
instruction is cleared prior to Holding Issue or the 0034jk instruction performs a Test and Set on 
Semaphore Ok) and fmds that the Semaphore flag is equal to a zero, the (IQ) option must then set ') 
the Semaphore flag in all the (IQ) options with the same cluster value. To do this, the (IQ) will _ 
pass its SR control bytes to the (IS) option, which will distribute the SR control bytes to all 32 
(JR) options. The (IR) options will decode the SR control bytes, along with the cluster number, 
and pass the set Semaphore Ok) control byte to all the (IQ) options in all CPU modules, along 
with the cluster number. The (IQ) will compare the global cluster number against their Local 
cluster number. If they match, the (IQ) will allow the Semaphore (jk) to be set. The Master SM 
will also be updated, depending on the SMjk bit and the cluster value. 

Hardware Trng. ') 
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Shared Register Instructions 

The shared registers are made up of the semaphores, shared B and shared T registers on the Cray 
X-MP. The CRA Y Y-MP shared registers are made up of the same registers as the CRA Y X-MP, 
but access to the shared register path is also required by the I/O instructions, interprocessor 
interrupt, and real-time clock. The master copy of all shared registers exists in only one place -
global. The global set of registers can only be modified one register every 2 CPs. This is done 
with requests from any active CPU present in the chassis (8 for CRA Y Y-MP8). The control 
associated with anyone CPU is called local, standing for "local to the CPU." For a CRA Y Y-MPS 
there are S sets of local control. Present in the local control is a single semaphore register 
associated with the cluster that the CPU is executing in. For all instructions, the global set of 
registers is the source or destination for all read, write, or modifications. For any instruction 
changing the semaphores, the global set will be changed, and any local set will be modified if it is 
in the same cluster. By maintaining a local set of the semaphores in the CPU, less time is 
necessary to determine if a test and set instruction may issue. The time it takes to determine if an 
instruction can issue, (including conflict resolution), and inform any other CPU of the intention to 
modify a shared register takes 2 CPs. This is why the maximum rate of issue for shared register 
instructions is 2 CPs per instruction. Any shared register instruction from a CPU has to go 
through several steps to actually access the shared registers. Upon receiving the instruction into 
CIP (Current Instruction Parcel), issue is always dropped for 1 CP unconditionally. This allows 
the control time to determine if any other CPU is trying to access the shared registers at the same 
time (multiple CPU conflict). After conflict arbitration is complete, the reference now goes to the 
global registers. On a read shared register, the data is retrieved from the register and sent to the 
CPU. On a write shared register, the global register is entered or modified. If the write is to a 
semaphore register, then any CPU within the same cluster will have its local copy of the 
semaphore register updated. 

To help determine what happens in a particular CPU, the timing for issue and CIP have been 
included. Issue down means that the current instruction is stopped in CIP and will stay there until 
issue goes back up. Since issue always goes down for at least 1 CP, all shared register 
instructions will be in CIP for at least 2 CPs. 

Timing between CPUs is much more difficult to determine. Instructions can never by closer 
together than every 2 CPs. This implies that CPU 0 can be in CP 4 of a 72xx3, CPU 3 can be in 
CP 2 of a 0036xx, and CPU 2 can be ready to issue a 0034xx in CP O. 

Conflict Arbitration on CRAY Y-MP8 

The CRA Y Y-MP always arbitrates the request at the local control. To actually send a reference to 
the shared registers requires the instruction to make it past two steps in the local control. The first 
step, in CP 0 (CIP), is to determine whether this instruction has highest priority. The second step, 
in the case of the 0034xx instruction in CP 6 (still CIP), is to determine if this instruction can 
actually go or not due to the Semaphore bit being set or if test and sets are disabled. During CP 0 
(CIP), the priority is determined. There are two levels of priority. The first level determines if a 
CPU request can be set. Once a CPU has made a request and is set, no other CPU with a lower 
number can have its request set until the first CPU has been serviced. While the first CPU is being 
serviced (is in progress) any other CPU with a higher number can have its request set. 
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There is still a lockout possibility that happens when the entire loop time, (including the time Within-\~~ 
the lock, 0034xx to 0036xx), becomes shorter than the time it takes for all the CPUs to go through ) 
the lock sequentially. To prevent starvation, the entire loop time has to be greater than [(# of 
CPU s - 1) * (amount of time spent inside lock)]. The mode of starvation is that the higher CPU 
numbers will starve fIrst This is due to the second level of request arbitration. 

For example, if CPU 5 makes a request and gets Request set, CPU 0 - 4 can make a request but it 
will not get Request set However, CPU 7 can make a request and be set. Now CPU 6 can make 
a request but can not be set because CPU 7 has been set. If no requests are set and there are 
simultaneous requests from two or more CPUs, all requests will be set 

Once the CPUs have their request set, the second level determines which CPU will go in progress 
fIrst. The progress priority goes from CPU 0 - 7, with CPU 0 having highest priority and CPU 7 
having lowest priority. 

The request is also used as a shared register Busy signal. Normally it is left set for 1 CP after the 
reference is sent to global. This will guarantee that references will be no closer together than every 
2 CPs. In the case of the 0014xx and I/O instructions, it may stay up for many clock periods, 
signifying that the shared registers are busy that many clock periods. The timing that follows for 
the CRA Y Y -MP is signifIed by shared registers reserved. This reservation will block any 
subsequent references to shared registers until it clears. A reference, once set, will execute unless 
a couple of conditions happen. If the Semaphore bit is set, or if test and sets are disabled, the 
0034xx is aborted and no attempt will be made to make another request until the bit clears and test 
and sets are enabled. 
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CPU 2 and 5 Shared Request 

CPU 0 

CPU 1 

CPU 2 Makes request Holds in CIP Request set 
Request cannot be set 

CPU 3 

CPU 4 

CPU 5 Makes request Request set Goes in progress In progress 
Request set still up 

CPU 6 

CPU 7 _L ________________ .. _ 

N01E: This is not a timing diagram. This is a sequence diagram. 

In progress In progress 
Request still set 

Done 

,,,-,,,, 

Done .. 
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CPU 1,4 and 6 Shared Request 

CPU 0 

CPU 1 Makes Holds request Holds request Holds request 
request Not set Not set Not set 

CPU 2 

CPU 3 

CPU 4 Makes Request set In progress In progress Done 
request Request set Request set 

still up goes down 

CPU 5 

CPU 6 Makes Request set Holds request Goes in progress 
request set Request set goes 

down 

CPU 7 

NOTE: This is not a timing diagram. This is a sequence diagram. 

\~ \ ;' "'--'/ 

Hold request Goes in progress 
Gets set Request set still 

up 

Done 

In progress 
Request se 
goes down 

Done 
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SM - SEMAPHORE REGISTER 

,0' 
ST - SHARED T REGISTER 64 BITS 

CLUSTER 1 

CLUSTER 4 

CLUSTERS 

CLUSTER 6 

CLUSTER 7 

CLUSTER 8 ONCRAYY-MPj8 

CLUSTER 9 ON CRAY Y-MPj8 

NOTE: SMO = 2 63 IN SCALAR REGIS'ffiR 

SM31 = 232 IN SCALAR REGISTER 

CRAY Y-MP SHARED REGISTERS 

15-9 
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CRAY Y-MP SHARED REGISTER INSTRUCTIONS 

READ/WRITE SB/ST/SM REGISTER 

026ij7 -
027ij7 -
072ij3 -
073ij3 -
072i02 -

073i02 -

Transmit (SB j) to Ai 
Transmit (Ai) to SBj 
Transmit (STj) to Si 
Transmit (Si) to STj 
Transmit (SM) to Si loaded into Si bits (263 - 232), clears 
(231 - 20), 263 of Si is SM bit 20 
Transmit (Si) to SM. Write SM from (Si) bits (263 - 232) 

OPERATING SEMAPHORES 

0034jk -

0036jk -
0037jk -

** 0014j3 

Test and set SMjk 0.$jk<378 
Test SMjk if value is zero, instruction sets SMjk. If value is 
one, instruction hold issue until SMjk is cleared. 
ClearSMjk OQk<378 
Set SMjk OQk<378 
Set cluster number to expression = (Aj), where O«Aj)<ll 
CRAY Y-MP mode; (0 = no - op) 

**Priviledged to monitor mode 

) 

Hardware Trng. .). 
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SHARED REGISTERS (OPTIONS INVOLVED) 

(ARO - AR3) Option 

The (AR) options contain the A registers, which are loaded from the (JSO - JS3) options when 
loading the SB register into an A register. 

(HHO) Option 

The (HHO) option, in CPUs 2 and 3 only, check to see if a Deadlock condition exists among all 
CPUs. A Deadlock condition can be caused by all CPUs Waiting On Semaphore (WS) within 
the same cluster, or a CPU WS with no other CPU having the same cluster value. When a 
Deadlock condition occurs, the (HH) option will output a Deadlock to the (JR) option, causing 
the (JR) to send a Deadlock flag to the (HE) option. 

(HS14 - HS15) Options 

The (lIS 14 - HS 15) options contain the ST and SB registers for all nine clusters. Cluster 0 is not 
used. (lIS 14) contains SB/ST register values for clusters 1 - 7, while (lIS 15) contains SB/ST 
register values for clusters 8 and 9. The Shared registers utilize the Bypass path on the (lIS) 
option, which no other (lIS) type option uses. The Bypass path allows the data being written 
into the registers to also become present on the output. This is used as a delay path or a 
distribution path back to the (JR) options. 

(leO) Option 

The (JC) option is the issue control for the Shared register instructions. Prior to allowing a 
Shared register instruction to issue, the (JC) must make a SR request. All the (JC) options 
between the CPU s intercommunicate to any other CPU which is requesting the Shared registers 
within the same clock period. If an SR request exists, the (JC) will allow CPU 0 to progress 
ftrst, followed by CPU 1 - 7. Once the Shared register instruction is allowed to progress, the 
(JC) will pass the SR control and SR in progress signals to the (JQ) option. The (JC) also 
decodes the Real-time clock (RTC) and Interrupt Interval instructions, and passes these 
instruction decodes to the (JS) options, where the Real-time clock is located. 

Hardware Trng. 
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(IQO) Option 

The (JQ) option contains the Semaphore register for whatever cluster value a particular CPU is 
using. There is one (JQ) per CPU module. If any CPU changes a Semaphore bit, all (JQs) 
within the same cluster are updated. This is done by comparing the local cluster to the global 
cluster number. If the two do not match, the (JQ) will not allow its Semaphore registers to be 
changed. However, if there is a match, the particular (JQ) will change its Semaphore registers 
according to the contents of the SR control. If a Test and Set instruction is issued and the 
particular Semaphore flag is set, the (JQ) will send a signal called Waiting On Semaphore, which 
is compared on the (HH) option for a Deadlock condition. 

(IRO - lR3) Options 

There are four (JR) options per CPU module. Each (JR) option handles two bits of the ST 
register or one bit of the SB register, and one bit of the SM register for nine clusters. The ST 
register bits are spread apart by 32 bits. The (JR) options supply the control to load the SB/ST 
register values into the (HS14 - HSI5) options. The (JR) options receive from CPUs 0 -7 the 
(JS) options, from which the SB/ST data is to be loaded into the (HS) options, and also the SR 
control bytes from the various CPUs. The SR control bytes are divided among the four (JR) 
options as they come in from the CPU s. Which (JR) handles what control bits is determined by 
the forced conditions on the (JR) option. The SR control bytes are then shared across the four 
(JR) options. Part of these SR control bytes contain the cluster number, which becomes part of 
the (HS) option address and is sent to the (JQ) options for a Test and Set instruction. The (JR) --) 
option will decode the SR control bytes to determine what type of instruction has issued. If the _ 
instruction is a Test and Set, the (JR) will pass the Test and Set controls to the (JQ) option along . 
with the cluster number, allowing the (JQ) option to Set/Clear or load the SM if the clusters 
match, along with updating the Master SM. If the instruction decoded is a ReadIWrite of the 
SB/ST registers, the (JR) will carry out the instruction function and pass the read data of the 
ST/SB to the (JS) options. 

(180 - 183) Options 

There are four (JS) options, all which operate independently from the other (JS) options. The 
(JS) options are used to multiplex the ST/SB or SM register data to the proper A, S, or SM 
registers. Each (JS) option contains two sets of 8 bits for a total of 16 bits. (JSO) handles data 
bits (20 - 27) and (232 - 239). The (JS) also has 16 outputs which are used to fanout the SR 
control bytes, and the data to the 32 (JR) options which is shared across all eight CPU modules. 
Contained across the four (JS) options per CPU is the Real-time clock (RTC) and the 
programmable clock (PC). 

Hardware Trng. ) 
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(JTlO - JT7l) Options 

The (IT) options are contained on the Shared/Clock module. One (IT) option replaces two (JR) 
options in a CRA Y Y -MP 1/2/4 processor. Each (IT) options 4 bits of the ST register, 2 bits 
of the SB register, and 2 bits of the global semaphores for seven clusters. This is possible 
because Shared logic from CPU 4 -7 has been deleted on the (IT) option. The CRA Y Y-MP/28 
has two CPU modules, which causes (JTlO, IT11) not to be used. (JTlO - IT11) would replace 
the missing (JRO - JR3) options in CPU 1 of a CRA Y Y-MP/l. 

(VB - VC) Option 

The (VB - VC) option contains the Scalar registers, which are loaded from the (ISO - IS3) 
options when loading the SB registers into an S register. 

(YR8, YRll) Options 

The (YRll) option will receive one signal from the various CPUs 0 -7 and encode a value 
equivalent to where the signal originated from, and then fanout this value to the four (JR) 
options. This will happen on each CPU module. For example, CPU 3 will send a signal called 
SR In Progress to all CPU modules (YR11) option, which arrives as one signal. The (YR11) 
will then encode a value where that signal came from, in this case CPU 3, so the (YR11) will 
output a binary value of three (011) to the four (JR) options which arrive on the (JR) option as 
CPU number (20, 21, 22) with SR in progress. 

The (YR8) will send the Wait On Semaphore (WS) flag from the (JQO) option to the (RHO) 
option in CPU 2 and CPU 3. 

Hardware Trng. 
YM09116C J.E.S. 

HTV-0834 15-13 CRA Y PROPRIETARY 



~ 
o 
00 
w 
.J:>. 

I--' 
VI 
I 

I--' 
.J:>. 

~ 
~ 
~ 

~ 
~ 

I(JQIJ) ClVI 

(IQO) .... 

W;~~----~~-SQM~~~~~~~~~~ __________________ --, 

,1:!i~>-..mU£.J ~."""'" 

.-

"' ... .w) 

(2t1 .. ae, 

(VI.VC) 

ca-.. ;aI, 

IQR3)I(m1) (l'!a65) 

_l(llU){QT7l) (~a") 

_lQRl)l(mO) (2Ifiif) 

1(JJttMmD> ()7,2") 

L au7/IIIAaDa.ocK 

J(IR'Y(IT6I) (2~:a6:a) 

IQR1)'(m1) ca~a"') 

I~Rl_ "., .... , 
I (JIUWIW) (2.~1·) 
l ClUIVIKMIDa.ca: 

QRl)'(JT5') 

~1S)au11 
"IS~I 
~ 

~ 
~I au • 
.......,a.ocz 

(JA."IIZ) <W (31, 
(J~aJ7) 

au.-AldlDa.oa:; 

, 
I 

\ 

(Aa) 

~11~~~~~<"~+-1 

:'=~=:~~~~ 
(a!lQM~ 

"'''''''''0'0 .-.IN ....... (LOCAI.) 

......... 
(leO) ...,7 

• aua (Q) au. 
lTau, ~ au, ..... 

.... b 

... e 

-..... 
(IeO) .... -.... 

...... ..... ...... ...... .... .. 
.... .. ...... 

bClU •• ~_ 

(t'H!O)"" .1· 

~~~"~~·~~~D 

~ INI'DDOWGIa.N 

~CIafl.&44.~ 

r"·"» .. ," te 
"WObd'4 ~~."» ..... ~ 

-...... -.... ~~., ... » ou. ~ 
"~GU'''' ~~., ... » ..... ~ 
-........... -~~., ... » ..... ~ 
-'VDDArA ~~., .• » ... ou. ~--

oue 

.... b 

..... 

ou, 

~llWUl) 

I (llJ),'(m1) ",!,", 
I0J2W131) ~1'1,1 

I (JRlwnaJ (2;1)2<0, 
__ .. u. i 

I~ ,0,0··, 
L aou ....... a.oat 

Qawno) 

(21,2") 

.... _"""" 
,>-!!!!!!!!!!.(~iI'>-" (JJl) ca~l") 

_~",I"" __ QIt2) cal!,., 
bo\T. , ... ..., 

1,tU15) au'l 
(KS~J)I 
.......,a.ocz 

r----------~~~~~::::::::::::::~;;~~dL::::::::::~1 avo <UlMUX au •• H a.u.r-.I .. , 

_ av. 

aul.H 

auA.P 

'~ 

• auo. 

.......... 
~ 
~)~~ ...... 

i(OU)(1I) ~ ~ -a....:::==:===. 
.!::::::!!~:::!~===::::!. ..... D<IIn'D~~~._Aa.unaI.l.cumwa4_1 aUODlt.TA 

-.tAUDlSOlttallTM.N+U a.wral., 

CRAY Y-MP SHARED REGISTERS BLOCK DIAGRAM 

~/ 
, ,,-/ 

,..,..,. r". 
A-&J7.1Q J.EB. 



HTV-0834 

(JA, JB, HZ) CIP J" i, hO, hi. CP ° 
(AR) ..:A;<;Jti=--_____ -Cr 

(YRll) SR IN PROGRESS (OLOBAL) 

(JR) SR CONTROL BYTE 0·' 

(JR).l.].~~----.( 

(HE) CLN MUX (EX) 

TEST AND SET CP 0 

SRCONnOL. 

SR IN PROORESS (LOC'AL) 

SR REQUEST. 
(EXT) CPU B· H 

(CN3O) PPN 2°.2' 

(HC. lID) ...:N.:.:lP,-",'CC·==_{' 

1V---"CI.N'=!!..!MUX~,-.. (EX1) 

SR IN PROGRESS 
SM SEMAPHORE DATA 

(JR) -=="-.(' 
, CP TOJ,. 4 CPTO II (JA, JB)-~'~CP::!:..!TO~J.:!.S ____ -<.. 
SR IN PROGRESS) _ 8 (EXT) 0l3KO', 001414. 0014.10 

SR.IPDATA 

CLN MUX (EXT)(CPU 2/3)(IDI 

WAIT ON SEMAPHORE 

SR.IPDATA 

SR.WDATA 

SR.UODATA 

SR.IPDATA 

SR.1!ODATA 

SR.WDATA 

L.:::. ____ ~j:.~~).:.::.::.:...:=:.::::c:..:;===..:..:;:.:....:.='-2J (HC, JD) 
SR.IJODATA 

\I, ... IT 0"," SE~APHORE 

eLf\, MlIX CPl- A • H 

CPU ~ 

CPl'E-H 

CPUA-D 

DEAllLOCK 

(CN30) -,PP"",-N --{i< RD. 3 (DEADLOCK") (EXl) 

SR.VODATA 

(0.0) -'="'-""-Ci 
CPt! NUMBER. (1°. 2 I, 2 ~ SR Jl'Ii PROGRESS 

(0-) J.ODATAfN+O-N+7) 

(EXT) DELAY 

(CN30) 

CLUSTER8-9 

CLUSTER"-' 

CLU~I-3 

(ARO-AR3) 

A REOISTERS 

(YB-vq 

SHARIDREOISTER BrrN.N + 31 CLUSTERS- 9 

CRAY Y-MP SHARED REGISTERS BLOCK DIAGRAM 

(l Jf.)dJ, 
L] (,.{) fJjPJ C 

(FORCED) 

SHARED REOISTIR BIT N. N + 32 CLUsTER. 1 - 3, CLUSTER .. - 7 

Hardware Tmg. 
A-6373G J.E.S. 
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-~ 

) 

CONTROL BYTE 

~----------------~~,------------------~ IS 
CONTROL 

~ 
INSTRUCTION CAL 7 6 5 4 3 2 1 0 

0036jk SMjk 0 0 0 0 jl jO k2 kl kO 

0034jk SMjk 1, TS 
0 0 1 jl jO k2 kl kO 

0037jk SMjk 1 

0010jk CA,Aj Ak 0 1 - - 1 0 0 0 

033ijO Ai CA,Aj 0 1 - - 0 0 0 0 

OOlljk CL,Aj Ak 0 1 - - 1 0 0 1 

033ijl Ai CE,Aj 0 1 - - 0 0 0 1 

0012jO CI, Aj 0 1 - - 1 0 1 0 

033iOO Ai CI 0 1 - - 0 0 1 0 

0012jl MC,Aj 0 1 - - 1 0 1 1 

0014jO RT, Sj 0 1 - - - 1 0 0 

0014jl SIPI Aj 0 1 - - - 1 0 1 

0014j3 CLN Aj 0 1 - - - 1 1 1 

026ij7 Ai SBj 1 0 j2 jl jO k2 0 1 

027ij7 SBj Ai 1 0 j2 jl jO k2 0 0 

072i02 Si SM 1 1 - - - - 1 0 

073i02" SM Si 1 1 - - - - 1 1 

072ij3 Si STj 1 1 j2 jl jO k2 0 0 

073ij3 STj Si 1 1 j2 jl jO k2 0 1 

Shown below are the bit positions from the A registers 
which use the Shared register control byte path from the 
(JQO) to the (JSO - 3). The channel number for CA, CE, 
CI, CL uses 5 bits and the Partial address for CA, CL 
sends eight of its bits on the path. 

CHANNEL NUMBER (Aj) - - - 4 3 2 1 0 

ADDRESS (Aki) 25 24 17 16 9 8 1 0 

(IS) OPTION CONTROL 1-1_41 ______ 1_4_0 __________ D_ES __ C_RI_P_TI_O_N __________ --1 

o 0 SELECT CONTROL BYTE 

o 1 I/O DATA 

1 0 Ai TO SR 

1 1 SELECT S TO SR 

Hardware Trng. 
A-8427A DE 

CRAY Y-:MP SHARED REGISTER CONTROL BYTE 

HTV-0834 15-15 CRAY PROPRIETARY 



BIT CPUO CPU A SR BIT N BIT CPU 0 CPU A SR BITN+32 

2 C (JSO) RO -----+ IO (JRO) CPU 0 

2 1 (JSO) RI ~ IO (JRO)/(JTIO) CPU 1 

2 2 (JSO) R2 -----+ IO (JRO)/(JT20) CPU 2 

2 3 (JSO) R3 ~ IO (JRO)/(JT30) CPU 3 

2 4 (JSO) R4 ~ IO (JRO)/(JT40) CPU 4 

25 (JSO) R5 ~ IO (JRO)/(JT50) CPU 5 

2 6 (JSO) R6 ~ IO (JRO)/(JT60) CPU 6 

2 7 (JSO) R7 -----+ IO (JRO)/(mO) CPU 7 

2 8 (JS 1) RO -----+ IO (JRI) CPU 0 

2 9 (JS 1) RI --+- IO/I2 (JRI)/(JTIO) CPU 1 

2 10 (JS1) R2 -----+ IO/I2 (JR1)/(JT20) CPU 2 

211 (JSI) R3 .. IO/I2 (JR1)/(JT30) CPU 3 

212 (JSI) R4 ~ IO/I2 (JRI)/(JT40) CPU 4 

2 13 (JSI) R5 ~ IO/I2 (JR1)/(JT50) CPU 5 

214 (JSI) R6 ~ IO/I2 (JR1)/(JT60) CPU 6 

2 15 (JSI) R7 .. IO/I2 (JR1)/(mO) CPU 7 

2 16 (JS2) RO ~ IO (JR2) CPU 0 

217 (JS2) R1 -----+ IO (JR2)/(JT11) CPU 1 

2 18 (JS2) R2 -----+ 10 (JR2)/(JT21) CPU 2 

2 19 (JS2) R3 --+- IO (JR2)/(JT31) CPU 3 

2 20 (JS2) R4 -----+ IO (JR2)/(JT41) CPU 4 

221 (JS2) R5 -----+ IO (JR2)/(JT51) CPU 5 

222 (JS2) R6 -----+ IO (JR2)/(JT61) CPU 6 

2 23 (JS2) R7 ~ IO (JR2)/(ml) CPU 7 

224 (JS3) RO -----+ IO (JR3) CPU 0 

2 25 (JS3) R1 -----+ IO/I2 (JR3)/(JT11) CPU 1 

2 26 (JS3) R2 -----+ IO/I2 (JR3)/(JT21) CPU 2 

227 (JS3) R3 -----+ IO/I2 (JR3)/(JT31) CPU 3 

2 28 (JS3) R4 -----+ IO/I2 (JR3)/(JT41) CPU 4 

2 29 (JS3) R5 -----+IO/I2 (JR3)/(JT51) CPU 5 

2 30 (JS3) R6 --+- IO/I2 (JR3)/(JT61) CPU 6 

2 31 (JS3) R7 -----+ IO/I2 (JR3)/(m1) CPU 7 

I 

OR) 

2 32 (JSO) R8 --+- Il 

2 33 (JSO) R9 --+- Il 

234 (JSO) RIO --+- Il 

2 35 (JSO) R11 --+- Il 

2 36 (JSO) R12 --+- Il 

2 37 (JSO) R13 -----+ Il 

2 38 (JSO) R14 --+- Il 

(JRO) CPUO 

(JRO)/(JTIO) CPU 1 

(JRO)/(JT20) CPU 2 

(JRO)/(JT30) CPU 3 

(JRO)/(JT40) CPU 4 

(JRO)/(JT50) CPU 5 

(JRO)/(JT60) CPU 6 

2 39 (JSO) R15 --+- Il (JRO)/(JT70) CPU 7 

2 40 (JS1) R8 --+- Il (JR1) CPUO 

241 (JS1) R9 -----+ Il/I3 (JR1)/(JTIO) CPU 1 

242 (JS1) RIO ~ Il/I3 (JR1)/(JT20) CPU 2 

243 (JS1) Rll -----+ Il/I3 (JRI)/(JT30) CPU 3 

244 (JS1) R12 -----+ Il/I3 (JR1)/(JT40) CPU 4 

245 (JS1) R13 ~ Il/I3 (JR1)/(JT50) CPU 5 

2 46 (JS1) R14 -----+ Il/I3 (JR1)/(JT60) CPU 6 

247 (JS 1) R15 ~ Il/I3 (JR1)/(mO) CPU 7 

2 48 (JS2) R8 -----+ Il (JR2) CPU 0 

249 (JS2) R9 ~ Il (JR2)/(JTll) CPU 1 

250 (JS2) RIO -----+ Il (JR2)/(JT21) CPU 2 

2 51 (JS2) Rll -----+ Il (JR2)/(JT31) CPU 3 

252 (JS2) R12 ~ Il (JR2)/(JT41) CPU 4 

2 53 (JS2) R13 -----+ II (JR2)/(JT51) CPU 5 

2 54 (JS2) R14 -----+ II (JR2)/(JT61) CPU 6 

2 55 (JS2) R15 ~ II (JR2)/(JT71) CPU7 

2 56 (JS3) R8 ~ II (JR3) CPU 0 

2 57 (JS3) R9 ~ II/I3 (JR3)/(JTll) CPU 1 

2 58 (JS3) RIO ~ II/I3 (JR3)/(JT21) CPU 2 

259 (JS3) Rll -----+ II/I3 (JR3)/(JT31) CPU 3 

260 (JS3) R12 -----+ II/I3 (JR3)/(JT41) CPU 4 

2 61 (JS3) R13 ~ Il/I3 (JR3)/(JT51) CPU 5 

262 (JS3) R14 -----+ Il/I3 (JR3)/(JT61) CPU 6 

2 63 (JS3) R15 -----+ Il/I3 (JR3)/(ml) CPU 7 

IO Il I2 I3 14 IS 16 17 18 I9 no III Il2 Il3 Il4 II5 

CPU A CPU B CPU C CPU D CPU E CPU F CPU G CPU H 
Hardware Trng. 

N, N + 32 N, N + 32 N, N + 32 N, N + 32 N, N + 32 N, N + 32 N, N + 32 N, N + 32 A-6396A J.E.S. 

CRAY Y-MP (JRO-3) SHARED REGISTER BIT LAYOUT 
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MASTER SEMAPHORES SM 
CLUSTERS 1 - 9 

BITPOSmON LOCATION 

SMOO - 2 63 (JR3)/(JT71) CPU 7 
SMOl _ 2 62 (JR3)/(JT6l) CPU 6 

SM02 - 2 61 (JR3 )/(JT5l) CPU 5 

SM03 - 2 60 (JR3)/(JT4l) CPU 4 

SM04 - 2 59 (JR3)/(JT3l) CPU 3 

SM05 - 2 58 (JR3)/(JT2l) CPU 2 

SM06 - 2 57 (JR3)/(JTll) CPUl 

SM07 - 256 (JR3) CPU 0 

SM08 - 2 55 (JR2)/(ml) CPU 7 

SM09 - 254 (JR2)/(JT6l) CPU 6 

SMlO - 2 53 (JR2)/(JT5l) CPU 5 

SMll - 2 52 (JR2)/(JT4l) CPU 4 

SMl2 - 2 51 (JR2)/(JT3l) CPU 3 

SM13 - 2 50 (JR2)/(JT2l) CPU 2 

SMl4 - 2 49 (JR2)/(JTll) CPU 1 

SMl5 - 2 48 (JR2) CPU 0 
SMl6 _ 247 (JRl)/(mO) CPU 7 

SMl7 - 246 (JRl)/(JT60) CPU 6 

SMl8 - 2 45 (JRl)/(JT50) CPU 5 

SMl9 - 244 (JRl)/(JT40) CPU 4 

SM20 - 243 (JRl)/(JT30) CPU 3 
SM2l - 242 (JRl)/(JT20) CPU 2 
SM22 - 241 (JRl)/(JTlO) CPU 1 

SM23 - 240 (JRl) CPU 0 
SM24 _ 2 39 

(JRO)/(mO) CPU 7 

SM25 - 2 38 (JRO)/(JT60) CPU 6 

SM26 - 237 (JRO)/(JT50) CPU 5 

SM27 - 2 36 (JRO)/(JT40) CPU 4 

SM28 - 2 35 (JRO)/(JT30) CPU 3 

SM29 - 2 34 (JRO)/(JT20) CPU 2 

SM30 - 233 (JRO)/(JTlO) CPU 1 

SM3l - 232 (JRO) CPU 0 

LOCAL SEMAPHORES 
CLUSTERS 1 - 9 

BIT POSITION 

SMOO - 2 63 

SMOl - 2 62 

SM02 - 2 61 

SM03 - 2 60 

SM04 - 2 59 

SM05 - 258 

SM06 - 257 

SM07 - 256 

SM08 - 255 

SM09 - 254 

SMlO - 253 

SMll - 252 

SMl2 - 251 

SM13 - 250 

SMl4 - 249 

SMl5 _ 248 

SMl6 _ 247 

SMl7 _ 246 

SMl8 - 245 

SMl9 - 244 

SM20 - 243 

SM2l - 242 

SM22 - 241 

SM23 - 240 

SM24 _ 239 

SM25 - 238 

SM26 - 237 

SM27 - 236 

SM28 - 235 

SM29 - 234 

SM30 - 233 

SM3l - 232 

BOOLEAN 
LOCATION TERM 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

(JQO) 

CPU 0 -7 Y3l 

CPUO-7 Y30 

CPUO-7 Y29 

CPUO-7 Y28 

CPUO-7 Y27 

CPUO-7 Y26 

CPUO-7 Y25 

CPUO-7 Y24 

CPUO-7 Y23 

CPUO-7 Y22 

CPUO-7 Y2l 

CPU 0 -7 Y20 

CPUO-7 Yl9 

CPUO-7 Yl8 

CPUO-7 Yl7 

CPUO-7 Yl6 

CPUO-7 Yl5 

CPUO-7 Yl4 

CPUO-7 Y13 

CPUO-7 Yl2 

CPUO-7 Yll 

CPUO-7 YlO 

CPU 0 -7 Y09 

CPUO-7 Y08 

CPUO-7 Y07 

CPU 0 -7 Y06 

CPUO-7 Y05 

CPUO-7 Y04 

CPUO-7 Y03 

CPUO-7 Y02 

CPUO-7 YOl 

CPUO-7 YOO 

Hardware Trng. 
A-6394B J.E.S. 

CRAY Y-MP MASTER/LOCAL SEMAPHORE SM 
REGISTER LOCATIONS 
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CLN 

10,1 
8,9 X07 X06 XOS X04 

12,3 X27 X26 X2S X24 

IRTFRMS 7 6 S 4 

14,S XIS X14 X13 X12 

16,7 X3S X34 X33 X32 

IRTFRMS IS 14 13 12 

I DATA BITS [CPUO-1 
(+N) 2 56 2 48 2 40 2 32 

REGISTER 
IS7 

ADDRESS 
IS6 ISS IS4 IS3 

SB/ST 2
5 24 2

3 22 21 

STO 0 0 0 0 0 
SBO 0 0 0 0 0 
STI 0 0 0 0 1 
SBI 0 0 0 0 1 
ST2 0 0 0 1 0 
SB2 0 0 0 1 0 
ST3 0 0 0 1 1 
SB3 0 0 0 1 1 

ST4 0 0 1 0 0 
SB4 0 0 1 0 0 
STS 0 0 1 0 1 
SBS 0 0 1 0 1 
ST6 0 0 1 1 0 
SB6 0 0 1 1 0 
ST7 0 0 1 1 1 
SB7 0 0 1 1 1 

STO 0 1 0 0 0 

.J 
SB3 o 0 

ST4 o 0 0 

.J 
SB7 o 
STO 0 0 0 0 

.J 
SB3 0 0 

ST4 0 0 0 

.J 
SB7 0 

STO 0 0 0 

4 
SB3 0 1 

ST4 0 0 

4 
SB7 

X03 X02 XOI XOC 

X23 X22 X21 X2~ 

3 2 1 0 

Xll XI0 X09 X08 

X31 X30 X29 X28 

11 10 09 08 

22A 2 16 2 8 2° 

IS2 DATA 

2° (N+0-7) 

0 XO-X7 
1 CLUS'mRO 0 
1 ON (HS14) 
0 NOT USED 
1 OR 
0 CWSTER8 
1 ON (HSlS) 

0 XO-X7 
1 CWSTERO 
0 
1 ON (HS14) 

0 NOT USED 
1 OR 
0 CWSTER8 
1 ON (HSlS) 

0 xO-X7 

CLUSTER 1 
ON (HS14) 

OR 
CLUSTER 9 
ON (HSlS) 

0 XO-X7 

CLUS'mR 1 
ON (HSI4) 

OR 
CLUSTER 9 
ON (HSlS) 

0 X20-X27 

CWSTER2 

0 X20-X27 

CLUSTER 2 

0 X20-X27 

CLUSTER 3 

1 

0 X20-X27 

CLUS1ER3 

SELECI'SB = I, ST=O 

ADDRESS 
REGISTER 163 162 161 160 1S9 IS8 DATA 

SB/ST 2 5 24 23 22 21 2° (N +0-7) 

STO 0 0 0 0 0 0 X8 - IS 

CLUSTER 4 

SB3 0 0 0 

ST4 o 0 o 0 0 X8-lS 

CLUSTER 4 

SB7 0 0 

STO o 

SB3 o 
ST4 o 

SB7 o 
STO 

SB3 

ST4 

SB7 

STO 

SB3 

ST4 

SB7 

o 0 0 0 X8-lS 

CLUSTERS 

o 1 1 

o 0 0 X8-lS 

CLUS'mRS 

o 0 0 0 0 X28-3S 

CLUSTER 6 

o 0 1 

o 1 0 0 0 X28 _ 3S 

o 1 1 1 1 

o 0 0 0 

o 1 

000 

CLUSTER 6 

X28-3S 

CLUS1ER7 

X28 -3S 

CLUS'mR7 

HsrdwsTfI Trng. 
A-e397C J.E.S. 

CRAY Y-MP (HS14. HSl5) ST/SB REGIS1ER POSmONS 
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~ 
0-
00 
Vl 
+:0. 

-VI 
I ...... 
\0 

~' \ ... ~/ 

(
JR VS13) CLUSTER' BIT l' 21 (HS14, HS15) OR(HSl-7) ON SHARED CLOCK 

- ~1~~~,~S7~~----, 

(JR _ VS13) ADDRESS(i> - 23) 
IS2 - SS 

(FORCEDO) DATA SELEcr(2°,2
1

) 148, 4 

(JRO _ 00) WRITE DATA 

(FORCED 1) UNUSED 

(FORCED 1) UNUSED 

(JR2, JR3) GO WRITE 

(JR2 _ VS3) WRITE 0 - IS, 0 - 7 

(JR2) GO BYPASS 

(JR2 _ JR3) GO READ 

632-39:>--. 

-
16S 

~ 

,~ 

(FORCED 1) DATA SELECf(2° ,21 ) @JD 

25 

-;6 248 240 232 224 216 28 20 ! X7 X6 XS X4 X3 X2 Xl XO 00 

M 
U I bO - b7 
X CONFLICf 

171 = CLUSTER' 22 

(FORCED 0) 

37 
X27-X20140 

1----11 iz.J 
27 _ 20 
DATA 

24 _2° 
ADDRESS 

~ GO~-S35 t 
DATA ADDRESS 
215 _ 2 8 24 _ 20 CLUSTER 

X15-X8 00 4-7 

------
SR BIT (N + 0-7)CL.1- 3 ON (HS14) 

SR BIT (N + 0 - 7) CL. 8,9 ON (HS1S) 

(2°,28,216, 2~ 2~ 2~ 2 48, 256) 

CLUSTER 1- 3 (HS14) 

(2°,28, 216, 2~ 2~ 241? 2 48,256 ) 

CLUSTER 8, 9 (HS1S) 

,-/ 

(JRO- JR3) 

(JRO - JR3) 

1 -----I I SR BIT (N + 0 -7) CL. 4 -7 ON (HS14) 
R8-R1S (JRO- JR3) 

(JRO _ 00) WRITE DATA 
M 

(FORCED 1) UNUSED 
U 
X 

(') (FORCED 1) UNUSED 

~ (JR _ VS13) CLUSTER' BIT i> , 2 1 ~ ~j 1 ~ (JR _ VS13) ADDRESS (2° - 2
3

) , 

~ ~-

~ 
~ 

~ 

Ll"'"-\ 1 1 I' I I R8-R1S 
b8 - blS ~ J X3S - X28 ~ 

X3S X34 X33 X32 X31 
256 241 241 232 214 216 25 

CRA Y Y -MP (HS) BLOCK DIAGRAM 
SHARED REGISTERS CLUSTERS 1 - 9 

NOT USED ON (HS1S) (JRO - JR3) 

(2°,28, 216, 2~ 23~ 2~ 2 48, 256) 

CLUSTER 1- 3 (HS14) 

UNUSED ~ (HS1S) 

Hardware Trng. 
A-641/D J.E.S. 



(JRO) FORCED 0 (0,0) = (193,194) = (Z3, Z4) = ZIO~) 
(JR1) FORCED 0 (0, 1) = (193,194) = (Z3, Z4) = Zll 
(JR2) FORCED 0 (1,0) = (193,194) = (Z3, Z4) = Z12 
(JR3) FORCED 0 (1, 1) = (193, 194) = (Z3, Z4) = Zl3 

(JRO) (JR1) (JR2) (JR3) 

CLNBIT CLNBIT CLNBIT CLNBIT 

HTV-0834 

2 0 21 
CPUA-H CPUA-H 

E20, 136, 138 CLUSTER NUMBERS (JR) 

(JRO) = CLUSTER NUMBER CLN 0 - 3 KO-3 

(JRO) .. E20=kOCLN2° 

(JRI) RIO .. 136 = kl CLN 2 1 

(JR2)RIO .137=k2CLN2 2 

(JR3) RIO • 138 =k3 CLN23 

(JRI) = CLUSTER NUMBER CLN 0 - 3 KO-3 

(JRO) RIO .. 136 = kO CLN 2 0 

(JRl) • E20 = kl CLN 21 

(JR2) RIO .137=k2CLN2 2 

(JR3)RIO .. 138 = k3 CLN23 

(JR2) = CLUSTER NUMBER CLN 0 - 3 KO-3 

(JRO) RIO .. 136=kOCLN20 

(JRI) RIO .. 137 = kl CLN 2 1 

(JR2) .. E20=k2CLN2 2 

(JR3) RIO • 138 =k3 CLN23 

(JR3) = CLUSTER NUMBER CLN 0 - 3 KO-3 

(JRO) RIO .. 136 = kO CLN 2 0 

(JRI) RIO .. 137 = kl CLN 2 1 

(JR2) RIO .. 138 = k2 CLN 2 2 

(JR3) .. E20=k3CLN23 

22 
CPUA-H 

2 3 

CPUA-H 

Hardware Trng. 
A-6393A J.E.S. 

CRA Y Y-MP (JR) CLUSTER NUMBERS 
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) 

) 

) 

(JRO) (JRl) (JR2) (JRO) FORCED (0, 0) = (193, I94) = Z3, Z4 = ZlO 
(JRl) FORCED (0, 1) = (193, I94) = Z3, Z4 = Zll 
(JR2) FORCED (1, 0) = (193, I94) = Z3, Z4 = Z12 
(JR3) FORCED (1, 1) = (193, I94) = Z3, Z4 = Z13 

CONTROL CONTROL CONTROL 
BYTE20,2 1 BYTE 22, 2 3 BYTE 24, 2 5 

CPUA-H CPUA-H CPU A-H 

(DO, 1), I39 - 144 = SR CONTROL BYTE 

(JRO) = SR CONTROL BYTE LO - 7 

(JRO)----I~~ DO, Dl = LO - 1 SR CONTROL BYTE 0, 1 

(JR1) R8,9 ~ I39,40=L2-3 SRCONTROLBYTE 2,3 

(JR2) R8, 9 ~ 141,42 = L4 - 5 SR CONTROL BYTE 4,5 

(JR3) R8, 9 ~ 143,44= L6 - 7 SR CONTROL BYTE 6,7 

(JR1) = SR CONTROL BYTE LO - 7 

ORO) R8, 9. ~ I39, 40 = LO - 1 SR CONTROL BYTE 0, 1 

(JR1) ~ DO, Dl = L2 - 3 SR CONTROL BYTE 2,3 

(JR2) R8, 9---"'~ 141,42 = L4 - 5 SR CONTROL BYTE 4,5 

(JR3) R8, 9 ~ 143,44 = L6 - 7 SR CONTROL BYTE 6, 7 

(JR2) = SR CONTROL BYTE LO - 7 

ORO) R8, 9---...~ I39, 40 = LO - 1 SR CONTROL BYTE 0, 1 

(JR1) R8, 9 ~ 141,42 = L2 - 3 SR CONTROL BYTE 2,3 

(JR2) ~ DO, Dl = L4 - 5 SR CONTROL BYTE 4,5 

(JR3) R8, 9 ~ 143,44 = L6 - 7 SR CONTROL BYTE 6, 7 

(JR3) = SR CONTROL BYTE LO - 7 

ORO) R8, 9-~~~ I39, 40 = LO - 1 SR CONTROL BYTE 0, 1 

(JR1) R8,9 ~ 141,42=L2-3 SRCONTROLBYTE 2,3 

(JR2) R8, 9 ~ 143,44 = L4 - 5 SR CONTROL BYTE 4,5 

(JR3) ~ DO, Dl = L6 - 7 SR CONTROL BYTE 6, 7 

CRAY Y-MP (JR), SR CONTROL BYTES 

(JR3) 

CONTROL 
BYTE 26 , 27 
CPUA-H 

Hardware Trng. 
A-6392A J.£.S. 
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o iSsUE 1 ISSUE 2 3 4 5 6 7 8 

073i02 TRANSMIT (Si) TO SM 

CRAY Y-MP SHARED REGISTER 

HTV-0834 15-22 

9 

Hardware Trng. 
A-6505D J.E.S. 
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o ISSUE 1 2 3 4 5 

026, 027/072, 073 INSTRUCTIONS 

6 7 8 9 10 

Hardwar9 Tmg. 
A-65068 J.E.S. 

CRAY Y-J\1P SHARED REGISTER 
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o 1SSiiii 1 ISSUE 2 3 4 5 6 7 8 9 

0014j3 LOAD CLN REGISTER WITH (Aj) WHERE 0 S (Aj) S 9 

CRA Y Y-MP SHARED REGISTER 

HTV-0834 15-24 

10 11 12 13 

HlITdNa,. Tmg 
A-65088 JES 

CRA Y PROPRIETARY 
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o iSsUE 1 ISSUE 2 3 4 5 

0036jk,tU037jk SET OR CLEAR SEMAPHORE Gk) 0 = jk = 378 

o iSSUE 1 iSsUE 2 ISSUE 3 4 5 

0034jk TEST AND SET SEMAPHORE Gk) O:S; jk:S; 378 
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CRAY Y-MP REAL-TIME/PROGRAMMABLE CLOCK 
INSTRUCTIONS 

CODE CAL DESCRIPTION 

++0014jO RT Sj Enter RTC register with (Sj) (263 - 24) 
072iOO Si RT Transmit (RTC) to Si 

++00 14j4 PCI Sj Enter Interrupt Interval (II) register with (Sj) 
++001405 CCI Clear PCI request 
++001406 Eel Enable PCI request 
++001407 DCI Disable PCI request 

++ Priviledged to monitor mode. 
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CRAY Y-MP REAL-TIME CLOCK 

The CRA Y Y-MP contains one 64-bit real-time clock (RTC) per CPU. The RTC is located on four 
(IS) options, each handling 16 bits. (ISO) handles bits (20 - 27, 232 - 239), (IS 1) handles bits 
(28 - 215, 240 - 247), (JS2) handles bits (216 - 223, 248 - 255), and (IS3) handles bits 
(224 - 231, 256 - 263). 

The RTC increments once every clock period except when being written into or read from. This 
synchronization allows for clock period timing of program execution. 

Writing to the RTC with the 0014jO instruction will result in a copy of the Sj register from the CPU 
issuing the instruction being sent to all eight RTC registers. This is accomplished by using the 
Shared register data select (JR) option and Shared register (HS) option paths. Reading the RTC 
with a 072iOO instruction copies the RTC register (IS) options to the S register (VB, VC) options, 
within the CPU. 

RTC instruction decode and control signals are generated and fanned out on the (IC) and (IQ) 
options. 

-') 
j 
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CRAY Y-MP REAL-TIME CLOCK (OPTIONS 
INVOLVED) 

(HS14 - HS15) Options 

The (HSI4 - 15) options found in each CPU contain the Shared SB/ST registers. The RTC 
utilizes the Shared register data paths to fanout the data from the (JS) option of the CPU issuing the 
0014jO instruction to all eight RTCs. 

(leO) Option 

The (JC) option, one per CPU, handles Instruction Decode, Issue, and Hold Issue conditions 
associated with the real-time clock. The Boolean terms R27, 136 are the interprocessor 
communications on the (JC) option necessary to determine Shared register Hold Issue conditions. 
If the 0014jO instruction issues, the (JC) option transfers instruction decodes to the RTC (JS) 
option as well as Shared register in progress (SRPG), and SR control signals to the (JQ) option. 

(lQO) Option 

The (JQO) option, one per CPU, generates a Shared register control byte (SRCB) bits 6, 7 
specifically which are sent to the RTC (JS) option to send Sj to the Shared registers. The (JQ) 
option also does a 1 to 8 fanout of the Shared register in progress signal going to the (YRll) 
option in each CPU. 

(lRO - lR3) Options 

The four (JR) options are located in each CPU, for a total of 32 options each handling 2 bits 
(n, n + 32). The Sj data passes through the Shared register data select (JR) options on its way to 
the eight CPU s via the (HS) options. The (JR) options also decode the appropriate SR control 
bytes to generate a write RT control signal to eight CPUs (JS) options, and a bypass signal on the 
Shared registers depending on the forced position constant on the (JR) option. 

HTV-0834 16-3 
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(ISO - IS3) Options 

Each (JS) option, located one per board on the CPU module, contains 16 bits of the 64-bit RTC 
register. The 16 bits are called RT lower and RT upper respectively. The value being loaded into 
the RTC may be from Sj for the 0014jO instruction, Shared register (SR) data as a result of fanout 
from the 0014jO instruction, or the RTC itself after incrementing its current value. If the value is 
from Sj and is being written into (JSO), the lower 4 bits are forced zero to establish a known 
starting point for all 0014jO instructions. 

When RT lower of (JSO) equals 3778, a RT carry R32 term is generated and sent to RT lower of 
(JS1). When RT lower of (JSO) and (JS1) equals 1777778 aRT carry is sent to (JS2), and so 
forth. 

(1111, 11(7) OptiOllS 

The (VB, VC) options, (16 each per CPU), contain the S registers. Two bits per option, (VB) 
handles bits 0 - 31 and the (VC) handles bits 32 - 64. The OOl4jO and 072iOO instructions use the 
S registers as operand and result respectively for the RTC. 

(YRII) Option 

The (YR11) option, (one per CPU), is used as a fanin of the SRPG control signal. The signal '.~') 
goes to the Shared register data select options (JR). 

___ oF 
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CRAY Y-MP PROGRAMMABLE CLOCK 

The CRA Y Y-MP programmable clock (PC) is a 32-bit counter, (one per CPU), which decrements 
once every clock period. This clock is located on four (JS) options each handling 8 bits. 

The programmable clock may be loaded from Sj with the 0014j4 instruction, minimum count 
of 810. When the programmable clock equals zero, an interrupt request (pCn is generated and will 
cause an interrupt if the enable PCl request (00 14j6 instruction) has been previously executed. The 
interrupt request will remain set until cleared by executing a 0014j5 instruction. If the interrupt 
request is not needed, a 0014j7 instruction will disable the PCl request from causing an interrupt. 

The PCl request is enabled and disabled on the (HE) option and the interrupt signal if generated is 
sent to the (HC) option which handles instruction pre-decode and Wait Exchange. 

Control signals for the loading of the programmable clock come from the (JC) option. 

HTV-0834 16-5 
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PROGRAMMABLE CLOCK (OPTIONS INVOLVED) 

(HEO) Option 

The (HE) option handles the modes and flags for the CRA Y Y -MP. If the PCI request generates 
an interrupt, a flag will be set in the Exchange Package of the current program. The (HEO) option 
also decodes the k field of the PCI instructions to disable, enable, or clear the PCL 

(leO) Option 

The (ICO) option handles decode and issue of the 0014j4 instruction. The control signals are then 
sent to the (IS) options to load the programmable clock with contents of Sj. 

(ISO - IS3) Options 

The four (IS) options, one on each board of the CPU module, each handle 8 bits of the 32-bit 
programmable clock. When the lower most 8 bits of the clock equals zero, a programmable clock 
borrow is propagated to the next higher 8 bits of the clock. When the 32-bit clock equals zero, a 
programmable clock borrow is propagated from the upper most 8 bits of the clock. This borrow is 
the PCI request, as well as the reload of the programmable clock with a copy of the Interrupt )' 
Interval. 

The Interrupt Interval is loaded from Sj with a 0014j4 instruction, into the programmable clock on 
the (IS) options. The interval may n.ot be less than 810. 

(VBO - VB15) Options 

Each (VB) option handles 2 bits (n, n + 1) of the lower 32 bits of the S registers. The (VB) 
options provide the user specified interrupt interval for the 0014j4 instruction. 

(VS23) Option 

The (VS23) option is used as a delay of the PCI request. 

Hardware T mg. ') 
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CRAY Y-MP PERFORMANCE MONITOR 

The CRA Y Y-MP Petfonnance Monitor is contained on three options. The (HIO) handles the 
control portion of the logic, the (lU0) contains the counters, and the (HS 16) is used to store the 
accumulated counts. 

The (HIO) option controls the address and go write to the (HS 16) option. The (IDO) option 
contains the eight counters and will increment the counters whenever an Advance Counter (0 - 7) is 
sent from the (HIO) option. The count on the (lU0) is the current count while an accumulated 
count is held on the (HSI6). As the current count is logging events, the accumulated counts on the 
(HSI6) are constantly being updated by reading the accumulated counts from the (HSI6) to the 
(IDO) option and updating the current count to it, then writing the updated accumulated count back 
to storage on the (HSI6). The Petfonnance Monitor counters are Enabled only when in user 
mode. 

Read/Write Sequence 

To read the accumulated counts from (HS16) to (lU0) and write the Updated value back to (HS16) 
requires 6 CPs. The Petfonnance Monitor (PM) counts are 48 bits wide and are stored in 3 parcels 
of 16 bits each. A PM counter pointer will select the proper parcel. To update the accumulated 
count, a three reads followed by three writes sequence is petfonned. This sequence occurs 
through all 8 counters repeatedly, one at a time. 

Addressing 

The addressing which is generated on the (HIO) option, selects the proper counter on the (lU0) and 
proper counter and parcel on the (HS 16). The 5 bits of address are made up of the PM counter 
pointer, bits (20, 21) for the parcel on (HSI6), and the PM counter select, bits (22,23,24) on 
(HSI6) and (IDO). 

HTV-0834 

PM COUNTER 
SELECT (0 - 7) 

PM COUNTER POINTER 
(0 - 2) 

17-1 
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CRAY Y-MP PERFORMANCE MONITOR 
(OPTIONS INVOLVED) 

(HIO) Option 

The CIllO) option is the control for the operation of the Perfonnance Monitor. As the various 
hardware events occur, the CIllO) classifies them, and the group selected by the 0015jO 
instruction will generate an Advance Counter signal which goes to the (HJO) option to increment 
the counter. The CIllO) also generates the Perfonnance Monitor addressing, which selects the 
proper counter on the (HJO) option and provides addressing for the storage option (HS 16). The 
addressing sequence also generates a Go Write to the (HS16) which writes the updated 
accumulated counts back into storage. 

(HJO) Option 

The (IUO) option contains the eight Perfonnance Counters which are held on the G tenns. Only 
the lower 7 bits of the Perfonnance Counters 0 - 5 and the lower 9 bits of counters 6 and 7 are 
held on the (HJ) for incrementing. The total 48 bits are stored on the (HS16) option. An 
occurance of a selected hardware event will increment the (HJ) counters, by the Advance Counter 
sent from CIllO). 

On a read of the Performance Monitor 073i11, the data or count is brought from the (HS 16) to .. ) 
the (IUO) for final summing before being sent to an S register. __ 

(HS16) Option 

The (HS16) option is used for storing the Perfonnance Counter's accumulated counts. The 
Perfonnance Counter data comes from the (HJ) and is stored at the 5-bit address sent from the 
(Ill) RlO - 14. The upper 3 bits of the address (also sent to the (IU)) specify the counter 
number, and the lower 2 bits specify which 16-bit parcel, 0, 1, or 2. A read/write sequence 
controlled by CIllO) constantly updates the accumulated counts on the (HS16) by reading each 
parcel to the (IUD), adding the current count to it, and writing it back to the (HS16). 

Hardware Trng. ). 
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CRAY Y-l\1P PERFORMANCE MONITOR AND 
MAINTENANCE MODE INSTRUCITONS 

Code 

0015jO 
0015j1 
073i01 

073i11 
073021 
073031 
073061 

Priviledged to monitor mode 

Description 

Select Performance Monitor 
Set Maintenance Mode 
Transmit Status Register Bits to Si 

Read Performance Counter to Si 
Increment Performance Counter (upper) 
Clear All Maintenance Modes 
Increment Performance Counter (lower) 

Hardware Tmg. 
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Instructions 

The Perfonnance Monitor has two types of instructions associated with its use. They are the user 
and maintenance instructions. In this case user does not refer to non-monitor but rather to the 
user of the Perfonnance Monitor. The user instructions here are run in monitor mode. The user 
instructions select the Performance Monitor (OO15jO) and read the Performance Monitor 
(073i11). 

The 0015jO instruction will select one of four groups of hardware events to be monitored while in 
user (non-monitor) mode. The event listing table can be found on the group selects chart later in 
this section. If selected, the Perfonnance Counters will increment events as shown on the table. 

On a read of the Perfonnance Monitor, one 073i11 instruction will read 16 bits (215 - 20) of 
Performance Counter 0 into bit locations 247 - 232 of Si. Following a 4 CP delay, another 
073i11 may be issued, which would read 16 bits (231 - 216) of Perfonnance Counter 0 into 247 -
232 of Si. The Perfonnance Counters are 48 bits wide, and therefore would require 3 reads to be 
completely read to the Scalar registers (Si). The sequence for reading the Perfonnance Counters 
would be: 

(Monitor Mode) 

073i11 Perfonnance Counter 0 bits 215 - 20 ---------------- Si 247 - 232 
(4 CP delay) 
073i11 Perfonnance Counter 0 bits 231 - 216 ---------------- Si 247 - 232 
(4 CP delay) 
073i11 Perfonnance Counter 0 bits 247 - 232 ---------------- Si 247 - 232 
(4 CP delay) 
073i11 Performance Counter 1 bits 215 - 20 --------------- Si 247 - 232 

The maintenance instructions are used to test the validity of the Perfonnance Monitor. To set up 
for testing of the Performance Monitor, the user instructions 0015jO and 073i11 are issued in 
monitor mode to clear all Performance Monitor counters, and address the counter to be tested. 
Three 073i11 instructions per counter are required A 48 CP delay is required between a 0015jO 
instruction and any maintenance instructions. The maintenance instruction 073i61 will advance 
bit 20 of the counter under test, and within 9 CPs the 073i21 instruction must be issued, which 
will advance bits 222 and 238 of the counter under test. A 073i31 will clear the address, and the 
counter can be read out to an S register with a 073i11 instruction. 

Hardware Tmg. .). 
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GROUP 
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PERFORMANCE 
COUNTER 

0 

1 

2 

3 

4 

5 

6 

7 

0 

1 

2 

3 

4 

5 

6 

7 

0 

1 

2 

3 

4 

5 

6 

7 

0 

1 

2 

3 

4 

5 

6 

7 

MONITORED EVENT 

NUMBER OF: 
INSTRUCTIONS ISSUED 

CLOCK PERIODS HOLDING ISSUE 

FETCHES 

FLOATING ADD OPERATIONS 

FLOATING MULTIPLY OPERATIONS 

FLOATING RECIPROCAL OPERATIONS 

CPU MEMORY REFERENCES 

I/O MEMORY REFERENCES 

HOLD ISSUE ON: 

SEMAPHORES 

SHARED REGISTERS 

A REGISTERS 

SREGISTERS 

V REGISTERS 

VECTOR FUNCTIONAL UNIT 

SCALAR MEMORY REFERENCES 

BLOCK MEMORY REFERENCES 

(MEMORy) NUMBER OF: 

FETCHES 

FETCH CONFLICTS 

I/O REFERENCES 

I/O CONFLICTS 

SCALAR REFERENCES 

PORT C REFERENCES (WRITE) 

CPU REFERENCES 

CPU CONFLICTS 

NUMBER OF (XXX - XXX) INSTR.: 

000-017 

020- 077 

100 - 137 

140 - 157, 175 

160 - 174 

176 - 177 

VECTOR INTEGER OPERATIONS 

VECTOR FLOATING-POINT OPERATIONS 

INCREMENT PER 
CLOCK PERIOD 

+1 

+1 

+1 

+1 

+1 

+1 

+3 

+1 

+1 

+1 

+1 

+1 

+1 

+1 

+1 

+1 

+1 

+1 

+1 

+1 

+1 

+1 

+3 

+3 

+1 

+1 

+1 

+1 

+1 

+1 

+3 

+3 
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The 0015j 1 instruction (where j may equal 0 - 5) is used to enter different maintenance modes. The 
maintenance mode switch located on the CRA Y Y -MP mainframe maintenance panel must be ~) 
switched on during execution of the 00 l5j 1 instruction. Failure to do so results in a no-op. The 
maintenance mode, selected by executing the 0015 instruction, will remain set until a 073031 issues 
or the maintenance mode switch is switched off. Allow 10 CPs for maintenance modes to become 
effective. Also note that switching on the maintenance mode disables normal error correction. 
Instruction 00 150 1 disables Port A error correction. Instruction 00 1511 disables Port B error 
correction. Instruction 001521 disables Port D error correction. The 001531 instruction will route 
(036 Memory to Treg) read data through Port D error correction instead of Port B. Instruction 
001541 replaces specific data bits with check byte bits and vice versa for memory reads and writes. 
The bit pattern shown below will replace data bits with corresponding check byte bits on reads 
using Ports A, B, and D. The same pattern applies and replaces check byte bits with data bits on 
writes using Ports C and D. 

Data bit 

o 
8 
16 
24 
32 
40 
48 
56 

Check byte bit 

64 
65 
66 
67 
68 
69 
70 
71 

Instruction 001551 replaces specific vector data bits with check byte bits during a write of memory 
(Port C) for the 1771jk instruction. The specific bit pattern is shown below. 

HTV-0834 

VkData bit 

o 
1 
2 
3 
4 
5 
6 
7 

17-6 

Check byte bit 

64 
65 
66 
67 
68 
69 
70 
71 

Hardware Trng. . .'/) 
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The 073iOl instruction transmits the status of the following flags, modes, or fields from the 
Exchange Package to the upper 32 bits of Si, while setting the lower 32 bits to all ones. 

Sibit 

263 CLN:t:O 
257 Program State (PS) 
254 Register Parity Error (RPE) 
253 Uncorrectable Memory Error (UME) 
252 Correctable Memory Error (CME) 
251 Floating-point Error (FPS) 
250 Floating-point Interrupt Enabled (IFP) 
249 Operand Range Interrupt Enabled (lOR) 
248 Bidirectional Memory Enable (BDM) 
242 Processor Number bit 22 (PN) 
241 Processor Number bit 21 (PN) 
240 Processor Number bit 20 (PN) 
235 Cluster Number bit 23 (CLN) 
234 Cluster Number bit 22 (CLN) 
233 Cluster Number bit 21 (CLN) 
232 Cluster Number bit 20 (CLN) 

, 

A more detailed description of each of these flags, modes, or fields is located in the Exchange 
section of the CRA Y Y -MP Hardware Training Volume (HTV -0834). 
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CRAY Y-MP ADDRESS REGISTERS 

The eRA Y Y-MP contains eight Address registers, AO-A7, each 32 bits in length. These registers 
are used primarily to contain addresses for memory references and as index registers for block 
transfers and loop control. They also are used to contain shift counts and information about I/O 
channels, as well as to receive data from memory, S registers, B registers, Shared B registers, 
Vector Length and Exchange Address registers, from four functional units (Scalar Pop, LZ, 
Address Add and Multiply), and the Constant data from the jk or nm fields of the instruction. 
There are two functional units serving the Address registers exclusively: the Address Add and the 
Address Multiply. When the computer is running in Y -mode, all 32 bits of these registers are 
utilized, but when it is running in X-mode, only the lower 24 bits are used and the upper eight are 
zeroed out. 

Data enters these registers after passing through one or two mux's, which are controlled by the 
Address functional unit (AFU) source code. The 3 bits making up this source code are used to 
select data from one of seven incoming data paths. Then the 3 bits of the destination i field are 
used to generate the appropriate enter signal: Enter AO, Enter AI, etc. to gate the data into the 
proper A register. 

The Bypass data path directly into the Readout registers will be utilized in addition to the normal 
path of data entering the A registers in the case where, for example, in a two instruction sequence, 
the j or k field of the second instruction is the same as the i field of the first instruction. In this 
case, the incoming data also flows through an additonal mux,which again uses the AFU source 
code to select the proper path along which to send the data directly to one of the two Readout 
registers. Each Readout register has a separate mux and Bypass path to steer data into it. Which 
of the two Readout registers is used is instruction dependent and is determined at the time of issue. 

To read data out of an A register, a jk/i or jkh/i designator is sent from the issue control option to 
gate data out of the appropriate A register and into one of the Readout registers. Which of the two 
Readout registers is used is instruction dependent and determined at the time of issue. If AO is 
specified as an operand in the j, k, or h field of an instruction, the actual AO data is replaced by 
either zero or one as it enters the Readout register. If AO is in the k field, the data is replaced by 
one, and if it is in the j or h field, the data is zeroed out. AO data is not replaced by a zero or one 
when AO is used on a B, T, or V Memory reference, or on a Branch instruction where the contents 
of AO are tested for zero, non-zero, positive, or negative. 

Bypass is disabled in the three special cases just mentioned. However, if AO is reserved as a 
destination register and an instruction requiring AO in the j, k, or h field occurs, it will not hold 
issue. 

Hardware Trng. 
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CRAY Y-MP ADDRESS REGISTERS 
(OPTIONS INVOLVED) 

(ARO - AR3) Options 

The (AR) options each contain 8 bits of the Address registers AO-A7. with (ARO) containing bits 
(20 - 27), etc. Most of the Address Add functional unit is also contained on these options, except 
for the final section carry generation, which is done on the (YJO) option. Mter each (AR) has 
computed the section carry and enable for its 8-bit group, it sends them to the (YJ) for the 
computation of the final section carries, which are then sent back to each (AR). 

(lAO) Option 

The (JA) option is the Address Register Issue control for the Address registers. The (JA) option 
decodes the instruction that was sent from the NIP register from the (HC, lID) options. If the 
(J A) recognizes the instruction as one of its own, the (J A) will check for conflicts on the 
instruction before allowing the instruction to issue at CIP time. If the (JA) does not recognize the 
instruction, or there are no contlicts, the (JA) will send out a Go Issue to the other (J-, H-) options 
and advance the instruction into execution. Types of conflicts that the (IA) checks for are: 

• Access conflict - When two or more results will be arriving at the A register within the 
same clock period. Access conflict is determined by figuring the time it takes to issue an .)' 
instructiuon and get results, compared to the previously issued instruction time it takes to . 
get results. 

• Ah, Ai, Aj, Ak - Register conflict occurs when a reserved register is requested by 
another instruction, causing a Hold Issue until the reservation is cleared. 

• 005 Hold 2 CP - 005 instruction in conflict with 007/024 instruction 

• 0010-0011 - Will unconditionally Hold Issue after a 0010-0011 instruction. 

• AO, B conflict - Occurs when AOIB is busy and a AOIB is requested. 

The (JA) also controls the ReadlWrite of the B registers by supplying the address bit (25 - 20) 
and the Go Read or Go Write to the (HS 12, HS 13) options. The operand select (jilk), (klji), 
(jkh/O), and (k/jhO) are fanout to the four (AR) options on the (JA) option. 

Hardware Trng. 
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(lEO) Option 

The (JE) responsibility is to supply the (JA) with the access times that the A registers are being 
written to, in order to detennine if any previously issued instruction will conflict with a current 
instruction in CIP. The reason for this is because of the variable time it takes to read memory. 
Once the (JE) has decremented the (Ai) result and AFU bits to 2 CPs, the (Ai) selects and AFU 
are passed to the (AR) option to select the correct AFU path into the A register, and select the 
correct A register AO-A7. The AFU and (Ai) select codes are fanout to the four (AR) options by 
the (JE) option. The (JE) option is used for Vector functional unit timing, which is discussed in 
the Vector register unit. 

HTV-0834 18-3 
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CRAY Y-l\1P ADDRESS OPTIONS 
PER MODULE 

OPTION TYPE NUMBER USED DESCRIPTION 

(AA) 1 Address Multiply 
First level - Lower bits 

(AB) 3 Address Multiply 
First Level - Middle bits 

(AC) 1 Address Multiply 
First Level - Upper bits 

(AD) 1 Address Multiply 
Final - Lower bits 

(AP) 1 Address Multiply ~ 

" 
Final - Upper bits ) 

~) 

(AR) 4 Address Register/ 
Address Add 

11 Total Options 

Hardware Trng. ) 
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) ADDRESS ADD FUNCTIONAL UNIT 

) 

) 

The Address Add functional unit is used to combine together two 24-bit operands (X Mode) or 
two 32-bit operands (Y Mode) through either addition or subtraction. The two instructions utilizing 
this functional unit are the 030ijk for addition and the 03lijk for subtraction, the distinguishing 
characteristic being h bit 2° , or hO as it is referred to in the Boolean. For either operation, it takes 
3 CPs from the time the j and k operands leave the A registers until the result enters the appropriate 
Ai register. 

The add operation starts by comparing the j and k operands bit by bit to determine whether each bit 
position contains a carry (both bits are 1), or a sum (the bits are different). 

1 o o 

1 o 1 

Carry Enable Sum 

Then a set of enable and carry terms are generated to determine how far the carries will propagate, 
fIrst within each 4-bit group and then within each 8-bit section. Next, partial sums, accurate for 
each separate 8-bit section, are formed from the bit sums and carry terms. Mter determining 
whether there will be any intersection carries (carries passed from one 8-bit section to another), the 
fInal sum is generated from the partial sums, intersection carries, and internal group enables. The 
internal group enables determine exactly to which bit position an entering carry will be propagated 
within each 8-bit section. For example, if a carry entered the 8-bit section shown below, it would 
be propagated to the bit position indicated by the internal group enable term 
L3, giving the result shown on the right: 

L3 

Subtraction is performed by adding the twos complement of the k operand This is done by 
using the ones complement of the k operand in determining the initial bit sums and carries, 
and then adding the extra one by forcing a carry into bit position 2° of the fmal summation. 

Hardware Trng. 
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CRAY Y-MP ADDRESS ADD 
FUNCTIONAL UNIT INSTRUCTIONS 

Address Add/Subtract 

030ijk - Integer sum of Aj and Ak to Ai 

030iOk - Transmit Ak to Ai 

030iOO - Transmit one to Ai 

030ijO - Integer sum of Aj and one to Ai 

03lijk - Integer difference Aj minus Ak to Ai 

03liOO - Transmit minus one to Ai 

03liOk. - Transmit the negative of Ak to Ai 

03lijO - Integer difference of Aj minus one to Ai 

Hardware Trng. 
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) 
ADDRESS ADD FUNCTIONAL' UNIT 

. (OPTIONS INVOLVED) 

) 

) 

(ARO - AR3) Options 

The (AR) options each handle 8 bits of the j and k operands, with (ARO) handling bits 
20 - 27, (AR1) handling bits 28 - 215, and so on. Each (AR) establishes the bit positions 
within its 8-bit section as carries, or sums, and uses them to generate the section enables and 
carries, which are then sent to the (YJO) option for processing. Partial sums of each 8-bit 
section and the internal group enables are also generated on the (ARs), and these are 
combined with the final section carries received from the (YJO) to obtain the fmal 
summation. The result is then entered into the appropriate A register, also located on the 
(AR) options. 

(YJO) Option 

The (yJO) option combines the separate section enables and carries received from (ARO - 3) 
to generate the final section carries. These indicate whether or not there will be a carry out 
of a particular 8-bit section as part of the fmal 32-bit result. These final section carries are 
then sent back to the appropriate (AR) option. In the case of a subtraction, the (YJO) sends 
a final section carry to (ARO), causing a one to be added into bit position 20 to complete the 
twos complement arithmetic. 
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F2 FO F6 F4 F2 FO} 1. K OPERANDIh2o 

FI F7 F5 F3 FI 

10/17 F2 FO F6 F6 F4 F4 F2 
F3 FI 

F6 F4 FO 

F5 F7 F5 F7 F3 FI F7 F5 

FI2 FlO FI6 FI4 FI2 FlO} 2.10PERAND 
F11 FI7 FI5 FI3 Fll 

FI2 F12 FlO F16 FI6 FI4 FI4 FlO FI6 F14 

FI5 F13 Fll F17 FI5 F17 FI3 FI5 FI3 Fll FI7 

20m 6 04 02 00 06 04 02 00 06 04 02 OO} 3. BIT SUM 
07 05 I G3 01 G7 05 03 01 07 05 03 01 07 05 03 01 

06 G 02 00 04 04 06 04 

*025 I 017 
016 0141 012 010 016 014 012 010 016 014 012 010 016 014 012 010} 4. BIT CARRY 

015 1013 011 017 015 013 011 017 015 013 011 017 015 013 011 

022021020 5. OROUP CARRY - 026 026 026 6. ENABLE 

'P •• {Om ·R18 
VI *R19 

A 0/6 

10/16 

7. SECTION ENABLE 

o 8. SECTION CARRY 

(') 

~ 
;g 

•• , 30/ 

3' 

B 4~ 
47 

0/ 
6 

10/17 

H6 H5 

H9 H8 

H3 HI 

H16 H141 H12 
H17 H15 H13 Hll 

H HI 12 
J7 B n n 

KO 

L7 L5 L3 Ll 

{ 

L6 IA 1..2 

20/26 L16 Ll4 Ll2 

L17 Ll5 Ll3 L11 

N6 N4 N2 

H6 H5 I H3 HI 

H9 H8 

HlOI HI6 H14 
Hl7 HIS IH13 

H12 HlO 

Hll 

10 I 16 14 

17 IS I 13 

J2 10 

n 
KO 

L6 IA 1..2 

L7 L5 1.3 Ll 

L12 LlO LlOI L16 Ll4 
Ll7 Ll5 ILl3 L11 

~ 
3~ 

38 N7 N5 N3 
NO I N6 N4 N2 NO 

Nl N7 N5 N3 Nl 

H6 H5 

H9 H8 

H16 H141 
HI7 HIS 

16 14 

17 J5 

L6 IA 

L7 L5 
Ll6 L14 

Ll7 LIS 

H3 

HI3 

13 

KO 

L3 

Ll3 

HI 

H12 HlO 

Hll 

12 10 

n 

1..2 
Ll 

Ll2 LIO 

Llt 

N6 N4 N2 NO 

N7 N5 N3 Nl 

H6 H5 H3 HI 10. CARRY 
H9 H8 11. INTERNAL BIT SUM 

HI7 
H16 H14 H12 HI} 

HIS H13 Hll 12. PARTIAL SUM 

J4 12 1O} 
J5 J3 n 13. LATCHEDPARTIALSUM 

J6 

17 

KO - KO = JOJ1J2J3 

L6 IA 1..2 } 
L7 L5 L3 Ll 14. INTERNALOROUPENABLE 

Ll7 
Ll6 Ll4 Ll2 LlO } 

Ll5 Ll3 L11 IS. PARTIAL SUM 

N6 N4 N2 NO I} 
N7 N5 N3 Nl 16. FINALSUM 
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CRAY Y-MP ADDRESS ADD FLOW CHART 
Explanation of terms (Sheet 2 of 2) 

1. K operand\h20 - K operand is exclusively ORed with bit 20 of the h field of the instruction. 

2. J operand - R8 - 15 make F10 - 17. 

3. Bit Sum - The J and K operands are different. 

4. Bit Carry - Both J and K operands are one. 

5. Group Carry - G20 and G21 make G22 carry to bit position 4. 
G23 and G24 make G25 carry to bit position 8. 

6. Enable - There are no bit enables from the previous lower enable G term to this one, 
therefore, a carry would propagate out of this bit position. 

7. Section Enable - There are no bit enables for this section, an entering carry would propagate 
to the next section. 

8. Section Carry - Carry out of this section. 

9. Final Section Carry - There will be a carry out of the 8-bit section for the final sum. 

10. Carry - There will be a carry out of the bit position indicated 

11. Internal Bit Sums - There are bit sums below the bit position indicated for this 4-bit group, 
therefore, an entering carry will propagate out to the bit position indicated. 

12, 13, 15. Partial Sum - Sum of 8-bit section. 

14. Group Enables - All sum bits below this bit position are set, therefore, an entering carry will 
propagate to this bit position. 

16. Final Sum - Partial Sum and 140 (carry from lower section). 

* These terms are made on (AR3) but are unused. 

** These terms in bracket A are made concurrent with terms in bracket B. 

) 
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\0 
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(AR3) (AR2) (AR1) (ARO) 

,-J 

r-______ A Ii A " A " A .... ____ .., 

231230 229228 227 2 26 2 25 224 2 23 222 221 2 20 2 19 218217216215214213212211 2 10 2 9 28 27 2 6 25 24 23 22 21 20 

SECTION 3 SECTION 2 SECTION 1 SECTION 0 

G25 G25 G25 

G28 G27 G26 G28G27 G26 G28 G27 G26 G28 G27 G26 

CARRY TO 3, 4; 7, 8 

ENABLE 

RI8 RI8 RI8 

YJO 

158 156 

RI8 

154 

SECTION ENABLE 

SECTION CARRY 

153 I SUBTRACT 

SECTION ENABLE 

SECTION CARRY 

R22 FINAL SECTION CARRY 

~ ~ ~ ~ 
(AR3l I (AR2l-l· (ARl) I (AROl I FINAL SECTION CARRY 

(ARO) 140 term is made from a Subtract. 

(AR1) 140 term is made from a Subtract and a Section 0 Enable or a Section 0 Carry. 

(AR2) 140 term is made from a Subtract and Section 0, 1 Enabled or a Section 0 Carry with a Section 1 Enable or a Section 1 Carry. 

(AR3) 140 term is made from a Subtract and Section 0, 1,2 Enable, or a Section 0 Carry with the Section 1,2 Enabled, or Section 1 Carry 

with a Section 2 Enable or a Section 2 Carry. 

CRAY Y-MP PROPAGATED ENABLES 
AND SECTIONS ADDRESS ADD 
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CIP 

1 2 3 

(JE) 
ENTER '. ENTER 

Ai Ai 
',' . ':, 

030ijk - INTEGER SUM OF (Aj) AND (Ak) TO Ai 

4 

03lijk - INTEGER DIFFERENCE OF (Aj) LESS (Ak) TO Ai 

CRAY Y-MP ADDRESS ADD 

HTV-0834 19-8 
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ADDRESS MULTIPLY FUNCTIONAL UNIT 

The Address Multiply functional unit is used to multiply two 24-bit operands (X-mode) or 
two 32-bit operands (Y-mode) to produce a 24 or 32-bit result. If the machine is running in 
X-mode, only the lower 24 bits of the final result are accessible, while in Y -mode, it is the 
lower 32 bits that are accessible. In either case, the remaining upper bits are simply truncated, 
as shown in the simplified 7-bit binary multiply example below: 

1011101 
x 1101011 

1011101 
1011101 

0000000 
1011101 

0000000 
1011101 

1011101 
100110110 11111 - actual result 

1011101 
x 1101011 

1011101 
011101 
00000 
1101 
000 
01 
1 
1011111 

Multiply Pyramid 

- CRA Y result 

The actual addition of terms in the multiply pyramid is accomplished through a series of 3 
and 4-bit adds and carries, and in some cases even a 5-bit add is used. The instruction utilizing 
this functional unit is the 032ijk, where j and k designate the operand registers and i is the result 
register. A total of 6 CPs elapses from the time the j and k operands leave the A registers until the 
result enters the appropriate Ai register. 

Hardware Trng. 
YMOBI06 R.A.M. 

HTV-0834 20-1 eRA Y PROPRIETARY 



CRAY Y-:MP ADDRESS MULTIPLY 
FUNCTIONAL UNIT INSTRUCTIONS 

ADDRESS MULTIPLY 

032ijk Ai 

032ijO Ai 

032iOk Ai 

Aj * Ak Integer product of (Aj) times (Ak) to Ai 

Aj * 1 

Ak*O 

Transmit (Aj) to Ai 

Zero fill Ai 

YM08lOB 
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ADDRESS MULTIPLY FUNCTIONAL UNIT 
(OPTIONS INVOLVED) 

(AAO) Option 

The (AAO) option receives bits (20 - 213) of both the j and k operands, fonns their logical 
product, and begins the summation of the resulting terms in these bit positions. The partial 
summation of bit positions (25 - 216) is sent to the (ADO) option for the fmal summation; while 
the summation for bit positions (20 - 24) is fmalized on board, latched for two more clock 
periods, and then sent directly to the appropriate A register via the AFU path select on the (AR) 
options. 

(AB) Options 

The three (AB) options fonn the logical products and begin the summation of the middle bits in 
the pyramid. To do this, all three options receive bits (20 - 219) of the j operand, while (ABO) 
also receives bits (20 - 219) of the k operand, (ABl) receives bits (26 - 225) of the k operand, and 
(AB2) receives bits (212_ 231) of the k operand. Different tenns of the partial summations 
obtained on (ABO) and (ABl) are sent to (ADO) and (AFO) for the final summation, while all the 
tenns of the partial summation obtained on (AB2) are sent only to (AFO). 

(ACO) Option 

The (ACO) option perfonns the same functions as the (AA) and (AB) options: multiplication and 
partial summation. It receives bits (20 - 211) of the k operand and bits (214 - 231) of the j 
operand, and outputs its partial summation bits to the (ADO) and (AFO) options for the fmal 
summation. 

(ADO) Option 

The (ADO) option receives partial summations from the (AA), (AB), and (AC) options, and 
works out the final summation for bit positions (25 - 223). It sends its results to the appropriate A 
register via the AFU path select mux on the (AR) options. 

(AFO) Option 

The (AFO) option is similar in function to the (ADO) option, but it receives input tenns only from 
the (AB) and (AC) options, and obtains the final summation for bit positions (224 - 231). 

Hardware Trng. 
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(224.231 ) 

(216.2 23 ) 

(21.215 ) 

ADDRBSS REGISTERS 

Aj :If-2" C!JD • AI: 2° -2" @JD 

(A0l) 
IlPPIlR BrI'S 

2"'.2" @In> 

[
A el B \emil (OISll 
R el G lenIJI (O/.\l.J 

PIRSI' LBVI3L 

2
21

.2" _I (ARl) 

" IlPPIlR BrI'S 
. - 224 .2" 

2 26 .2 31 

~ 

MIIlIlU! BrI'S 
21"_221 

[A~=':'(J\~ ~ 
PIRSI' LBVI3L 

(MO) -160' 
LOWEll BrI'S 

20_2'C 

Cel8
:: !~U H IenIJI (0 

R IenIJI ( 

PIRSI' LBVI3L 

C\P 
\SSIJII CONI'ROL 

221.2'1 [B \emil (O/~ ~ KelP...",. om 
R ...",.(10/19) 

PINAL LBVI3L 

(ADD) 

LOWEll BrI'S 

2'-21> 

[B Ie",," ~oOO R \emil 0 
2'.21' - PINAL LBVI3L 

Al2~ 

APIJ aDS 

CRAY Y-MP ADDRESS MULTIPLY BLOCK DIAGRAM 

\ ,----,J 

(224.231 ) 

(216.2 23 ) 

(28 .215 ) 

A7 

(016) 
ADDRESS RBOISTIlRll 

- .. nrv· A·'I12M R.IlM. 
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\~ 

~ 
2 0 , 

0 
00 21 
\jl 
oj:::. 22 

2 3 

24 

2 5 

2 6 

21 

2 8 

2 9 

2 10 

211 

212 

Ak OPERAND 2
13 

(BTERMS) 214 

tv 2 15 
0 

2
16 , 

VI 
211 

2 18 

2 19 

2 20 

221 

222 

2 23 

224 

2 25 

(j 
2 26 

~ 227 

2 28 

;g 2 29 

~ 2 30 

.~ 2 31 

~ 

, 
~) 

Aj OPERAND (A TERMS) VI 
2 31 230 229 2 28 227 2 26 2 25 224 2 23 222 221 220 2 19 2 18 211 2 16 2 15 214 2 13 212 211 2 10 2 9 28 21 2 6 2 5 24 2 3 22 2 I 2 0 

(AB2) 

...... 

, l) -- -- , 
/' , -- -- , y 

(ACO) 
, 

-- --
/ 

, 

, , .. , 
-- , , 

--- , , 
-- , 
-- , 

--+--- I-(ABO) 
, 

-- , 
V , (AAO) -- --:/ -- V -- -- 2: -- --

V 
, 

--+-
, 

(ABl) --
/ 

-- , , 
-- -- --

/' 
, , 

--
~~~ 

-- , , 
--
-- __ .lL" 

/ ~ -- -- , , 
/ , , 

-- -- , , , , , , -- --, , , 
-- -- , NOTES: , , 'Y/ Diagonally fonn the logical products .. ' , 

and then vertically sum the pyramid. 

~ The marked box indicates the bit in 
the I?yramid fonned from the ft;oduct 
ofolt27 Ofthej~andan bit213 
of the k-o~. t will be added 
on the (A 0) option to fonn part of 
sum bit 220• but any carry generated 
by it will be added m on the (ABl) option. 

/l). The input terms to each option are 
listed on the block diagram. 

CRAY Y-MP ADDRESS MULTIPLY 
FIRST LEVEL LOGICAL PRODUCTS PYRAMID 

I 
I 

I 

',,-,) 

SUM BIT 
POSITIONS 
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(AC) 

a31 a30 &79 a28 a27 a26 afS a24 
bOO bOo bOO bOo bOO bOo bOO bOo 
&30 a?-9 a28 a~7 a26 afS a24 ap 
bOl bOl bOl bOl bOl bOl bOl bOl 
a?-9 a28 a27 a26 a25 a24 a23 a22 
bOZ bOz bOZ bOz b02 bOZ bOz bOz 
a28 aZ7 a26 a25 a24 a23 a22 a21 
b03 b03 b03 b03 b03 b03 b03 b03 
a27 a76 a25 a~ a23 a72 aZl a70 
b04 b04 hi>4 b04 b04 b04 b04 b04 
a26 a25 a24 a23 a2Z a21 a20 a19 
b05 bOs b05 bOs bOs b05 b05 bOs 
a25 a24 a23 a22 a?-1 a20 a19 ' 
b06 bOO b06 bOO b06 · , 

b06 b06 , 
---I 

a74 ap a72 a~l &70 a19 alS' · , 
b07 b07 b07 b07 b07 b07 b07 , 

---I 
a23 a22 aZl a20 a!9 alS &17' 

bOs · , 
bOB b08 bOS b08 b08 b08 , 

&7Z a?-l a?-O a!9 a~S -p --, 
al6, · , 

b09 b09 b09 b09 b09 b09 b09 , 

a21 a?-O al9 a!S al7 a16 
---I 
al5, 

bio b10 bio b10 bio b10 bio' 
a?-O al9 al8 a17 a~6 &15 ;14-1 

bi1 bi1 bi1 bi1 
· , 

bll bll bll ' __ .J 

HTV-0834 

aOS 
bOO 
a97 
b07 
a06 
bOS 
a05 
b09 
a!l4 
b10 
am 
bi1 

ap a2Z &71 a20 
bOO bOO bOO bOO 
a22 a21 a20 al9 
bOl bOl bOl bOl 
aZl a20 a19 alS 
bOz b02 bOz bOz 
a20 a~9 alS &17 
b03 b03 b03 b03 
a19 a1 S ap al6 
b04 b04 b04 hi>4 
alS al7 a16 a15 
hils b05 b05 bOs 

a13 
bOo 
alZ 
bOl 
a~l 
bOZ 
a~O 
b03 
a09 
hi>4 
agB 
b05 
a07 
b06 
a06 
b07 
a95 
bOS 
a04 
b09 

a93 
b10 
aC?2 
bll 
aQl 
bIZ 
aOO 
bi3 -

--, 
a19, 
bOo' __ :.I 

alS' · , 
b01' __ oJ 

a17' · , 
bOZ' -- .. a16' · , 
b03, --., 
a15, · , 
b04, 
"ii4' · , 
!!O..5J 

alZ 
bOo 
all 
bOl 
alO 
bOz 
a99 
b03 
a9S 
b04 

a97 
b05 
a06 
bOO 
a95 
b07 

a04 
bOS 
am 
b09 
a92 
b10 
aOl 
bi1 
ago 
bIZ 

(AA) 

all alO a99 .oS af!1 
bOo bOo bOO bOO bOO 
al0 af!J aOS a07 a06 
bOl bOl bOl bOl bOl 
af!J aOS a07 a96 a05 
b02 bOz bOz b02 bOz 
aOS af!1 a06 a95 a04 
b03 b03 b03 b03 b03 
a07 a96 a05 a94 a<}3 
hi>4 b04 hi>4 b04 b04 
aQ6 aQ5 a94 a93 a92 
b05 b05 b05 b05 b05 
a05 a04 a03 a02 aOl 
b06 bOO b06 bOO bOO 
a94 am a02 a91 aOO 
b07 b07 b07 b07 b07 
a03 aC?2 aOl aOO 
bOS bOS bOS bOS 
aOZ aOl aOO 
b09 b09 b09 
aQl ago 
b10 b10 
aOO 
bll 

a~9 
bOO 
alS 
bOl 
a17 
bOz 
a}6 
b03 
al5 
b04 
al4 
bOs 
a!3 
b06 
alZ 
b07 

a!l 
bOB 
alO 
b09 
a09 
bio 
aOS 
bi1 

aOS a07 
biz biz 
a07 a96 
b13 bl3 
a06 aQ5 
bi4 b14 
aQ5 aQ4 
bl5 b15 
a04 am 
b16 bi6 
aQ3 a02 
b17 bi7 

aOl 
bis 
aOO 
bi9 

"'---

CRAY Y-MP ADDRESS MULTIPLY 
LOGICAL PRODUCT 1EMPLA1E 

20-6 

a(l6 
bOO 
a05 
bOl 
a04 
bOZ 
am 
b03 
a92 
b04 

a91 
b05 
aOO 
b06 

alS 
bOo 
a17 
bOl 
al6 
bOz 
a}5 
b03 
a14 
hi>4 
a13 
bOs 
alZ 
bOO 
ap 
b07 

a10 
bOs 
a09 
b09 
a08 
bio 
a07 
bi1 
a06 
biz 
a(>5 
b13 
a04 
bi4 
a93 
bl5 
a02 
b16 
aOI 
bi7 
aOO 
b18 

a05 a94 
bOO bOO 
a04 am 
bOl bOl 
am a02 
bOz bOz 
a92 a91 
b03 b03 
a91 ago 
b04 b04 
ago 
b05 

(AB) 
a17 &16 
bOo bOO 
a!6 a15 
bOl bOl 
a15 a!4 
bOZ b02 

a!4 ap 
b03 b03 
a13 alZ 
b04 b04 
alZ all 
b05 b05 
all alO 
bOO b06 
a10 a09 
b07 t:iJ7 
aq9 aOS 

b08 bOB 
a08 a07 
b09 b09 
a07 a06 
bio bio 
a06 a05 
bi1 bi1 

a05 a04 
biz biz 
aQ4 a93 
bl3 b13 
a93 a02 
b14 bi4 
a92 aQI 
b15 b15 
aOl aOO 
bi6 b16 
aOO 
bi7 

am 
bOo 
a02 
bOl 
aOl 
bOz 
a90 
b03 

al5 
bOo 
a~4 
bOl 
a13 
bOz 
a~Z 
b03 
all 
b04 
a10 
b05 
a09 
b06 
a08 
b07 
a07 
bOs 
a06 
b09 
a05 
bio 
a04 
bi1 

aQ3 
bIZ 
a9Z 
bl3 
a91 
b14 
aOO 
bi5 

a02 aOl :J bOo bOo 
aOI aOO 
bOl bOl 
aOO 
bOZ 

a}4 
bOO 

---I 
a13 , 

JJ9QJ 
a13 
bOl 

alZ' · , 
bOl ' ----' 

a1Z 
b02 

all ' · , 
bOZ, 

ap 
b03 

---~ alO, 
t:iJ3 : 

alO 
b04 

---, a09 , 
hi>4' ___ .J 

a09 
bOs 

a08 ' · , 
b05 , 

aOS, 
~: 
a07' · , 
b07' --, 
a06 ' · , 
b08 , -- , a05, · , b09 , --, a04 , 
bio: --, am, 
bi1 : 
aOZ 
biz 
a91 
b13 
aOO 
bi4 
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2
0 

21 

22 

2 3 

24 

(ACO)~ 2' 

21 

2' 

2' 

2' 

2 10 

211 

212 

2 13 

214 

At OPERAND 2 15 
(BTERMS) 

211 

211 

2
1
' 

2
1
' 

2:11 

221 

222 

2 23 

224 

2 25 

221 

227 

221 

2 29 

2 30 

2 31 

\,,-/ 

Aj OPERAND (A TERMS) 

2 31 2 30 2 29 221 227 221 2 25 224 2 23 222 221 2:11 2 1' 211 211 211 2 1' 214 2 13 212 211 2 10 2' 2' 2' 21 2' 24 2 3 22 21 20 

Tho Colloq is .. lid in figuring 0Ul1ho AD opdon Boole ... 
Tho Boolean Iumdloa aU dm:c AD opd .... (0, 1,2), but each option __ diIf_ bi .. of Iho At openmd. 

At BITS 

ABO ADI AB2 IT...". 

0 6 12 0 
1 7 13 I 
2 8 14 2 
3 9 IS 3 
4 10 16 4 , 11 17 , 
6 12 18 6 
7 13 19 7 
8 14 20 8 
9 IS 21 9 
10 16 22 10 
11 17 23 11 
12 18 24 12 
13 19 lS 13 
14 20 26 14 
IS 21 27 IS 
16 22 28 16 
17 23 29 17 
18 24 30 18 
19 lS 31 19 

Sum hi .. Cor each om aIoo diIf ..... t and muot be sbifIocI in Iho AD 
Boolcan ID know which ID look Cor. 

CRAY Y-MP ADDRESS MULTIPLY 
FIRST LEVEL LOGICAL PRODUCTS PYRAMID 

RTenna 
RI40 
RISO 
RI60 
Rl70 
Rl80 
RI90 
R200 
R210 
R220 

ABO 
14 
IS 
16 
17 
18 
19 
20 
21 
22 

SUM BITS 

ADI 
20 
21 
22 
23 
24 
lS 
26 
27 
28 

AB2 
26 
27 
28 
29 
30 
31 
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~ 
00 

~ 

tv 
o 
I 

00 

~ 
~ o 

~ 
~ 

t; 210 200 

221 211 201 

212 202 -- 21>3 

'--

\,'~ 

2 31 2 30 2 29 2 28 227 2 26 2 25 2:!A 2 23 222 221 2 20 2 19 2 18 217 2 16 2 15 214 2 13 212 211 2 10 2 9 2 8 27 2 6 2 5 24 2 3 22 21 2 0 

g310 300 g290 280 210 260 250 240 

8320 301 8300 281 271 261 251 

311 302 291 

292 

(Am) 

(A! 2) 

220 210 200 190 180 

221 211 21>1 191 181 
I--

212 202 192 182 
~ 

21>3 193 183 

190 180 170 160 ISO ~ 
i--

191 181 171 161 
i--

192 182 172 
t--

193 183 173 
I--

10-

l"-
I--

'--

230 220 210 200 .l!2. ISO 140 130 121> 110 100 90 80 

231 r-!.ll 141 131 121 111 101 91 81 

~ 132 112 82 

AAO 

r--

(ABI) 

(A 1) I--

110 

171 

172 

173 

I--

~ 

I--

I-- to-
220 210 200 190 180 170 160 ISO 140 

r--
221 211 201 191 181 171 161 
I-- -
~ 202 192 182 172 

i--
203 193 183 173 

I--

r--
~ r--

160 ISO 140 
r--

161 
I--

r--
10-

I--

CRAY Y-MP ADDRESS MULTIPLY 
FIRST LEVEL PARTIAL SUMMATION 

(G AND R TERMS) 

"-.. ...... / 

10 60 SO g40 830 g21l 

~ 61 51 

r--
I--

r--
i--

I-

I--

SUM BIT 
POSITIONS 
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CRAY Y-MP SCALAR REGISTERS 

There are eight Scalar registers, SO - S7, each is 64 bits in length. The Scalar registers have their 
own functional units, which are the Scalar Add, Shift, Logical, Population Parity, and Leading 
Zero. The Scalar registers also share the Floating-point functional units with the Vector register; 
these include the Floating Add, Floating Reciprocal and Floating Multiply. When a Scalar 
instruction that uses any of the Floating-point functional units is in CIP, the scalar issue control 
must check to see if the Vector registers have the functional unit reserved; if so, the Scalar 
instruction willwait-in CIP until the Floating-point functional unit reservation has cleared, and then 
start execution. 

The Scalar registers can receive results from memory by using Memory Port A during Scalar 
Reference (13X) instructions. Scalar registers can also be loaded from the T registers, which are 
an intermediate storage for the Scalar registers. There are 6410 T registers (TOO - T77), each of 
which is 64 bits in length. The T registers are block loaded to/from memory through the (036, 
037) instructions. Because of the number of clock periods it takes to get one word from memory 
in a scalar reference, it makes sense to block load the T registers into the Scalar registers when 
needed or vice-versa The Scalar registers can also be loaded with an element from any Vector 
register (VO - V7); and any Scalar register, except SO, can be loaded into any Vector register 
(VO - V7). Finally, the Scalar register can be loaded from the Shared registers (ST, SM), Vector 
Mask register (VM), Status register (SR), Performance Monitor (PM), Real-time clock (RTC), or 
with constant values. 

While data for the Scalar registers can come from many sources, it must be sent to a single Scalar 
register. Which Scalar register receives these results is dependent on the (i) field of the Scalar 
instruction that issued. Before functional unit data can be loaded into the (Si) register, the 
functional unit path must be selected. To select a functional unit path, a SFU source code is 
generated from the instruction that is being decoded in CIP. The SFU source code along with the 
enter SO - S7 directs the data into the correct Scalar register. 

In order to get results from a functional unit you must first send operands out to the functional unit. 
The operands can be either (Si), (Sj), or (Sk) depending on the instruction that is decoded in CIP. 
The correct operand is selected from a decode of the (Sk), (Sj), (Si) operand bits, or Bypassed if 
Si = Sk, or Si = Sji. The operand (Si), (Sj), or (Sk) are steered to the correct Scalar functional unit 
by decoding the SFU Select Code for that particular functional unit. When steering operands to the 
Floating-point functional units, the fact that there is no VFU select will automatically specify a 
scalar operand to the Floating-point functional unit. 

The Scalar registers have two features each of which saves a clock period. One is the Bypass 
feature and the other is the location of the Scalar Logical functional unit which is on the same 
(VB, VC) options as the Scalar registers, which allows Scalar Logical instructions to be completed 
in less than 1 CPo The Bypass feature is automatically utilized when the result register is the same 
as an operand register for the next instruction. For example, if an 060123 instruction was issued 
followed by an 064421, the 064421 would hold issue until the 060123 instruction brought up the 
Enter Sl signal, at which time the 064421 instruction would issue, obtaining Sl data from the 
Bypass path as Bypass (Sk); S2 data would be read directly out of the Scalar register. The two 
operands S2 and S 1 would then be sent to the Floating Multiply functional unit. 

Hardware Trng. 
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All the Scalar registers can be either used as an operand or destination register, except for SO, -----) 
which is special when used as an operand. When an instruction uses SO as the (j) field, the result 
read from SO would be all zeroes, all 64 bits. When SO is used for the k field of the instruction SO 
is read with only bit (263) set When SO is used for the (i) field of the instruction, the contents of 
(SO) is read as expected, as for example in an 056ijk instruction. 

The Scalar registers use a SFU source code which assigns a functional unit path to a Scalar 
register on a write, and a path for the operands on a read of SO - S7. The Enter SO - S7 signals 
select one of eight Scalar registers into which to load the result data. Enter SO - S7 comes from 
the decode of the (i) field of the instruction. The read paths are selected from the decode of the 
(i), (j), or (k) field of the instructions, depending on the instruction that issued. 

HTV-0834 21-2 
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) SCALAR REGISTERS (OPTIONS INVOLVED) 
/ 

(JBO) Option 

The (JBO) contains the Scalar register issue control. The Go Issue from a previously issued 
instruction advances the next instruction into CIP. During CIP time, the (1-, H-) options will 
detemrine if the instruction needs to be controlled by the (JB) option, if not the (JB) will generate 
a Go Issue to the (1-, H-) issue control options. All (1-, H-) options must agree on a Go Issue 
before the next instruction can enter CIP. If the instruction in CIP is recognized by the (JB) 
option as one of its instructions to control, the (1B) will check for the following conflicts and if 
they exist, Hold Issue until the conflict is resolved. 

• Access conflict - Two instructions would be trying to write the Scalar registers within 
the same clock period, hold until Access conflicts go away. 

• Conflict (Sk), (Sj), (Si) - (Sk), (Sj), or (Si) are being reserved as destinations and 
wanting to be used as operands or destination, hold until 
reservation is cleared. 

• Parcel Split - Caused by 2/3 parcel in CIP and the data is invalid, hold until the Enter 
LIP 1 or LIP 01 arrives. 

• SO, T conflict - Reservations or Access with SO or the T registers, hold until the 
continue hold SO, T drops. 

• Scalar Floating Reciprocal - Scalar Floating Reciprocal (SFR) followed by a SFR 
causes a Hold Issue until the fIrst SFR has had a chance 
to progress. 

• Hold Mter 056 - 057 - Any (00x - 03x, 04x - 07x, lOx - 17x) instruction will hold 
after an 056 - 057 instruction has issued, due to taking 2 CPs 
to readout (Si) and (Sj) from the Scalar registers. 

• RT Access - Reading the Real-time clock can conflict with the reading of the Shared T 
(ST) because they both use the same path on the Scalar registers. 

Once the Scalar instructions issues the number of clock periods it takes is encoded and sent to the 
(1G) option. 
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(JGO) Option 

The (JG) option receives the encoded instruction times and decodes the encodes for the 
instruction times and places the instruction times into the proper delay chain which runs from 
(18 - 3) times at times (12, 11, 8, 7, 6 and 5) the signals are passed to the (JB) option to 
determine if an Access conflict exists with an instruction waiting in CIP. The (JG) option can 
also be test pointed to look at the ghijk fields of the instructions. The (JG) second major function 
is to send out the CIP (hijk) designators to the various parts of the mainframe, these will then be 
a fanout on the (VS, VF) options. 

(VBO - VB15) Options 

The (VB) options contain half of the Scalar registers. There are 16 (VB) options, each of which 
contain 2 bits of the 64-bit word. (VBO) contains bits (21, 20), while (VB 15) contains bits 
(231,230). Each (VB) option contains 2 bits of every Scalar register SO - S7. The (VB) options 
also contain the Scalar Logical functional unit which execute the (044 - 051) instructions. The 
Scalar Logical instructions are performed in less than 1 CP, since the functional unit does not 
need to be concerned with propagated carries, but only corresponding bit positions in order to do 
the logical functions. The (VB) options contain a Bypass path which allows either (Sk), (Si), or 
(Sj) data to bypass the S register load path and load the result of a previous instruction directly 
into the Readout register. The Bypass path is used when (Si), (Sj), or (Sk) equals (Si) of the 
previous instruction. 

(VCO - VC15) Options 

The (VC) options are identical to the (VB) options, except that the (VC) options handle the upper 
32 bits of the 64-bit Scalar registers. The (VC) options, like the (VB) options, can receive 
results from: Memory, T registers, Floating Reciprocal, Floating Add, Floating Multiply, Ak, 
Constants, Vector Mask (VM), Status register (SR), Performance Monitor (PM), Shared T (ST), 
Semaphore (SM), Real Time Clock (RTC), Scalar Shift, Scalar Add, and Vector Element. The 
(Ve), like the (VB) can send operands (Sj), (Sk), or (Si) to: Memory, T registers, Floating 
Reciprocal, Floating Add, Floating Multiply, Scalar Add, Scalar Shift, Shared register (SR), 
Vector Element, A register, Branch Control, Population, Parity, and Leading Zero Count. 

Hardware Trng. ) 
YMOBI04 J.E.S. ' 

HTV-0834 21-4 CRA Y PROPRIETARY 



) 
CRAY Y-l\1P VECTOR/SCALAR OPTIONS 

OPTION TYPE NUMBER USED DESCRIPTION 

VA 16 Steering Vector Results 

VB 16 Vector Operands/Scalar Register 
lower 

VC 16 Vector Operands/Scalar Registers 
upper 

VD 4 Vector Register Control 

VB 4 Vector/Scalar Shift 

VF 4 Vector Mask, Scalar Constant 

VG 2 Vector/Scalar Add, Pop. Shift 
Control 

-~ 

') 
VH 2 Vector/Scalar Add, Pop/Leading .-. /" 

Zero 

VS 32 Vector Registers 

96 TOTAL V Series Options 

YMOBI05 

HTV-0834 21-5 CRAY PROPRIETARY 
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SCALAR RBOISTHR (SO. S7) 
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f(VC5) (2o;z43) 
(VOl) (2-,241 ) 

(YCI) ~ 
(VO) (2".2"> 
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f(VB1S) ~ 
(VBI') ~ 

[(VBI:!) ~ 
(VB12) ~ 
~I tr'.12S 
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I (VII9) al~2it) 
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ItT 

(\11/ IUI..,'1 
ICALUl l152-au IIIIl'T 

~ 
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1 ... _. 
Dll\TA.VJ 

SRI Si RIlSULTS 

SCALAR RBOJS11lRS (SO. S7) 

CRAY Y-MP SCALAR REGISTERS BLOCK. DIAGRAM 

,'-...~?I 

~ lHIT. 

III .... 

":f 

IIM-OI7"'" 
1Ill(110 .......... Y 

i I ........... ··I(VO·VB) 
(OJ) (110 ..,..... .... 

.. -.,....,.··I~ 
(11)(3» ICALAIl .. " 

" ... 
-
.....,.. 
CIONIIt<L 
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(OJ) ...... 
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(OJ) .... ""lHIT··1 ...,.... 
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-.""" A....., H.B. 
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HTV-0834 

(1Q) 

(YO) 

(HC) 

(HA) 

(HA) 

(HA) 

(JD) 

SCALAR REGISTER (SO - 57) 

(254,2 ) 

I (VOl) CZ4l,24') 

/ (VCT) (24',2") 

I (VC6) (2",2~ 

/(VCS) (242,24:') 

I (VC4) (2,u,241 ) 

I!XCHANGBWlUTI!SBQUBNCB~ (JGO) 
/ (VCl) (231,2"') 

I (Vel) (2341,2 37) (Yl) I2J - 31 

(HE) ~rrNXE 132 I (VCI) (234,235 ) 

s~ ~~ Q'H-)~ I - I 
I (VCO) /232 2 33) (JBO) 

3R 400roJS (_) 'I1!STPOIH1'SI!U!CT ~ ---l 'I1!STPaNT ~ 'I1!STFCltft' (- ) 

~ ClONPLICTa. - ~1300roS (231!231) 11,12 001"0 S 127-30 aJ!ARSi,iI,SO-3,S4-7~'00 ~----;a- -~ (YMO) (VB IS) 
137- 31 

(2~229) 
113 PAJl.CZL IN NIP - ;.cx:::.ClONPLICT 

117' aJ!AR ~, 0' * (VB14) 

.~~-- I PARCZLSI'UT DI ~ l (VB13) (2~~ 2~/) 

U 123 ~~~ D2-34I ,,7,I,II,1200roS~!.--- I (VB12) (2~2Z» (VS) 
I!NABLZ lRD PARCZL SI'UT 115'·1157 ~ SRUULTREQUJRI!D ~ I ~ ~~ I (VBII) (222,223) 124 
_UFm,UPi 

1~J~ 
'?:::... 10 I 11--' r-~ I (VBIO) (2zo,2ZI) 

125,26 = R2.4 a..TOS U-6 I P 
EXatANClI! SEQUI!NCZ 

145 ~ ~ 003CA1Al!.SlNOLESRPT (VGO) ~ ~ ~SI'U ... A f---
I (VB9) (21~ 2 19) 

N 7 , (VB8) (21~21"') 
(Hc, HD) NII')'UP ~ 0 

10·22 ~ SQUIET (JD) U I (VB7) (21~ 2 15 ) 
(1-, H-) OOISSUI 1411-42 T 

~C,HD) N1PP;~LANK~~L...l....-- I (VB6) (2 1~213) 

(Yl) 037ClONPL1CT 0 
~ 

~ 111113,m2, 0111~ (HE, HH) NIP k::;-::,. I (VBS) (21~ 211) 
~ ~ 

1'-'-" 0015,11731: - I - (2 1,2 9 ) III!UWJ2 ~. !ICALAR REOIS11!Jt 11MINO (VB4) 
140·42 1·23 DESlGNA'IOR MUX 

036,037 
TRI!GIS'IEIt ~ aPjk 

(VB3) (2',2 7 ) 

FORTB300 143 ~~=t=lt . I; SI!U!CI', a 0JNI1t0L III· '3 (VB2) CZ 4 ,2') 
TOT 

(VB I) (22,23 ) 

"'·111 (Y-) (VBO) (20.2 1 ) 

~~ 1·1 SCALAIt BYPASS 
READ RI!IUU!NCE N!M)ItyPOltTA 11II·137INST. a 

I I ENTBIlSIo,BSO-3 54-7' 141.' 
~AAZ fR-L (VG. VH) 010. DIll _ ,.....,........ aBVPASSSI!L. 

"2::~J 
3CALAR.AW _ .1 so-a 

SO-S7 Lb~ SjBYPASSSI!L. I D- SI!U!C11!D 
TDATASEUlCI' ~ ~I) ·49 Sir. 

T ADDRI!SS (20.2') 11741NST. 
SPU + j.1I'H __ 

~- oJ- OW_ cO '2· 152·' $PU 
I-- - 00 WRI'11!,OO READT .Q>Ik,J+~j/1 ~ 

_ _ Sj 

(YN. YO) III!UWJ2 <V-- f:= 1M," 36· 

~ ~ 
PA1H 

(R-) SI!U!CII!D 

~ 0101NST. 0'1 aOON'l1lOL/1II31 0371 175 ~ Sj 

(YN. YO) OOREAD 
PLOA'I1NG SI!U!CT SI 

13,4 ... '-- REaI'llPCAL - Sk,Sj 
~ JlEADT 0'2. DI!SIClNA ...... ~ 4 llELAY - f--(F-) SPU I .J;~ 53 3I!IRCrED 

1If2. OfllNST. SI'U Si ItESULTS 10. 35 PA1H ---;;- Si 
PLOA'I1NG if. IIELZCT 

I .......... 
AW --;;-SI'U SOUItCZ CDDI! 

r~~t-J 
-(M-) 

S<i 
2]1%212° 

PLOA'I1NG 
Of4. l1li7 INST. s;-

um • IilEMC:aY PORT A YJI.'lll'LY -0IIII1 _ PLOAl1NG~ S·,Sk 
011111 _ PLOAl1NGADD (AR) (VI') 
l1li11 - PLOA11NG MU.11I'I.. Y 

SCALAR REGISTERS (SO - 57) 01111 - At. ClONST. VM. S RI PM 1_ ~ClONSTAtft', 1171. 1173 INST. 
mOl _ ST, SM. RT 
0110 _ T REOIS11!Jt A RI!IlIS'IDl V •• 3aIPM 
0111 _ S. LOG. ~1 
1II1II _ S.3H1PT - (JS) 
1001. 3.ADD 1I721NST. n.s", 

RT 

(VE) S3H1PTI 

3CALAJt 
SIIIPT 052·115f 

(VS) 

\IECIat II'H INST. 
DA.TAVj 

5RJ 51 RESULTS 

CRAY Y-MP SCALAR REGISTERS BLOCK DIAGRAM 

I l\EM:lIty FatTC (Y-) 

I ir:tm INST_ 3CA1AI!. 

J 
_rTE 

REI'EI<ENCE 

/ 
I 
/ (HS8 - HSII) 

I -g}-015 INST. (SO) 

/ 
I (R-) 

010 IN$T. (Sj) 
.PLOAl1NO 

/ ~ 

I 
I (F-) 

I 1162 - on INST. PLOA'I1NG 

(Sj)(SO) AW 

/ 
I (M-) 

I IIU-IIIS7INST. PLOAl1NG , (Sj) (SO) MUL11PLY 

I 
/ 060, 1161INST_ (VG,VH) . 

I (Sj)(al SCALAIt 

J 
AW 

/ (VE) 
1152·I15fINST. 

(Sil(Sj) 3CALAJt 
S/tIPT 

(JS) 
1I731NST. 

(Sil(Sj) 
3HAJtI!D 

RI!OIS11!R 

(VA) 
IYn INST. 

(Sj) Si",V; 

(AR) 

1I231NST. A-1IIIGIS11!Jt 
(Sj) 

(HA) 

0I4·0I71NST. BItANOI 
SO-OTZST 0CIN'I1I0L 

(VG. VH) 

O261NST. PCFI 
(Sj) PARrTY 

(VG.VH) 
O271N$T. 

\LUlING 
(lSj) ZI!IIOD 

(VI') 
OO31NST. VI!CTCIl 

(Sj) --
5RJ 

Hardware Trng. 
A-530SD J.E.S. 
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~ 
o 
00 w 
~ 

tv ...... 
I 

.....:J 

(J 

~ 
~ 
~ 
~ 
~ 

~ 

'~' 

(JBO) 

(JBO) 

ADDRESS (20 _ 2 s) 
..... 152- 57' 

DATA SELECf(2°, 21 ) ,. 148 49' 
...... ' r; 11>-7>" 

WRITE DATA MEM. ..... 10 _ 17 ....... (YQ4 - YQ7) WRITE 

(VB, VC) WRI'm DATA SCALAR ..... 116 _ 23' 

(N/A) 

(JBO) 

(FORCED 1) 

(JollA) 

(JBO) 

(JBO) 

(YQ4- YQ7) 

(VB, vc) 

(N/A) 

(JBO) 

WRITE DATA (UNUSED) ..... 132 _ 39"""\..a. 

GO WRITE / 165 ~ 

WRITE 0-15,0-7 
/170,71:>-

GO BYPASS (UNUSED) / T66 '"' 
GO READ 

,. 164 """--

DATA SELECT (2° , 21 )~3"D " , ./ -

r-:: 18 - IS' 

WRITE DATA MEM. ..... i'8-i5 fl 
WRITE DATA SCALAR ..... 124 _ 31 ~ 

WRITE DATA (UNUSED)(14~,t7>-

ADDRESS (20 _ 25) -
158 - 63 

",-J 

(HS8 - HSll) 25 

0,2 .. 
.... 

170= 1 

171 = 1 

0,2 

---.-. 
--. 

, , 
X1-XO 00 • --. MUX 

M bO-b7 
U 
X CONFLICT 37 

X27 - X20 40 

77 
f--

(HS8) (27- 20~ 24_ 20 
(HS9) (215 - 2 ) ADDRESS 

(HSI0)(223- 216) 
(HSll)(231 - 224) 

DATA 

FORCED 0 Lr\ S20 - S3S 

r==t-.J GO READ 

DATA 
(HS8)(239- 232) 
(HS9)(247 _ 240 ) ADDRESS 

(HSlO) (2 55_ 248) 24 _20 
(HSll) (2 63_ 256) 

! 
XIS - X8 00 ----

4) M 37 

U b8 - blS X3S - X28 40 
X -

77 

t 25 

eRA Y Y-MP (HS) BLOCK DIAGRAM 
T REGISTERS 

MUX 

......RO-R07 READ DATA BIT 
....... 

( 

( 

~ - ;-.,. READ DATA BIT 
~8-Rl~ -

~/ 

(2° - 27) -. (HS8) 

(28_ 215) -. (HS9) 

:216_ 223) -. (HSlO) 

224_ 231) -. (HSll) 

(232 _ 23!) -+ (HS8) 

(240_ 247) -. (HS9) 

(2 48_ 255) -. (HSlO) 

(2 56_263) -. (HSll) 

Hardware Trng. 
A·63178 J.E.S. 



00 
01 
02 
03 
04 
05 
06 
07 
10 
11 
12 
13 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 
44 
45 
46 
47 
50 
51 
52 
53 
54 
55 
56 
57 
60 
61 
62 
63 
64 
65 
66 
67 
70 
71 
72 
73 
74 
75 
76 
77 

HTV-0834 

(Hsll) (HsI0) 
263_ 256 255 _248 

X15-X8 X15-X8 X15-X8 X15-X8 

X15-X8 X15-X8 X15 - X8 X15-X8 
X35 - X28 X35 - X28 X35-X28 X35-X28 

X35 - X28 X35 - X28 X35-X28 X35-X28 

(Hs11) (HsI0) 

231. 224 223_ 216 

X7-XO X7-XO 

X7-XO X7-XO 
X27 - X20 X27 - X20 

X27 - X20 X27 - X20 

(lli9) (Hs8) 

2 15 _28 27 - 20 

X7-XO X7-XO 

X7-XO X7-XO 
X27-X20 X27-X20 

X27 - X20 X27 - X20 

Hardware Tmg. 
A-6684 J.E.S. 

CRAY Y-MP T REGISTERS BIT ASSOCIATION 
(036ijk, 037ijk) 

21-8 eRA Y PROPRIETARY 

) 

) 



) 
o 1 2 3 4 

) 
o 1 2 3 4 

A-8262 

CRAY Y-MP SCALAR INSTRUCTIONS 

) 
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o 1 2 3 4 5 

o 1 2 3 4 5 

A-8261 

CRAY Y-MP SCALAR INSTRUCTIONS 

) 

HTV-0834 21-10 eRA Y PROPRIETARY 



) 

o 1 2 3 4 

o 1 2 3 4 

A-8264 

CRAY Y-MP SCALAR INSTRUCTIONS 

) 
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044ijk 

044ijO 

045ijk 

045ijO 

046ijk 

046ijO 

047ijk 

047iOk 

~ 047ijO ) 
047iOO 

050ijk 

05 Oij 0 

051ijk 

051iOk 

05lijO 

051iOO 

HTV-0834 

SCALAR LOGICAL FUNCTIONAL UNIT 
INSTRUCTIONS 

- Logical Product of (Sj) and (Sk) to Si 

- Sign Bit of (Sj) to Si (Sj"* 0) 

- Logical Product of (Sj) and Ones Complement of (Sk) to Si 

- (Sj) With Sign Bit Cleared to Si 

- Logical Difference of (Sj) and (Sk) to Si (Sj"* 0) 

- Toggle Sign Bit of Sj, Then Enter Into Si 

- Logical Equivalence of (Sk) and (Sj) to Si 

- Transmit Ones Complement of (Sk) to Si 

Logical Equivalence of (Sj) and Sign Bit to Si (Sj"* 0) 

- Enter Ones Complement of Sign Bit Into Si 

- Logical Product of (Si) and (Sk) Complement OR'd With Logical 
Product of (Sj) and (Sk) 

- Scalar Merge of (Si) and Sign Bit of (Sj) to Si 

- Logical Sum of (Sj) and (Sk) to Si 

- Transmit (Sk) to Si 

- Logical Sum of (Sj) and Sign Bit to Si (Sj "* 0) 

- Enter Sign Bit Into Si 

Hardware Trng. 
YM05124A J.E. S. 
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SCALAR LOGICAL (044 - 051) INSTRUCTIONS ON 
(VB, VC) OPTIONS 

Scalar Registers 

1rS == 0/6 ---------------------------------------------------------------------------------------------

(BO - B 1) - Scalar register bits (N, N + 1) of SO 

(B70 - B71) - Scalar register bits (N, N+1) of S7 

Scalar Si, Sj, Sk Read Select 

1rS == 10/17 --------------------------------------------------------------------------------------------

1rS == 20/27 --------------------------------------------------------------------------------------------

Hardware Trng. 
YM05125C J.E.S. 

HTV-0834 22-2 eRA Y PROPRIE1rARY 

) 



) 

Scalar Select Read Path or ByPass 

TS = 39/46 

Operand Selection Sk, Sji 

TS =0/6 

HTV-0834 

(DO - 1) - Read path of Sk 
(D1O - 11) - Read path of Sji 

(H1O - 11) and (H12 - 13) are Bypass from SFU or Floating 
functional unit 

Hardware Trng. 
YM05126A J.E.S. 

22-3 eRA Y PROPRIETARY 



Scalar Logical Operation (044 - 051) Instructions 

1lS == 10/1'7 ---------------------------------------------------------------------------------------------------- ''j 

1lS == 20/2'7 

Select the Results for Scalar Register 

1lS == 32/38 

The H tenns are then sent to the A tenns where the results are gated into the B tenn 

for SO - S'7. 

Hardware Trng. ) 
YMOSl27A J.E.S. 

H'fV-0834 22-4 eRA Y PROPRIE1lARY 



TYPICAL FUNCTIONAL UNIT OPERATION 

) FOR AN 044123 INS1RUCTION: 

S2 =1 17-7 17-7 17-7 17-7 --. 
I 

S3 =1 17-7 17-7 17-7 17-7 t-

Si 
(sO 

SCALAR lOOICAL 
FUNCTIONAL UNIT (Sk) 

Y 17-7 17-7 17-7 17-7 1 = SI 

SPECIAL SYNTAX FORM Sj = 0 

FOR AN 044103 INS1RUCTION: 

SO =1 17-7 17-7 17-7 17-7 --. 
I 

S3oc1 17-7 17-7 17-7 17-7 t-

Si 
(Sk) 

SCALAR LOGICAL 
FUNCTIONAL UNIT (ZEROES) 

) ---I &--00-00--00--0 1 = SI 

SPECIAL SYNTAX FORM Sk =0 

FOR AN 044120 INS1RUCTION: 

SO -I &--00--0 17-7 17-7 
I 

S2 zl 17-7 17--7 17--7 17--7 t-

SCALAR LOGICAL 
FUNCTIONAL UNIT (263Sm 

y 10--00--00--00--0 1 = SI 

REGISTER VALUE 
Si i = 0 (SO) 

:t i ~ ~ ~63 
HaniwanI Tmg. 
A·5304A JES. 

) CRAY Y-MP SCALAR LOGICAL FUNCTIONAL UNIT 

HTV-0834 22-5 eRA Y PROPRIETARY 



HTV-0834 

FOR 050123 INSTRUCTION: Si = (Sj)(Sk) + (Si)(Sk) 

S1 = 1 17-7 17-7 0-0 0-0 : 

S2 = 117-7 0-0 17-7 0-0 ~ 

S3 = 1 0-0 0-0 17-7 17-~ ~ 

LOGICAL PRODUCT (Sj)(Sk) 
a -0 0- a 17-7 17-7 --

• 17-7 0-0 17-7 0-0 .. -
- 0-0 0-0 17-7 0-0 

.. 

LOGICAL PRODUcr (Si)(Sk) 
17-7. 17-7 0-0 0-0 --

• 17-7 17-7 0-0 0-0 --.. 17-7 17-7 0- a 0- a -

LOGICAL OR .. .. 17-7 17-7 0-0 0-0 - -.. 
0-0 0-0 17-7 0-0 L 
17-7 17-7 17-7 0-0 

S1 = 117-7 17-7 17-7 o-o~~ 

_(Sk) 

= (Sj) 

_ (Sk) 
-_(Si) -

(Si) 

Hardware Trng. 
A-5303A J.E.S. 

CRAY Y-MP (050ijk) INSTRUCTION OPERATION 

22-6 CRA Y PROPRIETARY 



) 

) 

) 

HTV-0834 

(1-) 

(1-) 

(J-) 

CP I kj AND i,j/i 

S.F.U. 

iO, 11, ENTER S 

(1-) CP I kj AND i,jli 

(J-) S.F.U. 

(J-) iO, iI, ENTER S 

(VCI5) (26~ 2 63) 

(VCI4) (2~261) 

(VCI3) (258,259) 

(VCI2) (256,257) 

(VCll) (2~2SS) 

(VCIO) (2S~ 2 S3) 

(VC9) (2~2S1) 

(VCS) (248,249) -
(VCT) (246,247) l-

I (VC6) (2~24S) -
I (VeS) (z42, z43) .... 

I (VC4) (240,241 ) l-

I (VC3) (238,239) 
l-

I (VC2) (2~237) 
I-

(VCI) (2~ 2 3S ) 

(VCO) (23~ 2 33) 

SO 

~ 
~ 

~ 
SS 
S7 

Lf~~ .... 
LOGICAL F.U. 

LOGICAL F.U. 

I-

I-

I-
(VB 15) (2~231) - (VB14) (228,229) 

l-
(VB 13) (2~227) 

I-
(VB 12) (2~22S) -

(VBll) (2~223) 

(VBIO) (2~221) .. 
(VB9) (218,219 ) 

(216,217 ) 

(212,213 ) 

HlUdware Tmg. 
A-5849 J.E.S. 

CRAY Y-MP SCALAR LOGICAL BLOCK DIAGRAM 
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o 1 2 3 4 

) 
044 - 051 - SCALAR LOGICAL A-773DA 

CRAY Y-MP SCALAR LOGICAL 

HTV-0834 22-8 CRA Y PROPRIETARY 







) 

) 

SCALAR ADD FUNCTIONAL UNIT 

The Scalar Add functional unit adds together two 64-bit operands, using a 2-bit lookahead add. 
To utilize the Scalar Add functional unit an 060ijk instruction or an O6lijk instruction is used. The 
060ijk instruction is the Add instruction, determined by h bit (20) equaling a (0), while the 06lijk 
instruction is the Subtract instruction, determined by h bit (2°) equaling a (1). The Scalar Add 
functional unit takes 3 CPs from the time the operands begin summing to the time the results are 
complete. 

To perform the Scalar Add, the (Sj) and (Sk) operands are compared to determine whether each 
bit position generates a Carry, Enable, or a Sum. The Carry is when the 2 bits of (Sj) and (Sk) 
for a particular bit position are equal to ones. The Enable is when the 2 bits of (Sj) and (Sk) are 
equal to zeros; and the Sum is when the 2 bits of (Sj) and (Sk) are different. 

1 o o 

1 1 o 

CARRY SUM ENABLE 

Once the two operands bit positions are defmed, the Carry terms are looked at to see how far the 
Carry will propagate, first on the group level and then on the section level. An Enable term at a 
particular bit position will stop the Carry from propagating beyond that position. 

After all the Carries have been propagated, the propagated carries are ANDed with the Enable, Sum, 
and Carry bits for each position. 

A propagated Carry added to an Enable will set the corresponding bit position. A propagated Carry 
added to a Sum condition will set the next corresponding bit position. 

- 1 

u 

- Propagated 1 - Propagated 1 - Propagated 
Carry Carry Carry 

0 1 0 

-Enable - Carry -Sum 
0 1 1 

[] - Final Sum 1 1 I-Fmalsum 1 0 1- Final.Sum moved 
1 pOSItlOn 

Hardware Trng. 
YM06113A J.E. S. 

HTV-0834 23-1 CRA Y PROPRIETARY 



To perfonn a subtract operation, or 06lijk instruction, two's complement arithmetic is used, - ~') 
wherein the (Sk) operand is complemented and one is added to ~e summation. 

Example of 061 123 instruction: 7 - 1 = 6 

S2= I 0-0 0-0 0-0 0-07 

S3 = I 17-' -7 17-7 17-7 17-76 1 l's complement of Sk 

+ 

Sl = 1 0-0 0-0 0-0 0-05 

+1 Plus 1 to complete 
2's complement 

0-0 0-0 0-0 0-06 1 

Example of 061123 instruction: 5 -7 =-2 

S2= I 0-0 0-0 0-0 0-05 1 ) 
S3 = 1 17-7 17-7 17-7 17-70 1 l's complement of Sk 

+ 

17-7 17-7 17-7 17-75 

+ 1 Plus 1 --------------------------------------
17-7 17-7 17-7 

HTV.:0834 23-2 

= -2 in 2's complement 
arithmetic 

Hardware Trng. ) 
YM06114 J.E.S.

j
/ 
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---....., 

) 

CRAY Y-:MP SCALAR REGISTER FUNCTIONAL 
UNIT INSTRUCTIONS 

SCALAR ADD/SUBTRACT 
060ijk - Integer sum of (Sj) and (Sk) to Si 

060iOk - Transmit (Sk) to Si 

060ijO 

061ijk 

06liOk 

06lijO 

- Integer sum of (263) and (Sj) to Si 

- Integer difference of (Sj) minus (Sk) to Si 

- Transmit the negative of (Sk) to Si 

- Integer difference of (263) and (Sj) to Si 

CAL FORMAT 
Si Sj +Sk Integer sum (Sj) and (Sk) to Si 

Si Sk Transmit (Sk) to Si 

Si Sj +SO Integer sum (263) and (Sj) to Si 

Si Sj - Sk Integer difference of (Sj) and (Sk) to Si 

Si - Sk Transmit negative of (Sk) to Si 

Si Sj - SO Integer difference of (Sj) and (263) to Si 

Hardware Trng. 
YM06115A J.E.S. 
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SCALAR ADD FUNCTIONAL UNITS 
(OPTIONS INVOLVED) 

(VBO - VBl5) Options 

The (VB) options handle the lower 32 bits of the (Sj) and (Sk) operands. Each (VB) handles 2 bits 
each of (Sj) and (Sk), per the bit positions, and identifies the bits as Enables, Carries, or Sums. 
The Enable and Carry are partially summed on a group level: a group being 2 bits in a row per 
each (VB) option. The partial group summations are sent to the (VG) options for a Section 
Summation. When the Section Summation is complete, the (VG) sends the partial summation back 
to the (VB) options to complete the summation and store the results into the Scalar register, which 
is also on the (VB) option. 

(VCO - VCl5) Options 

The (VC) options are identical to the (VB) options except they contain the upper 32 bits of the 
(Sk), (Sj) operands. The (VC) options send their partial group summations to the (VH) options. 

(VGO, VGl) Options 

The (VGO) option handles the lower 16 bits of the summation - bits (20 - 215), or Section o. The 
(VG1) option handles the next 16 bits of the summation - bits (216 - 231), or Section 1. The (VG) 
options are sent the Group Carry and Group Enables from the (VB) options. They then check to 
see how far the Carries will propagate on a section level. The (VGO) will output a Section Carry or 
Section Enable to the (VG1) and (VHO - 1) options in the higher bit positions. Finally, only the 
propagated Carries, called Scalar Carries, are sent back to the (VB) options for the fmal summation. 

(VHO, VHl) Options 

The (VH) options are identical to the (VG) options except the (VH) options have more inputs for 
Section Enables and Section Carries from the lower bit sections. The (VH) options receive the 
Group Carries and Enables from the (VC) options, and send the propagated Carries, called Scalar 
Carries, back to the (VC) options for the final summation. 

) 

Hardware Trng. ) 
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f(VCIS) 5j -(2 fl!261 
st_(2~261 

I (VCI4) 5j. (2'" 261) 
st _1'211126\) 

I (VC ... 13.)5j - (2'~ 2 "> 
_.. 5t - (2", 2") 

I (VCI2)5j - (2" 2") 
st-(2~2") 

I <VCl1)Sj-(2~2") st • as.. 2" 

I (VBIS)Sj .(2l1! 211) 
st_(2~211 

I (VClo)Sj _(2S12"' 
st_(2!{2n! 

1
(VC9) 5j-cz"I,2'1) 

st-all!2' 

1
(VB12) Sj.(2:14,2%5 

St-a~ 2%5 

I (VBl1)Sj.(2~22:1) . st.(2~2~ 

I (VB 10) Sj_(2'2.2211 
st_(2"!22r.· 

I(VB!/) 5j-(2,1 219 ) 
st.~1~219 

1
(VB8) Sj_(21~21') 

st _ (21~ 211) 

I (VB7) 5j- (214 iI'l 
st-(21~2Uj 

I (VB6) 5j ~ (i12,2\3) 
st_(2I2,213 

j (VBS) 5j_(210 211) 
st-(21~211) 

r(VB4) 5j - (2', 29) 
st-(2',29 ) 

1
(VB3) .5j -. (26,2') 

.st_(26,21) 

I (VCS) ... 5j - (2: 2:! 
~,2 ' 

r(VC7) 5j - (2~ 241) 
st-(2~241) 

1
(VC6) 5j-(2~2": 

st.(2~2"'): 

I(VC5) 5j - (24~ 243) 
_ st_(24~243) 

f(VC4) 5j.~241) 
st_a«!241 

1(VC3. ) Sj-(2:2~ L st-(2.2' 

f(VCl) 5j.(2~2:t'1) 
st_a"!2:t'1 

I(VCI) 5j-(2",2") 
st - (2", 2 H) 

(VCO) Sj-(2;233J 
st-(2 ,2") 

GROUP 
PAImAL 

SUMMA'J1a'( 
L"...., 
r-=-
t-...-

SCALAR 
ADD CARRY 
SCALAR 
ADD I!NAIIUI 

; 
,,~ 

(VHI) 

ct'.261) 

..c"i8.'ib.. 
SI!C'l1ON' 

~ 
..J'~~ ____ ., 
'(vu0) 

(10 ho, hI 
vsn.VP3)~ 

II g 10·1 , 
'(VGI) 

~ 

, 0-i>P 

(2!2.2~ 

SBcnal2 

(2\6. 211) 

SI!C'l1ON I 

RO· 
SCALAR CARRY 

_ SBe. 0 ENABLB 
-....... 

sne.OCARRY 

SCALAR CARRY 

r~'=----., i (VGO) 
~ SBc.1 ENABLE 

(2°.21') 

SI!C'l1ONO 

SEC. 0 ENABLE 

SBc.OCARRY 

SCALAR CARRY 

I(VB2) 5j-(2:'2~) 
st-(2 ,2 ) 

I (VB I) 5j - (22, 2') 
st_(22,2 ') 

SI!C'l1ON 
CARRYAND 

ENABLE 
PARnAL 

SUMMA 'J1a'( 

~ SCALAR SI!C'l1ON ENABLE 
~ 

~--------~~~ 
(JG _ VS33 _ VF3) 10, hI 136, 0 • SCALAR CARRY 

(VBO) 5j - a~ 21) 
st-(2~21) 

CROUP 
PAImAL 

SUMMA 'J1a'( ~ SCALAR ADD CARRY 

SCALAR ADD ENABLE 

(VBIS) (2~211) 

(VB8) (216,211 ) 

(VB7) (214,2") 

(VBI) (2 ~2 ') 

SCAUJlADD 
PINAL 

SUMMA 'J1a'( 

1\ 

CRAY Y-MP SCALAR REGIS1ER ADD BLOCK DIAGRAM 
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(VCIS) (2~261) 

(VCI4) (2fi1! 261) 

(VCI3) (2~ 2"> 

(VCI2) <2",2") i 

(VC4) (2 «! 241) 

SCALARADD 
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6 BI BO BI BO BI BO BI BO BI BO BI BO BI BO B1 BO B1 BO BI BO BI BO B1 BO BI BO B1 BO BI BO B1 BO B1 BO BI BO B1 BO BI BO BI BO BI BO BI BO BI BO B1 BO BI BO B1 BO BI BO BI BO BI BO BI BO BI BO 

CRAY Y-MP SCALAR ADD FUNCTIONAL UNIT 
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r-

f4-

~ 

-

Sj OPERAND CP 3 
Sk OPERAND CP 3 

BITE."ABLE 
BIT CARRY 

SUM 

SCALAR ADD ENABLE 

SCALAR AlJ() CARR Y 

SCAU.R ENABLES 
SCAU.R CARRY 

CARRY 

ESABLE 

PROPAGATED GROUP CARRIF.s 
PROPAGATED GROUP E.'<ABI..8S 

R8 = SCALAR SECTJOl' E.'<ABLE 

R9=SOUARSECnO~CARRY 

ADOe-lABLE 
PROPAGATED GROUP E.'<ABLES 
PROPAGATED GROUP CARRY 

-SUBTRACT 

- SOCTJON ENABLE 

-SocnON CARRY 

-PROPAGATED SECTION 
CARRY 

- SCAI..AR CARRY 

-SUM CP 3 T.s. 21W27 
-SUM CP 3 T.s. 4W47 
-SOUAR ADD SUM CP 4 
- SOUAR ADD SUM CP 5 
-SOUAR ADD SUM CP 5 

T.S.20(21 
- SCAI..AR CARRY 

FI:I(AL RESUI.. TS 

Hatrlware Tmg. 
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GROUPENABLE-----+~ 

GROUPCARRy-------~~~ 

PROPAGATEDGROUP~ 

CARRY L-. 

PROPAGATED GROUP CARRy ...... 

GROUPENABLE-----+~ 

GROUP CARRy-----~~~ 

PROPAGATEDGROUP~ 

CARRy L-. 

PROPAGATED GROUP ENABLE'" 

HTV-0834 

o 
.JL 

ENABLE 

o 
1 

SUM 

1 
1 

CARRY 

PROPAGATED GROUP CARRY 

GROUP GROUP GROUP GROUP GROUP GROUP GROUP GROUP 
7 6 5 4 3 2 1 0 

A7 A6 AS A4 A3 A2 Al AO 
Al7 Al6 Al5 Al4 Al3 Al2 All AlO 

A23 A23 A22 A22 A2l A2l A20 A20 

A26 A25 A24 

B7 B6 B5 B4 B3 B2 Bl BO 

",....." 

",....." 
BO " 

",....." 
Bl 

",....." 
B2 -, ~ ~ -, 

...... 
~ ~ 

. ",....." 

~ 
B3.r 

~ ~ ~ ~ -, 
B4 

~ ",....." -':- ~ ",....." ",....." 

...... B5 -! 

*' ~ ~ ....... ....... 
B61 ....... i 

",....." ...... ~ ~ ~ ~ ~ ~ 
B71 , • I 

PROPAGATED GROUP ENABLE 

GROUP GROUP GROUP GROUP GROUP GROUP GROUP GROUP 
7 6 5 4 3 2 1 0 

A7 A6 AS A4 A3 
Al7 Al6 Al5 Al4 Al3 

A23 A23 A22 A22 A2l 

A26 A25 

Bl6 Bl5 Bl4 Bl3 

Bl3, 

Bl4' 
, ., I 

Bl5, 
, , , 

Bl6' • , 
• 

CRAY Y-MP SCALARADD 
2 BIT LOOK-AHEAD ADD 

23-7 

Al2 
A2 

All 

A2l A20 

A24 

Bl2 

Bll 

Bl2' 

, 

T 

, 
, 

A1 

Bll 

• , 
, 
, , 
, 

AO 
AlO 

A20 

BlO 

BlO , 

, 
, 
, 
, 
, 
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PROPAGATED SECTION ENABLE OR CARRIES 

SECTION 3 SECTION 2 SECTIONl SECTION 0 

R8 - SECTION 2 ENABLE R8 - SECTION 1 ENABLE R8 - SECTION 0 ENABLE 

R9 - SECTION 2 CARRY R9 - SECTION 1 CARRY R9 - SECTION 0 CARRY 

SECTION 2 CARRY = SUBTRACT • SECTION 0 ENABLE. SECTION 1 ENABLE • 
SECTION 2 ENABLE 

OR 

SECTION 0 CARRY. SECTION 1 ENABLE • 
SECTION 2 ENABLE 

OR 

SECTION 1 CARRY • SECTION 2 ENABLE 

OR 

SECTION 2 CARRY 

SECTION 1 CARRY = SUBTRACT. SECTION 0 ENABLE. SECTION 1 ENABLE 

OR 

SECTION 0 CARRY. SECTION 1 ENABLE 

OR 

SECTION 1 CARRY 

SECTION 0 CARRY = SUBTRACT. SECTION 0 ENABLE 

OR 

SECTION 0 CARRY 

CRAY Y-l\1P SCALAR ADD 

Hardware Trng. 
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o 1 2 3 4 5 6 

060ijk - INTEGER SUM OF (Sj) AND (Sk) TO Si 
O6lijk - INTEGER DIFFERENCE OF (Sj) LESS (Sk) TO Si A-7729 

CRAY Y-MP SCALAR INTEGER ADD 

HTV-0834 23-9 eRA Y PROPRIETARY 
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SCALAR SHIFT FUNCTIONAL UNIT 

The Scalar Shift functional unit will perform Scalar Single or Scalar Double shifts in the left 
or right direction. To perform a single shift, the (Si) operand is moved in the left direction for 
a left or a right shift, but with the right shift the count is in twos complement form. For a single 
shift, the (Si) operand is shifted by the number of places specified by the (jk) field of the instruction. 

For a Double Shift the constant of the Ak register of the instruction contains the shift count Only 
the lower 7 bits of (Ak) are used to specify a valid shift; any bits set in (Ak) bit position (231 _27) 
would cause the result register Si to be zeroed. For the Double Shift the (Sj) and (Si) operands are 
concatenated to form a 128-bit register, and so setting all 7 bits in (Ak) would shift the 128-bit 
register 127 places. 

Scalar Single Left Shift 

The following figure demonstrates how a single left shift is performed for an 054220 instruction 
with data bit 210 set 

S 2= 210 I 

Scalar Shift Functional Unit 

~ 2 10 I --
/' Shift 

the Ie 
I G~ I I 

S2 1610 places to 
ft, moving 210 to 226 

221 S2 Final Results 

Hardware Trng. 
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Scalar Single Right Shift 

The following figure demonstrates how a Single Right shift is performed, while using 

left shifts and a twos complement shift count. Let's use a 055254 instruction to shift data 

bit 245 to the right 2010 = 248 places. Notice that the 055254 Gk) field contains 548, 

which is the twos complement of248, causing S2 to be shifted to the left 54 8 places to 

set 2 25 of the result. 

S2= 245 I 

I 

Scalar Shift Functional Unit 

2 63 2° 2 63 2° 

:~~-~~~~;~s~;jt32 I 
245 L. r-

l' 
I 

2
25 I I 

.. S2= 225 -

To shift S2, 548 places to the left, note that 548, or 1011002 , can be broken down into shifts 

of 32, 8, and 4. Shifting bit 245 to the left 32 places would put it at bit ® in the dotted box, 

shifting0eight more places to the left would put it at® in the dotted box, and [mally, 

shifting ® four more places to the left would put 0 at bit position ®, which is the final 

result. It is easy to see that Right shifting bit 245, 2010 places will move the bit to position 2
25 

• 

Hardware Trng. ) 
YM07114 J.E.S. . 
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) Scalar Double Left Shift 

) 

) 

Double shifts are the same as Single shifts except that they use 128-bit registers instead 

of 64-bit registers. 

Shown is a Double Left shift using a 056123 instruction with A3 = 40s ,or 3210 ,S 1 

having bit 230 set, and S2 having bit 210 set. When performing a Double Left shift, since 

the contents of (Sj) are moved into (Si), the two registers are positioned as shown, with 

(Si) ahead of (Sj). 

S2= 210 

Sl = 230 

A3= I 40 I - Shift Control 

Scalar Shift Functional Unit 

Si " Sj t 
I~ 230 G,42 210 I 

.. Shift 32 I /, K Shift 32 I 

" I " \ I 
I 2

62 I' ) , B.B. 

-I 
262 I = Sl Final Result - I 

Shifti~ and Sj to the left 32 places puts 230 of Slat ~ , and 210 of S2 at @ . 
Since~ of S2 did not make it to the result register Sl, it is lost to the "Bit Bucket". 

The result bit i52 is then sent to the Si or S 1 register. The Sj or S2 register is left 

unaltered. 

Hardware Trng. 
YM07115 J.E.S. 
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Scalar Double Right Shift 

To perform a Scalar Double Right shift, an 057 instruction is used. Demonstrated below 

is an 057123 instruction with the indicated parameters. 

SI = i-0 

S2= 

A3= 60 - Shift Control 

Scalar Shift Functional Unit 

-p6 = S 1 Final Result 

To Right shift (Sj) and (Si) using left shifts, the twos complement is first performed on A3, 

which currently equals 608 or 4810 , Since the twos complement is 1208 or 1010000 2 or 

8010 , the required shift can be accomplished through successive shifts of 6410 and 1610. 

A left shift of 6410 would move 240 of S2 to 0 inside the dotted box and 220 of S 1 t00 

of S2. A further move of 1610places to the left would put o inside the dotted box at o and ® of S2 at 0. Because bit 0 did not make it into the dotted box or result 

register, it is lost to the "Bit Bucket", while bit ® is sent to the Final Result. 

Hardware T mg. ) 
YM07116A JES. 
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13 

3 
2 

SHIFf 
COUNTBIT 21 
(SHIFf 2) 

HTV-0834 

R3 

3 
2 

I2 

2 
2 

R2 

2 
2 

I1 

Rl 

IO 

o 
2 

RO 

o 
2 

SHIFf COUNT 
.....-___ 21 BIT 

(NO SHIFT) 

A-5127 

CRAY Y-l\1P BASIC SHIFT OPERATION 
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CRAY Y-MP SCALAR SHIFT FUNCTIONAL 
UNIT INSTRUCTIONS 

Instructions Single Shift Right!Left 

052ijk Shift (Si) left exp = jk places to SO 

053ijk Shift (Si) right exp = 1008 - jk places to SO 

054ijk Shift (Si) left exp = jk places to Si 

055ijk Shift (Si) right exp = 1008 - jk places to Si 

Instructions Double Shift Right!Left 

056ijk Shift (Si) and (Sj) left (Ak) places to Si 

056ijO Shift (Si) and (Sj) left one place to Si 

056iOk Shift (Si) left (Ak) places to Si 

057ijk Shift (Sj) and (Si) right (Ak) places to Si 

057ijO Shift (Sj) and (Si) right one place to Si 

057iOk Shift (Si) right (Ak) places to Si 

CAL Fonnats 

052ijk SO Si < exp 
053ijk SO Si> exp 
054ijk Si Si< exp 
055ijk Si Si> exp 
056ijk Si Si, Sj < Ak 
056ijO Si Si, Sj < 1 
056iOk Si Si<Ak 
057ijk Si Sj, Si > Ak 
057ijO Si Sj, Si > 1 
057iOk Si Si>Ak 

Hardware Tmg. 
YM07122 J.E.S. 
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Single Left Shift Instruction 

The Shift Count is the Uk) field of the instruction. 

j k 
1 2 2 21 2°1 22 21 20 = jkfield 

32 16 8 4 2 1 = Shift values decimal 

Exercise #1: 

Answer: 

Exercise #2 

Answer: 

HTV-0834 

052ijk Results to SO 

054ijk Results to Si 

Write the instruction to Shift S2 Left 20 10 places, putting 
the results into SO. 

1. 052ijk - Left shift instruction result goes to SO 

2. jk field - Shift count 

2010 = 24 8 = jk field 

3. 052224 - Final instruction 

Write the instruction to Shift S4 Left 3510 places, putting 
the results into S4. 

1. 054 ijk - Left shift instruction results goes to Si 

2. jk field - Shift count 

3510= 43 8 

3. 054443 - Final instruction 

CRAY Y-MP SINGLE LEFf SHIFT 

24-7 

Hardware Trng. 
YM07118 J.E.S. 
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Double Right Shift Instruction 

057ijk 

223 

Shift (Sj) and (Si) Right by Ale places to Si 

Sj I Si 

~ 
I Si 

Ale - Contains the shift count, A Register bits (26 - 2°) contains 
the valid shifts counts. Any bits (223 - 27) set will zero the 
results of Si. Also, the hardware is provided to generate the 
twos complement of the shift count on (Ale) register bit (2 6 - 2 ° ) 

27 26 25 24 23 22 21 2° 

Zero Results , 

Twos complement 
During Right 

- Double Shift 

64 32 16 8 4 2 1 - Valid decimal shifts 

On a Right Double shift, you always shift the contents of (Sj) into Si. This is 
done inside the Shift functional unIt, also the twos complement of the shift count 
is done inside the functional unit. 

Example: 

Answer: 

HTV-0834 

Write the instruction to Right Double shift S4 and S5 
32 1Oplaces, results into S4. 

057454 - Final Instruction where A4 = 408 hardware will 
generate a shift count of 1408 inside the Functional Unit. 

CRAY Y-MP DOUBLE SHIFT RIGHT 

Hardware Trng. 
YM07119 J.E.S. 
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Double Left Shift Instruction 

056ijk - Shift (Si) and (Sj) Left by (Ak) places to Si 

Si 

Si 

~ 
I 

Sj 

Ak - Contains the shift count, A Re~ister bits ( 26 _ 20 ) contains 
the valid shift counts. Any bits (22 - 27 ) set will zero the 
result of Si. 

=Ak 

Zeroes Results 64 3216 8 4 2 1 = Valid decimal shifts 

On a Left Double shift you always shift the contents of (Sj) into Si. This 
is done inside the Shift functional unit. 

Example: 

Answer: 

Write the instruction to Left Double shift S2 and S3 
64 10 places, result into S2. 

056234 - Final fustruction, where A4 = 1008 

CRAY Y-MP DOUBLE SHIFT LEFr 

Hardware Trng. 
YM07120 J.E.S. 
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Single Right Shift Instruction 

The Single Right shift count is the jk field of the instruction which must be in the 
twos complement fonn or a 1008 minus the number of places to Right shift. 

Exercise # 1: 

Answer: 

Exercise #2: 

Answer: 

HTV-0834 

053ijk 
055ijk 

Results to SO 
Results to Si 

Write the instruction to Shift S5 Right 1010 places, putting 
the results into SO. 

1. 053ijk - Right shift instruction results to SO 

2. jk field - Shift count in twos complement equals 668, 
1010 = 128 = 001010 
twos compl. 110101 

+1 
110110 = 668 

'or 1008 - 128 = 668 

3. 053566 - Final instruction 

Write the instruction to Shift S7 Right 2810 places. 

1. 055ijk Right shift instruction results to Si. 

2. jk field - Shift count in twos complement equals 

2810 = 348 = 011100 
twos complement = 100011 

+ 1 
100100 = 448 

or 1008 - 348 = 448 

3. 055744 - Final Instruction 

CRAY Y-MP SINGLE RIGHT SHIFf 

Hardware Tmg.) 
YM07121 J.E.S. ~/ 
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SCALAR SHIFT (OPTIONS INVOLVED) 

(VBO - VB15, VCO - VC15) 

The (VB, VC) options supply the (VB) options with the (Sj) or (Sk) operands. These operands are 
readout of the Scalar registers which are also located on the (VB, VC) options. When performing 
a Scalar Double shift, the (Sj) and (Si) operands are readout of the (VB, VC) options at different 
clock periods. For an 056ijk instruction (Scalar Double Left shift), (Si) is readout at CP 3, while 
(Sj) is readout at CP 4. For an 057ijk instruction, (Scalar Double Right shift), (Sj) is readout at 
CP 3, and (Si) is readout at CP 4. 

The (VB, VC) options receive the results of the shifts from the (VE) options. All the shifts of 64, 
32, 16, 8, 4 or 2 are performed on the (VE) options while the shift of one is done on the inputs to 
the (VB, VC) options. To perform a shift of one the (VB, VC) options each receive 3 bits of the 
results, and shift those bits into the fmal bit positions. 

(VE2, VE3) Options 

The (VE2) option contains the even bits of the operands while the (VE3) option contains the odd 
bits; therefore, a shift of two on the (VB) option will cause a shift of four in the result register. The 
two (VB) options perform all the Scalar shifts, which include the Single Left, Single Right, Double 
Left, and Double Right. 

The Single Left and Single Right shift counts are obtained from the Ok) field of the instruction. 
When a Single Right shift is to be performed, the Ok) field must contain the twos complement of 
the Right shift count. 

The Double Left shift obtains its shift count from the (Ak) field of the instruction, where Ak bits 
(26 - 20) contain the valid shift count. The (VB) receives a signal (Ak upper = 0) at CP 4 which 
means that bits (231 - 27) of the Ak Register are all equal to zero. If any of the bits (231 - 27) are 
set, the resultant shift count will be set to zero. The Double Right shift also obtains its shift count 
from the (Ak) field of the instruction; however, bits 26 - 20 of the Ak field will be in the twos 
complement form before arriving at the (VE) options. Both the Ok) and (Ak) field will be 
converted to the twos complement form on right shifts on the (VGO) option. The (VE) options can 
determine the type of instruction by decoding h bits 21 and 20, which they received from the issue 
fanout option (J-). Mter zeroing out h bit 21 on an 052 - 053 instruction, the (VEs) then use h bit 
20 to determine a Right or Left shift, and h bit 21 to determine a Single or Double shift. 

(VGO) Option 

The (VGO) option supplies the (VE) option with the shift count During a Right Double shift the 
(VG) option will supply the (VE) option with the twos complement shift count. During a Double 
Shift the (VO) will supply the (VE) option with a signal (Ak = 0) in the event that Ak bits 
(231 _ 27) are not equal to zeroes the results on the (VEs) shifts are forced to zero. The (Ak = 0) is 
orginated from the (VFO) option which polls all the (VFO - VF3) options for this information. 

Hardware Trng. 
YM07117A J.E.S. 
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(VGO) f-!!!l' SCALAR S11IFf I 

(V .... ·0 CP) (BITS.-)I) 

(JOO _ VSI) _ik"-_--::-:-_-<!jo -.9--+l---~t"""o. 
(AR) .... DATAcz"-2') m~:1'b--------~ 

(100) 00 SCAU.R SfiFr 

(JGO _ VF3) liD, HI CP I 

(180) SCAlAR s GU! SIDFr 

s' ;QPIlRANO e>" -2" 

SCAlAR 

.:~ ~ SjORSi ~SjiOPF.RAND<t.231) 

SCAlAR 
SmFrLEFl' 

ONB 
FANOUT 

..... 0 CPS (VE3) (26)_ 21) 
OIJI)BITS 

t+===~!!!.-(U';"'" SHIFrCON'lltOLI2' ,2' ,2' ,2' ,2
1
,2')_ 

I 'mRa: , II' 
~ IClCRW,7cTERMS2-
1 ........... 1 /DTERMS /OmMS 

1iC11iIl\lS !E'ffiR\lS I 
l 

SHIFr I CP S -®-
Rn:RMS ODDOrI'S RO-32 SHIFTRESULn 

(VGI)~ 

SCALAR SHIFT 

(VE2) (262-2~ 
EVEN BITS 

SHIFr CON'IltOL 12' ,2' ,2',2',21,2')_ 

~~ 1 B TERMS'1'Ai1iRMi ~ , , 
CTERMS C1ERMS 

D1F.RMS DTERMS 

E TERMS E 'J'F..RMS 

l 
~ !jYE!I BITS • ~ SIDFrRESULTS I 

SCAlARSmFr 

(Veo) (232,2 ''> 

I
" ·so 

.51 
·52 
·5) ·5. ·S' ·56 
·57 

SCAlAR 
REGI~'TERS 
RESULTS 

(VGO-VS40-VS43) SHIFrI CP' ®-

CRA Y Y -MP SCALAR SHIff SII'v',,- ,EjDOUBLE BLOCK DIAGRAM 
I 

'---/ 
\0 

SHIFT I 

11,1 114 IIIJI 

~ 

1
2. 

SCAlAR 

·SO 
·SI 
.S2 .S' 
.. 54 

·5' ·S. 
·57 

REGIS11~RS 
RESULTS 
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I 
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00 
VJ 
.J:>.. 
IT.S.W7I 

tv 
.J:>.. 

I -VJ 

IT.S.W7I 
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~ 
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262 260 258 2 56 254 2 52 2 50 248 246 244242240 238 236 234 2321230 228 2 26 224 222 220 218 2 16 214 212 210 211& 206 204 202 200 (VB2) 

2 63 2 61 259 257 255 2" 2 51 249 247245243241 -p9 2" 2 35 2" 231229227225 2 23 221219217 215213211 209 fT' 2OS2(J! 201 (VE3) 

131 130 129 128 127 126 W I24 123 122 I21 I20 II9 Its It7 It61I15 It4 II3 112 III 110 109 111& 1111 lll6 ID5 104 m 102 101 roo 
A31 A30 A29 A28 A27 A26 A25 A24 A25 A22 A21 A20 AI9 AI8 AI7 AI6 AI5 AI4 AI3 AI2 All AIO A09 AI1& Af11 A06 MS' A04 A(J! A02 AOI AOO 

LEFT SlNOLB SHIPT: ltDHI' SINGIB SHIFI': 

AO-A3I-----.CI6-C47 SHIFI'32.H2 AI6 - A31 -----. COO - CI5 SHIFI'32; HO (AFI1!R TWOS COMPLBMENI) SHIFI'DERIVED PROM (jk) 
AO-At5-----.02-C47 SHIFI'32,H3 AOO-A31 -----. COO-OI SHIFI'32,HI (AFI1!R TWOSCOMPLl!MENl) FIELD OFTIlBINSlRUCIlON. 

C38 C37 06 05 C34 CI1& em C06 COS aM COS 

~OOOO~OO~~I~~~~~~~~~~~~~~~~~~~~~OO~=~~OO~~ 

~OOOO~OO~OO~~~~~~~~~~~~~~~~~~~~~OO~~~~OO~~ 

~OOOO~OO~OO~~~~~~~~~~~~~~~~~~~~~OO~~~~OO~~ 

~OOOO~OO~OO~~~~~~~~~~~~~~~~~~~~~OO~~~~OO~~ 

SHIFI' 24 

SHIFI'I6 

SHIFI' 8 

SHIFI' 0 

'38 D37 D36 005 ~ 00' ~~~D25 

847 846 845 B44 843 842 841 840839 Il38 1137 B36 835 B34 833 832831 B30 829 B28 B27 l12li IW B24 B23 B22 821 B20 BI9 Bla BI7 BI6 BI5 

~~OOB440000W~~Il38I137B36~B34~m~B30~B28B27I1211IWB24B23B22~~~ruw~w 

~~OOB440000W~~Il38I137B36~B34~~~B30~B28B27I1211IWB24B23B22~~~ruwruw 

~~WB440000W~~Il38I137B36~B34~m~B30~B28B27I1211IWB24B23B22~~~ruw~w 

B28 E27 E26 IW B24 B23 ~ B22 :20 B19 Bla EI? EI6 BI5 ALXlNMI3Nl' 

lUI IUO R29 R28 R27 R26 R25 R24 IW R22 R21 R20 RI9 lUI RI7 RI6 RI5 RI4 RI3 RI2 RII RIO R09 RI1& R07 R06 R05 R04 R(J! R02 ROI ROO 

262260258 2 56 254252250248 246244242240238 2'6 234 232 2'0 228 2 26 224 t2 220211216214212210211&206 204 202 200 

263261259 257 2"2" 2 51 249 24724524'241 'J?9 2" 2"2" z31 229 227 2 25 223 221219217 215213211 209 f11 2OS2(J! fll 

Nom: SbllI: 11. dooe on the inputIlD the (VB. VC) options. 

1U2 

L OYllRLAPDATA 
(VB2) 

(VE3) 

2' 

0-82 

I-H3 

0-80 

I-HI 

SHIFI' 6 

SHIFI'4 

SHIFI' 2 

SHIFI' 0 

ItDHI'/LBFI'SlNOLB SHIFI'CON'JROL 

24 2' 22 21 
LEFT SINOLB SHIFI' 

00 -1i2A. H23 00 -l32, 122, m.121 

01 -1i2A. H23 01 - D2, T22. m. 121 

10 - H24:ii23 10-132,122,rn.rn 

II -H24. H23 II -132,122.131.121 

RIGHI' SINGLE SHIFI' 

00-H24.H23 00 -l32, 122, 131. 121 

01 -1i2A. H23 01 -'D2,n2,m.12I 

10 - H24.'ii23 10 -132, 122, m. ill 

II-H24.H23 JI-132, 122, m. 121 

) 
''-'-'/ 

0 

0 

0 0 

22.21 

I I 

0 

0 

0 0 

2° 

I 

D 
0 
N 
B 

0 
N 

VB 
I 

vc 
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M~OO_OO_~_~~~~~_m=~~~~=_=~w=~_ M ___ OO_OO~~_=_~_m=~~~_=_~~=_~_~~m~ 
"~M_~mM~DDmDDD~m~DaDmD~~mmaDm 

~~~_wm~~DDmDDDmmaDDmmamDmmmD~m 

~M~_~mM~DDmDmD~m~DmDm~~~mmmDmmm 

w~~_wmW~DDmDDD~mmDDmmmm~mmmD~mmm 

(SJ) CP4 

'

2" 2"2· 2" 2"2'" 2"2- 2"2"t" 2" 2" 2" 2"2,"'230 ra 2":z2A fIl 220 2"2" 2" 211 2'. f" 2" 2".p. 2" 
~~~~~~~~~t"t"~~~~~~~~~~~~~~~~t'"t'1~t'1~ 

rn~~mmmmmmmm~~rnmrn~rnrnmmM~am~m~~m~~ 

~~m ___ ~_~~~~~~~~~_~~~~~~ 
"""'''''~-_~~AUIAW 

~~~~~=oo~~~=~=~~~ 

~~~~~=OO~~~=~=~~~~~~~=~=~==~~~ruru~ 

~~~~=~=~==~=~ru=~ru~ro~ru=~~~~~~~=~~ 

ru~~=ru=~~=~=~oo=~~ 
, Cl4 as Cl2 CII 00 CXIIartC06C05C1MCOlC01C8lCOD AUON ........ 

=*=~==~*~~m~~~~~ 

DD 1m Dl1 IlQO Dlt Dli D17 01' 015 01' DU D1.2 

01' IX. btl 01. DIS Dl" DIS 1)12 

Dl' Dl4DnD12 
DI' Dr, DIS DIl AI.IOtIMOHT 

.,,1 11.7 .". BI' 

817.". Ill' 

&1' BlS 

II' 
I .., B46..., ~1W3 BCZ Bel .. ID9 III an 136 m5 IU m En BJ. BlO 12.9 BU B27 II2A5 1m lEW ED EZ2 111 B20 BI' Bl. Bl1 Bt, BI' AUCM.&fT -I 

IT"'. 0(11 .,. aJO lIB R211t27 us 125 I2A J2) 12212l1t2O .. , ..... ,1.1'''' ... " ... , 1J1"' .... 0.."" 1107 1M.., ut.., U2 HI .. 

2" 2-2" 2" 2"2'" 2'" 2- 2" 2"2" 2" 2" 2" 2" 2'" 230 ra 2"2" fIl 220 2"2" 2":z'2 2'· f" t'" 204 f11 200 

... 
L""""''''TA 

(VEl) .' a' 

""DClIaBJllPTCCHIIOL ., a' .' ., .' D 

~ 

I 
~ 

OII-llI,llI,m,H "'-114,110 0II-l6l,1m 0 
N ~~~~~p~~~~~~~~~~~~~~~~~~~~~~~~~~ (VEl) 

01_H'.HI 0I-l6l,1I23 OI-llI,m,m,12I • 
lo_ta 10-H2A.ii5 ,o-'JI,l22,lJi,m 0 

N 
NO'l1!: _I II doao ... 1110 q... .. 1110 (VB, VC) ....... n_HJ ll-H2A.H2J U-Jl:1.J22,JJl.11l VB 

I 
\t: 

CRA Y Y-MP SCALAR LEFf DOUBLE SHIFf - 056i]"k INSTRUCTION (VE) OPTION 

'--/ 

, 
"--'/ 

(VEl) 

(VEl) 

....... """"""'FItOM(AIo) 
RIU)<F1NSmlCIIa'I 

26.2' 
1lL_", , , 
1lL_" , 0 

1lL_," o , 
IlL_O • 0 

1lL_" 

11._1' 

1lL_, 

1lL_ • 

IlL_a , , 1lL __ 

, 0 

1lL_' o , 
IlL_O • 0 

,. ... r,. 
A·5I2M ..tE&. 

) 
~/ 



) 

J '--

IT.S. 0I6 1 
T.S.0I6 

IT.S· 0171 

(Si) Cl' 3 

262260258256254252250248246244242240238 236234232230228226224222220218216214212210 2 08 2 06 2 04 2 02 2 00 \ 

263261259257255253251249247245243241239237235233 231229227225223221219217 215213211209207 2 05 2 03 2 01 

DI DO 129 128 127 126 125 124 123 122 121 120 I19 Il8 I17 Il6 liS Il4 I13 I12 III IlO 109 108 107 106 105 104 103 102 101 100 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AI5 AI4 AI3 AI2 All AIO A09 A08 A07 A06 AOS A04 A03 A02 AOI AOO 

B31 B30 B29 B28 B27 B26 B25 B24 B23 B22 B21 B20 BI9 BI8 BI7 BI6 BI5 BI4 B13 BI2 B11 BIO B09 B08 B07 B06 B05 B04 B03 B02 BOI BOO 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37· C36 C35 C34 C33 C32 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 

047 046 045 D44 043 042 041 040 D39 D38 D37 D36 D35 D34 D33 D32 D31 D30 D29 D28 

047 046 045 044 043 042041 040 D39 D38 D37 D36 D35 D34 D33 D32 D31 D30 D29 D28 D27 D26 D25 D24 

047 046 045 D44 043 042041 040 D39 D38 D37 D36 D35 D34 D33 D32 D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 En E22 E21 E20 EI9 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 EI8 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E2s E24 E23 E22 E21 E20 EI9 EI8 EI7 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 EI8 EI7 EI6 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 EI8 EI7 EI6 

R31 R30 R29 R28 R27 R26 R25 R24 R23 R22 R21 R20 RI9 RI8 RI7 RI6 RI5 RI4 RI3 RI2 R11 RIO R09 R08 R07 R06 R05 R04 R03 R02 ROI ROO 

262260258256254252250248246244242240238 236234232230228226224222220218216214212210 2 08 2 06 2 04 2 02 2 00 

263261259257255253251249247245243241239237235233 231229227225 223 221219217 215213211209207 2OS203 2 01 

N01E: Shift 1 is done on the inputs to the (VB, VC) options. 

(Sj) Cl' 4 

\

262260258 2 56 2 54 2 52 2 50 2 48 246244242240 2 38 2 36 234232230 228226224222 220218216 214212210 2 08 2 06 2 04 2 02 2
00 

263261259257255253251249247245243241239237 235233231229227225223 221219217 215213211209207 205203 2 01 

DI DO 129 128 127 126 125 124 123 122 121 120 Il9 Il8 I17 I16 liS 114 Il3 Il2 III IlO 109 108 107 106 lOS 104 103 102 101 100 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AI5 AI4 AI3 AI2 All AIO A09 A08 A07 A06 AOS A04 A03 A02 AOI AOO 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 C17 CI6 

C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 CIS CI4 CI3 CI2 C1l CIO C09 C08 C07 C06 COS C04 C03 CO2 COl COO 

CIS CI4 CI3 CI2 C11 CIO C09 C08 C07 C06 COS C04 C03 CO2 COl COO 

CIS CI4 CI3 CI2 C11 CIO C09 C08 C07 C06 COS C04 C03 CO2 COl COO ALIGNMENf 

D27 D26 D25 D24 D23 D22 D21 D20 Dl9 Dl8 Dl7 Dl6 Dl5 Dl4 Dl3 Dl2 

D23 D22 D21 D20 Dl9 Dl8 Dl7 Dl6 DIS Dl4 DI3 DI2 

Dl9 Dl8 Dl7 DI6 Dl5 Dl4 Dl3 Dl2 

DIS DI4 Dl3 Dl2 

DIS DI4 Dl3 Dl2 

EI8 EI7 EI6 EI5 

EI7 EI6 EI5 

EI6 EIS 

EIS 

EI5 ALIGNMENf 

R32 

L OVERLAP DATA 
(VE2) 

(VE3) 

ALIGNMENT 

26 2 5 

00 = H4,HO 

01 ~HS,Hl 

10=H2 

11 =H3 

LEFT DOUBLE SHIFf CONTROL 

24 2 3 22 21 

oo=H24,iffi ---..".., 00 = J32, 122, J31, 121 

01 =H24,H23 01 = m:m, 131,12 

10 = H24,H23 10 ~ 132, J22, ill, ill 

11 = H24, H23 11 =J32,J22, 131,121 

2° 
D 
0 
N 
E 

0 
N 

VB 
I 

VC 

(VE2) 

(VE3) 

SHIFf DERIVED FROM (Ak) 
FIELD OF INSTRUCTION 

2 6 .2 5 

DL=96 I I 

DL~64 0 

DLz32 0 

DL=O 0 0 

24.2 3 

DL=24 I I 

DL-16 0 

'DL=8 0 

DL=O 0 0 

22.21 

DL-6 I I 

DL-4 0 

DL~2 0 

DL=O 0 0 

HarrlNBr9 Tmg. 
A·5823A J.E.S. 

CRA Y Y -MP SCALAR LEFT DOUBLE SHIFf - 056ijk INSTRUCTION (VE) OPTION 

HTV-0834 eRA Y PROPRIETARY 



~ 
I o 

00 
v,) 

+:>. 

~ 
I 

I--' 
Ut 

~ 

"''-

2"' t" 2" 2" 2" .p. 2" :z" :z" 2" 2" 240 2" i' 2" i'i ~) ~3 

~pp~~~~~~~p~~~~~ 
~~~~p~~~p~~~~~~~ 2" 1" 2" 2" .p. 2":z'1 ~ ozC' :z" 2" 2" 2" 237 2" 2" 

131 DO 119 121 117 126 12' 124 123 121 121 120 119 bl 117 114111' 114 I1S 112 III no JOII 101 J07 • lOS 104 lOS 102 lOt 110 
~_m~~~~_~~~_millm~~~~_m~~~ ______ ~_ 
~_~~w~~~~e~~mMwm~~mm~~~~~~~_~_~~ 

~~oo~~~oo~~~~~~~~~ 

~~oo~~~oo~~~~~~~==~=ruw=~======ru~=~ 

~=ruw=~=~==~=ru~=~=ru====~~=~~~~=~~ 

=~==ru=~~=~~~===~ 
M~OO~~~OO~~~=~~~==~=ruw=~=~==~=ruru=~ 

~~~~oo_oo~~~=~~~~~~_~~ 

~~~~oo_oo~~~=~~~~~w_~~=~~~ 

M~OO~OO~OO~~~=~~~~~W~~~=W=~==W_ 

M_~_OO~OO~~~=~~~~=~~~~=W=~===_~~=~ 

. ""_""""""""-"" "",m.m,m7m&m,.,..,,,, ' -=-~ 1lOU>IIU!:U _ . 

~~W~W~~~QmM~m~mmn_~m~~~~~m~D~ 

M~W~~w~~~pm~m~mmnb~m~D~~~mD~~~ 

~~w~w~~~~mM~~~mmn~~m~~~~~mD~~m~ 

~~~~~~~~Qmm~~~mmn~~m=D~~mmm~m~m~ 

\. /' 
'~ 

lSi) ~4 

1211 2" 2" 2" 2" 2'" 2" :z" :z" 2":z" t" 'i" 2'" 2" i'l 'I" P i'> ~ i' ~ 2" 2" 2" 2" ,/0 i}t 'J!l6 2'" tyJ. 200 

~~~~PP~:z"~:z":z"~~~Pi'~~~~~~~~P~~~~~~~ 

Dl DO I2J 121 127 I2d 115 I2A 123 122. 121 DO 119 bl 117 114 111' b4 I1S 112 111 110 109 101 In lOIS lOS 104 103 m 101 100 

~_~~~~~_~~~_millm~~~~_m~~ _______ ~_ 

~==~====~=~=ru~=~ru~m===~~~~~~===~ 

ru~====~~~~~~===~ 

=~====~~~~~~===~ AUONM .... 

~w~~~=ww~~=~OO~~M 

D1S btl D2l D20 DI9 Dl.1 Dl7 01., DU D14 DIS D12 

Dl9 OIl DI7 DI' DI' 014 DIS Dl2. 

DIS 014 DIS Dl1 

DI' D14 DIS D12 A1J(I6IIlNT 

Bal BI7 81' II' 

117 11' Ba' 

BI' 81., ... 
I ic7B41ipa_B44~~EA1 1WO_IQ9.ElI El7-834 EJ,iB4ms B32Enmo B19E21B27B216 mEUms I21E2.1 BWll'BlIBI7 II' -~ Ai.iQiriiBn' _I 

IT .... fYJ I ISl.so 119 1t2.11111t26 R2.5 uc R2S 122 R21 120 R19 JUI aJ7 aI, Rl' 1..4 au R111l11 1U0 ROt Ulm ROd aM aM JIOS 102 ROI ItOO 

2"2"2" 2"2"252 2" to 2" 2" :z'2~2" 2"2" 2"230 .za 2202202222202"2"2"212 2'0 'i". 2"2"'2"2.p. 
~~~~~~~t'~t't'~~~~~~~~~~~~~~~~~~~~~ 

NO\1!: Sbifl 1 ia"'" .. !he iqlull '" lb. (VB. VC) opi .... 

an 
L .......... ~TA 

(VE2) 

(VEl) 

. ' .' , ...... 
OO.H7 

10-IM.HO 

l1_"',Hl 

I.I3PI'DOUBIJ1Sf1F1'camtcL 

.' .' ., .' •• 
D 

00.1m,1m ",.m.m.m.m 0 
N 

01-1GA..1US oo.m.m.l11.'21 B 

10-Hu.iiii , .. ' ....... m.m 0 
N 

11-~1DS ll-JS1,J2:I,.131.n VB 

J" 

~ CRA Y Y -MP SCALAR RIGHT DOUBLE SHIFT - 057ijk INSTRUCTION (VB) OPTION 

~ 
~ 
~ 
~ 
~ 

(VE2) 

(VE3) 

''--oJ''/ 

SHFI'DIlRIVIDFROMTWIQI 
0JM>Uit.IEIn'0I' (AI<) 

:l DR." 1 1 

Db .. 1 0 

DR ... o 1 

DR.O o 0 

~ DIt_U 1 1 

DR_Ul 1 0 

DR.' o 1 

DR.O o 0 

DR.' 
~ 

1 1 

DR.' 1 0 

DR •• o 1 

DR.O o 0 

""dnrermg. 
A·5BN8 J.E.B. 



) 
/ 

) 
/ 

IT.S. 016 1 
T.S.016 

(Sj) CP 3 

2 62 2 60 2 58 2 56 2 54 2 52 2 50 2 48 246 2 44 242 2 40 2 38 

2 63 261 259 2 57 255253 251249 247245243241 239 

2 36 2 34 2 32 230 228226224222220218216214212210208206 21»202 2 00 1 

237235233231229227225 2 23 221219217 215213211 209207 205203 2 01 

D1 DO 129 128 127 126 125 124 123 122 121 120 Il9 I18 I17 I16 I15 I14 I13 I12 III I10 109 108 107 106 lOS II» 103 102 101 100 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AI5 AI4 AI3 AI2 All AIO A09 A08 A07 A06 A05 AI» A03 A02 AOI AOO 

B31 B30 B29 B28 B27 B26 B25 B24 B23 B22 B21 B20 BI9 BI8 BI7 BI6 BI5 BI4 BI3 BI2 Bll BIO B09 B08 BOO B06 B05 B(» B03 B02 BOI BOO 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 

C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 CIS CI4 CI3 CI2 CII CIO C09 COS C07 C06 COS C(» C03 CO2 COl COO 

CIS CI4 CI3 CI2 CII CIO C09 COS C07 C06 COS C(» C03 CO2 COl COO 

I C47 C46 C4S C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 

1>47 1>46 I>4S D44 1>43 1>42 041 040 D39 D38 D37 D36 D35 D34 D33 D32 D31 D30 D29 D28 

047 1>46 I>4S 1>44 1>43 1>42 1>41 1>40 D39 D38 D37 D36 035 D34 D33 D32 D31 D30 D29 D28 D27 D26 D25 D24 

047 1>46 O4S D44 043 042 041 1>40 D39 D38 D37 D36 D35 D34 D33 D32 D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 

047 1>46 1>45 044 043 1>42 041 040 D39 D38 037 D36 D35 D34 D33 D32 D31 D30 029 D28 D27 D26 D25 D24 D23 D22 D21 D20 Dl9 Dl8 Dl7 Dl6 

047 046 04S 044 043 042 041 040 D39 D38 D37 D36 D35 D34 D33 032 D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 DI9 Dl8 DI7 016 

E47 E46 E4S E44 E43 E42 E41 E40 E39 E38 E37 E36 E3S E34 E33 E32 E31 E30 E29 E28 E27 E26 E2S E24 E23 E22 E21 E20 EI9 

E47 E46 E4S E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 EI8 

E47 E46 E4S E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 EI8 EI7 

E47 E46 E4S E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 EI8 EI7 EI6 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 EI8 EI7 EI6 

I T.S. ofll R31 R30 R29 R28 R27 R26 R25 R24 R23 R22 R21 R20 RI9 RI8 RI7 RI6 RI5 RI4 RI3 RI2 RII RIO R09 R08 ROO R06 ROS RI» R03 R02 ROI ROO 

N01E: Shift 1 is done an the inputs to the (VB, VC) options. 

(Si) CP4 

1

262 260258 256 2 54 2 52 250248 :t6 244 242 2 40 238 

263 261 2S9 257 255253 251249 247245243241 239 

236 234232 230 228226224 222220218216214212210 2 08 2 06 21»202 2 00 

237235233231229227225 223 221219217215213211209207 205203201 

131 DO 129 128 127 126 125 124 123 122 121 120 I19 I18 I17 I16 liS I14 I13 1I2 III I10 109 108 107 106 105 II» 103 102 101 100 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AIS AI4 AI3 AI2 All AIO A09 A08 A07 A06 A05 AI» A03 A02 AOI AOO 

C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 CIS CI4 CI3 CI2 Cll CIO C09 C08 C07 C06 COS C(» C03 CO2 COl COO 

CIS CI4 CI3 CI2 CII CIO C09 COS C07 C06 COS C(» C03 CO2 COl COO 

CIS CI4 C13 CI2 CII CIO C09 COS C07 C06 COS C(» C03 CO2 COl COO ALIGNMENT I 

D27 D26 D25 D24 D23 D22 D21 D20 DI9 Dl8 Dl7 Dl6 DI5 Dl4 Dl3 Dl2 

D23 D22 D21 D20 Dl9 Dl8 Dl7 016 DIS DI4 DI3 Dl2 

DI9 DI8 DI7 DI6 DIS DI4 DI3 DI2 

DIS Dl4 Dl3 DI2 

DIS Dl4 013 Dl2 

EI8 EI7 EI6 EIS 

EI7 EI6 EIS 

EI6 EIS 

EIS 

EIS ALIGNMENT 

AUGNMENT 

R32 
LEFI'DOUBLE SHIFT CONI'ROL 

L OVERLAP DATA 
(VE2) 

26 2 5 

00=H6 

01 =H7 

IO=H4,HO 

11 =H5,Hl 

24 2 3 22 21 

00 = H24,1ffi 00 = J32, 122, ill, J21 

01 =H24,H23 01 =m.J22,J3I,J21 

10=H24,H23 10 = J32, J22, m, J21 

11 =H24,H23 11 = J32, J22, J31, J21 

2° 

D 
0 
N 
E 

0 
N 

VB 
I 

VC 

(VE2) 

(VE3) 

SHIfT DERIVED FROM 1WOS 
COMPLEMENT OF (Akl 

~ 
t-

DR -96 I I 

DR-64 o 

DR=32 0 

DR=O 0 0 

243 .2 
DR-24 

DR-16 0 

DR-8 0 

DR=O 0 0 

22.21 

DR-6 I I 

DR-4 0 

DR-2 0 

DR-O 0 0 

Hardware Tmg. 
A-5824B J.E.S. 

CRAY Y-MP SCALAR RIGHT DOUBLE SHIF1' - 057ijk INSTRUCTION (VE) OPTION 

HTV-0834 eRA Y PROPRIETARY 



) 

o 1 2 3 4 5 6 

~) 

/ 

052 - 055 - SCALAR SINGLE SHIFT (LEFI' OR RIGHT) A-7731 

CRAY Y-MP SCALAR SINGLE SHIFT 

) 

HTV-0834 24-17 CRA Y PROPRIETARY 



o 1 

(J-) (J-) 

eIP 

2 3 4 

L:Si 
R:Sj 

056 - 057 - SCALAR DOUBLE SHIFT (LEFf OR RIGHT) 

5 

L: Sj 
R: Si 

6 7 

A-7728 

CRAY Y-MP SCALAR DOUBLE SHIFf 

HTV-0834 24-18 eRA Y PROPRIETARY 

) 

) 







SCALAR POPULATION COUNT 
The Scalar Population Count functional unit counts the number of one bits in the Scalar register 
specified by the (j) field of instruction 026ijk (k = 0 or 1). The maximum count would be 1008 
or 6410 for the corresponding number of one bits set in the Scalar register, and the smallest 
would be zero for no bits set in the Scalar register. 

The k field of the instruction determines whether or not the entire population count will be 
recorded in Ai. If it is an 026ijO instruction, all 7 bits of the final population count are sent to 
the A register. When an 026ijl instruction is issued, the entire S register is counted for the 
number of one bits set, but then only bit 20 of the count is sent to the A register. If bit 20 of the 
count is equal to a zero then the count has even parity, indicating an even number of bits set; 
and if bit 20 of the count is a one, then the count has odd parity. The Scalar Population Count 
takes 4 CPs to execute inside the functional unit. 

Scalar Pop Count (Options Involved) 

(VGO, VG 1) Option 

The (VGO, VG 1) option each receive 16 bits of the 64-bit word, and partially sum the number 
of one bits to five terms. The 16 bits spend 1 CP on the (VG) options. To sum the 16 bits, the 
(VG) graphically stands the bit on end and performs 3-bit adds on 3-bit groups. 

The carries generated propagate to the next higher bit position, while the sums remain in the 
same position. There are four levels of additions performed on the (VG) options, which 
originally receive their input from the (VB) options, or the lower 32 bits of the Scalar registers. 
The partial summations (RO - R4) terms, are sent to the (VHO) option for the final summation. 

(VHO, VHl) Options 

The (VH) options each receive 16 bits from the (VC) options, or upper 32 bits of the S 
registers. The (VH) options are identical to the (VG) options in performing four levels of 
additions. The (VHO) option however, is different from the (VHl) and the (VGO, VG1) 
options when doing a population count, in that the (VHO) receives the partial count from the 
(VGO, VG 1) and (VH1) and continues the population count to its completion. The (VHO) will 
continue to add the partial sums along with its own partial sums for an additional 2 CPs. The 
final sum is sent to the (AR) options from the (VHO) option as R terms (R16 - R22). If an 
026ij 1 instruction was issued, then only R16 is sent to the (AR) option, as the parity of the 
population count. 

Hardware Trng. 
YMOSI22A J.E.S. 

HTV-0834 25-1 CRA Y PROPRIETARY 



SCALAR POPULATION COUNT 
FUNCTIONAL UNIT INSTRUCTIONS 

INSTRUCTIONS 

026ijO Ai PSj 

026ij 1 Ai QSj 

Population count of (Sj) to Ai 

Population count parity of (Sj) to Ai 

The 026ijO instruction counts the number of one bits in (Sj) and transfers-) 
the count to Ai. . 

The 026ij 1 instruction counts the number of one bits in (Sj) and transfers 
only bit 20 of the count to Ai. If 20=0 there is even parity, and if 20=1 
there is odd parity. 
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') SCALAR LEADING ZEROES COUNT 

The Scalar Leading Zeroes Count functional unit counts the number of zeroes preceding the first 1-
bit in a specified Scalar register. The result is then transferred to the lower 7 bits of an Ai register. 
To utilize the Leading Zeroes functional unit an 027ijO instruction is used, where (Sj) is the 
operand and Ai the result register. The (Sj) operand is divided into four groups of 16 bits each and 
sent to four options, two (VGs) and two (VHs). Each option counts the number of leading zeroes 
in its 16-bit group, making the individual zeroes count anywhere from (0 - 20g). The partial 
counts are then sent to one (VH) option which compiles the results from each of the 4 parcels into a 
single count. The final count, which can be anywhere from (0 - 100g), is then sent to the specified 
A register. 

The Scalar Leading Zeroes Count functional unit shares the same paths into the (VG, VH) as the 
Scalar Population Count and Scalar Add functional unit Also the R terms (RO - R4) are shared by 
the Scalar Add and Scalar Pop as well as some internal Boolean terms. The Scalar Leading Zeroes 
count takes 3 CPs inside the functional unit If a Scalar Population Count instruction (026ijO) or 
026ij 1) is issued before a Scalar Leading Zeroes Count instruction (027ijO), the 027 will hold issue 
for 1 CP, to prevent a conflict on the (AR) option. 

Scalar Leading Zeros Count (Option Involved) 

(VGO, VG1) Options 

') Each (VG) option contains 16 of the 64 bits of the (Sj) Scalar register sent from the (VB) option. 
.. The (VGO) contains bits (215 - 20), while (VG1) contains bits (231 _ 216). The (VG) options count 

the number of leading zeroes in each of their 16-bit groups. The maximum numbers would be 
208, or all 16 bits equal to zeroes. The 5-bit result is sent to the (VBO) options, to determine the 
final count of all 64 bits. To determine the Leading Zero Count on 16 bits, the 16 bits are divided 
into four 4-bit groups. The count within each of the 4-bit groups generates the C terms, which are 
then combined to form the E terms, which give the final count (0 - 208) of zeroes within the group. 

(VHO, VH1) Options 

The (VH) options are identical to the (VG) options except the (VHO) option will finalize the 
Leading Zero Count. By checking the counts from the other three partial sums plus its own, the 
(VHO) can determine what the final sum should be. If all 4 parcels have a count of (208), the 
(VHO) option will only send bit (26) to the (AR) option, for a count of 1008, or else 6 bits (25 - 20) 
are sent to the (AR) options. To set (25) of the result, the count could be somewhere between 
(4Og - 778). To set (24) of the result, the count should be somewhere between (208 - 378) or (608 
- 77g). Bits (23 - 20) of the result are selected from one of the following: from (VH1) when the 
count is not equal to (208), from (VHO) when the count is greater then (208) but less than (408), 
from (VG1) when the count is greater then (40g) but less then (608), or from (VGO) when the 
count is greater than (608) but less than (100g). 
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CRAY Y-MP VECTOR REGISTERS 

The CRA Y Y -MP contains eight Vector registers (Va - V7), each of which in turn contain 6410 
elements, with each element 6410 bits in length. The Vector registers have their own Integer 
functional units including the Vector Add, Vector Logical, Vector Logical 2, Vector Shift, and 
Vector Pop. They also share with the Scalar registers, the Floating-point functional units, which 
include the Floating Add, Floating Reciprocal, and Floating Multiply. Vector register data can also 
be sent to memory or read from memory in amounts ranging from 1 to 64 elements per instruction. 
Any element of a Vector register can be loaded into a Scalar register, and any Scalar register can be 
loaded into any element of a Vector register. 

The Vector instructions are all one parcel instructions in which the (ijk) fields contain the operands 
and the (gh) fields contain the instruction decodes. The (gh) fields tell the machine what functional 
units will be needed, and the (ijk) fields tell which Vector registers will be used. Generally, the (k) 
field ofa Vector instruction contains some Vector register (VA - V7) as an operand. The G) field 
can be either a Scalar or Vector register depending on the instruction, and is used for an operand. 
The (i) field is generally a Vector register and used as the destination or resultant register. 

Because the Vector operands can be sent to so many different functional units, the (VB, VC) 
options are used to multiplex the various operands (Vj/Sj, Vk) to the correct functional units. To 
receive results back from the various functional units, the (V A) options are used to multiplex the 
various functional units to one of eight Vector registers. 

To control the Vector registers, a (VD) option is used. The (VD) contains a Read Address register, 
a Read Vector Length register, and a Write Address register for each Vector register. Having both a 
Read and a Write Address register, allows a simultaneous Read and Write of the same Vector 
register to occur, as long as the Write stays ahead of the Read during a chain operation. The Read 
Address register points to a particular element of a Vector register. On starting up a Vector 
instruction, the Read/Write addresses are set to zero to allow a Read/Write of element zero. As long 
as the Read Address register does not equal the Vector Length register, the address is allowed to 
increment to the next element of the Vector register. When the Read Address register finally equals 
the Vector Length register, the (VD) option will stop sending addresses to the Vector register, and 
will generate a Release Vjk to the (JE) option. The Release Vjk will drop the reservation on (Vj, 
Vk), and also release the reservation on the functional unit since no more operands are being sent to 
the functional unit. The (Vi) reservation is held on the (IC) option and is released when the Write 
sequence is complete. The Go Write Release stops the Write address from incrementing, while the 
Go Write allows the Write address to increment on the (VD) option. 

The (VS) options contain the Vector registers with four options needed to handle each register. 
Each option contains 16 bits of each of the 64 elements making up a particular Vector register. The 
Read or Write address sent from the (VD) option is broken down into bits (25 - 20) as shown on 
the following page. 
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= (VS) Address Decode 

6. Read Even/Odd or Write Even/Odd - Bit 2° of the original address sent from the (VD) 
option becomes Read Even or Read Odd for a Read of the Vector register; or Write 
Even or Write Odd for a Write to the Vector register. This allows the 64 elements to 
be interleaved on even or odd boundaries so that Read and Write operations can occur 
simultaneously . 

.&. Original address bits (21 - 2 5 ) are renumbered coming into the (VS) option as 
(2° - 24 ) and become a 1 of 32 element selects for a Read or Write operation. 

The (VS) options also contain a bypass path which is used when the Read address = 
Write address. When there is a conflict between a Read and a Write both wanting 
even or odd elements, the Write will be held for 1 CP while the Read will go ahead. 

Vector Register Issue Control 

The Vector register issue control is contained on a series of (J -) options which are the 
(JC, JD, JE, JF) options. The (ghijk) instruction decodes arrive from the (HC, HB) options NIP 
register. The instruction is decoded on the (JD, IC) options to determine if the instruction is a 
Vector instruction. If not, the (JD, IC) options will generate a Go Issue for that instruction; 
however, if the instruction is a Vector instruction to be controlled by the (JC, JD) options, the 
(JC, JD) will check for conflicts before issuing the Vector instruction. Upon resolving the conflict 
at CIP time the Vector instruction will issue, reserving the Vector functional unit (VFU) and the 
operands and destination registers along with the Port A, B, C if they are being used. 

In order to read the operands out of the Vector register, the (JC) option will send a Go Read 
sequence (VO - V7) to the (VD) option along with Pair Required if two operands are to be read-
out of the Vector register at the same time. Pair Required ensures that during a chaining operation 
both operands have the same element ready to be read. The (JCO) option sends the Go Write sequence 
to the (VD) option to set up the (VDs) to control the writing of the Vector register elements. The 
(VD), upon receiving the Go ReadlWrite sequence, will clear the ReadlWrite Address registers and 
load the Read Vector Length register during a Read sequence. The (VD) then t~es over reading the 
Vector register elements if the Read operation is required. 
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To steer the Vector data, to the correct Vector functional unit (VFU), the VFU Select Code is 
used. The VFU Select Code is generated on the (JD) option and sent to the (V A, VB, VC) 
options. The (VB, VC) uses the VFU to steer the operands to the correct FU. The (V A) latches 
and holds the VFU upon getting the Go (V A) option signal. This is because of the time spent 
before it can be used by the FU sending results back to the Vector register. The operand 
selection on the (VB, VC) options is received from the (JG) option after a fanout on the (VS) 
option. The (VB, VC) decodes the operands (ijk) and sets up the paths for the data from the 
Vector register to be routed to the correct FU using the VFU Select Code. The data (Vj, Sj), 
(Vk), or (Vi) is then sent to the FU. 

In order for the results to be loaded back into the Vector register, a number of timing conditions 
need to be set up. The timing starts on a Read operation when the (VD) has passed the address to 
the correct Vector registers to read the vector elements. The (YO) will also generate a "Go Data 
Vjk" each time a vector element is being read. The Go Data Vjk is sent to the (JEO) option where 
a compare for the FU against the operand used is performed. Upon identifying the Go Data Vjk 
the (JE) will generate a Go Data FU X where "X" is the FU being used by the operands, "X" can 
be either (FR, FA, FM, VA, VS, or VL). The Go Data FU X is passed to the (JFO) option where 
another compare takes place. This time however, the compare is against the FU and (Vi) to 
determine which Vector register will receive the results from the FU. The Go Data FU X will 
match a correct (Vi) and, depending on the FU, will start a delay chain equivalent to the time it 
takes the FU to send results to the Vector registers. At FU delay time CP 4 the (JF) will generate 
a Go Write VO - V7 from the Vector instructions (Vi) field The Go Write VO - V7 is passed to 
the (YO) option to prepare for a write into the (Vi) Vector register. The (VD) upon getting the Go 
Write will send its Write address to the Vector register and then increment its Write address by 
plus 1. 

During a Vector Read of memory on a 176 instruction, the Port A, B and Go Read are passed 
directly to the (JF) option so the (JF) can start a delay chain for a read memory reference, and 
then generate the Go Write VO - V7 to the (YO) at CP 4 times. 

On a Vector register Read operation, when the Read address is equal to the Vector Length on the 
(VD) option, the (YO) will generate a Release Vjk to the (JC, JE) options. On the (JC) the 
Release Vjk will release the reservations on the operand registers. On the (JE) the Release Vjk 
will match aVO - V7 and send a Release VFU to the (JF) option, along with a Release to the (JD) 
to release reservations on the functional unit 

On a Vector register Write operation from memory the release does not originate from the (YO) 
option but from the memory control (YE) option. The (YE) will generate the Port AlBIC Release 
when the (Ak/VL) words have been decremented to zero. The (YE) then sends the release to the 
(JDO) option to release the Port reservation AlBIC and also send the Release to the (JF) to release 
the (Vi 0 -7) reservation on the (JC, VD) options. The (JC) upon receiving the Release Vi 0-7 
will release the reservation on (Vi). The (VD), upon receiving the Release VO - V7, will prevent 
the Write address from incrementing. 
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VECTOR REGISTERS 
GENERAL 

I. 8 Vector registers = VO - V7 

IT. Each Vector register = 6410 or l00S Elements 

Ill. Each Element = 6410 bits in length 

IV. Elements are interleaved Even/Odd 

V. Each Vector register has a Read Address register and a Write Address 
register. 

VI. Each Vector register has a Read Vector Length register. 

VIT. Vector Register Instructions contain 1 or 2 operands; only one destination. 

VIll. Per the instruction the operand VjNk are steered to 1 of 10 Functional 
Units. 

IX. Per the instruction the destinations are steered to 1 of 8 Vector registers 
from 1 of 10 Functional Units. 

X. Vector Registers use a Bypass path when the Read Address = Write 
Address. 

XI. On a Read Even/Odd or Write Even/Odd Address Conflict the Write 
Address is held for 1 CP. 

XII. Automatic chaining as long as Write Address is greater than or equal to 
Read Address. Destination can be used as another instruction operand. 

XIII. Vector instruction can hold after CIP by monitoring the Read and 
Write Address and Data Readies. 

XIV. Upon issuing a Vector Instruction Reservation are held on: Operand, 
Destination, and Functional Units. 

XV. Operand reservation is held until the Read Address is equal to the Vector 
Length register. 

.... ~ 

) 
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HTV-0834 

CRAY Y-MP VECTOR REGISTER 
INSTRUCTIONS 

Transmit (Ak) to VL register 

Transmit 1 to VL register 

Transmit (VL) to Ai 

Transmit (Vj, element (Ak)) to Si 

Transmit (Sj) to Vi element (Ak) 

Clear Vi element (Alc) 

Read (VL) words to Vi from Memory 
address ((AO) + (DBA)) incremented by (Ak) 

Read (VL) words to Vi from Memory 
address ((AO) + (DBA)) incremented by 1 

Read (VL) words to Vi from Memory 
address ((AO) + (Vk) + (DBA)) 

Write (VL) words from Vj to Memory 
address ((AO) + (DBA)) Increment by (Ak) 

Write (VL) words from Vj to Memory 
address ((AO) + (DBA)) incremented by 1 

Write (VL) words from Vj to Memory 
address ((AO) + (Vk) + (DBA)) 

Integer sums of (Vj) and (Vk) to Vi 
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VECTOR REGISTERS (OPTIONS INVOLVED) 

(leO) Option 

The (JC) option decodes the instruction at CIP time, and checks for the Vector instruction 
reservation on (Vi, Vj, Vk) before allowing the Vector instruction to advance into execution. The 
types of conditions the (JC) would Hold Issue on are: 

(Vi, Vj, Vk), reservation - Check for (Vi, Vj or Vk) being reserved for operands; if (Vijk) 
are reserved as a destination and the next instructions would want to use the 
same Vector register as an operand it would be allowed to issue. This is 
called chaining. 

076/077, 002 - Scalar reference will hold out any vector references until the 
Hold Issue drops on the Scalar reference. 

SR Hold - Stop the issue if a Test & Set and holding or a Shared register is in progress. 

The (Vi, Vj, Vk) reservation are cleared upon receiving the Release Vjk from the (VD) or 
Release Vi 0 - 7 from the (JF) option. 

(lDO) Option 

The (ID) option decodes the instruction at CIP time, and checks for the Vector functional units 
(VFU) reservation and the Ports A, B, C reservations, before allowing the Vector instructions to 
advance into execution. Types of ~onditions that the (ID) would Hold Issue on are: 

VFU conflict - Conflict with Vector functional unit being reserved. 

176 - 177, Scalar hold - Hold for 1 CP on a 176 - 177 instruction because of multiplexing 
(Ao) and (Ak) out of the A registers. Scalar hold occurs because a 
scalar cannot intermix with a Vector operation and vice versa. 

Hold 003,073 - Conflicts that occur with the Vector Logical functional unit and the Vector 
Mask register. 

002 (il - 7) - Hold Issue on the 002X conflicts. 

The VFU reservation is cleared upon receiving the Release FR, FA, PM, VA, VS, VL from the 
(JEO) option, which was generated on the (JEO) option from the (VD) options Release Vjk. The 
port reservation which is also held on the (IDO) option is cleared by the (yEO) decremented block 
length being equal to zero. The Release Memory port, however, is held on the (yO) option until 
the Bank conflict has been resolved. 
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(lEO) Option 

The (JEO) option directs the Release Vjk to the correct functional unit "X", and directs the Go 
Data Vjk to the correct functional unit "X". To do these two operations the (JE) is given the (jk) 
field of the instruction and the Go FR, FA, FM, VA, VS, VL or Go VFU. What the (JE) will do 
with these two pieces of infOlmation is match the corresponding Release Vjk to the original load 
(Vjk), or the Go Data Vjk to the originally loaded (Vjk) and send off the Go Data VFU or the 
Release VFU. 

(lFO) Option 

The (JF) option is responsible for generating the Release Vi 0 -7, and supplying the (VD) option 
with the Go Write VO - 7 to load the FU result at the appropriate times. The (JF) contains a FU 
delay chain which the Go Write VO - 7 for FU X are loaded into and delayed to clock period 4 
time, when Go Write VO -7 is generated. To determine which (Vi) belongs to which FU, the (JF) 
is given the (Vi) and Go VFU. Upon getting the Go Data VFU from the (JE) option the (JF) will 
enter into the delay chain the correct (ViO - Vi7) from the match up. 

(HCO, HDO) Option . 

The (HCO, HDO) options supplies the (JD, JE) option with the instruction (ghijk) decodes upon 
receiving the Go Issue signal. 

(V AO - V A15) Options 

The 16 (VA) options steer the Write Data to 1 of 8 Vector registers. The Write Data can originate 
from 1 of 10 functional units within the CRA Y Y-MP. Each (VA) option contains 4 consecutive 
bits of the 64-bit element for a total of 16 (VA) options. To select 1 of 8 Vector registers, the 
(VA) receives the (i) field of the instruction decode and generates (XO -X7). (XO - X7) will latch 
and hold a 4-bit VFU Select Code for 1 of 8 Vector registers. When the data arrives from the 
functional unit, a decode on the VFU Select will Enable the data to be steered to the appropriate 
Vector register. 

(VBO - VB15) Options 

The (VBO - VB 15) options contain the lower 32 bits of the 64-bit elements, with each (VB) 
containing 2 bits of each 64-bit element. The 16 (VB) options steer the Read Vector operand 
(VkNj) or (Sj) to 1 of 11 functional units. The (VB) receives a VFU Select Code which latches 
and holds the (Vj/Vk) instruction decode. The (VjNk) is decoded and used to Enable the correct 
Vector register data (VO - V7) to be sent out to 1 of 11 functional units. The (VBs) also contain 
the lower 32 bits of the Scalar registers. When the Vector instruction uses (Sj) instead of (Vj), 
(Sj) is simply read out of the (VBs) by the decode (j) field of the instruction, which could 
represent (SO - S7). 
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(VCO - VC15) Options 

The (Ve) options are identical to the (VB) options except that the (Ves) contain the upper 32 bits 
of each 64-bit element, and they can only output data to 10 functional units instead of 11. For a 
Memory Reference instruction, Gather/Scatter uses (Vk) as a relative address; in this case, (Yk) 
is only 32 bits in length and would be found on the (VB) options, but not in the (Ve) options. 

(V DO - VD3) Options 

The (VD) options control the reading and writing of the Vector registers which are on the (VS) 
options. Each (VD) option controls two Vector registers. (VDO) controls Vector register VO and 
VI. The (VD) contains a number of registers in order to perform its function. The (VD) contains a 
Read Address register, a Write Address register, and a Read VL register. The ReadlWrite Address 
register is set to zero upon getting the Go ReadlWrite Sequence signal from the (Ie) option, and 
incremented by plus 1. The Write address is increment by one when the Go Write is present, or 
terminated by the Release sent by the (JF) option. The Read Address register is incremented by plus 
1 each clock period as long as the elements are available to be read and monitored by the data ready 
(VO - V7) when an operand pair is required. The Read address will be stopped from incrementing if 
it is equal to the Read Vector Length register, or if the Read address is equal to the Write address. If 
the Read address is equal to the Write address the bypass path would be used. However, the Read 
address cannot be greater than the Write address on a chaining condition. 

(VSO - VS73) Options 

The (VS) options contain the Vector registers. Four (VS) make up one Vector register, giving a 
total of 32 (VS) options for all eight registers (VO - V7). Vector register 0 is found on (VSO), 
(VSl), (VS2), and (VS3), Vector register 7 is found on (VS70), (VS71), (VS72), and (VS73). 
When looking at Vector register 7, it can be noted that (VS70) is found on the A Board, (VS71) is 
on the B Board, etc. as shown on the following page. 

~) 

/ 
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L...-_ Board location 0 = A Board 
1 = B Board 
2= CBoard 
3 =D Board 

L...-__ Vector Register Number (VO - V7) = (0 - 7) 

Each (VS) option contains 16 bits of the 64-bit element. However, the 16 bits are divided into 
two 8-bit groups, with the groups being 24 bits apart. For example, (VSO) contains bits (232 - 239 ) 
and bits (20 - 2 7). The Vector register elements are divided into 32 even and 32 odd elements. 
The even or odd elements are further divided into 32 lower registers or 32 upper registers. The 
even lower register on the (VSO) option would represent data bits (2) - 27 ), while the even upper 
register would represent data bits (2 32 - 239 ) on the (VSO) option. 

Hardware Trng. 
YM07110 J.E.S. 

HTV-0834 27-9 eRA Y PROPRIETARY 



~ , 
o 
00 
w 
~ 

~ , 
...... 
o 

(') 

~ 
....:: 

;g 

~ 
~ 
~ 

IJA 

tE) 
~~f~!m::l~~ 

I (V$) 0" .i' ,i' .f I(VQ 0"·.32 ~(IIA;) 
~ F .... 

I (VI) o"·~ ,I' ·f 
I(V$)_ I:/' 1,i' ·5 

'" (...0-
L.,.- IIJ/flJl,,,, 

IT' .-1',2 ., 
(JOanA. 

v v. AbDUl_ 

'¥: v..OOUAD 

.~~ 1:=t~~::~~~~~.~~~~~~I[:::::::::::::::::::::::~~~~~~bUl 
(J MAII'D<UAI: 'Vi v..oowarm I=+--+--tt~ 

•• 19 IIIUAIIlV (I''''::;;;;:=====::::::::;;~ ""'W,~~NnOl II' OODATA (111, YI, iCAiAAiBOiSTHi 

'IPPPB """'nT' m'''''''A1Tn' (VB) O".~ 

II ~g;~ 
~ 

(l0.' 01 

I,V,malaum' 

"'" 

... aIllWlIIX--'(HQ II II qaY"'M (In.vS)" II L.§§J 
!!!I!!!!"~~') ~ I ... , I I 1>" ..... ,......tJ.:r 

<-----'---,"""'II I ~"O,V$) =~ ~ 
=:' =YJI!M ~ o:il/V~ (VH,BI) 

--- (1.R) (J1IJ) ~ V.woul!!!!!~~ _ tV:B.. VB. VP) 1l,IIUCTA. (ye. YD) _. 

• .1CALAl (Y.) I II ~--. nIUI,__ , (In) II 00 I (YIIl) IlL 1S!!II!A!' . 0IB0l nIUln ... ".. ,"-0 .. ,,""'" , .. '''/071 17,.", (VI') ... • 

1CALAl. ... 

:!:..:t..l. 

..... , 

Q')~ 
, 00,. • V VI VI. QI!,IP,VP,VO,VB) I ,_ 

L------"=_; 

lOR» 

lOP ., 

VJ/SJarVk 
9PHRANIl PBSWfADO 

V/I/T 
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~ YfUSELEcrs" i I OQJ) ~?,~!!Q!!IN!!VO.V1. (VD) :>' "':I :" III '----I ~. ~.aB"llMIN::: y _T"'OO._ 
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'~ 

I 0 = VBCI'OI. SBlPT 
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) 

VFUSELECfS 

2 3 22 21 2 0 

0000 = PORT A 

DATA READY VO· V7 

000 I = PORTB,C V/srr 

o 0 I 0 = FLOATING RECIPROCAL 

~(vo3) 
VECTOR CON1ROL V6, V7 

o 0 I I = FLOATING ADD 

01 00 = FLOATING MULTIPLY 

+-__ ~(vo2) 
VECTORCON1ROL V4, VS 

o I 0 I = VECTOR ADD 

o I I 0 = VECTOR SHIFT VECTOR CONIROL V2. V3 
(VOl) 

o I I I = VECTOR LOGICAL 

o 0 0 = SELECT VL 2 

l!::::O ° I = S· 

(VDO) VECTORCONIROL YO, VI 

(lC) PAIR REQUIRED 176, 177 ~ T READ 

(lC, VN GO READ/WRITE SEQUE~ r VNREAD VL f---
(JC,W rJ ~2.3 ~ VNREADADDRSI----< .... __ -It:;;;;~17~ DATAREADY 

{JB_VS,k/'DESIGNATORS 14.9 f-- VMREADVL f-----< ~ GODATAVjk 
VN GO WRITE I RElEASE ~ f-- VM READ ADDRSI----< 4I:fR:;:!E::-A;::D---t::~Jt'18, R38 (JE, YI, YE) 

(JF) ~ r-+1ADD=::RS=.=~ V!~i9.i~)-~REL.E,~~4S~E:,,:V!...I·C!:k+ 
{JF, VMGOWRITE/RELEASE B:'2S WRITE R=W 19,R (JC,JE) 

MEMORY CONFLICT 176 177 HVNWRITEADDRSr-- '----Ie 16 R .ool!l'i'ASS 
eYI, ' 20·2 HVMWRlTEADDRl4-- READ I~VEN/ODDADDRESS 
(HE, VLI At 26. 3 '-- READ VM, VN GO READ EVEN 10DD 

(lC, SCALAR REFERENCE ~1I0~~-~~SC~ALAR~~R/W~'}-i---+-....... !::::1~=~WRITE~!=~~VM~;VN;.!E;VEN~/~O~DD~AD~DRESS;;~ 
(JP) MASTERCLEAR 132 VECTOR CONTROL WRITE VM VNGOWRITEEVEN/O 

L-~~~~=====r~====='T 

Vi RESlJ"l.. TS / DESTI1'A 1101' 

IYQJ-40 ~M:::E:::M:::O:cR~Y.:,PO.;:.R=T:.,A::-_--l 
!YQ.... MEMORY PORT B 
CR- .... t-;:;FL;-;O~A:::TI::NG=R::E:::C:;;IP=R:::O:::C~AL~ 
(F-.... FLOATING ADD 
IM- .... t-=FL:-O::-A-:TI:::'N"-G~MU:-:;r.:-:T~IP::-L-y--I 

I (VA7) 31 28 I (VAIS) 6' 60 
(2 -2 ) I (2 - - 2 ) 

(VB.VC.VG."'H .... VECTOR ADD 
NE, ... r:,VE=CT~O:-:R-S:"H':'IFT=----1 

I (vA6) 27 24 I(VAI4) 59 56 
(2 - 2 ) I (2 - 2 ) 

(VE.VC.VF,'" VECTOR LOGICAI..IlNDE~ 

(VB.VC''''~ r::-VE::..C7:..;.;:0..:.;R.,:L;.:0.,:G.,:2 __ -l 
(VB.VC ........... S!_'O.,V

r
; _____ -' 

I (VAS) 23 20 I (VA13, 55 52 
(2 - 2 ) I (2 - 2 ) 

(VA3, 15 12 (VAIl, 47 44 
(2 -2) (2 -2 ) 

1!VA2' II 8 (VAJO) 43 40 1. (2 - 2 ) (2 - 2 ) 

l (VAll 7 4 i(vA9) 39 36 
/2-2) (2-2) 

(VAO. 3 0 I (VAS) 35 32 
(2 - 2 ) (2 - 2 ) 

~~~Afs MTERMS ~ 

~
NTER'~NTERMsr I~UHi (IA. 1('. is, ...;1::::2.,,-11;.:..;,:10.:..;. GO::.:;...(V=A:!..) ~-Q VO v' 

~--- ., V 

, ,_0. 3. SELECT vO. V7 ~ 
(iD. VS) CP VFl= 2 J. 44.4, VFU ~ 

(FORCED I ON SELECT FOR INDEX 153 J SELECT ~ 
VAl- VAI5) 

-
-

/ 
(VS33) 

(VS32) 

(vS31) 

(vS30) 

/ VECTOR REGIS'rFR 7 
(vS73) 

(vS72) 

(VS71) 

(VS70) 

/ VECTOR REGISTER 6 / 

~(V-~~3)---~(2~6;-;3--~2~~~.~2~3~1-::..2~2~4~)----~~ 
~(V-~-2)~--~(~2-55--.,:2::..48-,~2::..23--~2-16;.:.)----~~ 
~(V~~~1)-------~(2~47~-~2~~~2~1~5-~2~8-1~------_r~ 

(VS60) (239 _ 2 32 , 2 7 _ 2 0 ) 

/ VECTOR REGISTER S / 

~(V~S-S3-)---~(2-6~3---2~~~.~2;_;3~1--2-2;_;4~)----_1l1 
(VSS2) (2 55 -2 41 .2 23-2 16 ) 1/ 
(VSSI) (247 _ 2 40 ,2 15_ 2 8 ) 1/ 

VECTOR REGISTER 3 

1/ 
1/ 
1/ 

/ VECTOR REGISTER 2 I' 

/ 

1I 
1I 
1/ 

/ VECTOR REGISTER I / CPIk,j+I,j/i 

V REGISTER 
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f---V Vo· V7 OPERA."ID 
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I (VCIO) 

(VC9) 
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I (VC7) 

I (VC6) 

I(VCS) 

I (VC4) 

I (VC3) 

I (VC2) 

I (vCI) 

(VCO) 

Sj 

SELECT f-M-
VECTOR OPERAND 
SCALAR REGISTER 

TT'PPJ'R 

(VB7. 

(VB6) 

1 (VB5) 

j(VB4) 

~8O=O'Il!Sl',SOSIGN 

VI< 0PERAND!2"' _ 2'2 ) 

Sj/VjOPERAND (l63 _2 32 ) 

(VB13) (227 226) 

(HA) 

Vj/ Sj orVk 
01'ERAA'D DESTINA 110NS 
MEMORYPORTC VISIT + (yC,YD) 

FLOATING RECIPROCAL VIS r+<R-) • 

FLOATING ADD V IS r+ CF-) 
t--:FL:::-O::::;A":TI::::NG::';:M"'UI:::'TI-'p..!.L'::'yrV~S:-i~ (M-) 

II VECTOR ADD r+ (VG, VA, VF) 
VI< OPERAND (2" . f t I--'VECT='-=O""R.:;:SID=-FT----;~ (VE) 

44.4'7). -*-+1 E~ I-'VE"""CTO=R"'LOG=!!!IC"'AL"'-__ -tr+ (VA, VF) P'i= "1 Vi/SjOPERAND(Z". 2°) VECTOR LOGICAL 2 r+(vA) 

. t- - J S'; OPERAND f+ (VE, VA. HR. Jsj t- i- S· GATHERISCATrER VI< 
-t- r- GATHERJSCATrER VI< t+ CYI, YJ) 

10 II 12 SFU+J' 076 S; t-;- ~,,--R2~8 8O=O'Il!Sl' (HA) 
(JG-VS) , " , 48 .5;6}--......,~SElicr ~t- _ 1-

(JD-VS) GATHERSCATrER ®-- VEcrORO~ 
SCALAR REGISTER 

LOWER 
H-.Tmll· 
,..5211 C J.E-S. 
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0000. FORTA 
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o 0 1 0 • R..OA1ING RD:lPItOCAL 
001 t _ R.OA11NOADD 

01 00. R.OADKI MUL'I1PLY 
OIOI_VB:."I'ORADD 

o 1 I O. VB::roR SHIFT 
o 1 1 1 • VI!CnJIt LOGICAL 
1000. SBB:TVLl 
1001.51 

; ..... All 

:) ICALAJtIlBPlrRlNCII 

.. M.U11JaCUlAit 

VIRBUL'n/DEmNATION 

(It' 

(VE, -
(VB,VC,VFr" 

(VB,VC)-o 
(VB.VC>-

~(VDl) 
r -..:..--~ VECI'OItCON'l1tOLV6,V7 

(VD1) 
VECI'OkCONlJ;OL V"" V: 

VB:roR ttltmtOL V2, Vl 

I-

14 

""'" 
OOl».TAV II <JB- TI, ~ ...... ISUAIIV II 

(JC,1J!j 
ooaYPAJI 

...." 

wcrat"""",,-

VECIQft RECISTER 1 
1(VS13) (261_2",lll.1~ 

.1(VS72) a".2. ... 1U.l~ 

~~})_ ~~.J_~,21'._2_'> 
1(VSiii)~ a"-1",l'_20, 

1_(\'563) _~~_~_~_~.211~_2 ~ 
I(VSQ) a"-2",2"-2 "> 
I (VS61) (117. 2 .... 1".1.) 

I (VS6O) ,,"-2",2 '-2 "> 

levs,,) (2ID_1 36,2".2; 

I (VS51) (2".2",2 D.2 1,) 

l(VsSl) (2047.2 .... 2".2·) 

levS5O) (2".2U .2'.20) 

levu]) (26'_2 ~.2)1.2~ 

I(VSoI2) ,,"-2",2"-2''> 
~ ___ (1~~'2.tO.i'~n_ 
1(Vs.6J (2".2~~.27~ 

~ (26'.l:16.2J1.2~ 
levslZ) a"_2·2U.21~ 

levS)l) (1047.2..0,2".2,> 

levsJO) (219. 2)),2'.2°) 

~ 17_240 2"-2 1 

(2"_2U ,2'_20) 

S 
~ 

- (263_2:16,2'1_2~ 

I (V512) 

I VN J(VSII) 

~'_2"2n_21 

(217_2..0,2 1'_1 1) 

(l:t!l.2!l.2'_20) 

VMII!L\DIVIN 

(263.2:16.2J1_2~ 

"_24.2n.21,> 

(VSt) (2047_1 ..0.2 ".2') 

(VSO) (2".2'u,1'.2 ~ 

II 

,J.;.-_-.;,-':!..-'---, ~m.OT'lIT IOIION .. tHA) 

l.lU) 

I(VCIl) "~ 

VUSjorVk 
,u-~NAl1ONS 

MEMOf(YPORTC 

(') VMWRlTIIItV!H/OOD L -,-IiUiATINOAiiiV/ 

~ ~-~ 
~ (,,,-Ie.,,)' II !JjIQIBJt..\N> 

(Ill.VI) CPI 'iJIU -.2' TlSJ'1IQNT' 

~ (Pat('!!t)ION SI"'crftOltltnlX PAHOUT 
~ VA2..VAIS) 

S6 
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~(R.) 

~
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(M-) 
(VO, VA, VF) 
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r (VD) VECTORCO~~OLVO.V7 f,r~~ _______ ~~~~R~REG==~~~~~0~.~7 ________ ~~, 

J PAIR REOUJRED 176, 177 ~.-J READ 1-(V=S) ________ ~(2«6_3.;,.:-2:...S_6.:.,:, 2:...3_1.:.;-2:..24_'-'-) ____ -+/, 
J Vn GO READ/WRI1E SEOUENCE~·O' 1 ..... Vn READ VL r--- (VS) (2 SS _ 248 ,2 23 _ 2 16) ./ 

J
' .... rvmGOREAD/WRI1ESEQUENC 12.3 '-- Vn READ ADDRESS f-- P----h"'::Ii:l .. 7"nR""3 DATAREADY r::- . - (VS) (247- 240,2 IS-2 8 ) ~ 

k/jDESIGNATORS @+ ..... VmREADVL - ~ 
(m, VS 4-9 ' - VmREADADDRES - (VS) 39 32 7 0 V GO"",rrcmr,r. .-- (2 -2 ,2 -2 ) ( n .,~ .... ~SE ~ WRI1E 

(~vmGOWRJ1CIRELEASE ~ '-lVnWRl1EADDRESst- ,-",R-::,;W"--t~::![16,R GOBYPASS ~ ADDRESS 

MEMORY CONRJCT 176, ln~"=='" - >+lVm WRITE AD~ ~READ~~ __ tV~m,,-:V:!n!.!EVEN~:!/fXJ~~D~ADD=~RESS~~ _________________________ --,(ii. 2
4

2
3 

22 21 2
0 

(YI) 120,21 r '(11166·2 200)+ READ Vm, VnGOREADEVEN/fXJD ~ READ EVEN 0 

(Jf"l.SCALARREFERENCE ~ .... SCALARR/W~ U~~ ~._ WRITE--" UPPER LOWER 
(IF) MAS~ CLEAR ~~ :..r--r:::= "~'C Vm, Vn EVEN/ODD ADDRESS ~ ",y"",, EVEN EVEN 

V -REGIS1ER 

(HE) VI., Ak ~ L.:::='---jr=:::....;,;::..::.::.::==::..=..:..=.:::.:::::::...------------------------"---~_1~ READODD --t 
~ ~ Vm, VnGOWRI1EEVEN/fXJD 7,3 WRI1EODD 

_ ._ 76 READ 
VECfOR CON1ROL ADDRESS - VL ""19, 3'" RELEASE V", (J~ 

L ____ ..!N!:,.::N:.:+:..:.l ______ ...!::::====I<~!R!!18~3~8:r=GO"""'D""A:.:.T:::.A...:V..t:....ik--- ~DATA EVEN II our .....!- (JE. Yl, YE)r---------, WRJTE 
VO.V7WR11E ~ ODD UPPER LOWER / 

0-1 HFiDOR I I-""""--~l-l ODD ODD 
ViRESULTS/DESTINAllON 

(YQ)+ MEMORY PORT A 

I DATA ~ 

(YQ).. MEMORYPORTB 

(R-) - FLOATING RECIPROCAL FUNCllONAL UNITRESlJLTS VODATA 
(F.) ... FLOATING ADD ~ MTERMSI-. Vl DATA 

(M.) ... FLOATING MULTIPLY rNTERMSr'Q~~~~ 
I~h.--(-) I~ 

77 (2'9.2 32) (27.2 0) g 
WRJTEDATA fBYPAS ~ 

DATA I //~, 
FANOUT V/ (-) 

Vk OPERAND r:t" • 2'2 ) 

SW; 

(VB) 

Vj/SjorYk 
OPERAND DESTINAllONS 

(VE) ... VECTOR SHIFT SELECT - ~ 
(VB. VC, VG, Vlf)... VECTOR ADD (JA,Je - VS) 12,11, 10, GO (VA) ~ H ~ ~ ~ ~ 

MEMORYPORTC VISIT r.(YC, YD) 

(VB,VC.VF)- VECTORLOGICAUJNDE (FORCEDO)SELECTFORINDEX '9' VO.V7 ~ ,,-.,...,... """'" 1: VRJ V7DATA 
(VB,V,-~ VECTORLOG2 ,1(1O,VS) VRJI44.47 ~ 
(VB. vq. Sj '" V; ......... _-----' 

(IDO) 
(Jro) 4 CPDELAYEDPORTC REF. 144 ~ RELEASE EXCHANGE (He) 

(YI) EXCHANGE WRJTECONfLlCT 'i43' J EXCHANGE I L ~)--=EX"'C:;!HAN="'G"'E"'S~EOtUEN~"'(CE=. (Y_. J-) 

(JA.m,1O,lIB) A S V, FETCH OUIET ~~2 ~~==::I:REQ=~UEST~~===~ rl~- 3i3>'N:!:OT~OOO~004=.~OOO=+~004~. (HFD) 
(HG) WAIT EXCHANGE 3!) ~ P-l,P·2,NOTP·1,P·2 

(lCO) TEST &; SET HOlDING ~ : I TEST &; SET I ~ ISSUE (HRl) 

(YM. YN PORTS A. B. C EMPTY 3=' 3 r--~ (J-, H-) CONfLICTS __ ~~~(V~A~)~~~' ______________ ~ 
(JED) RELEASE FR, FA, FM, VA. VS, VL • 2S ~ 

VRJ .-~8 rvBl/fVCl VRJ GIS 
(YEO) RELEASE MEMORY PORT A B C~2 MEMORY PORT A. B. C 
(YKJ SUBSECTIO!'O C~'FUCT A, C 9.3 176.177, SCALAR HOLD .-~ HOLD AH (AR) 

(JFO) 
MA~CLEAR 93 ~ HOLD003,073 ~~E"'TERDATASTACK(A,S).SELECTA (YC YD) 

~ l~ IRES

OO

A!

2

i-ro(;VR;1.7,J I ~ , (HEOJBDM,ESVL ~ ~~Brr.GIS,SCALAR (Y_) 

(Jro) FRBUSY FOR POP. -®-- __ ~GOPORTAIBiC SREAD (Ym) 

I PORT A.B.C __ ~ 0031040.041, 17S/073, 146, 147~17l. 17S/073 (VF) 

RELEASEVjt 

GODATAVi< 

I(JG • VS) CP 1 k, j+i, iii 

CP2VFUG/S 

(JG- VS) 10,11.12, SFU, 076 

V7 

JVj/Vk~ 
~ VkOPERAND(2'l .20 

) 

Vj ISj OPERAND (2'1 .20 ) 

GA1HER/SCA~ Vk 

(HA) 

(lEO R19· 21 GO SlY DATA fRo FA, FM (VH. HI) 
~ )_ ~ VARJOUSINSl1HJCTCONTROLS 
~ 1 ~~v7\., :!!-. (YE, VH. VF) 

II R2 FR BUSY FOR VPOP (10) 
~ REL ~.~~RELEA~~S~E~WV~ ________ --, 

rl VRJ ~ 

FLOATINGRECIPROCAL VIS i+(R-) 

FLOA11NGADD VIS r.(F-) 

FLOATINGMULTIPLY VIS r.(M-) 
VECTOR ADD i+(VG, VH. VA) 

VECTOR SHIFT. r. (VE) 
VEC'IOR LOGICAL r. (VA, VF) 

VEC'IOR LOGICAL 2 i+ (VA) 

Sji OPERAND i+ (VE, VA, HR. JS) 

GA1lIEMCA~ Vk r.(Yl. YI) 

NIP.triik W r-:!:-, 1--@SCALAR FR, FA. FM, VL 
r-~:..e!2-__ ..(~ ~ CIP __ 0. GO fRo FA, FM, VA, VS. VL (JE.JF.VF.VG,VH) _________________________ --, 

90.92 FUNCTIONALUNITISSUE --§ AL~NATEFUNCTIOr-; 

c-i~REL ~ RELEASE FR/VPOP, FA, FM, VA. VS, VL (10) 

~.rn;;:-m rP~ (m, JQ) • ~ (JFO) F,U: .. 

-
~

12'19 
ISSl.'E (JCO) .- GO READ/WRJTE SEQUENCE Vo· V7 

(J-) 90 9' . --_. (VD) 
NIP .trii< • - rw ..... Rll PAll! R ..... UIRED (VD' 2 3 22 21 2 0 

L...!.:!~2.._-<1~ c~\I+--"'T ~ GONA)OPTIOr-; ) ~ ~ ---lJ)' (VS.VA) 
.• ..... ~ NOT GO WRI1E (V,,"L (VS32 _ HGO) 0 0 0 0 = PORT A 

(VD) RELEASEV)I< J2(l.2~;---t----r.11RES~.~--h O-~ SCALAR REFERENCE 076/077 (VD.HE) 000 1 = PORTB.C v/srr 
(JFO) RELEASE V, o· 7 ~. 35~t----j1--L: IV.::.i.,,:,VJF-·' .:;Vk:..sl I L~3' ~ 176, ln, NOT 176. ln (VD) 0 0 1 0 = FLOATING RECIPROCAL 

• L-- R2 VQUIET (10) 001 1 = FLOATING ADD 

(JFO) MAS~CLEAR 193 L". CONRJCTS ~ Rooii)---'I~SS:!!UE<=-------___ (J-,H-) 0100 = FLOATINGMULTIPLY 
WAIT EXCHANGE ~ Vi, Vj, Vk OP,. DES. r--=>" TEST &; SET 

(He) ,.!!;~~~~!£....--------<1 076/077,002 ~ (10. He) 
(JQ) E"'TER EXCHANGE CD; 146 SR H"OLD r-~ TEST &; SET (JQ) 

(EX1) EXTERNlll. CPt: SR REOUEST 36·4 J S~ I f-~ SR REOUEST. SR C~"ffiOL (JQ) 

(JQ) GO TEST & SET ~}++-----+ll REGIS~ 11---~4~1 SR REnUEST (EX1) (CPU) 

I SRQ'SRPG I '-~ 023/R0, 0014;4. 0014;0 (JS) 

VECTOR REGISTER ISSUE 

VFUSELECTS I ~1P I 
-

010 1 = VECI'ORADD 

o 1 1 0 = VECI'OR SHIFT 

o 1 1 1 = VECTOR LOGICAL 

1 000 = SELECI'VL2 

1 00 ) = S· 

(VD,Jq 

(J-,H·, Yo) 

1 I I"D:ELA~"=t:l~~GO:1Q:W~'RI1E!!!!~VQ.;O .~V7~+ (JFO)MA~ ~ - I- I RO.7 (VD) 

CLEAR~_ ...J ~A r-~ GO DATA VRJ .0->-l REL :::t: 
L---...... _{l16·21 W -....-- J'1J -+-L---__ -l---...?'m-(iI2'~3 ADDRESS .,r (YN, YO PORTB;.GOREAD'REL'READV~h ---4-

'-=" - REGISfERTIMIN" (YN,YO PORTAi,GOREAD.REL,READV~ ~ ~~:!;>- +0 
FUNCTIONAL J) GO WRJTE INDEX (!7S) ~ 1 VRJ -rr-
UNIT TIMING (VF) ~--rr-

L __ ~:::::::=t=:g~~~8 .IS RELEASE V, 0·7 

L-~----------------__ ----------~2~CP~D~ELA~~Y~(GO~VFU~~,~V~,AL~n~<126.3S;~~--~~ 
~ ~rk:;:-:;:;..-=-.3 CPUMC EX.SEO. 

ICPDELAYS ~ 
(YE)~::!..!:=~--..rr36.4'~---I ~ 

VECTOR WRIIE TIMING 

PORT C REFERENCE CP 8 - CP 11 Hardware Tmg. 
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(VD) GO READ EVEN 
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GO WRITE ODD 
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.. .. EVEN 
UPPER 

EVEN I
WWER 
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Q2 

EVEN/ODD 
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ODD 
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(VS73) / (VS72) / (VS7l) I (VS70) I (VS73) I (VS72) I (VS7l) I (VS70) 

VECTOR REGISTER 7 

(VS63) I (VS62) I (VS6l) I (VS60) / (VS63) I (VS62) I (VS6l)1 (VS60) 

VECTOR REGISTER 6 

(VS53) / (VS52) I (VS5l) I (VS50) I (VS53) I (VS52) I (VS5l) I (VS50) 

VECTOR REGISTER 5 

(VS43) / (VS42) / (VS4l) / (vS40)/ (VS43) I (vS42)1 (VS4l) / (VS40) 

VECTOR REGISTER 4 

(VS33) I (VS32) I (VS3l) I (VS30) I (VS33) I (VS32) I (VS3l) I (VS30) 

VECTOR REGISTER 3 

(VS23) I (VS22) 1 (VS2l) I (VS20) I (VS23) I (VS22) I (VS2l) I (VS20) 

VECTOR REGISTER 2 

(VS13) (VSl2) (VSll) (VSlO) (VS13) (VSl2) (VSll) (VSlO) 

263 _ 256 255 _ 248 247_ 240 239 _ 232 231 _ 224 223 _ 216 215 _ 28 27 _ 20 

VECTOR REGISTER 1 

-

(VS3) (VS2) (VSl) (VSO) (VS3) (VS2) (VSl) (VSO) 

EI..ElvIENfO 263 _256 255 _248 247_240 239 _232 231 _224 223 _216 215 _28 27 _20 

VECTOR REGISTER 0 
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VECTOR/SCALAR OPERANDS S1EERING 
(VCl5) 

Vector/Scalar J or K Operand Selection to: 

Sji operand; Scalar Add enable, carry; SO = 0 test, sign; SO - sign; 
Memory Port C; Floating Reciprocal, Floating Add; Floating Multiply; 
Vector Add (sum, enable); Vector Shift, Vector Logical, Vector Logical 2. 

Vector/Scalar J or K Operand Selection to: 

Sji operand; Scalar Add enable, carry; I Gather/Scatterl Memory Port C; Floating 
Reciprocal; Floating Add; Floating Multiply; Vector Add (sum, enable, carry); 
Vector Shift; Vector Logical; Vector Logical 2; SO = ° test, 0, 1. 

VECTOR RESULTS STEERING 

Vector Results (Vi) Selected From: 

Memory Port A, B; Floating Reciprocal; Floating Add; Floating Multiply; Vector 
Add (sum, carry); Vector Shift (shift 1, overlap), Vector Index, Vector Logical; 
Vector Logical 2 Results; Sji. . 

CRAY Y-MP VECTOR ·STEERING (VA, VB, VC) OPTIONS 
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VECTOR ADD FUNCTIONAL UNIT 

The Vector Add functional unit is very similar to the Scalar Add functional unit. The Vector 
Add functional unit starts the add process on the (VB, VC) options, after the VjNk operands or 
SjNk operands have been selected from the Vector/Scalar registers. During a ScalarN ector 
Add, the Sj copy is held on the (VB, VC) options for the duration of the Vector Add process, 
which is dependent on the Vector Length register. When a Subtract instruction is issued, the 
Vk operand is complemented on the (VB, VC) options. A partial Add is perrormed on the 
(VB, VC) options, where the bits are identified as Sums, Enables, or Carries. The Enables 
and Carries are sent to the (VG, VH) options to determine how far the Carries will propagate. 
The Sums and a few of the Carries are sent to the (VA) options to determine how far on a 
group level the Carry bit will propagate. When the (VG, VH) have determined how far the 
Carry will propagate, this information is sent to the (VA) options to determine the final 
summation. The Final Vector Add result is then routed into the correct (V s) Vector Result 
register through a multiplexer, which previously used the VFU select code to choose results 
from the Vector Add. 

The VFU select code for Vector Add is a (0101). The Vector Add takes 2 CPs inside the 
functional unit to Add two 64-bit operands. 

Hardware Trng. 
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CRAY Y-MP VECTOR ADD FUNCTIONAL 
UNIT INSTRUCTIONS 

INSTRUCTIONS 

154ijk 

154iOk 

155ijk 

156ijk 

156iOk 

157ijk 

Integer Sum of (Sj) and (Vk) to Vi 

Transmit (Vk) to Vi 

Integer Sum of (Vj) and (Vk) to Vi 

Integer Differences of (Sj) and (Vk) to Vi 

Transmit Negative of (Vk) to Vi 

Integer Difference of (Vj) and (Vk) to Vi 

CAL FORMAT 

Vi Sj+Vk Sum of (Sj) and (Vk) 

Vi Vk Transmit (Vk) to Vi 

Vi Vj+Vk Sum of (Vj) and (Vk) 

Vi Sj- Vk Difference of (Sj) - (Vk) 

Vi -Vk Transmit Negative (Vk) to Vi 

Vi Vj-Vk Difference of (Vj) - (Vk) 

HTV-0834 28-2 

) 
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VECTOR ADD FUNCTIONAL UNIT OPTIONS 
INVOLVED 

(VAO-VA15) Options 

The (V AO-V A15) options each contain 4 bits of the final result of the Vector Add process. 
Early in the summation the (VA) options receive the partial Sum and part of the Carry 
information from the (VB, VC) options. The (VA) options partially add the sum and carry 
conditions and wait for the final carry to come in from the (VG, VH) options. Then the (VA) 
will perform the final summation and send the results to the correct Vector register. 

(VB-VC) Options 

The (VB-VC) options are identical and contain 2 bits of the Vj/Vk operands or the Sj/Vk 
operands. From the instruction decode, if h bit 20 = 0 the (VB-VC) options will select a Sj 
operand and a Vk operand. The Sj operand is latched and held by the L58 term, which is made 
from h bit 20 being equal to a zero. When h bit 20 equals a one then a Vj and Vk operand are 
selected at the appropriate times, after the (VD) option has addressed the (VS) option and the 
(VS) option has passed the correct operands to the (VB-VC) options. 

(VG- VB) Options 

Each (VG-VH) option handles 16 bits of the 64-bit Addition process the (VGO) handles bits 
(20-215), while the (VG1) handles bit (216_231). The (VHO) handles bits (232_247), while the 
(VHI) handles bits (248_263). Because the addition is right justified, the (VGO) will pass to 
(VGl, VHO, VHl) a Section 0 Enable and a Section 0 Carry. The Section 0 Enable will 
produce a Carry if a subtract instruction was issued, and a plus one will be added into the 
lowest position. The plus one is used to complete the twos complement arithmetic for a 
subtract. The plus one originates from h bit 21 of the instruction decode. The (VG l) will pass 
a Section 1 Enable and a Section 1 Carry to the (VHO, VHl) options, when the appropriate 
conditions exist. The (VHO) option will pass a Section 2 Enable and a Section 2 Carry to the 
(VHl) option. The (VHl) does not pass any Section Enable or Carry information because the 
Vector Add does not perform an End Around Carry: any bits above 263 are lost. 

Hardware Tmg. 
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VECTOR SHIFT FUNCTIONAL UNIT 

The Vector Shift functional unit uses the same option types as the Scalar Shift. However, the 
Vector Shift uses different (VE) options, so as not to conflict with the Scalar Shift. 

When perfonning a Vector Shift, the elements of the Vj operand are each shifted the number of 
places specified by the Ale register. For right shifts, the Ak shift count is put into the twos 
complement fonn; this is done on the (VO) option. All shifts are perfonned on the (VE) 
options, except a shift of one which is done on the (V A) options. 

The Vector Shift has two extra signals that the Scalar Shift does not need, and those are Vector 
Begin and Vector End used during a Vector Double Right and Vector Double Left shift. The 
Vector Begin is used on a Right Double Shift to add leading zeroes to element zero before it is 
shifted. This causes the fIrst valid shift to have zeroes added to it equal to the number of 
spaces that was right shifted. The Vector End signal is generated on a Left Double shift, and 
is used to add a field of zeroes to the end of the last element before shifting it. This causes the 
last element to have a number of zeroes appended to it equal to the number of spaces it was left 
shifted. As with the Scalar Double shifts, if any bits from 27 - 231 of Ak are set, the results of 
each shift going through the (VE) options will be zeroed, this effect being caused by enabling 
both Vector Begin and Vector End. 
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CRAY Y-MP VECTOR SHIFT OPERATION 

Single Vector Shift 150, 151 Instruction 

BTERMS A TERMS 

B3l------ BOO A3l------Aoo 

ELEMENT 0 

VL=4 ELEMENTl 

ELEMENT 2 

ELEMENT 3 

.. -.. 
p .. 
po 

--. 

C47 - COO 

C47 - COO 

C47 -coo 
C47 - COO 

For a Vector Single Shift, Element 0 of Vj comes into (VB) options and goes to C47 - COO terms 
dependent on the shift count followed by Element 1, then Element 2, and finally Element 3 when the 
Vector Length = 4. 

Left Double Vector Shift 152 Instruction 

B TERMS A TERMS 

B3l BOO A3l------ AOO 

STATIC V ELEMENT 0 

VL=4 ELEMENT 0 ¥ l/ ELEMENTl 

ELEMENTl ¥ IV ELEMENT 2 

ELEMENT 2 ¥ "/ ELEMENT 3 

ELEMENT 3 ¥ ZEROES 

VECTOR END 
, 

.. -.. -.. 
po 

---

NO-GO 

C47 - COO 

C47 - Coo 

C47 - Coo 

C47 - Coo 

For a Left Double Vector Shift, Element 0 of Vj comes into the (VB) options. The output of this 
shift is lost to No Go Write on the (VS) option; however, a copy of Element 0 is saved in the B 
terms. When Element 1 arrives 1 clock period (CP) behind Element 0, the two Elements 0 and 1 
are sent to the C47 - COO terms dependent on the shift count as one Double Left Shift operation. 
The following elements are paired in a similar manner. On the last element, Element 3, is paired 
with zeroes generated by Vector End. Vector End causes a zero fIlls on the end of a Left Double 
Shift. 
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Right Double Vector Shift 153 Instruction 

BTERMS A TERMS 

VECTOR 
BEGIN 

B3l------ BOO A3l------ Aoo 

---+ ZEROES 1/ 

VL=4 ELEMENT 0 ~ l/ 
ELEMENTl ~ / 
ELEMENT 2 ~ 

ELEMENT 0 

ELEMENTl 

ELEMENT 2 

ELEMENT 3 

.. -.. 
... -
-

C47 - COO 

C47 - COO 

C47 - COO 

C47 - COO 

For a Right Double Vector Shift, Element 0 is paired with zeroes, which are generated by Vector 
Begin. This causes a Right Double Shift to be preceded with zeroes. The next clock period, 
Element 1, is paired with a copy of Element 0 and sent through the functional unit on C47 - COO 
terms. This continues until the last element arrives, which is Element 3, paired with a copy of 
Element 2. A Right Double Shift takes 1 less CP than a Left Double Shift because a Right Double 
Shift does not have to wait for Element 1 to begin the shift 
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CRAY Y-MP VECTOR SHIFf 
FUNCTIONAL UNIT INSTRUCTIONS 

INSTRUCTIONS 

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

150ijO Shift (Vj) Left One Place to Vi 

151ijk Shift (Vj) Right (Ak) Places to Vi 

151ijO Shift (Vj) Right One Place to Vi 

152ijk Double Shift (Vj) Left (Ak) Places to Vi 

152ijO Double Shift (Vj) Left One Place to Vi 

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

153ijO Double Shift (Vj) Right One Place to Vi 

CAL FORMAT 

Vi Vj<Ak Vj Shifted Left by Ak Places to Vi 

Vi Vj<l Vj Shifted Left One Place to Vi 

Vi Vj>Ak Vj Shifted Right Ak Places to Vi 

Vi Vj>l Vj Shifted Right One Place to Vi 

Vi Vj, Vj<Ak Double Left Shift Ak Places to Vi 

Vi Vj, Vj<l Double Left Shift One Place to Vi 

Vi Vj, Vj>Ak Double Right Shift Ak Places to Vi 

Vi Vj, Vj>l Double Right Shift One Place to Vi 
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) VECTOR SHIFT FUNCTIONAL UNIT - OPTIONS 
INVOLVED 

(VAO - VAl5) Options 

The (V AO - VAI5) options perform the shift of 1 when the Vector Shift 1 control signal is 
present. Each (VA) option contains 4 bits of the final result of the shift, which are then steered 
to the correct Vector register specified by the Enter VO-V7 select signals. Since the (VA) 
option also steers other Vector functional unit data to the Vector registers, a Vector functional 
unit select code is assigned to enable the correct functional unit data into the Vector register VO
V7. For the Vector Shift functional unit, the Vector functional unit select code is equal to 
(0110). 

(VB - VC) Options 

The (VB - VC) options steer the elements of Vj to the Vector Shift functional unit. To do this, 
the (VB - VC) need the (j) decode of the instruction to select the correct VO-V7 register, as well 
as the Vector functional unit select code to steer the operand to the Vector Shift functional unit. 

) (VEO -. VEl) Options 

The (VB) option handles either the even numbered bits or the odd numbered bits of the Vj 
operand. The (VE) performs shifts of (64, 32, 16, 8,4, 2). During a right shift the twos 
complement of the shift count is sent to the (VB) option by the (VG) option. The (VE) receives 
the hO, hI instruction decode to determine if a right or left shift is to be performed, and then 
activates the appropriate control terms. The (VB) options also receive the Vector Begin and 
Vector End signals. Vector Begin is used on a right double shift and causes leading zeroes to 
be concatenated to element 0 before it has been shifted. Vector End is used on a left Double 
Shift, and causes trailing zeroes to be concatenated to the last element. 

(VGO) Option 

The (VG) supplies the (VB) and (VA) options with the needed shift control terms. During a 
right shift, the (VB) will perform the twos complement on the shift count. The (VEs) will 
receive shift control bits (26, 25, 24, 23, 22, 21) while the (VAs) receive (20), or shift 1 control 
terms. The (VG) also checks Ak bits (27_231) to be sure they are all zero, and if so the shift is 
allowed to be performed on the (VB) options. 
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oo~roB44000000~I!39B38B37B36~Il34~~~Il3O~B28Il27B28I!2.5B2AB23B22W~~~W~~ 

r 847 846 845 B44 843 842 841 840 1139 B38 B37 B36 ~ Il34 833 832 831 Il30 ~ B28 B27 B26 1!2.5 B2A B23 B22 821 B20 BI9 BI8 BI7 BI6 BI5 ALKlNMBNT 

R31 R30 R29 R28 R27 R2t5 R25 IU4 R23 R22 R21 R20 RI9 RIB RI7 RI6 RU RI4 RI3 RI2 RII RIO R09 R08 Rf1I R06 Rf1!J R04 RIS R02 ROI ROO R32 

L OVIIII.I» DATA 
262 260 258 256254252250248 t 6 244242240 238 236 234 232 230 228 2 26 224 222 220218216214212210 f8 206 204 2112 200 (VBJ) 

2 63 261 2" 2" 2" 253 251 ~9 247 ~5 ~3 241 'i9 237 2 35 2" 231 229 227 2 25 223 221219217 2 15 2 13 2" f1J:!" 2f1!J 21S 201 (VEl) 

Nom: Shift 1 is dODe OD Ibo inputs to Ibo (VA) option. 

AI.IONMINf J 

2' 

o -H2 

I -H3 

o -HO 

I -HI 

SIIIFI'6 

SIIIFI'4 

SIIIFI' 2 

Sl1IFI'O 

RIOKrILlll'T SINClLB SIIIFI' CONJ'ROL 

24 2' 22 2' 
LBFI'SINGLE SIIIFI' 

00 - H24. 1123 00 - 132, in. 131. 121 

01 - ii24. H23 01-T.ilin.m.121 

10 - H24. iI23 10 - 132,122, m, ill 
1I-H24, H23 II -132, 122, 131.121 

RIOKr SINGLE SIIIFI' 

OO-H24.H23 00 -132, n2, 131.121 

01 - ii24, 1123 01 -132,122. 131.121 

10- H24.H23 10 -132, 122, m. ill 
II ,,-~.!123_ U-"lH.122,1!hI21 

24 2' 
I I 

0 

0 I 

0 0 

r I I 

I 0 

o I 

o 0 

2° 

D 
0 
N I 

B 

0 
N 

(VAs) 

I 
I 

Hardware Tmg. 
A-58228 J.E.S • 

CRAY Y-MP VECTOR LEFfIRIGHr SINGLE SHIFT - 150ijk - 15lijk INSTRUCTION (VE) OPTION 



~ 
I 
o 
00 
w 
~ 

Vj EUlMI!NT CP 3 Vj EUlMI!NT CP 4 

2- 2t!IJ 2" 2'" 2" 2!1 2~2" 2"2
44

2
42

2'" 2'" 2'" 2"2:12 :z'" 2212 "'2" 222 2""2"2'" 2'4 2
U

2'O 2'" 2
06 

2
04 

2
aJ 

200 11 2- 2t!IJ 2" 2'" 2"2:12 2~24' 2"244 242 2'" 2'" 2'" 2"2:12 2'" 2212 "'2" 222 2 ""2"2 '" 2'42 U 2 10 2"'206 2042aJ 200 

26:1 24'2" 2n 2 SS2" 251 249 24'24S 24' 24' 2" 2n 2"2" 2" 2:11 2 212 25 2:12 2 2'2 192 " 2 152 "2" 2l1li207 2 OS2"' 2°' 26:1 241 2" 2" 2 SS2" 251 249 24'24S 24' 241 2" 2" 2 052" 2" 2:11 221 2 25 2:12 22'2 192 " 2 152 "2" 2l1li207 2OS2"' 20' 

moo~mmwm~mmm~mrnmmrururnmmooD_m_~Dmmmm moo~mmwm~mmm~mrnmmrururnmmooD_m_mDmmmm )T.5.:1 A!t A30 A29 A2I A'¥I A2I5 A2S A34 A23 An A21 A:JIJ Alf Atl A17 AI' AU,.\14 At3 A12A11Al0 NIl N1A N1I A05 NJ$ AIM N1J N1J. A01. NIJ 
T.8. B31 100 B29 B2I 1127 B25 B2J 824 1m B22 821 DJ 119 Bl1 BI1 Bte 8" 81481' au 8UBIO ..... BO'1 B06 B05' BIN 1103 BQZ BOt BOD ,\31 A30 A1IJ A2I ArI A35 1M A24 A23 A22 A21 A20 A19 AI. Art A16 AU A14 AI' AUAll AID N1J ADI N1I AMM5 A04 Am N.'4 AD! NXJ 

~ 
I 

00 

oo~ru~oo~~~~~~~~~~~ 

Of7 OWJ 045 C44 043 Of2 en CUI C3I en ~ _ as CM C33 C!2 en .~. Cl9 ctl Cll CI6 
17 0&6 04S C44 013 Of2 041 ow CI CJ7 _QIS OS 04 CD CJ2 en C30 a CI. C17 ClC5 

w_oo~~_oo~~~ __ ~~~_=_~~ 
W_OO~~_OO~~~ __ ~~~_=_~~M_W~ 

W_OO_~_OO~~~ __ ~~~_=_~~M_W~~=~= 
~_OO_OO_OO~~~ __ ~~~_=_~~M_W~~=~=~~=~ 

W_~~~~~_DDm_m~~mm_DDm_W~wmm~n 

W_~~OO~~_DDm_m~mm~_DDm_W~wm~~nm 

W_~~~~~_DDm_m~mmm_DDm_w~wmm~~mw 

W-~~OO~~_DDm_m~mm~_DDm_w~wmm~nmw~ 

oo~oo~oo~~~~~~~~~~~ 

oo~ru~oo~~~~~~~~~~~~~~a~~w~~~~~~ruro~ 

~~~a~~w~~~~~~ruro~rururururu~~~~~~~~~~~ 

Cl5 ct4 Cl' en ClO (XII atJ (JJ6 (D5_ aM (D3 m.~ 

CIS ct4 Cl3 Cit ClO aJlartCJl6c:DSaMQJJ CDt em AllONMBNT 

D21 IniIi D2S IDl D23 D22 021 D20 D19 Dli DI7 D16 DIS Dl4 Dl, 
DU 
D23 D22 021 D20 D19 DII DI1 D16 DlS DI4 DI' 
DU . 
Dlt DII DI7 DI6 Dl5 DI4 DlJ 
DU 

BII HI1 HI6 B15 

811 al6 als 

a16 HI5 

AIlOllMl!NT 

I 841 iM6 su Bt4 s., 1M2 B41 IMO B39 B3I ItJ7 B.'M 835 IBUD! un 831 mo. ItI$ B2I B:Z11t215 ms D au =JI~I ~ aJl.jJJI BI7 BI6 BIS AllONMBNI 

Ir •. on I .,. aJO I2P 121 J2'7 1215125 U4 as 122121 D.1t .11 .17 .16.15 .14 •• , .12.U .10 It09 IOII111It01S aos Jt04 JtOI5ItQ2 IOlItOO 

2- 2t!IJ251 2'" 2"2:12 2~2" te 244 t2 2'" 2'" 204 2 "2:12 2 '" 2212 "'2" 222 2""2"2.4 2'4 2U 2'O 2111 206 204 2aJ 200 

26:1 24'2" 2n 2 SS 2" 2S'2" 24'245 t' 24' i" 2" 2'S 2" 2" 2:11 2 212 25 2:12 2 2' 219 :z" 2 152 "2" 2l1li207 2OS2"' 2°' 

NOJ'B: i!hIft 110 doae CIl .......... 10 .... (VB. VC) apdClll. 

an 
L OVllllAP DATA 

(VEO) 

(VB!) 

~. ~ 

00=84.11) 

01 = 115. BI 

10=112 

II=ID 

LBPI' DOUBLB SIIIPl' CONTROL 

24 2' 2' 2' 2· 

00=H2A.B23 oo=m:m:J31.ffi D 
0 

01 =i6i'.1l2! 1=m.i2i'J31.1.Z1 N 
B 

,o=lI24.iW OcJl2.l'12.m.m 
° 1l=1D4.B23 1 =Jl2.m.J31.J21 ;Aal/ 

~ 
CRA Y Y-MP VECTOR LEFf DOUBLE SHIFf - 152ijk INSTRUCTION (VE) OPTION 

~ 

~ 

~ 
~ 
t-<: 

\,-/ ; 
\.-.,../ 

(VEO) 

(VBI) 

IBIPI' DBIIV8D PROlI (AIr) 
PIHU) OP INS"fRUCI'ION 

2'.2' 
DL=96 , , 
DL=64 , 

° 

DL·n ° 
, 

~ 

DL=24 

DL=16 

DL.,I 

~ 

DL=C5 

DL=4 I: ° 
DL=2 

DL=O 

HIIIrJ.",.,. TnfI. 
A-S821B J.E.S. 

) 

"'-'/ 



) 

) 

IT,S'~I 
T.S.~ 

Vj FLE.\1E.t'l,1 CP 3 

262260258256254252250248246244242240 238236234232230 22822622422222°218216214212210 208 2 06 2 04 2 02 2 00 / 

263261259 257 2 55 253 2 51 249 247245243241239 237235233231229227225 223 221219217 215213211 209 200 2°5203 2°1 

DI DO 129 128 I27 126 125 124 123 122 121 120 I19 I18 I17 I16 I15 I14 I13 I12 III I10 109 108 100 106 105 104 103 102 101 100 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AI5 AI4 AI3 AI2 All AIO A09 A08 AOO A06 A05 A04 A03 A02 AOl AOO 

B31 B30 B29 B28 B27 B26 B25 B24 B23 B22 B21 B20 BI9 BI8 BI7 BI6 BI5 BI4 B13 BI2 B11 BIO BOO B08 BfJ7 B06 B05 B04 B03 802 801 BOO 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 C31 C30 C29 C28 C27 C26 C25 C24 en C22 C21 C20 CI9 CI8 CI7 CI6 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 C31 C30 C29 C28 C27 C26 C25 C24 en C22 C21 C20 CI9 CI8 CI7 CI6 

047046 O4S D44 043 042 041 040 039 038037 036 03S 034 033 032031 030 029 028 

047 046 045 D44 043 042041 040 039 038 037 036 03S 034 033032 031 030 029 028 027 026 025 024 

047 046 045 D44 043 042041 040039 038037 036 035 034 033 032 031 030 029 028 027 026 D25 024 023 022 021 020 

047 046 045 044 043 042 041 040 039 038 037 036 035 034 033 032 031 030 029 028 027 026 025 024 023 022 021 020 Dl9 018 Dl7 Dl6 

047 046 045 044 043 042 041 040 039 038 037 036 035 034 033 032 031 030 029 028 027 026 025 024 023 022 021 020 019 018 Dl7 016 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 .E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 En E21 E20 EI9 EI8 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E3S E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 En E21 E20 EI9 EI8 EI7 

E47 E46 E4S E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 22 E21 E20 EI9 EI8 EI7 EI6 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 E19 EI8 EI7 EI6 

Vj ELEME.'I,1 CP 4 

/

2 62 2 60 2 58 2 56 2 54 2 52 250248246244242240238236 2 34 2 32 2 30 228226224 222220218216214212210 2OS206 2 04 2 02 200 

263261259257255253251249247245243241239 237235233231229227225223 221219217 215213211 209200 205203 2°1 

DI DO 129 128 127 126 125 124 123 122 121 120 I19 lI8 I17 I16 I15 I14 I13 lI2 II I lIO 109 lOS 100 106 105 104 103 102 101 100 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AIS AI4 AI3 AI2 All AIO A09 AOS AOO A06 A05 A04 A03 A02 AOI AOO 

C47 C46 C45 C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 

C47 C46 C4S C44 C43 C42 C41 C40 C39 C38 C37 C36 C35 C34 C33 C32 C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 

C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 CI5 CI4 CI3 CI2 CII CIO C09 C08 an 016 C05 C04 OJ3 CO2 OJI coo 

CIS CI4 CI3 CI2 cn CIO C09 C08 an C06 C05 C04 C03 CO2 OJI coo 
CIS CI4 CI3 CI2 Cl! CIO C09 C08 an C06 C05 C04 C03 CO2 OJI coo AUGNMENf 

027 026 025 024 023 022 021 020 Dl9 018 017 016 OIS 014 Dl3 012 

023 022 021 020 019 018 Dl7 016 DIS 014 Dl3 Dl2 

019 Dl8 Dl7 Dl6 DIS 014 Dl3 Dl2 

OIS Dl4 013 012 

OIS 014 Dl3 012 ALIGNMENf 

EI8 EI7 EI6 EI5 

EI7 EI6 EI5 

E16 E15 

ElS 

EIS AUGNME/IIT 

IT.s.onl R31 R30 R29 R28 R27 R26 R25 R24 R23 R22 R21 R20 RI9 RI8 R17 R16 RlS R14 RI3 RI2 Rl! RIO ROO ROS ROO R06 R05 R04 ROO R02 ROI ROO R32 LEFrDOUBLE SHIFT CONTROL 

L OVER!» OATA 
(VED) 

263261259257255253251249247245243241239237235233 231229227225 2 23 221219217 215213211 2 09 2 00 2 05 2 03 2°1 (VEl) 

N01E: Shift I is dODe on the inputs to the (VB, VC) options. 

26 25 

OO=H4,HO 

01 =H5, HI 

10=H2 

11 =H3 

24 2 3 

00 = 1i24, H23 

01 =H24,H23 

10 =H24,Hi3 

11 =H24,H23 

22 21 20 

00 =132, J22, J31, J21 
D 
0 

01 = m, J22, J31, J21 
N 
E 

10 =J32, 122,:m, ill 0 

11 = J32, 122, J31, J21 
N 

(VAs) 

CRA Y Y -MP VECTOR LEFT DOUBLE SHIFf - 152ijk INSTRUCTION (VE) OPTION 

(YEO) 

(VEl) 

SHIFf OERIVEO FROM (M.) 
FIELO OF INSTRUCTION 

2 6 ,2' 

OL-% 1 I 

OL-64 ° 

OL·32 ° 

OL-O ° ° 

24 ,2] 

OL-24 1 I 

OL-16 ° 

OL-8 0 

OLzO ° 0 

22 ,21 

OL-6 1 1 

OL-4 0 

OL-2 0 

OLEO 0 ° 

Hardware Tmg. 
A·582IB J.E.S. 

fITV-0834 eRA Y PROPRIETARY 



~ 
o 
00 
w 
+:-

1;'&:1 .s. 

~ , 
\0 

\,,~, 

Vj ELEMENT CP 3 

2
t1J 

2'"'2" 2'" 2" 2'" 2"'2" 2"'2"'2"2"'2" 2'" 2"'232f'" 221 2""2" 272 2""2"2" 214 2
12

2' ° 1" 2" 2'" 2fIJ 2
001 

2"' 261 2" 2rt 2":z'3 2" t' 2 472"2" 2" 2'" 2 31 2 >52 " 31 2:19 231 225 223 2212 "2 '7 2 " 2" 2" 2<IJ:f1 205 2'" 2°' 

mm~~m~m~mmrummmm~mrnmmmooDDmDm~mmmD 

~-~~~-~~----~~~~~~~~~~~--------m_QD~_~~~m~~~mM~m~~mru~Q_~_~~ __ ~_ 

~~oo~oooooo~~~~~~~~~ 

~~oo~oooooo~~~~~~~~~~~aa~~w~~~~~~ru=ru 

~~aa~~w~~~~~~ru=rururururoru~~~w~~~=~~~ 

rurururoru~~~w~~~=~~~ 

~~oo~oooooo~~~~~~~~_~~aa~~w~~~~~ruru=ru 

oo~oo~~~oo~~~ __ ~~~~~~~~ 
oo~~~~~oo~~ ___ ~~~m~~~~ __ =~ 

oo~oo~~~oo~~~ __ ~~~~~~~~ __ =~==~_ 
oo~oo~~~oo~~~ __ ~~~~~~~~ __ =~~=~_oo~~~ 
oo~oo~~~oo~~~ __ ~~~m~~~~ __ =~==~_oo~~~ 

w~w~wroru~~Dma~~mmm_~Dm_~~m=m_~ 

w~w~wroru~~Dma~~mmm_aDm_~~m=m_~w 

w~w~wroru~~Dma~~mmm_~Dm_~~m=m_~ww 

\--,/ 

Vj ELEMENT CP 4 

1

2t1J 2'"'2" 2'" 2" 2'" 2'" 2" -J6 2"'.p 2'" i" i" T' -J2~i'" 2 21 2""2" 222 2""2"2" 214 212 210 1" 2" 2'" 2fIJ 200 

2"'2
61

2" 2rt 2"2" 2"2" 247 245 2"2" i" 231 25'2" t'2:192312252232212"2172152"2"2<IJ21T12052'" 20' 

mmm~m~m~mmrummmm~mrnmmmOODDmDm~mmmD 
~-~~~-~~ ____ ~~~~15~~~~~ _________ _ 

~~aa~~w~~~~~ruru=rururururoru~~mw~~~=~~~ 

rurururoru=~mw~~~=~~~ 

DZ7 D2II5 D2S D24 D23 D22 D21 ~ D19 Dli D17 DIII5 DIS DJ( Dl' 
DI2 
InS D22 021 D20 DJ9 Dl1 Dl7 DIes DIS Dl( Dl3 
DI2 
Dl9 Dli D17 Dl' DIS Dl( Dl' 
DI2 
DlS Dl( Dl' D12 
015 Dl( Dil Dl2 Al.J<JNMBNT 

Bli B17 BUS Bl$ 

Bl1 B16 BIS 

B16 BIS 

AlJONMI!NT 

w~w~wroru~~Dm_~~mmm_aDm_~~==m_~ww~ ru 

1841 B4C5 84S B44 84, 1142 1141 B40 B39 B3I B31 b5 8.1S B.14 8.1, B32 831 B30 B29 B2I B:z7 ItJII B25 B24 BZ3 B22 821 B:m B19 Bli BI1 BUS BIS AlJSJNMBNT -] 

I T.I. on I ml m Jt2P 1.21 1127 US JW' a2A Jl23 m lt21 klO 1.19 R.II 1.11 1..16 RIS I.I( 1.l3 Jll2 au .10 109 .. .m Jt05 1lOS RIM 103 Jt02 101 am 

2t1J 2'"'2" 2'" 2" 2'" 250 2" 2"'2"'2'2 2'" 2" 2'" 2"'2 32 2'" 221 2""2" 272 2""2"2 '6 214 212 2'° 1" 2" 2'" 2fIJ 200 

2"' 261 2" 2rt 2":z'3 ';1 -19 2 47245 243 2" 2'" 2 31 2"2" 2 31 2:19 231 2 25 223 2 21 2"2 '7 2 152"2" i":f1 205 2'" 2°' 

NOI'B: SbIIt I IIdm .... lb. IDp1U 10 Iho (VA) opICD. 

... 
L OYl!RL\PDATA 

(VB!) 

(VIlI) 

7!' 2' 

00=115 

ol .. m 
10.=B(,1I) 

l1=IIS.BI 

LBPI' DOUBIJlSHlFl' Q)NTROL 

2' 2' 2' 2' 2· 

00 = ii2A,fti3 00= m: iii m,nl D 
0 

OI .. mi,B%I 01 .. fiIi2I131,121 N 
B 

10 = B24,iW 10:132.l22.ID,:m 0 

11=B24.B%I 11=132.l22.13I.)21 N 
(V,... 

~ 
CRAY Y-MP VECTOR RIGHT DOUBLE SHIFT - 153ijk INSTRUCTION (VB) OPTION 

'"C 

~ 

~ 
~ 
>-<: 

J 

(VB!) 

(VIlI) 

IIDPT DBRIVBD PROM TWO. 
<XlMI'I.8M8NT OP (AI<) 

'iG' .. Ne DR=1I54 1 0 

01.=32 0 1 

DR=O 0 0 

DR=2A 

DR=I' 

01. .. 1 

Oil =0 

DR.ed 

01.=( I ° 

DR=2 ° I 

DReG ° ° 

,.,.....r".. 
A-5&JS9 J.£S. 



) 

) 

IT.s. 016 1 
T.S.0I6 

Vj ELEMENT CP 3 

262260258256 254252250248246244242240238 236 2 34 232230228226224222220218216214212210 2 08 2 06 2 04 2 02 2001 

263261259257 2 S5 2 53 2 51 2 49 247245243241239237235233231229227215 2 23 221219217 215213211209207 2 05 2 03 201 

DI DO 129 128 J27 126 J2S 124 123 I22 121 120 119 118 Il7 Il6 Il5 I14 Il3 Il2 III 110 109 108 107 106 lOS 104 103 102 101 100 

A31 A30 A29 A28 A27 A26 A15 A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AI5 AI4 AI3 AI2 All AIO A09 A08 A07 A06 AOS A04 A03 A02 AOI AOO 

B31 B30 B29 B28 B27 B26 B15 B24 B23 B22 B21 B20 BI9 BI8 BI7 BI6 BIS BI4 B13 BI2 Bll BIO B09 B08 B07 B06 80S B04 B03 B02 BOI BOO 

C47 C46 C4S C44 C43 C42 C41 C40 09 08 07 C36 OS 04 03 02 

C47 C46 C45 C44 C43 C42 C41 C40 09 08 07 06 05 C34 03 02 01 C30 C29 C28 C27 C26 C2S C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 

01 00 C29 C28 C27 C26 C2S C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 CIS CI4 CI3 CI2 Cll CIO C09 COS C07 C06.COS C04 C03 CO2 COl COO 

CIS CI4 CI3 CI2 Cll CIO C09 COS C07 C06 COS C04 C03 CO2 COl COO 
C47 C46 C45 C44 C43 C42 C41 C40 09 C38 C37 06 OS C34 03 02 01 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 

047 046 O4S D44 043 042 041 040 D39 D38 D37 D36 D3S D34 D33 D32 D31 D30 D29 D28 

047 046 O4S D44 043 042041 040 D39 D38 D37 D36 D3S D34 D33 D32 D31 D30 D29 D28 D27 D26 D15 D24 

047 046 O4S D44 043 042041 040 D39 D38 D37 D36 D35 D34 D33 D32 D31 D30 D29 D28 D27 D26 D15 D24 D23 D22 D21 D20 

047 046 O4S D44 043 042041 040 D39 D38 D37 D36 D3S D34 D33 D32 D31 D30 D29 D28 D27 D26 D15 D24 D23 D22 D21 D20 Dl9 Dl8 Dl7 DI6 

047 046 O4S D44 043 042 041 040 D39. D38 D37 D36 D35 D34 D33 032 031 D30 D29 D28 D27 D26 D15 D24 D23 D22 D21 D20 Dl9 Dl8 Dl7 DI6 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E2S E24 E23 En E21 H2O EI9 

E47 E46 E4S E44 E43 E42 E41 E40 E39 E38 E37 E36 E3S E34 E33 E32 E31 E30 E29 E28 E27 E26 E2S E24 E23 En E21 H2O EI9 EI8 

E47 E46 E4S E44 E43 E42 E41 E40 E39 E38 E37 E36 E3S E34 E33 E32 E31 E30 E29 E28 E27 E26 E2S E24 E23 En E21 H2O EI9 EI8 EI7 

Vj ELEMENT CP 4 

1

2 62 2 60 2 58 2 56 2 54 2 S2 2 50 2 48 246244242240238236234232230 228226224222220218216214212210208206 2 04 2 02 2 00 

263261259257 2 55 253 251249247245243241239237235233231229227225223 221219217 215213211209207 2 05 2 03 2 01 

DI DO 129 128 J27 126 12S 124 123 I22 121 120 Il9 Il8 117 116 liS 114 113 112 III 110 109 108 107 106 lOS 104 103 102 101 100 

A31 A30 A29 A28 A27 A26 A2S A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AIS AI4 AI3 AI2 All AIO A09 A08 A07 A06 AOS A04 A03 A02 AOl AOO 

01 C30 C29 C28 C27 C26 C2S C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 CIS CI4 CI3 CI2 Cll CIO C09 COS C07 C06 COS C04 C03 CO2 COl COO 

CI5 CI4 CI3 CI2 Cll CIO C09 COS C07 C06 COS C04 C03 CO2 COl COO 

CIS CI4 CI3 CI2 Cll CIO C09 COS C07 C06 C05 C04 C03 CO2 COl COO 

D27 D26 D15 D24 D23 D22 D21 D20 Dl9 DI8 Dl7 DI6 DIS Dl4 Dl3 DI2 

D23 D22 021 D20 DI9 DI8 DI7 Dl6 Dl5 DI4 Dl3 DI2 

Dl9 DI8 Dl7 Dl6 DIS DI4 Dl3 Dl2 

DIS DI4 DI3 DI2 

DIS Dl4 Dl3 Dl2 

EI8 EI7 EI6 EI5 

EI7 EI6 EIS 

EI6 EI5 

ALIGNMENT 

ALIGNMENT 

E47 E46 E4S E44 E43 E42 E41 E40 E39 E38 E37 E36 E3S E34 E33 E32 E31 E30 E29 E28 E27 E26 E15 E24 E23 E22 E21 H2O EI9 EI8 EI7 EI6 EIS 

E47 E46 E4S E44 E43 E42 E41 E40 E39 E38 E37 E36 E3S E34 E33 E32 E31 E30 E29 E28 E27 E26 E15 E24 E23 E22 E21 H2O EI9 EI8 EI7 EI6 

I T.S. 0171 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 R02 ROI ROO 

2 62 2 60 2 S8 2 56 2 54 2 S2 2 50 2 48 246244242240 2 38 2 36 2 34 2 32 230 2 28 2 26 2 24 222 220218216 214212210 2 08 2 06 2 04 2 02 2 00 

2 63 2 61 2 59 257 2S5253 2S1249 247 24S 243 241 239 2 37 235233.231 2 29 227 2 15 2 23 221219217 215213211 2 09 2 07 2 0S 2 03 2 01 

N01E: Shift I is done on the inputs to the (VA) optioo. 

EIS ALIGNMENT 

R32 

L OVERLAP DATA 
(VBJ) 

(VEl) 

26 25 

OO=H6 

01 =H7 

10=H4.HO 

11 =HS.H1 

LEFf DOUBLE SHIFf CONTROL 

24 23 22 21 

00 = H24. iffi 00 =132, ffi. J31, J21 

01 =H24,H23 01 = J32, J22, J31, J21 

10 = H24,1ffi 10 = J32, J22, J31. J21 

11 =H24,H23 11 = J32, J22, J31, J21 

CRAY Y-MP VECTOR RIGHT DOUBLE SHIFf - 153ijk INSTRUCTION (VE) OPTION 

2° 

D 
0 
N 
E 

0 
N 

(VAs) 

(YEO) 

(VEl) 

SHIFT DERIVED FROM 1W0I 
COMPlEMENT OF (AJr.) 

2 6 .2' 

DR-96 I I 

DR-64 0 

DR-32 0 

DR-O 0 0 

24.23 

DR-24 I I 

DR-16 0 

DR-8 0 

DR-O 0 0 

22 21 

DR-6 I I 

DR-4 0 

DR-2 0 

DR-O 0 0 
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") VECTOR POP COUNT - OPTION INVOLVED 

'\ 

) 

(ROl) Option 

The (R01)option perfonns the Vector Pop Count operation. The Vector Pop Count uses 
a 174ijk instruction, an instruction which is also used for a Vector Reciprocal operation. 
A decode of the k field tells the Reciprocal unit whether to perfonn a Reciprocal 
Approximation or to perfonn a population count on the elements of Vj. 

Because the Vector Pop Count uses the Reciprocal units data path into and back out of 
the Vector registers, the Vector Pop would reserve the Reciprocal functional unit for 
Vector Length plus 4 CPs. A Vector Reciprocal operation would then reserve the Vector 
Pop operation for Vector Length plus 4 CPs as well. 

A 174ij 1 instruction counts the numbers of one bits in each element of Vj for Vector 
Length elements and enters the results into the corresponding Vi elements. For example, 
if all bits were set in Vj elements 0, then 1008 would be loaded into Vi element zero. 

A 174ij2 instruction counts the number of one bits in each element ofVj for Vector length 
elements and enters the parity of the results into the corresponding Vi element. 

To determine the parity of the number. of one bits set in a Vector element, the (RO!) option will 
only send bit 2 ° of the count to the corresponding Vi element. A one indicates odd parity 
and a zero indicates even parity. For example, if the number of one bits totaled 1008, the 
parity, would be zero indicating even parity, as 2° of 1008 equals a zero. If the count were, 
say 358, bit 2 ° would be equal to a one indicating an odd number of bits set. 
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VECTOR REGISTER POP COUNT 
FUNCTIONAL UNIT INSTRUCTIONS 

174ijl Population Counted of (Vj) to Vi 

174ij2 Population Count Parities of (Vj) to Vi 

CAL FORMAT 

Vi PVj = 174ijl 

Vi QVj = 174ij2 

Hardware Trng. ___ ) 
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I 
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~ 
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....... ........--' ''"'-_/ 

(ROl) 
GO RECIPROCAL (CP 3) 

(VOl) k DESIGNATOR 2°, 21 k BIT 2° = 1 

(VH I) GO RECIPROCAI1POPULA TION GO RECIPROCAUPOPULATION 

263 

26 

DELAY GO 
RECIPROCAL 

1-----

'---"..-

GO RECIPROCAL 

GO RECIPROCAL (CP 12) (RN,RM,RL) 

126 
POPULATION COUNT 2 - • (VAO- VAl) 

(VB, VC) Vj OPERAND BITS 2
63

_2° (IO-6n., ~I 
POPULA nON COUNT 2° 

2° 

VECTOR POPULATION COUNT 

CRAY Y-MP VECTOR POPULATION COUNT 
FUNCTIONAL UNIT BLOCK DIAGRAM 

(VAO) 
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VECTOR LOGICAL FUNCTIONAL UNIT 

The Vector Logical functional unit is a very large functional unit because of the number of 
instructions that it handles. Because of this there is a second Vector Logical unit which doubles 
up on the 140-145 instructions; this unit is called the Vector Logical 2 in the CRA Y Y-MP. To 
make the CRA Y Y-MP compatible with the CRA Y X-MP, whenever the Vector Logical 2 
functional unit is busy, a floating multiply instruction will hold issue in CIP and vice versa. The 
Vector Logical unit executes the 140-147 instructions: the 146-147 instructions are referred to as 
the Vector Merge. The 175ijO-175ij7 instructions, which are called the Test ofVj element, are 
also performed in the Vector Logical unit The Vector Logical unit also executes the Scalar Mask 
instructions, and the Vector Mask instructions which are the 073iOO and the 0030jO instructions. 
The Vector Logical unit is also used as a path for the Status register and Performance Monitor 
data to Si, using the 073i01 and the 073i11 instructions. 

Vector Logical 140-145 Instruction 

The Vector Logical unit, as the unit is called, performs the Logical operations AND, OR and 
XOR, using either Sj and Vk for a ScalarN ector instruction or Vj and Vk for a V ectorN ector 
instruction. The Vector Logical unit is located on the (VB, VC) options. The (VB, VC) options 
send their results to the (VA) options where the Vector Logical results are steered to the correct Vi 
register. The (VBO - VB3) options send their results to the (VFO) option and then to the (VAs), 
this path being shared also by the Vector Mask Index using a 175ij4-175ij5 instruction. 

Vector Logical 2 (140-145 Instruction) 

The Vector Logical 2 unit executes the 140-145 instructions, but does not use the same Boolean 
equation as the Vector Logical unit' To be compatible with the CRA Y X-MP, the Vector Logical 
2 has the same path select code as the Floating Multiply functional unit. However, the Logical 
operations are performed on the (VB, VC) options, while the CRAY X-MP performs the Logical 
operations inside the Floating Multiply unit. The results of the Vector Logical 2 unit are then sent 
directly to the (VA) options, where the Vector Logical 2 has its own path to the Result registers 
VO-V7. 

Vector Merge (146-147 Instructions) 

The 146 instruction performs the same operation as the 147 instruction except the 146 instruction 
uses Sj and Vk as operands, while the 147 instruction uses Vj and Vk operands. Associated with 
the 146/147 instruction are the Vector Mask register VM. The VM register bit 263 corresponds to 
Vector element 0, while VM bit 20 corresponds to Vector element 77. When the VM bit is equal 
to a 1 the corresponding element of the j operand is loaded into Vi, and when the VM bit is equal 
to a 0 the corresponding element of the k operand is loaded into Vi, thus allowing the merging of 
the j operand and k operand into Vi, dependent upon the VM register. Associated with the VM 
register is an Index counter which is used to address the VM register bits. 

Hardware Trng. 
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The Index counter is cleared on the startup of the 146/147 instruction by the Go Vector Logical, 
signal, and it is advanced by one by the Go VL Data signal. The Go VL Data is sent for each ) 
element which is read from the Vector registers. The VM register is distributed across the four " 
(VF) options, in the same bit patterns as the Vector Logical data bits. Before a Vector element 
arrives on the (VB, VC) options, the associated VM bit is addressed from the index value and then 
distributed to all four (VF) options to be fanned out to all (VB, VC) options. The (VB, VC) 
options will then select either the j operand or k operand, depending on the contents of the VM 
register. The j/k operand is then sent to the (V A) options to be loaded into the Vi register. 

Vector Test Vj (17S0jO-17Sij7 Instructions) 

The 175 instruction performs a test on the Vj operand determined by the decode of the k field of 
the instruction. If the k field is equal to a 0 or 4, the Vj operand is tested for Vj = O. If the k field 
is equal to a 1 or 5, the Vj operand is tested for Vj :¢: O. If the k field of the instruction is equal to a 
2 or 6, the Vj operand is tested to see if it is positive, i.e. bit 263 equal to a zero; and if the k field 
is equal to a 3 or 7, the Vj operand is tested to see if it is negative, i.e. bit 263 equal to a one. 
When the test is satisfied the associated VM bit gets set to a one. On the 175ij4-175ij7 instruction 
an additional operation takes place, in which the associated index counter is sent to the Vi register 
when the test is written into consecutive locations of Vi; this is referred to as the Compressed 
Index. 

Scalar/Vector Mask/Ak/Scalar Constants (003/073, 040-043, 071 
Instructions 

Besides assisting in the previously mentioned instructions, the Vector Logical unit also performs 
the Scalar Mask, Scalar Constants, and Vector Mask instructions. The Vector Mask is loaded 
through the 0030jO instruction and read by the 073iOO instruction. When loading the VM register 
from a Scalar register the data bits are sent in 2 CP; first the even data bits, and then the next clock 
period, the odd data bits. The Scalar instructions 040-041 will load into Si either the jkm field of a 
2 parcel instruction or the nm field of a 3 parcel instruction. 

During an 042-043 instruction the jk field is decoded for the number of ones or zeroes to be placed 
into Si from the left of the Scalar register. In an 042 instruction zeroes are placed in Si, with the jk 
field determining how many, and in an 043 instruction ones are placed in Si, with the jk field 
again determining how many. The Vector Logical unit also routes data from the Status register 
(SR) bits to Si and the Performance Monitor (PM) to Si, by using the 073i01 and the 073i11 
instructions respectively. The Scalar Constants are also generated in the Vector Logical unit. This 
entails sending the A register data to Si, creating a floating-point number from the integer number 
received, and then generating the commonly used floating-point numbers .75 x 248, .5, 1.0,2.0, 
and 4.0, depending on the j field of the 07lijO instruction. . 
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VECTOR REGISTERS VECTOR LOGICAL 
FUNCTIONAL UNIT INSTRUCTIONS 

(Page 1 of2) 

VECfOR LOGICAL AND VECfOR LOGICAL 2 

140ijk Vi Sj&Vk Logical Products of (Sj) and (Vk) to Vi 

140iOk Vi 0 Clear Vi 

14lijk Vi Vj&Vk Logical Products of (Vj) and (Vk) to Vi 

142ijk Vi Sj! Vk Logical Sums of (Sj) and (Vk) to Vi 

142iOk Vi Vk Transmit (Vk) to Vi 

143iJK Vi Vj!Vk Logical Sums of (Vj) and (Vk) to Vi 

144iJK Vi Sj/Vk Logical Difference of (Sj) and (Vk) to Vi 

144iOk Vi Vk Transmit (Vk) to Vi 

145iJK Vi Vj/Vk Logical Difference of (Vj) and (Vk) to Vi 

145iii Vi 0 Clear Vi 

VECfOR MERGE 

146ijk Vi Sj! Vk&Vrn Transmit (Sj) if VM bit = 1; (Vk) if VM 
bit = Oto VI 

146iOk Vi #Vrn&Vk Vector Merge of (Vk) and 0 to Vi 

147iJK Vi Vj!Vk&Vrn Transmit (Vj) if VM bit = 1; (Vk) if 
VM bit = 0 to Vi 
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CRAY Y-MP VECTOR REGISTERS VECTOR ) 
LOGICAL FUNCTIONAL UNIT INSTRUCTION -

(Page 2 of 2) 

VECTOR TEST Vj 

1750jO VM Vj,Z VM = 1, Where (Vj) = 0 

1750j1 VM Vj,N VM = 1, Where (Vj) ¢ 0 

1750j2 VM Vj,P VM = 1, if (Vj) Positive; 0 is Positive 

1750j3 VM Vj,M VM = 1; if (Vj) Negative; 1 is Negative 

175ij4 Vi VM, Vj,Z VM = 1; Where Vj = 0 and Element 
Index is Loaded Into (compressed Vi) 

175ij5 Vi VM Vj,N VM = 1; Where Vj ¢ 0 and Element 
Index is Loaded Into (compressed Vi) 

175ij6 Vi VM Vj,P VM = 1 if (Vj) Positive and Element 
Index is Loaded futo (compressed Vi) 

175ij7 Vi VM Vj,M VM = 1 if (Vj) Negative and Element 
Index is Loaded futo (compressed Vi) 

Hardware Trng. ) 
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LOGICAL OPERATIONS 

140ijk Logical product Sj & Vk Elements to Vi 
14lijk Logical product Vj Elements & Vk Elements to Vi 

SjrVj 177777 00000o 177777 177777 

Vk 00000o 00000o 177777 177777 

Vi 00000o 00000o 177777 177777 

142ijk Logical sum Sj ! Vk Elements to Vi 
143ijk Logical sum Vj Elements! Vk Elements to Vi 

SjrVj 177777 00000o 177777 177777 

Vk 00000o 00000o 177777 177777 

Vi 177777 00000o 177777 177777 

144ijk Logical difference Sj \ Vj Elements to Vi 

1 100 

1 0 1 0 

1 000 

1 100 

1 0 1 0 

1 1 1 0 

145ijk Logical difference Vj Elements \ Vk Elements to Vi 

SjrVj 177777 00000o 177777 177777 

Vk 00000o 00000o 177777 177777 

Vi 177777 00000o 00000o 00000o 

1 100 

1 0 1 0 

o 1 1 0 

Hardware Trng. 
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(VS) 

(VS) 

(]D- VS) 

(lG- VS) 

(lG- YS-

VECTORDATA, Vj ~ 

VEcrORDATA, Vk -@D-. 
VPU,FLOATINO MULTIPL~ 

k,i+i,i/i ~ 
D6-4 

hO,hl 
~ 

'YS) 

I (VCIS) (262,2 ~ 

f (VCI4) (2 ~2 6~ 

I (VCl3) (25~2 5~ 

I (VCI2) (256,2 5) 

I (VCll) (254,2 51 

I (VCIO) (2 5~2 5~ 

I (VC9) (2 5~2 5) 

I (VC8) (248,2 49) 

1(VC7) (246,247) 

I (VC6) (244,2 4~ 

1(VC5) (242,2 4~ 

1(VC4) (240,241) 

1(VC3) (238,2 3~ 

1(VC2) (236,2 3,> 
I (VCI) (2~2 3~ I (VCO) (2 3~2 3~ 

I (VBIS) (230,2 3~ 

I (VB14) (228,2 29) 

f(VB13) (226,227) 

I (VB 12) (224,2 ~ 

(VB 11) (222,2 n., I (YAIS) (260_ 2 63) 

I (VB 10) (220,221) 
~ 

1(VB9) (218,2 19) 

I (VB8) (2 1~2 17) 

1(VB7) (214,2 IS) 

I (VB6) (212,2 1J:l 
I (VBS) (21°,211) 

1(VB4) (28,2 9 ) 

1(VB3) (26,27) 

(VB2) (24,2 5 ) 

I (VBI) (22,23) 

(VBO) (2°,21) 

~r? 
(lA _ VS) i FIELD 48·50 

I-< VOCI'OR -(]D _ VS) VPU SELI!CI' VL2 ~ LOOlCAL2 
I- 140·145 
f-- INSTRUCllON iu6- VECTOR LOOICAL 2 RESULTS 

~ 
6-39 

/(VAI4) (256_ 2 59) 

r(VAI3) (252_2 55) 

r(YAI2) (248_ 2 51) 

(VAll) (244_ 247) 

/(YAlO) (240_243) 

/ (YA9) (236_ 239) 

r (VA8) (232_ 2 3Sl 
I (VA7) (228_ 2 31) 

f(YA6) (224- 227) 

(VAS) ~_223) 

/(VA4) (216_ 2 19) 

/(YA3) (212_21,> 

/(YA2) (28_ 2 11) 

/(VAI) (24_27) 

(VAO) (2°_2 3) 

~ 

MUX rl ~ VO-VI RESULTS 
(VS) -
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') VECTOR LOGICAL 2 

) 

Select Vi/Sj or Vk operand from FL Multiply 

TS=38M5 -----------------------------------------------

Select Vk=NO-V7), Vj - NO-V7) or Sj (SO-S7) 

TS = 0/6 

N40-41 = Vk = (VO-V7) 
N42-43 = Vj = (VO-V7) or Sj (SO-S7) 

L48 = Holds Sj 

Vector Logical 2 (AND, OR, XOR) 

TS=lWI7 -----------------------------------------------

HTV-0834 

K47 =b bit 21 orbl 
P40 = (OR) Function + (XOR) Function for VL2 
P42 = (AND) Function for VL2 

31-7 

Hardware Trng. 
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Output Results ofVL2 to <VAs) 

TS=2W27 ------------------------------------------------

HTV-0834 

K48, K47 = hI, h2 instruction 
R26 = VL2 bit (N + 20 ) 
R27 = VL2 bit (N + 21 ) 
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VECTOR LOGICAL UNIT - OPTIONS INVOLVED 

(VB-VC) Options 

The (VB, VC) options assist the (VF) option in performing the various Vector Logical instructions. 
The (VB, VC) will perfonn all of the Vector Logical 2 operating (the 140-145 instructions), as well as 
the full Vector Logical operations. The (VB, VC) also sends Scalar register data to the VM registers. 

During a 146/147 instruction the (VB, VC) options are responsible for selecting either j operand or k 
operand data, depending on the contents of the VM register. When executing a 175 instruction, the 
(VB, VC) options perfonn a partial test on the data bit and send the results to the (VF) options. 

(VFO-VF3) Options 

The (VF) options contain the VM register, and are responsible forperfonning the Scalar and Vector 
Mask instructions, as well as the Scalar Constant instructions. The (VF) options f'malize the test of 
the Vj elements in a 175 instruction, and set the appropriate VM register bit The (VF) supplies the 
(VB, VC) options with the VM registers bit for the 146/147 instruction. The (VF) also supplies the 
(VGO) option with the control tenn Ak = 0 which is used on a double shift. 

(VA) Options 

The (VA) options select the data from the Vector Logical unit by using the VFU select code, and send 
the data to 1 of 8 Vector registers by decoding the i field of the instruction. The (V A) options are used 
by the 140-145 instructions, the 146/147 instructions and the 175ij4-175ij7 instructions. 
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~ (JO-VS-
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') VECTOR LOGICAL 140-145 INSTRUCTION 

) 

) 

Select VjlSi or Vk operands 

TS = 38/45 

M70-71 = Vector Logical operand Vk = VO-V3 
M72-73 = Vector Logical operand Vk = V 4-V7 
M74-75 = Vector Logical operand Vj = VO-V3 
M76-77 = Vector Logical operand Vj = V 4-V7 
M78-79 = Vector Logical operand Sj = SO-S7 

Select Vk=(VO-V7), Vi = (VO-V7) or Si (SO-S7) 

TS=W6 ------------------------------------------------

L78 - Holds (l-f72-73) when Sj operand is used 
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Vector Logical (AND, OR, XOR) 

TS = 10/17 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P70=N70+N72 ..... AND Function (140-141) instruction 

P70=N70 N72 --+- OR Function (142-143) instruction 

P70=N70 N72 + N70 N72 ... XOR Function (144-145) instruction 

K77=h1, K78 = h2 - instruction decode 

Output Vector Logical Results 

TS=2W27 ------------------------------------------------

R24 = VL + Merge bit (n + 2° ) 
R25 = VL + Vj test + Sj to Vm bit (n + 21 ) 

Hardware Trng. 
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N :~ ... c17 ~ VMIIf if () J(VB8) (21~217) 
146-I47/071I75i073 ~ D 2' ~ r~I=--~-:;, 

B 24 I-' I (') (VC7) (246,247) I(YAl5) (260.
2

63) 
X 2' C7 I 

............ '-- (') (VC6) (244,24')!(vAl4) (256.2
59

) 

(VPI ~ PANroI' ~VMIn'PANO\1I'<2".zU).(2'.2') (') (VC5) (242,243) I (VAl3) (2'2.2") 
IVMIn' D214 \to! _ (') • 

. In' (Va) (240,2
41

) j(vA12) (241.2") 

VEcrORLOOICAL () (VB7) (214,2") !(VAlI) (244. zl7 

() (VB6) (212,213) !(VAlO) (240.243 ) 

() (VBS) (210,211) 1(VA9) (236.239) 

() (VB4) (21,2') I(VAS) (232.235) 

(VMSII')'~(VC3) (22J,2") I(VA7) (228.231) 

I (VMSII')'..,,- (Vel) (236 237) 1(VA6) (224.227 ) 

L -1-"'" , 
(VMBII')'~ (VCl) (234,235) !(VA5) (220.221 ) 

L(VMBII')~(VClJ) (2l2,2D) r(vA4) (216.219) 

I (VM811') ~(VB3) (26,27) r(VAJ) (212.2") 

J (VMBII') ~ (VB2) (24,2') r(VA2) (21.211 ) 

I (VMBII') - .I(VBI) (22 23 ) f(vAl) (24. 27) ~ , :1 (VBO) (20,21) (VAO) (20.23) 

.... , Il~ 
(VS) YB:ratDATAVO.V7 ~h~'" .~m-"') _,oo •• ~~ - Pi:. 

CPlt,I+~t/1 I 
(10· YS) 6-4 _ I MUX __ I~ VQ.V7 DATA 

~... - VIlCTOR LOOK:AL -<.. D4.35J+ ~0.3!.,.. (lD· VS) VPU ~ '- (,R24, 25; D4. • - H6rdw." 

.,----/ 

(VSa) 
, 7mg. 

A·688,8 J.E.S. 
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146ijk: Transmit Sj to Vi Elements if VM Bit = 1 
Transmit Vk Elements to Vi Elements if VM Bit = 0 

147ijk: Transmit Vj Elements to Vi Elements ifVM Bit = 1 
Transmit Vk Elements to Vi Elements if VM Bit = 0 

146ijk INSTRUCTION 

2 63 262 2 61 2 60 2 59 

I 1 0 1 0 o ------------ 0 I VMREGISTER 
I I I 1 

Sj = 17 ------------- 7~ 

Vk 

Element 0 

Element 1 

Element 2 

Element 3 

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

147ijk INSTRUCTION 

Vj 

0 r-+ 
1 ~ 

2 ~ 

3 ~ 

Element 0 ......... .....l'....:;;-;.;;-;.;;-;.;;-;.;;-;.;;-;.;;-;.;;-;.;;-;.;;-;.;;-;.;;-~ 

Element 1 1--!-1.....J..1.....l''''':;;-;':-;':-;':-;':-;':-;':-;':-;':-;':-:...l4 

Element 2 1-=-1-..:,1.....::..1 ~ ____ ~ 

Element 3 1 1 1 1 

Vk 

Element 0 1--lo'...;-~---------...;-.....;-.....;-.....;-~------....:"4 

Element 1 

Element 2 ------------- 2 

Element 3 0 ------------- 3 

+ 
VM=I,263 r-+ 
VM=0,262 r-+ 
VM= 1,261 i+ 

VM= 0, 260 -+ 

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

o ------------ 1 

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

o ------------ 3 

Vi 

Element 0 

Element 1 

Element 2 

Element 3 

o ------------ 0 VMREGISTER 

r---------------~ Vi 
~~,;;;.-,;;;.-,;;;.-,;;;.-.;;;;-.;;;;-.;;;;-.;;;;-.;;;;-.;;;;-..;;;-..;;;-~ Element 0 

~....:;;;.;;;;.;;;.;;;;.;;;.;;~;;;.;;;,.;;;;.;;;,.;;;;...;;..~ Element 1 

~--.!.l-.!.l ~O_-_-_-_-_-_-_-_-....:O~ Element 2 

~~ ____________ ~ Element 3 

Hardware Trng. 
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INDEX 
05 D4 03 02 D1 DO 

VMBIT 25 24 23 2221 20 Boolean 

2 63 o 0 0 0 0 0 CI7 
262 0 o 0 0 0 I CI6 
261 0 0 0 0 I 0 CI5 
260 0 0 o 0 I L CI4 
2 59 0 0 o I 0 0 CI3 
2 58 0 0 0 I 0 I CI2 
2 57 0 0 0 I I 0 Cll 
2 56 0 o 0 I I I ClO 
255 0 0 I 0 0 0 CI7 
254 0 0 I 0 0 I CI6 
2 53 0 0 I 0 I 0 CI5 
252 0 0 I 0 I I CI4 
2 51 0 o I I 0 0 CI3 
250 0 0 I I 0 I CI2 
249 0 0 I I I 0 Cll 
248 0 0 I I I I ClO 
247 0 I 0 0 0 0 CI7 
2 46 0 I 0 0 0 I CI6 
245 0 I 0 0 I 0 CI5 
244 0 I 0 0 I I CI4 
243 o I 0 I 0 0 CI3 
242 o I 0 I 0 I CI2 
241 0 I 0 I I 0 Cll 
240 0 I 0 I I I CIO 

239 0 I 1 0 0 0 CI7 

238 0 1 I 0 0 1 C16 

2 37 0 1 1 0 1 0 C15 

236 0 1 I 0 1 I CI4 

235 0 I I I 0 0 C13 

2 34 0 I 1 I 0 1 C12 

233 o I 1 I 1 0 Cll 

232 o I I I I I ClO 

Ootion VMBit 

(VB) 2 31 

(VB) 230 

(VB) 2 29 

(VB) 2 28 

(VB) 227 

(VB) 2 26 

(VB) 2 25 

(VF3) 224 

(VF2) 2 23 

(VF2) 222 

(VF2) 221 

(VF2) 220 

(VF2) 2 19 

(VF2) 2 18 

(VF2) 217 

(VF2) 2 16 

(VFI) 2 15 

(VFI) 214 

(VFI) 2 13 

(VFI) 212 

(VFI) 211 

(VFI) 210 

(VFI) 209 

(VFI) 2°8 
(VFO) 207 

(VR») 2 06 

(VFO) 2°5 
(VFO) 2 04 

(VFO) 2°3 
(VFO) 2°2 
(VFO) 2°1 
(VFO) 200 

INDEX 
05D4030201 DO 

2524232221 20 

100 000 
I 0 0 0 0 I 
I 0 0 0 I 0 
I 0 0 0 I I 
I 0 o I 0 0 
I 0 o I 0 I 
I 0 o I I 0 
I 0 0 I I I 
I 0 I 0 0 0 
101 0 0 I 
I 0 I 0 I 0 
I 0 I 0 I I 
I 0 I I 0 0 
I 0 I I 0 I 
101 I I 0 
I 0 I I I I 
I I 0 0 0 0 
I I 0 0 0 I 
I I 0 0 I 0 
I I 0 0 I I 
I I 0 I 0 0 
I I 0 I 0 I 
I I 0 I I 0 
I I 0 I I I 
I I I 0 0 0 
1 I 1 0 0 I 
1 1 1 0 1 0 
I I I 0 I I 
I I I I 0 0 
I I I I 0 I 
1 1 1 I I 0 
I 1 1 1 1 I 

Boolean Option 

C07 (VB) 

C06 (VB) 

C05 (VF3) 
C04" (VB) 

C03 
CO2 
COl 
COO 
C07 
C06 
C05 
C04 
C03 
CO2 
COl 
COO 
C07 
C06 
C05 
C04 
C03 
CO2 
COl 
COO 
C07 
C06 
C05 
C04 
C03 
CO2 
COl 
COO 

(VB) 
(VB) 
(VB) 
(VB) 
(VF2) 
(VF2) 

(VF2) 

(VF2) 

(VF2) 
(VF2) 

(VF2) 

(VF2) 
(VFI) 
(VFI) 
(VFI) 
(VFI) 
(VFl) 
(VFI) 
(VFl) 
(VFI) 
(VFO) 
(VFO) 

(VFO) 

(VFO) 
(VFO) 

(VFO) 

(VFO) 

(VFO) 

Hardware Tmg. 
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~ 
I 
o 
00 
w 
.j:::.. 

w ....... 
I ....... 
0\ 

(JD-VS) 

(J(JO-VS) 

~ (VS) 

to<: 

;g 
~ 
~ 
~ 
~ 

I(VCI~) (262 ,263 ) 

1(VCI4) (2 ~261) 

(VCI3) (2",2") 

(VCI2) (2~,257) 

J(VCII) (254,2 55) 

I(VCIO) (25~25]) 

(VC9) (2 "!2!1) 

(VOl) (2"',249) 

(VC7) (246,247 ) 

I (VC6) (244,2
45 )11 

I (VO) (24~24]) I 

(VC4) (240, 2 4~ I (VB U) (230,2 31 ) 

I (VCl) (231,2 39) I (VB 14) (221,229) 

(VC2) (2~217) I (VB 13) (226,227) 

I(VCI) (2~2lS) I (VB 12) (224,2 25) 

(VCO) (2 32,2 3]) (VB II) (22 ~223) 

I (VB 10) (220, 221) 

1(VB9) (211,219) 

r(VB8) (216,217) 

(VB7) (214,2 IS, 

(VB6) (212,2 13) 

I(VB~) (21°,2") 

(V84) (21,29) 

I (VB3) (26,2 7 ) 

(VB2) (2 4 ,2 5 ) 

I(VBI) (22,2 ]) 

(VBO) (2 °,2 I) 

VFU ~ 
-~ 

MUX CP 1k,I + 1,1/1 .@>. N 

VP.CroRDATA W· ~ '---

l$ R25 

'. 

(VP3) (263_ 256), (2 3!z ~ _ Vj PAImAL lEST 

POSITION OONSTANr ~ 

~ ~ (1,1) ~ 

fliD 
(VP2) (2"_2"'), (2 2]_21~ 

f-
(1,0) POSrrION OONSTANr ~ ~ ~ -= Yo PAImAL lEST 

(VPI) (247_ 240),(2lhl) ~ --:::'" 

f- fl!.V 
POS!\10N OONSTANr ~ 

~ ~ (0, I 157, " 

~ (239-2n,,(2'-20) Yo PAImAL lEST (VPO) 
~ 

POSmON CONSTANr .---
(0,0) .Jh. "-L.-.. ~ .I~J; I.H-

Vj PAImAL lEST 
10-7 r TEST IlESULTI NOTJfRO j:... .;m:; I (VAl) (24,2 5) -H,_J L.",; YoPAR11ALlEST 

SI!T-
\M VMREO. (10 003/040 -041,17"073 

~ r.'ci7 (10 00 YEcroR LOGICAL 153 ZERO I 
(10 OOVP.CrORLOOICALDATA~ +1 i~ CIO I _ 

N ~~ i 
o CO 

: .-----::n-
'-r I OOI!X 

(VAO) (2 0_ 2 ]) 

VFU,i.OOVA~ 
.,W-W) _. ~ 

~ OOWRlTEINDEX (JI') MUX 

~ INDEXOIT(2'-20) ~ 

Vii!).]!) -~ ... 
I'..!! 

0 ....... (VS) 
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1750jkINSTRucrrON 

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

VjELEMENTS 

Element 0 0 0 

Element 1 0 01 

Element 2 0 0 

VL=3 

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

VjELEMENTS 

Element 0 0 0 

Element 1 0 1 

Element 2 17 7 

VL=3 

) 1750j2 - VM = 1 WHERE (Vj) POSITIVE 

VjELEMENTS 

Element 0 07 7 

Element 1 10 0 

Element 2 0 1 

VL=3 

1750j3 - VM = 1 WHERE (Vj) NEGATIVE 
VjELEMENTS 

Element 0 17 7 

Element 1 07 7 

Element 2 10 0 

VL=3 

T 
E 
S 
T 

Vj=O 

T 
E 

. -. 
S 
T 

. 
Vj~O 

T 
p E 

S 
T 

Vj=P 

P=O 

T 
E 
S 
T 

Vj=M 

M=1 

VMREGISTER 

1 

0 

1 
0 

I 
0 

VMREGISTER 

0 

1 

1 
0 

I 
0 

VMREGISTER 

1 

0 

1 
0 

I 
0 

VMREGISTER 

1 

0 

1 
0 

I 
0 
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175ijk INSTRUCTION 
Compressed/Index 
17Sij4 - VM = 1 where (vJ) = 0, and Element Index is compressed into Vi 

V·ELEMENTS 

Element 0 0 0 
T 

Element 1 0 01 E 
S 

Element 2 0 0 T 

VL=3 Vj=O 

17SijS - VM = 1 where(Vj)¢O,andElementIndex is compressed into Vi 

V· ELEMENTS VM REG. 

Element 0 0 0 T 

Element 1 E 
0 S 

T 
Element 2 17 7 

VL=3 Vj¢O 

17Sij6 - VM = 1 whel"e (Vj) positive, and Element Index is compressed into Vi 

Vj ELEMENTS VM REG. 

Element 0 07 7 T 
Element 1 10 0 E 

S 

Element 2 0 
T 

VL=3 Vj=P 

p=o 

17Sij1- VM = 1 where (Vj) negative, and E1ement Index is compressed into Vi 

Vj ELEMENTS VM REG. 

Element 0 17 7 T 
Element 1 E 

07 7 S 

Element 2 10 
T 

0 

VL=3 
Vj=M 

M=I 

INDEX 
ADDRS. 

INDEX 
ADDRS. 

Vi ELEMENTS 

o Element 0 
I-------..::.~ 

1-_____ --.:.2'-/ Element 1 

Vi ELEMENTS 

Element 0 

1-_____ --.:.2'-/ Element 1 

Vi ELEMENTS 

o Element 0 
1-------..::.-1 
1-_____ --.:.2'-/ Element 1 

Vi ELEMENTS 

o Element 0 
I------~~ 

1-_____ ~24 Element 1 
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CRAY Y-MP FLOATING-POINT FORMAT 

Floating-point Arithmetic Introduction 

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

FLOATING-POINT FORMAT 

----------------------2° 
Sign Exponent 3 Coefficient 

&. Sign - Sign of the coefficient is in bit position ('P3, 263 ) = 0 and is a positive 
sign of the coefficient 263 = 1 is a negative sign of the coefficient. 

.&. Exponent - The exponent of the floatinf~oint format is represented as a biased 
integer number in bit positions (262 - 2 ). 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 "l ". The coefficient is a positive fraction indicating 
how far from zero the number is, but in the negative direction indicated by the 
sign bit. 

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 biased range of the exponent is from 2-20000 through 2+17777. 

HTV-0834 32-1 
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EXPONENT NUMBER LINE 

2-20000 2° 2+17777 

loooo 

Negative 

41 
Positive 

57777 

The floating-point format of the CRA Y Y -MP allows the expression of numbers to be accurate to 
about 15 decimal digits in the approximate decimal range of 10-8191 - 10+8191. This gives the 
48-bit coefficient the ability to become an extremely large or small number. 

Exponent Range Checks, Underflow, Overflow 

Even the CRA Y Y-MP has its limitations; hardware range check is made on the exponent to ensure 
that numbers being represented in a Floating-point functional unit are within the limits of the 
CRA Y Y -MP. Double precision numbers can be used to increase the limitation. 

Overflow 

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

I 

the hardware checks bit positions (262) and (261) of the exponent. If (262) and (261) 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. This occurs for exponents equal to or greater than 60000 during a floating
point add or floating-point multiply operation. During a floating-point reciprocal operation the 
exponent is complemented and has a value of two added to it, however the range check occurs 
before this takes place. 

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. Again, the floating-point reciprocal operation 
complements the exponent and adds a value of two to the exponent. An exponent of less than or 
equal to 177778 during a reciprocal causes an Underflow condition which in turn causes an 
Overflow condition on the original exponent, forcing the exponent to 600008. 

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. 
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Floating-Point Add or Floating-Point Multiply 

Sign 

Underflow = I ° I ° 
Sign 

Overflow = I ° 

Floating Reciprocal 

Sign 

Exponent Coefficient 

° ° 
Exponent Coefficient 

60000 Calculated 

Exponent Coefficient 

o I=NoFlag 

I = Flag set 

I I I Flag set 
Underflow = .. _O ...... ___ 60000 ____ ..... _____ Cal_cula_t_ed ____ .... 

_ . 2
47

= ° 
Sign Exponent Coefficient 

I I Flag set 
Overflow = .. _O ...... ___ 6_0000 ___ ..... _____ C_al_c_u_Ia_t_ed ____ .... 

_ 2
47

= ° 

Normalized Floating-Point 

A floating-point number is normalized if the most significant bit, (247), of the coefficient is a non
zero number. This condition of having a normalized coefficient implies that the coefficient has 
been shifted to the left as far as possible and therefore, the floating-point number has no leading 
zeroes in the coefficient The Floating-point functional unit treats a normalized floating-point 
number differently. 

The Reciprocal functional unit must have a normalized floating-point number in order to receive the 
correct results. The Floating-point Multiply functional unit does not require normalized floating
point numbers to get correct results. However, because only the upper half of the multiply 
pyramid is kept and the lower half is truncated, more accurate results occur when the two operands 
are normalized. 

If the two operands are normalized, normalized results are received from the Multiply functional 
unit. 

The Floating-point Add functional unit does not require normalized operands. However, the last 
thing the Floating-point Add functional unit does is normalize its results. Floating-point numbers 
can be explicitly routed through the Floating-pomt Add functional unit to take advantage of this 
normalizing process. 

HTV-0834 32-3 
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Conversion From Integer to Floating-Point Format 

When converting integers to floating-point it is necessary to understand the construction of the 
floating-point format The components of the floating-point format can be expressed in the form of 
scientific notation. 

Example: The components of the floating-point format can be compared to the standard scientific 
notation in power of tens as follows. 

r- Sign of exponent 

• r- Exponent 
I .. -.1025 x 10-2 ~ 

Sign of coefficient L, 
Coefficient 

Note the effect on the exponent with the shifting of the coefficients 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 l()O 
1.025 x 101 

.1025 x 102 

When converting an integer number to a floating-point number on the CRA Y Y -MP, shift the 
binary point to the left. This converts the integer number into a fraction which is represented as the 
coefficient. The normal mechanical method of conversion is to left shift the binary point 48 places, 
which equals 60 octal. This method assumes that the integer is equal to or less than 48 bits and is a 
whole number. 

To normalize this floating-point number, the number of leading zeroes is counted until the first 1-
bit, and then the number of leading zeroes is subtracted from the exponent. 

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

#1 A4 = 1 000000017771 A4 = A integer, whole number 

S4 = I 040060 00000o 00000o 001777 I 
S4 = Floating-point numbers in eRA Y Y -MP format 

HTV-0834 32-4 
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) 
#2 Issue a 062404 to normalize S4 

S4 = 1040012 1777000 000000 000000 I The number of leading zeroes 
is subtracted from the exponent. 

Lets take a closer look at Example #1 A4 = 00000001777 which is an integer or whole number. 
A4 can also be represented as: 

A4 = I 00000001777.0 x 2 0 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 4810 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 lowest position of coefficient. 

S4 = I 040060. 00000o 000000 001777 I , 
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 instruction is used to 
normalize S4. 

S4 = I 040012 1777000 00000o 00000o I 
When the Floating-point Add functional unit normalizes S4, it counts the number of leading zeroes 
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 in X-mode or (231) in Y -mode. To represent the sign of the coefficient in S4, which is 
bit (231) or (223) of A4, 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 = 1 377777777761 Integer number in A4 equals a negative 2, 
in twos complement form. 

S4 = 1140060 . 00000o 000000 000002 1 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 coefficient is 
taken out of the twos complement form and is now shown as a Sign Magnitude number. 

Hardware Tmg. 
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#2 Issue a 062404 to normalize S4. 

S4 = 1140002 . 100000 000000 000000 1 

Again, the sign bit 263 is set indicating a negative number in the coefficient. The number of 
leading zeroes is subtracted from the exponent to make the exponent equal to 40002. The 
coefficient is then left shifted 568 positions in the Floating Add functional unit. 

COEFFICIENT NUMBER LINE 

Negative 

-.7777777777777777 8 -.1 0 +.1 

HTV-0834 32-6 

Positive 

+.7777777777777777 8 
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CRA Y Y -MP CONSTANT INSTRUCTIONS 

INSTRUCTIONS 

071iOk 

071i1k 

07li2k 

07li30 

07li40 

07li50 

07li60 

07li70 

CAL FORMAT 

07liOk 

071i1k 

071i2k 

07li30 

07li40 

07li50 

07li60 

071i70 

IITV-0834 

Transmit (Ak) to Si with no sign extension 

Transmit (Ak) to Si with sign extension 

Transmit (Ak) to Si as unnonnalized floating-point number. 
Exponent equal 40060. 

Transmit constant 0.75 x 248 to Si 
Si = 040060 140000 000000 000000 

Transmit constant 0.5 to Si 
Si = 040000 100000 000000 000000 

Transmit constant 1.0 to Si 
Si = 040001 100000 000000 000000 

Transmit constant 2.0 to Si 
Si = 040002 100000 000000 000000 

Transmit constant 4.0 to Si 
Si = 040003 100000 000000 000000 

Si Ak 

Si +Ak 

Si +FAk 

Si 0.6 

Si 0.4 

Si 1. 

Si 2. 

Si 4. 

32-7 
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SCALAR MASKNECTOR MASK VECTOR LOGICAL 
FUNCTIONAL UNIT INSTRUCTIONS 

INSTRUCTION SCALAR MASK 

040ijkm Si Exp. Transmit Exp. = jkm to Si 

04 OiOOmn Si Exp. Transmit Exp. = run to Si 

04lijkm Si Exp. Transmit Exp. = Ones complement of jkm to Si 

04liOOmn Si Exp. Transmit Exp. = Ones complement of run to Si 

042ijk Si< Exp. Form zeroes mask expo bits in Si from the left ; 
jk field get expo 

042i77 Si 1 Enter 1 into Si 

042iOO Si -1 Enter -1 into Si; 
(Si = 177777 177777 177777 177777) 

043ijk S> Exp. Form ones mask expo bits in Si from the left: 
jk field get expo 

043iOO Si 0 Clear Si 

INSTRUCTION VECTOR MASK 

0030jO 

073iOO 

VM Sj 

Si VM 

INSTRUCTION SRIPM 

073i01 

073i11 

Si SRj 

Transmit (Sj) to VM register 

Transmit (VM) to Si 

Transmit (SRj) to Si 

Read performance counter to Si 

, 

) 
- -' 
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FLOATING-POINT RANGE ERRORS 

EXPONENT 
263 --______ 248 

FLOATING-POINT ADD: 

Underflow 000000 

Overflow 060000 

FLOATING-POINT MULTIPLY: 

Underflow 000000 

Overflow 060000 

FLOATING-POINT RECIPROCAL: 

Underflow 060000 

Overflow 060000 

HTV-0834 32-9 

COEFFICIENT 247 ______________________________ 20 

000000 000000 000000 

Calculated plus error 

000000 000000 000000 

Calculated plus error 

Calculated plus error* 

Calculated plus enor* 

*Bit 247 will be clear 

*Both set error flag 

Hardware Trng. 
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NEGATIVE POSITIVE 

BIASED 

20000 40000 57777 

37775 37776 37777 40001 40002 40003 

w 
~ 
~ -00001 +00001 

~ 
~ 
~ 
~ 
~ 

-20000 00000 + 17777 

UNBIASED 

In tenns of decimal values, the approximate 
decimal range is from 10 -2466 through 10 +2466 

CRAY Y-MP EXPONENT REAL NUMBER LINE 
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INTEGER VALUE IN 81 TO FLOATING-POINT 
FORMAT IN 83 

Where S 1 = 000000 000000 173743 026721 

ALGORITHM=#l 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 

040060 137777 004034 151056 
+1 

Sl = 040060 137777 004034 151057 

#3 S2 = 040060 140000. 000000 000000 

-Sl = 040060 137777 004034 151057 

S2 = 040060 140000 000000 000000 
Sl = 040060 040000 173743 026720 

040060 .000000 173743 026720 
+1 

S3 040060 000000 173743 026721 

S3 040040 173743 026721 00000o 

HTV-0834 32-12 

1 IS Compliment 

2's Compliment 

1 IS Compliment 

Carry Across Binary Point 

Unnormalized 

Normalized 

Hardware Trng. 
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FLOATING-POINT ADD FUNCTIONAL UNIT 

The Floating-Point Add functional unit perfonns 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 of the 
smaller exponent is right shifted by the difference of the two exponents, or until both 
exponents are equal. Because the coefficient is only 48 bits, any shift beyond 48 bits will 
cause the smaller operand coefficient to become zeroes. 

Addition of the two coefficients takes place after the exponents are equalized and the coefficient 
is adjusted accordingly. The sign bits of the two operands and the type of instruction issued, 
add/subtract, will determine if an Add Operation or Subtract Operation takes place. If the sign 
bits are equal, and a subtract instruction or the sign bits are unequal and an add instruction is 
issued, then a subtraction operation will occur. This operation requires performing the ones 
complement arithmetrlc on the larger JIK operand and allowing an end around carry or "carry 
in lower" which causes the results of the add to toggle. If the sign bits are equal, and an add 
instruction or the sign bits are unequal and a subtract instruction is issued, then an add 
operation will occur. 

Add/Subtract Operation 

J = K sign bit • Add instruction = Add operation 
J :¢:. K sign bit • Add instruction = Subtract operation 
J = K sign bit • Subtract instruction = Subtract operation 
J :¢:. K sign bit • Subtract instruction = Add operation 

The last operation to be peIformed by the Floating Add functional unit is to normalize the 
results. To normalize the results the coefficient is left shifted by the number of leading zeroes. 
The coefficient is normalized when a one bit is in bit position (247) of the coefficient. The 
exponent must also be decremented accordingly. If a carry across the binary point occurs 
during an add operation the coefficient is right shifted by one and the exponent increases by 
one. During a subtract operation if a carry across the binary point occurs, an end around carry 
will take place. 

A range check is perfonned on the exponent to determine if its greater than or equal to 600008 
or less than or equal to 177778. If the exponent is greater than or equal to 600008 an overflow 
condition exists, in which case the exponent is forced to 600008 and a flag is sent to the 
exchange package indicating a floating-point error. The calculated coefficient is sent regardless 
of the overflow condition. If the exponent is less than or equal to 177778 an underflow 
condition exists in which case both the exponent and coefficient are set to zeroes, no flag is set 
for this condition. A coefficient equal to zero also will cause an underflow condition. 

Hardware Tmg. 
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CRAY Y-MP FLOATING ADD FUNCTIONAL .) 
UNIT INSTRUCTIONS 

Scalar 
062ijk Scalar floating sum of (Sj) and (Sk) to Si 
062iOk Normalize (Sk) to Si 
063ijk Scalar floating difference of (Sj) minus (Sk) to Si 
063iOk Transmit normalized negative of (Sk) to Si will normalize the 

coefficient and toggle the sign bit 

Vector 
170ijk Vector floating sum of (Sj) and (Vk elements) to Vi 
170iOk Nonnalize (Vk elements) to Vi 
17lijk Vector floating sum of (Vi elements) and (Vk elements) to Vi 
172ijk Vector floating difference of (Sj) minus (Vk elements) to Vi 
172iOk Transmit normalized negatives of (Vk elements) to Vi will 

normalize the coefficient and toggle the sign bit 
173ijk Vector floating difference of (Vj elements) minus (Vk elements) 

to Vi 

Scalar 
Si Sj+FSk 
Si Sj+FSk 
Si SJ-FSk 
Si SJ-FSk 

Vector 
Vi SJ+FVk 
Vi SJ+FVk 
Vi Vj+FVk 
Vi SJ+FVk 
Vi SJ-FVk 
Vi Vj-FVk 

Scalar floating add 
Scalar normalized Sk 
Scalar floating difference 
Scalar normalized negative Sk 

Vector, scalar sum 
Vector, normalized Vk 
Vector, vector sum 
Vector, scalar difference 
Vector, normalized negative Vk 
Vector, vector difference 

YMOSIOS 
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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 RetainK 

040003 060000 000000 000000 
140003 037777 177777 177777 ToggleK 

140003 117777 177777 177777 Add coefficients 
CBP 
Retain exponent and sign of larger 

140003 060000 000000 000000 Toggle result 

) 140002 140000 000000 000000 NOImalize 

Subtract Instruction 

J = 040003 140000 000000 000000 68 
K = 140002 140000 000000 000000 =--2s 

118 

Add Operation 

040003 140000 000000 000000 
040002 140000 00000o 000000 Complement K Sign bit 

040003 140000 000000 000000 RetainJ 
040003 060000 000000 000000 Shift K 

040003 1.020000 000000 000000 Add coefficients 
CBP 

040004 110000 000000 000000 Shift right to nonnalize; adjust 
exponents 

I Hardware Tmg. 
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FLOATING ADD EXAMPLES 

Add Instruction 

J = 040004 004000 000000 
K = 140003 140000 000000 

Subtract Operation 

040004 004000 000000 
140004 060000 00000o 

040004 173777 177777 
140004 060000 000000 
040004 1.053777 177777 

040004 053777 177777 

140004 054000 000000 

140003 130000 000000 

Add Instruction 

J = 040003 140000 00000o 
K = 040002 140000 000000 

Add Operation 

040003 140000 000000 
040003 060000 000000 

040003 1.020000 000000 

040004 110000 00000o 

HTV.;0834 

000000 
000000 

000000 
000000 

177777 
000000 
177777 

177777 
+1 

000000 

000000 

00000o 
000000 

000000 
000000 

000000 

000000 

33-4 

.48 
+ -6.0B. 

-5.48 

RetainJ 
ShiftK 

ToggleJ 

Add coefficients 
CBP 
Retain exponent and sign of larger 

End around cany 
Toggle sign bit 

Nonnalize 

68 
±.....1s 

118 

RetainJ 
Shift K 

Add coefficients 
CBP 
Normalize result 

) 

) 
-
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) CRAY Y-MP FLOATING ADD OPTIONS USED 

OPTION TYPE NUMBER USED DESCRIPTION 

FA 1 Coefficient align and exponent control 

FB 4 Coefficient alignment bit N + 0 - N + 46 

FC 1 Final sum bits 223 - 20 

FD 1 Final sum bits 247 - 224 

FE 2 Coefficient normalize bit N+ 0 - N + 23 

FF 1 Final exponent adjust 

10 Total Options 

-) YM05104 
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FLOATING-POINT ADD (OPTIONS INVOLVED) 

(FA) Option 

The (FA) receives the J and K exponents from the ScalarNectorregisters. The (FA) 
determines which exponent is larger, J or K, in order to equalize the exponents and right shift 
the smaller operand's coefficient by the difference. 

The following control term tells the (FB) option how much to right shift. 

O>K) - J is larger than K by 48 shifts, so zero out the K coefficient. 

O+l=K) - J is only different from K by one on the exponent bits 262_254• 

O=K) - Bits 262_254 of the exponents are the same for J and K. 

(K>J) - K is larger than J by 48 shifts, so zero out the J coefficient. 

(K+1=J) - K is only different from J by one on exponent bits 262_254• 

(K=J) - Bits 262_254 of the exponents are the same for K and J. 

) 

Underflow is detected on the (FA) option by checking bits (262,261) of the larger exponent for ) 
both being zero. If this occurs, the (FA) insures that the final coefficient equals zeroes on the 
(FEs), while the (FF) will set the fmal exponent to zeroes if the coefficient equal zeroes or if 
(262,261) of the exponents are both equal to zero. 

Unequal signs determine if an add or subtract operation is taking place on the (FE, FD) options 
and thereby allows an end around cany or a shift (-1). 

(FB) Options 

There are four (FB) options. Two (FB) options input the J coefficient while the other two 
input the K coefficient On the two (FB) options the J and K coefficient are divided into odd 
and even bits. Except for a right shift of one, all bits are present on the (FB) options. 

To determine how many places to right shift the smaller coefficient, the exponent bits (253_248) 
are subtracted for a difference of less than 48 places. A difference of greater than 48 places 
causes the smaller exponent's coefficient to be zeroed. The difference is only valid if the (FB) 
receives control term O=K, K=J) from the (FA). If the (FBs) receives a control term (J+ l=K, 
K + 1 =J) from the (FA), the (FB) utilizes a shift count which is the twos complement of the 
difference. If the control term O>K, K>J) is sent to the (FB), the smaller coefficient, either J 
or K, gets zeroed, because the right shifts are greater than 4810 places. The unshifted or larger 
coefficient is toggled during a subtract operation, but not during an add operation. 

Hardware Trng. 
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After the right shift is completed on the smaller coefficient, the J and K coefficients are sent to 
the (FC, FD) options to be added together. 

(FC, FD) Options 

The (FC, FD) options add the two 48-bit coefficients together. The (FC) options handle the 
lower half, or bits (223-20), while the (FD) handles the upper half. The two intercommunicate 
with section enables and section carries, looking for a carry across the binary point 
Depending on the control tenn "sign unequal" the (FC, FD) will allow an end around carry or a 
shift (-1). If a shift (-1) occurs, which happens when the signs are equal, the (FD) passes sum 
bit 224 to the (FC) option, and 2;47 on the (FD) is forced set The results of the add are toggled 
during a subtract operation, and there is no carry across the binary point The (FC, FD) 
options perform the right shifts of one or shift (-1) when the signs are equal and there is a carry 
across the binary point. 

When the (FC, FD) have finished adding the J and K coefficients, the (FC, FD) will count the 
number of leading zeroes and send the results to the (FE) and (FF) options. The 48-bit 
coefficient is divided first into six groups of 8 bits each, with the upper five groups reporting if 
their group contains all zeroes; and then into two groups of 24 bits with similar reporting to 
(FE) and (FF) options. 

(FE) Options 

There are two (FE) options. Option (FEl) handles the lower 24 bits of the fmal coefficient, 
while (FE2) handles the upper 24 bits. Both (FE) options decode the leading zeroes count sent 
from the (FC, FD) options, to determine how many places to left shift the coefficient for 
normalization. 

If an underflow condition is sent to the (FEs) the results or outputs of the (FEs) are zeroed out. 
The final nonna1ized 48-bit coefficient is sent to either the Scalar register or Vector register. 

(FF) Option 

The (FF) option handles the exponent. The (FF) receives from the (FC, FD) options a copy of 
the coefficient along with the leading zero count to determine how many places from (4710-0) to 
subtract from the exponent The exponent would get cleared if the coefficient equals zero, or if 
bits (262,261) of the original exponent are equal to zero. No flag is sent for an underflow 
condition. If exponent bits (262,261) are both equal to a one, an overflow condition exists, in 
which case the exponent is forced to 600008 and an overflow flag gets set. During an overflow 
condition the calculated coefficient is sent from the (FE) option regardless of the overflow 
condition, to the ScalarNectorregisters. The final adjusted exponent along with the sign of the 
coefficient is sent to the Scalar register or Vector register from the (FF) option. 
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DEMONSTRATE (FBs) RIGlITSHIFI'BY(I) 

II I 0 I 0 II II I 0 1 0 I 0 I+- JCOEFFICIENT 

(FB2) (FBI) 

247 ......... . 247 .......... 27 26 2 5 24 2' 22 21 20 

=FBI 
146_ fT 147_ 

A46_ A7 

B23_ B03-0 B02aO BOI=I BOO-O B03-1 B02000 

C23_ C03-0 COl.o COl=1 COO=O C03=1 C02000 COI=I COO=O 

D2.3_ D03=C D02=C DOI=I DOO=O 003=1 1:)()2,,() DOl =1 DOO=O 

F23_ RIM Rl2=C RlI=1 RlO=O Rl3=1 Rl2=C FOI=I FOO=O 

R23_ ROM 

(ODD BITS) (EVENBITS) 

=R:,FD 

247 ___________ 27 26 

• - R>RCFD:zERO 

eRA Y Y -MP FLOATING ADD (FB) RIGHT SHIFT 

LEFT SHIFI' COEFFICIENT TO NORMAUZE 11IE RESULTS (FE) 

A 11lRMS 1A47 ® -- A241 A23 

I ZOO=I I POsmON 
.... --...... CONSTANT 

XTERMS I X47@ -- X24 I X23- x91~ ~-: 

B 11lRMS I B38@ ------BO 
CTERMS :=@---CO 
D11lRMS . (is -- ro I 
R11lRMS I@ -- RO I 

RESULTBITS @ 224 

NOfUSED 

2 1 ~-EXAMPLE OF COEFFICIENT BEING 
'l:.../ LEFT SHIFTED BY I FOR 

NORMALlZATIONS246 ,2° ARE SET. 

I 

A47 @ -- A24 A23---- AO A TERMS = lNPl1f 

I :zoo-o I POsmON 
. . CONSTANT 

X TERMS - ADJUSTING 
OPERAND 

I B38 --- ® I B TERMS - SHIFI' 0, 16,32 

RESULT BITS 

~ 
~--®-ro 
I R23--@ROI 

2
23 ---0-20 

C TERMS = SHIFI' 0, 4, 8, 12 
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R TERMS = 01TI1'l1f . 
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CRAY Y-MP FLOATING RECIPROCAL 
APPROXIMATION OVERVIEW 

The Floating Reciprocal unit is used in conjunction with the Floating Multiply unit to complete a 
divide sequence, for example: 

10 -5 
2 - as 

The Floating Reciprocal unit is used to fmd a value which is equivalent to 1/2 or .5. The Floating 
Reciprocal unit would not come up with a value .5 but, an approximation of.5 which would be 
.4999999999. The reciprocal value of 1/2 or .4999999999 may then be multiplied by 10 using the 
Floating Multiply unit to get the value of 5.0 or 4.999999999. 

When using the results of the Floating Reciprocal functional unit not all of the bits in the coefficient 
are used. In fact, the unit will output 33 bits of the coefficient of which only 30 bits are accurate. 
Thirty bits of accuracy is obtained from doing two iterations of Newton's formula inside the 
reciprocal unit. If 48 bits of accuracy is required, or full precision, a third iteration of Newton's 
formula would need to be performed. The third iteration is performed using the Floating Multiply 
functional unit 

The hardware will run the coefficient through two iterations of Newton's formula while the 
exponent will get complemented and a value of + 2 added to the complement. The exponent and 
coefficient are then sent to the ScalarN ector registers. The Floating Reciprocal unit performs two 
iterations of Newton's formula which are as seen in the hardware: 

-A I = -2Ao + A02B First iteration 

-A2 = -2AI + AI2B Second iteration 

Looking closely at the two formulas you will notice three multiplies which are: 

= 

= 

= 

Al pyramid 

AI2pyramid 

A2Pyramid 

The Al pyramid is formed by A02 * BI. Ao2 is gotten from a look-up table along with -2AO on the 
(RA) option, and B I is 24 bits or bits (247 - 224) of the original coefficient These two operands 
are multiplied together. Once the multiply is complete the pyramid is summed using 3-bit adds and 
finalized by using 2-bit adds. While the adds are taking place the -2AO' which is also looked-up, is 
added into the summation in two places along with some forced ones and zeroes. When the 
summation has completed, the first iteration of Newton's formula is complete, which is the 
following: 
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The second and third multiply pyramids are to form the second iteration which is: 

-A2 = -2Al + A12B 

Looking at the second iteration, there are two multiplies that take place. The first multiply is Al * 
Al for A12, and the second multiply is taking A12 and multiplying it by B2. The multiply of Al * 
Al takes 18 bits of Al and multiplies it to itself. When multiplying a number by itself, two things 
happen: for one, the pyramid is duplicated in two places; and second, a portion of the pyramid 
does not need to be multiplied. Because the pyramid is duplicated, only half of the pyramid needs 
to be multiplied, and when adding the pyramid the summation is multiplied by two to pick up the 
other half that was not produced. To perform a multiply of two the summation would need to be 
shifted to the left by one place, or instead, shift the portion which does not need to be multiplied to 
the right one place. This requires fewer bits to be shifted and gives the same results. 

Once A12 pyramid summation has completed, the next step would be to perfom the multiply of A12 
* B2 and while adding the A2 pyramid put -2A 1 into the summation to form -A2 = -2A 1 + A 12B. 

The third and final multiply will take 36 bits of the A 12 pyramid and multiply it by 36 bits of B2. 
The bits that makeup B2 are coefficient bits (247 - 211). While the summation of the A2 pyramid is 
taking place, -2Al is put into the summation into sum bit positions (2-2 - 2-17). When the pyramid 
has been completely summed, bits (247 - 215) are sent to the result register along with the 
exponent Of the 33 coefficient bits only 30 are considered accurate. 

Underflow/Overflow 

When the Floating Reciprocal unit fmds that the exponent is greater than or equal to 600008, the 
Floating Reciprocal unit will flag an overflow condition, and force the exponent to 60000 and 247 
equal to zero. The exponent range check is performed prior to complementing and adding of a plus 
two, to the exponent on the (RN) options. When the exponent is less than 200008 the Floating 
Reciprocal unit will flag an underflow condition and force the exponent again to 600008 and 247 
equal to zero. Both underflow and overflow conditions would send a flag to the exchange 
package. 
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Reciprocal Approximation Iteration Formula 

PROBLEM: Given a number B such that .5 ~ B <1, fmd a number A such that 1 = B. 
A 

(Note that the restriction on the domain of B is only natural, since any normalized 
coefficient will always lie between .5 and 1.) 

To find a good approximation value to A, first consider the function f (x) = 1 - B. 
x 

Now fmd a number A such that f (A) = 1- B = O. In other words, the number A we 
x 

are seeking is the root of the equation 1 - B = O. 
x 

From the graph, the value of A is the x-coordinate of the point located at the 
intersection of the curve of f (x) and the x-axis. To find the approximate value 
of A, use Newton's method for approximating the real roots of an arbitary equation 
f (x) = 0: 

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

y 

x 

(A, f(A) = 0) 

x 
(0,0) 

(0,-1) 

A-2034A 

YM041D1 
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Step 2: Draw a tangent line at (Ao, f (Ao)) and find AI' where (AI' 0) is the 
intersection of the tangent line and the x-axis. 

f(x) =_1 - B 
x 

------~~~~~----~x 

A-2034A 

From the equation of the tangent line y = -x - B + 2, substituting x = AI' Y = 0, 
A02 Ao 

and factoring out Ao2 we fmd that A I = 2Ao - A02B. 

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

f(x) = 1 - B 

TANGENT.-r 
LINE 

-x 

A-2035A 

From the equation of the tangent line y = :K... - B + 2, substituting x = A2, Y = 0, 
Al2 Al 

and factoring out A12, we find that A2 = 2AI - AI2B. 

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

YM04102 
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NEWTON'S FORMULA DERIVATION 

A(i+l) = 2Ai - A2iB, 

where: 

A(i+l) = Next iteration 

Ai = Current iteration 

B = Divisor 

Ao and Ao2 in look-up table 

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

Al = 2Ao- A02B 1 st approximation 

A2 = 2AI -AI2B 2nd approximation result of reciprocal unit 

A3 = 2A2 -A22B 3rd approximation 

An = 2A(n_l) - A2(n_l) B nth approximation 

The more iterations, the closer the approximation approaches true reciprocal value; 
but the closer the initial guess Ao is to the final result, the fewer the number of iterations 
needed to obtain a good approximation. 

Further Explanation and Examples 

As can be seen from the foregoing discussion, the eRA Y computes the reciprocal 
A of a number B by approximating the solution to the equation 1 - B = 0, using 

x 
Newton's approximation method. This is the same as trying to read· the value of A 
from the graph of the hyperbola A = !: 

B 
A 

A-4185 

YM04103A 
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Since the CRA Yuses only the absolute ofB, we can restrict ourselves to the right-hand -~.). 
branch of the hyperbola above. Also, since the natural domain of the normalized coefficient , 
ofB is such that .5 S B < 1 (or .48 S B < 1), this will only produce A values such that 
1 < A S 2. We can further restrict the range of possible A values to .48 < A S 1 by 
expanding the domain of B to 1 S B < 2. This can easily be done by shifting the 
normalized coefficient of B one place to the left, resulting in the change of Bs 
domain from.4 S B < 1 to 1 S B < 2. We now have the whole story: to find the 
reciprocal A of any number B by reading it from the graph of the hyperbola A = 1, 

B 
fIrst normalize the coefficient of B, then shift it one place to the left This will force 
B to lie between 1 and 2 (1 S B < 2), and A to lie between .4 and 1 (.4 < A S 1), 
as indicated below: 

3 

2 

1 
Range of A ( 

A 

'--~~-+--==-t~ B 
1 2 3 -DomainofB 

A-4186 

Now fInd the value of B on the horizontal axis, follow it up to where it intersects the 
curve, and then to the left to find the reciprocal on the A axis. For example, to find the 
reciprocal of 24.437510, do the following steps: 

24.437510 

1) 30.34008 Convert to octal number 

2) .6070 x 25 Convert to normalized floating point number 

3) 1.4160 x 24 Left shift coefficient by 1 place 

4) .5172 x 2-4 Read reciprocal from graph 

5) .02478 Adjust binary point as specified by exponent 
(In this case, right shift coefficient by 4 places) 

6) .040810 Convert back to decimal 

In practice, however, the CRA Y does not store the graph of a hyperbola internally, 
and so step 4 of the above example is replaced by the following steps of Newton's 
approximation method as discussed previously: 

4a) Find largest B value in hardware lookup table that is S 1.416 
(In this case, B = 1.414). 

YM04104 
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4b) Compute 
1st iteration: Al = 2 Ao - Ao2B using table values 

= - (-2Ao + Ao2B) for -2Ao and Ao2 
= - (.534 + .334400 x 1.414) 
=.524052 

4c) 2nd iteration: A2 = - (-2AI + A12B) 
= - (.527654 + .3417076 x 1.416) 
= .517116 

Note that the reason the CRA Y obtains such a high degree of accuracy after only two 
iterations is because of the closeness of the initial guess Ao to the final result. 

YM04lO5 
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HANDLING OF B's EXPONENT 

B = 40000 + E 1XXXXX XXXXXX XXXXXX 

Exponent Coefficient 

Value OfB = 2E * .1XXX--------x Normalized Floating-Point Number 

B = 2E-l * l.XXX-------x Left Shift Coefficient By 1 

Let b = l.XXX-------x Rename Coefficient 

Then B = 2E-l * b 

L= 1 = 1 *-1. 
B 2E-l * b 2E-l b 

Let n = (B-1) 

Simplify Negative Exponent 

OR 

1 = 2-E+l * 1 
BIb 

Anot.lter method which is used in the mainframe: perform ones complement plus 2. 

Example: 51132 Exponent 

26645 Peform ones Complement 
+ 2 Add One For Normalization 

Add One For twos Complement 
26647 

YM04106B _~) 
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Scalar 

CRAY Y-MP FLOATING RECIPROCAL 
FUNCTIONAL UNIT INSTRUCTIONS 

070ijO Floating Reciprocal Approximation of (Sj) TO Si 

174ijO Floating Reciprocal Approximation of (Vj Elements) to Vi 

CAL Format 

Si /HSj Scalar 

Vi /HVj Vector Reciprocal 

YM04107 
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CRAY Y-MP FLOATING RECIPROCAL OPTIONS 
USED 

OPTION TYPE NUMBER USED DESCRIPTION 

RA 3 AO. A02 

RB 3 A02 * Bl 

RC 1 Aa2 * Bl 

RD 2 Al or A12 Final Summation 

RE 1 A 12 Summation 

RF 1 A12 Summation 

RG 2 A12 * B2 First Level Sum 

RH 3 A 12 * B2 First Level Sum 

RI 1 A12 * B2 First Level Sum 

RJ 2 A12 * B2 First Level Sum 

RK 1 A12 * B2 First Level Sum 

RL 3 Final Coefficient Sum lower 

RM 1 Final Coefficient Sum upper 

RN 1 Result Exponent 

RO 1 Vector Pop 

26 Total options 

YM0410BA 

HTV-0834 34-10 CRA Y PROPRIETARY 

') 
/ 



) CRAY Y-MP FLOATING-POINT RECIPROCAL 
OPTIONS INVOLVED 

(RAI, RA2, RA3) Options 

The three (RA) options work in parallel and output the same results at the same time; however, 
the outputs go to different locations. The (RAI) sends its outputs to the (RBI) option, the 
(RA2) sends its results to the (RB2) options, and (RA3) sends its outputs to the (RB3) and 
(RCI) options. The (RA) chips receive the upper 7 bits of the coefficient, numbered (246_240), 
and from these bits the (RAs) will generate values for A02 and Ao. 

(RBI, RB2, RB3) Options 

The (RB) options fIrst fanout the B coeffIcient to form the Al pyramid and A2 pyramid. The 
(RB I) option forms part of the A I pyramid which is generated from the logical products of Ao2 

and Bl. After the logical products are completed, the summation of the pyramid begins, using 
3-bit adds. During the summation, -2Ao is put into (RBI and RB2) for rounding purposes, 
and the (RB3) adds forced ones into the summation. Because of the way the pyramid is 
formed, a portion of (RB3)'s output is not needed, and these terms are disabled by forcing 
zeroes into the appropriate inputs. 

(ReI) Option 

The (RCI) option handles the upper 9 bits of the A I pyramid. During the summation -2Ao is 
added in to complete the first iteration Al = -2Ao + Ao2B. The (RCI) does not complete the 
summation on the upper end of the pyramid but sends its partial sums to the (RO I) option. 

(RDI) Option 

The (RO I) option completes the summation of the A I pyramid. The (RO I) receives its inputs 
from the (RBI, RB2, RB3) and (RCI) options. When the (ROI) has completed the 
summation for AI' the (ROI) will fanout Al to the (RFI) and (REI) to form the Al2 pyramid; 
also the (ROI) sends Al to the (RCI) option for a 5 CP delay, after which it is added into the 
A2 pyramid. The (ROI) option also delays for 8 CPs, 6 bits ofB2, which are then sent to the 
A2Pyramid. 

YM04I09 
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(RD2) Option 

The (RD2) option is identical to the (RD1) option except that the (RD2) option fmalizes the 
upper half of the A 12 pyramid. There are forced zero and one conditions present to make the 
(RD2) option respond differently from the (RD1) option. After the (RD2) option has 
completed the summation ofthe Al2pyramid, the (RD2) will fanout its results of A12 to the 
(RG1), (RR1, RH2, RH3), (RI1), (RJ), (RIG) options to help form the A2 pyramid. The A2 
pyramid is formed from the product of A 12 and B2. The (RD2) option also delays for 8 CPs 6 
bits of B2, which are then sent to the A2 pyramid. 

(REI) Option 

The (RE 1) option forms the lower half of the A 12 pyramid. The (RE 1) finalizes the summation 
on bits (2-19_2-36) of A12, which is then fanned out to the A2 pyramid on the (RG2), (RH2), 
(RJl, RJ2) and (RIG) options. The (REI) also forces (2-34 and 2-35) equal to zero, because 
whether or not the bits are set in the pyramid, the summation will always come up with zeroes 
in these positions. 

(RFI) Option 

) 

The (RFl) option forms the upper half of the A 12 pyramid. The (RF 1), however, does not 
finalize the summation of Al times AI> or A12, but sends its partial summation to the (RD2) for ) 
completion. The (RFI and REI) options form the Al2pyramid. However, not all the bits 
within the pyramid are actually produced, since this would result in a considerable amount of 
duplication for two reasons. The commutativity of multiplication assures us that when both 
operands are the same, bit 21 * bit 22 will yield the same result as bit 22 * bit 21, and therefore 
the result of such a multiplication does not need to be computed twice. Also, the logical 
product of a bit with itself is the same bit (Le., I * 1 = 1 and 0 * 0 = 0), and so all products of 
the form bit 2N * bit 2N do not need to be computed at all, since the answer is always bit 2N. 

(RGI, RG2) Options 

The (RG) options form part of the A2 pyramid, which is made from A12 * B2. Once the 
pyramid is formed, the (RG) option begins summing the pyramid. The (RG) options sum bit 
positions (2-34_2-27) of the A2 pyramid. The (RG) options do not complete the summation but 
send their partial summation to the (RLl, RL2) options for completion. 

YM04110 
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(RHI, RH2, RH3) Options 

The (RH) options are identical to the (RG) options except that the input tenns that make-up 
(AO - A12) and (BO - B12) are complemented. Since many of the tenns that would be produced 
by the (RH2) option are not used because of their location in the pyramid, these outputs are 
disabled by forcing ones into the appropriate input. The partial summation of A2 is sent to the 
(RL1, RL2, RL3, RMl) options for completion. 

(RII) Option 

The (RIl) option handles the upper 13 bits of the A2Pyramid The (RI1) computes the product 
of A12 * B2' and partially sums the pyramid. The partial sum is then sent to the (RMI and RL3) 
options for completion. 

(RJI, RJ2) Option 

The (RJ) options handle the least significant bits of the pyramid, which take care of rounding up 
sum bits (2-38 - 2-32) of the A2 pyramid, so that the final pyramid contains only bit positions 
(2-1- 2-33), though only bits (2-1- 2-30) are considered accurate. The (RJ) options do not 
complete the summation, but sends their partial sum to the (RLl) option for completion. 

(RKI) Option 

The (RKl) option handles three different areas of the A2 pyramid. One of the positions is sum 
bits (2-20 - 2-13), another is sum bit positions (2-33 - 2-27), and fmally sum bit positions 
(2-38 - 2-34). The (RIG) option does not fmalize these positions, but passes its partial 
summations to the (RLl, RL2, RL3) options. 

(RLI, RL2, RL3) Options 

The (RL) options fmalize the A2Pyramid summation of A12 * B2. The (RLl) will output result 
bits (220 - 215) to the Scalar or Vector registers, while (RL2) will output result bits (228 - 221). 
(RL3) will add into its summation bits (2-17 - 2-12) of -2A1' and when the summation is 
completed it will output result bits (236 - 229) to the Scalar or Vector registers. The outputs from 
the (RL) options are forced to zeros unless the control term Go Reciprocal is present. 

YM04111A 
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(RMJ) Option 

The (RMl) option handles the upper summation of the A2 pyramid, bit positions (2-2-2-14). 
While the summation is taking place, the (RMl) option adds in bits (2-2_2-14) of -2Al' which it 
received from the (RCl) option after a 5 CP delay. When the (RMl) option has completed its 
summation, it will output bits (246_237) to the Scalar or Vector registers. The (RMl) option 
also delays exponent bits (263_260) for 12 CPs, and then sends them to the (RNl) option. 

(RNJ) Option 

The (RNl) option delays the exponent bits (259_248) for 12 CPs, while the AI' A12 and A2 
pyramids are being formed and summed. Exponent bits (263_260) are delayed on the (RMl) 
option. After the 12 CP delay, the (RNl) option will receive all the bits of the Exponent (263-
248), of which the sign bit (263) is left unchanged, and bits (262_248) are fIrst complemented 
and then a value of (+2) is added into this complemented exponent. At CP 14, the exponent 
(bits 262_248), the Sign (bit 263), and bit (247), which is forced to a "1 ", are sent to the Scalar 
or Vector registers, provided the Go Reciprocal signal is present. Otherwise, the results are 
forced to zeroes. The (RNl) also performs a range check on the final exponent by checking 
bits (262, 261). If both of these bits are the same, a Range Error has occurred, in which event 
the resultant exponent is forced to 60000 and a Flag is sent to the Exchange package indicating 
a Floating-point Range Error. 

(ROJ) Option 

The (ROl) option is the control for the Reciprocal Functional unit. The (ROl) fans out the Go 
Reciprocal control term, which allows the Reciprocal results to be sent to the Scalar or Vector 
registers. The (ROl) also decodes the k field of the instruction to determine whether to 
perform a Vector Pop Count or Floating Reciprocal operation. The (RO 1) option contains the 
entire Vector PoplParity unit. 

YM04112A 
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1 OPERAND (2" _240 ) 

(VC4-7) 

) 

(RAJ) 

(RA2) 

(RAl) 

241 (ALWAYS. I) 

Ao 2 

LOOK-UP TABU! 

2" (ALWAYS. 0) 

2 32 (SAM!! AS AO 2 40) 

24'1 2" 2'" 2" 2'" 242 2" 240 2:19 231 2J7 2" 2" 2 34 2" 2:1l 

RS R4 R3 112 RI It23 It22 1121 1120 RI9 RIB RI7 RI6 RI5 RIC RI3 RI2 RII RIO 0 

-lAo FORMEDONnlBINPUI'STO 
(RCI.RBI.RB2) 

TAKEN DIRECfLY INTO (Rei, RB3, RB2, RB 1) 

ExampleofgeneratingAo2 IIId-2Ao : SjorvH 0400001152036113246110000001 (parcelfmmat) 

A) Take upper 8 bits of the coefficient = .1520 (m parcel fmmat) 

B) Shift 8 bits to the left by 1 = 1.520 (no longer in pan:el fmmat) 

C) Look-up Ao IIId Ao 2 for 1.520 = Ao =.464 (A 0 only 8 bits) 

Ao2=:rT1220 (Ao2only 16 bits) 

D) Ao becomes -2Ao by complententing Ao = (-A 0 ) and shifting Ao to the left by 1 for a multiple of 2 = (-2A 0 ) 

Example of .464: 

1) .464 = .10011010 

2) Complentcnt = .01100101 

3) Shifted by 1= 0_1100101 

4) 0.1100101 = .624 which is the value for -2A 0 

5) .624 is numbered O. o 0 o in the Boolean 

2.1 2 ·2 2 ·3 2 4 2·s 2 -6 2.7 2-1 

E) A 0 2 is laken directly from (RA) 233 (always = 0) IIId 2 32 is the same as 240 of Ao • 

CRAY Y-MP AO AND A02 LOOK-UP TABLES 
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(RAI) 
(RA) 

A 2 
0 

RTERMS (RBI) 

2-16 ROO 100,140 

2-14 RIO 101 
2 -13 Rll 102 

2-12 R12 103 
2-11 R13 104 
rIO R14 105 
2-09 R15 106 
2'{)8 R16 107 
2 '{)7 R17 108 

2.{)6 R18 109 
2.{)S R19 110 
2.{)4 R20 III 

2.{)3 R2l Il2 
2.{)2 R22 113 
2 '{)1 R23 114 

(RAI) 
(RA) 

-2A oBITS RTERMS (RBI) 

-8 ROO 100,140 

-7 R01 141 

-6 R02 142 

-5 R03 143 

-4 R04 144 

-3 R05 

-2 R06 

(RA) AO 2 FANOUT 

SENT 

(RA2) (RA3) (RA3) 

RECEIVED 

(RB2) (RB3) (ReI) 

100 120 

101 101 

102 102 

103 103 

104 104 

105 105 

106 106 100 

107 107 101 

108 108 102 

109 109 103 

110 IlO 104 

III III 105 

Il2 Il2 106 

·113 Il3 107 

Il4 Il4 108 

(RA) -2A 0 FANOUT 

SENT 

(RA2) (RA3) 

RECEIVED 

(RB2) (ReI) 

100 120 

121 

I22 

123 

I24 

140 125 

141 126 
Hardware Trng. 
A-41668 J.E.S. 

CRAY Y-:MP FLOATING RECIPROCAL A02AND-2AO FANOUT 
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') RECIPROCAL TABLE LOOK-UP VALUES 

B AO A02 -2AO 

1.000 .776 .774004 .000 
1.004 .772 .764044 .010 
1.010 .766 .754144 .020 
1.014 .762 .744304 .030 
1.020 .756 .734504 .040 
1.024 .752 .724744 .050 
1.030 .750 .721100 .054 
1.034 .744 .711420 .064 
1.040 .740 .702000 .074 
1.044 .734 .672420 .104 
1.050 .732 .666644 .110 
1.054 .726 .657344 .120 
1.060 .722 .650104 .130 
1.064 .720 .644400 .134 
1.070 .714 .635220 .144 
1.074 .710 .626100 .154 
1.100 .706 .622444 .160 
1.104 .702 .613404 .170 
1.110 .700 .610000 .174 
1.114 .674 .601020 .204 
1.120 .672 .575444 .210 
1.124 .666 .566544 .220 
1.130 .664 .563220 .224 
1.134 .660 .554400 .234 
1.140 .656 .551104 .240 
1.144 .652 .542344 .250 
1.150 .650 .537100 .254 
1.154 .646 .533644 .260 
1.160 .642 .525204 .270 
1.164 .640 .522000 .274 
1.170 .636 .516604 .300 
1.174 .632 .510244 .310 
1.200 .630 .505100 .314 
1.204 .626 .501744 .320 
1.210 .624 .476620 .324 
1.214 .620 .470400 .334 
1.220 .616 .465304 .340 
1.224 .614 .462220 .344 
1.230 .612 .457144 .350 
1.234 .610 .454100 .354 
1.240 .604 .446020 .364 
1.244 .602 .443004 .370 
1.250 .600 .440000 .374 
1.254 .576 .435004 .400 

) 
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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 

') 
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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 .442 .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 .404 .204020 .764 
1.764 .402 .202004 .770 
1.770 .402 .202004 .770 
1.774 .400 .200000 .774 
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HTV-0834 

(RB) Bl FANOUT SENT CP 2 

SENT 
(RBI) (RB2) (RB3) 

RECEIVED 
B1 BITS RTERMS (ReI) (ReI) (ReI) 

2.() R21 118 

2 -1 R22 II7 

2 -2 R23 116 

2 -3 R21 115 

24 R22 114 

2 -5 R23 113 

2-6 R21 112 

2-7 
R22 III 

2-8 R23 no 

(RBI) Bl FANOUT SENT CP I 

RECEIVED 

~.BIT5 BITS RTERMS (RBI) (RB2) (RB3) (RJI) (RJ2) (R11) 

2.() R12 159 138 133 

2 -1 R13 160 137 132 140 

2 -2 R14 161 136 131 141 

2-3 R15 135 159 130 160 

24 RI6 139 134 160 129 161 

2-5 RI7 138 m.-.I61 128 162 

2-6 RI8 137 132 127 159 11\'\ 

2 -7 RI9 136 131 126 160 164 

2-8 R20 135 130 125 161 165 

(RB2) Bl FANOUT SENT CP I 

RECEIVED 
B1 BITS RTERMS (RBI) (RB2) (RB3) (RJI) (RJ2) 

2-9 R12 134 129 124 166 

'2 -10 Rl3 133 128 123 167 

2-11 R14 132 127 122 168 

2-12 Rl5 131 126 121 169 

'2 -13 R16 130 125 120 170 

2-14 Rl7 I29 124 160 

r lS R18 128 123 161 

2-16 R19 127 I22 162 

2 -17 R20 126 121 163 

CRAY Y-MP FLOATING RECIPROCAL BI, B2FANOUT 
(sheet 1 of 3) 

Harriwa,. Tmg. 
A-41648 J.E.S. 
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) Bl BITS 

2 -18 

2 -19 

2-20 

2 -21 

2 -22 

2 -23 

2-24 

B2 BITS 

r 2S 

2-26 

2 -27 

) 2-28 

2-29 

r 30 

B2 BITS 

r 31 

r 32 

2 -33 

2 -34 

2 -35 

2 -36 

) 
.I 

HTV-0834 

RTERMS 

R12 

R13 

R14 

R15 

R16 

R17 

R18 

RTERMS 

R18 

R19 

R20 

R21 

R22 

R23 

RTERMS 

R18 

R19 

R20 

R21 

R22 

R23 

(RB3) Bl FANOUT SENT CP 1 

RECEIVED 

(RBI) (RB2) (RJ2) 

125 120 164 

124 165 

123 166 

122 167 

121 168 

120 169 

170 

(RDI) B2 FANOUT SENT AFTER 8 CPDELAY 

RECEIVED 

(RGI) (RHI) (RJI) (RKI) 

127 120 136 

126 135 

125 134 139 

124 133 138 

123 132 U7 

122 131 136 

(RD2) B2 FANOUT SENT AFI'ER 8 CPDELAY 

RECEIVED 

(RGI) (RJI) (RKI) 

121 130 135 

120 134 

133 

132 

131 

130 
Hardware Trng. 
A-41648 J.E.S. 

CRAY Y-:MP FLOATING RECIPROCAL BI , B2 FANOUT 
(sheet 2 of 3) 
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(RIl) B2 FANOUT SENT AFTER 7 CP DELAY 

(RII) RECEIVED 

B2 BITS RTERMS (RH3) (RH2) (RII) (RIO) (RG2) (RJ2) 

2-1 R21 137 131 130 156 138 144 

2-2 R22 136 130 129 155 137 143 

(RJI) B2FANOUT SENT AFI'ER 7 CP DELAY 

(RJl) RECEIVED 
B2 BITS RTERMS (RH3) (RH2) (RII) (RIO) (RG2) (RJ2) (RHI) 

2-3 R20 135 129 128 154 136 142 

2-4 R21 134 128 127 153 135 141 

2-5 R22 133 127 126 152 134 140 
2-6 R23 132 126 125 151 133 139 

2-7 R24 131 125 124 150 132 138 138 

2-8 R25 130 124 123 131 137 137 

2-9 R26 129 123 122 130 136 136 

2-10 R27 128 122 121 129 135 135 
2-11 R28 127 121 120 128 134 156 134 

2-12 R29 126 120 127 133 155 133 

2-13 R30 125 142 126 132 154 132 

(RJ2) B2FANOUT SENT AFI'ER 7 CP DELAY 

(RJ2) RECEIVED 
B2 BITS RTERMS (RH3) (RHI) (RJ2) (RJI) (RG2) (RGl) (RIO) 

2-14 R20 124 131 131 153 156 125 138 141 

2-15 R21 123 130 130 152 155 124 137 140 

2-16 R22 122 129 154 145 123 136 

2-17 R23 121 128 153 144 122 135 

2-18 R23 120 127 152 143 121 134 

2-19 R25 126 151 142 120 133 

2-20 R26 125 150 141 132 ' 

2-21 R27 124 140 131 

2-22 R28 123 139 130 

2-23 R29 122 138 129 

2-24 R30 121 137 128 
Hardware Trng. 

. A-41648 J.E.S. 

CRAY Y-MP FLOATING RECIPROCAL BI , B2FANOUT 
(sheet 3 of 3) 
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B I = 20 '[I 1.2 '[3 2'"' '[S 2-6 2-7 '[8 

118 117 116 ItS 114 113 112 III 110 
133 132 131 130 129 128 127 126 125 

\~// 

1'l'TII T" t" t" T" 

124 d 122 121 120 

'[16 2-17 '[18 '[19 1.20 '[21 1.22 '[23 

138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120 
139 138 137 136 135 134 133 132 131 130 129 128 127 126 I2S 124 123 122 121 120 

2 37 236 23S 2 34 2 33 232 2 31 230 229 228 227 226 

62 1 52 1 421 321 22 1 12 1 2 1 82 I 621 421 bJ 02 1 82 1 62 1 42 1 22 1 02 I 82 1 62 1 42 1 221 02 

53 1 431 331 23 1 13 1 3 1 83 I 631 431 231 mJ 83 1 63 1 43 1 23 1 031 83 1 63 1 43 1 23 1 03 

441 341 24 14 4 84 64 44 24 04 I~ 64 44 24 04 84 64 44 24 04 

• 35J 25 15 5 85 65 45 25 05 85 1'65 45 25 05 85 65 45 2S 05 

• 26 16 6 86 66 46 26 06 86 66 46 26 06 86 66 46 26 06 

17 7 87 67 47 27 07 87 67 47 27 07 87 67 47 27 07 

8 88 68 48 28 08 88 68 48 28 08 88 68 48 28 08 

89 69 49 29 09 89 69 49 29 09 89 69 49 29 09 

I'm 70 50 30 10 90 70 50 30 10 90 70 50 30 10 

I'm 51 31 11 91 71 51 31 11 91 71 51 31 11 

1136 32 12 92 72 52 32 12 92 72 52 32 12 

lID 13 93 73 53 33 13 93 73 53 33 13 

(ReI) ~ 1138 (RB3) (RB2) (RBI) - I i ~-T4 126 125 124 123 122 121 120 ~9_ _ _ _ _m 74 54 34 14 94 74 54 I 34 

B06 nos B04 BOOI B02 DOl BOO 144 143 142 141 140 ... 143 m 141 140 144 143 142 141 140 
-2AO 12-2 2 -3 2-4 2-s 2-6 2 -7 2 -8 1 1 1 I I 1 1 I 1 0 2 -2 2 -3 2 -4 2 -s 2 -6 2 -7 2-8 

--- --- - - ----- - ----------------

~/ 

- (B II TERMS) RCI 
- (BII TERMS) RB3 
- (BII 1ERMS) RB2 
- (BI I TERMS) RBI 

(RCI I1ERMS) (RBI, RB2. RB3 I TERMS) 

2-1 18 114 

2-2 
17 113 

2-3 16 112 
2-4 IS 111 
2-S 

14 110 

2-6 13 19 

2-7 12 18 
2-8 A 2 

11 17 0 
2-9 10 16 
2-10 IS 
2-11 14 

2-12 13 

2-13 12 
2-14 11 

2-IS RlRCEDO 
2-16 120 10 

-2AO TERMS 

-2Ao SUM BIT POSITIONS 

2-1 2-2 2-3 2-4 2-s 2-6 2"7 2-8 2-9 2-10 2-11 2"12 2-13 2-14 2-IS 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 AI SUM BIT POSITIONS 

& Diagonally form the Logical Products, vertically sum the pyramid_ 

CRAY Y-MP Al PYRAMID LOGICAL PRODUCTS (RBI, RB2, RB3) 
AND (RCI) CP 1, CP 2 

Hardwar9 Trng. 
A-4173D J.E.S. 
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00 
Vl 
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tv 
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10 09 00 06 04 03 02 01 00 111 09 08 06 04 03 02 01 00 

11 08 05 n 10 00 05 

--, 
11 09 08 06 04 03 02 01 00 ..... -- 10 00 05 

"'"'- (RB3) (RB2) (RBI) 
~L{) 

11 09 08 06 04 03 02 01 00 -- ~ 10 07 05 - -
~ 

~L 

~ 

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 2-19 2-20 2-21 2-22 2-23 2-24 Al SUM BIT POSITIONS 

,,------ ' 

CRAY Y-MP Al PYRAMID PARTIAL SUMMATION R TERMS CP 4 

(RBI, RB2, RB3) AND (RCI) 

~~) 

Hardware Tmg. 
A-4174A J.E.S. 
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Vl 
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Vl 
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~/ 

155 134 131 126 11 119 113 17 15 13 

156 132 (RB3) 114 18 16 14 
(RBI) 

115 

116 

133 127 125 123 121 120 117 19 10 (RB2) 
122 118 110 

157 ~ FORCED 1 
112 +- FORCED 1 
m+-FORCEDO 

LJ 
2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-14 2-15 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 ~ SUM BIT POSmONS 

IR17IRI6IRI5IRI4IR13IR12IRUIRlOl R91 R81 R71 R61R51 R41 R31 R21RIIROI (RDl) RTERMSFANOUT 

I 
A 1 RESULTS (18 BITS) 

(I~Fl) FOR A ~2 pYIW.n'o 

(R~I) FdR A ~2 pY~AMlD 

(ReI) FOR A ~ pYRAwb 5 CP DELAY 
I I I I I I I 

~ 
A 1 FANOUT FROM (RDl) 

Hardware Tmg. 
A-4175 J.E.S. 

Al FINAL SUMMATION (RDl) (RO - R17) CP 5 

I 

'~/ 



~ 
I 

0 0 

exi 
w 
.j::>. 

W 
.j::>. 
I 
tv 
00 

~ 
~ 

I 
~ 
~ 

AI 

201 
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2
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2-<1 

201 

2-1 

2-9 

2010 

2011 

2012 

20., 

201• 
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2
01
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2011 

2011 

~ -r 
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1"1 

2
0
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-
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", , 
1

0
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] , 
1 

• 

-, , 
1 1 1 

• , 
1 2 1 

", • 
1 2

0
' 

, 
• • 

1 2 , 
, , 

1 2 , 
1 

(RFt) 

- - - - - - - - - -
7 \ I 

, 10 11 12 ., 1. ., 16 

1 1 I 1 1 1 1 1 1 , 
~I 

, 10 11 12 l' ,. ., 
2 2 2 2 1 1 2 2 , 6 

, ~ I 
, 10 11 12 ., I. , , , , , , , 

'" 
, , 1"\ I 

, 10 11 11 ., 
1

0
' • • • • • • • , , 

'" I ,I" I , 10 11 12 , • 2
0
' 

, , , , 
6 6 , , 

'" ~I 9 10 11 

1 , • , 1 0' , , , 
7 1 7 7 7 7 ,~:I . 9 10 

1 2 , • , 1 1 

• I I I I I I '" 9 

I 1 , 4 , , 
1 2 01 , , 9 , 9 9 9 9 

1 1 , 4 , , 7 

10 10 10 '0 10 10 10 

1 2 , 4 , , 
11 11 11 11 11 11 

1 2 , • , 
11 11 11 12 12 

1 1 , 4 ., 
l' l' 

., 
1 2 , 

14 14 14 

1 2 

15 15 

1 

II 

I 

. . 
17 II 

1 1 1 

" 17 2 

1 1 1 1_ 

v~~~r:1B1 
., 

" 
, 3 , , , 17 1. 

to ., • • • • • • II 17 
I', ~ l' l' 

, , , , , , 15 16 17~ 
11 ., , , , , , , , , 

l' 15 l' 17 II 

11 11 7 7 7 1 7 1 
1 1 7 13 1. 15 I' 11 18 (REt) 

10 11 I I I I I I • 
I I • 11 ., 14 15 l' 17 II 

'" 10 , 9 , 9 9 , 9 9 

• r' 9 11 11 ., 14 15 l' 17 II 

10 10 '" 10 10 10 10 10 10 10 10 

? I 9 2.10 11 12 l' l' 15 II 17 18 

11 11 , 
'0 '" 11 11 11 11 11 11 11 

• 1 I 11 11 :z-II 12 l' 14 15 16 17 II 
12 12 I 9 10 11 A, 11 12 12 11 11 '1 , I 7 12 12 11 12 r U J] 14 15 II 11 II 

l' J] 1 I 9 10 11 12 '" J] J] I, J] ., 
4 , I 13 ., J] I' J] U z-n 14 l' 16 11 18 

14 1. , 1 I 9 10 11 12 I' '" 1. 14 14 l' , 4 , 
I' 1. l' 14 l' 14 14 1-4 2·" 15 16 17 II 

15 15 , I 7 I 9 10 11 11 Il I. 
'" 

15 15 15 

1 , • l' 15 15 15 15 15 15 l' 
., 15 12 on 16 17 II 

16 16 • , , 7 I 9 10 11 11 J] l' 15 '" 16 16 

1 1 , 16 16 16 16 16 16 16 16 16 16 16 16 2-16 17 l' 
17 17 , 4 , 6 7 I , 10 11 11 l' 14 " 16 A, 17 

I 1 17 17 17 17 17 17 17 17 11 17 17 17 17 17 l-n I. ~ 
1. 1 , • , 6 7 I , 10 11 11 " 14 I. 16 17 

A, I I 1 II II 11 II II II II II 11 II II II 18 II II 18 2-11 

201 2 01 2 0' 2-4 2
0
' 2-6 2 07 2-1 2-9 2010 2 011 2 012 2 01' 2 01• 20

., 2 016 2 017 2011 2 0\9 2 0:10 2011 2012 2-23 2 014 2 02:5 2 026 2 027 2021 2 019 2 030 2-31 2 0n 2 033 2 0,. 2 0" 2 0,. AI SUMBITS 

.&. Diagonally fonn the Logical Products, vertically sum the pyramid. 

.6 The square of Al causes the same operand to be multiplied by itself. Example: Bit 2 -18 • 2-18 = 2-18 

.& Use all 36 units of the results including the carry into the highest bit position. 

i 

\.---/ 

CRAY Y-MP A/ FULL SUMMATION PYRAMID CP 6 

(RFt) AND (REt) 

~/ 

H8fdware r,ng . 
A-41698 JoEoSo 
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1-1 

~2-1 [-

I 

~2-2 

~/ "'--,.. Z 
Al8 

• 2-2 2 -3 -4 2-5 2"' 2-7 2-1 :f' 2-10 2-11 2-12 2 -I] 2-14 2 -15 2-16 2-17 AOI 
2 3 5 6 7 8 9 10 II 12 13 14 15 16 17 18 .....-::::::::: I I \..1 I I I I I I I I I I I I I .A" 

3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 

2'2 2 2 2 2 2 2 2 2 2 2 2 2 2 
W 
.j::>. 2-] '\.3 

5 6 7 I 9 10 II 12 13 14 15 16 
3 3 3 3 3 3 3 3 3 3 3 3 

2-4 
5 6 7 I 9 10 II 12 13 14 15 

" 4 4 4 4 4 4 4 4 4 4 4 
6 7 I 9 10 II 12 13 14 

2-5 " 5 5 5 5 5 5 5 5 5 
7 I 9 10 II 12 13 

2"' 
6 6 6 6 6 6 6 

I 9 10 II 12 

2-7 7 7 7 7 7 

2-1 

9 10 II (REI) 
I I 8 

10 

2"' 9 
(RFI) 

2-10 

2-11 ~ 9 10 ~ II II 
8 9 10 II 

2-12 
W 
.j::>. 
N2-1] 
\0 

2-14 

12 12 12 12 
7 8 9 10 II 12 

13 13 13 13 13 13 
6 7 8 9 10 II 12 13 

14 14 14 14 14 14 14 14 

5 6 7 8 9 10 II 12 13 14 

2-15 15 15 15 15 15 15 15 15 15 15 
4 5 6 7 8 9 10 II 12 13 

2-16 16 16 16 16 16 16 16 16 16 16 
Il 4 13 D 7 

1 8 19 10 II 12 

2-17 17 17 17 17 17 17 17 17 17 17 

2-11 I 
2 3 4 5 6 7 I 9 10 II 

18 18 18 18 II 18 18 18 II 18 

AI • o o o o o o o [a o G3 [2] ~ G ~ 
~12. 1-1 1-2 1-] 1-4 1-5 1"' 1-7 1-1 1-' 1-10 1-11 1-12 1-1] 1-14 1-15 1-16 2-17 2-11 2-19 2-20 2 -21 2-22 2-23 2-24 2-25 2-26 2-27 2-21 

~ ~ Diagonally form the Logical Products, vertically sum the pyramid. ;g 
~ This part of the pyramid is not produced, however, when anyone of the shown Logical Products are 

produced, they have a sum value of two. 

~ A 1 is added into the summation right shifted one place, the summation adjusted to give the same results 
as a Full Summation. 

14 15 

16 16 
13 14 I' 16 

17 17 17 17 
12 13 14 15 16 17 

18 18 18 18 18 18 

[2] [2] o 
o 

2-29 2-30 2-31 2-32 2-3] 1-34 

~ 
~ 
~ 
~ CRAY Y-MP AI2 ESSENTIAL SUMMATION PYRAMID CP 6 (RFt) AND (REt) 

--...../ 

~ 
o 

2-]S 2-36 

H.rdw.re Tmg_ 
A-4f7OA J.E.S. 
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R26 

R27 ---

2 0

\ 

R2S R24 R22 R21 RI9 RI8 RI6 RI4 RI3 RII RIO R8 R6 R3 R2 RI RO 
~ ~ 

R23 R20 RI7 RIS RI2 R9 R7 RS R4 --- !--

- ~ 

--- ~ 

--- r-
i.- (RFl) ~ -- ...... 

--- ~ 

'-- ~ 

--- (REt) ------ ~ 

~ 
R20 RI9 RI8 RI7 RI6 FIS FI4 FI3 FI2 FII FlO F9 F8 F7 F6 FS --- ~ 

R21 II"- SECllON CARRY F4 --- """-
F3 

i.- ~ 
F2 -- ""'-

FI 
i.- r;"] 0 0 

2 02 2 0' 2'" 2.$ 2"' 2 07 2"' 2"' 2 010 2 011 2 012 2°U 2 014 2 01' 2 016 2 017 2011 2 019 1-31 1-21 1 022 2023 20
:14 2-25 2 026 1-27 2 021 2-29 2°!O 2-31 2-32 2 0" 2 034 2-35 2 o

!6 =A 12 
H.rdwar. Tmgo 
A-4I71A JoEoSo 
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AI2 PARTIAL SUMMATION CP 7 
(RFt) AND (REt) 
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146\-t-FORCllD 
148 I i4S i40 I Ti 
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143 'iit'L. 
00 I_l _.1 J_ 
129 (RFI) 

D4 128 126 124 m 114 II 

127 J2S 123 121 119 Il3 11 

I 
I 
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120 I1S l!I 

(REI) 116 110 

Il7Ill 

118 112 

1 I 1 I 
I 1 1 I I I 

\~ '----') 

~113 
15 14 

I 1 I I I I : 1 1 I I I I 
(RD2) R mws I RI71 RI6 iRIS' RI4' RI3

1 
RIZI Rul RIO I R91 R8 I R71 R6 1 RS 1 R41 R3: R21 RI I RO RIS I RI41 RI31 RIZI RU I RIO I R9 I R81 R7 I R6 I RS I R41 R3 I R21 RI I 0 I 0 I RO I 
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FLOATING-POINT MULTIPLY FUNCTIONAL UNIT 

The Floating-point Multiply functional unit is shared by the Scalar and Vector registers. Two 
floating-point operands are sent to the Multiply functional unit by either the Scalar or Vector 
registers. The signs of the two operands are exclusive ORed, the exponents are added together and 
the two 48-bit coefficients are multiplied together. Multiplying two 48-bit numbers together will 
produce a 96-bit result. Since our result register, either a Scalar or Vector register, can only hold 
48 bits in the coefficient, only the upper 48 bits of the 96-bit result are kept. The lower 48 bits are 
lost; in fact, they are never generated. 

The Floating-point Multiply functional unit can also be used to multiply two integer numbers 
together. To multiply two 24-bit integer numbers together simply set each operand's exponent 
equal to zero, and place each integer value left-justified in the operand's coefficient area. A 
complete multiply will be perfonned with no truncate as long as the total number of bits in the two 
operands does not exceed 48-bit positions. 

The Floating-point Multiply functional unit can also be utilized to generate a third iteration in 
conjunction with the Reciprocal functional unit Generating the third iteration will create a full 
precision coefficient, utilizing all 48 bits of the coefficient. The full precision reciprocal number 
can then be multiplied by the multiplier to complete a divide. If full precision is not needed, then 
there is no need to generate a third iteration; instead, the two iterations that are generated in the 
Reciprocal functional unit are multiplied by the multiplier using a special multiply instruction which 
will add in 2 round bits and truncate the lower 19 bits of the coefficient. 

The Floating-point Multiply functional-unit has the same Range Error conditions as the Floating
point add. If an overflow condition exists, the floating-point number has gone beyond the limits of 

)
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' 00000n occurs A the rerflsult registdie.r .willalreceive the CflalCultoated
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t 

coe Clen WI an exponen orc 8' nove ow con non so causes a ag e sen 
to the Exchange Package. An underflow condition exists when the resultant exponent is equal to 
or less than 177778. When an underflow condition exists, both the final exponent and the 

) 

coefficient will be forced to zero, but no flag will be sent to the Exchange Package. 

The Floating-point Multiply functional unit perfonns the 064ijk - 067ijk instructions for the Scalar 
registers, and the 160ijk - 167ijk instructions for the Vector registers. Because the multiply unit is 
shared by both the Scalar and Vector registers, a functional unit reservation must be checked before 
allowing one of the above instructions to issue. 

The 064ijk instruction, which is the Scalar equivalent of the 160ijk - 16lijk instruction for the 
Vector registers, perfonns a Floating-point Multiply of two Scalar registers. An integer multiply 
can also be performed, as mentioned earlier. 

The 065ijk instruction, which is the equivalent of the 162ijk - 163ijk instruction for Vector 
registers, is used in conjunction with the Reciprocal functional unit to complete a divide sequence. 
In other words, an 065ijk instruction would be issued after an 070 instruction. The 065ijk 
instruction will add 2 bits into the final summation, in bit positions 217 and 216. These 2 bits, 
which are generated from Constant C, are called strong round bits, because they have a strong 
affect on the answer. When the final summation is completed the 065ijk instruction also causes the 
lower 19 bits to be truncated; the control tenn to do this is called Strong Round Truncate. 
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The 066ijk instruction, which is the equivalent of the 164ijk - 165ijk instruction for the Vector --\/ 
register, is used only after the third iteration has been completed within the Floating-point Multiply ,,} 
unit. The 066ijk instruction generates two weak round bits from Constant A. These 2 bits are 
called weak round bits because they are added into the lower portion of the summation, and hence 
have only a weak effect on the final summation. 

The 067ijk instruction, which is the equivalent of the 167ijk instruction for the Vector registers, is 
used to partially form the third iteration as follows. The third iteration is equal to A3 = 2A2 - A22B. 
The 067ijk instruction solves for (-2 + A2 * B), by frrst multiplying A2 times B, and then adding 
(-2) to the product. The (-2) addition is accomplished by adding "1" to each bit position (246 - 20) 
during the summation of A2*B. These "1" bits are comprised of effective 48 "1" bits and are 
called "-1 constants". They are generated from the control terms constant Band C. The 067ijk 
instruction also generates a control term called Complement which toggles its final result so as to 
convert -A3 = -2 + A2*B to A3 = 2 - A2*B. At this point the 064ijk instruction is used to complete 
the third iteration by multiplying A2 times the result of the 067ijk instruction. In other words, A2 * 
(2-A2 * B) = 2A2 - A22B. In conclusion, the 067ijk instruction, along with the 064ijk instruction 
generate the third iteration equation A3 = 2A2 - A22B. 

In Y-mode the 166ijk instruction uses the Floating-point Multiply unit to create a 32-bit address 
multiply of (Sj) and (Vk) to (Vi). The products can be used in Scatter-Gather memory operations, 
where (Sj) is the constant. The operands must be left-shifted before the 166ijk instruction is 
issued. The (Sj) operand must be shifted left 3110 places, leaving the operand in bit position (262 _ 
231) and bit positions (230 - 20) must be equal to zero to get valid results. The (Vk) operand must 
also be left shifted 1610 places leaving the operands in bit position (247 - 216), again bit positions 
(215 - 20) must be zero filled before the multiply can take place. Only the lower 32 bits of the 
integer multiply are gated to (Vi), the upper 32 bits are zeroed prior to leaving the Floating-point 
Multiply unit. 

In X-mode the 166ijk instruction becomes 2 minus the product of (Sj) times (Vk). 

') 
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OPTION TYPE 

(MA) 

(MB) 

(MC) 

(MD) 

(MF) 

(MG) 

(MH) 

(MI) 
)-

/' --

(MJ) 

(MP) 

(MQ) 

(MR) 

HTV-0834 

CRAY Y-MP FLOATING-POINT 
MULTIPLY OPTIONS USED 

NUMBER USED DESCRIPTION 

3 First Level Multiply 

5 First Level Multiply 

4 First Level Multiply 

1 First Level Multiply 

1 First Level Multiply 

8 Second Level Multiply 

1 Final Sum Bits 295 - 283 

3 Final Sum .... Bits 282 - 271 , 
270 - 259 258 - 247 , 

1 Multiply Control and Exponent Sum 

2 First Level Multiply 

1 First Level Multiply 

4 Operand Fanout 

34 Total Options 

35-3 
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CRAY Y-:MP FLOATING-POINT MULTIPLY 
FUNCTIONAL UNIT INSTRUCTIONS 

SCALAR INSTRUCTIONS 

064ijk Scalar floating product of (Sj) times (Sk) to (Si) 

065ijk Scalar floating product, half precision, (Sj) 
times (Sk) to (Si) 

066ijk Scalar floating product, full precision, (Sj) 
times (Sk) to (Si) 

067ijk Scalar floating product, 2 minus the product of (Sj) 
times (Sk) to Si 

CAL FORMAT 

Si 

Si 

Si 

Si 

Sj*FSk 

Sj*HSk 

Sj*RSk 

Sj*ISk 

Scalar floating product 

Half precision 

Full precision 

Iteration, 2 - Sj*Sk 

YM01113 
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CRAY Y-11J> FLOATING-POINT MULTIPLY 
FUNCTIONAL UNIT INSTRUCTIONS 

VECTORINSTRUC110NS 

160ijk 

16lijk 

162ijk 
163ijk 

164ijk 
165ijk 

Vector floating product (Sj) times (Vk elements) 
to Vi 
Vector floating product (Vj elements) times 
(Vk elements) to Vi 

Halfprecision, (Sj) times (Vk elements) to Vi 
Halfprecision, (Vj elements) times (Vk elements) 
to Vi 

Full precision, (Sj) times (Vk elements) to Vi 
Full precision, (Vj elements) times (Vk elements) 
to Vi 

166ijk Two minus the floating-point products of (Sj) and (Vk) to Vi 
(X-mode) 

166ijk 32-bit integer products of (Sj) and (Vk) to Vi (Y-mode) 

167ijk Iteration, 2 - (Vj elements) times (Vk elements) toVi 

CAL FORMAT 

Vi Sj*FVk 
Vi Vj *FVk 
Vi. Sj*HVk 
Vi Vj*HVk 
Vi Sj*RVk 
Vi Vj*RVk 
Vi Sj*Vk 
Vi Vj*IVk 

Vector, scalar product 
Vector, vector product 
Half precision, vector scalar 
Half precision, vector vector 
Full precision, vector scalar 
Full precision, vector vector 
32-bit address multiply, scalar vector 
Iteration, 2 minus vector vector 
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DIVIDE SEQUENCE 

Accurate To 29 Bits: 

#1 070320 

#2 065613 

Accurate To 48 Bits: 

#1 070320 

#2 067432 

#3 064543 

#4 066651 

#1 Al = 2Ao - A02B 

A2 = 2AI - AI2B 

#2 S4 = (2 - (A2*B)) 

#3 A3 = A2(2 - (A2*B)) 

or 

A3 = 2A2 - A22B 

#4 S6 =A3*Sl 

HTV-0834 

S6 = Sl1S2 

S3 = 1/S2 

S6 = Sl * FS3 

S6 = SllS2 

S3 = 1/S2 

S4 = (2 - [S3*S2]) 

S5 = S4*S3 

S6 = S5*Sl 

First Iteration 

Second Iteration 

Third Iteration 

Third Iteration * S 1 

35-6 
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FLOATING-POINT MULTIPLY (OPTIONS 
INVOLVED) 

(MAOl, MA08, MAl3) Options 

The three (MA) options perform two functions: one is to multiply a j operand times a k operand, 
and the second is to start the summation of bit positions (247 - 240) of the pyramid; the partial 
summation is sent to the (MG) option for further summation. The (MA) option also assists in the 
fanout of the j operand. The summation is performed by using a 3-bit adder sum cell m285 and a 
3-bit adder cany cell m286; some macro equations use the 3-bit adder sum/cany cell m281. The 
(MA01) assists in the fanout of the j operand to the (MF07) option. 

(MB02, MB03, MB09, MBlO, MBl4) Options 

The five (MB) options perform the same two functions as the (MA) options: multiplication and 
partial summation. The (MB) options perform a partial summation on bits (261 - 248) of the 
pyramid. The (MB 10, MB 14) options assist in the fanout of the k operand to the (MF07) option. 

(MC04, MCOS, MC06, MCll) Options 

The four (MC) options perform the same two functions as the (MB) options: multiplication and 
partial summation. The (MC) option is the same as the (MB) option except for the j and k inputs 
and the (a, b) Boolean terms. The (MC) options perfonn a partial summation on bits (282 _ 262) of 
the pyramid. The (MC06) also assists in the fanout of the j operand to the (MF07) option. 

(MDl7) Option 

The (MD) option performs the same two functions as the (MA) options: multiplication and 
summation. The (MD) option performs a partial summation on bits (255 - 240) of the pyramid. 

(MF07) Option 

The (MF) option performs the same two functions as the (MA) options: mUltiplication and partial 
summation. The (MF) also decodes the mode bits and assists the (MJ) in generating Constant B to 
the (MG) options. 

HTV-0834 35-7 
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(MG20 - MG27) Options 

The (MG) options perfonn the second level summation, or continues to perfonn 3-bit adds on the 
pyramid from where the (MA, MB, MC, MD, MF, MP and MQ) options left off. The (MG) 
options add in the extra bits that get generated from either Constant A, Constant B, or Constant C. 
The (MG) options continue to sum the pyramid from bit positions (282 - 240). The (MG) options 
pass the partial summation to the (MI) option for the final summation. 

(MH28) Option 

The (MH) option perfonns the same functions as the (MG) options, however, its summation 
proceeds from a series of 3-bit adds through to a series of 2-bit look-ahead adds on its way to the 
final summation. The (MH) option sums bit positions (294 - 280) of the multiply pyramid, which 
are output to the Scalar or Vector registers as bits (247 - 236). The (MH28) option also checks to 
see if bit (295) of the summation is set. If (295) is not set by a propagation from carries and 
enables, then the final result on the (MIs) is left shifted by one place. The left shift of one place 
ensures that the resultant coefficient will be Nonnalized, which is required if Nonnalized operands 
were originally multiplied together. During an integer multiply the left shift is prevented from 
happening. When performing a 32-bit Address Multiply the (MH28) option zeroes out coefficient 
bit (247 - 236) to the result register. 

(MI30, MI31, MI32) Options 

The (M!) options perfonn the final summation of the multiply pyramid. The summation up to this 
point has been reduced to 2 bits in a row, so a 2-bit look-ahead add is perfonned. The three (M!) 

. options each handle 12 bits of the coefficient and 5 bits of the exponent. The (MI) and (MH) 
options intercommunicate with sum bit enables and carries to see if each one's sum bit (295) is set 
or not. If (295) is not set, the (exponent -1) is generated on the (MI) options, and the coefficient is 
shifted to the left one place. During an integer multiply the left shift is prevented from happening. 
The (M!) also receives the original Go Multiply signal and the mode bits, which are fanned out to 
the (MJ) and (MF) options. When performing a 32-bit Address Multiply the (MI32) option zeroes 
out coefficient bits (247 - 232) to the result register. results bit position (263 - 248) are zeroed out by 
all three (MI) options seeing each (MI) handle 5 bits of the exponent. 

HTV-0834 35-8 
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(MJl8) Option 

The (MJ) option is the control option for the multiplication and exponent summation. The Go 
Multiply signal, together with the mode bits, allows the (MJ) to calculate what type of multiply 
instruction was issued, and then to generate the appropriate control terms for that instruction. 

Following is a list of some of the control terms: 

Constant A - Associated with the 066ijk or 164ijk - 165ijk instructions, Constant A will add into 
the summation two weak round bits. 

Constant B - Associated with the 067ijk or 167ijk instruction, Constant B causes 48 "1" bits to be 
added into the summation. 

Constant C - Associated with the 065ijk - 067ijk or 164ijk - 167ijk instructions, Constant C 
generates two strong round bits which are added into the summation. 

Complement - Generated from the 067ijk or 167ijk instruction, Complement causes the final result 
to be toggled. 

Underllow - Underllow causes the final exponent and coefficient to be zeroed. 

Integer - Integer multiply occurs when both exponents are equal to zero and prevents a left shift of 
one from occurring on the (MI) and (MJ) options. 

Strong Round Truncate - Associated with the 065ijk or 162ijk - 163ijk instructions, this signal 
causes the lower 19 bits of the coefficient to be truncated. 

Borrow Enable - This signal is generated whenever one of the 5-bit groups (252 - 248), (257 - 253), 
or (262 - 258) of the exponent contains all zeroes. This is used by the (Ml) options to generate the 
exponent -1, in the case when the resultant coefficient is left shifted by one. 

Range Error - Range Error is set to a one when an overflow condition has occurred. The (MJ) 
checks for an overflow condition and sends an exponent of 600008 to the (MI) options. The (MIs) 
also output the calculated coefficient. 

Go Address Multiply - Generated from the 166ijk instruction which allows result bits (263 - 232) to 
be zeroed on the output Go Address Multiply allows the Floating-point Multiply unit to perform a 
32-bit Address Multiply on J operand bit (262 _ 231) and K operand bit (216 _ 247). 

Underllow to (MH28) - Causes the (MH) option to zero out coefficient bit (247 - 236) during a 
32-bit Address Multiply. 

The (MJ) does an exclusive-or of the sign bits of the two operands to obtain the final sign bit (263), 
which is then sent to either the Scalar or Vector registers. 

The summed exponent is passed to the (MI) options, where either the exponent or exponent -1 is 
sent on to the Scalar or Vector registers, depending on whether sum bit (295) is set or not. 

Hardware Trng. 
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(MP40, MP41) Options 

The two (MP) options perform the same two functions as the (MA) option: multiplication and 
partial summation. The (MP40) option performs a partial summation on bits (268 - 255) of the 
pyramid, while the (MP41) perrolDls a partial summation on bits (281 - 269) of the pyramid. 

(MQ42) Option 

The (MQ42) option was added to the Floating-point Multiply unit to allow a 32-bit Address 
Multiply. The products can be used in Scatter-Gather memory operations, where (Sj) is the 
constant The J operand must be left shifted 31 10 places and the K operand left shifted 1610 places 
in order to utilize this option. 

(MR33 - MR36) Options 

Four (MR.) options are responsible for receiving the original two floating-point or integer 
operands. The exponents of the j and k operands are sent to the (MJ) for summation. The 
coefficients are fanned out to the (MA, MB, Me, MD, MF, MP, and MQ) options to fOlDl the 
multiply pyramid. Many copies of the original coefficient are needed for the various options that 
make up the pyramid, some of which are also fanned out by the (MA01), (MB1O), (MB14), 
(MC06), (MP40) and (MP41) options. 

~) 

.) 
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(MR33, MR34, MIW) ltiiOl'lllWlD;;;;;;~~P",,,;.NOO1'~:..-._-.J"""--
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(MR34, MR35) IOI'IIIWID .AHour 

(MR33, MR34) ItOPDAHD.AIIOUT 
(MIW, MR36) IOI'IIIWID'_ 

(MIt3!.MRst.MR!5.MR36) KOIIIIAMD'ANOUT ' ..... ~Iu-a.1 

\,--/ 

CRAY Y-MP FLOATING-POINT MULTIPLY 
BLOCK DIAGRAM 

,,--j 

(MR33, MIW) IOI'IIIWID'ANWI' 
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xXg~~~~F~A~NO~UT~ ____ ~~~,--. 
(MR33,MR34.MR3S) }~FANOUT 

(MR33. MR.'\.!. MR3S) ~~~~~t:=:ra~i8l~q (MR33) !. OPl!RAND FANOUT 

(MR34. MR3S) J OPERAND FANOUT 

(MR33. MR34) X OPl!RAND FANOUT 

(MR3S. MR:l6) J 0PI!lIAND FANOUT 

::.Xc:O::..:Pl!RAND==F:.:.AN=0UT.::..:... ________ +i~B14) 
(MR33, MR34. MR3S. MR36) J OPERAND FANOUT 2~ . 241 

(MR33. MR3S) ~~~~:;:;:------;~.....::~ 
(MR33. MR34. MR3S) K OPl!RAND FANOUT 

(MR34. MR3S) J OPERAND FANOUT 
(MBIO) 

261 _ 2" 

(MR33. MR34) IC OPBIAND FANOUT (MB09) 

(MR34. MR3S)J _ OPERAND....;,.;;.;.;..,;....;,..;..FAN'--OUT _______ ~ 2~ _ 248 

IC OPBIAND FANOUT 
(MR33) --------. (MB03) 

~~J~0PERAND~~~F~AN:.:.0UT~--~~-!26:1~-22~" 
(MBQ2) 

(MR33. MR34) K OPBIAND FANOUT 

~ J OPERAND FANOUT 

(MR33. MR34. MR3S. MR:l6) J OPIlRANDFANOUT 

(MR34MR3S) 

2 ~_ 248 

FlRSTUlVEL 
MULTIPLY 

(MCll) 

2 68_ 262 

~K~OPElIAND==~F!:!:A~N~OUT~ __ --l (MC06) I-
(MR33,MR34.MR3S.MR:l6) J~FANOUT J 182_ 276 
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J~FANOUT 
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(MC04) >-
1 68 _ 262 
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CRAY Y-MP FLOATING-POINT MULTIPLY 
BLOCK DIAGRAM 
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(MAOl) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT RTERM I TERM JBIT FANOUT R1ERM IlERM 

(MR34) RO 120 2;: (MR35) R8 IO 
(MR34) R1 121 230 (MR35) R9 II 
(MR34) R2 122 231 (MR35) RIO I2 
(MR34) R3 123 232 (MR35) Rll 13 
(MR34) R4 124 2 (MR35) R12 14 
(MR34) R5 125 233 (MR35) R13 IS 
(MR34) R6 126 234 (MR35) R14 16 
(MR34) R7 127 235 (MR36) R4 I7 
(MR33) R23 128 236 (MR36) R5 18 
(MR33) R24 129 237 (MR36) R6 I9 
(MR33) R25 130 238 (MR36) R7 IlO 
(MR33) R26 131 239 (MR36) R8 III 
(MR33) R27 132 2~ (MR36) R9 Il2 

242 (MR36) RIO Il3 
2 (MR36) Rll Il4 
243 (MR36) R12 Il5 
2~ (MR36) R13 Il6 
246 (MR36) R14 II7 
2 (MR36) R15 Il8 
247 (MR36) R16 Il9 

(MA08) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT 

(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 

RTERM I TERM JBIT FANOUT R1ERM 

R28 . 120 2 15 (MR35) R17 
RO 121 216 (MR35) R18 
R1 122 217 (MR35) R19 
R2 123 218 (MR35) R20 
R3 124 2 19 (MR35) R21 
R4 125 2;:; (MR35) R22 
R5 126 222 (MR35) R23 
R6 127 2 (MR35) R15 
R7 128 223 (MR35) Rl6 
R8 129 224 (MR34) R17 
R9 130 225 (MR34) R18 
RIO 131 226 (MR34) Rl9 
Rll 132 2Z1 (MR34) R20 

2;: (MR35) R08 
230 (MR35) R09 
231 (MR35) RIO 
232 (MR35) Rll 
233 (MR35) R12 
234 (MR35) R13 
2 (MR35) Rl4 

CRAY Y-J\.1P (MR.) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 1 of 9) 

IlERM 

IO 
II 
12 
13 
14 
15 
16 
I7 
18 
19 
IlO 
III 
Il2 
Il3 
Il4 
Il5 
I16 
Il7 
Il8 
I19 

Hardware Trng. 
A-4480A J.E.S. 

35-13 CRA Y PROPRIETARY 



KBIT 

2 26 
2'1:1 
2 28 

2 29 
230 
2 31 
2 32 
2 33 
2 34 
2 35 
2 36 
2 37 
2 38 

KBIT 

2°1 
2 02 
2°3 
2 04 
2°5 
2 06 
2 07 
2°8 
2 09 
210 
211 
212 
2 13 
214 
2 15 
2 16 
217 
2 18 
2 19 

HTV-0834 

(MA13) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT R1ERM I TERM JBIT FANOUT RTERM I TERM 

(MR33) R3l I20 202 (MR34) RIO IO 
(MR33) R30 I2l 2°3 (MR34) Rll II 
(MR34) R3l I22 204 (MR34) R12 12 
(MR34) R30 I23 2°5 (MR34) R13 13 
(MR34) R29 I24 206 (MR34) R14 14 
(MR34) R28 I25 2°7 (MR34) R15 15 
(MR34) R27 I26 2°8 (MR34) R16 16 
(MR35) R24 I27 209 (MR33) R12 17 
(MR34) R26 I28 210 (MR33) R13 18 
(MR34) R25 I29 211 (MR33) R14 19 
(MR34) R24 130 212 (MR33) R15 IlO 
(MR34) R23 131 213 (MR33) R16 III 
(MR34) R22 132 214 (MR33) R22 Il2 

2 15 (MR35) R17 Il3 
2 16 (MR35) R18 Il4 
217 (MR35) R19 Il5 
2 18 (MR35) R20 Il6 
219 (MR35) R2l Il7 
220 (MR35) R22 Il8 
221 (MR35) R23 Il9 

(MB02) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT 

(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 

R1ERM I TERM JBIT FANOUT R1ERM 

Rl Il3 2 35 (MR36) R4 
R2 Il4 2 36 (MR36) R5 
R3 Il5 2 37 (MR36) R6 
R4 Il6 238 (MR36) R7 
R5 II7 2 39 (MR36) R8 
R6 II8 2 40 (MR36) R9 
R7 II9 241 (MR36) RIO 
R23 120 242 (MR36) Rll 
R24 121 2 43 (MR36) R12 
R25 122 244 (MR36) R13 
R26 123 2 45 (MR36) R14 
R27 124 2 46 (MR36) Rl5 
R28 125 247 (MR36) R16 
RO 126 
Rl 127 
R2 128 
R3 129 FORCEDl 
R4 130 FANOUTJ,K 
R5 131 

eRA Y Y -MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 2 of 9) 

I TERM 

IO 
II 
12 
13 
14 
15 
16 
17 
18 
19 
IlO 
III 
Il2 

I32 

Hardware Tmg. 
A-4481A J.E.S. 

35-14 eRA Y PROPRIETARY 

) 



KBIT 

2 8 
2 9 
2 10 
211 
212 
2 13 
214 
2 15 
2 16 
217 
2 18 
2 19 
2 20 
221 
222 
2 23 
224 
2 25 
2 26 

KBIT 

214 
2 15 
2 16 
217 
2 18 
2 19 
2 20 
221 
222 
2 23 
224 
2 25 
2 26 

21:1 
2 28 
2 29 
2 30 
2 31 
2 32 

) 

HTV-0834 

(MB03) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT RTERM I TERM JBIT FANOUT RTERM I TERM 

(MR33) R23 113 2 35 (MR36) R4 IO 
(MR33) R24 114 2 36 (MR36) R5 11 
(MR33) R25 115 2 37 (MR36) R6 12 
(MR33) R26 116 2 38 (MR36) R7 13 
(MR33) R27 117 2 39 (MR36) R8 14 
(MR33) R28 118 2 40 (MR36) R9 15 
(MR33) RO 119 241 (MR36) RIO 16 
(MR33) R1 120 242 (MR36) Rll 17 
(MR33) R2 121 2 43 (MR36) R12 18 
(MR33) R3 122 244 (MR36) R13 19 
(MR33) R4 123 2 45 (MR36) R14 110 
(MR33) R5 124 2 46 (MR36) R15 III 
(MR33) R6 125 247 (MR36) R16 112 
(MR33) R7 126 
(MR33) R8 127 
(MR33) R9 128 
(MR33) RIO 129 
(MR33) Rll 130 FORCED 1 132 (MR33) R31 131 J/KFANOUT 

(MB09) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT 

(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 

RTERM I TERM JBIT FANOUT RTERM I TERM 

RO 113 222 (MR35) R15 
R1 114 2 23 (MR35) R16 
R2 115 224 (MR34) R17 
R3 116 2 25 (MR34) R18 
R4 117 2 26 (MR34) R19 
R5 118 21:1 (MR34) R20 
R6 119 2 28 (MR35) R8 
R7 120 2 29 (MR35) R9 
R8 121 2 30 (MR35) RIO 
R9 122 2 31 (MR35) Rll 
RIO 123 2 32 (MR35) R12 
Rll 124 2 33 (MR35) R13 
R31 125 2 34 (MR35) R14 
R30 126 
R31 127 
R30 128 
R29 129 FORCED 1 
R28 130 FANOUTJ,K 
R27 131 

eRA Y Y-MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 3 of 9) 

35-15 

IO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
110 
III 
112 

132 

Hardware Trng. 
A-4482 J.E.S. 

CRAY PROPRIETARY 



KBIT 

221 
222 
2 23 
224 
2 25 

2 26 
227 
2 28 

2 29 

2 30 

2 31 

2 32 

2 33 

2 34 

2 35 

2 36 

2 37 

2 38 

2 39 

KBIT 

227 
2 28 

2 29 

2 30 

2 31 

2 32 

2 33 

2 34 

2 35 

2 36 

2 37 

2 38 

2 39 

2 40 
241 
242 
2 43 

2~ 
2 

HTV-0834 

(MB 10) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT RTERM I TERM JBIT FANOUT RTERM I TERM 

(MR33) R7 I13 222 (MR35) R15 IO 
(MR33) R8 I14 223 (MR35) R16 II 
(MR33) R9 I15 224 (MR34) R17 12 
(MR33) RIO I16 225 (MR34) R18 13 
(MR33) Rll I17 226 (MR34) R19 14 
(MR33) R31 I18 227 (MR34) R20 15 
(MR33) R30 I19 228 (MR35) R8 16 
(MR34) R31 I20 229 (MR35) R9 I7 
(MR34) R30 I21 230 (MR35) RIO 18 
(MR34) R29 122 231 (MR35) Rll 19 
(MR34) R28 I23 232 (MR35) R12 IlO 
(MR34) R27 124 233 (MR35) R13 III 
(MR35) R24 I25 234 (MR35) R14 Il2 
(MR34) R26 I26 
(MR34) R25 I27 
(MR34) R24 128 
(MR34) R23 I29 FORCED 0 

132 
(MR34) R22 130 J/KFANOUT 
(MR33) R29 131 

(MB14) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT 

(MR33) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR35) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR33) 
(MR36) 
(MR35) 
(MR36) 
(MR35) 
(MR36) 
(MR35) 

RTERM I TERM JBlT FANOUT RTERM 

R30 I13 2 09 (MR33) R12 
R31 I14 2 10 (MR33) R13 
R30 I15 211 (MR33) R14 
R29 I16 212 (MR33) R15 
R28 I17 2 13 (MR33) R16 
R27 I18 214 (MR33) R22 
R24 I19 2 15 (MR35) R17 
R26 I20 2 16 (MR35) R18 
R25 I21 217 (MR35) R19 
R24 I22 2 18 (MR35) R20 
R23 I23 2 19 (MR35) R21 
R22 I24 2 20 (MR35) R22 
R29 I25 221 (MR35) R23 
R28 I26 
Rl 127 
R29 128 
R3 I29 FORCED 0 
R30 130 FANOUTJ,K 
R5 131 

CRAY Y-MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 4 of 9) 

I TERM 

IO 
II 
12 
13 
14 
15 
16 
17 
18 
19 
IlO 
III 
Il2 

132 

Hardware Trng. 
A-4483 J.E.S. 

35-16 eRA Y PROPRIETARY 

) 

) 



) 

KBIT 

2 15 
2 16 
217 
2 18 
2 19 
2 20 
221 
222 
2 23 

224 
2 25 
2 26 
227 
2 28 

2 29 
2 30 
2 31 
2 32 
2 33 

KBIT 

222 
2 23 

224 
2 25 

2 26 
227 

2~ 
230 
2 
2 31 

2 32 

2 33 

2 34 

2 35 

2 36 

2 37 

2 38 

2 39 

2 40 

HTV-0834 

(MC04) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT R1ERM l1ERM JBIT FANOUT R1ERM l1ERM 

(MR33) R1 113 2 35 (MR36) R4 10 
(MR33) R2 114 2 36 (MR36) R5 II 
(MR33) R3 115 2 37 (MR36) R6 12 
(MR33) R4 116 2 38 (MR36) R7 13 
(MR33) R5 117 2 39 (MR36) R8 14 
(MR33) R6 118 2 40 (MR36) R9 15 
(MR33) R7 119 241 (MR36) RIO 16 
(MR33) R8 120 242 (MR36) Rll 17 
(MR33) R9 121 2 43 (MR36) R12 18 
(MR33) RIO 122 244 (MR36) R13 19 
(MR33) Rll 123 2 45 (MR36) R14 110 
(MR33) R31 124 2 46 (MR36) R15 III 
(MR33) R30 125 247 (MR36) R16 112 
(MR34) R31 126 
(MR34) R30 127 
(MR34) R29 128 
(MR34) R28 129 FORCED 1 
(MR34) R27 130 J/KFANOUT 132 
(MR35) R24 131 

(MC05) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT 

(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR35) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR33) 
(MR36) 

R1ERM I TERM JBIT FANOUT R1ERM 

R8 113 235 (MR36) R4 
R9 114 236 (MR36) R5 
RIO 115 237 (MR36) R6 
Rll 116 238 (MR36) R7 
R31 117 239 (MR36) R8 
R30 118 240 (MR36) R9 
R31 119 241 (MR36) RIO 
R30 120 242 (MR36) Rll 
R29 121 243 (MR36) R12 
R28 122 2~ (MR36) R13 
R27 123 246 (MR36) R14 
R24 124 247 (MR36) R15 
R26 125 2 (MR36) R16 
R25 126 
R24 IT! 
R23 128 
R22 129 FORCED 1 
R29 130 J/KFANOUT 
R28 131 

CRAY Y-MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 5 of 9) 

l1ERM 

10 
II 
12 
13 
14 
IS 
16 
17 
18 
19 
110 
III 
112 

132 

Hardware Tmg. 
A-4484 J.E.S. 

35-17 CRA Y PROPRIETARY 



KBIT 

2 29 

2 30 

2 31 

2 32 

2 33 

2 34 

2 35 

2 36 

2 37 

2 38 

2 39 

2 40 
241 
242 
2 43 

44 
245 
246 
247 
2 

KBlT 

2 28 

2 29 

2 30 

2 31 

2 32 

2 33 

2 34 

2 35 

2 36 

2 37 

2 38 

2 39 
40 

241 
242 
243 
244 
245 
246 
2 

HTV-0834 

(MC06) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT R1ERM l1ERM JBIT FANOUT R1ERM l1ERM 

(MR34) R30 113 2 35 (MR36) R4 10 

(MR34) R29 114 2 36 (MR36) R5 II 

(MR34) R28 115 2 37 (MR36) R6 12 

(MR34) R27 116 2 38 (MR36) R7 13 

(MR35) R24 117 2 39 (MR36) R8 14 

(MR34) R26 118 2 40 (MR36) R9 15 

(MR34) R25 119 
241 (MR36) RIO 16 

(MR34) R24 120 
242 (MR36) Rll 17 

(MR34) R23 121 2 43 (MR36) R12 18 

(MR34) R22 122 
244 (MR36) R13 19 

(MR33) R29 123 2 45 (MR36) R14 110 

(MR36) R28 124 2 46 (MR36) R15 111 

(MR35) R1 125 
247 (MR36) R16 112 

(MR36) R29 126 
(MR35) R3 127 
(MR36) R30 128 
(MR35) R5 129 FORCED 1 

132 (MR36) R31 130 JIKFANOUT 
(MR35) R7 131 

(MC11) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT 

(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR35) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR33) 
(MR36) 
(MR35) 
(MR36) 
(MR35) 
(MR36) 
(MR35) 
(MR36) 

R1ERM l1ERM JBIT FANOUT R1ERM l1ERM 

R31 113 222 (MR35) R15 
R30 114 2 23 (MR35) R16 
R29 115 224 (MR34) R17 
R28 116 2 25 (MR34) R18 
R27 117 2 26 (MR34) R19 
R24 118 227 (MR34) R20 
R26 119 2~ (MR35) R8 
R25 120 230 (MR35) R9 
R24 121 231 (MR35) RIO 
R23 122 232 (MR35) Rll 
R22 123 233 (MR35) R12 
R29 124 2 (MR35) R13 
R28 125 2 34 (MR35) R14 
R1 126 
R29 127 
R3 128 
R30 129 FORCED 0 
R5 130 JIKFANOUT 
R31 131 

eRA Y Y-MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 6 of 9) 

35-18 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
110 
III 
112 

132 

Hardware Trng. 
A-4485 J.E.S. 

CRAY PROPRIETARY 

) 



') 
./ 

) 

KBIT 

2 39 
240 
241 
242 
2 43 

2~ 
246 
247 
2 

KBIT 

2 36 

2 37 

2 38 
2 39 

2 4O 
241 
242 
2 43 

2~ 
2 
2 46 
247 

(MD17) RECEIVING (I TERMS) 

K OPERAND FANOUT JOPERANDFANOUT 

FANOUT RTERM I TERM JBIT FANOUT RTERM I TERM 

(MR33) R29 110 2 00 (MR34) R8 IO 
(MR36) R28 III 2°1 (MR34) R9 11 
(MR35) R1 112 2 02 (MR34) RIO 12 
(MR36) R29 113 2 03 (MR34) Rll 13 
(MR35) R3 114 2 04 (MR34) R12 14 
(MR36) R30 115 2°5 (MR34) R13 15 
(MR35) R5 116 2 06 (MR34) R14 16 
(MR36) R31 117 2°7 (MR34) R15 17 
(MR35) R7 118 2°8 (MR34) R16 18 

(MF07) RECEIVING (I TERMS) 

K OPERAND FANOUT JOPERANDFANOUT 

FANOUT 

(MBlO) 
(MBlO) 
(MBlO) 
(MB14) 
(MB14) 
(MB14) 
(MB14) 
(MB14) 
(MB14) 
(MB14) 
(MP40) 
(MP41) 

RTERM I TERM JBIT FANOUT RTERM 

R24 120 2 35 (MC06) R21 
R25 121 2 36 (MC06) R22 
R26 122 2 37 (MC06) R23 
R21 123 2 38 (MC06) R24 
R22 124 2 39 (MC06) R25 
R23 125 240 (MC06) R26 
R24 126 241 (MC06) R27 
R25 127 242 (MAO 1) R26 
R26 128 2 43 (MAO 1) R27 
R27 129 244 (MAO 1) R28 
R40 130 2 45 (MAO 1) R29 
R40 131 2 46 (MAO 1) R30 

247 (MAO 1) R31 

CRAY Y-MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 7 of 9) 

I TERM 

IO 
11 
12 
13 
14 
IS 
16 
17 
18 
I9 
110 
III 
112 

Hardware Trng. 
A-4486 J.E.S. 

HTV-0834 35-19 CRAY PROPRIETARY 



KBIT 

2 34 
2 35 
2 36 
2 37 
2 38 
2 39 
2 40 
241 
242 
2 43 
244 
2 45 
2 46 
247 

KBIT 

2 35 

2 36 

2 37 

2 38 

2 39 

2 40 
241 
242 
2 43 

44 
245 
246 
247 
2 

HTV-0834 

(MP40) RECEIVING (l1ERMS) 

K OPERAND FANOUT JOPERANDFANOUT 

FANOUT RTERM I TERM JBIT FANOUT RTERM I TERM 

(MR34) R26 120 2 09 (MR33) R12 IO 
(MR34) R25 121 2 10 (MR33) R13 11 
(MR34) R24 122 211 (MR33) R14 12 
(MR34) R23 123 212 (MR33) R15 13 
(MR34) R22 124 2 13 (MR33) R16 14 
(MR33) R29 125 214 (MR33) R22 IS 
(MR36) R28 126 2 15 (MR35) R17 16 
(MR35) R1 127 2 16 (MR35) R18 17 
(MR36) R29 128 217 (MR35) R19 18 
(MR35) R3 129 2 18 (MR35) R20 19 
(MR36) R30 130 2 19 (MR35) R21 110 
(MR35) R5 131 2 20 (MR35) R22 III 
(MR36) R31 132 221 (MR35) R23 112 
(MR35) R7 133 

(MP41) RECEIVING (I TERMS) 

K OPERAND FANOUT JOPERANDFANOUT 

FANOUT RTERM I TERM JBIT FANOUT RTERM I TERM 

(MR34) R25 120 222 (MR35) 
(MR34) R24 121 2 23 (MR35) 
(MR34) R23 122 224 (MR34) 

25 (MR34) R22 123 2 26 (MR34) 
(MR33) R29 124 227 (MR34) 
(MR36) R28 125 2 28 (MR34) 
(MR35) R1 126 2 29 

(MR35) 
(MR36) R29 127 230 (MR35) 
(MR35) R3 128 231 (MR35) 
(MR36) R30 129 232 (MR35) 
(MR35) R5 130 233 (MR35) 
(MR36) R31 131 234 (MR35) 
(MR35) R7 132 2 (MR35) 

133 
FORCED 1 

CRAY Y-MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 8 of 9) 

35-20 

R15 
R16 
R17 
R18 
R19 
R20 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14 

IO 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
110 
III 
112 

Hardware Trng. 
A-4487A J.E.S. 

eRA Y PROPRIETARY 



KBIT 

2 16 
217 
2 18 

2 19 
- 20 

221 
222 
223 
224 
225 
2 26 
227 
2 28 2

29 
230 
2 

HTV-0834 

(MQ42) RECEMNG (I TERMS) 

KOPERANDFANOUT J OPERAND FANOUT 

FANOUT 

(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR34) 
(MR34) 
(MR33) 

RTERM I TERM JBIT FANOUT RTERM 

R2 120 2 48 (MR36) RO 
R3 121 2 49 (MR36) R1 
R4 122 2 50 (MR36) R2 
R5 123 2 51 (MR36) R3 

2 52 R6 124 (MR36) R17 
R7 125 2 53 (MR36) R18 
R8 126 2~ (MR36) R19 
R9 127 256 (MR36) R20 
RIO 128 257 (MR36) R21 
Rll 129 258 (MR36) R22 
R31 130 259 (MR36) R23 
R30 131 260 (MR36) R24 
R32 132 2 61 (MR36) R25 
R33 133 262 (MR36) R26 
R32 134 2 (MR36) R27 

CRA Y Y -MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 9 of 9) 

I TERM 

IO 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
110 
III 
112 
113 
114 

Hardware Trng. 
A-4488A J.E.S. 

35-21 eRA Y PROPRIETARY 
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OBJECTIVES - Channels 

Upon completion of this section, the student will be able to: 

• Program the channel in machine language 

• Define the control signal between the channel and external device 

• Describe the channel memory priority scheme and how data is assembled and 
disassembled 

• Trace a data bit through the channel 

• Describe the sequence of events within the channel control modules for both an input and 
output operation 
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eRA Y Y -1tIP I/O OPTIONS PER MODULE } 

OPTION TYPE NUMBER USED DESCRIPTION 

(DA) 1 I/O Lower address, reference 
control 

(DB) 3 I/O Upper address 

(DC) 1 I/O control, LOSP controller 

(DD) 1 I/O control, msp channel 
controller 

(DE) 1 I/O control, VHISP channel 
controllers 

(DJ) 8 Register input buffer 

(DP) 8 Register output buffer ') 
- ./ 

23 Total options 
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DEADSTART SEQUENCE 

1. Set I/O MC and CPU MC 

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 200008 words to memory for lOS or 200008 for MWS 

6. Drop CPU MC: 

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 1400 - 1577 

11. With monitor program send 200008 words to the lOP or MWS and cause an exchange to 
1400 - 1577 

YM011048 ) 

HTV-0834 36-6 CRAY PROPRIETARY 



) 

DEADSTART/DEAD DUMP MODE 

DD DELAY WC N 

1. Set CPU MC and I/O MC 

2. Drop I/O MC 

Boot 1 is Similar 
DELAY = 1 to 1000 
WC = 1 to 10000 
N = 1 Prevent an exchange 

3. Dropping I/O MC set input channel active (CA = 0, CL = 0) 

4. Transfer up to 100008 initial words to the lower 10000 words of Cray memory 

5. Drop CPU MC when transfer is complete; if N = 1 CPU MC will not drop, therefore, 
preventing an exchange or fetch 

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 20g from going active 

9. Setting DD causes Cray to output 10000 words over channel 218 
a. DD activates the output channel 
b. CA = 0 
c. CL = 0 

10. Go to line 1 

N 
500 CP NOT 500 CP 
DELAY WC SET DELAY 

I/OMC 

1 i (( --l __ --+t-I_--+-hi-----'n~---
i.iL--J)) : LJ 

CPUMC 

DD 

TRANSFER MCU 
WCTO CRAY 
MEMORY 
00- (WC -1) 

I/O MC - Resync on (DC) 
Active - Channel 20 on (DC) 
CPU MC - Resync on (DC) 
DO - LOSP-Out on (DC) 

I 

DELAY TRANSFER CRA Y 
MEMORY TO 
MCU 1000 - 1777 
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CRAY Y-MP CABLE IDENTIFICATION ) 
LOSPCHANNELNUMrnER CABLE 

CPU 0 (DIO - DJ7) 20 LOSP IN CHANNEL 20 
CPU 0 (DPO - DP7) 21 LOSP OUT CHANNEL 21 

CPU 0 (DCO) MCUCONTROL 

CPU 1 22 LOSP IN CHANNEL 22 
CPU 1 23 LOSP OUT CHANNEL 23 

CPU 2 24 LOSP IN CHANNEL 24 
CPU 2 25 LOSP OUT CHANNEL 25 

CPU 3 26 LOSP IN CHANNEL 26 
CPU 3 27 LOSP OUT CHANNEL 27 

CPU 4 30 LOSP IN CHANNEL 30 
CPU 4 31 LOSP OUT CHANNEL 31 

CPU 5 32 LOSP IN CHANNEL 32 
CPU 5 33 LOSP OUT CHANNEL 33 

CPU 6 34 LOSP IN CHANNEL 34 
CPU 6 35 LOSP OUT CHANNEL 35 

LOSP IN CHANNEL 36 
--'\ 

CPU 7 36 ~ 
CPU 7 37 LOSP IN CHANNEL 37 

msp CHANNEL NUMBER CABLE 

msp IN (DIO - DJ7) ~ 

t mSPOINO-23 
CPU 0 msp 0 IN 24 - 47 

msp 0 IN 48 - 71 
(DPO, DP2, DP4 DP6, DDO) ... ~ msp 0 IN CONTROL 

(DPO, DP2, DP4, DP6) 4 ~ msp 0 IN EXPAN. 

msp OUT (DPO - DP7) 

t : mSPOOUTO- 23 
msp 0 OUT 24 - 47 
msp 0 OUT 48 -71 

(DP1, DP3, DP5, DP7, DDO) 
~ • msp 0 OUT CONTROL 

f 
msp 1 IN 0- 23 

msp IN (DIO - DJ7) ... msp 1 IN 24 - 47 
CPU 1 msp 1 IN 48 - 71 

(DPO, DP2, DP4, DP6, DDO) 4 ~ msp 1 IN CONTROL 
(DPO, DP2, DP4, DP6) ~ • msp 1 IN EXPAN. Hardware Tmg . 
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LOSP CHANNEL 

General Overview 

The CRA Y Y -MP contains a total of eight LOSP channel pairs, eight msp channel pairs and four 
VHISP channel pairs. The channels are distributed among the eight CPU modules. Each CPU 
module contains one LOSP channel pair, one HISP channel pair and half of a VHISP channel pair; 
the other half of the VHISP channel pair is located on the adjacent CPU module. 

All I/O references to memory use Port D. Port D has the lowest priority among Port AIB/C, but it 
has the highest priority when used by fetch. If fetch won over I/O when competing for Port D, the 
next reference to use Port D would be I/O. This would prevent fetch from continuously using Port 
D and not allowing any I/O references. Within a CPU there could be a LOSP, HISP or VHISP in 
different stages of operation. When a conflict occurs among the channels to use Port D, LOSP 
would have the highest priority, then HISP followed by vmsp. The fetch or I/O priority is 
determined on the (yZ) option while the channel priority is determined on the (DA) option. 

LOSP channel terminology is associated with the direction of the data flow in respect to the CRA Y 
Y -MP memory. LOSP-In would pertain to the data flow going into the memory, while LOSP-Out 
would pertain to the data flow leaving the memory. Similar terminology is used on the mSP-In, 
and HISP-Out. 

The function of the LOSP channel is to connect any 16-bit asynchronous device to the CRA Y 
Y -MP. Associated with the 16 bits are 4 parity bits in which case odd parity is performed over the 
channel. On a LOSP input sequence, a parity error would cause all transfers to memory to be 
equal to zero from the time the error occurred. A LOSP-In parity error would set the Error flag, 
but not cause an interrupt. The I/O Interrupt flag would be set on a LOSP-In when CA = CL or 
when a disconnect was received from the external device. On a LOSP-Out, the parity would be 
generated prior to sending the 16 bits of data to the external device. An error on a LOSP-Out 
would be caused by a resume and the channel not being active. The I/O Interrupt flag on LOSP
Out would be caused from CA = CL or the Error flag being set. 

Hardware Trng. 
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LOSP-INPUT SEQUENCE 

Clearing The Channel 

The first and very important instruction to use prior to using a LOSP channel or VHISP channel is 
to clear the channel with an (0012) instruction. Clearing the channel will clear out the Error flag 
and any latches which were left in an undesirable condition from the last user of the channel. Also, 
clearing the channel causes the (DE) option to remember the CPU number that will be using that 
particular channel. The CPU number is important when determining where to send the I/O 
interrupt when it occurs. The I/O interrupt is directed toward the CPU that last issued an (0012) on 
the channel with the interrupt. However, if there is a preferred CPU to receive the I/O interrupts, 
the I/O interrupt would then be directed toward that CPU. This is accomplishd by setting the 
Select for External Interrupt (SEI) bit in the Exchange Package. If the SEI bit is not set, the I/O 
interrupt is directed toward the CPU which is Waiting on Semaphore (WS). Finally, if SEI or WS 
is not set, then the I/O interrupt is directed toward the CPU that last cleared the channel with the I/O 
interrupt. 

Loading The CL Register 

Loading the CL register is accomplished by issuing an (0011) instruction. On a deadstart or dead 
dump sequence, the CL register is loaded with zeroes when I/O MC rises and then drops setting ~) 
CL = 00, seeing that no instruction can issue from CIP at this point. When issuing an (0011) -' 
instruction, the instruction is decoded along with the Shared registers, seeing that I/O is shared 
among the CPUs. The (0011) instruction, before it is allowed to issue, must fIrst check to see if 
the Shared registers are in Progress or in Request, (SRREQ) or (SRPG). If the Shared registers 
are quiet, the (0011) will then issue and keep the Shared registers busy for 6 clock periods. The 
(JC) option will have decoded the (0011) instruction and then pass the control bytes and SRPG to 
the (JQ) option. The (JQ) will also receive Aj/Ak bits (24 - 20) which are passed along to the (JS) 
options. The (JQ) will also send (YRll) option the SRPG. The (YRll) will encode a CPU 
number from where the SRPG originated from. This is used on the (JR) option and (DE) option to 
identify which CPU is using the channel. The (Ak) value which is to be loaded into the 
appropriate CL register is sent from the (AR) option to the (JS) options. 

The (JSO - JS3) options will multiplex 2 bits of (Ak) out to all the (JRO - JR3) options within each 
CPU 0 -7. The (Aj) fIeld of the (0011) instruction identifIes which channel is to be used and is 
sent to all (JR) options ahead of (Ak) from the (JS). Each (JR) option will decode the (Aj) fIeld to 
determine if the channel number is appropriate for their CPU, if so, the CL register is then loaded 
into that CPU. For example, if Aj = 368, then CPU 7 would respond to loading the CL register. 
The (JRO - JR3), with the matching channel number, will then send (Ak) to the (DAJDB) option 
along with the channel commands. The channel commands are decoded on the (DAJDB) to 
determine what to do with (Ak), and in this case, for the (0011) instruction load (Ak) into LOSP-In 
CL. 

Hardware Trng. 
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Loading The CA Register 

Loading the CA register would be accomplished by the (0010) instruction, except on a deadstart or 
dead dump sequence in which case CA would be forced when raising and lowering I/O MC to 
zero, CA = 00, seeing that no instruction could execute at this time. The loading of CA register is 
similar to loading the CL register, except after the CA register has been loaded the channel is set 
active. 

LOSP-Out Reference Request 

Once the channel has been set active, after loading the CNCL registers, the (DC) option will 
generate a reference request to the (DA) option to begin the output sequence. The (DA), upon 
getting the reference request, will check for any conflicts with the HISP or VHISP channels 
located on the CPU module. If there are no conflicts, the (DA) will generate some I/O channel 
designators which are used to track the reference through memory. The (DNDB) will then pass 
the CA register contents to the (YH) option and increment the CA by plus 1. The Memory address 
is held on the (YH) option for Subsection conflicts and Bank conflicts on Port D. 

The (DA) will then pass the I/O designator and I/O reference request to the (yZ) option. The (YZ) 
option will set Port D active as long as fetch is not requesting Port D or already using Port D. 
Once fetch is done using Port D, I/O is allowed before another fetch is allowed to use Port D. The 
Port D reference request, then being used by I/O, would be sent to the (YK) option where an SS 
conflict is checked for within the same section. Along with the Port priority, Port D gets to be 
highest priority when I/O was held by a fetch, otherwise Port D and I/O are the lowest priority. 

The Port D reference is then checked for Bank conflicts among the other CPUs after which time the 
controls and addresses are passed to the proper section in memory. The address which was being 
held on the (YH) option is passed to the (Y A) option for a port and section select. 

LOSP-Out Read Data Disassembly 

The (yZ) continues to track the I/O read reference by delaying the I/O channel designators through 
the SS conflicts and Bank conflicts. When the conflicts and delays have expired, the (YZ) will 
supply the (DP) options with an I/O capture LOSP data being sent to the (DP) from memory. 
There are eight (DP) options and each receives 8 bits of data from memory. When sending the 16 
bits plus 4 bits of parity to the external device, the initial 8 bits from memory must be serially 
swapped such that each (DP) will output 2 bits while four of the (DPs) will also output the parity 
bits. 

The serial swap requires 14 CPs to complete during which time the data per each (DP) is sent out 
one bit at a time to two different (DP) options. Once the serial swap is completed, the data is 
correctly aligned to be sent to the external device. 

Hardware Trng. 
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The first transfer will be with parcel 0 data bit (263 - 248) and 4 parity bits. Along with the data, ") 
the (DC) option will send a ready so that the external device knows that there is valid data on the 
wires. Once the external device has accepted the 16 bits of data, the external device sends the (DC) 
option a Resume signal. The Resume will increment the Parcel Counter to one and continue this 
sequence until the Parcel Counter is equal to three. When the parcel count equals three, the entire 
64-bit data word has been sent to the external device. As long as CA '¢: CL, another reference 
request could be generated and another word addressed from memory. When CA = CL, an I/O 
Interrupt flag is set 

LOSP-In Write Data Assembly 

When inputting data from an external device, 2 bits are brought into the eight (DJ) options along 
with four of the (DJs) receiving the parity bits. The 2 bits are serially swapped by being sent out 
one bit at a time to two other (DJs); such that in 6 CPs, the 2 bits are in their proper positions at 
which time odd parity is checked on each of the 4-bit groups. Parity error for anyone of the four 
(DJs) is passed to the (DC) option. A Resume is sent to the external device once the swap is 
completed and the (DC) will then wait for the next ready or disconnect from the external device. 
Upon receiving the ready, the (DC) will increment the parcel count, wait for the swap to complete, 
and send another Resume to the external device. This sequence continues until the (DC) parcel 
count equals zero, which means the entire 64 bits of data has been assembled on the (DJ) option. 
When the parcel count equals zero, the (DC) can generate a reference request to the (DA) and write 
the word into memory. This sequence continues until CA = CL or a disconnect is received on the 
(DC) at which time the (DC) will generate an I/O interrupt. 

Hardware Trng. ') 
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CRAY Y-MP 

) I/O INSTRUCTION SET 

**OO12jl 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) 

**OO12jO Clear the Interrupt flag and Error flag for the 
channel indicated by (Aj); clear device master 
clear (output channel) 

**OO11jk CL,Aj Ak Set the Limit address (CL) register for the 
channel indicated by (Aj) to (Ak) 

**OOlOjk CA,Aj Ak Set the Current address (CA) register for channel 
indicated by (Aj) to (Ak) and activate the channel 

033iOO AiCI Transmit interrupting channel number to Ai 

~ 

) 033ijO AiCA,Aj Transmit address of channel (Aj) to Ai 
- _/ 

033ijl AiCE A" , J Transmit Error flag of channel (Aj) to Ai 

**Privileged instruction - Monitor mode only 

) YM02lOB 
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CRAY Y-MP MSEE MEMORY DUMP --~ 

) 
/ 

MODE TB 16B CMOSII - X 3.0 00/00100 :MSEE 
AUTO 01:12:58 
C X 0000 C 
C C 

P 00000020-0 XA 0000 AO 00000000 1000 00000o 00000o 000000 000000 
BI 00000000 VL 000 Al OOOOOOOO 1001 00000o 00000o 00000o 000000 
U 77777700 VU 0A2 OOOOOOOO 1002 00000o 000000 000000 000000 
BD 00000000 PN 0A3 OOOOOOOO 1003 000000 000000 000000 000000 
ill 77777700 PS o A4 00000000 1004 000000 000000 00000o 000000 
FL o 000 eN 0A5 OOOOOOOO 1005 000000 00000o 000000 000000 
MO 00 21 EM: o A6 OOOOOOOO 1006 000000 00000o 000000 000000 
2V 0 OEMA 1 A7 00000000 1007 000000 000000 000000 000000 

SO 000000 000000 000000 000000 20 100500 000026 100600 000025 
Sl 000000 000000 000000 000000 21 030356 022421 001143 001046 
S2 000000 000000 000000 00000o 22 022720 001270 033700 031074 
S3 000000 00000o 000000 00000o 23 011000 000111 001240 006000 
S4 000000 000000 000000 000000 24 000105 000000 000000 000000 
S5 00000o 000000 000000 000000 25 000000 000000 000000 000000 
S6 000000 000000 000000 000000 26 000000 000000 000000 004000 
S7 000000 000000 000000 000000 27 000000 000000 000000 000000 

ENTER :SN? 

1. Transfer memory locations 40008 - 100008 to the MCU image area. --) 
2. Can MSEE be used as a simple monitor? 

YM03105A_) 
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LOSP Channel (Options Involved) 

(DAO) Option 

The (DA) option is the I/O reference control between the channel and memory. The (DA) will 
check for priority conflicts between the LOSP, HISP, and VHISP reference requests. When a 
conflict exists, the LOSP has highest priority followed by the HISP and then the VHISP. The 
(DA) also contains the lower 5 bits of the CA, CL registers for LOSP-In, LOSP-Out, HISP-In, 
HISP-Out and VHISP CA registers. The (DA) option contains the lower 5 bits (24 - 20) of the I/O 
address which are the section and subsection selects for the memory controls. The (DA) receives 
channel commands from the (JR) via the (AF) option, which will be decoded to determine what 
channel is active; and therefore, what CA register to send to memory. 

(DBO - DB2) Options 

Each (DB) option contains 8 bits of the I/O address, for LOSP-In, LOSP-Out, HISP-In, HISP-Out 
and VHISP CA registers similar to the (DA) option. (DBO) handles I/O address bit (212 - 25), 
(DBl) handles I/O address bits (220 - 213), and (DB2) handles address bits (228 - 221). (DB2) 
however, sends only (227 - 221) to the (YH) option. After each reference, the CA register is 
incremented by plus 1 for the next reference. The (DAlDB) also checks to see if CA = CL for the 
bits that the (DAlDB) handles and if so, the CA = CL signal is sent to the (DC) option to see if all 
the bits of CA are equal to CL. 

(DCO) Option 

The (DC) option is the LOSP controller, different from the (DA) option in that the (DC) 
communicates with the external device, where as the (DA) communicates with the memory 
controls. The (DC) resync, the control signals for the LOSP channel which are Ready, Resume, 
Disconnect, Console Interrupt, I/O MC, CPU MC, and Deadstart. When an I/O interrupt exists, 
the (DC) will send an interrupt to the (DE) option. I/O interrupts can be caused by CA = CL, Error 
flag set, or a Disconnect. The (DC) controls the loading and unloading of the parcel data from the 
(DJIDP) options. When assembling a 64-bit word, the (DC) will supply the (DJs) with a Sample 
Data signal each time a parcel of data is valid, or a Data Out Advance to the (DP) options when 
disassembling a 64-bit word. On an LOSP-In operation, the (DC) will track the number of 
reference requests with the number of reference acknowledges, such that the reference request will 
increment a counter by plus 1 and the reference acknowledges will decrement the counter by minus 
1. The counter must be equal to zero before the LOSP-In can cause an I/O interrupt. The (DC) 
also contains a sample Hold-off Counter which will hold off on the Sample LOSP-In Data to the 
(DJ) until the LOSP data from the external device has been swapped into its proper position. 
When the parcel count equals zero and sample hold-off equals a count of five, the (DC) will 

Hardware Trng. 
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generate a reference request to the (DA) option. On an LOSP-Out, sample hold-off is not used. ",) 
However, a swap cycle timer is used which starts counting when the data is loaded into the (DPs) , 
from memory, and when the swap cycle equals 148, the data is in the proper position to be sent to 
the external device. 

(DEO) Option 

The (DE) options main function is the VHISP controller, however, an added function is to handle 
the LOSP and vmsp controls after the LOSP or vmsp channel has completed the input/output 
operation. One of the functions the (DE) handles is sending the interrupt request to the (HH) 
option along with the CPU number that was using the interrupted channel. The I/O interrupt is 
serially gated along with the CPU number to the (HH) option. The (DE) also initiates or generates 
the controls for the (033) instruction which are to read the interrupting channel number, CA or 
status word, and the Error flag. 

(DJO - DJ7) Options 

The purpose of the (DJ) options are to assemble a 64-bit word from the 16 bits being sent by the 
external device. The 16-bit initially would come in 2 bits per (DI) while (DI4 - DJ7) would receive 
3 bits, the extra bit being parity. The 2 data bits are serially swapped across two other (DIs) in 6 
CPs until the data bits are aligned into their proper position to be sent to memory. 

The (DI) receives two major control signals which are LOSP-In Sample Data and Go LOSP Data. ')'. 
Sample Data tells the (DI), which was sent by the (DC) option, that the data is valid on the (DIs); , 
while Go LOSP Data tells the (DIs) to send their assembled 64-bit word to the (YR) option for 
check bit generation. 

(DPO - DP7) Options 

The (DP) options are similar to the (DIs) except the (DPs) would take a 64-bit word from memory 
and divide the bits up into 2 bits per (DP) for 4 parcels. Once the data arrives from memory, the 
(DP) will latch the data upon receiving the I/O capture LOSP data from the (yZ) option. The (DP) 
will then serially swap the data over 14 CPs, at which time the data would be in the proper position 
to send parcel 0 and the 4 parity bits to the external device upon receiving the LOSP-Out Data Out 
Advance from the (DC) option. 

Hardware Trng. 
YM02106 J.E. S. 

HTV-0834 37-8 CRAY PROPRIETARY 



(HHO) Option 

The (Illi) option is responsible for determining which CPU to direct the I/O interrupt to, which is 
dependent upon if there is an SEI bit set on a particular CPU or if a CPU is waiting for a 
semaphore WS. If there is no preference, then the CPU that last cleared the interrupting channel 
would get the interrupt. Once the CPU has been interrupted, the CPU would want to know which 
channel number has interrupted so a (033iOO) instruction is issued. When the (HH) sent the I/O 
interrupt, it also sent out the lowest channel number to the (JR) option, such that when the CPU 
read the interrupting channel number, this value could be gated out of the (JR) options to the (IS) 
options and rmally loaded into the A register. 

(JRO - JR3) Options 

The (JR) options are responsible for multiplexing the CA/status word or Error flag from the 
(DAlDB) out to the (IS) options. When loading the CA register on a (0010/0011) instruction, the 
(Ak) data is sent to all (JR) options across all the CPU s. Prior to sending (Ak), (Aj) was sent 
which contains the channel number. If the channel number does not match the physical CPU 
location that handles that channel number, the (Ak) value is not used. 

(JSO - JSl) Options 

The (IS) options are responsible for getting the channel commands (Aj) and (Ak) to all the CPUs 
and to route the CA/status and Error flag to the (Ai) registers. 

(leO) Option 

The (IC) option decodes the channel instruction at CIP time and checks to see if the Shared 
registers are in progress or any other CPU requesting the Shared registers. If not, the (IC) will set 
the Shared registers in progress for 6 CPs. 

(JQO) Option 

The (IQ) option will pass the lower 5 bits of Aj/Ak to the (IS) options along with the Shared 
register byte controls. 

Hardware Trng. 
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READ INTERRUPTING CHANNEL NUMBER, CA, ERROR FLAG (033iOO, 033ijO, 033ijl) 
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\'-...~ 

"'-, .... -au. 

I 
) 

'~ 



) 

I(ARO.3) CPU7 I 
I(ARO.3) CPU6 I 

J (ARO. 3) CPUS I 
J(ARO.3) CPU4 I 

I(ARO.3) CPU3 I 
I (ARO • 3) CPU 2 I 

I(ARO.3) CPUI I 
(ARO·3) CPU 0 

LKlDATA~. 
(lS)--~~ h 231 __ .2° 

(J.) jkiDESIGNATOR ~AREGISTERft.~ Ak(22.2
31

) 
-L.~ Aj(2°.2')/Ak 

SRCONTROL, 
,;s:::R.::.�N:..:PR.:::OGRE=:::::s:::.s __ --.j III . 14 

SRREQ (JeD) CPU 7 1-
II _I (lCO) CPU 6 11 

(lCO) CPU S 1 r--
II (Je~) CPU 4 l r---

L 
(lCO) CPU 3 rN---..... 

L1
....J (lCO) CPU 2 l r 
(lCO) CPU J I 

(leo) CPU 0 rl4-----~ 

SR IN PROGRESS, SR CONTROL ____ h J ~~~:RI ~ (EXT).-
<R28 • 30' j.::::j SRQlSuGr ----- • I--® SR IN PROGRESS (YR) 

ICONFUcrl 
I SRHOLD I 

(HC/D)~ ~ 
(EXT) SR IN PROGRESS CPU 0 • 7 

CNTRLBYlE I Ak 

CPU I 

(lSO·3) 

CPU 2 

(JSO·3) 

CPU 3 

(JSO·3) 

CPU 4 

(JSO·3) 

CPUS 

(JSO·3) 

CPU 6 

(JSO·3) 

CPU 7 

(JRO·3) CPU 7 
,....----. "'CElIYT'-n.j (mo. ml) SHAREDCLOCK 

r----(EX1--ul'l+lr- ~p~:~,2:i 
VHlSP= IS 

_~ (JRO·3) CPU 3 
H---(EX1i).+1 (IT30 . IDI) SHARED CLOCK 

~---(EX--uD+!"" Ak =(22l.2
D

) 
LOSP=26,27 

VHlSP=S 

Decisions made on (lffi4) 

NarE: L All I/O interrupts are directed toward a CPU that has select 
external interrupt mode set which is word N + 3 bit '17 of 
Exchange Package. 

or 
2. The interrupts are directed toward a CPU holding issue on f

a test and set insttuction. 

3. H SEI is not set and WS is not set, the intemlpt is directed 
toward the CPU that last issued a (0012) to that channeL 

4. H SEIfWS is set in two or more CPUs, the lowest number 
CPU gets the I/O interrupt. 

,.----I(HHO) CPU 7 

} 

LOSP (34, 35, 36, 37) k:-::--:.... 
~13. !::.-S}----. 

H---.l(HHO) CPU 6 

/;'1-/---~ LOSP(30,31.32.33) b g.U~:~~l£Ai 
/ / ~ CPU no CLEAR 

f
f / (HHO) CPU 0 ~ON-c30·.37) 

~---~ LOSP(24,2S,26,27) I- CPU.TOCLEAR 

~ ON (24.27) 

(HHO) CPU I ~ 1 
f j CPU no CLEAR 

,1-----.1 LOSP (20,21,22.23) ~ ~"....:O::::N:..!:(24=.27)::L._---I 
118·20, 

(DDO) 

(HHO) CPU4j ~ cpun<.!~ 
'---++ ___ -+1 (HHI)SC ~ ON (20·271 

~ CPU # TO CLEAR I 
VHISP(l,S,l1,IS) I-'~ ON (20·27) 

(YR) SYNDROME BITS 110-+ Y·MP -<@J2>-t r-L 1/0+ Y.MPI-~ DBL. BIT ERROR 

HISP CONTROL 
CPU 0 

(DC) 

• WRITE 

SEI.WS LOWEST# 118·20 CPU no CLEAR 
(EX1) CPUO.7 CHANNEL '----~ ON·130.3T1 
~ TO r-~ 
~I-t INlERRUPT ~~ CPUA·H (EX1)(HE) 

~ LKlINTERRUPT 

L ____ JjP§:8j.I~C~HANNELfHl~#fW! .. (EXT)(JR) 

VHlSP CPU #, INT. CHANNEL 

LOSP·OUT CPU #,INT. CHANNEL 

LOSP·IN CPU _,INT. CHANNEL 
(AF) CPU I/O CHANNELCOMMANDS~ • iE~L. CI, Me 

CA, C1, eEl k;;-;" LOSP CHANNEL ERROR FLAG 

~ LOSP CONTROL LOSP CHANNEL INT. REQ. 

=~ (JRO· 3) CPU 2 1.1 
H---·(EXD+!(IT20.IT21) SHAREDCLOCK r.:;:;;;;-----;==k-<l32 ~n =~ 33 LOSPCHANNEL INT. RE\J. 

CPU 0 R82. 83 

Ak = (22l.20) (DE) J ..8
3 

LOSP CHANNEL ERROR FUG 
LOSP = 24, 2S 

VHlSP= S .. _ " W~~'?i:f! 1 [ ~ DB!.. BIT ERROR 
~:::=~~==~(YRII)CPU#"0.22IWITHSRINPROGRESS~f-t INTERRUPT ~TEAiDATA,ERRORFUG 
(JRO· 3) CPU I CPU 0 .7 trn1 ~D--==~=_=_~=::..--------+I+-----, 

H---(EXn-..I DB!.. BIT ERROR MEMOR'I'+ LKl tJiO'I • LOSP·IN "RSO' LOSP·IN INT. REu.WITH CPU # (EX1)-
(mo·ml) SHAREDCLOCK (HG.JN) ~rr' LOSP.OUT U ~ LOSP-OUT INT. REQ. WITH CPU # (VS3·CN25) 

~---.C~ElI Ak =(22l.2D) VHISP X I'-~ (VS3 .CN25) (EX1)-
LOSP 22 23 ViS2' VHlSP INT. REO. WITH CPU # (00·005) (EX1)-
~P= i . WRITE r--= 

IL...-i CAJCL.CI.MC ~GATEAiDATA 
R13 GOljOCHANNELCOMMANDS • READ ~22:~.!..!:..!:==-----' 
~ l ~I,...-i CA,CJ,CEI ~(DB2) 
~ VHlSP 110 INTERRUPT (CN2S) .. ~ "-I~ "R40 . .i4' VHlSPSTATUS 'L I (2 28.22'1= ADDRESS 

~ I/OAkDATA(i".~) (DB) VIfiSPCONTROL ~ /r ..... ,(DBl) 
I---(EXT)_ (JR2) CPU 0 I - CPU 0 / I -1 (220. 213 )= ADDRESS 

~-iEXl')_ Ak = (223.2 16) ~ I/OINTERRUPT (HE) / J(DBO) 

H-Il-oxn~---411 (JRI) CPU 0 ~ GO I/O CHANNEL COMMANDS -:a.g:: (DAD) 

. ~ I/OAkDATA(16.2D) (DB) 'iii' (ARl) ~...-I-I ... (::.21_2 • ..:;2..:5),;;,=~AD:;:D;:;;RESS 

~(EXT)-t Ak=(2'5 .2') ,- -. C, (2'.2
0

)=ADDRESS 
WS ~ I/OAkDATA(21 .15 ) (DB) DELAY (DC) 1110·112 CPUCOMMANDS 

(JQJ~(YR8) (HH) (JRO) CPU 0 ~RCONTROLBYTE~SI3) (VS73) ~w--=r-r-t..~ CPUIKlCHANNELCMD. ~. ,.WRITE 
(HE) 2E..! Ak=(27.2 D) , - ~ jL..l......l.J' , ~ ~ CAJCL,C1,MC 

(YRII)/(m L-(ElIT~ 2.8 ~4-i' MODE 0, I ~ 113,14 CHANNEL CA,CJ,CE1 

~(J:.XI;-' J:!Y-2'l -1 ~ 
,-'-. ~ CPU I/O • READ 

~
ANOUT MUX I=' LKlAkDATAfl'.27 ) COMMANDS ~LOSP-OUT 

GLOBAL~ ENCODE ~(20.22)SRPG ~ _ ,- IL-----------------------<"i~ ~ ~ CPU. ~I ~ ~ ~ ~AiREADOUTDAT 

CPU 0 (HH) (EXT) 1NTERR:~#033iOO~.31 0011=1- AO{l CO·S ~ 

SR. I/O DATA 

'iii ® SR,I/ODATA (EX1)- ............... 

ERROR FUG ~ CI-:J------4II~ ~ SR, I/O DATA (EXT)- ~ 
CAlSTATUS 122.29')-t~.r,-' ~ '-=" ~ 

LOSP = 20,21 
VHISPc I 

Ai READOUT DATA,LOSP·IN CA,LOSP-OUTCL, VHlSP STATUS WORD,ERROR FUG 

LKlADDRESS 
REGISTER 

CPU 0 

HaIrJwa,. Tmg. 
A-6820E J.E.S. 

CRAY Y-MP LOADING CNCL REGISTERS DSIDD, CLEAR CONTROL (0010 - 0011- 0012) INSTRUCTION 
READ INTERRUPTING CHANNEL NUMBER, CA, ERROR FLAG (033iOO, 033ijO, 033ij1) 

HTV-0834 CRAY PROPRIETARY 
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00 
Vl 
~ 

Vl 
-..,J 

I ..... ..... 

~ 
;g 
~ 

~ 
~ 

.. "-....J. 

(JS) 

'\J 

(JS3) 

(20-27) 

I ~AIeBITN (EXT) (CPU 0-7 1,1,1, : BI R8-1 Ale BIT N + I (EXT) (CPU 0-7 

(JRO) 

CP6 CP7 CP8 (JR) CP7 

CPUA-IO CPUA-11 

CPUB - 12 CPUB-I3 

CPUC - 14 CPUC - IS 

CPUD - 16 CPUD-17 

CPUE - 18 CPUE-19 

CPUF - 110 CPUF - III 

CPUG - 112 CPUG - 113 j 
CPUH - 114 CPUH - 115 

(JR3) 

CP8 

L-.I 

CRAY Y-MP (JS)-(JR) Ak DATA ASSEMBLY/DISASSEMBLY 
FOR (0010, 0011) (0012) INSTRUCTIONS 

j) uv Ale .. (DAIB) 

R8 

~ 

; 
, I ',_/ 

Hardware Tmg. 
A-6569B J.E.S. 
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Vl 
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(JR) 

I 
\'---.....-/ 

(JRO) 

(JR3) (224.228) (JS3) 

(223.216 ) 

(215.28 ) 

(27. 20) (ISO) 

B2 [ROO' SR. I/O DATA tR"16. 3h AiDAIA .. (AR) 
B3 rROi' SR. I/O DATA 

CRAY Y-MP (JR) - (JS) Ai DATA ASSEMBLY/DISASSEMBLY 
FOR (033) INSTRUCfION 

) 
"-..-/ 

HsrrNism Tmg. 
A·6574 J.E.S. 
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(DEO) CPU 7 

(DEO) 

LOSP36,37 

CPU 6 
VHISP15 

LOSP34,35 

(DEO) CPU 5 

(DEO) 

LOSP32, 33 

CPU 4 
VHISPll 

LOSP30,31 

(DEO) 
CPU 3 

(DEO) 

LOSP26,27 

CPU 2 
VHISP5 

LOSP24,25 

(DEO) LOSP22 
CPU 1 

(DEO) 

LOSP22, 23 

CPU 0 

LOSP23 

LOSP20 

LOSP21 

(CPU2)~ 

(CPU 4) VHISP 11 

(YR8 • RHO) (EX1) SEI, WS CPU 0 • 7 

(SEI + WS + MM') MC' 

, I 

"~ / 
'~ 

(HHO) CPU 7 

LOSP 34, 35, 36, 37 

CPU # TO CLEAR ON 

(HHO) CPU 6 

LOSP 30, 31, 32, 33 F@JDINTERRUPTCH. # I 
(34.37) 

(HHO) CPU 0 

R13 ·1 
CPU #TO CLEAR ON 

LOSP 24, 25, 26, 27 
R8·12 

(HHO) CPU 1 

LOSP 20, 21, 22. 23 

(24· 27) 

CPU # TO CLEAR ON 

(HHO) CPU 4KHHl) SHARED CLOCK ES·7 ~ CPU#(20·27) 

VHISP 1,5, 11, 15 
, E15· 171. (i26-'28) CPU # (30·37) 

R8·12 ~ In ILlU\.ur I ~n. Of ~ [JRO. CPU(O. 4)] 

D CPU 0 I/O INTERRUPT ~ (CPU 0) (JRO • HEO) 

) CPU 1 I/O INTERRUPT ~ (CPU 1) (IRO • HEO) 

, CPU 2 I/O INTERRUPT ~ (CPU 2) (JRO • HEO) 

~ CPU 3 I/O INTERRUPT ~ (CPU 3) (JRO • HEO) 

) CPU 4 I/O INTERRUPT ~ (CPU 4) (JRO • HEO) 

CPU 5 I/O INTERRUPT ~ (CPU 5) (JRO • HEO) 

) CPU 6 I/O INTERRUPT ~ (CPU 6) (JRO • HEO) 

~R6~ CPU 7 I/O INTERRUPT ~ (CPU 7) (JRO. HEO) 

HardwaT9 rrng. 
A-6615D J.E.S. 

CRAY Y-MP (1llI4) LOWEST INTERRUPTING CHANNEL 
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(DEO) CPU 0 CN25 
CPU 1 CN25 
CPU 2 CN25 

CPU 3 CN25 
CPU 4 CN25 
CPU 5 CN25 
CPU 6 CN25 
CPU 7 CN25 

(DEO) CPU 0 CN25 
CPU 1 CN25 
CPU 2 CN25 
CPU 3 CN25 
CPU 4 CN25 
CPU 5 CN25 
CPU 6 CN25 
CPU 7 CN25 

(DEO) CPU 0 CN25 
CPU 2 CN25 
CPU 4 CN25 

CPU 6 CN25 

R4-. CPU 1 

R4-. CPU 1 

R4-' CPUO 

R4-' CPUO 

R4-' CPU6 

R4-. CPU6 

R4-' CPU7 

R4-' CPU7 

R3-. CPUI 

R3-. CPU 1 

R3-' CPUO 

R3-' CPUO 

R3-' CPU6 

R3-. CPU6 

R3-' CPU7 

R3-' CPU7 

R2-. CPU4 

R2-. CPU4 

R2-. CPU4 

R2-' CPU4 

LOSp:'IN I/O INTERRUPT 

CN25 110 WSP20 110 INTERRUPf -. (IDIO) 10 CPU 1 

CN25 112 WSP22 I/O INTERRUPf --+ (IDIO) 12 CPU 1 

CN25 110 WSP24 I/O INTERRUPf --+ (IDIO) 10 CPU 0 

CN25 112 WSP26 I/O INTERRUPf --+ (IDIO) 12 CPU 0 

CN25 110 WSP30 I/O INTERRUPf --+ (IDIO) 10 CPU 6 

CN25 112 WSP32 I/O INTERRUPf --+ (IDIO) 12 CPU 6 

CN25 110 WSP34 110 INTERRUPf • (IDIO) 10 CPU 7 

CN25 112 WSP36 I/O INTERRUPf --+ (IDIO) 12 CPU 7 

LOSP-OUT I/O INTERRUPT 

CN25 111 WSP21 

CN25 113 WSP23 
CN25 111 WSP25 

CN25 113 WSP27 
CN25 111 WSP31 
CN25 113 WSP33 
CN25 111 WSP35 

CN25 113 WSP37 

vmsp I/O INTERRUPT 

CN25 110 VIllSPI 
CN25 111 VHISP5 

CN25 112 VHISP 11 

CN25 113 VIllSP 15 

I/O INTERRUPf -. (IllIO) 11 CPU 1 

I/O INTERRUPf --+ (IDIO) 13 CPU 1 

I/O INTERRUPf --+ (IDIO) 11 CPU 0 

I/O INTERRUPf --+ (IDIO) 13 CPU 0 
110 INTERRUPf --+ (IDIO) 11 CPU 6 

I/O INTERRUPf --+ (IllIO) 13 CPU 6 

I/O INTERRUPf • (IllIO) 11 CPU 7 

110 INTERRUPf --+ (IDIO) 13 CPU 7 

I/O INTERRUPf -. (IllIO) 10 CPU 4 

110 INTERRUPf 

110 INTERRUPf 

I/O INTERRUPf 

~ (IDIO) 11 CPU 4 
• (IDIO) 12 CPU 4 
• (IllIO) 13 CPU 4 

Hardware Trng. 
A-661OA J.E.S. 

CRAY Y-MP SERIAL INTERRUPT 
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o iSSUE 1 ISSUE 2 iSSUE 3 4 5 6 

! 
~ 

7 

OOlOjk - SET CHANNEL (Aj) CA REGISTER TO (Ak) AND BEGIN 110 SEQUENCE 
OOlljk - SET CHANNEL (Aj) CL REGISTER TO (Ak) 
OO12jO - CLEAR CHANNEL (Aj) INTERRUPT AND ERROR FLAGS 

8 9 10 

CRAY Y-MP SHARED REGISTER I/O CONTROLS 

11 12 13 

Hatdw .. Tmg. 
A-6584B J.E.S. 
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o iSsTIii 1 2 3 4 5 

033ijO - ADDRESS OF CHANNEL (Aj) TO Ai 
033ijl - ERROR FLAG OF CHANNEL (Aj) to Ai 

6 7 8 9 10 11 

CRA Y Y-MP SHARED REGISTER I/O CONTROL 

~/ 

12 13 14 15 

H __ rmg. 
A-65115 J.E-s' 
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~.I.OR'''.''wa. 

~~ 
(BX'I)LOIIP".~ 

(OCO) 

IPIO .L08P~~kAO ( 

~.I..OI'CIL\Jrarta~~ 

(JR- AF) CMt.t!Amwu
.... GO 

~LOII' ... 1JIICXltrt-=r 

(BX'I) ClVCI::IHtOU"""UI'T 

(EX'I) ....... l&UJfTsUT 

~~ 
\IIXT.VSI1)....., .. "" 

l.OIP.at 

~-

~) 

(QflO)~ 
fatCB1)~1 
(CNlO).!:2!t!!!I.r2"!:a '1 
PflO)~ 

fUlClD) I"lICS I 

(OIIO).!:2!t!:!!I·(2'~2 

(CNIO)...!!!!!!.! 

~~ 
f='UO) U»' ... N.p',2C 

~.VS32)JDYNCO)NICUI.,....UI'T ~. ~ 111 
~. VI») ItaYNCOVMC 

«.'lItO) ........ . 

~"""'" 
(CNIO)I.OR''''H.(,s,2i 'I 

~P,Q~~ftIU 

--_ ... 
.---. 

I'Ot1JU!H\'AIlIlI1I!SS 
0E<lISnIl 

~..,.,..,. 

(OIlo,LOI'atH.p'\1d • 

~"""'"'. (CN'lO)I.OR'''H.p'.:a' -I 
""""",,,,-0 . 
(DI10)U?!tIf N• cr :at ;_1\"''''' ~ . " ....... -

.. __ M ___ .... _i 

P~ 

"*'M. MIiM.II DATA 

.., ..... DI\TA. 

(fatClD) ..-caOI'OlrlWiOClaTAHI' 

(a) I..OIrnfAl'DATA. 

can IMP ... CIIANN&bATs\.N. 
~ - "-t~l9"I!'."pg6.~) 

~"ClWlAIMCIW'9U, (DC.~.DII) 

<-..!::_~(W:.1D.YIf,D.\) 

AlBADOUI'DAT6, (fa) 

LCla'CA..a.. (DC.') -- I'raTD~a'_271 

(YII).!!!!! c ............... 

CRA Y Y-MP LOSP - IN BLOCK DIAGRAM 

1WI'CII~1IOl.D1IO 
i 

,,~/ 

).--

:J : I 1'::7;~~ • .-

~(av)~) 

1--- • .-..." 
(2" .. 2 t , 

M 
B 
M 
o 
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--.r .... 
M1661 J.£s, 
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) 

) 

(DCO) 
LOSP- IN 

(EX"!) LOSPL'1-RESUME ~ RESYNC PARCELO.-r I--
(EX"!) LOSPIN-READY 10,1 RESYNC .,. +1 

(EX"!) LOSPIN - DISCON!'o"ECT ~ Y i~~r 
(DE) LOSPCHANNELERRORFLAG ~ ~ (D4 -7) ERROR ',...._b!LOoES!!:P.!!IN:!..:-:!P~ARITY!ill.L!;JERR~OI!lR~ __________________________________ , 

~ ----:- no -13 ~ 
(DE) LOSP OIANNEL I!\TERRUPT RE

n 
R82-83 +----< LOSP IN J 
~i® -ACTIVE ~ (CNIO) PARITY3 

(JR-Af) ...:CHAl~~1>~.:!.'EL;:,..:CO~M~MA~N!.!:.-os~_-<~ ~ r- -CLINT 1: ~ FORCED I (DJ7) (263_26O)(231_228)~ LOSPINPARITYCIlECK 
~ C -aRROYO PK (FORCED) ~ j 

L;;~HL~D~~ + I (CN 10) LOSP IN N + (2 IS, 212) 

:::::;:J INrERRUPT (eN 10) PARITY 2 

LOSPIN-DISCONl'o"ECT ~ ~ K. (FORCED) FORCED I (DJ6) (259_256)(2Z7_224)~LOSPINPARITYCHECK 
(EX1) 12 - 3 RESYNC ...J ° 

(DIIO) LOSPIN .'1+ (2 1\ 210) 
CPU CONSOLE INrERRUPT 160 _ 63 CA - CL (DNB) 

(EX1) 132 - 33 I-- I 

(EX1) LOSPINDEADSTART ~I-- I~NCEI-~ (OlIO) PARITY I .. 55 52 23 20 PARTIAL SYNDROME J 
CPU MC, J/O MC - 'R'" REQUEST ~ ._ 7 6) '-- R8 - (YR15) 31 24 

(EX"!) RESYNCTJOMC ~ L., ~ L (CNIO)1.0SPINN+(2,2 - I ~~63:~56~ 7 
(EXT- VS12 ~8- Y LOSP-IN (CNIO) PARITYO (DJ4) (251_248)(219 _ 216) CHECKBnE- 267_271 

RESYNC CONSOlE n.TERRUPT......-:::::-. .'I REF. 'ffiACKING I FORCED I .. ...1.. _____ --, 
(EXT-VS32) ~ ...£. 043--040 I (FORCED) ~LOSPINPARITYCHECK 
(EXT-VS32 RESYNCCPUMC ~ (CNIO)l.OSPINN+(2',22 ) ~ (YR14) (223_216 ) -kU (i) i (FORCED) FORCEDO )1 / (255_

2
48) 1 

(Y2D) 1/0CHANNELDESIGNATORS ~ ~c -I ~ (C\IO)1..OSPINN+(213,212) l (DJ3) (247_244)(215_212) CHECKBYTIl_266_270 

1/0REFERENCEACK. ~ ~ ~ 
~ _ R34 (FORCED) l'ORCEDO )1 (YR13) (215 _2 8 ) 
~ REFERENCEACK. 0 (CNlO) I.OSI'IN N + (29,28 I 1(DJ2) (2

43 
_2

40
)(2 11 _ 2

08
) (247_ 240) 

(DAO) 

~t-+l1 I 21 3 I 4 15 I 6F (FURCED) FORCEDO ,I ~ CllEacBYTIl- 2 65_~69 
LOSPCON1ROlLER (CN10) LOSPINN+(2<,2') -'(DIl) (239_236)(207_204), (YR12) (27 _20) 

(DJO)(235_ 232}(203_ 2 OO) 118-41 (239 _2 32 ) R18- jfJ(YDO-7) DATA (EX!)(MEM) 

(FORCED FORCEDO~ CllEacBYTIl_264_268 (yeO _ 3) '1(20_263} 
(20 _ 24 ) = ADDRESS ~ NO COl-"FUCT .~ PARCEL I PARCEL 3 ° 63 SEC 

~ LOSPREFERENCEREQUEST/WT '235_2321203_200:r~ OODATA (2 -2) ~HCHECKBYTEL_~ OODATA ;:::"::0' 
CPU .---~ REF. DESIGNATOR (DB) LOSPIN-SAMPLEDATA ~ J. ' - ~ - GENERA110Nir-....::- -:..-- ° 71 -Et--.::-

RESYNC DEADSTART 

CHANNEL ~I_rft\ _ 
ICOMMANDS~~ 
(JR-AF) 

COMMANDS ~ -~ ~ ~ I - (2 -2 ) l--!I.-l-~C:!.IIK.~B~YTE~+(EX!)(ME~!) 
• LOSP REF. 187 RESYSC DEADSTART r-___ -+~PI~04'-' (DDO _ VS73) MAn.'l1lNANCE ENABLE 153 I/O CHECK BYTE 2 (264_ 271 ) _ =_ r--~ LOSPREFERENCEREOUEST·INT. r-________________ .-:::.GO~L::;O=SP::....:::D:.:.AT:.:.A:...-__ -<.~ .... P~~ EC,PASSCB GENERATION ~ 

CA,CL, MC ~R71 ~..!oG~A~TE::.;L::OSP~~DA!!.T!..!:A~---------l U l@ ~ 
CLEAR INT. ~ (FORCED) FORCED OPOSITOIN CONSTANT ~ SWAP FETCHACTIVE,HOLDTJO 173 SECI10N 

- READ- ~-- SEQ. f-- r--p SELECT 

~,CEFLAG, (OJ) LOSPSWAPDATA 147 .>-.*----+1-1----1 ~ 
I--f--I 

InSP/VHISP 172. 755)--.l--I---~ REFERENCEI-....-I REQI.:'EST REQUEST .-~ ~ J/OCIIA."SELDESIGNATORS ~
+o != ~ 

(DD,DE) ~ 
NO COSFLICT ~.~+-__ < ~~ 
~K,l'Z) ~ v'i:iir ~~ I/OREFERE1-lCEREQUEST,WRITEREFERENCE 

.-~ ° 4. ~-4I--rMIF=RO _ (; ADDRESS BIT (2 - 2 . I 

1 _ .'I - I I-- CK. 
(I~XT) 1.0SPINCIlANNELDATAN+(2°,2) 1140-14D-- PARITY '-- ~ ~R20 LOSPSWAPDATA 

_ ~ (DIs) 

(YO) PORT D CIIANNEL NUMBER 123 _ 26 

(HB) COINCIDENCE 

YO INPUT DATA BUFFER 

(y""LO) DELAY 

I I I I I I-~~ TJO CllANI-o"EL DESIGNATORS (DC, DD, DE) 

AkDATA 

1(2°-2 4 ) 

(lR - AF) 

JO -4 

~ ~ CARRY ADDRESS (2 5 ) 

~ 
,~_+-_-,t Cii52:) CONFUCT 

r--~CL r- -=-
~ '--__ -{"~ CIlANI-'EL DESIG. 

~RSI CA - CL (DC) I/O REFERENCE CONTROL 

114 _ 17 FETCH 

L-____________________ -<~~ 

FEJ,CH ~--e--r~ FETCHACTIVE,HOLD TJO 
Ol-"FU ~ (yC, YD, YH, DA) 

, (YKl) 

(YKO) I 
190 

192 

191 

&>+h ~l/O J TJOI-'EXT 

o--~R2-5) PORTDADDRESS 121_24) (YL) 
SSCONFUCT 

f-to BASK CONTROL (EX!) (CPL1 (MEM) 
COl'o"FUCT GOSS ~ .., REFERENCE ~ PORTDGO REFERENCE SECIlON ° -3 

~1(DBl) 3 20 10-4)-lr-_-L.!RE~QUEST~!'..J -......:.:-~ 192 (2 1 -2 }=ADDR. 190 ~ 
CA CARRY OUT (YK) SS CONFUCT 121 _ 22 ... - ~)-'FET=CH",-,-,Ac!:CTIVE::..!..!.,-"",H",O""L",D,""TJO",-_______ -.. 1.... ___ ....1 

(DBO) (2 5 _2Il )=ADDR. RSO ~ 

(DE) GATE Ai SIGSALS 

L.r--::::--.. _ (JFO) MASTERCLEAR~ _ PORTDLOWERADDRESS '-- R8 J)-!WRml"..,., ........ ---, 

~ .r----=- ~ I/O,FETCH -

-G::>- ,..c:::::::- ~ CA CARRY OUT 
175 .c:::::- R50 ../ 5 27 
~ I CA rn~ADDRESSBIT (2 -2 ) 

-~rL, ~ ~~ 
REFERENCE L YK} SS CONFJ,lCT 150,51 

DECODE I 
iiiO-il2 ~ AiREAOOUTDATA (JR) - ~ 

(YEO) (2 5_ 2 27) = ADDR. 

HOLD 
lREFERENCEr 

160 

152 

WRITE 

FETCH ACTIVE,HO!,D TJO 

~I---_-t"" R24 PORTDV.'RITI! 

+ ~ 
~r--I CPUCOMMA.''DS/- ~LOSPCA-CL (DC) L.,...:TJO=A!!:D:=:DRES=:::,S_.(117_39 }-.... __ ----<~ HOLD 1-__ -r~PORTDADDRESS (25_ 2 27) ~31 

1 ADDRESS I _ ~ 
AkDATA(20-27} ~ 1-

(JR - Af) -==':":':"=--=--'----{ 10-7 
I/O CURRENT ADDRESS PORT D UPPER ADDRESS 

YO,FETCH 

(YK) PORT A,B, C SECIlON ENABLE ~ 

(DC) RESYNC LOSP IN DEADSTART ~ REGISTER 

CRAY Y-MP LOSP-IN BLOCK DIAGRAM 

(yAO - 3) 
PORT SEC 

A ~ '"B M I 
rcu-t 
~x-t 

ADDRESS SEC. 
SELECT 

I-S::!E:::CIl=O:!::N~A~D:!:::DRE=S~S_ .. (EXT) (CPU) VolE 
(22<_2') 

M 
E 
M 
o 
R 
y 

Hardovare Trng. 
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(JR-AF-DC) 

ISSUE 0012jk 
CLEAR INI'ERRUPf 
CLEAR ROY. HLD. 

(DC) 

SEND SAMPLE 

(JR - AF - DAJB) 

ISSUE OOllJk 
LOAD CL REGISTER 

(OJ) 

DATA TO (OJ) I YES 
INCREMENT PK 

LOAD PARCEL 
INTO (DJs) 

CHECK PARITY 
ERROR 

SEND RESUME TO 
(EXT) 

(DC) 

WORD ASSEMBLED 
ON (OJ) 

GENERATE 
REFERENCE 

REQUESf TO (DA) 

(DC) 

REFERENCE 
DESIGNATOR TO 

(DC) TO 
INCREMENT 
REFERENCE 

TRACKING + 1 

®~ 

(YO) 

HOLD PORT 0 
REFERENCE 
CONTROLS, 
FOR BANK 
CONFLICT 

CONFLICT 

(DA) 

(YZ) 

~ IlV .. ® 

(YZ) 

DELAY I/O 
CHANNEL 

DESIGNATOR 
CP 10-5 

(JR - AF - DAJB - DC) 

:~ 

@ 

ISSUE 0010Jk 
LOAD CA REGISTER I I a ~ ~ 

SEfCHANNEL 
ACTIVE (DC) 

(DA) 

GENERATE LOSP 
DESIGNATORS 

(WO, WI) 

YES 

NO 

(DC) 

STOP SAMPLE 
DATA 

SEf ERROR (COl) 

(DA) 

GO LOSP DATA 
TO (DJs) TO SEND 

DATATO 
(YR) - (YCID) 

(DC) 

(DA) 

o 

(DNOD) 

INCREMENT CA + 1 
CHECK FOR 

CA=CL 
INTERRUPf 

'---"'/ 

@ 

CONFLICT 

SEND REFERENCE 
DESIGNATOR 

TO (DB, DC, 'YZ) 
GATE ADDRESS 

TO(YH) 

(YZ) 

SEND MEMORY 
CONfROLSTO 
(YK) PRIORITY 

D/ABC 

(DC) 

DECREMENT 
REFERENCE 

TRACKING -1 

CONFLICT 

(YK) (YL,YM) 

(YK) 

PORT 0 GO REFERENCE 
GATE DATA FROM(yCID) 

GATE ADDRESS FROM (Y A) 
TO MEMORY MODULE 

(EXT)(MEM) 

YES 

(DC) 

LOSP CHANNEL 
INTERRUPf 

REQUEST 
@) 

® 

Hardware Tmg. 
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LOSP INPUT CHANNEL 
~ ______________ ~ ________ ~ __ ~~~::::~:::::(~~~::~::::::~~~:::OM~AL 

(CNIO) _____ LO_SP_D_lo\_T_'A __ .. 

(CNIO) ___ LO __ SP_D_lo\_T_'A ___ ~ 

(CNlO) __ .::.::::=-==.:.....--., .. 

. RESULTS ASSEMBLED 

(017) (016) (01S) (014) 

263 262 261 258 2Y1 256 255 254 2 53 2 50 2 49 248 PARCEL 0 

(013) (012) (011) (010) 

247 2
46 

2
45 244 243 242 241 2

40 
2

39 238 2'n 2
36 

2
35 

2
34 

2
33 

2
32 PARCELl 

(017) (016) (01S) (014) 

2 31 230 2 29 228 2T1 2'}Jj 2 25 2'11> 223 222 221 220 219 2 18 217 216 PARCEL 2 

(013) (012) (011) (010) 

2 15 214 2 13 212 211 210 209 208 207 206 205 204 203 2 02 2°1 200 PARCEL 3 Hardw.8 Tmg. 
A-0580 J.E.S. 

CRAY Y-MP LOSP INPUT DATA ASSEMBLY 
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z 3 

FORCED 0 

(DJ5) LOSPSWAP 

PARCEL z 3 o 
Z53. z52 Iz 37 .Z36 

(CNlO) =-...:....=...---f...::.......;:..=-...L...:::---!...:=--L..=:...~--.l(~~ 

Z 3 

Z 3 

FORCEDl 

(DJ3) LOSP SWAP 

Z 3 

(Z32_ Z35) 
(YR) 

(ZO _Z3) 
(YR) 

(C.B. Z 64) 
(YR) 

LOSPSWAP 
(On) 

(2 36 _ Z 39) 
(YR) 

(2 4 _Z7) 
(YR) 

(C.B. Z 68) 
(YR) 

LOSPSWAP 
(OJ4) 

(Z40 _ Z 41) 
(YR) 

(Z 8 _ Z 11) 
(YR) 

(C.B. Z 6S) 
(YR) 

LOSPSWAP 
(013) 

(244 _ Z47) 
(YR) 

(212 _ Z15 ) 
(YR) 

(C.B. Z 69) 
(YR) 

LOSPSWAP 
(OJ6) 

(Z50 .251 .Z48 .Z49) 
(YR) 

(Z18 .Z19. Z 16. Z 17) 
(YR) 

(C.B. Z 66) 
(YR) 

LOSPSWAP 
(OJ5) 

(Z54 .255 .Z52 .Z53) 
(YR) 

(Z22 .Z23. Z 2O .Z21) 
(YR) 

(C.B. 2 70 ) (YR) 

LOSPSWAP 
(OJO) 

(Z58 .Z59. Z 56. Z 57) 
(YR) 

(Z26 .ZZT.Z24 .Z25) 
(YR) 

(C.B. Z 67) 
(YR) 

LOSPSWAP 
(017) 

(Z62. Z 63. Z 60. Z 61) 
(YR) 

(Z30 • Z 31 • Z 28 • Z 29 ) 
(YR) 

(C.B. 271) 
(YR) 

LOSPSWAP 
(012) 

HardwBTe Tmg. 
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PAItCZL PAlteR. PAItaI.. PAa.CIIL 20d I_ nm.1HR.U 
o I 2 , 

(CNIO)"" 2" 2~"" 2" 2'" >" r' 
(Dn) (DJ7) PAJlaLO .«).. 

(CNIO .-PAIU'M' ..... 
J"ODATA'I'OMDIOItY (2~~) (YR) 

PARCZI.. PAItCII. PAaCII. PAa.CIIL 
o I a , 

(CNIO) 2" 2 51 2G 242 227 iI4 rl 210 

LODATA (211"2') (YR) 

PAa.CZI. PAItCIII.. P.utCBI. PA.kC&, 
o I a , 

(CNIO) a" 2
54 

2" 2" 2 23 221 27 2" «).. 

r,oDATA (2"" 2~ (YR) 

(~IO LCJaPp.urry 1 .... 1 
LODATA (Z'~ 2sz, 

(YR) 

l.ODATA (2'" 20 ) (YR) 

-) 
DATA (YR) 

LOSPPAlt1l'YDROR. (DC) 

DATA (YR) 

LOSP PARITY DROR (DC) 

pAJfCD. PAItQIL PAaCIL PAItCa. 
o 1 2 , 

(CNIO) 2" 2 55 2"1 2 010 2a , aU 2' 2' l«J..l I,ODATA (YR) 

PAJtITYDaOR (DC) 

~DATA (YR) 

l.OSP PAmTY EJUtOIt (DC) 

P.uca. PAJtaU..AItaI. PAJtCR. 
o 1 2 , 

(CNIO) 2" 212 217 2- 221 220 2' ~ 40-1 LODATA (YR) 

PAlUTY!RJt.OIl (DC) 

I,ODATA (YR) 

ftAJUTY E1UtOll (DC) 

PARCR. PAItCIIL PAItCIU.. PARCIIL 
o 1 2 , 

(CNIO) 2'" 241 2" 2n ';'7 2 115 21 20 
DATA (YR) 

OJ 
PARITY &QC« (DC) 

DATA (YR) 

OJ 
ftAlUTYIJUtc.: 

(DC) 

) _,'''' / 

CRAY Y-l\1P LOSP-IN SWAPPED DATA 
A __ '''J.E.$. 

HTV-0834 37-22 
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PARCEL PARea. PARa!L PAkaL 2Dd I. nw-1lIRu 2Dd I .. o I 2 , 

(CNIO) 2'" 21111241 2""12'1 2"'1215214 
(Dn) 

PARaI. PAReR. 'ARalL PARaI. 
o I 2 , 

(CNIO)2" 2511243 241227 zld I 211 210 

(CNIO) LOSPPARJTY 

'ARaI. 'ARC!L PARalL PARaI. 
o I 2 , 

(CNIO) 2" 2$412" 2"1223 222127 28 ~; 

(CNIO) LOSP'ARITY 

PARatL PARaI. PAItC!L PAItaIL 
o I 2 3 

'I 50 " $4 19 11 , 2 ~r:' :;.·;~~-t-~-~~~-.r. 
(CNIO) 2 2 12 2 12 2 12 2 ~ l-iPARlTYI2't!2sol II[ 

r----I--.J.!z34 

(CNIO) LOSPPARJTY 

1112" 

PAReD. PARatL PARaI. PAReR. 
o I 2 , 

(CNIO) 2" 2"'1
241 240

1
22

' 2%41
29 2'~ ~'IIr;;;r.;61 .. I 

'ARC!L PAItaIL PAltal. PAReR. 
o 1 2. , 

(CNIO) 2" 2'2 1237 238122122°12' 24~ 

~' 

I 
/ 

R~~I.ODATATOMEMOkY (141.244) 
(YR) 

~~~~I~~~I~I.~I:~~~I.ODATATOt.eMOkY CI~21~. (YR) 

1.0 DATA (2
43

• 2~. (YR) 

1211f--=!!21112'UI2' 12' ~ 1.0 DATA (211. 2 '). (YR) 

12~12-j2" F'v~ I.ODATA (2".2"'J .. (YR) 

7 4 
j2' c--+l2' 12-12-12" H:!!:D I.ODATA (2 ·2 ). (yR) 

~234i;;T:;'·~32 ~ I.ODATA (2'~ 2'1 II (yR) 

..v -~ ~ ___ n ,- - '. (yR) 

~WDATA : (YR) 

PARITY R' LOSP PARITY ERROR (DC) 

]) W DATA • (yR) 

t.-..I PARITY I I(!!:)LOOP PARITY WlOit II (DC) 

V O/UUA'A II (YR) 

LOOP PARITY WlOit (DC) 

1_ 1_ UQB) ""un.n • (YR) 
L-",b,:&.=:-,-_I t.=.... LOSP PARITY "RROit (DC) 

1_ 1_ 1_ I_~"'m.n • (YR) 
- PARITY ERROR (DC) 

1_ 1_ 1_ 1_ ~ ""un.n • (YR) 

- PARITY WlOR (DC) 

~!{UDATA : (YR) 

--- RI PARITY IRROR (DC) 

~ wDATA • (YR) 

~PARlTYWlOR' II (DC) 
l"1'U'U11 

CRAY Y-MP LOSP-IN SWAPPED DATA 
Hard .... '" Tmg. 
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) 

) 

HTV-0834 

(EXT) LOsp·On RESUME UO,21 

(EXT) LOSP·OlJT DEAD DUMP 

(JR. AF) CHANNEL COMMANDS 

(DQ) 

RESY. 
LOSP-OlJT 

PARCELCNTj--

(EXT) 

LOSP-OlJT (N + 14) (N + IS) ~r-(D-P1)-----63--6()-""" LOSP SERIAL SWAP 
~ (2 ·2) I--....::=c.:;;:=='--'=----, 

(YZ) SAMPLELOSP~ (2".2") I 
(FO

RCED FORCED 0 ..::::.... I _ LOSP 
) ~~ ~~J---

(EXT) 

(EXT) LOSP-OlJT(N-JO)(N+III~ (DP6) 

I~ 
(2 59 .2 56 ) 

(21:1 _224) ~SAMPLE 
-ill.. LOSP SERIAL SWAP 

(FORCED) FORCFDO ~ 

(EXT) LOSP-OlJT eN+ 61 eN +7) ~ (DP5) 

(FORCED 1 FORCEDO ~ 

(255. 2
52 ) 

(213 _220) 

LOSP SERIAL SWAP 

--=- LOSP 

(EXT) .LOSP-OlJT eN +2) (N + 3) ~,-L(D-P-'-A)------" 
--::::::-- £t (2

51
_2

41
) 

(YZ) SAMPLELOSP ~ (2.9 .2 '6) ~ SAMPLE 

(FORCED) FORCEDO ::::@:» ~QR4.!40D--"'':''':::::.J 
- LOSP SERIAL SWAP 

LOSP·OlJT(N+ 121(N+ 13) PARITY ~ (DP3) (247 .244) LOSP SERIAL SWAP 

(YZ) SAMPLELOSP~ " 12 
~- (2 -2) ~LOSP 

(FORCED) FORCED I ~ ~ 

(DP2) (243 _24() 

(211_20~) 
(EXT) .LOSP.OUT(N+ 8)(N+9IPARlTY~ 

(FORCED) FORCED 1 ~ 

- ~------------, 

-----'SAMPLE 
--CiiS":i-

(EXT) LOSP-OlJT eN + 41 eN + 51 PARITY ~ 

(FORCEDI FORCED I Ci4i'> -
(DPI) 

(DPO) 

LOSP SERI AL SWAP 

LOSP SERIAL SWAP 

~t®f~;'r-~ C HOlD '1 
(EXT) LOSP-OlJTDISCONNECT RII >~~~~=:;:==~J 

LOSPCHANNEL ERROR FLAG ~ 1 ~U.STREF. 1_ 

(FORCED) FORCED I c:::@:> 

(DE) • ~ CA~a. ~oo.6:f'\ CA=a. (DA/B) ~ 
(DE 

LOSP CHANNEL INTERRUPT REQUEST@>-~ ~K = 3 ~ ~ (EXT) LOSP-OlJT (N + 0) R30 N + 0 
) R82·83 ~ r---

+1 REF. ~REFERENCEREQUEST (EXT) LOSP-OlJT(N+I!(§]) .. N+I ~O.8 MEMORY READ DATA 
RESUME ~ (EXT) LOSPPARITY ~ .. I PARITY E:k--f4-(]i~)-------------":==::':":=-==-=.:.:.c=----------CYR. yp)------t 

, .- r ,1 ~ '-r-- =14 
(Elm LOSP-OUT READY ~ ~ Cy~V;;P IT ~)-______ -+!:LO~S~P:C.O~UT~D~A~T~A~O~lJT~!!AD~V~A~N~CE~-C::r.i4ii 14OiQ: ~)+~:fl-..!r--oa33i0):.:(OJj3i33-l 

I/oCHA"NELDESIGNATORS.~~~ 16___.._ LOSP SERIAL SWAP ::::::.. SWAP SEQUENCE 
(yZ) ~E ~ 

-C 158 :>+ 1 C REF ACK G3i:> LOSP-OlJT I/O OUTPUT 
~ ~ DATA BUFFER 
~ 134561-

LOSP SERIAL SWAP 

DATA\" ~ LOSPSERIALSWAP/pARITY 
i-~ 

LOSP CONTROLLER 

RESY DEAD DUMP 

LOSP REFERENCE REQUEST NO CONFLICT 

(DAO) (2 0 .2'I:ADDRESS ~ REFERENCE k:Iff:9: DESIGNATOR 

r::'C::,P-=U-:C::O::-MMAND==:cS'=.l-~I---::(' 186 RESY DEAD DUMP 

M 
E 
M 
o 
R 
Y 

COMMANDCHANNELS~ 0 IN/OUT ~ LOSPREFERENCEREQUEST 

~ 
... LOSP REFERENC 

~ E .. WRITE ·CA/CL. .-~ 
I/O CAPTURE LOSP DATA 

PORT DCHANNEL NUMBER 

(YZO) 
R35~'-t ... --------, 

DELAY I L(JR.AF) C CI.MC 
.. READ·CA. 

r- CEFLAG.CI 
(YO) U3· 26 ~ ~ I/O REFERENCE DESIONATORS (DC,DD,DE) 

HISPfVHISP 
tEFERENCE REQUEST Q~~ rn -75 

(DO, DE) 

~ LI'VV V7~ ~-
!YK,YZ) 

AkDATAdl .2' I GJ:>.. F===-=-'---C 10·4 
L (JR) 

L-...-IREFERENC~~ (HB) _C:::0::IN=CI::D::EN=C:::cE-<...!I~14"-.:.!11.Z7~H __ FEr';iifCH::.:...'J. 
I "l REQUEST 1- - W ..L I/O NEXT 

OR I/O r R6 ..., FETCH ACTIVE. HOlD I/O YH, DA) (YKO) (YL) 
PRIORIT I/O CHANNEL DESIGNATORS =-- CONFUCT ~ PORT 0 ADDRESS (2' .2' ) I'C::;O",NTR=:.::O",L"-<:E.XT)( ~ ~

TCH _ (YC,YD,r'::-:I(YK=:--I) -,1 

~::~~ '~ ~ CO~ICT f-- BANK 
VHISP DEUI Y ~~._I/O::..:..RE=FER==El:.NCE="REQ=UES=c:.T ______________________________ --------<~:::...JIS~>"'I-+ ~ PORT 0 00 REFERENCE SECTION 0 • 3 PORT PRJORIT~ CONFLICTI-"::OO=SS,-_,(EXT) (CPUI(MEM 

----- - ---.! REREQFE~CEj.r_-'''''~-'R6 FETCH ACTIVE. HOlD IiO A, B, C, 0 

ff 
.~~~ ADDRESSBIT(20.2'1 "iO-4 _. ---.J v~, -

~ ~ CARRY ADDRESS (2' ) SS CONFUCT~ 
"-=-':>-...:;;.=-'-'-==='----'--,..-----------.j(DB2) (2".2")= ADDRESS' (yK) ~ I--' PORT D LOWER 

~~C~Aq.--I--.J "'1-------, L;:~AD;D=RES;::.:;I/O;:,=FE=TC=H::::::: 
.-I CL I tRsi) CONFUCT I(DBI)c2 13.220 )=ADDRESSII ... , 27 

. '----=-' I = I I 1--------1 SSCONFUCT<§J:c>. (YHO)(2 ·2 I=ADDRESS ~ CHANNELDESIONATORS , .' I 
'-----l:r-!2.:.2 I CARRY ADDRESS (2' )~_ (DBO)a ·2 -,=ADDRESS (YK) 150·51 h...J HOLD "r--li'O~K....1S~2L,;1----------' 

I/O REFERENCE CONTROL ~ CA = CL ~ ff ~ CA CARRY OlJT I -----, REFERENCE -
(DC) CONFUCT ~~ ~ IYK) PORTA.CSECTIONENABLE~ 

CHANNELDESIGNATORS~ CA ROO CA=CL (DC) , i" -
(DE) GATEA;SIONAL 11=:~2 l ~ J 1.-.:-:;' A1READOlJTDATA (JR) -f. ..gg~S I--~ PORT o ADDRESS (2 . I@}!:>. 

(JR) AkDATAd' .2
7

) ~0.7 1~;:====::::;-1.riil - ADDRESSBIT(2'·2'7) ~ PORTO 
U ~ ~ ~ UPPER ADDRESS 

(JR·AF) CHANNELCOMMAND6 160.64 ~CPUCOMMANDS l! I/O. FErCH 

CRA Y Y-MP LOSP-OUT BLOCK DIAGRAM 

(YAO - 3) 
PORT SEC. 

~~m 
ADD~ci1!iCTIO~ 

SECTION ADDRESS a" .2') (EXTI (CPU) (MEM 

Hardware Tmg. 
8-66248 J.E.S. 
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\. \ 

~ OR-AF-DC) r.:-. '0 

~ 
(JR - AF - DC) (JR - AF - DAJB DC) \§I (DC) 

ISSUE 0012jk -CLEAR INTERRUPT ISSUE 0011 jk ISSUE 001 OJK GENERATE REFERENCE 
CLEAR ROY. ffi.D. LOAD CLREGISTER LOAD CA REGISTER REQUEST TO (DA) 

I SET CHANNEL SET REFERENCE IN 
~ ACTIVE (DC) STORAGE 
W SET REFERENCE IN 
~ PROGRESS 

(DA) (DA) (DC) 
fA\---I REFERENCE (DAJB) (DC) 
~.. ACKNOWLEDGE GATE CONTROL 

CP 3 TO (n). 
DROP REFERENCE ADDRESS TO (YH) 

CONFLICT UEST INCREMENT CA + 1 
CONFLICT 

('YZ) ('YZ) ~~ ~ 

®~ &~&~.. SEND MEMORY 
~~~.Y?~~ ~ CONTROL TO (YK) 

PORT PRIORITY 
A-D 

~K) 

PORTDGO 
Vl 
'-l ~----~~~I~~~~~ 

I 

~ 
~A)TOMEMORY 

('YZ) (DC) 
(DC) 

(DC) 

(DA) 

~® (DC) 

SET LAST 
REFERENCE AT L..tn'\ 

ACKNOWLEDGE ~~ 
CP6 

~O) 

HOlDPORTD 
REFERENCE 

CONTROLS FOR 
BANK CONFLICTS 
AND BANK BUSIES 

(EXT)(MEM) 

('YZ) 

DELAYJ,Q 
CHANNEL 

DESIGNATOR 
CP 10- 5 

(DC) 

o 

SEND I/O CAPTURE 0--1 LOSPDATA TO 
~ (DP) 

DROP REFERENCE 
IN PROGRESS 

(Gl7) 

SEND READY 
TO (EXT) 

SENDLOSP-OUT -< ~ DROP REFERENCE 
IN STORAGE @ 

~ 
;g ® 
~ 
~ 
~ 
~ 

I/O DESIGNATORS 
TO (DC) 

YES 

WITH ADVANCE 
TO(DP) 

(DC) 

INCREMENT 
PK+ 1 

(DC) 

LOSP-OUT DONE 
DROP ACTIVE 

SET INTERRUPT 
TO (HE) 

SEND DISCONNECT 
TO (EXT) 

@) 

CRAY Y-MP LOSP-OUT FLOW CHART 

Hamware Tmg. 
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(CNll) 

PARCEL 0 

2~ (OP7) 
2 62 

261I(OP3) 

260 

259
1 (OP6) 

258 

S1 
2 (OPl) 
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CRAY Y-MP I/O HISP OVERVIEW 

The msp channels are designed to be compatible with the CRA Y X-MP and perform a transfer 
of 100 megabytes per second or one word transfer over the cable every 12 clock periods or 75ns. 
Each data transfer is proceeded by one data ready. The data ready proceeds the data by 4 clock 
periods"" 25 ns. The data Ready is on for 3 clock periods"" 19.5 ns. 

Each CPU module contains one msp channel pair identified as mSP-In and mSP-Out, 
contained in the CRA Y Y -MP 8/32 there are eight msp channel pairs. 

The msp channel is treated as a slave device in the CRA Y Y -MP, with all the controls being 
originated over in the lOP. The only control originated on the CRA Y Y -MP is the Transmit 
address on the msp-In or mSP-Out. Transmit address is used to tell the lOP that the particular 
msp In/Out is not in use or in error. 

The msp channel takes a backdoor approach to getting into and out of memory; for getting into 
and out of memory; essentially the CRA Y Y -MP has no active control of the channel usage 
except for Port D access. The lOP supplies the block length or number of words to transfer and 
the starting address of where to read/write the block of data from memory. To determine whether 
a read/write operation will be taking place in the CRA Y Y -MP memory depends on which 
Transmit address HISP-In or HISP-Out is used by the lOP. 

HISP-Out Operation 

The mSP-Out will be reading data from memory and sending the data over the lOP. Between 
the CRA Y Y -MP memory and the lOP there are two buffers, A/B which are referred to as the 
foreground and background buffer. Each buffer is capable of storing 178 words and once the 
buffer has been fIlled, the buffers will handoff such that the foreground will become the 
background. The foreground on a mSP-Out operation will always be loaded from the CRA Y 
Y -MP memory while the background will always be reading out data to the lOP. 

The foreground buffer is filled by the CRA Y Y -MP making 178 reference requests to memory 
one word at a time, and using Port D on a read reference request. Port D is also used by the 
Fetch operation where fetch and I/O would share Port D. A fetch would have priority over I/O, 
however, the next reference to use Port D would be I/O if the I/O reference request was held 
back. 

Once a buffer is filled the (OD) option will start reading the background buffer to the lOP by 
suppling the (OP) options with the read address. Each word sent to the lOP is proceeded by one 
data ready which is 4 CPs ahead of the data "" 25 ns. When the (OD) makes a reference request 
the (OA/B) will decrement the block length by -1. The (OD) will keep track of the references 
coming out of the (yZ). 

The (OD) will keep track of the number of references coming out of memory and when the count 
is equal to 178 the (OD) knows that a buffer is full and can start sending the data to the lOP, and 
perform a handoff to start fIlling the next buffer. As the reference requests come into the (OA/B) 
options and the block length continues to get decremented, eventually the block length on the 
(OA/B) will equal zero (BL = 0). When the BL = 0 the (OD) will know that the next I/O 
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reference channel number coming from the (YZ) will be the last reference. Because the (DD) was \ 
keeping track of the number of references it will use this value and compare it against the Readout ) 
buffer address. When the two are equal the (DD) will set the last word flag (L WF) to the lOP, 
and as long as no errors occurred the (DD) will allow Transmit address to be enabled on msp-
Out. 

While sending data to the lOP the (DD) knows that the lOP has room for 1610 words by first 
checking to see if transmit data has been sent from the lOP. Transmit data will go away if the 
lOP does not have room for 1610 words. The LWF would tell the lOP that the eRA Y Y-MP has 
finished sending data. 

HISP-In Operation 

When the lOP wants to use the mSP-Jn channel on the eRA Y Y-MP the lOP will f'rrst check to 
see if the eRA Y Y -MP has set the Transmit address for msp-In. The lOP will then send over 
the address and block length to the CRA Y Y -MP in three transfers, each transfer being 16 bits in 
length. The address is held on the (DAIB) options while the block length is held on the (DDO) 
option along with 4 bits (20 -23) of the block length which are also being held on the (DAO) 
option for the last transfer. Once the address and block length has been loaded, and the parity 
checked on each transfer, the lOP will start passing data to the CRA Y Y-MP as long as the 
mSP-In Transmit data is enabled from the eRA Y Y-MP. Each word sent from the lOP is 
accompanied by a data ready .. The data ready is sent to the (DD) where the block length gets 
decremented by -1, and the Write address gets incremented by +1. The Write address along with 
the buffer select is sent to the (DJ) option to load the data into Buffer AlB. Once a buffer is full 
the (DDo) will handoff the buffers and a make reference request to the (DA) option where the 
(DA) will determine the priority of the msp reference, allowing a LOSP to go ahead. The (DA) 
upon allowing a mSP-Jn to make a reference will then start reading the background buffer on the 
(DJ) options to memory by suppling the address and buffer selects to the (DJ's). 

When the lOP has finished sending the CRA Y Y-MP data and its BL = 0 the LWF is sent to the 
eRA Y Y-MP. The LWF is sent to the (DD) option which is passed to the (DA) option where the 
lower 4 bits of the original block length were held. Those block length bits are then used to 
determine how many words were put into the last buffer and then how many need to be read out 
on the last word being read out of the buffer, and the block length now equal to zero. The (DA) 
will send the designator along with the last word which is tracked through memory. When the 
reference tracking comes back to the (DDO) option the (DD) knows that the last word and 
everything prior has been sent to memory, so the (DD) will then drop active on HISP-In and set 
Transmit address if no memory errors occurred. 
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HISP CHANNELS OPTION INVOLVED 

(DAO) Option 

The (DA) option contains the Memory address bits (20 - 24), which is loaded from the lOP along 
with the lower Block Length bits (20 - 23) on a HISP-In which is used to detennine the last 
reference. The purpose of the (DA) is to generate the reference request for the HISP channel, but 
fIrst checking to see if the LOSP is also making a request reference. If so, the LOSP channel is 
allowed access fIrSt. Once the (DA) has been given the reference request on a HISP-In, the (DA) 
will supply the (DJ) options with the proper address to start sending the data to memory. On a 
HISP-Out the (DA) contains Block Length bits (20 - 24). The (DA) will gate the designators 
always on a HISP-Out, but only on a HISP-In last write. 

(DBO - DB2) Options 

The (DB) options each contain 8 bits of Memory address. On the HISP-Out operation each (DB) 
option contains 3 bits of the Block Length. Both the address and Block Length are loaded from the 
lOP. As each memory reference is requested, the address is incremented by + 1, while the Block 
Length is decremented by -1. As each (DB),s Block Length equals zero the (DB) will generate a 
Block Length borrow-out condition such that when all (DB),s have a borrow-out the Block Length 
register would equal zero. When the Block Length equals zero, BL = 0, the HISP-Out reference 
request is killed. 

(DDO) Option 

The (DDO) option is the HISP controller. The (DD) checks for errors while the lOP is sending 
over the address and Block Length, as well as passing double bit memory errors over to the lOP. 
On a HISP-In operation, the (DD) contains the Block Length register which is decremented by-1 
as each data ready is received from the lOP. On a HISP-In the (DD) will supply the (DJ) options 
with the Buffer Write address and on a HISP-Out supply the (DP) options with the Buffer Read 
address. The (DD) supplies the control signals over to the lOP such as Transmit address, address 
error or uncorrectable error, transmit data on a HISP-In, HISP-Out data ready and HISP-Out Last 
Word flag. On a HISP-Out, Last Word flag is set when the BL = 0 and the reference count on the 
(DD) is equal to the Readout address for the (DP) options. The (DD) receives a Clear channel from 
the lOP after a previous error condition or after the master clear was set. Under normal conditions 
the Clear channel is not sent. 
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(DJO - DJ7) Options 

The (DJ) options contain the buffers for the msp-In operation. Data is written into the buffers 
from the lOP. The Write address is supplied by the (DD) option, while the Buffer Read address is 
supplied by the (DA) option. Each (DJ) option is capable of handling 8 data bits plus 1 check bit, 
which can be stored into either Port 1 or Port 2. Port 1 and Port 2 contain two l6-word buffers 
called Buffer A and Buffer B. Buffers A and B are fully duplexed such that Buffer A can be read 
while Buffer B can be written to. The (DJ) options are symmetrical such that (DJO) receives the 
true address while (DJ5) would receive an inverted address. Port 1 is used on (DJO, DJ3, DJ4 and 
DJ7), while Port 2 is used on (DJ1, DJ2, DJ5 and DJ6) for the msp transfers. 

(DPO - DP7) Options 

The (DP) option is similar to the (DJ) option. The (DP) receives the Buffer Write address from the 
(YZ) option while the Buffer Read address is sent from the (DD) option. The (DP) is a 
symmetrical buffer similar to the (DJ). The (DP) is also responsible for receiving the initial starting 
address and Block Length from the lOP. The (DPO, DP2, DP4, and DP6) are responsible for 
receiving and checking for parity errors on the Starting Address and Block Length for a mSP-In 
operation, while (DPl, DP3, DP5 and DP7) perform the same operation for the mSP-Out 
operation. 

(YZO - YHO) Options 

The (yZ) option will assign the msp reference request to Port D. Before a msp reference can 
use Port D, Port D must be checked against a fetch request. The (YZ) handles Memory address 
bits (20 - 24) which become Port D reference controls. The (YH) option handles the Upper 
address bits (25 - 227). During a HISP-In operation, the (YZ) will delay the channel designator 
only on the last write, which is sent to the (DD) option to set the Last Word flag. On a mSP-Out, 
each reference is sent with channel designators, bits (20 - 22), which is used to track the word 
coming out of memory. The (YZ) will also supply the (DP) option with the Buffer Write address 
on a mSP-Out operation. 
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(BXI") 
mSP-1N ADDRESS 

(BXI") 
mSP-1N ADDRESS 

(BXI") mSP-1N ADDRESS 

(BXI") mSP-1N ADDRESS 

(BXI") 
H1SP-1N ADDRESS 

(BXI") 
H1SP-1N ADDRESS 

(BXI") 
ffiSP-1N ADDRESS 

(BXI") mSP-1N ADDRESS 

(BXI") mSP-1N ADDRESS 

(BXI") 
mSP-1N ADDRESS 

(BXI") mSP-1N ADDRESS 

1HJRD PARCEL -1HJRD ADDRESS READY 

(BXI") .:..ll:1:=~=.i==~2, 

(BXI") ":":::::=:-===='014. 

mSP-1N ADDRESS 

ffiSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

ffiSP-1N ADDRESS 

ffiSP-1N ADDRESS 

mSP-1N ADDRESS 

(DP2) 15 
mSP-1N ADDRESS 

0 
H1SP-1N BLOCK LBNGJ"H 

RSl 
H1SP-1N BLOCK LBNGJ"H 

2 mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

ffiSP-1N ADDRESS 

ffiSP-1N ADDRESS 

H1SP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

mSP-1N ADDRESS 

::::~::~~~~~~~::~~ 
(BXI") ~::!!:!.!~~~t!.c:l:~~ 

(BXI") ..!12;!::!!!.~~~!.!!.(IKliI> 

ii:~:: = :~~~~~~~:~~l<c~7-H~::~~~~:~~~~ 
21~. (BXI") ~~:..!!!:~~~!!!.c:m~~ 

2 18 

222 

223 

2)$ 

225 

235 

271 

2 31 

t~¢~~~ 
• .... aH 

22 

23 

26 

27 

·'/··fi (BXI") ~~~:~~:~~~liiPi~~~~~~::;::~~~ S114 (BXI") .!l ~~~ 

(BXI") ~~~~~---C~~ 

CRAY Y-MP HISP-IN TRANSFER 
ADDRESSIBLOCK LENGTH 

FIRST 

TRANSFIlR 

SECOND 

TRANSFIlR 
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(lOP) DATA 

DATA 

(lOP) READY LWF 

WRITING THIS BUFFER 

(DJO) 

FOREGROUND 
BUFFER 

(DDO) 
WRITE ADDRESS 

@ 

(lOp) LWF FULL 

READING THIS BUFFER 

HANDOFF! 

(DJO) 

BACKGROUND 
BUFFER 

(DAO) 

READ ADDRESS 

ACKNOWLEDGE 

(MEMORy) 

~~_RE ..... ffiRENCE 5corcrs~r NOSr--

(DD,DA) 

REFERENCE 
1RACKING 
BLCOUNT 

-1 

HOLD DONE 

INPUT - WRITE BUFFER CONTROL REFERENCE TRACKING SECTION 

HTV-0834 

CRAY Y-MP mSP-IN 
FOREGROUND/BACKGROUND OPERATION 
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lOP 

SENDS HISP·OUT 
Cl.EAR CHANNEL 

IF ERROR ON 
PREVIOUS 

TRANSFEROR 
MASTER CLEAR, 

WAIT 100 nsec 

(DDO) 

GENERA1E REF. REQUEST 
TO (DA) SET 

HISP READ REF. REQUEST 
ON (DA) 

~j 
lOP 

SEND TRANSMIT ~.---I lOP WILL SEND 
ADDRESS TO lOP ~ ADDRESS/BLOCK LENGTH 

IN (3) 16-BIT TRANSFERS 

3 TRANSFERS 

(DA) 

(DDO) 

SET HISP·OUT ACTIVE (NS) 
DROP TRANSMIT ADDRESS 

BL AND CA ON (DA/B) 

(DA) (DA/B) 

GENERA1E HISP SEND I,Q ADDRESS 
> I .. , DESIGNATORS TOMEMORY(yz' YH): 

(WO· WI) 

(DA) 

SEND I,Q CHANNEL 
DESIGNATOR(R7 -9) 

REF. DESIGNATOR (R20, 21) 
i 

: 
.~ 

CONFLICT CONFLICT CONFLICT 

(YK) 
(DOO) 

(YZ) 

SEND MEMORY 
SET REF. IN PROGRESS 

DROP REF. REQUEST 
INCREMENT CA + 1 ON 'a .. c: CONTROL TO (YK) .. , 

(DAJDB) PORT PRIORITY A - D 

CONFLICT CONFLICT 

(YZ) 
(YO) 

HOLD PORT D REF. (YZ) 
CONTROLS FOR DELAY I,Q CHANNEL 

BANK CONFLICT AND DESIGNATORS 

SEND JJO GO READ AND 
DESIGNATOR TO (DD) 

INCREMENT REF. CNT 
I,Q ADDRESS TO (DP) TO 

BANK BUSmS CP 10 - S 

(DOO) 

HANDOFFI 
DROPFULLFLAG I • I .. ( 
SET REF. REQUEST 

(DOO) 

READ REMAINING 
BACKROUND BUFFER. ..«. 

TO lOP 

NO 

WRITE DATA INTO BUFFER 

(DOO) 

SEND ADDRESS TO (DP) 
YES .. I TOSTARTREADING 

BACKGROUND 
SEND DATA READY TO lOP 

SEND LAST WORD FLAG !EL.I LWFTOIOP 
TRANSFER COMPLETE SET 

TRANSMIT ADDRESS 

E 

(DDO) 

EMPTYBACKROUND 
TO lOP DECREMENT 

BLOCK LENGTH 

CRAY Y-MP HISP-OUT FLOWCHART 

(YL,ZX) 

NO 
(DD) 
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PARCEL BITS 

20 

21 

22 

2 3 

24 

2 S 

2 6 

27 

2 8 

2 9 

2 10 

211 

212 

2 13 

214 

21S 

PARCFLBITS 

20 

21 

22 

2 3 

24 

2 S 

2 6 

2' 

2 8 

2 9 

2 10 

211 

212 

2 13 

214 

21S 

HTV-0834 

FIRST PARCFL - FIRST ADDRESS READY 

SA BITS 

217 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

2 18 (EXT.) IDSP-OUT ADDRESS IDSP-OUT ADDRESS 

2 19 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

220 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

221 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

222 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

223 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) IDSP-OUT ADDRESS mSp-OUT ADDRESS 

(EXTJ mSp-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) mSP-OUTADDRESS mSp-OUT ADDRESS 

(EXT.) 
mSp-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) mSp-OUT ADDRESS 

SECOND PARCFL - SBOOND ADDRESS READY 

.... ,}':: 

AM (EXT.) mSP-OUT BLOCK UlN01H H1SP-OUT BLOCK UlN01H 
::(,.,'J:j 

(EXT.) H1SP-OUT BLOCK UlN01H H1SP-OUT BLOCK UlN01H 

S10 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

21 (EXT.) IDSP-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) IDSP-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) HISP-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

(EXT.) IDSP-OUT ADDRESS IDSP-OUT ADDRESS 

2 16 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

210 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

211 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

212 (EXT.) IDSP-OUT ADDRESS mSp-OUT ADDRESS 

2 13 (EXT.) mSp-OUT ADDRESS mSp-OUT ADDRESS 

1HIRD PARCFL -1HIRD ADDRESS READY 

CRAY Y-MP HISP-OUT TRANSFER 
ADDRESSIBLOCK LENGTH 

38-12 

218 

222 

223 

224 

225 

226 

227 

228 

FIRST 

lRANSFER 

SEOOND 

lRANSFER 

1HIRD 

lRANSFER 
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(DP) 

FOREGROUND 
BUFFER 

HANOOWl 

(DP) 

BACKROUND 

(YZ) 

BUFFER 
ADDRESS 

+ 1 

VALID 

(DD) 

BUFFER 
ADDRESS 

+ 1 

+ 1 = INCREMENT BY + 1 

G = SET CONTROL TERM 

0= CLEAR CONTROL TERM 

(DD) 

--., 
I 
I 
I 
I 
I 

TIMING DATA 
.-...:GO=-.. SEQUENCE READY 

YES 

COMPARE 
FOR 

LAST REF. 

(DD) 
... f-.... BUFFER 

SELEer 

ADDRESS 

I 1.. __ _ 

(DD) 

BACKROUND 
BUFFER 
EMPTY 

LWF 
LAST WORD 

FLAG 

TIllS SIDE FILLS BUFFERS TIllS SIDE EMPTIES BUFFERS 

HISP-OUT SEQUENCE OF EVENTS: 

o. Set reference request; reference controls. 
1. Acknowledge will drop reference request. Set reference in progress. 
2 Check for BL = 0 or last reference. BL = 0 go to step 11. 
3. Wait for Go Data from (YZ). 
4. Drop reference in progress when 16 references. 
S. Increment reference counL 
6. Oteck for Buffer Full? IT not, generale reference request; go to step 1. 
7. Handoffl Foreground and background if buffer is full. 
8. Start reading backround by using the timing sequence. Send Data Ready to lOP. 
9. Send Read address from (DD) to (DP); decrement BL. 
10. Backround buffer empty enable Handoffl, clear Full, set reference request, go to step 1. 
11. Last reference. 
12 Compare reference count against Buffer address. When equal. set L WF; transfer complete. A-66268 

CRAY Y-MP mSp-OUT BUFFER CONTROLS 
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CRAY Y-MP TO SSD OVERVIEW 

The CRA Y Y -MP is capable of handling four 1250 megabyte channels numbered in the system 
as channels (1,5, 11, 15). One of the VHISP channels require two CPUs to work in unison. 
VHISP channel 1 uses CPU 0 and CPU 1 Port D access to memory. VHISP channel 5 is made 
up of CPU 2 and 3, VHISP channel 11 is made up of CPU 4 and 5, and fmally VHISP channel 
15 is made up of CPU 6 and 7. 

VHISP 1 
VHISP 5 
VHISP 11 
VHISP 15 

~ CPU 0,1 
= CPU 2,3 
= CPU 4,5 
= CPU 6, 7 

To transfer data across the cables between the CRA Y Y-MP and SSD at 1250 megabytes requires 
32 word transfers per Data Ready. The thirty-two 72-bit words are made up of the two buffers 
located in the CRA Y Y-MP. Each buffer is capable of storing sixteen 72-bit words. 

The Block Length (BL) register contains the number of blocks of data transferred One bit in the 
Block Length would represent sixty-four 72-bit Cray words to be transferred. 

To initiate a CRA Y Y-MP transfer, the following instructions are issued with the (Aj) channel 
numbers equal to (1, 5,11, 15). Any CPU could use any of the VHISP channel numbers which 
are available. 

00 12jO 
OOlOjk 
OOlOjk 
00lljk 
033iOO 
033ijl 

- Clear interrupt on channel (Aj) 
- Load SSD starting Block address 
- \ wad CRA Y Y -MP starting address 
- \Transfer Block Length, Read/Write, transfer initiated 
- Read channel number to Ai 
- Read Error flag/status word 

In the CRA Y Y-MP, the two CPUs that make up a VHISP channel create a problem in that both 
CPU modules are identical. Depending on the slot that the CPU module is in determines if the 
CPU module is a master VHISP controller or a slave. All the even numbered CPUs become 
master VHISP controllers. The two CPU modules divide up protocol between the SSD and the 
CRA Y Y-MP. In general, the odd numbered CPUs communicate with the SSD while the even 
numbered CPU s monitor the controls with the CRA Y Y -MP memory. 

The (DE) option is responsible for controlling the flow of data between the SSD and the CRA Y 
Y-MP. There are two (DE) options that make up the VHISP control, one (DE) option per CPU 
module. The (DE) on CPU 0 for VHISP channel 1 is the master controller while the (DE) on 
CPU 1 is the slave controller. In order for the (DE) to both communicate between the SSD and 
CRA Y Y-MP, the (DEs) logic latches on two different clock speeds which are 12 ns and 6 ns, or 
system clock. The two (DE) options need to communicate between themselves so that they will 
work in unison. To make this happen, there are basically two control lines that are used, they are 
VHISP Data Ready Vote and VHISP Transfer Progress. 

Hardware Trng. 
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VHISP Transfer Progress 

The vmsp transfer progress is a 3-bit code which is passed between the CPUs (DE) option on 
the 12 ns cycle rate. The 3-bit code contains the progress report which is passed from CPU 1 to 
CPU O. The progress report from CPU Is (DE) option sent to CPU Os (DE) option would 
contain three signals. The signals are: 

• Off-line - Meaning the SSD is off-line, Select Code = (111) 

• vmsp Double Bit error - On a VmSP-In or vmsP-Out operation, Select Code = 
(011) 

• Acknowledge Clear - Coming back from the SSD on a (0012) instruction, Select 
Code = (010) 

The transfer progress is passed from one (DE) option to the next using the vmsp clock timing 
signal which runs at 12 ns. The transfer progress status is sent over every other clock as a serial 
communication stream. Between the 12 ns clock is sent reference in progress which is used to 
determine on a CRAY Y-MP through SSD, the last buffer write, and also sent as the status 
word. Reference in progress ensures that if the vmsp is deactivated and reference in progress 
is active, the condition is flagged as part of the status word. 

VHISP Data Ready Vote 

... ~ 

) 

The vmsp Data Ready Vote is used to handshake between the two (DE) options. On a vmsp-·~) 
In operation, the (DE) options need to detennine when to allow a transmit enable to be sent to the. 
SSD. On vmsp channell, CPU Is (DE) option would send the transmit enable to the SSD. 
Before a transmit enable can be sent to the SSD, both CPU 0 and 1 must have a buffer empty and 
ready to be filled from the SSD. If CPU 0 has its buffer empty, CPU 0 will send a Data Ready 
Vote to CPU 1 indicating that CPU 0 is ready to receive another buffers worth of data from the 
SSD. CPU 1 will wait until it also has a buffer empty and will then send a Data Ready Vote to 
CPU O. Because CPU 0 and CPU 1 have both voted, the decision is unanimous to allow a 
transmit enable to be sent to the SSD. 

On a msp-out, the Data Ready Vote takes place to decide if both CPU s have a buffer full, and 
that it is time to send a Data Ready to empty both buffers. For vmsp channell, the Data Ready 
is sent from CPU 0, only when the SSD has previously sent a transmit enable. 

Hardware Trng. 
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VHISP-In Buffer Control 

To put into perspective how the two CPUs work in unison, and how data ready vote and transfer 
progress report works, the following figures demonstrate the flow of data for VmSP-In, 
channell. 

A) 

B) 

C) 

(DJs) CPU 0 (DJs) CPU 1 

(SSD) -... BUFFER A BUFFER A 

BUFFERB BUFFERB 

1. Transmit Enable was sent to the SSD to fill an empty buffer on the CRA Y Y -MP. 

2. A Data Ready is received from the SSD indicating that a buffer worth of data is 
coming. 

CPU 0 CPU 1 

(SSD) (SSD) 

BUFFERB BUFFERB 

1. Both buffers are filled from the SSD. 

2. Transmit Enable will stay active because both CPUs still have an empty buffer. 

CPU 0 CPU 1 

(Y-MPMEM) :::::;:1---. (Y-MP MEM) 

(SSD) (SSD) BUFFERB 

1. CPU 0 and CPU 1 will now generate a reference request to empty their buffers to 
memory. 

2. The SSD can also start filling the other buffer. 

Hardware Trng. 
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D) 

E) 

CPU 0 CPU 1 

(Y-MPMEM) BUFFER A (Y-MPMEM) 

(SSD) (SSD) 

1. Buffer A of CPU 0 has not completed emptying Buffer A. 

2. Buffer A of CPU 1 has emptied its buffer to memory, so CPU Is (DE) will pass a 
Data Sync Vote to CPU O. Because CPU 0 is not fInished emptying its buffer, CPU 
o has not sent out a Data Sync Vote to CPU 1. 

3. Transmit enable is now dropped to the SSD to prevent the SSD from sending another 
buffer worth of data which the VHISP channel does not have room for. 

CPU 0 CPU 1 

(SSD) 
BUFFER A (SSD) 

(Y-MPMEM) (Y-MPMEM) 

1. Once CPU 0 has emptied its buffer, a Data Sync Vote is sent to CPU 1. At this time, 
the vote is unanimous, so a Transmit Enable is sent to the SSD indicating that another 
two buffers worth of data can be received. 

2. This sequence continues until the Block Length would equal zero, BL = 0, or an error 
occurs. 

3. If CPU 0 receives an error, it will shut down and ignore CPU 1 because CPU 0 is 
master. If CPU 1 receives an error, the error information is passed to CPU Os (DE) 
option through a 3-bit code which is sent as the Transfer Progress Report. 

4. In the VHISP-In operation, the flow of data is throttled back by the Transmit Enable. 

Hardware Trng. 
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VHISP-Out Buffer Control 

The vmsP-Out works just the opposite of the vmSP-In data flow. The flow of data is 
contingent upon there being an empty buffer instead of a full buffer as with the vmsp-In. 

A) 

B) 

C) 

CPU 0 CPU 1 

(Y-:rvfi> MEM) ~ BUFFER A (Y -:rvfi> MEM) ~ BUFFER A 

BUFFERB BUFFERB 

1. For a VIllSP-Out a reference request is generated to fill the buffers from memory. 

2. Because this is a start-up, a second reference request is generated to also fIll the other 
buffer. 

CPU 0 CPU 1 

(Y -:rvfi> MEM) --tI~, 

BUFFERB BUFFERB 

1. Buffer A of CPU 1 has been filled from memory and CPU 1 would have sent a Data 
Sync Vote to CPU O. 

2. CPU 0 has not completed filling its buffer, so CPU 1 has to wait for CPU 0 Data Sync 
Vote. 

CPU 0 CPU 1 

(SSD) (SSD) 

(Y -:rvfi> MEM) (Y -:rvfi> MEM) BUFFERB 

1. CPU 0 has fmished filling its buffer and the vote is unanimous. As long as the SSD 
has sent a Transmit Enable to CPU O. CPU 0 will send one Data Ready and the flow 
of 32 words are sent to the SSD. 

Hardware Trng. 
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D) 

E) 

2. The second reference request takes place right after the first buffer has been filled, to ") 
fill the next buffer. , 

CPU 0 CPU 1 

(SSD) 

(Y-MPMEM) 

1. When the Readout address of the data being sent to the SSD equals five, another 
reference request can be generated to start filling Buffer A. 

2. CPU Is Buffer B is filled and CPU 0 has sent a Data Sync Vote to CPU 1. 

3. CPU Os Buffer B is not filled so no Data Sync Vote is sent to CPU 0, which keeps 
CPU 0 from sending data to the SSD. 

CPU 0 CPU 1 

(Y-MPMEM) (Y-MPMEM) 

(SSD) (SSD) 

1. Once CPU 0 has finished filling its buffer, CPU 0 will send a Data Sync Vote to CPU 
1. Because the vote is unanimous and the SSD again has Transmit Enable active, 
CPU 0 will send a Data Ready which will allow a transfer of 32 words to the SSD. 

2. It has been determined that as the last word leaves Buffer A to the SSD, the second 
reference request would bring in the next word from memory, assuming no memory 
conflicts. 

3. This sequence continues until the BL = O. What keeps the VHISP-Out throttled back 
is how fast the SSD can keep up the Transmit Enable, and how fast the CRA Y Y-MP 
memory can keep the buffers full. 

4. If BL = 0 or an error occurs, CPU 0 will terminate the transfer and send an interrupt 
to the Exchange Package. 

Hardware Trng. ) 
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B lock Length/Address Control 

The VHISP channel starting address is loaded on the second (OOlD) instruction. Once the 
address has been loaded, the (DE) in CPU 1 for vmsp Channell would generate a signal called 
Bump CA + 1, which would increment CPU Is starting Memory address by plus 1. If the 
starting address was even, then CPU 0 would retrieve all the even addresses from memory while 
CPU 1 would handle all the odd words. Once CPU 0 or CPU 1 has made a memory request and 
received an acknowledge, the vmsp Memory address is Bumped by + 2. 

The Block Length register is loaded upon executing the (0011) instruction. The Block Length is 
sent to the SSD and remains in the CRA Y Y -MP on the (DAlDB) options. The Block Length 
register on a VHISP-In operation is decremented by -2 when the address is sent to memory. On 
the vmsP-Out operation, the Block Length is decremented by .. 2 when the reference 
acknowledge comes back from the (DA) option and the (DA) option sends a Bump CA + 1 to the 
(DAlDB), which causes the CA to increment by +2 and the Block Length to decrement by -2. 

Hardware Trng. 
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VHISP OPTIONS INVOLVED 

(DAO, DBO, DB1, DB2) Options 

The (DAO) option handles the lower 5 bits of the I/O Memory address bits (20 - 24) and the lower 
Block Length bits (20 - 24). On a VHISP start-up sequence, when using the fIrst (0010) 
instruction to load the starting SSD address, the address is sent from CPU Os (DA/DB)s for 
vmsp channell. The (DBO - DB2) handle the Upper Block Length and Memory address bits 
(25 - 223). Currently, the Block Length is used up to (217), and the I/O address is used up to 
(224). 

The (DAO) option also becomes the I/O reference control. All of the I/O Reference Requests are 
passed to the (DA) from the (DB) option. The (DA) will determine the type of reference 
ReadlWrite and the priority between LOSP, msp, and VHISP. VHISP would have the lowest 
priority against HISP and LOSP. On a VHISP-Out operation, I/O channel designators are sent 
with each reference to track the reference through memory and used to identify who's I/O data 
has come out of memory, LOSP, msp, or VHISP. On a VHISP-In operation, only the last 
word written to memory has a I/O channel designator sent with the write reference. When the I/O 
channel designators are received back from memory to the (DE) option, the (DE) option knows 
that the last word has successfully been written into memory, and can then drop active. 

(DEO) Option 

The (DE) is the VHISP control. It requires two (DE) options per VHISP channel to handle all of 
the VHISP control between the SSD and the CRA Y Y-MP. For VHISP channels (1, 5, 11, 15), 
the even numbered CPU slots in the mainframe are the master VHISP controls, and the odd 
numbered slots are the slave VHISP controls. For VHISP channell, the (DE) option in CPU 0 
is the master, while the (DE) option in CPU 1 is the slave. Upon starting up the SSD, the 
VHISP is responsible for loading the SSD starting address, Block Length, and X-MP starting 
address. In general, the (DE) in CPU 1 handles the SSD protocol, while the (DE) in CPU 0 
controls the overall flow of the data to and from memory. 

The (DE) option is one of the most complicated options, along with the (HA) option. A book 
could be written trying to cover all of the functions that the (DE) option handles. Following is a 
brief list of some of its functions per CPU. 

VHISP Channel 1 CPU 0 (DE) Option 

• Receive VHISP Block Lengh Error from SSD - occurs on a VHISP-Out operation when 
the Y -MP BL = 0, but the SSD Block Length does not equal zero, BL :¢: O. 

• VHISP Double Bit Errors - double bit memory error occured while reading the SSD 
memory or while receiving data on the input to the SSD. 

Hardware Trng. )' 
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• vmsP-In Done and Empty - SSD Block Length equals zero. 

• vmSP-In Data Ready - one data ready sent with each buffer worth of data passed to the 
Y-MP. 

• vmsP-Out Transmit Enable - occurs on a vmsP-Out operation to let the Y-MP know that 
the SSD has room for 32 Cray words. 

• vmsP-Out Last Buffer Write - Sent from the Y-MP to the SSD when the Y-MP Block 
Length register equals zero, BL = O. 

• vmsP-Out Write Data - one data ready is passed to the SSD on a VHISP-Out operation. 

• Capture vmsp Control - Sent to the (DAJDB) options to load the CA and BL registers, 
CPU O. (DAJDB) will pass the VHISP Starting Block address to SSD. 

• Interrupt Request - when the vmsp channel has fmished or an error occurs, the I/O 
interrupt is directed to the (RHO) option in CPU 5. 

• vmsp Status Word - upon getting an interrupt, a status word is created and sent to the 
(DNDB) options and is read out on a (033) instruction to Ai through the Shared registers. 

• vmsp Data Sync Vote - to synchronize CPU 0 and CPU 1 to determine if it's time to send 
data to the SSD, or to receive data from the SSD. 

• vmsp Transfer Progress Report - CPU 1 uses the transfer progress report to inform the 
master (DE) of the status of the slave (DE); such things as off-line, double bit errors, 
Acknowledge Clear, and reference in progress. 

VHISP Channel 1 CPU 1 (DE) Option 

• Capture vmsp Controls - similar to CPU 0, except CPU 1 sends the vmsp Block 
Length to the SSD. 

• vmsp Bump CA + 1 - causes CA to be incremented by plus 1 on start-up, and during a 
vmsP-Out operation to increment CA + 2 after reviewing an Acknowledge Reference 
from (DA). 

• Set CA - The VHISP Starting Block address is active on the wires to the SSD, along with 
the Block Length register. When Set CA is sent to the SSD, the SSD loads the starting 
address and Block Length simultaneously. 

• vmsP-In Read Transmit Enable - sent to the SSD when the Y-MP has two buffers ready 
to be filled from the SSD. 

• vmsP-Out Transmit Enable - received by the (DE) from the SSD, indicating that the SSD 
has room for 32 Cray words. 

• vmSP-In Data Ready - one data ready passed to (DE) at CPU 1 per 32 Cray words. 

Hardware Tmg. 
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• SSD Off-line - indicating to the Y-MP that the SSD is off-line, static signal. 

• VHISP Clear Controls - sent to the SSD upon issuing an (0012) instruction, and to clear 
out the SSD port controls. 

• Acknowledge Clear - received back from the SSD after the port has cleared out 
successfully. 

• Reference in Progress - sent from CPU 0 to time out exactly when both buffers are full or 
empty, and also to prevent an error condition setting while a reference is in progress. 

• Data Sync Vote - similar to the (DE) in CPU 0, it is used to handshake between the (DE) 
options. 

. .. ~ 

! 
./ 

Hardware Trng. ) 
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VHISP PROGRAM!v11NG 

The instruction sequence to start an operation is defined with (Aj) = 1/5/11/15. 

0012jO 
0010jk· 
0010jk 
00lljk 

033iOO 
033ij1 
0012jO 

Notes 

CI,Aj 
'.~CA,Aj Ak 
-CA,AjAk 
-CL,AjAk 

Ai CE A' , J 
CI,Aj 

SSD Starting Block Address 

Clear interrupt 
(Ak) = SSD starting Block address f~':!/~ D H,r f 

(Ak) = CRA Y Y-MP Memory address ~ S$\"-~t 0"\0\ 

(Ak) = Transfer block length 1S$l~'LO '3 ~Q 
. Read/write mode: 

Transfer initiated 

Wait for interrupt on channel number 1/5/11/15 

Read channel number to Ai 
Read Error flags/status word 
Clear interrupt/clear interface 

All transfers to or from the SSD must be in blocks of 64 words. 

CRAY X-MP Memory Address 

Address used to transfer information into eRA Y Y-MP memory. 

Block Length 

Block length pertains to the number of 6410 word blocks to be transferred. The maximum block is 
7777778' If the Ak register bit 223 is cleared Read operation (SSD to eRA Y Y-MP memory). If 
223 is set, it is a write operation (eRA Y Y-MP memory to SSD). 

YM01101A 
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BIT ORIG DESCRIPTION DESTINATION 

2 0 (DAO) VlllSPBL=20 
~ (JRO) 000099999990., (JSO) 

21 (DAO) VlllSPBL=21 ~ (JRO) 22U2222l!222., (JSO) 

22 (DAO) VlllSPBL=22 ~ (JRO) 22222222l!222., (ISO) 

2 3 (DAO) VlllSPBL=23 ~ (JRO) 11222l!2222222., (ISO) 

24 (DAO) VHISPBL=24 ~ (JRO) !I02211222 11220., (JSO) 

2 5 (DBO) VHISPBL=25 ~ (JRO) 11222!12222222., (JSO) 

2 6 (DBO) VlllSPBL=26 ~ (JRO) 112222222!1222., (JSO) 

27 (DBO) VHISPBL= 27 ~ (JRO) 1122222202220., (ISO) 

2 8 (DBO) VlllSPBL=28 ~ (JRl) 112222222l!222., (JSl) 

2 9 (DBO) VHISPBL=29 ~ (JRl) 2220112222220., (JSl) 

2 10 (DBO) VlllSPBL=21O ~ (JRl) 022!1222011222., (lSI) 

211 (DBO) VHISPBL= 211 ~ (JRl) 02922222l!220., (JSl) 

212 (DBO) VHISPBL= 212 ~ (JRl) 02222222l!22O., (JSl) 

2 13 (DBl) VHISP BL = 213 ~ (JRl) 0222l!222222O., (JSl) 

214 (DBl) VHISP BL = 214 ~ (JRl) 022!l 022!l2222., (JSl) 

2 15 (DB 1) VlllSPBL=215 ~ (JRl) 022!l22222220., (JSl) 

2 16 (DBl) VHISP BL = 216 ~ (JR2) 222222222202., (JS2) 

217 (DBl) VHISP BL = 217 ~ (JR2) 2220222!1222!1., (JS2) 

2 18 (DE) VHISP-REQUESTINPROGRESS ~ (DBl) ~ (JR2) ~ (JS2) 

2 19 (DE) VlllSP - BLOCK LENGTH ERROR ~ (DBl) ~ (JR2).w. (JS2) 

2 20 (DE) VHISP - SSD DOUBLE BIT ERROR ~ (DB2) ~ (JR2) ~ (JS2) 

221 (DE) VHISP - CRA Y Y-MP DOUBLE BIT ERROR ~ (DB2) ~ (JR2) ~ (JS2) 

222 (DE) VHISP - FATAL ERROR ~ (DB2) ~ (JR2) ~ (JS2) 

033iji where Aj = (1, 5, 11, 15) 
Hardware Trng. 
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SSD CPUN 
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IlNABUI 

DIPP. {1I441 
1145J 

DIPP. JII441 
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160_ 17 0114 rU16 --t-+ II 0114 i075 _ DEO f76 

: CPUN+I 

OJI {r60_17 0114 dOl ~"~_~~~~~~_::t:_~_~ ____ _ 
161_17 0114 rl09 _ 17 0114 1076 _ DBO m 

(Ylt - DO) uuu ...... tilT I!KK!JK W-MEM ('iii)..../ 

(0130) POSmoNCONSTANT 

(CN25 - VS30 - VSII) MASlElUlllAR 

OR) CHANNEL COMMANDS 00 

VHlSPDATASYNCVam 

AatNOWLEOOl! a.I!AR 

VIOSP a.I!AR :01. 

(082) CPU 1 

ADDRESS-~-221) 

(081) CPU 1 

ADDRBSS-(2I'-2:1O) 

BL_(2\J_ 211) 

(DBO) CPU I 
ADDRESS-(2' _212) 

BL-(2'-2 1l) 

(D~ CPU I 

ADDRESS - (20 - 2 4 ) 

SSD 

PORT3 
<XlN11l<L 

(2YYJ 

!niL 
CPU 0 --------------------------------------------------------------------------------------------------------------------------------------------------

(JR) UiJ\N"'IlLU>MMAN!J!!UYW~ 

(DJ6) VIDSP a.ocx. TIMINO SIGN. 

(lR2) WAtDATABrr2%J 

(0130) POSrr!ON CONSTANT 

(HG, F.O.) DOUBLBBrrIlRRORMBM+W 

(Ylt-DD) DOUBLBBrrIlRRORW+MBM 

(YR) CPU DBSIGNATOR 

VIlISI' BLOCItI.BN011lIlRROR 

VHISP DOUBLB BITIlRROR 

VlDSp·1N DONE AND I!MPIY 

(p.O.) 

(p.O.) 

CPU 0 
VlDSP ADDRBSS c:zO - 2:10 ) (I!X1) 

I 

i4) I STA1USWORDAiDATA • (lR) 

MAmlR 

VHISP CHANNEL <XlN11l<L 

CRAY Y-MP VHISP INSTRUCTION (0010 - (012) BLOCK DIAGRAM 
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FIRST 
(00 I Ojk) 

SSD START BLOCK ADDRESS 
CPU 0 

BIT TERM OPTION 

2° R30 (DAO) 
21 R31 (DAO) 
22 R32 (DAO) 

2 3 R33 (DAO) 
24 R34 (DAO) 

2 5 R30 (DBO) 

2 6 R31 (DBO) 
27 R32 (DBO) 

2 8 R33 (DBO) 

2 9 R34 (DBO) 
210 R35 (DBO) 
211 R36 (DBO) 
212 R37 (DBO) 
213 R30 (DB I) 
214 R31 (DB I) 
215 R32 (DB I) 
216 R33 (DBI) 
217 R34 (DB I) 
218 R35 (DB I) 

219 R36 (DB 1) 

2 20 R37 (DB!) ----------------- --221 R30 (DB2) 
~~ ____ ~1 _____ !Q~~ __ 

2 23 R32 (DB2) 
224 R33 (DB2) 

2 25 R34 (DB2) 

2 26 R35 (DB2) 
227 R36 (DB2) 

2 28 R37 (DB2) 

SECOND 
(OOIOjk) 

Y-MP MEMORY ADDRESS 
CPUO/l 

BIT TERM OPTION 

2° A40 (DAO) 
21 A41 (DAO) 
22 A42 (DAO) 

2 3 A43 (DAO) 
24 A44 (DAO) 

2 5 A40 (DBO) 

2 6 A41 (DBO) 
27 A42 (DBO) 

2 8 A43 (DBO) 

2 9 A44 (DBO) 
210 A45 (DBO) 
211 A46 (DBO) 
212 A47 (DBO) 
213 A40 (DB1) 
214 A41 (DB 1) 
215 A42 (DB 1) 
216 A43 (DB I) 
217 A44 (DB I) 
218 A45 (DB I) 
219 A46 (DB I) 

2 20 A47 (DB 1) 
221 A40 (DB2) 
222 A41 (DB2) 

2 23 A42 (DB2) 

J_~ ____ ~~ ____ !Q~~_ 
2 25 A44 (DB2) 

_~~ ____ ~1? ____ !Q~~_ 
227 A46 (DB2) 

2 28 A47 (DB2) 

(OOlljk) 

Y-MP BLOCK LENGTH SSD BLOCK LENGTH 
CPU 0/1 

BIT TERM 

2° A100 
21 A101 
22 A102 

2 3 A103 
24 J44 

2 5 

2 6 /2° J50 
27/21 J51 

2 8 /22 J52 

2 9 /23 J53 
21°/ 24 J54 
211/25 J40 

212/26 J41 

213/27 J42 
214/28 J43 
215/29 J44 
216/210 J45 
217/211 J46 
218/ 2 12 J47 
219/213 J40 

2 2°/214 J41 
2 21/215 J42 
2 22/216 J43 
2 23/217 J44 

224/ 

2 25/ 

2 26/ 
227/ 

2 28/ 

/223 Q04 

OPTION 

(DAO) 

(DAO) 

(DAO) 

(DAO) 

(DAO) 

(DAO) 

(DAO) 

(DAO) 

(DAO) 

(DAO) 

(DBO) 

(DBO) 

(DBO) 

(DBO) 

(DBO) 

(DBO) 

(DBO) 

(DBO) 

(DBO) 

(DB I) 

(DB 1) 

(DB 1) 

(DB I) 

(DEO) 

CPU I 
BIT TERM OPTION 

2° R30 (DAO) 
21 R31 (DAO) 
22 R32 (DAO) 

2 3 R33 (DAO) 
24 R34 (DAO) 

2 5 R30 (DBO) 

2 6 R31 (DBO) 
27 R32 (DBO) 

2 8 R33 (DBO) 

2 9 R34 (DBO) 
21O R35 (DBO) 
211 R36 (DBO) 
212 R37 (DBO) 
213 R30 (DBI) 
214 R31 (DBI) 
215 R32 (DBI) 
216 R33 (DBI) 
217 R34 (DB1) 

2 23 R32 (DB2) 

R/W 

223= 1 WRITE TO SSD 

223= 0 READ OF SSD 

Hardware Tmg. 
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(DEO) (DEO) - (DA/B) 
(DA/B) 

ISSUE (OOI2jk) Aj,. (I, 5,11,15) 
SENDTOSSD 

ISSUE (OOI0jk) LOAD Aj = (I, 5, II, IS) 
SSD STARTING BLOCK ADDRESS 
SENT FROM (DNDB) IN CPU (N) 

ISSUE SECOND (OOlOjk) 
Aj. (I, 5,11,15); LOAD Y-MP 

STARTING ADDRESS INfO (DNDB) 
OFCPU(N),(N+ 1) 223 z 0 

FROM CPU 1 (DEO) 

SSD 

(DEO) 

ISSUE (0010jk) Aj = (I, 5, II, IS) 
LOAD BL IN (DAIB) AND SSD 

SENT FROM (DNDB) IN CPU (N + 1) 

(DA) 

SEND.I/O CHANNEL 
DESIGNATOR (R7 - 8) TO (DE) 

READ REFERENCE DESIGNATOR 
(R2O - 21) TO (YZ) 

(DEs) 

(DEO) 
(DEO) 

SET VHlSP ACTIVE (Ql) 
INCREMENT CA + 1 ON 
(DNDB) OF CPU (N + 1) 

GENERATE REFERENCE REQUESI' 
(011) TO (DA). SET VHISP REFERENCE 

REQUEST ON (DA). GENERATE SECOND 
REQUEST RANK 

(DEO) 

SET REFERENCE ACK. CP 3 
SET REFERENCE IN PROGRESS (QI2) 

INCREMENT REFERENCE CNT Q30 - 33 t-r--+( 
INCREMENT CA + 2, AND DECREMENT 
SEND BUMP CA + 1 TO (DA) TO BL - 2 

(DP,DE) 

LOAD DATA IN BUFFER; 
TRACK NUMBER OF 

BLOCK IN PIPE 

(DE) 

(DE) (DE,Dp) 
SEND VHISP DATA 

SYNC. VOTE TO 
OTIIER(DE) 

(DE) 

DROP ACTIVE (01) 

(DE,CPUO) 

SEND 32 WORDS AND 
ONEDATAREADYTOSSD 

SEND I/O INTERRUPT 
AND CPU NUMBER 

SEND LAST BUFFER 
WRITETOSSD 

(DE) 

CRAY Y-MP VHISP-OUT READ Y-MP---"SSD FLOW CHART 

~/ \---_/ 

(DA) 

GENERATE VHISP 
DESIGNATORS 

(WO- WI) 

CONFLICT 

(DE) 

SWAP BUFFER 
IF BACKGROUND 

NOT IN USE 
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INTER CPU 
VOlE 

Q16, Q18 , 

(MEM) 
(0") 1 1(0") 
FOREGROUND" SWAP ~ BACKGROUND 

BUFFER BUFFER 
(SSD) 

Q30- 33 
FIRST ACK. 
DETECTION , 

FILL BUFFER 

OR.. ( 

Q35 -38 
L----1~~IEND OF BUFFER 

DETECTION 

(DE) EMPTY BUFFER 

If buffer is emptying and address = 5, 
start Next Reference. Latency will allow 
time for current background to empty. 

= ALMOST DONE 

Set a block into "the pipe" with a Reference Request, and take it out when the Output 
Buffer is nearly empty (N12). There are two buffers, so there can be a maximum of 
two blocks in "the pipe". 

= INACTIVE ALLOW SWAP IF 
BACKGROUND IS NOT IN USE 

CRAY Y-MP VHISP-OUT BUFFER CONTROL 
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ERROR LOGGING 

Each CPU module records errors unique to that CPU and sends a copy of the error information 
to the Error Logger. Three types of errors are recorded by the CPU; they are: Memory Errors, 
Register Parity Errors and Input HISPNHISP Parity Errors. 

Memory Errors and Register Parity Errors are logged in the (HOO) option as they occur in words 
one through five of the exchange package area. When an exchange occurs, a copy of the current 
(HOO) error information is sent to the (HHO) option for submittal to the Error Logger. This 
information is transferred as five 8-bit bytes. Based on the error type (Memory, RPE), only 
certain bytes of these five will be held on the (RHO) option. Bytes that are not needed may either 
be overwritten or simply not latched upon receipt at the (RHO) option. Memory Error and 
Register Parity Error information is not sent to the (HHO) option as it occurs, but is instead 
copied to the (HHO) option only during an exchange. Since Uncorrectable Memory Errors are 
probably Register Parity Errors, they will usually cause an interrupt with a subsequent exchange, 
these errors will be logged as detected. Correctable Memory Errors, however, will usually only 
be logged due to an exchange for some reason such as a PCI, EXIT, ORE, etc.; unless the 
Interrupt on the Correctable Memory Error Mode bit is set. HISP and VHISP Input Parity Errors 
are sent directly to the (HHO) option upon detection from the (YRI2 - YRI5) options. These I/O 
Errors are logged as they are received. 

All CPU modules share a single error channel path to the system Error Logger. The sharing of 
this single path requires fanin and control circuits as follows: Each CPUs (HHO) option upon 
receiving error information from its own (HOO) option or the I/O channels mounted on that 
module will send an error channel request to the CPU 5 (HHO) option. Error channel allocation 
is on a first come, first serve basis. In the event of a tie, priority is given based on the physical 
CPU slot with CPU 0 getting the highest priority and CPU 7 getting the lowest. 

The CPU 5 (HHO) option controls the usage of the error channel and will issue a 00 Error 
Channel to the CPU requesting the channel and having the highest priority. This requesting CPU 
will then set an active flag and send the first of eight 4-bit data transfers to the Error Logger. 
Data bit 0 will go via the CPU 0 (HHO) option, data bit 1 via the CPU 1 (HHO) option, data bit 2 
via the CPU 6 (HHO) option, and data bit 3 via the CPU 7 (HHO) option. These four (HHO) 
options provide an 8 to 1 fanin for any of the eight CPU s to transfer data to the Error Logger. 

The first 4-bit data transfer from any CPU will always have a single bit set, as it has one bit 
identifying a Correctable Memory Error, one bit identifying an Uncorrectable Memory Error, one 
bit identifying a Register Parity Error, and one bit identifying an I/O Error. This first 4-bit data 
transfer starts an Error Logger input cycle. The Error Logger will answer the CRA Y Y -MP by 
sending eight Error Logger Resume signals, one per 4-bit data transfer. Each resume signal is 
routed via the CPU 0 (HHO) option and fanned out in the CPU 1 (HHO) option. The resume is 
then broadcast to all eight CPU (HHO) options. Only the currently active CPU (RHO) option 
will use this signal by sending 4-bit data transfers to the Error Logger in response to each of the 
Error Logger Resume signals. The first two 4-bit data transfers will always contain the error 
type (Memory, RPE, I/O) and the physical processor number (0 -7) reporting the error. The 
remaining six 4-bit data transfers vary in content based upon the error type. 

Upon receipt of the eighth Error Logger Resume signal, the active CPU (RHO) option resets his 
active flag in order to log another set of exchange package error information from the (HOO) 
option. This (RHO) option also sends an Error Channel Complete signal to the CPU 5 (RHO) 
option to free up the error channel for another CPU to use. 

YM0310BA 
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ERROR LOGGER OPTIONS INVOLVED 

(HGO) Option 

The (HG) option collects the infonnation which is sent to the Error Logger from the exchange 
parameters, which include the Syndrome, Bank, Chip Select, Ports and Error type. The 
exchange parameters are sent to the (HH) only during an Exchange Sequence. When a UCME, 
CME or RPE is set, the (HG) will pass a Go Error to the (HH) option along with the exchange 
parameters. Upon receiving the Go Error, the (HH) will know the exchange parameters need to 
be sent to the Error Logger 

(HHO) CPU A - H Option 

The (HH) option receives and collects infonnation from the exchange parameter as well as from 
the HISPNHISP Input Error syndrome. The (HH) with the error information from CPU A - H 
will pass an error channel request to the (RHO) in CPU 5 location. The (RH) at CPU 5 will 
make sure that the (HH) from CPU A - H is the lowest numbered CPU and will pass a Go Error 
Channel back to the CPU that is the lowest number. The (HH) that receives the Go Error 
Channel from the (HH) at CPU 5 will then start passing its collected error information to the 
Error Logger. 

(HHO) CPU 0, 1, 6, 7 Option 

The (HH) options in CPU location 0, 1, 6, 7 are responsible for passing the error infonnation to 
the Error Logger. (RHO) in CPU 0 sends bit 20, while (RHO) in CPU 1 sends bit 2 1, along with 
(RHO) in CPU 6 sending bit 22, and finally (RHO) in location CPU 7 will send bit 23. The 
(RHO) will do a 8 to 1 fanin from all the other CPU s (RHO) options. 

(HHO) CPU 5 Option 

The (RHO) in CPU 5 will become the control as to which CPU will be sending its infonnation to 
the Error Logger. The CPU with the lowest letter would have the highest priority. This is the 
same priority used to send the lowest numbered interrupting channel number. 

Hardware Trng. 
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(HHO) CPU 0 Option 

The (IllI0) in location CPU 0 will receive the hand shakes resume and reset from the Error 
Logger. Resume is to allow another 4 bits to be sent, while a reset indicates that the transfer is 
complete. 

(HHO) CPU ,I, CPU 6 Option 

(ImU) CPU 1 performs a 1 to 8 fanout of resume to the eight CPUs (RHO) options, while 
(RHO) at CPU 6 performs a 1 to 8 fanout of the reset to the eight CPUs (IllI0) options. 

Hardware Trng. 
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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 pm 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. Avoid wearing loose articles of clothing that can be snagged and drawn into moving 
machinery. Wear short-sleeve shirts or pull sleeves above the elbow. Neckties, where 
required, should be tucked in between the second and third shirt button or fastened about 
three inches from the end with a tietack or tieclasp, preferably non-conductive. Don't use 
tie chains. Clip-on type neckties are preferable to the regular ones; if caught they will pull 
free without causing injury. 

f. While working in equipment put red tape strips across any power controls, or use "DO 
NOT OPERA JE" 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. 

S. All safety covers, guards, shields, groundstraps, panels, etc., shall be properly reinstalled after 
maintenance is finished. 

6. Maintain good housekeeping practices during and follow~ng each maintenance activity. Do not 
permit tools, manuals, wipers, paper, trash and the like to accumulate in the work area, and 
CLEAN UP AF1ER 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, performing detailed mechanical maintenance 
procedures, or doing wiring and/or module changes in the machine. If possible, turn off and lock or 
tag the circuit breaker in the service panel on the wall; unplug the main power supply cord. 

2. Only use well-insulated pliers, screwdrivers, test leads, etc., when working on or near live 
circuits. 

3. Do not disconnect or otherwise disable safety grounding systems even if the equipment is 
powered off. These are installed for YOUR protection. 

4. A void coming in contact with grounds, such as equipment frames, metal floor tile edgings, 
electrical conduits, and the like. If possible, locally purchase rubber or vinyl mats. 

Mechanical 

1. Do not use chemicals, greases, oils or solvents that have not been specifically approved by the 
equipment manufacturer for that device. His recommendations 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 or broken tools or test equipment as quickly as possible. 

4. If the machine is running, DO NOT reach in to the works; remember, they are YOUR fingers and 
you only get one set per lifetime. 

5. If using a strobelight on mechanical devices, DON'T TOUCH ANYTHING; it may be 
moving. 

6. Safety glasses or goggles must be used if you are: 

a. Driving pins, riveting, swedging, and similar activities. 

b. Using an electric drill, grinder, reamer, etc. 

c. Installing or removing springs under tension or compression. 

d. Using any type of solvent, spray, or chemical for cle:ming 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 JUDGEMENT AND COMMON SENSE - A MOMENT OF 
TIiOUGHT BEFORE YOU ACT CAN SAVE HOURS OF AGONIZING AFIERTIiOUGHT. ) 

-_// 
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SAFETY PRECAUTIONS 

Power Tool Precautions 

Power tools can be hazardous when improperly used. There are several types of power tools, 
based on the power source they use: electric, pneumatic, liquid fuel, hydraulic, and powder
actuated. 

Employees should be trained in the use and limitations of their power tools. They should 
understand potential hazards and safety precautions to prevent those hazards from occurring. 

The following general precautions should be observed by power tool users: 

• Never carry a tool by the cord or hose. 

• Never yank the cord or the hose to disconnect from the receptacle. 

• Keep cords and hoses away from heat, oil, and sharp edges. 

• Disconnect tools when not in use, before servicing, and when changing accessories 
such a blades, bits, and cutters. 

• All observers should be kept at a safe distance from the work area. 

) • Secure work with clamps or a vise, freeing both hands to operate the tool. 
-' 

\ 
I , 

• A void accidental starting. The worker should not hold a finger on the switch button 
while carrying a plugged-in tool. 

• Tools should be maintained with care. They should be kept sharp and clean for the 
best performance. Follow instructions in the user's manual for lubricating and 
changing accessories. 

• Be sure to keep good footing and maintain good balance. 

• The proper apparel should be worn. Loose clothing, ties, or jewelry can become 
caught in moving parts. 

• All portable electric tools that are damaged must be removed, or tagged "DO NOT 
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. 
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Guards, as necessary, should be provided to protect the operator and others from: 

• Point of operation 

• In-running nip points, rotating parts 

• Flying chips and sparks 

Safety guards must never be removed when the tool is being used. For example, portable 
circular saws must be equipped with guards. An upper guard must cover the entire blade of the 
saw. A retractable lower guard must cover the teeth of the saw, except when it makes contact 
with the work material. The lower guard must 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 contact "on/off' 
control switch: drills, tappers, fastener drivers, horizontal, vertical and angle grinders with 
wheels larger than two inches in diameter, disc sanders, belt sanders, reciprocating saws, saber 
saws, and other similar operations. These tools may also be equipped with a lock-on control 
provided that turn off can be accomplished by a single motion of the same finger or fmgers that 
turn it on. 

The following hand-held powered tools may be equipped wi-h only a positive "On-off" control 
switch: platen sanders, grinders with wheels two inches or less in diameter, routers, planers, . -~') 
laminate trimmers, nibblers, shears, scroll saws, and jigsaws with blade shanks one-fourth inch _ 
wide or less. 

Other hand-held powered tools such as circular saws, chain saws, and percussion tools without 
positive accessory holding means must be equipped with a constant pressure switch that will shut 
off the power when the pressure is released. 

Electric Tools 

Employees using electric tools must be aware of several dangers; the most serious is the 
possibility of electrocution. 

Among the chief hazards of electric-powered tools are burns and slight shocks which can lead to 
injuries or even heart failure. Under certain conditions, even a slight shock can result in 
fibrillation of the heart and eventual death. A shock also can cause the user to falloff a ladder or 
other elevated work surface. 

To protect the user from shock, tools must either have a three-wire cord with ground or be 
double insulated. Three-wire cords contain two current-carrying conductors and a grounding 
conductor. One end of the grounding conductor connects to the tool's metal housing. The other 
end is grounded through a prong on the plug. Anytime an adapter is used to accommodate a two
hole receptacle, the adapter wire must be attached to a known ground. The third prong should 
never be removed from the plug. 
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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. 

The following general practices should be followed when using electric tools: 

• Electric tools should be operated within their design limitations. 

• Gloves and safety footwear are recommended during use of electric tools. 

• When not in use tools should be stored in a dry place. 

• Electric tools should not be used in damp or wet locations. 

• Work areas should be well lighted. 

ESD (ELECTROSTATIC DISCHARGE) 
PROTECTION 

The purpose of this guideline is to identify those steps taken by personnel to try to prevent 
damage to electronic devices due to electrostatic discharge. This guideline applies to all persons 
working on any electronic machines (Cray chassis, disk drives, expanders, microcomputers, 
etc.), modules and boards. 

All persons working the checkout bays should be familiar with and follow these guidelines. 

Wrist Straps 

A wrist strap connected to a suitable ground will be worn whenever a module or board is being 
handled outside of the machine and not in a protective container. This applies to Cray chassis, 
disk drives, microcomputers, etc. Specifically: 

• whenever a modulelboard is being inserted, removed, or being scoped while extended 

• whenever a module is being handled at a static free workstation or teststation 

• whenever an unprotected module is being removed or put into the spares cabinet 

The wrist straps used are expandable with stainless steel fibers interwoven into the material. 
After a while, the steel fibers break and the wrist strap becomes ineffective. The straps should be 
checked bi-weekly and those that are intermittent or open should not be used. 
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Static Free Workstation 

A static free workstation is a work area whose surface has been covered with a static dissipative 
material connected to ground. 

All checkout bays have at least one static free workstation. Also, the module teststation is a static 
free workstation. 

The static free workstations are for working on modules and should be kept clean of books and 
paper. The only things permitted on the static free workstations are modules, tools, and those 
documents necessary for the work being done at that time. 

The static free workstation is the only place where any work will be done on a module (ohming, 
tear down, etc.). Laying the unprotective module!board on a power supply bay cushion or laying 
a static protective bag between the module and cushion while ohming is prohibited. 

Static Dissipative Footwear 

Static dissipative footwear are shoes, shoe covers, or heel straps made of conductive material 
used to prevent charge build-up when employing conductive flooring. 

Whenever working on equipment in the checkout bays or rooms with conductive flooring, static 
dissipative footwear will be worn. 

-j 

Personnel who have been provided the HYTEST static dissipative shoes, should wear the shoes -~,) 
in the checkout bays. Personnel temporarily testing equipment in the checkout bays (Field, 
Engineers, Training, etc.), if they do not have the approved HYTEST shoes, they will need to 
wear heel straps. Field Engineers can obtain an authorization slip for HYTEST shoes from 
Kathy Eisold, Hardware Training, as required. 

Although leather is conductive, leather soled shoes are not necessarily static dissipative and are 
not acceptable substitutes for approved static dissipative footwear. 

Static Shielding Containers 

When modules are carried between buildings, the covered aluminum cans or the module boxes 
will be used. 

When modules are carried between bays in the same building, the static shielding bags will be 
used. To be effective, the bags should not be used like a "potholder". The module should be 
placed inside the bag and the bag opening folded over. Bags that are torn or have a lot of 
punctures should be discarded and not used. 

Pink polyurethane material!bags are anti-static (they cannot generate a charge on their surface), 
but they are not static shielding. The pink polyurethane material can be wrapped around the 
module and then the module put into the shielding bag. However, using the pink polyurethane 
packing material instead of the static shielding bag is not satisfactory. 
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Smocks 

All personnel working in a computer bay or a training lab will be expected to wear an anti-static 
smock. Each individual should have one of their own. For Field Engineers who do not have 
smocks, see Kathy Eisold in Hardware Training. 

SHOCKS 

How Shocks Occur 

Electricity travels in closed circuits, and its normal route is through a conductor. Shock occurs 
when the body becomes a part of the electrical circuit. The current must enter the body at one 
point and leave at another. Shock normally occurs in one of three ways. The person must come 
in contact with the following: both wires of the electrical circuit; one wire of an energized circuit 
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. 

The metal parts of electrical tools and machines may become "hot" if there is a break in the 
insulation of the tool or machine wiring. The worker using these tools and machines is made less 
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. If the equipment 
grounding conductor has been properly installed, it has a low resistance to ground, and the 
worker is being protected. 

Severity of the Shock 

The severity of the shock received when a person becomes a part of an electrical circuit is affected 
by three primary factors: the amount of current flowing through the body (measured in amperes); 
the path of the current through the body; and the length of time the body is in the circuit. Other 
factors which may affect the severity of shock are the frequellcy of the current, the phase of the 
heart cycle when shock occurs, and the general health of the person prior to shock. 

The effects from electric shock depend upon the type of circllit, its voltage, resistance, amperage, 
pathway through the body, and duration of the contact. Effe~ts can range from a barely 
perceptible tingle to immediate cardiac arrest. Although then~ are not absolute limits or even 
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. 

HTV-0834 7 eRA Y PROPRIETARY 



Effects of Electrical Current in the Human Body 

CURRENT REACTION 

1 Milliampere Preception level. Just a faint tingle. 

5 Milliamperes Slight shock felt; not painful but disturbing. Average 
individual can let go. However, strong involuntary 
reactions to shocks in this range can lead to injuries. 

6-25 Milliamperes (women) Painful shock, muscular control is lost. 

9-30 Milliamperes (men) This is called the freezing current or "let-go" range. 

50-150 Milliamperes Extreme pain, respiratory arrest, severe muscular 
contractions*. Individual cannot let go. Death is possible. 

1,000-4,300 Milliamperes Ventricular fibrillation. (The rhythmic pumping action of the 
heart ceases.) Muscular contraction and nerve damage occur. 
Death is most likely. 

10,000 Milliamperes Cardiac arrest, severe burns and probable death . 

.,. If the extensor muscles are excited by the shock, the person may be thrown away from the 
circuit. 
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PERSONAL PROTECTION 

Arm and Hand Protection 

Examples of injuries to anns and hands are burns, cuts, electrical shock, amputation, and 
absorption of chemicals. 

There is a wide assortment of gloves, hand pads, sleeves, and wristlets for protection from 
various hazardous situations. 

The protective device should be selected to fit the job. For example, some gloves are designed to 
protect against specific chemical hazards. Employees may need to use gloves which have been 
tested and provide insulation from burns and cuts such as wire mesh, leather, and canvas. The 
employee should become acquainted with the limitations of the clothing used. 

Ear Protection 

Exposure to high noise levels can cause hearing loss or impairment. It can create physical and 
psychological stress. There is no cure for noise-iruluced hearing loss, so the prevention of 
excessive noise exposure is the only way to avoid hearing damage. Specifically designed 
protection is required, depending on the type of noise encountered. 

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 eannuffs change the nature of sounds; all sounds are reduced including 
one's own voice, but other voices or warning signals are eaSler 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 [uffered 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 
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their type of work, or it was not required for the type of work performed at the time of the 
accident. 

Suitable eye protectors must be provided where machines or operations present the hazard of 
flying objects, glare, liquids, injurious radiation, or a combination of these hazards. Protectors 
must meet the following minimum requirements: 

• Provide adequate protection against particular hazards for which they are designed. 

• Be reasonably comfortable when worn under the designated conditions. 

• Fit snugly without interfering with the movements or vision of the wearer. 

• Be durable. 

• Be capable of being disinfected. 

• Be easily cleanable. 

• Be kept clean and in good repair. 

Respiratory 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 impairment, other diseases, or death. } 
Respirators prevent entry of harmful substances into the body during breathing and make sure 
that the user has an adequate supply of clean air. Some respirators also provide a separate supply 
of air so work can be done where there is inadequate oxygen. 

Prevention of atmospheric contamination at the worksite generally should be accomplished as far 
as feasible by engineering control measures (for example, enclosure or confmement 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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CRAY Y-MP FLUORINERT SAFETY 

Although the CRA Y Y-MP Fluorinert tank is vented directly into the computer bay, there should 
be no danger of having perfluoroisobutylenes (PFffi) formed, because the fluorinert has no 
contact with electricity. Much less fluorinert escapes into the room for the CRA Y Y -MP than 
from removing boards from the CRA Y-2, which are wet with fluorinert. 

Fluorinert in the CRA Y Y -MP (called FX -74) is contained inside the cold plates. Calculations 
have been performed to estimate the quantity of fluorinert lost to the atmosphere due to the 
venting of the CRA Y Y -MP, and it was found to be minimal. The 3M Company has set a 
maximum standard of 1000 ppm offluorinert in the air. Therefore, monitoring ofFX-74 is not 
needed, because it would be extremely difficult to get greater than 1000 ppm of fluorinert in the 
air. 

FX -7 4 is a refined existing product of the Fluorinert family. It has a low toxicity, and the 
inhalation toxicity of FX-74 is considered nonexistent. It has a high affinity for oxygen, and is 
used as a blood substitute. Sutdies have found that it would take extremely high heating to get 
enough evaporation into the air for oxygen depletion. 

YM20/07 
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