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REQUIREMENTS FOR COURSE COMPLETION 

At the end of each course, an evaluation is written which asks whether the student completed the 
course. Due to the nature of the courses in Hardware Training, some courses are referred to as 
theory only; others are theory-lab courses. The determining factors of whether a student receives a 
Certificate of Completion or Certificate of Attendance are listed as follows: 

Theory Only Courses 

Theory only courses are courses which do not contain a scheduled period of lab instruction. 

a) All exercises (in-class and take-home) are completed and handed in to the 
instructor. 

b) Should a student miss an exercise or test due to absence, it is the responsibility 
of the student to make up the missing exercise. 

c) Students pass with a minimum overall average of 70%. 
d) Students attend all class sessions unless an excused absence is authorized by the 

instructor and/or supervisor. 
e) Students are not tardy more than three times unless authorized by the instructor. 
f) Students are responsible for informing the instructor for the reason of absence 

or tardiness. 

Theory-lab Courses 

) Theory-lab courses are courses which do contain a scheduled period of lab instruction. 

) 

a) All of the above. 
b) Student completes all prerequisites prior to class unless a variance is authorized 

by a system Supervisor or the Training Manager. 
c) Student passes the pretest, when given, prior to the start of the instructional 

material. 
d) A final written exam is passed by the student with a minimal grade of 70%. 
e) Student passes the practical lab sessions and the final practical exam. 
f) All lab check-off sheets for skills-based training are signed by both the student 

and instructor and are handed in to the instructor. 

If the qualifications or standards as listed above are not met, the student will receive a Certificate of 
Attendance rather than a Certificate of Completion. 
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COURSE DESCRIPTION 

CRAY X-MP Hardware Maintenance 

Duration: 9 weeks 

Prerequisite: Cray Systems Introduction. 

Deals with the theory of the CRA Y X-MP design combined with system lab practical sessions. 
Emphasizes the theory and practical use of off-line diagnostics for troubleshooting a CRA Y X-MP 
failure. Includes a final practical test and final theory test. 

MATERIALS REQUIRED 

The following materials will be required to complete CRA Y X-MP Hardware Maintenance: 

• CMQ0105010 
• IDvI-1010B 
• IDvIM-0607 
• IDvIM-0801 
• IDvIM-0805 
• CID0100000 
• CSM0110000 
• CCW0115000 
• HR-3005 
• HTV-0242 
• HTV-0243 
• HQ-1005 

CRA Y X-MP CAL Version 1 Reference Card 
CRA Y X-MP/IOS Based Diagnostic Reference Manual 
CRA Y X-MP/22, 24 Chassis Map (Size C) 
CRA Y X -MP/216 Chassis Map (Size C) 
CRA Y X-MP/216 Block Diagram (Size C) 
CRA Y X-MP/216 Instruction Timing Diagrams 
CRAY X-MP/22, 24, 28 and 216 Hardware Reference Manual 
CRA Y X-MP/14se Chassis Map (Size C) 
CRA Y X-MP Computer Systems Functional Description Manual 
CRA Y X-MP Hardware Training Volume; Volume 2 
CRA Y X-MP Hardware Training Volume; Volume 3 
CRA Y X-MP Diagnostic Ready Reference Guide 

The following materials will be used and will remain in the classroom: 

• Booolean 
• WireTabs 
• Diagnostics 
• A Practical Guide to UNIX System V (by Mark G. Sobell) 

HTV-0242 xvii CRAY PROPRIETARY 



) 

) 



SKILLS LIST 





~ 
S 
t!3 

>< ..... 
>< 

~ 

I 
~ 
~ 

~ U J 

CRAY X-MP PRACTICAL SKILLS LIST 
NAMrn: ____________________ _ 

HOW LOCATOR 
ABC 

~_~_+-_~ 1. MG's, compressors, mainframe, PDU, breakers 
1-_ ..... _-1-_-12 Voltage sense wires, power indicator lights & regulator sense wires 
1-_ ..... _-1-_-13. Thermostats, thermistors & fault indicator lights on PDU 
~-~-+--~ 4 .. Power supply voltage indicators - LED's 
~-il-~I--IS. Cheater switch on PDU 
1-_ ..... _-1-_-16. Halon system alarms, sensors, panel and disarm panic buttons 
~~1-~1--I7. CRA Y X-MP,IOS, and SSD (if available) maintenance panels 

8. Identify random drop cables (purpose and collDection based on 
label) 

L-_.L-_..L._..J' 9. Find a cable, given only its purpose and connections 

ADJUSTMENTS 

9 1. PDU voltage for normal operation 
2. High, low voltage margins 
3. Fast, slow, super slow and normal clocks 
4. Scanner high temperature controls 

PROCEDURES -----.,...-.., 
~_I-~I--I 1. Power on PDU 
1-_ .... -11--1 2. Power on CRA Y X-MP 
J-~i---+--I 3. Power OnJOff Micro MCU (A:HDOFF) 
~";"'I-~I--I 4. Column power cycle (any column) 
~_I-~I--I S. Cable Micro MCU to CRA Y X-MP 
J-~i---+--I 6. Cable lOS to CRA Y X-MP 
1-_ .... -11--1 7. Power on and allow connect of Remote Maintenance facility 
L-_.L..--iL-.-i 8. Take and evaluate compressor readings 

LEVEL 

COMNrnNTS: __________________________________ _ 

KEY: 

HOW 

LEVEL 

A B c 
1: .. Shown o. r I Lecture or Perfonned L Vide() _ The~ry 

Excellent - 5 
Above Average - 4 

Average - 3 Unsatisfactory - 1 
Below Average - 2 Not Apply - N/A 

DAlli: ____________________ __ 

MANUALS AND BOOKS 

g 1. Daily log book 
2. Swap log 
3. Diagnostic listings 
4. HMM-I01O 
S. Quick Reference Guide 
6. PMIJPMP HM1003 
7. Maintenance aids 

SOFTWARE BASICS 

t--t--t--t 1. Review monitors (MTA, MTI, AMP 2 and/or AMP 4) 
t--t-~I--t 2. Review modes 
t--t--t--t 3. Run system 
t--i--i--t 4. Command buffers 
J-~--+-~ S. Run CPUMO or :BOI 
~-+ __ ~~6. CMOS 
t--t--t--t 7. Micro MCU 
t--i--i--t 8. Bring up Error Logger 
1-._1-._'---' 9. Show different table in Error Logger 

e.g. 0 - CPU 0 error information 
1 - CPU 1 error information 

TROUBLESHOOTING BUGS 

I I I 11. Write Code, Scope Loop 

. i: ::;:~arts, Training Aids 

~ 

Student's Signature _~ ____________________ _ 

Instructor's Signature _______________________ __ 

If you sign this sheet, you are responsible on site for this task. 
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BLOCK DIAGRAM ANALYSIS 

OBJECTIVES 

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

I. Describing the overall specifications of the memory including size, speed, data fOlmat, 
and address format. 

II. Determining the storage module(s) associated with a work or bit of data, given its 
memory address. 

III. Describing interleaving and its effect on memory speed. 

IV. Interpreting memory parity error information. 

V. Describing the main characteristics of all the register types in the X-MP. 

VI. Describing how, when, and where instructions are loaded into the CPU. 

VII. Describing the flow of instructions from memory to the time of issue. 

VIII. Describing the method that Cray uses for swapping control from one program to 
another. 

IX. Generating the addresses associated with all types of memory references. 

X. Determining the conditions that would delay the issuing of any given instruction. 
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REFRIGERA TrON AND POWER CONSIDERA TrON 

I. Cray X-MP 

A. SN101-114 X-MP System Configuration 

1. Power: All systems must have 3 MG's; 2 running, 1 standby. 
a. This will handle worst case 4 meg. word X-MP, 4 process or rop, and 32 

meg. word SSD. 
2. Refrigeration: All systems 

a. 1-50 ton compressor for X-MP. 
b. 1-25 ton compressor for rop and SSD. 
c. Overseas -- 2-50 ton compressors. 

B. SN115 X-MP System Configuration 

1. Power: The following need 3 MG's; 2 running, 1 standby. The rest 2 MG's; 
1 running, 1 standby. 

a. 4M X-MP 4Pr. rop 32M SSD 
b. 4M X-MP 4Pr. rop 16M SSD 
c. 4M X-MP 4Pr. rop 08M SSD 
d. 4M X-MP 3Pr. rop 32M SSD 
e. 4MX-MP 3Pr.rOP 16MSSD 
f. 4M X-MP 3Pr. rop 08M SSD 
g. 2M X-MP 4Pr. rop 32M SSD 
h. 2MX-MP 4Pr.rOP 16MSSD 
i. 2MX-MP 3Pr.rOP 32MSSD 

2. Refrigeration: All systems 
a. 1-50 ton compressor for system. Possibly an added 25 tons. ) 
b. Overseas -- probably 2-50 ton compressors. 

II. Cray-l S 

A. Cray-l S System Configuration 

1. Power: 
a. 3 MG's with rop and/or SSD; 2 running, 1 in standby. 
b. 2MG's for Cray-l S; 1 running, 1 in standby. 

2. Refrigeration: 
a. 1-50 ton for Cray-l S. 
b. 1-25 ton for rop and/or SSD. 

III. Cray-l M 

A. Cray-l M System Configuration 

1. Power: 
a. 1 MG with rop and/or SSD; 1 running, standby optional. 

2. Refrigeration: 
a. 1-50 ton with rop and/or SSD. 
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WORD 

10 

11 

12 

13 

14 

15 

16 

17 

so 

SI 

S2 

S3 

S4 

S5 

S6 

S7 

READ our AREA 

WORD .!ill: .EWlJl 
o 
o 
o 
1 
1 
1 

PN - Processor Number 
E - Error Type 
S - Syndrome Bits 
R-ReadMode 
CS - Chip Select Bits 
B - Bank Address 

2 
P - Program Address Register 2 
rnA - INSTRUCTION BASE ADDRESS 2 
ILA - INSTRUCTION LIMIT ADDRESS 2 
XA - EXCHANGE ADDRESS 3 
VL - Vector Length 4 
DBA - Data Base Address 
DLA - Data Limit Address 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 

BIT POSITION 2° 
63 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

.EIEJl 
M - Mode Register 
IMM - Interrupt Monitor Mode 
SEI - Select for External Intenupt 
BDM - Bidirectional Memory Access 
FPS - Floating Point Error Status 
WS - Waiting on Semaphore 
MM - Monitor Mode 
IUM - Interrupt on Uncorrectable 

Memory Error 
IFP - Interrupt on Floating Point Error 
ICM - Intenupt on Correctable Memory Error 
lOR - Interrupt on Operand Range Error 
VNU - Vector Not Used 
ESVL - Enable Second Vector Logical 
EAM - Enhance Addressing Mode 

ICP - Intenupt from Internal CPU 
DL - Deadlock 
PCI - Program Clock 
MCU - MCU Interrupt (MIOP) 
FPE - Floating Point Error 
ORE - Operand Range Error 
PRE - Program Range Error 
ME - Memory Error 
lor - I/O Interrupt 
EEX - Error Exit (000) 
NEX - Normal Exit (004) 
PS - Program State 
CLN - Cluster Number Register 

A-0929E 
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MEMORY 

Main sections of the X-MP that are used in memory operation are as 
follows: 

1. Memory addressing - The address path as it moves from the CPU to 
each of the memory modules. 

2. Memory control - The section and bank selection logic that decodes 
the low order 5 bits of address and selects one of 
the possible 32 banks. Prior to bank selection 
the memory ports are checked for the following 
conflicts: 1. Bank busy conflict 

2. Simultaneous bank conflict 
3. Section conflict 

3. Input data path and check bit generation - The data path from CPU 
or I/O section to the memory modules. This path 
includes the check bit generation logic. 

4. Memory storage - Where the data is stored during a write operation 
and where its read out of during a read operation. 

5. output data and error correction - The data path from memory to the 
CPU or I/O section. This data path includes the 
error correction logic. 

6. MCU and exchange status - The module responsible for generating 
status information, address and syndrome, 
if a memory error should occur. 

X2002S0417 
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X-MP MEMORY CONFIGURATIONS 

MODEL SERIAL CHIP SIZE MODULE NUMBER OF NUMBER OF 

NUMBERS AND TYPE TYPE BANKS COLUMNS 

X-MPI12 301 -UP 16KMOS 3YA 16 6 

X-MP/14 301 -UP 16KMOS 3YA 32 6 

X-MP/14 301 -UP 64KMOS 3YM 16 6 

X-MP/18 301 -UP 64KMOS 3YM 32 6 

X-MP/22 101-109 4KECL 3ZM 16 12 
N 

I 111-114 
N 

X-MP/24 101-109 4KECL 3ZM 32 12 

111-114 

X-MP/22 110,115 -UP 16KECL 3ZV 16 6 

X-MP/24 110, 115-UP 16KECL 3YM 32 6 

X-MP/24 401 -UP 64KMOS 3YM 16 8 

X-MP/28 401 -UP 64KMOS 3YM 32 8 

X-MP/216 401-UP 64KMOS 3YM 32 8 . 

X-MP/48 200 -UP 16KECL 3ZV 64 12 

X-MP/416 218 -UP__64KECL 3ZU 64 12 

'\....,./ o 

ADDRESS FORMAT 

C.S. INTERNAL 

20-18 17----4 

21-19 18----5 

21-20 19----4 

22-21 20----5 

20-16 15----4 

21-17 16----5 

20-1R 17----4 

21-19 18----5 

21-20 19----4 

22-21 20----5 

22-21 20----5 

23-21 20----6 

2322 21----6 

BK/SEC 

3--0 

4--0 

3--0 

4--0 

3--0 

4--0 

3--0 

4--0 

3--0 

4--0 

234--0 

5--0 

5--0 

XV204S23M 
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The SECDED error processing scheme is based on error detection and 
correction codes devised by R. W. Hamming.t An a-bit check byte is 
appended to the 64-bit data word before the data is written in memory. 
The a check bits are each generated as even parity bits for a specific 
group of data bits. The Error Correction Matrix shows the bits of the 
data word used to determine the state of each check bit. An X in the 
horizontal row indicates that data bit contributes to the generation of 
that check bit. Thus, check bit 0 is the bit making group parity even 
for the group of bits 2 1 , 23 , 25 , 2 7 , 29, 2 11 , 2 13 , 2 15 , 2 17 , 2 19 , 221, 
2 23 , 2 25 , 227, 2 29 , and 231 through 255. 

The a check bits and the data word are stored in memory at the same 
location. When read from memory, the same 64-bit matrix is used to 
generate a new set of check bits, which are compared with the old check 
bits. The resulting a comparison bits are called syndromett bits (S 
bits). The states of these S bits are all symptoms of any error that 
occurred (1 = no compare). If all syndrome bits are 0, no memory error 
is assumed. 

Any change of state of a single bit in memory causes an odd nmnber of 
syndrome bits to be set to 1. A double error (an error in two bits) 
appears as an even number of syndrome bits set to 1. 

The matrix is designed so that: 

1 • If all syndrome bits are 0, an error did not occur. 

2. If only one syndrome bit is a 1 , the associated check bit is 
in error. 

3. If more than one syndrome bit is 1 and the parity of all 
syndrome bits (SO - S7) is even, then a double error occurred 
within the data bits or check bits. 

4. If more than one syndrome bit is a 1 and the parity of all 
syndrome bits (SO - S7) is odd, and there are 3 ones and a 
zero in one half of the syndrome code, then a single and 
correctable error occurred. The syndrome bits can be decoded 
to identify the a-bit byte containing the error as well as 
the altered bit in that byte. 

5. If more than two errors occurred,· the results are 
unpredictable. 

t Hamming, R.W., "Error Detection and Correcting Codes," Bell System 
Technical Journal, 29, No.2, pp. 147-160 (April, 1950) 

tt Syndrome: Any set of characteristics regarded as identifying a 
certain type, condition, etc. Websters New World Dictionary. 
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BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 
J-

o 1 2 3 4 567 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 
X X X X X X X X X X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X X X X X X X X X X 
X X X X X X X X X X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X X - - - - - -
XXXXXXXX X X X X X X X X X X X X X X X X X X X X 
X X X X X X X X X X X X X X X X - - - X X X X X X X X X X X X 
XXXXXXXX - - - - - - X X X X X X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

tv 
I 

oj:::. 

HYTE 5 BYTE 6 . BYTE 7 CHECK BYTE 

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 
X X X X X X X X X X X X X X X X X C130 
X X X X X X X X - - - - X X X X X X X X X CI11 

- - - - - - X X X X X X X X X X X X X X X X X CB2 
X X X X X X X X X X X X X X X X X X X X X X X X X CB3 

" 
X X X X X X X X X X X X X CB4 

" ;xJ X X X X X X X X X X X X X CB5 0)::> 
~-< X X X X X X X X X X X X X CR6 -0 
)::>:;0 X X X X X X X X X X X X X CB7 :z ITl 
-< Vl 

ITl 
-0 )::> 
;:0 :;0 

....... " < :c 
A-0339 )::>~ ERROR CORRECTION CODE -I 

ITl ....... 
Z 

" . 

',-" u ,-,I 
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O-OK 40-69 100-70 
1-64 41-D 101-D 
2-65 42-D 102-D 
3-D 43-M 103-M 
4-66 44-D 104-D 
5-D 45-M 105-M 
6-D 46-M 106-M 
7-32 47-D 107-D 

10-67 50-D 110-D 
11-D 51-M 111-M 
12-D 52-M 112-M 
13-40 53-D 113-D 
14-D 54-M 114-M 
15-48 55-D 115-0 
16-56 56-D 116-D 
17-D 57-M 117-M 
20-68 60-D 120-0 
21-D 61-M 1 21-t4 
22-D 62-M 122-M 
23-M 63-D 123-D 
24-D 64-M 124-M 
25-M 65-D 125-D 

) 26-M 66-0 126-0 
27-D 67-35 127-37 
30-D 70-M 130-t4 
31-M 71-D 131-0 
32-M 72-D 132-0 
33-D 73-43 133-45 
34-M 74-D 134-0 
35-D 75-51 135-53 
36-D 76-59 136-61 
37-M 77-D 137-D 

D - DOUBLE ERROR 
M - t4ULTIPLE ERROR 

) 

HTV-0242 

SYNDROME CODES 

140-D 200-71 240-D 
141-M 201-D 241-t4 
142-M 202-D 242-M 
143-D 203-M 243-D 
144-M 204-D 244-M 
145-D 205-M 245-D 
146-D 206-M 246-D 
147-38 207-D 247-34 
150-t4 210-D 250-M 
151-M 211-M 251-D 
152-D 212-M 252-D 
153-46 213-D 253-42 
154-D 214-M 254-D 
155-54 215-D 255-50 
156-62 216-D 256-58 
157-D 217-M 257-D 
160-00 220-D 260-08 
161-D 221-M 261-D 
162-D 222-M 262-D 
163-03 223-D 263-11 
164-D 224-M 264-D 
165-05 225-D 265-13 
166-06 226-D 266-14 
167-D 227-33 267-D 
170-D 230-M 270-D 
171-01 231-D 271-09 
172-02 232-D 272-10 
173-D 233-41 273-D 
174-04 234-D 274-12 
175-D 235-49 275-0 
176-D 236-57 276-D 
177-07 237-D 277-15 

300-D 
301-M 
302-M 
303-D 
304-M 
305-D 
306-D 
307-36 
310-M 
311-D 
312-D 
313-44 
314-D 
315-52 
316-60 
317-D 
320-16 
321-D 
322-D 
323-19 
324-D 
325-21 
326-22 
327-D 
330-D 
331-17 
332-18 
333-D 
334-20 
335-D 
336-D 
337-23 

340-24 
341-D 
342-D 
343-27 
344-D 
345-29 
346-30 
347-D 
350-D 
351-25 
352-26 
353-D 
354-28 
355-D 
356-D 
357-31 
360-D 
361-M 
362-1'4 
363-D 
364-M 
365-D 
366-D 
367-39 
370-L'4 
371-D 
372-D 
373-47 
374-D 
375-55 
376-63 
377-D 

X2002C0101 
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lOhijkm 
l00ijkm 
10hiOOO 

Ilhijkm 
llOijkm 
IlhiOOO 

12hijkm 
120ijkm 
12hiOOO 

13hijkm 
130ijkm 
13hiOOO 

034ijk 
035ijk 

036ijk 
037ijk 

176iOk 

176iOO 

176ilk 

1770jk 

1770jO 

1771jk 

MEMORY REFERENCE INSTRUCTIONS 

SCALAR REFERENCE 

Read from memory address specified by ((Ah) + exp) to Ai (Ao = 0) 
Read from memory address specified by exp to Ai 
Read from memory address specified by (Ah) to Ai 

Write (Ai) to memory address specified by ((Ah) + exp) (Ao = 0) 
Write (Ai) to memory address specified by exp 
Write (Ai) to memory address specified by (Ah) 

Read from memory address specified by ((Ah) + exp) to Si (Ao = 0) 
Read from memory address specified by exp to Si 
Read from memory address specified by (Ah) to Si 

Write (Si) to memory address specified by ((Ah) + exp) (Ao = 0) 
Write (Si) to memory address specified by exp 
Write (Si) to memory address specified by (Ah) 

Brr REGISTER BLOCK REFERENCE 

Read (Ai) words from STARTING memory address (Ao) to Bjk 
Write (Ai) words to STARTING memory address (Ao) from Bjk 

Read (Ai) words from STARTING memory address (Ao) to Tjk 
Write (Ai) words to STARTING memory address (Ao) from Tjk 

VECTOR REGISTER BLOCK REFERENCE 

Read (VL) words into Vi from memory address specified by (Ao) incremented 
by (Ak) 
Read (VL) words into Vi from memory address specified by (Ao) incremented 
by 1 
Read (VL) words from memory address specified by ((Ao) + (Vk)) to Vi 
(Gather) 
Write (VL) words from Vj to memory address specified by (Ao) incremented 
by (Ak) 
Write (VL) words from Vj to memory address specified by (Ao) incremented 
by 1 
Write (VL) words from Vj to memory address specified by ((Ao) + (Vk)) 
(Scatter) 

XV2S06M 
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16 MILLION WORD MEMORY ADDRESSING 

2 23 222 221 2 20 2 19 2 18 217 2 16 2 15 214 2 13 212 211 2 10 2 9 

Upper/ 
lower 
Bank Bit 
1 = upper 
O=lower 

S 
E 
C 
TO 
I 
o 
N 

S 
E 
C 
T 1 
I 
o 
N 

~ 
Chip Select 
Bits Internal Select Bits 

00 = c.s. 0 
01 = c.s. 1 
10 = c.s. 2 
11 = c.s. 3 

BANK 7 (34) 

BANK 6 (30) 

BANK 5 (24) 

BANK 4 (20) 
CPU 0 

BANK 3 (14) 

BANK 2 (10) 

BANK 1 (4) 

BANK 0 (0) 

BANK 0 (1) 

BANK 1 (5) 

BANK 2 (11) 

BANK 3 (I5) 
CPU 1 

BANK 4 (21) 

BANK 5 (25) 

BANK 6 (31) 

BANK 7 (35) 

2-8 

2 8 27 2 6 2 5 24 2 3 22 21 2 0 

~Bits I 
000 = bank 0 
001 = bank 1 
010 = bank 2 
011 = bank 3 
100 = bank 4 
101 = bank 5 
110 = bank 6 
111 = bank 7 

BANK 7 (36) 

BANK 6 (32) 

BANK 5 (26) 

BANK 4 (22) 

BANK 3 (16) 

BANK 2 (12) 

BANK 1 (6) 

BANK 0 (2) 

BANK 0 (3) 

BANK 1 (7) 

BANK 2 (13) 

BANK 3 (17) 

BANK 4 (23) 

BANK 5 (27) 

BANK 6 (33) 

BANK 7 (37) 

Section Bits 
00 = sec. 0 
01 = sec. 1 
10 = sec. 2 
11 = sec. 3 

S 
E 
C 
T2 
I 
o 
N 

S 
E 
C 
T 3 
I 
o 
N 

Hardware Trng. 
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C08 

) 008 

009 

) 

"SECTION 0 

D09 

18 - 35 54 -71 

D08 

00 - 17 36 - 53 

P08 

00 -17 36 - 53 

P09 

18 - 35 54 -71 

SECTION 1 

L 
0 
W 
E 
R 

L 
0 
W 
E 
R 

223 =OLOWER 

223 = 1 UPPER 

SECTION 2 

lO9 

54 -71 

lO8 

36 - 53 

U08 

36 - 53 

U09 

54 -71 

SECTION 3 

CRAY X-MP 216 BIT LAYOUT 
2-9 

L09 

18 - 35 

J08 

00 -17 

V08 

00 -17 

V09 

18 - 35 

Hardware Trng. 
A-5868 R. w.A. 
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N 
I ...... 
o 

,--,' \_j \~ 

lC/Dj2.jj DANK 34J 
L fD28/29 ~Ul 

/ GO WRITE. ABORT BANK" 

SEC110NBUSY,PORTA/8/C /g~~ORT 7 
ANDIiOCONFUCT ' • 

PORTCCONRICT /CJ6fJ1 CPUI ~ 
a-.I SOlJIl3 SEC 3 I I PORT AIR... • (JAO. 3IF) 00 DANIell). 24. 30. 34 J' 
T -L T CONFUCTS (JAO.3AP) /:C26tI1 CPU I / t--< Soo.ol SEC 2 I ""CONRj,"", 00 DANK 0.' 10 I. 
40 GOO,IlI SEC, I SEC110N DUSY (JOB. 3AG) J'036/31 CPU 0 • • 7 1C,038/39 I 

(JAP) F.XBITS2'·2· 0Il2,0.l SECO I-- (JAP) J' 00 BANK 20.24. 30. 34 /UANKS 20.24. 30, 34 

BANKBITS2'·2· CFUOANDI ORANK rm,m CPUO ABORT C.D24!l5 

D~~ 1 

:1 ~o. 2 11 ~ UPPER 

CII 2' .2' OROUP(j) 
CIO 20 - 23 UPPER W H-

ow I). 17 ~ BANKO 
008 29 _2'1 LOWER. 

(l)9 2' .2' OROUP(O) 

QAO)PORTMl,C REFERENCESEcnON x I:". r"""" I,.. OOBANKO.'.IO.l' OOWRrrn' BANKS 0. 4.10.14 
(JAO)SCAlAII,I,O 00 REFERENCE FOOIIPORT CC 00 BANK 

t-":r.u1Ull""""'-___ -./0l8 2'.23 LOWEaW.B. 

_._._--._. CON'I1lOL I.U·" , Y CON11lOL 
(JAP) ,""""",,,CHANOO: CE ENAB SEC ooBANK.ABORTANO OROUPSEU!CT ~ 
(3AF) ENABU! SEmON X 00 WRmi FANOITI' r==::--o 1 READ SEU!CTS 

(lAO) CPU AND FORT PRIORITY 21 1·12 ---- 3YX 1 
(JIIEI SEU!CT 1611ANK LOWERIUPPER lAQ 

FORT AlB AND tn ENABU! ADDRESS l 3VZ rlClW31 ~ I CJOflI UPPER 7 
D'flCI(""'lrlwmEX~OY= O""OFSS FID'J:.r /oc:,,----n: ~~ 

I 
I I DATA DASM1M1T"; ~~~~. s:~~i7 3VZ r-0~3 ccpu,OJ 

- r;'0I4M 2' .2d I Q18/1. SEC II CJ2{33 CPU I 

(311E) Wo~~~IUI'Y BIT 

: 012/13 2 14.221 SEU!CT r E18/1. SEC,O I :tI 1 1 
(JYX) 16K MEMORY ADDRESS 2 

(JAo, lAG, 3AP) ';;oo:;;::W=Rmi=:=' _____ --I 
(JAF.3BD) EN'I'EIWIIA.DIA ·1 

(3AF) 00 EXOI, SEQ/F.X ADDRESS 

(JAO.lAG) ENABU!RANGEaL!DATA' 

(3AF) PROO, RANGE ERROR 

ABORT SEC X 

00 WRrl"6 SEC, X 

lM!;r,mRY,,",ORESS 
ADDRESS 

~a\l;~1 01', RANGE 
!l!!!!!l!L- (3VC) 

(3lID) 
00RRECI1ID 

.CHECtcBm 

ADDRESS 
SIDFT 

MEMORY ADDRESS i'.2 Zl 

QlECK 8m . SYNDROME 

MEMORY AlXRESSOElAYED 

SElBCT'6BANK.1 lAX 122-204 21S·221 

PAR11AL PARITY A.B+C J (JAG) A, S REGIS1EIl (JAG) ~ 
(JAo, 3AP) FORT } MEMORY ADDRESS 

g~3~.EXCIL (JAG) 001.9 .1 lAD /FlW31 241 _2° / 
CB.2,3 

/rntlO 
(JAR) A REG,. B REG, -

/F26fJ1 
232 _247 / 
CB,O.I 

2"_231 / 
CB_6.1 

(3VC.3VB) VECroRREO. } 
(JOR) SCAlAR REO. T REG, 

(JHIl) EXOIANGE 
(JOE) r.o II 1 F24!ll ~B~;~S 

DATASEI.BC110N 
AND OIECK BIT 

GENERATION 

MEMORY rM.TA 

I--

(3A~ JAO. JAP) SELECI' S + v 
(lA0-3AG) ENTER STACK 

(380) ENABU! MAIN1llIIANCB 

PAP) PORT SEcnON SELECT lAB 

MHMORYDATAANDOIECKBITS 

I--

REAOIIANK 
SEU!C'IlI FANOITI' 

3VZ 

"S.53 

00 236_244 

CM 227.2" 
r.dJ'( .,1'."~ 

C2/3 29 .217 

IOOBANK ~ COIl 2°_2' 

~~A 
':'6 
3YY 

READ SEU!CTS 

BANK WRll'E DATA 

EXOIANOB ,lI2II/20 
§8BQRD'TA 

I DATA 2'· 2" 7 
/p:)fjfII SYN.2"_2 7 

E24!l5 DATAi"·2" 

ADDRESSANO 
WRmiENABU! 

1/4 FANOUT 

MEMORY ADDRESS 20 _ 211 

3YM 

I WRfIE HNABLH 

I 
U; 

L-., 
STORAGE REAOOtrrDATA 

3YM 

1036ff/ CD 2·1 1 
~ 

1$/!.J7 I I .• " I 
lD26m z36",z,41 I 

Icwn ,30 . .,35 _I 
I C34IJS :z2A _ 22S1 I 

1c:J21J1 2"."ZI _I 
1c.'YlIJ1 ?U~7 

~2·.2" (JA/!) 

IiO .. ERROR DATA (4 BllS) 

MEMORY 
ERRORLOO SYN.20·2' ENABU! MAIN1llIIANCE (JHO) 1 C26(l1 2'·2' 

SYNDROME BITS 

J 

311E ERROR 
CORREC1lON 

PORTA,BSEC110NSELEcr'lfJ .2' 

DATA20 -20 

CRAY X-MP/2 16 MILLION WORD MEMORY BLOCK DIAGRAM 
(CPU 0 AND SEC110N 0) 

3ZB 

READDATA 

DISABI.J!H.C 
(JIIE) 

READ DATA 
FANIN 

16-1 

3VZ 

READSEU!CTS 

C-2994A 
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(3AO) PORT AlBIC 
(JAG) SCAIAR. I/O 

(3AF) F+X BITS 2 l_ 24 
BANK BITS 2l_24 

lREFERENCE SHcnON X 
I GO REFERENCE 

(3AF) FR'I"C'HIRXCHANGE REFERENCE 

(3AF) ENABlE SEcnON X 

SEC1lON BUSY. PORT AlBIC 
AND ro CONFUcr 

PORT C CONFLIcr 
~S02ID3 SEC. 31 PORT AlBIC CONFUCTS 
~Soo,ol SHc.21 .00 CONFUCTS 
i..to(OOOOI SEC. 1 

SEC1lON BUSY oa:zm SEC. 0 
I--

CPU 0 AND 1 
GO BANK 

FOUR PORT iPORTC 
CON1ltOL LENABl1UJO SEC. X 

(lAO) CPU ANDPORTPRIORITY -
(3HE) SELEcr 16 BANK LOWERJUPPER 3AQ l 

PORT AlB AND ro ENABlE ADDRESS 

BLOCK FETCH AND EXCHANGE ADDRESS 

DATA BASE/IlMlT'rnST 

I 
G14/15 24_2U~ 

Gl2J13 214_ 223 

/~9 CPU} GO WRrrn, ABORT / 
/D"XJI3} CPUO 

GO WRrIE.ABORT / 
(3AG.3IF) / CJ61J7 CPU} ./ GO BANK 20.24. 30. 34 

(JAO. 3AP) /~ CPU 1 / ' 
(3DB.3AG) GO BANK 0. 4, 10. 14 

(3AF) I~ CPUO / GO BANK 20.24. 30. 34 
TYlf,trI CPU 0 ABORT 
GO BANK 0, 4, 10. 14 GOWRrTE 

GO BANK 

GO BANK. ABORT AND 
GO WRITE FANOUT 

1-12 

3YZ 

r--' 
/n8l19 SEC. 31 

/HI8119 SEC. 21 
IQ18119 SEC 11 

SElECT EI8/19 SEC. 0 
INCOMPAllBIUlY BIT 

ABORT SEC X (3'YX) 16K MEMalY ADDRESS 223 

(3HE) (TO G12Il3) 

G,3AF) (JAo,JA 

(3AF .3HD) 

(3AF) 

(3A 0, JAG) 

GOWRrIE 

EN'l'ERJDBA. DlA 

GO EXCH. SEQ./F+X ADDRESS 

ENABlE RANGE CH. (DATA) 

(3AF) FROG. RANGE ERROR 

(3Ao, 3AP) PORT 
A,B+C 
(JAG) A, S REGISTE.R 
eJDA. JOB) I/O 
(3AF) FETCH + EX m} 

MEMal.Y ADDRFSS 

(JAG) GOSC.AI.AR 

(JAG) GOro 

GO WRITE SEC. X MEMORY ADDRESS 'P -222 

MEMORY ADDRESS ADDRESS 
SHIFf CHECK BITS -SYNDROME 

ADDRESS 
SELECTION AND CORREClE) 

RANGE CHECKS OP.RANGE (3DD) CHECK BY"rn MEMalY AOCRESSDIIlA YEO 
ERROR (3VC) SElECT 16 BANK 2l_24 223-2:11 lAX 

PARTIALPARITY 
lAD 

/F3OfJI 248 _263 
/ 

C.B.2,3 

lF28fJ9 23l _247 
/ 

C.B.0,1 
(3VC JVB) V.cro,,,",,, } /FJ.61I1 216 _231 / (3GR) SCAIARREG, TREG. 
(3AR) A REG~ B REG. >- C.B. 6, 7 
(3HD) EXCHANGE ~ FJAf).j 2°_213 
(3DE) III C.B •. 4,S 

MEMORY DATA DATASErncnON 

/F3am I BANKS 20.24. 3Q, 34 

CJ)24flS 
WRrIE ENABlE BANKS 0. 4, 10. 14 
MEMORY ADDRESS zO -211 

CON1ltOL 
AND OIIPSELEcr 

GROUP SEIBCT ADDRESS 

~ 3YX 
READ SELEcnI 

C"XJI31 
/C30/31 UPPER / 

BIT 23 /C28119 UPPER I 
FANOUT r-

LD34{3S CPUO I 
3YZ IDnt33 cpuo/ 

C34{33 cpu} 

~ C32{33 CPU 1 

READ BANK READ SErncnI 
SEl1iCTII FANOUT 

3YZ 

1D6f1 :z63 CBO-7 I 
1D4/S 2 501 .2 61 1 

/fY1J3 2 45_ 2" I 
/00{1 236 .2 .... I 

IClifl 227 _2lS I 
I CA/S 218 _ 226 I 

I C2J3 29 _217 

GO BANK CW1 2°-2' 

AND CHECK BIT WRI'iEDATA BANK WRm! DATA MEMORYDATA AND CHECK BITS SELECT S+V GENERATION FANOUT (3Ao, 3AG, 3AF) 1-16 
(JA0-3AG) ENTER STACK 

LG34{3S 27 ,213 _2631 (3HG) ENABlE MAlN'TENANCE r- 3YY 
IG36I31 25,213_261/ PORT SHcrION SELEcr .(3AF) 3AE 

/G38/39 23 ,2 11 _2S I 

/040/41 21 ,29 -257 1 1m DATAzO_2
31

/ IG4']J43 26,214_26ll 
F26fIl SYN.2 4_2 7 

/G44/4S 24 ,2U _2601 H2III29 
g~~A R2A~ DATA:pl -263 

Ic/oS2- SS BANK34 I 
L I 

I C/O 12-17 BANK4 I 
IDU "~," ~ 

IDlO 210_21l UPPER 

leu ,. ~" I GIOOPj 
leI. ,.~,. ..... W.~, 

Irx» 213_211 I BANK 
/008 29 _21l I. LOWER 
(D9 z4 _ 2' GROUP (0) 

o 

COl 2°_23 LOWER W.B. 

ADDRESS AND 
MEMORY ADDRESS 20 _ 217 

WRrJl! ENABrn 
1/4 FANOUT WRmENABlE 

3YM I 
L - STORAGE READOUl'DATA 

3YM 

1ID£J37 CB 2-7 I 
/ D3413S :z6O - 263 CR 0-1 I 

IrmfH 2 501 _2 59 I 
/ mo/31 z48 -2" I 

im.809 z41 -247 I 
/m£.m 236 _241 / 

IC36/31 z30 _ 2lS I 
I CJ4IJS '2:14 _ 2:1.9 I 
I C32133 211 _223 I 

/f:!J)fJl 21l_ 211 / 
IC')B/B 26 - 211 

IG46/47 2l,2JO_z58 (3AE) MEMal.Y SYN.20-23 ENABlE MAlN'mNANCE (3HG) c::J;6(J:1 20-25 
G48149 2°.2'-256 ERROR LOG 

(3VR) VREGlS'mR 

(3GR) S, TREGISTER DATAPA1lI 

(3 HD,JAR) 
A, B REGIS'IER SEIBcnON 

(3DD) ro 

I 3VA 

(3HR) FETCH 

ERROR DATA (4 BITS) SYNDROME BITS 
ro 

3HE ERROR 
CORREcnal 

PORT A, B SEC1l0N SErnCTZO ,21 

DATA263 -2O 

CRAY X-MP!2 16 MIlliON WORD MEMORY BLOCK DIAGRAM 
(CPU 0 AND SECTION 0) 

3ZE 

READ SErncnI 
READ DATA READ DATA 

FANIN 

DISABlEB.C. 16-1 
(3HE) 

3YZ 

C·2994A 



C D I J 

BANK [34 BANK 36 

BANK I 30 BANK 32 

BANK I 24 BANK 26 

BANK I 20 BANK 22 
s s 

E CPU 0 E 

I 
C C 

BANK I 14 BANK 16 

o BANK 110 BANK 12 2 

BANK I 04 BANK 06 

BANK I 00 BANK 02 

I 

I 
BANK I 01 BANK 03 

) 
BANK I 05 BANK 07 

BANK I 11 BANK 13 

BANK I 15 BANK 17 
s CPU 1 s 

I 
E E 

I 
C C 

BANK l 21 BANK 23 

BANK 1 25 BANK 27 3 

BANK I 31 BANK 33 

BANK I 35 BANK 37 

o P U v 

X4802C0601 

H'I'V-02~2 2-11 



Cll 011 ) 
DATA BIT 18-35 DATA Brr 54-63 AND 

CHECK BIT 00-07 UPPER 

GROUP 
Cl0 010 

DATA BIT 00-17 DATA BIT 36-53 

C09 009 

DATA BIT 18-35 DATA BIT 54-63 AND 
CHECK BIT 00-07 LOWER 

GROUP 0 
C08 008 

DATA BIT 00-17 DATA BIT 36-53 

X4802C0602 
SECTION 0 BANK 0 

) 

) 
~/ 

HTV-0242 
2-12 



) 

S 

W 

D 

AO
A15 

-

A4 1 22 V66 

A3 2 64K x 1 21 A8 

A2 3 20 A7 

A1 4 19 A5 

AO 5 18 A6 

A14 6 17 A15 

A13 7 16 All 

A12 8 MEMORY 15 A10 

(Q) D OUT 9 14 A9 

WE 10 13 D IN 

GND 11 12 CS 

~ 

r<Jpl 
....., 

f>- -
~ )--

1~-
128 x 128 

~j )- l1li WORD 
ARRAY 

DRIVER 
.A 

t ~ --
r~ SENSE AMPS 

1 r L-

AND 
'--- WRITE - DRIVERS 

ADDRESS INPUTS j 

ADDRESS 
DECODER 

ADDRESS 
DECODER 

MACRO DEFINITION 

Q DIN: DCD(A-O)KS + WE 

Q = DIN: DCD(A15 A14 A13 A12 All Al0 A9 A8 A7 A6 A5 A4 A3 A2 Al AO)/CS + viE 

9 = 13 17 6 7 8 16 15 14 21 20 18 19 2 3 4 5 12 10 

-5.2 V. -5.2 V. LOADING 
PO\'JER DISSIPATION: 780 Mtv. 14 MvJ. 794 MvJT 

J NAME: 64K x 1 MEMORY (STATIC MOS RAM) 

A-2988 

2-13 

Q 



) 

) 



) 

DOUT I 

AO I 

Al I 

A2 I 

A3 I 

A4 I 

AS I 

) 
A6 I 

A7 I 

A8 r 

VEE I 

) 

1 22 

2 21 

·3 20 

4 19 

5 18 

6 17 

7 16 

8 15 

9 14 

10 13 

11 12 

64K x 1 MEMORY 
(ECLRAM) 

I 

I 

I 

J 

I 

I 

I 

I 

J 

I 

I 

Vee A4 

DIN A3 

CS' A2 

WE' Al 

A15 AO 

A14 A14 

A13 A13 

A12 A12 

A11 DOUT 

AlO WE' 

A9 VEE 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 22 

2 21 

3 20 

4 19 

5 18 

6 17 

7 16 

8 15 

9 14 

10 13 

11 12 

64K x 1 MEMORY 
(MOSRAM) 

I Vee 

I A8 

I A7 

I AS 

1 A6 

I A15 

I A11 

I AlO 

I A9 

1 

I CS' 

Hardware Trng. 
A-6359 G.K.F. 

CRAY X-MP/-l,-2,-4 MEMORY CHIPS 

2-13A 



1 CRITYPE67 16 CRI TYPE 68 16 

DOUT 2 
QUAD 

15 DIN DIN 2 
QUAD 

15 CIN TTLTOECL ECLTOTTL 
TRANSLATOR TRANSLATOR 

3 14 3 14 

GROUND 13 +5V GROUND 4 13 +5V 

FAIRCHILD FAIRCHILD 
5 10124FC 12 5 10125FC 12 

A OUT 11 BIN AIN 6 11 BIN 
MOTOROLA MOTOROLA 

MC10524F 10 7 MC10525F 10 

A OUT 9 AIN A OUT 8 9 BOUT 

20 1 20 

AO 2 19 DIN A2 2 19 Al 

3 18 3 18 

A2 4 17 WE A6 4 17 A5 ) 
5 16 5 16 

A4 6 15 A12 A10 6 15 A9 

7 14 7 14 

A6 8 13 AlO DOUT 8 13 A13 

9 12 9 12 

VEE 10 11 A8 VSS 10 11 CS 

16K BIPOLAR ECL RAM (FUJITSU) 16K MOS RAM (INMOS) 

8-2998 

CRAY X-MP/-l, -2, -4 MEMORY CHIPS 

) 

HTV-0242 2-13B CRA Y PROPRIETARY 



) 

) 

) 

Data Bits 
00,18,36,54 

01,19,37,55 

02,20,38,56 

03,21,39,57 

04,22,40,58 

05,23,41,59 

06,24,42,60 

07,25,43,61 

08,26,44,62 

09,27,45,63 

10,28,46,64 

11,29,47,65 

12,30,48,66 

13,31,49,67 

14,32,50,68 

15,33,51,69 

16,34,52,70 

18,35,53,71 

3YM MODULE CHIP CHART 

I16-18 = CHIP SELECT 
BOO BOl B02 B03 

cy CT cor cy 
I19--DOO---MOO---M01---M02---M03---ROO 

I20--D01---Ml0---Ml1---M12---M13---ROl 

I21--D02---M20---M21---M22---M23---R02 

I22--D03---M30---M31---M32---M33---R03 

I23--D04---t-140---M41---M42---M43---R04 

I24--D05---MSO---M51---MS2---M53---R05 

I25--D06---M60---M61---M62---M63---R06 

I26--D07---M70---M71---M72---M73---R07 

I27--D08---M80---M81---M82---M83---R08 

I28--D09---M90---M91---M92---M93---R09 

I29--Dl0---Ml00--Ml0l--Ml02--Ml03--Rl0 

I30--Dll---Mll0--Mll1--Ml12--M113--Rl1 

I31--D12---M120--M121--M122--M123--R12 

I32--D13---M130--M131--M132--M133--R13 

I33--D14---M140--M141--M142--M143--R14 

I34--D15---M150--M151--M152--M153--R15 

I35--D16---M160--M161--M162--M163--R16 

I36--D17---M170--M171--M172--M173--R17 

I I I I 
IOO-I15--AOO-A15 

-----------------4-4 
Chip Address Bits 

I37------EOO 
write Enable ---------------------4 

HW-0242 2-14 

I38 
I39 
I40 
I41 
I42 

R18 
R19 
R20 
R21 
R22 

to 4 Fanout 
to 4 Fanout 
to 4 Fanout 
to 4 Fanout 
to 4 Fanout 

X4802C0603 



) 



3YM MEHORY LOCATOR 

-) 
Lower and upper refer to bit 23. 
If address bit 23 = 0 it's Lower 
Memory and if bit 23 = 1 it's Upper 
Memory. 

DATA BITS BANK (Octal) LOWER MEMORY UPPER MEMORY 

00-17 0 COS C10 
18-35 0 C09 C11 
36-53 0 DOS D10 
54-71 0 D09 011 

00-17 OOS 010 
18-35 009 011 
36-53 POS P10 
54-71 P09 P11 

00-17 2 JOS J10 
1S-35 2 JO~ J11 
36-53 2 I08 I10 
54-71 2 I09 I11 

00-17 3 V08 V10 
18-35 3 V09 V11 
36-53 3 UOS U10 
54-71 3 U09 U11 

:) 
00-17 4 C12 C14 
18-35 4 C13 C15 
36-53 4 D12 D14 
54-71 4 D13 015 

00-17 5 012 014 
18-35 5 013 015 
36-53 5 P12 P14 
54-71 5 P13 P15 

00-17 6 J12 J14 
1S-35 6 J13 J15 
36-53 6 I12 I14 
54-71 6 I13 I15 

00-17 7 V12 V14 
18-35 7 V13 V15 
36-53 7 U12 U14 
54-71 7 U13 U15 

X4S02C0604 

) 

HTV-02t12 2-15 



3YM MEMORY LOCA'l'OR 

DATA BITS BANK (Octal) LOWER MEMORY UPPER MEMORY 
-j 

00-17 10 C16 C18 
18-35 10 C17 C19 
36-53 10 D16 D18 
54-71 10 D17 D19 

00-17 11 016 018 
18-35 11 017 019 
36-53 11 P16 P18 
54-71 11 P18 P19 

00-17 12 J16 J18 
18-35 12 J17 J19 
36-53 12 116 118 
54-71 12 117 119 

00-17 13 V16 V18 
18-35 13 V17 V19 
36-53 13 U16 U18 
54-71 13 U17 U19 

00-17 14 C20 C22 
18-35 14 C21 C23 
36-53 14 D20 D22 
54-71 14 D21 D23 

') 
00-17 15 020 022 ./ 

18-35 15 021 023 
36-53 15 P20 P22 
54-71 15 P21 P23 

00-17 16 J20 J22 
18-35 16 J21 J23 
36-53 16 120 122 
54-71 16 121 123 

00-17 17 V20 V22 
18-35 17 V21 V23 
36-53 "17 U20 U22 
54-71 17 U21 U23 

X4802C0605 

) 
HTV-0242 

2-16 



3YM MEMORY LOCATOR 

DATA BITS BANK (Octal) LOWER MEMORY UPPER MEMORY 

00-17 20 C40 C42 
18-35 20 C41 C43 
36-53 20 D40 D42 
54-71 20 D41 D43 

00-17 21 040 042 
18-35 21 041 043 
36-53 21 P40 P42 
54-71 21 P41 P43 

00-17 22 J40 J42 
18-35 22 J41 J43 
36-53 22 I40 I42 
54-71 22 I41 I43 

00-17 23 V40 V42 
18-35 23 V41 V43 
36-53 23 U40 U42 
54-71 23 U41 U43 

00-17 24 C44 C46 
18-35 24 C45 C47 
36-53 24 D44 D46 

) 54-71 24 D45 D47 

00-17 25 044 046 
18-35 25 045 047 
36-53 25 P44 P46 
54-71 25 P45 P47 

00-17 26 J44 J46 
18-35 26 J45 J47 
36-53 26 I44 I46 
54-71 26 I45 I47 

00-17 27 V44 V46 
18-35 27 V45 V47 
36-53 27 U44 U46 
54-71 27 U45 U47 

X4802C0606 

) 

H':::'V--0242 
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3YM MEMORY LOCATOR 

OATA BITS BANK (Octal) LOWER MEMORY UPPER MEMORY -) 

00-17 30 C48 e50 
18-35 30 e49 e51 
36-53 30 048 050 

54-71 30 049 051 

00-17 31 048 050 
18-35 31 049 051 
36-53 31 P48 P50 
54-71 31 P49 P51 

00-17 32 J48 J50 
18-35 32 J49 J51 
36-53 32 I48 I50 
54-71 32 I49 I51 

00-17 33 V48 V50 
18-35 33 V49 V51 
36-53 33 U48 U50 
54-71 33 U49 U51 

00-17 34 C52 e54 
18-35 34 e53 e55 
36-53 34 052 D54 
54-71 34 053 055 ) 

00-17 35 052 054 
18-35 35 053 055 
36-53 35 P52 P54 
54-71 35 P53 P55 

00-17 36 J52 J54 
18-35 36 J53 J55 
36-53 36 I52 I54 
54-71 36 I53 I55 

00-17 37 v52 V54 
18-35 37 V53 V55 
36-53 37 u52 U54 
54-71 37 u53 U55 

X4802C0607 

) 
H'::"1-0242 
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tv 
I ....... 

1.0 

\----

E19 3AX 

ADDRESS 
BITS 5-22 

ADDRESS 
BITS 5-22 

ADDRESS 
BITS 23 

D25 3YX ---

C25 3YX 

ADDRESS 
BANK 

CONTROL 
;--

f D39 3YX 

C39 3YX 

ADDRESS 
BANK 

CONTROL 
I--

C31 3YZ 

BIT 23 
FANOUT 

v 

3YM 

1-4 
FANOUTS 

3YM 

1-4 
FANOUTS 

IOO-17 
BANKS 
00,04, 
10,14 

IOO-17 
BANKS 
20,24, 
30,34 

3YM 

3YM 

J 

X4802C0608 



LOC. 

C27 
C27 
C27 
C27 

C29 

C29 

C29 

C29 

C31 
C31 
C31 

C31 

C33 
C33 
C33 
C33 

C35 
C35 
C35 
C35 

C37 
C37 
C37 
C37 

HTV-0242 

TERM 

R12 
R13 
R14 
R15 

R12 

R13 

R14 

R15 

R12 
R13 
R14 

R15 

R12 
R13 
R14 
R15 

R12 
R13 
R14 
R15 

R12 
R13 
R14 
R15 

SECTION ° 3YZ FANOUTS 

DESCRIPTION 

CPU 
CPU 
CPU 
CPU 

GO BANK 00, 10 
GO BANK 04, 14 
GO BANK 1 ° , 1 4 
GO BANK 00, 04 

CPU ° GO READ BANK 
20, 24 + 30, 34 UPPER 
CPU 1 GO READ BANK 
20, 24 + 30, 34 UPPER 
CPU 1 GO READ BANK 
00, 04 + 10, 14 UPPER 
NOT USED 

CPU ° ADDRESS BIT 23 
CPU ADDRESS BIT 23 
CPU ° GO READ BANK 
00, 04 + 10, 14 UPPER 
NOT USED 

CPU GO READ BANK 00, 10 
CPU GO READ BANK 04, 14 
CPU GO READ BANK 10, 14 
NOT USED 

CPU GO READ BANK 20, 30 
CPU GO READ BANK 24, 34 
CPU GO READ BANK 30, 34 
NOT USED 

CPU GO BANK 20, 30 
CPU GO BANK 24, 34 
CPU GO BANK 30, 34 
NOT USED 

2-20 

LOC. 

D27 
D27 
D27 
D27 

D29 

D29 

D29 

D29 

D31 
D31 
D31 

D31 

D33 
D33 
D33 
D33 

D35 
D35 
D35 
D35 

D37 
D37 
D37 
D37 

TERM 

R12 
R13 
R14 
R15 

R12 

R13 

R14 

R15 

R12 
R13 
R14 

R15 

R12 
R13 
R14 
R15 

R12 
R13 
R14 
R15 

R12 
R13 
R14 
R15 

DESCRIPTION 

CPU ° GO BANK 00, 10 
CPU ° GO BANK 04, 14 
CPU ° GO BANK 10, 14 
CPU ° GO BANK 00, 04 

CPU GO WRITE 

CPU ABORT 

NOT USED 

NOT USED 

CPU ° GO WRITE 
CPU ° ABORT 
NOT USED 

NOT USED 

CPU ° GO READ BANK 00, 10 
CPU ° GO READ BANK 04, 1) 
CPU ° GO READ BANK 1 0, 1 4 
NOT USED 

CPU 0 GO READ BANK 20, 30 
CPU ° GO READ BANK 24, 34 
CPU ° GO READ BANK 30, 34 
NOT USED 

CPU ° GO BANK 20, 30 
CPU ° GO BANK 24, 34 
CPU ° GO BANK 30, 34 
CPU 0 GO BANK 20, 24 

X4802C0609 

J 



1-4 FANOUTS - 3YM MODULES - SECTION 0 
ADDRESS AND WRITE ENABLE FANOUTS 

) 
138 139 I40 I41 I42 138 139 I40 I41 I42 

B C23 04 05 06 07 08 D23 13 14 15 16 17 

A 14 C22 00 01 02 03 D22 09 10 11 12 WE 

N C21 04 05 06 07 08 D21 13 14 15 16 17 

K C20 00 01 02 03 D20 09 10 1 1 12 \1m 

B C19 04 05 06 07 08 D19 13 14 15 16 17 

A 10 C18 00 01 02 03 D18 09 10 11 12 HE 

N C17 04 05 06 07 08 D17 13 14 15 16 17 

K C16 00 01 02 03 D16 09 10 11 12 WE 

B C15 04 05 06 07 08 D15 13 14 15 16 17 

) A 4 C14 00 01 02 03 WE D14 09 10 11 12 

N C13 04 05 06 07 08 D13 13 14 15 16 17 

K C12 00 01 02 03 WE D12 09 10 1 1 12 

B Cll 04 05 06 07 08 Dll 13 14 15 16 17 

A o Cl0 00 01 02 03 WE Dl0 09 10 11 12 

N C09 04 05 06 07 08 D09 13 14 15 16 17 

K C08 00 01 02 03 WE D08 09 10 11 12 

X4802C0610 

) 
HTV-0242 
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3YXMODULE ) 

Location 

D38/39 Address Bits 214 - 221 for Banks 20, 24, 30, 34 
Chip Select Enables for Banks 30 or 34 
Upper or Lower Write Enables for Bank 30 or 34 
Go Read Bank 30 or 34 
Go Read Upper 

C38/39 Address Bits 25 - 213 for Banks 20, 24, 30, 34 
Chip Select Enables for Banks 20 or 24 
Upper or Lower Write Enables for Bank 20 or 24 
Go Read Bank 20 or 24 
Go Read Upper 

D24/25 Address Bits 214 - 221 for Banks 0, 4, 10, 14 
Chip Select Enables for Bank 10 or 14 
Upp~r or Lower Write Enables for Bank 10 or 14 
Go Read Bank 10 or 14 
Go Read Upper 

C24/25 Address Bits 25 - 213 for Banks 0, 4, 10, 14 ) 
Chip Select Enables for Bank 0 or 4 
Upper or Lower Write Enables for Bank 0 or 4 
Go Read Upper 

XV2S03M 
) 

2-22 



G15 3AO 031 3YZ 

R58 1112 R12 1039 3YX 
I 025 3YX 

CPU a GO WRITE I C39 3YX 
GO WRITE FANOUT 

C25 3YX 

I24 

127 

-
S14 3AO 029 3YZ 

f--

-
R58 1112 R12 

CPU 1 GO WRITE 
GO WRITE FANOUT 

X4802C0611 

) 
GO WRITE 

) HTV-0242 
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3YX 3YM 3YM 

R36-39 I42 I37 

WRITE 1-4 
ENABLE FANOUT 

c D 

20, 24 30, 34 

BANK 0,4 10, 14 

BANK 1 ,5 1 1 , 15 

21 , 25 31 , 35 

o p 

X4802C0612 

WRITE ENABLE 

HTV-02~2 
) 

j 
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G15 3AD D31 3YZ 

R56 1114 R13 I D39 3YX 
I D25 3YX 

CPU 0 ABORT I C39 3YX 
ABORT FANOUT 

C25 3YX 

126 
ABORT 

127 

I--
S14 3AD D29 3YX -

-

R56 1114 R13 

CPU 1 ABORT 
ABORT FANOUT 

X4802C0613 

) ABORT 

) 
H~V-0242 
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3YY BIT PLACEMENT - SECTION 0 

LOCATION DESCRIPTION 

C01 WRITE DATA BIT 00-08 
C03 WRITE DATA BIT 09-17 
COS WRITE DATA BIT 18-26 
C07 WRITE DATA BIT 27-35 
001 WRITE DATA BIT 36-44 
003 WRITE DATA BIT 45-53 
b05 WRITE DA'.rA BIT 54-62 
007 WRITE DATA BIT 63 AND CHECK BIT 00-07 

X4802C0614 

) 

) 
WCV-02'l2 
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\~ .. '....J 'J 

C31 3YZ 

I D39 3YX 
~5 3YX 

ifS39 3YX 

I C29 3YZ 
f C35 3YZ 

f C33 3YZ 
f D35 3YZ 

C25 3YX D33 3YZ 3YZ 

GO 
. READ BANK 

R46-49 I--

R50,51 L~ 

1-12 
r---

FAN OUTS 
r---

I 
I--

I--

I--

GO READ 
BANK 

I96-I111 

3AX 
r-~------------~I 

tv 
I 

~ 

>:;._ 3AX 
I 

3AX ~-4~~ ________ ~1 

E19 3AX 

LOC TERM 

'-----+1 I7 6-86 CPU 0 D33 R12, R13, R14 
GO READ D35 R12, R13, R14 
BANK F.O. C29 R12 

C31 R14 

CPU 1 C29 R13, R14 
GO READ C33 R12, R13, R14 
BANK F.O. C35 R12, R13, R14 

--------------

X4802C0615 

GO READ BANK 



3YZ BIT PLACEMENT - SECTION 0 

LOCATION DESCRIPTION ) 

C27 READ DATA BIT 00 - 05 

C29 READ DATA BITS 06 - 11 

C31 READ DATA BITS 12 - 17 

C33 READ DATA BITS 18 - 23 

C35 READ DATA BITS 24 - 29 

C37 READ DATA Brrs 30 - 35 

D27 READ DATA BITS 36 - 41 

D29 READ DATA Brrs 42 - 47 

D31 READ DATA BITS 48 - 53 

D33 READ DATA BITS 54 - 59 

D35 READ DATA BITS 60 - 63 AND CHECK BITS 00 - 01 

D37 READ DATA CHECK BITS 02 - 07 
) 

X4802C0616 

HI'V-0242 
) 
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3ZE HODULE BIT ASSIGNMENTS 

) LOC. 100-131 132-163 CPU 164-70 

E21 DATA BIT 32-63 DATA BIT 00-31 CHECK Brr 4-6 AND 0-3 
E23 DATA BIrr 00-31 DATA BIT 32-63 1 CHECK Brr 0-2 AND 4-7 
E25 DATA BIT 32-63 DATA BIT 00-31 0 CHE<"''''K Brr 4-6 AND 0-3 
E27 DATA BIT 00-31 DATA BIT 32-63 0 CHECK Brr 0-2 AND 4-7 

Q20 DATA Brr 00-31 DATA BIT 32-63 0 CHECK Brr 0-2 AND 4-7 
Q22 DATA BIT 32-63 DATA BIT 00-31 0 CHECK BIT 4-6 AND 0-3 
Q24 DATA BIT 00-31 DATA BIT 32-63 CHECK BIT 0-2 AND 4-7 
Q26 DATA BIT 32-63 DATA BIT 00-31 CHECK 'BIT 4-6 AND 0-3 

H21 DATA BIT 32-63 DATA BIT 00-31 CHECK BIT 4-6 AND 0-3 
H23 DATA BIT 00-31 DATA BIT 32-63 1 CHECK BIT 0-2 AND 4-7 
H25 DATA BIT 32-63 DATA BIT 00-31 0 CHECK BIrr 4-6 AND 0-3 
H27 DATA BIT 00-31 DATA BIT 32-63 0 CHECK BIT 0-2 AND 4-7 

T20 DATA BIT 00-31 DATA BIT 32-63 0, CHECK BIT 0-2 AND 4-7 
T22 DATA Brr 32-63 DATA BIT 00-31 0 CHECK BIT 4-6 AND 0-3 
T24 DATA BIT 00-31 DATA BIT 32-63 CHECK BIT 0-2 AND 4-7 
T26 DATA BIT 32-63 DATA BIT 00-31 CHECK BIT 4-6 AND 0-3 

) 

X4802C0617 

) 
HTV-02~2 

2-29 



CLOCK FANOUT 

U24 3YX 
V24 

I25 3YX 
J25 

E01 3TO P24 3YX -
024 

2ND LEVEL 
CLOCK F.O. 

C25 3YX 
D25 

r--
-------

E01 3TO 2ND 
LEVEL -

1ST LEVEL CLOCK 
CLOCK F.O. FANOUT 

QOO 3TC 

2ND 
LEVEL 
CLOCK 
FANOUT 

HTV-0242 

2-30 

CPU 0 

MODULES 

I SEC 
I SEC. 

I SEC. 1 

SEC. 0 

MODULES 

CPU 1 

MODULES 

• 3 
2 

X4802C0618 

--~ 

) 

) 



4 CLOCK PERIOD CYCLE 

-
) 

SOURCE DESTINATION 

TYPE LOC. TERM TYPE LOC. TERM 

3YX C25 R58 3HR F05 1155 
3YX C25 R58 3HR F07 1155 
3YX D25 R58 3HA F09 189 
3YX D25 R58 3AO G07 149 
3YX 125 R58 3AQ GOl Il02 
3YX 125 R58 3AQ G03 Il02 
3YX J25 R58 3HE G05 I76 
3YX J25 R58 3AF H29 1115 
3YX 024 R58 3HR R04 1155 
3YX 024 R58 3HR R06 1155 
3YX P24 R58 3HA R08 189 
3YX P24 R58 3AO S06 149 
3YX U24 R58 3AQ SOO 1102 
3YX U24 R58 3AQ S02 1102 
3YX V24 R58 3AF S04 I76 
3YX V24 R58 3HE T28 I115 

CYCLE SELEC'r 

) rrYPE LOC. TERM TYPE LOC. TERM 

3YX D25 R56 3AQ G03 Il03 
3YX I25 R56 3AQ G01 I103 
3YX P24 R56 3AQ S02 I103 
3YX U24 R56 3AQ SOO I103 

X4802C0619 

) 
HTV-02L12 

2-31 



(3V 

(3I1D) 

(3AR) 

(3AR) 

(3AQ) 

(3JD) 

(3VB) 

3AO G06107 

VK REGISI'ER 2 0_ 2 5 .1 
PORT A, B, C REFERENCE SECTION X 

B,3VC) VK PORT A, B, C BANK BITS 22 - 2 4 
STACK 

PORT A, B, C GO REFERENCE 

PORT C GO WRITE SECITON X 

AO REGISfER 20 - 25 PORT CSELECT V, T 
(3AR) 

DBA REGISfER 25 PORT PORT A, B GO WRITE B, T 
(3HD) A. B,C l-

S. T REFERENCE ADDER ENABLE RANGE CHECK 
(3JD) (3) 

GO VK ADDRESS CPU AND PORT PRIORITY 
(3VD) 

SCATTER/GATHER PORTC ENTFRDATASTACK 
(3JD) 

PORT A, B, C ADDRESS BIT 24 , 25 AK/AIREGISTER 20 _ 2S 
(3AR) 

PORT A, B SECITON ADDRESS 20 , 2' 

PORT PORT A. B, C REFERENCE AND CONFLICI'S A,B,C 
SECITON I--
CONrROL 

PORT C GO VECI'OR REFERENCE 

(3) HOLD V, B, T WRITE 

PORT C HOLD STACK 0 

HOLDVKSCATTIeVQATHFR 

PORT A, B, GO VECI'OR REFERENCE 

(3AR) 
AI REGISTER 20 , 26 PORT A. B, C RELEASE RESERVATION 
VL REGISTER 20 _ 26 PORT I (3VC) A. S. C RELEASE B,T, RESERVATION 

(3JD) 
GO PORT A. B. C BLK. LEN. 

PORT A. B. C CONFLICI'S DEC. PORT A, B, C CARRY TO BIT 26 

(3AQ) (3) 

(3VD) 
GO VECI'OR WRITE PORT A. B. C ACI'IVE 

PORT C HOLD ADDRESS 
LOWER BLOCK 

ADDRESS GENERATION B, T. REFERENCE CP2 

I 

3AP G08109 

PORT 
PORT A, B, C ADDRESS 2 6_ 2 23 

DBA REGISTER 2 6_ 223 A,B,C 
ADDER 

AK REGISTER DELAYED 26 _ 2 23 (3) 

AO REGISTER 2 6_ 223 

PORT A. B, C CONFLICI' 

SCA TTER/GATHER CP2 

VK REGISTER 2 6_ 2 23 VK 
STACK 

UPPER BLOCK 
ADDRESS GENERATION 

CRA Y X-MP/2 MEMORY BLOCK TRANSFER ADDRESS 
GENERATION (CPU 0) 

2-32 

(3AQ) 
-) 

(3AQ) 

(3AQ) 

(3AD) 

(3AB) 

(3AR, 3GR) 

(3AD) 

(3AQ) 

(3AB) 

(3AD) 

(3AF) 

(3HD,3HG) 

(3HG) 

(3VD, 3GR, 3AR) 

(3AG) 

(3VD) 

(3HD.3I1G) 

(3JD) 

(3JF,3JC) 

(3AD) 

8-1114C 

) 
j 



(3HB,3HC) 

(3AR) 

(3HD) 

(3AR) 

(3DB) 

(3JF) 

(3JF) 

(3m 

(3DB) 

(3DB) 

) (3AQ) 

) 

3AG GlO/ll 
jkm - FIELDS 26 - 221 SCALAR, I/O REFERENCE SECTION X 

Ah REG. 2 6 - 2 23 
SCAlAR 

SCALAR,I/O BANK BITS 22_ 24 

DBA REG. 25 _ 223 

~ 
GO SCALAR, I/O REFERENCE 

Ah+ m20- 25 
ADDER GO SCALAR,I/O REFERENCE 

I/O ADDRESS 20 _ 24 SCAlAR ADDRESS 24 _ 221 

lOX - 13X SCALAR REF. ENABLE RANGE CHANNEL SECTION X 

g-FIELD 21 - S REF. SCALAR, GO WRITE SECTION X 

GO WRITE 
I/O 

SELECTS ~ 
GO I/O REFERENCE SECTION ENTER DATA STACK 

CON1ROL 
GO I/O WRITE PORT A, B SECTION SELECT 20 , 2 1 

PORT C,I/O CONFLICT I/O ADDRESS 2 4 

SCAIAR,I/O 
I/O REFERENCE ADDRESS/CON1ROL 

SCALAR, I/O CONFLICT TO LOG 

SCALAR, I/O MEMORY ADDRESS GENERATION 
CRA Y X-MP cpu-o 

2-33 

(3AQ) 

(3AQ) 

(3AQ) 

(3AD) 

(3AD) 

(3AD) 

(3AD) 

(3AE) 

(3AE) 

(3AF) 

(3AD) 

(3HG) 

(3HG) 

A·1113A 



tv 
I 

W 
~ 

31ID 1D0{.l1 

(lAQ) (lAD) 
20_2<4 24,2' 

MEMORY ADDRESS 

CTOR IFoNGTII 'i', 26 
DBA 

+ 
AD 

3AD I: ro6lf11 Ai DATA 2°, Z6 

2' Wvt BLOCK 
LENG11I 

VI< DATA 2", Z' 
AkDATA20-." 
AODATAZO,Z' 

~~ 1R59 ~ ~.;,v"r.1U/.1' ~ "" "\. !2I!CARRY 
ADDRESS 

'''-..---

+ 3AP 
AD 008,00 

+ 
AK/Vk 

AD DATA ZO, Z'" 

VlrDATA242 13 

AkDATAZ6,Z" 
AD DATA 2", Z" 

PORT A. B,C 
MEMORY ADDRESS 

2C1·223 

(lAD) 

Ak DATA ZO, Z" 

Ai DATA 2", Z6 II 

CRA Y X-MP BLOCK ADDRESSING 

10 

VECl'ORDATAFANOUT 
VECTOR REGISTER..'i 

!j 

/ 
!j ~ 
~ 

i I ~ 
~ ~ 

T9 

T9 

T9 

T9 

T9 

A,5225 

J 



~ 
< I 
::) 
N 

if3 

N 
I 

W 
Vl 

\'-..--' 

AkDATA:zO-2' Vlr.DATAt'-2' 

2' 

HlO 

HlO 

2' 2' 2' 22 

82!l 824 823 022 

847 846 84S 844 

EOS E04 EO) E02 

Ell EIO E09 EOII 

HOS H04 H03 H02 

H09 HOII H07 H06 

L07 L06 LM L04 

26 CARRY 

~: 

2' 2' 2' 22 21 2° 

847 846 84S 844 843 842 841 840 ... .. 0 
u !rl !rl u 
ill '" '" ill I 

21 2° 

021 020 

842 840 

843 841 

EOI EOO CARRY 

E07 E06 ENABLE 

HOI HOO SUM 

PROPAGATED OIT CARRIES 

1.01 LOO 
0 

FINAL SUM U 
~ ill 

1.03 L02 ... .. 
!rl u 

'" ill 

FINAL SUM 20_ 2' 

DRA2' A020- 2' 

AO 
+ 

,- " DBA 

eRA Y X-MP 3AO PORT B ADDRESS 

,,""-,,I 

lNITIALSTART ADDRESS 

REF SEC 0 

REF SEC I 

REFSEC2 

REF SEC 3 1-+ T03AQ'S 

REFOANK.22 

REF OANK. 2' 

REFOANK.2' 

MEM ADD 2' 
--)ro~ 

26CARRYT03AP 
RI8 

A-5227 



::c 
~ 
I 

o 
N 

it3 

N 
I 

W 
0\ 

MEMORY 
ADDRESS 
PORTB 

T03AD 

AO BIrS 26_ 223 DBA 2'_223 

PORTB NOTACI1VE 

ADDRESS3AP INCREMENT VALUE 3AP 

2 23 222 22• 2:10 219 2" 2.7 216 2" 2.4 2" 2.2 211 2.0 29 21 27 26 't4 213 212 'i' 2.0 29 

B07 B06 BOS B04 B03 B02 BOI BOO B29 B28 B27 B26 BlS B24 B23 B22 B21 B20 

26 RI8 
27 Ri9l 3AP 
21 R20 
29 iUi 
2'0iU2 

I 
1=1 ,- ;n ,. ,- ,. ,n ,,, ,. ,. " ," ,. ," ,. ,. ,. " • 

2" ~ \ CONPllCf 
2·2R24 L::o---, ~~D~~~~~~~~~~~~~~~ 

.,13 v .,.w;; BI1 BI6 BIS BI4 B13 BI2 Bl1 BIO B09 B08 BC17 B06 BOS B04 B03 BOO DOl BOO 

CARRY EI7 EI6 EIS EI4 EI3 EI2 Ell EIO E09 E08 E07 E06 EOS E04 E03 E02 EOI EOO 

ENABLE E37 E36 E3S E34 E33 E32 E31 E30 El9 E28 El7 E26 ElS E24 E23 El2 Ell H2O 

217 R29 GROUPCARRII!S 
218R30 GROUP ENABLES 
219 R31 ~6~~S 
220 R32 PARTIAL SUM 1113 1112 1111, 1110 I 1109, IIOSI 1107, 1I061110S, 110411103,110211101 tOO I 26 CARRY FROM 3AO 
221 R33 FROPAGA TED CARRIES J.I?~ It?~ II'" 1I23 1122 1121 1120 ADDBDIIERR 

222 R34 
GROUP ENABLES 

223 R3S 
1132 ml 

LI7 LI6 LIS Ll4 Ll3 LI2 Lll LlO' L09 LOS' L07 L06I LOS L04I L03 L021 LOI LOO 

L23 L22 121 120 Ll9 Ll8 

A-5226 

eRA Y X-MP 3AP PORT B ADDRESS 

"J . ......J 



~ 
< I 
o 
N 

~ 

\--./ 

AI< DATA:z'l· 2' VkDATA 20·2' 

SEUlcr AI< DATA 

INCREMENTVALUB 3AO 

2' 24 2 3 22 2' 2~ 
.us A24 All All All A1D 

3AO 

2'2 4 2 3 2 2 

! ! 

~ 

2' 2° 
A47 A46 A45 A44 A43 A42 A41 A40 

~ 

DBA 2' 

eRA Y X-MP 3AO PORT A ADDRESS 

A020·2' 

AO 
+ 

DBA 

lNmALSfART ADDRESS 

r-------------------~~-It~:~~~, REP SEC 0 
REP SEC I 

REP SEC 2 

REPSEC3 

REP BANK 22 

REPBANK2 3 

REP BANK 24 

-J 

T03AQ'S 

---' 

MEM ADD 2: r T03AD 

MEM ADD 2/ 

26 CARRY TO 3AP 
ROIl 

A-5229 



::c ...., 
-< I 

o 
N 

t> 

N 
I 

W 
00 

T03AO 

''.........., .. .--

MEMORY ADDRESS 
PORTA 

AO BITS 26_ 223 

!'CRT A ACTNil 

AOORESS3AP 

223 222 2 2, 221) 2,9 2,8 211 2,6 2" 214 2 13 212 2" 2 10 2 9 2 8 27 2 6 

AI7 AI6 AIS AI4 AI3 AI2 All AIO A09 A08 A07 A06 AOS A04 A03 A02 AOI AOO 
i a i 

26 ROO 
27 RiiI 
28 Ro2 
~R03 
210Ro:j 
2"RoS 
212Ro(; 

213 R07 

214 R08 
2""R09 
216RiO 
211Ri\ 
218Rii 
219m 
i"Ri4 
~liill 
2'2Ri6 
~Ri7 

3AP 

2 23 222 

A37 A36 

AI7 AI6 

CARRY -I DI 7 Dl6 

ENABLE 037 D36 

OROUP CARRIES 

OROUP ENABLES 

PARTIAL SUM 

I'ROPAGATED CARRIES 

OROUP ENABLES 

K17 KI6 

K23 K22 

OBAl'i-:z23 

221 221) 2 19 2 18 217 2 16 2" 21 

A3S A34 A33 A32 A31 A30 A29 A28 

AIS AI4 A\3 AI2 All AIO A09 AOS 

DIS Dl4 013 012 011 010 009 DOS 

03S 034 033 032 031 030 029 028 

OS6 

Gl3 

1026
: ~ 1024

: 

032 031 

KIS KI4 KI3 

K21 K20 KI9 KI8 

eRA Y X-MP 3AP PORT A ADDRESS 

'-' 

VkOATA26-2 23 

SELECfVkOATA , 

2" 214 2 13 2 U 2" 2 10 2 9 2 8 27 2 6 

A29 A28 A27 AU A2S A24 A23 A22 A21 A20 

']'" " 29 2 8 27 2 6 

A27 A26 A2S A24 An A22 A21 A20 

A07 A06 AOS A04 A03 A02 AOI AOO 

007 D06 DOS D04 D03 DOl 001 DOO 

027 D26 02S 024 023 022 021 D20 

1023
: I 022: 1021

: 
~ .. 26 CARRY fROM 3AO 

20 ADDED HERB 

A-5228 



~ 
-< I 

o 
tv 
~ 

tv 
I 

W 
\0 

I~ 

AI; DATA 2'1. 2' VkDATA20·2' 

2 6 

JlO 

JlO 

2' 2· 2' 22 

C25 C24 C23 C22 

C47 C46 C4' C44 

P05 Fa. POl F02 

PH 1'10 FOil F08 

JO' Ja. J03 J02 

J09 J~ J07 J06 

MOO M06 M03 Ma. 

26 CARRY 

:'J 

2' 2· 2' 22 21 2° 

C47 C46 C4' C44 C43 C42 C41 C40 

~ ~ ~ ~ 

21 2° 

C21 C20 

C42 C40 

C43 C41 

POI 1'00 CARRY 

F07 F06 ENABLI! 

JOI Joo SUM 

PROFAOA11ID BIT CARRIES 

MOl MOO 
<> 

F1NALSUM 

~ ~ 
MOl MOl ... N 

&l ~ '" 

PINAL SUM 20. 2' 

DBA 2' 

CRA Y X-MP 3AO PORT C ADDRESS 

IJ 

A02°·2' 

AO INITlALSTARTADDRESS 
+ 

DBA 

r-----------------------__ tK~w=-REFSECO )L, 
REF SEC I 

REF SEC 2 

REFSEC3 

REF BANK 22 

REF BANK 2' 

REF BANK 24 

T03AQ'S 

MBMADD~ r T03AD 

MBMADD2/ 

26CARRYT03AO 
R28 

A-5231 



tv , 
~ 
o 

\!I:\10RY 
,\D:-lRESS 
ilORTC 

TOJ.\D 

\~ 

AO lin'S 26, 221 

PORT C NOT ACIl vr: 

ADDRESS)AP 

2 2) 222 221 2111 2'" 211 211 2 16 21S 21' 2\J 212 211 2 10 2" 21 2' 2 6 

CI7 CI6 CI5 ('\4 C13 CI2 CII CIO C09 COS C07 C06 COS C04 CO) CO2 COl COO 
I I i 

2' R36 

27 iITi 
21 R3S 

211 R41 

212 R42 

2 \J R43 

2 1• R-14 

21'iW' 
216 R.i6 
217 R41 

221 R51 

2" R52 
22) R53 

"'1 
11 

ADVASCIJ ADDRESS 

D( 

CARRY 

ENABLE 

GROUP CARRIDS 

GROUP ENABLES 

PARTlALSIJM 

PROPAGATED CARRffiS 

GROUP ENABU:S 

I 
2 2] 222 

07 06 

Ct7 CI6 I FI7 Fl6 

Fl7 Fl6 
-

]11 

MI1 MI6 

MlJ MJ.2 

221 220 

OS C34 

CIS CI4 

FIS Fl4 

1'3S Fl4 
-

132 

MIS MI4 

M21 M20 

Ak DATA 26, 221 Vk DATA 26, 22l 

ISCRE\IE:-'TVAI t:E HI' 

t' 21l 212 t I 2'0 2" 

C29 C2S C27 C26 

2 19 
2

1
' 211 216 2 1S 21< 21l 212 211 210 2' 2' 2' 2' 

0) 02 01 00 C29 C28 C27 C26 C25 C24 C23 C22 C21 C20 

C13 CI2 CII CIO C09 COS C07 C06 COS C04 C03 CO2 COl COO 

1'13 1'12 FlI FlO F09 !'t)S F01 F06 FOS F04 I'll) 1'02 I'UI FOO 

1')3 F32 FlI flO ['29 1'28 1'27 F26 1'25 1'14 1'23 F22 1'21 flO 
-

.~ ~~'~~ ~ "'~"'~."~". 11) 112 Jll 110 ]09 lOS ]01]06 lOS ]04 ]03 ]02 )01 )00 

126 J2S 124 J23 j12 121 ~ 2' CARRY HW\I lAO 
AIlIlEDIIIRE 

131 

\113 MI21 Mil MIOI M09 MOlll M07 M06I MIlS M().IJ \\0] \1021\\01 MOO 

M19 M}~ 

A-S:3C 

CRA Y X-MP 3AP PORT C ADDRESS 

\,--,": 
I 

-----../ 



\,--", 

SCALAR MEMORY ADDRESSING 

2 23 222 221 220 2 19 2 18 211 2 16 2 15 214 2 13 212 211 2 10 

tv 
I 

+::-- AIS AIS AIS AI4 AI3 AI2 All AIO A09 A08 A01 A06 AOS AM 

116 I1S 114 113 112 I7l 110 169 168 167 166 16S 164 163 

1S1 1S6 ISS lS4 IS3 1S2 lSI ISO 149 148 147 146 14S 144 

'036 '034 • D32 -D30 '028 ' 026 '024 -022 '020 '018 '016 '014 '012 '010 

037 03S 033 031 029 021 02S 023 021 019 011 DIS 013 011 

041 046 O4S 044 043 042 

OSS OS1 056 DSS 0S4 053 OS2 

E21 E20 

E22 

EI9 EI8 EI1 EI6 EIS EI4 EI3 EI2 Ell EIO E09 E08 E01 E06 EOS 

FI9 FI8 FI7 FI6 FIS FI4 FI3 FI2 FII FlO F09 F08 F07 F06 

011 GI6 GIS GI3 012 010 G09 G01 G06 G04 

H04 H03 H02 HOI HOO 

lOS l06 lO4 J03 J02 JOI 

KI9 KI8 KI1 KI6 KIS KI4 K13 KI2 KII KIO K09 K08 K01 K06 

Ll9 Ll8 Ll1 1.16 I.IS Ll4 Ll3 L12 LII LlO L09 L08 1.01 1.06 

MOS M04 M03 M02 MOl 

M09 M08 M01 M06 

R39 108 1137 106 lOS R34 103 102 R31 1130 1~29 IU8 R21 R26 

',,-) 

2 9 2 8 2' 2 6 

BI2 

A03 A02 AOI AOO 

162 161 160 IS9 

143 142 141 140 

'DOS -006 '004 '002 

009 001 DOS D03 

041 l>l0 

DSI OSO 

E04 E03 E02 EOI 

POS F04 F03 F02 

G03 G02 GOI GOO 

JOO 

KOS K04 K03 K02 

L05 1.04 L03 L02 

MOO 

1125 R24 R23 1<22 

3AR'sAh. mREAlXlUT AND I'READD 

~~~~'~~ I ~M I ~ 
~ ~ [E [ti] ; ~ m O ,2 5 

~~[lj~~~ ~~~~~~ m2°·2 5 

R30 R30 R30 R30 R30 R30 R29 R29 R29 R29 R29 R29 Ah+mCARRY 

R32 R32 R32 R32 R32 R32 R31 R31 R31 R31 R31 R31 Ah+mENABLE 

3AG 

131 133 129 12S 121 111 136 132 128 124 120 n6 CARRY 

139 13S 13I 121 123 119 138 134 130 126 122 118 ENABLE 

--
2 5 

BOS 

BII 

1S8 

-DOD 

DOl 

EOO 

FOI 

KOI 

1.01 

1121 

~--\:;;::~il::S~~~~;~~~::=::;:;---
-

24 

B04 

B09 

R06 

ROO 

FOO 

KOO 

1.00 

R20 

- - -
2 3 22 21 2 0 

B03 B02 BOI BOO 

B08 BOO B06 

BIO 

ROS R04 2T 20 
2T 20 

21 2D 
21 20 

lKM FROM 3HC, 3HB 

DBA FROM 3GR', AND 3VB'. 

Ah FROM 3AR', 

CARRlES Ah +lKM + DBA 

SUMS 

Ah + jkm BIT CARRIES 

Ah+jkmSUMS 

Ah + jkm I'ROPAGA TED CARRIE 

Ah+ jkmENABLE BlTS2 14 . 222 

Ah + jkm + DBA BIT CARRIES 

Ah +jkm+ DBA SUM 24 ,2 5 

Ah + jkm + DBA ENABLE BITS 

Ah + jkm + DBA CARRY BITS 

GROUP ENABLES 

PROPAGATED GROUP CARRlEl 

PARTIAL SUM 

I.ATOlfll) PARTIAL SUM 
HELD FOR SCALAR CONH ,1CT~ 
EAM MODIFICATION ON 222 M-

l.ATClllill PROPAGATED GROU 
nmn H1R SCALAR CONH.lCT~ 
l.ATCllEll GROUP ENABLES 
II1~n H1R SCALAR CONH,lcr~ 

FINAL SUM '103All 

SUM 

BIT CARRIES 

SEC. 0 SELECT 2 0 2 I ROO 

SEC. I SELECT2 0 21 ROI 

SEC. 2 SELECT 2 0 2 1 R02 

SEC. 3 SELECT 2 02 1 R03 

22.2 4 =R04 ·R07 BANKSELECTS 

)223 

P ('.ARRII~~ 

A·4831 
XVCOIC:ltiM 

~ 



tv 
I 

+:>. 
tv 

-
100-125 CPl: 0 PORT A,B,C So I.'O~ AOO-A05 PORT A BK SELECT 

JOO-J34 • ROO-R03 -0 7/9 
AI0-AI5 PORT 0 BK SELECT CONFLICT 

ADDRS HOLD PATH CPU 0 A20-A25 PORT C BK SELECT CHECKING 
BANK 

SELECTS A30-A35 110 BK SELECT C,D,E,F 

~ - SEE ROO TERM 
BOOLEAN 
EXAMPLE 

r---
126-151 CPU 1 PORT A,B,C & I/O ~ 7/9 BOO-B05 PORT A BK SELECTS 

KOO-K34' R07-RI0 -L) 
ADDRS HOLD PATH 

16/0 
AOO - A35 CPU 0 
CPU 0 BK SELECTS BANK 

SELECTS 
.I2. 

r---
16/0 

BOO - B35 CPU I 
CPU 1 BK SELECTS BANK 

T2 SELECTS 

'--

CPU 1 B1O-BI5 PORT B BK SELECTS 

BANK B20-B25 PORT C BK SELECTS 
SELECTS B30-B35 I '0 BK SELECTS 

'----

JOO - J05 PORT A BK SELECTS 

JI0 - J15 PORT B BK SELECTS 

J20 - J25 PORT C BK SELECTS 

J30 - J35 I/O BK SELECTS 

KOO - K05 paRT A' BK SELECTS 

K10 - KI5 PORT B' BK SELECTS 

K20 - K25 PORT C' BK SELECTS 

K30 - K35 I/O' BK SELECTS 

JOO - J33 

CPU 0 BANK SELECTS 

ROO-R03. R07-RIO 

CPU 0 & 1 CONFLICTS 

KOO - K33 

CPU I 

I 7/9 

SEE 
BOOLEAN 
EXAMPLE 

#2 

MO-MIS I 11/12 

I 

16/0 

PORT 

~ 
ONFLICT 

CPU 0 

CONFLICT INFO 

16/0 

PORT 
CONFLICT 

~ CPU 1 

MOO - M05 

CPU 0 REF BK 0-7 

MI0 - M15 

CPU I REF BK 0-7 

NO-N07 
CPUO GO BANK 

NIO-N17 
CPUI GO BANK 

ROO PORT A CONFLICT 
GOO-GI5 PORT A,B,C & I/O 3/5 ROI PORT B CONFLICT 

CONFLICTS & ENABLES PORT R02 PORT C CONFLICT 
CONFLICTS R03 110 CONFLICT CPU 0 

R04 PORT A ENABLE 
SEE 

BOOLEAN R05 PORT B ENABLE 

EXAMPLE R06 110 ENABLE - #1 

R07 PORT A' CONFLICT 

3/5 ROB PORT B' CONFLICT 

HOO-HI5 PORT A' ,B' ,C' & I/O' PORT R09 PORT C' CONFLICT 
CONFLICTS & ENABLES CONFLICTS RIO I/O' CONFLICT 

CPU 1 R11 PORT A' ENABLE 

BANK SELECTS SEE CPU 0' 5 RI2 PORT B' ENABLE 
BOOLEAN RI3 I/O' ENABLE 
EXAMPLE .. 

SEC 0 SEC 1 

RI4 CPU a GO BANK N - 0, 

4, 

0, 

4, 

20, 

24, 

I, 

5, 

11, 

15, 

21, 

25, 

16/0 RI5 CPU 0 GO BANK N+04 

CPU 0 RI6 CPU 0 GO BANK N+OB I 

F + X BK SELECTS RIB CPU 0 GO BANK N+16 
.. _- .. _ ... _- .. _- .. -- .. --~ Ga RI7 CPU 0 GO BANK N+12 I 

BANKS 
NOO - N07 RI9 CPU 0 GO BANK N+20 

L 

16/0 

CPU I 
nvv·nvu·n .... u - nu .... ·nu/·nuu 

GO 
F + X BK SELECTS ~ 

BANKS 
N10 - N17 GO BANKS N N+2B 

2 

R20 CPU 0 GO BANK N+24 
R21 CPU 0 GO BANK N+2B 

R22 CPU I GO BANK N 

R23 CPU I GO BANK N+04 

R24 CPU I GO BANK N+OB 

R25 CPU I GO BANK N+12 

R26 CPU 1 GO BANK N+16 

R27 CPU 1 GO BANK N+20 

R2A CPU 1 GO BANK N+24 

R29 CPU I GO BANK N+28 

3D, 31, 

34, 35, 

SEC 0 SEC 1 

-
0, 1a 
4, 5, 

I a, 11, 

I 4, 15, 

1 0, 21, 

1 4, 25, 

3 a, 31, 

3 4, 35, 

C-/582A 

3AQ MODULE DIAGRAM 
MEMORY SECTION CONTROL 

\...../ 
, 

\ ...... j .~ 



) 

) 

F28/29212· 2'" '" OiECKBITS 0.1 

F26(27 2 16_231 & CHECKBrrS 6,7 

F2412S20. 2" '" OiECKBITS 4,5 

Q~VODATA ----__ ~--------------------------------------------------_, 

(lAO)HOLDSTACXO -----t---------------------, 
L--L1'-,. 

~AR~~~~----+_~-----------__t 
1----+ __ MEMCRYSECnON DATA 

QZV) 

~~~:~ ----+-----1 

(3110)""" ---t--t:=-=-=.r"\------. 
ENABu!~=:~ ===1\--------, 

(3HO) AEMl :==!t=:j::==l-.JI----' DlA~05nC CKECX BYTE 
(3110) 

/-___ -+-.... MBfORYCHECK BYTE 
(3ZV) 

VOCHax~-r-~t:=========================:: __________ ~ 
J>al:TC PARllAL PARl1Y 

MEMORY DATA SELECTION AND CHECK BY1E GEr-.'ERATION 

A, S, or V memory data enters the 3AE module and is put on stack 1. Depending on the value of the stack pointer and the condition of the Hold Stack 0 
Signal, it may also be put on stack 0 at the same time. When the Hold Stack 0 signal is dropped, subsequent data entering the 3AE is put only on stack 
1, with stack 1's previous data moving to stack 2, and the stack pointer being incremented. The data on stack 0 is held there by a controlled clock. This 
process continues with incoming data being put on stack 1, previous data being moved to the next highest stack, and the stack pointer being incremented 
until the Hold Stack 0 signal is again raised. At this point, stack O's data is sent off to memory, the data on the highest stack (as indicated by the stack 
pointer) is moved to stack 0, and new data (if there is any) is put on stack 1, with other data holding (or advancing), and the stack pointer decrementing 
(or holding) accordingly. This process continues until all of the stacks are empty, and the stack pointer is once again at O. 

As the data enters stack 0, a copy is also sent elsewhere on the module for check byte generation. A partial parity check is sent off board to the other 
3AE's at TS 3/5, and information from them is received at TS 11/13, just in time for the [mal check byte to be generated and sent off with the memory 
data at TS 16/0. In the event one of the two maintenance modes was selected, the check byte is generated either from the upper 2 bits of each parcel 
(AEMI mode), or from a separate diagnostic check byte read in from the S 1 register via a 001511 monitor instruction (AEM2 mode). 

C-3660 

3AE MODULE BLOCK DIAGRAM 
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CRAY X-MP / 22,24 
6 COLUMN 

SECTION 

ECl MEMORY CHIPS 
(16K) 

2-44 CRAY RESEARCH, INC. 
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.j::o. 
VI 

'-------

SECTION BUSY. PORT AlBIC 
AND lJO COl'o.'FUCT 

PORT C CONFLICT (lAG lip) 
~ SCf2/01 SEC. 1/ PORT un .... CONFUcrs (lAO' lAP) 

t:""t.lOO<ll SEC. 2 [ J..\) CONFUCTS DB',A , /DJOIlI / 

\-./ 

... GOO,(lI SEC. I SEcrtON BUSY (l • Gj / 00 WRml. ABORT J /PJBfJ') J 
(1Af) p.XBm2'·2' G02,Ol SEC.O i--- PAf) D2M9 CPU I GOBANK BANKS 16. 2D.2A.28 

BANKOm2
2

·2
4 

CPU o AND 1 fYJ/Jtn C'lJO GO BANK ABORT D240J L 
(3AO)PORTAJf1£ REFERENCE SECIlON X I~~BANK GOwarrE CONTROLAND MEMORY ADDRESS 2°.2 16 

[OS2.DSS BANK 28 

I : 
[DI6.DI9 BANK 8 

[nI2.IS BANK 4 

(nil 2 12 _2 16 

DlO 28 _211 

DO!l 2' ·2' 
lXI6 2°.2' 

----.) 

I 
I 
I 

(JAO) SCALU. J..\) 00 REFERENCE FOUR PORT II'URT C CONFUCT GO BANK ADDRESS FOR 

(l'~ """'"''''''CHANOE REFERENCE CONTROL I ENABIB liO SEC. X I BANKS 0.4. 8 
""-, GOBANK. ABORT AND AND 12 

ADDRESS 
I}4FANOU1~ 

BANKO 

I MEMO~Y ADDRESS2°·2" 

(lAf) ENABl.ESECl10NX GDWRmlFANOUTS r IREADSEl.Ecrs 

(l1lE) lAQ h (JAO) SEl.ECT 16 BANK LOWERIUPPER I 1.'S FANOUT CPU ANDPORTPRlOR1TY ~ I JlX I 
PORT AlB AND J..\) ENABl.E ADDRESS 1 l'lZ 

BLOCK FETCIl AND EXCHANGE ADDRESS 

I DATA BASFJIlMITTESl' 

I r Gl'n5 2'. 2U7 I 
Gl2/l1 2".2~ 

ABORTSECX 

00 WRlTB SEC. X (JAo,lAo,lAf) ~GO~WRlTB~:o:-=-___ ---..,J 
(lAP.lBO) EN11!RJDBA. DlA l M!!MORY ADDRESS 

(lAf) GO EXo/. SEnJF+X ADDRESS smf'Jro~ AND 

(JA0.1AO) ENABl.ERANGEClilDATA RANOB ClECKS I ~'btGE 
(lAp) PROG. RANGE ERROR .• .. (lVC) 

MEM(JtYADD~ 

(lAo,lAp) PORT } 
A,B+C 
(lAO) A, S REGISTER 
(lDA,lOB) J..\) 
(lAf) FETCH +EXCIi 

(JAG) GO SCAJ AB 

(lAO) GOJ..\) lAD 

(lVC.1VD) VECTOR RIlO. } 
(lOR) S REG .• T REG .. 
(lAR) A REG .• B REG. -
(l1lD) EXCliANGli 
(lDE) /JIil 

SEUCT16BANX 

COilRECllID 
(l1lD) • CHECK BYTE 1 

BI8/l9 SEC.O 

ADDRESS 
SmIT 

MEMORY ADDRESS'" _2 21 

CHECK 8m . SYNDROME 

MEMCRY ADrRESS DElA YEO 

lAX 12'.20 .221 .2 17 

PARTIAL PARI1Y 

/FJOIlI 248 . 2637 
C.B.2.1 

/F28129 232 .247 / 
c.ao.1 

/F26fE/ 216 _231 / 

.£!:.£ 
L...,j F2A(.!:l ~B~~:' J-

MEMORY"'TA 

Lo. 

D14/lS CPU I 

Dl2Jll cruo 

BANK READ 
SI!LECl' FANOUTS 

l'lZ 

TOOim 2" ·2" I I C.B. 0·7 
004..m: 2315.2" 

D02..O] 218 _2 35 

L..,I nOO,Ul 20 .2 17 

= 

[Dl4 BANK28 .. . 
Dl4 BANK4 

WRrmENABLB 
I}4FANOUT 

FOR-BANKO-

= 

1 
--eo 

WRITEENABl.E 

MEMORYDATA20-1 71 

(lAO. lAO. 3AF) SELECT S + V 
(lAO-lAO) ENTER STACK 

DATASELECllON 
AND ClIECK BIT 

GENERA1l0N MEMORY DATA ANDCllECK BITS DATA 
"'FANOUT 

MEMORY"'TA 

GJ4/l' 2" 2" .263 

036137 2' .213_2 61 

GJ8Il923.2"-2» 
G40}41 2 1.2'.2 

042/41 26.214 .2'62 

G44/4S 24 .2 12.260 

046141 22.210.~ 

(lSO) ENABl.E MAlN11!NANCE 
(lAp) PORT SEcrtON SELECT 

(lAB) MEMClIY 

-, 
lAB 

JJO ERROR DATA <t B ERRORLOO ~S",YND=",RO",ME",,-!B:!.ITS~ __ t-_____________ -1 
(3VR) • VREGlS1ER 

.048149 20 .2 8 _2 56 

lIIB 
(lGR) • S. T REGISTER 

(lHD, lAR) ~ REGlS-rnR I DATAPA1H 
SELECllON 

(lDD) .J&-
~ 

(JIIR) - FETCII 

PORTA.B SECTION SELEcrzO .21 

DATA 2'L 20 

J 

CRAY X-MP MEMORY BLOCK DIAGRAM 
(CPU 0 AND SECJ10N 0) (6 COLUMN) 

:rzy 

ERROR 
CORREC'IlON 

lZE 

o 36 _247 

mom 22A·215 

028/29 212 .22.1 

ENABl.E MAINTENANCE (lHG) I D26!27 2°.211 

READIlATA 

DlSABl.E >.c. (lHE) 

8-IIlATA 
FANlN 

l'lZ 

STORAOB 

REAOOlTfDATA 

"R.V 

READ SEU:crs 

271 _20 
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) 

m. BANX28 7 

~AO) PORT AlBIC 
(JAG) SCALAR, I/O 

(3AF) F+XBITS2~-24 
BANK BITS 2:1_ 24 

lREFERENCE SECIlON X 

l GO REFERENCE 

(3AP) CHANGE REFERHNCE 

(JAF) ENABIJ! SEC1l0N X 

~ 

Lot 

--... 
--... 

--... 

(lAO) CPU AND PORTPRIORrlY 

(3HE) SElJlCl' 16 BANK LOWERJUPPER 

PORT AlB AND I.U 
BLOCK FETCH A)l1 

DATA BASFJllMlT 

I 

3AF) GOWRI'IR 

. I . 
ANK8 -I 
~4 I 

7 
7 
I 

IS • MEMORY ADDRESS;tJ -216 

TIl 

28 7 
7 
/ 

'-10 
WRmENABIJ! STORAGE 

(JAo,3AG, 

(JAF ,3HD) EN'I'ERJDBA.DIA ~ 
0-

READOUTDATA 

(JAF) GO EXCH. SF.OJ F+X ADDRESS 

(JAO ,3AG) ENABIJ!RANGE CR (DATAl 

(JAF) PROG. RANGE ERROR 

(JAo, 3AP) PORT 
A,B+C 
(JAG) A, S REGIS'llilt 
~DA, 3DB) I/O } 
(JAF) FETCH +EXCH. 

MEMatY ADDRFSS 

(JAG) (".n~('Ar AU 

(lAG) 0000 

f---' 
~ORYDATA,O-271 

'£V 

j 

jj 
G3!l/.l9 

lD36m 260 _263 C.B.0-77 

L GIO}$1 
I D34/.lS zI8 -2~ 7 

/G42,1$3 2 
I nnm ,36 _ 247 I 

/G44I4S 2" 
I D'YJI31 2'" - 235 7 

/G46147 2:1, 
1r:n.8fJ9 21:1_223 I 

G48/49 2°,; HG) 'f1J1ifI/ 20 _211 

READSElE~ 

(3VR) V REGISTER 

S, TREGlSTER i-- 8-lIl6.TA 

(3GR) DATAPA 
FANlN 

3AR) __ A, B REGIS1ER SEIJ!C1l 
271 -20 

(3RO, 

(JOO) .I.U 1lZ 

3VA 

(JRR) • FETCH 

D-I6688 
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) 

) 

"ZX) 

• . 
(lTOI PIRST LEVEL 

CLOCJt 

READ sELEC1'S 
(CPU 0' 

(3ZZ) 
READ sELECTS 

(CPU 1) 

OAT'" BANK :1.1 

U%VJ BAHK N+1 

BAtIK !'I.,z 

BANK. :t+2 

BANK 111.2 

196-9' 

nOO-l03 

10-11 

I1,z-U 

!24-35 

2 136-,,7 

6 UB-59 

o !60-n 

.. rn-,n 

8 tS,,-<J5 

co BANX !'I no. 

/ "./27 (CPU 01 , 028n. (CPU 11 

i I 
:: 't£MS ..--co SANK 111.4 !10S 

co SANIC !'I.S -/ f---n06 
I 

co BANK 111.12 :101 -I f---
~25 

IlAQJ 
co BANJC N.16 -/ f--- / '2' 

:108 / 
co BANK 111.20 :109 f--- 027 

co BANK 9.2. rllO 
-/ f--- .28 

GO BAHK N.2S Ull -I 
16/0 

~ / 7 

/""" Z :: TER."!S ,--
ABORT SECTION O. CPU a !to. f--- CPU 0 ABORT 

co .... 1T!: SECtION O. CPU a n05 f--- / ~25 CPU a WRI':'£ 
(lAD' / 7 ()Z 

ABORT SECtION O. CPU 1 :108 f--- .2. CPU 1 ,\SORT 

GO vlllITE SECTION O. CPU 1 n09 I f--- 7 R27 CPU 1 WRI':'E 

/ ~ ! 16/0 

/ 
el2/J] {CPU OJ " OJ4/J5 (CPU U i. READ SELECT 20 rl04 

:: :'ER."lS ..--
ltEAD SEt.ECT 21 nos READ SELECT 20 

READ SELECT 20 :106 / f--- / :u:AD SELECT 21 I-- iUS 

READ SEUcr 21 :107 -I 
I-- / .2. READ SELECT ii IlZZ) 

READ SELECT 22 nos 7 I-- / :121 READ SELECT 22 

R!:AD SELECT :2 !IO'J / 

/ I ~ 
16/0 

I'"'"~ !~ • TERMS r---

no .. l-
I I (3zx. 3ZY. JZz, 

:::::05 
I-

." C!.OCIC 

U12 / 

/ / 16/0 
~ 

AL.I. )ZZ's 026-037 

E,' 
r---TERMS 

A,S 
ttlUlS -

- f---

~ 
16/0 

.---
C,O RO-11 CPU 0 READ DATA 

T!:IUIS f---- (3Z£) 

f---
R12-21 CPU 1 READ DATA 

~ 
16/0 

CRAY X-MP/2 3ZZ MODULE BLOCK DIAGRAM 

SANK S£U:CT 0/8 

SANK S£UCT "/12 
(3%1, 

:tANK SEUC':' 16/24 )ZY) 

SANK SELECT 20/28 

SAMIC SELECT 8/12/24/28 

XI 

C-3800 

Each of the 3ZZ Modules performs 2 main functions: Receiving memory data from 
each of the 8 banks within a particular section, and then selecting the data from 
one of them to pass on to the 3ZE Module for error correction; and fanning out 
various control signals depending on the location of the module. These control 
signals include the Go banks, Aborts, Go writes, Read selects and the clock to 
coordinate memory activities. The fanout is 1/6, with 6 copies of each of the 
R-terms (R24-R28) being generated. 
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X-MP - 3ZV MODULE LOCATOR 

.~ 

) 
BI'fS 

BANK COL. 0-17 18-35 36-53 54-71 D COL I 

0 D < 34 36 

1 P 8 9 10 11 M 
2 I 0 30 32 

3 U D 

U 24 26 
L 

4 D E 20 22 
5 p 12 13 14 15 < 
6 I L 14 16 
7 U 0 

C 10 12 
A B 

10 D T 4 6 
11 P 16 17 18 19 I A 
12 I 0 0 2 
13 U N N 

S 3 

< K 
14 D 5 7 

) 15 P 20 21 22 23 S 

16 I 11 13 
17 U 

15 17 

20 D 21 23 
21 P 40 41 42 43 
22 I 25 27 
23 U 

31 33 

24 D 35 37 
25 p 44 45 46 47 
26 I 
27 U p COL U 

30 D 
31 P 48 49 50 51 
32 I 
33 U 

34 D 
35 p 52 53 54 55 

) 36 I 
37 U 
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.j::.. 
00 

n n ;:0 
0)::. 
3:-< 
""'0 
)::.;:0 
:z rrJ 
-<<.n 

rT1 
""'0)::. 
;:0;;0 
........ n 
< ::r: 
)::.~ 

-j 
rT1 ........ 

2: 
n 

ADDRESS TEST POINT CHART 

ABSOLUTE BANK BANK N+O BAtiK N+4 BANK N+8( 1 08) 
ADDRS BIT ADDRS BIT TEST POINT BOOLEAN TEST POINT BOOLEAN TEST POINT BOOLEAN 

25 0 B71 - ROO B72 - R17 A04 - R34 

26 1 B69 - ROl B70 - R18 A07 - R35 

27 2 B67 - R02 B65 - R19 A21 - R36 

28 3 B53 - R03 B54 - R20 A20 - R37 

29 4 B06 - R04 B07 - R21 A61 - R38 

2 10 5 B04 - R05 B05 - R22 A68 - R39 

211 6 B17 - R06 B02 - R23 A71 - R40 

212 7 B03 - R07 BOl - R24 A72 - R41 

2 13 8 D72 - R08 D71 - R25 CO2 - R42 

214 9 D69 - R09 D70 - R26 C03 - R43 

2 15 10 D65 - Rl0 D62 - R27 C12 - R44 

2 16 11 D53 - Rll D54 - R2R C20 - R45 

217 12 D12 - R12 D20 - R29 C64 - R46 

218 13 D04 - R13 D05 - R30 C67 - R47 

2 19 14 DOl - R14 021 - R31 C69 - R4R 

220 15 019 - R15 022 - R32 C72 - R49 

221 16 B39 - R16 B23 - R33 B22 - R50 

WRITE ENABLE B51 - R72 B21 - R73 C21 - R74 

ADDRESS BIT FANOUTS 

MODULES @ 08, 12, 16, 20, 40, 44, 48, 52 FANOUT BANK ADDRESS BIT 0 - 3 TO IT'S mm BANK 
MODULES @ 9, 13, 17, 21, 41, 45, 49, 53 FANOUT BANK ADDRESS 4 - 7 TO IT'S own BANK 
MODULES @ 10, 14, 18, 22, 42, 46, 50, 54 FANOUT BANK ADDRF.SS 8 & 11 \~.E. TO IT'S OWN BANK 
HODllLES @ 11, 15, 19, 23, 43, 47, 51, 55 FANOUT BANK ADDRESS 12 - 16 TO IT'S OWN BANK 

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

BANK N+12(148) 
TEST POINT BOOLEAN 

Al0 - R51 

A08 - R52 

All - R53 

A19 - R54 

A60 - R55 I 

A69 - R56 I 

I 

A70 - R57 I 

A67 - R5R -
COl - R59 -

C06 - R60 

Cl0 - R61 

C13 - R62 

C66 - R63 

C6R - R64 

C71 '- R65 

C70 - R66 

A52 - R67 

C51 - R75 

~ 
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CRAY X-M_P / 11,12,14 
MOSS MEMORY 

SECTION 

(16K CHIPS) 
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IOS2-DS5 BANK 28 7 
.-.- ... ~-.............. I 

lolO-Dl. BANK 8 7 PORT C CONR.1CT (JAG, lIB) BS02IOl SEC.) PORT Ml,c m,'mcrs (JM,JAB) 012-15 BANK" Soo,.ct SEC, 2 
riK>CO''RJcrs DII ,11_2" I ~ GOO'()l SEC. t (JoB,JAG) 

(3, 

(lM) PORT AIB,c l. 
(JAG) SCALAR,IKl J 

W) FtXBITS2'·2" 
BA.'"K B1TS21 _2 4 

G02,<J3 SEC, ° I--
SECOONBUSY / /~~s 16.20,24,287 010 21_2" 

(JAF) /~~AABORT 
009 24 .27 

(J 
(J, 

(lM) 
(J 

(JAA,JAO, 
(JAF 

(JM, 

(JAA,JAB) PORT 
AoR +C 
(JAG) A.SREOIST£ 
(lOA, JOB) IKl 
(3AF) FETCB + EXaL 

(J 

OOb(II CPUO GOBANK ABORT D2AM 
MEMORY ADDRESS20·2 16 DOS 20·2' REFERE.'-:CE SECIlDS X GO BANK 

GO WRITE 
CON'TROLAND GOREFERF_"CE FOUR PORT PORT C CONFUCT 

GO BANK ADDRESS FOR ClDPSEUlCT ADDRESS I MEMORY ADDRESS20·2 16 
FP1Y1rn:.xCHA.'lOE REFERE.'lCE CON1ROL E!iABl.E J..o SEC X BANKS 0,4,8 

WRITE ENABU! I/4FANOU". 00 BANK. ABORT AND ,--. ANDIl BANKO ENABLE SECIlON X GO WRITE FANOuno READ SELEC'IS 
IKl A!'IO PORT PRIORITY JYB I lYA 
SEUlCT 16 BANK LOWERiUPPER JAQ 21 ~PANOUT 

PORT AlB AND JI() ENABLE ADDRESS lYD 

BLOC]( FETClI AND EXrnANGE ADDRF.sS I DATA BASEJUMlTTEST /TI8/I. SECll 1054 BANK28 1 
1 II G14!U 2'-2U~ IUIBII. SEC. 2 014/35 CPU 1 014 BANK .. Ql8/19 SEC. 1 

oJ'1/33 CPU ° DIO G12I13 214_%13 E18/I. SEC,O 
L--. ~ ABORT SEC X SElEcr 16 BANK ... 

BANK READ I-- L-...-. STORAGE GO WRITE SEC. X MEMORY ADDRESS 22t -2' SELECf FANOUTS WRlTB ENABLB F) GOWRm! 
ADDRESS I}IFANOUT WRITE ENABLH READOlTrDATA » EN'rnRIDBA, DLA MEMORY ADDRF,&'; 

SHIFr CHECKSns .. SYNDROME FOR -BANKO" 
F) GOEXm.SEOJF+XADDRESS ADDRESS 

CORRECTED lYD 
SELEC110N AND 

(JOO) ,,",,<xiim 3) ENABLE RANGE CIt tnJ TA RANGE CHECKS OP.RANGE MEMORY ADDRFSS DELA YEO lYA ERROR F) PROO. RANGE ERROR (JVC) 2 4.2° .1:221 .217 MEMORynATA'o_." lAX lYA MEMORY ADDRmS 

(JAG) r.no~" .. 

(JAG) GOIKl lAD 

(JVC, JVB) VECTOR REO, } 
(JGR) S REG" T REG.. >_ 
(JAR) A REG" B REO, 
(JIID) EXClIANGE ~ (JOE) J,O 

MEMORYI\\TA 

(3AA. lAO. 3AF) SELECT S + V 
(JM-JAG) ENTER STACK 

/G34fJ5 2' ,2".2"/ (311G) ENABLE MAINTENANCE 
fOWJ7 2',213 .2 61 (JAF) PORT SHCJ10N SELECT 

IG38fJ9 23 .2 11 _251 / 
1040141 21 ,29 _257 / 
G42J41 2',2'4 .262/ 

/044/45 24 ,2 12.260 
~~g~~~A 

1128/20 
046147 2 2 .210 .258 (JAE) MEMORY 
0481492°,28.256 

ERROR DATA' B= 
ERROR LOG 

JVR) VREGlSTER IKl 
JHE 

lOR) S, TREGISTER DATAPATII 
PORTA.B SEcnON SEUCT'fl.21 

3AR) A. B REGlS'ffiR SEUlCTION 

IDD) : IKl OATA20-10 

JVA I FETCH 

PARTIAL PARllY 

/FJOIJI 2
48

'2
63 _1 CB,2,J 

/F2Bfl9 232_20477 
c.B,a.1 

/F26(II ~~~l'; / 
F24M 20.2'5 

~ CB,4,5 

DATA SELECI10N 
~ 

AND CIECK BIT MEMORY DATA AND CHECK om OENERAll0N 

f-
3AE 

SYNDROME BI". 

CRA Y X-MP/l MEMORY BLOCK DIAGRAM 
(CPU 0 AND SECnON 0) 

/006,(T/ 2"-2" 
C,B, 0-7 I 

rot,ll5 ,,,-,,, 

002,()3 2 18 _2 35 

J:)(JlOI 20 .217 

I\\TA MEM:ORYil',TA 
""FANOUT 

lYC 

IDJ6m 2" -2" CD,0-7/ 
DJ4fJ5 2" -2" I 

DATA 20 _231 I IDnft) ,,, -2" I 
[mom 224_2» F:1fCI SYN.2.4·2 7 

E24M DATA:o"-2" 1l28/29 212 .21) 

SYN.20·2' ENABU! MAINTENANCE (JUG) OOfJtn 2°.211 

READ SELECTS 

ERROR REAOI\\TA 8·1 DATA 
CORRECTION FANIN 271 _20 

D1SABLEE.C. (J11E) 
3YO 

JZB 

D-'579C 
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"I/O LOCKOUT CIRCUIT" 

Description: When an I/O reference encounters a conflict, a counter on the 3AG module begins to 

count and continues to count for as long as the conflict lasts. When the counter 

reaches a count of 1008' a signal called "I/O Lockout" is sent to each of the 3AQ's. 

The 3AQ's then bring up conflict on ports A, B, C and a short time later the I/O 

reference is allowed to proceed. As soon as the I/O reference proceeds (I/O conflict 

drops) the "I/O Lockout" signal from 3AG goes away and normal port operation 

once again proceeds. 

XV2S07M 
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"IIO LOCKOUT CIRCUIT" 

3AG@ GI0 
REV. 51 

1106 ... 3AQ@G2 
REV. 57 

1106 ~ 

3AQ@GO .. REV. 57 

1106 ~ 
3AQ@ SO .. REV. 57 

1106 ~ 
3AQ@ S2 .. 
REV. 57 

R57 3AG@ SlO 
REV. 51 
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R57 

- 1105 

- 1105 

- 1105 -

- n05 -

A4938 
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,ir 

197 
3AO@ SlO 

+ 
P100 

DISABLES 
SCALAR FROM 

CPU 1 

) 

.) 

3HA@R08 

,r 
1104 

3AQ@003 
3AQ@001 
3AQ@Sao 
3AQ@S02 

+ 
PlOO 

TERMR42 = ~LOWERCPUNOTINSTALLED 

170 

3VC@ 051 

R80 

,Ir 
,Ir 

159 
171 3HC@ F13 

3DH@H05 

• • PlOO 
PlOO 

DISABLEIIO 
DISABLES INTERRUPT FOR 

DISABLE CPU 1 IIOIN CPU 1 
F + X - (V TERMS) CPU 1 

NO LOWER CPU INSTALLED 

2-53 

,Ir 

1109 
3JS @ F03 
3JS @ F01 
3JS @ ROO 
3JS @ R02 

+ 
PlOO 

DISABLES 
SHARED REO. 

FOR CPU 1 
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N+O 

N+1 

N+2 

N+3 

N+4 

N+5 

N+6 

N+7 

N+8 

N+9 

N+10 

N+l1 

N+12 

N+13 

N+14 

N+15 

N+16 

N+17 

F CHIP 

OF 8 

DATA BITS C1 C2 C3 
N+O - N+17 

f 
_l l f l 

118 --DO .- MOO Ml0 M20 M30 

119 --01 MOl M11 M21 M31 

120--02 .- M02 M12 M22 M32 

121---03 .- M03 M13 

122 04 ~ M04 M14 

123 05 ~ M05 M15 

124---06 "" M06 M16 ~ 

125---07 ~ M07 M17 

126 08 .. Ml00 Mll0 M120 M130 -
127---09 -"" M101 M111 M121 M131 

128---01 O~ M102 M112 

I29---.D1 1~ M103 Ml13 

I30---01 2~ Ml04 H114 

I31--- 01 3~ M105 M115 

132-- 01 4~ Ml06 M116 

I33--- 01 5~ Ml07 M117 

I34--01 6~ M08 M18 M28 M38 

I35---01 7~ M108 M118 M128 M138 

ECL TO TTL 
CONY ERTER'S 

CHIP SELECTS 

C4 C5 C6 C7 

l l , l 
M40 MSO M60 M70 

M41 M51 M61 M71 

M42 M52 M62 M72 

M140 M150 M160 M170 

16K x 1 M171 
STATIC NMOS 
MEMORY CHIPS 

M48 M58 M68 M78 

M148 M158 M168 M178 

TT 

r--

t--

r--

t--

I--

I--

-
-
-
-

-

-
r-

-
t--

t--

t--

r---
, 

LTO 
ECL 

RO-~---)lao 

~ R1-~--

R2---'lI-.. 
R3-----:J_ ..-
~ R4---:l-.. R5---'lI-

R6-----:J_ .. .. R7---3-

R8---l_ ..... 
R9---3'-)I..-.. R10---3-

.... Rll---3-

.. R12 ----31_ 

R13--'!.-..... 
)!lor R14--3I-

R15~ 

R16 .... 

R17 .. 

J CHIP s 
ECL TO TTL 

10-113 I L AO-A13 

INTERNAL ADDRESS TO ALL 
MEMORY CHIPS 

ECL TO TTL 
I36 I EO 

WRITE ENABLE TO ALL CHIPS 

3YA X-MP/l AP~Y MODULE 

2-54 

137 --R18 
1/4 138 -R19 

FANOUTS 139 --R20 
FOR ADORS 140 -R21 

WITHIN 141 -- R22 
THE BANK 

A-2162 

') 
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Below is a brief description of the modules used in the Memory 
Addressing section. 

3AD Module 

The 3AD module selects the memory address from the I/O or CPU section 
and performs operand range error checks, then passes it on to the 3AX 
module. 

If an operand range error or a program range error, from the 3AF module, 
is detected, an abort section signal will be generated. 

The 3AD module also generates the go write to the selected section 
during the write operation. 

The 3AD module also holds the data base address and data limit address. 

3AX Module 

The 3AX module passes bits 25-221 of the memory address to the 3ZA 
module, for 32 bank operation. For 16 bank operation the memory 

address bits 24 _2 20 are shifted left one bit to make it 2 5 _221 and then 
passed to the 3ZA module. 

The 3AX also delays the address bits and sends bit 2°-24 and 217_221, no 
internal chip select bits, to the 3AE module, for memory error logging. 

During an I/O high speed and very high speed memory read operation the 
3AX receives the check bits and syndrome character and corrects the 
check byte before sending it to the 3DD module. 

3ZA Module 

The 3ZA module is a Memory Storage Module and also does 1 to 13 address 
fanout for address bits 25 _2 21 , to the selected bank. 

Each 3ZA module handles one address bit and is test pointed on the 
output term. 

X2002S0419 
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Below is a brief description of the modules used in the memory control 
section • 

3AQ Module 

The 3AQ modules are responsible for resolving memory access conflicts. 
The three types of memory access conflicts that can occur are: bank 
busy, simultaneous bank and section busy. 

Once a memory access conflict is resolved or if none exists the 3AQ 
module will generate the go bank signal. 

3ZF Module 

The 3ZF module is a Memory storage Module, with control fanout on it. 
It accomplishes to 36 fanout for go read and go bank signals, and 1 to 
8 fanout for go fetch, go write and abort signals. 

3ZS Module 

The 3ZS module is a Memory storage Module with bank control and write 
enable fanout (1-18) on it. 

When the 3ZS module receives the abort signal, it disables the go read 
and write enable signals which aborts the memory reference. 

The go fetch signal comes into the 3ZS modules to determine which CPU 
receives the data. 

X2002S0418 
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Below is a brief description of the modules used in the Memory Input 
data path and check bit generation. 

3AE Module 

The 3AE modules select the memory data from the I/O or CPU section and 
does the check bit generation on it. 

Each 3AE modules handles one parcel of the memory word and generates t,vo 
of the check bi ts • 

3ZD Module 

The 3ZD modules is a Memory storage Module, that also does 1-18 data 
fanout. 

Each 3ZD module handles eight bits of data or eight check bits. 

X2002S0420 
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Below is a brief description of the modules involved in the Memory 
Output data and Error Correction. 

J 3ZR Modules 

The 3ZR modules are Memory storage modules, that also accomplishes 8 to 
1 fan in of the Read Data from the Memory modules. 

Each 3ZR module handles Four (4) bits of data or check bits. 

3ZE Modules 

The 3ZE modules perform Error Correction on the Data Read from Memory 
and generates the corrected data and syndrome character. 

The type of Error Correction is SECDED (Single Error Correction Double 
Error Detection). 

Each 3ZE module receives all 64 data bits and 8 check bits to generate 
the 4 syndrome bits and the 32 data bits it's responsible for. 

Note: The 3ZE modules feed the Instruction Buffer (3HR modules) 
directly. 

3VA Module 

The 3VA module directs the output data to the selected section of the 
CPU or I/O. 

Each 3VA module handles eight bits of nonconsecutive data. 

3HE Module 

The 3HE module is responsible for generating status information, address 
(no internal chip) and syndrome to the Error Logger and Exchange Package 
for a Memory error. 

X2002S0422 
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N 
• 0'1 
o 

SECTION BUSY, PORT NOiC 'DSIlISI DANKO, 
AND IJO CO~'FlJcr LDo184. DANK 

I PORT C CONA1CT (JAG,3m) /046/47 FETCH, BANK Z , ~S02ftl3 SEC.3J PORT WiC CO""" lCTS (lAA,lAB) /044/4S FETCH, BANK l , 
~ SOO/OI SEC. Z I UOCONA1CTS (lDB, 3AG) /~l WR. EN. DANK 4 , ('.00,01 SEC. I 

SECTION BUSY (lAP) .'JIi1Oi4, ABORTBANKS / 
3Ap) I'+XBITSZ'·Z· G02,1ll SEC.O 

I-- OJ~ RANK 6 
BA"K BITS 2'·2' CPU o AND I 

(JAA) PORT AlBIC 
(JAG) SCALAR. I,O 

1 REFERESCESECTION X (JAP) GO FETCH 1116/J7 BANK 7 

(JAA,3 
(J 

(l 

(JAA,3AB) PORT 
A,B+C 
(JAG) A, S REGISTER 
(JDA,3OB) I,O 
(JAF)FIITCH+EX 

r GO REFER~CE FOUR PORT CPU 0 AND I c.o RANK ABORT 

GO WRITE FETCllJFJ<CHANGE REFERENCE CON1lWL PORT C CONAlCT GO DANK, ABORT, c.oFETCH ENABLB SECTION X ENA BLB 1,0 SEC. X GO WRITE AND FETCH 
c.o~ FANOUT CPU AND PORT PRlORlTY 

I--
SELECT 16 BANK LOWERJUPPER lAQ ~ 

PORT AJB AND I,O ENABlB ADDRESS lZF 

BLOCK FETCH AND EXCHANGE ADDRESS 

/T18M SEC. 3 1 ~ DATA BASF.UMITTEST 
/H18M SEC. 2/ II GI4IIS z·.z'Y' Q18119 SEC. I 

GI2I13 214.223 t---' lil8M SEC. 0 
ABORT SEC. X 

GDWRITE SEC. X MEMORY ADDRESS 2". z' ~ GOWRITE 
ADDRESS Q ENTERiDBA. DLA MEMORY ADDRESS SlUFf CHECK BITS • SYNDROME 

') GOEXCH.SE JI'+X ADDRESS ADDRESS 
CORRECTED SELECTION AND 
CHECKBITE MEMORY ADDRESS DELA YEO I) HNABLBIL NGECH.mATAI RANGii CHECKS OP.RANGIi (JOO) 

') PROG. RANGE ERROR ERROR (lVC) SELECT 16 BANK 
24_2°,221_211 

3AX MEMORY ADDRESS 

(lAG) m.r. 'AR PARTIAL PARITY 
(JAG) GOUO 3AD 

/Fl0l31 2"'·26) / 
C.B.2,3 

LF28/29 2lZ -2'''J 
Cll.o,l 

(3Ve, lVB) VECTORR1iG. } /F26IV 211 .2" / (lGR) S REG., T REG. 
Cll.6,7 (lAR) A REG., B REG. ?-

2°.215 (lOO) EXCHANGE ~ F24/25 
t--(lDE) I,O Cll.4,S 

MEMORY DATA DATASELEcr/ON 
AND CHECK BIT MEMORY DATA AND CHECK BITS 

(lAA, 3AG, 3Ap) SELECT S + V GENERATION 

(lAA.3AG) ENTER Sf ACK 
IGl4JlS 2',2".26'1 (lHG) ENABLBMAINTENANCE 

IGl6/J7 2',2".2 611 (lAP) PORTSECTIONSELECT 
/Gl813' 2',2".2"1 

3AB 

1 G40t41 2',2'.251 1 
/G42J4l 26 .2". 2"1 

H28/29 /044/4S Z', 2"· 2W.l EXCHANGii 
ERRffiDATA 046/47 21,210 _251 (lAB) MEMORY 

G48/4' zO,2'·Z56 
ERRORDATAJ4BITS~ 

ERROR LOG SYNDROME BITS 
V REGISTER I,O 

'VR) 3HE 
OR) S, T REGISTER DATA PATH 

ABREGISTER SELECTION PORT A, D SECTION SELBCT ZO ,Z' (JAB) 
AR) 

DATA 26).20 00) .1/0 
lVA 1 FETCH 

I DS81S. BANK OJ 
056157 RANK I 

OS41SS BANKU 
DS2/S3 BANK3/ 

BSM. BANK 4 
BS6/S7 BANKS 

BS4/SS BANK 6 
BS2/Sl BANK 7 GO READ 

DANK CONTROL WRITE ENABlB AND WRITE 
ENABLB 

1·18 FANOUT 

378 

GO BANK 

/BiC.SOiSI z'J 
IBIC ·48/4' 26 / 

1 .. .'J 
RIC· ;?llI21 2'" 

~ BiC·18M Z" 

~ 
ADDRESS ~ 1·18 FANOUT 

MEMORY ADDRESS:Ii". 2" 

Y.A MEMORYDATA20·2n 

/1ll4JlS Zo·Z' J 
/IllOI3l Z'·Z" / .. . J . 
D06m 2'" ·2"' 
D02ftl3 Cll.0-7 

DATA MEMORY DATA 
1-8 FANOUT 

3ZD 

1m DATA~·Z" I 
F26IV SYN.Z'·Z' 

F24/25 DATAZ32·Z63 

~ 
SYN. zo. z' ENABLB MAINTENANCE (lHG) 

ERROR 
READDATA 

CORRECTION 
DISABLB B.C. (JIm) 

3ZE 

CRAY X·MP MEMORY BLOCK DIAGRAM (CPU 0 AND SECnON 0) 

1066/67 BANKO/ BAN 
11)64/6S DANK I BAN 

/062163 BANK 21 BAN 
060/61 BANK31 BAN 

116667 RANK4 I BAN 
064 6S DANKS BAN 

062163 BANK 6 DAN 
B60i61 BANK 7 I---DAN 

GO READ BANK 
1·18 FANOUT I GOREAO 

lZF 

STORAGii 
READOOTDAT, 

3Z· 

/C68/6 •• 2°.2' / 
LC66/67 • 2'. 2' J 
L . . J . . 

LCS2/S3.2 32 .Z" J 
ICI6/17. z>O. Z" / 

1 .. .. J 
cmm ·C.B.O·3 

IllOIOI • Cll. 4·7 

8·1 DATA 271 .2° 
FANIN 

3ZR 

o 

.. -.J 

N 
N+4 
N+IO 
N+14 
N+20 
N+24 
N+30 
N+34 
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0\ -

n 
n ;;C 
0)::> 
3: -< 
-0 
)::> :;;0 
:z fTl 
-< tJ) 

fTl 
-0)::> 
;;C ;;C 
........ n 
< :r: 
)::> .. 
-I 
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:z 
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SEC 0 

(JAF) 
GO FETCH CPU 1 

/ D50/51 BKO / D58/59 BKO / 

(JAF) 
GO FETCH CPU 0 / D48/49 BKI / 056/57 BKI j 

GO FE:'1'CH CPUI 
BK2 / D46/47 BK2 D54/55 

/ 502 03 SEC 3 / 044/45 BK3 
GO FETCH CPU 0 

BK3/ 052/53 

L SOO/Ol SEC ,j D42/43 BK4 
GO WR SECTION X 

BK4/ B58/59 

/ GOO/OI SEC I / D40/41 BK5 
ABORT SECTION X 

BK5 / B56/57 

r-{ D38/39 
GO WR SECTION X 

BK6 / ..:>C::,03 SEC 0 
BK6 B54/55 

CPU 0 GO BANK X 
D36/37 BK7 ACCESS O-GO BANK. X BK52/53 BK7 

ACCESS 0 GO READ 
CPU 0 

CPU 1 GO BlINK X l ACCESS I-GO BANK X ACCESS 1 GO READ 
CPU 1 

ACCESS 0 WRITE I ABORT SECTION X 

ACCESS 1 WRITE 

3AQ - 3AP 3ZS 

ACCESS 0 GO BANK X 

G14/15 ACCESS 1 GO BANK X 

G12/13 
ABORT SECTION X / T18/19 SEC 3/ 

GO WR SECTION X [.,8/,9 SEC 2/ / 8K-50/51 " / 

CPU 0 
/ Q18/19 SEC 1 / / BK-48/49 2' / 

MEMORY ADDRESS 
E1B/19 SEC 0 j .... ./j 

3AD .-- / BK-'O/21 2"/ 

~CPU a SECTION ADO~ 
BK-IB/19 221 

MEMORY ADDRESS 2 5_2 21 

Sl41l5 3AX 

S12/13 
ABORT SECTION X 

GO WR SECTION X CPU 1 SECTION ADDRESS 

CPU 1 MEMORY ADDRESS SEC ° 3ZA 

/D34/35 ,'_2' / 

/D30/31 ,'-2" / 
3AD / / 

006/07 2 56 _2'Y 
002/03 CB 0-7 

/ F30/31 / 
/"8/29 / - ACCESS a WRITE DATA 

/"6/27 

F24/25 
3ZD 

CPU a 
CPUO' s MEMORY DATA AND 

CHECK BITS 

SEC a 

3AE /D32/33 ,'_2' / 

/ D28/29 2'-2"/ 

L / 
/ '30/31 / /D04/05 ,"-,'Y 

/"8/'9 / 00/01 CD 0-7 
ACCESS 1 WRITE DATA 

/.'6/27 SEC 0 

R24/25 / E'6/27 / 
CPUO' s MEMORY DATA AND ACCESS a READOUT DATA 

3VA's E24/25 
CPU 1 CHECK BITS 

3ZD CPU 0 

3AE 

G34 - G49 3ZE 

SEC 0 

E22/23 

3VA's E20/21 
ADC 

CPU 1 

S34 - S49 3ZE 

0-/508 

lrD66/67 BKO / 

/ D64/65 BKI/ 
;---1 

/ D62/63 BK2 / 

/D60/61 BK3 / 

L B66/67 BK4/ 

/ B64/65 BK5 / 

/ BK62/63 BK6/ 

B60/61 BK7 
ACCESS 0 GO READ 

ACCESS 1 GO READ 

3ZF 

ACCESS 0 READOUT DATA 

ACCESS 1 READOUT DATA - ! 

.-- 3Z-

I 

I 

I 

SEC a 

/C68/69 ,'-,' / 

/ / 
/ C52/53 ,"-2'1 

Ls16/17 ,"-,'1 
/ / 
C02/03 CB-03 

COO/O 1 CD 4-7 

ACCESS 1 READOUT DATA 
-

ACCESS 0 READOtrr DATA 

3Z. 

r: .. ' 'r" 





(3/\/\) PORT 

/\/B/C 

(3 

(3/\G) SC/\L/\R, 

I/? 

/\F) 

I I 

(~/\P)I 
(3/\F) 

SECT. BUSY 

F+X BITS "f/.-:z4 

-1ll\NK BITS "f/.-:z4 
REF SEC- X 

GO REF 
FETCH EXCH. REF 
EN/\BLE SEC X 

PORT /\jB/C l\IIO I/O CONFL 
PORor C CONFLICT 

502/03 SEC 3 / PORT AlB/C .• 
SOO/Ol SEC 2 / COIIFLICTS 

GOO/Ol SEC 1 I/O CONFLICTS 

G02/03 SEC 0 SEC. lllUS"(. (3AF) 

(3/\P) GO !FlETCH 
CPU 0 lIND 1 

CPU 0 lIND 1 GD .BANK 1 
PORT C CORFLmcT 1 

FOUR PORT ENIOSECX 

(3AG, 3JB) 

" -- ~. --
(3M, AS) 

/ 050/51 BIC 0 I 
.I 048 49 BIC 11 

3DS, 3AG'l 046/47 FETCH, BIC 2 / 

I- 044/45 FETCH BIC 3/ 

1 042 43 WR Ell BIC 4 

1 040/41- ABORT BK 5/ 

1 038/39 -BI( 6 

036/37 BI( 7 ABORT 

(3M ) CPU /\NO PORT PRIORITY CONTROL GO WRITE 

(3/\/\, 3AG, 3/\F) 
(3/\F,3HO) 
(3/\F) 
(3A/\,3/\G) 
(3/\F) 

:P/\/\,/\B) PORT 
A", B + C 
(3/\G) , S REG 
(30/\, 30B) I/O 
(3AF) FETCH + 
EXCH 

(3HEl 
SELECT 16 BANK 
LOWER/UPPER 

~ 
3AQ ::l 

PORT /\/B AND I/O ~ EN/\BLE ADORESS 

BLOCK FETCH /\NO EXCH/\NGE ADDRESS 
D/\T/\ BI\SE LIMIT TEST 

L G14 15 "-,,'U 
~ G12/13 214 -22J 

GO WRITE /\BORT SEC X 
ENTER/OB/\,OLA 

GO EXCH SEQ/F+X ADORS ADDRESS GO WR SEC X 
EN AANGE CH. (O/\TA) SELECTION /\NO 
PROG RANGE ERR AANGE CHECKS MEMORY ADDRESS 

MEM. ADORS. L 
U(3/\G) GO SC/\LAR OP AANGE 

(3/\G) GO I/O ERROR SELECT 
3AO (3VC) 16 B/\NK 

J (300) CORRECTED 
CHECK BYTE 

L-. 

(3VC,3VS) VECTOR 

~·l (3GR) S-REG 
(3/\R) A-REG MEM. DATA 
(3HD) EXCHANGE (3AA,3AG,3AlF) SELECT S+V 
(30E) I/O (3AA-3AG) ENTER STACK 

13l1G) EN MAINT. 

13AlF) PORT SEC. sEL: 

/ G34/35 2! _.21 '--263 / 

G36/37 25 .,213 -2 61 / 

/ 23 ,ZU_259 / 
3AE 

G38/39 

/ G40/41 21.2'!J~257 7 

GO BANK, ABORT, 
GO WRITE, lIND GO FETCH 

PETCH 
FANOUT GO BANK 

3ZF 

I T18/19 SEC 3 / 
H18/19 SEC 2 / 

Q18/19 SEC 1 

E18/19 SEC 0 

MEMORY ADDRESS 221 _ 2' 

ADORESS 
SHIFT MEMORY ADDRESS 

DELAYED 24 -2° /\NO 221-211 

CHECK BITS & SYNDROME 
3AX 

PARTIAL PARITY 

/ F30/31 2
48

_2
63 

/ 
C.B. 2,3 

/ F28/29 2
32

-2
41 

/ 
C.B. 0,1 

F26/27 2 16 _231 j 
C.B. 6,7 

F24/25 - 20 _2 1' 

C.B. 4,5 
!---

O/\TA SELECTION 
AND MEMORY DATA AND 

CHECK BIT CHECK BITS 

GENEAATION 

3AE 

H28/29 
EXCHANGE 
ERROR DATA MEMORY 

ERROR 

LOG 

~ 

~ 

- / G42/43 26 ,l-4.-2 62 / 
I/O ERROR DATA SYNDROME BITS 

L G44/45 24.t2_;;{JO / 
(4 BITS) 

3HE 

/ 
G46/47 22,21O_r8 ' 

(3VR) V-REG G48/49 fi ,~_~6 

(3GR) ~:-REG PORT A,B SEC SEL 2
0

• 2
1 

(3AE) 

OATA PATH 

(3HD, 3AR) ~-REG SELECTION 

(300) I/O DATA f>3 - -jl 

3VA 

(3HR) 

iBK N / 058/59 BIC 0 / /1066/67 BIC 0 7 
/ 056/57 BIC 1 / 1/064/65 BK 1 / IBK N + 4 

/ 054/55 BIC 2 / / 062/63 BIC 2. -/ BK N + 10 

/ 052/53 BIC 3 / /060/61 BK l7 BK Ii + 14 

1 858/59 BlC47 / B66/67 BK 4 / BK N + 20 

/ 856/57 BlC5 1 804/65 BK 'l" / 'BK N + 24 

B54/55 BI(- 6 B62/63 .fiK 6 BK N + 30 
BK N + 34 

852/53 BK7 IB60/61 BK 7 

BANK CONTROL GO RD GO READ Bl\NK I GO RD 

lIND 
WRITE EN/\IlLR '.1·1~ Pl\IIQUT 

1-18 P/\NQUT 
WRITE ENABLR 

3ZS 3ZF 

GO Bl\NK 

IB/C-50/51 ~ 7 
!s/C-48/49 f> I 

/ . . / . . . . 
/ B/C-20/21 ;1-0 / 

B/C-18/19 ;1-1 

WRITF. F.NAl'LF 

ADDRESS 
1-18 PANOUT GO l'ANl< 

MEMORY AOORRSS 216 - fi 

MEMORY DATA fi _ 211 

3Z/\ 

/034/35 fi _21 1 

1030/31 ;!l-2
I

' 1 

/ . . 7 . . . . 
/ 006/07 2'6_1'3 

002/03 C.B. 0-7 

OAT/\ / C6A/69 - fi-~ } 
1-8 PANOUT MRMORY OAT/\ 

I Cn~/67 - z.-i / 
/ 

. / . : . . 
3Z0 I C52/53 _ ~2_~' I 

/ C16/17 - ~6_~9 I 

/ DATA 1-2?/ / . . I . : 
E26/27 SYN 24_2

7 
. 

C02/03 - C.R. 0-3 

E24/25 COO/Ol - C.B. 4-7 

O/\TA ~2-r 
SYN. 20.2 EN ... /lINT. (3HG) 

8-10AT/\ 211 _ 2° 

P/\NIN 

ERROR 
CORRECTION DISABLR E.C. (3HR) 

C-OBOOC 
3ZE 3ZR 

CRAY X-MP memory block diagram (CPU 0 and section 0) 
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tv , 
0\ 
tv 

BANK 

CHASSIS 

BITS 
0-3 
4-7 
8-11 

12-15 
16-19 
20-23 
24-27 
28-31 
32-35 
36-39 
40-43 
44-47 
48-51 
52-55 
56-59 
60-63 
CBO-3 
CB4-7 

0 1 
D P 

70 70 
66 --
62 --
58 --
54 --
50 --
46 --
42 --
38 --
34 --
30 --
26 --
22 --
18 --
14 --
10 --
6 --
2 --

1-. 

2 3 4 5 6 
I U D P I 

70 70 68 68 68 
-- 66 64 -- --
-- 62 60 -- --
-- 58 56 -- --
-- 54 52 -- --
-- 50 48 -- --
-- 46 44 -- --
-- 42 40 -- --
-- 38 36 -- --
-- 34 32 -- --
-- 30 28 -- --
-- 26 24 -- --
-- 22 20 -- --
-- 18 16 -- --
-- 14 12 -- --
-- 10 8 -- --
-- 6 4 -- --
-- 2 0 -- --

7 10 11 12 13 14 15 16 17 
U C 0 J V C 0 J V 

68 70 70 70 70 68 68 68 68 
64 66 -- -- 66 64 -- -- 64 
60 62 -- -- 62 60 -- -- 60 
56 58 -- -- 58 56 -- -- 56 
52 54 -- -- 54 52 -- -- 52 
48 50 -- -- 50 48 -- -- 48 
44 46 -- -- 46 44 -- -- 44 
40 42 -- -- 42 40 -- -- 40 
36 38 -- -- 38 36 -- -- 36 
32 34 -- -- 34 32 -- -- 32 
28 30 -- -- 30 28 -- -- 28 
24 26 -- -- 26 24 -- -- 24 
20 22 -- -- 22 20 -- -- 20 
16 18 -- -- 18 16 -- -- 16 
12 14 -- -- 14 12 -- -- 12 
8 10 -- -- 10 8 -- -- 8 
4 6 -- -- 6 4 -- -- 4 
0 2 -- -- 2 0 -- -- 0 

,,_J 

20 21 22 23 24 25 26 27 30 31 32 33 34 35 36 37 
B N K W B N K W A M L X A M L X 

70 70 70 70 68 68 68 68 70 70 70 70 68 68 68 6fl 
66 -- -- 66 64 64 66 66 64 64 
62 -- -- 62 60 60 62 62 60 60 
58 -- -- 58 56 56 58 58 56 56 
54 -- -- 54 52 52 54 54 52 52 
50 -- -- 50 48 48 50 50 48 48 
46 -- -- 46 44 44 46 46 44 44 
42 -- -- 42 40 40 42 42 40 40 
38 -- -- 38 36 36 38 38 36 36 
34 -- -- 34 32 32 34 34 32 32 
30 -- -- 30 ! 28 28 30 30 28 28 
26 -- -- 26 ! 24 24 26 26 24 24 
22 -- -- 22 I 20 20 22 22 20 20 
18 -- -- 18 16 16 18 18 16 16 
14 -- -- 14 I 12 12 14 14 12 12 
10 -- -- 10 8 8 10 10 8 8 
6 -- -- 6 4 4 6 6 4 4 
2 -- -- 2 0 0 2 2 0 0 

J L ___ 
'--

8-0602 

CRAY X-MP MEMORY LAY-OUT 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 





1:18 ADDRESS BITFANOUTS - 3ZA MODULES 

Bit 3ZA 3ZA 
~-

'\ 
) 216 C18 B18 

215 C20 B20 
214 C22 B22 
213 C24 B24 
212 C26 B26 
211 C28 B28 
210 C30 B30 
29 C32 B32 
28 C34 B34 
27 C36 B36 
26 C38 B38 
25 C40 B40 
24 C42 B42 
23 C44 B44 
22 C46 B46 
21 C48 B48 
20 C50 B50 

BANKS IN SECTION 0 

RIO R11 R12 R13 RIO R11 R12 R13 

T.P. A63 C72 D47 C15 A63 C72 D47 C15 

feeds 3Z-@ feeds 3Z-@ 

BKO BK1 BK2 BK3 BK4 BK5 BK6 BK7 

D02 DOO CO2 COO B02 BOO A02 AOO 
D06 D04 C06 C04 B06 B04 A06 A04 
DlO D08 CIO C08 BlO B08 AlO A08 
D14 D12 C14 C12 B14 B12 A14 A12 
D18 D16 C18 C16 B18 B16 A18 A16 
D22 D20 C22 C20 B22 B20 A22 A20 
D26 D24 C26 C24 B26 B24 A26 A24 
D30 D28 C30 C28 B30 B28 A30 A28 
D34 D32 C34 C32 B34 B32 A34 A32 
D38 D36 C38 C36 B38 B36 A38 A36 
D42 D40 C42 C40 B42 B40 A42 A40 
D46 D44 C46 C44 B46 B44 A46 A44 
D50 D48 C50 C48 B50 B48 A50 A48 
D54 D52 C54 C52 B54 B52 A54 A52 
D58 D56 C58 C56 B58 B56 A60 A56 
D62 D60 C62 C60 B62 B60 A64 A60 
D66 D64 C66 C64 B66 B64 A66 A64 
D70 D68 C70 C68 B70 B68 A70 A68 

Absolute BK 0 4 10 14 20 24 30 34 

XV2S0lM 

2-63 



8 TO 1 FANIN OF MEMORY REAO DATA 

BIT POSITION C8 4-7 CBO-3 260_263 256_259 252 _255 248_251 244 _247 240_243 236 _239 BIT POSITION 232 _235 228_231 224_227 220_223 216_219 212_2 15 28_2 11 24_27 20_23 

3ZR LOCATION COl C03 COS C07 C09 Cll C13 CIS C17 3ZR LOCATION C53 C55 C57 C59 C61 C63 C65 C67 C69 

FROM AOI A05 A09 A13 A17 A21 A25 A29 A33 
FROM A37 A41 A45 A49 A53 A57 A61 A65 A69 

A03 A07 All A15 A19 A23 A27 A31 A35 
A39 A43 A47 A51 ASS A59 A63 A67 A71 

B01 805 B09 813 817 B21 825 829 833 
837 841 ~45 B49 853 857 861 865 869 

803 807 811 815 819 823 827 831 835 
839 843 847 851 855 859 863 867 871 

COl COS C09 C13 C17 C21 C25 C29 C33 
C37 C41 C45 C49 C53 C57 C61 C65 C69 

C03 C07 C11 C15 C19 C23 C27 C31 C35 
C39 C43 C47 C51 C55 C59 C63 C67 C71 

001 005 009 013 017 021 025 029 033 
037 041 045 049 053 057 061 065 069 

003 007 011 015 019 023 027 031 035 039 043 047 051 055 059 063 067 071 

N 
I 

~ 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 

,~ 



tv , 
0\ 
VI 

"--" 

MODULE LOCJt..TION 

BIT POSITION 

R TERMS 

FEEDS 

MODULE LOCJt..TION 

3ZD 

1 TO 8 WRITE DATA FANOUT 

002/003 

C8 7 C8 C8 C8 4 C8 C8 2 C8 , C80 

27 '7 26 '6 25 ,5 24 '4 23 '3 22 '2 2, 11 20 '0 

BOl AOl 801 AOl 801 AOl 801 AOt 805 A05 805 ADS 805 A05 80S A05 

B03 11.03 803 A03 803 A03 B03 A03 B07 A07 807 A07 807 A07 807 A07 

co, 
C03 

DO' 

D03 

co, 
C03 

DO' 

D03 

CO, 

C03 

DO' 

D03 

CO, 

C03 

DO' 

003 

cos 
C07 

005 

007 

D14/015 

cos 
C07 

DOS 

D07 

COS 

C07 

DOS 

D07 

COS 

C07 

DOS 

D07 

BIT POSITION 247 22 • 2' , 244 243 242 2" 2' 0 

R TERMS 

FEEDS 

MODULE LOCATION 

BIT POSITION 

TERMS 

FEEDS 

27 17 26 16 25 15 24 14 23 13 22 12 21 11 20 10 

825 A25 825 A25 825 A25 825 A25 829 A29 829 A29 829 A29 829 A29 

827 A27 B27 A27 827 A27 827 A27 831 A31 831 A31 831 A31 831 A31 

C25 

C27 

D25 

D27 

2B 

C25 

C27 

D25 

D27 

222 

C25 

C27 

D25 

D27 

2
2

' 

C25 

C27 

D25 

D27 

C29 

C3' 

D29 

D3' 

D26/027 

2 20 2 19 . 

C29 

C3' 

D29 

D3, 

2'· 

C29 

C3' 

029 

D3' 

217 

C29 

C3' 

D29 

D3' 

2'· 
27 '7 26 '6 25 '5 24 '4 23 13 22 '2 2' 11 20 '0 

B49 A49 849 A49 849 A49 849 A49 aS3 AS3 aS3 AS3 B53 AS3 BS3 A53 

85' AS' 85' AS' 85' AS' 85' AS' 855 ASS 855 ASS 855 ASS 855 ASS 

C49 

C5, 

D49 

D5, 

C49 

C5' 

D49 

D5' 

C49 

C5' 

049 

D5, 

C49 

C5, 

049 

D5, 

C53 

c55 

053 

D55 

C53 

C55 

D53 

D55 

C53 

C55 

D53 

D55 

C53 

c55 

D5) 

D55 

2·' 

CPU 0 ~LY 

2. 2 2·' 

006/007 

2. 0 2" 2'· 257 2'· 
27 '7 26 16 25 15 24 14 23 13 22 12 21 11 20 10 

~9M9009M9009M9009M9 ~3M3~3M3~3M3~3M3 

Bl1 All 811 All 811 All 811 All 815 A1S 815 A1S 815 A1S 815 A1S 

C09 

Cll 

D09 

Dll 

2
59 

C09 

Cll 

D09 

Dll 

2'" 

C09 

Cll 

D09 

DI1 

2" 

C09 

Cll 

D09 

DI1 

D18/D19 

CD 

CIS 

D13 

DIS 

236 235 

C, 3 

C, 5 

D' 3 

DIS 

2" 

C, 3 

C,5 

D,3 

D'S 

2" 

CD 

C,5 

D' 3 

D'S 

252 

27 17 26 16 25 15 24 14 23 13 22 12 21 " 20 10 

833 A33 833 A33 833 A33 833 A33 837 A37 837 A37 837 A37 837 A37 

835 A35 835 A35 835 A35 835 A35 839 A39 839 A39 839 A39 839 A39 

C33 

C35 

D33 

D35 

2" 

C33 

C35 

D33 

D35 

2" 

C33 

C35 

D33 

D35 

2" 

C33 

C35 

D33 

D35 

C37 

C39 

D37 

D39 

D30/031 

2'2 2' , 

C37 

C39 

D37 

D39 

2' 0 

C37 

C39 

D37 

039 

2' 

C37 

C39 

D37 

D39 

2· 
27 17 26 '6 25 '5 24 '4 23 '3 22 '2 21 11 20 '0 

B57 AS7 aS7 AS7 BS7 AS7 847 AS7 861 A61 861 A61 861 A61 861 A61 

859 AS9 859 AS9 859 AS9 859 A59 863 A63 863 A63 863 A63 863 A63 

C57 

C59 

D57 

D59 

C57 

C59 

D57 

D59 

C57 

C59 

D57 

D59 

C57 

C59 

D57 

059 

C6' 

C63 

06' 

D63 

C61 

C63 

D6' 

D63 

C61 

C63 

D6' 

D63 

C6' 

C63 

D6, 

063 

2" 2" 2" 

D10/011 

2'2 2" 

,-..J 

2'0 2" 2 46 

27 17 26 '6 25 15 24 '4 23 13 22 '2 2' 11 20 , 0 

B17 A17 B17 A17 B17 A17 817 A17 821 A21 821 A21 821 A21 B21 A21 

B19 A19 819 A19 819 A19 819 A19 823 A23 823 A23 B23 A23 823 A23 

C'7 

C'9 

D17 

D'9 

2" 

C,7 

C19 

017 

D,9 

2'0 

C17 

c,9 

D17 

D'9 

22 • 

C,7 

C'9 

D17 

D,9 

D22/023 

C2' 

C23 

D2' 

D23 

226 227 

C2' 

C23 

021 

023 

22• 

C21 

C23 

D2' 

023 

2
2

' 

C2' 

C23 

D2' 

023 

224 

27 17 26 16 25 15 24 14 23 13 22 12 21 11 20 10 

841 A41 841 A41 841 A41 841 A41 845 1\45 845 A45 845 A45 B4S A45 

843 A43 843 A43 843 A43 843 A43 847 A47 847 A47 847 A47 847 A47 

C4, 

C43 

D41 

D43 

27 

C4, 

C43 

D4, 

D43 

26 

C4' 

C43 

D4' 

043 

2' 

C4' 

C43 

D41 

D43 

C45 

C47 

D45 

047 

034/035 

2' 2' 

C45 

C47 

045 

D47 

22 

C45 

C47 

045 

D47 

2' 

C45 

C47 

D45 

D47 

20 

27 17 26 16 25 ,5 24 '4 23 13 22 12 2' 11 20 '0 

865 A65 865 A65 865 A65 865 A65 869 A6q 869 A69 869 A69 869 A6q 

867 A67 867 A67 867 A67 867 A67 B17 At 7 B71 A71 B71 A71 871 A71 

C65 

C67 

D65 

D67 

C65 

C67 

065 

067 

C65 

C67 

D65 

D67 

C65 

C67 

D65 

D67 

. e69 

C71 

069 

D71 

C69 

C71 

D6q 

D71 

C69 

C71 

D69 

D71 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 

C69 

C71 

D69 

D71 



) 







FETCH OPERATION OVERVIEW 

A. Means of loading an Instruction Buffer. 

B. Four Fetch's (Memory References) per Fetch Operation. 

1. Eight words fetched from memory per clock period. 

2. 32 words total in 4 clock periods. 

C. Fetch Timing 

1. Branch out of buffer is 16 clock periods for ECL Memory 32 Bank and 18 clock periods 
for 16 Bank. 

2. Branch out of buffer is 19 clock periods for MOS Memory 32 Bank and 25 clock periods 
for 16 Bank. 

MODULES USED 

3AFMODULE 

This is the Fetch Control Module. It will control the addressing of memory and all the control 
signals needed for the Fetch Operation. (lICPU) 

3HRMODULE 

This is the Instruction Buffer Module. Each one will handle 16 bits of the memory word. Each 
module contains one parcel of all four instruction buffers, for both CPU's. (4 used by both 
CPU's) 

3HAMODULE 

This is the Program Counter Module. It contains the Program Counter Register (P-Reg.), 
Instruction Buffer Address Registers (IBAR), Buffer Counter, and the IBAR and P-Reg. 
Comparator. (1/CPU) 

HTV-0242 3-1 
Hardware Trng. 
XV203W23M R. WA. 



FETCH DATA FLOW DIAGRAM 

Below is found a simplified diagram showing how the data is loaded from memory 
to the Instruction Buffer, during a Fetch Operation. 

-0- IMPLIES CPU O'S PATH 

-0- IMPLIES CPU 1 'S PATH 

SEC .... 
° :.. .. 

N-t4 

~ INSTR. ==- N+6 
.- .-

IV t.... rv 
}:!, BUFFER 

.... 
~ - ~ -

N+l N+3 ........ ........ - -N+5 
N+7 ..... -

SEC 
.-

I 

NOTE: N CAN EQUAL 0, 10, 20, OR 30. 

3-2 

SEC 
2 

SEC 
3 

Hardware Trng. 
A-5899 R. w.A. 



~ 
I 
o 
tv 
it 

Ul 
I 

Ul 

(j 

~ 

',,-~ ,_J 

3AQ 
FETCH REFERENCE ---BANK nITS 23 24 I/SBC OOBANK 

~- --~~ .... -"'" 
Rl8lO9 P REG. P BITS 23 24 

r
~·~ ..... -~." ~, 

. 'C COINCIDEN 1 I 00 F + X ADDRS. o CE O. 1.2. 3 NO COIN 3 !!.EM. ADDRS. 2' .2
23 

MEM. ADDRS 

M Lf=\: PBITS2 .2 4 -- "P(3AX) 

rriiARO I-. P r-- 00 --1 BANK I-------I.t.--~ 
I ~ A (3AQ) SBcrJONBUSY FETCH CNTR. BITS 

I BARTi-l R ~ 2

3

.24 

I~W ..: ~ (30A) BRANCHINCIP QIO-Q14 PASSED POINTERS ~ CNTR. (30A) 
30A (IICPU) 0 - ,~;;:-------------"""--' 

,,,",,, .," ------r---> .J._7-"'" ,.,.'7 1~1~~1 ~~ ~M o~ ~-./R04" 2 ·2-, 

r-;;;;: ~ ~i07 2

3

1.7

16

/ 
+ PROGRAM 2

15
.2° 

ILA ~ogE RANGB CH~cr 
L,-- CHECK ERROR r . Y1 3HC FI2m CPU 0 I---l BUFPBR 

I ~H 00 1.. GOFETCH ~ ~ 
i3 PETCn I -- CPU I IJ 3AP (I/CPU) FANOUT lcpU 0 &; I I _--' ~ 16x 4 CPU 0 

00 PETCH I 1 - ...... ~I"i-I~ CPU 0 

P REGISTER BITS 20 .2
4 

CHIP T -- BUFPBR I 

COINCIDENCE 1.2. 3 ~ Lr-- READOUT (3 
r" 16.4 

PBTCH BUFPBR 1 .... = I-~ 1_ CPU I CPU I 

1 CPU I I-J--J 

NIP/LIP 
HB.3HC) 

(3ZE) MEM. DATA ...... L..--

8WDS/CP 
3HR 

INSTRUCJ10N 
BUFPBRS 

CRAY X-MP FETCH OPERATION CONTROL (CPU 0 32 BANK) 

8·11000 



3HR LOC BITS PARCEl 
~~ ~~ 

LO "<t (\') C\I .,... 0 ;J::Q §O 
~P6/07 15-00 3 

.,... .,... ..,... ..,... ..,... ..,... 0> co "- (0 ~ "$ (\') 

~ 
..,... 0 UQ ~ 

+ + + + + + + + + + + + + ~ ~ 
04/05 31-16 2 z f z z z z z z z z z z z z T z • • 1F04/05 47-32 1 I I I I I I I I I I I I I I 

F05'07 63-48"/ 00 "00" AFJ AFC BRA BRL 
10 

SECOBK N .. 

~ U15 - U12 UU- U08 U07 - U04 20 
U03 - UOO " 

17 30 
8 '---

~ 
tt 
~ 
~ 

") , 
;' 

0 

1 

2 

3 

/ AGJ 
00 r--

AGC BSA BSL 01 
::I:. 

11 ~ SEC IBK N 
c.. 

"\ U31-U28 U23 - U20 U19 - U16 21 tI) U27 - U24 'r 0 
::::> 17 8 

31 c.. '--u 

/ 
tI) roo--
UJ AHJ AHC BTA BTL 02 
tI) 

~SEC2BK N 12 
~ 

"\ ~ U47 - U44 U43 - U40 U39- U36 U35 - U32 " 
22 

Q 
z 178 32 -

0 

1 

2 

3 

0 

1 

2 

3 

/ AU 
00 r--

Arc BUA BUL 03 

SEC3BK N 13 

0 

1 

~ U63 - U61 U59- U56 U55 - U52 U51- U48 " 23 

178 
33 

I........-

2 

3 

SECOBKN+4/ 

CFJ CFC DRA DRL 
00 04 

14 

0 

1 

~ V15 - V12 Vll- V08 V07 - V04 V03 - VOO , 24 

178 
34 
-

2 

3 

~SECIBKN+4/ 
00 r--

CGJ CGC DSA DSL 05 

15 

~ "\ V31- V28 V27 - V24 V23- V20 V19 - V16 ,. 25 

178 ~ 

~ / 00 '"06 ::::> CHJ CHC DTA DTL 

~ SEC2BKN+4 .. 
16 

~ ~ V47 - V44 V43- V40 V39.- V36 V35- V32 
26 

r 
n 36 

8 L.....-

0 

1 

2 

3 

0 

1 

2 

3 

SEC3BKN+4/ 

Cll crc DUA DUl 00 r--
07 

17 

0 

1 

"\ V63- V60 V59- V56 V55- V52 V51- V48 , 27 

17. 37 
8 '--

2 

3 

3HR MODULE-INSTRUCTION BUFFER LAYOUT (CPUO) 
3-4 



\ 
/ 

") 
.~ 

) 
) 

--' 

3HR LOC BITS PARCEl to ..:t C") C\I .,... 0 
1R06/07 15-00 3 

.,... .,... .,... .,... .,... .,... en co r--. c.o ~ ..:t + + + + + + + + + + + R04/05 31-16 2 z 1 z z z z z z z z z z 
1F04/05 47-32 1 I I I I I I I I I I I 
1006107 63-48 ::1' AFA BRC AFL 

SECOBK N ... 

~ 
W15-W12 Wll-W08 W07-W04 

/: AGL AGA BSC 

SEC 1 BK N 

~ 
W31-W28 W27-W24 W23-W20 

/: AHL AHA BTC 

SEC2BK N 

'" 
W47-W44 W43-W40 W39-W36 

/: AIL AlA BUC 

SEC3BK N 

'" 
W63-W61 W59-W56 W55-W52 

/. CFL CFA DRC 
-

SECOBKN+4 

~ 
X15-X12 Xll-X08 X07-X04 

SEC 1 BKN+4 /: 

CGI CGA DSC 

'" 
X31-X28 X27-X24 X23-X20 

SEC2BKN+4 /. 

CHL CHA DTC 

~ 
X47-X44 X43-X40 X39-X36 

SEC3BKN+4 /: 

CIL CIA DUC 

'" 
X63-X60 X59-X56 X55-X52 

C") C\I .,... 0 + + + + z z z z 
I I I I 

BRJ 

W03-WOO 

BSJ 

W19-W16 

BTJ 

W35-W32 

BUJ 

W51-W48 

DRJ 

X03-XOO 

DSJ 

X19-X16 

DTJ 

X35-X32 

DUJ 

X51-X48 

~~ ~~ 
::C:o tto 
uo ~~ « ~ ._. 

00 roo 
10 

20 
" 
17g 

30 
-

00 -
01 

11 

" 
21 

17g 31 
'---

00 -
02 

12 

" 
22 

178 
32 
'---

00 r--
03 

13 

" 
23 

178 
33 
'---

00 '04 
14 , 24 

178 
34 
-

00 r--
05 

15 

,~ 25 

178 ~ 
00r06 

16 

26 

" 17. 36 
8 i...-

00 -
07 

17 

, 27 

17. 37 
8 -

~ 
~ 

+ o 
1 

2 

3 

o 
1 

2 

3 

o 
1 

2 

3 

o 
1 

2 

3 

o 
1 

2 

3 

o 
1 

2 

3 

o 
1 

2 

3 

o 
1 

2 

3 

3HR MODULE-INSTRUCTION BUFFER LAYOUT (CPUl) 
3-5 
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("") 
("") ;::0 
0» 
3:-< 
-0 
»;::0 
ZIT! 
-< Vl 

IT! 
-0» 
;::0 ;::0 
>-I ("") 

<:c » .. 
-I 
IT! >-I 

Z 
("") 

(,.oJ 

I 
(j\ 

I....--

.---
SEC 

L-----

BK X 1 

N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ 
IS 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0 3HR' s 

PARCEL 3 I I I I I I --

PARCEL 2 !J.!-!J~~_~,!J_~,!J_~!J_~!J_~!J_~!J_~!J-!-!J_!_!J~_!J_~Y_~!,_~!J R06/07 

r--------iB~UmFFirE1Ria_1..iPA~R~C~E!:.L~ILl )-!-]':"]_!_]_~!_~)_~~_~P_~P_~P_~P+P_!_P_~P_~p_~p R04/05 
PARCEL 0 ~':"~-!-~_!_3_~)_~9_~~_~~_~7_~~_i_~_!_~+!_~3_~)_~2 F04/05 

: : I I I I I I I I I I I I I F06/07 

PARCEL 3 
~~~~~~~~~~~~~~~y ~~ 

BUFFER ~t~}-t.g_~E_~g_~.t~g_~g_~g_~g_~l.~g_~J_~J_~J_~l_ R04/05 

WORD Xl J_~!t~J .. ~!t~l_~§_~§_~~_~}_~g_~J_~!t~j_~!t~l_~§ F04/05 
: : I I I I I I I I I I I I I F06/07 

PARCEL 3 U : U I U : U : u : U: U: u : U: U: U: U: U: u : u : u 
PARCEL 2 .. .,. .. -:---t-+ .. +--:-.... }---:-..... :- .... :--.. :---:-.... I----I---:---I 

BUFFER PARCEL 1 ~ .. ~~-~~-i~ .. ~~-~~-~~ .. ~~-~~ .. ~~-~}-~~ .. ~~-~~-~~ .. ~~. 
WORD X2 PARCEL 0 7 .. ~~_~E .. i~ .. ~~ .. ~3 .. ~) .. ~P .. ~J .. ~~ .. ~? .. ~~_~E .. ~~_~~_~~ .. , 

: : I I I I I I I I I I I I I 

R06/07 

R04/0S 

F04/0S 

F06/07 

~ 
PARCEL 3 I. .. '. , . I 

~-~~-~~-.~-~~-~~-~~-~~-~~-~~-~~-~~-~~-~~-~~-~~-
BUFFER §-!§-~§-t§-~§-~§-~§-~.t~§-~§-~§-~§-~§-~§-~~-~~-
WORD X3 }_!E_~.tt.9_~~_~~_~l_~§_~§_~~_~}_~E_~l_~.9_~~_~~_ 

: : I I I I I I I I I I I I I 

PARCEL 3 

R06/07 

R04/0S 

F04/0S 

F06/07 

'---IBK X 2 I 
SEC 

y-!y-~y-iy-~y-~y-~y-~y-~y-~y-~y-~y-~y-~y-~y-~y- R06/07 

L+---~~~--t~~tjd !_!!_~1_t!_~!_~1 .. ~? .. ~Q_~9_~P_~P_~p_~p_~p_~p_~p_ R04/05 

?-!~-~~-t~-~!-~p-~~-~~-~7_~~_~E_~~_~~_~~_~1_~P_ F04/05 
: : I I I I I I I I I I I I I F06/07 

BK X 6 

L-----

r--
SEC 

BK X 3 

3 
BK X 7 

'---

PARCEL 3 
.. V : V : V i V : V : V : V 1 V : V 1 V : V : V : V V: V : V R06/0? 

I I I 
r PARcEL 2 --'--,--~--T--T--T--T--T--T--T--T--T-- --T--T--

BUFFER 3 : 3 : 2 I 2 : 2 : 2 : 2 : 2 : 2 : 2 : 2 : 2 : 1 1: 1 : 1 R04/05 
1 I WORD X5 PARCEL 1 "iTOrg1-i1-iririr4"rj1""iriror9 -81""i1""6 F04/05 

PARCEL a --"--"--+-T--T--T--T--T--T--T--T--T-- --T--T--
: : I I I I I I I I I I I I F06/0? 

PARCEL 3 
PARCEL 2 _v_~-v-~-'q-'q-q-q-"-p~.+-"-+-"-+-v.V-+-q-"-V-+-"- R06/07 

BUFFER PARCEL 1 -~J-n~i-~+-~f-~+-~+-~f-n~p+-~+-~f-n~f-~ R04/0S 

WORO X6 PARCEL 0 J_~-~~-S-i-~+-~V-+-q-o-+-~+-~V-+-~+-s..+-~+-~+-~ F04/0S 
: : I I I I I I I I I I I I I F06/0? 

PARCEL 3 ~ •. -.--r-r-..-"'--r-....... ...,. 
V I V i V i V I V : v : V : V : V V: V : V : V : v V: v R06/07 

BUFFER I PARCEL 2 ,-6r6r6:-61-5T5T5T5T5 -51'51'51'51'5 -.iT4 R04/05 L-------~~~--t. P~A~R~C~EJ~~l~j--'--,--·--~--~--~--~--~-- --T--T--T--T-- --,--
WORD X7 --- 3 : 2 : 1 : 0 : 9 I 8 : ? : 6 I 5 4: 3 : 2 : 1 : 0 9: 8 F04/05 

PARCEL 0 ,--,--,--1--1""-1--1""-1""-1-- --1--1""-1--1""- --roo F06/07 

NOTE: PARCEL 3 
PARCEL 2 
PARCEL 1 
PARCEL 0 

BITS 00-IS 
BITS 16-31 
BITS 32-47 
BITS 48-63 

1 BUFFER REGISTER 
FOR CPU 0 

NOTE: FOR CPU 1, THE TERMS WILL BE 
A W INSTEAO OF A U ANO A T 
INSTEAO OF A v. 

FETCH n A TRANSFER 
~~ 

~J I~ I"' 1
00 

10 

20 

30 

0 

10 

20 

30 

10 

20 

30 

10 

20 

30 

16 X 4 CHIP 
ON THE 3HR MOOULE 

BUFFER 

o 

BUFFER 

BUFFER 

BUFFER 
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(lIlA) caNCDENCB 0 lS7 

(lIlA) COINCDENCB I lSI 
I 

(lIlA) CaNCDENCB 2 159' 

(lIlA) COINCDENCB l 160 

147' SEmON 0 BUSY 

14S' SEmON I BUSY 

149' SEmON 2 BUSY 

1$(1' SEmON 3 BUSY 

1$1' • 

CPU 0 HAS PRiORIrY OVER 
CPU I WHEN BOrn cpu. WANT 
TO DO A FBTOI DURING THE 
SAME a.ocK PIlRlOD. 

Nl MEMORY OUIBT 

I 
"-........-

I"~ r'l" A ft.Crc.l\.CJ'II\..c .. (lAQi. 3AF) 

END FEl'0I SEQUENCE 

12.118 P2S·221 

T2 

~P2' 
ENABU;S~P2' 

QO= QOP], Nl+ K' Pl + AI7 NO' 

QI =QI P],Nl+K6Pl+AISNO' 

L:.,--Jy y 
HOlD INC, LOAD 
PAm PAm PAm 

FI!TCH 
SEQUENCB 
OOUNTBR 

i 
-."'-! 

Jl(l!Jll'r-\ Rl6 _ 
~(3AQo) 

Ql'I!XCHANGB TO SEC\10N 0, 2 
RBOISTBR 

~ .. ~. -(3AQo) 
~ 

T0SEC!10N 1,3 

~--(3AQo) 
~ 

TO SECi10N 0·3 

~~l -_. -(3ADo) 

~ 

COUNT~ Q62 DR'S • (3Hlb,VlA3HC) CDUNT = 13 00 FETOI 
T2 

A,B,P 
AND 

R 
TERMS 

P+IBA 
ADDER • 

• TEST POINTS ON B TERMS 
P + IBA SUMS AND CARR1llS 

R19 
PROGRAM RANOB .. (lADa,lHD) 

____ -',BRROR 

C·1415A 

CRAY X-MP 3AF MODULE FETCH CONTROL 
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AlB REGISTER RESERVA TrONS: 

1) A registers are reserved as RESULT registers, but NOT as operand registers. 

2) All B registers are reserved during block transfers (034-035), since you can start with any B 
register and wrap around. 

3) On B register memory references, Port A is reserved for a read (034), and Port C is reserved for 
a write (035). 

AlB REGISTER HOLD ISSUE CONDmONS: 

1) When the A register needed for a result is reserved as a result. 

2) On an A register memory reference (lOX-11X), if ANY one of Ports A, B, C is busy; or if there 
is a 10X-13X in CP2 and CP3 and a conflict; or if Ah was busy during the previous CPo 

3) On a B register block transfer (034-035), if AO is busy; or if there is a scalar memory reference 
(10X-13X) in CP 0, 1,2; or 3; or, for an 034 instruction, if Port A is busy; or, for an 035 
instruction, if Port C is busy. 

4) On an 01hijkm instruction, if Ah was busy during the previous CPo 

5) On a 005,007,024-025, or 034-035 instIilction, if the B registers are reserved. 

6) On a jump instruction (010-013), if AO was busy in any of the 3 previous CP's. 

7) For a 033 followed by a 027 instruction, or a 025 followed by a 024 instruction, hold 
issue for 1 CP. 

8) On an 005 instruction, hold issue for 2 CP's. 

9) If the second parcel of a two-parcel instruction is in a different buffer (2 CP delay), or not in 
any buffer. 

4-1 
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Srr REGISTER RESERVATIONS: 

1) S registers are reserved as RESULT registers, but NOT as operand registers. 

2) All T registers are reserved during block transfers (036-037), since you can start with any T 
register and wrap around. 

3) On T register memory references, Port B is reserved for a read (036), and Port C is reserved for 
a write (037). 

Srr REGISTER HOLD ISSUE CONDmONS: 

1) When the S register needed for a result is reserved as a result. 

2) When the Floating Point Functional Unit needed is reserved by the Vector registers. 

3) On an S register memory reference (12X-13X), if ANY one of Ports A, B, C is busy; or if there 
is a lOX -13X in cn and CP3 and a conflict; or if Ah was busy during the previous CPo 

4) On a T register block transfer (036-037), if AO is busy; or if there is a scalar memory reference 
(lOX-13X) in CP 0, 1,2, or 3; or, for an 036 instruction, if Port B is busy; or, for an 037 
instruction, if Port C is busy. 

5) On an 074-075, or 036-037 instruction, if the T registers are reserved. 

6) On a single shift instruction (052-053), if SO is busy. 

7) On a jump instruction (014-017), if SO was busy in ANY of the 3 previous CP's. 

8) For an 056-061 followed by an 052-055 instruction, or an 075 followed by an 074 instruction, 
hold issue for 1 CP. 

9) If the second parcel of a two-parcel instruction is in a different buffer (2 CP delay), or NOT in 
any buffer. 

4-2 
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VECTOR REGISTER RESERVA TrONS: 

1) V registers are reserved either as RESULT registers or as OPERAND registers. A register that 
is reserved as a RESULT register may be used as an OPERAND register in subsequent 
instructions (CHAINING). 

2) All functional units used by vectors are reserved. 

3) On a memory read (176), Port B or A is reserved, and on a memory write (177), Port C is 
reserved. 

NOTE: On functional unit instructions, 
OPERAND registers are reserved for VL + 3 CP's 
Functional Units are reserved for VL + 4 CP's 
RESULT registers are reserved for VL + FU + 6 CP's 

VECTOR REGISTER HOLD ISSUE CONDmONS: 

1) When the V register needed for an operandis reserved as an operand. 

2) When the V register needed for a result is reserved as either an operand or a result. 

3) When the Vector F.U. or Floating Point F.U. is reserved. 

4) When the S-register needed is reserved. 

J 5) On a 076-077 instruction, if the V register needed is reserved as either an operand or a result. 

) 

6) On a memory read (176), if Ports A and B are both busy; and on a memory write (177), if Port 
C is busy. 

7) On a 176-177 instruction, if there is a scalar reference (10X-13X) in CP 0, 1, 2, or 3, or if 
AO or Ak: is reserved. 

8) On a Gather/Scatter instruction (17 6i1k or 1771 jk), if there was another Gather/Scatter in the 
previous CP, or one in process. 

9) For an 0030jO or 073iOO, if there is an 0030jO or 073iOO in process, hold issue for 1 CP; if 
there is a 14X or 175 in process, hold issue for (VL) + 5 CP's. 

4-3 
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MODULES USED 

3HRMODULE 

This is the Instruction Buffer Module; each one will handle 16 bits of the memory word. Each 
module contains one parcel of all four Instruction Buffers. It also contains the Readout Register 
that presents the instruction to NIP/LIP. (4/CPU) 

3HAMODULE 

This is the Program Counter and Branch Control Module which will control which word is put out 
on the Instruction Buffer Readout Register and it also sends out the command to select the correct 
parcel to be read into NIP/LIP. (l/CPU) 

3HBMODULE 

The NIP/LIP upper eight bits are contained on this module, which are the G, H, and upper bit of I 
Fields of the instruction. This module also decodes two parcel instructions so it can help generate 
the blank NIP signal, and it also is decoding for a 000 or 004 instruction to initiate an Exchange 
Operation. Along with that the CPU Master Control and Interrupt Signals are fed into this module 
to also start an exchange. (l/CPU) 

3HCMODULE 

The NIP/LIP lower eight bits are contained on this module. It will also contain a copy of the CIP 
data for these bits. (l/CPU) 

3JAMODULE 

This is the CIP Data Fanout Module. It will be used as a secondary source to assist the other issue 
control modules for extra copies of G, H, I, J, and K Fields. (I/CPU) 

3JFMODULE 

This is the Address Register Issue Control Module, which controls the issuing of the A Register 
Instructions. 

3JCMODULE 

This is the Scalar Register Issue Control Module, which controls the issuing of the S Register 
instructions. 

3JDModuie 

This is the Vector Register Issue Control Module, which controls the issuing of the V Register 
Instructions. 

3JS MODULE 

This is the Shared Register Issue Control Module, which controls the issuing of the Shared 
Register Instructions. 

HTV-0242 4-4 Hardware Trng. 
XV203W19M R. W.A. 
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/F06!07 263 _248/ 

/F04/05 247 _232/ 

/R04/05 231 _21V 
R06!07 215_2° 

3HR INST. 
BUFFERS 

"-..-, 

(3HB, 3HC) NIP/LIP F08/F09 

(3HB) 1W0 PARCEL IN NIP 

(3HB) BLANK NIP 
PROGRAM 
COUNTER 

(3HB) WAIT EXCHANGE 
AND 

BLANK NIP BRANCH 

(3AR) BDATA 
CONTROL 

ENTER LIP 
(3J-) GO ISSUE 

2-1,2-2 

(3AR, 3GR) AO/SO = 0 AND SIGN TEST 3HA 1 

FIO/ll 
000,004 

=n-CPUM.C. ...--
DE-

--< 

(3HD) INTERRUPT - .. 1W0 PARCEL IN NIP 
CODE (3HA) 

BLANK NIP ;:::::=: 
ENTER LIP WAIT BLANK NIP 

(3AF) RELEASE EXCHANGE 
EXCH 

NIP/LIP 

P REGISTER rl ,2-2 - 1 ,.J ....... 
.. NIP ]MUX PARCEL BITS 215 _ 2 8 LIP NIP/LIP 

(3HA, 3AG, 3AR, 3GR) 
0, 1,2,3 - WAIT EXCHANGE 

(3J-) GO ISSUE 3HB NlP/L1P (3HA) 

I WAIT EXCHANGE FI2I13 

-
(3J- ) GO ISSUE ~ C CIP .. 

I (3AR, 3AG, 3HD) 
P -

ENTER LIP - 1 ,.. NIP 
NIP/LIP 

(3JS,3AG) 

I LIP 
P REGISTER 2-1 2-2 - NIP/LIP 

PARCEL BITS 27 _20 .\MUX 
0, 1,2,3 

3HC NIP/LIP 

CRA Y X-MP ISSUE (CPU 0) 

-----,,) 

,-. CIP 
FANOUT 

3JA FI4 - 17 

ADDRESS 
REGISTER 

ISSUE 

~ 
ISSUE 

CONTROL 

3JF F20/21 

SCALAR 
REGISTER ISSUE .. 

......... ISSUE 
CONTROL 

3JC F22J23 

... VECTOR 
REGISTER ISSUE 

......... ISSUE 
CONTROL 

3JD F18/19 

SHARED 
REGISTER ISSUE .. 

ISSUE 
CONTROL 

-.- 3JS 

C-1193C 
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ADDRESS REGISTERS AND CONTROL 

The A register block diagram contains four different module types. They 
are the 3JA, 3JF, 3AB, and the 3AR modules. Below is a brief 
description of each modules function. 

3JA MODULE 

The 3JA module is responsible for CIP fanout. It holds a copy of the 
current instruction to be issued. It then generates several copies to 
the 3AR and 3GR modules. 

3JF MODULE 

The 3JF module is the CIP issue control module for the A register type 
instructions. The 3JF is responsible for A register reservation 
control, conflict checking, and A register issue control. 

The 3JF module decodes the instruction and determines if the instruction 
can issue. It does so by comparing what registers the instruction wants 
to use against what registers may already be reserved. The 3JF also 
checks for entering data conflict and holds issue if it detects any. 

3AB MODULE 

The 3AB fans out the source bits and the bypass bits from the 3JF on 
their way to the 3AR's. 

3AR MODULE 

The 3AR modules are the A registers. Each 3AR holds bits n, n+6, n+12, 
and n+18 for all eight A regiters and all 64 B registers. The 3AR also 
has a multiplexed input path and three readout registers, one each for 
Ai, Aj, and Ak. 

X2005S0203 
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Ai 

B77 

0013 

Ai 

Ak 

0010 0011 

033ijO 

CRAY X-MP A REGISTERS 

5-2 

SHIFTS 
Si 071 

Add 

030 
031 

020 
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(3HB 

(3HA 

(3AQ) 

(3HC) 

(3GR) 

(3AF) 

(310) 

(3AO) 

(3HB.3HC) 

(3J-) 

BLANKNJP/2 
PARCEL NIP 

HRDATAINVAUD 

PORT C CONFLICT 

MONITOR MODIl 

CPU MASTER CLIlAR 

EXCHANGIl/llNTER A 

PORT BUSY 

RIlLllASIlB 

NJP!UP 

GOISSUIl 

'0 \ __ ,,-,/1 

/FI6/17 / /016/17 25 ,2 11 ,2 17 ,2 23 I 
(3AF) A/S POINTER 2 2 - 2 ° FI4/1S 

/Gi8/19 24,210 ,216 ,2 22 I 
(3AF) EXCHANGE SEOUENCE C1PDATA ~~~'3t'i:;' /020/21 2

3 
,2

g 
,2 15 ,221 I CIP 

(3J-) GOISSUE FANOUT C1PDATA 
-'/022123 22,28,214,220 I 

(3HB,3HC) NIP/UPDATA 
L /G24/25 2 1 ,2 7 ,2 13 ,2

1g I 
3JA 

G26/27 2°,26,212,218 

3JF- F20/21 3AU rl B 1 BREGISTER 
A REGISTERS QUIET 

r- 11'06 10-
(3AF) FANOUT 1 REG. I DATA 

AiSOURCE22 _20 

I- rt -.. CONFUCT 

READ II r- CHK. 
GO Aj, Ak,Ai BYPASS FI R:G. 

A REGISTER 

J 034,035 IN PROGRIlSS I 
M1-

OUT r DATA 

Aj, Ak, Ai BYPASS BITS 22 _ 2 ° 1 I ~ RIlS. ~ 
IlNTER SOURCIl I 4-\ I- IlNTBRA()'A7 

L= 3AR 

1 11'06 W 3AR - AlB REGISTERS 
FANOUT 

-IDIlCOD~ .... INSTRUCJ10N CONTROL SIGNALS 
CIP 

GO ISSUE (3JF, 3JC, 310, 3JS, 
SOURCIl CODIlS 

3HA, 3HB, 3HC) 2 22 120 

ADDRIlSS RIlGISTER ISSUE CONTROL 
(3VA) MIlMDRYDATA 

000 - lOX INSTRUCJ10N (3AT.3AU) MULT. OR POP COUNT 
ANDRIlSERVATIONS (3AS) ADDER 001 - 032, 026 INSTRUCJ10N 

(3AS.3AT) IZ OR JJO 010 - 030. 031 INSTRUCJ10N 
011 - 027. 033 INSTRUCJ10N (3HB.3HC) CONSTANTj,lc,m 

(3JS) SHARIlD RIlGISTERS. >- IXX - ALL I CP INSTRUCJ10NS 
(3DA) CH. ADDRIlSS 
(3GR) S - RIlGISTER 
(3VC) VL 
(3HD) P - RIlGISTER 

CRA Y X-MP ADDRESS REGISTERS AND 
CONTROL BLOCK DIAGRAM (CPU 0) 

B'()936C 

(3HA) 
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NOO - N03 QOO, QOI, Q02 - Q70, Q71, Q73 
16/0 AO-A7ENI'ER ADELAYLINB 

...!L. 

100 -IISNIP DECODE 
DATA A,B,B,P GOO - 02S INST. DECODE AND h, i, i, k, BITS 

TERMS I o TERMS 
CIP 

LATCHES 

116 BlANK NIP I 
COO-C07 At-AhBUSY CIP 

126 ENI'ER A I 16/0 I 030 - 037 ENl'ER AO - A7 FROM EXCHANOB 

POO, POI, POl, P03 AD BUSY ENl'ER 8< SOURCE BITS 
PIO, P11, PI2, PI3 Al BUSY ENl'ER 8< SOURCE BITS 

CPI 
1'20 I'll P22 1'23 A2 BUSY ENTER 8< SOURCE BITS 000 - 02S INST. DECODE REGISTER 

RESV. P30 P31 P32 P33 A3 BUSY ENl'ER 8< SOUR CE BITS AND i BITS 8<ENI'ER 
P40 P4I, P42 P43 A4 BUSY ENl'ER 8< SOURCE BITS REGISTER 

SEE PSO, PSI, PS2, PS3 AS BUSY ENl'ER 8< SOURCE BITS 
BOOlEAN 

P60 P61 P62 P63 A6 BUSY ENTER 8< SOURCE BITS EXAMPLE 
112 P70 P71 P72 P73 A7 BUSY ENTER 8< SOURCE BITS 

PI,Pll,P2I-P71 DRI~~7_. ~ 
030-037 _ 

HOO' - H03'D ROO ISSUE 
SEEBooLEAN ~ 
EXAMPLB#3 

H04' - HI4' D ROI ISSUE ~ 

PSO. PSI R26, R27 I 
034,03S 
IN PROGRESS 

CONFUCT I HOO - H03 At - Ah CONFUCT 

~ AD _ A7 I _ _ _ _ I pou - IUK AI<, Aj, Ai liOURCH BUS I 16/0 

CIO-CI6 At-Ai ENl'ER 

11/13 
R28 - R41 

INSTRUCl10N 
CONTROL 
SIONALS 

POO - P04 At - Ah REQ. EXAMPLB 

139 

#1 

Bl1. BIO'. E3 

127 RElBASE B D 000 RElBASE B 
L6M.C. 

ACCESS SElBCT 

NarE: YI03 will be • 0IlC 
for MOS Memory. 

02S CIP 034 - 03S 

~ ~ r-"\ YI03 

\.~-../ 

At, Ai, 000-018 16/0 
Ai 

Ml2, MI3 - M72, M73 SOURCE 110 - 112 GO At, Ai, Ai BYPASS 
DEmDE 

P26 

P26 BBUSY 
; B REQ. DH4 HOLD ISSUE 

eRA Y X-MP 3JF MODULE 

\...../1 

At,Ai,Ai 
IOD-Il2 D R02-RIO·. 

BYPASS SOURCE BITS 

110 - I12 I 16/0 I Rl1 - RI3 
GO BYPASS 

• Signal. go III 0IlC 3AR module III be 
fonned out six times 10 go III the 
other 3AR module •• 

I Signals go 10 the 3AU module 10 be 
fanned out six lime. to go III the 
other 3AR module •. 

• I 

~ 

C-l55OC 



'--""~ 3JF 140DULE - BOOLEANL{AMPLE # 1 ,---..--'J 

EXAMPLE OF CONFLICT CHECK 

Boolean HOO ' Cl0 CO 1 C4 1 ZO 1 FO 1 # # HO 1 Fl 1 # Cl 4 T2 AK CONFLICT 

HOO (FO + Fl + HO) (ZO + HO) (CO. C4) (Cl 0 1 + C141 ) T2 

AK CONFLICT = (AK REQ + AK CONFLICT) • (ISSUE + AK CONFLICT) • (AK BUSY) • (AK ENTER) 

I BOOlean FOO EO -B8 1 E9 + A 15 1 E3---S1-1-' ---Ai-REQui-R-ED:] 

AK REQ = (g = OOX • i BIT 2 • h xxl) + h x3.g 03x.h BIT 2) 0010-0013 INST + 030-032 INST 

~ 
I 

I Boolean FO 1 EO El0 + E16 B12 + E7 E9 + E18 Bl11 AK REQUIR~~ J 
AK REQ = (g = OOx.h xx2) + (05x, 07x, 17x.h 6,7) + (q 07x.h = xl) + (15x.h BIT 2) 

~ 002 INST + 056,057,076,077,176,177 INST + 071 INST + 150 - 153 INST 

Boolean COO Ml0 Al + M20 A2 + M30 A3 + B2 AK BU§.Y I 

AK BUSY (A 1 BUSY k = xl) + (A2 BUSY. k = x2) + (A3 BUSY. k x3) (k BIT 2) 

Boolean C04 = M40 AO + r450 A1 + M60 A2 + t470 A3 + B21 AK BUSY 

AK BUSY (A4 BUSY k = xO) + (A5 BUSY. k = xl) + (A6 BUSY. k = x2) + (A7 BUSY. k 

Boolean Cl0 = 1-111 Al + M2l A2 + M31 A3 + B2 AK EWfER J 
AK ENTER (A 1 ENTER k = xl) + (A2 EN'rER • k = x2) + (A3 EN'rER • k = x3) + (k BIT 2) 

I Boolean C14 M41 AO + ~151 A 1 + M61 A 1 + M71 A3 + B21 AK BUSY"] 

AK EN'rER (A4 ENTER. k xO) + (A5 ENTER. k xl) + (A6 EN'rER • k = x2) + (A7 EN'rER • k 

x3) + (k BIT 2) 

x3) + (k BIT 2) 

X2005S0205 
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3JF MODULE - BOOLEAN EXAMPLE #2 

REGISTER RESERVATION F~AMPLE 

Boolean Pl0' Sl' ZO' + Mll + Ml 0' T2 

Pl0 (Sl + ZO) Mll ' Ml0 T2 

Al BUSY (Al BUSY + ISSUE) • Al ENTER • Al BUSY LATCHED 

[Boolean' ·S-Ol -",;- -IT--P10-] 

Al BUSY = Al BUSY 

I Boolean I'll 0 Kl + Sl L6' 

Al BUSY = SET Al BUSY + (Al BUSY • MASTER CLEAR) 

ENTER "A" EXAMPLE 

I Boolean Ml 1 Kl Sl' K12 + Ql0 Sl~ 

EN'rER Al (ENTER Al SOURCE • Al BUSY • Al IS SOURCE CP1) + (Al IS SOURCE CP2 • Al BUSY) 

X2005S0204 

\._., ... ) ' ........... ) 



\~-_/ '-..,./ \~ 

3JF MODULE - BOOLEAN EXAMPLE #3 

ISSUE EXAMPLE 

Boolean ROO' HO + H1 + H2 + H3 

ROO HO' H1 ' H2' H3' 

Issue AK CONFLICT AJ CONFLICT AI CONFLIC'l' AH CONFLICT 

U1 
I 

-..J I Boolean R01 ' = H4 + H5 H6 + H9 + H10 H14 

R01 = H4' (H5' + H6' ) H9' • (H10' + H14' ) 

ISSUE HOLD ISSUE (TPSF + HRDT) (0027xx IN CIP) 

(100-137 IN CIP + 100-137 IN CP1 ; CP2 AND CONFLICT) 

X2005S0202 
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100-103 MEMORY DATA FOO-F07 BIT n 

1J4-I07 ~lULT, POP DATA 10/13 

IJS-Ill ADDER DATA DATil MUX 
F12-F19 BIT n + 

112,113 LEADING ZERO, I/O DATA 
C8,C9 I/O FAN IN DATA FRO~l F.U. 

F24-F31 BIT n + 
TO REG. 

(SEE BOOLEAN F36-F43 BIT n + 
EXAMPLE #2) 

15/0 
168-170 ; DATA SEE BOO-B23 I 

BOOLEAN SOURCE BITS 

139-140 EXAMPLE 
#1 

SOURCE SELECT 
BITS Tn 

.!.£. 

100 - 113 CS C9 
DATA 

142 - 150 BYPASS SELECTS 

SOURCE CODES 

22 2' 2' - SOURCE BITS 
000 - lOx INST. 
001 - 032,026 INST. 
010 - 030,031 INST. 
011 - 027,033 INST. 
Ixx - ALL 1 CP mST.' 5 

\_ .. ,../ 

10/13 

151 - 159 
ENTER AO - A7 

FOS F20 F32 F44 
k BYP,I\SS DATA 
F09,F21,F33,F45 
j BYPASS DATA 

FI0,F22,F34,F46 
; BYP,~SS DATA 

HOLD PATH 

A REGISTERS 
6 GOO - G03 

FOO-F43 MUX PATH AO - A7 
12 POl,P04,P07 - P22 

IS EOO-E03 1 CP INST. 
P02,POS,POS - P23 G2S - G31 

T2 
16/0 

9/10 POO - P23 
AO - A7 ENTER, HOLD CONTROL 

GOO, G04-G2S 
CO 

R29 - R32 Ah BIT n ~ j ,k,m 

BIT n OF j,k,m 

~~3B~/~~6, n+12, ntIS 

R36 - R39 B REGISTERS 

ROS - Rll 

16 X 4'5 

CRAY X-MP 3AR MODULE 

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

WOO-IJl5 
B DATA 

EOO E03 
1CP DATA 
P2S P27 P29 
SELECT 1CP RESULT T2 

READOUT ROO - R03 

REGISTER 

R04 - R07 
AJ OPERANDS 

ROS - Rll 
AI OPERANDS 

16/0 

R,)O - R031 I R12 - R1S 
16/0 AK DELAYED 

T2 

ROS - Rll 16/0 I R16 - R19 
""_" _n "~ •• ""Y 

B INPUT DATA I 16/0 I R36 - R39 _ 
B DATA TO P REG. 

T2 

C-/57/8 
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VI 
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~ 
;g 

~ 
~ 
~ 

"-_-..-/ 

(31A) B ADDRESS 
(162 - 67) 

,-", 

/016/17 BITS 2', 2 11, 2 11, 2 2' 

/018/19 BITS 2' ,21°,216,222 

/020121 BITS 2', 29 , 2U, 221 

/022/23 BITS 22 ,21 ,2 1',2 1l1 

024!2S BITS 21, 21 , 21)~1' 

026m BITS 2°,2',2 12,2 11 

.------~ 
+1 ~ 
B 

(3HD) PDATA(I34-37) (007) I .--.. , I~ 
"'" "-",wm~ : ~ "~I-

'--
(176 -77) 

(W1ERMSl 

/ 
/ 

7 
/ 

I, , (()OS) 1 • ~~~~ (3HA) 

I (024) 

"'" : ~....,.,~", ..... 
(034 - (m, 176 -177) 

(3lF) ENTER SOURCIl (138) (010 - 013) AO DATA (R23 - 26) (3AO,3Ap) 

(3lF) AiSOURCIl(l3HI) ~27~:ON (3HA) 

,,-_-_--,:-:..1..---. 
/,' 1-----1_ AiOPERAND(R8-1I) 
~__ Aj OPERAND (R4 -7) 

READOUT AkOPERAND (RO - 3) 
(0010-0011, 

M~_~~~~fNDATA 176-177) 

(3JA) C1PDATA(l62-7S) iFIELD AkDElAYBD(R12-1S) 

(3AR) ENlERAi (ISI- SS) -t-----tt-HH----:-::----+--l-II-..: 
2~ 

(026. 032) ~, OXX ___ _ W' Iljj m~ ~ II II I I ~,'t,,.,,,{ ':::: ->~ : :,,~'" 
2°: 21 

(3AR) (142 _ SO) BYPASS SOURCIl BITS 22 

(3IP) GO BYPASS Ai. Aj, Ak I I 
(IS9 - 61) 

(3HC) BIT N OP jkm 
(114) ~

~-u II: ~~~~+6,N+I2.N+18 (3AO) 

-t------------------ ADDER _ _ : AhBITN+jkm (3AO) 
(R29 - 32) 

• (3IP) 116 PANour 
(180-82) 

• N01E: 180 -182 are used by the 
Enter Ai signal and the Go 
Bypass Source bils, 

16/0 

[] 
16/0 16/0 

CRA Y X-MP 3AR MODULE BLOCK DIAGRAM 

16/0 

116 PANour (3AR) 
(R40- 42) 

C-3B46D 
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U1 
I 

o 

("") 
("") ;:c 
0» 
3:-< 
-0 » ;:c 
:z rn 
-< (/) 

rn 
-0» 
;:c ;:c 
....... ("") 

< :c »w 
-t rn ....... 

:z 
("") 

AO SOURCE BIT 0 

AO RESULT 

\.,_ ..... -/, 

3AR MODULE BOOLEAN EXAMPLE #1 

= (SOURCE SELECT BIT 0 • ENTER SOURCE AO) + (AO SOURCE BIT 0 - ENTER SOURCE AO) 

3AR BOOLEAN EXAMPLE #2 

(MEMORY DATA • AO SOURCE BIT 1 • AO SOURCE BIT 0) + (MULT. DATA • AO SOURCE BIT 1· AO SOURCE BIT 0) 

+ (ADDER DATA - AD SOURCE BIT 1 - AD SOURCE BIT 0) + (LEADING ZERO DATA- AO SOURCE BIT 1 - AD 

SOURCE BIT 0) 

C-/57/ 
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CXl 

c::: ex: 
('f') 

-l-
V') 
z: ...... 
r-.. 
0 
0 

• 
ex: 
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e:( 
0 

C!l 
LLI 
c::: 
0.. 

+ 

-CXl 

LLI 
I-...... 
c::: 
3 

0 
CD 

• 

:e: 
c 
c::: 
LL. 

e:( 
l
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o 
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~ 
'0 
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MODULE 
LOCATION BIT POSITION 

n n+6 n+12 n+18 

G26/27 0 6 12 18 
G24/25 1 7 13 19 
G22/23 2 8 14 20 
G20/21 3 9 15 21 
G18/19 4 10 16 22 
G16/17 5 11 17 23 

A-REGISTER 
TEST BOOLEAN lEST BOOLEAN TEST BOOLEAN TEST BOOLEAN 
POINT TERM POINT TERM POINT TERM POINT TERM 

AO A21 GOO A20 G01 D72 G02 D71 G03 
-

Al A06 G04 A27 G05 D70 G06 D68 G07 

A2 A39 G08 A33 G09 D55 GlO D57 Gll 

A3 A38 G12 A31 G13 D48 G14 D46 G15 

A4 B38 G16 B49 G17 C21 G18 C30 G19 

AS B51 G20 B68 G21 C17 G22 C19 G23 

A6 B52 G24 B39 G25 C08 G26 C16 G27 

A7 B50 G28 B69 G29 C06 G30 C05 G31 

BOOLEAN TERMS ON 
B-REGISTERS 16X4 REGISTER CHIPS (TYPE R) 

008 - 178 WO WI W2 W3 

208 - 378 W4 W5 W6 W7 

408 - 578 W8 W9 WlO Wll 

608 - 778 
W12 W13 W14 W15 

A-5408 

CRAY X-MP AlB REGISTER CONFIGURATION AND lEST POINTS 

CPU - 0 (3AR) 
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U1 
I 

w 

\_~ 

CPt 

3AR's I 

I TE~MS I 

3AR's I 

I TE~MS I 

CP2 

jOPERAND 

I R04 - R071 

kOPERAND 

I ROO - R031 

'-..--' 

CP3 

j OPERAND 

24 BITS 

3AS's I 028/29 .. 
I F,O,ANDH 

TERMS 1 

FOR SYNC POINT USE P TERMS ON 
3JB AT SAME C.P. AS 3AR'S. 

kOPERAND 

24 BITS 

TEST POINT BOOLEAN TERM REGISTER 

A62 POI' AO 

A63 Pll' Al 

A48 P2l' A2 

A52 P31' A3 

A35 P4l' A4 

A38 P51' A5 

AI8 P61' A6 

A40 P71' A7 

CRAY X-MP ADDRESS REGISTERS 

,..--J 

CP4 

3AR's I 

i-DESTINATION REO. 

I I RESULT 
o TERMS 

016/17 25 211 217 223 

018/19 24 2 10 216 222 

G20m 23 2 9 215 221 

022/23 22 2 8 214 220 

024/25 21 27 I 213 I 2 19 

026/27 20 2 6 I 212 I 2 18 

3AR MODULE AND BIT LOCATION. THIS IS FOR CPU O. 
FOR CPU I USE S LOCATIONS. 

A-2265 
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5CALAR REGI5TER AND CONTROL 

The 5 register control block diagram includes the 3JA, 3JC, 3VB, and the 3GR modules. Below is 
a brief description of the modules involved in the block diagram. 

3JAMODULE 

The 3JA module is responsible for CIP fanout. It holds a copy of the current instruction to be 
issued. It then generates several copies to the 3AR and the 3GR modules. 

3JCMODULE 

The 3JC module is the CIP and issue control module for 5 register type instructions. The 3JC is 
responsible for 5 register reservation control, conflict checking and 5 register issue control. The 
3JC module decodes the instruction and determines if the instruction can issue. It does so by 
comparing what registers the instruction wants to use against what register may already be 
reserved. The 3JC also checks for entering data conflicts and holds issue if any is detected. 

3VAMODULE 

The 3V A modules fan out the Enter 50-57 signals from the 3JC module to all the 3GR modules. 

3GRMODULE 

The 3GR modules are the 5 registers. Each 3GR module holds bits n, n+ 16, n+23, and n+48 for 
all eight 5 registers and all 64 T registers. The 3GR's have a multiplexed input path and three 
readout registers; one each for 5i, 5j, and 5k. 

The 3GR's also contain the 5 register logical functional unit. 

XV2S02M 
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M 
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R 
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1'77 

Tjk 074 

Si 075 

2 

j j 
3 3 

V Registers 
Floating-point F.U. 

ADD 
60 
61 

VM 
PCI, Status 

SHIFT 
052 -057 

SCALAR 
FUNCTIONAL 

UNITS 

SM37 

CRAY X-MP S REGISTERS 
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071iOk 023ijO 
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7 0 
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~ 

0\ 
I 

W 

() 

~ 

,----' 

(3GR) CPU MASTER Q.EAR 

(3AP) EXCHANGE,IENTER S 

(3AO) RELEASE T 

(3HB,3HC) NIP,LIP 

(3HB) 
BLANK NIP 

(3J-) GO ISSUE 

Si SOURCE CODES 

22 21 2° 
000 - 12X INSTRUCTION 
001 - 000 INSTRUcnON 
010 - 064 - 067 INSTRUcnON 
Oil - 062, 063 INSTRUcnON 
100 - 006 INSTRUcnON 
101 - 001 INSTRUcnON 

3JC - P'J:JI}3 

I 

110 - OS:: - 055, 056 - 061 INSTRUCTION 
I I I - 040 - 051, 002 - 004 INSTRUCTION 

(3AP) N.,rv""'r.o<~--~- ~I 

(3AP) EXCHANGE SEQUENCE 

(3J-)~ 

\....-i 

CIP 
PANOUT 

~ (3AR) 

CIPDATA 

(3HB,3HC) NIP/LIPDATA 
3JA 

SCALAR ISSUE 

S REGISTERS QUIET ~ (3AP) 

ENTERSO-S7 

Si SOURCE 22_ 2 ° 

ENTER SOURCE 

Sj,Sk,Si BYPASS BITS 20 _ 22 

GO Si. Sk. Si BYPASS 

INSTRUcnON 
CONTROL SIGNALS 

GO ISSUE 

(3JA, 3JB, 3JD, 3JS, 
3HA, 3HB, 3HC) 

3VB. I ENTER SO - S7 
PANOUT 

(3PA, 3PE) fLOATING ADD 
(3VB,3VC) VECTOR REGISTER 

(3AS) CONSTANT 
(3GA) ADDER 
(3GB) SHIff 
(3JS) SHARED REGISTERS 
(3Vp) VECTOR MASK CONSTANT 
(3VA) MEMORY DATA 

(3MG) fLOATING MULTIPLY 
(3RH) FLOATING RECIPROCAL 

CRA Y X-MP SCALAR REGISTERS AND 
CONTROL BLOCK DIAGRAM (CPU 0) 

P40/41 27 , 2 2], 2 ]9, 2 55 

P47143 25,221,237,253 

P44/4S 2],219,2]5,251 

P46/47 2 1,2 17,2 ]], 2 49 

PS6/S7 214,2]0,2 46,2 62 

PS8/S9 212,228,244,260 

P6OI61 210,226,242,258 

P62163 2 8 ,224 ,240,2 56 

P64/6S 26,222,238,254 

P66/67 24,220,236,252 

P68/69 22,218,234,250 

P7<V71 2°,216,2]2,2 48 

~ 
LOGICAL 

P.U. 
Q44.0S1 
INSTR. 

3GR - SIT REGISTERS 

~I 

SIT REGISTER DATA 

B'()935E 



~ 
I 
o 
tv 

~ 

0'1 
I 
~ 

~ 
;g 
~ 
~ 
~ 

'"_-../ 

SOO - soo I 
SO-S7BUSY 

100 - 115 NIP DECODE I GOO - G29 INSmUCTION DECODE 
DATA A~~P ANDi,j,kBITS 

GTERMS 
C1P 

LATCliES 

116 BLANK NIP 

Pro - Rl3 Si - Sk REQUESTS 

coo -COS Si - Sk BUSY 

CIP 
CONFLICT 

mECK HOO - H02 Sk, Sj, AOO- A07 

16/0 

COUNTER 

(PI 
REGISTER 

RESERVATION 
&ENfERS 
REGISTER 

)R33 
S QUIET· (3AF) 

G30 - G37 ENTER SO - S7 FROM EXOfANGE 

R17 - R24 • (3GIU) 
rvl, ... lJ., .... l ~""V BNfERSO .. S7 

POO, POI. POb P03, P04 SO BUSY. ENTER & SOURCE BITS 

PIO. Pll, Plb P13. PI4 SI BUSY. ENTER & SOURCE BITS 

no. P21, P22. P23, P24 S2 BUSY. ENTER & SOURCE BITS 

P30. P3I, P3b P33. P34 S3 BUSY. ENTER & SOURCE BITS 

1'40.1'41. P42. P43. P44 54 BUSY. ENTER & SOURCE BITS 

SS BUSY ENTER & SOURCE BITS 

S6 BUSY ENTER & SOURCE BITS 

P70. P71. P72. P73. P74 S7 BUSY. ENTER & SOURCE BITS 

11/13 
JOO - JOS Si Si. & 

Si,Sj 16/0 Sk SOURCE BrrS 
&Sk 

lRI4-RI6" 
Si SOURaJ BITS • (3GIU) 

HOO' - H03' D ROO ISSUE. (3J.,) 

r:~@:~¥'IJ.l.~:~:~31 

JOO-JJ2 o ROI-RI2 " • 
S.- Sk BYPASS AND 
BYPASS SOURCE 
BrrS 

16/0 R22-R36 

INSmUCTION CONmOL 
SIGNALS 

MOl, MOO, M04 - M72, M73, M74 SOURCE JIO- JJ2GO S~ 
DECODE 

CIO - CIS Si - Sk ENTER 

EO? E23' E24 004, OOS INSmUCTION '11 
E03 E23 E24 036.037 INSmUCTION . 

Rl7 INSmUCTION 

P21 036- 037 G20 036- 037 

Sj, Sk BYPASS 

• 000' 1'80 036, 037 IN PROGRESS R2S. R26 
G20-ZOO 

T20RELEASET D 000 RELEASET 
L3 M.C. ~ 

~ 

036,037 IN 
PROGRESS 

N<JJ1!: Tho 'ignal, IIlC acnl \0 the 
3G1U which then fanout 
Ihc signal \0 lite n:st oC the 
3GR •• 

C·1572B 

CRAY X-MP 3JC MODULE S REGISTER ISSUE CONTROL 
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'----' EXAMPLE 1 3JC M( . .-ILE 

EXAMPLE OF CONFLICT CHECKS 

SK CONFLICT = (SK REO + SK CONFLICT) • (ISSUE + SK CONFLICT) • (SK BUSY) • {SK ENTER} T2 

-----) 

li~iJ.~iijU:!:!:i:!:mll:irii:i:iIg:ii:iI::II:i::ii:i:;iii~aII:::;::i::~:::::i::i:i!::llii:;i::::::::::~al:r:::!::::j:::::~i~~;!i::::::::ti:i~::;:jj::II::;:::~:::~!::;:::::!::::~:~:::::~i]lim::~IIu::IR~ii:i:1 

(j\ 
I 

lJ1 

("") 
("") ;.0 
0)::> 
3:-< 
-0 
)::>;.0 
:z IT! 
-< (/) 

IT! 
-0)::> 
;.0 ;;0 ..... ("") 
<: :J: 
)::> .. 
-I 
IT! ..... 

:z 
("") 

SK REQUIRED = (g = 04x. h BIT 2) + (g = 05x. h BIT 2 • h BIT 1) + (g = 06x) 

SK REQUIRED = 044 - 047 INST + 050 - 051 INST + 060 - 067 INSr 

SK BUSY = (Sl BUSY • k = xl) + (S2 BUSY· k = x2) = (S3 BUSY. k = x3) + (k ~IT 2) 

Ic.{la;:~ii#. ii!:l!ll.li~':!ii~iiiiAl;::iii::~:i¥iiii~~:!iMln:;!i:t~~~!Al!ii~:it~~iffl:~~::!:i!i~Jtlfli:~:i:i:i:I~I~!:tt!~i¥::ttlr1l:ii~:i::::tlaii:~i:i:i::ii:i{I:iIB.IU~:~Ii:~iIII::i:tSg~i:Bft$JtI:1 

SK BUSY = (S4 BUSY • k = xO) + (S5 BUSY • k = xl) + (S6 BUSY • k = x2) + (S7 BUSY. k = x3) + (k BIT 2) 

1~:~D.i:I:::::::::¥::::i::::i:8.!:iiiiii~l :i:::ffi:i:i::i:ll:ilii:i:ini:II::::i:li:I:!!iiiiiiiiMSi!:Ir;ii:IIIiiiiI!:~iiii:iii!i;:II;ii::i::ii::i::::!ii::ii::ii!ii:$_::;i::INTlilil 
';~ 

SK ENTER = (Sl ENTER. k = xl) + (S2 ENTER. k = x2) + (S3 ENTER. k = x3) + (k BIT 2) 

I~l.$.!::::~ #::::::::Mlli,;!:i!illil:ii:ll.il~iii'ii:;l\li::i:ii~iii::~:ii:~;~:i~m6:1:::::::!:~I::,~;:i:::*:;i:iM~I::i:!!::i::l\I::':!::ffi:::::!:~Bli:!i!:::::f$i:iiiKN.jfERn 

SK ENTER = (S4 ENTER. k =xO) + (S5 ENTER • k = Xl) + (S6 ENTER • k = x2) + S7 ENTER. k = x3} + (k BIT 2) 
C-1572 



3JC MODULE EXAMPLE 2 

REGISTER RESERVATION EXAMPLE 

SI BUSY .= (SI BUSY + ISSUE) • (SI ENTER) (SI BUSY) 

SI BUSY = SI BUSY 

! 1:1IQ~~:g'l.ij:::I~:':::1B.I:Q:I1r:@::::r 1:~::::::!f]I:1:11~::I:1::b.~~i::::I::r:::::::::';:~::::::,:::;~·;;I;;:;::;:,,; :'§l~~U§:ln 

SI BUSY = SET SI BUSY + (SI BUSY· MASTER CLEAR) 

n 
n :;0 
0)::> 
3: -< 
"'t:l 
)::>:;0 
::z IT! 
-< Ul 

IT! 
"'t:l)::> 
:;0 :;0 
...... n 
<:c 
)::> .. 
-i 
IT! ...... 

::z 
n 

I 
\_---../ 

ENTER "AI! EXAMPLE 

t1111'~~li:p':~::~:1' Ml1i"'I#.:::il~1~::1:11'111::11J.I::I:I:I,::~~:~::::;I::::~~~I~:11::~~:I~::::::::'!:::'~:'1:,1::~::'~I:'~Hm~!::) 

SI ENTER = (S1 IS SOURCE CPl • ENTER SI SOURCE • SI BUSY) + (SI IS SOURCE CP2 • SI BUSY) 
C-1572 
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-W 
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u 
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) 
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.....J W => 
0- .....J V) 

~ 0- V) 
c( ~ • ...... 
>< c( 
W >< • W 
W Cl 
.....J W .....J 
=> => 0 
0 V) :::J: 
0 V) 
~ ...... C 

V) 

U 
PJ 
M 

+ 

W 
=> 
V') 
V) 
...... 

• 
0' 
w 
c:: 
l-

• 
>-
V) 

=> 
CO 

l-

n 

w 
=> 

) 
V) 
V) 

) ...... 
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.....J 
0 
:::J: 

CRAY RESEARCH, INC. 
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(j\ 
I 

00 

('") 
('") ::0 
0):> 
3: -< 
""C 
):>::0 
:z fT1 
-< Vl 

fT1 
""C ):> 
::0 ::0 ....... ('") 

<:c 
):> .. 
-I 
fT1 ....... 

:z 
('") 

100-103 MEMORY DATA 10/13 Fnn-Fo7 R IT n 

104-107 F. RECIP. DATA DATA MUX F12-F19 BIT n + 16 
FROM F.U. 

108-111 F. MULT. DATA TO REGISTER F'4-F~1 RTT n + ~, 

112-115 F. ADD DATA F36-F43 BIT n + 48 

-

116-119 VECTOR DATA 10/13 F48-F55 BIT n 

120-123 A. REG. DATA DATA MUX F60-F67 BIT n~ 
FROM F.U. 

EOO-E03 S. ADD + SHIFT TO REGISTER F72-F78 BIT n + 32 
DATA 

000-003 1 CP RESULTS (SEE 3AR F84-F91 BIT n + 48 
MODULE) 

BOO-823 I 

15/0 

10/13 

150-158 
BYPASS SELECTS 

Fll.F23.F35.F47 

100-103 MEMORY 110/ 131 MEMORY DATA 
DATA TO T REG. 

WOO-W15 

T2 

\ .......... .../ 

HOLD PATH I~ 
POO - P07 L S REGISTER 

4 BITS 
FOO - F43 ~ 

POO-P07 ENTER SO-S7 L n. n + 16 
n + 32. n + 4B 

F4B - F91 ...r----.. 
POO-P07 ENTER SO-S7 1 ----

E 16/0 

159 - 166 
ENTER SO-S7 

SOURCE CODES 

22 2' 2° - SOURCE BITS 
000 - 12X INST. 
001 - 070 INST. 
010 - 064-067 INST. 
011 - 062,063 INST. 
100 076 INST. 
101 071 INST. 
110 052-055, 056-061 INST. 
111 040-051, 072-074 HIST. 

T REGISTERS 

10/11 

~ ____ ~V~1~0-~V~15L-11 __________ ~I ____ _ 

Hj X 4'5 

L-____ ......l1 C-/570 

3GR ~10DULE 

u 

GOO-G03 SO REG. 
GOO - G31 n m.P11.m 

G04-G07 Sl REG. 
G08-G11 S2 REG. F08 - F70 
G12-G15 S3 REG. PlO P11 P12 
G16-G19 S4 REG. GO K.J,I BYPASS 
G20-G23 S5 REG. 
G24-G27 S6 REG. T2 

G2B-G31 S7 REG. 

PO - P7 
SO-S7 ENTER, HOLD CONTROL 

T2 

SCALAR 
LOGICAL 

FUNCTI ONAL UN IT 
044,045.046,047 
050,051 INST. 

16/0 I 'u< - ""0 ~ 

ROO - R03 
READOUT SK OPERAND DATA 

REGISTER 
R04 - R07 
SJ OPERAND DATA 
R08 - R11 
SI OPERAND DATA 

16/0 

I 

~...J 



~ 
1 
o 

~ 

0'1 
1 

1.0 

~ 
~ 
~ 

~ 
~ 

'.---- /FJ2{Jl BITS 2",2",2",2" o 
LF34[l! BITS 213 ,219,2",261 7 

(lJA) T ADDRESS 
(1'70,75) 

/FJ6{J7 Brrs 211 ,2",2",2" 7 
/FJ1\I39 Brrs 2',2 2l,2 4I,2 i1 7 
P40/41 BITS 2',2",2 ~ 2" 

f42/43 BITS 2', 221 , 2 >1, 2 " 
f44/45 BITS 2',21',2",2'1 

P58/59 BITS 212,221,2",2" 

F60/61 BITS 210 2 26 2.t:l.2" 
63 BITS2',2",2"\2" 

/P64/65 Brrs 2",2 22,2",2" / 
/f66/67 BITS 2" ,220, 236,211 -------- / 

f-f68/69 BITS 22,2 11,2",2'" 

f71V/1 arrs 2°,2",2 12,2" ( 

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

(074) _ ~ 

11017\ 

(l3X) 

1-__ -+1 .... MEMORY (R12·RI5) 
(3AE) 

(075) 

-(lIC) ENlERSOURCE (146) -t-----t+----:::==-=-..-....,..---~ 
(lOR) SiSOURCE(l47·49) so 

1 (014.017) T I· SO = 0. SIGN (R24. R25) 
(lIlA) 

GTERMS K L 

f 
22 

2°,2 1 

.::::~~. SIOPERAND (R8 ·11) 

~I ~~~:~:--- RFADOUr I f r: :i~= ~~'.~) 
IT 

1 t I: ::::: 
(042·051) 

} 

TO ADD AND 
MULTIPLY 
fUNCTIONAL 
UNIT 

(lOR) (150· 58) fUNCTIONAL I BYPASS SOURCE 8rrs I I.DGICAL 

4 UNIT 

• #:a~~W6PANOllT ,:--------------------------------1 

• NOTE: 188 - 191 ..., uso:d by the Si Source 
bits, Go Sk, Sj, Si Bypass, 
036,037 In Progress and Go Bypass, 

1610 1610 

I-------------------jll'i ... ~~~M6PANOllT 

11\10 1610 
C·3847A 

CRA Y X-MP 3GR MODULE BLOCK DIAGRAM 



iJ' 
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o 

() 
() ;0 
0)::0 
3:-< 
-0 
)::0;0 
Z fT1 
-< V> 

fT1 
-0)::0 
;0 ;0 
...... () 

<:c 
)::0 .. 
-I 
fT1 ...... 

Z 
() 

3GR MODULE BOOLEAN EXAMPLE #2 

IlIil:I~";III:MI::'::::::'m~~:::::::;::$::::IIII::~::!!:::::::gt.ll:III:m~I.:;I::]~::::;::::::I.Ii:::::::::II::~::::::::B.:1:1':::::::::::Wi:::::::::I.Ii~::':II::~I:a:~::::'::::::~a~llB:::::~II:l.~I~U 

LOGICAL RESULT BIT M = SJ BIT n • SK BIT n • 047 INS! + SJ BIT n • SK BIT n • 045,046,051 INST + --sJBrT n. 

SK BIT n • 046,051 INST 

Ilqi.lel'6:::::i:::::~:::::::::::::::::::i:::I::::::::::.I::':::';:::Ml;::::::::::;II:::::::::::::nlfj::~::;I:!::::IlI~:I::::::::::rffi::::::t!JJI::~;:::::H:fj:::fi:::::::1:::::::9:1;~:;:1 
~'1" 

LOGICAL RESULT BIT M = SJ BIT n • SK BIT n • 044,047,050,051 INST + SI BIT n SK BIT-~ 050 INST. 

FOR EXAMPLE 047 INST. 

047 RESULT BIT M = SJ BIT n- • --sl(-g-rrn- • 047 INST. + SJ BIT n • SK BIT n • 047 INST. 

047 RESULT BIT = (MOO = R4' RO' H15) + (M04 = R4 RO R16) 

, ,_-./ 

047 INST. = LOGICAL EQUIVALENCE 

o 

C-/5?O 

,--.J 
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I 

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

m 
""'0):::0 
;:0 ;:0 
....... ("") 

<::c 
):::0 .. 
-; 
m ....... 

2 
("") 

'-./ ",.-J 

3GR MODULE BOOLEAN EXAMPLE #1 

SO SOURCE BIT 0 = SOURCE SELECT BIT 0 • ENTER SO SOURCE + SO SOURCE BIT 0 • TNTER-Sn-SOtJRCE 

C-/570 



MODULE 
LOCATION BITPOSmON 

..!L n+I6 n+32 n+48 

F70nI 0 16 32 48 
F68/69 2 18 34 50 
F66/67 4 20 36 52 
F64/65 6 22 38 54 
F62/63 8 24 40 56 
F60/61 10 26 42 58 
F58/59 12 28 44 60 
F56/57 14 30 46 62 
F46/47 1 17 33 49 
F44/45 3 19 35 51 
F42/43 5 21 37 53 
F40/41 7 23 39 55 
F38/39 9 25 41 57 
F36/37 11 27 43 59 
F34/35 13 29 45 61 
F32/33 15 31 47 63 

S-REGISTER 
TEST BOOLEAN TEST BOOLEAN TEST BOOLEAN TEST BOOLEAN 
POINT TERM POINT TERM POINT TERM POINT TERM 

SO B30 GOO B34 GOI D29 G02 D27 G03 - -
SI A55 G04 A42 G05 C38 G06 C36 G07 

S2 B46 G08 B42 G09 D46 GIO D42 Gll - - -
S3 A38 G12 A36 G13 C31 G14 C33 G15 

S4 B55 G16 B48 G17 D50 G18 D48 G19 -
S5 A29 G20 A31 G21 C25 G22 C27 G23 

S6 B64 G24 B53 G25 D62 G26 D51 G27 - - - - -
S7 A12 G28 A35 G29 Cll G30 C12 G31 

BOOLEAN TERMS ON 
T-REGISTER 16X4 REGISTER CHIPS (TYPE R) 

008 - 178 WO WI W2 W3 

208 - 378 W4 W5 W6 W7 

408 - 578 W8 W9 WIO Wll 

608 -778 
W12 W13 W14 W15 

A-S409 

CRAY X-MP srr REGISTER CONFIGURATION AND TEST POINTS 

CPU - 0 (3GR) 

6-12 
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01 
I 

W 

"---
CP 1 CP 2 

jOPERAND 

I 1E~\1S II R04-R07 I 

3GR'S 

kOPERAND 

I ~MS II ROO-R03 I 

060ijk INSTRUCTION 

061ijk INSTRUCTION 

64 BITS 

64 BITS 

CP 3 

3GA 

3GA 

lstLATCH 
TIME 

COO-C31 

DOO-D31 

EOO-E07 

''-..-/ 

F50/51 

2nd LATCH 
TIME 

ROO-R31 

For sync point use P terms on 3JC 

CP 4 

F52/53 

at same clock period as first latch time 
on 3GA. 

1EST POINT BOOLEAN 1ERM REGISTER 

A02' POI' SO 

AlO PII' SI 

A08 P21' S2 

A18 P31' S3 

A44 P41' S4 

A72 PSI' S5 

A68 P61' S6 

A59 P71' S7 

CPS 

i DESTINATION REG. 

64 BITS 

F32m 2 15 

F34/35 2 13 

F36/37 211 

F38/39 2
9 

F40/41 27 

F42/43 25 

F44/45 23 

F46/47 21 

F56/57 214 

F58/59 212 

F60/61 2 10 

F62/63 28 

F64/65 26 

F66/67 24 

F68/69 22 

F70m 20 

3GR's 

2 31 247 

2 29 245 

227 243 

2 25 241 

2 23 239 

221 2 37 

2 19 235 

217 2 33 

2
30 

2
46 

2 28 244 

2
26 242 

224 240 

222 238 

2 20 236 

2 18 234 

2 16 232 

RESULT 
G1ERMS 

263 

2 61 

259 

257 

255 

253 

2 51 

249 

2
62 

260 

2
58 

256 

2
54 

252 

250 

248 

3GR Module and bit locations. lbis is for CPU O. 
For CPU 1 use R locations. 

i 

I 

CRA Y X-MP SCALAR REGISTERS 

-.-J 

A-2266 
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EXCHANGE OPERATION OVERVIEW 

A. Method of transferring control from one program to another program 

B. Conditions that cause an Exchange to take place 

1. Deadstart Sequence via the MCU 

2. Interrupt flags 

3. Program exit 
a. 000 Instruction - Error Exit 
b. 004 Instruction - Normal Exit 

C. Conditions that would cause an Exchange to be delayed 

1. NIP Register contains a valid instruction, but not a 0034jk instruction that has the 
semaphore specified by the jk field equal to a one (hold issue condition) 

2. S, V OR A Register busy 

3. Memory not quiet (any section busy) 

D. Exchange Timing 

1. For 32 Bank, ECL Memory: 40 CP's 
2. For 16 Bank, ECL Memory: 42 CP's 

NOTE: 21 CP's for the Exchange 
+ 3 CP's to avoid conflicts 
+ 16 CP's for fetch on a 32 Bank or 18 CP'S for 16 Bank. 

40 CP's total for a 32 Bank or 42 CP'S for 16 bank machine. 
3. For 32 Bank, MOS Memory: 51 CP's . 
4. For 16 Bank, MOS Memory: 57 CP's 

NOTE: After every Exchange, a Fetch operation will take place. 

HTV-0242 7-1 
Hardware Trng. 
XV203W18M R. w.A. 



~ 
CP'S 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

MOS :MEMORY ECL :MEMORY 

READ WRITE ~ READ WRITE 

BANK BANK CP'S BANK BANK 

0 AO I 0 AO 

I Al 2 I Al 

2 A2 3 2 A2 

3 A3 4 3 A3 

4 A4 5 4 A4 

5 A5 6 5 A5 AO 0 

6 A6 7 6 A6 Al I 

7 A7 8 7 A7 A2 2 

10 SO 9 10 SO A3 3 

11 SI AO 0 10 11 SI A4 4 

12 S2 Al 1 11 12 S2 A5 5 

13 S3 A2 2 12 13 S3 A6 6 

14 S4 A3 3 13 14 S4 A7 7 

15 S5 A4 4 14 15 S5 SO 10 

16 S6 A5 5 15 16 S6 SI 11 

17 S7 A6 6 16 17 S7 S2 12 

A7 7 17 S3 13 

SO 10 18 S4 14 

SI 11 19 S5 15 

S2 12 20 S6 16 

S3 13 21 S7 17 

S4 14 . 
S5 15 

S6 16 

S7 17 

MOS :MEMORY VS. ECL :MEMORY 

EXCHANGE TIMING COMPARISON CHART 

7-2 

Hardware Trng. 
XV203W14M R.W.A. 
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'I 
) 

) 

263 

P 

IBA 
34 

36 

WORD 

10 SO 

11 SI 

12 S2 

13 S3 

14 S4 

15 S5 

16 S6 

17 S7 

READ our AREA 
WORD .illI EWlJl 

o 262 
o 261 _ 200 

o 259 _ 252 

1 263 _ 262 

1 261 _257 
1 256 _ 252 

STATUS AREA 
WORD BIT 

o 
I 
2 
3 
3 
4 
5 

PN - Processor Number 
E - Error Type 
S - Syndrome Bits 
R-ReadMode 
CS - Chip Select Bits 
B - Bank: Address 

2 
P - Program Address Register 2 
lBA - INS1RUCfION BASE ADDRESS 2 
ILA - INS1RUCTION LIMIT ADDRESS 2 
XA - EXCHANGE ADDRESS 3 
VI.. - Vector Length 4 
DBA - Data Base Address 
DLA - Data Limit Address 

FLAGS 

3 249 
3 248 

3 232 

3 231 

3 230 
3 229 

3 228 
3 227 
3 226 

3 225 
3 224 
4 228 

M 

M 

4 224 _ 225 

BITPOSmON 2° 
39 63 

AO 

Al 
38 

A2 

A3 

A4 

AS 

A6 

A7 

.fWlJl 
M - Mode Register 
IMM - Interrupt Monitor Mode 
SEI - Select for Extemal Interrupt 
BDM - Bidirectional Memory Access 
FPS - Boating Point Error Status 
WS - Waiting on Semaphore 
MM - Monitor Mode 
IUM - Interrupt on Uncorrectable 

Memory Error 
IFP - Interrupt on Boating Point Error 
ICM - Interrupt on Correctable Memory Error 
lOR - Interrupt on Operand Range Error 
VNU - Vector Not Used 
ESVI.. - Enable Second Vector Logical 
EAM - Enhance Addressing Mode 

ICP - Interrupt from Internal CPU 
DL - Deadlock 
PCI - Program Clock 
MCU - MCU Interrupt (MIOP) 
FPE - Boating Point Error 
ORE - Operand Range Error 
PRE - Program Range Error 
ME - Memory Error 
101 - UO Interrupt 
EEX - Error Exit (000) 
NEX - Normal Exit (004) 
PS - Program State 
CLN - Cluster Number Register 

A-0929E 

CRAY X-MP EXCHANGE PACKAGE 

7-3 



--.J 
I 
~ 

(3HR) 
(311A) 
(3GR) 

(3HD) 

(31-) 

lNS1RUCTION BUFFER DATA 
BLA.'1KNIP 

O'U MAS1ER CLEAR 

NlERRUPT 

GO ISSUE 

"~' 

P-REGISTER. -IOR-2 

~ I. GO EXCHANGE 
EXCH. 

EN. 
~ 

(31-) A.S. V. OUIET f SEQ. DECODE 
3HB - FlO/II (3AF) F+X CPU-I I CN1R 

NIP-UPPER (3GR) O'U MASTER CLEAR I 

(3AQl SECTION BUSY 

(3AR) A'DATA2 4-211 

(3HD) XADATA24 -211 I XA 

~1xJ (3IB) ENTER XA 

(3HD) lBA.1LA 

3AF -004105 

~XCHANGECONTROL 

RELEASE EXCHANGE 

BANK BITS 22_ 2 4 

ENABLE SEC_ 0 I 2 3 

F+X REFERENCE 

I 
EXCHANGB 

(3VC) 

EN1T,R EXCH. PARAMETER 
(311A) 
(3AD) 

AIS POlNTERS (310) L......., 
ENTERAIS 
GO EXCH. PARAMETER 

(31B.31C) 

EXCHANGE ADDRESS 

(311A) P-REGISTER 

(3VC) VECTOR LENGTH 

GO EXCH. ADDRESS 

GO WRITE 
SECTION O. I. 2. 3 

I 

hf12/03-SEC- 3 I 
LSOOIOI - SEC- 2 I 

I GOOIOI - SEC_ I 

Gf12/03 - SEC- 0 
GO BANK X 

BLOCK F+ X ADDRESS 

3AQ4-PORTCONROL 

MEMORY DATA 

VL 

~ 
P-REGISTER 

XAREGISTER 
EXCH. 
PARM. mA.1LA 

DBA.DLA 

(3 IZF) 

lAD) (3 

(3AE) 
(3VC) 

(3AR.311A) 

(3AP) 

(3AP) 

MEMORY DATA 

(3AD. 3AB. 3AG) 

(3VA) 
3HD - H30131 

EXCHANGE PARAMETERS 

/GI4J1S-24 _213 / -- G1U13 - 214 _ 221 

MEMORY ADDRESS 

(3HD) 
DBA. DLA 

3AD MEMORY ADDRESS 

8-06078 

CRA Y X-MP EXCHANGE SEQUENCE CONTROL (CPU 0) 

'\...--' ~ 



~ 
I 

o 
N 

t3 

.....,J 
I 

VI 

~ 
;g 
~ 
~ 
:> 
~ 

',,--../ 

N3 

(3IC) - - ~--. 

(310) IS6 V QUIET 

I:::::. ... u __ LJ GO EXCHANGE 

ill. 
175' 

ACCESS SELECT 

~ 
NOTE: YI03 is equal to a 1 for a 

MOS Memory machine. YI06 
is equal to a 0 for a MaS 
Memory machine. 

NO' 
P:tXIN 
PROGRESS 

'-...--' 

lU<I • (3AQ'., 3Ap) 

147 SECTION 0 BUSY 

148' SECTION I BUSY 

149" SECTION 2 BUSY 

ISO' SECTION 3 BUSY 

lSI • 

• lSI _ OPEN PIN ON 3AP AT Cl4/S 
1S1-R28 FROM3APATCl4/S 

TO 3APATS4/5 

NOI 

COUNT - 37 •• YI06' 15' 
END EXCHANGE 
SEQUENCE 

•• P3 STARTS SEQUENCE COUNTER. 
NO KIlI!PS COUNTER GOING, 

CRA Y X-MP 3AF MODULE EXCHANGE CONTROL 
(FOR CRAY X-MP/216 WITH MOS MEMORY) 

NO 
P+XIN 
PROGRESS 

\J 

('lVC) 

(3AD) 

('lHA) 

('lHB) 

A·S871A 



-..J 
I 

0'\ 

OAF) ~~ EXCHANGE 
PARAMETERS 

1'2 

3HE 

MOO IIMOI 

16,1) I .11....116/0 I ....'l1.J 16,1) 

.M2l.r-\ POO 

~ 

------------------1 
I 

P 

rnA 

IUI/////////fA 

M02 

EXCHANGE PARAMETERS PACKAGE 

176-177 
(3HD) CiJii'ii"ITS 

CPU I 

1'2 

"------" 

16,1) 

N06-N07 

BOO+ CLN BIT 0 

B01'" CLN BIT 1 

I R26-R31 (3HA) 
MULTIPLEXED 

16/0 

189 

~ MOO 
PREGISTER-1 

M 1 
~ 

MIDTERMS 
190 

M04 
P REGISTER-2 

CTERMS 

QOO 

COO - NORMAL EXIT 

COl - ERROR EXIT 

C02 - I/O INTERRUPT 

COO - MEMORY ERROR 

C04 - PROGRAM RANGE ERROR 

COS - OPERAND RANGE ERROR 

C06 - PLOATING POINT ERROR 

C07 - PC! INTERRUPT 

C24 DEADLOCK 
-........, DEADLOCK 
)INGON 

C08 
PROGRAMMABLE 
CLOCK 1'2 . 16/0 

C25 

PDATA 

FOO-F2S G,HAND 
M03 JGATES 

M04 
REFERENCE 
BOOLEAN 

1'2 --, 16/0 

1'2 
16/0 

1"_"-__ 
INTERRUPT OHB) 

CRA Y X-MP 3HD MODULE EXCHANGE REFERENCE 

\ .. -_/ 

C-1581B 

\-J 



~ 
I 

o 
N 

i!3 

-....I 
~ 

(J 

S; 
-<! 

~ o 

~ 
~ 
~ 

'-----./ 

01 

02 

03 

04 

os 

06 

07 

10 

II 

12 

13 

14 

IS 

16 

17 

',-j ~ 

263 262 261 260 2" 2" 251 2" 2" 2'4 2'3 251 2'1 250 249 241241 246 24' 2« 243 241 241 240 239 231231 236 2" 234 233 232 231 230 219 228 221 216 225224 223 222 221 220 21!1 2 18 211 216 2 15 214 213 212 211 2 10 29 28 21 26 2' 24 23 22 21 20 
I I I I 1777771 i 

5YNDROMEBITS 
PREGISTER 

AO 
221220 219218211 216215 214 213 211 211 210 29 21 21 26 2' 24 23 22 21 20 2-1 2-2 

mA 
M Al 

211211216 21S 214 213 211 211 210 29 21 21 26 2S 24 23 21 21 2' 

M A2 

A3 

A4 

AS 

A6 

A7 

50 

51 

52 

53 

54 

5S 

56 

57 

D-1136 

EXCHANGE PACKAGE 



-..J 
I 

OJ 

WORD 

o 

2 

3 

4 

5 

6 

7 

10 

11 

12 

13 

14 

IS 

16 

17 

.~ 

2
63 

2 521 2481247 

MEMORY 

2241z23 20 

P AO 

IBA M Al 

lLA M A2 

A3 

A4 

AS 

A6 

A7 

so 

SI 

S2 

S3 

S4 

S5 

S6 

S7 

263 _ 250 
MEMORY 
STATUS 

3HE 

2 49 _ 224 

223 _ 20 

rt' 

EXCHANGE 
PARAMETERS 

3HD 

A7 
A6 

:AS 
'A4 

A3 

I t II t-f.1:l.-J 

~ 

223 _ 20 

~ 

L-IAO I 
A 

REGISTER 

3AR's 

~ 

I ,S_ " '1 
S 

REGISTER 

3GR's 

t 

CRAY X-MP EXCHANGE DATA 

.'-..-J 

P REGISTER 

3HA 

z31 - z29
1 

r-, ----, 

FANOUT 
IBA&ILA 

I, ~ 1 REGISTERS 

247 _ 238 
~ 

3GR's 

FANOUT 

3VB's 

FLAGS 

.. 
4 

&XA 
REGISTER 3AF 

VL 
REGISTER 

3VC 

DBA 
& 

DLA 
3AD 

C-11378 

I ~ I 

'--> 







) 

J 

00200k 023iOI 
Ak Ai 

l 

VECTOR 
LENGTII 

REGISTER 

" 
VECTOR 

CONTROL 

M 
E 
M 
0 
R 
Y 

... 

I 
I 

I 

177 

176 

I RECIP APPR. 
070 174ijO 

ADD 
170-173 

FLOATING 
POINT 

FUNCTIONAL 
UNITS 

I V7 

I V6 
I vs 

I V4 
V3 

V2 
VI 

VO 

-.. 
7 

............ .,,7 V· 
""7 J 

-::7 Vi .. 
.. 7 
p 

... 
... 

.. ... 

~ 

t-"--Tl ... e_---3' 

/ .. 
" 

Sj Sk Si 

Vk 

.. 
.. 

, 
" .7 I 2ND V. T OnTC'AT 1 

7 I POP/PARhy> { 4 
/ I SHIFT E 0 

/ I::n. 'i ~i 
.u ! 

1 

FULL v. LOGICAL! .~ 1_ II~ 
INDEX GENERATION: 11 Ii I.) 

140 - 147 i is II-
213 ~ 

VECTOR 1~ 
FUNCTIONAL 2; 

UNITS 

, 
1 
7 
S 

VECTOR MASK 

VC 
EO 
C N 
TT 
o R 
R 0 

A~ 

Si ISj L , 
073iOO 0030jO 

Hardware Trng. 
A-5874 R. W.A 

CRAY X-MP VECTOR REGISTER 

8-1 



::: 
::: 
::: 

WRITE 
.. ELEMENT 

L---t_~ ADDRESS 

... 

... 

.. -

COUNTER 

WRITE 
VL 

COUNTER 

READ 
ELEMENT 
ADDRESS 
COUNTER 

READ 
VL 

COUNTER 

INPUT 
STEERING 
MODULE 

+1 

-1 

+1 

-1 

~I...---"" 
I ..J 1 CP 
~DELAYI 

WRITE ELEMENT 
ADDRESS (ODDJEVEN) 

READ ELEMENT 
ADDRESS (ODDJEVEN) 

, " 

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

VECTOR REGISTER 

BYPASS 

1r 
E 
A ... OUTPUT 
D I--t_~ STEERING 
o MODULE 
U 
T 

~~ 

... Hardware Trng. 
A-5875 R. W.A 

CRAY X-MP VECTOR REGISTER DATA FLOW 

8-2 



VECTOR REGISTER INSTRUCTIONS 

00200k - Transmit (Ak) to VL register. 

002000 Transmit 1 to VI register. 

023i01 Transmit (VL) to Ai. 

076ijk Transmit (Vj, element (Ak)) to Si. 

077ijk Transmit (Sj) to Vi element (Ak). 

077iok Clear Vi element (Ak) 

176iOk Read (VL) words to Vi from (Ao) incremented by (Ak). 

176iOO Read (VL) words to Vi from (Ao) incremented by 1. 

176ilk Read (VL) words to Vi using ((Ao) + (Vk)). 

I 770jk Store (VL) words from Vj to (Ao) increment by (Ak). 

1770jO Store (VL) words from Vj to (Ao) incremented by 1. 
I 

) 
1771jk Store (VL) words from Vj using ((Ao) + (Vk)). 

155ijk Integer sums of (Vj) and (Vk) to Vi. 

XV2S10M 

8-3 



00 , 
~ 

(31D 

(3). 

(31D 

(3AR' 

(3V' 

(lV, 

(lOR: 

(31D 

(lUB 

(3A' 
(lID 

(31D 

Vii-VI DATA READY 

VO·VJ DATA READY ~ 

...--.,IiIS.'/5S YO. VI. V2. VJ ;;zJ 
JlS2/SJ V4. VS. V6. V7 

Vo.V7GODATA 
OPPAIR REQUIRED 

(31D) 

·20.21,k~.21, b20 00 MEMORY DATA (3AO) @ GO Vk ADDRF.ss 
GO READ/WRITE VO-V7 CNTR. 

(3AO) 

AI< 20. 2' 
VL 

vo. V7 RELEASE READ (31D) 
VL20-25 I ~ ENTERVL 

~ 
Vo. V7 RELEASE WRITB (31D) 

CPU MASrER Cl.EAR GO BYPASS VOOV(J1 

- GOSELEcrVkSCAT,oAm. 
SELECl"Si ((f/6.am (3VB) 

~ 
SCALAR R1lF.6CALAR WRITB VO-V1 

Vo.V7 GO READEVENKlDD 
GO WRITB VO-V7 

~ 

HOlD V/BIf SCAT\CR,UAmER 
vo. V7. GO WRITB EVEN,oDD 

116 1111NSTRUCllON Vo.V1 EVEN,ooo ADD 'If'. 2' 
GO Vk SELECf (Il' 2) JoVDVL~OL (3AR) Al<2°·2' 

/1156/57 -V7 1 
11158159. V6 1 

IHOO/61.vs / 
/H62ifiJ .V4 / 

"t6416S.Vl / 
IH66 iii· V2 / 
H68/69· VI 

1I7W11· VO 

READ 01nEVEN 

~R. FANOlITDATA 

e:: V REO. 
'1 AID ~~~ (3VB) V'VkFlElD 

VO-V7OPDATA 

Imont -213 ,213,2", 2oU, 2 53, 263 I 
/068/69.2".2".2»'.2". 2!11. 2 62 J 

/066/61.2" 2".2".241 .2".2'" / 

/G64/6S.'J!-0.z1O 210.2"'.2"'.2"'/ 

/062/63.2'.2'·.2 .... 2".2 ... 2"/ 

/060/61.2 1.2".2 11.2".2"'.2" / 

/058159.2'.2".217.2".2 47.2" / 

/056/S1.2".2'".2'".2"'.2".2"/ 

G54/SS. 25 ,215 ,215,2". 2oU , 255 

052/53.2",2 1". 2u , 2"',2",2"" 

FANOlITDATA 

Illlll!UI OIlTMlT S'lEHRING 

S·REGISTER 
FLOATINORE 
FLOATINGA[ 
FLOATINGMl 

(lAB) 
OR) 
PROCAL (3RA) 

(3MA. JMB. Jpc) 

JNPIITmwJlJNG .a.IIW /GJ4(JS. 2'. 2 ". 213. 2".2".2 41.2 55.26>1 ~", DATA roo ~I 01.J1:E.!. oor 

r~.!:!. --~~ 
{~~ 

VECTOR ADD 
~PLY (lMA.JMB.JMC) 
VG) 

(lFA.~: 
8~ 
g~ 
(3GR) 
(3R11) 

(l1lR) 

(3AO: 
(lID: 
(lID: 
(lID) 
(3VI') 

i 
'-.......-..J 

MEMQRYDATA /GJ61J1. 2'.2 ".2". 2". 2". 2". 2". 2"'/ -. VECTORSIUF 
VECTORLOGI 

FLOATING ADD 
/GJ8(J9.2'. 2".2".2 21• 2".2". 2".2" / - c..!!!L. VkSCATI1lRII 

FLT. MllLTJSECOND V. LOG. JVB OPERAND MULTIPLEX 

(lVE) 
:CAL (]VI') 

.mER (lAP) 

VIiCIOI.ADD 
/040/41.2'.2'.2",215.2".2".2-.2" / VECl"OR SIUFT JVR· VECTOR REGISTERS 

VECTOR LOGICAL /042/43.2".2".2" •• 10.2".2".2".2-/ 
SCALAR REGISTER JVC GSO/SI·20.2'.2'.2' 
REC\PROCAIJPOP. /G44145. 2'. 211. 210. 211. 2"'. 2". 2!11. 2'" / (3VD) SELECTVkSCA'!TER,UAmER 

046/41.2'.2'°.2".210.2".2".2"'.2" / I MUX 048/49 - 2°.21,216• 2u , 2·32., 240, 241, 256 VO-V1IlBS11NATION 
-00 -f Lof- .--- DATA 

(3VG) Vi/Vk REID 
(3VB) SELECl"Si((T17) 

MEMORYFOR\' ~ MUll f--to (lAR) Al<REGlSTER2°·2' VL REGISTER 2°· 2' 
(lAB) SELECl" BITS 'If'. 2' (lVD) 

(lOR. JGR) EXCHANGE VL 2° • 2' 
INSTRUCllON Vi FIELD (3VB) (llF. JAP) ENTER VL 1 ~.I VL REGISTER 2°. 2" (lAO. JAR. JHD) 

(lVD) 

INSTRUCllON BUFFER 

GO MEMORY PORT A.o 
GO FUNCllONAL UNIT X 
iFrEI.D 
FUNCllONAL UNIT X BUSY 
GOV; DATA INDEX 

'--- MEMORY READ DATA (lOR. JAR. 1 ENTERVL 
JDD.JIID) 

FLOATINO 01'. RANG!! p.e.lNT. p.e.FLOATING 01' INT. (l1lD) r f- JVA VECTOR RESULTS MULTIPLEX 

FUNCllONAL UNIT SELECf BITS 2°.2' 
Jve OPERAND MULTIPLEX GO SELEC\lON 

",-JHC. FI2i1J 2 D. 2' / JID·FII/19 
r--" JUB·FIO/ll 2 1.2" (ll.) GO ISSUll -
r--. 

-;;;;-READ/WRITE SEQUENCE VO-V7 BLANK NIP 0 
NIP T 

B CP 
NIP/LIP DATA 1 C OP PAIR REQUIRBD 

r- r- (lVD) VO-V1 REL. RI!AD/WR11B REL.11S 
SCAT\CR,UA mER 

(lAO) 1'!ll!T NIl/C I!EL 1 RES. 116·171INSTRUCllON 
V F.U. r- IEOODE GOWRITBVCJ.V7 (3VD) + FUNCllONAL UNIT X BUSY 

DELAY (l1lD) S.QUENCE MEMORY 1 F.U. iFIELD 
(lOR) CPU MASTER CLEAR VARIOUS INSTRUCTION CONTROLS 

- - VECTOR REOISTERS IJIET 
(lJF) SCALAR ll'o,l. 2. J 

JHB INSTRUCllON CONFLICT GO ISSUE 
CONTROL ~ 

(lVD) Vo.V7GODATA l...r-\ ('.0 DATA FlmCTIONAL UNIT X 

JID VECl"OR ISSUE 
~N'I!OLANDRESERVATIONS 

.... 

CRAY X-MP VECTOR REGISTER AND CONTROL BLOCK DIAGRAM (CI'UO) 

.. '-....../ 

(3VD) 

(3VD) 
(3AO.JAP) 
(3VD) 

(3HB) 
(lHB) 

LJ 
(3AP) 

FUNCllONAL UNIT SELECf.!!lIS E!lli!;]]ONAL!JJ!JI SI 

~o 

OOO·PORTA. 
OOI·PORTO. 
o I O·FLOATI~ 
o I I·FLOATIN 
100·FLOATIN 
101·VECTOR 
110·VECTOR 
I II.VBCTQR 
o OX·OAmBR 

ONJVB', 

011 
RECIPROCAL 

ADD 
MllLTIPLY 

INTBGERADD 
1FT 

LOGICAL 
SCA TTBR (WID! 161 
AND 111 ON JVC) 

(ll·. JHA. JUB. JHC) 

(JUB) 

C·2310A 

.~-j 



J 

I 
) 

(JJD) 

(JJA) 

(JJD) 

(3AR) 

(3VC) 

(3VC) 

(3GR) 

(3JD) 

(JHB) 

(JAO) 

(JJD) 
(3JD) 

INPUT 
(JZE) 
(3FA, 
(3MJ) 

(3VG) 
(3VE) 
(JVF) 
(3GR) 
(JRH) 

V4 V7 DATA REAllY -
VO-V3 DATA READY 

I I I 
H54/55 VO VI, V2 v3 / H56/57 - V7 / 

/';70/71-213 223.233,243 253 263 / H52/53 V4, V5, V6, v7 

/ H58/59 - V6 / VO-V7 GO DATA (JJD) 

OP PAIR REQUIRED 

j 2°-2 2 ; k 2°_22 , h20 J AD~R I 
GO MEMORY DATA (3AO) 

GO RO/WR VO-V7 CNTR GO VI< ADDRESS (3AO) 

Ak 20-25 VL RO VO-V7 RELEASE READ (3JD) H CNTR I 
VO-V7 RELEASE WRITE (3JD) 

VL 2°_2 5 
GO BYPASS VOO-V07 

ENTER VL I ~VLWR GO SELECT Vk SCAT/GATH (3VB) 

CPU Me CNTR 
SCALAR REF ./SCALAR WRITE VO-V7 

SELECT Sj (076,077) vO-V7 GO READ EVEN/ODD 

~ 
ADDR 

~ WR 
GO WRITE VO-V? CNTR 

VO-V? GO WRITE EVEN/ODD 

HLD V /B/T /SCATTER/GATHER 
VO-V7 EVEN/ODD ADD 20 _24 

176, 1 77 INSTRUCTION 3VD ADDRESS (JAR) Ak 20 _25 GO Vk SELECT (CP 2) 
& VL CONTroL 

STEERING 
/ G34/35-27,2,5 223 231 239,247,255,263/ MEMORY DATA 

3FE) FLOATING ADD 
/ G36/37-25,2'3 221,229,237,245,253,261/ 

r 
E'LT. MULT./ SECOND v LOG. 
VECTOR ADD -

/ G38/39-23, 2" ,2,9,227,235,243 251 ,259 / VECTOR SHIFT 
VECTOR LOGICAL 

/G40/4'_21,29,217 225 233,241,249 257 / SCALAR REGISTER 
RECIP./POP 

/ G42/43-26, 2'4,222,230,238,246,254,262 / 

/G44/45_24,212,220,228,236 244,252,260/ 

IG46/47_22,210,218 226,234,242 250 2 58 / 

G48/49- 2°,28,2'6,224,232,240,248,256 

/H60/61 - V5 / 
/ H62/63 - V4 / 

/ H64/65 - V3 / 
/ H66/67 - V2 / 

/ H68/69 - VI / 
H70/71 -vo 

RD ODD/EVEN 
EN 

WR 

b= FANOUT DATA 

CS 
& v REG 

ADD1~~ (3VB) Vj ,VI< FIELD 

~" .. ~ VO-V7 
'--- EVEN -'--" RD OP DATA 

Pr~-'" 00 DATA ~ r 41-77 ~ 
~ 

3VR - VECTOR REGISTERS 

(JVO) SELECT Vk SCAT /GATH 

(JVG) v· /VI< FIELD 

(JAR) Ak REG. 20 -25 

/G68/69_212 ,222 ,232,242,252 ,262 ~/ 
/ G66/67-2" ,221,231,241,251,261./ 

/ G64/65_2'0,220,230,240,250,260 / 

I G62/63-29 ,2 ,9 ,229 ,239 ,249 ,259 / 
/ G60/6'-28,2'8 228,238,248,258 / 

/ G58/59-27 ,217 ,227 ,237 ,247 ,257 / 
/ G56/57_26,2'6,226,236,246,256 / 

/ G54/55-25 ,2,5,225,235 245 ,255 / 
G52/53-24, 214,224,234,244,254 

FANOUT DATA 

OUTPUT STE ERING r--

r------- MUX 

l~ 
-

3VB OPERAND MULTIPLEX 

3ve GSO/51-20 ,2' ,22 ,23 

j MUX 

VL REG. 
VL 

HEM. DATA (3 AE) 

S - REG (3G R) 

FLT. RECIP. 
FLT. ADD (3F 
FLT. MULT. ( 
VECTOR ADD ( 
VECTOR SHr FT 

(JRA) 
A,3FB,3FC) 

3MA,3HB,3MC 
3VG) 

(JVE) 
VECTOR LOGIC AL (3VF) 

(3AP) Vk SCAT /GATH 

20 _2 5 {Jve 

(3VB) SELECT Sj (077) +- - VO-V? DESTINATION (3HR,3GR) EXCH. VL 20 _25 1 REG VL REG. 20_2 6 (JAO ,3AR,3HD) 

MEMORY PORT 

(JAE) SELECT BITS 2 0 ,2' MUX 

(3VB) INSTR. Vi FIELD f-----

3VA VECTOR RESULTS MULTIPLEX 

I 3HC-FI2/13, 2°-27 / 

3HB-Fl0/11 28 _2 ,5 

( 3HR) INST. BUFFER NIP 

(JAO) GO MEM. PORT A,B 
,.-::--::-- ~ ~ ... F.U. 

(JJD) GO FU X DELAY CODE GO WR vO-V7 (JVO) 
(3JD) i FIELD f.. 

F.U. X BUSY 'r ... (3JD) ... 
~INSTRGcTION (3VF) GO vi DATA INDEX 

.. CONTROL 

DATA 

(3~,3AF) ENTERVL 

FLT. OP RANGE P.C. INT. 

MEMORY READ 
DATA (3GR,3AR,3DD,3HD) 3VC OPERAND MULTIPLEX 

F.U. SELECT BITS 20 _2 2 

GO SELECTION 

3JD F18/19 
(3J-) GO ISSUE r-

0 

BLANK NIP E CIP GO ROfWR SEQ. vO-V7 (3VO) 
NIP/LIP DATA C 

REL.,751 
OP PAIR REQUIRED (3VO) 

(JVO) vO-V7 REL. READ/WRITE SCATTER/GATHER (3AO,3AP) 
(JW) PORT A/B/C REL. RES 176-177 INST. (3VO) 
(JHD) SE • MEMORY V F.U. X BUSY (3HB) 

+ t-- i FIELD (3HB) 
(3GR) CPU He FU VARIOUS INST. CONTROLS (-) 

(3JF) SCALAR CP 0,1,2,3 CON- VECTOR REG's OUIET (JAF) 
FLI GO ISSUE (3J-,3HA,3HB,3HC) 

(3VO) VO-V7 GO DATA ~ GO DATA F.U. X (3HB) 

3JD VECTOR ISSUE 
CONTROL • RESERVATIONS 

CRAY X-MP2 VECTOR REGISTER AND CONTROL 
BLOCK DIAGRAM (CPU 0) 

ENTER VL (JVD) 

P.C. FLT. OP INT. (JHD) 

F.U. SELECT BITS 

22 2
'

20 

000- PORT A, C 

a 0 1 - PORT B, 076, 077 

a 1 o - FLOATING RECIP. 

0 1 1 - FLOATING ADD 

1 0 o - FLOATING MULT. 
1 0 1 - VEX:TOR INTEGER AD o 
1 1 a - VECTOR SHIFT 
1 1 1 - VECTOR LOGICAL 

C-23/0 

X2002S0207 



00 
I 

VI 

\ 
"'--..--......-' 

: 
"-../ 

16,0 POO,POI VO BUSY AS OPERAND, DESTINATION 

GPI PIO,Pll VI BUSY AS OPERAND, DESTINATION 

CIPDECODE 
REGISTER P20,nl V2 BUSY AS OPERAND, DESTINATION 

100-115 NIP DATA GOO-G27 INSTRUCTION DECODE RESERVE 

A,B,E, F AND h,iJ,k BITS P30,P31 V3 BUSY AS OPERAND, DESTINATION 

TERMS P40,P41 V4 BUSY AS OPERAND, DESTINATION 

GTERMSARE ~~~:.C PSO,PSI VS BUSY AS OPERAND, DESTINATION 

CIP LATCHES EXAMPUni~ P60,P61 V6 BUSY AS OPERAND, DESTINATION 

P70,P71 V7 BUSY AS OPERAND, DESTINATION 

116 BLANK NIP I ...IL 

16/0 
COO-C03 Vj, Vk BUSY 

CIP 
REGISTER 
CONFUCT 

CHECK 

HOO-H03 Vj, Vk, Vi CONfUCTS FLOATING RECIPROCAL BUSY 

C04-C07 Vj, Vk RELEASE 

CIO-CI7 Vi, Vj BUSY 

Foo-F02 Vj, Vk, Vi REQUIRED 

T2 

FIO-F20 FUNCTIONAL UNITS 
REQUIRED 

000-013, N20, N21 
FUNCTIONAL UNITS BUSY 

T2 

~~~~f 
16,0 

16,0 

FUNgjONAL FLOATING ADD BUSY 

RE~VE Q2O-Q27 FLOA TINO MULTIPLY BUSY 

Q3O-Q34 VECTOR ADD BUSY 

1~7 VECTORSHIFTBUSY 000-014, N20, N21, NOO-N03 

FUNCTIONAL UNIT SET BUS YS ' •• 1 :~~, ~~;I~ :O~~:~~ BUSY 

---Il. 

FUN~NAL I H04-Hll FUNCTIONAL UNIT CONFLICTS 

CONFUCT 
CHECK 

~~~i 
.:EXAMPLE#2 

139-146 00 DATA VO-V7 

QI-Q53 CIP jk DELAYED 
MUX 

R56-R62 00 DATA VFR, VFM, 
VFA, VA, VS, VLFOR VO-V7 

CRAY X-MP 3JD MODULE 

.~ 

HOO'- H03', HIO', Hll' 0 ROO ISSUE ~ 
CONFUCT 

H04'- H09' CONFLICT 0 ROI ISSUE ~ 

R02-R04 INSTRUCTION 
DECODES FUNCTIONAL UNIT 

SELECT BITS 20_ 22 

FUNCTIONAL UNIT SELECT BITS 

.i.i..t... 
o 0 0 - PORT A,C 
00 1 - PORTB,076 
o 1 0 - FLOATINO RECIPROCAL 
o 1 I - FLOATINO ADD 
1 0 0 - FLOATINO MULTIPLY 
I 0 1 - VECTOR INTEOER ADD 
1 1 0 - VECTOR SHIFT 
I 1 1 - VECTOR LOGICAL 

INSTRUCTION 
DECODES 

T2 

CIPDECODES 

16,0 

R26-R49 INSTRUCTION 
CONTROL SIONALS 

RIO-R17 00 READ 
VO-V7 SEQUENCE 

CIP DECODES I CPI I RI8-R25 00 WRITE 
VO-V7 SEQUENCE 

T2 

C-1573B 
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n 
n ;:c 
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3:-< 
-0 
)::-;:c 
:z /'T1 
-< Vl 

/'T1 
-0)::
;:c ;:c 
...... n 
<: :c 
)::- .. 
-i 
/'T1 ...... 

:z 
n 

i~ 

3JD MODULE BOOLEAN EXAMPLE #1 

REGISTER CONFLICT 

VK CONFLICT = (VK REQ +"VK CONFLICT) • (ISSUE + VK CONFLI~T). (VK BUSY) • (Vk RELEASE) 

3JD MODULE BOOLEAN EXAMPLE #2 

FU CONFLICT (FLOATING POINT) 

VFU BUSY = (FR BUSY FOR VP • SELECT FR • VP INST) + (SCALAR FR· SELECT FR • VP INST) 

+ (FR BUSY • SELECT FR) + (FA BUSY • SELECT FA) + (FM BUSY • SELECT FM) 

MEMORY CONFLICT 

MEMORY PORT BUSY = (SELECT PORT A + B • PORT A BUSY • PORT B BUSY) + (SELECT PORT A 0 PORT A 

BUSY) + (SELECT PORT B 8 PORT B BUSY) C-I573 

",,--,"" "....J 





00 
I 

00 

n 
n;o 
0):-
3:-< 
"'0 
)::0;0 
2", 
-< Vl 

", 
"'0):
;0 ;0 
I-< n 
<: ::r: 
):- .. 
-; 
", I-< 

2 
n . 

\L~ 

FA BUSY hel d 

3JD MODULE BOOLEAN EXAMPLE #4 

FU BUSY 

(FA BUSY held + ISSUE)· FA set BUSY 

IhU~&J.i.i.m: ::i:::::OQ:J.II I#III:d'::I]:lI1Kaa:::::::I~~~:::::I::::ffi:::::::::::;'t::~;:::i::;::::$.111:~::::::1!:1:::::;1::::;::1;t::::::::::II~::j::::IUI¥::1 

FA SET BUSY = VFU REQ. (SCALAR) • FA SELECTED • VFU CONFLICT + RELEASE FA • FA BUSY held) 

IQi~jfU~n:::::;:::::Ilii::l::::::1:1::::;!::::::::~II:[;I:l:l:I:]1:;:Il::l::::E:::IIHI]t:~mlmi;I:::lI~:~!:l1j:::I;::::::l:*:;1::::::*:::::::::::i:::i::::i~I::§g:I:III 

MEMORY PORT BUSY 

PORT A BUSY held (PORT A BUSY + ISSUE). PORT A set BUSY • RELEASE PORT A 

IIIQlil::;'I:I~:!::~::::!::!:!:::!:~U~:j::;:!:!:!!:!!:!ii;;!!!l!!!i~i::!:~~!m::::::::::::S.I:I::::!:::::::::II:~:::::::::I:!:i~:~:!!!::!!:j!:::~!!:::::::::::llli:::j:::::!G.~l::!::!:!:::!j:~~r!!::::~:!!:::::::mi!giJ 

PORT A set BUSY = (PORT B BUSY • 176,177 INST • 10X-13X INST • MEMORY CONFLICT) + B MEM. 

REF. • 10X-13X INST • MEMORY CONFLICT) + PORT A BUSY held 

_!ii:~m:!:::I!IQ.1t[I:IIIlir:::;::l:t)$.:::;::::;:jij;:::i::::II1IIM:;~llmtm:r~:m.l:j:II:I:lI:j:r:l:llilll~ili:il:::ll111.11:::::" 
C-/5?3 

RELEASE PORT A = RELEASE PORT A + M.C. 

~. '''~ 
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00 
I 
\0 

n 
n:::o 
0):::. 
3:-< 
i:J 
):::.:::0 
2fT1 
-<V') 

fT1 
i:J):::. 
:::0:::0 ...... n 
<: :r: 
):::." 
-; 
fT1 ...... 

Z 
n 

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

................... '''' ....... ,n- .... , .. " "" 

124-29·TIQ VL DATA. ENTER AK ) 
SOO-SOS j 
VL B JJ~ .a:j~~20 .OJO' 

GO READ SEQ Vn-Vn'3 

• LOADS VL TL-
COUNTER 

SUO-sus I 
QOI.Ql1.Q21.Q31' 

GO WRITE SEl Vn-Vn.3 

E.. 

IjOOJITo,llib ;Q31Fi 

GO READ SEQ Vn-Vn.3 

• CLEAkS AJORS ...If 
COUtlTER 

Q-OJ;QTJ;-Q21-;Q1F 

GO WRITE SEQ Vn-Vn» 

T2 

16/0 

READ 

VECTOR 

LENGTH 

ReGISTER 
r-.UX 

16/0 

WRITE 
VECTOR 
LeNGTH 

kEG ISTER 

- ---- -

16/0 
READ 

ADDRESS 
COUNTER 

16/0 
WRITE 

ADDRESS 
COUN fER 

''-.-/ 

1 xoo-xos .XIO-XIS 
AIO-AIS Vn VL REG. 

BIO-BIS Vn'l VL REG. t-- -I 
CIO-CIS Vn'2 VL REG. T COUNTER 

XlO-XlS. X30-X3S 

010-015 Vn.3 VL REG. I 

~!OO-VU!!..!.!Q:I!.i.. 
ElO-EIS Vn VL REG. 

F10-FIS Vn'l VL REG. t---- -I 

I COUNTER V 20- V2S. V30- V3S 
GIO-GIS Vn'2 VL REG. 

HIO-HIS Vn'3 VL REG. 1 

ADO-ADS Vn READ AOORS. 

BOO-BOS Vn'l READ AOORS. ~ .1 ~~ 
COO-cos Vn.2 READ ADORS. 

000-005 Vn'3 READ AOORS. 

3VD HODULE 

COUNTER 

.1 
COUNTER 

VZO-VZ5.V30-V35 

~~WUS.W!£~ 
W20- W25. W30-W3S 

(SHEE'r 1 of 2) 

\~..-.-' 

RUO-R04 Vn EVEN AOORS. 
==_ ............. __ . __ .__ '\ EVEN • 

E.F.G.HOI-05.JOO.IO.ZO.361 J ADDRESS RIS-RI9 Vn'l EIEN AOORS. 

REG. 
R30-R3·\ Vnt2 EVEN AUORS. 

R45-R49 Vn.3 EVEN ADORS 3VR' s) 

".".".""' ""."v ..... " •• "~ R06-RIO Vn OOU AUORS. 

E.F.G.IIOI-OS·JOI.II.21,31l ...../ ODD 

ADDRESS RZI-RZ5 Vntl 000 AOORS. 

REG. 

R36 .. R40 Vn'2 000 AOORS~ 

R51-R55 Vn.3 000 AOORS. (3VR' ,) 

C-15/JOA 



00 
I ...... 
o 

1\00 , llutr ,tim, mm 
Vn-Vn+3 READ ADDRS BIT 2' 

J04,JI4,J24,J34 
Vn-Vn+3 ENABLE READ 
AOO,BOO,COO,DOO 
Vn-Vn+3 READ ADDRS BIT 2' 

J04,JI4,J24,J34 
Vn-Vn+3 ENABLE P.EAO 
J02,JI2,J22,J32 
Vn-Vn+3 ENABLE BYPASS ADVANCE 

J05,JI5,J25,J35 
Vn=Vn+3 ENABLE BYPASS 
EOO,FOO,GOO,HOO 
Vn-Vn+3 ,IRITE ADDRS BIT 2' 

E07.F~7,G07,H07 

Vn-Vn+3 GO WRITE 
EOO. FJO ,GOO ,HOO 
Vn-Vn+3 WRITE ADDRS BIT 2' 

E07,FJ7,G07,H07 
Vn-Vn+3 GO .RITE 

ROS,R20,R35,R50 "n-"n+1 GO READ EVEN 

"n-'.'n+1 

* USED OIIL Y ilHEli REP,D 
AGDRS=WRITE ADDS TO 

(3VR's) 

GO READ ODD _ 
(3VR's) 

ENABLE THE BYPASS PATH ON THE 3VR's 

RI3,R23,R43,R53 Vn-Vn+3 GO WRITE EVEN 
(3VR's) 

R14,R29,R44,R59 Vn-Vn+3 GO WRITE ODD 

READ AND WRITE CONTROLS 

R60,R61,R62,R63 Vn-Vn+3 DATA READY 
135,136,137,138* Vn-Vn+3 DATA READY 
MIO ,M11 ,M12 ,MI3, HOLD Vn-Vn+3 MEMORY IIR 

* Ff<OI~ THE OPPOSITE 3VD ~10DULE 

AIO-AI5,BI0-BI5,CIO-CI5,DlO-DI5 

1100-f1l3 Vn-Vn+3 PAIR RE.~DY 

107- 110+ 111- 114, , 
Vn-Vn+jr,1) RE-~D 0R GO WRITE 
115 076 OR 077 INST. 

111-114 
Vn-vn+3 GO WRITE' 
115· 116 077 INST. 

1114* GO MEI10RY DATA 

SEE I B60 ,R61 ,R62 ,R63 Vn-Vn+3 DATA 

800-
LEA!!.... 

SE~R64,R65,R66,R67 Vn-Vn+3 GO DATA 
800-

T~ 
- ,----, 

R63,R69,R70,R71* Vn-Vn+ 

T2 I I * SENT TO THE 3JD MODULE TO RELEASE 
OPERAND REGISTER RESERVATiONS 

R72,R73,R74,R7S* Vn-Vn+3 RELEASE WRITE 

* SENT TO THE 3JD MODULE TO RELEASE 
T2 L-J RESULT REGISTER RESERVATIONS 

Jd * USED ON THE 3VR's TO ALLOW IN THE Ak VALUE 
AS AN AD)RESS, DURING A 076, OR 077 INSTRUCTION 

1 ~ R80,R81,R32,R83*Vn-Vn+3 SCALAR WRITE 

T2 
* USED ON THE 3VR' s TO GE~IERATE THE \~HITE 

ENABLE ,IGNAL FOR AN 077 INSTRUCTION 
(3VR's) 

* COULD BE STOPPED BY POSSIBLE CHAINING CONFL. 

R84· 139 HOLD "IPIT WRITE 
R84 GO M"MORY DATA (3AO) 

C-/580B 

CRAY X-MP 3VD MODULE 

'~' '---"; 



100-163 

00 
I --

n 
n;:o 
o::t:> 
~-< 
-0 
::t:>;:o 
:z rr1 
-<Vl 

rr1 
-o::t:> 
;:0 ;:0 
1-1 n 
<:c 
::t:> .. 
--l 
rr1 1-1 

:z 
n 

'--_/ 

EVEN DATA 

D I AOO-A63 

ODD DATA 

t=d 1800-863 

ALT. DATA 

16/0 

COO-C63 

170-174 
EVEN ADDRS 
2 1 _2 5 

175-179 

ODD ADDRS 
2 1 _2 5 

'--" 

15/0 

15/0 

16X4 1 s 

00-36 

EVEN 

UOO-U63 

40-76 
EVEN 

VOO-V63 

01-37 
ODD 

WOO-W63 

41-77 
ODD 

XOO-X63 

QOO-Q04 
EVEN ADDRS 
BIT 0 - 3 & C.S. 
TO ALL EVEN CHIPS 

QI0-QI4 

ODD ADDRS 
BITS 0 -3 & C.S. 
TO ALL ODD CHIPS 

CRAY X-11P 3VR MODULE 

i,~ 

RD OUT 

16/0 

ROO ... 

YOO-YG3 I ( ( ZOO-Z63 

UJ 

8-/923 



VECTOR REGISTER 
ELEMENT 2° 21 22 

00 8 - 368 (EVEN) UO U1 U2 

40 8 - 768 (EVEN) VO V1 V2 

01 8 - 378 (ODD) WO W1 W2 

41 8 - 778 (ODD) XO X1 X2 

BIT POSITION 

23 24 25 

U3 U4 US 

V3 V4 V5 

W3 W4 w5 

X3 X4 X5 

X-MP VECTOR DATA 
CPU - 0 (3VR) 

8-12 

26 "" 263 .J 
U6 .. U63 

V6 .- V63 

W6 • W63 

X6 • X63 

) 

CRAY RESEARCH, INC. 
COMPANY PRIVATE 



X-MP 2 

" ) 

1 
-- .7" 

HTV-0242 

VO V1 V2 
G66/67 G64/65 G62/63 

H70/71 H68/69 H66/67 

BIT T.P. TERM BIT T.P. 

2 0 B72 ROO 2 16 B02 

21 B69 R01 217 E01 

22 A01 R02 2 18 A64 

2 3 A02 R03 2 19 A70 

24 B64 R04 220 B09 

2 5 B68 R05 221 B23 

2 6 A07 R06 222 A62 

27 A05 R07 223 A60 

2 8 B67 R08 224 B71 

2 9 B70 R09 225 B04 

2 10 A22 R10 226 A71 

211 A21 R11 227 A66 

212 B66 R12 228 B05 

2 13 B10 R13 229 A53 

214 A04 R14 230 A72 

2 15 A25 R15 231 A69 

TEST BOOLEAN 
SYNC. POINT TERM 

--
WRI'fE B27 Q06 
EVEN 

--
WRITE C58 Q16 

ODD 

V3 V4 V5 V6 V7 
G60/61 G58/59 G56/57 G54/55 G52/53 

H64/65 H62/63 H60/61 H58/59 H56/57 

TERM BIT T.P. TERM BIT T.P. TERM 

R16 

R17 

R18 

R19 

R20 

R21 

R22 

R23 

R24 

R25 

R26 

R27 

R28 

R29 

R30 

R31 

232 072 R32 248 005 R48 

233 068 R33 249 004 R49 

234 CO2 R34 2 50 C50 RSO 

2 35 C01 R35 251 C52 R51 

236 067 R36 2 52 006 R52 

2 37 065 R37 2 53 007 R53 

2 38 C03 R38 2 54 C49 R54 

239 C21 R39 2 55 C48 RS5 

240 070 R40 2 56 002 RS6 

241 069 R41 2 57 001 R57 

242 C25 R42 2 58 C38 RS8 

243 C22 R43 259 C72 R59 

244 071 R44 260 003 R60 

2 45 066 R45 261 008 R61 

246 C23 R46 262 C71 R62 

247 C24 R47 263 C47 R63 

SYNC. ON \vRITE EVEN FOR EVEN NUMBERED 
ELEMENTS AND WRI'fE ODD FOR ODD NUMBERED 
ELEMEN'f::i ON THE MODULE THE DATA IS 
GOING TO ENTER. SYNC IS 1 CP AHEAD OF 
DATA. 

CRAY X-MP VECTOR REGI::iTER READOUT (CPU-O) X4101S0102 
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3VR REGISTER CHIP LOCATION CHART 

EVEN EVEN ODD ODD 
ELEMENTS ELEMENTS ELEMENTS ELEt4EN'rS 

BITS 0-36 40-76 1-37 41-77 
U V W X 

0-3 B-SL B-UL A-GA A-IA 

4-7 B-SK B-UK A-GB A-IB 

8-11 B-SJ B-UJ A-GC A-IC 

12-15 B-SI B-UI A-GO A-IO 

16-19 B-SA B-UA A...,.GL A-IL 

20-23 B-SB B-UB A-GK A-IK 

24-27 B-SC B-UC A-GJ A-IJ 

28-31 B-SO B-UD A-GI A-II 

32-35 O-SL O-UL C-GA C-IA 

36-39 O-SK O-UK C-GB C-IB 

40-43 O-SJ D-UJ C-GC C-IC 

44-47 D-SI O-UI C-GO C-IO 
) 

48-51 O-SA O-UA C-GL C-IL 

52-55 D-SB O-UB C-GK C-IK 

56-59 O-SC O-UC C-GJ C-IJ 

60-63 O-SO O-UD C-GI C-II 

X200ClS0403 J 
8-14 



) 

J 

TEST POINTS FOR DATA - FROM FLOATING ADD 
RECIPROCAL, PORT A OF MEMORY OR PORT B OF MEMORY w= n= ~= ~= w= ~= %= ~= 

TEST BOOL. TEST BOOL. TEST BOOL. TEST BOOL. TEST BOOL. TEST BOOL. TEST BOOL. TEST BOOL. 
POINT TERM POINT TERM POINT TERM POINT TERM POINT TERM POINT TERM POINT TERM POINT TERM 

BIT N 

BIT N+8 

BIT N+16 

BIT N+24 

BIT N+32 

BIT N+40 

BIT N+48 

BIT N+56 

BIT N 

BIT N+8 

BIT N+16 

BIT N+24 

BIT N+32 

BIT N+40 

BIT N+48 

B1;T N+56 

A29 I GOO 

--MO Gl0 

--C23 G20 

--C20 G30 

--A52 G40 

--A67 G50 

C65 G60 

--
C63 I G70 

TEST BOOL. 
POINT TERM 

A26 ' HOO 

A13 Hl0 

--C33 H2O 

--
C47 H30 

ASO H40 

A58 HSO 

--C44 H60 

C19 I H70 

VO 

A33 I GOl 

--
A41 Gll 

--
C25 G21 

--
C27 G31 

--
A55 G41 

--
AS9 G51 

--
C66 G61 

--
C61 G71 

I 

A25 ' HOl 

A07 Hll 

--
C29 H21 

--
C31 H31 

A47 H41 

AS7 HSl 

C46 H61 

Cs2
1 

H71 

VI 

A31 I G02 A35 ' 
I -- I 

G03 B50 G04 B48 

-- -- --M5 G12 A42 G13 B37 G14 B38 

-- --C38 G22 C40 G23 D59 G24 D48 

Cs1 C50 --G32 G33 D29 G34 D27 

-- -- --A62 G42 A63 G43 B14 G44 B16 

- -- --A66 G52 A69 G53 B06 G54 B12 

-- --
C68 G62 C59 G63 D09 G64 D13 

--
C70 .1 G74 G72 C72 1 G73 D35 

1 
D03 

1 

TEST POINTS FOR DATA - FROM FLOATING MULTIPLY, 
VECTOR ADD, VECTOR SHIFT OR VECTOR LOGICAL 

ill' -- I I 
H04 

I 
H02 A27 H03 B65 B55 

--
A43 H12 A46 H13 B33 H14 B36 

--C34 H22 C42 H23 D33 H24 D34 

--C55 H32 C57 H33 D66 H34 D40 

A65 H42 A61 H43 B13 H44 B25 

A72 HS2 A70 HS3 B51 HS4 B08 

--
C35 H62 C48 H63 D46 H64 D44 

-- -- --C41 

I 
H72 C67 1 H73 D18 

1 
H74 D08 

I 

V2 V3 V4 V5 

SYNC. ON WRITE EVEN FOR EVEN ELEMENTS AND WRITE ODD FOR ODD ELEMENTS 
ON THE 3VR MODULE THE DATA IS GOING TO. 

CPU lit 

WRITE EVEN T.P. B27 
WRITE ODD T.P. C58 

BOOL. TERM Q06 
BOOL. TERM Q16 

-
, 

-G05 B42 G06 

- -G15 B35 G16 

- -
G25 042 G26 

-
G35 D26 G36 

-- -
G45 B27 G46 

-
G55 B09 G56 

-- -
G65 D12 G66 

-
G75 D06 G76 

I 

I 
H05 B52 H06 

- Hi6 H15 B31 

H25 D30 H26 

-H35 D23 H36 

- -H45 B19 H46 

--
HS5 B14 HS6 

-- -
H65 004 H66 

-
H75 D16 H76 

I 

V6 

3VA LOCATIONS BIT N BIT N+8 BIT N+16 BIT N+24 BIT N+32 BIT N+40 BIT N+48 BIT N+56 

X-MP 2 X-MP 4 

G48/49 H44/45 20 28 216 224 232 

G46/47 H42/43 22 210 218 226 234 

G44/45 H40/41 24 212 220 228 236 

G42/43 H38/39 26 214 222 230 238 

G40/41 H36/37 21 29 217 225 233 

G38/39 H34/35 23 211 219 227 235 

G36/37 H32/33 25 213 221 229 237 

G34/35 H30/31 27 215 223 231 239 

MODULE LOCATIONS AND BIT POSITIONS ARE THE SAME FOR THE OTHER CPU's 
CHASSIS DESIGNATOR ARE DIFFERENT. 

3VA TEST POINT CHART 

8-15 

240 248 256 

242 250 258 

244 252 260 

246 254 262 

241 249 257 

243 251 259 

245 253 261 

247 255 263 

C-/949A 

X4101S0103 

, 
B46 G07 

--
B32 G17 

--
D38 G27 

--
025 G37 

B23 G47 

Bl0 G57 

D17 G67 

D05 G77 

I 

TEST BOOL. 
POINT TERM 

I 
B29 H07 

B28 H17 
--

D58 H27 

--
D14 H37 

B18 H47 

B05 H57 

--
Dl0 H67 

--
D31 H77 

I 
V7 



BIT N 

BIT N+l0 

VO-V3 N+20 

OPERAND 
DATA N+30 

N+40 

N+50 

BIT N 

BIT N+l0 

V4-V7 N+20 

OPERAND 
DATA N+30 

N+40 

N+50 

Vj DATA 
MEMORY 
Vk DATA 
VECTOR LOG. 

TEST BOOL. 
POINT TERM 

--
~ GOO 
840 GIl 

--A70 G12 
A36 G23 

--
048 G24 
004 G35 

--
C29 G36 
C70 G47 

--
857 G48 
DsO G59 

--
A31 G60 
C03 1 G71 

TEST 8OOL. 

POINT TERM 

006 I HOO 
843 Hll 

A72 H12 
A40 H23 

--
Qg H24 
006 H35 

C23 H36 
C68 H47 

--
852 H48 
063 H59 

--
A23 H60 
CiS 1 H71 

Vj DATA Si 

Vj DATA 
VECTOR LOG. 

TEST BOOL. 
POINT TERM 

--
003 GOI 
848 Gl0 

--
A68 G13 
A34 G22 

--
046 G25 
003 G34 

--
C27 G37 
C72 G46 

--
850 G49 
052 G58 

--
E.§.I G61 
C04 G70 

TEST BOOL. 

POINT TERM 

820 1 HOI 
B38 Hl0 

A67 H13 
A44 H22 

--
044 H25 
007 H34 

--
C33 H37 
C67 H46 

--
855 H49 
055 H58 

--
A25 H61 

C2"01 H70 

Vj DATA FLT. 
RECIP. 
Vj DATA 
VECTOR SHIFT 

TEST BOOL. 
POINT TERM 

--
Bl0 G02 
B36 G09 

--
A63 G14 
A32 G21 

--
036 G26 
012 G33 

--
C36 G38 
C63 G45 

--
865 G50 
067 G57 

--
~I G62 
COS G69 

TEST BOOL. 

POINT TERM 

-- I 
B25 H02 
845 H09 

A65 H14 
M8 H21 

040 H26 
014 H33 

C35 H38 
C55 H45 

--
859 H50 
068 H57 

--
~I H62 
C07 H69 

Vj DATA FLT. 
ADD 
Vk DATA 
VECTOR ADD 

TEST BOOL. 
POINT TERM 

--
~ G03 
B35 G08 

--
A61 GIS 
A38 G70 

--
038 G27 
rna G32 

--
C31 G39 
C65 G44 

--
863 G51 
072 G56 

--
~I G63 
C06 G68 

TEST BOOL. 

POINT TERM 

823 1 H03 
B27 H08 

--
AS9 HIS 
A46 H2O 

035 H27 --
016 H32 

--
C44 H39 
C59 H44 

--
861 H51 
070 H56 

--
A20 I H63 
C08 H68 

Vk DATA FLT. 
ADD 
Vj DATA 
VECTOR ADD 

TEST BOOL. 
POINT TERM 

BiB G04 
ill G07 

--
ASO G16 
A29 G19 

--
029 G28 
020 G31 

--
C38 G40 
C52 G43 

B70 G52 
065 G55 

--
~I G64 
C12 G67 

TEST BOOL. 

POINT TERM 

_I 
E.i H04 
847 H07 

ASS H16 
A43 H19 

033 H28 
023 H31 

C42 H40 
C57 H43 

--
867 H52 
060 H55 

--
Al0 H64 
C14 I H67 

Vj DATA FLT. 
MULTIPLY 

Vk DATA FLT. 
MULTIPLY 

TEST BOOL. 
POINT TERM 

--
B16 G05 
B31 G06 

--AS2 G17 
A27 G18 

--
027 G29 
018 G30 

--
C40 G41 
C46 G42 

B72 G53 
Ds9 G54 

--
A08 1 G65 
Cl0 G66 

TEST BOOL. 

POINT TERM 

B12 I H05 
B29 H06 

AS7 H17 
A42 H18 

031 H29 
025 H30 

--
C48 H41 
C50 H42 

--
868 H53 
057 H54 

--
All H65 
Ci6 I H66 

SELECT Vk 
SCATTER/ 
GATHER 

TEST BOOL. 
POINT TERM 

--B21 G72 

A39 G73 

TEST 8OOL. 

POINT TERM 

I 
--B24 H72 

ill H73 

SYNC ON READ EVEN FOR EVEN ELEMENTS DATA & READ ODD FOR ODD ELEMENTS DATA ON THE 3VR MODULES 
THAT ARE THE OPERANDS FOR THE PUNCTION. SYNC IS 2CP's AHEAD OF THE DATA. 

CPU 0 

READ EVEN T.P. A58 
READ ODD T.P. C40 

BOOLEAN TERM Q05 
BOOLEAN TERM Q15 

3VB LOCATIONS BIT N BIT N+l0 BIT N+2'l flIT N+30 BIT N+40 BIT N+50 -X-MP 2 X-MP 4 
G52/53 H48/49 ~4 214 224 234 244 
G54/55 H50/51 2~ 2" 2L~ 2~~ 24~ 

G56/57 H52/53 2" 2'" 2 l " 230 2"" 
G58/59 H54/55 2' 217 2L 2~ I 241 
G60/61 H56/57 2" 21" 22!J 2~" 24!J 
G62/63 H58/59 29 2 '-j 2 L'-j 2 39 2"" 
G64/65 H60/61 2'u 220 230 2"u 2~0 

G66/67 H62/63 21 2L 231 241 2~ 

G68/69 H64/65 21l 222 2~L 24L 2~2 

G70/11 H66/67 2'-' 223 233 2"-' 2~J 

MODULE LOCATIONS AND BIT POSITIONS ARE THE SAME FOR THE OTHER CPU's 
CHASSIS DESIGNATE OR ARE DIFPERENT 

NOTE: 
** BITS 2 3-20 ARE ON THE 3VC MODULE BUT ARE NOT 

TEST POINTED. 

X-MP 3VB MODULE TEST POINTS FOR 
VECTOR DATA TO THE FUNCTIONAL UNITS 

8-16 

254 
2~~ 

2~" 

2~ 

2~!J 

2~'-j 

200 
26T ·-

262 

2b3 

B-1140C 

X4101S0104 

) 







SHARED REGISTER INSTRUCTIONS: 

.~ 

SB/ST 

026ij 7 Ai SBj TRANSMIT (SBj) TO Ai (READ S8) 

027ij 7 SBj Ai TRANSMIT (Ai) TO SBj (WRITE SB) 

072ij3 Si STj TRANSMIT (STj) TO Si (READ ST) 

073ij 3 STj Si TRANSMIT (Si) TO STj (WRITE ST) 

SM 

0034jk SMjk 1 , TS TEST & SET, SMjk a < jk < 31,0 

0036jk SMjk 0 CLEAR SMjk a < jk < 31,0 

0037jk SMjk SET SMjk o < jk < 3'10 

072i02 Si SM TRANSMIT (SM) TO Si (READ SEMAPHORES) 

) 
073i02 SM Si TRANSMIT (Si) TO SM (LOAD SEMAPHORES) 

J 
CRAY RESEARCH, INC. 

9-1 
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s={ 
00 I R02/03 _ 23 2 7 2 11 2 15 2 19 2 23 2 27 2 31 / 2 56 _ 2 63 

01 I 222 2 26 230 / 2 48 _ 255 -I ROO/OI _ 22 26 210 214 2 18 
BITS 

MODULE 

10 I 
FOOIOI _ 21 25 

2
9 

2
13 217 221 2 25 2 29 / 240 _ 247 

11 F02/03-20 ,2 4 ,28 ,212,216,220,224,228, 1232 _239 

GO ISSYffi (3J-) 

(3HC) 

(3HB) 

(3HB) 

(3HC) 

(3HB) 

(3HO) 

NIPII.lP 

0034 - 0037 
~~ DECODE 

C.I.P. 

026/072 0271073 T 
h-FIELD 22 cn I 
IN1ERRUPT 

erN.BIT2 1 2° 

(3GC) R.T.C. 

Ai REGISTER (3AR) 

(3GR) Si REGISTER r- MUX 

• All inputs and outputs, excluding R.T.C., are 
for both CPU 0 and CPU I. There are three 
sets of SB, ST, and SM's of which one set is 
selected by erN. 

I 
I 

l-

- ~I J 
~~DECODEI 

erN. 

'--

Y 

~ MIJX 
SB RD. OUT 
0-7 I-

~ 

I-- I-
ST 
0-7 l-

i-
I--

SM I- MIJX 

00-371-1- ~ RD. OUT ---
3JS - SHARED REGISTERS 

SM7-0 

SM17-10 

I- SM27-20 

r--- SM37 - 30 

GO ISSUE 

Ai, Si READ DATA 

Ai, Si READ DATA 

CRA Y X-MP SHARED REGISTERS AND CONTROL 

9-2 

(3J-, 3HA, 3HB, 
3HC) 

CPU 0 
(3AR,3GR) 

CPU I 
(3AR,3GR) 

8-0609D 

) 



\.0 
I 

W 

n 
8~ 
3:-< 
-0 
);::>;0 
::z m 
-< Vl 

rn 
-0);::> 
;0 ;0 
I-i n 
c:::::c 
);::>~ 

-l rn I-i 
::z 
n 

'-'-"'--- ',--,' I 

\~ 

3JS MODULE 
SHARED AND SEMAPHORE REGISTER 

TEST POINTS 

BITS ON 
nODULE BIT POSITION CLU8TER #1 CLUSTER #2 CLUSTER #3 

TERM T.P. TERM T.P TERM T.P 

56 48 40 32 SH7,17,27,37 n GOO B31 G08 B29 G16 A06 
57 49 41 33 · · · · n+l GOl B25 G09 B27 G17 A08 
58 50 42 34 · · · · n+2 G02 B72 Gl0 B70 G18 A12 
59 51 43 34 · · · · n+3 G03 B68 Gll B67 G19 A14 
60 52 44 36 · · · · n+4 G04 B65 G12 B63 G20 A35 LATCHES 
61 53 45 37 · · · · n+5 G05 B59 G13 B61 G21 A37 
62 54 46 38 · · · · n+6 G06 B55 G14 B50 G22 A38 
63 55 47 39 SMO,10,20,30 n+7 G07 857 G15 852 G23 MO 

MODULE 
LOCATIONS 

R2 RO FO F2 

R2 RO FO F2 SHARED/SM READ OUT REGISTER 

BIT8 ON 
MODULE *8IT POSITIOtl CPUO T.P. 's CPU1 T.P. 's CLUSTER # 1 CLUSTER #2 CLU8TER #3 

TERH T.P. TERM T.P 

3 2 1 0 n R06 C53 R22 C58 SOO S16 832 
7 6 5 4 n+4 R07 C54 R23 C55 SOl 817 S33 

11 10 9 8 n+8 R08 C48 R24 C49 S02 S18 S34 
15 14 13 12 n+12 R09 C45 R25 C47 803 819 S35 
19 18 17 16 n+16 Rl0 004 R26 002 S04 820 836 
23 22 21 20 n+20 Rll 022 R27 015 S05 821 837 
27 26 25 24 n+24 R12 034 R28 018 806 822 838 
31 30 29 28 n+28 R13 020 R29 032 807 823 S39 16 X 4'S 
56 48 40 32 n R14 C43 R30 C42 808 S24 S40 

57 49 41 33 n+1 R15 C44 R31 C46 809 S25 S41 
58 50 42 34 n+2 R16 C36 R32 C35 810 S26 842 
59 51 43 35 n+3 R17 C37 R33 C34 811 827 S43 
60 52 44 36 n+4 R18 025 R34 021 812 S;28 844 I 

61 53 45 37 n+5 R19 023 R35 027 S13 S29 845 
62 54 46 38 n+6 R20 1J39 R36 035 814 S30 846 
63 55 47 39 n+7 R21 041 R37 030 815 831 847 

* The bit position layout on the 3J8 module is every 4th bit through 231 then consecutive bit positions 
through 263. 

8-/9/4 
THE READ OUT REGISTER IS USED FOR THE REAL TUIE CLOCK DATA ALSO. 
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) 

(3JF) 

(3JF) 

(3JF) 

(3GR) 

RTCCARRY 

RTCCARRY 

P.C. BORROW (CPU 0 - 1) 

L....t Q02/03 - 2 16 _ 231, 2 48 _ 2
63 f 

E02/03 - 2° _ 2 15 , 2 32 _ 247 

ENTER RTC (CPU 0+1) 

~ RTC 20_ 2 63 
0014j4 ENTER PCI (CPU 0) RTC 

P.C. = 0 (CPU 0) 
0014j4 ENTER PCI (CPU 1) U P.C. 
Sj 2°_263 (CPU 0 + 1) 

I...to 
CPU 0 P.C. = 0 (CPU 1) 

L-,. P.C. W 
CPU 1 

3GC 

CRA Y X-MP REAL TIl\1E/pROGRAMMABLE CLOCK 

10-1 

~ (3JS) 

(3VC) 

_ .. (3VC) 

A· 12078 
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(3HD) STATUS REGISTER H32/33 

(EX1) PROC. NUMBER/MAINT. ON-OFF STATUS REGISTER 232 _ 263 
(3GR) 

(3AA) PORT ABC REF./ CONFLICT 

(3AG) SCALAR AND I/O REF./CONFLICT PROCESSOR NUMBER 
(3HD,3HE) 

(3HB) HLD. ON SM/SHARED REG. CONFLICT 

(3HB) BLANK NIP/ISSUE VECTORS USED (3HE) 

(3HC) MONITOR MODE 

(3HE) GO FETCH ENABLE MAINTENANCE 
(3AE,3ZE) 

(3JF) AlB REGISTER CONFLICT 

(3JC) SIT REGISTER CONFLICT MAINTENANCE SELECT 
(3AE) 

(310) V NFU/MEMORY PORT.CONFLICT 

(3JF) SCALAR MEMORY CONFLICT MASTER CLEAR (3HE,3HG) 

(3JC) 073 (k-l) 

} (3AO) PORT A B CGOVREF. ENABLE MAINTENANCE F.O. (3HG) 

(310) GO DATA VFUs 

(3HE) MASTER CLEAR DIAGNOSTIC CHECK BYTE 0 - 7 (3AE) 

(3HI3/3HC) NIP{CIPDATA 

(3VB) h-FIELD 2° _ 22 . 
(3GR) Si OPERAND 256 _ 263 

3HG 
B·1208A 

CRAY X-MP PERFORMANCE LOG 
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CRAY X-MP PERFORMANCE MONI'roR 

PURPOSE: 

DESCRIPTION: 

To monitor certain hardware related events during the 
execution of a user program in order to evaluate relative 
performance. 

The performance monitor consists of eight 46-bit counters 
which can be selected to monitor one of four groups of 8 
performance related hardware events in the CRAY X-MP. The 
maximum increment of any counter is 3 per clock period. 
The 4p-bit counters can be expected to monitor a time 
interval of about 62 hours before being reset. 

The performance events are monitored only while in 
non-monitor mode. The instructions to select the 
monitoring group and read the counter values are executed 
in monitor mode. 

X2011X0405 
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INSTRUCTIONS 

-'\ 
/ 0015jO - Monitor Mode, Select Performance Monitor 

) 

This instruction selects one of four groups of hardware events which 
will be monitored during the non-monitor mode intervals. Each group 
consists of eight counters, each 46 bits wide. 

The lower order 2 bits of the j field in this instruction select the 
group. This instruction will also clear all 8 performance counters. 

During each clock period in non-monitor mode, the 8 performance counters 
will advance their counts according to the total number of selected 
events which will occur. Entering Monitor Mode disables advancing of 
the performance counters. 

The following list shows the performance counters selected for 
Performance Monitor j, 0 < j < = 3. 

X2011 S0406 
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Performance Log 

PERFORMANCE PERFORMANCE INCREMENT ') 
MONITOR (j ) COUNTER DESCRIPTION PER CP J 

0 0 # of instructions ISSUED +1 
1 # of Cp's HOLDING ISSUE +1 
2 # of FETCHES +1 
3 # of I/O REFERENCES +1 
4 # of CPU RE~'ERENCES +3 max 
5 # of F.A. OPERATIONS +1 
6 # of F.M. OPERATIONS +1 
7 # of F.R. OPERATIONS +1 

0 SEMAPHORES +1 
1 SHARED REGISTERS +1 
2 A REGIS'rERS +1 
3 S REGISTERS +1 
4 V REG IS'rERS +1 
5 V FUNCTIONAL UNITS +1 
6 SCALAR MEMORY +1 
7 BLOCK MEMORY 

2 0 # of FE'rCHES +1 
1 # of SCALAR REFERENCES +1 
2 # of SCALAR CmU'LICTS +1 ) 
3 # of I/O REFERENCES +1 
4 # of I/O CONI~'LIC'l'S +1 
5 # of BLOCK REFERENCES +3 max 
6 # of BLOCK CONFLICTS +3 max 
7 # of VEC'rOR MEMORY REFERENCE +3 max 

3 0 # of 000 - 017 INSTRUCTIONS +1 
1 # of 020 137 INS'l'RUCTIONS +1 
2 # of 140 - 157,175 INSTRUCTIONS +1 
3 # of 160 - 174 INs'rRUCTIONS +1 
4 # of 176, 177 INS'rRUC'rrONS +1 
5 # of V. INTEGER OPERATIONS +3 max 
6 # of FLOATING-POINT OPERATIONS +3 max 
7 # of VECTOR MEMORY REFERENCES +3 max 

X2011S0407 
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073i01 - Read Status --> Si 

This instruction returns the following status to the high-order bits of si 

263 257 240 233 232 

III III III III 
Si = III III III III 

III III III III 
III III III III 

i t 
CL PS BDM PN CLNO 

lOR CLN1 
IFP 

FPE 

(CL) Clustered, CLN = 0 --> Si Bit 63 
(PS) Program State --> Si Bit 57 
(FPE) Floating Point Error Occurred --> Si Bit 51 
(IFP) Floating Point Interrupt Enabled --> Si Bit 50 
(lOR) Operand Range Interrupt Enabled --> Si Bit 49 

) 
(BDM) Bidirectional Memory Enabled --> Si Bit 48 

*(PN) Processor Number --> Si Bit 40 
* (CLN1) Cluster Number Bit 1 --> Si Bit 33 
*(CLNO) Cluster Number Bit 0 --> Si Bit 32 

* NOTE: These bit positions return the value of zero if executed 
in non-monitor mode. 

COMPANY PRIVATE 11-5 



073i11 - MONITOR MODE, COUNTER 

This instruction returns either the upper bits or the lower bits of a 
performance counter to the upper bits of Si. 

Entering monitor mode clears the performance counter pointer and disables 
advancing of all performance counters while in Monitor Mode. After 
execution of each 073i11 inst~uction, the performance counter pointer is 
advanced by one. The even values of the performance counter pointer 
select the lower order bits of a performance counter to be read into Si 
as follows: 

Performance Count.er Bi ts 20 - 225 Si Bits 232 - 257 

The odd values of the pointer select the upper bits of a performance 
counter to be read into si as follows: 

Performance Counter Bits 2 26 - 245 Si Bits 2 38 - 257 

NOTE: There must be a 2 clock period delay between sequential 073i11 
instructions. 

A sequence for reading the ~erformance counter is as follows: 

Monitor Mode 
c 073i11 Lower Bits Counter 0 Si 

[2 cp delay 
c 073i11 Upper Bits Counter 0 Si 

[2 cp delay 
c 073i11 Lower Bits Counter Si 

[2 cp delay 
c 073i11 Upper Bits Counter Si 

X2011 S0409 
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073i21 - Monitor Mode, Maintenance (Increment Counter) 

This is a hardware maintenance instruction which will increment a performance 
counter while in Monitor Mode. The even values of the performance counter 
pointer select Bit 20 and 26 of the counter to be incremented by one each time 
this instruction is executed. The odd values of the pointer select Bit 226 to 
be incremented. The pointer can be advanced from even to odd and to the next 
counter via the 073i11 instruction. 

NOTE: There must be a one clock period delay between sequential 073i21 
instructions. 

Lower 
2 25 26 2 5 - - - - - 20 

Counter 

- Increment -

Upper 

Counter 

t--- Increment 
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SEeDED MAINTENANCE MODE FUNCTIONS 

PURPOSE: - To allow verification of checkbit memory storage. 

- To allow verification of checkbit generation. 

- To allow verification of error detection and correction. 

DESCRIPTION: 

Additional logic has been added to the modules involved with SECDED to 
ease the checkout of these modules in specialized maintenance modes. 

The instructions utilized for SECDED checkout are as follows: 

INSTRUCTIONS 

073x31 - Monitor Mode, Clear Modes 

This instruction clears all 3 possible SECDED maintenance modes; ZEM1, 
AEM1, AEM2. 

c 
001501 - t4onitor Mode, Set ZEM1 Mode 

c Sets the 3ZE Maintenance Mode 1 • This Mode enables the 8 memory 
checkbi ts c to replace certain data bits on any subsequent memory read. 

c The da ta bi ts are replaced as follows: 

c Check Bit 20 replaces Data Bit 246 
c Check Bit 21 replaces Data Bit 247 
c Check Bit 22 replaces Data Bit 262 

c Check Bit 23 replaces Data Bit 263 

c Check Bit 24 replaces Data Bit 214 
c Check Bit 25 replaces Data Bit 215 

c Check Bit 26 replaces Data Bit 230 

c Check Bit 27 replaces Data Bit 231 

NOTE: This mode can be enabled only when the maintenance mode switch is 
on. 

X2011S0411 
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c 001511 - Monitor Mode, S1 --> Diagnostic Checkbyte 

This instruction loads the diagnostic checkbyte with the highest order 8 bits of 
S1 as follows: 

c S1 Bit 256 --> Diagnostic Check byte Bit 20 

c S1 Bit 257 --> Diagnostic Checkbyte Bit 21 

c S1 Bit 258 --> Diagnostic Checkbyte Bit 22 

c S1 Bit 259 --> Diagnostic Check byte Bit 23 

c S1 Bit 260 --> Diagnostic Checkbyte Bit 24 

c S1 Bit 261 --> Diagnostic Checkbyte Bit 25 

c S1 Bit 262 --> Diagnostic Checkbyte Bit 26 

c S1 Bit 263 --> Diagnostic Checkbyte Bit 27 

001521 - Monitor Mode, Set AEM1 Mode 

Sets the 3AE Maintenance Mode 1. This mode enables certain data bits to replace 
the 8 check bits being written into memory for any subsequent CPU write to 
memory. 

NOTE: Any I/O write to memory is not affected by this maintenance mode. 

The check bits are replaced as follows: 

Data Bit 246 replaces Check Bit 20 

Data Bit 247 replaces Check Bit 21 

Data Bit 262 replaces Check Bit 22 
Data Bit 263 replaces Check Bit 23 

Data Bit 214 replaces Check Bit 24 
Data Bit 215 replaces Check Bit 25 

Data Bit 230 replaces Check Bit 26 

Data Bit 231 replaces Check Bit 27 

NOTE: This mode can be enabled only when the maintenance mode switch is on. 

COMPANY PRIVATE 11-9 



001531 - Monitor Mode, Set AEM2 Mode 

Sets the 3AE Maintenance Mode 2. This mode enables the diagnostic 
checkbyte to replace the 8 check bits being written into memory for any 
subsequent CPU \V'ri te to memory. 

NOTE: Any I/O write to memory is not affected by this maintenance mode. 

The check bits are replaced as follows: 

Diagnostic Checkbyte Bit 20 replaces Check Bit 20 

Diagnostic Checkbyte Bit 21 replaces Check Bit 21 
Diagnostic Checkbyte Bit 22 replaces Check Bit 22 
Diagnostic Checkbyte Bit 23 replaces Check Bit 23 

Diagnostic Checkbyte Bit 24 replaces Check Bit 24 
Diagnostic Checkbyte Bit 25 replaces Check Bit 25 
Diagnostic Checkbyte Bit 26 replaces Check Bit 26 

Diagnostic Checkbyte Bit 27 replaces Check Bit 27 

NO'.rE: This mode can be enabled only when the maintenance mode switch 
on. 

MAINTENANCE MODE SWITCH 

The Maintenance Mode Switch enables the following hardware maintenance 
instructions which then can be executed in Monitor Mode: 

is 

c 001501 - Set ZE Maint. Mode 1: Checkbyte --) Data Field. 

c 2 001511 - Load Sl --) Diagnostic Checkbyte. 

3 001521 - Set AE 14aint. [>:lode 1: Data Bi ts --) Checkbyte. 

4 001531 - Set AE Maint. Mode 2: Diag. 
Checkbyte --) Checkbyte. 

5 073x31 - Clear all Error Correct Maintenance Modes 
(NOTE: Master clear also clears all error correct 

maintenance modes). 

X2011S0413 
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USAGE 

~) Since the program instructions for any test are written to memory through the 
I/O port, a fetch must not be allowed to take place while in maintenance mode 
ZEM1 is in effect. If a fetch is allowed to take place with this mode in 
effect, the checkbits will replace certain bits in the instructions, rendering 
the test useless. Therefore, this maintenance mode must be cleared before a 
fetch is executed. (One alternative would be to use the complementary 
maintenance mode AEM1 to initially rewrite the check bits of the test 
instructions, but this may get messy). 

) 

VERIFICATION OF CHECK BIT STORAGE 

Two of the maintenance modes (AEM1, ZEM1) are used to verify the check bit 
storage modules. The mode AEM1 enables certain data bits to replace the 8 check 
bits being written into memory and the Mode ZEM1 enables those 8 check bits to 
replace certain data bits on a memory read. The maintenance modes AEM1 and ZEM1 
are complementary with respect to check bit arid data bit positions. 

WRITE MEMORY READ 
DATA STORAGE DATA 

Mode AEM1 .. .. Mode ZEM1 
CHECK BIT 

STORAGE 

Modes AEM1, ZEM1 
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VERIFICATION OF CHECK BIT GENERATION 

The maintenance mode ZEM1 can be used to verify the correct generation of check 
bits for a given word of data. with mode ZEM1 set, the 8 check bits replace 
certain data bits during a read from memory. The test program can then extract 
these check bits and verify their correctness. 

NOTE: Error correction would normally be disabled during this test. 

n 
I Normal 

Checkbit 
Generation 

WRITE 
DATA 

+ 
CHECK 

BITS 

COMPANY PRIVATE 

MEMORY READ 
STORAGE DATA 

CHECK BIT .. Mode A 
STORAGE 

Mode ZEM1 
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VERIFICATION OF ERROR DETECTION AND CORRECTION 

The maintenance mode AEM2 can be used to verify the correct operation of the error detection 
and correction circuitry by allowing a diagnostic checkbyte to be written to memory for a given 
data word. 

The diagnostic checkbyte can be initially loaded with the upper order bits of SO via the 00 1511 
instruction. This diagnostic checkbyte will then be written into memory in place of the normal 
checkbits on any subsequent CPU write to memory. With error correction enabled, a 
subsequent read of the memory location containing the diagnostic checkbyte will allow different 
paths within SECDED to be checked out. 

-p 

Diagnostic 
Checkbyte 

HTV-0242 

WRITE 
DATA 

D.C. 

.. -

.. -

MEMORY .. 
p 

STORAGE 

CHECK BIT 
STORAGE 

ModeAEM2 
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ADDRESS FUNCTIONAL UNITS 

OBJECTIVES 

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

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

II. Describing the main functions and differences of each of the following module types: 

3AS for Address Adder 
3AU and 3AT for Address Multiply 

III. Defining with respect to time and use, the address and control signals. 

IV. Tracing operands through the adder generating all the boolean terms. 

V. Diagnostic applications: 

Address Add - 1ADD, lARA 
Address Mult - 1 ARM, 1AMT 

12-1 
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FUNCTIONAL UNIT TIMES -) 
CRAY IS CRAYX-MP 

Address Add 1 1 
Address Multiply 5 3 
Scalar Add 2 2 
Scalar Pop Count 3 3 
Scalar Leading Zero 2 2 
Scalar Single Shift 1 1 
Scalar Double Shift 2 2 
Scalar Logical 1 1 
Vector Add 2 2 
Vector Logical 1 1 
Vector Pop Count 5 4 
Vector Single Shift 3 2 
Vector Double Right Shift 3 2 
Vector Double Left Shift 3 3 
Floating Add 5 5 
Floating Multiply 6 6 
Floating Reciprocal 13 13 
Second Vector Logical N/A 3 

) 

XV201S12M 
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ADDRESS ADDERS (Module Involved) 

3ASMODULE 

The 3AS module receives the Ak and Aj operand bits 2° - 223 from the 3AR when a 030ijk or 
03lijk instruction is issued. The 3AS will fIrst complement the Ak operand if a 03lijk instruction 
is issued. It will then add the Aj and Ak operand, incorporating a 2-bit look ahead add philosophy. 
The result takes one clock period in the functional unit and is then sent back to the 3AR module. 
The 3AS module is also used for Scalar Leading Zero Count, and a 033 instruction, and the 
floating-point constants. 

XV201S13M 
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ADDRESS REGISTER 

FUNCTIONAL UNIT 

INSTRUCTIONS 

ADDRESS ADD/SUBTRACT 

030IJK Integer sum of AJ and AK to AI 

030rOK - Transmit AK to AI 

030rOO Transmit 1 to AI 

030r1O Integer sum of AJ and 1 to Ar 

031rJK Integer difference AJ minus AK to AI 

031I00 Transmit -1 to AI 

031rOK - Transmit the negative of AK to AI 

031I1O Integer difference of AJ minus 1 to Ar 

12-4 
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3AR 3AS G28/29 
S28/29 

AJ2 0 _2 23 _ ., 

ADDRESS AK 2 0 _223 ~ ADDRESS 

REGISTERS 
-., ADDER 

HBIT2 0 ~ Ai 2 0 _223 
-., 

(3AR) 

A-1202B 

3JF to 3VB ( ) 

eRA Y X-MP/2 ADDRESS ADDER BLO~K. DIAGRAM 

) 
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o 
o 

ENABLE 

2-BIT LOOK-AHEAD ADD 

o 

SUM CARRY/ENABLE 

PROPAGATED GROUP CARRIES 

GROUP 5 GROUP 4 GROUP 3 GROUP 2 GROUP GROUP 0 

D22 D21 D20 D18 D17 D16 D14 D13 D12 D10 D09 D08 D06 DOS D04 D02 D01 DOO 

D19 D15 D11 007 D03 

E01 EOO 

DOO-D02, D04-D06, D08-D10, D12-D14, D16-D18, D20-D22 - CARRIES WITHIN THE GROUP 
D03, D07, D11, D15, D19 - CARRY OUTSIDE OF THE GROUP 
EOO, E01, E02, E03 - ALL BITS WITHIN THE GROUP ARE NOT ENABLES 

G04 D03 EOO E01 E02 E03 + D07 E01 E02 E03 + D11 E02 E03 + D15 E03 + D19 

G03 = D03 EOO E01 E02 + D07 E01 E02 + D11 E02 + D15 

G02 = D03 EOO E01 + D07 E01 + D11 

G01 D03 EOO + D07 

GOO D03 

ADDRESS ADDER 3AS MODULE 

X2005C0101 

HTV-0242 
12-6 

) 

) 

) 
J 



~ 
I 

o 

~ 

-N 
I 

-...l 

(J 
~ 

~ 
;g 
o 
""0 

~ 
~ 

" 

",------' 

TEST ~ 
POINfED 

23 22 21 20 19 18 

47 46 4S 44 43 42 

47' 46' 4S' 44' 43' 42' 

A22 A20 AI8 

A23 A21 AI9 

B22 B20 BIS 

B23 B21 BI9 

C22 C20 1 CIS 

C23 C21 CI9 

022 020 

~ 
DIS 

021 017 

E03 

1 H09 HOS H07 H06 

F22 F20 FI8 

F23 F21 FI9 

R22 R20 RI8 

R23 R21 RI9 

1 Carry - Both input bits equal one 

2 Enable - Both input bits equal zero 

17 16 

41 40 

41' 40' 

AI6 

AI7 

BI6 

BI7 

CI6 

CI7 

Dl6 

DIS 

FI6 

F17 

RI6 

R17 

3 Sum - One but not both input bits equal a one 

IS 14 13 

39 38 37 

39' 38' 37' 

1 AIS 

AI4 

AI3 

1 BIS 

BI4 

B13 

CI4 

CIS CI3 

014 Dl2 

Dl3 

E02 

HOS H04 

FI4 

FIS FI3 

RI4 

RIS RI3 

'-..-/ 

12 11 iO 9 7 6 S 4 3 2 

36 3S 34 33 32 31 30 29 28 27 26 

36' 3S' 34' 33' 32' 31' 30' 29' 28' 27' 26' 

AI2 AIO AOS A06 A041 
A02 

All A09 A07 AOS A03 

BI2 1 BIO BOS 

1 B07 

B06 804

1 
B02 

Bll BOO BOS D03 

CI2 

011 

FI2 

RI2 

CiO COS C06 C04 CO2 

Cll C09 C07 COS C03 

010 D08 D06 D04 D02 

D09 DOS D03 DOl 

EOI EOO 

H03 H02 HOI HOO 

FlO F08 F06 ro4l Rl2 

Fll F09 Rl7 RlS Rl3 

RiO R08 R06 R04 R02 

Rll R09 R07 ROS R03 

5 All bits within group are not enable 

6 A carry propagated out of the highest bit position of the group 

7 Bits below this bit are sum within 

4 Bit Carry - Carry into the next higher bit position (looks at 4 bit group) 8 Half add between bit sum and bit carry; FO tenn includes the 
addition of the subtract bit for 2's complement addition. 

3AS MODULE ADDRESS ADDER 

25 

25' 

AOI 

BOi 

COl 

DOO 

FOI 

ROI 

0 

24 

24' 

AOO I-} 

BOO 1 } 

COO } 

} 

FOO 

ROO 

'-.-J 

J OPERAND 10 - 123 

K OPERAND 124 - 147 

K OPERAND i24 -i41 
(03lijk INSTRUCTION) 
SUM POINT 

BITCARRY I 

BITENABLE 2 

BITSUM 3 

PROPAGATED 
BIT CARRY 4 

GROUP ENABLE S 

PROPAGATED 
GROUP CARRY 6 

INTERNAL GROUP ENABLES 

PARTIAL SUMS 8 
(ADD IN SUBTRACT BIT FOR 
TERMRl) 

SUM POINT 

FINAL SUM 

193 = Q3 = MO = Subtract (H20) 
T.P. 
C14 

8-1042C 



PROPAGATE CARRY GENERATE 

TYPICAL PROPAGATE CARRY EQUATION: 

D D03 = A3 A2 Al AO MO # B3 B2 Bl BO 0 # 

REWRITE D03 EQUATION 

C5 C4 C3 C2 Cl CO E5 E4 E3 E2 El G 

D03=A3 A2 Al AO MO # B3 B2 Bl BO 0 # 

D03=#O BO Bl B2 B3 + MO BO Bl B2 B3 + AO Bl B2 B3 

+ Al B2 B3 + A2 B3 + A3 # 

LATCHED PROPAGATE CARRY GENERATE 

TYPICAL PROPAGATE CARRY EQUATION: 

N * JOO· = JO MO 00 HO WO # # V 4 V 4 WO; T2 

REWRITE JOO EQUATION 

C4 C3 C2 Cl CO E4 E3 E2 EI F G 

JOO =JO MO 0 0 HO WO # # V 4 V 4 WO; T2 

JOO =HO V 4 # # WO + 0 # # WO + 0 # WO + MO WO V 4 + JO WO; T2 

XV201S15M 
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'--.--.-- ',-,,' 

@I@@@ G) G) 23 22 21 16 15 ®®® ®®001; _ 0 0C0C0 
47 46 45 44 43 ®@® @) 38 @ @ @@@"" "@'" ~ 26 ~ 24 

47 46 '45 44 43 42 41 40 39383736 3s 34 TI 32 31 3D 292R 27 26 25 24 
----

A22 A20 9 ~ A16 A14 ~ e ~ @ ~ !\OR A06 ~ A04 A02 ~ AOO 
A23 A21 A19 ~ A15 0 ~ ~ A07 ~ A03 ~ 

~ @ ~ B20 Rla A16 B14 B12 Bl0 BOB 9 A04 R02 AOO 
~ ~ Al 9 B17 B15 B13 All A09 B07 A05 A03 BOl 

C22 @c.-:::. Cla e c.:?\ e C12 Cl0 9 ~ C06 @ ~ @ 9 
C23 C21 ~ C17 ~ C13 Cll COg ~ cos e COl 

D22 D20 ~~ r--.. D16 ~8 r--.. e r--.. 9 r::::::::.. Doa D06 ~ D04 
D21 I(Dlg) ID17) 1(015) ID13) IDll) ~ DO~ e 

J ~~ ~~ ~~ ~EOO 
TEST 

I-' POINTED 

IV 11 HOg HOR I H07 H06 I H05 H04 H03 H02 HOl HOO 

o F22 9 <8) 8 F14 ~ F12 ~ 8 e ~ § 81 F02 9 
F23 F21 F19 F17 F15 0 ~ F09 ~ FOS F03 FOl 

R22 @ R20 @) R16 R14 €y@@<§> @) 9 R04 R02 (8) 
R23 R21 R19 @ R15 R13 Rl1 R09 @ @ R03 ROl 

CARRY - BOTH INPIIT AITS EOIIAL ONE 

J OPERAND 10 - 123 

K OPERAND 124 - 147 

K OPERAND n4 - I47 
(03';;k INSTRIICTION) 

SliM POINT 

CARRY 

ENABLE 

SUM 

RPr CARRY 4 

GROIIP ENARLE 

PROPAGATED 
GROIIP CARRY 6 

INTERNAL GROIIP CARRY 

PARTIAL SIJMS h 

) 
'--""""' 

(ADD IN SIIRTRACT AIT PCR TERM PO) 

SlIM POINT 

FINAl, SlIM 

8·10420 

ENABLE - BOTH INPIIT BITS EOUAL 7.ERO 1<)3 = Q3 = MO 
T.P. 

SUBTRACT (H20 ) 

SUM ONE BIIT NOT ROTH INPUT AITS E011AL A ONE 

BIT CARRY - CARRY INTO TH,~ NEXT HIGHER AIT POSITION (LOOKS AT 4 RIT GROUP:, 

ALL RITS WITHIN GROIIP ARE NOT ENABLE 

6 A CARRY PROPAGATED OUT OF THE HIGHEST RIT POSITION OF THR GROIIP 

AITS BELOW THIS BIT ARE SUM WITHIN 

R HALF ADO BETWEEN BIT SUM AND RIT CARRY; FO TERM INCLlmES THE ArlDITION OF THE SllRTRACT 
RIT FOR 2's COMPLEMENT ADDITION 

3AS MODULE ADDRESS ADDER 

C14 

07477667 ~ Aj 
+ 01737052 ~ Ak 

11436741 
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ADDRESS MULTIPLY (Modules Involved) 

3ATMODULE 

The 3AT module receives the Ak and Aj bits 20 - 215 from the 3AR when a 032ijk instruction is 
issued. The 3AT will fIrst generate the Logical products on Ak and Ah bits, then sum the multiply 
pyramid using 3-bit adds. If there is a carry into bit position 216 or 2 the 3AT will send these bit 
positions to the 3AU. The results take 3CP's in the functional unit and are then sent back to the 
3AR module. The 3AT will output bits 20 - 215 of the summation to the 3AR. ' 

3AUMODULE 

The 3AU module operates the same as the 3AT module. However, the 3AU handles bits 20 - 223 

from the 3AR. The 3AU also looks for the 2 16 and 217 bits which could ~ropa*ate from the 3AT 
and adds them into the pyramid summation. The 3AU will output bits 21 - 22 of the summation 
to the 3AR. 
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ADDRESS MULTIPLY 

ADDRESS REGISTER 

FUNCTIONAL UNIT 

INSTRUCTIONS 

032IJK - Integer product of AJ times AK to AI 

032IJO - Transmit AJ to AI 

032IOK - Zero fill AI 

13-2 
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-) 

) 

) 
) 

3AR 

3AU G30/31 
S30/31 

ADDRESS Ai 216 _ 223 
MULTIPLY 

(3AR) 
UPPER 

AJ 2 0 _ 223 .. -
AK20 _ 223 .. 

: -
ADDRESS. 

REGISTERS SUM BIT 16 & 17 

AJ 2 0 - 2 15 .. 3AT G32/33 . 
AK2 0 _2 15 S32/33 .. -

ADDRESS 
Ai 2 0 _ 2 15 

MULTIPLY (3AR) 
LOWER 

A-1203 

CRAY X-MP ADDRESS MULTIPLY BLOCK DIAGRAM 
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THE ADDRESS MULTIPLY FUNCTIONAL UNIT 

032ijk Instruction (Aj) x (Ak) = Ai using the Multiply F.U. 

24 bit {Aj> times 24 bit (Ak) equals 24 bit answer in Ai 

The answer is the lower 24 bits of the product sum. The upper 
24 bits are truncated. 

No overflow is detected. 

0 
1 0 
1 0 

1 0 
1 0 1 0 

1 0 0 1 

0 0 0 0 0 0 
0 0 0 

0 1 

0 
0 

1 0 
0 1 

1 0 
0 1 

0 0 
0 

1 

0 
1 

1 0 1 

0 1 0 
1 0 
0 

o 1 1 

0 
1 

1 0 1 

0 1 0 
1 0 
0 

o 1 1 
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0 

0 

0 

0 
1 

0 

0 

Sum Point 

Sum Point 

6 Bit binary 
Multiply 

6 Bit binary 
Multiply 



The 3 Bit Add: 
-) 

0 1 0 0 
0 0 1 0 

--1L _ 0_ _ 0 _ _ 1 _ 
0 1 1 1 

Enable Sum 

3 Bit Adds do not employ lookahead on carries. 

Typical 3 Bit Add Boolean Equations: 

Sum 

TO? * D03 = Sum (C02, C17, C31); T2 

* D04 = Carry (C02, C17, C31); T2 

) 

HTV-0242 13-5 
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_1 __ 1 __ 0 _ 
10 10 10 

Carry/Enable 

1 
1 

_I_ 
II 

Carry/Sum 
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223 222 217 il iO 21<) 2 18 
,------ ------- ---- ---- ------ r=----~--

7 § 5 4 3 2 1 

15 14 13 12 11 10 9 

r-- 23 __ 22 21 20 19 18 17 

31 30 29 28 27 26 25 

39 38 37 36 35 34 33 

47 46 45 44 43 42 41 ---
55 ~.:1 53 52 51 50 49 ,--- -
63 62 61 60 59 58 57 

~-- - --
r-21..... __ 70 69 68 67 66 65 

79 78 77 76 75 74 73 r--- f----

r---132- -~- 85 84 A3 82 ~-
.-. 
W 3 At! 
I 

1-__ 95 __ 94 _ 9~_ _ 92 __ 91 ~- 89 ,---
O'l 103 

1-----
102 

1----
101 100 99 98 97 

1--
111 110 109 108 .]~ 106 __ 10~_ 

119 118 117 r2!.§--c...!15 114 1~~ 

() 
() ;0 
0)::0 
3:-< 
-0 
)::0;0 
:z IT1 
-< VI 

IT1 
-0)::0 
;0 ;0 
1-1 () 

<:c 
)::0 .. 
-I 
IT1 1-1 

:z 
() 

127 

135 

,....2.~~ 

~13_ 

153 

157 
r-----

160 

1-_!62 __ 

'---"-~ 
8-/037 

22 \ 

\...-

126 125 - --'--

134 

-!~ 

147 

152 --
156 

159 

~!..-

n 2 

133 

140 

146 

151 

-!.?.?-=-

2.~~_ 

2:' 1 

124 123 -~ -"2!.._ 

132 131 130 129 
-~ --

_!]2...... 138 137 136 

145 144 ~. --
150 149 

~2~ 

in 219 218 217 

2
q 

216 215 214 213 212 211 2 10 28 
-- ---- ~----,--=-- ---_. ---_.- -.---- ----- --~r-

0 15 14 13 12 11 10 9 8 -
8 30 29 28 27 26 25 24 23 

16 44 43 42 41 40 39 38 37 

24 57 56 55 54 53 52 51 50 

32 69 68 67 66 65 64 63 62 

40 80 79 78 77 76 75 74 73 

48 90 89 88 87 86 85 84 A3 

56 99 98 97 96 95 94 93 92 -
64 107 f-! 06 __ 105 104 103 -!.~ ~.]-~--

1-_72 114 113 112 111 110 109 108 

~_O 120 119 118 117 116 ~2.. -
A8 125 124 .-.!2:!.. _ 122 121 

96 129 12A 127 126 
1-----

!9_~ ~~2 131 130 

~~ 134 133 

120 ~-----
2.~ 

216 21 " 214 21 , 21 7. 211 210 2
q 

28 

SIJI1 HIT PORI'rIONS 

ADDRESS ~-1lJL TI PL Y PYRAr~II) 

\....-/ 

II; 

27 26 
- 2" -

7 6 5 

22 21 20 

36 35 34 

49 4R 47 -
61 60 59 

72 -~ 1-_70 __ 

A2 Al 

91 

27 2" 2" 

24 - 2 3 
- 22 -

4 3 2 -
19 ~~ r-22.-
33 32 31 

46 45 __ 

58 

311T 

TIMR RR~MRNT 11/12 

LOGIC PRODlJCTR 
C TRRMR 

24 ?o\ ? /. 

21 2° 

~ 2° 

16 21 

22 

23 

24 

2 5 

26 

27 

28 

2
q 

2 11) 

AI< 
21 1 

21 ? 

21 , 

214 

21 ') 

2 10 

21 7 

2 18 

2
1q 

220 

221 

277 

22 \ 

21 2° 

~ 



W 
I 

--.J 

'------" 

23 

89< 
92< 
95< 
98< 

101< 
104< 
105 
106 
107 
lOB 
109 
110 
111 
112 
11] 

114 
115 
116 

5B< 
60< 
62< 
64< 
66< 
6B 
69 
70 
71 
72 
73 

22 

72< 
76< 
79< 
82< 
85< 
8B 
90 
91 
93 
94 
96 
97 
99 

100 
102 
103 

46< 
49< 
51< 
5]< 
55< 
57 
59 
61 
6] 
65 
67 

21 20 

56< 4l< 
60< . 44< 
63< 47< 
66< 50< 
69< 53< 
71 55 
73 57 
74 58 
75 59 
77 61 
7B 62 
BO 64 
81 65 
B] 67 
84 68 
86 70 
B7 

35< 25< 
37< 27< 
40< 29< 
42< ]1< 
44< 33< 
45 ]4 
47 36 
4B 38 
50 ]9 
~2 41 
54 4] 
56 

19 lB 17 16 15 14 

27< 14< 1< B6< 76< 66< 
29< 17< 4< 88< 7B< 6B< 
]1< 20< 7< 90< 80< 70< 
34< 23< 10< 92< 82< 72< 
37< 25< 13 ~ 84< 73< 
40 26 15 0 85 75 
42 28 16 2 B7 77 
43 30 lB 3 B9 79 
45 32 19 5 91 Bl 
46 33 21 6 93 B3 
4A 35 22 8 95 
49 36 24 9 
51 38 11 
52 39 12 
54 

]AII 

15< 7< R5< RO< 48< 42< 
17< 9< ~ Rl< 50< 44< 
20< 11< 1< R2< 52< 46< 
2]< 13< 3< R3< 54 47 
24 14 5< R4< 55 49 
26 16 6 R7< 56 51 
28 18 8 57 53 
30 19 10 0 
32 21 12 2 

22 4 

3AU 

"-' 

13 12 11 10 9 B 7 

57< 49< 41< 34< 2B< 22< 17< 
59< 51< 43< 36< 30< 25< 19< 
61< 53< 46< 3B< 32< 27 21 
63< 55< 4B 40 33 29 23 
65 56 50 42 35 31 24 
67 5B 52 44 3} 26 
69 60 54 45 39 
71 62 47 
74 64 

36< 31< 25< 20< 16< 12< A< 
38< 33< 2B< 22< 17< 14< 9< 
40< 35 30 24 19 15 11 
41 37 32 26 21 lB 13 
4] 39 34 27 2] 
45 29 

RO -) ]1\n 
Rl -) 3AII 
R2 -) 3Ar! 

R3 -) 3An 
R4 -) 3AII 
R7 -) ]1\11 
R5 -) 31\11 
R6 -) ]1\n 

ADDRESS MULTIPLY PYRARMID 

6 5 4 

13< 9< 6< 
15< 12 B 
16 14 10 
lB 11 
20 

6< ]< 1< 
7 5 2 
10 4 

14R 
149 
15J 

151 } 
152 G2, G3 
153 

154\ G5, G6 
ISS 

3 2 

4< 3 
5 
7 

3AT 

0 

]AT 

1 0 

1 0 
2 

-

,-.-/ 

SlJH BIT POSITIONS 

D TERHS 
LATen TIME 
TEST POINTED 

E & R TERHS - 3AT 
E TERHS - 3AII 
TS 3/5 



23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

37< 29< 21< 15< 8< 
39< 31< 23< 17< 11< 
41< 33< 25< 19< 13< 
42< 35< 26< 20 14 
H 36 28 22 16 

3< 1 < RO< 35< 31< 

"j'" 
19< 15< 12< 9< 7< l :' 3< 2 1< 0 

5< 2 R9< 37< 33< 20< 24< 21< 16< 14 11 8 5 
7 II 39 34 311 26 22 18 17 13 10 
9 6 40 36 32 2'1 25 20 

10 41 38 311T 
45 38 30 24 18 12 
46 40 32 27 
47 43 34 3A11 

l ~~~ ;!~ ~~J< :tl6~ :~~ 1 :~ 34 28 22 17 13 9 
35 30 24 19 15 11 
36 31 25 21 
37 33 27 _ ___ 311.:.;;lJCl.l...,-_...1.. 

.11: lr E'U:' :r I :l' I ::' I :' I ' I ~ I 'I ,:: I ' I ' I ' I 0 I 1<K-0< 3< 31< 
5 0 
7 2 

4 

Rl2< -18< 14< 11< 8< 5< 
20< 17 13 10 7 
21 19 15 12 9 
23 16 l~2!~ 25 

26 

.~-J--'---'. 

-="'---'--__ -'-' ~~< I_:_~_<_I ::< 10 ~l ~< I 5 I 3:T 1 3 1 2 I 1 I 0 I 

~ 

v.. W'" 9< 7< 5< 
I 16 13 11 8 6 

(X) 17 15 10 d :'H4 :: 1 :: l£lrl "I "I " ttl 31\T 

13< I 11< I 9< I ~< I 5< 
14 12 10 6 

3< I 1 J I I 7 I 6 I 5 I 4 I 3 I 2 I 1 lot 
\1\11 2 ~_ 14 13 12 11 10 -L. . 31\T 

l'4 12 10 8 6i 4 1 2 0 15 13 11 9 7 5 3 1 
18< 17< 16< 
21 20 19 I 31\11 

4\3121 I 0_ I 31\T 

l ' I ' I ' 1~~2 l£o I~ R29 R20 J R27 R26 R251 R241 R23 I R22 I 6 I 5 I 4 I 
13< 12< 11< 10< 

C13 C12 C20 r.11 C19 C07 C06 C04 B56 804 B45 ·B05 

3 I R17 I R161 R15 I 
Bii3 B21 837 B19 

B43 E2 ~4 ms E3 MO .5 rol 
1\28 1\39 1\37 1152 

R7 R6 R5 R4 R3 R2 Rl RO R21 R20 R19 R18 

ADDRESS MULTIPLY PYRAMID XMP 

i 
'-~. ,-/ 

SliM BIT POSITIONS 

F & R TP.RM!; 311T 
F TP.RMS 3A11 
TS 7/9 
R8 -) 3/111 
R9 -) 311tJ 

G TP.RMS 311T 
G TRRMS 3AtJ 
TS 11/13 

156 - H2 
157 - H3 

H & R TRRMS 311T TRST POINTRO 
JI TRRMS 311tJ 
TS 16/0 
RIO -) 3A11 158 KO, Kl 
Rl I -) 31\1l 159 
R12 -) 31\tJ 160 K2, K3 

J & R TRRMS 31\T 
J TRRMS 31\n 
TS 3/5 
A13 -) 31\11 161 - LO, Ll L16, L19 

K & R TRAMS 31\T 
K TERMS 31\l! 
TS 7/9 
R14 -) 31\l! 162 - Ml0 -) M13 

L TERMS 
TS 11/13 

M TRRMS - R TRRMS 
TS 16/0 
TllST POINTRD 

TS 3/5 

B-/O~9C 

X2013S0301 

_..J 



..... 
W 
I 

1.0 

'-..----../ 
'---') 

IIi 

-C~~~(_22~ ~I) iO 21" 218 r2'!Y2~_6)(;i5) 214 213 212 211 210 29 ~(26) 25 24 2~ (22 A21X 20 ) - - - I 

3AU 

(7) (6) (5) 4 3 2 (,) (0) (i5) 14 13 12 11 10 9 (9) (7) (6) 5 4 3 (2) (i) (o) 

Cs) (,4) 13 12 I I (,0) (9) (9) 30 29 28 27 26 25 (24) (23) (22) 21 20 19 (iii) ~1(i6) -
(23) 22 21 20 (,9) (18) (,7) 16 44 43 42 41 40 (39) GJ) (37) 36 35 34 (33) 1m. (J,) 

31 30 29 28 27 26 25 24 57 56 55 54 53 52 51 SO 49 48 47 46 45 

39 38 37 36 35 34 33 32 69 68 67 66 65 64 63 62 61 60 59 58 

47 46 45 44 43 42 41 40 80 79 78 77 76 75 74 73 72 71 70 

55 54 53 52 51 50 49 48 90 89 88 87 86 85 84 83 82 81 

63 62 61 60 59 58 57 56 99 98 97 96 95 94 93 92 91 

71 70 69 68 67 66 65 64 107 106 105 104 103 102 101 100 

79 78 77 76 75 74 73 72 114 113 112 III 110 109 108 

87 86 85 84 83 82 81 80 120 119 118 117 116 115 311T 

95 94 93 92 (9i) (90) (a9) 88 125 124 A I~ A 
103 102 101 I ~ (99) (98) 97 96 129 (17a)Q IQ --
111 110 I~ I~ ~ 106 105 104 I~ ~ I~ - TIME SF.GMENT 11/12 ---- ---
119 118 117 116 115 114 113 112 134 133 LOGIC PRODUCTS 

C,TERMS 
127 126 125 124 123 122 121 120 135 

135 134 133 132 131 130 129 128 

142 141 140 139 138 137 136 70700707---~Aj 

148 147 146 145 144 143 +00034007 • Ak 

153 152 151 150 149 47012161 • Ai 

157 156 ISS 154 

160 159 158 

162 161 

~-
8-/037 

22 ~ 222 221 i O 2'9 2 '8 2'7 2'6 2 '5 2'4 213 2'2 2'1 2 '0 29 28 27 26 2 5 24 2~ 22 2' 20 

SliM RIT POSITIONS 

ADDRESS MULTIPLY PYRAMID 

~ 

@ 
0 
0 

23 

24 

25 

26 

27 

28 

29 

2 '0 

0 AK 

6) 
(2) 
2'4 

2 '5 

2 '6 

2'7 

2 '8 

2'9 

220 

221 

222 

223 



I-' 
W 
I 

I-' 
o 

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

23 

@ 
92< 
95< 
98< 

101< 
104< 

@ 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 

58< 
60< 
62< 
64< 
66< 
68 
69 
70 
71 
72 
73 

22 

72< 
76< 
79< 
82< 
85< 
88 
90 
91 
93 
94 
96 
97 
99 

100 
102 
103 

46< 
49< 
51< 
53< 
55< 
57 
59 
61 
63 
65 
67 

21 20 

56< 41< 
60< 44< 
63< 47< 
66< @ 
69< 53< 

® 55 
73 57 
74 58 
75 59 
77 61 
78 62 
80 

~ ® 65 
83 67 
B4 68 
86 70 
87 

35< ® 
37< 27< 
40< 29< 

@ 31< 
44< 33< 

® 34 
47 36 
48 38 
50 ® 

® 41 
54 43 
56 

19 18 17 16 15 

® @ ® 86< 76< 
29< 17< 4< 88< 78< 
31< 20< 7< 90< 80< 

® 23< 10< 92< 82< 
37< 25< @ ~ ~ ® 26 15 0 85 
42 28 16 2 87 
43 30 18 3 89 
45 32 19 5 91 
46 33 ® 6 ® 

® 35 22 B 95 
49 36 24 9 
51 38 11 
52 39 12 
54 

3AB 

15< 7< R5< RO< 48< 
17< 9< ~ Rl< 50< 
20< 11< 1< R2< 52< 
23< 13< 3< R3< ® 
24 14 5< R4< 

~ 26 16 6 R7< 56 
28 18 8 57 
30 19 10 0 
32 21 12 2 

22 4 

3AB 

14 13 12 11 10 9 8 7 

66< 57< 49< 41< ® @ ® 17< 
68< 59< 51< 43< 36< 30< 25< 19< 
70< 61< 53< 46< 38< 32< ® 21 
72< 63< 55< 48 ® 33 29 23 

eli) 65 56 50 42 35 31 24 
75 67 58 52 44 37 26 
77 69 60 ® 45 39 
79 ® ~ 47 
81 74 64 
83 

42< 36< 31< ® 20< 16< 12< B< 
44< 38< ,33< 28< 22< & 14< 9< 
46< @9 35 30 24 19 15 11 
47 41 37 32 26 21 18 13 
49 43 39 ® 27 23 

® ® 29 
53 

112 -) 3AB 

R3 -) 3AB 
R4 -) 3ATl 
R7 -) 3ATl 
R5 -) 3AB 
R6 -) 3AU 

ADDRESS MULTIPLY PYRAMID 

,--,/ 

6 5 4 3 2 1 

13< 9< ~ ® CD 83 15< 12 5 

® 14 10 7 
18 11 
20 

3AT 

6< 3< 1< G) 
7 5 83 ® 

3AJ'_ '--, __ '1-__ 

I5J 

151 } 
152 G2, G3 
153 

154\ G5, G6 
ISS 

0 

0 

I 
I 

I 

SUM BIT POSITIONS 

D TERMS 
LATCH TIME 
TEST POINTED 

E & R TERMS - 3AT 
E TERMS - 3AB 
TS 3/5 

8-1038C 
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I-' 
W 
I 

I-' 
I-' 

',--....--' 

23 22 21 20 19 18 17 16 15 14 

37< 

"11" ''1 " 
RB< 35< 31 < 

39< 31< 23< 17< '" " 37< ® 
41 < ® 25< 19< 13< ffi 34 
42< 35< 26< 20 14 9 ® 
44 36 ® 22 16 10 38 
45 38 30 24 18 12 
46 40 32 27 
47 43 34 3AII 

l ~~j< ~~~J~u~ ~6~ ~~~ ~8~ 1 ~ 34 28 ® 17 13 CD 5 
35 30 24 ® 15 ® (2) 
36 ® 25 21 
37 33 27 3AII - ---- - --- ---

~ 
26< 23< 

31 27< ~ 0 ® 2A 
) 2 32 

4 

--

13 12 '11 

27< 23< 19< 
28< 24< 21 < 
30 26 aB 32 29 25 

20< 17< 14< 
22 19 ffi3 24 21 18 

10 

\ 
'-' 

9 

n'" 16< 14 
18 17 
20 

12< 10< 
@) 11 

15 

8 7 6 0 

9< 7< lcDfUJTIJ 11 8 
13 10 

8< 7 6< CD G9 3 2 1 G) 
9 

311T 

l ~:~l~l~~lqp ~rlffi~. ®iqrl I I I I I I I I I I J I I I I 
26 aD 16 ~ 

3Arl 
--- -- - -- ----- -----

l :;~~J~~1~~~tl£llt~1:t2t __ -",--____________ _ 
I_~ 11dcDl cD 1:JcD~~ ~~LLJ---L..° I-----~----------
l14 jA'f6 8 6jlli 21 CD~~_3 L~lffi~L __________________ ~ __________ _ 

1 5 '-.!l.I '-.1..Y 9 7 5 3 1 
18< 17< 16< 
21 20 19 3AII ---- --- -- ---

lCD~15J~CD1r.hJJ 0 t_~R29 I R2sj@1 R26 L~L~~~~~3.1mL_2-_LG2L~J_3_~_~.?_l@J 
13< 12< ~ 10< 

C13 C12 C20 C11 C19 C07 C06 C04 R56 R04 A4S AOS 003 R21 A37 A19 
----- - - - - -
M3 M2 ~4 ~5 M3 mo .5 m1 

A28 A39 A37 A52 

@ R6 R5 @ @ @ Rl PO R21 @ R19 R18 

ADDRESS MULTIPLY PYRAMID 

~ 

SliM AIT POSITIONS 

F & R TRRMS 3AT 
F TRRMS 3AII 
TS 7/9 
R8 -> 3Ml ISO - H2 
R9 -> 3AII IS7 - H3 

G TRRM!=; 3AT 

r; 'I'RRM!=; 3An 
TS 11/13 

H " R TFRMS 
H TRRMS 
TR 11i/0 
Rl0 -) 3AII 

Rl1 -> 3AII 
R12 -> 3AII 

J & R 'T'RRMR 

.J TRRMS 3A(J 
TS 3/5 

3A'1' 
3A(J 

ISA 
IS9 
IliO 

3A'1' 

'T'RR'r POrl'J'rRI) 

KO, Kl 

K2, K3 

R13 -> 3A(J Ifil - LO, Ll LUi, [,19 

K & R '1'RRMS JA'r 
K TRRMS 3An 
TS 7/9 
R14 -> 3A(J I62 - M10 -> M13 

L TRRMR 

TS 11/13 

M TRRM!=; - R TRRMS 

'1'S 1,,/0 
TRR'r POIN'rP,D 

'1'S 1/5 

8-1039D 
X2013S0301 
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SCALAR FUNCTIONAL UNITS 

OBJECTIVES 

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

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

II. Describing the main functions and differences of each of the following modules 
associated with the scalar functional units: 

3GA for the Scalar Add 
3GA, 3A T and 3AS for the Scalar Pop Count and Leading Zero Count 

3GB for the Scalar Single and Double Shifts 

III. Defining with respect to time and use, the address and control signals. 

IV. Tracing operands through the Scalar Functional Unit. 

V. Diagnostic Application: 

3SAR, 3SRA 
3SIS, 3ARI 
3SRS 
3SVC, 3SRL 

Scalar Add 
Scalar PoplLZ 
Scalar Shift 
Scalar Logical 

14-1 
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SCALAR LOGICAL 

SCALAR REGISTER 
FUNCTIONAL UNIT 

INSTRUCTIONS 

044rJK - Logical project of (SJ) and (SK) to Sr 

044rIO - Sign bit of (SJ) to Sr 

045rJK - Logical" product of (SJ) and (SK) to Sr 

045rIO - (SJ) with sign bit cleared to Sr 

046rJK - Logical difference of (SJ) and (SK) to Sr 

046rJO - Toggle sign bit of (SJ), enter in Sr 

047rJK - Logical equivalence of (SJ) and (SK) to Sr 

047rOK - Transmit ones compliment of (SK) to Sr 

047rIO - Logical equivalence of (SJ) and sign bit to Sr 

047roo - Enter ones compliment of sign bit to Sr 

050rJK - Scalar merge 

050rIO - Merge of (Sr) and sign bit of (SJ) to Sr 

051IJK - Logical sum of (SJ) and (SK) to Sr 

051I0K - Transmit (SK) to Sr 

051IIO - Logical sum of (SJ) and sign bit to Sr 

051IOO - Enter sign bit to Sr 

14-2 
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SCALAR ADD (Module Involved) 

3GAMODULE 

The 3GA module receives two 64-bit operands, Sj and Sk, when a 060 or 061 instruction is 
issued. Twos complement arithmetic is performed on the k operand when a 061 instruction is 
issued. The operands are summed on the 3GA module. The results are then sent to the 3GR 
modules when the control term Go Result for the 060,061 instruction is present. If Go Result is 
not present, zeros are sent to the 3GR. Because the Scalar Add F.U. shares the same inputs on the 
3GR as the Scalar Shift F.U., the 3GA module is also used for the initial sums for the Scalar Pop 
Count and Leading Zero F.U. 

XV201S19M 

14-3 



SCALAR ADD/SUBJECT 

SCALAR REGISTER 

FUNCTIONAL UNIT 

INSTRUCTIONS 

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 (Sj) and (263) to Si 

c.A.L. FORMAT 

Si Sj + Sk 

Si Sj - Sk 

Si -Sk 

14-4 
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(3JA TO 3VB) HO 3GA F52/53 

(3JC) 060, 061 
R52/53 . SUMBITS 20 _ 231 

(3 GR) 

F52/53 (3GA) FORCE 0 1 FORCED 0,1 F50/51 . (3 SCALAR GA) 
ADDER 

. 

3GR SJ20_231 

SK 20_ 231 

SCALAR SECTION CARRIES & ENABLES 
REGISTERS 

) SJ 232_ 263 

SK 2 32_ 263 
3GA F50/51 

4 RSO/51 SUMBITS 232 _ 263 . (3GR) 

SCALAR FORCED 0,1 
ADDER 

(3GA) 

-
(3JC) 060 061 -

(3JAT03VB) HO 
8-1 040C 

CRAY X-MP SCALAR ADDER 

\ 

( 
/ 

14-5 



3GA@ F50/51 3GA@F52/53 

Section 3 Section 2 Section I Section 0 

T.P. B61 Q02 = Subtract 

R34 R35 R34 P2 

r;32 

MOl 

R32 = Section 2 Carry 

R34 = Section 2 Enable 

r;;3 

MOO 

164 = R32 (3GA) F53 Section 0 Carry 

165 = R33 (3GA) F53 Section I Carry 

166 = R34 (3GA) F53 Section 0 Enable 

167 = R35 (3GA) F53 Section I Enable 

MOO = [P2 + 164 + 165] [166 + 164 + 165] [167 + 165] 

MOO = P2 166 167 + 164167 + 165 

~2 
MOl 

R32 = Section 0 Carry 

R34 = Section 0 Enable 

164 = R57 (3GA) F53 Forced 0 

165 = R57 (3GA) F51 Forced 0 

166 = R58 (3GA) F53 Forced I 

167 = R58 (3GA) F51 Forced I 

P2 = Mode hO; Subtract 

MOO 

MOO = [P2 + 164 + 165] [166 + 164 + 165] [167 + 165] 

MOO=P2 

MOl = P2 166 167 R34 + 164 167 R34 + 165 R34 

+ R32 

MOl = P2 166 167 R34 + 164167 R34 + 165 R34 + R32 

MOl = P2 R34 + R32 

CRAY X-MP PROPAGATED ENABLES AND SECTION CARRIES 

SCALAR ADD FUNCTIONAL UNIT 

14-6 
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-~ 
I 

-...I 

'I1lSI' 
PoormD 

'I1lSI' 
POIN'I1iD 

011 

R33 

',---, 

31)63 3O,OSl 19)61 28/tiO VI'> 26/.!8 lj/l7 2./l6 23," 22/S4 21m lI>/l2 19/11 18/l0 17/49 16/.8 1$/.7 1./46 13/45 121« 11/43 IW.2 9141 8/40 7/39 6/38 5/37 ./36 3/35 2/3. 1/33 W32 
31 30 19 28 27 26 25 24 23 22 21 2D 19 18 17 16 15 I. 13 U II 10 • 2 0 
6J Q 61 60 59 58 57 56 " 

,. 53 52 51 50 49 48 .7 46 45 .. .3 42 .1 .0 39 38 37 36 35 3. 33 32 

6J' Q' 61' 60' S' 58' 57' 56' ,,' ,.' 57 52' 51' 50' '9' '8' 41' .. , 45' .. ' 43' '2' 41' 40' 3!l' 38' 37' 36' 3$' 34' 33' 32' 

A30 AlB A26 Al' All AlO AI8 AI6 AI4 AI2 AIO A08 All6 A04 Nfl AOO 

All All> Al7 A25 All All AI9 AI7 A15 AI3 All - All7 illS 1113 Alli 

B30 B28 B26 B24 B22 BlI> BI8 BI6 BI. BI2 BIO B08 BOO BOO BOl 000 

B31 Bl9 BV 825 B23 B21 B19 BI7 BI5 BI3 BII BOIl B07 1105 1103 BOI 

C30 CI8 Cl6 C24 en C20 CI8 CI6 CI. CU CIO m8 C06 CO< CO2 coo 
01 Cl9 Cl7 C25 C23 ClI CI9 CI7 CIS CI3 Cl1 (])9 C07 ms m3 ml 

D30 D28 026 D24 = D20 DI8 DI6 DI. DU 010 D08 D06 D04 IlO2 DOO 

Dl9 D25 021 DI7 D15 DI3 D09 DOS DOl 

ID EA5 E5 1!4 m E2 HI EO 

FlO P26 F22 FI8 FI6 Fl. FlO F06 Rl2 Fro 

FJ1 P29 P27 P2S m P21 F19 FI7 F15 FI3 FII F09 F07 F05 P03 POI 

R32 

R3S R34 

H30 H22 H2O HIS HI. H12 HID 11)8 H06 H04 I/Q2 

831 827 1m H19 HIS HII 1107 1Il3 

no 128 126 12' 122 Ill> 118 116 114 112 110 108 106 104 102 100 

131 129 m 125 m 121 119 117 115 113 111 109 107 lOS 103 101 

KlO D8 D6 K24 K22 Kl/l KI8 KI4 KU KIO K08 K06 K04 KD2 

K31 K29 D7 K25 K23 DI K19 K17 K15 KI3 Kl1 K09 K07 KOS K03 KOI 

L30 U8 U6 124 L22 1.20 Lt8 Lt6 LI' LI2 LIO 1.08 L06 L04 UJ:I LOO 

UI U9 L27 us U3 UI LI9 L\7 L15 LI3 LII LOP JJII LOS 1.03 1.01 

MI MO 

1130 1128 1126 Rl4 Il22 R20 1 RI8 RI6 RI4 RU RIO R08 R06 R04 R02 ROO 

R31 Il29 1127 Il25 I Il23 1121 R19 RI7 RU RI3 1 1111 R09 R07 R05 R03 ROI 

~~~~~~=~~_~=~~~~ ___ ~~_w~_~~~~~~~ 
I' Section Carty R32 &. R33 .. 3GA@ FSO/Slas 164 &. 16S 

Section EnableR34 &. R3S .. 30A@FSO/S1 as J66&. 167 
R32-R3S.., Dol OUIpu1ted 00 30A@ FSO/SI 

2' MO m 3GA@ FS2/S3 = SublIlCI 
MI on 3GA@ FS2/S3 _ Section 0 Carry or SublIlCI Ins1nK:tion &. Sectim 0 Enable 

Bill 0-31 30A@FS2/S3 
Bill 32-63 30A @ FSO/S 1 

MO on30A@ FSO/SI- Section I Carty or Section 0 Carty ",Ib Sectim 1 EnobleorSubtrlC1 Bilutd SectionO&' 1 Enable 
Ml on3GA@ FSO/Sl- SectioD 2 Carry orSectiOD 1 Carry wilb Seclion 2 Enable or Section 0 Carty wilb Section 1 &. 2 Enabl. 

or Subtracl Bil wilb Section 0, 1,2 Enablea 

CRAY X-MP/2 - 3GA SCALAR ADD 

~ 

1 Bin 0-31 or 32-63 

KBITSO·]1or32·63 

K BI'\li' (D6IUK INlITIl.) 

CARRY 

ENABIJ! 

SUM 

BIT CARRY 

OROUP ENABLE 

PROPAGATBD GROUP CARRY 

PARTIAL SUMS 

SBCI10N CARRY 1 

SECTIQN ENABLE 

INTERNAL GROUP BNABIB 

SECTION SUM 

INI'BRSECI1ON ENABLE 

SBCrION SUM +1 

SECTION CARRY 2 

FINAL SUM 

C-I~ 
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SCALAR POP COUNf (Modules Involved) 

3GAMODULE 

The Scalar Pop Count operand uses the same input as the Scalar Add when a 026 instruction is 
issued. The I-bits in the Sj operand are partially totalled using 3 levels of 3-bit adds in the 3GA 
module. The partial sums are then sent to the 3A T for completion of the pop count. 

3ATMODULE 

The 3AT completes the summation and sends the results to the 3AR module. If the k -field of the 
026 instruction equals zero, all 7 bits of the result are sent to Ai. If the k-field of the instruction 
equals one, only bit 20 is sent to the Ai register for even parity. The 7 ~bit result corresponds to a 
100 octal or all bits in the S register set. 

XV201S21M 
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026IJO 

026IJ1 

· THE SCALAR POPULATION COUNT FUNCTIONAL UNIT 

Population Count of (SJ) to AI 

Scalar population count instruction. 
Counts the number of 1 bits in the 64 bit J operand, and places 
this count in AI register (lower 7 bits) 

Population Count Parity of (SJ) to AI 

If the K field of this instruction contains a one, only the 2° bit 
of the answer is sent. 

C.A.L. FORMAT 

AI PSJ Scalar Population Count 

AI QSJ Scalar Parity 

DIAGNOSTIC APPLICATION 

3SIS 

15-2 

XV201S22M 
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3GR 

SCALAR 
REGISTERS 

) 

HTV-0242 

3GA F52/53 
R52/53 

INITIAL 
POPULATION 

COUNT 

SJ 20 _ 2 31 POP. 2 ° -2
3 

3AT G32/33 
S32/33 

-.. 
~ 

FINAL 
POPULATION 

COUNT 

SJ 232 _ 263 
3GA F50/51 POP. 2 ° -2 3 I R50/51 K20 (3HC) 

INITIAL 026INSTR. 
POPULATION (3JF) 

COUNT 

CRAY X-MP/2 SCALAR POPULATION COUNT 
BLOCK DIAGRAM 

20 _ 2 6 .. - (3AR) 

A -11720 

-15-3 CRAY PROPRIETARY 
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3AT MODULE BOOLEAN EXAMPLE 

DATA BIT 20 = [POP DATA· 026J + [MULT DATA· 026] T2 

nATA BIT 21 = [POP DATA + 026] [MULT DATA + 026] [026 + K BIT 20J T2 

DATA BIT 22 = [POP DATA + 026] [MULT DATA + 026J [026 + K'BIT 20J T2 

DATA BIT 23 = [POP OR MULT DATA· K BIT 20J 
A-1601 

SCALAR POP COUNT 

J 
- CRAY RESEARCH, INC. 

COMPANY PRIVATE 



U1 
I 

U1 

'----../ 

3-':;.~ 

F~~ '53 

3G.r. 
:50 '51 

p.:~::,:.)o.; 

=,-~ 

3-5 
c-s 
9-11 

1 :::_1 ~ 

15 
. 6-~ 8 
. ~-2' 
:!2-:::!~ 

25-27 
28-30 

31 

32-34 
35-37 
38-40 
4'-4] 
~"-46 

" 4~-50 

51-53 
5 .. -56 
57-59 
60-62 

63 

JGA. 

':'.P. 

3;T 
T.P. 

I0- .2 
:3- 5 
!e- :3 
19- 11 
11:::-114 

115 

116-118 
119-121 
::::22-124 
125-127 
126-UO 

131 

I~l_ 12 

13-15 
16-19 
19-111 
112-114 

Il5 
116-11 a 
119-121 
122-124 
125-127 
128-130 

131 

\\'14 ~1 3 
DSS 070 

VIS \'14 
ill ;0.69 

,1 ,0 
l't UO 

~ ~ 

~ ~ 

m ~ 

~ ~ 

Ul0 
U12 Ul1 

U14 U13 
LllG illS 
uta U17 
U20 U19 

TS 11/13 

Ul 

U3 
u5 
lJ7 
u, 

t!12 
t!14 
U16 

mB 
U20 

T5 ,,/1) 

\\'12 10111 

030 1.20 

\'13 V12 
~70 ;..S7 

U21 

no 
U2 
1)4 
U6 

ua 
Ul0 
U11 
U13 
U15 
U17 
U19 

IJ21 

W1U 

1.60 

V11 

A60 

3GA 

22 2' 20 

WI WO 
\<0'9 100'9 

\oi3 w2 
Wll WID 

W5 w.; 
wl3 W12 

w7 W6 
Wl' 

TS 16/0 

WI wo 
w9 WS 

W3 W2 
WI 1 ino 

ws W4 
WI) W12 

W7 w6 
W14 

TS 16/0 

10109 10108 10107 10106 WOS 10104 
e33 CiS 044 07 I 

Vl0 V09 V08 V07 V06 V05 
131 ill A16 AC5 ;0.65 A27 

/'!.; 

WO,W2,W4 
w6 

W',W3,w5 
W7 

W8,Wl0,W12 

W14 
w9,Wll,Wl3 

WO,102,W4 

W6 

Wl,W3,WS 
.7 

We,WlO,WI2 

W14 
W9,Wl',W13 

''---'' 

23 22 2' 20 

Rn R36 
R3B 

R40 R39 
R41 

R43 R42 
R.4 

R46 R45 

TS 3/5 

R37 R36 

R3B 
R40 R39 

R41 
R43 R42 

R44 
R46 R45 

TS 3/5 

10103 10102 10101 WOO 
A39 

V04 
A13 

''0 

V03 V02 VOl VOO 
A04 - ACI 1\08 A02 

R36 -- 132 
R37 136 
R38 133 
R39 137 
R40 146 
R41 138 
R42 139 
R43 147 
R44 140 
R45 146 
R46 152 

R36 -- 134 
R37 141 
R38 135 
R39 142 
R40 149 
R41 143 
R42 144 
R43 ISO 
R44 145 
R45 151 
R46 153 

SCALAR POP COUNT FUNCTION IINl'l' 

132-134 
I35 

13b-I38 
139-141 
142-144 

145 
146-148 

152 
149-151 

153 

WI,,,,"2,w5 

'n'3,W4,W6 

w7, w8, Wl 0 

ZO 
Zl 

Z2 
Z3,24 

Z5, Z7 
Z6 
Z6 

M3 
M4,M7 
MS,M8 

Mo,MB 

23 22 2' 2u 

VI vo 

V4 V3 
v6 V5 
v6 V7 

VI I V10 
V12 
V14 VI3 
v15 

V9 

v2 

TS 16/0 

2' 2 3 22 2' 20 

3A'r 

V0,V2 
Vl,\/3,V5 
V7,V9 
V4,V6,V8 
Vl0,V13 
V11,VI2,VI4 
Vl 5 

Xl 
X2 

XO WI,) 

x5 

26 

R21 

25 

X3 
X4 

MO. 
M05 

R20 

24 

~107 

M04 

Rl' 

XO 
Xl ,X2,W~ 

X3,X4,wI2 
TS 7/9 X5,Wl1 

23 22 2' 20 

R15 
R16 

R17 
M03 

'l'S 16/0 

Rl B 

T!::i 3/5 

I7ti = MU9; POP PARITY 

T.P. 644 

) 
'--"' 

24 23 22 2' 20 

WI WO 
W3 W2 

W4 w5 
1017 W6 
W9 W9 

WI I Wl0 

W12 

TS 3/5 

2 5 24 ,3 22 2' 20 

Z3 
t4 

Z2 
II 

Z6 
Z5 

"7 

ZJ 
TS 11!1 J 

R15 
RiG 
Ri7 
M03 
M04 
M05 
M06 
1<\07 
MOB 

T.P. 

81' 

837 
H21 
.03 
b05 
&45 
M04 
.02 
ill 

HI9 '" M-1 M7 M~ + M4 M7 I~~ 

J.:.2u '" MS MH ~ + ;is Mil M9 
R21 :: M6 MH MY 

C-1176C 
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3GA 
F52/53 

3GA 
F50/51 

BIT 
POSITION 

0-2 
3-5 
6-8 
9-11 

12-14 
15 

16-18 
19-21 
22-24 
25-27 
2S-30 

31 

32-34 
35-37 
3S-40 
41-43 
44-46 

47 
4S-50 
51-53 
54-56 
57-59 
60-62 

63 

3GA 
T.P. 

3AT 
T.P. 

I\BI2 

~ 
I6(9IS 
@@ 
I1 ~I14 

<:ill> 
I1f€)I1S 
®@ 
I2~I24 

@@ 
I28\9I30 

® 

IO-I2 
I3-I5 
I6-IS 
I9-I11 
I12-I14 

I15 
I16-I1S 
I19-I21 
I22-I24 
I25-I27 
I2S-I30 

W14 
D55 

V15 
A63 

I31 

W13 
070 

V14 
A69 

U1 

® 
US 

® 
U9 

U12 
@ 
U16 
@ 
U20 

TS 11/13 

U1 
U3 
US 
U7 
U9 

U12 

@)I 
U2 

® 
U6 

~I @ 
U13 

® 
U17 
@ 
® 

£10 
U2 
U4 
U6 
US 
U10 
U11 

I 

/9 

3A'f 

VO,V2 
V1,V3,V5 
V7,V9 

~
4 V6,VS 

V1 0, V13 
V11,V12,V14 
V1 5 

wO 
XO 
X1@@ 
X3@W12 
X5,W11 

U14 U1 3 
U16 U15 
U1S U17 
U20 U19 2 21 20 

U21 f---=----=---r 
TS 11/13 

W12 W11 
D30 A2Q 

V13 . V12 
A70 A57 

W10 
A60 

R16 
R15 

V11 

A60 i TS 16/0 

TS 3/5 

PARITY 
14 

W11 

Z6 

W3 
W4 

W7 ® 
wS ® 
@ 
W12 

Z5 
Z7 

T.P. 

R15 B19 
R16 
R17 
M03 
M04 
M05 
M06 
10107 
MOS 

B37 
B21 
1303 
B05 
B45 
B04 
B02 
B32 

W1 WO 
W2 
W5 

TS 3/5 

Z1 
Z2 

ZO 

TS 11/13 

R19 = M4 M7 M9 + t14 M7 M9 
R20 = M5 MS M9 + ~15 M8 M9 
R21 = M6 MS M9 

C-11760 
X2100S0107 
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SCALAR LEADING ZERO COUNT (Modules 
~l Involved) 

3GAModuie 

The 3GA module inputs the Sj operand when a 027 instruction is issued. The Scalar leading zeroes 
Sj operand uses the same input path as the Scalar Add. The Sj operand is divided into 4-bit 
groups. The number of leading zeroes are counted within each group. The 3GA then sends its 
group counts to the 3A T and 3AS modules. The 3GA at F50/51 counts the leading zeroes for bit 
locations 2° - 231. The 3GA at F52/53 counts the leading zeroes for bit locations 232 - 263. 

3AT Module 

If all groups from the 3GAs are zeroes, the 3AT module will output bit 26 to an A register. This 
register indicates 100 octal for a total of 64 decimal leading zeroes. 

3AS Module 

The 3AS will output bits 2° - 25 to an A register whenever the leading zero count is less than 100 
octal. The 3AS will total the number of zeroes from the most significant bits which were sent to the 
3AS by the 3GAs. The most significant bits are handled on the 3GA at F50/51. 

XV203S05A 

HTV-0242 16-1 eRA Y PROPRIETARY 



THE SCALAR LEADING ZERO COUNT FUNCTIONAL COUNT 

027IJO 

C.A.L. FORMAT 

AI ZSJ 

Scalar Leading Zero Count Instruction. 
Counts to the fIrst 1 bit in the 64 bit J operand and places the 
count in the AI register (lower 7 bits) 

Scalar Leading Zero 

XV201S24M 

16-2 

) 

) 
J 



3GA F52/53 20 _ 2 31 = 0 
3AT G32/33 

R52/53 S32/33 

3GR SJ 20 _ 2 31 LDZBIT26 
INITIAL FINALLDZ 

LEADING ZERO LDZBIT20 _23 
COUNT BIT 26 (3AR) 

COUNT 
SCALAR 

REGISTERS 

SJ 232 _ 263 3GA F50/51 
~ 

3AS G28/29 
R50/51 

2 32 _263=0 S28/29 

INITIAL FINALLDZ 
LDZ BIT 2° - z5 

LEADING ZERO 
COUNT LDZ BIT 20 _ 23 

COUNT 
BIT 2° _25 

(3AR) 

A- 1170 

) 

CRAY X-MP SCALAR LEADING ZERO 

J 
16-3 



~ 
< 
8 
i!3 

....... 
9" 
+:>. 

~ 
> -< 
;g 
~ 

~ 
~ 

3GA F50/51 

63 - 60 59- 60 55 -52 51-48 

22 22 22 22 

V7 V6 V5 V4 

21 2° 21 2° 21 2° 21 20 

X15 X14 X13 X12 XII XI0 X9 X8 

0 0 0 0 0 0 0 0 

0 1 0 1 0 1 0 1 
1 0 1 0 1 0 1 0 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 

Boolean X15' = #A31 + 0 A29 + A30 T2 

X15 = [A31'. A30') ; T2 

47 -44 

22 

V3 

21 2° 
X7 X6 

0 0 

0 1 
1 0 
1 1 
1 1 

XI5 = [Data Bit N = 22) [Data Bit N + 21 ; T2) 
Count = 2or3 

Boolean XI4'=#A31 + A30'A29; T2 

X14 = [A31') [A30 + A29') ; T2 

43 -40 39 - 36 

22 22 

V2 VI 

21 2° 21 2° 
X5 X4 X3 X2 

0 0 0 0 

0 1 0 1 
1 0 1 0 
1 1 1 1 
1 1 1 1 

XI4 = [Data BitN + 22] [Data BitN + 21+ Data bitN + 20J ; T2 

Count = 1 or 3 

35 - 32 

22 

VO 

21 2° 
Xl XO 

0 0 

0 1 
1 0 
1 1 
1 1 

SJ BilS 

+- All Zero -. 

+-Sum BilS-. 
21 20 

0=1000 

1 = 0100 
2 =0010 
3 =0001 
4=0000 

ZO=V3 V2Vl 

ZI =V3 V2 Vi 
Z2=V3V2 

Z3=V3 

Z4=V7V6V5 

Z5=V7V6Vs 

Z6=V7V6 

Z7=V7 

Z8=VO 

Z9=V4 

31- 28 27 - 24 

22 22 

V7 V6 

21 2° 21 2° 
X15 X14 XI3 X12 

0 
0 
1 
1 
1 

0 0 0 

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

--

Boolean Tenns 
No Leading Zero 
1 Leading Zero 
2 Leading Zero 
3 Leadiong Zero 
4 Leading Zero 

3GA F52/53 

23 -20 19 -16 15 - 12 11- 8 

22 22 22 22 

V5 V4 V3 V2 

21 2° 21 20 21 2° 21 2° 
XU XIO X9 X8 X7 X6 X5 X4 

0 0 0 0 0 0 0 0 

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

----

Example of one four bit group 

263 262 261 260 22 21 

A3 A30 A29 A28 V7 XIS 

1 0 0 0 ~ 0 0 

0 0 o . 0 0 
0 0 1 0 ~ 0 1 
0 0 0 ~ 0 1 
0 0 0 0 1 1 --- ---------

CRAY X-MP 3GA SCALAR LEADING ZERO 

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

7-4 3-0 

22 22 

VI VO 

21 2° 21 2° 
X3 X2 Xl XO 

0 0 0 0 

0 1 0 1 
1 0 0 0 
1 1 1 1 
1 1 1 1 

2° 
X14 

0 
1 
0 
1 
1 

8-13271: 
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0'\ 
I 

V1 

'---..-' 

LEADING ZERO 
COUNT 
SUM BIT 0 

SUM BIT 1 
SUM BIT 2 
SUM BIT 3 

ALL ZERO 

LEADING ZERO 
COUNT 
SUM BIT 0 

SUM BIT 1 
SUM BIT 2 
SUM BIT 3 
ALL ZERO 

01 02 

x 
x 

41 42 
x 

x 

3GA F50/51 BITS 263 _ 248 

03 04 05 

x x 
x 

x x 

43 44 45 

x 
x 

x 

R52 - 148 
R53 - 149 
R54 - 150 
R55 - 151 
R56 - 152 

x 

x 

06 07 10 11 12 13 14 

x x x 
x x x x 
x x x 

x x x x x 

- _._-

3GA F52/53 BITS 231 _ 216 

46 47 50 51 52 53 54 

x x x 
x x x x 
x x x 

x x x x x 

3GA F50/51 TO 3AS G28/29 

R47 - 153 
R48 - 154 
R49 - 155 
R50 - 156 
R51 - 157 

15 16 17 

x x 
x x 

x x x 
x x x 

55 56 57 

x x x 
x x 

x x 
x x x 

R56 - 157 ON 3AT 032/33 R51 - 156 ON 3AT 032/33 

20 

x 

60 

x 

~ 

R52 
R53 
R54 
R55 

R56 

R52 
R53 
R54 
R55 
R56 

21 22 

x 
x 

61 62 
x 

x 

23 24 25 
x 
x 

x 

63 64 
x 
x 

x 

R52 - 158 
R53 - 159 
R54 - 160 
R55 - 161 
R56 - 162 

x 

x 

65 
x 

x 

3GA F50/51 BITS 247 _ 232 

26 27 30 31 32 33 34 
x x x 

x x x x 
x x x 

x x x x x 

3GA F52/53 BITS 215 _ 2° 

66 67 70 71 72 73 
x x x 

x x x x 
x x 

x x x x 

3GA F52/53 TO 3AS G28/29 

R47 - 163 
R48 - 164 
R49 - 165 
R50 - 166 
R51 - 167 

74 

x 
x 

35 36 37 
x x 

x x 
x x x 
x x x 

75 76 77 
x x 

x x 
x x x 
x x x 

R56 - 155 ON 3AT 032/33 R51 - 154 ON 3AT 032/33 

CRA Y X-MP 3GA SCALAR LEADING ZERO 

~ 

40 

x 

100 

x 

A-5407 

R47 
R48 
R49 
R50 
R51 

R47 
R48 
R49 
R50 
R51 



R36 R6I R60 R59 R58 R57 R56 R60 = [V9' + VI01 [V8] 

26 25 24 23 22 21 2° R6I = [V9'] [VIO] 

CONTROL 

152 - Take I terms 148 - 151 if you do not have 152. 
If you do have 152 take I tenn 156 - 153 and 
make VO - V3. 

162 - Take I terms 158 - 161 if you do not have 162. 
If you do have 162 take I term 163 - 166 and make V4-V7. 

VIO' - If you do not have VIO make R56 - R59 from VO - V3. 
VIO' count < 40 

V9' - If you do have V9· VIO make R56 - R59 from V 4 - V7. 
V9' VIO count> 40 < 100 

R60 - Count is ~ 208 - 378 • ~ 608 - 778 

R6I - Count is 408 - 578 or 60 8 - 778 

R36 - Count is 1008 B-IB02E 

CRAY X-MP/2 3AS AND 3AT MODULE DIAGRAM 

HTV-0242 16-6 CRAY PROPRIETARY 

) 
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3AT MODULE BOOLEAN EXAMPLE 

SOO = [I57J [I56J [I55J [I54J [P1'J 

157 = R56 3GA (a F51 BITS 48 - 63 = 0 
156 = R51 3GA (a F51 BITS 47 - 32 = 0 
155 = R56 3GA @ F53 BITS 31 - 16 = 0 
154 = R51 3GA @ F53 BITS 15 - 0 = 0 

3AS MODULE BOOLEAN EXAMPLE 

152 = R56 3GA @ F51 BITS 48 - 63 = 0 
157 = R51 3GA @ F51 BITS 32 - 47 = 0 
162 = R56 3GA @ F53 BITS 16 - 31 = n 
167 = R51 3GA @ F53 BITS 0 - 15 = 0 

VOg = [BITS 20 _ 215 = O'sJ [BITS 231 - 216 = O'sJ 

V10 = [BITS 248 - 263 = OJ [BITS 232 - 247 = OJ 

A-1600 

SCALAR LEADING ZERO 

16-7 CRAY RESEARCH, INC. 
COMPANY PRIVATE 



~ 
< I 

~ 

....... 
9" 
00 

~ 
""0 
~ o 
""0 

~ 
~ 

0000 0000 

63-60 59 - 56 

22 22 

@ ® 

0 0 0 0 

0 1 0 1 
0 1 0 
I I 

0000 

55 - 52 

22 

@ 

0 0 
0 1 
1 0 
I 
1 

3GA 140/41 
0000 _ 0000 

51-48 47-44 

22 22 

® ® 

0 0 0 0 
0 1 0 
I 0 0 
I 

Boolean X15' = #A31 + 0 A29 + A30; T2 

X15 = (A31' • A30') ; T2 

0000 

43 -40 

22 

® 

0 0 

0 I 
1 0 
I I 

I 

XI5=(DATABITN+22 ) (DATABITN+21; TZ) 
COUNT =2 OR 3 

Boolean X14' = #A31 + A30' A29 ; TZ 

XI4 = (A31') (A30 + A29') ; T2 

0101 

39 - 36 

22 

VI 

0 0 

0 1 
1 0 
I I 
I I 

027JJO 

SJ 000000 000137 000000 000000 

1111 0000 0000 

35 - 32 

22 

VO 

21 2° 

Xl XO 

0 0 

0 I 
0 

SJ BITS 

.-AlLZERO ... 

.-llUM BITS-. 
21 20 

0=1000 

1=0100 
2 = 0010 
3 =0001 
4 =0000 

ZO=V3 V2 VI 

@=V3V2VI' 

Z2=V3 V2' 

Z3 =V3' 

@=V7V6V5 

Z5 =V7 V6 V5' 

Z6=V7V6' 

Z7 =V7' 

Z8=VO 

@=V4 

31 - 28 27 -24 

22 22 

V7 V6 

0 0 0 
0 1 0 

0 
I 
I 

BOOLEAN TERMS 
NO LEADING ZERO 

1 LEADING ZERO 

2 LEADING ZERO 

3 LEADING ZERO 

X14= (DATA B1TN 22 ) (DATABITN+21 +DATABiiN+20); T2 

COUNT=IOR3 

4 LEADING ZERO 

3GA SCALAR LEADING ZERO 

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

3GA 142/43 
0000 0000 _ 0000 0000 0000 0000 

23-20 19 -16 15 -12 11 - 8 7-4 3-0 

22 22 22 22 22 22 

V5 V4 V3 V2 VI VO 

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

---_.-

EXAMPLE OF ONE FOUR BIT GROUP 

263 262 261 260 22 21 2° 
A31 A30 A29 A28 V7 XIS XI4 

1 0 0 0 I---- 0 0 0 

0 1 0 0 I---- 0 0 I 

0 0 1 0 I---- 0 I 0 

0 0 0 1 I---- 0 1 I 

0 0 0 0 I---- 1 0 0 
A-5943 
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3GA F50/51 BITS 26 ' - 24 " 3GA F50/51 BITS 247 _ 2ll 

LEAnING ZERO 
COIINT 01 02 03 04 05 06 07 10 11 12 13 14 15 16 17 20 21 22 23 24 25 26 27 30 31 32 33 34 35 36 37 40 

SLIM BIT 0 X X X X X X X x I R52 X X X X X X X X @ 
I 

SliM BIT x x x x x x x X R53 X X X X X X X X R48 ,---
I 

sur·, BIT X X X X X X X X R54 X X X X X X X X R49 

SIJM BI'r X X X X X X X x R55 X X X X X X X X <§> 

ALL ZERO _X_I @ '---
X R51 

3GA F52/53 BITS 2'1 - 2 16 3GA F52/53 BITS 2 15 - 2° 

LEAnING ZERO I 
COIJNT 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 77 100 

I-' SIJM BIT 0 X X X X X X X X X R52 ~--- X X X X X X X ----, R47 

0'\ 
I SUM BI'r X X X X X X X X R53 X X X X X X X X R48 

\D 

SLIM AIT X X X X X X X R54 X X X X X X X X R49 

SUM flI'r X X X X X X X X R55 X X X X X X X X R50 

ALL ZERO L-'-__ . ______ X @ '---.. -- -- --- -- -~---. @ 

3r.A PSO/51 TO 3AS r.28/29 3r.A P52/53 TO 3AS r.28/29 

R52 - 148 R47 - 153 R52 - I~8 R47 - Iii 3 
R53 - 149 R4A - 154 R53 - 159 R4A - !fi4 
R54 - 150 R49 - 155 R54 - 160 R49 - loS 
R55 - 151 R50 - 156 R55 - 161 R50 - Ih6 
;150 - 152 R51 - 157 R56 - 162 R51 - Hi7 
~56 - 157 ON 3AT G32/33 R51 - 156 ON 3AT r.32/33 R56 - IS5 ON 3AT G32/33 R51 - I~4 ON 3AT G32/33 

X2001C0302 

3GA SCALAR LEADING ZERO 



3AT 
3AS 

247 232 231 

0 0 0 

I57 

23 22 21 20 23 

I61 

-~---O 

I62 

I60 I59 I58 

0-----0 

I66 I65 I64 I63 

i 
i 

/ 

/ 

/ 

V10 I52·I57 
V09 I62· I67 
V08 [I52J 

[I57' + I62J 

~----+-----~-------+-------+-------+------~------+-----~ 

V1 VO V7 V6 V5 V4 

R36 R6l R58 R57 R60 [V9' +Vl0'J [V8J 

R61 [V9' J [Vl0J 

CONTROL 

152 - TAKE I TERMS I48 - I51 IF YOU 00 NOT HAVE 152 
IF YOU DO HAVE 152 TAKE I TERM 156 - I53 AND MAKE VO-V3. 

162 - TAKE I TERMS I58 - I61 IF YOU 00 NOT HAVE I62 
IF YOU 00 HAVE 162 TAKE I TERM I63 - 166 AND MAKE V4-V7. 

iliO IF YOU 00 NOT HAVE Vl0 MAKE R56 - R59 FROM VO-V3. V10 COUNT < 40 

V9 IF YOU 00 NOT HAVE V9 • Vl0 MAKE R56 - R59 FROM V4-V7. V9 Vl0 COUNT> 40 < 100 

R60 - COUNT IS ~ 208-378' ~ 6U8-778 

R61 - COUNT IS 408 -578 or 608-778 

R36 - COUNT IS 1008 

X-MP 3AS AND 3AT MODULE 

16-10 

DIAGRAM 

8-16020 
X4815S0710 

EXAMPLE NO. 1 
HTV-0242 
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SCALAR SINGLEIDOUBLE SHIFf (Module Involved) 

3GB MODULE 

The 3GB modules perform the Scalar Shifts for both the single and double shift operations. The 
052ijk - 055ijk instructions cause the single right or left operations to be performed. The 056ijk 
and 057ijk cause double right or left operations to be performed. 

All Scalar Shifts are left end off and zero filled. To perform a single right shift, the twos 
complement of the number of places to right shift must be supplied in the jk field of the instruction. 

The Scalar double shift count is supplied by the Ak field in the instruction. Any bits set in Ak from 
27 - 223 will zero the results. For a right double shift, the twos complement of the number of 
places to right shift is calculated on the 3GB module. 

The 3GB at F48/49 handles all the odd number bits of Sj or Si. The 3GB at F54/55 handles all the 
even bits of Sj or Si. There is no cross-over of bits between the 3GB modules. A shift of one 
place on the module is equivalent to a shift of two places in the register. 

The two 3GB modules output their results to the 3GR modules where the final result is ORed 
together.' . 

XV201S25M 

17-1 



THE SINGLE LEFT SHIFT 

The shift count is in the JK field of the 

052 IJK 
Result to SO 

054 IJK 
Result to SI 

Instructions. 

C.A.L. FORMAT 

SI SI < JK Scalar single left shift to Sr 

SO SI < JK Scalar single left shift to SO 

DIAGNOSTIC APPLICATION 

3SRS 

3SRR 

17-2 
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THE SINGLE RIGHT SHIFf 

The shift count is 

100g - JK field of the 

053 UK 
result to SO 

055 UK 
result to SI 

Instructions. 

C.A.L. FORMAT 

SO SI > JK Scalar right shift to "SO 

SI SI > JK Scalar right shIflto SI 

) 

XV201S27M 
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13 

3 
2 

SHIFT 
COUNTBIT 21 
(SHIFT 2) 

R3 

3 
2 

12 

2 
2 

R2 

2 
2 

BASIC SHIFT 

OPERATION 

I1 

21 

Rl 

17-4 

10 

0 
2 

SHIFT COUNT 
.--___ 21 BIT 

(NO SHIFT) 

RO 

o 
2 A-5127 

l 

J 

J 



) 

I 
/ 

3GR 

SCALAR 
REGISTERS 

3VG JK SHIFf COUNT • .. 3GB F48/49 

3JC 056 - 057 .. R48/49 .. 
3JC 052 - 057 

o 6 
3AR AK (2 - 2 ) .. 
3VB H2

O 
.. SCALAR SHIFf - ALL ODD NO. BITS .. 

Si (ODD) .. .. 
SJ (ODD) -

j~ 

AK=O 

AK=O 

,ir 

Si (EVEN) .. 3GB F54/55 .. R54/55 
SJ (EVEN) -

3VG JK SHIFf COUNT _ .. SCALARSIDFT 
3JC 056 - 057 ALL EVEN NO. BITS 

- ... 
3JC 052 - 057 . 

AK (20 - 26) 
.. .. 3AR .. 

3VB H2
O .. 

AK 27 _ 29 , 212 _ 214, 2 18 _ 220 

CRA Y X-MP SCALAR SHIFf 

17-5 

Si (2 0 - 2 63 ) .. . 
(3GR) 

-

-

Si (20 _ 2 63 ) .. . 
3GR 

A 1194 -



(3AR) 

(3VB) 

(3AR) 

(3VB) 

Ak BIT 2° - 2 6 170 - 176 

MODEhBIT20 

Ak BIT 20 _ 2 6 170 - 176 

MODEh BIT 2° 

GROUP ON 3AR's 

I I 

DOUBLE SHIFf VI9 
R65 
185 

185 
R65 

DOUBLE SHIFf V19 

SCALAR DOUBLE SHIFf COUNT 
(3GB) 

fj COMPLIMENT 
CONTROL - SHIFf 

]' CONTROL 
AkTAKEN 

-.-J DIRECILY 

3GB 

VIO T.P. A03 SHIFf 1 = 2° 

VII T.P. Ao4 SHIFf 2 = 21 

VI2 T.P. B7i SHIFf 4 = 22 

VI3 T.P. B66 SHIFf 8 = 23 

VI4 T.P. AIO SHIFf 16 = 24 

VI5 T.P. Ai1 SHIFf 32 = 25 

VI6 T.P. AOI SHIFf 64 = 26 

@ 
t-..;.W.;.:5;.....;;OO;;.;;;,.;S;;,:H,;;;IFf;;..:..__ P40 _ P43 

F48/49 

ALL ZERO 

ALL ZERO 

R65 

3GB 

@ 

(3AR) 27 - 2 9 212 _ 2 14 2 18_ 2 20 F54/55 
t-..;.W ... 5--.;;OO;,;;;...;;S;.;.;H;,;;;IFf____ P40 _ P43 

I I 
GROUP ON 3AR's 

kBIT 

jBIT 

Ak 27 - 2 23 EQUAL ZERO ALLOW THE OUTPUT TO THE 3GR's 

SCALAR SINGLE SHIFT COUNT 
(3GB) 

2° - ° VOO T.P. B22 SHIFf 1 = 2 

21 VOl T.P. B68 SHIFf 2 = 21 

22 V02 T.P. B64SHIFf 4 = 22 

2° SHIFf V03 T.P. B62 SHIFf 8 = 2 3 

21 CONTROL V04 T.P. B69 SHIFf 16 = 24 

22 V05 T.P. C03 SHIFf 32 = 25 

CRA Y X-MP SCALAR DOUBLE/SINGLE SHIFf COUNT 
(3GB) 

17-6 
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1. SCALAR SINGLE SIDFT INSTRUCTIONS 052 ij k - 055 ij k 

2. DECODE j AND k FIELD FOR SIDFT COUNT. 

3. RIGHT SHIFT COUNTS MUST BE PUT IN 2's COMPLIMENT FORM. 

, ..... 1------ J FIELD 

22 

V7RSS D70' 
V6 LSS D71' 
V5 C03' 

CONTROL FOR 
J ANDKTERMS 

LSS 32' PlO 

LSS 32 Pll 

RSS 32 P12 

RSS 32' P13 

.. ... K FIELD ..... 
-----~~ 

16 10 810 4 10 

21 0 22 2 

V4 B69' V3 B62' V2 B64' VI B68' VO B22' 
P32 P31 P30 CONTROL FOR 

MTERMS 

0 0 0 SHIFT 0 0 0 

0 0 1 SHIFT 4 0 1 

0 1 0 SHIFT 8 1 0 

0 1 1 SHIFT 12 1 1 

1 0 0 SHIFT 16 

1 0 1 SHIFT 20 

1 1 0 SHIFT 24 

1 1 1 SHIFT 28 

CONTROL FOR 
NTERMS 

0 0 0 P20SIDFTO 

0 0 1 P21 SIDFT4 

0 1 0 P22 SIDFT 8 

0 1 1 P23 SIDFT 12 

CONTROL FOR 
LTERMS 

1 0 0 P24SIDFT 16 

1 0 1 P25 SIDFT20 

1 1 0 P26 SIDFT24 

1 1 1 P27 SIDFT28 

SCALAR SHIFf CONTROL 

17-7 

DECIMAL 
SIDFTVALUE 

BIT 
PosmON 

CONTROLFOR· 
RTERMS 

P40 SIDFT 0 

P41 SIDFT 1 

P42 SIDFT 2 

P43 SHIFT 3 

A-5128 
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62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4 203GB @ F54/55 

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

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

LEFT SINGLE SHIFT: 
10-131 -- KO-K31 SHIFT 3:2 
10-115 -- K16-K31 SHIFT 32 

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

Il6-131 
JO-J15 SHIFT 32 
JO-J15 SHIFT 32 

432 1 0 I TERMS 

K31 K30 K29 K28 K27 K26 K25 K24 K23 X22 K21 K20 K19 K18 K17 K161 K15 K14 K13 K12 Kll KI0 K9 K8 K7 K6 K5 K4 K3 K2 Kl KO I J1S J14 J13 J12 Jll JlO J9 J8 J7 J6 J5 J4 J3 J2 Jl JO 

TS 10/13 

N7 N6 N5 N4 N3 N2 Nl NO M46 M44 M42 M40 M38 M36 M34 M32 M30 1128 M26 tl24 t122 M20 M18 M16 M14 M12 MI0 M8 M6 M4 M2 MO L12 LI0 

N7 N6 N5 N4 N3 N2 Nl NO 1146 M44 M42 M40 M38 r136 M34 H32 M30 tl28 M26 M24 M22 r120 H18 M16 M14 M12 MlO M8 M6 M4 M2 MO L12 LI0 

N7 N6 N5 N4 N3 N2 Nl NO M46 H44 M42 1140 H38 H36 M34 M32 H30 H28 1126 H24 M22 M20 H18 M16 M14 H12 MlO M8 M6 M4 M2 MO L12 LlO 

N7 N6 N5 N4 N3 N2 Nl NO M46 M44 1142 H40 1138 1136 H34 M32 M30 H28 M26 M24 H22 M20 M18 M16 M14 M12 MI0 M8 M6 M4 M2 MO L12 LI0 

1147 1145 M43 H41 M39 1137 M35 H33 M31 H29 M27 H25 H23 M21 M19 H17 M15 M13 Mll M9 M7 M5 M3 Ml L13 Lll L7 L6 L5 L4 L3 L2 Ll LO 

M47 M45 M43 M41 M39 M37 M3S M33 tl31 H29 H27 M2S 1123 1121 M19 M17 M15 H13 Mll M9 M7 MS M3 Ml L13 Lll L7 L6 LS L4 L3 L2 Ll LO 

M47 M45 M43 M41 M39 M37 M3S M33 M31 M29 M27 M25 M23 M21 M19 M17 M15 M13 Hll H9 H7 MS M3 Ml L13 Lll L7 L6 L5 L4 L3 L2 Ll LO 

M47 M45 M43 M41 M39 1137 1135 M33 M31 M29 ~!27 M2S M23 M21 M19 M17 M1S M13 Mll M9 M7 M5 M3 [>\1 L13 Lll L7 L6 LS L4 L3 L2 Ll LO 

M47 1145 M43 t141 M39 M37 N35 H33 ~!31 M29 M27 M25 M23 M21 M19 1117 H1S 1113 till M9 M7 MS M3 Ml L13 Lll L7 L6 LS L4 L3 L2 Ll LO 

N7 N6 NS N4 N3 N2 Nl NO 1146 M44 H42 M40 H38 1136 M34 M32 M30 M28 M26 M24 1122 H20 M18 1116 M14 M12 MlO M8 M6 M4 H2 MO L12 LI0 

TS 16/0 

R62 R60 RS8 RS6 RS4 RS2 RSO R48 R46 R44 R42 R40 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 R18 R16 R14 R12 RI0 R8 R6 R4 R2 RO 

2 62 2 60 2 58 2 56 2 54 2 52 2 50 248 246 244 242 240 238 236 234 232 230 228 226 224 222 220 218 216 214 212 210 28 2 6 24 22 2 0 

2 63 2 61 2 59 2 57 255 2 53 251 249 247 245 243 241 239 237 235 233 231 229 227 225223 221 219 217 2 15 2 13 211 2 9 27 2 5 2 3 21 

R63 R6I RS9 RS7 RS5 RS3 RSl R49 R47 R4S R43 R41 R39 R37 R3S R33 R31 p29 R27 R2S R23 R21 RI9 R17 RI5 R13 Rll R9 R7 RS R3 RI R64 

2 63 2 61 2 59 2 57 2 55 2 53 2 51 2 49 247 245 243 241 2 39 237 235 233 231 229 227 225223 221 2 19 217 2 15 2 13 211 2 9 27 2 5 2 3 21 r OI 

2 62 2 60 2 58 256 2 54 2 52 2 50 2 48 2 46 244 242 240 238 236 234 232 230 228 226 224 222 220 218 216 214 212 2 10 2 8 2 6 24 22 2 0 

R62 R60 RS8 RS6 RS4 RS2 RSO M8 R46 R44 R42 R40 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 RI8 R16 Rl4 R12 RlO R8 R6 R4 R2 RO 

262260 258 256 254 252 250 248 246 244 242 240 238 236 234 232 230 228 226 224 222 220218216 214 212 2 10 2 9 2 6 24 22 2 0 

2 63 261 259 257 255 253 251 249 247 245 243 241 239 237 235 233 231 229 227 2 25 2 23 221 219 217 2 15 2 13 211 2 9 27 2 5 2 3 21 

2 63 2 61 2 59 2 57 2 55 253 251 249 247 245 243 241 239 237235 233 231 229 227 225 223 221 219 217 2 15 2 13 211 2 9 27 2 5 2 3 

2 62 2 60 2 58 2 56 2 54 252 250 248 246 244 242 240 238 236 234 232 230 228 226 224 222 220 2 19 216 214 212 2 10 2 8 2 6 24 

RIS RI4 RI3 R12 Rll RlO R9 R8 R7 R6 RS R4 R3 R2 Rl RO 

B5 B6 B14 B13 B12 B7 B15 Bll B2 BlO R18 39 B8 B3 B4 BI 

R31 R30 R29 R28 R27 r26 R25 R24 R23 p22 R21 R20 R19 R18 Rl7 R16 

~3~9~~2~~0~1~~~~7~8~1~0~lM5M6 

R47 R46 R45 R44 R43 R42 R41 p.40 R39 R38 R37 R36 R35 R34 R33 R32 

C27 C65 C63 C64 C23 C2 Cr C2l C25 C68 C66 C69 C67 C7l C70 C72 

R65 R64 R63 R62 R61 R60 pS9 pS8 RS7 RS6 RS5 RS4 RS3 R52 RSl RSO R49 R48 

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

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

17-8 

SHIFT BITS 

SHIFT a 

F54/55 

F48/49 

SHIFT 1 

F54/S5 

F48/49 

SHIFT 2 

F54/55 

FLl8/49 

SHIFT 3 

F54/55 

F40/49 

TEST POINT 

TEST POINT 

TEST POINT 

TEST POINT 

SHIFT BITS 

SHIFT 0 

SHIFT 4 

SHIFT 8 

SHIFT 12 

SHIFT 16 

SHIFT 20 

SHIFT 24 

SHIFT 28 
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