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CRAY Y-MP SHARED REGISTERS 

The Shared registers in the CRA Y Y -MP consist of nine clusters of Shared B registers (SB), 
Shared T registers (ST), and the Semaphore register (SM). The clusters are numbered one 
through nine, 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 regist<:?r 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 = O. 
the instruction will set SMjk equal to a one. Howevet;ifupoo.':examiningS:¥jk itis.found that 
SMjk = 1, the processor will Hold Issue until SMjk has been cleared. 

One of the easiest ways to understand how the'Shaiedregisters 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 CPUs. In order for the sequence'of events to wQrk " .~; 
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 untiLCPU 0 clears-SMOO. 
Likewise, when CPU sets SMOl in step 1, it will cause'CPUO to HoldTssuewhen CPU 0 gets· 
to step 11. CPU 0 will Hold Issue until CPU 1 clears SMOl in step 11. \¥hen 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 ofthe:SB registei:andcontinue to process the program 
in steps 3 - 8. In summary, you can get a feel for how -theTest and Set instruction can be used 
with this program, and the importance of the SB/ST registefs.,,·j;~~· 

The difficulty in the Shared registers is knowing what clusters, the various CPU s are using, and 
being able to multiplex the A/S register to any SB/ST register in:any one of nine clusters. To 
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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 -

** 0014j3 -

Test and set SMjk 0~k<37 8 
Test SMjk if value is zero, instruction sets SMjk. If value is 
one, instruction hold issue until SMjk is cleared. 
Clear SMjk 0~k<378 
Set SMjk 0~k<37 8 
Set cluster number to expression = (Aj), where O«Aj)<ll 
CRAY Y-MP mode; (0 = no - op) 
Enter CLN Register with (Aj) CRA Y Y -MP mode; 
(0 = no - op) 

**Priviledged to monitor mode . 

Hardware Tmg. 
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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) op~on, causing 
the (JR) to send a Deadlock flag to the (HE) option. -

(HS14 - HS15) Options 

The (HS 14 - HS 15) options contain the ST and SB registers for all nine clusters. Cluster 0 is not 
used. (HS 14) contains SB/ST register values for clusters 1 - 7, while (HS 15) contains SB/ST 
register values for clusters 8 and 9. The Shared registers utilize the Bypass path on the (HS) 
option, which no other (HS) 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 Hold Issue exists, the (JC) will allow CPU 0 to progress 
fIrst, 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 Intenupt Interval instructions, and passes these 
instruction decodes to the (JS) options, where the Real-time clock is located. 

Hardware Trng. 
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(JQO) 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. 

(JRO - JR3) Options 

There are four (JR) options per CPU module. Each (IR) 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 (HSI4 - HS 15) 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 CPUs. 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 (IQ) options for a Test and Set instruction. The (IR) 
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 (IQ) option along 
with the cluster number, allowing the (IQ) 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 (IS) options. 

(JSO - JS3) Options 

There are four (JS) options, all which operate independently from the other (IS) options. The 
(JS) options are used to multiplex the ST/SB or SM register data to the proper A, S, or SM 
registers. Each (IS) option contains two sets of 8 bits for a total of 16 bits. (ISO) handles data 
bits (20 - 27) and (232 - 247). The (IS) 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 (IS) options per CPU is the Real-time clock (RTC) and the 
programmable clock (PC). 

Hardware Tmg. 
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. (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. 

(YQO, YRll) Options 

The cYRU) 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 happep on each CPU module. For example, CPU 3 will send a signal called 
SR In Progress to all CPU modules cYRIl) option, which arrives as one signal. The (YRll) 
will then encode a value where that signal came from, in this case CPU 3, so the cYRIl) 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 cYQO) will send the Wait On Semaphore (WS) flag from the OQO) option to the (HHO) 
option in CPU 2 and CPU 3. 

Hardware Trng. 
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MASTERSE~HORESSM 

CLUSTERS 1 - 9 
BIT POSITION LOCATION 

SMOO - 2 63 (JR3) CPU 7 

SMOI - 2 62 (JR3) CPU 6 

SM02 - 2 61 (JR3) CPU 5 

SM03 - 2 60 (JR3) CPU 4 

SM04 - 2 59 (JR3) CPU 3 

SM05 - 2 58 (JR3) CPU 2 

SM06 - 2 57 (JR3) CPU 1 

SM07 - 2 56 (JR3) CPU 0 

SM08 - 2 55 (JR2) CPU 7 

SM09 - 2 54 (JR2) CPU 6 

SMlO - 253 (JR2) CPU 5 

SMll - 2 52 (JR2) CPU 4 

SM12 - 2 51 (JR2) CPU 3 

SM13 - 2 50 (JR2) CPU 2 

SM14 _ 2 49 (JR2) CPU 1 

SM15 - 2 48 (JR2) CPU 0 

SM16 - 247 (JRl) CPU 7 

SM17 - 2 46 (JRl) CPU 6 

SM18 - 2 45 (JRl) CPU 5 

SM19 - 244 (JRl) CPU 4 

SM20 - 2 43 (JRl) CPU 3 

SM21 - 242 (JRl) CPU 2 

SM22 - 241 (JRl) CPU 1 

SM23 - 2 40 (JRl) CPU 0 
SM24 _ 2 39 (JRO) CPU 7 

SM25 - 238 (JRO) CPU 6 

SM26 - 2 37 (JRO) CPU 5 

SM27 - 236 (JRO) CPU 4 

SM28 - 235 (JRO) CPU 3 

SM29 - 2 34 ORO) CPU 2 

SM30 - 2 33 (JRO) CPU 1 

SM31 - 232 (JRO) CPU 0 

LOCALSE~HORES 

CLUSTERS 1 - 9 

BIT POSITION 

SMOO _ 2 63 

SMOI _ 2 62 

SM02 - 2 61 

SM03 - 2 60 

SM04 - 2 59 

SM05 - 2 58 

SM06 - 2 57 

SM07 - 2 56 

SM08 _ 255 

SM09 - 2 54 

SMlO - 253 

SMll _ 2 52 

SM12 - 2 51 

SM13 - 2 50 

SM14 _ 2 49 

SM15 _ 2 48 

SM16 _ 247 

SM17 - 2 46 

SM18 - 2 45 

SM19 - 244 

SM20 - 2 43 

SM21 - 242 

SM22 _ 241 

SM23 _ 2 40 

SM24 _ 2 39 

SM25 _ 238 

SM26 _ 2 37 

SM27 - 236 

SM28 - 235 

SM29 _ 2 34 

SM30 - 2 33 

SM31 _ 232 

LOCATION 

(JQO) CPU 0-7 

(JQO) CPU 0 -7 

(JQO) CPU 0 -7 

(JQO) CPU 0 -7 

(JQO) CPU 0 -7 

(JQO) CPU 0 -7 

(JQO) CPU 0 -7 

(JQO) CPU 0 -7 

(JQO) CPU 0 -7 

(JQO) CPU 0 -7 

(JQO) CPU 0 -7 

(JQO) CPU 0-7 

(JQO) CPU 0-7 

(JQO) CPU 0-7 

(JQO) CPU 0 -7 

(JQO) CPU 0-7 

OQO) CPU 0-7 

OQO) CPU 0-7 

(JQO) CPU 0-7 

(JQO) CPU 0-7 

OQO) CPU 0-7 

(JQO) CPU 0-7 

OQO) CPU 0-7 

(JQO) CPU 0-7 

OQO) CPU 0-7 

OQO) CPU 0 -7 

OQO) CPU 0-7 

(JQO) CPU 0-7 

(JQO) CPU 0-7 

OQO) CPU 0-7 

OQO) CPU 0-7 

OQO) CPU 0-7 

Hardware Trng. 
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BIT CPU 0 CPUA SR BITN BIT CPU 0 

20 .. (1S0) RO ~ IO (JRO) CPU 0 2 32 (1S0) R8 
21 (JSO) Rl ~ IO (JRO) CPU 1 2 33 (JSO) R9 
22 (1S0) R2 ~ IO (JRO) CPU 2 234 (JSO) RIO 

2 3 (1S0) R3 ~ IO (JRO) CPU 3 2 35 (1S0) Rll 
24 (1S0) R4 ~ IO (JRO) CPU 4 236 (1S0) R12 

2 5 (1S0) R5 ~ IO (JRO) CPU 5 2 37 (1S0) R13 

2 6 (1S0) R6 • IO (JRO) CPU 6 2 38 (1S0) R14 
27 (1S0) R7 ~ IO (JRO) CPU 7 2 39 (JSO) R15 

2 8 (1S1) RO • IO (JRl) CPU 0 240 (1S1) R8 

2 9 (1S1) Rl ~ IO (JRl) CPU 1 241 (1S1) R9 

2 10 (1S1) R2 • IO (JRl) CPU 2 242 (JSl) RIO 
211 (1S1) R3 • IO (JRl) CPU 3 243 (JSl) Rll 
212 (JSl) R4 • IO (JRl) CPU 4 244 (1S1) R12 

2 13 (1S1) R5 ~ IO (JRl) CPU 5 245 (1S1) R13 
214 (1S1) R6 ~ IO (JRl) CPU 6 2 46 (1S1) Rl4 

2 15 (JSl) R7 • IO (JRl) CPU 7 247 (JSI) R15 

2 16 (JS2) RO ~ IO (JR2) CPU 0 2 48 (1S2) R8 
217 (1S2) Rl ~ IO (JR2) CPU 1 249 (1S2) R9 

2 18 250t 
\ 

(1S2) R2 ~ IO (JR2) CPU 2 (1S2) RIO 

219 (1S2) R3 ~ IO (JR2) CPU 3 2 51 (1S2) RII 

2 20 (1S2) R4 ~ IO (JR2) CPU 4 2 52 (1S2) RI2 
221 (1S2) R5 ~ IO (JR2) CPU 5 2 53 (1S2) R13 
222 (1S2) R6 ~ IO (JR2) CPU 6 2 54 (1S2) RI4 

223 (JS2) R7 • IO (JR2) CPU 7 2 55 (1S2) RI5 
224 (1S3) RO • IO (JR3) CPU 0 2 56 (1S3) R8 

2 25 (1S3) RI ~ IO (JR3) CPU 1 257 (1S3) R9 

226 (1S3) R2 ~ IO (JR3) CPU2 2 58 (1S3) RIO 
227 (1S3) R3 • IO (JR3) CPU 3 259 (1S3) Rii 

2 28 (1S3) R4 ~ IO (JR3) CPU4 2 60 (1S3) RI2 

2 29 (JS3) R5 ~ IO (JR3) CPU 5 2 61 (1S3) R13 

2 30 (1S3) R6 ~ IO (JR3) CPU 6 262 (1S3) RI4 

2 31 (1S3) R7 ~ IO (JR3) CPU 7 2 63 (1S3) R15 
I 

I 

• (JR) 

IO II 12 13 14 15 16 17 18 19 IIO III 

CPU A CPUB CPUC CPUD CPUE CPUF 

N, N + 32 N, N + 32 N, N + 32 N, N + 32 N, N + 32 N, N + 32 

CPU A SR BIT N + 32 

~ II (1RO) CPU 0 

~ II (JRO) CPU 1 

~ II (1RO) CPU 2 

~ II (JRO) CPU 3 

~ II (JRO) CPU 4 

~ II (JRO) CPU 5 

~ II (1RO) CPU 6 

~ II (JRO) CPU 7 

• II (JRl) CPU 0 

~ II (JRl) CPU 1 

~ II (JRl) CPU 2 

~ II (JRl) CPU 3 

~ II (JRl) CPU 4 

• II (1Rl) CPU 5 

~ II (JRl) CPU 6 

~ II (JRl) CPU 7 

~ II (JR2) CPU 0 

~ II (JR2) CPU I 

~ II-(1R2) CPU 2 

~ II (1R2) CPU 3 

~ II (1R2) CPU 4 

~ II (1R2) CPU 5 

~ II (1R2) CPU 6 

~ II (1R2) CPU 7 

~ II (1R3) CPU 0 

~ II (1R3) CPU 1 

~ II (JR3) CPU 2 

• II (JR3) CPU 3 

• II (1R3) CPU 4 

~ II (JR3) CPU 5 

~ II (JR3) CPU 6 

~ II (JR3) CPU 7 

Il2 113 Il4 115 

CPUG CPUH 

N, N + 32 N, N + 32 

Hardware Trng. 
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(HS14, HS15) ADDRESS = 25 
~~~~~~~~~ 

'----CLUSTER SELEcr (0 - 3) 

ADDRESS 
REGISTER 157 156 155 154 153 152 DATA 

ADDRESS 
REGISTER 163 162 161 160 159 158 DATA 

SB/ST 

SBO 

SH1 

STO 

S17 

SBO 

SB7 

STO 

S17 

SBO 

SB7 

STO 

STI 

SBO 

SB7 

STO 

S17 

HTV-0834 

o 0 0 0 0 0 XO - X7 

o 
o 

o 
o 

o 
o 

0 

o 0 
000 

o 1 

o 0 0 

o 1 

CLUSTER 0 
ON (HSI4) 

NOT USED 
OR 

CLUSTER 8 
ON (HS13) 

o XO- X7 

CLUSTER 0 
ON (HSI4) 
NOT USED 

OR 
CLUSTER 8 
ON (HSI5) 

o XO- X7 

CLUSTER 1 
ON (HSI4) 

OR 
CLUSTER 9 
ON (HSI5) 

o 0 0 XO-X7 

1 

0 0 0 

-0 0 

0 0 

-0 

0 0 

-0 

0 

• 

0 0 

0 0 

0 0 

1 

0 0 

CLUSTER 1 
ON (HSI4) 

OR 
CLUSTER 9 
ON (HSI5) 

X20-X27 

CLUSTER 2 

X20- X27 

CLUSTER 2 

X20- X27 

CLUSTER 3 

X20- X27 

CLUSTER 3 

SB/ST 

SBO 

SB7 

STO 

STI 

SBO 

SB7 

STO 

STI 

SBO 

SB7 

STO 

S17 

SBO 

SB7 

STO 

STI 

o 0 0 0 0 0 X8 - 15 

u 
o 

o 
o 

o 
o 

o 

CLUSTER 4 

U U 1 

o 0 0 o X8 - 15 

CLUSTER 4 

o 1 1 

o 0 0 o X8 - 15 

CLUSTER 5 

o 1 1 

o 0 0 X8-15 

CLUSTER 5 

o 0 0 0 o X28-35 

CLUSTER 6 

o 0 1 1 

o 0 0 0 X28 - 35 

CLUSTER 6 

o 1 

o 0 0 0 X28 - 35 

CLUSTER 7 

o 1 1 

000 X28 - 35 

CLUSTER 7 

Hardware Tmg. 
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::r: 
~ (JR - VSI3) 

6 (JR - VSI3) 
00 

~ (FORCEDO) 

....... 
U\ 

I ....... 
.j::. 

(JRO -JR3) 

(FORCED I) 

(FORCED I) 

(JR2, JR3) 

(JR2 - VS3) 

(JR2) 

(JR2 -JR3) 

(FORCED I 

(JRO - JR3) 

(FORCED I) 

(') (FORCED I) 

~ (JR- VS13) 

>-< 
~ (JR- VS13) 
:;0 
o 
~ 
:;0 

~ 
:;0 
>-< 

CLUSTER # BIT 2° ,2
1 

/15657 ....... 
, /~ 

ADDRESS (20 _ 23 ) 
/'152- 55 ....... -. 

DATA SELECr (2°, 21) ". 148 W'-
, /-. 

C 10-7-"""-. 

WRITE DATA / ID-7"'" 
- p 

UNUSED "..-;-.,. 
116 - 23/ -. -

UNUSED 
f 132- 39" • 

GO WRITE -".- ....... , 165 ./ p -
WRITE 0-15,0-7 -

". 170, 71 >----
GO BYPASS ".. 166 ...... 

GO READ 
( 164' ~ -" 

I DATA SELECT (2° ,2
1 
)/ ISO', 51""'- • 

WRITE DATA 
r:: 18 - 15./ ~ 

".- ....... 
18-15./ --.. 

UNUSED :::::-
-r'124 - 31./ .... 

UNUSED "..-
140- 47./ -. 

_CLUSTER # BIT 2°,2
1 < 162, 63) 

ADDRESS (2° - 23) f-~ 
,158 - 61':"- • 

(HSI4, HSI5) 

1 25 

I (JR3) 51 (JR2) II (JR I) J (JRO) 
56 24 48 16 40 8 32 0 

1 X7 X6 X5 X4 X3 X2 XI XO 
X7-XO 00 

1---+ MUX f-~ 
~ 

.... CLUSTER ~ 
M 

bO- b7 U 
X CONFLICT 37 0-3 

X27 - X20 40 

tho\,}-k. f 
77 f-

V~~ 

170= 0 tl 
27 _ 20 24 _ 20 
DATA ADDRESS 

171 = CLUSTER #2 2 
« 

(FORCED 0) Lr-'\ S20 - S35 

r=t-J GO READ 

DATA ADDRESS 
215 _ 2 8 24 _ 20 CLUSTER 

XI5-XS 00 
4-7 

! MUX 

~ ...... 

Lr) 37 M 
U bS - bl5 X35 - X2S 40 - X 1...-0" 

-
C\",>~d 

77 I--

I ~\""1 t 2 5 

, 

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

"-

1 

".. SR HilT (N + 0 - 7) CL. 1 - 3 ON (HSI4) 
RO-RV (JRO - JR3) -

".. - ~ SR BIT (N +0-7) CL. 8,9 ON (HSI5) 
,RO-R7 (JRO -JR3) - , 

(2°,28
, 216, 2~ 23~ 2~ 24~ 2 56) 

CLUSTER 1 - 3 (HSI4) 

(2°,28
, 2 16, 2~ 23~ 2~ 24~ 256 ) 

CLUSTER 8,9 (HSI5) 

( 
- "SR BIT(N+ 0 -7) CL. 4-7 ON (HSI4). 

f',.RS -RIV-- JRO - lR3) 

1/--::-' NOT USED ON (HSI5) _. 
f',.RS -R15 . - (JRO -JR3) 

(2°,28, 2 16, 2~ 23~ 24<! 2~ 2 56) 

CLUSJER 1-3 (HSI4) 

UNUSED • 
'are Trng. 

A·6411A J.E.S. 

'--) 



", Shared Register Control Byte 
) ~t/'jt9.. 

(~tro~/~-,."",,~ 

7 65 4 3 2 1 0 

0 0 0 jl jO k2 kl kO 0036 
0 0 1 jl jO k2 kl kO 0034, 0037 

0 1 - W/R 0 0 0 OOlOxx, 033ijO (033) I/O .... Ai 
0 1 - W/R 0 0 1 0011xx, 033ij 1 (033) I/O .... Ai 
0 1 - W/R 0 1 0 0012jO,033iOO (033) I/O .... Ai 
0 1 - W/R 0 1 1 0012jl,033iOO 
0 1 1 kl/0 kO/O 0014jO SR .... RT All 
0 1 1 0 1 0014jl 
0 1 1 1 0 
0 1 1 1 1 0014j3 SR .... SM 

1 0 I j2 jl jO ~I 0 W/R 026,027 k = 3 (026) SR .... Si 
1 1 j2 jl jO 0 W/R 072,073 k = 3 (072) SR .... Si ;f 
1 1 1 W/R 072,073 k = 2 (073) SR .... Si (If CLNs It . 

4 3 2 1 0 Aj 
25 24 17 16 9 8 1 0 Aki 

" 

'\ 

) 
/ 

(JS) Option Control 

141 140 

0 0 Control Byte -. SR 
0 1 1/0-.SR 
1 0 Ai---.SR 
1 1 Si ---.SR 

143 142 

0 0 
0 1 Sj---' Ai 023kO 
1 0 Sj --. II 0014j4 
1 1 Sj --.RT 0014jO 

) 
Hardware Tmg. 

YM09118 JE S. 

HTV-0834 15-15 CRAY PROPRIETARY 



HTV-0834 

(JRO) FORCED 0 (0,0) = (I93, I94) = (Z3, Z4) = ZIO 
(JR1) FORCED 0 (0, 1) = (I93, I94) = (Z3, Z4) = Zll 
(JR2) FORCED 0 (1,0) = (I93, I94) = (Z3, Z4) = Z12 
(JR3) FORCED 0 (1, 1) = (I93, I94) = (Z3, Z4) = Z13 

E20, I36, I38 CLUSTER NUMBERS (JR) 

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

(JRO) ---~~ E20 = kO CLN 20 

(JRI) RIO ~ I36 = k1 CLN 2 1 

(JR2) RIO ~ I37 = k2 CLN 2 2 

(JR3) RIO ~ I38 = k3 CLN 2 3 

(JRI) = CLUSTE:R NUMBER CLN 0 - 3 KO - 3 

(JRO) RIO --i~~ I36 = kO CLN 2 0 

(JRI) • E20 = ki CLN 21 

(JR2) RIO ~ I37 = k2 CLN 2 2 

(JR3) RIO ~ I38 = k3 CLN 2 3 

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

(JRO) RIO --~~ I36 = kO CLN 2 0 

(JRI) RIO ~ I37 = ki CLN 21 

(JR2) ~ E20 = k2 CLN 2 2 

(JR3) RIO ~ I38 = k3 CLN 2 3 

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

(JRO) RIO --~~ I36 = kO CLN 2 0 

(JRI) RIO • I37 = ki CLN 21 

(JR2) RIO ~ 138 = k2 CLN 22 

(JR3) • E20 = k3 CLN 23 

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

CRAY Y-MP (JR) CLUSTER NUMBERS 

15-16 eRA Y PROPRIETARY 

./ 



) 

') 
/ 

) 

HTV-0834 

(JRO) FORCED (0,0) = (I93, I94) = Z3, Z4 = Z10 
(JRl) FORCED (0, 1) = (I93, I94) = Z3, Z4 = ZII 
(JR2) FORCED (1,0) = (I93, I94) = Z3, Z4 = Z12 
(JR3) FORCED (1, 1) = (I93, I94) = Z3, Z4 = Z13 

(DO, 1), I39 - I44 = SR CONTROL BYTE 

(JRO) = SR CONTROL BYTE LO - 7 

(JRO) -----I ..... 00,01 = LO - 1 SR CONTROL BYTE 0, 1 

(JRl) R8, 9 ~ I39, 40 = L2 - 3 SR CONTROL BYTE 2, 3 

(JR2) R8,9 ... I41, 42 = L4 - 5 SR CONTROL BYTE 4,5 

(JR3) R8, 9 ... I43, 44 = L6-- 7 SR CONTROL BYTE 6, 7 

(JRl) = SR CONTROL BYTE LO - 7 

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

(JRl) ~ DO, 01 = L2 - 3 SR CONTROL BYTE 2,3 

(JR2) R8,9 ~ I41, 42 = L4 - 5 SR CONTROL BYTE 4,5 

(JR3) R8,9 ~ I43,44 = L6 - 7 SR CONTROL BYTE 6, 7 

(JR2) = SR CONTROL BYTE LO - 7 

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

(JRl) R8,9 ~ I41, 42 = L2 - 3 SR CONTROL BYTE 2,3 

(JR2) ... 00,01 = L4 - 5 SR CONTROL BYTE 4,5 

(JR3) R8,9 ~ I43,44 = L6 - 7 SR CONTROL BYTE 6, 7 

(JR3) = SR CONTROL BYTE LO - 7 

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

(JRl) R8,9 ~ I41, 42 = L2 - 3 SR CONTROL BYTE 2,3 

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

(JR3) ... DO, 01 = L6 - 7 SR CONTROL BYTE 6, 7 

Hardware Trng. 
A-6392 J.E.S. 

CRA Y Y-MP (JR), SR CONTROL BYTES 

15-17 eRA Y PROPRIETARY 



o ISSUE 1 ISSUE 2 3 4 5 6 7 8 

073ij2 TRANSMIT (Si) TO SM 

CRAY Y-MP SHARED REGISTER 

HTV-0834 15-18 

9 10 11 

Hardware Trng. 
A·6505A J.E.S. 

eRA Y PROPRIETARY 
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o ISSUE 1 2 3 4 5 

026, 027/072, 073 INSTRUCTIONS 

6 7 8 9 10 

Hardware Trng. 
A-6506A J.E.S. 

CRAY Y-MP SHARED REGISTER 
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o TsS'iiE 1 ISSUE 2 3 4 5 6 7 8 9 

0014j3 LOAD eLN REGISTER WITH (Aj) WHERE 0 ~ (Aj) ~ 9 

CRAY Y-MP SHARED REGISTER 

HTV-0834 15-20 

10 11 12 13 

HardNare Tmg 
A-6508A JE 5 
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o ISSUE 1 ISSUE 2 

(JC) 
CIP 

3 4 5 

0036jk/O037jk SET OR CLEAR SEMAPHORE Uk) 0 = jk = 378 

o is'SUE 1 iSS'iJE 2 ISSUE 3 4 5 

0034jk TEST AND SET SEMAPHORE Uk) 0 ~ jk ~ 378 

6 7 

6 7 8 

Hardware Trng. 
A-6507A J.E.S. 

CRAY Y-MP SHARED REGISTERS 
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"""':l 
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o 
00 
w 
.j:::.. 

...... 
VI 

I 

N 
N 

() 
~ 
;:.-
><: 
'"d 
~ o 
;g 
m 
"""':l 
;:.-
~ 
><: 

o lSSIffi 1 2 3 4 5 6 7 8 9 10 11 

0014j 1 - SET INTERPROCESSOR INTERRUPT REQUEST OF CPU (Aj) 

CRAY Y-MP SHARED REGISTER ICP REQUEST 

\ 

12 13 14 15 

HardwBfO rrng. 
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CRAY Y-MP REAL-TIME/PROGRAMMABLE CLOCK 
INSTRUCTIONS 

CODE CAL 

++0014jO RT Sj 
072iOO Si RT 

++00 14j4 PCI Sj 
++001405 CCI 
++001406 ECI 
++001407 DCI 

++ Priviledged to monitor mode. 

HTV-0834 

DESCRIPTION 
~3 ~ 2. -;;! 

Enter RTC register with (Sj). (,iii N) 
Transmit (R TC) to Si 

Enter Interrupt Interval (II) register with (Sj) 
Clear PCI request 
Enable PCI request 
Disable PCI request 

16-1 

Hardware Trng. 
YM09105 DE 

CRAY PROPRIETARY 



CRAY Y-MP REAL-TIME CLOCK 

The CRA Y Y-MP contains eight 64-bit real-time clocks (RTC), one per CPU. The RTC is located 
on four (JS) options, each handling 16 bits. (JSO) handles bits (20 - 27, 232 - 239), (JS 1) handles 
bits (28 - 215, 240 - 247), (JS2) handles bits (216 - 223 ,248 - 255), and (JS3) 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 (JS) options to the S register (YB, YC) options, 
within the CPU. 

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

) 

Hardware Tmg. .)., 
YM09106A D.E. _ 
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CRAY Y-MP REAL-TIME CLOCK (OPTIONS 
INVOLVED) 

(HS14 - HS15) Options 

The (HS14 - 15) options found in each CPU contain the Shared SB/STregisters. 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. 

(JCO) Option 

The (Ie) 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 (IC) option necessary to determine Shared register Hold Issue conditions. 
If the 0014jO instruction issues, the (IC) option transfers instruction decodes to the RTC (IS) 
option as well as Shared register in progress (SRPG), and SR control signals to the (IQ) option. 

(JQO) Option 

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

(JRO - JR3) 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 (IS) options, and a bypass signal on the 
Shared registers depending on the forced position constant on the (JR) option. 

HTV-0834 16-3 

Hardware Tmg. 
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(JSO - JS3) Options 

Each (IS) 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 00 14jO instruction, or the RTC itself after incrementing its current value. If the value is 
from Sj and is being written into (ISO), the lower 4 bits are forced zero to establish a known 
starting point for all 0014jO instructions. 

When RT lower of (ISO) equals 3778, a RT carry R32 term is generated and sent to RT lower of 
(IS1). When RT lower of (ISO) and (IS1) equals 11777778 a RT carry is sentto (JS2), and so 
forth. 

(VB, VC) Options 

The (VB, YC) options, (16 each per CPU), contain the S registers. Two bits per option, (YB) 
handles bits 0 - 31 and the (YC) handles bits 32 - 64. The 0014jO and 072iOO instructions use the 
S registers as operand and result respectively for the RTC. 

(YRll) 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). 

HTV-0834 16-4 
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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 (IS) 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 (PCl) is generated and will 
cause an interrupt if the enable PCl request (OO14j6 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 (IC) 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. 

(Jeo) Option 

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

(JSO - JS3) Options 

The four (JS) 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 "~\ 
In~d ~ 

The Interrupt Interval is loaded from Sj with a 0014j4 instruction, into the programmable clock on 
the (JS) options. The interval may not 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 00 14j4 instruction. 

(VS23) Option 

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

HTV-0834 16-6 
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) 

('MO.31) hi» a..HMUX (1iXT) 

....-JL---------..., rm-SR 
IN PROORES' (IiXT) 

I(JQO) C7U6 ('MO.31) ~ CU<MUX (EXT) 
~SRINPROGRESS (IiXT) ~. VS23) 

I(JQO) CPUS (SMO.31) ~Je::aNMUX (EX'T)~ /p<pa~.-__ !.:rc.=RT!.:C~:"fi2.3 (JS3) (2"'.2").(2".20 ) 

R8C(SItINPROO~ ~ CPU 0 
~~--------~ ~ ,--., ~~~ 
lo~ CPU. (SId 0.31) 13 a..HMUX (EXT) ~ ~ 
I R8 SIIiNPROORESS (IiXT) ~CED) 1,0 9, (52) (210.2"').(241.2") ~ ~TC,PC I ~ 

I (J~ CPU3 (S!dO.JI)}l13 aNMUX (IiXT) CPU 0 ~ 
R8 SIIiNI'IIOClIlIiSS (EX'!) (RlaaiD) 0,1 9, (JSI) (21.2").(2"".2") ~ 

I(JQO) CPU2 (SMO.31) 1113 a..HMUX (EXT) CPU 0 ~ ~aTC.PC I 

R8 SIIINI'ItOORESS (IiXT) (JSO) (2°.2').(2".2") ~ 

~sa IN PR<lOI<53S (IiXT) 0"'" SRCX>tmlOLIIY'I1i6,7 14~,41 J ~ 
(JQO) CPUO r-(_SM..JDAT .. 0"'·:",'AI)~-+--<)OO~71 SIiMAI'IIOU ~aD) S;:ATA 149, ~I,.Q '1 ,L~D"'I"':4:=~"-:'::'D-'ATACPUA 

(JQO) CPU 7 SId SEMAPHOREDATA 

lORo) (2'.Z") 

CPU 7 

(ARil .AR3) 

A REGISTERS 
(IRO) 

(JR3) 
(VB· VC) 

(JR2) 

10RI) 

r(lISIS) 

I (HSt.) 

CPU 7 

r(HSIS) CPU 6 1 

I (HS14) I 
CPU 6 

II"'O...lQO--~-C-PU-I--(S-M-0-'-3-1)-"'~ CUlMUX (EXT) ITC PCI47 r 106,.7 

~r----t+--1--....... -tr-.:::Iao.c....SRcotmOLllm! J Q,;!~OLIlm!Ajd :~~ ~S~ ] !dUX, . ~ 
(JA.1l!,HlI) Cll'jl<.I,IIO,hl,CPO ~'IU J) ~ SRINI'IIO<'iIIW (JA) (JR.o)~n~~ . 80 

(AR) AId IS." ~ ~x:~ ~ SCPTOIo.4CPTOlo A.JB 4CPTOIS ... MUX ~ 
~ SRINI'llOOitESS 1.8 """"_ 023Ka,0014i4,OO1~ "0,'3 BI -.!to. IV :;,:~~~ (IiXT)(CPU) (YRII) salN",OORES'fGl.DllAL)<I2'7J- ' ~G)""":;":;;""'----' ___ ,_,,_ ~.. I - ~ 

(JR) SRCOImlOLBYTEO.7. ~ SET,o:u:AI< slt,I,.QDATA ~ ........ CPU=18JI!TER 

I(JRo) 

I (JR3) 

I (JR2) 

_I D ~ a..H. MUX (EX1)(CPU:l/.l)""''-
(JR) a..HCP4 ~~L-rLOCAL.GWIlALl--l CE "'-" DATA ~ 

~r-I. RIS WJ.rrON~ 
-- I ........1...... 0 ~ 00 TEST AND SET '. 

(HE) CU<MUX(EA) C§>to ~ ~ ~ 
~ 

(JSO· JS3) 
SII,VODATA 

CPU I 

(IRl) 

I(1Ro) 

~~S>---------_~~~II~----~ (JR3) 
TEST AND SET CP 0 ~ 51 CX>tm<OLIIYTE L-. ~ INTEl< EXOIAHGEaN 

II CDHnrOL. Sk IN PROGRESs Cl.DCAL~ LOCAL SEMAPIIOIt53 
(HS15) 

(JSO· JS3) 
SII VODATA 
~ 

sa REQUEST CPU H ....",. OClJ) CPU 7 1 ""'" CPU A sa REQUEST 

/ 51 RSQUESTCPU 0 ~ (JOl) C7U6 1 ·""",-CPUASRREQUI!!T / 

/ sa REQUEST CPU F -=:, (l0l) CPU 5 1 • ~ CPU A SR IEQUI!!T J 
/ SRREQUESTCPUE .....". (J0l) CPU. 1 1 ... ", .... ,""'CPUAsalEQUI!!T .I 

/ II REQUEST CPU D -@f (l0l) CPU 3 1 I ~CPU A SIt REOU53T .I 
/ .RREQllESTCPUC ""0 (JClJ) CPUZ ~CPUASIIREOU53T./ 

/ SIt REQUEST CPU II @(J0l) CPU I ~ASIIIl<QUEST / 

~ 
(JSO ·153) 

SI<,VODATA 

~ 
(JSO· JS3) 

sa VODATA 

CPUz ~'II~~ ________ -=~~C~ __ ~ 

CPU 3 

CPU. 

I (1RI) (211,1") 

....-'--I (IRO) 
CPU 3 

I (JRJ) (2"', 2'") ~ I (JR2) (2'·,2",) 

I (JRI) (210, z4» 

r:-'-------1 
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CPU 2 
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CPU 3 

f(HSIS) CPU 1) 
(HS14) II 
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L_~·::R:..::C;:;:otn'lI::!:..::::OL::::..:SII:..!!IN!.!I'II=OOR=53::'!(1<li ~ ~ r:---'...--=--. .3 SHARED ~ IiNTEREXCllANGECUI 

~ REv.STER • AND SET 
(YR1l) 51 IN PI<DOR53S ~ SRQ'S ~~ ~ 

~ 
(JSO· JS3) 

IIt.WDATA 
CPU 5 I (JRI) (29,Z4l) 

.--L------. 

~ 

HTV ... 0834 

(CN3O) LIN nO.2') <§>-. IC~I ~ rR3I ,l} IlDkIl,00I4i1,OO1.jO(RTC.11) 

~ 
(JSO·JS3) 

51< VODATA 

(2',1"') 

CPU I 

(JRO) 

CPU 0 

1s:'.~1 C7U6 

(HC,HD) NlPG3.GQ k'h ~L~f-+~ (J .• H·) 

,- \§I '-=-J 4~ TEST AND SET H<lLDING(p. I,P. 2) (Hc, ID) ~
(I'I) FORaiD 193,94 (JR3) (2"'.1"') k>-

~I<YPASS} 
(1,0) FORaiD 193,94 (JR2) (2'°,1·) ~ I (JSO· JS3) 

I (YQ<!I CPU 71 

I(Y~ CPU 6 I I 
1 (YQO) CPU S I I 

I(YQO) cpu4]1 

I(Y~ CPUlll 
r(Y~ CPU 1 I I 

I(Y~ CPUq I 

(YQO) CPUD I 

SII,VODATA 
~ CPU 7 

CUlMUX CPUA.H 

~~. ~ ~ 
~~15 (1),1) fOIlan 193,11< ~~I) ~,:::"'1 cruo . ~aJ<11 "'" [ 1O.~;;:)(lISlS) CUJ~8.9 

......... _CPU~'-'E:.: • .!!H_ ... ~CIO.3 (RHO) CPU 3 

~ ,.'U ~ (lISt4) CPU 0 ~ 
AD ·3 ~J-'S",R-"C",Offi'R!.!.,=OL",-_+::DA",T",A..,III'I'S= ...... -( 10. IS CLUSTER o· 7 ~ 

(EX1) SLOI'N C7UA.HSIIarrN,N+32 10·15 I Lr ::=::::::-...0 ~~ 
SRCONTROLf--'" 1110 .... a..H.. (VSl3) ~ 

ENDLCPUE.H ~ CPUE.H 

(RHO) CPU 1 

(YR.:!......-- (1),0) FORCED ~ BYTE LD. L7 1e. ~ 1\ ~ r,~UT ~~'r:>-t-t=CL::"':':I.:..::3-.!·1 aNTSlU

l 
'TSIlO

I 

~ ~ 
SRINPROOR53SCPUO'7-@i>-.r I':;: J ~ R2II) 'R1NPROOIlESS ~ H.~·~t:! L ~SI<XIIm<OLBYTE I \...,. r~ ~ 11.31 rnl SII7I ~ 

CPUA.I> ~)-'CPU:;:...::..:.A:;;'.:;D..., -~ ~CU<(lO",) '----

'-(IiXT)~'11 COMP.CPUA.D ~ ~ (EX1)-l::~~nY!...'0-'2-'-'2-'-)I'\90I45' 92 ~E CPUa:!.H~--i: ____ ~ 
CPUA.D 10.3 Q.N0.9AOA1NSTp__ (0130) ... SklHon, _ 

(w'~CPU A.H 113.1 ws 11--R4 .12'> EN IL (EXT)-I Jr-I-----D£AD/..OCK~!!:!!::~"---------------------------C 148 ~~~~].....~D&CXlDE==~ ....... ik-.(;f::!R~I~1 ~WRlTE~~R~T~J.'(EXT)_QS) 
~ _ .... _.___ a.USTER8.9 I.MASTERSM 

PPN ~ 1_ ='~IV""~ 120,21 hlla..HI.9(HO~ 
(0130) \90.92 (Z6) QO~ (EXT) CUJSTER4.7 DATASElB:T~ 

1 - 118,19 h~ SRSELECT ~ CPUDATA ... ~ ~-
CWSTER 1·3 16. t7 I ~ 80.81 ~ I (FORCED) 

SIIARID REGISTER COMMON i r--(CPU) QS) (EXrrt 

dCUlIST0151lO~ ~ I I ~ 
0. •. 7 •• 7 rn 5117 

SR,I,.QDATA CONTROLDATASELEcnoN i 1 
SHARED REGISTER IlIT N, N + 32 a.USTER I • l, CWSTER 4 .7 

SIIAIIED REGISTER BIT N, N + 32 a.USTER 8.9 

CRAY Y-MP RTC/PC BLOCK DIAGRAM 
HaIOw.,. Tmg. 
A-663f JES. 
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~ 
< , 
o 
00 
w 
.j:::.. 

........ 
0\ , 
00 

() 

~ 
~ 
S6 

~ 
~ 
>-< 

\--./ ',---./' 

{l.T 

lovJU 1 
(1S3) 

~T 
...-_- \A.~~~-(' 

} 

"---~) 

(224_ 231, 256_ 263) 

CPU 0 
___ . ~ , PCI ~ (VS23 - HEO) 

(JC) vvnp, vvnJv (l 

(JR) .... (CPU) (EX1) ENTER RT 

(JR) .... (CPU) (EX1) SR I/O DATA -.;;...;:..:::.:..:..::..!.!...-----'(J24-39) ~II ~I 

(216 _ 223,248 _ 255) 

CPU 0 

(2 8 _ 2 15, 240_ 247) 

CPU 0 

(20 - 27) 11------. 
PO-7 
---r-

RTC 

(20 _ 27 ,232_ 2 39) 

MO-7,l0-17 I ~Si,AiDATA ~(VB/C,AR,JQ) MUX I I ~ 16-3 

(VB, VC) SjiDATA IO-15)~ll ~IAO-15~ 

CPU SHARED REGISTER 
DATARTCIPC 

, ~SRCONTROLBYfE ~ (EXT) (CPU)-+(JR) I ~ RO-15 SR,IIODATACPUA 

CRAY Y-MP (IS) BLOCK DIAGRAM RTC/pC 

Hardware Trng, 
A-6641 D. E. 



o ISSUE 1 2 3 4 5 

0014jO Enter RTC register with (Sj) 

6 7 8 9 10 

Hardware Trng. 
A-6637 DE 

CRAY Y-MP SHARED REGISTER RTC CONTROL 
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CRAY Y~-MP PERFORMANCE M"ONITOR 

The CRA Y Y-MP Performance Monitor (PM) consists of eight counters. When operating in 
user (non-monitor) mode, the counters will log eight different hardware events. The j field of the 
0015jO instruction is used to select one of four groups of events. Each group contains a different 
set of eight hardware events, as seen on the group selects chart later in this section. While in 
monitor mode, the the Performance Counters are disabled. 

The Performance Monitor is contained on three options. The (HIO) handles the control portion of 
the logic. The (HJO) contains the counters, while the (HS16) is used to store the accumulated 
counts. 

Hardware Trng. 
YM13122 DE 
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CRAY Y-MP PERFORMAN'CE MONITOR 
(OPTIONS INVOLVED) 

(HIO) Option 

The (HIO) option is the control for the operation of the Performance Monitor. As the various 
hardware events occur, the (HIO) classifies them, and the group selected by the 0015jO 
instruction will generate an Advance Counter signal which goes to the (IDO) option to increment 
the counter. The (HIO) also generates the Performance Monitor addressing, which selects the 
proper counter on the (IDO) option and provides addressing for the storage option (HS 16). 

(HJO) Option 

The (HJO) option contains the eight Performance Counters which are held on the G terms. Only 
the lower 7 bits of the Performance 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 (HSI6) option. An 
occurance of a selected hardware event will increment the (ID) counters. A 2-bit counter on the 
(HIO) option provides timing for a Read/Write sequence of the (HJ) to (HS 16) options. The 48-
bit count stored on the (HSI6) is read to the (HJ), 16 bits at a time. The current count on the 
(ID) is added to the accumulated count which was read in from (HS 16). Then a write sequence 
will send the updated count back to the (HS 16) to be stored, 16 bits at a time. 

The counter to be read or 'Nritten on the (ill) is selected by using the upper 3 bits of a 5-bit 
address from the (HI). On a read of the Performance Monitor 073i11, the data or count is 
brought from the (HS 16) to the (IDO) for final summing before being sent to an S register. 

(HS16) Option 

The (HS 16) option is used for storing the Performance Counter's accumulated counts. The 
Performance Counter data comes from the (ill) and is stored at the 5-bit address sent from the 
(HI) RIO - 14. The upper 3 bits of the address (also sent to the (HJ)) specify the counter 
number, and the lower 2 bits specify which 16-bit parcel, 0, 1, or 2. 

Hardware Trng. 
YM13123 D.E. 
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eRA Y Y -MP PERFORMANCE MONITOR 
INSTRUCTIONS 

Code 

++ 0015jO 
073iOl 

++ 073ill 
++ 073i21 
++ 073i31 
++ 073i61 

++ Priviledged to monitor mode 

HTV-0834 17-3 

Description 

Select Performance Monitor 
Transmit (SRj) to Si (j = 0) 
Read Performance Counter to Si 
Maintenance Advance " t'\t-" 1.1''1\ 1V\ -\- 'j. 0 

Clear All Maintenance Modes 
Increment Current Performance J ~ 
Counter (lower) 

Hardware Tmg. 
YM13124 D.E. 
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~ 
I 
o 
00 
w 
.j:::.. 

....... 

'~ 

(YE) PORT A 00 REF. 

(JEj-=-"-"'-'-"""-'-""""----' 

(JEjI--=-:...:::..:..=!.!!.!..!.'!... __ --/ 

(lEj,-"-~====~..(fi 

(HZ) CIP bOo I. 2 

(HC) 0. 1.2.3 

(lB) lO. 1.2 

(lB) -"-=--"=-----~ 

(lB) 073 

-;-J (IF) EXCIIANGESEQUENCE 

-....l (VS 11) MONITOR MOll!! 

~ 
'"0 
10 

S6 
~ 
~ 
~ 

ADVANCE COUNTER. 
(MTERMS) 

;.+--<l'----+l GENERATED FROM 
GROUP SELECf 

(lCo, 1.2) AND I-
EVENT OCCURANCE 

i 

• c • ..... ~~ , r }(' .... " [)~.;;1,< 1. t 

9
f 

c!t:t.lf't i () 

3 d \~(, (+-0 
'-l 10 1 t . C D@cd 

lie I:::>\~ 1 

10 () "j , .. L~ 
'I " l 

\----.' 

PERFORMANCE COUN1ER 
em -- GO 

!,MADDRESSBrrs2.4~ 1(1-110) 
ENAELESELECT ~6·~~·1·-------------------------

G16--GIO 

G26--G20 

O36--G30 

046--040 

GS6-- GSO 
(m) lO. I. 2 G60 

(VSII) -==:.:==={ 
PMDATA 

COUN1ER 
SELECf 
.~~ 

~ 

~STATUS Cl.N,,0 (VF3) 

(BX1) (QI) LPN BIT 0 • 2 

(HEO) Cl.N BIT 0.3 (VFO) 

PMDATA 

(!lEO) 

ADDRESS .2' (HS16) 
~~----------~~ 

(FORCED 0) 

(FORCED 0)1 nEAR INPUT 
37 

(FORCED 1) WRITIl DATA X27. X20 40 

GO WRITE .. ~ il-
(RlRCED) 

2' .2° 
DATA 

2"_2° 
ADDRESS 

GO BYPASS CE:> 1 (FORCED 0) ro S20. S3S 

GO READ ~ GO READ 

DATA SELECT (21) ~ J~ 
ADDRESS 
2'.20 

, I 
~ 

READ IlATA BIT 

(2°. 27 ) 

(FORCED I) 
--=-

DATA SELECT 0 

~IlATABIT 
8.15 • -1$-

(2 ·2 ) 

WRITE DATA 

(RlRCEDO)--~a.EAR~~~~UT~----~ 

(POROlD 1) 1!E1Ill.I~6Jl.!l!lI.lIm.cE8D 

b8. blS 

ADDRESS (20 .2') 1S~. 63' 2$=0 
HzrdwJVe Tmg. 
A-6B~ D.E. 

CRAY Y-MP PERFORMANCE 1\10NITOR BLOCK DIAGRAM 
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The Performance Monitor has two types of instructions associated with its use. They are the user 
and maintenance instructions. The user instructions select the Performance Monitor (0015jO) 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 Performance Counters will increment events as shown on the table. 

On a read of the Performance 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 - 2 16) of Performance Counter 0 into 247 -
232 of Si. The Performance Counters are 48 bits wide, and therefore would require 3 reads to be 
completely read to the Scalar reg1slers (S1). The sequence for reading the Performance Counters 
would be: 

(Monitor Mode) 

073i11 Performance Counter 0 bits 215 - 20 ---------------- Si 247 - 232 

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

(4 CP delay) 
073i11 Performance 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 Performance 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. Then the maintenance instruction 073i61 will 
advance bit 20 of the counter under test, and within 9 clock periods 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 

0 

1 

) 

2 

3 

) 
/ 

HTV-:0834 

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 

Hardware Trng. 
A-6831 D.E. 

CRAY Y-MP PERFORMANCE MONITOR 
GROUP SELECTS 
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The 073i01 instruction transmits the status of the following flags modes from the Exchange 
package to the upper 32 bits of Si, while setting the lower 32 bits to all ones. 

Si bit 

263 

257 

254 

253 

252 

251 

250 

249 

248 
242 
241 

240 

235 

234 

233 

232 

CLN:j:.O 
Program State (PS) 
Register Parity Error (RPE) 
Uncorrectable Memory Error (UME) 
Correctable Memory Error (CME) 
Floating-point Error (FPS) 
Floating-point Interrupt Enabled (IFP) 
Operand Range Interrupt Enabled (lOR) 
Bidirectional Memory Enable (BDM) ,~c S 

Processor Number b~t 22 (PN)3 '~-v(',";;'~'L. ?vJ' ~',od ~. 
Processor Number bIt 21 (PN) yh~~y.~ \ (nor-.' .l.~O{ J4 
Processor Number bit 20 (PN) y-Q1 

Cluster Number bit 23 (CLN

B 
'''1 0 ~<r..-

Cluster Number bit 22 (CLN) fIloY\,\~()-< Ii'· 
Cluster Number bit 21 (CLN) 
Cluster Number bit 20 (CLN) 

A more detajJed description of each of these flags and modes is located in the Exchange section of 
the CRAY Y-IvIP Hardware Training Volume (HT\i-0834). 

HTV-0834 17-6 
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DT 
** 0015jO 

** 073i11 

** 073i21 
073;fJl 
073i01 

073i31 

* ** 001521 

* ** 001501 

** 001511 

* ** 001531 

PERFORMANCE MONITOR AND 
SECDED MAINTENANCE 

SELECT PERFORMANCE MONITOR 

READ PERFORMANCE COUNTER TO Si 

It~T ~RM5 ,COUNTER fJ/~':. 2
2Z r~~ ;). 2B 

TRANSMIT (SR) TO Si (~ 

SECDED MAINTENANCE 

CLEAR ALL 3 MAINTENANCE MODES 

SET MAINTENANCE WRITE MODE, AEM1 

LOADS DATA BIT 246 - 231 INTO CHECK BITS 20_27 

SET MAINTENANCE READ MODE, ZEM1 

LOADS CHECk BITS 27_20, INTO DATA BIT 231 - 246 

LOADS Si INTO DIAGNOSTIC CHECK BYTES 

Si BITS 263 - 256 INTO DIAGNOSTIC CHECK 
BYTES 27 - 20 

SET MAINTENANCE WRITE MODE 2, AEM2 

LOADS DIAGNOSTIC CHECK BYTES 27 - 20 INTO 

CHECK BITS 27 - 20 

** PRIVLEGED TO MONITOR MODE 

* ENABLED ONLY WHEN MAINTENANCE MODE SWITCH IS ON 

17-1 



...... 
--:J 
I 
IV 

(In 0) 

(In 0) 

(HjO) 

(In 0) 

(N/A) 

(FORCED) 

(N/A) 

(In 0) 

(In 0) 

(Hjo) 

(FORCED 0) 

(N/A) 

(Hio ) 

/ 

ADDRESS (20 _ 24) -/152- 57....... ~ 
(HSI6) 

25 0 

DATA SELECT (2°, 21) --=- ( 0,2) 
14S, 49"'" ...;. 

C- ....... 10-7 -.. 

/~Ii""'" -_ WRITE DATA 

CLEAR INPUT ~-:;-... 
116 - 23 • 

-WRITE DATA (UNUSEDb--h2 _ 39 -.. 

GO WRITE 
/ 165 ./ .... 

WRITE 0-15,0-7 -
/j70,71~ 

GO BYPASS .I 166 '" ..... 

-GO READ 
164 "'" 

DATA SELECT (2° .21 ) 
150,51 ....... -; 

WRITE DATA 
C IS - I5 ...... -.. 

J IS-IS ......... 

CLEAR INPUT ../ 124 - 31....... • -
WRITE DATA (UNUSEDVI40 _ 47 -.. -
ADDRESS (2° - 24) J"""Iss - 6f" -.. -

~ t ~ X7-XO 00 

~ - MUX 
...-. M bO- b7 ,.... -- U 

X CONFLICT 37 -- X27 - X20 40 

--

77 I-

27 _ 20 24 _ 20 170 = 1 
DATA ADDRESS 

111 =0 

(FORCED 0) ~ S20 - S35 

GO READ 

DATA ADDRESS 
215 _ 2 8 24 _ 20 

(0,2) 
X15 - XS 00 

t 
_ .. MUX 

--. 1 
~ 

bS-b15 ~ 37 -- M 
X35 -X2S 40 U 

--"" X 

. 
77 I-

t 2 S=0 

CRAY Y-MP (Hs) BLOCK DIAGRAM 
PERFORMANCE MONITOR STORAGE 

I 

... / 

- ~ READ DATA BIT--. 
",RO - R07 ° 7) 
-- (2 -2 

(Hjo) 

::-.. READ DATA BIT __ 
RS - RI5./ (Hjo) 

Tmg. 
J.E.S. 

) 
'''---..... ,./ 
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Form 1020 8/86 

Date: ~~c;6 7 
Name:~~ RESEARCH, INC. 

COMPANY PRIVATE 

111YLk~ /JtJR-

w~ ~~Ar~~ 

/~ __ ~.~ ~ J '~j~~ 

~J~~'~~'~~ 
:A:l5 /~ r ~ ~~ 

)~ ~ ~ O-r-.. ~L~....c-o-,,-Afi-d -f.ra-c..Jr 

»vto .--5 z.,. ~,k.::1 "'!~Pk"-<: :3 J - 1 '7 
/ 

-/4-~-<J) 
kJk~ ~.~) ~ ..... -::t- /~ ~~O :::z:t) 

CL Lj e c.1rc .. t ~~ ~""'''-f ~~f~ 
(/ 

~~~ 

~. 

~ ~J ~ D-. () 73 ~ e-I 

~~ .. 
9 

RESEARCH, INC. Page_(_of_ 

COMPANY PRIVATE 
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Form 1020 8/86 

RESEARCH. INC. 

COMPANY PRIVATE 

3,(~ 

Date: /0-- B)- g- ') 
; -II 

Name: cd I.. /1-

~ ~ ~ Jo-I~-(.U'Lc-J ..l''-1' CL 

4 C-lo~ ~u ~ 6.-~ 073:'3/ 0 
(/ 

v73c&,/ 

073 C d) 

073 c 3 ) 

07~ L } / 

D73c II 

CA£.~ If L)., OLJNT~) of s£. L. P fYJ ~ 

4 e"+ c-p -DE).....A y . 

AD VANLf£ C uti£Jd-r A-bv-J£ p, -?/V) 

) TD 9 C ,1/ D€-L/J "/ 

AiJ ~!\ tUC £. C 0£~£"uT upjJ;:: 12 P/~ (a <9'4a~ 
~ ..I/J L. f- 'f.f/l p lilT P /11 -POI.j --;-y R. " . 

$+ cjJ D£J.-.iJ. "/ 

C;"'CAf_ P (VI Pi),,.J TE ? , 
LJ +- D £: 1-...4 '-f . 

f? £- I+- D P;V) C RAf2. c£ J... ffl) 01-
J N cl-£ //1 t:.t'1..J"T .p ft'] P 6 ) 0 Ie .d. 

1- c.j) vi:-).....A l.../, 

K £A [) P;Y) C PAl-eLL f!7tl) 4 
::r. N C- (L{.. jvf LNr p,Nl p ()) tJ -;z {2 , 

RESEARCH. INC. Page.R..of_ 
COMPANY PRIVATE 
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---- PERFORMANCE ~10NITOR UTILITY ----

"" 

) 
00000052 120000 000027 014000 001000 346 --------, not~mal mon i tOt~ fr-om --------, 

00000053 120500 000030 001454 001405 345 here to loc. 71 
00000054 001407 022117 121600 000140 345 
00000055 131600 000160 031110 030001 150 
00000056 012000 000262 006000 000350 22E,<===== jLlmp to 72-0 
00000057 022117 121600 000160 1:31600 105 
00000060 000120 031110 030001 012000 044 
00000061 000275 120600 000031 120700 300 
00000062 000166 044567 051005 015000 011 
00000063 000340 120E.OO 000032 044067 070 
00000064 1]14000 000340 045576 130500 104 
00000065 000166 100700 000035 030770 153 
00000066 110700 000036 001405 006000 144 
00000067 000272 000000 000000 000000 315 
00000070 022101 110100 000035 006000 313 
00000071 000343 000000 000000 000000 135 -- ______ 1 --------, 

00000072 044444 001500 022300 022204 1':'(; --------, this code is Lised to c...,", --------, 

00000073 031023 030330 011000 000354 ~'-''-I 
.;'.::...:.' sel ect the P~1 wanted. 

00000074 044444 044444 001406 004000 274<==exchL1nge to code to be mon i tot-oed 

00000075 044444 022300 022204 031023 001 
________ 1 
--------: 

00000076 030330 011000 000367 073331 271 this codt;: t~eads the P~1 

00000077 044444 044444 044444 044444 125 eCluntet~s and UJt~ i te~, them 

00000100 022200 022330 044444 044444 315 to memory @ loe. 1000 to 

) 00000101 044444 044444 D7321:.. 1~2200 106 1027 then -i nct~ements 

00000102 001000 044444 030220 073311 211 I oeat- i cm 112. 
// 

00000103 1:]2300 001000 044444 0]0220 053 
00000104 073411 044444 044444 044444 013 
00000105 054220 OS5220 054:320 055340 3% 
00000106 051523 051645 13260D 001000 272 
00000107 030220 031032 01100C; 000404 003 
00000110 100100 000112 030110 110100 055 
00000111 000112 006000 0[10274 000000 202 
00000112 000000 000000 000000 000001 160 

-- ______ 1 
--------1 

) 
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00000200 120700 000240 120300 000241 347 
________ 1 

--------1 
00000201 070670 064563 062452 044444 253 this is t.he user code 
00000202 130600 000220 130500 000221 016 it does its thing then 
00000203 130400 000222 044444 044444 "')')"1 

<-"'-I e>:changes back to monitor 
00000204 044444 100700 000224 030770 335 
00000205 110700 000224 044444 044444 151 
00000206 044444 044444 044444 004000 134<== exchange to rnon i tot~ 
00000207 006000 001000 000000 000000 013<== after next exch. go back to 200 
00000210 000000 000000 oonnnn nnnnnn onn 
00000211 000000 000000 000000 000000 000 
00000212 000000 OOOOiJO 000000 000000 000 
00000213 000000 000000 000000 000000 000 
00000214 000000 000000 000000 '000000 000 
00000215 000000 000000 000000 000000 000 
00000216 (100000 000000 000000 000000 000 
00000217 000000 000000 000000 000000 000 
00000220 040001 100000 oODooo 000000 230 
000DC:221 040003 100000 000000 000000 005 
0000D222 (140003 120000 000000 000000 135 
00000223 000000 000000 O~IOOOO 000000 000 
(100.00224 000000 000000 000000 000001 160 
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00001000 000007 000025 000000 000000 132 
________ 1 

--------1 
00001001 000007 000000 000000 000000 075 these 1 ~c. are the t~esul ts of 

00001002 000007 000000 000000 000025 113 t.he t-·eads of t.he countet~s , 
00001003 000007 000072 000000 000000 015 loc. 300 bits 32-47 al~e the 
00001004 000007 000000 000000 000000 075 1 OlU 16 bits of counter 00 

00001005 000007 000000 000000 000072 076 loc. 301 is the next If. 
00001006 000007 000001 000000 000000 072 bits loc. 302 is all of 
00001007 000007 00(1000 000000 000000 075 counter 0 bits 0-47. 

00001010 000007 000000 000000 000001 115 
00001011 000007 000001 000000 (1000(10 072 
00001012 000007 000000 000000 000000 075 
00001013 000007 000000 000000 000001 115 bits 48-50 are not part of 
00001014 000007 000001 000000 000000 0"'·") 1<- the count.f!1-·S they ar-Q SQt 

00001015 000007 000000 000000 000000 075 as a t~esul t of· the read. 
00001016 000007 000000 000000 000001 115 
00001017 000007 000001 000000 000000 072 
00001020 000007 000000 000000 000000 075 
00001021 000007 ODOOOO 000000 000001 115 
00001022 000007 000007 000000 000000 012 
00001023 000007 000000 000000 000000 075 
00001024 000007 OOOOOD 000000 000007 116 
00001025 000007 000000 000000 00(1000 075 

) 00001026 000007 000000 000000 000000 075 
00001027 000007 000000 000000 000000 075 

-- ______ 1 --------1 
00001030 000000 000000 000000 000000 000 
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CRAY Y-MP ADDRESS REGISTERS 

The CRA 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 VO 
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. 
YMOBI09 R.A.M. 
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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, HD) options. If the (JA) 
recognizes the instruction as one of its own, the (JA) 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 conflicts, 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 (JA) 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 - Hold Issue if a 0010-0011 issued followed by a 005/007/023 instruction, a 
lOX - 13X instruction, a OOX - 03X instruction, or a 14X - 17X instruction. 

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

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

HTV-0834 18-2 

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 detenmne if any previously issued instruction will conflict with a current 
instruction in ClP. 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-A? 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-MP ADDRESS OPTIONS 
PER MODULE 

OPTION TYPE NUMBER USED DESCRIPTION 

(AA) 1 

(AB) 3 

(AC) 1 

(AD) 1 

(AF) 1 

(AR) 4 

11 Total Options 

HTV-0834 18-4 

Address Multiply 
First level - Lower bits 

Address Multiply 
First Level - Middle bits 

Address Multiply 
First Level- Upper bits 

Address Multiply 
Final- Lower bits 

Address Multiply 
Final- Upper bits 

Address Register/ 
Address Add 

Hardware Trng. 
YMOBI12 JE S. 

eRA Y PROPRIETARY 

j 

\ 



~ 
< , 
o 
00 
w 
.j:::. 

(YO) 

(IQ.IR) 

(IF) 

\~/ '\..---' 
i 

'-) 

AFU SOURCE 0000 

22. 21 20 

1 000 • tdBof)Ry I'ORT It. 

....,. _ ---7 (ARJ) (2"'.2") / 001 -ADDRES' ....... 1lft.Y 
(1-) '0'''' Z_ _ 010 .sj.SBj,~ 

(JED) I ...-:-'Y(AR2) (2'6.2") / 100 - ........ AOO 
pos~~r---7 101.Pjk 

OONSTANT ~(AR1) (21.2U) / 110 -rmUWEltCZ··lJl ) 

~ ~ ~ "O'TO' L!.. (ARO) 0 , 
(JAO) ......... 'SSUE ~ ..... )(ltO-'ij-<O~ 1 /' XIl-~LOWER.~.VL."'P/lZ 

r '"i5-2 '.6, •.•. 10.0'1'01. !11-1! I ~ (YM) (2 -2) 

,O."O'TO' ~ CONFUCTC<. [ j--~ QEARI~"O_~".,~ '0' ...- NO'f""",.o-, (lIP. liB) ADDRESSRBGISTERS I (VC,lD) I 
5R5CPlOJS.SR~~ ACCESSCONFUCT'Ir--- ((i:J' l/hf1B.D ~ ~. WMlftY 

=..::....=='<l~ ~1:c:.t~ ~ Mua0:!' ~ I'-~ EN'IDAiO,1 'I· ~n- ~c 
MASTDtCUAR ..:;r Ao,8CONfucr !:.:..! ~ ~ Rl.) ENT'ERAO-l.A04-7~ 1.0·1.1 rr Ai-Aj( (100-110) ~ 

~ '"-"-- 'IDBD<l£U - ""-'" DB:oVE .. -.~ 
.jiN(iiiiij"-: ""TO. c>'.~.") 6... ..I -I!= ~/I _CH.TOIl 1""12 HSlij 

RES. -----.. ~ SEL£CT k.l i DESIGNATOR AOORESSRECllSTERnMlHG ~ (OUI'fST.) ~ 

to""p ~SELrcr"j.SELCr"jhO ~ :~~ [4- ("" .. sr.) ~ ±
t---~ ARESUlTSREQUlItED -0- ~ AFU aa.2° ~ Af1J _,VPASS INSf. fANOlIl 

R21 ' • FUHC11ONALUNITTIMlNO ~ I!!2J 

GOISSUE ~ '-------' OP _ ~ saECTjkh/O ~ ;;' 1.0 ~(HA) ~ 
'~ T ~ ~ (Y(D Mf),KlRYPCRT (lOXINST.) 10-1 --t.- ~o,l7) =- ~SlGN ~ 
OlSCONn.lCT~ -~(VI) (l<ll)"""'Y ~ ....... ...- (00-7) ..:c.,.. ~J"-D (0013) (11-) - l - 31.) FOItTA ~ O. 1-- ~7 -4- lCO-If) 1- ExatAHGE 

(lie. lID 

(II .• 

(YI) 

...... 
00 , 
lJ\ 

n 
i'O 
>
>-<: 
'iJ 
i'O o 
'iJ 
i'O ....... 

~ 
>
~ 
>-<: 

lIEUASE TI1l ~ (II))) [§!J . (:L11ft.Y (Ol2 IHST.) 101 ::~ I -fl}- 4 ~ 
~-+ BREalSTEIt ~~(YI) ~.vC) ~ -~ ~;; 1--- 7-~ (Ol2IHST.) (AA.A8.AC) ~_ BLOCXeotmtoL ~ """"'''0027 (VIUI) • REO (.) "' .. ".,..0.1 - '(.0-7) -;-,- ~10::ll 'j>Ii ~ ._ MUL11I'LY 
lCPTOB ~. s S8,W' A6 (00 i15' II£ADOlrr RI-I 

~:=ATA (YC.VD) (O-)I.,O ..... ~ Ol]lNST.) ~,,,, ::E: - ~ :0.0012. ~ 
_ ~ aOWRrT£.ooREADB I ~ "-!: ,... ~ 

ADDRESSRJ;GlS"I9. ~ BDAT.SELrcr I 1IS13) Ii ;;; J 056·06' (Va) 

ISSUE - --.:- I L----"~:.:':..:·':..J'>'----X (l.11.2~ ~GNA1OR A)().) • siun '-________ --' 52.' ~ ""·46, 152-153) COUNT 

ASELrcr -= --=----L':==========:::;-] ~ (I.);;~ .. --<l"-"--': ("7) (IS) 

r.=-~ ~".:,. (:.INST.) (lIAD~ r-t-... I"""""" ADO I ~ 
(~ :=.:.":\ 1: ;= ~ 1::.)---1.. (030.0"1"".) (1171) ~ 

(YBl)~.El;,"':;:A::="''-('-'''''!!a::>o.., =~ ~ (VI) ""0-022.m6 ~ ~-;'-7) t SB:11ONc.wo.Y.EN.Bl£ ~ .... 51 
0l4, 03S ! I _ Lt. fOf'I\.Z S jk~ OlliOl,OZ7ijO) 18-1' (YI) -==-==--

(Yo. YN) ~:l = ~ (0:7) F1tW.SECJ1ONc.wo.y "<ii' ~ (0"-0". (V!.~ 
REAl>B - L~ VL <Hf-"- 1020-mllNST <fi2.lJ>.. '=" 176.177) 11WISfERS 

:::::::J ~ ('~J ~ (MO-7) -

DlUY ~ (!<ll-VS13)-hO-..rffi"-.-<!!''!.).f---..;I-----------1 
- (VI) 

mllIPP£R. I-IBfdw"f. Tmg 
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RCU-10 Operation and Maintenance Manual 

/Phase, 
Phase 1 

AUTO 

WATER~ AIR 
MODE ~ MODE 

Phase 3 

Phase 4,/ 

Phase 1: SUCTION LINE 
Evaporator to compressor 

CMM-1133-000 

Un-compressed refrigerant gas 
Pressure range: 50 to 90 psig 
Low-side pressure transducer 
Temperature range: 60 to 80 of (15.6 to 26.7 0C) 
Low-side thermistor 

Compressed refrigerant gas 
Pressure range: 200 to 250 psig 
High-side pressure transducer 
Temperature range: 150 to 190 of (65.6 to 87.8 °C) 
High-side thermistor 

Compressed refrigerant liquid 
Pressure range: 180 to 245 psig 
Liquid-line pressure transducer 
Temperature range: 75 to 110 °F (23.9 to 43.3 °C) 
Liquid-line thermistor 

Un-compressed refrigerant liquid 
Pressure range: 100 to 110 psig 
No pressure transducer 
Temperature range: 55 to 65 of (12.8 to 18.3 °C) 
No thermistor 

-Free Roll ing Start 
Solenoid Valve 

-Check 
Valve 

Discharge Diverter 
Solenoid Valve 

Dielectric-coolant f-----+., 
Return 

Dielectric-coolant l--t----t ..... 
Suction Supply 

Air-cooled 
Condenser 

Accumulator 
Evaporator 

Dielectric-coolant Return: 76 to 80 of (24.4 to 26.7 0C) 
Dielectric-coolant Supply: 72 ± 1 of (22.2 0C) 

Thermal 
Expansion 
Valve 

Figure 1-2. Refrigerant Phases for Water-cooled Operation 

Cray Research Proprietary 

Blower Assembly Unit 
(Located Behind the 
Air-cooled Condenser) 

Service Valve 

Liquid Filter 

Operation and Monitoring 

KEY 
1 Oil Control 
2 CAPACITY CONTROL 
3 DISCHARGE BYPASS CONTROL 
4 LOW SIDE PRESSURE CONTROL 

5 PRESSURE LIMITING DEVICE #3 
6 FAN CONTROL 
7 PRESSURE LIMITING DEVICE #2 
8 PRESSURE LIMITING DEVICE #1 

Water Return: 

100 to 105 of 
(37.8 to 40.6 0C) 
25 to 55 psig 
3 to 35 gpm 

Water Supply: 

40 to 85 of 
(4.4 to 29.4 0C) 
30 to 60 psig 
3 to 35 gpm 

A-12085 
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I (AR3) (224_2 31 ) / 

0-) MODE <§3>H~==~::'-----------------------------t 
~(AR2) (216_2 23 ) / 

rOOlnO~~ ;1------------------------------1 
CONSTANT f---.!-.I (ARl) (28 _2 15 ) / 

r---i:.~ ISSUE (J., H-) (190·93) -- rJO-'1""d 10 I I 25 _ 5,6, 8. 9,10,0' TO A -<1U2.It1-- r---t3"f-I--@:> 13 O'TO A (YM) ~ (A RO) 

(YO) 
10, I I 0' TO A 129. CONFUCT cx. .....J I . ~ CLEAR io, il AO - 3, A4 -7 ~~ tR= _ EN1CR ---.r--~ _ r"' +f- r R4 """\ NOT AO -7 (HF, HE) 

SR5CrTOJS,SR~ ACC~S0JNFUCT ~ i/bAELD <'"lO-2'>+ ... f- ~ 
OQ, JR) 31 . Ah, Ai, AJ, Ak ~ __________ ~ 8 f- _ 'RO _ f"""\ I::NTEK A <>, il 51 - 52)+-l-----r;;:;;:;;;;-I----1~.fIi:yp:;;:ss1 

MA'ITl;RCLEAR ~ 005 HOLD,OOI ~ AFU (20,2 1)145 )++-___ .... - --i- ~ ENTERAO-3,A4-7 ENTF.R __ w:~ -
OF) ~-~ AO, B CONFLICT ~ , t+ ---'i-~ f~ ~ AI.) - A7 ,. 

~ ARESULTIiREQU1RED ~ AFU (22_2°) .~ BYPASS 
t----{"~ ~ Ii DEmDE : -,;--:,~~>------'---'----<155 . "'frt----+i D~DE f- =: Ai = A,kb 

HENCOOEt-~ O',TO A pl, i, zO) 16- I I.r-o,.,~""-· __ ...J jk/i DESIGNATOR 41 _ 43, 41 

RES. I - ADDRESS REGISTER TIMING J r---4C~ SELECT j, k, L i DESIGNATOR FUNCTIONAL UNIT TIMING 

(JED) 

(1AO) 

ADDRESS REGISTERS 

AFU SOURCE CODE 

212' 20 

000 -MEMORY PORT A 

1 00 I -ADDRESS MULTIPLY 

1 0 I 0 . Sj. SRj, I/O 

I 00 - ADDRESS ADD 

J I 10 -nmUPPER(2'-231 ) ~
I 101 - Bjk 

X I I - om LOWER. jk, VI... POP/LZ 

(ye, YO) 

PORTC MEMCRY 0 
r(>::.IOO,-,-:--.:..:JJ",O)'--IJ(V=s=) ===. 

INST. 

(H:::3)0 
(OZSINST.) -fIfl-
~---'-+i--t~ 

(HC, HD) NIP/UP 

(B-, J-) GO ISSUE 

IO-I~~ 

90 -9Z»+--------' 

~ SELECT k I ji, SELCT k I jbO I 
+-----J:~IKL 

OP 
+----l~c...R23 SELECTjkb/O 

(YI) 035 CONFUCT<:@)..i'--__ -K@.:)0IX(i2)(Yl) I "GO, l~ I 
,--.. ~::: i+ 

.---. -;;----I-+-++--+----;::::~~~~~~_t~~~~~~~~_t_1--__ItRi6:"m~16-17 AO;O, (HA) 

-+ (AIO _ 17) r-~t-- + ~ AOSIGN 

(OO2INST_) (HF.O) 
VECTOR 
LENGTI-! 

4..------'-----.1--~ A QlJ1ET ODO) ~~ 
(Y~\iORY ~1f--'-~---"'-M....:OR-'-Y-PO-'-R-T--f---'(-IO-X-I-N-ST--.:...) -. f:.'TIR >-~t--U(~: ~ ~ ~ ~ AjIci (0013) 

PORT A IO _ ~, r.-W-l---W-+{---I~ AO - A 7 >- Al r-I I (CO - 17) I 
(A-) (032 INST.) ,_. D- ~ 

(H-) 
EXCl-lANGJ; 
ADDRESS 

::::E 37· 3 B REGISTER t=""" ~6 _ 2 ij (Yl) 

14() fi-l-~~ BLOCX CONTROL 9 _ 02W23, 026,QT7 (Yl, YJ-I) 
3 CPTOB 

~ SELECTBDATA (ye. YO) 

_~RADDRESS 
~ ~ GO WRITE. GO READ B 

ADDRESSREGlSTER --.... ~.~19- BDATASELECf 
ISSUE ~ 

I L..-.-____ :=========:~--~. 
(YEO) RELEASE ~_ 

034,035 '---...!!-/"" 

(YO, YN) GOREAD~ 
READB ~~ 

• 

MULTIPLY f----1---'------'--~CI8 - I D-<.-J-f-++-I-+-! ~~:: - t--~r-
lJ 6 _ 23 -; ;---IH--+--H >-~t--(VB. VC) 

S REG. f-- -+ (J-) (023ijO, 026ij7, 
I-:(D~."'-) ---i Sj, SB, I/O 1---t~03-3-'lN'-''-ST-.-'):....:.J 

W f-- -+~_----' 

4- (HSI2, 
HS13) 

'ilt+t'...:(~~~-~-.J - AS t--H(MO - 47) I t---:-;-- (D 1 0 - I 7) 
-~t-- (C20-37) 

>-~r-

ADDRESS ADD I 
(030 - 031 \!'ST.) I 

I I 

i SECl10N CARRY, ENABLE 

FINAL SECIlON CARRY 

CRA Y Y-MP ADDRESS REGISTERS BLOCK DIAGRAM 

HTV-0834 

-
~(YJ) 
<E2>- ADDRS. 

140 ADD 
-

(032INST.) 
(AA,AB,AC) 

MULTIPl._Y 

(0010 - 0012. (D-) 

033) 

(056 - 067, 

152-153) 

(027) 

(071) 

(034 - 037, 

176 - 177) 

ItO 

(VG) 
SHIFT 
COUNT 

(JS) 
SHARED 

REGISffiR 

(Vf) 

AX: to Si 

(YE, YF) 

BLOCX 
TRANSFERS 
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....:j 

< I 

0 
00 
w 
.j::,. 

........ 
00 

I 

0\ 

n 
Ie' 
::> 
-< 
'"'d 
Ie' o 
"i:l 
Ie' 

~ 
~ 

·'---// 

(JAO) 

(JAO) 

(YQO- YQ3) 

(AR) 

(HAD, HZO) 

(JAO) 

(FORCED 1) 

(N/A) 

(JAO) 

(JAO) 

(YQO- YQ3) 

(AR) 

(HAO, HZO) 

(JAO) 

ADDRESS (20 - 2 5 ) -:;--,. 
,)52 - 57 

DATA SELECT (20, 2 1 ),... -
148,49 • 

-r-:: IO-7~ 
WRITE DATA, 034 ,.... 10-17 . 
WRITE DATA, 025 ,....-

,..116 -23 

WRITE DATA, PREG. 
,)32 - 39 ........ 

GO WRITE -/ 165 "'-
WRITE 0 - 15,0 - 7 

,170, 71~ 

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

GO READ < 164---

DATA SELECT (2° ,21 ) ~ 
'-.150,51.....-

r-<:18 -15 
WRITE DATA, 034 / 

'- 18 - 15 ,.;--. 

WRITE DATA, 025 ,....-
124 - 31.....-

WRITE DATA, PREG. ""'140-47,..TP 
(UNUSED) ON (HSI2) '-

ADDRESS (20 _ 2 5 ) ,...-
'-~ 

\,~' 

(HSI2, HS13) 2 5 

(0,2, 3) 

X7 - XO 00 

..... -- MUX f-r" 

M .-. 
bO - b7 

U 
X CONFLlCT 37 

X27 - X20 40 

-77 

170 = 1 2 7 _2° 24 _ 20 

DATA ADDRESS 

171 = 1 

FORCED 0 LJ-\ S20 - S35 

r--LJ GO READ 

DATA ADDRESS 

(0,2, 3) 
2 15 _ 2 8 24 _20 

XIS - X8 00 

.. 
,........ 

Lf) 37 ~ M 
U b8 - b15 X35 - X28 40 
X 

.... 
-77 

T 2 5 

CRAY Y-MP (HS) BLOCK DIAGRAM 
B REGISTERS 

MUX >-

r, - :;-.,. READ DATA BIT 
",RO - R07 

- (2°_27) -. (HS12 ) 
(2 8 _2 15) -. (HS13 ) 

V READ DATA BIT 
~8-RI5 - (2 24_2 31) -. (HS 

(2 16_ 2 23) -. (HS 

, ; 
,,,-,,/ 

(AR, VS, YL, 
HAD, HBO) 

(HBO, AR, VS) 

12) 

13) 

Hardware Trng. 
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(HsI2) 

Bjk 231-224 

00 XIS -X8 
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 XIS - X8 
40 X35 -X28 
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 X35-X28 

(Hs13 ) (Hs13 ) 

223_2 16 215_ 28 

XIS -X8 X7-XO 

XIS -X8 X7-XO 

X35 - X28 X27-X20 

X35 - X28 X27-X20 

(Hs12) 
27 _ 20 

X7-XO 

X7-XO 

X27-X20 

X27 - X20 

Hardware Tmg. 
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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 
2 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 carlies 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. After 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 final summation. 
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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 

031ijk - 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 A j minus one to Ai 
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ADDRESS ADD FUNCTIONAL UNIT 
--) (OPTIONS INVOLVED) 

) 

) 

(ARO - AR3) Options 

The CAR) options each handle 8 bits of the j and k operands, with CARO) handling bits 
20 - 27, CARl) handling bits 28 - 215, and so on. Each CAR) 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 CYJO) option for processing. Partial sums of each 8-bit 
section and the internal group enables are also generated on the CARs), and these are 
combined with the final section cames received from the CYJO) to obtain the final 
summation. The result is then entered into the appropriate A register, also located on the 
CAR) options. 

(Y JO) Option 

The CYJO) option combines the separate section enables and carries received from CARO - 3) 
to generate the [mal section carries. These indicate whether or not there will be a carry out 
of a particular 8-bit section as part of the final 32-bit result. These final section carries are 
then sent back to the appropriate CAR) option. In the case of a subtraction, the (yJO) sends 
a [mal section carry to CARO), causing a one to be added into bit position 20 to complete the 
twos complement arithmetic. 
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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 FlO - 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 022 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 tenns are made on (AR3) but are unused. 

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

) 
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SECTION 3 SECTION 2 SECTION 1 SECTION 0 

G25 G25 G25 

G28 G27 G26 G28 G27 G26 G28 G27 G26 G28 G27 G26 

RI8 RI8 RI8 RI8 

YJO 

J", j", 153 

J ~158 

R22 

~ ~ ~ ~ 
(AR3) I (AR2) ·1· -CARl) - 1 (ARO) 1 

(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. 

CARRY TO 3, 4; 7, 8 

ENABLE 

SECTION ENABLE 

SEC'IlON CARRY 

SUBTRi\Cr 

SECTION ENi\BLE 

SECTION CARRY 

,---,' 

FINAL SECTION CARRY 

FINAL SECTION 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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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 fmal 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 
10011011011111 - actual result 

1011101 
x 1101011 

1011101 
011101 
00000 
1101 
000 
01 
1 
1011111 

l 
t Multiply Pyramid 

J 
- 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 5 CPs elapses from the time the j and k operands leave the A registers until the 
result enters the appropriate Ai register. 
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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 
10011011011111 - 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 5 CPs elapses from the time the j and k operands leave the A registers until the 
result enters the appropriate Ai register. 
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cRAy Y~MP ADDRESS MULTIPLY 
FUNCTIONAL UNIT INSTRUCTIONS 

ADDRESS MULTIPLY 

032ijk Ai Aj *Ak Integer product of (Aj) times (Ak) to Ai 

032ijO Ai Aj * 1 Transmit (Aj) to Ai 5~~ 

032iOk Ai Ak*O Zero fill Ai 

... ; .... 

YMOBIOB 
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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, forms 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 finalized on board, latched for two more clock 
periods, and then sent directly to the appropriate A register via the AFU path select on the CAR) 
options. 

(A B) Options 

The three (AB) options form 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 terms of the partial summations 
obtained on (ABO) and (ABl) are sent to (ADO) and (AFO) for the final summation, while all the 
terms of the partial summation obtained on (AB2) are sent only to (AFO). 

(ACO) Option 

The;i(ACO) option performs 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 final 
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 terms only from 
the (AB) and (AC) options, and obtains the final summation for bit positions (224 - 231). 
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I I VI Diagonally foon the logical products I I and then vertically swn the pyramid. 

~ The marked box indicates the bit in 
the I?yramid formed from the ~roduct 
of bIt 27 of the j-0r:.and an bit 213 
of the k-orcran. t will be added 
on the (A 0) option to form part of 
swn bit 220, but any carry generated 
by it will be added m on the (ABl) option. 

~ The input terms to each option are 
listed on the block diagram. 
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bOl bOl bOl bOl 
a21 a20 .!9 al8 
b02 b02 b02 b02 
a20 a!9 al8 al7 
b03 b03 b03 b03 
al9 .!8 aF a!6 
bil4 b04 b04 b04 
al8 al7 al6 .15 
b05 b05 b05 b05 

al3 
bOO 

aF 
bOl 
all 
b02 
alO 
b03 

'99 
b04 
.1)8 
b05 

a07 
b06 
a96 
b07 

a05 
b08 
a04 
b09 
al)3 
blO 

a92 
bll 

aQI 
bl2 

aOO 
bi3 
'--

--, 
.19, 
bOO: 
;i8' · , 
bOl' __ ..I 

al7 • · . 
~2~ 
al6' · . 
b03' --., 
al5. · . 
b04. --, 
al4, 

~..sJ 

.12 
bOo 
all 
bOI 
.10 
b02 
al)9 
b03 
.08 
b04 
al)7 
b05 

a06 
b06 
al)5 
b07 

a04 
b08 
a03 
b09 

a92 
blO 
aOI 
bll 

al)O 
bl2 

(AA) 

'!l .!O '99 a08 afJ7 
bOO bOO bOO bOo bOO 
010 a09 .08 a07 a06 
bOl bOl bOl bOl bOl 

afJ9 afJ8 al)7 al)6 a05 
b02 b02 b02 b02 b02 
a08 .07 '96 a05 a04 
b03 b03 b03 bin b03 
afJ7 a06 al)5 a04 a93 
b04 b04 b04 b04 b04 

afJ6 aQ5 a94 al)3 a92 
b05 b05 b05 b05 b05 

a05 a04 a03 a02 aOI 
b06 b06 b06 b06 b06 
a04 a03 a02 al)I aOO 
b07 b07 b07 b07 b07 

a03 .02 al)I al)O 
b08 b08 b08 b08 
a02 aOI aOO 
bOO bOO b09 
aQI al)O 
blO blO 
aOO 
bll 

.~9 
bOO 
.!8 
bOl 
.17 
b02 
a~6 
b03 
al5 
b04 
.14 
b05 

a13 
b06 
al2 

b07 

all 
b08 

.~O 
b09 

.fJ9 
blO 

.08 
bll 

a08 a07 
bi2 bl2 
a07 aC)6 
bl3 bl3 

al)6 aQ5 
bl4 bl4 
aQ5 aQ4 
bl5 bl5 
.04 a03 
bl6 bi6 

aQ3 aQ2 
bl7 bl7 

aOI 
bl8 
aOO 

, bl9 

CRAY Y-MP ADDRESS MULTIPLY 
LOGICAL PRODUCT TEMPLATE 

20-6 

.06 
bOO 
a05 
bOl 
.04 
b02 
a03 
b03 

'92 
b04 
al)I 
b05 

aOO 
b06 

.~8 
bOO 
.17 
bOl 
.!6 
b02 
a!5 
b03 
al4 
b04 
.13 
b05 

al2 
b06 
all 
b07 

alO 
b08 
.09 
b09 
.08 
bio 

a07 
bll 

a06 
bl2 
al)5 
bl3 

a94 
bl4 

al)3 
bl5 
a02 
bl6 
al)I 
bl7 

aOO 
bl8 

al)5 .04 a03 
bOO bOO bOO 
a04 a03 a02 
bill bOI bOl 
al)3 a02 aOI 
b02 b02 b02 

'1)2 aOI aOO 
b03 b03 b03 
al)I aOO 
b04 b04 
al)O 
b05 

(AB) 
.17 al6 a!5 
bOO bOO bOO 
.16 a!5 a!4 
bOl bOl bOI 
a!5 a!4 ap 
b02 b02 b02 

.!4 ap .!2 
b03 b03 b03 
al3 .12 all 
b04 b04 b04 
al2 .11 alO 
b05 b05 b05 
all a!O a09 
b06 b06 b06 
.10 afJ9 ·fJ8 
b07 b07 b07 

afJ9 al)8 ·fJ7 
b08 b08 b08 
.08 a07 .06 
b09 b09 b09 
.07 .06 .05 
blO blO blO 
.06 a05 a04 
bll bll bll 

aQ5 a04 .03 
bl2 bl2 bi2 
aQ4 al)3 al)2 
bl3 bl3 bl3 

al)3 aQ2 al)I 
bl4 bl4 bl4 

a92 aQI aOO 

bl5 bl5 bi5 
aOI aOO 
bl6 bl6 
aC)O 
bl7 

a92 
bOO 
aOI 
bOl 
al)O 
b02 

a~4 
bOO 
ap 
bOl 

a!2 
b02 
ap 
b03 
alO 
b04 
a09 
b05 

a08, 
b06' ___ I 

a07' . , 
b07' --, 
.06 ' . , 
b08 , -- , 
.05, 
b09 : --, .04 , 

bio: --, 
a03, 
bil: 

a02 
bl2 
al)I 
bl3 

aOO 
bi4 

aOI 
bOO 
aOO 
bOl 

---I 
al3 , 

bOO • 
___ ..J 

al2 ' · , 
bOl ' ___ .J 

all ' · , 
b02, ----f 
a10 , 

b03 : ---, a09 , 

b04' ___ ..J 

.08 ' · , 
b05 ' 

'~I bOO 

H 
A·6 

ardware Trng. 
228 J.E-S. 

CRAY PROPRIETARY 
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l;. 210 200 

221 211 201 

212 202 
~ 

203 

~ 

'''--

2 31 2 30 2 29 2 28 227 2 26 22S 224 223 222 221 2 20 2 19 2 18 2 17 2 16 2 U 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 &290 2&0 270 260 250 240 

g32C 301 g300 2&1 271 261 251 

311 302 291 

292 

(ACO) 

(AI 2) 

220 210 200 190 ISO 

221 211 201 191 181 
~ 

212 202 192 182 
I--

203 193 183 

190 180 170 160 150 ~ 
191 181 171 161 

r--
I-

192 182 172 
t--

193 183 173 
l"-

I--

t--
t--

'--

230 220 210 200 
~ 150 140 130 120 110 100 90 80 

231 ~ 141 131 121 111 101 91 81 

~ 132 112 82 

(AAO 

r--

(ABO) 

(A 1) I--

170 

171 

172 

173 

I--

l-
t--

l"- I--
220 210 200 190 180 170 160 150 140 

~ 
221 211 201 191 181 171 161 ....... ~ 

..:.!! 202 192 182 172 
I--

203 193 183 173 
r--

t--
I-- I--

160 150 140 
t--

161 
I--

t--

t--
I--

CRAY Y-MP ADDRESS MULTIPLY 
FIRST LEVEL PARTIAL SUMMATION 

(G AND R TERMS) 

70 60 50 ,40 g30 g20 

~ 61 51 

r--
I-

I--
I--

I-

t--

,,--/ 

SUMBrf 
POSITIONS 

HardwarB Trng . 
A-6131 R.A.M. 
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00' 
w 
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00 
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\ 

\ 

2 31 230 2 29 2 28 227 2 26 2 25 224 2 23 2" 221 220 219 2\8 217 2 16 21S .2 14 2\3 212 211 2 10 2 9 2 8 27 2 6 2 5 24 2 3 22 21 2 0 

11iO I 150 1140 1 1301 120 I 1101100 I 90 I 80 I 70 I 60 I 50 

(AAO) 150 I 141 I 131 I 121 I 1111 \01 I 91 I 81 

112 82 

(APO) 

--r~4}-~!.3.f· 
220 12\0 200 190 180 170 1161 I 152 143 

221 211 201 191 181 171 162 

I 

(ABO) j I 

_1...1 212 202 192 182 172 

203 193 183 173 

230 1222\213 I 204 

231 223 

ill 

233 

234 224 214 205 

235 

--1--- ---r--I--- --- ---[--
---"--------

220 210 

(ABO) 221 211 

-- --- -+;, -;~ -;;; -~;;;; ~; ~ ~;; 
(ABI 281 271 261 251 241 231 223 

2721 262 252 l' 263 -~~ ~] ~11---1---
3141304 294 284 274 265 254 244 234 

315 305 295 285 275 266 255 235 

306 296 

(ACO) 

I 
3\0 300 290 282 273 264 

311 301 291 283 

312 302 292 

313 303 293 

(AB2) 

(AB1) 

-J~;-
___ 1 _____ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

--"'1 
I 
I 
I 
I __1 

(ADO) 

INPUT (1 TERMS) 

(DOTTED REGIONS INDICATE 
OPTIONS FROM WHICH INPUT 
TERMS ARE RECEIVED.) 

(AFO) (ADO) 

61 I 51 

~--------------------------------~A'---------------------------------_, 
31 30 29 28 27 26 25 24 1 23 22' 21 20 19 18 17 16 15 14 13 12 11 \0 

FINAL SUMMATION (R TERMS) 

eRA Y Y-MP ADDRESS MULTIPLY 
FINAL LEVEL INPUT & SUMMATION 

(I AND R TERMS) 

\ 

7 6 5 

(AAO) 

4 3 Z 0 

SUM BIT 
POSITIONS 

Hardware Trng. 
A·6132 RAM. 
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I o 
00 
w 
.j:::. 

N o 
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\0 

n 
~ 
...:: 
"'d 
;;tJ 

~ 
~ 
;;tJ 
...:: 

, -_./ 

33 32 31 

1 311k 
311< 

312< 
313< 
314 
31S 

316 
317 

200< 190< 
201< 191< 
202 192< 
203 193< 
204< 194< 

19S< 
196 
197 

(AB2) 198 
199 
VI90 
VI91 
VI92 

310< 
311< 

(ACO) 312< 
313 
314 

210< 200< 190< 
211< 201< 191< 

202< 192< 
203< 193< 
204 194 
20S 195 

196 
(AB2) 197 

I 198 

30 29 

300< 290< 
301< 291< 
302< 292< 
303< 293< 
304 294 
30S 29S 
306 296 
307 297 
180< 170< 
181< 171< 
182< 172< 
1113< 173< 
184< 174< 
ISS< 17S 
186 176 
187 In 
188 178 
189 179 
VI80 V 170 
VI81 V171< 
VI82 

300< 290<-
301< 291< 
302< 292 
303 293 
304 294 
30S 
180< 170< 
181< 171< 
182< 172< 
183< 173< 
184 174 

ISS 17S 
186 176 
187 In 

188 
------

28 27 26 lS 24 

280< 270< 260< lSO< 240< 
281< 271< 261< lSl< 241< 
282< 272< 262< lS2 242 
283< 273< 263< lS3 243 
284 274 264 

28S 27S 263 190< 180< 
286 276 266 191< 181< 
287 2n 267 192< 182< 
160< 150< 200< 193< 1113< 
161< ISI< 201< 194< 184< 
162< 152< 202 19S< ISS< 
163< IS3< 203 196 186 
164< 154< ~ 197 187 
163 ISS 140< 198 188 
166 IS6 141< 199 189 
167 IS7 142 VI90 VI80 
168 IS8 143 VI91 VI81 
169 IS9 144 VI92 VI82 
VI60 V ISO 

280< 270< 260< lSO< 240< 
281< 271< 261 lSI 241 
282< m 262 C2S3 Cl43 
283 273 263 
284 274 200< 190< 180< 
28S 201< 191< 181< 
160< 210< 202< 192< 182< 
161< ~ 203< 193< 1113< 
162< ISO< 204 194 184 
163< lSI 20S 19S IllS 
164 IS2 "'i4O 196 186 
163 IS3 141 197 187 
166 154 198 188 
167 

- ----

~ 

23 22 21 20 19 18 17 16 IS 14 13 12 11 10 

230< 220< 210< 2aO< 190< 180< 170< 160< ISO< 140< 130< 120< 110< 100< 

231< 221< 211< 201< 191< 181< 171< 161< ISI< 141< 131< 121< 111< 101< 

232 222 212 202 192< 182< 172< 162< 1S2< 142 132< 122< 112< 102< 

233 223 213 203 193< 183< 173< 163< 1S3< 143 133< 123< 113 103 

~ 194< 184< 174< 164< lS4< 144< 134 124 114 104 

170< 160< 
Tsii:" 

2aO< 19x ISS< 17S 163 ISS ; 13S l2S liS lOS 

171< 161< 201< 196 186 176 166 1S6 141< 136 126 116 

172< 162< ISI< 202 197 187 In 167 1S7 142 137 127 

173< 163< IS2< 203 198 188 178 168 1S8 143 138 

174< 164< IS3< m< 199 189 179 169 1S9 144 

17S 163 IS4< 141< VI90 VI80 VI70 VI60 VISO 

176 166 ISS 142 VI91 VI81 V171< 

In 167 IS6 143 VI92 VI82 

178 168 IS7 144 

179 169 IS8 
VI70 VI60 IS9 
V 171< VISO 

(ABl) (ABO) 

230< 220< 210< 200< 190< 180< 170< 160< ~ 140< 130< 120< 110< 100< 

231 221 ~ 201< 191< 181< 171< 161< ISO< 141< 131< 121< 111< 101< 

C233 Cl23 210< 202< 192< 182< 172< 162< lSI 142< 132< 122 112 102 

211 203< 193< 183< 173< 163< 1S2 143 133 123 113 103 

170< 160< Cl13 204 194 184 174 164 1S3 CI43 134 124 C116 CI04 

171< 161< 32l.. 19S ISS 17S 163 lS4 ~ 135 CIOS 

172< 162< 200 196 186 176 166 140 

173< 163< Cl03 197 187 In 167 141 

174 164 ISO< 140 198 188 
17S ]16S lSI 141 

176 166 152 
In 167 1S3 

154 
(ABl) (ABO) 

I I -
eRA Y Y -MP ADDRESS MULTIPLY PYRAMID 

(sheet 1 of 4) 

7 

90< 80< 70< 60< 
91< 81< 71< 61< 

92< 82 72 62 
93 83 73 63 
94 84 74 
9S 

(AAO) 

90< 80< 70< 60< 
91 81< 71 61 

92 82 72 C62 

C9S C83 C63 

C84 

(AAO) 

I 

SO< 40< 30< 20 
SI 41 31 
S2 42 32 

43 

50< 40< 30 20< 
51< 41 ClO 

10 0 

, 
,'----I 

SUM BIT 
posmONS 

c """'" 
[and V Icmts 00 (AD)] 

(lWIS) 

D II:mtS 
('JJJ{1:/) 

Hllfdtll/llffl 1mg. 
A·6f:J3 R.AM. 
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:::0 o 
'"d 
:::0 

~ 
:::0 
0-<: 

34 33 

(AL) 

220< 210< 

211< 
212 

(AB2) 

I 

(JO) 

220< 210< 
221 211< 

212 

(AB2) 

(Ala) 

220 210 
221 211 

212 

(AB2) 

(ACO) 
(lCVl7) 

32 31 30 

311l< 300< 

311< 301 

3U 302 

W14 DJOS 

200< 190< 180< 

201< 191< 181< 

202< 192< 182< 

203 IIll 183 

204 194 184 

195 185 

320< 310< 300< 

319< 301< 

311 302 

200< 190< 180< 

201< 191< 181< 

202 192 182 

203 193 183 

0010 300 

0020 301 

311 302 

200 190 180 

201 191 181 

202 192 182 

203 193 183 

Rl10 

314 304 

31.S lOS 

310 306 

311 300 

3U 301 

313 302 

303 

29 28 27 26 15 24 23 22 

290< 280< 270< 260< 150< 240< 230< ,220< 
291< 281 271 261 151 241 231 220< 

292 282 272 D263 221 

293 0282 

170< ~ 210< 200< 190< 180< 170< 160< 

171< 160< 211< 201< 191< 181< 171< 161< 

172 161< ~ 202< 192< 182< 172 162 

173 162 ISO 21ll 193 183 173 163 

174 163 lSI ~ 194 184 174 164 

164 140 19S 185 

290< 280< 270< 261 150< 240 230< 220< 

299< 281 271 151 231 ~ 
291 220 

1!293 220< 210< 200< 190< 180< 170< 

170< ~ 211< 201< 191< 181< 171< 160 

171< 160 ~ 202 192 182 172 161 

172 161 ISO ~ 193 183 173 

173 140 

G290 280 270 260 150 240 230 220 

0300 281 271 261 151 231 ~ 
291 220 

292 220 210 200 190 180 170 

170 ~ 211 201 191 181 171 

171 160 212 202 192 182 172 160 

172 161 !Jsij" 
~ 193 183 173 161 

173 140 

al90 284 274 2M 154 244 234 220 

285 275 266 155 240 220 

280 270 260 150 241 m 221 

294 281 271 261 151 242 235 m 
295 282 272 262 152 243 Zl! 

296 283 273 263 153 230 224 

290 264 

291 m m 
292 231 222 

293 m m 
(AFO) 

232 223 

~ 223 

I ~ ID 

21 20 19 18 -- 17 16 IS 14 13 12 11 -- 10 --

210< 200< 190< 180< 170< 160< ISO< 140< 130< 120< 110< 100< 

211< 201< 191< 181< 171< 161< 1SI< 141< 131< 121 lll< 101 

~ 202< 192< 182< 172 162 ..g;.. 142 132 122 112 102 
210< 203 193 183 173 163 ISO ~ 133 113 
211 ~ 194 184 174 164 lSI 140 

200 195 185 
ISO 140 
lSI 

(AB!) (ABO) 

210< lao< 190< 180< 170< , 160< 1SO< 140< 1JO< 1la< 110< 100< 

211< 201< 191< 181< 171< 160 ~ 141 131 121 III 101 

~ 202 192 182 172 161 ISO ~ 132 Elll 
210 20J 193 183 173 140 

ISO 140 

(AB!) (ABO) 

210 200 190 180 170 ~ ISO 140 130 120 110 100 

211 201 191 181 111 160 ~ 141 131 121 111 101 

~ 202 192 182 172 161 ISO ~ 132 1U 

210 ~ IIll 183 173 140 
200 

ISO 140 

(AB!) (ABO) 

210 200 190 180 170 160 ISO 140 130 120 llO 100 

210 201 191 181 171 161 lSI 141 131 121 III 101 

211 202 192 182 172 162 1S2 142 132 1U 

m 20J 193 183 173 143 

212 lOS 

m 204 
214 

m 
213 

m 
(ADO) 

I 
CRAY Y-MP ADDRESS MULTIPLY PYRAMID 

(sheet 2 of 4) 

- - -
90< 80< 70< 60 SO< 
91 81 71 

(AAO) 

90< 80< 70 60< SO< 
91 81 61 SI 

82 

(AAO) 

90 80 70 60 SO 
91 81 61 51 

82 

(AAO) 

90 80 70 60 SO 
91 81 61 51 

82 

, - . 
40 30< 20 10 

40 30 20 10 

040 000 020 OlD 

. 
o I 

0 

GO 

SUM BIT 
POSITIONS 

B U:rms 
(30{.l7) 

P ""'DS (40/47) 

OandR "'rIllS 
(CV5) 

IlOmII 
(f.S. 21 - 39) 

Ha,drvlll'fI Trog. 
14·6738 R.AM 

J 



~ 
< I o 
00 
lJ,) 
.j:::.. 
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31 30 29 2lI 27 26 

310 1300 1290 1280 1270 1260 311 301 291 281 271 261 

312 302 292 282 272 262 

313 303 293 283 273 263 

3Hk 1300< 
311< 301< 

312 302 

313 303 

310< 1300< 
3\1< 301< 

312 302 

303 

310< 1300< 
311< 301< 

312 302 

303 

310< 1300< 
311< 301 

312 

290< 280< 270< 260< 

291< 281< 271< 261< 

292 282 272 262 

293 283 273 263 

296 !266 

290<1280<1

27

0<1260< 291 281< 271< 261 

292 2lI2 272 262 

273 263 

290<1280<1

27

0<1260< 291 281< 271< 261< 

292 282 272 262 

273 263 

290< 1280< 1270< 1260< 
291< 2lI1< 271 261 

292 282 in 26l 

25 24 23 22 21 20 19 18 17 

250 240 1234 220 1210 1200 190 180 1170 
251 241 23S 221 211 201 191 181 171 

252 230 224 214 202 

253 231 222 213 203 

232 223 

233 

230 220 210 

231 221 211 

232 224 212 

233 223 214 

213 

250<1240<1

23

0< 251 241< 231< 

252 242 232 

220<1210<1200<1190<1180<1170< 
221 211< 201 191 181 171 

222 212 202 1193 It83 1173 

ill 253< 243 233 

213 

230< 220< I 210 

231< 1 221 I 211 
232 222 

233 

250<1240<1
23

0< 
251< 241 231 

252 

220<1 210< 
221< 211 

222 

230< 1 220< 
231 221 

250< 1240< 123
0< 12

20< 1 210< 251< 241 231 221< 211 

252 230< 222 

231 

232 

250< 1240< 1230< 
251 241 231 

L2,SO 

21S 1 201< 
216< 210 

220 

200< 1 190< 1 180< 1 170< 
201 191 181 171 

200< 1 190< 1 180< 1 170< 
201 19 I 181 171 

170 19S I 181< I 17S 
196< 190 176< 

200 180 

, , 
~' 

16 IS 14 13 

160 1 ISO 1 140 1 130 
161 lSI 141 131 

12 

160< 1 ISO< 1 140< 
161 lSI 141 

130< 1 120< 
131 121 

It43 

160 ISO< 1 140< 
lSI 141 

160 ISO< 1 140< 
lSI 141 

ISS I 141< I13S 

IS6< ISO 136< 

160 140 

130< 

131 

130< 

131 

121< 

130 

120< 

121 

120< 

121 

Itt< 

120 

11 

110 

111 

10 

110< 1 100< 190< 
111 101 91 

110< 1 100< I 90 
til 101 

110< I 100< I 90 
til 101 

110 100 

80 

81 

80< 

81 

80 

80 

70< 

70 

70 

4 

60< SO 

60 SO 

60 SO 1140 I H30 

2 

H2O HIO HO 

"'-......... /' 

B tams 
(W{1.1) 

C tams 
(30/38) 

D lenns 
(40/41) 

'R tams 
(0iS) 

F tenns 
(10/11) 

~------------~v------------~ ------------------------------------------,v " ~ 
(AFO) (ADO) 

CRAY Y-MP ADDRESS MULTWLY PYRAMID 
(sheet 3 of 4) 

(AAO) 
Hardw8f9 frog. 
A·6739 R.AM. 



~ 
<: 

I o 
00 
w 
oj::. 

N 
o 

I ....... 
N 

~ 
>-<: 

;g 

~ 
id 
>-<: 

31 30 29 28 27 26 2S 24 23 22 21 20 19 18 17 16 IS 14 13 12 II 10 2 

310 300< 290< 275 261< 256< 2SO 240< 230 220< 210< 200< 190< 180< 170< 160< ISO< 140 130 170 110 100 

301 291 276< 270 260 M2SO 'wr" 221 211 201 191 181 171 161 151 

280 M2S6 

R249< 

310 300 290< 280 270 260 2SO ro 230 220 210 200 190 180 170 160 ISO 140 130 120 110 100 

311< 309 291 N280 N270 N260 N2S0 22S 

N290 

310 300 290 230 220 

0310 0300 0290 

310 300 290 280 270 260 2SO 240 23 22 21 20 19 18 17 16 IS 14 13 12 II 10 9 8 7 6 5 4 3 2 1 0 

311 P300 P290 P280 P270 P260 P2SO 249 

PJIO 
PJII 

31 30 29 28 27 26 2S 24 

-- - - -- --L-____ - ---

'-________ -,,, V I 11------.."".-----...1 

(AFO) (ADO) 

CRAY Y-MP ADDRESS MULTIPLY PYRAMID 
(sheet 4 of 4) 

" 

(AAO) 

Glenns 
(20127) 

H lenDs 
(30/37) 

J Ienns 
(40/47) 

Kand R lenDS 
C9m 

R lenDS 
(10/19) 

HatdwllfB Trog. 
A·8740 R.AM. 
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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 crp, the scalar issue control 
must check to see if the Vector registers have.the functional unit reserved; if so, the Scalar 
instruction will wait in crp 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 S 1 signal, at which time the 064421 instruction would issue, obtaining S 1 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. 
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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. 
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) SCALAR REGISTERS (OPTIONS INVOLVED) 

) 

) 

(lBO) 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 (J-, H-) options will 
determine if the instruction needs to be controlled by the (JB) option, if not the (JB) will generate 
a Go Issue to the (J-, H-) issue control options. All (J-, 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 (JB) 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 
CIP 1 or CIP 01 arrives. 

• SO, T conflict - Reservations or Access with SO or the T registers, hold until the 
continue hold SO, T drops. 

., I _ 

. vt{~t,' 

• Scalar Floating Reciprocal - ~ Floating Reciprocal ( .... ) followed by a SFR 
causes a Hold Issue until the first ~ has _ LI GiijQ 
~1iil~"'P".-t\\t (/(,I\~.{) :lJ¥ J-r°f6ir~( r,,_::.\;~): 

t:/ ...... '-- ~ ... t \ \}\..r... \ \ 

• Hold After 056 - 057 - Any COOx - 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 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 
(JG) 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 ClP (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 (2J, 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 
(VC), 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. 
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CRAY Y-:MP 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 

VO 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 
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(HsU) (HslO) (Hs9) (Hs8) 

263- 2 56 255 _248 247_ 240 239_ 232 

X15 -XS X15 -X8 X15 -XS X15 - XS 
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X35 -X28 X35 -X2S X35-X28 X35 -X28 

-

X35 -X28 X35 - X28 X35- X28 X35 - X28 

(Hsll ) (HsI0) 

231- 224 223 _ 216 

X7-XO X7-XO 

X7-XO X7-XO 

X27-X20 X27-X20 

X27-X20 X27 -X20 

(Hs9) 
215 _ 2 8 

X7-XO 

X7-XO 

X27-X20 

X27-X20 

(Hs8) 
27 _ 20 

X7-XO 

X7-XO 

X27-X20 

X27 -X20 

Hatriware Trng. 
A-6684 J.E.S. 

CRA Y Y -MP T REGISTERS BIT ASSOCIATION 
(036ijk, 037ijk) 

21-8 CRAY PROPRIETARY 

---", 

\ 

J 

/ 

--_/ 







044ijk 

044ijO 

045ijk 

045ijO 

046ijk 

046ijO 

047ijk 

047iOk 

047ijO 

047iOO 

) 050ijk 

050ijO 

051ijk 

051iOk 

051ijO 

051iOO 
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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 Ored With Logical 

- 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 
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SCALAR LOGICAL (044 - 051) INSTRUCTIONS ON 
(VB, VC) OPTIONS 

Scalar Registers 

TS =0/6 

(BO - B 1) - Scalar register bits (N, N+ 1) of SO 

B70 - B71 - Scalar register bits (N, N+ 1) of SO - S7 

Scalar Si, Sj, Sk Read Select 

TS = 10/17 

TS = 20/27 

/ 
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) 

) 

Scalar Select Read Path or ByPass 

TS = 39/46 -----------------------------------------------------------------------------------------------------

Operand Selection Sk, Sji 

TS = 0/6 

HTV-0834 

(DO - 1) - Read path of Sk 
(DlO - 11) - Read path of Sji 

(HlO - 11) and (H12 - 13) are Bypass from SFU or Floating 
functional unit 

Hardware Trng. 
YM05126 JES. 
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Scalar Logical Operation (044 - 051) Instructions 

TS = 10/17 

TS =20/27 

Select the Results for Scalar Register 

TS = 32/38 

The H terms are then sent to the A terms where the results are gated into the B term 

for SO - S7. 

Hardware Trng. 
YM05127 JES. 
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TYPICAL FUNCTIONAL UNIT OPERATION 

FOR AN 044123 INS1RUCIION: 

S2 =1 17-7 17-7 17-7 17-7 
I 

S3 =1 17-7 17-7 17-7 17-7 J-

Si 
(Sj) 

SCALAR LOGICAL 
FUNCI10NAL UNIT (Sk) 

Y 17-7 17-7 17-7 17-7 1= SI 

SPECIAL SYNTAX FORM Sj = 0 

FOR AN 044103 INS1RUCIION: 

SO =1 17-7 17-7 17-7 17-7 I 

I 

S3 =1 17-'1 17-1 11-7 11-7 t-

Si 
(Sk) 

SCALAR LOGICAL 
FUNCI10NAL UNIT (ZEROES) 

) 
~ ~OO-OO-OO-O 1 = SI 

SPECIAL SYNTAX FORM Sk = 0 

FOR AN 044120 INS1RUCIION: 

SO =1 0-0 0-0 17-7 17-7 I 

S2 =1 17-'1 17-7 17-7 17-7 I"-

SCALAR LOGICAL 
FUNCI10NAL UNIT (2 63 SET) 

--I 10-00-00-0 ()--O 1= SI 

REGISTER VALVE 
Si i=O (SO) 
S· ~=O 0 
Sk = 0 2 63 

HarrJNare Trng. 
A·5304 J.E.S. 

CRA Y Y-MP SCALAR LOGICAL FUNCTIONAL UNIT 
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HTV-0834 

FOR 050123 INSTRUCTION: Si = (Sj)(Sk) + (Si)(Sk) 

S1 = I 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 17-1 J 

LOGICAL PRODUCT (Sj)(Sk) 
0-0 0-0 17-7 17-7 ~ ... 

• 17=7 0- 0 17-7 0-0 ... -.. 
O~O 0-0 17-7 0-0 

LOGICAL PRODUCT (Si)(Sk) 

17-7 17-7 0-0 0-0 ... ..... 

• 17-7 17-7 0- 0 0- 0 ---
~ 17-7 17-7 0-0 0-0 ... 

LOGICAL SUM .. .. 17-7 17-7 0-0 0-0 - -. 
0-0 0-0 17-7 0-0 .;-
17-7 17-7 17-7 0-0 

Sl = 117-7 17-7 17-7 0-0' 

.. (Sk) 

= (Sj) -

... (Sk) ... 
... (Si) -

(Si) 

Hardware Trng. 
A-5303 J.E. S. 

CRAY Y-MP (050ijk) INSTRUCTION OPERATION 
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) 

HTV-0834 

(J-) 

(J-) 

(J-) 

CP I kj AND i,j/i 

S.F.U. 

iO, iI, ENTER S 

(J-) CP I k,j AND i,j/i 

(J-) S.F.U. 

(J-) iO, ii, ENTER S 

(VClS) (26~ 2 63 ) 

(VCI4) (2~ 2 61 ) 

(VC13) (258,259) 

(VC12) (256,257 ) 

(VCll) (2~255) 

(VCIO) (25~ 2 53) 

(VC9) (2~251) 

(VC8) (2~249) I-
(VeT) (246,247) l-

I (VC6) (2~245) l-
I (VC5) (z42, z43) 

l-

I (VC4) (240,241 ) 
l-

I (VC3) (23~ 2 39) 
l-

I (VC2) (236,237) -
(VCl) (2~ 2 35) 

I-
(VCO) (23~ 2 33) 

I-
SO 

I-
(VBlS) (2Jq 2 31 ) 

~ t-
(VB14) (228,229 ) ~ 

~ I-
(VB 13) (22~ 227) 

S· I-
(VB 12) (2~22S) 

I-

y~ (VB 11) (2~223) 
:-

LOGICAL F.U. (VB 10) (220,221 ) 

(VB9) (218, 219 ) 

(VBO) (2°,21) 

SO S· 
S 

S2 

S4 

S7 

LOGICAL F.U. 

(216,217 ) 

Hardware Trng. 
A-5849 J.E.S. 
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) 

) 

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 06lijk 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 leave the Scalar registers to the time the 
results come back to the Scalar registers. 

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 defined, 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 - Propagated 1 - Propagated 1 - Propagated 
Carry Carry Carry 

0 1 0 

- Enable - Carry - Sum 
0 1 1 

CJ -Final Sum 1 1- Final Sum 1- Final.Sum moved 1 1 1 0 
1 pOSItIOn 

Hardware Tmg. 
YM06113 J.E.S. 
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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 t~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 = I 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 

S3 = I 17-7 17-7 17-7 l's complement of Sk 

+ 

17-7 17-7 17-7 17-75 

___________________________________ +~1__ Plus 1 

17-7 17-7 17-7 

HTV-0834 

17-76 

23-2 

= -2 in 2's complement 
arithmetic 

Hardware Trng. 
YM06114 J.E.S. 
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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 - Integer sum of (263) and (Sj) to Si 

06lijk - Integer difference of (Sj) minus (Sk) to Si 

06liOk - Transmit the negative of (Sk) to Si 

06lijO - Integer difference of (263) and (Sj) to Si 

REGISTER VALUE 

SO = Si CONTENTS OF SO 

SO = Sj I 000000 000000 000000 000000 I 
SO =Sk I 100000 000000 000000 000000 I 

A-5347 

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. 
YM06115 J.E.S. 
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SCALAR ADD FUNCTIONAL UNITS 
(OPTIONS INVOLVED) 

(VBO - VB15) 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 (VO) options for a Section 
Summation. When the Section Summation is complete, the (VO) 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 - VC15) 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, VG1) Options 

The (VOO) option handles the lower 16 bits of the summation - bits (20 - 215), or Section O. The 
(VOl) option handles the next 16 bits of the summation - bits (216 - 231), or Section 1. The (VO) 
options are sent the Oroup Carry and Oroup Enables from the (VB) options. They then check to 
see how far the Carries will propagate on a section level. The (VOO) will output a Section Carry or 
Section Enable to the (VO 1) 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 final summation. 

(VHO, VH1) Options 

The (VH) options are identical to the (VO) options except the (VH) options have more inputs for 
Section Enables and Section Carries from the lower bit sections. The (VH) options receive the 
Oroup Carries and Enables from the (VC) options, and send the propagated Carries, called Scalar 
Carries, back to the (VC) options for the final summation. 

HTV-0834 23-4 

Hardware Trng. 
YM06116 J.E.S. 
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;:r:: 
>---j 

< 1 o 
00 
lJ) 
.j:>.. 

tv 
w 

1 

VI 

() 
:;:0 
>-
>-< 
'l:J 
:;:0 
o 
;g 
....... 
rn 
>---j 

>
;;0 
>-< 

, 
'---.-/ 

(VB4) Sj'(2',2') 111/ 
Sk 0(2',2') 

(VB3) Sj'(26,2') 
Sk.(26,2') 

I(vB2) Sj'(2:,2:) lin 
Sk-(2 ,2 ) 

r
(vBI) Sj - (2', 2 ') 

Sk-(2',2') 

(VBO) Sj - (2~ 2') 

Sk-(2~2') 1/ 

i(VCI~) Sj - (2 ~ 2 "': 
Sk. (262, 263 

1.
(VCI4) Sj - (2"', 261 ) 

. Sk-",J2"'! 261 ) 

j(VCI3)Sj • (2", 2") 
Sk .. (2", 2"') 

i(vCI2)Sj' (2": 2"') 
Sk-(2"!2"') 

I(VCll) Sj -. (2:", 2") 
Sk. (2", 2") 

I (VClO) Sj - (2",2") 
L Sk-(2~2"i 

GROUP 
PARTIAL 

SUMMATICtI 
I-....- SCAU.R ADD CARRY 

SCAU.R ADD ENABLE 

~ 
~ 

(VHJ) 

.----../ 

(2",2"'> 

SECI10NJ 

~eR~Wl 

k:lli:: SEC. 0 ENA BU! 

~I i~VI:":'!,a::-) -----, 
_ SSC, 0 CARRY 

~ ane. I ENARl..B 
(JO~ 
VSJj~ 

II ~ 
(2".2') 

SECI10N2 

~ 
............... .-

r'~(V~G~I~)----------' 

(21~2") 

II~ 
rl (v~' -=GO-)---~ 

SECI10N I 

~ SHC.' CARRY 
116 SIlC. OENABLI! 
~ SIlC. 0 CARRY 

-v'9 SEC. I CARRY 

\.-..;;..~ SEC. I ENABU! 
(20.2

'
,) r:cN: SEC. 0 ENABU! 

SECI1ONO 

SEC. 0 CARRY 
f+<Jli:: 

SECI10N 
CARRYA.ND 

ENABLE 
PARTIAL 

SUMMATION 

~ SCAU.RSECI10NCARRY 

R: . SCAU.R SECI10N ENABU! 

r-________ l-LI _~ 
(JG-VS33-VF3) bo,bl RO.7 SCAU.RCARRY 

GROUP 
PARTIAL 

SUMMATION 
~ SCALAR ADO CARRY 

SCAI.AR AOO F.NARIJI 

Lcn!:>+-
SCALAR ADO 

FINAl 
SUMMATIa.I 

CRAY Y-MP SCALAR REGISTER ADD BLOCK DIAGRAM 

SCALAR ADD 
FINAl 

SUMMATION 

Hwdwllr. Tmg. 
9·~ J.f-S. 
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:I ~ ~ a~U~!;; ! 51 ~ 
~ __ a_=~ag~B~~=~i~~ __ ~.~ 

a~a~!;; ! 5l ~ 
a=aliB = 5l ~ 
a~a~! = ! 5l ~ 
a=aaB il 5l ~ 
a~U~!;; ! 51 ~ 
a=aaS il 5l ~ 
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) 
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IlIT 
POSlTl 0:-;5 

~ /6 

T.S. 10/ 17 

(VCIS) 

2 6] 2 62 

El El 
EI EO 

FI PO 
8 F2 

os G4 

(YCI4) (YC\3) 

2 61 2 60 
2 59 2 58 

El El El El 
EI EO EI EO 

FI PO FI PO 
8 F2 8 F2 
ill G4 illG4 

(VCi2) (VCIl) (YCiO) (VC9) 

2" 2 56 255 2~ 2 53 2 52 2 51 2 50 

El El 
El-l El El El El 

EI EO EI HI EO EI EO 

1'1 PO 
.,<,\ 

FI ,po" FI po FI po 
8 F2 8M' 8 F2 8 F2 

ill G4 G5 (Q9 ill G4 ill G4 

(VCS) (va) (VC6) ,I (VCS) (VC4) (VO) i (VCl) (VCl) 

2 49 2" 2'7 2 46 2 ",52 u 2 .() 242 2"2«) ~ )92 )! I 2 J7 2 J6 2 ]5 2 )4 

El El El El ElElIElEl El El El El I El El ID El 
El EO EI EO EI EO El EO EI EO EI EO EI EO EI EO 

FI po FI po FI po FI po FI FO FI FO FI po FI po 

8 F2 8 F2 8 F2 8 F2 8 F2 F3 F2 8 F2 8 F2 

illG4 G5 G4 ill G4 ill G4 ill G4 ill G4 ill G4 os G4 
GROUP 7 GROUP 6 GROUP GROUP 4 GROUP 3 GROUP 2 GROUP I GROUP 0 GROUP 7 GROUP 6 GROUP 5 GROUP 4 GROUP 3 GROUP 2 GROUP I 

R2 R2 @ R2 R2 R2 R2 R2 R2 R2 R2' R2 
T.S.20/27 

1il
R2

jR3 
R2 R2 

fR3 [R3 fR3 fR3 fRJ fR3 fR3. fR3 fRJ [R3 [R3 fIG flO [R3 

/6 
(VHI) SE~ION 3 (VHO) SECI10:--': 2 

r7 16 15 14 13 12 II 10 f7 16 15 14 D 12 II 
115 114 113 II2 III 110 109 108 liS 114 IB 111 111 llU 109 108 

A7 A6 AS M e> AI2 
A2 Al AO A7 A6 AS A4 A3 A2 Al 

AI7 AI6 AIS AI4 A13 All AIO 'A17 AI6 AIS AI4 A13 AI2 All AIO 
A23 A23 A22 A22 A21 A21 A20 A20 A23 A23 A22 A22 A21 A21 A20 A20 

A26 A25 A24 A26 A2S A24 -
IE ~ J~ .~ ~ ~ .~ ~ 

BI6 BI5 BI4 1313 BI2 Bli BIO B7 86 as B4 B3 B2 BI 80 , 
816 BIS BI4 BI3 BI2 Bll 

T.S. 10/ 17 
R8 =0 R8 
R9=0 

R9 

7 87 
HO 

H7 H6 ill H3 H2 HI H7 H6 ill H4 H3 H2 
HI7 HI6 Hl5 HI4 H13 HI2 Hll H17 HI6 HIS HI4 H13 H12 Hll 

T.S.30/3 

~JIll-(YGO) - SECTION 0 ENABlE 
~ 117. I L8 ·(YG I) - SECTION I ENABlE 

119. no -(YHI) - SECTION 2 ENABlE 
121 .(Yoo) - SECTION 0 CARRY 
122 '~Wl-SECTION'I CARRY 
123 . 0 - SECTION 2 CARR Y 

47 K7 K6 K5 K4 iK3) K2 KI KO K7 K6 K5 K4 K3 K2 KI 
T.S.42/ 

R7 R6 R5 R4 .RV· R2 RI RO R7 R6 R5 R4 R3 R2 RI 

(VCI5) (YCI4) (VCl3) (YCI2) (VCll) (VCIO) (YC9) (VCS) (YC7) (VC6) (VCS) (VC4) (yO) (YCl) (VCI) 

G5 G4 illG4 illG4 OSG4 G5 G4 G5 G4 OSG4 G5 G4 illG4 ill G4 GS.Q4 OSG4 ClIG4 illG4 G5 G4 Jl ]0 Jl ]0 Jl ]0 Jl ]0 ]I ]0 J! ]0 JI JO JI JO Jl JO Jl ]0 Jl JO Jl ]0 Jl ]0 Jl JO .J! JO 
E21 ElO Ell ElO Ell ElO Ell E20 E21 E20 E21 E20 Ell ElO Ell ElO Ell E20 Ell ElO Ell ElO Ell ElO Ell ElO E21 ElO Ell E20 
Ell ElO Ell ElO E31 ElO Ell IDO IDI IDO E31 IDO Ell ElO Ell ElO E31 ElO Ell ElO E31 ElO IDI ElO 81 E30 Ell ElO Ell ElO 
G7 G6 G7 G6 G7G6 G7G6 G7 G6 G7G6 G7G6 G7G6 G7 G6 G7 G6 G7 G6 G7G6 G7G6 G7G6 G7 G6 

T.S.32/3 8 118 118 118 118 U8 118 118 Il8 118 118 118 118 118 118 118 

H7 H6 H7 H6 H7 H6 H7 H6 H7 H6 H7 H6 . H7 H6 H7 H6 H7 H6 H7 H6 H7 H6 H7 H6 H7 H6 H7 H6 H7 H6 
HI3 H12 HI3 HI2 HI3 HI2 H13 HI2 HI3 HI2 HI3 HI2 HI3 HI2 HI3 HI2 HI3 HI2 H13 HI2 HI3 HI2 HI3 H12 H13 HI2 HI3 H12 H13 HI2 

46 T. S. 39/ AJ A2 A3A2 AJA2 AJA2 AJ A2 AJ A2 AJ A2 AJ A2 A3 A2 AJA2 A3 A2 AJ A2 A3A2 A3A2 AJ A2 

/6 BI BO BI BO BI BO BI BO BI BO BI BO BI BO BI BO BI 80 BI BO BI BO BI BO BI BO BI BO 81 BO 

H6 ~it (N) equals a (1) when I18 equals a (1) and G6 equals a (0). 
H7 bit (N+1) equals a (1) when I18 and H6 equals a (1) and G7 equals a (0). 

(VCO) (VBI5) (VBI4) (VB13) (VBI2) (VI3II) (VBIO) (VB9) (VB8) (VB7) (VI36) (VBS) (VB4j (VB3) (YB2) 

2]3 2 J2 2 )12 JO 2 79 2 2i 2 27 2 26 2l5 2 2A 2 ~ 22 2 212 2( 2 192 II 2172 16 2 l~ t' 2 1)2 12 2 "2 10 2 9 2 1 2 7 2 6 2 52 ' 

El El El El ElEl El El El El El El El El El El El El El El El El El El El El El El El El 
EI EO EI EO EI EO EI EO EI EO El EO EI EO El EO EI EO EI EO EI EO EI EO EI EO HI EO EI EO 

FI po 1'1 FO FI FO 1'1 po FI po FI 1'0 FI po FI po FI po FI po 1'1 po FI po FI FO FI po 1'1 FO 
8 F2 F3 F2 F3 F2 8 F2 8 F2 F3 F2 8 F2 8 F2 8 F2 8 F2 F3 F2 8 F2 F3 F2 8 F2 F3 F2 

ill G4 ill G4 ill G4 G5 G4 os G4 ill G4 ill G4 ill G4 os G4 G5 G4 G5 G4 G5 G4 G5 G4 G5 G4 G5 CA 

GROUP 0 GROUP 7 GROUP 6 GROUPS GROUP 4 GROUP 3 GROUP 2 GROUP I GROUP 0 GROUP 7 GROUP 6 GROUPS GROlJP4 GROUP 3 GROUP 2 

R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 R2 

fR3 JR3 [R3 IRJ fR3 IR3 IR3 fR3 [R3 flU JR3 [R3 [R3 fiG flO 
(VG 1) SECTION 1 (VGO) SECTION 0 

10 I7 16 15 14 13 12 II 10 17 16 15 14 13 12 

liS 114 II3 \I2 III 110 J09 108 115 114 Il3 Il:l III 110 109 

AO A7 A6 AS A4 AJ A2 Al AO A7 A6 AS N· AJ A2 

A17 AI6 AI5 AI4 AI3 A12 All AIO AI7 AI6 AIS AI4 AI3 AI2 All 

A23 A23 A22 A22 A21 A21 A20 A20 A23 A23 A22 A22 A21 A21 A20 

A26 A25 A24 A26 A2S 

E ~ .~.~ ~ ~ ,~ .~ 
BI6 BIS BI4 813 812 BII 810 B7 86 as 84 B3 B2 BI 

BIO BI6 BI5 BI4 BI3 BI2 

@' R8 
R8 

R9 R9 

HO HO 
HI H7 H6 H5 H4 H3 H2 HI H7 H6 ill 114 H3 

H17 HI6 HIS HI4 H13 Hl2 HII H17 HI6 HIS HI4 HI3 HI2 

1J7:~_ .(Yoo) -SECTION o ENABlE 116 .(YG<J) . SECTION 0 ENABlE 
119. 120 .(YHO). SECTION I ENABlE 

117 ·(YGO) - SECTION 0 CARRY 
122 -(YGO) - SECTION 0 CARRY 
123 .(VG I) - SECTION' I CARRY 

KO K7 K6 K5 K4 K3 K2 KI KO K7 K6 K5 K4 K3 K2 

RO R7 R6 R5 R4 R3 R2 RI RO R7 R6 R5 R4 R3 R2 

(VCO) (yBI5) (yBI4) (YBI3) (YBI2) (YBIl) (yBlO) (VB9) (YB8) (VB7) (VB6) (VBS) (YB4) (VB3) (yB2) 

illG4 GS G4 GS G4 GSG4 G5 G4 illG4 illG4 G5 G4 os G4 illG4 GSG4 G5 G4 G5G4 G5 G4 G5G4 
Jl ]0 ]I ]0 Jl ]0 Jl JO ]I ]0 ]I 10 Jl JO J! JO Jl JO Jl ]0 J! JO Jl JO Jl ]0 ]I ]0 Jl ]0 

Ell E20 Ell ElO Ell ElO Ell ElO Ell ElO E21 ElO E21 E20 E21 ElO. E21 ElO Ell E20 Ell ElO Ell E20 E21 ElO E21 ElO Ell ElO 
Ell ElO 81 ElO Ell ElO Ell ElO Ell ElO E31 ElO IDI ElO Ell IDO Ell ElO Ell ElO El I ElO Ell ElO 81 ElO IDI IDO Ell ElO 
G7G6 G7G6 G7G6 G7 G6 G7 G6 G7 G6 G7 G6 G7G6 G7 G6 G7 G6 G7 G6 G7 G6 G/ G6 G7 G6 G7G6 

118 118 118 118 118 118 118 U8 118 118 118 118 118
1 

118 118 

H7 H6 H7 H6 H7 H6 H7 H6 H7 H6 ~n H6 H7 H6 H7 H6 H7 H6 H7 H6 H7 H6 H7 H6 H7 H6. H7 H6 H7 H6 

H13 HI2 HI3 HI2 H13 HI2 HI3 HI2 HI3 HI2 HI3 HI2 HI3 HI2 HI3 Hl2 HI3 HI2 HI3 HI2 HI3 HI2 HI3 HI2 H13 HI2 HI3 HI2 HI3 HI2 

AJ A2 A3 A2 A3 A2 A3 A2 A3 A2 A3 A2 AJ A2 AJ A2 A3 A2 A3 A2 A3 A2 AJ A2 A3A2 AJ A2 A3A2 

BI BO BI BO BI BO BI BO BI BO BI BO BI BO BI BO BI BO BI BO BI 80 BI BO BI BO BI BO BI BO 

CRAY Y-MP SCALAR ADD FUNCTIONAL UNIT 
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(V131) 

2) 2 2 

El El 
El EO 

FI po 
8 F2 

ill G4 

GROUP I 
R2 

[RJ 

II 

108 

Al 
AIO 

A20 

A24 

BO 

BII 

H2 
HII 

KI 

RI 

(yBI) 

illG4 
JI ]0 

Ell ElO 
Ell ElO 
G7 G6 

118 

H7 H6 

H13 HI2 

AJ A2 

BI 80 

(VBO) 

2 1 20 

El El 
EI EO 

1'1 po 

8 F2 

G5 G4 

GROUPO 
R2 

10 

AD 

810 

HO 
III 

GO 

KO 

RO 

(yBO) 

G5 G4 
Jl JO 

E21 ElO 
IDI ElO 
G7 G6 

118 

H7 H6 

H13 HI2 

AJ A2 

BI BO 

-
-

--
-

Sj OPERAND CP 3 
Sk OPERA,'1D CP 3 

RITENABLE 
BIT CARRY 

SUM 

-S CALAR ADD ENARLE 

SCAL\R ADD CARRY -

-
-
-
-

-
-

-
-
-
-
-

f-

~ 

f--

-

SCALAR ENABlES 
SCAL\R CARRY 

CARRY 

ENABlE 

PROPAGA TED GROUP CARRIES 
PROPAGATED Gll.OUP ENABlES 

R8 = SCALAR SECTION B'fARlE 

R9 = SCALAR SECTION CARRY 

ADD ENABlE 
PROPAGATED ()ROUP B'i ARI..ES 
PROPAGATED GROUP CARR Y 

-SUBTRACf 

-SECTION ENABLE 

_SECTION CARRY 

-PROPAGATED SECTION 
CARRY 

-SCALAR CARRY 

-SUM CP 3 T.s. 20/27 
-SUM CP 3 T.S. 40/47 
-SCALAR ADD SUM CP 4 
-SCALAR ADD SUM CP S 
-SCALAR ADD SUM CP 5 

'!"!S.20/27 
-SCALo\R. CARRY 

FINAL RESULTS 

HarriwBf9 Tmg. 
8-53+48 J.E.S. 
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GROUPENABLE----....,~~ 

GROUP CARRY------I~~ 

PROPAGATEDGROUP~ 

CARRY L. 
PROPAGATED GROUP CARRy ...... 

GROUPENABLE-----.~ 

GROUPCARRY-------I~~ 

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 
A17 A16 A15 A14 A13 A12 All AI0 

A23 A23 A22 A22 A21 A21 A20 A20 

A26 A25 A24 

B7 B6 B5 B4 B3 B2 Bl BO 

~ 

BO 
~ ~ 

Bl ....... ...!... ~ 
B2' 

, ., 
~ ...... ~ ~ B3 

~ ..... ....... ~ ~ 
B4 

~ ~ ....... 1"' ~ ~ 

~ 
B51-

~ ~ ~ ..-.... ~ 
B6-' 

...... 
~ ~ k-... ...... ~ ~ ....... ~ 

B7 I , I I , 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 
A17 A16 A15 A14 A13 

A23 A23 A22 A22 A21 

A26 A25 

B16 B15 IB14 B13 

B13, 

B14' 
, 

B15, 
, 

B16 I , , 

CRAY Y-MP SCALAR ADD 
2 BIT LOOK-AHEAD ADD 

23-7 

A12 

A21 

B12' 

, 
I 

I 

, 
I 

A2 
All 

A20 

A24 

B12 

BU' 

, 
, 
, 
I 

Al 

BU 

AO 
AI0 

A20 

BI0 

BI0 , 

, 
I 

I 

I 

HatTJ.var8 Tmg. 
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PROPAGATED SECTION ENABLE OR CARRIES 

SECTION 3 SECTION 2 SECTION 1 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 
SECTION 0 CARRY 

CRAY Y-MP SCALAR ADD 

Hardware Trng. 
A-5348 J.E.S. 

HTV-0834 23-8 CRAY PROPRIETARY 







) 

) 

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 (Sj) 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 Sj operand is shifted by the number of places specified by the Gk) field of the instruction. 

For a Double Shift the constant of the Ale register of the instruction contains the shift count. Only 
the lower 7 bits of (Ale) are used to specify a valid shift; any bits set in (Ale) bit position (231 _27) 
would cause the result register Si to be zeroed. For the Double Shift the (Sj) and (Si) operands are 
concatenated toform a 128-bit register, and so setting all 7 bits in (Ale) 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 

I 2 10 I -
/ Shift 

the Ie 
I G2V I I 

S2 1610 places to 
ft, moving 210 to 2 26 

2 26 S2 Final Results 

HTV-0834 24-1 eRA Y PROPRIETARY 



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 thatthe 055254 Gk) field contains 548, 

which is the twos complement of 24 8' causing S2 to be shifted to the left 54 8 places to 

set 225 of the result. 

S2= 245 I 

I 

Scalar Shift Functional Unit 

2 63 2° 2 63 2° 

:~~t~~l~:t;t32 I 
245 I.... r-

" J 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 2 45 to the left 32 places would put it at bit ® in the dotted box, 

shifting@eight more places to the left would put it at® in the dotted box, and finally, 

shifting ® four more places to the left would put ® 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 225 

. 

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 = 40g ,or 3210 ,Sl 

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 I 

Sl = 230 

A3= I 40 I - Shift Control 

Scalar Shift Functional Unit 

Si ,r Sj + 
ICi~ 230 G4~ 210 I + Shift 32 I I.~ + Shift 32 I 

,r 1r~ 
I I· :> 1 262 

~ 
-..l 

262 1 = S 1 Final Result -I 

Shifti~ and Sj to the left 32 places puts 230 of Slat 0, and 210 of S2 at 0 . 
Since~ of S2 did not make it to the result register Sl, it is lost to the "Bit Bucket". 

The result bit ti2 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, 

057123 .uL~U·"'''' 

HTV-0834 24-4 

and 1610 . 

. ofS1 to@ 

into the dotted box or result 

Final Result. 

Hardware Trng. 
YM07116 JES. 
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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. 

Sl = yO 

S2 = 

A3= 60 - Shift Control 

Scalar Shift Functional Unit 

= 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~ inside the dotted box and 220 of Sl t00 

of S2. A further move of 1610places to the left would put 0 inside the dotted box at o and 0 of S2 at ®. 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 Tmg. 
YM07116A JES. 
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13 

3 
2 

SHIFT 
COUNTBIT 21 
(SHIFT 2) 

, R3 

HTV-0834 

3 
2 

12 

2 
2 

R2 

2 
2 

II 

Rl 

10 

o 
2 

RO 

o 
2 

SHIFT COUNT 
.---___ 21 . BIT 

(NO SHIFT) 

A-5127 

CRAY Y-MP BASIC SHIFT OPERATION 

24-5 eRA Y PROPRIETARY 



CRAY Y-MP SCALAR SHIFf FUNCTIONAL 
UNIT INSTRUCTIONS 

Instructions Single Shift RightlLeft 

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 RightlLeft 

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 T mg. 
YM07122 J.E.S. 
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Single Left Shift Instruction 

Jbe Shift Count is the Uk) field of the instruction. 

j k 
1 2 2 2 1 2°1 22 21 2° = 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. 054ijk - Left shift instruction results goes to Si 

2. jk field - Shift count 

35 10= 43 8 

3. 054443 - Final instruction 

CRAY Y-MP SINGLE LEFf SHIFf 
Hardware Tmg. 

YMO 7118 J.E. S. 
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Double Right Shift Instruction 

057ijk 

223 

Shift (Sj) and (Si) Right by Ak places to Si 

Sj I Si 

~ 
I Si 

Ak - 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 (Ak) 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 umt, 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 10 places, 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 SHIFf RIGHT 

Hardware Tmg. 
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 
6410 places, result into S2. 

056234 - Final Instruction, where A4 = 1008 

CRAY Y-MP DOUBLE SHIFf LEFf 

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 form 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 compI. 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 

28 10 = 348 = 011100 
twos complement = 100011 

+ 1 
100100 = 448 

or 1008 - 348 = 448 

3. 055744 - Final Instruction 

CRAY Y-MP SINGLE RIGHT SHIFf 

Hardware Trng. 
YM07121 JES. 
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SCALAR SHIFT (OPTIONS INVOLVED) 

(VBO - VB15, VCO - VC15) 

The (VB, VC) options supply the (VE) 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 (VE) option will cause a shift of four in the result register. The 
two (VE) 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 Gk) field of the instruction. 
When a Single Right shift is to be performed, the Gk) 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 (VE) 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 Gk) and (Ak) field will be 
converted to the twos complement form on right shifts on the (VOO) 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-). After 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 (VOO) option supplies the (VE) option with the shift count. During a Right Double shift the 
(VO) 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 Tmg. 
YM07117A JES. 
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) SCALAR SHIFT (OPTIONS INVOLVED) 

"3 

(VBO - VB15, VCO - VC15) I 
'tn.e (VB, VC) options supply the (VE) options with the (Sj) or (Sk) ope ds. These operands are 
realiQut of the Scalar registers which arehlso located on the (VB, VCl ptions. When performing 
a Scal Double shift, the (Sj) and (Si) oJerands are readout of the , VC) options at different 
clock p ·ods. For an 056ijk instructioI(SCalar Double. Left shif ,(Si) is readout at CP 3, while 
(Sj) is re out at CP 4. For an 057ijk' truction, (Scalar Dou _ Right shift), (Sj) is readout at 
CP 3, and i) is readout at CP 4. 

The (VB, VC) ptions receive the resu s of the shifts fr the (VE) options. All the shifts of 64, 
32, 16, 8, 4 or 2 e performed on the (fVE) options w . e the shift of one is done on the inputs to 
the (VB, VC) opu ns. To perform a sllift of one the , VC) options each receive 3 bits of the 
results, and shift th e bits into the fin I bit positia s. 

ts 0 e operands while the (VE3) option contains the odd ,,_~ The (VE2) option contains t 
~'---'·-bits; therefore, a shift of two 

) 

two·1VE)-options 
Left, and Double Right. 

E ption will cause a shift of four in the result register. The 
shifts, which include the Single Left, Sin Ie Ri htJ Double 

. '''''' ..... __ L'', 

The Single Left and Single Right t counts are obtained from the Gk) field of the instruction. 
When a Single Right shift is to - P - Sed, the Gk) field must contain the twos complement of 
the Right shift count. 

The Double Left shift obtai its shifft cou from the (Ak) field of the instruction, where Ak bits 
(26-20) contain the valid ift counl The ( ) receives a signal (Ak upper = 0) at CP 4 which 
means that bits (23L27) f the Ak egister ar 11 equal to zero. If any of the bits (23L27) are set, 
the resultant shift cou will be set zero. The ouble Right shift also obtains its shift count from 
the (Ak) field of the' struction; ho ever, bits 26- ° of the Ak field will be in the twos complement 
form before arrivin at the (VE) OItions. Both the and (Ak) field will be converted to the twos 
complement fo n right shifts od the (VOO) option. he (VE) options can determine the type of 
instruction by d oding h bits 21 ~d 20, which they rec 'yed from the issue fanout option (J-). 
After zeroing t h bit 21 on an 051-053 instruction, the ( ) then use h bit 20 to determine a 
Right or Lef hift, and h bit 22 to 1etermine a Single or Douo shift. 

L t 
(VGO)/Option Ji 

/ 
f 

The kVOO) option supplies the (Vm option with the shift count. During Right Double shift the 
(V9l) option will supply the (VE) ql:>tion with the twos complement shift c unto During a Double 
Spift the (VO) will supply the (VPf' option with a .signal (Ak = 0) in the eve that Ak ?its (~3L27) 
ate not equal to zeroes the results q>n the (VEs) ShIfts are forced to zero. The = 0) IS orgmated 

,/from the (VFO) option which po1l1 all the (VFO - VF3) options for this informat~ 
I , 

I Hardware Trng. 
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00 (VF) 
w .Jl>. (180· VSI) 

N 
.Jl>. 
I ....... 
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n 
~ 
-< 
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~ 
~ 
::0 
-< 

(AR) 

(JBO) 

(100· VPJ) 

(JBO) 
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1(V84) (2'.2 9 ) 1Il11141 m l 
I (VB3) (26.27)W 

1(VB2) (VOO. VS40 _ VS43) SIIIF1' I (P l ..(]}1).... ~ r!:= ___ (2_'_._2'-;) _ '0 =80 

(VOl) (22.2]) t:::t= ~~ 
(VOO) (2°.2

1
) ~=t= ~~ 

~"'" --t- ""6 
---'-- =87 SCALAR SCALAR 

SHIFT REGIS1ERS o~~ ~S'iOPERAND(lO'231 RESUL'ffi 

1--- ',....."T"". 
A·SlIM JES. 

eRA Y Y -MP SCALAR SHIFT SINGLE/DOUBLE BLOCK DIAGRAM 

./ 
\ ' '--_/ 

,~/ 



~ 
I o 

00 
w 
~ 
1T.S. on I 

'~ ~' 
, 

262 2 60 258 2 56 2 54 2 S2 2 50 2 48 246244242240 2 38 2 36 234 2 321230 2 28 2 26 2 24 222 220218216 214212210 208 2 06 2 04 2 02 2 00 (VE2) 

2 63 261 2S9 257 2 S5 2S3 251249 24124S243241 239 2 31 23S 2 33 231 22922122S 2 23 22121921121S213211209201 2OS2 03 2 01 (VID) 

DI 130 129 128 121 126 I2S 124 123 122 121 120 119 118 111 116 IllS 114 II3 112 III 110 109 lOS 101 106 lOS 104 103 102 101 100 
All A30 A29 A28 A21 A26 A2S A24 A23 A22 A21 A20 AI9 AI8 AI1 AI6 AIS AI4 AI3 AI2 All AIO A09 AOS A07 A06 AOS A04 A03 A02 AOI AOO 

I£Ff SINGLE SHIFf: RIGIIT SINGLE SHIFf: 

AO-AlI----~CI6-C47 SHIFf3z, H2 AI6 -AlI----~ COO - CIS SHIFffi: HO (AFI'ER 1WOS OOMPLEMBNl) 

AO-AIS----~Cl2-C47 SHIFf32,H3 AOO - All ----~ COO - Cli SHIFf 32, HI (AFI'ER 1WOS OOMPLEMBNl) 
SHIFf DERIVED FROM (jk) 

FIELD 01' TIlE INSlRUcnON. 

/ ---/ 

C47 C46 C4S C44 C43 C42 C41 C40 09 Cl8 Cl1 C36 ClS C34 Cl3 02101 C3Q C29 C28 C21 C26 C2JI C24~ el~C22 ell C2Q Cig CI8 CI1 CI61ciS CI4 CI3 CI2 CII CIO cog C08 C07 COil COS C04 COO CO2 COl COO 32 _ 2' 

OO~OO~OO~~I~~~~~~~=~~~~~~~~~=~~~~~oo~oo~oo~ 

OO~OO~OO~~I~~~=~~~=~~~=~~~~~=~~~~~oo~oo~oo~ 

OO~OO~OOOO~I~~~~~~~=~~~=~~~~~=~~~~~oo~oo~oo~ 

OO~OO~OOOO~I~~~~~~~=~~~=~~~~~=~~~~oooo~oo~oo~ 

r ~1 ~6 ~S ~ ~3 ~2 ~I ~O D39 D38 D31 D36 D3S D34 D33 D32 D31 D30 D29 D28 D21 D26 D2S D24 D23 D22 D21 D20 D19' DI8 DI7 DI6 DIS DI4 DI3 DI2 AUGNMENr 

E41 E46 E4S E44 E43 E42 E41 E40 839 838 E31 E36 83S E34 833 832 831 E30 E29 528 521 E26 E2S B24 B23 B22 B21 B20 BI9 BI8 BI1 BI6 BIS 

SHIFf 24 

SHIFf 16 

SHIFf 8 

SHIFf 0 

SHIFf 6 

N E41 E46 E4S B44 E43 E42 E41 B40 839 E38 831 836 83S E34 833 832 831 830 B29 E28 B21 B26 52S B24 B23 B22 E21 B20 BI9 EI8 BI1 BI6 BIS SHIFf 4 

~ E41 E46 E4S E44 E43 E42 E41 E40 839 E38 837 836 83S E34 B33 832831 830 529 E28 B21 B26 B2S 524 B23 B22 521 H2O BI9 BI8 BI1 BI6 BIS ....... SHIFf 2 

V.l E41 E46 E4S E44 E43 E42 E41 E40 839 E38 831 E36 83S 834 833 832 831 E30 E29 528 B21 E26 B2S B24 523 E22 E21 H2O BI9 BI8 EI7 EI6 BIS SHIFf 0 

r E41 E46 E4S E44 E43 E42 E41 E40 E39 E38 831 E36 E3S E34 833 E32 Ell Il~ Jm 528 B21 E26 E2S Il~ IlU IlU 1121 52j) BI9 BI8 EI1 EI6 EIS AUGNMENTT 

IT.s.onl R31 R30 R29 R28 R21 Rl6 R2S Rl4 R23 Rl2 Rli R20 RI9 RI8 RI7 RI6 RIS RI4 RI3 RI2 RII RIO R09 ROS R01 R06 ROS R04 R03 R02 ROI ROO R32 

L 
262 2 60 238 2 56 2 54 2 S2 2 50 248 246 2 44 242 2 40 2 38 236 2 34 2 32 230 2 28 2 26 2 24 222 220218216214212210 208 2 06 2 04 2 02 2 00 (VE2) OVERLAPDATA 

RIGIITILEPT SINGLE SHIFf CONTROL 

2' I 2' 2' 21 2' 
I£Ff SINGLE SHIFf 

2 63 261 2S9 231 2 SS 253 2 51 2 49 241245243241 239 2 31 2 35 2 33 2 31 2 29 2 21 2 2S 2 23 221219211 215213211 209 201 2 0S 2 03 2 01 (VE3) 00-H2 00 - 1124. H23 00_ 132-122, 131-J21 

01-H3 01_ iiiii. H23 01 - i32-i22.13I-121 

IO-H24. H23 10 - 132-122, m- J21 
NOTE: Shift 1 is dODO on lhe inpulS 10 lhe (VB, VC) options. 

II - 1124. H23 II -J32-J22, J31-121 

RIGIIT SINGLE SHIFf 

OO-HO 00 -H24. H23 00 -J32-J22.131-J21 

Ol-HI O. - iiiii. H23 01-132-J22,13I-121 

~ 
10- H24. H23 10 -J32-J22, J31-I21 

II- H24. H23 II- J32-122, 131-121 

~ 

;g 

~ 
CRA Y Y -MP SCALAR LEFf/RIGHT SINGLE SHIFf - 052ijk - 055ijk INSTRUCTION (VE) OPTION 

~ 
~ 

24 2' 
I I 

0 

0 

0 0 

21 .2' 
I I 

I 0 

0 I 

0 0 

2° 

D 
0 
N 
B 

0 
N 

VB 
I 

VC 

Hardware Tmg. 
A-5B26 J.E.S. 



~ , 
o 
00 
w 
~ 

N 
~ , ..... 
~ 

(j 

~ 
>-<: 
';j 
iO 

~ 
tTl ;;: 
iO 
-< 

IT~~I ........ 

(SQ CP3 

261 260 251 2" 2542J12~2"" 2"2"241 2 40 2)1 236 2)42321230 211 2 26 2 204 222 2102"216214212210201206 2 04 202 :ZOOI 

2Q 261 2" 257 lUZS) lUZ- 24'24$243 241 ZJP 2'7 ZJSZll 2)1 229 2'%7215 2 23 22121921721521)211 209 207 205 2°) 201 

Dl no 129 III 111 tz6 115 t24 III 121 Ell 120 119 111 117 061115 114 IU 112 111 110 109 101 101 106 lOS IIIW IOJ 1m 101 100 
m~~~~~=~~~~~ __ d~~~~~~~ ____ ~ ____ _ 
~~~~~~w~~~~~~~m~~~~m~~_~~~~_~~~_ 

=~=~=~oo=~~~==~== 

~~=~~~oo~~~~==~==m~~w===~==~=~~=~ 
~~=~=~oo~~~~=~~==~~~w===~==~==~=~ 

OO~OO~~~OO_~~M~~~~=~~=~ 

OO~OO_~~~~_~M~~~~=~~=~=~=_ 

OO~~_~~OO_=~M~~~~=~~=~=_=_==== 

oo~~_~~~_=~~~~~==~~~~=~=_=====~M~ IN1 ;;U~,;;;; "'" "'" n.u ..... n,. m. n)7 D'" 01' DV D11 Dn D" DlO M9 ~"" ~"""...""",. = = D" DII DI1 DO, 
w~w~w~~~~~~~w~wm~~~w~ww~wm~~m 

~~W~ww"~~m~~w~~mw~~wm~w_wm~~mm 

~~w~ww~~~m~~wmm~~~~wm~w~wmm_mmm 

w~w~ww~~pmm~w~wmwawwmww~wmm~mmmm 

Iw~w~w~~~p~m~w~wmwawwmww~wmm~mmmm 

1 T.s. 0171 all VO 1119 111 1127 R2A5 a1S au an I.2:l tw R10 R19 1.11 a17 ... , au 1U4 au &11 &11 RIO k09 ROI &07 R06 a05 aN aOJ IOl 101 ROO 

2& 2150 2" 256 254 2 D 2502" 2" 2" 2'C 2 <10 231 2" 2)4 231 230 2U Z 262 U 221 220 211 2 16 214211210 201 206 2 04 201 200 

261 2612" 2" 2"Z" 2'12"" 241 24'2.432" 2]9 2:n 2]'23)2ll 2192%121' 21) 22.1219217 2U 1 Jl ZlI 209 207 ZOSZ03 ZOI 

NOTE.: Shift 1 iI dooo CIl1bc iquI to 1M (VB. VC) opriClll. 

(Sj) CP4 

1
2" 2"'2" 2" 2"2'" 2502" 2"2"2'"2" 2" 236 2>42UI230 22122<1224 221 2202"2" 214 2"2'0 201 2" 2"'20> 200 

21D 261 2" 2"" 2"2" 2"2- 24'24'24)241 239 2" 23523) Zll 229 Z27 22:1 ZU 221219217 2"2U2112011207 2052°) 201 

Dl no, I2t m: 127 126 125 124 123 121 ru 120 119 "I 117 06111' .. '* III 11% 01 no lOt 101 107 106 lOS 104 101 101 101 100 

m~~~~~=~~~~~_~d~~~~_~~ ________ ~_ 

=~~~~~oo~~~~=~~== 

~~~~~~oo~~~~==~==~~~~~==~ww~~~~=~ 

~=~~===~====~~=~=~====~~m~~~~=~~ 

=~====~~~~~~M==~ 
CIS CI' en ell ell elo ow C(II Cf11 C06 CO, COi C03 an COl COO Al.IONMEKr 

=~=-~=~=~~M~=~~OO 

D13 PZZ D2l D20 D19 DII D17 Pl' DIS D14 DJl DU 

D19 Dl1 1>17 DI' Dn 014 Dn 011 

Pl, DI4 DJl Dll 

DI' DI4 DI3 Dll 

Ell El7 BI' Bit 

El7 EI' Elt 

El' Elt 

Eo' 

Eo' AIJONMEKr 

au 
L OVERI.U'DATA 

(VE2) 

(VE3) 

AlJOHMIM" 

" " 
OO ...... HO 

OI.H'.HI 

10.H1 

n-H) 

LEFI' DOUBI.5JHIFT <XlNI'IlCl. 

" .' " .' 
oo.1i2i,iUJ 00 .m:m,JJWlI 
OI.1i2i,H» Ol.~nl.nl 

10-JI1.4i'iii 10.JJ2.J12"m:m 

n.1DoI.1C3 n.'lW21.JlI..Jal 

" D 
0 
H 
B 

0 
H 

VB 

Jc 

CRA Y Y-MP SCALAR LEFf DOUBLE SHIFf - 056ijk INSTRUCTION (VE) OPTION 

\ 

(VE2) 

(VE3) 

SHFI'DfJUVII) RCM (All) 
FlEU>Of' fiS11lUCl1ON 

...... ~ 1 I ...... , 0 

... ·U o 1 

.... 0 o 0 .. " ...... , , 
1lL.1' , 0 ..... I 0 

.... 0 o 0 

..... I I ..... I 0 ..... 0 I ..... o 0 

,..'..,.Tm .... 
A·san J.E.&. 

) 



) 

) 

) 

I T.S. 
016 1 

T.S. 016 

IT.s. 0171 

(Si) CP 3 

26226°25825625425225°248246244242240 238236234232230 22822622422222°218216214212210 2 08 2 06 2 04 2 02 2 001 

263261259257255253251249247245243241239237235233 231229227225 2 23 221219217 215213211 2 09 2 07 2°52 03 2°1 

131 130 129 128 127 126 125 124 123 122 121 120 119 118 117 116 Il5 Il4 I13 112 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 A15 A14 A13 AI2 All AI0 A09 A08 A07 A06 A05 A04 A03 A02 AOI AOO 

B31 B30 B29 B28 B27 B26 B25 B24 B23 B22 B21 B20 BI9 BI8 B17 BI6 BI5 BI4 Bl3 BI2 B11 BI0 B09 B08 B07 B06 B05 B04 BOO B02 BOI BOO 

C47 C46 C45 C44 C43 C42 C41 C40 09 08 07· 06 05 04 03 02 

C47 C46 C45 C44 C43 C42 C41 C40 09 08 07 06 05 C34 03 02 01 00 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 C19 C18 cn CI6 

C47 C46 C45 C44 C43 C42 C41 C40 09 08 07 06 05 C34 03 02 01 00 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 C19 C18 C17 C16 

047 046 045 044 043 042 041 DIO 039 038 037 036 035 034 033 032 031 030 D29 028 

047 DI6 045 044 'DB 042041 040 039 038 037 036 035 034 033 032 031 030 029 D28 027 026 025024 

D47 046 045 [)'14 ;)43 DI2 041 040 039 038 037 036 035 034 033 032 031 030 D29 028 027 D26 D25 D24 D23 022 D21 020 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 £19 E28 E27 E26 E25 E24 E23 £12 E21 E20 EI9 

E47 E46 E45 E44 E43 E42 E41 E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 £18 E27 E26 £15 E24 E23 £12 £11 E20 E19 E18 

E47 E46 E45 E44 E43 E42 E41 E,IO E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 £18 £17 E26 E25 E24 E23 E22 E21 E20 E19 E18 E17 

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 E2l) EI9 E18 EI7 EI6 

R31 R30 R29 R28 R27 R26 R25 R24 R23 R22 R21 R20 RI9 RI8 Rl7 RI6 RI5 RI4 R13 RI2 R11 RIO R09 R08 R07 R06 R05 R04 ROO R02 ROI ROO 

26226°258256254252 2 50 2 48 2~6244242240 238236234232230228226224222220218216214212210208206 2 04 2 02 2 00 

263261259257255253251249247245243241239237235233 231229227225 2 23 221219217 215213211209207 2 05 2 03 2 01 

KOlE: Shift 1 is done on the inputs to the (VB, vq options. 

(Sj) CP 4 

1

26226°25825625425225°24824624424224°238236 2 34 2 32 2 30 

2 63 2 61 2 59 2 57 2 55 2 53 2 51 2 49 247245243241 239 237 235233 2 31 

22822622422222°218216214212210 2082°6204202 200 

229227225223 221219217 215213211 2 09 2 07 2°52 03 2 01 

I3l 130 129 128 127 126 125 124 123 122 121 120 Il9 118 I17 I16 I15 114 I13 Il2 III I10 109 108 107 106 lOS 104 103 102 101 roo 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 A18 AI7 AI6 AI5 AI4 AI3 AI2 All AIO A09 A08 A07 A06 A05 A04 A03 A02 AOI AOO 

CH C46 C45 C44 C43 C42 C41 C40 09 ('18 <.17 06 C35 C34 03 02 

C47 C46 C45 C44 C43 C42 C41 C40 09 08 07 06 05 C34 03 02 01 00 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 cn CI6 

01 00 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 C19 CI8 CI7 CI6 CIS C14 C13 CI2 Cll CIO C09 cos CO? C06 C05 C04 COO CO2 COl coo 

CiS C14 CD CI2 CII CI0 C09 cos CO? C06 COS C04 C03 CO2 COl coo 
CIS CI4 CD C12 Cll CI0 C09 cos CO? C06 C05 C04 C03 CO2 COl coo ALIGN~~ 

D27 026 025 Il24 023 D22 021 020 019 018 D17 016 Dl5 014 013 012 

023 022 021 020 D19 DI8 017 Dl6 015 014 DI3 DI2 

019 018 017 Dl6 D15 D14 013 Dl2 

015 014 013 012 

Dl5 Ill4 013 D12 

EI8 El7 EI6 E15 

E17 EI6 EI5 

EI6 E15 

EI5 

E15 ALrGN!'.!E~T 

R32 

L OVERLAP OATA 
(VE2) 

(VE3) 

I 
26 2 5 

00;H4,HO 

01; H5, HI 

10; H2 

11; H3 

LEFT DOUBLE SHIFT COr-,'TROL 

24 21 22 21 

00; H24, H23 00 ; 132-122, 131·121 

--
01 ; H24, H23 01; 132-J22. 131·121 

-
10; H24, !I23 10; J32·122, 131· 121 

11; H24, H23 11 ; 132·J22. 131·121 

2° 

D 
0 
N 
E 

0 
::\ 

VB 
I 

VC 

(VE2) 

(VE3) 

SHll-T OFJUVEO FRO!'.! (Mol 
'HELO OF r:-;STRCC.T10:-; 

2 6 ,2 5 

Ill.; 96 1 

OL; 64 0 

IlL; 32 ° 

OL ;0 0 0 

24.21 

IlL; 24 I I 

OL; 16 0 

OL;8 0 

OL ;0 ° 0 

2 2 ,2 1 

OL;6 I I 

OL ;4 0 

IlL; 2 0 

OL;O 0 0 

HarctNare Trr.g 
A·S823 J.E.S 

eRA Y Y -MP SCALAR LEFT DOUBLE SHIFf - 056ijk INSTRUCTION (VE) OPTION 

HTV-0834 eRA Y PROPRIETARY 



~ , 
o 
00 
~ 
+>-

IrrE 
~ 

N 
+>-, 
~ 

VI 

--../ 

(Sj) CP3 

ZQ 260 251 2" 2 54 2 '2 2:» 2" 2'" 244 Z,Q 240 2" 2" 2304 21112]0 221 224 2 204 222 220 211 2:" 214211210 201 206 Z04 ZGZ 2 001 

26) 261 259 2" 2"2" 2'1249 241 245 2,uZ'l 2'9 2 37 2"2)] 2)1 219 221 22' 21322121'217 ZUZll2 1l 209 m 205 2°' 201. 

III 1)0 119 DI m au w 114 III ttl III 110 119 111 111 116 IUS 11' III 112 III no 109 101 to7 106 105 104 ») 102 101 100 
~~~~~_~~~_~~~m~mm~m~~~ __ w_~_~_~~ 
~~~d~~WWW_~~~~w~~~mm~~_~~~ ___ ~~_ 

~~=~~~~~rn~=~~~=a 

=~~~~~~~rn~=~~~===~=~~~w~w=~=rnm=~ 

=~=~=~=~w=~=~m===~wruru=~~=~=~~==~ 

~~==ru==~~~=~==~= 
=~~~=~~~~~=~~~=a=~=~~~W~====~m=~ 

~_~_~~~~~~=_~~~=~~=W 

~_~_~~OO_~~=_~~==~~~W=_=_ 

~_~_~~OO_~~=_~~~==~=W=_=_=~~_ 

~~~~~~OO~_~=~=~~~~=~W=~=_==W_~M~~ 

• 30 1 

~~~~w~~_~~m~m~~~~~=_m_w_=wa~~ 

~_~_W"W~~~~~W~WB~~=_~ ___ =_~a~m 
~~~~W~~_bW~~W~w~~~=m~_w __ wa~~mm 
~_~_w~w_~~m~w_m~~_mmm ___ =w~D~mmru 

'~' 

(Si) CP4 

I
ZG 2.0251 2" Z"'Z'2 2 50 241 2" 2":Z4Z 2..0 211 2" 2342321210 221 2 26224 222 22:0211216 214212210201206 2042. 200 

2" 261 2" 2" 2:" 2" 251 2" 2'" 245 243 241 2" 217 2 "2)) 211 22.9 227 215 ZU 22.121'217 21'211211 209 201 205 20' 201 

I' •• » 129 121 117 a. as I2A In Il1 bl 120 119 III 07 .. 6 IllS 114 US 02 III 110 109 1(1: 107 106 lOS 104 103 102 101 100 

~~~-~-~~~-~-~~~~~~~~~~--~-~-~-~-
~~=~W~W~==~=~mro~~~==~~~~~~=~==~~ 

~~=ruru~~~=~=~==~~ 

=~=ruru==~~~~~==~~ 

=_=_=~~_~M~~~~~~ 

ml DIU DIll DIZD Dlt DI' DI1 DI' DI' 014 Dll 012 

01' Dli Dl1 016 DIS D14 DIS D12 

DIS Dl4 011 DI2 
DlS 014 D11 D12 

B11 BI1 BI6 au 
1111 BI' &., 
." au 
51. 

AIJ<lNIdEHI' 

AUalIdEHI' 

[io w EoIS IoU EO EC &41 E40 Elf Ell Ell E16 E35 EU En Ell Ell ElO E29 Ell El7 E26 W E24 Ell EZ2 &21 E20 El9 Ell 611 IUd II' ALlCHMfHT 

iT..!. fI{Il 1.11 RlO 119 U 1m It26 J15 114 III I22 121 R20 1.19 III 117 Il' au at4 IU 1J11J1 1.10 tit 101 1m ao6 a05 104 RO' 1m ROI ROO 

lQ 260 251 1" 2"'2 51 2 50 2 41 2'" 2"'24 2<60 2)1 2)6 2)4232 2JO :z2l:zU:z2.4 211 220211216 21'212 2 10 201 206 Z04:zCR zGO 

... 
L OYIiRlAP""TA 

(VE2) 
0' 0' 

LEfTDClJBLBstIPI'CQIf'IRCL 

o· 0' 0' 0' 0" 
K> 

~ 
0-<: 
;g 
o 
'"0 

~ 
S; 
~ 

2" 261 2" 2" 2"253 2 51 249 241245243241 2" 2 31 lUll) 231 Zllt:z17 215 213221219211 2 15 2 13 2 11 209 207 2 05 2°3 201. (VEl) 00.116 oo.mum oo-m:m.m:m 0 
N 

Ol_m Ol-iiii.H23 OI_!iiJ'2i.J31.Jll B 

10-H,UIO lO-HUoiin IO-JJ2..Jn..rn:n". 0 
N 

NOfl!: SIDft I iI dooe "" .... i<pu '0 .... (VB. vc) ..,0 ... , ll-H5.H1 11-H2A.H23 ll.nz,"u.DI.J21 VB 

Jc 

CRA Y Y-MP SCALAR RIGHT DOUBLE SHIFf - 057ijk INSTRUCTION (VB) OPTION 

(VE2) 

(VIl3) 

'. ------/ 
I 

StDPI'DERIVEDRladTWQS 
ca.tPLEMENTCF IoUI 

1',2.' 
DR ... 1 1 

DR ... 1 0 

DR.. 32 o 1 

D .... o 0 

24 2' 
DR.o. 1 1 

DR._I' 1 0 

DR.a 1 0 

DR.O o 0 

r;i7a' 
DR.' II 1 

DR.. l' 0 
DR_l 0 

DR.O 10 0 

"',d_eTmg. 
A·5C'f J.E.S. 



) 
,/ 

I T.S. 0/61 
T.S.O/6 

(Sj) CP 3 

26226°25825625425225°248246244242240 238236234232230 22822622422222°218216214212210 2°8 2 06 2 04 2 02 2°°1 

263261259257255253 251249247245243241239237235233231 229 2P2 25 2 23 221219217 215213211 2°9207 2°52 03 2°1 

DI DO 129 128 127 126 ill 124 123 122 121 120 119 118 117 116 115 114 113 112 III 110 109 108 107 106 105 104 103 102 101 100 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 AI8 A17 AI6 AI5 AI4 A13 AI2 All AIO A09 A08 A07 A06 A05 A04 A03 A02 AOI AOO 

831 830829 828 827 826 825 824 823 822 821 820819818817 BI6 BI5 814 BI3 BI2 811 810 809 B08 807 806 805 B04 803 802 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 C17 CI6 CI5 CI4 C13 CI2 C11 CIO C09 C08 C07 C06 C05 C04 COO CO2 COl COO 

CI5 CI4 C13 CI2 CII CIO C09 C08 C07 C06 C05 C04 COO CO2 COl COO 
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 

047 046 045 044 043042 041 040 D39 D38 037 036 035034 033 D32 D31 D30 D29 D28 

047 046 045 '044 043 042 041 040 039 038 037 D36 035 034 033 D32 D31 030 D29 D28 D27 D26 D25 D24 

047 046 045 044 043 042 041 040 039 038 037 036 035 D34 D33 032 D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 

047 046 045 044 043 042 041 040039 038 037 D36 035 D34 033 D32 031 D30 029 D28 D27 D26 D25 D24 D23 D22 D21 D20 DI9 DI8 DI7 DI6 

047 046 045 044 D43 042 041 040 D39 D38 D37 D36 D35 D34 033 032 031 D30 029 D28 D27 D26 D25 D24 D23 D22 021 D20 DI9 DI8 D17 016 

FA7 E46 FA5 E44 E43 FA2 FAI E40 E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 

E47 E46 FA5 FA4 FA3 E42 E41 FAO E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 EI8 

E47 E46 FA5 FA4 FA3 E42 E41 FAO E39 E38 E37 E36 E35 E34 E33 E32 E31 E30 E29 E28 E27 E26 E25 E24 E23 E22 E21 E20 EI9 EI8 E17 

1

262 26°258 256 254 252250 248 246244242240 238 

263 261259 257 255253 251249 247245243241 239 

(Si) CP4 

236 234232 230 22822622422222°218216214212210 208 2 06 2 04 2 02 2 00 

237235233231229227225 2 23 221219217215213211 2 09 2 07 2°52°32°1 

DI DO 129 128 I27 126 125 124 I23 122 121 120 119 118 117 116 I15 114 113 112 III 110 109 108 107 106 105 104 103 102 101 100 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AI5 AI4 AI3 AI2 All AIO A09 AOB A07 A06 A05 A04 A03 A02 ADI AOO 

C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 CI7 CI6 CI5 CI4 CI3 CI2 C11 CIO C09 C08 C07 C06 COS C04 COO CO2 COl COO 

CI5 CI4 CI3 CI2 CII CIO C09 C08 C07 C06 C05 C04 C03 CO2 COl COO 

CIS CI4 CI3 CI2 Cll CIO C09 C08 C07 C06 C05 C04 C03 CO2 COl COO AUGNMENT 

D27 D26 D25 D24 D23 D22 D21 D20 019 018 017 DI6 DIS 014 DI3 DI2 

D23 D22 D21 D20 019 DI8 DI7 016 DI5 014 013 012 

DI9 DI8 DI7 DI6 DI5 DI4 DI3 DI2 

DI5 DI4 D13 DI2 

DIS DI4 DI3 012 AUGNME."IT 

EI8 EI7 EI6 EI5 

EI7 EI6 EI5 

EI6 EI5 

FA7 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 EI5 

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 El7 EI6 EI5 AUGNMENT 

I T.S. on I R31 R30 R29 R28 R27 R26 R25 R24 R23 R22 R21 R20 RI9 RI8 R17 RI6 RI5 RI4 RI3 RI2 RII RIO R09 ROB R07 R06 R05 R04 R03 R02 ROI ROO R32 

L OVERLAPDATA 
(VE2) 

LEFT DOU8LE SHIFT CONTROL 

26226°25825625425225°248246244242240 238236234232230 228226224 222 22°218216 214212210 208 2 06 2 04 2 02 200 

263261259257255253251249247245243241239237235233 231229227225 2 23 221219217 215213211 2°9207 205203 2°1 

NOTE: Shift 1 is done on the inpulS to tm (VB, VC) options. 

(YE3) 

26 25 

00 =H6 

01 =H7 

10 = H4, HO 

11 = H5, HI 

24 2 3 

00 = H24, H23 

-01 = H24, H23 
-

10 = H24, H23 

II = H24, H23 

22 2' 2° 

D -- -- 0 00 = 132-122, 131·J21 N -- E 01 = 132-J22, 131-J21 
-- 0 10 = J32-I22, J31- I21 N 

11 = 132-I22, J31-I21 VB 
I 

VC 

CRAY Y-MP SCALAR RIGHT DOUBLE SHIFT - 057ijk INSTRUCTION (VE) OPTION 

(VE2) 

(VE3) 

SHIFT DERIVED FROM 1WOS 
COMPLEME. .... , OF (Ak) 

DR = 96 

OR =64 0 

DR =32 0 

OR =0 0 0 

24 . 23 

DR =24 I I 

DRx 16 ° 

DR x8 0 

DR=O 0 ° 

22.21 

DR=6 

DR=4 0 

DR=2 0 

DR =0 0 0 
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SCALAR POPULATION COUNT 

The Scalar Population Count functional unit counts the number of one bits in the Scalar register 
specified by the G) 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 026i jO instruction, all? bits of the final population count are sent to 
the A register. When an 026ij 1 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, VOl) 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 (VO) 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 [mal summation. 

(VHO, VH1) 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 (VH1) and the (VGO, VOl) 
options when doing a population count, in that the (VHO) receives the partial count from the 
(VGO, VOl) and (VHl) 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 
026ij1 instruction was issued, then only R16 is sent to the CAR) option, as the parity of the 
population count. 
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SCALAR POPULATION COUNT 
FUNCTIONAL UNIT INSTRUCTIONS 

INSTRUCTIONS 

026ijO Ai PSj Population count of (Sj) to Ai 

026ij 1 Ai QSj 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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63
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, 1 T.S.0/61 1 T.5.0[7 I 
) 5UM 5UM 5UM 5UM OUTPUT 

21 2° GROUP 22 21 2° GROUP 22 21 2° GROUP 2
3 22 2 I 2° 2 3 22 21 2° 

(VBO) 2° R2 /0 = AO DI DO DO. 02,04 PI PO PO,P2 JI JO JO KIO RO 

2 I R3 II = AI 

(VBl) 22 R2 12 = A2 06, D8, A17 P3 P2 P4, P3. PI J3 12 JI. 12. J4 KI2 KII R2 R.I 

2 3 R3 13 = A3 D3 D2 D1, D3, D5 P5 P4 P6 J4 13, J5, F7 KI4 K13 R4 R3 

(VB 2) 24 R2 14 = A4 

25 R3 15 - A5 D7,D9 F7 P6 P5 J5 

(VB 3) 2 6 R2 16 = A6 D5 D4 

2' R3 17 = A7 (V GO) 
(VB4) 2' R2 18 = AIO 

2 9 R3 19 = All D7 D6 

(VB 5) 2 10 R2 110 = AI2 
211 R3 III = AI3 

(VB 6) 211 R2 Hi = AI4 09 OS 
1 

T.5.0[7 I 2 13 R3 113 = AI5 
Q40 = POPULATION; 026 INSTRUCTION 

(VB 7) 2 I' R2 114 = AI6 SUM SUM SUM OUTPUT Q4l = POPULATION PARITY; 026ijl INSTRUCTION 
2 15 R3 115 - AI7 21 2° GROUP 22 21 2° GROUP 22 2 I 2° GROUP 2 3 22 2 I 2° 2 3 22 21 2° 

(VB8) 216 R2 /0 = AO DI DO DO,D2,04 PI PO PO,P2 J1 JO JO KIO RO SUM SUM 
1 

T.5.0[7 I 211 R3 11 = AI GROUP 25 2' 2 3 22 21 2° GROUP 2 5 2' 2 3 22 21 2° 26 2 5 2' 2 3 22 21 2° 

(VB 9) 2 18 R2 12 = A2 D6, D8, AI7 P3 P2 P4,P3,PI 13 J2 JI. J2, J4 KI2 KII R2 RI 
XO XO ZO 1040 RI6 2° WO XO 

219 R3 13 = A3 D3 D2 D1. 03, D5 P5 P4 P6 J4 P3. F5, F7 KI4 K13 R4 R3 
XI XI XI ZI Q41 RI7 21 WI,W2 X2 

(VBIO) 2 20 R2 14 = A4 
W3. W4, VII X4 X3 X2.X3 Y4 YO Z2 Q41 RI8 22 

221 R3 15 - A5 D7,09 F7 P6 P5 J5 
X2-X5 Y5 YI Z3 Q41 RI9 23 W5, W6. W8 X6 X5 

(VB I I) 222 R2 16 = A6 05 04 
~ V14,W7,W9 X8 X7 X2-X7 Y6 1"2 Z4 Q41 R20 2' 

2 23 R3 17 = A7 (VOl) X8 Y3 Z5 Q41 R21 25 
(VB12) 224 R2 18 = AIO 

X4-X7 Y7 Z6 041 R22 26 
2 25 R3 19 = All 07 D6 

(VBJ3) 2 26 R2 110 = AI2 

227 R3 III = AI3 

) 
(VB 14) .2 28 R2 112 = AI4 D9 08 I T.5.0[7 I 1 

T.S.O/7 I 2 29 R3 113 = AI5 

(VBI5) .2 30 R2 114 - AI6 5UM 5UM 5UM INPUT POP. 5UM RENAl-!E 
:2 31 R3 115 - AI7 2 I 2° GROUP 22 21 2° GROUP 22 2 I 20 GROUP 23 22 2 I 2° 2 3 22 2 I 2° 2 3 22 21 2° 2 3 22 21 2° GROUP 2' 2 3 22 21 2° 24 2 3 22 21 2° GROUP 2' 2 3 22 21 2° 

(VCO) 2 32 R2 JO = AO DI 00 DO. 02, 04 FI PO FO,P2 JI JO JO KIO RO 153 152 151 52 51 50 50.55,510 U11 UIO V4 V3 YO. V3 WI WO 
.2 33 R3 11 = AI 158 157 156 57 56 55 51.5-6. SII U13 UI2 V6 V5 VI. V4. V5 W3 W2 

(VCI) 2 34 R2 12 - A2 D6. OB, AI7 F3 P2 F4. P3. FI J3 12 JI. 12. J4 KI2 KII R2 RI 163 162 161 512 SII 510 52,57.512 U15 UI4 VB V7 V6. V7, V9 W5 W4 
:2 35 R3 13 = A3 03 D2 DI.D3. D5 F5 F4 F6 J4 F3, F5. F7 KI4 K13 R4 R3 155 154 54 53 53, 5B, 513 UI7 UI6 VIO V9 VB, VIO, V12 W6 

(VC2) 2 36 R2 14 = A4 DELAYED 160 159 59 58 X12. X13 U19 UIB V12 VII V2, V13 W9 W8 
2 37 R3 15' - A5 07. D9 F7 F6 F5 15 XIO-XI4 

165 164 514 SI3 52,59.514 U21 U20 VI4 V!3 

(VC3) 2 38 R2 16 = A6 D5 04 XI2 XII XIO XI2 XII XIO XIO,XII VI VO VI VO VI4 VII 
2 39 R3 J7 = A7 (VHO) XI4 XI3 XI4 X13 XI4 V2 V2 

(VC4) 2 40 R2 IB = AIO 
.2 41 R3 19 = All D7 D6 

(VC5) 242 R2 110 = AI2 

2 43 R3 III = A13 

(VC6) 244 R2 112 = AI4 09 OB I I T.5.0[7 
2 45 R3 113 = AI5 

(VC7) 2 46 R2 114 - AI6 5UM SUM SUM OUTPUT 
241 R3 115 = A17 21 2° GROUP 22 21 2° GROUP 22 21 2° GROUP 23 2' 2 I 2° 2 3 2 1 21 2 ° 

(VC8) 2 48 R2 JO = AO 01 00 DO. 02.04 FI PO FO,P2 II 10 JO KIO RO 

2 49 R3 II = Al 

(VC9) 2 50 R2 12 = A2 O6,OB,AI7 F3 F2 F3. P4. PI 13 12 )J,n,14 KI2 KII R2 RI 

2 51 R3 13 = A3 03 D2 DI,03. D5 P5 F4 P6 14 F3. F5. F7 KJ4 K13 R4 R3 

(VCIO) 2 52 R2 14 = A4 

2 53 R3 15 - A5 D7,09 F7 P6 F5 15 

(VCll) 2 54 R2 16 = A6 05 04 

2 55 R3 J7 = A7 (VHl) 
(VCI2) 2 56 R2 IS = AIO 

251 R3 19 = All 07 06 

(VCI3) 2 5• R2 110 = AI2 

2 59 R3 III - AI3 

) 
(VCI4) 2 60 R2 112 = AI4 09 DB 

261 R3 113 = AI5 
I 

(VCI5) 2 61 R2 114 = AI6 Hardwar" T mg. 

/ A·5419A J.E.S. 
2 63 R3 115 = A17 
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SCALAR .LEADING ZEROES COUNT 

The Scalar Leading Zeroes Count functional unit counts the number of O's preceding the fIrst I-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 (VOs) and two (VHs). Each option counts the number of leading zeroes in its 
16-bit group, making the individual zeroes count anywhere from (0 - 208)' 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 - 1008), is then sent to the specifIed A 
register. 

The Scalar Leading Zeroes Count functional unit shares the same paths into the (VO, 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 2 CPs inside the functional unit. If a Scalar Population Count instruction (026ijO) or 
026ij1) 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, VG 1) Options 

) Each (VO) option contains 16 of the 64 bits of the (Sj) Scalar register sent from the (VB) option. 

) 

The (VaO) contains bits (215 - 20), while (VOl) contains bits (231 _ 216). The (VO) 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, VHl) Options 

The (VH) options are identical to the (VG) options except the (VHO) option will fmalize 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 CAR) 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 
(408 - 778). To set (24) of the result, the count should be somewhere between (208 - 378) or (608 
- 778)' Bits (23 - 20) of the result are selected from one of the following: from (VH1) when the 
couilt is not equal to (208), from (VHO) when the count is greater then (208) but less than (408), 
from (VO 1) when the count is greater then (408) but less then (608), or from (VOO) when the 
count is greater than (608) but less than (1008)' 
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SC -LAR LEADINy" ~EROES C~I:JN~ i'\ 

Scalar Leading Zeroes Coup't fun . onal unit counts tile numberlof O's preceding ¢.b fu-st I-bit 
in .. specified S?alar register. ~e res t. is then t:~~ferrfi !O t~e loter 7 bits of.~ Ai register. To 
u ze the Leading Zeroes fun4tional UJut an 0271JO mstructIon IS used, where (SJ) IS the operand 
a d Ai the result register. Th~ (Sj) operand is divided futo four gr0l1Ps of 16 bits eaCfh and sent to 
fi ur options, two (VOs) and two (VH~). Each option/counts the nU;1:nber of leading/zeroes in its 
1 -bit group, making the individual zdroes count anyi\Vhere from (a' -20s). The p~al counts are 

en sent to one (VH) optio~ which cOfnpiles the reS,PIts from eac~ ,pf the 4 parcels;into ~ s,' ingle 
ount. The fmal count, wh\bh can be fUlywhere fro¥1 (0 - 100S), ISIthen sent to the specIfied A 

• f} t i ,i 

jgIster. ! I / i l: 
The Scalar Leading ZeroeJ Count funttional unit 'hares the same paths into the ivo, VH) as the 
$calar Population Count ahd Scalar 4dd funCtion,ill unit. Also th~ R terms (Rol R4) are'shared by 
tpe Scalar Add and Scalm! Pop as well as some internal Boolean terms. The ScaIar Leading Zeroes 
qount takes 2 CPs inside Jhe functionlti unit. If a'iScalar Populati9n Count instfuction (026ijO) or 
Q26ij1) is issued before ~ S?alar Leaq.mg Zero~s!Count instructiqn (027ijO), tlfe 027 wi1l~hold issue 
fur 1 CP, to prevent a cqnf11ct on the~(AR) option. f. if 
, ! f.I~ f J 
I I; 'I 
l 1 [ 3 i f ~ ~ 

~calar Leading ~eros Cou)zt (Option Involved)~ 1 
" ,1 , ) f 

! ,1 I i 
I 1 
i f (~GO, VGl) Options I " ~ i 

Ea~h (VO) option conhuns 16 of th~ 64 bits Jf the (Sj) Scalar rdgister sentkrom the (VB) option. 
The. (VOO) contains bits (215 - 20)"while (Vq:J1) contains bits (2,31_ 216). IThe (VO) options count 
the 'pumber of leadin~ zeroes in each of their \16-bit groups. Th~ maximum numbers would be 
20S;' or all 16 bits equhl to zeroes. The 5-bit result is sent to the' (VBO) optlions, to determine the 
final;count of all 64 bits. To determine the Leading Zero Count on 16 bits, the 16 bits are divided 
into ~our 4-bit groupsi The count w,ithin each of the 4-bit groups generates the C terms, which are 
then ~ombined to fOnp the E terms,: which gi'ye the final count (0 - 20S) o{ zeroes within the group. 

! ~ t 
" i 

, 

(VHO, f{Hl) Options: 
~. ~ 
\ I • t, 

The (VE) options are\identical to the (VO) options except the (WIO) optiq,ns will finalize the 
Leading Zero Count. 'The (VH1) option is u~ed to fmalize the S~alar Pogulation Count. By 
checking~he counts from the other three partial sums plus its own, the ("fHO) can determine what 
the final s~rn should be. If all 4 parcels have a count of (20S), the (VHO~ option will only send bit 
(26) to the i{AR) OPtiop, ' for a count of 100S' ,or else 6 bits (25 - 20) are sr.t to the (AR),. options. 
To set (25)lpf the result, the count could be somewhere between (40S - 71~S)' To set (24) of the 
result, the c~unt shou~d be somewht;re between (20S - 37S) or (6Qs - 77~. Bits (23 - ~O) of the 
result are selected from one of the following: from (VH1) when tl}.e cou t is not equal \!O (20S), 
from (VHO) when theicount is greater then (20S) but less than (408), fro (VOl) when'the count 
is greater then (40S) qut less then (60S), or from (VOO) when the co'v,ys greater than (60S) but 
less than (100s). l ' 
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CRAY Y-MP SCALAR LEADlNG ZEROES COU'N'l' 
FUNCTIONAL UNIT INSTRUCTION 

INSTRUCTION 

027ijO Ai ZSj Leading zero count of (Sj) to Ai 
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(VCIS) (VCl4) (VCl3) (VC12) (VCll) (VClD) (VC9) (VC8) (VeT) (VC6) (VC5) (VC4) I (VC3) (VC2) (VCl) (Va» (VB IS) (VBl4) (VB 13) (VB 12) (VBll) (VBlD) (VB9) (VB8) (VB7) 

2 63 2 62 2 61 2 60 2 59 2 58 2~ 2 56 2" 2" 2 53 252 2 51 2 50 2 49 248 2'" 246 2 45 244 2 43 2 42 2412<10 2 39 2 38 2 37 2 36 2 3' 2 34 233 2 32 2 31 230 2 29 228 227 226 2 2' 224 223 222 221 22() 219 218 217 216 215 214 

R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 R3 R2 

(V HI) (VHO) (V I) 

115 17 114 16 113 IS 112 14 III 13 110 12 19 II 18 10 115 17 114. 16 113 IS 112 14 III 13 110 12 19 11 IS IO 115 17 114 16 113 IS 112 14 III 13 110 12 19 II 18 ID 115 17 
AI5 A7 AI4 A6 AI3 AS AI2 A4 All A3 AIO A2 A9 Al A8 NJ AI7 A7, AI6 A6 AI5 AS AI4 A4 AI3 A3 AI2 A2 All AI AIO AD AI7 A7 AI6 A6 AI5 AS AI4 M AI3 A3 AI2 A2 All Al AIO AD AI7 A7 

C3 C3 C2 C2 CI CI CO CO C3 C3 C2 C2 CI CI CO CO C3 C3 C2 C2 CI' CI CO CO C3 
C7C7 C6 C6 es C5 C4 C4 C7 C7 C6 C6 eses C4 C4 C7C7 C6 C6 es C5 C4 C4 C7 C7 
CI3 CI3 CI2 Cl2 Cll CII CIO CIO CI3 Cl3 CI2 CI2 CII Cll CIO CIO CI3 CI3 CI2 CI2 CII CII CIO CIO cn 

I6-BIT COUNT 16-BIT COUNT 16-BITCOUNf 

.....Q. I 

~ 1 :1 3 4 5 6 7 10 11 12 13 14 15 16 17 20 X 

~ I 2 3 4 5 6 7 10 11 12 13 14 IS 16 17 20 X X X X X X X X=FD 

0 I 2 3 4 5 6 7 10 11 12 13 14 IS 16 17 20 X X X X X X X X=EO X X X X X X X x=EI 

X X X X X X X X= FD X X X X X X X X=EI X X X X X X X x=E2 

X X X X X X X X= EI X X X X X X X X=E2 X X X X X X X X=E3 

X X X X X X X X= E2 X X X X X X X X=E3 24 2 3 22 21 2° E4=X 

X X X X X X X X= E3 24 23 22 21 2° E4=X E4 E3 E2 EI EO 

24 2 3 22 21 2° E4=X E4 E3 E2 EI FD Hl4 HI3 HI2 HII HIO 

E4 E3 E2 EI EO HI4 Hl3 Hl2 Hll HIO KI4 Kl3 KI2 KII KIO 

H14 HI3 HI2 HII HIO KI4 K13 KI2 KII KIO I R4 R3 R2 RI RO I 
KI4 KI3 KI2 KII KIO IR~ 

RI RI I 
/R4 R3 R2 Rl ROI 

~ , 
24 23 22 21 20 24 23 22 21 20 24 2 3 22 21 2 ° 24 2 3 22 21 20 

165 164 163 162 161 XI4XI3 XI2 XII XIO 160 159 158 I57 IS 6 155 154 153 152 151 

SI41S13 SI2 SII SIO XI4fX13XI2XII XIO S91S8 S7 S6 S) 54 I S3 S2 SI SO. 

) ~ ~ 26 2' 24 2 3 22 21 20 EXAMPLE OF I - 4 BIT GROUP 
S20 = XI4 165 = 401 U6 US U4! ill U2 Ul UO 
S21 =165 = 20 8 263 262 2 61 2 60 22 21 2° 

S22 =165 '" 208 
26 2' 24 2 3 22 21 20 

IT.s.onl 
BOOLEAN TERMS AI5 A7 AI4 A6 C13 C7 C3 

U6 = S20 S9 S4 = 1008 R22 R21 R20 R19 RI8 R17 R16 NO LEADING ZERO I X X X 0 0 0 

US =S20S9S4+S20S9 =401-778 I LEADING ZERO In Ix x n n 

U4=S20S9S4+S21 X14 = 20 8- 37 8. 60 !" 77 8 2 LEADING ZERO 0 0 I X 0 1 0 
3 LEADING ZERO 10 00 1 0 1 1 

4 LEADING ZERO 0 0 0 0 1 1 1 

(YI- AR) 
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(V(~) 
112 14 111 13 110 12 
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C2 CI CI 
es C5 

CI2 Cll Cll 

16-BIT COUNT 

6 7 10 11 12 13 

X X X 

X X X X 

X X 

X X X X 

2° 

FD 

HIO 

KIO 

ROI 
, 

(VBl) 
2 3 22 

R3 R2 

19 11 
All AI 
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C4 C4 
ClO 

14 IS 
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X X 

X X 

(VBO) 
21 2° 

R3 R2 

18 10 
AIO AD 

CO 

16 

X 
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4-B IT 
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") CRAY Y-MP VECTOR REGISTERS 

The CRA Y Y -MP contains eight Vector registers (VO - 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) ficlds tell the machine what functional 
units will be needed, and the (ijk) fields tell which Vector registers will be used. Generally, the (k) 
field of a Vector instruction contains some Vector register (VO - V7) as an operand. The (j) 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 (VYSj, 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 ReadlWrite addresses are set to zero to allow a Read/Write of element zero. As long 
as the ReadlWrite 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 (JE) 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 

&. 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, JC) options to determine if the instruction is a 
Vector instruction. If not, the (JD, JC) 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 \Vrite 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 th~ Read Vector Length register during a Read sequence. The (VD) then takes 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 (VA, 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 (VA) 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 (VD) 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 (VD) 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 (IF) option so the (JF) can start a delay chain for a read memory reference, and 
then generate the Go Write VO - V7 to' the (VD) at CP 4 times. 

Ona Vector register Read operation, when the Vector Length is equal to the Read address on the 
(VD) option, the (VD) will generate a Release Vjk to the (JE) option. The Release Vjk will match 
the (VO - V7) waiting on the (JE) and send out a Release FU X to the (JF) option. The Release 
FU X will match a particular VFU stored on the (VF) and generate a Release VO - V7 at the 
appropriate time, to the (VD, JC) 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. 

On a Vector register Write operation from memory the release does not originate from the (VD) 
option but from the memory control (YE) option. The (YE) will generate the Port NB/C Release 
when the (AklVL) words have been decremented to zero. The (YE) then sends the release to the 
(JDO) option to release the Port reservation NB/C and also send the Release to the (JF) to release 
the (Vi 0 - 7) reservation on the (JC, VD) options. 

The VFU reservation held on the (JD) option is released when the (VD) sends the Release Vjk to 
the (JE) option. The (JE) decodes the Release Vjk to determine which FU the (Vjk) were using 
and sends a Release FU X to the (JD) option to release the reservation. 
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VECTOR REGISTERS 
GENERAL 

1. 8 Vector registers = VO - V7 

II. Each Vector register = 6410 or 1008 Elements 

III. Each Element = 6410 bits in length 

N. 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. 

VII. Vector Register Instructions contain 1 or 2 operands; only one destination. 

VIII. 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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00200k 

002000 

023iOl 

076ijk 

077ijk 

077iOk 

176iOk 

) 176iOO 

176ilk 

1770jk 

1770jO 

1771jk 

155ijk 

) 

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 (Ak) 

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 

Hardware Trng. 
YM07112 J.E.S. 
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VECTOR REGISTERS (OPTIONS INVOLVED) 

(leO) Option 

The (IC) 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 (IC) 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 (JD) 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 conditions that the (JD) 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, FM, V A, 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 (JDO) 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. 

Hardware Trng. j 
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(VCO - VC15) Options 

The (VC) options are identical to the (VB) options except that the (VCs) 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, (Vk) 
is only 32 bits in length and would be found on the (VB) options, but not in the (V C) options. 

(VDO - 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 Read/Write Sequence signal from the (JC) 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), 
(VS 1), (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. 

Hardware Trng. 
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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 infonnation 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 (V A) 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/Yk) instruction decode. The (Vj/Yk) 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). 

HTV-0834 27-8 
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VS70 
j~~~ 

'---- Board location 0 = A Board 
1 = B Board 
2 =CBoard 
3 =D Board 

'---- Vector Register Number (VO - V7) = (0 - 7) 

Each (VS) option contains 16 bits ofthe 64-bit element. However, the 16 bits are divided into 
two 8-bit ~oups, with the groups being 24 bits apart. For example, (VSO) contains bits (232 - 239 ) 
and bits (2 0 - 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 (iJ - 27 ), while the even upper 
register would represent data bits (2 32 - 239 ) on the (VSO) option. 

Hardware Tmg. 
YM07110 J.E.S. 

HTV-0834 27-9 eRA Y PROPRIETARY 



::r:: ...., 
< I 

I<vs) (2"-2-,2'1-2:») 
I(W:) (2;!:, 

o 
00 
w 
+>- -·v.oo~'KIrI 

v_oo~ ............ 
II'S) (2" .......... ~) 

v V>. ""-

F)Y.OO'9t~. 

~tIil..&Asa 

./ 
~ 1(\'5) 1"" ........... ) I ~" ~ 

I(VS) ~--=~~.11_20) 

AOOOESS _~/V>. _ 14 2'12 21 2° V.REOIS1'U. I - ~ 

". • ..... 11 · L::V' r" """" ••• - •• ~ ....,cu> f-- "'" Jr--.o-:I ~ . ....u ~ warro__ '""': .~ 
~............ ~v.""-""'" ~ .......... IrT -- ~ ~ 
- ...... vv.oo...... '" !lEAl> F"'" ~ 

~.VL t9. IllU.Ul.YjIt (IE. ~TA J ~' our .~ .. CCflTItOL OODATA KV1N 

N.... II. ~E.Y1. 'WI VlWklTII d).'ib...~ urna lDWD; V \lEClatO _____ _ 

~ .1 ~ (Q) CUI SCALAR~sm 
• - - -_'0 -- (V~ (20.2;') ~ I 11 (2"4:13)(2;'.2" Q (VB) (lJl .. 2,

0
l ~ WEWCa¥F<*Ta "ti'&\ii: I· anASI I :» 

.WAS. 

\R-)-. PLOAT1NOk&an:oc::AL I'UiC'I1ONALUNTURlLn .,l1lb" ~ :~h ,...-...,. WRlnDATA. MTA. I A~. IJ 
(f-) R.A:M.Tl'.aADO ~TD'" 0' lL..f!.:!-t.AHOUT W (.) ~) I'LDAT1NOWUU1I'l.Y A.V I 00 .s IIiH11II. ~ \') 

CW.YC.YO.VH) .... wc:rc.ADO )C - ~ ~ ~Vi" '1 

(Y&.YC,~ =~P£I( (l'C:aGalO)IIiLIIC.T kt-IDP: ~ ~ m A 

(V1I.VC) """"'"'''''' ['~D. ~ J, (IQ ........ "~ Vj~V>.1J I:::::-!' 
<'1'.V<)-o ~.Vi WV ~ 

~l_Yl'U~ "D,V5)- ~ (IDO) =- ~ .. "''''-'- (tIC) , 
tv p "'""'"".;;=: IX""""",I ,c;;; IX ..... ,""'" (Y •• J.) 

....... 

~ 
• V>. -....l (YI) V...."....... ...,.." I 'if: -""'~ (HEll) 't::lL:I 

~ PA).)D~"""",""",,,," .g; ~ .r,::> p.,p .• -p." .• - (IQ ... )"'" ....... .,.. ..ti.cr 
o (leO) "" ..... J ~ "W ( ...... ) - VEC'IIlIt<HIWID 

(nt. totTI",,,C...,-r ---""'i:. CONRJCTI 1_ (VA....... SCALARREOISTBt 

~~r 

tJEO) ..... ·\J· ... ·A. .... V .. V .. ~_~ VJIU :::: ~ Vl'lJOJI l.ONEJt 

(YBJ)Ul..IlASIt ...... c:ayPOn ~"C.....c;::_!1:>-- ~""""""-o .. c ~ 1kJI.D..... (AIQ (lEO) ".2 OO./VD ... T" .... "'... (VII,tw) 
-.....cnotIODM'UCTA..C ~. 17Ii':in~ ~ ...-rD.QA.TAaTMS I......cTA (YC.YIJ) ---:"" ~ V • (VII.VH.VF) 

(JFO)lII.U11ikaaAa 002(iI.7) ~~~'CAl.AJ. (Yo) _ ~~ ::;::. UULU.n.t'IIOI'.1': "'~VL (10) 
\>lEO) _DVL .A< ib- l :::;:;:;; 00 .-: ...... (YEll) ?$;'" .......... ...,. (lI» 

Q "MllYI'OaPDl'. ~ ~AMJVPU ~OO~.041.11~1«S,IIf1J01I.I7"'"' (VF) e:; ~~"VJIIJ to«f"' .. C 17.1 ~ 
~ ICALU ... PA. ..... OJL -(fii':; ...r.: _ 

~ - .... -<8i>-~ ar iP-:....:"' ..... :,::' (IUF.VF.VO.\'H) 1(I8,'~ ~V7 I ~ ~FO) 
\>ICO) -=:;- rw FUNCI10NALUNrrlSSUE ~ P~~ II&A •• OODATAVOV -:.. II 

11.1 ___ ~_._ YBlSEIECTS _ 
QeO) ;=;; 00 ~~~W.'V1 ('I'll) 16~1 A(l[)RBS (YN tonlillOO 1lAb. ... UADV....(j'jj":'jb 

..........12/~n~11QIS 

ELi'. (YC.YD) 

(It.) 
(1'-) 
(M-) 
~o."".VA) 
(YE) 
~ ... , 
~A) 

(VE, VA. H .. "') 
(Y"'I) ~~ 

~ 
r='" 

8 ~.) ...... ~ RO·;::!A ... """" (\'D) .J 2"'" I :;:; a.s_l1MIN< (YN' _''''OO ............... V;,;;:; ll~, 
ND'1biilI: ~~~ :rfl" -.l • 00 VA """7,,,,,,,, ~S.VA) •••• _PCOtU I'UNCIlQlAL • O'''''OJT'INlHIX,,,~ ::r.;. ~. C J-h . NOT' (VS3l-HOO) OOOI_JUtTIl.CVNf UNlTlIMINQ (\If) 

iii:" .... """"'.........,..,..., (VD,H'I •• ,. - R.OAnNORECll'ROCAL II T " ...... Vi •• ' (VD.JC) ?; V,Vj." I€B!: ,"' . .".- .... '" ('00) 0011_fLOAnNOADI> ~ 
• .... • I •• - fLOAllNOMULnft.V ........... y 00 YOU Vi ~ ~ ~ 

• , 00UA0aYj! 

(JRr\ 1tIUA.~~. 

n ~=QaAJ 
Id 9Q).!!!!!!!! > (EXT) IIIO"IItNAJ. """ sa k!QU!S! 

.-< IV~;::' ~ 

~ 
S6 
c: 
~ 
~ 

l Vi, Vj. \'ltDf'. tcJ1 
11161011,ooa 
.. HOlD 

I-I 

~I 

r!:: """>aT,""""", : 9D.HC) 
) 1IIIT.'EI' "q, 
u.. uovur. 
"-'" 

~..l'''!!.D!o!!~~;o!!!W!!'''~GO-'-'''-

OIOI.VECI'alAOO --.... ~ ~r 01J 0.1 
01 1 O. VEC'roIilSHIfT 1a'tlm.An:r ~ 
., ll_VECroRl.OOICAl. (YE) I ~ ~ 
1 0 0 0 • SEL.£Cr", 2 va:rat WRI1E lIMINO 
1001 ... Sj 

lOll-INDEX ~ 

CRAY Y-MP VECTOR REGISTER BLOCK DIAGRAM 
PART I 

\, .,/ 

.... y.) 

"""",,,. 
A.a •• J£'. 

',-



') 

) 

) 

VECfOR CON1ROL VO - V1 ./ VECTOR REG ISlER 0 - 7 ./ 
(VS) (263 _ 2 S6 • 2 31_ 224) ./ 
(VS) (2SS _248.223-216) V 
(VS) (247 _240.21S-28) ./ 
(VS) (239_ 2 32. 2 7 _2°) 

In PAIR REQUIRED 176, 177 ~1l-1 W READ 

1~ Vn GO REAJ)(WRflll SEQUENCE 10. 1 ~ """""'V""'n READ;;;::~VL,....-""'Lt---
,T~VmGOREADtWRmlSEQUENCE~ ~ VnREADADDRESS f-- +----t~Il\i7.R~ Il\TAREADY 
I ~ Ho Vm READVL f--

(IB, VS,It/iDESIGNATORS -@. ~ m t-- '-"" 

(~ VnGO~ ~ WRII1! ....,;R=::.:;W~..,~(RI6, 00 BYPASS ...,... ADDRESS 

("" Vm GO WRrIF.JRE[EASE ~ ~ Vn WRrIE ADDRESS t- ~m, V:EVEN,ooo ADDRESS 24 2 3 22 21 2 ° V _ REGIS1ER 

~~~~m~~~v~m~WRrIE~~ADD~~~~111~=~~-~v~m,~v~n~00~~~~EVEN~~~~D~D---------------~~~~~- READEVEN to 
(HE) VL,Ak ~ II _ _ :OOEVEN

D r- UPPEVENER ~~ (Tr\ SCAlAR REFERENCE ~~ ~ SCAlAR R/W WRrIE Vm, Vn EVEN,ooo ADDRESS n y nn 

(~ MAS1ER CUAR ~ ~WRrIE~~-~V:.!!m~. V!!:n~00~WRI1E~~EVEN~:!;~~D::!D:.......___,'P"j;,....------------_<t38, WRrlEODD 

lIAD~~~~=~VL~~~~~.-~R~a~~~E~V~~---Q~~~c.----------------------, 1~7~64_--_4----~~~ 
VECTORCON'IROL ,. ~ fill: '- ,~ ~DATA EVEN 1 OUT 

N.N+l ~8,?GODATAV Q~YI'Y~J I 
VO - V1 WRml ~ WRrrE, 000 UPPER LOWER / 

rr-:-";"';"~:.!.!:..H-<IOO ,- I HEIDal. I 1 (DD roD 
Vi RESULTS IDESTINA TION DATA I--

(YIj}-to MEMORY PORTA .....".~~-:--~--_----_, t------' 71 Q 
(R-)' - FLOATINGREOPROCAL FUNCI'IONALUNITRESUL'IS VODATA [BYPASS ~, 

I..... ~MTERMS;t- VlDATA WRrrEDATA 1-29 
-,"""7' N'rnRMS IV DATA 3 :tolD FANOUT ''-----' v/ (_) 

(VO) 

.£-/-yV 

(VC) 

VIi: 

---iN-~.fViiVkl--
r- ~ 

(231. 2 0 ) 

~ 
~ ,~ ._Vj/SjorVk 

Sj/fVj SjfVi 

(VB) 
(yo>--' MEMORYPORTB CVA) CZ63-2~ I~_ ~ cz39_231) CZ7-20) 

(P )' ~ FLOATINGADD ~ (-) DATA 'fi-
(M-) .... FLOATINGMULTIPLY INA) ~ V3DATA 0-

(VB. VC. VG. VH).... VECI'ORADD (IA,JC _ VS'I2. Illll 00 A ~ ~ ~ I V4lJAIA 

(VE) .... VECTORSH1Ff SELBcr.---. V~DATA 

I-U- YO OPERAND DESTINATIONS 

~ L.-·(YC.YD) r--v.r- MEMORYPORTC VISIT r~ + ~ ~FLOA=~TIN~G~RE::!.OPR'-!:...!..OCAL!=..!..V-,-s-;~(R-) , _ (FORCEDO) SELEcrFORINDEX ~3 VO- V1 V6DATA 
(VB. VC. VF) ..... VEcrORLOGICAIJINDEX _'"=' I VFU IV7DATA 

(VB. VC).... VECTOR LOG 2 r(ID. VS) VFU44 _ 4 SELECf 
(VB. VC}-t L.;;;:Sj.;;;ID __ V..;,i ____ ----' 

RELEASEV~ 

GODATAv.k 

(JQ-VS CPlk.j+i.ili 

V7 I-!-FLOA=:.:.TIN=G.:.,:AD:::,:D:::...;,.V"",I S=--__ --i~ (P-) 

rn' .... FLOATIN(JMULTIPLY VIS ~(M-) 
Vi/Vli: t---' L-...I~VECfO~!l.!.!.R~AD>l.!!!D~~'£""':.L.:!---1f+ (VG. VH. V A) 

(IFO)4 epPEIAlFJ)PORTCREP 

~ EXCHANGEWRmlCONF1lcr 

(IA.JBJD.HB A. s. V. FETCH QUIET 

(JDO) 
- ~ RELEAsE EXCHANGE (HC) 

Vi VIi: OPERAND CZ31 _ 20 ) VEC1'OR SHlFf ~ (VE) 

r-----~----------------------____ ~_4--------~CP~2~WU~'GIS~---OD-VS)~+-~~ENTER ~~-2~~~~~~~VEC1'O====R7~==~-----~~(VA.VF) 
WU ~ 1 Vi/SjOPERANDall -il) VECTOR LOGICAL 2 f+CVA) ~33) .... ____ ~-tIEXCHANGEI C@l1XrHAN(JJ:Sl'OlffiNc:F.(Y_.I-) 

~+ ___ -llLREQ-=-UEST __ ...:II----"''-'-1~~34 _ NOT 000. 004, 000 + 004 (HEO) 

(HC) WAIT EXCHANGE 
~ i~ 
~ ~ P-I.P-2,NOTP-I,P-2 (HFO) 

(JeD) TEST&:SETHOlDlNG ~ 
(YM. r'"PORTSA.B.CEMPTY ~ 

(JEO) RELEASEFR, FA. PM. VA, VS. VL ~ 

(YEO) RELEASE MEMORY PORT A. B. C~ 
(YK) SUBSECI'ION CONF1lCf A. C _' 

(IFO) MAS1ER CIEAR 

(HEO) BDM ESVL ~ 
(IFO' FR BUSY FOR POP. ~ 

~lSSUE .---rIWO:~~~--- (I-. H-) 
_~ (VA)VFU 

CONFIlcrs r-~ 

VFU ~ ~ 1VB1KVCI VFU GIS 

MEMORYPORTA,B.C L ~R28 HOLDAH (AR) 
176 -171.SCAlARHOlD --:-=' 

r+ HOlD 003. 073 ~~ENTERDATASTACK(A.s).SELEcrA (yC.YD) 

1 t-==;:~OO2;;(~il;-;7):;:=!.J I-~ BIr. Gr.!. SCALAR (y-) 

RES, VFU J ~ ~_ 00 PORT NBfC, S READ (YEO) 

-I POR~A,B,cl ~ 17. I 003/040,041. J7jJ(113.146, 147,c71.17SW3 (VF) 

--st- T S'iOPERAND ~~ VA.HR.IS) 
~ Si I GA1lIERJSCA1TI!R VIi: L....(YL YJ) 

.... ~ GA11lERJSCA1TI!R Vk I -

± (JQ - VS) 10. II, 12. SFU. 076 48 _~""H~ Sj .... 1 <:,c; 

SELECf ~ 

VECTORO~D 
SCALAR REGlSTER 

LOWffi. 

~ SO-OTEST 

~ 

~ GOSJVDATAFR.FA.FM (VH. HI) 

L ~ (JEO).-- ~ VARIOUSINSTRUcrCONTROU; ~ VH. VF) 

~ ~I ~ REIl!ASEFRNPOP.FA.FM. VA, VS. VL (ID) 

ro ~ FR BUSY FOR VPOP (ID) 
REI. ~ RELEASE VFU 

(HA) 

KV 
~ I ~ ~ SCALAR FR. FA. PM. VL 

NIPllhiill: ~ ~I+------i ClP 1-------' ~~ GOFR.FA.FM,VA.VS,VL (~JF.VF.vG.VH)I------------__ --, 

•
~ L... ® ALTERNA're FUNCI'ION 

~ 
~ ~ 

(JB.IQ)~ ~ 1- (JFO) 

(JFO)~ ~<@3> GODATAWU ~~ ~ 
J.&y (HCD) 

CVO) REIllASEVjIc: 

(IFO) REIl!ASE Vi 0 - 7 

92 FUNCTIONAL UNIT ISSUE _ . 

RES. II-_+--. 
128 _ 3~*,--j-_LV:.:~:..:V:::.j • .:.VIi::.J' I • 

"""'"' "'- CONFIJcrs 
(JFO) MAS1ER ClEAR Vi, Vi. VIi: OP_. DES. 
(HC) WAIT EXCHANGE -®-. 076m7.002 
(IQ) EN'IER EXCHANGE crR -®--- SR HOlD 

(EXT) EXTERNAL CPU SR REQUEST ~!'H"-______ ""'--'-+.L......, 
(IQ) OOTEST.t:SET 143i)...J----~~RI 

(YQ;3) SR IN PROGRESS 44 SR~RPGJ 

HTV-0834 

VFUSELECfS 

00 1 1 = FUJATINGADD 

o 1 00 = FUJATINGMULTIPLY 

o 1 0 1 = VOCTORADD 

o 1 1 0 = VECTOR SHIFl' 

o 1 1 1 = VECTOR LOGICAL 
1 0 0 0 = SELFCTVL2 

1 0 0 1 = Sj 
1 0 1 1 = INDEX 

15:1:~tlOl~IO~-~GO~W~Rrrn~~VO~-V1!l....-.. (VO) 

cl:: 
t± r-v-4 J ~s (YN.YO,PORTB~GOREAD.REI..READV ~-, L&V~ 

L---...... -+---I"""'02j>--lREGISTER TIMING (YN. YO' PORT Ai. GO READ. REI.. READ V 19 _ 2 1 %1i" 
FUNCTIONAL I\lt:I GO warn;: INDEX (17" ~ :J 
UNIT TIMING ,HI ""'" 

W~ 
H~ 
Wr.-~ iO,7 

CVO.IC) 

2CPDELAYIGOVFU. V~ALn ~ ~ 
L. ..... -------------....:..~::::::!!.:=~:!l..!.=~_<126-31D-i*'"---i~ r ~CPUMC. EXSliQ. 

(YE) 1CPDElAYS - L ~ 
(1-. H-. Yo) 

136-4 ~ 

VECTOR WRl1E TIMING 

PORT C REFERENCE CP 8 - CP 11 
_sre Tmg. 
A~15 J.ES. 

CRAY Y-MP VECTOR REGISTER BLOCK DIAGRAM 
PART I 

CRAY PROPRIETARY 



::r: 
.....j 

< I o 
00 
w 
.j::.. 

N 
-....l 
I ...... ...... 

(j 

s: 
-< 
'"t1 
~ o 
'"t1 

~ 
~ 
~ 
-< 

'--...... / 

VRlSEIF£TS 

2t 2 ~ 21 2 ° 
OOOO_PORTA 

[l.\TAkIIADYVO.Vl' 

(\'03) 

\"",---/ 

VECTOR REGIS1Bt 7 
(VS7l) (20.2~,2)t.2)1) 

(ym) (2".20411 ,2».2 115 ) 

(VS7I) (2"'.240 .2 15.2') 
00 0 1 .. PORT&. C V/SIT 
00 1 0 .. noA llNG R£QI'ROCAL 
001 I • R.OAT1NC.ADO 
0100_noAllNGMUl.11K.Y 
0101 .. \'8...-roRADD 

VFCroR. CON11tOL V6, Y1 (YS7O) (2"·2 n ,27 .2 0 

VECIORcotmta.. V", V5 

o I I 0 _ VECJ'OR SHIfT (\'01) VEC1ORCOHlROL V2. V3 o I 1 1 _ V&:1OR l.OGtcAL 
IOOO.sa..s::rVL2 
1001 .. Sj 

t---< 
\!;;' • I I • INDEX 

(VOO) VB:.'IORCON'IROL VO, VI 

READ (JC)~ 
(JC) 'IN OOUAll/WltlTE S!glIlJiNCS C!ED 
(JC) VM OOyADIWltilJ !lEC;lJENCl8=: 

(lB. VS) "OPES!ONATatS • 

(Jf) 'lNOO'WRtT'li/IUil..E,u& ~ 

(Jf) UtOOWlU'T'l/kllLEASI ~ 

(VI) MD!ORYOlN'UCT 176, 111 s: 
(HE) VI.. I A). lIS., 
(JC) IC.4L.\JtREFDlliNCI ®-
(Jf) M.UrEacuAlt ® 

Vi RESULTS/D£S11NAnON 

tY Pan' A 

(YQ)..;'=~~ .. 
(It.) FLOATINOREOPkOCAl. 

(F-) FLOAT1NO AOO 

(M.) P!.OAT1NGMU.TlPLY 
ev8,VC,VG,VH 'I&CroRADO 

ND.. VECTOR StaFT 

(V8~~~ :~:~~A44ra;X 
ev&'V Ij"Vi 

VNREADVL 

~ VNRlAO ,U:OkS. 

UtREADVL 

VMREADADl'RS. 

WRlTE 
VN_n 
VMWklTEAttIt 

";SCAlARRIW}

""era<"","",-

I--

lVMVNI'JIN/CDOAlXlfdi. 

(lE.YI,\'E) 

(JC,JE) 

IVN 

VB:'1'ORRECISTER6 
(VS6J) (261.2$6 .2".2)1) 

(VSQ) (2".2",11).1 115 ) 

(V561) (2,,!.~~!~15.2~ 

(Vsro) (2".2n.2'.~0) 
VECI'OR REGISTER' -

(VSSJ) (2°.1 56 ,2'1.2)4) 

(VS52) tl"·2",2:D.1 115) 

(V5'1) (2"'.2<10 ,1".2') 

(VS») (2".2)1,2'1.1°) 
va:-rat REGlS1EJi: 4 

(VS<3) (2°.256 ,2 31 .2)4) 

(VSG) (2''.2018 ,2:D·2 16 ) 

(V54I) (2"'.240.21'.2') 

(VS4O) (219.2)2,1 7.2°) 

VECTOR REGISIER 3 

(VS3J)- (20.256 ,2 '1.2)4) 

(V532)- E~,~~,~.~~~II5) 
(VS31) (24'7.240 ,2 ".2') 

(VSlO) (1".2)2,2'1.2°) 

(VSZZ) 

(VS2I) 

[(VS2O) 

VECIORREGISlD.2 
--~ 

cz ". 2"'. 2 25 .1 16) 

1;1"'.240 ,2".2' 
(2)9.2)1,2'1.2°) 

],; 

~ 

Q>1"S+',Jll 

CRAY Y·MP VECTOR REGISTER BLOCK DIAGRAM 
PART IT 

[(VaS) (2" ,215~) 

1(VC14) (2.",260) 

(VOJ) (2!9,2") 

(V (l.".256) 

·(VC6) a-4',2'" 
(VO) (2'" .2 41) 

(VCA) (2","') 

(VCl) a5 ,2-

(VC2) (2" .2)(1) 

(VO) -(i", 2'" 

(V~ (Z",2Jl ) 

EE 

,:j)1O.O,..."IOIZGN .. (HA) 

VlOl'llRANP~.~) 

I ';/Vj(lP"AN)(~.l· 

II~T"'Il 
.... U" ... JE.5. 



\ 

) 

) 

/ VECfOR REGISTER 7 / 
VRJSELECrs 

ZlZ2Z1Z0 

0000 = PORTA 

000 I = PORTB.C Vrsrr 

o 0 I 0 = FLOATING REOPROCAL 

o 0 I I = FLOATING ADD 

0100 = FLOATING MULTIPLY 

o I 0 I = VECTORADD 

o I I 0 = VECTOR SHlFl' 
o I I I = VECTOR LOOICAL 

I 0 0 0 = SE.LECI' VI.. 2 
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101 I = INDEX 
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(YS62) 
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(VS73) I (VS72) I (VS71) I (VS70) I (VS73) I (VS72) I (VS71) I (VS70) 

VECTOR REGISTER 7 

(VS63) I (VS62) I (VS61) I (VS60) 1 (VS63)1 (VS62) I (VS61)f (VS60) 

VECTOR REGISTER 6 

(VSS3) I (VSS2) I (VSSl) I (VSSO) I (VSS3) I (VSS2) I (VSSl) I (VSSO) 

VECTOR REGISTER S 

(VS43) I (VS42) I (VS41) I (VS40)I (VS43)I (VS42)I (VS41) I (VS40) 

VECTOR REGISTER 4 

(VS33) I (VS32) I (VS31) I (VS30) I (VS33) I (VS32)1 (VS31) I (VS30) 

VECTOR REGISTER 3 

(VS23) I (VS22) I (VS21) I (VS20) I (VS23) I (VS22) I (VS21) I (VS20) 

VECTOR REGISTER 2 

(VS13) (VS12) (VSll) (VSIO) (VS13) (VS12) (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) 

ELEMENT 0 263 _ 256 255 _ 248 247_240 239 _ 232 231 _ 224 223 _ 216 2 15 _ 28 27 _ 20 

VECTOR REGISTER 0 

-
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(VS2) (VSl) (VSO) (VS3) (VS2) 

X15-X8 .- EVEN UPPER REG. 

Y15-Y8 .- ODD uPPER REG. 
X15-X8 

YlS·Y8 
X15-X8 

YlS·Y8 
XlS·X8 

YlS·Y8 

XlS·X8 

YlS·Y8 
XlS·X8 
Y15-Y8 

XlS·X8 

YlS·Y8 

X15-X8 

YlS·Y8 
XlS·X8 

YlS·Y8 
XlS-X8 

YlS·Y8 

XlS·X8 

YlS·Y8 

XlS·X8 
YlS·Y8 

XlS·X8 

YlS·Y8 

XlS·X8 

YlS·Y8 

XlS·X8 

YlS·Y8 
XlS·X8 

YlS·Y8 

XlS·X8 

YlS·Y8 

XlS·X8 
YlS·Y8 

XlS·X8 
YlS·Y8 

XlS·X8 

YlS·Y8 

XlS·X8 

YlS·Y8 

XlS·X8 
YlS·Y8 

XlS·X8 

YlS·Y8 
XlS·X8 

YlS·Y8 
XlS·X8 

YlS·Y8 
XlS·X8 
YlS·Y8 

XlS·X8 

YlS·Y8 
XlS·X8 

YlS·Y8 
XlS·X8 
YlS·Y8 

XlS·X8 
YIS·Y8 
XlS·X8 

YlS·Y8 

XIS·X8 

YIS·Y8 

CRAY Y-MP VECfOR REGISTER 0 
ARRAY LOCATIONS 

27-15 

(VSl) (VSO) 

(27 .2°) 

X07-XOO I 

Y07-YOO 

X07-XOO 
Y07-YOO 
X07-XOO 

Y07·YOO 
X07-XOO 

Y07-YOO 

X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 
X()1-XOO 
Y07-YOO 
X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 

X07-XOO 
Y07-YOO 

X07-XOO 

Y07-YOO 

X07-XOO 
Y07-YOO 

X07-XOO 
Y07-YOO 

X07-XOO 

Y07-YOO 

X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 

X07-XOO 

Y07-YOO 

X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 

X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 

X07-XOO 
Y07-YOO 

X07-XOO 
Y07-YOO 

X07-XOO 
Y07-YOO 
X07-XOO 

Y07-YOO 

X07-XOO 

Y07-YOO 
X07-XOO 

Y07-YOO 

_ EVEN LOWER REG. F-lifr €. It t
_ ODD LOWER REG. 
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VECTOR/SCALAR OPERANDS STEERING 

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 = 0 test, 0, 1. 

VECTOR RESULTS STEERING 

Vector Results (Vi) Selected From: 

(VAO) 

2 3 _2° 

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. 

HTV-0834 

CRAY Y-MP VECTOR STEERING (VA, VB, VC) OPTIONS 

HsrfiNarll Tmg. 
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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 performed 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 (V A) 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 (V A) options to determine the fmal 
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 
infonnation from the (VB, VC) options. The (V A) options partially add the sum and carry 
conditions and wait for the fmal carry to come in from the (VG, VH) options. Then the (V A) 
will perfonn 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 VjNk operands or the SjNk 
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 tenn, 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- VH) Options 

Each (VG-VH) option handles 16 bits of the 64-bit Addition process the (VGO) handles bits 
(20_215), while the (VGI) handles bit (216_231). The (VHO) handles bits (232_247), while the 
(VH1) handles bits (248_263). Because the addition is right justified, the (VGO) will pass to 
(VGI, VHO, VH1) 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 1) will pass 
a Section 1 Enable and a Section 1 Carry to the (VHO, VHO) options, when the appropriate 
conditions exist. The (VHO) option will pass a Section 2 Enable and a Section 2 Carry to the 
(VH1) option. The (VH1) does not pass any Section Enable or Carry infonnation because the 
Vector Add does not perfonn an End Around Carry: any bits above 263 are lost. 

Hardware Trng. 
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VECroR ADD SUM, CARRY 
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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 performing a Vector Shift, the elements of the Vj operand are each shifted the number of 
places specified by the Ak register. For right shifts, the Ak shift count is put into the twos 
complement form; this is done on the (VG) option. All shifts are performed 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 tbose 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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VL=4 

B terms 

SINGLE VECTOR SHIFT 
150, 151 INSTRUCTION 

A tenns 

B3l------- BOO A31-------- AOO 

ELEMENT 0 

ELEMENT 1 

ELEMENT 2 

ELEMENT 3 

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

C47-COO 

C47-COO 

C47-COO 

C47-COO 

For a Vector Single Shift, Element 0 ofVj comes into (VE) options and goes to C47-COO tem1S 
dependent on the shift count followed by Element 1, then Element 2, and finally Element 3 when 
the Vector Length = 4. 

B terms 

LEFT DOUBLE VECTOR SHIFT 
152 INSTRUCTION 

A tenns 
B3l-------BOO A31-------AOO 

STATIC ./ ELEMENT 0 NO-GO 

VL=4 ELEMENrO .. 
./ ELEMENTl --- C47-COO 

ELEMENT 1 .. 
./ ELEMENT 2 ---.. C47-COO 

ELEMENT 2 
,. 

ELEMENT 3 -./ .. C47-COO 

ELEMENT 3 .. ZERO'S .. --.. C47-COO 

VECTOR END _______ -....It 

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. 

HTV-0834 

CRAY Y-MP VECfOR SHIFT OPERATION 
(Page 1 of 2) 
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Vector 
Begin --. 

VL=4 

RIGHT DOUBLE VECTOR SHIff 
153 INSTRUCTION 

B terms A tem1S 

B31-------BOO A31--------AOO 

ZERO'S '/ ELEMENT 0 

ELEMENT 0 
, 

./ ELEMENT 1 

ELEMENTl ¥ 
'/ ELEMENT 2 

ELEMENT 2 # ELEMENT 3 

.. 

.. -... 

.. 
p 

C47-COO 

C47-COO 

C47-COO 

C47-COO 

For a Left Double Vector Shift, Element 0 of Vj comes into the (VE) 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 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. 

HTV-'0834 

eRA Y Y -1\.1P VECTOR SHIFf OPERA nON 
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CRAY Y-MP VECTOR SHIFT 
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 (VAO - VA15) options perlorrn the shift of 1 when the Vector Shift 1 control signal is 
present. Each (V A) 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 (V A) 
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 ofVj 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 (VE) option handles either the even numbered bits or the odd numbered bits of the Vj 
operand. The (VE) perlorms shifts of (64, 32, 16, 8,4,2). During a right shift the twos 
complement of the shift count is sent to the (VE) option by the (VO) option. The (VE) receives 
the hO, hI instruction decode to determine if a right or left shift is to be perlormed, and then 
activates the appropriate control terms. The (VE) 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. 

I 

(VGO) Option 

The (VO) supplies the (VE) and (VA) options with the needed shift control terms. During a 
right shift, the (VE) will perlorm 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 (VO) 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 (VE) options. 
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047 046 045 044 043 042041 040 039 038 037 D36 035 D34 033 032 031 030 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 

047 D46 D45 044 043 042 D41 D40 039 D38 D37 D36 035 D34 D33 D32 031 D30 D29 D28 D27 D26 D25 D24 023 D22 D21 D20 DI9 DI8 D17 DI6 

047 046 045 044 043 D42 041 040039 038 D37 D36 D35 D34 033 D32 031 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 DI9 DI8 DI7 DI6 

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 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 E25 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 

I T.S. ofll 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 ROO R02 ROI ROO 

262260258256254252250248246244242240238236234232 2 30 228226224 222220218216214212210 208 2 06 2 04 2 02 2 00 

NOTE: Shift 1 is done on the inputs to the (VB, VC) options. 

Vj ELEME.'H CI' 4 

1

2 62 260258 

263 261 2 59 

256254252250248246244242240238236234232230228226224 222 220218216214212210208 206204202 200 

257255253251249247245243241239237235233231229227225 2 23 221219217 2 15 2 13 2 11 2 09 207 2 05 2 03 2 01 

I3\ 130 129 128 127 126 I25 124 I23 122 121 120 1I9 1I8 II7 II6 II5 II4 II3 Il2 III no I09 I08 I07 I06 IOS I04 I03 I02 lOl lOO 

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 A04 A03 A02 ADI· 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 CIS 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 C07 C06 C05 C04 C03 CO2 COl coo 

CI5 CI4 CI3 CI2 C11 CIO C09 C08 C07 C06 C05 C04 C03 CO2 COl coo 
CI5 CI4 CI3 CI2 C11 CIO C09 C08 C07 C06 C05 C04 C03 CO2 COl coo ALIGNMENT 

D27 D26 D25 D24 D23 D22 D21 D20 DI9 DI8 DI7 DI6 DI5 DI4 D13 DI2 

D23 D22 D21 D20 DI9 DI8 DI7 DI6 DI5 DI4 D13 DI2 

DI9 DI8 DI7 DI6 DIS DI4 DI3 DI2 

DI5 DI4 D13 DI2 

DI5 DI4 D13 DI2 

EI8 EI7 EI6 EI5 

E17 EI6 EI5 

EI6 EI5 

EI5 

EI5 ALIGNME. ...... 

R32 

L OVERLAPDATA 
(YEO) 

ALIGNME.Vf 

26 2 j 

00 = H4, HO 

01 = H5, HI 

10= H2 

11 = H3 

LEFT DOUBLE SHIFT CO"IROL 

24 23 22 21 

00=1m,1m 00 = m:m. rn:rn 
01 =1m, H23 01 =Nm.13I·J2\ 

10 = H24, 1iTI 10 = 132-J22, nT-TIl 

II = H24, H23 II = J32-J22, 131-121 

20 

D 
0 
N 
E 

0 
N 

(V.A.:.) 

CRA Y Y -MP VECTOR LEFT DOUBLE SHlF'r - 152ijk INSTRUCTION (VE) OPTION 

(YEO) 

(VEl) 

SHIFf DERNEO FROM (Ak) 
FIELD OF l:'IS1Rl:CI10N 

2 6 ,2 j 

DL=96 I I 

DL=64 0 

OL· 32 0 

DL=O 0 0 

24 ,_2 3 

DL = 24 I I 

DL= 16 0 

DL=8 0 

DL=O 0 0 

2 2 ,21 

DL=6 I I 

DL=4 0 

DL=2 0 

DL=O 0 0 
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Vj ELEMENT CP] 

24:1 2-2" 2 56 2"'2 S2 250 2'" 2 0M 2"24 2 40 2)1 2M 2)42 3212)0 22&2 16 224 222 220211216214212210 201 2'" 2 04 202 2001 
2611612" 2" 2S5 2Sl 2 51 249 241 2"'241 2'" 239 231 2)52)]211 1292%121522)2211192172U2U211209207 2°52°)2°1 

III DO 129 WI n1 l2IIS tl5 114 W III III no 119 b. 117 116185 II" OJ III III 110 109 101 107 106 105 106 10) 102 101 100 
T,s.OI6 All AlO A29 ..ut A'ZI A26.us Al4 A2l All All .uo A)9 All Al7 A16 AU AI4 AU All All AlO NJt ADI Nn A06 ADS A04 AO] A(Xl. AOI AOO 

IT,s.o,t:l 8Jl 8)0 1n9 au 827 826 815 814 811 a21811 B20 819 811 811 a16 ai' 814 au 811 au 810809 BOI 807 806 80S a06 BD1 am &01 800 
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Vj EUlMENT CP4 

1

24:1 2-1" 256 2'" 2 '2 250 2'" 2'" 2 .... 242 2 40 2)1 236 2)4 2)21230 211 Zl6ZU 222 220 211 2" 21"211210 201 206 20.202 100 

26) 261 2" 257 2"2Sl 2 51 2 49 2,,7 2"2")2"1 239 2)7 2 )'2]) 231 229 2%1 2 2:1 211221219217 2"21J 2 11 209 207 2°52°1 2°1 

U1 DO 12.9 III 117 Il6 tlS 124 121122 121 no 119111 117116111' .. " III 112 In bO 109 101 101 106 lOS 10.& 101 101101 100 

~~-~=--~~~~~~~-~~---~~------~-~
=~=====~====~ru===~ru==~~~=~~~===~ 

a, a" a1 ell CIl CIO cot COl COl C06 ad co. COl CO2 COl coo 

CIS a" 01 Cll Cll Cl0 e09 COl COl C06 ad co. CO) CO2 COl coo AI..KlHMENT 

=~=~==~=~~=~~~~= 

W3 DIU Dl1 D20 019 Dl1 Dl7 Dl6 DIS 01.4 PlJ 012 

019 PII D17 016 DI' 01" Oil Dll 

DIS DI" Dil DI2 
DI' 01 .. Dil PI2 

IiIIEI1 El6EIS 

Jill S16 EU 

El6S., .. , 

AU"" ...... 

[!n-W-SiSEU EA3 E42 £.41 E40 E» Ell E37 EM lOS El4 10) Ell Ell ElO El9 £ZI El7 £l,6 ms El4 Ell Ell Ell mo EI9 Ell E17 EI6 ElS AlJONMfHT 

~ 
>-<: 
;g 
o 
'"0 

~ 
~ 

~ III &lO 129 111 &21 a2.6 US au Il) R22 R2l R20 a19 all an Rl6 Rl5 kl" In 1I2 all RIO 109 lOi a07 R06 101 lOll l03 R(Xl. aOi ROO 

2Q 2-251 2" 2"'2 51 2 50 2'" 2"'2 .... 2 42 2.40 2 31 2 36 214 2'2 2 30 228 2 2AS124 222 220 2"2" 21"2112102°1205 2 04 Z01 200 

261 2'1 259 2'7 2" 253 2" 2" 2"72'" 2"3 241 219 2)7 2" 2]) 211 219 2 27 21S 2 2) 221219217 Z IS 2 n 211 209 207 2°52°1 1°1 

NOJ'I!: SbilJ I iI doae ... olio Upa 10 olio (V A) opO .... 

In 

L CMltLAPDATA 
(VB» 

(VEl) 

2' 2' 

00_H6 

0I._H7 

10-II.4.HO 

l1-""Hl 

lDI' DOUBUi SHIFf CXlN'I'kOL 

,. 2' 2' " " 
oo-1m.1I!J 00 -m::m. nrni 

D 
0 

OI_1IU.Hll Ol_JH:Jn.Ul..Jll 
H • 

10_H2A.HIJ 10_Jl2.-Jll,J'Jl-lr1 0 

ll-H24, Hll 11 _Jl2-J21,JlI-121 
N 

- ~. 

eRA Y Y-MP VECfOR RIGHT DOUBLE SHIff - 153ijk INSTRUcnON (VB) OPTION 

.~ 

(VEO) 

(VEl) 

SHIfT OBJVED fRQd ~ 
<lOtdJU>dEl« '"' (AI<) 

2'.2' 

~-'[ DR_'" I 0 

DR-12 ° I 

DR_O ° 0 

DR_ ... 
DR_16 

DR_' 
DR_. 

DR_' 
DR_' , • DR_, • 1 

DR_. o 0 

fWd"..,,, Ttn~ 
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) 
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'T.S. 0I6 1 
T.S.0I6 

Vj ELB.\ffiNT CP 3 

262260258256 254252250248246244242240238236234232230228226224 222 220218216214212210 2OS2 06 2 04 2 02 2 001 
263261259257255253251249247245243241239237235233 231229227225 2 23 221219217215213211209207 2 05 2 03 2 01 

; 

131 130 129 128 I27 126 I25 124 123 122 121 120 I19 Il8 I17 I!6 Il5 I14 I13 I12 III IlO 109 !O8 107 106 !O5 104 103 102 !OI 100 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AI5 AI4 AI3 AI2 All AIO A09 AOS A07 A06 A05 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 BOS B07 B06 805 B04 B03 B02 BOI BOO 

('47 (:4~ (X~ 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 CI5 CI4 C13 CI2 Cll CIO aJ9 C08 C07 Q)(j .C05 C04 C03 CO2 COl COO 

CI5 CI4 CI3 CI2 Cll CIO aJ9 C08 C07 C06 C05 C04 C03 CO2 COl COO 
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 D44 043 042 041 040 D39 D38 D37 D36 D35 D34 D33 D32 D31 D30 D29 D28 D27 D26 D25 D24 

047 046 045 044 043 042 041 040 D39 D38 D37 D36 D35 D34 D33 D32 D31 D30 b29 D28 D27 D26 D25 D24 D23 D22 D21 D20 

047 046045 044 043 042041 040 D39 D38 D37 D36 D35 D34 D33 D32 D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 DI9 DI8 DI7 Dl6 

047 046 045 D44 043 042 041 040 D39 D38 D37 D36 D35 D34 D33 D32 D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 DI9 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 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 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 E25 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 

11',5,0171 R31 R30 R29 R28 R27 R26 R25 R24 R23 R22 R21 R20 RI9 RI8 RI7 RI6 RI5 RI4 R\3 RI2 Rl1 RIO R09 ROS R07 R06 R05 R04 R03 R02 ROI ROO 

262260258256 254252250248246244242240238236234232230228226224 222 220218216 214212210 2OS2 06 2 04 2 02 2 00 

2 63 2 61 2 59 2 57 2 55 2 53 2 51 2 49 247245243 241 2 39 2 37 235233 2 31 2 29 2 27 2 25 2 23 2212 19 2 17 215213211 2 09 2 07 205203 201 

NOTE: Shift 1 is done on the inputs to the (V A) option, 

Vj ElliVlENT CP 4 

1
262260258256254252250248246244242240238236234232 230228226224222220218216214212210 2OS2 06 204202 200 

263261259257255253251249247245243241239237235233 231229227225223 221219217 215213211209207 2 05 2 03 2 01 

131 130 129 I28 I27 126 125 124 123 122 121 120 Il9 Il8 I17 I16 I15 Il4 Il3 Il2 III IlO 109 lOS 107 106 105 104 !O3 102 !OI 100 

A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A21 A20 AI9 AI8 AI7 AI6 AI5 AI4 A13 AI2 AI! AIO A09 AOS A07 A06 A05 A04 A03 A02 AOI AOO 

C31 C30 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 CI9 CI8 C!7 CI6 CIS CI4 CI3 CI2 CI! CIO C09 COS C07 C06 C05 C04 C03 CO2 COl COO 

CI5 CI4 CI3 CI2 Cll CIO C09 COS C07 Q)(j C05 C04 C03 CO2 COl COO 

CI5 CI4 C13 CI2 Cl1 CIO C09 COS C07 Q)(j C05 C04 C03 CO2 COl COO ALIGNMENT 

D27 D26 D25 D24 D23 D22 D21 D20 DI9 Dl8 D17 DI6 DI5 Dl4 DI3 D12 

D23 D22 D21 D20 Dl9 Dl8 D17 DI6 DI5 DI4 Dl3 DI2 

DI9 DI8 D17 DI6 DI5 DI4 D13 DI2 

DI5 DI4 DI3 012 

DI5 DI4 DI3 Dl2 

EI8 EI7 EI6 EI5 

EI7 EI6 EI5 

EI6 EI5 

EI5 

EI5 ALIGNME."''T 

R32 

L OVERLAPDATA 
(YEO) 

(VEl) 

ALIGNMENT 

26 2 5 

00= H6 

01 = H7 

10= H4, HO 

11 = US, HI 

LEFT DOUBLE SHIFf CONTROL 

24 2 3 22 21 

00='ID4, iID" 00 = 132-J22. D'i'T2i 

01 ='ID4, H23 01 =m:rn,J3I-J21 

10 = H24, 1'ID" 10 = 132-122. rrr-IT1 

11 = H24, H23 II = J32-J22. J31-J21 

2° 

D 
0 
N 
E 

0 
N 

(VAs) 

(YEO) 

(VEl) 

SHIFf DERIVED FROM lWo. 
COMPLEMENT OF CAlc) 

2 6 ,2 5 

DRz96 I 

DR =64 0 

DR=32 0 

DR -0 0 0 

24 ,2 3 

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 

(ROJ) Option 

The (R01)option performs 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 perform a Reciprocal 
Approximation or to perform a population count on the elements of Vj. 

Because the Vector Pop Count uses the Reciprocal units data path into and back out of 
Lhe Vector registers, the Vector Pop would reserve the Reciprocal fWlcLional 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 174ij1 instruction counts the numbers of one bits in each element ofVj 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 of Vj 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 (R01) 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. 

Hardware Trng. 
YM05115 J.E. S. 
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VECTOR REGISTER POP COUNT / 

--
FUNCTION-AL UNIT INSTRUCTIONS 

174ij1 Population Counted of (Vj) to Vi 

174ij2 Population Count Parities of (Vj) to Vi 

CAL FORMAT 

Vi PVj = 174ij1 

Vi QVj = 174ij2 

Hardware Tmg. 
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(ROl) 
GO RECIPROCAL (CP 3) 

(VGl) k DESIGNATOR 20, 21 kBIT20= 1 

(VHl) GO RECIPROCAUPOPULATION 170 GO RECIPROCAUPOPULATION 

2 63 

26 

DELAY GO 
RECIPROCAL 

GO RECIPROCAL 

GO RECIPROCAL (CP 12) 

"'-. .. _) 

(RN, RM, RL) 

126 
POPULATION COUNT 2 - ~ (VAO _ VAl) 

21 POPULATION COUNT 20 

20 

VECfOR 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 CRAY Y-MP. 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 073iO 1 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 VectorN ector 
instruction. The Vector Logical unit is located on the (VB, VC) options. The (VB, VC) options 
send their results to the (V A) 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 (V As), 
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 dees 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 CRA Y 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. 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. 

Hardware Trng. 
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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, YC) <?ptions. The (VB, YC) 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 Yj * 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 17 5ij4-17 5ij7 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/AidScalar 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 073iOl 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. 

Hardware Trng. 
YMOSI07 J.E.S. 

HTV-0834 31-2 eRA Y PROPRIETARY 

I 
/ 



) 

') 

VECTOR REGISTERS VECTOR LOGICAL 
FUNCTIONAL UNIT INSTRUCTIONS 

(Page 1 of 2) 

VECTOR LOGICAL AND VECTOR LOGICAL 2 

140ijk Vi Sj&Vk Logical ProdlJ.cts 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 

VECTOR MERGE 

146ijk Vi Sj! Vk&Vm Transmit (Sj) if VM bit = 1; (Vk) if VM 
bit = 0 to Vi 

146iOk Vi #Vm&Vk Vector Merge of (Vk) and 0 to Vi 

147ijk Vi Vj !Vk&Vm Transmit (Vj) if VM bit = 1; (Vk) if 
VMbit= 0 to Vi 

Hardware Trng. 
YMOSI09 J.E.S. 
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CRAY Y-MP VECTOR REGISTERS VECTOR 
LOGICAL FUNCTIONAL UNIT INSTRUCTION 

(Page 2 of 2) 

VECfOR 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 Into (compressed Vi) 

175ij7 Vi VM Vj,M VM = 1 if (Vj) Negative and Element 
Index is Loaded Into (compressed Vi) 

Hardware Trng. 
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LOGICAL OPERATIONS 

140ijk Logical product Sj & Vk Elements to Vi 
141ijk Logical product Vj Elements & Vk Elements to Vi 

SjNj 177777 000000 177777 177777 

Vk 000000 000000 177777 177777 

Vi 000000 000000 177777 177777 

142ijk Logical sum Sj ! Vk Elements to Vi 
143ijk Logical sum Vj Elements! Vk Elements to Vi 

SjNj 177777 000000 177777 177777 

Vk 000000 000000 177777 177777 

·Vi 177777 000000 177777 177777 

144ijk Logical difference Sj \ Vj Elements to Vi 

1 1 0 0 

1 0 1 0 

1 000 

1 1 0 0 

1 0 1 0 

1 1 1'0 

145ijk Logical difference Vj Elements \ Vk Elements to Vi 

SjNj 177777 000000 177777 177777 

Vk 000000 000000 177777 177777 

Vi 177777 000000 000000 000000 

1 1 0 0 

1 0 1 0 

o 1 1 0 

Hardware Trng. 
A-5864A J.E.S. 
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I (VCIS) (262 ,2 63 ) 

, (VCI4) (2 60,2 61) 

, (VC13) (258, 259) 

I (VCI2) (256,2 57) 

I (VCll) (254,2 55) 

I (VCIO) (2 S~ 2 53) 

I (VC9) (250,2 51 ) 

I (VCS) (248 , 249 ) 

,(VC7) (246,247) 

I (VC6) (244,2 45 ) 

, (VC5) (242, 2 43) 

,(VC4) (240, 2 4i ) 

,(VC3) (238,239) 

1(VC2) (2 36,2 37) 

I (VCI) (2 34,2 35 ) I (Veo) (2 32, 2 33) 

I (VBIS) (230,2 31) 

I (VB14) (228,2 29 ) 

, (VB13) (226 ,227) 

,(VB12) (224,225) 

(VBll) (222,223) 

I (VBIO) (220,221 ) 

I (VB9) (218,2 19 ) 

1(VB8) (21~217) 

,(VB?) (214,2 15 ) 

1 (VB6) (212,2 13 ) 

I (VBS) (210,211) 

J (VB4) (2 8 ,2 9 ) 

1(VB3) (2 6 ,2 7 ) 

(VB2) (24,25) 

l(VBI) (2 2 ,2 3 ) 

(VBO) (20,2 I ) 

r (VAIS) (260 .263 ) 

I (V A14) (256.259 ) 

I<V A13) (252 .255 ) 

,(VAI2) (2 48 .251 ) 

(VAll) (244• 2;47) 

I (VAIO) (240.213 ) 

I (VA9) (236• z39) 

,(VAS) (2 32.235) 

I (VA?) (228 _ 2 31 ) 

,(VA6) (224 - 227) 

(VAS) (220 _ 223 ) 

I (VA4) (2 16_2 19 ) 

I (VA3) (212_ 215 ) 

,(VA2) (2 8_ 211) 

I (VAl) (24 - 27 ) 

(VAO) (20_ 2 3 ) 

(YS) ~MTA,V; ~r< r..r::l 
(VS) VECfORDATA, Vk ~ - .... t T 

~ r--...z...---, (JA- VS) i FIElD 48-50 
(JD-VS) VFU,FLOATINGMULTIPLY~H VECfOR --

-
(JG-VS) ,J+I.J 1 ~r- 140-145 _ 

(JG-VS 

k· .. ,. ~ LOGICAL 2 (JD - VS) VFU SELECf VU 144-47 Mill{ 11 
bO,bl ~ INSTRUCIlON ~ VECfORLOGlCAL2RESULTS 
I IS7 58 L....a. I- r--.R26, 21-0 6-39V--+-~L----.J ~ -RO-31 VO-V7 RESULTS (VR) _ 
VS) 

• 1
0

- ...... RO_~l......, 

HTV-0834 

CRAY Y-MP VECTOR LOGICAL 2 140-145 INSTRUCTIONS 
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') VECTOR LOGICAL 2 
/ 

) 

Select Vi/Sj or Vk operand from FL Multiply 

TS=38~5 -----------------------------------------------

Select Vk=(VO-V7), Vj = (VO-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=lW17 -----------------------------------------------

HTV-0834 

K47 = h bit 21 or hI 
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 = 20/27 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

HTV-0834 

K48, K47 = hI, h2 instruction 
R26 = VL2 bit (N + 20 ) 
R27 = VL2 bit (N + 21 ) 

31-8 

Hardware Trng. 
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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 perform 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 perform 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 for performing the Scalar and Vector 
Mask instructions, as well as the Scalar Constant instructions. The (VF) options finalize 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 (VB) also supplies the 
(VOO) option with the control term 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. 

Hardware Trng. 
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HTV-0834 31-9 CRA Y PROPRIETARY 



~ 
< I 
o 
00 
w 
~ 

\"o.l ...... 
I ...... 
o 

(JG.VS.VS)~ 
(JG.VS) k,j+i.jli~ 

(JD.VS)~ 

I (VCIS) . (262 ,2 63 ) 

(VCI4) (2 6~ 2 61) i 

(Vcn) (2 58, 2 59) 

I (VCI2) (2 56,2 57! 

(VCll) (254,255) 

~~--------------, 

(VCIO) (252,253) 

(2~2S1) 

(248 ,2 49 ) 

(2 4°,2 41) 

r(VC6) (244 ,245 ) 

(VCS) (2 42, 2 43) 

(VC4) (24",241 ) 

fcvC3) (238,239 ) 

(VC2) (2 36,2 31 ) 

(VCI) (2 34,2 35 ) 

(VCO) (2 32,2 33) 

VECIOR 
LOGICAL 

140·145 
INS1RUCfION 

(VB IS) (230,2 31) 

(VBI4) (228,229) , 

(VB 13) (226 , 221 ) 

(VB12) (224,225) 

(VBll) (222,223)' 

(VBIU) (2'",221 ) 

~
0.35 

0·3 
MUX 

(VB9) (2 18,2 19) 

(VB8) (2 I~ 2 1,) 

(VB7) (214,2 IS) 

I (VB3) 

(VB2) 

(VB6) (212,213) 

(VBS) (210,2 11 ) 

(VS4) (28 ,2 9 ) 

VECIOR 
LOGICAL 

(2' .2
' 
)t-

(24 ,25 ) 

VECIOR LOGICAL RESULTS (2'2.:z63) ("u2.3S 

(V'AIS) (260 • 263 ) 

(V A14) (256• 2 59 ) 

(VAn) (252. 255 ) 

(236.239) 

(2 32.235) 

(V A7) (228.231 ) 

(VB I) (2 2 ,2 3 ) 

(224 .221 ) 

(220.223 ) 

(2 16.2 19) 

(2 12 .21S ) 
VECIOR LOOICAL RESULTS (21.2") (2

8
.2

11
) 

(VBO) (20.2 I ) 

VL RESULTS (20 22 4 Ih 
(VS) VECIORllATA Vk ' ,2,2 -, (EVEN) 

(VS) VECIORDATA V' 

VLRESULTS (2',2 3,2 ',2') (ODD) 

CRAY Y-MP VECfOR LOGICAL 140-145 INSTRUCTION 

\ ) 

I (VAl) (24 .2
' 

) 

1 (VAO) (2 o. 2 3) i 

KR:§I) VO-V1 DATA ~ (VK) 

Hardware Tmg. 
A·586OA J.E.S, , 



~~) VECTOR LOGICAL 140-145 INSTRUCTION 

) 

) 
/ 

Select Vi/Sj or Vk operands 

TS = 38/45 

M70-71 = Vector Logical operand Vk = VO-V3 
M72-73 = Vector Logical operand Vk = V 4-V7 
M7 4-75 = 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 = 0/6 -------- --- -- ------------- -- --- - -- - -- - -- --- - ----

L 78 - Holds (N72-73) when Sj operand is used 

Hardware Tmg. 
YMOSI11 J.E.S. 
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Vector Logical (~ND, OR, XOR) 

TS=IWI7 -----------------------------------------------

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=hl, K78 = h2 - instruction decode 

Output Vector Logical Results 

TS =20/27 

R24 = VL + Merge bit (n + 2°) 
R25 = VL + Vj test + Sj to Vm bit (n + 21 ) 

Hardware Trng. 
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~ 
I 
o 
00 
w 
~ 

I.;.) ..... , ..... 
I.;.) 

n 
S; 
-< 
;g 
~ 
~ 
tT1 

~ 
:;0 
-< 

(0. 

(ID) 

(lE) 

(0.0) 

(ID) 

\ ) C') (YCI5) (262.263) 

"'~ 
'--, C') (YCI4) (2 6°2 61 ) 

VM FA<"'OlIf 12"'.2'6), 2" 224) • 
(VF3) (263.256).(231.224) ~VMBIT C') (VCll) (2

53
.2 59 ) 

~ * C') (VCl2) 56 57 (1,1) POSITIO:-l CO:-lSTA!m;~1 -~ - 54 :::w- (2 .2 ) 

~ C) (VBI5) (23~231) -=-

~' 

(VFl) (255.248).(223.216) C) (VBI4) (228.229) 

VMBITFANOlIf (2".2"),(223. 2") C) (VBIl) (226.227) 

0.0) POSITIO:-l CO:-lSTANTS~~54 ':& VMBIT C) (VB12) (22-!2~ 
~ 

(VFl) (247.24°).(215.28) ~ C') (YCll) (254 .2 55 ) 

~ (2C1.:z"'). / 
~ VMBITPANOlIT C2".2') C') ,r(VClO) (252 253) 

--- ~l ~ J' I) POSITIO:-l CONSTANT~ -~ .. - 54 ~ C') (VC9) (2
50

.2
51

,) 

r-ill- / 
(VRl) (239.232).(27.2°) ~ VMBIT C') r(VCS) (2 48.249 ) 

GO VECfOR LOGICAL ZERO..... I C) (VBll) (222 2 23 ) 

GO VI. DATA 153 +1 1......... I C) (VB1O) ""0 ~21) 
54,5 .i VMREO. ~ J 1 \&" • 

POSITION CONSTANT ~ ZI,ZO 1 20 ~ ~ . C) (VB9) (2
18

.2
19

) 

N 2' ~ I ~ VMBIT V C) (VB8) 
16

2
17 146·147/071,175/073 ~ D 2' ~ i"'" _I (2.) 

~.. 2' CO I 

B 2' f-- I g') (VCl) (2
46

.2
47

) f(YAI5) 60 63 
X 2' C7 I (2 .2 ) 

'--I....-. '--- .il-f(VC6) (2
44

.2
45

) r(VAI4) (2
5
6.2

59
) 

VM BIT ~ PANOlIT ~VMBITPANOlITC2'·.2").(21.20) C') (VCS) (2 42.243 ) I (VAl3) (2
52

.2
55

) 
.!!!!...!!!.!.--Cii112.14 VM ~ C ') (VC4) 40 41 I 

• BIT (2 .2 ) ,(VAI2) (2 48_251 ) 
1:' 

VECrORUXllCAL C) (VB7) (214 2 15) r(VAII) 
...L-___ ......... (244.247) 

C) (VB6) (212 213) ~"..,.,::-___ ., 
..L ___ ,....... '"""' ,(VAlO) (240.243) 

C) (VB5) (21°.211) ,(VA9) (2
36

_2
39

) 

C) (VB4) (2
8
.2

9
) f(VAS) (232 .235) 

(VMBIT)' I (Vel) (238 .239 ) r(vA7) (228.231) 

/ (VMBIT)'~ (Vel) (236.237) r(VA6) (224 .227 ) 

I (VMBIT)'@-t{YCl) (234.235) I (VAS) (220.223 ) 

J (VMBIT)' 119 (VCO) (232.233 ) r(VM) (2 16.2 19) 

1 (VMBIT) ~ (VB3) (26 .27 ) ,(VAl) (2 12.215) 

/ (VMBIT) 119 (VB2) (24 .25 ) r(VA2) (2 8.211 ) 

J (VMBIT) 119 (VBl) (22.23) ,(VAl) (24 _27) II (VBO) (2°. 2 1
) (YAO) (2°.23) 

(VMBIT) _ 

119l~ 

~ 
(VS) VECfORDATAVO·V7 ~h~H!-. I (JA,JD.yS) VPU'I'GOVA~trB'1vo-V7 

(JG • YS) CF n, . + I, 1/ i TI64' '-!I MUX MUX 

- ~ VECfORLOGICAL ~_ ~ VO-V7DATA 
(ID·YS) VPU ~ ~. ~ ~ Ham ... , 

YSs) 

Tmg. 
A·586rA 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 

Sj = 

Vk 

Element 0 

Element 1 

Element 2 

Element 3 

I 1 0 1 
I 1 1 

17 -------------

o -~=---------
0------------

o ------------
o ------------

0 
1 

7~ 

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

147ijk INSTRUCTION 

Vj 

Element 0 

Element 1 

Element 2 

Element 3 

Vk 

Element 0 

Element 1 

Element 2 

Element 3 

I 1 0 1 0 
I 1 1 1 

1 0------------ 0 f--+ 

1 1 0---------- 0 f-+ 
1 1 1 0-------- 0 --. 
1 1 1 1 0------ 0 

--. 

o ------------- 0 --. 
o ------------- 1 -. 
o ------------- 2 --. 
o ------------- 3 -. 

o ------------

+ 
VM= 1,263 f--+ 
VM=0,262 f-+ 
VM= 1,261 f-+ 
VM=0,26O ~ 

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

t 

VM= 1,263 r----
VM=O,262 r----
VM= 1,261 r-. 
VM=0,26O r-. 

0 I VMREGISTER 

17 --------..;.--- 7 

0 ------------ 1 

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

o ------------ 3 

0 I VMREGISTER 

1 0------------ 0 

0------------- 1 

1 1 1 0-------- 0 

O· ------------- 3 

Vi 

Element 0 

Element 1 

Element 2 

Element 3 

Vi 

Element 0 

Element 1 

Element 2 

Element 3 

Hardware Trng. 
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) 

VMBIT 

2 63 

2 62 

2 61 

260 

2 59 

2 58 

2 57 

2 56 

2 55 

2 54 

2 53 

2 52 

2 51 

250 

249 

248 

247 

2 46 

245 

244 

243 

242-
241 

240 

239 

2 38 

2 37 

236 

2 35 

2 34 

233 

232 

INDEX 
D5D4D3D2Dl DO 
2524232221 20 

o 0 0 0 0 0 

o 0 o 0 0 I 

O· 0 o 0 I 0 

o 0 0 0 I I 

000 I 0 0 
0 0 0 I 0 I 

0 0 0 I I 0 

0 0 0 I I I 

0 0 I 0 0 0 

0 0 I 0 0 I 

0 0 I 0 I 0 
0 0 I 0 I I 

0 0 I I 0 0 
0 0 I I 0 I 

0 o I I I 0 

0 0 I I I I 

0 I 0 0 0 0 

0 I 0 0 0 I 

0 I 0 0 I 0 

0 I 0 0 I I 

0 I 0 I 0 0 

0 I 0 I 0 I 

0 I 0 I I 0 

0 I 0 I I I 

0 I I 0 0 0 

0 I I 0 0 I 

0 I I 0 I 0 

0 I 1 0 I I 

0 I I I 0 0 

0 I I I 0 I 

0 I I I I 0 

0 I I 1 I I 

Boolean Option 

CI7 (VF3) 

C16 (VB) 

CI5 (VF3) 

CI4 (VB) 

CI3 (VB) 

CI2 (VB) 

Cll (VB) 

ClO (VB) 

CI7 (VF2) 

CI6 (VF2) 

CI5 (VF2) 

CI4 (VF2) 

C13 (VF2) 

CI2 (VF2) 

Cll (VF2) 

ClO (VF2) 

CI7 (VFI) 

CI6 (VFI) 

CI5 (VFI) 

CI4 (VFI) 

C13 (VFI) 

CI2 (VFI) 

Cll (VFI) 

ClO (VFI) 

CI7 (VFO) 

CI6 (VFO) 

CI5 (VFO) 

CI4 (VFO) 

C13 (VFO) 

CI2 (VFO) 

Cll (VFO) 

ClO (VFO) 

VMBit 

2 31 

230 

2 29 

2 28 

227 

2 26 

2 25 

224 

2 23 

222 
221 
220 

2 19 

2 18 

217 

2 16 

2 15 

214 

2 13 

212 

211 
210 

2°9 

2°8 

2°7 

2 06 

2°5 

2 04 

2°3 
2°2 

2°1 

2°° 

INDEX 
D5D4D3D2Dl DO 

25 24 23 2221 20 

I 0 0 0 0 0 

I 0 0 0 0 I 

I 0 0 0 I 0 

I 0 0 0 I I 

I 0 0 I 0 0 

I 0 0 I 0 I 

I 0 0 I I 0 

I 0 0 I I I 

I 0 I 0 0 0 
I 0 I 0 0 I 

I o I 0 I 0 

I 0 I 0 I I 

I 0 I I 0 0 
I 0 I I 0 I 

I 0 I 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 

I I I 0 0 1 

I I I 0 I 0 

I I I 0 I I 

1 I I I 0 0 

I I I I 0 I 

I I I I I 0 

I I I I I I 

"' 

Boolean Option 

C07 (VF3) 

C06 (VF3) 

C05 (VF3) 

C04" (VF3) 

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 

(VF3) 

(VF3) 

(VF3) 

(VF3) 

(VF2) 
(VF2) 

(VF2) 

(VF2) 

(VF2) 

(VF2) 

(VF2) 
(VF2) 

(VFI) 

(VFI) 
(VFI) 

(VFI) 
(VFI) 

(VFI) 

(VFI) 

(VFI) 

(VFO) 

(VFO) 

(VFO) 

(VFO) 

(VFO) 

(VFO) 
(VFO) 

(VFO) 

Hardware Trng. 
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o 
00 
Vl 
.j:>.. 

w ....... 
I ....... 
0\ 

QD.VS) 

C"jG. VS) 

S; (VS) 

~ 
""d 
to o 
""d 
2S 
t11 
;; 
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[(VCI5) (262 ,2 63) 

FVCI4) (2~2 61) 

(VC\3) (2 58,2 59 ) 

(VCI2) (256,2 57 ) 

I(VClI) (254,2 55) 

I (VCIO) (2 52,2 53 ) 

1(VC9) (2 50,2 51 ) 

(VCS) (248 ,2 49 ) 

(VO) (2 46,2 41 ) 

r (VC6) (244 , 2 45 ~ 
I (VO) (242,2 43) 1 
(VC4) (240,2 41 )1 (VBlS) (2 30,2 31) 

[(VC3) (238 ,2 39 ) [(VB14) (2 28,2 29 ) 

(VO) (2 36,2 3'7) I (VB 13) (226 ,2 21 ) 

I(VCI) (234,2 35 )1(VB12) (2 24,2 25) 

(VCO) (232,2 33 ) (VBII) (222,2 23 ) 

I (VB 10) (220, 221) 

r(VB9) (2 18,2 19 ) 

1(VB8) (2 1~211) 

(VB?) (2 14,2 15 ) 

(VB6) (212,21l) 

[(VBS) (210,2 11 ) 

(VB4) (2 8 ,2 9 ) 

1(VB3) (26 ,21 ) 

(VB2) (24,25 ) 

[(VBI) (2 2 ,2 3 ) 

(VBO) (2 0,2 1 ) 

VFU ~ 
r--~ 

CPlk.·+i.j/i ~ MlJX N 

VECTORDATAVO.~ 
L---

~ N,N+1 R2S 

(VF3) (263.256), (2 31• 224) - VjPARllAL1i1lST 

POSITION CONSfANf ~ f-r§1 ~ (1,1) 
nTh 

(VF2) (255.248 ), (223. 2 16) 
~ 

-
(1,0) POSITION CONSTANf ~ ~ rTjb 

~ V' PAR11AL TEST 
c::;:;: 

(VPI) (:zI1.24O),(215.28) ~ 

~ I-
(0,1 POSITION CONSfANf ~ ~ ~ 

? 
(239.232), (21 • 2 0) 1= V; PARTIAL TEST (VI'O) 

~ 
(0,0) POSmON CONSTANf <m]j>t ~m, ~ ~ ZI,ZD Vj lE ~ 

I ~~~r ~ [ (VAl) (24.2 5 ) Vj PARTIAL TEST -ro:r = V; PARTIAL TEST 
0..-

~ VMREG. 
(ID 003/040·041,115/013 ~ n.,'Ci1 (ID GO VECTOR LOGICAL ..!a.. ZERO I 

.D~~~~7 +!..-f I ~ 
~ C ttlJ~X N 2'-20 i 

D ~i-

~ J =Q-

...,2. (VAO) (20.23) 

VFU 'OOVA~ 

.~ID-v.," ~'1i8--L @ OOWRITEINDEX .(IF) MUX 

~ INDEXBIT(25.20) ~ 
~ 

~()'3J) 'V'" u~'~~ 
r-.:: (VR) 

Tmg. 
A·5859A J.E.$. 
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1750jk INSTRUCTION 

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 
p E p 

S 
T 

Vj=O 

T 
E 
S 
T 

~ 

Vj,*O 

T 
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 

r 
0 

VMREGISTER 

1 

0 

1 
0 

I 
0 

VMREGISTER 

1 

0 

1 

r 
0 

Hardware Trng. 
A-5866 J.E.S. 
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175iJK INSTRUCTION 
Compressed/Index 
175ij4 - VM = 1 where (Vj) = 0, and Element Index is compressed into Vi 

V·ELEMENTS 

El~tO~O~============~O~ 
Elementl~O~==========~O~I~--~~ 

El~t2 L...:02...:======::..20~-~" 
VL=3 

T 
E 
S 
T 

Vj=O 

VMREG. 

175ij5 - VM = 1 where (Vj) "* 0, and Element Index is compressed into Vi 

V" ELEMENTS VMREG. 

El~tO 0 0 T 

Element 1 
E 

0 S 
T 

Element 2 17 7 

VL=3 
Vj"*O 

175ij6 - VM = 1 where (Vj) positive, and Element Index is compressed into Vi 

Vj ELEMENTS VM REG. 

Element 0 07 7 
T 

Element 1 E 10 0 S 

Element 2 0 
T 

VL=3 Vj=P 

P=O 

175ij7 - VM = 1 where (Vj) negative, and Element Index is compressed into Vi 

Vj ELEMENTS VM REG. 

INDEX 
ADDRS. 

INDEX 
ADDRS. 

3 

I 
77 

INDEX 
ADDRS. 

INDEX 
ADDRS. 

Vi ELEMENTS 

o Element 0 

1-______ -=2, Element 1 

Vi ELEMENTS 

Element 0 

1-______ -=2, Element 1 

Vi ELEMENTS 

o Element 0 

1-______ -=2'-1 Element 1 

Vi ELEMENTS 

o Element 0 

1-______ -=2'-1 Element 1 

Hardware Trng. 
A-5867 J.E.S. 
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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). _< c\",f o~ «f e· 

r:\~(7 " FLOATING-POINT FORMAT 

l.. S 

2 63 2 62 ______ 2 48 247--_________ 2° 

Exponent 3 Coefficient 

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

.&. Exponent - The exponent of the floatin~~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 "1". 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 

l~ 
Negative Positive 

40000 57777 

The floating-point fotmat of the eRA 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 eRA 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 
eRA 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 
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 tum 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. 

HTV-0834 32-2 
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Floating-Point Add or Floating-Point Multiply 

Sign Exponent Coefficient 

Underflow = I ° I ° ° ° o I=NOFlag 

Sign Exponent Coefficient 

Overflow = I ° 60000 Calculated I = Flag set 

Floating Reciprocal 

Sign Exponent Coefficient 

I I I Flag set 
Underflow = ..... O_ ... __ 60000 ____ .....&. _____ C_al_c_ul_a_ted ____ ....... 247 = ° 

Sign Exponent Coefficient 

I I Flag set 
Overflow = ... _0--" ___ 6_0_0_00 ___ "--_____ 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 nonnalized 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 nonnalized floating-point 
number differently. 

The Reciprocal functional unit must have a nonnalized floating-point number in order to receive the 
correct results. The Floating-point Multiply functional unit does not require nonnalized 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 nonnalized. 

If the two operands are nonnalized, nonnalized results are received from the Multiply functional 
unit. 

The Floating-point Add functional unit does not require nonnalized 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-point 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 ~ 
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 100 

1.025 x 101 

.1025 x 102 

When converting an integer number to a floating-point number oQ. 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 = 1 040060 000000 000000 001777 1 

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

HTV-0834 32-4 
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#2 Issue a 062404 to nonnalize 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 postion of coefficient. 

S4 = I 040060. 000000 000000 001777 , 
To nonnalize S4 the Floating-point Add functional unit is used to take advantage of the nonnalizing 
capability that the Floating-point Add functional unit has. The 062404 instruction is used to 
nonnalize S4. 

S4 = I 040012 1777000 000000 000000 

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 
fonnat. 

#1 A4 = 1 377777777761 Integer numb~r in A4 equals a negative 2, 
in two's complement fonn. 

S4 = 1140060 . 000000 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 postions from zero, but on the negative side of the number line. The coefficient is taken 
out of the two's complement fonn and is now shown as. a Sign Magnitude number. 

HTV-0834 32-5 
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#2 Issue a 062404 to normalize S4. 

S4 = 1140002 . i 00000 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 

-.7777.777777777777 8 -.1 0 +.1 

HTV-0834 32-6 

Positive 

+.7777777777777777 8 

Hardware Trng. 
YM06106 JES. 

CRAY PROPRIETARY 



'-

) 
-

) 

CRA Y Y -MP CONSTANT INSTRUCTIONS 

INSTRUCTIONS 

07liOk 

07li1k 

071i2k 

071i30 

071i40 

071i50 

07li60 

07li70 

CAL FORMAT 

071iOk 

07li1k 

071i2k 

071i30 

07li40 

071i50 

071i60 

071i70 

HTV-0834 

Transmit (Ak) to Si with no sign extension 

Transmit (Ak) to Si with sign extension '-
. 

Transmit (Ak) to Si as unnormalized floating-point number. 
Exponentequa140060. i 

, ,. 
Transmit constant 0.75 x 248 to Si 
Si = 040060 140000 000000 000000 

Transmit constant 0.5 to Si 
Si = 040000 100000 000000 OOOOOQ 

Transmit constant 1.0 to Si 
Si = 04000 1 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 +PAk 

Si 0.6 

Si 0.4 

Si 1. 

Si 2. 

Si 4. 

32-7 

, 
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SCALAR MASK/VECTOR MASK VECTOR LOGICAL 
FUNCTIONAL UNIT INSTRUCTIONS 

INSTRUCTION SCALAR MASK 

040ijkm Si Exp. Transmit Exp. = jIan to Si 

04 OiOOmn Si Exp. Transmit Exp. = nm to Si 

04lijkm Si Exp. Transmit Exp. = Ones complement of jkm to Si 

04liOOmn Si Exp. Transmit Exp. = Ones complement of nm 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 

HTV-0834 

Si SRj 

Transmit (Sj) to VM register 

Transmit (VM) to Si 

Transmit (SRj) to Si 

Read performance counter to Si 

32-8 

Hardware Trng. 
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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 error* 

*Bit 247 will be clear 

*Both set error flag 

Hardware Trng. 
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..... EXPONENT .... 

2 63 2 62 2 61 2 60 

S C B S E 
I 0 I I X 
G E A G P 
NF S N 0 

F N 
I E 

o C 0 N 
F I F T 

E 
N 
T 

2
61 

= 0 } 
UNDERFLOW 

262 = 0 

2
61 

= 1 } 
OVERFLOW 

262 = 1 

.. .... 
po .... 

248 247 

0 

COEFFICIENT .. 
p 

2° 

Hardware Trng. 
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I 

~"' 

20000 

-20000 

NEGATIVE 

37775 

"----/ \,~/ 

POSITIVE 

BIASED 57777 
40000 

37776 37777 40001 40002 40003 

-00001 +00001 

00000 +17777 

UNBIASED 

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

Hardware Trng. 
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INTEGER VALUE 'IN S1 TO FLOATING-POINT 
FORMAT IN S3 

Where S 1 = 000000 000000 173743 026721 

ALGORITHM = #1 071230 S2 = .75 x 248 

#2 061121,' Sl = S2 - Sl. 

#3 063321 S3 = S2 - FS1 

#1 S2 = 040060 140000 000000 000000 

#2 S2 = 040060 140000 000000 000000 

-Sl = 000000 000000 173743 026721 

S2 = 040060 140000 000000 000000 
Sl = 177777 177777 004034 151056 

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 000000 

HTV-0834 32-12 

1 IS Compliment 

2's Compliment 

l's Compliment 

Carry Across Binary Point 

Unnormalized . 

Normalized 

Hardware Trng. 
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(I,I)_-':===:::::::!.---c:m;~ .... ~ (263- 2>6), (2'" 2"') 

UPPEIl LOWER 

(2",2 4,,> 
,=::::~ ___ .....;(2:."'...;,~2_4'1J:'1 (1,0) (2 -2

4
,),(223-2"') 

UPPEIl LOWER 

(0,1) (247_2<0), (21S- 2• ) 

UPPEIl LOWER 

(2"'-232).(27- 20) 

(0, 0) l'OSITION CON""""," UPPEIl 

(VB8) 

(2"',221) 

(211,2 "'J 

(VB4) (2',2') 

(VB]) (26,27)1 
(VB2) (24,25) 1 

(VB I) (22,2') 1 
,,"-CONSTANTS MASK SR (20,21) 

SCA1.AIlIlRO. LOWER 

Sj MUX LOWIIIl 

Ak DATA 
(AR) Ilk =0 PARTIALS 13I-'!!'>-It--------' 

(VFO-VF3)~ 

N 

T 

A 

N 

T 

W 

I 

Y27 

ILOWER 
Y30 

Y35 
,UPPEIl 

CRAY Y-MP SCALARNECfOR MASK/Ak/SCALAR CONSTANTS 
003/073, 040 - 041, 042 - 043, 071 INSTRUCTIONS 
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r (VCIS) (262 , 263)J 
(VCI4) (260, 261 )J 

r (VC!3) (2 51
, 2S9~1 

r (VCI2) (2 56,257),1 

r (VCII) (254, 255)~ 

r (VCIO) (252,2 53)J (I, I) 
POsmON CONSTA.'fI' (VF3) (263_ 2 56), (231_ 224) 

/~~.m r (VC9) (2 50,2 5IjI UPPER lDWER 

r(VCS) (2 41,2
4

9),1 
10-

romroN~~ ;Z'm 
(255_ 241), (223_2 16) 

r(VC7) (246,247),1 (1,0) 
UPPER IDWER 

r (VC6) (244,245)1 10-

10-7 
(242, 243j,1 (VeS) 

I (VC4) (240, 241~1 POsmONCONSTANT (VFI) (247_240),(215_21 ) 
(0, I) 57. l-lD UPPER IDWER ~~-I (VO) (2 31, 2 39),1 

~ I (VC2) (236,2 37).1 
I (VCI) (2 34 ,235) I (VPO) (2lP- 2 32), (2 7 _ 20) 

(0,0) POsmON CONSTA.'fI' C@J!>-' UPPER LOWER 

(JGO-VS) CPlk,j+i,j/i~ 
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~ 
~ S'MUXUPPER 

~ 
003 CIO 232 

(JG _ VS) bO. hi. h2 ~ ~ 
lIO -I 

00311 1 

UPPER 

(JD-VS) CPIVFU;VL~ 0i6 0i6 073 

~~~ 
CI7 2" 

/(YBIS) (2 30 ,231 ),/ 
.---

(JBO _ VS) SIt CONTRoIJ0031 037/175 ~ W 
~ R 

~ 
003 CO zO 

Ak CONSTANTS. MASK, SRj I Pm, VM '8.9 ~ I (VBI4) 
LOWER ~-rr- ~ (221 ,229), I 0031 I 1 073 p= D 

(YB!3) (2 26,227 ) 1 
C7 27 ~ 

BE g 
'. 

I (YB12) (224 ,225)1 1 jlan-
040.041 Y7 

. T IDWER 
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SCAlAR REO. UPPER 
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UPPER 

(220,221) I TOOOLFJUNToOOLE 
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LOWER 

~ jk-NUMBER 
(VBS) (2

16
,2

17\1 OFI/OFROMUFr I UPPER 
YI7 

r(VB7) (2 14 , 2 ISj, I 073i01.073il1 
~~ 

(212, 2 13)-' 
SR' PM PM 

(YB6) ........... 
?rDt~7 I (VBS) (210,2 11), I DECODI! 071 -- ..--- .....---
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(VB4) (2
8
,2

9
),1 

(VB3) (2 6,27 ) I AI< DATA 
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L'~Y ~ 
(VB2) (2 4 ,2 5) I 32-BIT.. I 

(VBI) (22,23) 1 MODI! 2" 
i---=-

~} 
2" 

. --@-' (VBO) (2 0 21) 1 
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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 nonnalize 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 ~ter the exponents are equalized and the coefficient 
adjusted accordingly. The sign bits of the two operands determine the type of instruction 
issued, add/subtract, which in turn determines if an Add Operation or Subtract Operation will 
take place. If the sign bits are unequal a subtract operation takes place. This operation requires 
performing the ones complement arithmetric 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 a subtract 
instruction was issued and the sign bits are unequal, an add operation is perfonned. If the sign 
bits are the same for a subtract instruction a subtract operation is performed. 

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 perfonned by the Floating Add functional unit is to nonnalize the 
results. To nonnalize the results the coefficient is left shifted by the number of leading zeroes. 
The coefficient is nonnalized 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 s~nt 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. 

C '. 

! .," 
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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 81 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 
171ijk Vector floating sum of (Vi elements) and (Vk elements) to Vi 
172ijk Vector floating difference of (Sj) minus (Vk elements) to Vi 
172iOk Transmit nonnalized negatives of (Vk elements) to Vi will 

nonnalize 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 nonnalized Sk 
Scalar floating difference 
Scalar nonnalized negative Sk 

Vector, scalar sum 
Vector, nonnalized Vk 
Vector, vector sum 
Vector, scalar difference 
Vector, nonnalized negative Vk 
Vector, vector difference 
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FLOATING ADD EXAMPLES 
-~) 

Add Instruction 

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

-38 

Subtract Operation 

040003 060000 000000 000000 Shift J 
140003 140000 000000 000000 Retain K 

040003 060000 000000 000000 
140003 037777 177777 177777 ToggleK 

140003 117777 177777 177777 Add coefficients 
CBP 
Retain exponent and sign of larger 

140003 060000 000000 000000 Toggle result 

) 
140002 140000 000000 000000 Nonnalize 

~ 

Subtract Instruction 

J = 040003 140000 000000 000000 68 
K = 140002 140000 000000 000000 ~ 

118 



FLOATING ADD EXAMPLES 

Add Instruction 

J = 040004 004000 000000 
K = 140003 140000 000000 

Subtract Operation 

040004 004000 000000 
140004 060000 OQOOOO 

040004 173777 177777 
140004 060000 000000 
040004 1.053777 177777 

040004 053777 177777 

140004 054000 000000 

140003 130000 000000 

Add Instruction 

J = 040003 140000 000000 
K = 040002 140000 000000 

Add Operation 

040003 140000 000000 
040003 060000 000000 

040003 1.020000 000000 

040004 110000 000000 

HTV-0834 

000000 
000000 

000000 
000000 

177777 
000000 
177777 

177777 
+1 

000000 

000000 

000000 
000000 

000000 
000000 

000000 

000000 

33-4 

.48 
+ -6.0B. 

-5.48 

RetainJ 
Shift K 

Toggle J 

Add coefficients 
CBP 
Retain exponent and sign of larger 

End around carry 
Toggle sign bit 

Nonnalize 

68 
±-.2s 

118 

Retain J 
Shift K 

Add coefficients 
CBP 
Nonnalize 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 nonnalize bit N+ 0 - N + 23 

FF 1 Final exponent adjust 

10 Total Options 
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FLOATING-POINT ADD (OPTIONS INVOLVED) 

(FA) Option 

The (FA) receives the J and K exponents from the ScalarN ector registers. The (FA) 
detennines 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. 

(J>K) - J is larger than K by 48 shifts, so zero out the K coefficient. 

(J+ l=K) - J is only different from K by one on -the exponent bits 262_254. 
~ 

(J=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 
(PEs), 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 carry 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 (J=K, K=J) from the (FA). If the (FBs) receives a control term (J+ l=K, 
K+ l=J) from the (FA), the (FB) utilizes a shift count which is the twos complement of the 
difference. If the control term (J>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. 

Hardware Trng. 
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· The unshifted coefficient is untoggled during an add operation. After the right shift is 
completed on the smaller coefficient, the J and K coefficients are sent to the (FE, FD) options 
to be added together. 

(Fe, FD) Options 

The (Fe, FD) options add the two 48-bit coefficients together. The (Fe) options handle the 
lower half, or bits (223-2°), 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 term "sign unequal" the (Fe, 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 (Fe) option, and 247 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 (Fe, 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 (Fe, FD) have finished adding the J and K coefficients, the (Fe, 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 (Fe, 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 fmal normalized 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 (Fe, 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 ScalarN ector registers. 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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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 

10 1 
TX2 =5.0 

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 fonnula inside the 
reciprocal unit. If 48 bits of accuracy is required, or full precision, a third iteration of Newton's 
fonnula would need to be perfonned. The third iteration is perfonned using the Floating Multiply 
functional unit. 

The hardware will run the coefficient through two iterations of Newton's fonnula 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 perfonns two 
iterations of Newton's fonnula which are as seen in the hardware: 

-AI = -2Ao + A02B First iteration 

-A2 = -2AI + AI2B Second iteration 

Looking closely at the two fonnulas you will notice three multiplies which are: 

a) A02B 

b) Al * Al 

c) AI2B 

= 

= 

= 

Al pyramid 

AI2pyramid 

A2pyramid 

The Al pyramid is fonned by Ao2 * Bl. A02 is gotten from a look-up table along with -2Ao on the 
(RA) option, and B 1 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 fist iteration of Newton's fonnula is complete, which is the 
following: 
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The second and third multiply pyramids are to form the second iteration which is: 

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 Al2 and multiplying it by B2. The multiply of Al * 
Al takes 36 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 Al2 pyramid summation has completed, the next step would be to perf om the multiply of A12 
* B2 and while adding the A2 pyramid put -2AI into the summation to form -A2 = -2AI + AI2B. 

The third and fmal multiply will take 36 bits of the Al2 pyramid and multiply it by 36 bits of B2. 
The bits that makeup B2are coefficient bits (247 - 211). While the summation of the A2 pyramid is 
taking place. -2AI 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 finds 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, find 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. ill 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 
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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 

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 Al = 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. 

y 
f(x) = 1 - B 

TANGENT~ 
LINE 

-x 

A-2035A 

From the equation of the tangent line y = :X... - B + ,2, substituting x = A2, Y = 0, 
Al2 Al 

and factoring out A12, we find that A2 = 2Al - 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. 
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) 

) 

NEWTON'S FORMULA DERIVATION 

A(· 1) = 2A - A2·B 1+ 1 l' 

where: 

A(i+l) = Nex~ iteration Ao and A02 in look-up table 

Ai = Current iteration 

B = Divisor 

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

Al = 2Ao - Ao2 B 1st approximation 

A2 = 2Al - A12B 2nd approximation result of reciprocal unit 

A3 = 2A2 - A22 B 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 CRA 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 = 1 : 

A= 1 
B 

B 

3 

2 

1/2 

A 

1 2 3 

A-4185 
YM04103 
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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 nonnalized coefficient ~~'1 
of B is such that .5 ~ B < 1 (or .48 ~ B < 1), this will only produce A values such that 
1 < A ~ 2. We can further restrict the range of possible A values to .48 < A ~ 1 by 
expanding the domain of B to 1 ~ 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 ~ 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 ~ B < 2), and A to lie between .4 and 1 (.4 < A ~ 1), 
as indicated below: 

Range of A { 

3 

2 

1 

A 

A=1 
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 nonnalized 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 ~ 1.416 
(In this case, B = 1.414). 

YM04104 
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4b) Compute 
1st iteration: Al = 2 Ao - A02B. using table values 

= - (-2Ao + A02B) for -2Ao and A02 
= - (.534 + .334400 x 1.414) . 
=.524052 

4c) 2nd iteration: A2 = - (-2AI + AI2B) 
= - (.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. 

YM04105 
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HANDLING OF Bs EXPONENT 

B = 40000 + E 1XXXXX XXXXXX XXXXXX 

Exponent Coefficient 

Value OfB = 2E * .1XXX--------x Normalized Floating-Point Number 

B = 2 E-l * 1. XXX -------X Left Shift Coefficient By 1 

Let b = 1.XXX -------X Rename Coefficient 

Then B = 2E-l * B 

1 = 1 .1.= 
B 2E-1 * b 2E-l 

*-1 
b 

Let n = (E-1) 

Simplify Negative Exponent 

OR 

1 = 2,-E+l * 1 
BIb 

Example: Exponent 
Bias Subtract 

Add Bias 

_~1--...,._ = 2-(E-l) = 2-E+l 

2(E-1) 1 1 

51132 
- 40000 

11132 

- 11132 
+1 

- 11131 

40000 
- 11131 

26647 

Another 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 

YM04106 
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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 A02 * Bl 

RD 2 Al or A12 Final Summation 

RE 1 A12 Summation 

RF 1 A 12 Summation 

RG 2 A12 * B2 First Level Sum 

RH 3 A12 * B2 First Level Sum 

RI 1 A12 * B2 First Level Sum 

RJ 2 A12 * B2 First Level Sum 
) 

RK 1 A 12 * 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 

YM0410B 
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CRAY Y-MP FLOATING-POINT RECIPROCAL 
OPTIONS INVOLVED 

(RAl, 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 (RB I) 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. 

(RBl, RB2, RB3) Options 

The (RB) options first fanout the B coefficient to form the Al pyramid and A2 pyramid. The 
(RBI) option forms part of the Al pyramid which is generated from the logical products of A02 
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 (RB I 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. 

(Rel) 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 (RD I) option. 

(RDl) Option 

The (RDI) option completes the summation of the Al pyramid. The (RDI) receives its inputs 
from the (RBI, RB2, RB3) and (RCI) options. When the (RDI) has completed the 
summation for AI' the (RDI) will fanout Al to the (RFI) and (REI) to form the AI2 pyramid; 
also the (RDI) sends Al to the (RCI) option for a 5 CP delay, after which it is added into the 
A2 pyramid. The (RDI) option also delays for 8 CPs, 6 bits of B2, which are then sent to the 
A2 pyramid. 

YM04109 
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(RD2) Option 

The (RD2) option is identical to the (RDI) option except that the (RD2) option finalizes 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 (RDI) option. After the (RD2) option has 
completed the summation of the Al2pyramid, the (RD2) will fanout its results of A12 to the 
(RGI), (RRI, RH2. RH3). (RIl), (RJ), (RKl) 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. 

(REl) Option 

The· (REI) option forms the lower half of the A12 pyramid. The (REI) finalizes the summation 
on bits (2-19_2-36) of A12, which is then fanned out to the A2 pyramid on the (RG2), (RH2), 
(RJI, RJ2) and (RKl) 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. . 

(RFl) Option 

The (RFl) option forms the upper half of the A12pyramid. The (RFI), however, does not 
fmalize 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 A12pyramid. 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 (i.e., 1 * 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. 

(RGl, RG2) Options 

The (RG) options form part of the A2 pyramid, which is made from A 12 * 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 (RLI, 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 
(RLl, RL2, RL3, RMl) options for completion. 

(RII) Option 

The (RIl) option handles the upper 13 bits of the A2 pyramid. The (RIl) 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-L 2-30, though only bits 2-L 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 finally sum bit positions (2-38_2-34). 
The (RKl) option does not finalize these positions, but passes its partial summations to the 
(RLl, RL2, RL3) options. 

(RLI, RL2, RL3) Options 

The (RL) options finalize 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 tenn Go Reciprocal is present. 

YM04111 
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(RMl) 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. 

(RNl) 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. 

(ROl) 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 A fIeld of the instruction to determine whether to 
perform a Vector Pop Count or Floating Reciprocal operation. The (ROl) option contains the 
entire Vector Pop/Parity unit. 
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CA"UNCN , COEfFICIENT (2 47 , 2 II ) (SCALARIVECIOR OPERAND) 

I BI = (2 47 - 224 ) OR (2-0 - 2-23 ) I B2 DELAYED 

/Z61 ,z'" I z'" -z" 

(R.\tl) (RNI) 

EXPONENT 

DELAY 12CPs 

OOCZ47 -2"') 

i" 

.. \ 

~,,(\ -" ::~:';,\,v 
, 'I; \, \ 

i ----" l' ~' 

EXPONENT, SIGN 
ANDZ47 

Z67 _Z47 

til' 

(SCALARlVECIOR REGISlERS) 

AI2 

(24 BITS) 
B1 ,VI?t??7?·??2??); .... ?; .. ;;2?' .. Zd 

LOOK·UP TABlE 

"0 2 FANOlTI' 

CZ -. _Z-II) 

(RCI) 

<: 

"0 2 (2-1 _2-1') 

(16 BITS) 

A02 

-2Ao (2-2.2"') 

AI PYRAMID 
(RBI) 

B2 ICP DElAY I B2 ICP DllLA Y I B2 8CP DELAY I B2 BCP DELAY 
CZ-o_Z-IS) CZ-16_Z-U) CZ"'-2-"') CZ->'-2-") 

CZ47_2"') CZ"-2") CZ22_2 17 ) CZ'.-2") 

B2 7 CP DElAY I B2 7 CP DELAY I B2 7 CP DELAY 
CZ-, ,2 4 ) CZ-. -2-1» CZ-14_ 244) 

CZ46,2 45 ) CZ"-Z .. ) CZ"-2") 

A I2PYRAMID 
Al 

Sa> DELAY 
(2-Z _ 2-17 ) 

AI 

(18 BITS) 

(RFI, REI, RD2) 

A,2 .CZ-l -2''') 
AI2 F1NALSUMMAllON (RD2, REI) (36 BITS) 

B2 eazzwzzaammzamazamaZai!4 B2 (37 BITS) = (2 -I - 2 -36) OR (2
46 

- 211 ) 

< 

A2 PYRAMID 

f( H:s .eGo t :r:L. I ~1'l1 
(RHI, RH2, RII, RIl, RG2, I 

RKI, RLI, RL2, RL3) 

ADDED IN -2A 1 

-2AI ADD IN (2-2 _2-17 ) 

SOLVEroR: 

AI =-2AO +A02 B 

A2 =-2AI +A12 B 

NOTE: B = COEfFICIENT (2 47 _211) 247 ALWAYS A ONE 

DO = UPPER 8 BlTS OF B (247 _ 2 40) 

Bl = UPPER 24 BITS OF B (247 _ 224 ) 

B2 = UPPER 37 BITS OF B (247 _ 211 ) 

COEfFICIENT EQUALS 33 BITS OF WIIICH 30 ARE ACCURATE 

(SCALARJVtCfOR REGISTERS) 

CRA Y Y -MP FLOATING RECIPROCAL UNIT FLOW CHART 

Hard'WlJ(. Tmg. 
A-4'B2 J.E.S. 

; 
"--// 



1 OPERAND (246 - 2'"') 

(VC4-7) 

Ao 
LOOK-UP TABLE 

241 (ALWAYS. I) 

(RAJ) 

(RA2) 

(RAl) -

A02 

LOOK-UP TABLE 

233 (ALWAYS. 0) 

2 31 (SAME AS AO 2'"') 

2 017 2" 2" 2'" 2 43 242 241 2'"' 2 39 2 38 271 2 36 2 35 2 34 233 2 31 

-2A 0 FURMBD ON TIlE INPUTS TO 
(Re1, RB1 , RB2) 

RI8 RI7 RI6 RIS RI4 RI3 RI2 RII RIO 0 

TAKEN DIRECTLY INTO (RCl, RB3, RB2, RB 1) 

ExampleofgeneratingAo2 and-2Ao : SjorVj=1 0400001152036113246110000001 (parcelfonnat) 

A) Take upper 8 bits of the coefficient = .1520 (in parcel fonnat) 

B) Shift 8 bits to the left by 1 = 1.520 (no longer in parcel format) 

C) Look-up Ao and Ao 2 for 1.520 = Ao =.464 (A 0 only 8 bits) 

A 0
2=.271220 (A02 only 16 bits) 

D) Ao becomes -2Ao by complementing Ao = (-Ao ) and shifting Ao to the left by I for a multiple of 2. = (-2A 0 ) 

Example of .464: 

I) .464 = .10011010 

2) Complement = .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 -5 2 -6 2 -7 2-8 

E) A 0 2 is taken directly from (RA) 233 (always = 0) and 2 32 is the same as 240 of Ao . 

CRAY Y-MP Ao AND AJ LOOK-UP TABLES 
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) 

\ 

) 

(RAI) 
(RA) 

A 2 
0 

RTERMS (RBI) 

2 -16 ROO 100 

2 -14 RIO 101 

2 -13 Rll 102 

2-12 R12 103 

2-11 R13 104 
Z-10 R14 105 

2-09 R15 106 

2-08 R16 107 

2-07 R17 108 

2-06 R18 109 
2-05 R19 no 
2-04 R20 III 

2-03 R21 Il2 

2-02 R22 Il3 

2-01 R23 Il4 

(RAI) 
(RA) 

-2Ao BITS RTERMS (RBI) 

-8 ROO 140 

-7 ROI 141 

-6 R02 142 

-5 R03 143 

-4 R04 144 

-3 R05· 

-2 R06 

(RA) AO 2 FANOUT 

SENT 

(RA2) (RA3) (RA3) 

RECENED 

(RB2) (RB3) (RCI) 

100 100 

101 101 

102 102 

I03 103 

104 104 

I05 105 

106 106 IOO 

107 107 IOl 

108 108 102 

109 109 I03 

no IlO 104 

III III 105 

Il2 Il2 106 

Il3 Il3 I07 

Il4 Il4 108 

(RA) -2A o FANOUT 

SENT 

(RA2) (RA3) 

RECENED 

(RB2) (RC3) 

120 

121 

122 

123 

124 

140 125 

141 126 
Hardware Trng. 
A-4166A J.E.S. 

CRA Y Y-MP FLOATING RECIPROCAL A02 AND -2Ao FANOUT 
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RECIPROCAL TABLE LOOK-UP VALUES 
J 

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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(RBI) 

(vc) BI ,B
2 

(2 -0 :2 -IS) 

(241.2 32 ) 

FANOlIT 

--@g 

(RB3) 

BI (2-0 .2-3 ) 

(2 41 .239 ) 

FANOlIT 

(RB2) 
·16 -24 

(VC)--... BI ,B2 (2 ·2 ) 
(2 31 .2 23 ) 

FANOlIT 

j(RDI) 

(VB) B2 (2-25 .2-30 ) 

(2 22 .2 11 ) 

8 a> DELAY 

(RD2) 

(VB) B] (2-31 .2-36 ) 

(2 16 .21\) 

8CPDELAY 

Bl,B2FANOlIT 

(RCI) 

AI PYRAMID 

(2-0 .2.3 ) 

(241 .2 39 ) 

I) _u ... ___ . • (RGI, RJl, RHl, RIO) 

I) _uu._n . • (RGI, RJl, RIO) 

B = COEFFICIENT (247 . 2 \I ) 

UNIT 
NUMBERING -

\~ 

(RBI) 

AI PYRAMID 

(2"" .2"23) 

(248 .224 ) 

(RB2) 

AI PYRAMID 
(2.0. 2.18 ) 

(2 41 .229 ) 

(RB3) 

A I PYRAMID 
(2-11 .2.13 ) 

(247 .234 ) 

(RIl) 

A2PYRAMID 
7 0> DELAY 
(2.1,2 -2) 

(2 46 ,245 ) 

(RJl) 

A2PYRAMID 
7a>DFLAY 
(2'] .2.13) 

(244 .2 34 ) 

A2PYRAMID 
7CPDFLAY 
(2.14 .2.24 ) 

(2 33 .2 23 ) 

\~ 

!)_~ ..... __ • .. (RID, RH2. RIl. 

RKI. RG2. RJ 2) 

i) -~ ..... -_. ~ (RH3. RH2. RHI, 
RIl. RIO, RG2. RJ2) 

)-_ ..... __ . .. (RH3. RHl. R12. 

Rll. RG2. RGI. RKI) 

~~~~G -I;l l;l l;l I~ I~ I~ ,~ ,~ ,~ I~ ,~ I~ '''" I"" '''" '''" '''" '''" '''" '''" '''" '''" '''" '''" '''" I"" '''' '''" I'" I'" '''' '''' I'" ,~ I" I'" ,~ 

Bl,B2 DELAY AND FANOUT BLOCK DIAGRAM 

Harciwsr9 Trng. 
11-4161A J.E.S_ 



'. 

} 

~ 

(RB3) Bl FANOUT SENT CP 2 

RECEIVED 

BI BITS RTERMS (RCt) 

2-0 R12 Il8 

2 -1 R13 Il? 

2 -2 Rl4 Il6 

2 -3 R15 Il5 

2-4 R16 Il4 

2 -5 R17 Il3 

2-6 R18 Il2 
2 -7 R19 III 

2 -8 R20 IlO 

(RBt) Bl & B2 FANOUT SENT CP 1 

RECEIVED 

Bl,B2 BITS RTERMS (RBI) (RB2) (RB3) (RJl) (RJ2) . (RIl) 

2-0 R12 138 133 ISO 

2 -1 R13 137 132 151 140 

Z-2 R14 136 131 152 141 

2 -3 R15 135 130 153 160 

2-4 R16 139 134 I29 154 161 

2 -5 R17 138 133 128 155 162 

2 -6 R18 137 132 127 156 163 

2 -7 R19 136 131 126 157 164 

2 -8 R20 135 130 I25 158 T65 
~ 

~ 

2 -9 Ra,1- 134 129 _~ 
, 

124 166 . , 
2 -10 Rfi'IJ 133 128 123 167 

2 -11 R-Bli 132 127 122 ' 168 

2 -12 R!tt\) 131 126 121 169 

2 -13 R~Ii.:r 130 - 125 120 170 

2 -14 ~(l 129 124 160 

... 2 -15 R~f#; 128 123 161 
). -!I;'] L!~ ~2...1 1:~ ').:. :C~?:-

\ 
-'---~'-~ " .. - ~-- .. - H rdw<!-le_.Img~_i 

I- 'A ~~~~~:~~ ;;.~n ~~O -:c:?--. (0 1:~\ ;;r.~"~_. - "- ------- '---'- -. --..-.~ - ~ .. " . '"' .. , .... 
,_,--_, 7"-"- -~"-.-

CRAY Y-MP FLOATING RECIPROCAL Bl ,B2 FANOUT 
(SHEET 1 OF 3) 

HTV-0834 34-22 eRA Y PROPRIETARY 



B1 ,B2 BITS RTERMS 

2 -16 R12 

2 -17 R13 

2 -18 R14 

2 -19 R15 

2.:2n ..- R16 

2.21 , R17 

2 -22/ R18 
-23 . 

2 ' RI9 

2 -24. R20 

B2 BITS RTERMS 

2 -25 RI8 

2 -26 R19 

2 -27 R20 

2 -28 R21 

2 -29 R22 

2 -30 R23 

B2 BITS RTERMS 

2 -31 R18 

2 -32 R19 

Z-33 R20 

2 -34 R21 

2 -35 R22 

2 -36 R23 

(RB2) Bl & B2 FANOUT SENT CP I 

RECENED 

(RBI) (RB2) (RJ3) 

127 1~2 162 

126 121 163 

125 120 164 

124 165 

123 166 

122 167 

121 168 

120 169 

I70 

(RDI) B2 FANOUT SENT AFTER 8 CPDELAY 

RECEIVED 

(RGI) (RHI) (RJI) (RIG) 

127 120 136 

126 135 

125 134 139· 

124 133 138 

123 132 137 

122 131 136 

(RD2) B2 FANOUT SENT AFTER 8 CP DELAY 

RECEIVED 

(RGI) (RJI) (RIG) 

121 130 135 

120 134 

133 

132 

131 

130 
Hardware Trng. 
A-4164 J.E.S. 

CRAY Y-MP FLOATING RECIPROCAL Bl, B2 FANOUT 
(SHEET 2 OF 3) 

HTV-0834 34-23 eRA Y PROPRIETARY 



(RIl) 

B2 BITS RTERMS 

2-1 R21 

2-2 R22 

(RJl) 

B2 BITS RTERMS 

T3 R20 

2-4 R21 

2-5 R22 

2-6 
R23 

2-7 R24 

2-8 R25 

T9 R26 

T
10 R27 

2-11 R28 

T12 R29 

Tl3 R30 

(RJ2) 

B2 BITS RTERMS 

2 -14 R20 

Z-15 R21 

2-16 R22 

2 -17 R23 

2 -18 R23 

2 -19 R25 

2-20 R26 

2-21 R27 

2-22 R28 

2 -23 R29 

2-24 R30 

(RIl) B2 FANOUT SENT AFTER 7 CP DELAY 

RECEIVED 

(RH3) (RH2) (RIl) (RIG) (RG2) 

137 131 130 156 138 

136 130 I29 155 137 

(RJl) B2 FANOUT SENT AFTER 7 CP DELAY 

RECEIVED 

(RH3) (RH2) (RIl) (RKl) (RG2) 

135 129 128 154 136 

134 128 127 153 135 

133 127 126 152 134 

132 126 125 151 133 

131 125 124 150 132 

130 124 123 131 

129 123 122 130 

128 122 121 129 

127 121 120 128 

126 120 127 

125 126 

(RJ2) B2 FANOUT SENT AFfER 7CP DELAY 

RECEIVED 

(RH3) (RHl) (RJ2) (RJl) (RG2) 

124 131 131 153 156 125 

123 130 130 152 155 124 

122 129 154 145 123 

121 128 153 144 122 

120 127 152 143 121 

126 151 142 120 

I25 150 141 

124 140 

123 139 

122 138 

121 137 

(RJ2) 

144 

143 

(RJ2) 

142 

141 

140 

139 

138 

137 

136 

135 

134 156 

133 155 

132 154 

(RGl) 

138 

137 

136 

135 

134 

133 

132 

131 

130 

129 

128 

(RHl) 

138 

137 

136 

135 

134 

133 

132 

(RKl) 

141 

140 

Hardware Trngo 
A-4164 Jo E. So 

CRAY Y-MP FLOATING RECIPROCAL BI~ B2 FANOUT 
(SHEET 3 OF 3) 

HTV-0834 34-24 eRA Y PROPRIETARY 
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< I 
o 
00 
V.) 
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V.) 

~ 
I 
tv 
Vl 

(J 

~ 
-< 
;;g 

~ 
~ 
~ 

~' \J ) 
'~----/ 

6 
2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 10 2-112-122,-13..2-14 2-152-162-171-18 2-19 2-20 2-21 2-22 2-2~ 

f-.c.., ' -,:.8>5 ' 8~ ~(t 
116 115 114 113 112 III 110 ..- 121 120 .- 121 0, +-- 122 121 120 

I 
(B 1. I TERMS) 

2 7 236 235 2 34 2 33 232 2 31 230 229 228 227 226 2 25 -fA 
............................. --+-t(RB3) (RB2) (RBI) 

40120100180160 140120 100180160 140 12C,I00 I 
(ReI I TERMS) (RB I TERMS) 

2-1 18 114 
711 61 1 51 1 411 311 21 1 11 1 I 81 1 611 4N.. 211 01 I 81 1 61 1 41 I 21 1 011 81 I 61 I 41 1 211 01 2-2 

17 113 
62 I 52 I 42 I 32 I 22 1 12 2 I 82 1 621 421 n.J 02 I 82 1 62 I 42 I 22 I 02 I 82 I 62 I 42 I 22 I 02 2-3 16 112 

53 I 43 I 33 I 23 I 13 3 I 83 1 631 431 23 1 mJ 83 I 63 I 43 I 23 I 03 I 83 I 63 I 43 I 23 1 03 2-4 15 111 

441 341 24 14 4 84 64 44 24 04 ~ 64 44 24 04 84 64 44 24 04 2 
-5 

14 110 

• 35125 15 5 85 65 45 25 05 85 1'65 45 25 05 85 65 45 25 05 2"6 13 19 

26 16 6 86 66 46 26 06 86 '46. 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 

2-7 
A 2 

12 18 . -8 
11 17 2 0 

8 88 68 48 28 08 88 68 48 28 08 88 68 48 28 08 2-9 10 16 
89 69 49 29 09 89 69 49 29 09 89 69 49 29 09 2-10 

15 

I 134 L 70 50 30 10 90 70 50 30 10 90 70 50 30 10 

I 135 51 31 11 91 71 51 31 11 91 71 51 31 11 

I 136 32 12 92 72 52 32 12 92 72 52 32 12 

I'm 13 93 73 53 33 13 93 73 53 33 13 

138 (RB3). (RB2) RBI) I 

1139_ _ _ _ _ 139 74 54 I 34 14 94 74 I 54 I 34 14 

2-11 14 
2-12 13 
2 -13 12 
2-14 II 
2 -15 FORCED 0 
2-16 10 

B061 B051B04 1 B031 B021 BOII BOOI I 144 143 142 141 140 144 143 142 141 140 144 143 142 141 140 -2A 0 TERMS 
-2AO 12-2 2-3 2-4 2-5 2-6 2-7 2-8...!J _1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1_ ~ 2 -2 2 -3 2 -4 2 -5 2 -6 2 -7 2 -8 -2AO SUM BIT POSITIONS 

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 

.&. Diagonally fonn the Logical Products, vertically sum the pyramid. 

Al PYRAMID LOGICAL PRODUCTS (RBI, RB2, RB3) 

AND (RCI) CP 1, CP 2 

Hardware Trng. 
A-4173 J.E.S. 
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00 
w 
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w 
+:>. 
I 

N 
0'1 

~ 
-< 
""d 
:;:0 

~ 
~ 
tTl 

~ 
~ 

10 09 07 06 04 03 02 01 00 In 09 08 06 04 03 02 01 00 

11 08 05 10 07 05 

~ 
11 09 08 06 04 03 02 01 00 -- ~ 

10 07 05 ...... 
(RiB) (RB2) (RBI) ...... (ReI) 

~ 
...... ~ 09 08 06 04 03 02 01 00 

10 07 '05 
-. --10...-

--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 At SUM BIT posmONS 

~ 

A, PYRAMID PARTIAL SUMMATION R TERMS CP 4 

(RBI, RB2, RB3) AND (Re!) 

I I 
I ) 

\. / 

Hardware Trng. 
A-4174 J.E.S. 
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::r:: 
~ 
I 
o 
00 
I..;.) 
.j:::o. 

I..;.) 
.j:::o. 
I 

!j 

~ 
--< 
""d 
~ 

~ 
~ 
~ 

~,' ',,-_// '. ) 
'---./ 

155 (Ret) 147 141 139 137 135 134 131 126, 11 119 113 17 15 13 

156 154 153 142 138 136 132 (RB3) 114 18 16 14 
(RBt) 

115 

116 

123 121 120 117 19 10 (RB2) 
124 122 118 110 

157 +- FORCED 1 
112 +- FORCED 1 
111 +- FORCED 0 

LJ 
I I 

2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-142-152-16 2 c17 2-18 2-19 2-202-212-222-232-24 A7SUM BIT POSmONS 

I R17IRI6IRI5IRI4IR13IRI2IRUI RIOI R91 R81 R71 R61 R51 R41 R31 R21 Rl I RO I (RDl) RTERMSFANOUT 

A 1 RESULTS (18 BITS) 

I (RFl) FOR A;2 PYRAMID 

~ 
A 1 FANOUT FROM (RDl) 

(R~I) FdR A!2 PY~AM'D 

(ReI) F(~R A ~ PyR'AMIb 5 CP DELAY 
I I I 11 I I 

At FINAL SUMMATION (RDl) (RO-Rl7) CP5 

Hardware Trng. 
A-4175 J.E.S. 



~ 
< , 
o 
00 
u,) 

~ 

~ 
~ , 
N 
00 

n 
~ 
-< 
;g 

~ 
~ 
~ 

AI~ 
2-1 

. . . . . . . . . . . . . . - - - -
A, 2 , 4 , 6 7, • 9 10 II 12 IS 14 IS \6 17 \8 

1-' I I I I I I I I I I I I I I I I I 

2-2 

2-' 
2-4 

2-' 

2 AI 
, • , 6 \' 9 10 II U 'IS 14 IS \6 17 2 

I 14 2 1 1 1 2 1 1 2 1 2 1 1 1 1 18 

I dADS , , 
AI 4 , 6 ,I\, · 9 10 \I U 13 14 IS \6 3 ] o ~t8 I 2 1-' , ] , ] ] , ] , ] , ] 17 II 

4 4 4 AI 
, 6 

'" 
9 10 II 12 Il 14 IS 4 4 4 

I 1 ] 1-- 4 4 4 4 4 4 4 4 4 • 16 17 18,~ , , , , AI 6 ,," . 9 10 \I 12 Il I~ S 5 , 
I 2 , .. 2-' , , , , , , , IS 16 17-A 

2-6 

6 6 6 6 6 AI ~. 9 10 II 12 n 6 6 , 6 6 

I 2 , 4 , 2-6 6 6 6 6 6 6 14 IS \6 17 II 

2-7 

7 7 7 7 7 7 ~;'I 8 9 10 II 12 7 7 7 7 7 7 

I 2 , 4 , 6 2.7 7 7 7 7 7 Il 14 IS 16 17 II 
(REt) 

• • • • • • I AI 9 10 II • I • I I , , 
2" I 2 , 4 5 6 7 2.1 I , • 12 Il 14 IS 16 17 18 

9 9 9 9 9 9 9 9 AI 10 9 9 9 9 9 9 9 9 

2-9 I 2 , 4 5 6 7 I 2-9 9 II .12 Il 14 15 16 17 18 

10 10 10 10 10 10 10 10 10 A, \I U \3 14 15 \6 17 \I 

2-10 I 2 , 4 5 6 7 I 9 2.10 10 10 10 10 10 10 10 10 

II II \I II 1\ II \I II 9 10 AI \I \I \I \I \I \I II 

I 2 , 4 5 6 7 I II II 2·U 12 Il I' IS \6 17 II 
2-11 12 U U 12 12 12 12 • 9 10 \I A, 12 12 U U U U 

2-U I 2 , 4 , 6 7 12 12 11 12 2-12 Il 14 IS \6 17 18 

I' 13 IS Il Il Il 7 8 9 10 II 12 A, 13 IS I' I' 13 

2-13 I 2 , 4 5 6 I' Il Il Il Il 13 2-n 14 15 16 17 II 

(RFt) 14 14 .. 14 14 6 7 I 9 10 II 12 13 A, IS 13 I! 13 

2-14 I 2 , 4 S 14 14 14 14 14 14 I. 14 :2-1• IS 16 17 18 

IS IS IS IS 5 6 7 I 9 10 II U I' 14 AI IS 15 IS 

2-1$ 

2-\6 

2-17 

2-11 

I 2 , • 15 15 IS IS IS 15 15 IS IS IS .rd 16 17 II 

\6 \6 16 ~ 5 6 7 • 9 10 \I U IS 14 IS AI \6 t6 

I 2 , 16 \6 \6 \6 16 !6 16 16 \6 \6 16 \6 2"" 17 II 

17 17 3 4 S 6 7 • 9 10 II U n I. IS \6 A, 17 

I 
I 2 17 17 17 17 17 17 17 17 17 17 17 n7 17 17 2-17 18 

\I 2 , 4 '. 6 7 8 9 10 \I 12 ., 14 IS \6 17 
A, I I I 18 18 18 18 t8 II 18 II 18 \8 18 II II II 18 18 2-11 

Lf 
2-1 2-2 2-' 2-4 2.j 2"' 2-7 2" 2-9 2-10 2-11 2-12 2-1S 2-14 2-1S 2·\6 2-17 2-18 2-\9 2-20 2-21 2-22 2-2' 2-24 2-25 2.26 2-27 2-28 2-29 2-30 2-3\ 2-32 2-" 2-" 2-" 2-36 AI SUMBITS 

.&. Diagonally fonn the Logical Products, vertically sum the pyramid. 

.6 The square of A 1 causes the same operand to be multiplied by itself. Example 2-18 * 2 -18 = 2 -18 

~ Use all 36 units of the results including the carry into the highest bit position. 

.~ 

A}2 FULL SUMMATION PYRAMID CP 6 

(RFl) AND (REI) 

\ /' 

Hardware Trng . 
A-4169 J.E_S. 
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::r: 2-
1 

...., ,-
< 2-1 I 
I -

~ 2-2 

W 
+:>. 2-] 

W 

2-4 

2-5 

2"' 

2-7 

2-1 

2-9 

2-10 

2-11 

t- 2-12 

tv 
\0 2-13 

2-14 

2-15 

2-16 

2-11 

2-18 

AI 

'~/ 

2-2 2 -] 

2 3 

1 1 

G:J 

1 

-4 2-5 2 -6 2-7 

5 6 7 

'1 1 1 1 
3 

r',.5 
6 

2 2 2 2 

'3 

5 

3 

" 

o ca 

2-1 2-g 2-10 2 'II 2-12 

8 9 10 11 12 

1 1 1 1 1 
7 8 9 10 11 

2 2 2 2 2 
6 7 8 9 10 

3 3 3 3 3 

5 6 7 8 9 

4 4 4 4 4 
6 7 8 

~ 5 5 5 
7 

6 

o o o 

, 

'~ 

~ 
Al8 

• 
2-13 2-14 2 -15 2-16 2-17 

AOl 
13 14 15 16 17 18 

~ 1 1 1 1 1....r 
12 13 14 15 16 17 

2 2 2 2 2 2 
11 12 13 14 15 16 

3 3 3 3 3 3 

10 11 12 13 14 15 

4 4 4 4 4 4 
9 10 11 12 13 14 

5 5 5 5 5 5 

8 9 10 11 12 13 
6 6 6 6 6 6 

8 9 10 1-1 i 12 
7 7 7 7 7 

9 10 11 (REI) 
8 8 8 

10 
9 

(RFl) 

~ 
9 10 & 11 11 

8 9 10 11 
12 12 12 12 

7 8 9 10 11 12 

13 13 13 13 13 13 
6 7 8 9 10 11 12 13 

14 14 14 14 14 14 14 14 
5 6 7 8 9 10 11 12 13 14 

15 15 15 15 15 15 15 15 15 15 
4 5 6 7 8 9 10 11 12 13 

16 16 16 16 16 16 16 16 16 16 
3 4 5 6 7 8 9 10 11 12 

17 17 17 17 17 17 17 17 17 17 

I 
2 3 4 5 6 7 8 9 10 11 

18 18 18 18 18 18 18 18 18 18 

r:a ca o fa G ~ ~ [2] 
~12= 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-g 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 2-25 2-26 2-27 2-28 

~ ~ Diagonally fonn the Logical Products, vertically sum the pyramid. 

r5~ 
~ 

This part of the pyramid is not produced, however, when any 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 IS 

16 16 
13 14 15 16 

17 17 17 17 
12 13 14 IS 16 17 

18 18 18 18 18 18 

[2] ~ [2] 
o 

2~ 2~ 2~ 2~ 2~ 2~ 

~ 
~ Al2 ESSENTIAL SUMMATION PYRAMID CP 6 (RFI) AND (REI) 

) 
\~I 

~ 
o 

2-35 2-36 

HardNare Trng, 
A-4170 J_E,S, 
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R26 R25 R24 R22 R21 RI9 RI8 RI6 
I--

R27 R23 R20 RI7 
'-- ........ 

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

-. 

""""-

...-. 

2~ 2~ 2~ 2~ 24 24 2~ ~8 

RI4 RI3 Rll RIO R8 R6 R3 R2 RI RO 
~ 

RI5 RI2 R9 R7 R5 R4 
I--

r--
I--

I--

(RFl) I--

I--- 100-

--- '--

~ 
(REI) 

~ 

I..- !--

'--
R20 Rl9 RI8 RI7 RI6 FIS F14 FI3 F12 Fll FlO F9 F8 F1 F6 F5 

l..- I--
R21 -- SEClION ( ARR F4 

0....- r--
F3 

~ ""'-
F2 

l..- I"-
FI 

I..-

OGJ 0 

2 -9 2-10 2 -11 2-12 2 -Il 2-14 2 -IS 2-16 2 -17 2-18 2 -19 2-20 2 -21 2-22 2-23 2-24 2 -zs 2-26. 2 -Z/ 2-28 2 -29 2-30 2 -31 2-]2 2-33 2-34 2 -lS 2 -36 = A 12 

All).. PARTIAL SUMMATION CP 7 
(RFl) AND (REI) 

l . 
\. J 

Hardware Tmg. 
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o 
00 
VJ 
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, ___ ,e' 

156 154 

I 
I 
I 
I 
I 
I 
I 
I 

148 1143 I t40 I1i 

144 

143 

1 D6 

\ .. -.-/ 

(RD2) 

D2 r -----
Dl in tfbRcaDO ;: ___ lJ_ 16ID 

1. 
J) .... --t-..., 

129 *(REI) iSll4 

D4 128 126 124 122 114 JB 

127 I2S 123 121 119 113 f1 

116 110 

120 liS 19 

~El) 
(REI) 

117 111 

118 112 

IS7 

VJ 1 I I I I I I I 
t- . I I I 1 I 1 I I I Iii I I I U .. 

,,, .. ,../,,, 

~ 

i 

~;. c 

i ,; .; I - . A'i ,;·{,\(5 
, .' ~ , 

/";; \. ' hI"" t) . «.U'~ 

,;J 

:/ 

/ 
/ 

td .. tJ{~IN,·t" 

r'. 

( Jl t::' 
p", J." 

~ I I I I I I I I I I I I I 1 I I I I I"x 
(RD2) R TfRMS

I 
R17: R16: RIS: RI41 RI3

1 
Rl2I Rlli RIOI R91 R81 R7 i R61 RS 1 R41 R3: R21 RI I RO RlSI RI41 RI31 RI21 Rlli RIOI R9 I R81 R71 R61 RS 1 R41 R3 I R21 Rl 1 0 I 0 I RO ; 

CP 8 1201 pol 1203 12" : 2°S 2"' I 207 I :t I 2-91 2010 hon 12011 12013 120" '20" 120161201712018 2019 I t lO I 2"21 1 2°:ZZ 1 2013 1 20lA 1 201S I 20261 20271 20281 2029 1 2030 12031 120321 2033 1 20341 2035 I 20361 
I I I , I I ~2 bANOk ~R A~PYRAMIDI 1 I 1 ,I, II II II II I Al21 FJOUT k>R ~2 ~ 

I I 1 fROM(/m2) I I 1 I I I I I IfROM (REi) I I 
I I I I I I I I I I I I I I • 1 I I I 1 I I I I I I 1 

(RH1) 

n (RK1) (RKI) 

\ 
.. ) 
\ I .... ---../ 

(REI) R TfRMS 

FANOUT 
CPS 

CP9 

~ FANOUT fROM (RH3, RH1, RII) Hardware Tmg. 
A--II72A J.E.S. 

-< 
;g 
~ 
~ 
tTl 

~ 
~ 
-< 

{~j!j!j!j~r~@f(~m~~Jt~0!~~~2~~~2:;7~~2! 
(RII) 

A 12 FINAL SUMMATION CP 8 AND 

A 12 FANOUT TO FORM A 2 PYRAMID 

CP 9 (RD2) AND (REI) '* 
'~ \ ' ' ,J. ~"'1" ( '-t 

. '\ 

',; '''''!. 

,~",. 

.:~ (' i,~ '.' . .';~-r(\ {c," 

'\ ~.' 

" 
-:"'.' 
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A 2 BITS 
1 

2~1 

2~ 

2~3 

2.()4 

2~S 

2-06 

2-07 

2~8 

2-09 

2-10 

2-11 

2-12 

2-13 

Z-14 

2"15 

2-16 

Z-17 

2-18 

A12 BITS 

2 -19 

2-20 

2 -21 

2-22 

2-23 

2-24 

2-25 

2 -26 

2 -27 

2 -28 

2 -29 

2 -30 

2 -31 

2 -32 

2 -33 

2-34 

HTV-0834 

(RD2) SENT A 12 FANOUT CP 8 

(RD2) RECEIVED 
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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 
the machine. When an overflow condition occurs the result register will receive the calculated 
coefficient with an exponent forced to 600008' An overflow condition also causes a flag to be sent 
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 equivalent of the 160ijk - 161ijk instruction for the Vector 
registers, perfonns a Floating-point Multiply of two Scalar registers. An integer multiply can also 
be perfonned, 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 two 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 term 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 fIrst 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 47 "1" bits and are 
called "-I 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 instructlon, 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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eRA Y Y-MP FLOATING-POINT 
MOL TIPL Y 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 
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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 

066ijk 

Scalar floating product, half precision, (S j) 
times (Sk) to (Si) 

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 Fonnat 

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-MP FLOATING-POINT MULTIPLY 
FUNCTIONAL UNIT INSTRUCTIONS 

VECTOR INSTRUCTIONS 

160ijk 

. 161ijk 

162ijk 
163ijk 

164ijk 
165ijk 

Vector floating product (Sj) times (Vk elements) 
to Vi 
Vector floating product (Vj elements) times 
(Vk elements) to Vi 

Half precision, (Sj) times (Vk elements) to Vi 
Half precision, (Vj elements) times (Vk elements) 
to Vi 

Full precision, (S j) 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 
Vi 
Vi 
Vi 
Vi 
Vi 
Vi 
Vi 

HTV-0834 

Sj*FVk 
Vj*FVk 
Sj*HVk 
Vj*HVk 
Sj*RVk 
Vj*RVk 
Sj*Vk 
Vj*Nk 

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 

YM01114 
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DIVIDE SEQUENCE 

S6 = Sl/S2 

Accurate To 29 Bits: 

#1 070320 S3 = l/S2 

#2 065613 S6 = Sl * FS3 

Accurate To 48 Bits: 

S6 = Sl/S2 

#1 070320 S3 = l/S2 

#2 067432 S4 = (2 - [S3*S2]) 

#3 064543 S5 = S4*S3 
-~ 

#4 066651 S6 = S5*Sl '\ 

J 
/' 

#1 Al = 2Ao - A02B First Iteration 

A2 = 2AI - AI2B Second Iteration 

#2 S4 = (2 - (A2*B» 
Third Iteration 

#3 A3 = A2(2 - (A2*B» 

or 

A3 = 2A2 - A22B 

#4 S6 = A3*Sl Third Iteration * S 1 

YM01115 
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FLOATING-POINT MULTIPLY (OPTIONS 
INVOLVED) 

(MAOI, MA08, MAI3) 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 joperand. The summation is performed by using a 3-bit adder sum cell m285 and a 
3-bit adder carry cell m286; some macro equations use the 3-bit adder sum/carry cell m281. The 
(MAO 1) assists in the fanout of the j operand to the (MF07) option. 

(MB02, MB03, MB09, MBIO, MBI4) 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 (MBIO, MB14) options assist in the fanout of the k operand to the (MF07) option. 

(MC04, MCOS, MC06, MCII) 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 perform 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. 

(MDI7) 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 perform the second level summation, or continues to perform 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 (M!) option for the final summation. 

(MH28) Option 

The (MH) option performs 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 Normalized, which is required if Normalized 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, MI3l, MI32) Options 

The' (M!) options perform 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 performed. The three (MI) 
options each handle 12 bits of the coefficient and 5 bits of the exponent. The (M!) 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. 
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(MJ18) 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 - A.ssociated 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. 

Underflow - Underflow 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 (M!) and (MJ) options. 

Strong Round Truncate - Associated with the 065ijk or 16).jk - 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 (M!) 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 (M!) 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). 

Underflow 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. 
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(MP40, MP41) Options 

The two (MP) options perfonn the same two functions as the (MA) option: multiplication and 
partial summation. The (MP40) option perfonns a partial summation on bits (268 - 255) of the 
pyramid, while the (MP41) perfonns 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 3110 places and the K operand left shifted 1610 places 
in order to utilize this option. 

(MR33 .. MR36) Options 

Four (MK) 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, MC, MD, MF, MP, and MQ) options to fonn 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), (MB10), (MB14), 
(MC06), (MP40) and (MP41) options. 
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(MAO!) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT RTERM I TERM JBIT FANOUT RTERM I TERM 

(MR34) RO 120 2~ (MR35) , R8 10' 
(MR34) Rl 121 230 (MR35) R9 ' n 
(MR34) R2 122 231 (MR35) RIO 12, 
(MR34) R3 123 232 (MR35) Rlr ,13 
(MR34) R4 124 233 (MR35) R12- 14 
(MR34) R5 125 2 (MR35) RlJ 15 
(MR34) R6 126 234' (MR35) R14', 16 '",,-
(MR34) R7 127 -Z:~' 

,~ ~ ~- "'"' -..,.~ ... ', 
18 (MR33) R23 128 236 (MR36) RS' 

(MR33) R24 129 237 (MR36) R6,· 19 
238 (MR33) R25 130 (MR36) R7 IlO 

(MR33) R26 131 239 (MR36) R8 III 
(MR33) R27 132 240 (MR36) R9 Il2 

241 (MR36) RIO Il3 
242 (MR36) Rll Il4 
243 (MR36) R12 Il5 
244 (MR36) R13 Il6 
245 (MR36) R14 Il7 
2~ (MR36) R15 Il8 
2 (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 RTERM I TERM 

R28 120 2 15 (MR35) R17 
RO 121 2 16 (MR35) R18 
Rl 122 217 (MR35) R19 
R2 123 2 18 (MR35) R20 
R3 124 2 19 (MR35) R21 
R4 125 2 20 (MR35) R22 
R5 126 221 (MR35) R23 
R6 127 222 (MR35) R15 
R7 128 2 23 (MR35) R16 
R8 129 224 (MR34) R17 
R9 130 2 25 (MR34) R18 
RIO 131 2 26 (MR34) R19 
Rll 132 227 (MR34) R20 

2~ (MR35) R08 

230 (MR35) R09 
2 (MR35) RIO 
2 31 (MR35) Rll 
2 32 (MR35) R12 
2 33 (MR35) R13 
2 34 (MR35) R14 

eRA Y Y-MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 
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(MA13) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT RTERM I TERM JBIT FANOUT RlERM I1ERM 

(MR33) R31 120 202 (MR34) RIO 10 
(MR33) R30 121 2°3 (MR34) Rll II 
(MR34) R31 122 204 (MR34) R12 12 
(MR34) R30 123 2°5 (MR34) R13 13 
(MR34) R29 I24 206 (MR34) R14 14 
(MR34) R28 125 207 (MR34) R15 15 
(MR34) R27 126 2°8 (MR34) R16 16 
(MR35) R24 127 209 (MR33) R12 17 
(MR34) R26 128 210 (MR33) R13 18 
(MR34) R25 129 211 (MR33) R14 19 
(MR34) R24 130 212 (MR33) R15 IlO 
(MR34) R23 131 213 (MR33) R16 III 
(MR34) R22 132 214 (MR33) R17 Il2 

2 15 (MR35) R17 Il3 
2 16 (MR35) R18 Il4 
217 (MR35) R19 Il5 
2 18 (MR35) R20 Il6 
2 19 (MR35) R21 Il7 
220 (MR35) R22 Il8 
221 (MR35) R23 I19 

(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) 

RTERM I TERM JBIT FANOUT R1ERM 

Rl 113 2 35 (MR36) R4 
R2 Il4 2 36 (MR36) R5 
R3 Il5 237 (MR36) R6 
R4 Il6 238 (MR36) R7 
R5 Il7 2 39 (MR36) R8 
R6 Il8 2 40 (MR36) R9 
R7 Il9 241 (MR36) RIO 
Rl 120 242 (MR36) Rll 
R2 121 2 43 (MR36) R12 
R3 122 244 (MR36) R13 
R4 123 2 45 (MR36) R14 
R5 124 2 46 (MR36) R15 
R28 125 247 (MR36) R16 
RO 126 
Rl 127 
R2 128 
R3 129 FORCED 1 
R4 130 FANOUTJ,K 
R5 131 

CRAY Y-MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 2 of 9) 

I1ERM 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
IlO 
III 
Il2 

132 

Hardware Trng. 
A-4481 J.E.S. 

35-13 CRAY 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 
2'1:1 
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 I13 2 35 (MR36) R4 IO 
(MR33) R24 I14 2 36 (MR36) R5 Il 
(MR33) R25 I15 2 37 (MR36) R6 12 
(MR33) R26 I16 2 38 (MR36) R7 I3 
(MR33) R27 I17 2 39 (MR36) R8 14 
(MR33) R28 Il8 2 40 (MR36) R9 15 
(MR33) RO I19 241 (MR36) RIO 16 
(MR33) Rl I20 242 (MR36) Rll 17 
(MR33) R2 121 2 43 (MR36) R12 18 
(MR33) R3 122 244 (MR36) R13 19 
(MR33) R4 I23 2 45 (MR36) R14 IlO 
(MR33) R5 I24 2 46 (MR36) R15 III 
(MR33) R6 . 125 247 (MR36) R16 II2 
(MR33) R7 I26 
(MR33) R8 I27 
(MR33) R9 I28 
(MR33) RIO I29 
(MR33) Rll I30 FORCED 1 132 (MR33) R31 I31 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 I13 222 (MR35) R15 
Rl I14 2 23 (MR35) R16 
R2 I15 224 (MR34) R17 
R3 Il6 2 25 (MR34) R18 
R4 I17 2 26 (MR34) R19 
R5 II8 227 (MR34) R20 
R6 Il9 2 28 (MR35) R8 
R7 I20 2 29 (MR35) R9 
R8 121 2 30 (MR35) RIO 
R9 I22 2 31 (MR35) Rll 
RIO I23 2 32 (MR35) R12 
Rll I24 2 33 (MR35) R13 
R31 125 2 34 (MR35) R14 
R30 126 
R31 127 
R30 128 
R29 129 FORCED 1 
R28 I30 FANOUTJ,K 
R27 I31 

eRA Y Y-MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 3 of 9) 

35-14 

IO 
II 
12 
I3 
14 
15 
16 
17 
18 
19 
IlO 
III 
II2 

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 
244 
2 45 

HTV-0834 

(MB 10) RECEIVING (I TERMS) 

K OPERAND FANOUT JOPERANDFANOUT 

FANOUT RTERM I TERM JBIT FANOUT RTERM I TERM 

(MR33) R7 I13 222 (MR35) Rl5 IO 
(MR33) R8 I14 223 (MR35) Rl6 II 
(MR33) R9 II5 224 (MR34) Rl7 12 
(MR33) RIO II6 225 (MR34) Rl8 13 
(MR33) Rll II7 226 (MR34) R19 14 
(MR33) R31 II8 227 (MR34) R20 15 
(MR33) R30 II9 228 (MR35) R8 16 
(MR34) R31 120 229 (MR35) R9 17 
(MR34) R30 I21 230 (MR35) RIO 18 
(MR34) R29 I22 231 (MR35) Rll 19 
(MR34) R28 I23 232 (MR35) R12 IIO 
(MR34) R27 124 233 (MR35) R13 III 
(MR35) R24 I25 234 (MR35) R14 1I2 
(MR34) R26 I26 
(MR34) R25 I27 
(MR34) R24 128 
(MR34) R23 129 FORCED 0 

132 
(MR34) R22 130 J/KFANOUT 
(MR33) R29 I31 

(MB14) RECEMNG (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 I BIT FANOUT RTERM 

R30 1I3 2: (MR33) R12 
R31 1I4 211 (MR33) R13 
R30 II5 212 (MR33) R14 
R29 II6 213 (MR33) R15 
R28 II7 214 (MR33) R16 
R27 118 2

15 
(MR33) R22 

R24 II9 2 (MR35) R17 
R26 120 2 16 (MR35) R18 
R25 121 217 (MR35) R19 
R24 122 2 18 (MR35) R20 
R23 I23 2 19 (MR35) R21 
R22 124 2 20 (MR35) R22 
R29 125 221 (MR35) R23 
R28 126 
Rl 127 
R29 128 
R3 129 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 
I3 
14 
15 
16 
17 
18 
19 
no 
III 
II2 

I32 

Hardware Trng. 
A-4483 J.E.S. 

35-15 CRAY 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 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 

) 

HTV-0834 

(MC04) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT RTERM 1 TERM JBIT FANOUT R'IERM 1 TERM 

(MR33) R1 113 2 35 (MR36) R4 IO 
(MR33) R2 114 2 36 (MR36) R5 11 
(MR33) R3 115 2 37 (MR36) R6 12 
(MR33) R4 116 2 38 (MR36) R7 I3 
(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) 

R'IERM I TERM JBIT FANOUT R'IERM 

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 2~ (MR36) R9 
R31 119 242 (MR36) RIO 
R30 120-- 243 (MR36) Rll 
R29 121 244 (MR36) R12 
R28 122 245 (MR36) R13 
R27 123 246 (MR36) RI4 
R24 124 247 (MR36) RI5 
R26 125 2 (MR36) R16 
R25 126 
R24 127 
R23 128 
R22 129 FORCED 1 
R29 130 JIKFANOUT 
R28 131 

eRA Y Y-:MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 5 of 9) 

I TERM 

IO 
11 
12 
I3 
14 
IS 
16 
17 
18 
19 
110 
III 
112 

132 

Hardware Trng. 
A-4484 J.E.S. 

35-16 CRAY 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 
244 
2 45 

2 46 
247 

KBIT 

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 
2 
2 43 

2~ 
246 
2 

HTV-0834 

(MC06) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT RTERM I TERM JBIT FANOUT RTERM I TERM 

(MR34) R30 113 2 35 (MR36) R4 10 

(MR34) R29 114 2 36 (MR36) R5 11 

(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 IS 

(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 III 

(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 J/KFANOUT 
(MR35) R7 131 

(MCll) RECEIVING (I TERMS) 

K OPERAND FANOUT JOPERANDFANOUT 

FANOUT 

(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR35) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR34) 
(MR33) 
(MR36) 
(MR35) 
(MR36) 
(MR35) 
(MR36) 
(MR35} 
(MR36) 

RTERM I TERM JBIT FANOUT RTERM I TERM 

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~ (MR34) R19 
R24 118 2

28 
(MR34) R20 

R26 119 2 (MR35) R8 
R25 120 2 29 (MR35) R9 
R24 121 2 30 (MR35) RIO 
R23 122 2 31 (MR35) Rll 
R22 123 2 32 (MR35) R12 
R29 124 2 33 (MR35) R13 
R28 125 2 34 (MR35) R14 
Rl 126 
R29 127 
R3 128 
R30 129 FORCED 0 
R5 130 J/KFANOUT 
R31 131 

eRA Y Y-MP (MR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 6 of 9) 

35-17 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
110 
111 
112 

132 

. Hardware Trng. 
A-4485 J.E.S. 

CRAY PROPRIETARY 

~ 
) 

/ 

.•. " 
j 



) 

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 

(MDl7) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT RTERM I TERM JBIT FANOUT RTERM I TERM 

(MR33) R29 IlO 2 00 (MR34) R8 IO 
(MR36) R28 III 2 01 (MR34) R9 Il 
(MR35) R1 Il2 2°2 (MR34) RlO 12 
(MR36) R29 Il3 2°3 (MR34) Rll 13 
(MR35) R3 Il4 2 04 (MR34) R12 14 
(MR36) R30 115 2°5 (MR34) R13 15 
(MR35) R5 Il6 2 06 (MR34) R14 16 
(MR36) R31 Il7 2°7 (MR34) R15 17 
(MR35) R7 Il8 2°8 (MR34) R16 18 

(MF07) RECEIVING (I TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

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 (MA01) R27 
R27 129 244 (MAO 1) R28 
R40 130 2 45 (MA01) R29 
R40 131 2 46 (MA01) R30 

247 (MA0l) R31 

CRAY Y-MP (1v1R) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 7 of 9) 

I TERM 

IO 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
110 
III 
112 

Hardware Trng. 
A-4486 J.E.S. 

HTV-0834 35-18 CRAY PROPRIETARY-



KBlT 

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 

(MP40) RECENING (I TERMS) 

KOPERANDFANOUT J OPERAND FANOUT 

FANOUT RTERM I TERM JBlT FANOUT RTERM 1 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 15 
(MR36) R28 126 2 15 (MR35) R17 16 
(MR35) Rl 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 111 
(MR36) R31 132 221 (MR35) R23 112 
(MR35) R7 133 

(MP41) RECEIVING (l1ERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT RTERM . I TERM JBIT FANOUT RTERM 

(MR33) 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 (JvIR) OPTIONS 
FANOUT J AND K OPERANDS 

(sheet 8 of 9) 

R15 
R16 
R17 
R18 
R19 
R20 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14 

I TERM 

IO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
110 
III 
112 

Harware Trng. 
A-4487 J.E.S. 

HTV-0834 35-19 CRAY PROPRIETARY 

I 
/ 



KBIT 

2 16 
217 
2 18 

2 19 

2 20 
221 
222 
2 23 
224 

2~ 
227 
2

28 2
29 

230 
2 

) 

HTV-0834 

(MQ42) RECEIVING (1 TERMS) 

K OPERAND FANOUT J OPERAND FANOUT 

FANOUT 

(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR33) 
(MR34) 
(MR34) 
(MR32) 

RTERM I TERM JBIT FANOUT RTERM 

R2 120 2 48 (MR36) RO 
R3 121 2 49 (MR36) Rl 
R4 122 2 50 (MR36) R2 
R5 123 2 51 (MR36) R3 
R6 124 2 52 (MR36) R17 
R7 125 2 53 (MR36) R18 
R8 126 2 54 (MR36) R19 
R9 127 2 55 (MR36) R20 
RIO 128 2 56 (MR36) R21 
Rll 129 2 57 (MR36) R22 
R31 130 2 58 (MR36) R23 
R30 131 2 59 (MR36) R24 
R32 132 2 60 (MR36) R25 
R33 133 2 61 (MR36) R26 
R32 134 2 62 (MR36) R27 

CRAY 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 
111 
112 
113 
114 

Hardware Trng. 
A-4488 J.E.S. 

35-20 CRAY PROPRIETARY 
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;g 
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~ 
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,. 

(Mf)OPl10N 
1 
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~fEJ 
-! 
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,. 7 • , 7 1 7 

• 7 • 1 ! [" . " . '0 • • • • • •• 7 11 
• U ' " ' II · " • 11 1 " 0u.i 11 , 10 , ' , I, 1 , • • ' , . , -:-
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11 11' 11 ' " • 11 S II a 11 1 11 !l.!! ' .. ' " · " 
(MQ4O) QPJ10N 

14 .In .112 .In .110 

1~liO}t 
~I' 

" • , 111 1 o , fP (MD)OPTION 
, . 1 • • • ' . ' 0 , 1 • , , • n 110 I. 

, 7 , . , ' , • , . ' . . ' . .fT • ' . • , .. • 
, , • . ' . 10 , 

, •• 1' .1' .1' .1' .1' .1' ,I' ,I' .1' • 

:=fV1' 'I' 'I· 'I' '12'11 'r ' I " • ,. 4 • , _ 2 1 n · , i' , , , , , " [0, 

' . ' . • • ' . ' . o • 

• • , 7 ' , 
• 7 · , ' , ' . . , 

ou;;l"ii;i 
1", ",110,' 

IIZ 2 11 2 10 2 2: 

12 U 10,' ,',. 

L:..!!.'n ." 
(MP4WMP41) 0Pl10NS 

" " . ,. , , 
,~' 

, 10
5 ' , ' , 1 , .,. . ' . ' . 1 • ' . ' I " 

7' 7 1 
• 7 ' 7 '~. " . . , ' , ' , ',' , , ' , , 
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11411 'II '" '" O'U 

!.o. 2.» d u~ 40 
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Noms: 
.&. Diaaonally fonn tho Logical ProductJ, vertically sum 

tho pynunid_ 
.&. SbowiPg2 2i orK opcWldmultiplied by ~ 0 
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606-506 4"06-309 -(MQ42) 
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709 1- - cMC04) -

-----1300200100 0 
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1 SOl 401 302 202 102 2 r:--------SOl 402 (MCll) -1 
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704 604 ------
703 603 50S 409 (MP41) 

...... 1.. .. 1 
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111 111111 II_lMH28)11 1 1 1_<M(26) 
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S04 406 306 

.• 7~~~{ 604- 50S 4m 307 
702 605 S06 308 
703 606 (MP40) 309 204 

-----------
.• 704 1 (MBIO) 30S 2031::; 

1603 S03 405 304 202 1~ 7 

1602 SOl 404 303 201 "'113 ;, _J _____ _ 

,1700 ~1_SO.!. ~03~~.!4L IIll 3 
.:IO~I608 SOB 41ll 302 200 I !..03 _ ~ 

708 rm 507 401 301 208 (MB03) 
600 SOD 400 300 207 104 4 

.Z ...... 
700 ;'-504 (MB03) 

I - - - - - - J (MG22) 
7m 60S SOS (MB 10) I 
I---~---
(MP40) 1 _______ _ 
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',,~) 

(MG20) 

- 600-sciO 400- 300 200100 "0 
6m m 401 301 201 

(MAO!) 

303 202 101 I 

CONSTANI'A 
SUM BrrS 

OONSTANI'B 
SUM BrrS 
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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 

Y16143 
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---------------------------------------- lOS 
CPU 0 

---
MIOP H LOSP-lN I LOSP-OUT _BJQf_ ... 

20 21 I CPU 0 
CHANNEL ~OP f4-I-COMMANDS XIOP H HISP-lN I HISP-OUT I 

~~p--sm 
----------~~~-------------- ---:~!~ m CPU 1 

I CHANNELl 

H LOSP-lN I LOSP-OUT t 
22 23 I CPU 1 

~ CHANNEL 

H HISP-lN I lllSP-OUT I COMMANDS 

--~---~--~----------------- .... "'" .... ~'""""'" => ""' ... "'" "'" >"- "" 

CPU 2 

~ LOSP-lN I LOSP-OUT I CPU 2 
24 25 I CHANNEL 

COMMANDS 

H HISP-IN I HlSP-OUT :. 

~VH~}= 
--------------------------- ---:~~:- EEl CPU 3 

YHISP 
CHANNELS 

H LOSP-lN I LOSP-OUT I l 
26 Z1 H CPU 3 CHANNEL 

~ HISP-lN I mSP-OUT I COMMANDS 

--------------------------- ------------
CPU 4 ..-.f LOSP-lN I LOSP-OUT I CPU 4 

30 31 I CHANNEL 
COMMANDS H HISP-IN I mSP-OUT :. 

~VH~}sm 
--------------------------- ---:~~:~ 3:l 

CPUS YHISP 
CHANNELll 

H LOSP-lN I LOSP-OUT 
32 33 I 1 CPU 5 

CHANNEL 

H HISP-lN I mSP-OUT I COMMANDS 

--------------------------- ------------
CPU 6 

H LOSP-lN I LOSP-OUT '- 1 CPU 6 
34 35 I CHANNEL 

COMMANDS 

I HISP-lN I HISP-OUT : 

~VH~}~D 
--------------------------- ---:~~:: EEl 

CPU 7 .1 YHISP 
. I CHANNEL 15 

I LOSP-lN I LOSP-OUT h 36 37 CPU 7 lOS 
CHANNEL 

I 
MICip-I HISP-lN I lllSP-OUT I COMMANDS BIOP'- l+-I--

---------------------------------------- ~ ~OP l+-
XIOP 
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H&L fiOPl-:: DCU - 51 
"l 01 r 

-:DCU-51 NU H 
l""""-

H&L 
r--
I lOP 

1DCU-51 
"l 02 _ r---f DCU - 51 H ~ -

f-- -- DCU-51 
H&L lOP ___ 

- I H ...2L-......:: -, BMC- 51 
- BMC- 51 V • I OPERATOR I I HSX I I VME I V 1 SSD 

I/O CONSOLE HSX I MCU 

I ~ BMC-51
1 -

H 
H&L ~ BMc-51 

13 - DCU-51 
I""""- H -H&L lOP - .J DCU - 51 

12 
:DCU-51 -----

NU H - IDCU-51 H&L lOP 
11 _ • I - -r---.rDCU

-
5 

- NU H lOP L DCU-51 H&L L 

V=VHISP r 
,..l2... 

L 
1 FEll 

H=HISP BUFFER 
L= LOSP . MEMORY 1 A-6314A 
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CRAYY-11PI/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, HISP 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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WRITE DATA 

'--

MEMORY ADDRESS,aJNTROL 

./ 7' 
(Dn) CB=7l 

(263.2"')(2".2 21) 1/ 
(DJ6) CB=67 

(2".2 56 ) (227.2"') 1/ 
(DJ5) CB=70 

(2".2 52 )(223.2"') 1/ 
(DJ4) CB =66 

(251.2")(210.2'6) 1/ 
(DJ3) CB=69 

(2"·2"') (2".zu) 1/ 
(OJ2) CB=65 

(243.2<0)(211.2') r.... 
(DJI) CB=68 

(239.2 36 )(27.2') 

(OJO) CB=64 
(235.232 )(2'-2°) 

PORT I 

8j 
PORT2 rn 
LOSP 

[[DJ 
1/ 110 INPUT BUFFERS 

READ DATA FROM MEMORY 

'~ 
'"--,,,' 

(DEO) (J>U 1 SSD 

VHlSP DATA SYNC Y01E ymsp·lN 'IRANSMIT ENABLE 

VHISP 'lRANSFER PROGRESS RFPOR T SETCA 1 REFERENCElNPROGRESS SLAVE CLEAR CONTROL 1 VHlSP DATA SYNC Y01E VHISP SSD CONTROLS 
OIANNEL CON'I1l.OL 

-------a~~------F -P -f -I ---------------------------------------------------a~-~--- i---
"-

(DEO) (J>UO YHISP.QUTWRITEDATA READY 
(EXT) + 

I(DB2) (221.2 21 ) I VHlSPDATASYNCY01E 
YHlSP.QUT LAST BUfFER WRITE (EX'I)+ 

(DBI) (2".2"') I VHISP 'lRANSFER PROGRESS RFPORT 
SSDCON'lll.OLS 

I(DB=2
U

) I VHISP mANSFER PROGREsS RFPORT PORTJ 
VHlSPDATASYNCY01E MASTER 1N1ERRuPT REQUEST (EX1)(IlllO) CON'llI.OL 

YHISP 

I 
CHANNEL COMMANDS (AF. JR) 

(DAD) (2°.2<) - OIANNELCON'I1l.OL 

~ 
.-- YHISP REFERENCE REQUEST (DDO) (J>U 0 mANSMIT ADDRESS 

lOP 
HISP REFERENCE REQUEST AIlDRl'SS READY 

LOSP REFERENCE REQUEST DATA READY l.-f---< 
AkDATA,OIANNELCOMMANDS (AF.JR) TRANSMIT DATA 

110 REFERENCE 
~ 

CON'lll.OL msPCAIBL (OP·ICI') HISP HISPI 
I.OSP 

OIANNEL CON'llI.OL 
CON'mCL 

LOSPRESUME -- -------+ (IXl) -- -- YME 

L- LOSi> READY ------- ... -- --
DISCONNECT -- -------. f-H 

MWS 
(J>U MC,IIO MC, DEADSTART f--. --------

LOSP/HISP/YHISP BUfFER CON'llI.OL 
LOSP !>'.AlNT. 

LOSP/HJSP/YHISP INPUT DATA CHANl<'EL COMMANDS (AF. JR) WORK 
OIANNEL CONTROL STATION 

./ / 
(DP7) CB=71 

(263.2 60 ) (2". 2 21) 1.1 
(DP6) CB=67 

(259.256 ) (227. 2"') 1/ 
(DP5) CB=70 

(2".2")(223.2"') 1/ 
(OP4) CB=66 

(251.2") (2".2'6) l/ 
(OPJ) CB=69 

(2.7.2 44 )(215.2 13) 1/ 
(Dn) CB=65 

(243.2")(211.2') 1/ 
(DPl) CB=68 

(230.236 )(27.2') V 
(Dro) CB=64 -(2".2"')(2'.2°) 

PORT I 

EE 
PORTZ 

EE 
LOSP rr:rn 1Uttlw1lFt1 Tmg. 

!to OU'll'UT BUFFERS V ,.-8771 J.£A 

CRAY Y-MP I/O CHANNELS BLOCK DIAGRAM 
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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~008 words to memory for lOS orl,,00008 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 1600 - 1770 

11. With monitor program send ,,00008 words to the lOP and cause an exchange to 1600 - 1770 

YM01104 
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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 ,0000g words to the 10wer:L0000 words of Cray memory 

5. Drop CPU MC when transfer is complete; ifN = 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 channel20g from going active 

9. Setting DD causes Cray to output,1..o000 words over channel21g 
a. DD acti.vates the output channel 
b. CA = 0 
c; CL = 0 

10. Go to line 1 

N NOT SET 

CPU MC lL... ____ ..... 

I/OMC L.J 

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) 
DD - LOSP-Out on (DC) 

~ ______ ..... n~ ________ _ 

LJ 

DELAY TRANSFER CRAY 
MEMORY TO 
MCU 1000 - 1777 

YM0110S 
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LOSP CHANNEL 

General Overview 

The CRA Y Y -MP contains a total of eight LOSP channel pairs, eight HISP channel pairs and four 
vmsp 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 vmsp 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, msp 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 VHISP. The fetch or I/O priority is 
detennined 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 HISP-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 vmsp 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 detennining 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 

----~ 

J 

CL = 00, seeing that no instruction can issue from CIP at this point. When issuing an (OOll)j 
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 (DA/DB) option 
along with the channel commands. The channel commands are decoded on the (DA/DB) to 
determine what to do with (Ak), and in this case, for the (0011) instruction load (Ak) into LOSP-In 
CL. 
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**0012jl 

**0012jO 

,J:[' *OOlljk 
l,..bc 

**OOlOjk 

033iOO 

033ijO 

033ijl 

CRAY Y-l\1P 
I/O INSTRUCTION SET 

Clear the Interrupt flag and Error flag for the 
channel indicated by (Aj); set ~evice master clear 
(output channel); clear device ready held (input 
channel) 

Clear the Interrupt flag and Error flag for the 
channel indicated by (Aj); clear device master 
clear (output channel) 

CL, Aj Ak Set the Limit address (CL) register for the 
~(l'A~J f'i y .. ;/zvl '7 channel indicated by (Aj) to (Ak) 

CA, Aj Ak Set the Current address (CA) register for channel 
indicated by (Aj) to (Ak) and activate the channel 

Ai CI Transmit interrupting channel number to Ai 

AiCA AO , J 

AiCE A" , J 

Transmit address of channel (Aj) to Ai 

Transmit Error flag of channel (Aj) to Ai 

**Privileged instruction - Monitor mode only tn~~k 
·ttf~ 

~ 
.~ ~ ... '\. 

"j \") ~.-. -" . 

...r .l 

) 
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CRAY Y-MP MSEE MEMORY DUMP 

MODE TB 16B CMOSII - X 3.0 00/00/00 
AUTO 01:12:58 
C X 0000 C 
C C 

P 00000020-0 XA 0000 AO 00000000 100Q 000000 000000 
BI 00000000 VL 000 Al 00000000 1001 000000 000000 
LI 77777700 VU 0A2 00000000 1002 000000 000000 
BD 00000000 PN a A3 00000000 1003 000000 000000 
LD 77777700 PS a A4 00000000 1004 000000 000000 
FL o 000 eN a AS 00000000 1005 000000 000000 
MO 00 21 EM a A6 00000000 1006 000000 000000 
2V a OEMA 1 A7 00000000 1007 000000 000000 

so 000000 000000 000000 000000 20 100500 000026 
Sl 000000 000000 000000 000000 21 030356 0224~U, 
S2 000000 000000 000000 000000 22 02274W 001270 
S3 000000 000000 000000 000000 23 011000 000111 
S4 000000 000000 000000 000000 24 000105 000000 
S5 000000 000000 000000 000000 25 000000 000000 
S6 000000 000000 000000 000000 26 000000 000000 
S7 000000 000000 000000 000000 27 000000 000000 

ENTER :SN? 

1. Transfer memory locations 40008 - 100008 to the MCU image area. 

2. Can MSEE be used as a simple monitor? 

LjOOO 

?lOaD 

,0 0 
I {) (/ 

;? I 

,'.-'/> .J rp 
I, ',{./ r 

, ' 

:MSEE 

000000 000000 
000000 000000 
000000 000000 
000000 000000 
000000 000000 
000000 000000 
000000 000000 
000000 000000 

100600 000025 
00U4;3 001046 
033700 031074-
001240 006000 
000000 000000 
000000 0O$b00 
000000 004000 
000000 000000 
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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 msp or vmsp 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 CPU s 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 :;z!: 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 (DJ s) 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 

,. . 
--k,,~'L <t. I}I..I'''':::;. \.cPO~( . 1" .• ~ 
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LOSP Channel (Options Involved) 

(DAO) Option 

The (DA) option is the I/O reference control between the chann~l and memory. The (DA) will 
check for priority conflicts between the LOSP, msp, and VHISP reference requests. When a 
conflict exists, the LOSP has highest priority followed by the HISP and then the vmsp. The 
"(DA) also contains the lower 5 bits of the CA, CL registers for LOSP-In, LOSP~Out, mSP-In, 
mSP-Out and vmsp 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 (AP) 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, mSP-In, mSP-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 (DA/DB) also checks to see if CA = CL for the 
bits that the (DA/DB) 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 
(DJ/DP) 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 
CDJ) 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. 
YM02l05 J. E. S. 

HTV-0834 37-7 CRAY PROPRIETARY 



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 vmsp 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 (DJ) while (DJ4 - DJ7) would receive 
3 bits, the extra bit being parity. The 2 data bits are serially swapped across two other (DJs) in 6 
CPs until the data bits are aligned into their proper position to be sent to memory. 

The (DJ) receives two major control signals which are LOSP-In Sample Data and Go LOSP Data. ~) 
Sample Data tells the (DJ), which was sent by the (DC) option, that the data is valid on the (DJs); 
while Go LOSP Data tells the (DJs) 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 (DJs) 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. 
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(HHO) Option 

The (HH) option is responsible for detennining 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 fmally loaded into the A register. 

(lRO .. lR3) Options 

The (JR) options are responsible for multiplexing the CNstatus word or Error flag from the 
(DA/DB) 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 CPUs. 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. 

(lSO - lSI) Options 

The (IS) options are responsible for getting the channel commands (Aj) and (Ak) to all the CPUs 
and to route the CNstatus 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. 

(lQO) Option 

The (IQ) option will pass the lower 5 bits of AjiAk to the (JS) options along with the Shared 
register byte controls. 
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PREFACE 

CMM-1133-000 

The RCU-JO Operation and Maintenance Manual describes the 
theory, operation, and maintenance of the RCU-l 0 cooling unit. 
Preventive maintenance and field repair procedures for the 
RCU-lO are also included in this manual. 

This manual is for Cray Research, Inc. (CRI) personnel 
responsible for maintaining, troubleshooting, or repairing a 
computer system configured with an RCU-IO cooling unit. 
Readers should be familiar with basic refrigeration theory and 
practices. 

This manual refers to other publications that contain additional 
pertinent information. Refer to the bibliography at the back of this 
manual for descriptions of these publications. A glossary defining 
commonly used refrigeration terms is also included at the back of 
this manual. 
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1 OPERATION AND MONITORING 
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One refrigeration condensing unit (RCD-tO) provides cooling for one 
module cabinet. The cooling unit must supply the module cabinet with a 
constant flow of dielectric coolant at a temperature of 72 of (22.2 °C). 
The cooling unit controls the dielectric-coolant temperature by 
maintaining constant refrigerant system pressures as the 
evaporative-refrigerant system absorbs waste heat from the dielectric 
coolant and then transfers the waste heat to room air or to a chilled- or 
building-water system. 

To understand how the cooling unit controls temperatures and pressures, 
you need to understand how each component within the power distribution 
system and refrigeration system operates. 

The following subsections describe the sequence of events that occur as 
the cooling unit is operating in water-cooled, air-cooled, and auto mode. 
The operation of specific components within the power distribution and 
refrigeration systems are described in more detail in Section 2, "Power 
Distribution," and Section 3, "Refrigeration." 

NOTE: This manual uses the term cooling unit (CU) when referring to 
the RCD-IO. 

This section also describes the conditions that are monitored by the 
warning and control system (WACS). The WACS monitors such 
conditions as pump and compressor operation, temperatures, and 
pressures. The WACS can remove electrical power from the cooling unit 
if an abnormal condition exists . 

Cray Research Proprietary 1-1 



Operation and Monitoring RCU-10 Operation and Maintenance Manual 

Operation 
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The cooling unit can operate in water-cooled, air-cooled, or auto mode, 
depending on the position of the cooling mode switch, located in the main 
electrical box (refer to Figure 1-1). The following subsections describe 
the sequence of events that occur when the cooling unit is operating in 
water-cooled, air-cooled, and auto mode. 
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CONTROL 

-----
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Figure 1-1. Cooling Mode Switch Location 
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Water-cooled Mode 
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The following sequence of events occurs during the time the cooling unit 
powers up in water-cooled mode until the compressor head pressure 
stabilizes. After the head pressure stabilizes, controls within the cooling 
unit adjust refrigerant system pressures and volume by controlling valves 
and components in the system. Figure 1-2 shows the flow of refrigerant in 
four phases when the cooling unit is operating in water-cooled mode. 

NOTE: If you are not familiar with the components in the following 
discussion, refer to the component descriptions and illustrations 
in Sections 2 and 3. 

Remember that the refrigerant system must control system pressures to 
control the temperature of the dielectric coolant flowing back to the 
module cabinet. The pressure control devices have preset cut-in and 
cut-out settings that determine the pressure at which solenoids energize or 
de-energize to operate various valves. 

NOTE: The discharge diverter valve solenoid is de-energized when the 
cooling unit is operating in water-cooled mode and diverts the 
flow of hot refrigerant gas to the water-cooled condenser. 
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Power-up Sequence 
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The following description is written assuming that all circuit breakers and 
motor-start protectors are in the ON position. 

NOTE: Pressure transducers, thermistors, and other sensors in the 
cooling unit that are part of the WACS are energized when 
power is applied to the module cabinet. 

A power-up sequence is initiated by placing the Power Off switch in the 
On position. 

1. Power is applied to the transformer, the transformer fans, the 3-phase 
monitor, and the process control unit. 

2. Power is also applied to the following pressure controls: 

• LOW SIDE PRESSURE CONTROL 
• HIGH SIDE PRESSURE LIMITING DEVICE #1 
• HIGH SIDE PRESSURE LIMITING DEVICE #2 
• HIGH SIDE PRESSURE LIMITING DEVICE #3 
• Oil Control 
• FAN CONTROL 

3. The air-cooled condenser pump-out solenoid valve energizes to ,) 
enable the compressor to pump liquid refrigerant in the air-cooled 
condenser back into the system when the cooling unit is operating in 
water-cooled mode. 

4. The discharge diverter solenoid valve is de-energized to direct the 
flow of refrigerant gas to the water-cooled condenser. 

5. The water-regulating sense diverter solenoid valve is de-energized, 
and the water-regulating valve regulates the flow of water by sensing 
variations in discharge pressure in the receiver vent line. 

6. The receiver vent line solenoid valve is de-energized. 

7. Power is not applied to other cooling unit components until the Start 
switch on the WACS is pressed, which transmits a cooling enable 
signal to the cooling unit to initiate a start-up sequence. 
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Pump-down Sequence 
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A pump-down sequence is initiated by pressing the Stop switch on the 
WACS. The cooling unit takes approximately 30 minutes to complete a 
pump-down sequence. 

1. Power is removed from the modules. 

2. After a 10 second delay, the WACS removes power from the pump; 
however, the compressor continues turning on and off as it pumps 
down the refrigerant system. Liquid refrigerant collects in the 
water-cooled condenser-receiver tank because the liquid-line 
solenoid valve is not energized. The liquid-line solenoid valve, the 
discharge bypass solenoid valve, and the EPR valve are not 
energized because the pump is not running. 

3. As the compressor pumps down the refrigerant system, suction and 
discharge pressure continue to decrease. The compressor continues 
to run, pulling refrigerant from the suction line and delivering it to 
the water-cooled condenser-receiver tank. 

4. 

5. 

6. 

When suction pressure falls below 15 psig, the LOW SIDE 
PRESSURE CONTROL turns the compressor off. 

When the compressor turns off, the cooling unit is in standby mode. 

The cooling unit remains in standby mode until the Start switch on 
the WACS is pressed, which initiates a start-up sequence. 
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Start-up Sequence 
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After a pump-down sequence, the cooling unit is in standby mode until the 
Start switch is pressed. In standby mode, specific solenoids and control 
devices are energized, depending on the setting of the cooling mode 
switch. 

The compressor does not tum on because suction pressure is below the 
35 psi cut-in set-point of the LOW SIDE PRESSURE CONTROL. 

1. Pressing the Start switch transmits a cooling enable signal that closes 
CT6, which enables the refrigeration system. 

2. If the pump over-temperature sensor does not detect an 
over-temperature condition, CT2 closes and power is applied to start 
the dielectric-coolant pump. 

3. If there is no compressor fault condition causing CT5 to open, the 
liquid-line solenoid valve is energized, and power is applied to the 
DISCHARGE BYPASS CONTROL, the evaporator temperature 
controller (ETC), and the free rolling start timer. 

4. When CT2 closes, CT4 closes and power is applied to enable the 
CAPACITY CONTROL. 

Refrigerant flow is poor as a result of the low pressure differential 
across the compressor. The LOW SIDE PRESSURE CONTROL 
turns the compressor off until suction pressure rises to 35 psi. 

5. If the required refrigerant flow does not occur naturally, the ETC 
energizes the EPR wide-open solenoid valve after the temperature of 
the dielectric coolant in the supply line to the module cabinet rises to 
80 OF (26.7 °C) to start the heat exchange process. 

6. When the EPR wide-open solenoid valve opens, the thermal 
expansion valve senses the drop in evaporator pressure and the 
expansion valve releases a mass flow of refrigerant to the evaporator. 
A loud whooshing sound is generated by this mass flow from the 
expansion valve. 

The ETC may energize the EPR wide-open valve several times until 
refrigerant starts flowing as a result of the heat exchange in the 
evaporator. 
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7. When the suction pressure rises to 35 psi, the LOW SIDE 
PRESSURE CONTROL reaches its cut-in limit and closes CT1 to 
tum on the compressor. The CAPACITY CONTROL senses low 
suction pressure and energizes the compressor unloader solenoid 
valve to reduce the capacity of the compressor. 

When the unloader valve is energized, gas enters the compressor 
expansion chamber during the compression stroke. During the 
suction stroke, the gas contained in the unloading chamber 
re-expands through the passage into the cylinders and reduces 
compressor capacity in all three cylinders equally. 

8. When the compressor starts, the free rolling start solenoid valve is 
energized for a O.5-second interval by the free rolling start timer. 

When the free rolling start solenoid valve energizes a discharge 
pressure feedback loop opens from the high side to the low side of 
the compressor, which reduces the compression ratio on the 
compressor motor and reduces the inrush current required to start the 
compressor motor. 

9. The process control unit (PCU) begins monitoring the compressor 
head pressure at start up time. The PCU does not start the blowers 
because the cooling unit is set to operate in water-cooled mode. 

10. Oil Control monitors the pressure differential between the oil 
crankcase and the oil-pump outlet. After the compressor starts, Oil 
Control has a delay setting of 120 seconds before it begins 
monitoring the pressure differential. If the pressure differential does 
not stay above preset limits of 7 to 9 psid (pounds per square inch 
differential), power to the compressor is shut off. 

11. When the suction pressure reaches 35 psi, the DISCHARGE 
BYPASS CONTROL energizes the discharge bypass solenoid valve, 
which opens a discharge-pressure feedback loop to the evaporator 
controlled by the discharge bypass regulating valve. 

The discharge bypass solenoid valve remains energized until 
discharge pressure rises to 65 psi. When the discharge pressure 
reaches 65 psi, the DISCHARGE BYPASS CONTROL de-energizes 
the discharge bypass solenoid valve, which closes the discharge 
bypass regulating valve. At this time, the EPR valve starts to 
regulate the pressure of the evaporator. 
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12. The temperature of the dielectric coolant in the evaporator rises 
rapidly. The rising temperature of the dielectric coolant causes an /) 
increase in evaporator pressure. Suction pressure also rises rapidly . j 

as a result of the increasing heat exchange activity in the evaporator. 

During the start-up period, the EPR valve may emit a chirping sound 
as the pressure differential across the evaporator builds up to the 
normal operating pressure range. 

13. Suction pressure and discharge pressure continue to increase. If the 
suction pressure exceeds 95 psig, the compressor increases its 
capacity by de-energizing the compressor unloader solenoid valve. 

14. After the water-cooled condenser removes waste heat from the 
refrigerant, the liquid refrigerant flows through the subcooler before 
it flows back to the expansion valve. 

15. When the temperature of the dielectric coolant flowing to the module 
cabinet from the evaporator stabilizes at 72 OF (22.2 °C), the 
compressor head pressure also stabilizes. 

16. The PCU continues monitoring the compressor head pressure. 
Ideally the PCU should indicate a stable head pressure of 205 psi; 
however, a higher head pressure is normal if the module cabinet 
produces a large heat load. 

17. The high-side pressure limiting devices are powered continuously to 
provide safety protection while the cooling unit is operating. 

18. If head pressure exceeds the set-point value of PRESSURE 
LIMITING DEVICE #1 (typically 300 psi), the compressor turns 
off. 

NOTE: PRESSURE LIMITING DEVICES #2 and #3 provide 
redundant safety protection if device #1 fails. 

19. After the system stabilizes, the WACS continues monitoring the 
cooling unit. 
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CRAY Y-MP I/O HISP OVERVIEW 

The HISP channels are designed to be compatible with the CRA Y X-MP and perfonn 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 dttta 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 HISP channel pair identified as msp-In and HISP-Out, 
contained in the CRA Y Y -MP 8/32 there are eight HISP channel pairs. 

The HISP 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 HISP-ln or HISP-Out. Transmit address is used to tell the lOP that the particular 
HISP In/Out is not in use or in error. 

The HISP 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 detennine 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 HISP-Out will be reading data from memory and sending the data over the lOP. Between 
the CRAY Y-MP memory and the lOP there are two buffers, AlB 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 HISP-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 (DD) option will start reading the background buffer to the lOP by 
suppling the (DP) 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 (DD) makes a reference request 
the (DAIB) will decrement the block length by -1. The (DA) will keep track of the references 
coming out of the (YZ). 

The (DA) will keep track of the number of references coming out of memory and when the count 
is equal to 178 the (DA) knows that a buffer is full and can start sending the data to the lOP, and 
perfonn a handoffto start filling the next buffer. As the reference requests come into the (DAIB) 
options and the block length continues to get decremented, eventually the block length on the 
(OAIB) will equal zero (BL = 0). When the BL = 0 the (OD) will know that the next I/O 
reference channel number coming from the (YZ) will be the last reference. Because the (~O) was 
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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 (LWF) to the lOP, 
and as long as no errors occurred the (DD) will allow Transmit address to be enabled on RISP
Out. 

While sending data to the lOP the (DD) knows that the rop 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 
rop does not have room for 1610 words. The L WF would tell the lOP that the eRA Y Y -MP 
has fInished sending data. 

HISP-In Operation 

When the lOP wants to use the HISP-In channel on the eRA Y Y-MP the lOP will first check to 
see if the eRA Y Y-MP has set the Transmit address for HISP-In. The lOP will then send over 
the address and block length to the eRA Y Y -MP in three transfers, each transfer being 16 bits in 
length. The address is held on the (DA/B) 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 eRA Y Y-MP as long as the 
HISP-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 A/B. 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 HISP reference, allowing a LOSP to go ahead. The (DA) 
upon allowing a RISP-In 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 eRA Y Y-MP data and its BL = 0 the LWF is sent to the 
eRA Y Y -MP. The L WF 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 
detennine 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 determine 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 frrst. 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 IllSP-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 Leng$ 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 IllSP 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-l 
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 IllSP-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, IllSP-Out data ready and IllSP-Out Last 
Word flag. On a IllSP-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 HISP-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 16-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, DB, DI4 and 
DJ7), while Port 2 is used on (DJI, DI2, DI5 and DI6) 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 HISP-In 
operation, while (DPl, DP3, DP5 and DP7) perform the same operation for the HISP-Out 
operation. 

(YZO - YHO) Options 

The (YZ) option will assign the HISP reference request to Port D. Before a HISP 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 HISP-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 HISP-Out operation. 
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(ODO) 

3 ADDRESS READIES IN 3 
16-BIT TRANSFERS 

3 TRANSFERS 

(000) 

(000) 

SET HISP-IN ACTIVE 
DROP TRANSMIT 

ADDRESS BL ON (ODO) 
ADDRESS ON (DA/B) 

SET TRANSMIT 
DATA TO lOP 

DECREMENT BL-I 
INCREMENT ADDRESS +1 

SEND GO HISP DATA TO (OJ) 

(DOO) 

START BUFFER HANDOFF 
SEQUENCE WRITING 

FOREGROUND. READING 
BACKGROUND 

(000) 

GENERATE REF_REQUEST 
DROP TRANSMIT DATA 

AND WRITE REF_ TO (OA)TO 
EMPTY BACKGROUND 

(000) 

TO MEMORY; SEND REF. I & ~< HANDOFF 
SEQUENCE DESIGNATOR TO (OD) TO 

DROP REF. REQUEST 

CONFliCT 

(000) 

SEND LWFTO (DA). (OA) SAVED 
(23 '2°) OFBL,USEDTO 
READ ADDRESS ON (OJ) 

(OA) 

GATE REFERENCE 
DESIGNATOR TO (YZ) 
ON LAST REFERENCE 

(YZ- YO) 

TRACK THE 
LAST REFERENCE 

(ODO) 

REFERENCE DESIGNATOR 
LAST WRITE DROP ACTIVE 
SET TRANSMIT ADDRESS 

CRAY Y-MP HISP-IN CONTROL SEQUENCE 

(ODO) 

.. ~! 

Hardware Trng. 
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FIRST PARCPL - FIRST ADDRESS READY 

PARCBLBrrs SABrrs 

2 0 217 (EXf.l HISP-IN ADDRESS HISP-IN ADDRESS 

21 2 18 (EXf.) HISP-IN ADDRESS HISP-JN ADDRESS 

22 2 19 (EXf.) HISP-JN ADDRESS HISP-IN ADDRESS 

2
3 

220 (EXf.) HISP-IN ADDRESS HISP-IN ADDRESS 

24 221 (EXf.) HISP-IN ADDRESS HISP-IN ADDRESS 

2' 222 (EXf.) HISP-IN ADDRESS HISP-IN ADDRESS 

2
6 

2 23 (EXf.) HISP-IN ADDRESS HISP-IN ADDRESS 

27 224 (EXf.) HISP-JN ADDRESS HISP-IN ADDRESS 

2 8 2~ (EXf.) HISP-IN ADDRESS HISP-IN ADDRESS 

2 9 2 215 (EXf.) HISP-IN ADDRESS HISP-IN ADDRESS 

2 10 2:z7 (EXf.) HISP-IN ADDRESS HISP-IN ADDRESS 

211 228 (EXf.) HISP-JN ADDRESS HISP-JN ADDRESS 

212 2 29 

2 13 230 

214 2
31 

2
1
' 29 HISP-IN ADDRESS HISP-IN ADDRESS (EXf.) 3 

SECOND PARCPL - SECOND ADDRESS READY 
PARCELBrrs 

)~~ (EXf.) HISP-INBLOCKLENmH 

r-_~"':;:i.""1;.;3;;.J·: (EXf.) HISP-IN BLOCK LENmH 

HISP-IN BLOCK LENmH 

HISP-IN BLOCK LENmH 

PARCEL BITS 

2 0 

21 

22 

2
3 

24 

2 S 

2 6 

27 

2 8 

2 9 

210 

211 

212 

2 13 

214 

2 1S 

HTV-0834 

(EXf.) HISP-IN ADDRESS 

(EXf.) HISP-IN ADDRESS 

(EXf.) HISP-IN ADDRESS 

(EXf.) HISP-IN ADDRESS 

(EXT.) HISP-IN ADDRESS 

(EXT.) HISP-IN ADDRESS 

(EXf.) HISP-IN ADDRESS 

(EXf.) HISP-IN ADDRESS 

(EXT.) HISP-IN ADDRESS 

(EXT.) HISP-IN ADDRESS 

(EXT.) HISP-IN ADDRESS 

(EXf.) HlSP-IN ADDRESS 

(EXT.) HISP-IN ADDRESS 

(EXT.) HlSP-IN ADDRESS 

THIRD PARCPL - THIRD ADDRESS READY 

HISP-IN BLOCK LENmH 

(EXT.) HISP-IN BLOCK LENmH 

(EXT.) HlSP-IN BLOCK LENmH 

(EXT.) HISP-IN BLOCK LENmH 

(EXf.) HISP-IN BLOCK LENmH 

(EXT.) HlSP-IN BLOCK LENmH 

(EXf.) HlSP-IN BLOCK LENmH 

(EXT.) HlSP-IN BLOCK LENmH 

(EXT.) HISP-IN BLOCK LENmH 

(EXT.) HISP-IN BLOCK LENmH 

HISP-IN BLOCK LENmH 

HIS- IN BLOCK LENmH 

HlSP-IN ADDRESS 

(EXT.) HlSP-lN ADDRESS 

HISP-IN ADDRESS 

HISP-IN ADDRESS 

HISP-IN ADDRESS 

HlSP-IN ADDRESS 

HISP-IN ADDRESS 

HISP-IN ADDRESS 

HISP-IN ADDRESS 

HlSP-IN ADDRESS 

HISP-IN ADDRESS 

HISP-IN ADDRESS 

HISP-IN ADDRESS 

HISP-IN ADDRESS 

HlSP-IN ADDRESS 

HISP-IN ADDRESS 

HISP-IN BLOCK LENmH 

HISP-IN BLOCK LENmH 

HlSP-IN BLOCK LENmH 

HlSP-IN BLOCK LENmH 

HlSP-IN BLOCK LENmH 

HlSP-IN BLOCK LENmH 

HlSP-IN BLOCK LENmH 

HlSP-IN BLOCK LENmH 

HlSP-IN BLOCK LENmH 

HISP-IN BLOCK LENmH 

HlSP-IN BLOCK LENmH 

HlSP-IN BLOCK LENmH 

HISP-IN ADDRESS 

HlSP-IN ADDRESS 

CRAY Y-MP HISP-IN TRANSFER 
ADDRESSIBLOCK LENGTH 

38-7 

(DB1) 211 
SA 

2 18 

2
19 

2 20 

(DB2) 221 

SA 222 

2 23 

224 

2~ 

2 215 

2:z7 

2 28 

~~~~~~ •• 
(DAO) 20 

21 

22 

23 

(DB1) 2 13 

FIRST 

TRANSFER 

SECOND 

TRANSFER 

(D¢O)20 

-rWci} 
twiN 
::::.:'.,·:',:3· 
··'···"·""·',2',' 

HalcJware Trng. 
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&.. ) 

lOP) DATA 

WRITING THIS BUFFER 

(DJO) 

FOREGROUND 
BUFFER "HANDOFF!'" 

READING THIS BUFFER 

(DJO) 

BACKGROUND 
BUFFER 

(DAO) 

(MEMORY) 

DATA _ 

(lOP) READY L WF .. 

(DDO) 
WRITE ADDRESS _ 

8 
..---l:~ READ ADDRESS 

HTV-0834 

, 
(lOP) LWF FULL 

REFERENCE ACKNOWLEDGE 

REQUEST (( REFERENCE (5 COTICTSSBL r NOS 5--
)) ) YES 

.r.'I (DDO) 
~~0 REFERENCE b--

REQUEST ~ HOLD DONE 

~ 

r 

(DD,DA) 

REFERENCE 
1RACKING 
BLCOUNT 

t -1 

REFERENCE TRACKING SECTION 

Hardware Trng. 
A-6616A J.E.S. 
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::c: 
>-3 
< I 
o 
00 
w 
.j::.. 

w 
00 

I 
\0 

(J 

~ 
'"d 
~ 

~ 
~ 

(EX1) DlSABI.BF£C C 
(HI) MAINI1lNANCE DlSABLH Ee < 

(F.O .. IIG) HlSP.QUTDOUBl.BBITERROR (' 

(YZ) IIORBFERENCEOIANNBLIlIlSIONATOR 

(YZ) ""WKJ<ADVAlJD( 

CONFUCf 

(DA,1I) , ..... u G7: 

IIOCHANNBLDESIONATORS (2' ·2') 

CONFUCf 

~) CO~ ~~----1---~ 

(YK). PORTDADDRESS(2'.2· I ( 

(YK) PORT D 00 RBFBRBNCE see 

(YK) • PRIORITYD/ABC C 
(YlI. Y~i • FIrrCH AC11VE. HOLD 110 

(YOO) .IIOOIANNBLNUM (2',2') 

(YOO) I/OOIANNBLNUMBBR 

) 00 I.4l READ REFERENCE .. (DC. DE. DD) 

~IIOCHANNELDBSIGNATOR(2"21 ). (DC.DE.DD) Rl7·)!> 

-.:!:..!.... 
PORTD !.OWER 

ADDRESS I/O, FBTO/ 

001,0 BUFFER WRITE F.O. 

OIJTPlJTWRITEADDRESS (2'.2') 

(YR8. 11) 

LO CA ADDRESS 
REFERENCE CQNRO\l.Ell 

(YP) MEMORY DATA 
SeeDED 

MEMORY READ DATA ~ .2") 

I-DSP-OUT BL, CA 

IDSP'()UT 
CA(2t·2· ) 
---(DI') 

~ j1IM'-UU-1 L~ ----

SYMIIDUCAl. BUFFEIIS 110 
Ol1l'PlfI'DATABUFFERS 

eRA Y Y-MP HISP-OUT BLOCK DIAGRAM 

<. \ I 
/ 

(EXT) 

(EXT) 

(EXT) 

(EXT) 

HlSp.(II1f. CA, BL 

IUSP PARITY I lOP 

(EXT) 

(EXT) 

(EXT) 

j!) PO~:~~TA .. (EX'l)(SSD) 

):ij) ADDRESS (2' ·2') ViDSP (IlED) 
130-'14 pORT2RHAJ) 

ADDRESS (2') A/BSEUlCT (IlED) 

~ PORT2READDATA VHlSP .. (SSD) 

tarIM •• TfPlJ. 
A·tl621A J.E.5o 

) 



) 

HTV-0834 

(HE) _______ .:;.CO;::I::..N"'CID=.::E'I"""'CE:::--< 

~)~~~====~~~ -- ....... , 
(YK),...:-=c..!::..:;==:"::=':=":~ 

~) ....... P:..;:Rl.;;;.O.:;.RlTY:..::..;:..:..;;:D;.:./AB;::.::C:....-____ --C 

(YH, YCfD,,-+'FETc.::..:..:::CHc:..:..:.ACTIVE.:::..:..:..:.::::..:..:H~O.::::LD::..I/O~_< 
DAr 

(yC() I/O GlAI'INEL NUM. (20, 21) 

(yC() 
I/O (RAj'INEL l'<1JMBER 

(EXT) ________________ ~D~I~S,~~~LE~E~C~C_< 

(HI) _______ ;:.MAl=:-ml.!!.!:·~N:!!AN!.!CE=_D~I~S:!!AR!!;L~E"_.!E~C:...( 

(F.O. _ HG) _____ --'HI~S!:.:P.~O~lIT..!.2:!D~O~UB~LE!::!:.!B~rrc!..EERR~O~R~I,58 ...... 

(YZ) UOREFERENCE QIANNELDESIGNATOR 

(0-) 

(yHO) (227.2 ') 
HOLD ADDRESS 

(YZO) (2°. 2 4) 

HlSP REFERENCE 

(DAIB) ~_!!!BL;:.:=.£O_-.(m.~ 

HlSP REFERENCE RE CEST 

I/O CHANNELDESIG~ATORS (zO. 22) 

CONFl1CT 

110 REF. REQ .• ADDRESS BIT (20.2 27 ) 

I/O GlASNEL DESI~A TOR 

GO I,u READ REFERENCE 
)-=:::...:c:-=-=:"=":==~"----'-'" (OC, DE. DD) 

~37~~UO~C~HN~N~~~~D~ES~IG~N~A~T~O~R~(E20~.~2~11). (OC,DE.DD) 

+1 
PORTDLOWER 

ADDRESS UO. FETCH 

GO I/O BUFFER WRITE F .0. 

(YR8 -11) 

v:~~rlHlliS~P~.O~lIT[LTDRA~NS~MIT[LAD~D~RF.~~~-------------------------------t- (EX1)----+I 
HlSP·OlIT CLEAR GIANNEL 

~~~~~~~~---------------------(EX1)--------~ 
150 • 51 HlSP·OlIT ADDRESS READY r-------lEX1)-------I 

HlSP.OlITUNCORRECrABLEERROR/ ~I.H ~l is\' c'".' ,4.lc~'i'.'c; __ ~Jt~X1) _______ '! 

HlSP·OlIT CA BL 

HlSP·OlITBL. CA HISPPARITY 

HlSP·OlIT LAST WORD FL\G L WF ~, .. _~~~~~~~~~~~-------------------------lEX1)-----~ 
HlSP·OlITTRANSMIT DATA 

~,~~~~~~~~~-----------------------(EX1)--------~ 

~~~~~~~----------------(EX1)---------~ 
HlSP·OlIT BUFFER READ ADDRESS (20. 2' ) 

BL= (211.21J) 

ADDRESS = (227.2 21 ) 

BL= (2'.27 
) 

ADDRESS =(211. 2') 

I/O CAADDRESS 
REFERENCE CO:-'~OLLER 

(DP) 

HlSP·OlIT 
,_B_L..:.,(2:-.0_. 2;;..'-:) 
-' (DPS) 

CONTROL 

F.O. 

(EXT)--------~ 

(DP7) (263.260) (231. 2 28) 

OffiCK BYTE = 71 

(DP6) (239. 2 '<1) (227. 2 24) 

CHECK BYTE = 01 

(DPS) (2".2'2) (223. 2 20) 

...------..1 OIECK BYTE = 70 

(DP3) (247. 2,,) (21' .212) 

alECK BYTE = 69 

(DP2) (243. 2 4() )(211 .28 ) 

CHECK BYTE = 65 

lOP 

PORT 1 READ ADDRESS 
(24) AlB SELECT 

D-=-==~~~~--'" (EXT) (SSD) 

l-'-==;;;;.:;...l.:....-=--..i.~~- (DEO) 

(YP) MEMORY DATA MEMORY READ DATA (fl. 271 ) 
SECDED 

CRAY Y-MP HISP-OUT BLOCK DIAGRAM 

SY~~CALBUFFERSI~j 
OlITPUf DATA BUFFERS 

Hardware Trng. 
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::r:: 
...-:J 
< I 
o 
00 
w 
+:>. 

w 
00 

I ...... 
o 

~ 
;g 

~ 
~ 
~ 

lOP 

SENDS HlSP-OUT 
<l..EAR CHANNEL 
• IF ERROR ON 

PREVIOUS .' 
TRANSFEROR 

MASTER CLEAR, 
WAIT 100 nsec 

(ODO) 

GENERATE REF. REQUEST 
TO (DA) SET 

HISP READ REF. REQUEST 
ON (DA) 

\, ..... ~/ 

lOP 

SEND TRANSMIT I ~ lOP WILL SEND 
ADDRESS TO lOP 1 ADDRESS/BLOCK LENGTII 

IN (3) 16-BITTRANSFERS 

3 TRANSFERS 

(OA) 

(ODO) 

SET HlSP-OUT ACTIVE (N5) 
DROP TRANSMIT ADDRESS 

BL AND CA ON (DA/B) 

(DA/B) 

GENERATE msp l---aJ SEND 00 ADDRESS 
> • ... DESIGNATORS I 4 -ITO MEMORY (yz, YH) 

(WO- WI) 

(OA) 

SEND 00 CHANNEL 
DESIGNATOR(R7 -9) 

REF. DESIGNATOR (R20. 21) 

CONFLICT CONFLICT CONFLICT 

(Doo) 

SET REF. IN PROGRESS 
DROP REF. REQUEST 

(YZ) 

SEND MEMORY 
INCREMENT CA + I ON • ..( CONTROL TO(YK) ~l 

(OAJDB) PORT PRIORITY A - D 

CONFLICT CONFLICT 

(YZ) 
(yO) 

HOLD PORT D REF. (YZ) 
CONTROLS FOR DELAY 00 CHANNEL 

BANK CONFLICT AND -. DESIGNATORS 

SEND JlO GO READ AND 
DESIGNATOR TO (DD) 

INCREMENT REF. CNT 
00 ADDRESS TO (DP) TO 

BANK BUSIES CP 10 - S 

(Doo) 

HANDOFFI 
DROP FULL FLAG I. ~1. 

SET REF. REQUEST 

(Doo) 

READ REMAINING 
BACKROUND BUFFER I ..c: 

WRITE DATA INTO BUFFER 

(Doo) 

SEND ADDRESS TO (DP) 
YES .. I TOSTARTREADING 

BACKGROUND 
SEND DATA READY TO lOP 

SEND LAST WORD FLAG 
.Y§LJ LWFTOIOP 

STOP 
" .~ ~SENDERROR 
... TO lOP 

E 

(ODO) 

EMPTYBACKROUND 
TO lOP DECREMENT 

BLOCK LENGfH 

NO 

(DD) 

------
, ) 
\"~ 

TO lOP 
TRANSFER COMPLETE SET 

TRANSMIT ADDRESS Hardware Tmg. 
A-6625A J.E.S. 
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FIRST PARCEL - FIRST ADDRESS READY 

PARCEL BITS SA BITS 

(EXT.) H1SP-OlIT ADDRESS 

(EXT.) H1SP-OlIT ADDRESS 

(EXT.) H1SP-OlIT ADDRESS 

(EXT.) H1SP-OlIT ADDRESS 

(EXT.) H1SP-OlIT ADDRESS 

(EXT.) H1SP-OlIT ADDRESS 

(EXT.) H1SP-OlIT ADDRESS 

(EXT.) H1SP-OlIT ADDRESS 

(EXT.) H1SP·OlIT ADDRESS 

(EXT.) H1SP-OlIT ADDRESS 

(EXT.) H1SP-OlITADDRESS 

(EXT.) H1SP-OlIT ADDRESS 

PARCEL BITS SECOND PARCEL - SBCOND ADDRESS READY 

.c: #M (EXT.) mSP-OlITBLOCKLBNGIH 

t-_~::;;;;:::'·;.;.''i;;;.J3 .. (EXT.) msp-Our BLOCKLBNGIH 

S10 (EXT.) H1SP-Our ADDRESS 

PARCEL BITS 

21 (EXT.) H1SP-Our ADDRESS 

(EXT.) HISP-Our ADDRESS 

(EXT.) HISP-Our ADDRESS 

(EXT.) HISP-Our ADDRESS 

(EXT.) HISP-Our ADDRESS 

(EXT.) HISP-Our ADDRESS 

(EXT.) HISP-Our ADDRESS 

(EXT.) HISP-Our ADDRESS 

216 (EXT.) H1SP-Our ADDRESS 

2 10 (EXT.) HISP-OlIT ADDRESS 

211 (EXT.) H1SP-Our ADDRESS 

212 (EXT.) HISP-Our ADDRESS 

213 (EXT.) HISP-OlIT ADDRESS 

THIRD PARCEL - THIRD ADDRESS READY 

TWC 
(EXT.) H1SP-our BLOCK LBNGIH 

(EXT.) HISP-Our BLOCK LBNGIH 

(EXT.) HISP-Our BLOCK LBNGIH 

(EXT.) HISP-Our BLOCK LBN 

(EXT.) HISP-Our BLOCK LBNGIH 

(EXT.) HISP-Our BLOCK LBN 

(EXT.) HISP-Our BLOCK LBNGIH 

(EXT.)..:.·;;;IIS:;:P_-O:;;ur::..;..:;;BLO=C:;:K;:.;LBN=;.;;GIH:':":';Q 

(EXT.) !liSP-our BLOCK LBNGTII 

19 (EXT.) HISP-OlIf BLOCK LENGIH 

. ,. 210 (EXT.) HISP-OlIf BLOCK LBNGTI{ 

··11 (EXT.) IIISP-Our BLOCK LENGTII 

S~14 (EXT.) HISP-Our ADDRESS 

2 15 (EXT.) HISP-Our ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

H1SP-OlIT ADDRESS 

3 H1SP-OlIT ADDRESS 

mSP-OlIT BLOCK LENGIH 

msp-Our BLOCK LBNGIH 

HISP-OlIT ADDRESS 

H1SP-our ADDRESS 

H1SP-Our ADDRESS 

H1SP-Our ADDRESS 

HISP-OlIT ADDRESS 

HISP-Our ADDRESS 

HISP-Our ADDRESS 

HISP-OlIT ADDRESS 

HISP-OlIT ADDRESS 

HISP-Our ADDRESS 

HISP-OlIT ADDRESS 

HISP-OlIT ADDRESS 

HISP-OlIT ADDRESS 

HISP-OlIT ADDRESS 

HISP·Our BLOCK LBNGIH 

HISP-Our BLOCK LENGIH 

HISP-Our BLOCK LENGIH 

HISP-Our BLOCK LENGIH 

HISP-Our BLOCK LBNGIH 

HISP-Our BLOCK LENGIH 

HISP-Our BLOCK LBNGIH 

HISP-Our BLOCK LENGIH 

HISP-Our BLOCK LENGIH 

HISP-Our BLOCK LENGIH 

HISP-Our BLOCK LENGIH 

HISP-Our BLOCK LENGIH 

IIISP-OlIT ADDRESS 

HISP-Our ADDRESS 

CRA Y Y-MP HISP-OUT TRANSFER 
ADDRESSIBLOCK LENGTH 

HTV-0834 38-11 

2 18 

2
19 

220 

(DB2) 221 

SA 222 

223 

224 

2 25 

226 

2X1 

2
28 

22 

23 

24 

(DBO) 2 5 

2 6 

27 

2
8 

(DB1) 216 

2" 

FIRST 

TRANSFER 

SECOND 

TRANSFER 

TIIIRD 

TRANSFER 
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) 

(DP) 

FOREGROUND 
BUFFER 

HANDOFFI 

(DP) 

BACKROUND 

BUFFER 

(DD) 

ACK. 

(YZ) 

BUFFER 
ADDRESS 

+ 1 

VALID 

(DD) 

BUFFER 
ADDRESS 

+1 

+ 1 = INCREMENT BY + 1 

G = SET CONTROL TERM 

o = CLEAR CONTROL TERM 

--, 
I 
I 
I 
I 
I 

(DD) 
GO TIMING t.....::D:.:.,;PI.:..:.T:...:A-t.(EX1) 

.-...;;;.;;~~ SEQUENCE READY 

YES 

COMPARE 
FOR 

LAST REF. 

(DD) 
.... f---I BUFfER 

SELECT 

ADDRESS 

I 
L. __ _ 

(DD) 

BACKROUND 
BUFFER 
EMPTY 

LWF 
LAST WORD 

FLAG 

THIS SIDE FILLS BUFFERS THIS SIDE EMPTIES BUFFERS 

HISP-OUT SEQUENCE OF EVENTS: 

O. Set reference request; reference controls. 
1. Aclcnowledge will drop reference request. Set reference in progress. 
2. Check for BL = 0 or last reference. BL = 0 go to step. ,)., 
3. Wait for Go Data from (YZ). 
4. Drop reference in progress. 
5. Increment reference count. 
6. Check for Buffer Full? If not, generate reference request; go to step 1. 
7. Handoffl Foreground and background if buffer is full. 
8. Start reading baclcround by using the timing sequence. Send Data Ready to lOP. 
9. Send Read address from (DD) 10 (DP); decrement BL. 
10. Baclcround buffer empty enable Handoff!, clear Full, set reference request, go to step 1. 
11. Last reference. 
12 Compare reference count against Buffer address. When equal, set ~ transfer complete. 

Hardware Trng. 
A-6626A J.E.S. 
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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 channell 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 an<;l7. 

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-MPand 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 CRAY 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. ' 

0012jO 
0010jk 
OOlOjk 
00l1jk 
033iOO 
~ijl 
~3~ 

- Clear interrupt on channel (Aj) 
- Load SSD starting Block address 
- Load CRAY X-MP starting address 
- Transfer Block Length, Read/Write, transfer initiated 
- Read channel number to Ai 
- Read Error flag/status word 

In the CRAY Y-MP, the two CPUs that make up a VHISP channel create a problem in that both 
CPU modules are identical. Dependingon the slot that the CPU modtileis 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 
,CRAYY-MP. In general, the odd numbered CPUs communicate with the SSD while the even 
numbered CPUs 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 vmsp control, one (DE) option per CPU 
module. The (DE) on CPU 0 for VHISP channell 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 thatthey will 
work in unison. To make this happen, there ate basically two control lines that are used, they are 
VHISP Data Ready Vote and VHISP Transfer Progress. 

Hardware Tmg. 
YM13112 JES. 
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VHISP Transfer Progress 
\ 

The VlllSP 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) 

VHISP Double Bit error - On a VHISP-In or VHISP-Out operation, Select Code = 
(011) 

Acknowledge Clear - Coming back from the SSD on a (0012) instruction, Select 
Code = (010) 

The transfer progress is passed ftom one (DE)·option to the next using the VHISP 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 CRA Y Y -MP through SSD, the last buffer write, and also sent as the status 
word. Reference in progress ensures that if theVHISP is deactivated and reference in progress 
is active, the condition is flagged as part of the status word. 

VHISP Data Ready Vote 

The VHISP Data Ready Vote is used to handshake between the two (DE) options. On a VHISP-
In operation, the (DE) options need to determine when to allow a transmit enable to be sent to the .) 
SSD. On VHISPchannel1, 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 HISP-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. ForVHISP channell, the Data Ready 
is sent from CPU 0, only when the SSD has previously sent a transmit enable. 
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VHISP:"In Buffer Control 

) To put into perspective hbw 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 VHISP-In, 
channell. 

A) 

B) 

C) 

(DJs) CPU 0 (DJs) CPU 1 

(SSD) ~ BUFFERA BUFFER A 

BUFFERB RUFFER B 

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) (Y-MPMEM) 

(SSD) BUFFERB (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 fllling the other buffer. 

Hardware Tmg. 
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D) 

E) 

5 -tu .lrl. "" A~:~. (' j: 3 ~j .; ,:::~ (:'; 'j,J ~~-'\ :j t, "'. 
-...I --..l 

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 
DataSync 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 VIDSP channel does not have room for. 

CPU 0 CPU 1 

(SSD) (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 VIDSP-In operation, the flow of data is throttled back by the Transmit Enable. 

) 
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VHISP",Out Buffer Conttol 

The VHISP-Out works just the opposite of the VHISP-In data flow. The flow of data is 
contingent upon there being an empty buffer instead of a full buffer as with the VHISP-In. 

A) 

B) 

C) 

CPU 0 CPU 1 

(Y -MP MEM) _____ BUFFER A (Y-MPMEM)~ BUFFERA 

BUFFERB BUFFERB 

1. For a VHISP-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-MP MEM) -~":,,,: 

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) ?':::(I-~ (SSD) 

(Y~MPMEM) BUFFERB (Y-MPMEM) BUFFERB 

1. CPU 0 has finished 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 Tmg. 
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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) (SSD) 

(Y-MPMEM) (Y-MP MEM) ~~t«Rn 

1. When the Readout address of the data being sentto the SSD equals ~, another 
reference request can be generated to start fIlling Buffer A. 

2. CPU Os Buffer B is fIlled and CPU 0 has sent a Data Sync Vote to CPU 1. 

3. CPU 1 s 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) BUFFER A (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 theSSD can keep up the Transmit Enable, and how fast the CRAY 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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Block Length/Address Control 

The vmsp channel starting address is loaded on the second (00 10) instruction. Once the 
address has been loaded, the (DE) in CPU 1 for VIllSP 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 a would retrieve all the even addresses from memory while. 
CPU 1 would handle all the odd words. Once CPU a ot 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 arid remains in the CRA Y Y-MP on the (DAJDB) options. The Block Length 
register on a VIllSP-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 
(DAIDB), which causes the CA to increment by +2 and the Block Length to decrement by -2. 

Hardware Tmg. 
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VHISP OPTIONS INVOLVED 

(DAO, DBO, DBI, 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 thestartingSSD address, the address is sent from CPU Os (DA/DB)s for 
VHISP 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 
ReadIWrite and the priority between LOSP, HISP, 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, HISP,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 I 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;e. 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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• VHISP-In Done and Einpty - SSD Block Length equals zero. 

• VHISP-In Data Ready - one data ready sent with each buffer worth of data passed to the 
Y-MP. 

• VHISP-Out Transmit Enable - occurs on a vmSP-Out operation to let theY-MP know that 
the SSD has room for 32 Cray words. 

• VHISP-Out Last Buffer Write - Sent from the Y-MP to the SSD when the Y-MP Block 
Length register equals zero, BL = O. .. 

• VHISP-Out Write Data - one data ready is passed to the SSD on a VHISP-Out operation. 

• Capture VHISP Control - Sent to the (DA/DB) options to load the CA and BL registers, 
CPU O. (DA/DB) will pass the vmsp Starting Block address to SSD. 

• Interrupt Request - when the vmsp channel has finished or an error occurs, the I/O 
interrupt is directed to the (HHO) option in CPU 5. 

• VHISP Status Word - upon getting an interrupt, a status word is created and sent to the 
(DAlDB) options and is read out on a (033) instruction to Ai through the Shared registers. 

• VHISPData 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. 

• VHISP 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 Channell CPU 1 (DE) Option 

• Capture vmsp Controls - similar to CPU 0, except CPU 1 sends the VHISP Block 
Length to the SSD. . 

• vmsp Bump CA + 1 - causes CA to be incremented by plus 1 on start-up, and during a 
VHISP-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 Lengthregister. When Set CA is sent to the SSD, the SSD loads the starting 
address and Block Length simultaneously. 

• VHISP-In Read Transmit Enable - sent to the SSD when the Y-MP has two buffers ready 
to be filled from the SSD. 

• VHISP-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 Trng. 
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• SSD Off-line - indicating to the Y-MP that the SSD is off-line, static signal. 

· vmsp 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 PROGRAMMING 

The instruction sequence to start an operation is defined with (Aj) = 1/5/11/15. 

0012jO 
0010jk 
0010jk 
00lljk 

033iOO 
033ijl 
0012jO 

Notes 

CI, Aj 
CA,AjAk 
CA,AjAk 
CL,AjAk 

Ai CE,Aj 
CI, Aj . 

SSD Starting Block Address 

Clear interrupt -l- {-roy",", C!. P u. ~ 
(Ak) = SSD starting Block address ~ £.A ' \:: &'1 
(Ak) = CRAY Y-MPMemory address \ "<'1" c;rr- ' 
CAk) = Transfer .block leng,~~/ ___ ,-:~~, ~ \oc:!~ . \, \ 

Read/wnte modei"'-2.:s", I w rl ~ ~i cy.fo "5 
.5 t h lr <.'cOl" Transfer initiated\Jt '- ':.~<'- 't. :':..1 vV 
(! el .... \ . 

Wait for interrupt on channel number ~ i /' 
I/S/II I) 

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 CRA 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 c1earedRead operation (SSD to CRA Y Y-MP memory). If 
223 is set, it is a write operation (CRAY Y-MP memory to SSD). 

YM01101 
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BIT ORIO DESCRIPTION DESTINATION 

2 0 (DAO) VHISPBL=20 • (1RO) 000000000000.,.. (ISO) 

21 (DAO) VHISPBL=21 • (IRa) 000000000000.,.. (ISO) 

22 (DAO) VHISPBL=22 • (IRa) 000000000000. (ISO) 

2 3 (DAO) VillSPBL=23 • (IRa) 022w2m220~ (ISO) 

24 (DAO) VHISPBL= 24 ... (IRa) 22222222m2., (ISO) 

2 5 (DBa) VHISPBL=25 • (IRa) 222222222222.,.. (ISO) 

2 6 (DBa) VHISPBL=26 • (IRa) 2222 22222222.,.. (ISO) 

27 (DBa) VHISPBL=27 • (IRa) 222222220220.,.. (1S0) 

2 8 (DBa) VillSPBL=28 ... (IRl) 222222222222.,.. (IS 1) 

2 9 (DBa) VillSPBL=29 ... (IR1) 0200 22222220 .... (ISl) 

2 10 (DBa) VHISP BL = 210 .. (IRl) 222220202222.,.. (IS 1) 

211 (DBa) VHISP BL = 211 • (IRl) 222202000200 .... (ISl) 

212 (DBa) VHISP BL = 212 ... (IRl) 222022222220. (ISl) 

2 13 (DBl) VHISP BL = 213 • (IRl) 022202202222 • (ISl) 

214 (DBl) VHISP BL = 214 ... (IRl) 2222 00202220 • (IS 1) 

2 15 (DBl) VHISP BL = 215 • (IRl) 22222222 2222.,.. (ISl) 

2 16 (DBl) VHISP BL = 216 • (IR2) 02000222 0220.,.. (IS 2) 

217 (DBl) VillSPBL=217 ... (JR2) 002222202222.,.. (IS 2) 

2 18 (DE) VHISP - REQUEST IN PROGRESS ... (DBl) .... (JR2) ~ (1S2) 

2 19 (DE) VHISP - BLOCK LENGTH ERROR ... (DBl) ... (JR2) ~ (IS2) 

2 20 (DE) VIllSP - SSD DOUBLE BIT ERROR • (DB2) • (JR2) ~ OS2) 

221 (DE) VHISP - CRA Y Y-MP DOUBLE BIT ERROR ... (DB2) .... (JR2) ~ OS2) 

222 (DE) VHISP -FATAL ERROR -. (DB2) • (JR2) ~ OS2) 

033ijl where Aj= (1,5, ll, 15) 
Hardware Trng. 
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(YR - DD) DOUBLE BIT ERROR 

(HO _ P.O_) DOUBLE BIT ERROR MEM ... 

(JR2) IIOAkDATA BIT2~'} 
(DJ6) VlllSP CLOCK TlMlNGSIGNAL 

(0130) POsmONCONSTANT 

(JR) U"lI\J'II1'It:.!..r I".;VMMJ\NU~ VV JIV ( 

YHlSP DATA SYNC VOlE '178 

(DEO) Cl'U! 

'~' 

(JR'AP) (lR)~ 

(D82) Cl'U! 

ADDRESS_(~1-2"') 

Bl) Cl'U 1 
ADDRESS _(213_2 20 ) 

BL_(2 13 _2 n ) 

(DBO) CPU! 

ADDRESS _ (2' _ 212) 

BL _ (2' - 212) 

Cl'U! 

ADDRESS _(2'l-24) 

BL_(2°-2 4 ) 

VlIISP BLOCK LENGTH (2° - 217) (EX1) 

@ SETCA, (EX1)(SSD) 

~ VlIISP-IN READ 1RANSMIT ENABLE (ElM) (SSD) 

l---+-l+® VHiSP-OUT1RANSMrrENABLE (EX1) (SSD) 

S'l VlIISP-IN, DATA READY (EX1) (SSD) 

1D SSD OFFLINE (EX1) (SSD) 

J') SSD BUSY (EX1) (SSD) 

~ ACKNOWLEDGE<li!AR (EX1)(SSD) 

SLAVE tal ymsP <li!AR comROL (EX1) (SSD) 
VlIISP CHANNEL CON11UlL 

SSD 

PORT 3 
CONTROL 

(7YU) 

(2YY)+-:J 

(2!Y)---' 

~H-'~ -~ -8 -s -------------------------'---------------------------------------------------------------------------~-------------------------------------,-----
(OED) Cl'U 0 

VHISP DATA SYNC vOlE (R23')", .. II-----, 
VlIISP,TRANSFER 

VlIISP DATA SYNC VOlE 

(lR) 'CHANNEL COMMANDS GO 

(OIlS - VS30 - VSII) MASTER <li!AR 

(DJ6) VlIISP CLOCK TIMING SIGNAL 

(lR2) IIOAl:DATABIT2.al 

(0130) POSmON CONSTANT 

(HO, F,O_) DOUBLEBITERROR,MEM_IIO 

(YR - DD) DOUBLE BIT ERROR IIO- MEM 

(YR) CPU DESIGNATOR 

24 

VIllSP! 

-VlIISPOUT 
LASTBFR- Wf_ 

- VlllSP-OUT Wf_ 
DATA READY 

- VIllSP-IN DN, 
AND EMPTY 

B).I ~1:rat~W-=g: 

CHANt. COMMANDS 
, - CLEAR CHNL ' 

-SETSSD 
-,START ADDRS 
-SETCA 
-SETBL 
-STATUS 

MASTER 

VIllSP CHANNEL comROL 

B:> VlIISP BLOCK LENGTH ERROR (EX1) (SSD) 

~ VIllSP DOUBLE BIT ERROR (EX1) (SSD) 

~ VIllSP-IN DONE AND EMPTY @L-O) (EX1) (SSD) 

~ VIllSP-INDATARF.ADY (EX1)(SSD) 

YHlSP-OUT1RANSMrt ENABLE (F,O,) (EX1) (SSD) 
m ,r:: 

VIllSP-OUT LAST BUFFER WRII'E L 1,.,', , 

VIllSP-OUTWRrtE DATA READY 

(DAO) 

(lR) AI: TO YHlSP 

(JR-AP) 

(082) 

, ADDRESS = (:i21_221) 

VIllSP ADDRESS rt - 220 

"'+a.~h/\~ 
J,ddlFSS .> 

(EX1) 

CRA Y Y-MP VHISP INSTRUCTION (0010 - 0012) BLOCK DIAGRAM 
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FIRST 
(OOlOjk) 

SSD START ~ ADDRESS 
CPU 0 

BIT TERM OPTION 

2° R30 (DAO) 
21 R3l (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) 

2 1O R35 (DBO) 
211 R36 (DBO) 
212 R37 (DBO) 

2 13 R30 (DBI) 
214 R31 (DB 1) 

2 15 R32 (DBI) 

2 16 R33 (DBI) 
217 R34 (DBI) 

2 18 R35 (DBI) 

2 19 R36 (DBl) 

2 20 R37 (DB!) ----------------- --
221 R30 (DB2) 
222 R31 (DB2) 

2 23 R32 (DB2) 
224 R33 (DB2) 

2 25 R34 (DB2) 

2 26 R35 (DB2) 
227 R36 (DB2) 

2 28 R37 (DB2) 

-

SECOND 
(OOlOjk) 

Y-MP MEMORY ADDRESS 
CPU 0/1 

BIT TERM OPTION 

2° A40 (DAO) 
21 A4l (DAO) 

i 2 A42 (DAO) 

2 3 A43 (DAO) 
24 A44 (DAO) 

2 5 A40 (DBO) 

2 6 A4l (DBO) 
27 A42 (DBO) 

2 8 A43 (DBO) 

2 9 A44 (DBO) 

2 10 A45 (DBO) 
211 A46 (DBO) 
212 A47 (DBO) 

2 13 A40 (DBI) 
214 A4l (DBI) 

2 15 A42 (DEl) 

2 16 A43 (DBI) 
217 A44 (DBI) 

2 18 A45 (DBl) 

2 19 A46 (DBl) 

2 2O A47 (DBI) 
221 A40 (DB2) 
222 A4l (DB2) 

2 23 A42 (DB2) 

2 24 A43 .{DB~ ------------- -- -
2 25 A44 (DB2) 

2 26 A45 (DB2) 
227 A46 (DB2) 

2 28 A47 (DB2) 

(OOlljk) 

Y-MP BLOCK LENGTH 
CPU 0/1 

BIT TERM OPTION 

2° AlOO (DAO) 
21 AlOl (DAO) 

22 AI02 (DAO) 

2 3 Al03 (DAO) 
24 J44 (DAO) 

2 5 

2 6 /2° J50 (DAO) 

27 /21 J51 (DAO) 

2 8 /22 J52 (DAO) 

2 9 /23 J53 (DAO) 

2 10/24 J54 (DAO) 

2 11/25 J40 (DBO) 

2 12/26 J4l (DB 0) 

2 13/27 J42 (DB 0) 

2 14/28 J43 (DB 0) 

2 15/29 J44 (DBO) 

2 16/210 J45 (DBO) 
217/211 J46 (DB 0) 

2 18/212 J47 (DB 0) 

2 19/213 J40 (DB') 

2 2°/214 J41 (DB 1) 
2 21 /215 J42 (DB 1) 

2 22/216 J43 (DB 1) 

2 23/217 J44 (DB 1) 

224/ 

2 25/ 

2 26/ 
227/ 

2 28 / 
~ ~ 

/223 Q04 ~;' (DEO) 

SSD BLOCK LENGTH 
CPU 1 

BIT TERM OPTION 

2° 
21 

22 

2 3 

24 

2 5 

2 6 

27 

2 8 

2 9 

2 10 

211 

212 

2 13 

:2 14 

2 15 

2 16 

217 

2 23 

223=1 

223=0 

R30 (DAO) 

R31 (DAO) 

R32 (DAO) 

R33 (DAO) 

R34 (DAO) 

R30 (DB 0) 

R31 (DBO) 

R32 (DBO) 

R33 (DB 0) 

R34 (DBO) 

R35 (DBO) 

R36 (DB 0) 

R37 (DBO) 

R30 (DB 1) 

R3l (DB 1) 

R32 (DB I) 

R33 (DB 1) 

R34 (DB 1) 

R32 (DB2) 

R/W 

WRITETOSSD 

READOFSSD 

Hardware Trng. 
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(OED) CPU I ~,.:----,l 

1) (SSD) ~------~--------~~.71 AON~~ 

ntANSMlTENA8L1l (1'.0. OJ) (ElCl) (SSD) 

DUPUCA1ED IN CPU I -------------------------------------------------------------------------------------------

1:Jim-=-====-==--..(P.0.. BX1) (CPU) 

.(00).1) 

CPU I 
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sYMMl!TRlCAL 
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8UFFI!R 
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2°_271 

PORT) 
PORT' 

2Y:Z: A1J;{EI 

I\%]i , 
223_2° 
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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 mSPNHIsP Parity Errors. 

Memory Errors and Register Parity Errors are logged in the (RGO) option as they occur in words 
one through five of the exchange package area. When an exchange occurs, a copy of the current 
(HGO) 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 (HHO) option. Bytes that are not needed may either 
be overwritten or simply not latched upon receipt at the (HHO) 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. msp and vmsp Input Parity Errors 
are sent directly to the (HHO) option upon detection from the (YR12 - YR15) 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 CPU s (HHO) option upon 
receiving error information from its own (HGO) 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 ~ 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 Go 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 a series of eight ERROR LOGGER RESUME signals. 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 (HHO) option will use 
this signal by sending subsequent 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 (HHO) option 
resets his active flag in order to log another set of exchange package error information from the 
(HGO) option. This (HHO) option also sends an ERROR CHANNEL COMPLETE signal to the 

) CPU-5 (HHO) option to free up the error channel for another CPU to use. 

YM0310B 
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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 information from the exchange parameter as well as from 
the IllSPNIllSP Input Error syndrome. The (HH) with the error information from CPU A - H 
will pass an error channel request to the (HHO) in CPU 5 location. The (HH) 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 information to 
the Error Logger. (HHO) in CPU 0 sends bit 20, while (HHO) in CPU 1 sends bit 21, along with 
(HHO) in CPU 6 sending bit 22, and finally (HHO) in location CPU 7 will send bit 23. The 
(HHO) will do a 8 to 1 fanin from all the other CPU s (HHO) options. 

(HHO) CPU 5 Option 

The (HHO) in CPU 5 will become the control as to which CPU will be sending its information 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 (HHO) 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 1, CPU 6 Option 

(HHO) CPU 1 performs a 1 to 8 fanout of resume to the eight CPUs (HHO) options, while 
(HHO) at CPU 6 performs a 1 to 8 fanout of the reset to the eight CPU s (HHO) options. 
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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 mai.Illenance documentation labeled "DANGER" or 
"WARNING", which identify hazardous areas or procedures encountered in maintaining the system 
equipment. The following additional procedures should be followed when working on equipment: 

Personal 

1. You are responsible for insuring that no action on your part causes unsafe conditions that may 
expose personnel to hazards in any device. 

2. You should never work alone on equipment having exposed operating mechanical parts or 
exposed hazardous power components. If you MUST do so, notify your EIC or manager. In 
any case, the following precautions must be observed: 

a. 

b. 

c. 

d. 

Someone familiar with the power-off controls must be in the immediate area. 

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. 

If using one hand, keep the other one in your pocket. 

A void wearing loose articles of clothing that can be snagged and drawn into moving 
machinery. Wear short-sleeve shirts or pull sleeves above the elbow. Neckties, where 
required, should be tucked in between the second and third shirt button or fastened about 
three inches from the end with a tietack or tieclasp, preferably non-conductive. Don't use 
tie chains. Clip-on type neckties are preferable to the regular ones; if caught they will pull 
free without causing injury. 

f. While working in equipment put red tape strips across any power controls, or use "DO 
NOT OPERATE" tags where available. 

3. Keep FE tool kits out of walkways; put them on or under a desk or table. 

4. Put doors and covers removed from a machine in a safe, out-of-the-way location where 
nobody will trip over them or cause them to fall on top of someone. All machine covers 
MUST be restored in place before the machine is returned to the customer. 

5. All safety covers, guards, shields, groundstraps, panels, etc., shall be properly reinstalled after 
maintenance is finished. 

6. Maintain good housekeeping practices during and following each maintenance activity. Do not 
permit tools, manuals, wipers, paper trash and the like to accumulate in the work area, and 
CLEAN UP AFTER YOURSELF. 
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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. Avoid 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, greas~s, 94s or solvents that have not been specifically approved by t)li,-.: 
equipment manufacturer for that device. His recommendations are usually based on extensive 
experience with this equipmept)n service~ . . ' .:: J 

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 lifeti,me. 

5. If us~ng a strobelight on mechanical devices, DON'T TOUCH ANYTHING; it may be 
movmg. 

6. Safety glasses or goggles mQst be used if you are: 

a. Driving pins, riveting, sw~dging, 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 cleaning or touch-up painting. 

e. Any other activity which may endanger the eyes. They are YOUR eyes, and you need 
them fQr thi~ 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. 
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ABOVE ALL, USE GOOD JUDGEMENT AND COMMON SENSE - A MOMENT OF 
THOUGHT BEFORE YOU ACT CAN SAVE HOURS OF AGONIZING AFTERTHOUGHT . 

.. : .. ; ..... 

SAFETY PRECAUTIONS 

,'- "; 
~ , -

Power Tool Precautions 
. i I ~ 

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: 

L -

• 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. 

• A void accidental starting. The worker should not hold a: fingercon 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'manuaYfor lubricatirig 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." 
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Guards 

. • ,.~."! ~ ~ .(' ' . 
~ , .. 1. , •• ' • ~. -,. 

...... 

Hazardous moving pads ota powertooi need to be safeguarded. For example, belts. gears, 
shafts, pulley, sprockets, spindles, drums, fly wheels, chains, or other reciprocating, rotating or 
moving parts of equipme~~_mus,tl1?e,l?ua:rded if su.ch parts are exposed to contact by employees., 

, l' . , .. <' ~ , .r . ' •• ',. ' • • 

Guards, as necessary,'shou14 be'lJr.·6Vided to"protect the operator and others from: 
;' • f . ~,:- ~ , - .' " • 

• Point of operat!pn' , i -

.~ " 

~ '. • '~ J 

,I 
\,' 

• In-running nip points,rotating parts 

• Flying chips~an4 spark~,:',' ," 
~" . 

• j ~.!'. " :.( ; , • 

Safety guards must never be removed when the tool is being used. For example, portable ',C" 

circular saws must be equipped with guards. An upper guard must cover the entire blade of th~. 
saw. A retractable lower guard must cover the teeth of the saw, except when it makes contact' ' , 
with the work material. The low.~r guard must automatically return to the covering positign ~hen 
the tool is withdrawn from theCwotk.' .... -

" I:' 

Safety Switches 

The following hand-held powered foOls must be equipped with a momentary contact "on/off' 
control switch: drills, tappers, fastener d..-rivers, 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 tum off can be accomplished by a single motion of the same finger or fingers that 
tum it on. 

The following hand-held powered tools may be equipped with only a positive "On-off' cont;rQL, 
switch: platen sanders, grinders 'with wheels two inches or less in diameter, routers, plariersl" {~ .. 
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 'witl1'out} 
positive accessory holding means must be equipped with a constant pressure switch that wWsl1Qt 
off the 'power when the pressme"is 'released. ' , ,,'~: 

:-'j:. t. • . ..;:.: f .', ::"',' , "~:, tJ 

. ~"' :{: 

.. ,'.( - . 
• : • ~ I. .. 

"'1 i ';. 

Electric Tools 
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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 ~aI\J.;~u~e the u,ser to falloff a ladder or 
other elevated work surface. :' ::; ".~.' ... ..' . 

To protect the user from shock, tools must either have a tfuee~wire tdrd with ground or be 
double insulated. Three-wire cords contain two current-carry,WK~on9:u9tors and a grounding 
conductor. One end of the grounding conductor connectS to 'thetool's' metal housing. The other 
end is grounded through a prong on the plug. Anytime an adapter is useq. to accommodate a two
hole receptacle, the adapter wire must be attached to a known ground. The third prong should 
never be removed from the plug. 

Double insulation is more convenient. The user and the tools are n~o~ecte1.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. 

TIi~'following general practices should be followedwhen"Jsirig-~I~~trid tool~: - .. , .. " . . "'." '. -.' . ,~ .. 

'eo i. Electric tools should be operated within their design·lirtR!.~tl<;mi 

• 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)9G~ti9ns. 

) 

• Work areas should be well lighted . 
.": :.:.i!(: 

.. .:. ... , 
,:".-..... 

- , 

S1l0·CKS .. ,r~ 

If qw SIJ,;ocks Occur i ~ ... .. ~ , r ',' ""', " . ~... ~ ~/ ... ' : ' .. '" 
'".r" .' .. , .. J·: ....... ,f'./ .. \--I:-~ ~·.~····r~ .... ,. ·;.~/r·'~ 

'Electricity travels in closed circuits, and its normal route'~§lihrpu~),.c9nq~~tor. ShQ~koc.cW~:;:~ 
when the body becomes a part of the electrical circuit. TIe 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. 

1, ',. . "";,' 't ." ..... "'\ '-'j;. \ --;1 
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 
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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., ;.:: ,';,',,: 

.. ", r 

Severity of the Shock'! }', .... 
l.; .. : .•. J.'; 

The severity of the shock received when a person becomes a part of an electrical circuit is affected 
by three primary facto~:the,amount of current flowing through the body (measured in amperes);f, 
the path of the current tI1rdt.l,gh the body; and the length oftime the body is in the circuit. Otherlj'C; 
factors which mayaffectfthe· seVerity of shock are the frequency of the current, the phase of the,,:;' 
heart cycle when shock:occ:UlTs~; and the' general health of the person prior to shock. .:.,. 1 ':! 

The effects from electric shock depend upon the type of circuit, its voltage, resistance, amperage, 
pathway through the body, and duration of the contact. Effects can range from a barely· .. , '1 
perceptible tingle to immediate cardiac arrest. Although there are not absolute limits or even 
known values which show the exactinjury from any given amperage, the following tabJeshqwS,.a 
the general relationship betwe.eRtl:l~&gree. of injury and amount of amperage for a 6Q::cx~lef . ;'r': 
hand-to-foot path oione s.econdt's~U1i'atiqnLofshock.,.:; .... ,.;.., 

Effects of Electrwa[.{£.ur,1!ent;~inijthe . Human Body '.:, /(~ 

CURRENT 

1 Milliampere 

5 Milliamperes 

REACTION 

. " Preception level. Just a faint tingle. 
t) t.'; , : ~. :\r,. t·.· 

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. 
i C,·.i: ~; (7!) ~ 

;j~.r'~L .;:i\l~~ 

9-30 Milliamperes (men};;:,;" ' i'iFhiliJslcalled the Jreezing current or "let-go" range.. ' .. ' ;':-;; /. ;()':1 

.. J.. .: ... j-H,· ... ::1) ..... ().: :;;. :r::'!}' ·;:,,,:.,~.J;.C·~ :';-: ,,·.;~n;·.~-C;~~\}l 

50-150 Milliamperesll;::;;IEKitrerilepain, respiratory arrest, severe muscular ~·)~:lCi\·.,:.j:~ ~;)(; 
contractions*. Individual cannot let go. Death is possible. 

1,000-4,300 Milliamperes Ventricular fibrillation. (The rhythmic pumping action of tlJ.y ':, _ ~;\ 
heart ceases.) Muscular contraction and nerve damage occur.' 

~~Deatb.lis most likely.. : ·.ij; . ,/:j 
... <. . ;;" ·l~jr/(.fIC J~d: r /:'":;F"lf ... .. ,. 

10,000 Milliamperes:: .i:1C:]:::,CardiaC arrest; severe burns and probable death. 
: r' 

·-L.· . - .' -; ~ "'~·l:_ 'l~.:;~D ... Tf.·1;.· .~'q('!;,. 

* If the extensor muscles are excited by the shock, the person may be thrown away from the 
circuit. ", '''' .; _ '.'. '. . .: ':J(~ 

I.: 
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PERSONAL PROTECTION 

. Arm and Hand Protection .' , 
_j('~; )(. .:,". j 1(1- -::.~ }\,1';" -;,..}{; < __ " 

~ I '. ',~~~.~"~·;t;IG ;: :-,:;5r ~ff· . ,- ; 

Examples of injuries to aImS and hands are bums, cuts, electrical shock, .!hnputatiort, and 
absorption of chemicals. 

There is a wide assortment of gloves, hand pads, sleeves, and wristletSJol~p.rotection 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 mayn:eed~t6;lls~.,glavbs;which have been 
tested and provide insulation from bums and cuts such as wir~ tnesb;-.leather;and.canvas:.· The .'_ 
employee should become acquainted with the limitations of the clothimg-,useG:." ,i > ',. ~:, ;. ,. 1;. ,; 

Ear Protection " 

"". ., 
ir;;' ~L.: ;.: h~.~!·':;r': . ';. 

Expbsure'to high noise levels can cause hearing loss or impainnent; :It can create physical and 
psychological'stress. There is no cure for noise-induced hearing; loss; 'S0 the prevention of 
excessive noise exposure is the only way to avoidhearing'damage.;;;Specificaliy designed 
protection is required, depending on the type of noise encountered. 

Performed or molded ear plugs should be individually~fitted by:.cr;professiliniail·Waxeq!.Gotton, \.'.,' 
foam, or fiberglass wool earplugs are self-forming. When properly inserted, they work as well 
as most molded earplugs. ~:,~:.~~_::' :.'. ~.2.",::,~ 

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. .:' 'c ';l~r , ,". '. lf~;;;;!/ '. 

Earmuffs need to make a perfect seal around the ear to be efifective. Glasses, long sideburns, 
long hair and facial movements, such as chewing, can reduce protection.' Special equipment is 
available for use with glasses or beards. ,.~: J:.':~(iicq .~ :)!L~ : . .r;' -;.. 

For extremely noisy situations, earplugs should be worn in<Jlrlditi:ail to eannuffs~,~W:4e.m used 
together, earplugs and earmuffs change the nature of sounds; all sounds are reduced including 
one's own voice, but other voices or warning signals are;easient03!i.ear. '~:::!':; fi1 ,<. : 

'";i("; '.: .. -: 'l")~:r~j.-~"nl ;{/) 

Eye and Face Protection 

Eye and face protective equipment is required by OSHA whert'hheFe 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 stipuHitionsf ):. l, ( 

apply also to supervisors, management personnel, and visitors while they are in hazardous areas. 
"; .. ~ ,1:- {: '·'>.I;~~ "-'.' -- ,.;.~:., S:,...f-t J' ' 

The BLS study found that about 60 percent of workers who suffered eye injuries were not ,,' l;j:,):j:) 
wearing eye protective equipment. When asked why they were not wearing face protection at the 
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time of the accident, workers indicated that face protection was not nonnally used or practiced in 
their type of work, or it was not required for the type of work perfonned 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 hannful 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 ail'. Some respirators also provide a separate supply 
of air so work can be done where there is inadequate oxygen. 

Prevention of atmospheric contamination at the worksite generally should be accomplished as far 
as feasible by engineering control measures (for example, enclosure or confinement of the 
contaminant-producing operation, general and local ventilation) or by work-practice controls such 
as substitution of less toxic materials. Historically, the industrial hygiene profession has sought 
to control hazardous air contamination through engineering or work-practice means. However, 
when effective engineering controls are not feasible, or while those controls are being installed, 
appropriate respirators must be used. The user should be aware that respirators have their 
limitations and are not a substitute for effective engineering controls. Where respirators are 
necessary for health protection, specific procedures are necessary to overcome potential 
deficiencies and to assure effectiveness. 
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