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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)
b)

)
d)

€)
f)

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

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

Students pass with a minimum overall average of 70%.

Students attend all class sessions unless an excused absence is authorized by the
instructor and/or supervisor.

Students are not tardy more than three times unless authorized by the instructor.
Students are responsible for informing the instructor for the reason of absence
or tardiness.

Theory-lab Courses

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

a)
b)

)
d)

e)

f)

All of the above.

Student completes all prerequisites prior to class unless a variance is authorized
by a system Supervisor or the Training Manager.

Student passes the pretest, when given, prior to the start of the instructional
material.

A final written exam is passed by the student with a minimal grade of 70%.
Student passes the practical 1ab sessions and the final practical exam.

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

MATERIALS REQUIRED

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

CMQ0105010
HM-1010B
HMM-0607
HMM-0801
HMM-0805
CID0100000
CSM0110000
CCWO0115000
HR-3005
HTV-0242
HTV-0243
HQ-1005

® & & o6 o o ¢ & o o o o

CRAY X-MP CAL Version 1 Reference Card

CRAY X-MP/IOS Based Diagnostic Reference Manual

CRAY X-MP/22, 24 Chassis Map (Size C)

CRAY X-MP/216 Chassis Map (Size C)

CRAY X-MP/216 Block Diagram (Size C)

CRAY X-MP/216 Instruction Timing Diagrams

CRAY X-MP/22, 24, 28 and 216 Hardware Reference Manual
CRAY X-MP/14se Chassis Map (Size C)

CRAY X-MP Computer Systems Functional Description Manual
CRAY X-MP Hardware Training Volume; Volume 2

CRAY X-MP Hardware Training Volume; Volume 3

CRAY X-MP Diagnostic Ready Reference Guide

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

Booolean
Wire Tabs
Diagnostics

o & o o

HTV-0242

A Practical Guide to UNIX System V (by Mark G. Sobell)
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CRAY X-MP PRACTICAL SKILLS LIST
NAME: DATE:
LEVEL
HOW LOCATOR LEVEL MANUALS AND BOOKS
A B ¢ .
1. MG's, compressors, mainframe, PDU, breakers ; é)ally :og book h—
2. Voltage sense wires, power indicator lights & regulator sense wires 3' D‘.vap o8 listi —_—
3. Thermostats, thermistors & fauit indicator lights on PDU " H;g'ﬁgfo‘“‘“gs —_—
4. Power supply voltage indicators - LED's 5' . cki( P Guid —
5. Cheater switch on PDU 6. (12"1::“/?1\:1: r:;m 00‘;' ¢ I —
6. Halon system alarms, sensors, panel and disarm panic buttons 7' Mai id -_—
7. CRAY X-MP, I0S, and SSD (if available) maintenance panels - Maintenance aics
8. 11:?;;)' random drop cables (purpose and connection based on SOFTWARE BASICS
9. Find a cable, given only its purpose and connections 1. Review monitors (MTA, MTI, AMP 2 and/or AMP 4)
2. Review modes —_—
ADJUSTMENTS 3. Runm system -
1. PDU voltage for normal operation 4. Command buffers —
2. High, low voltage margins 5. Run CPUMO or :B01 —_—
3. Fast, slow, super slow and normal clocks 6. CMOS —
4. Scanner high temperature controls 7. Micro MCU —_—
8. Bring up Brror Logger -
9. Show different table in Error Logger
PROCEDURES e.g. 0 - CPU 0 error information
1. Power on PDU 1 - CPU 1 error information
2. Power on CRAY X-MP
3. Power On/Off Micro MCU (A:HDOFF) TROUBLESHOOTING BUGS
4. Column power cycle {(any column)
5. Cable Micro MCU to CRAY X-MP —_— 1. Write Code, Scope Loop
6. Cable IOS to CRAY X-MP —_— ' 2. Scoping
7. Power on and allow connect of Remote Maintenance facility 3. Scope Charts, Training Aids
8. Take and evaluate compressor readings
COMMENTS:
Student's Signature
KEY: g
A B c Instructor's Signature
Shown or Lecture or Performed
HOW Video Theory
LEVEL  Excellent -5 Average - 3 Unsatisfactory - 1

Above Average -4 Below Average- 2 Not Apply - N/A

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 format,
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.

Xv2504M
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CRAY X-MP BLOCK DIAGRAM
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REFRIGERATION AND POWER CONSIDERATION
I.  Cray X-MP
A. SNI101-114 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 IOP, and 32
meg. word SSD.
2. Refrigeration: All systems
a. 1-50 ton compressor for X-MP.
b. 1-25 ton compressor for IOP 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. 4MX-MP 4Pr. JOP 32M SSD
b. 4MX-MP 4Pr. I0P 16M SSD
c. 4MX-MP 4Pr. IOP 08M SSD
d. 4M X-MP 3Pr. IOP 32M SSD
e. 4MX-MP 3Pr. IOP 16M SSD
f. 4AM X-MP 3Pr. IOP 08M SSD
g. 2M X-MP 4Pr. IOP 32M SSD
h. 2M X-MP 4Pr. IOP 16M SSD
i. 2MX-MP 3Pr. IOP 32M SSD
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-1S

A.  Cray-1 S System Configuration

1. Power: .
a. 3 MG's with IOP and/or SSD; 2 running, 1 in standby.
b. 2MG's for Cray-1 S; 1 running, 1 in standby.
2. Refrigeration:
a. 1-50 ton for Cray-1 S.
b. 1-25 ton for IOP and/or SSD.

1.  Cray-1M
A.  Cray-1 M System Configuration
1. Power:
a. 1 MG with IOP and/or SSD; 1 running, standby optional.

2. Refrigeration:
a. 1-50 ton with IOP and/or SSD.
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WORD
10 S0
n s1
12 S2
13 s3
14 s4
15 S5
16 S6
17 §7
READ OUT AREA
WORD BIT HELD WORD BIT FIELD
0 262 PN Processor Number 1&2 222 -2 M- Mode Register
0 2 s " 2 » E - Error Type . 1 2% IMM - Interrupt Monitor Mode
0 2% .22 s._Syndrome Bits 25
o 2 yndrome Bi 1 226 SEI - Select for External Interrupt
1 261 257 R-ReadMode 1 2 BDM - Bidirectional Memory Access
1 256 252 CS - Chip Select Bits 1 228 FPS - Floating Point Error Status
1 2°°.2°¢ B-Bank Address 1 224 WS - Waiting on Semaphore
2 2?5 MM - Monitor Mode
STATUS AREA 2 2 TUM - Interrupt on Uncorrectable
WORD BIT FIELD 26 Memory Error
% 47 2 227 IFP - Interrupt on Floating Point Error
0 2 247 P - Program Address Register 2 28 ICM - Interrupt on Correctable Memory Error
1 2 29 2:7 IBA - INSTRUCTION BASE ADDRESS 2 263 IOR - Interrupt on Operand Range Error
2 2,5-2; ILA-INSTRUCTION LIMIT ADDRESS 2 2 63 VNU - Vector Not Used
3 233 2‘;9 XA - EXCHANGE ADDRESS 3 2 63 ESVL - Enable Second Vector Logical
3 2 26 ~ 247 VL - Vector Length 4 2 EAM - Enhance Addressing Mode
4 229 -2 o DBA - Data Base Address
5 2% -2 DLA- Daa Limit Address
FLAGS
3 249 ICP - Interrupt from Internal CPU
3 2% DL- Deadlock
3 22 PCI - Program Clock
3 231 MCU - MCU Interrupt (MIOP)
3 230 FPE - Floating Point Error
3 229 ORE - Operand Range Emor
3 228 PRE - Program Range Error
3 227 ME - Memory Error
3 2% IOI - /O Interrupt
3 2B EEX - Error Exit (000)
3 2% NEX - Normal Exit (004)
4 22 PS - Program State
4 224 925 (LN - Cluster Number Register
A-0929E

CRAY X-MP EXCHANGE PACKAGE












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.

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

Input data path and check bit generation - The data path from CPU
or I/0 section to the memory modules. This path
includes the check bit generation logic.

Memory storage - Where the data 1s stored during a write operation
and where its read out of during a read operation.

Output data and error correction - The data path from memory to the
CPU or I/0 section. This data path includes the
error correction logic.

MCU and exchange status - The module responsible for generating

status information, address and syndrome,
if a memory error should occur.

X2002s50417
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X-MP MEMORY CONFIGURATIONS

MODEL SERIAL CHIP SIZE MODULE NUMBER OF NUMBER OF ADDRESS FORMAT
NUMBERS AND TYPE TYPE BANKS COLUMNS
C.S. INTERNAL | BK/SEC
X-MP/12 | 301 -UP 16K MOS 3YA 16 6 20-18 17----4 3--()
X-MP/14 | 301 -UP 16K MOS 3YA 32 6 21-19 18----5 4--0
X-MP/14 301 -UP 64K MOS 3IYM 16 6 21-20 19----4 3--0
X-MP/18 | 301-UP 64K MOS 3YM 32 6 2221 20----5 4--0
X-MP/22 101-109 4K ECL 3ZM 16 12 20-16 154 3--0
111-114
X-MP/24 101-109 4K ECL 3ZM 32 12 21-17 16----5 4--0
111-114
X-MP/22 110, 115 -UP 16K ECL 3ZV 16 6 20-18 17----4 3--0
X-MP/24 110, 115-UP 16K ECL 3YM 32 6 21-19 18----5 4--0
X-MPf24 | 401 -UP 64K MOS 3YM 16 8 21-20 19----4 3--Q
X-MP/28 | 401 -UP 64K MOS 3YM 32 8 2221 20----5 4--0
X-MP/216 | 401 -UP 64K MOS 3YM 32 8 22-21 20----5 23.4--0)
X-MP/48 | 200 -UP 16K ECL 3ZV 64 12 2321 20----6 5--0
X-MP/416 | 218 -UP 64K ECL 3ZU 64 12 23 22 21--—-6 5--0
XV204523M
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The SECDED error processing scheme is based on error detection and
correction codes devised by R. W. Hamming.t An 8~bit check byte is
appended to the 64-bit data word before the data is written in memory.
The 8 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 21, 23, 25, 27, 29, 211, 213, 215, 217, 219, 221,
223, 225, 227, 229, and 231 through 235.

The 8 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 8 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 in1memory causes an odd number 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 8-~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)

t+ Syndrome: Any set of characteristics regarded as identifying a
certain type, condition, etc. Websters New World Dictionary.
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0-0K
1-64
2~65
3-D
4-66
5-D

7-32
10-67
11-D
12-D
13-40
14-D
15-48
16-56
17-D
20-68
21-D
22-D
23-M
24-D
_ 25-M
) 26-M
© 27-D
30-D
31-M
32-M
33-D
34-M
35-D
36-D
37-M

D - DOUBLE ERROR
M - MULTIPLE ERROR

HTV-0242

40-69
41-D
42-D
43-M
44-D
45-M
46-M
47-D
50-D
531-M
52-M
53-D
54-M
55-D
56-D
57-M
60-D
61-M
62-M
63-D
64-M
65-D
66-D
67-35
70-M
71-D
72-D
73-43
74-D
75-51
76-59
77-D

100-70
101-D
102-D
103-M
104-D
105-M
106-M
107-D
110-D
111-M
112-M
113-D
114-M
115-D
116-D
117-M
120-D
121-M
122-M
123-D
124-M
125-D
126-D
127-37
130-M
131-D
132-D
133-45
134-D
135-53
136-61
137-D

SYNDROME CODES

140-D
141-M
142~-M
143-D
144-M
145-D
146-D
147-38
150-M
151-M
152-D
153-46
154-D
155-54
156-62
157-D
160-00
161-D
162-D
163-03
164-D
165-05
166-06
167-D
170-D
171-01
172-02
173-D
174-04
175-D
176-D
177-07

200-71
201-D
202-D
203-M
204-D
205-M
206-M
207-D
210-D
211-M
212-M
213-D
214-M
215-D
216-D
217-M
220-D
221-M
222-M
223-D
224-M
225-D
226-D
227-33
230-M
231-b
232-D
233-41
234-D
235-49
236-57
237~D

2-5

240-D
241-M
242-M
243-D
244-M
245-D
246-D
247-34
250-M
251-D
252-D
253-42
254-D
255-50
256-58
257-D
260-08
261-D
262-D
263-11
264-D
265-13
266-14
267-D
270-D
271-09
272-10
273-D
274-12
275-D
276-D
277-15

300-D
301-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-M
363-D
364-M
365-D
366-D
367-39
370-M
371-D
372-D
373-47
374~D
375-55
376-63
377-D

X2002C0101

CRAY RESEARCH, ING
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10hijkm
100ijkm
10hi000
11hijkm
110ijkm
11hi000
12hijkm
120ijkm
12hi000
13hijkm
130ijkm
13hi000

034ijk
035ijk

036ijk
037ijk

176i0k
176100
176ilk
17705k
177040
1771k

1

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 = o)
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)

B/T 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 Tik
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
Ig}éégl((\)/L) words into Vi from memory address specified by (Ao) incremented
lb{f,:ald (VL) words from memory address specified by ((Ao) + (Vk)) to Vi
%’}I{iige(r\)m) words from Vj to memory address specified by (Ao) incremented
wrgt:eAI?VL) words from Vj to memory address specified by (Ao) incremented
g&}’,rilte (VL) words from Vj to memory address specified by ((Ao) + (Vk))
(Scatter)

XV2506M
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16 MILLION

WORD MEMORY ADDRESSING

223 222 221 220 219 218 217 216 215 214 513 212 211 710 29 28 27 26 25 24 23 22{21 20
Bank Bits
Upper/ Chip Select . 000 = bank 0 Section Bits
lower Bits Internal Select Bits 001 =bank 1 00 =sec. 0
BankBit| 00=cs. 0 010 = bank 2 01 =sec.1
1=upper| 0l=cs.1 011 =bank 3 10 =sec. 2
O=1lower] 10=cs.2 100 = bank 4 1l1=sec.3
1l1=cs.3 101 =bank 5
110 =bank 6
111 =bank 7
BANK 7 (34) BANK 7 (36)
BANK 6 (30) BANK 6 (32)
S BANK 5 (24) BANK 5 (26) S
E E
C BANK 4 (20 BANK 4 (22)
TO 20 CPUO % 2
I BANK 3 (16) I
0 BANK 3 (14) 0
N BANK 2 (10) BANK 2 (12) N
BANK 1 (4) BANK 1 (6)
BANK 0 (0) BANK 0 (2)
—
BANK 0 (1) BANK 0 (3)
BANK 1 (5) BANK 1 (7)
S BANK 2 (11) BANK 2 (13) S
E E
¢ BANK 3 (15) BANK 3 (17 C
T 1 a7 T3
I CPU 1 :
0 BANK 4 (21) BANK 4 (23) 0
N : N
BANK 5 (25) BANK 5 (27)
BANK 6 (31) BANK 6 (33)
BANK 7 (35) BANK 7 (37)
Hardware Trng.
A-5869 R.W.A.
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'SECTION 0

SECTION 2

U
P
P
E
R
109 L09
18 -35 54 -171 54-71 18 - 35
L
O
C08 D08 W 108 JO8
E
00 - 17 36-53 R 36 - 53 00 -17
008 P08 Uos V08
00-17 36-53 L 36-53 00 - 17
)
009 P09 VEV U09 V09
R
18 - 35 54 -71 54 -71 18 - 35
U
P
P
E
R
SECTION 1 223 _9 LOWER SECTION 3 |
223 = 1 UPPER Hardware Trng.

CRAY X-MP 216 BIT LAYOUT

2-9
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01-C

D2829 CPU1
GO WRITE, ABORT

D52-55 BANK 34

D3031 CPUO
AND YO ConFLicT GO WRITE, ABORT fo 2527 J{ e
'CI63T CPU1
ETTIITEY, PORTC CONFLICT __,,, 3AG, 4R GO BANK 20, 24, 30, 34 m GROUP (1)
ofso001 Sic)] LARKCONLICIS, (A0,34R /Gezr crut [clo 2023 UrrERWE J
3 Py cfnogun;usy @DB,3AG) /. GOBANK O, 4,10. 14 oo 2027 ] BANKO
24 | SECTIONBUSY D367 CPUO D3 LOWER
(ap EXBISZ 2 foml3 SECO CAR  / GoBANK 20,24,30, 34 SANKa 0,24, 0, 34 GROUP ()
BANK BITS 232 cvoat [ DaeaT CPUO ABORT 7T
(3A0) PORT ABC REFERENCE SECTION X GOBANK GOBANK 0, 4, 10, 14 GO WRITE BANKS 0, 4,10, 14 08 29.2% LOWER W.E
(3AG) SCALAR, 10 GOREFERENCE FOURPORT |(EORTCCONFLICT GO BANK | MEMORY ADDRESS 2027 MEMORY ADDRES§ 20217
(1N} CHANG CE 0L [ENABLEOSFC GOBANK, ABORTAND XD IP S| ARITEENABLE
9 | CHIPSELECT
(R ENABLE SECTION X . GO WRITE FANOUT GROUP SELECT ADDRESS READSELECTS 14 FANOUT AR
A0 SClE,I.UE g!: :on‘rmonm . . 3¥X M
(3HE) SELECT 16 BANK LOWER/UPPER | AQ
PORTA/B AND Nz c”’:ﬂﬂ [ UPPER
©8 UPPER
FANOUT
e SEC3 o an:s U0 L
HI99 SEC 2 3%’ ccmlo STORAGE READOUTDATA
Gups _24.2v QI8/19 SEC. 1 Py oU1
a3 2¥.28 SELECT |E1a419 SEC.0
INCOMPATIBILITY BIT 16K MEMORY ADDRESS 2 l M
oHE (1061213 ABORT SEC X OYX) ——» READBANK READ SELECTS
CAGIAG, 3A) SOWEITE > GO WRITE SEC. X MEMORY ADDRESS 2% -2 B SELECTS FANOUT
(3AF, 30D} %. | MEMORY ADDRESS SHIFT CHECK BITS - SYNDROME
(AP .SOEXCH. SEQ/F+X ADDRESS s S D CORRECTED ¥z
(A0,3AG) ENABLERANGE CH. (DATA) mmacammm gn lg'thGE @DD) «<HECK BYTE} MEMORY ADDRESS DELAYED
AR PROOC.:ANGE ERROR » L—DCWC) SELECT 16 BANK 1A% 22.24 22221
GAO,3AP) PORT Y
AB+C A PARTIAL PARITY
(JAG) A, § REGISTER oA9 60
(DA, 308) 1O GAG) el a1 24 .26
AF) FETCH + EXCH. CB.2.3
F2809 233247
CB.0.1
(3VC, 3VB) VECTOR REG.
GOR " SCALAK REG, TREO. Rem  28-2)
g}am) AREG, B REG. — :
F24/25 20,215
GDE) CB4,s
GO BANK
MEMORY DATA DATA SELECTION
GAG.3AG, 3AR) SELECT 84V AND CHECK BIT | \EMORY DATA AND CHECK BITS KEDaTA | BANK WRITE DATA |
hy TGO R
OAGIAG) ENTERSTAK ] 116
(HG) JENABLE MAINTENANGE | | Ty
G367 25,213.261 ©AF) PORT SECTION SELECT R
G839 23,21.2%
GAOMT_21,29 2% .
DATA2?-23
E26/21 SYN.24.27
EXCHANGE |1242® p :u 2 < -
E2428 DATA 2%3.2 28
QAR MEMORY SYN.20.23 | ENABLE MAINTENANCE 2607 20-28
Geap 20,28-2% rmron pata g any | FEOR U0 |, synoromEBrrs ' ea READ.
VREGISTER w SELECTS
(OVR) o REGISTER | B ERROR READDATA «
l@READDATA | READ
(GR) ¢ IRECISTER | pars pary CORRECTION ADDATA
ABREGSTER]  SELECTION PORTA, B SECTION SELECT 20,2} 161
GHD, 3AR) DISABLERC (o
DATA2S . 20
el Y . ME— 78 2
3VA
iRy < FETCH

CRAY X-MP/2 16 MILLION WORD MEMORY BLOCK DIAGRAM
(CPU 0 AND SECTION 0)
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{f_?[gﬂ-ﬁ BANK 34 ?

D23729 CPU 1
/ GO WRITE, ABORT / 12-17 BANK 4
SECTI o DX/A1_CPU O Dy 2°-27
AND 10 CoNRLICT e GO WRITE, ABORT / [Dio_210.212 7/{ ureer
G637 CPU 1 c1L_ 24 .29 GROUP (1)
 pm— o= L SR -0 = L feu g2 /
L PorT CONFUICTS . a0,3AR)  /Samr Cou )
4 S0001_SEC. 2 BANK 0
1O CONFLICTS > GO BANK 0, 4, 10, 14
~»/Goon1_SEC.1 1 (DB, 3AG)
2 A4 SECTION BUSY D3637 CPUO C.D38/39 LOWER
(AR FeXBITS22-2 G203  SEC.0 > 0Ap GO BANK 20, 24, 30, 34 BANKS 20, 24, %0, 34 0o 24 .28 GROUP (0)
BANK BITS 22-24 CPUOAND 1 : D26/Z7. CPU O ABORT C.D24125 .
. 0_43
@A PORTABC \__[REFERENCE sECTION X : GO BANK GOBANKO0,4,10,14 | cowrme BANKS 0, 4, 10, 14 mmm__.n co8 20-23 LOWERWE.
(3AG) SCALAR, 10 " | GO REFERENCE FOURPORT |PORTCCONFLICT GO BANK oL MEMORY ADDRESS 292 ADDRESS AND MEMORY ADDRESS 20217
CONTROL CoNTR WRITE EN.
OAR) CHANGE REFERENCE ABLE O SEC. GOBANK. ABORTAND GROUP SELECT AND | CHIPSELECT IAFANO(AMH'
(AF) ENABLE SECTION X GO WRITE FANOUT ADDRE READ SELECTS AB
(AQ) -CPU AND PORT PRIORITY 1-12 3YX 3YM
(3EE) -SELECT 16 BANK LOWER/UPPER 1Q
C3031
PORT A/B AND IO ENABLE ADDRESS 3YZ N [ 081 UPPER / [
28 UPPER
e rev— —®1 FANOUT D34735 CPUO I..
TA BASE/LIMIT TEST IYZ D32733 CPUO
HI¥19 SEC. 2 San 0 STORAGE READOUTDATA
Gla1s 24 -213 QI819 SEC. 1 @233 U1l
G213 2M.2% SELECT. |Eisns sEc.0 M
INCOMPATIBILITY BIT 16K MEMCRY ADDRESS 22
GHR (TOG1213) ABORTSEC X GYX) ———p - READBANK | READSELECTS
(3A0, 3AG, 3AF) GO WRITE GO WRITE SEC. X MEMORY ADDRESS 25 -2 2 SELECTS FANOUT
ADDRESS
(GAF. 7ED) ENTER/DBA, DLA MEMORY ADDRESS SEIFT CHECK BITS - SYNDROME vz
GAF) SOEXCH. SEQ/F+X ADDRESS ADDRESS CORRECTED
(3A0,3AG) ENABLERANGE CH. (DATA) msmggmm‘m“m gk &NGE (3DD) «CHECKBYTE | MEMCRY ADDRESS DELAYED
GAR "Rm&l‘;‘"‘;ﬁmm (V0 SELECT 16 BANK IAX 22-24 2222
(3AC, 3AP) PORT MEMORY ADDRESS
AB+C S REG (GAG) —GOSCALAR ) PARTIAL PARITY
gﬁf).sﬁ'm 0 oag X0 3AD oL 2% 2% [oen 2% csoa [
GAF) FETCH + EXCH. C.B.2.3 D4 Mo
F2829 232247
/ CB.0,1 DOj1_2%6.24
(3VC, 3VB) VECTOR REG. % o9 &l 2825
(3GR) SCALAR REG, T REG. pem 2 [ ——= /
GAR) A REG, B REG. : -
(GHD) EXCHANGE F24/25 20.215 29 917
GDE) 10 CB4,3 S
GoBANK | 2°-
MEMORY DATA DATA SELECTION .
AND CHECX BIT WRITE DATA BANK WRITE DATA
SELECT S+ V > ANDCHECKBIT | MEMORY DATA AND CHECK BITS FANOUT
(A0, 3AG, 3AF) 116
(A0-3AG) ENTER STACK
634735 27,28.29 (3HG) ENABLE MAINTENANCE | | vy
G637 25283261 (3AF) PORTSECTION SELECT _ AR
G3839 23,211.2%
G40M1 21,29-257 DATA 2°-23!
G4243 26,214-262 E26/77 SYN.24-27
Ga4/4S 24 ,212.260 CHAN H28/29
Caci7 2%, 210258 EX o8 E24125 DATA22-28
464 o, -~ '“ (GAE) MEMORY SYN.20-23 ENABLE MAINTENANCE GHG) 621 20.25
Gadia9 29,28-2 70 <ERRORDATA ERRORLOG | = syNDROMERITS READ SELECTS
(GVR) Y REGISTER «ERRORDATA G BITS) 4 B ERROR READ DATA READDATA
(GR) S, TREGISTER DATA PATH CORRECTION FANIN
e Eme—
GEHD, 3AR) < ABREGSTER|  SELECTION PORT A, B SECTION SELECT 20,21 DIABLEEC o 161
oDy <22 DATA 26 - 20 — Nz
3IVA
(3HR) -
C-2994A

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

HTV-0242

C D I J
BANK | 34 BANK 36
BANK | 30 BANK 32
BANK | 24 BANK 26
BANK | 20 BANK 22
s
| CPU O E
C
BANK | 14 BANK 16
BANK | 10 BANK 12 2
BANK | 04 BANK 06
BANK | 00 BANK 02
|
|
BANK | 01 BANK 03
BANK | 05 BANK 07
BANK | 11 BANK 13
BANK | 15 BANK 17
CPU 1 s
: .
c
BANK | 21 BANK 23
BANK | 25 BANK 27 3
BANK | 31 BANK 33
BANK | 35 BANK 37
o 12 U v
X4802C0601
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HTV-0242

ct

DATA BIT 13-35

D11

DATA BIT 54-63 AND

CHECK BIT 00-07
C10 D10
DATA BIT 00-17 DATA BIT 36-53
co9 D09
DATA BIT 18-35 DATA BIT 54-63 AND
' CHECK BIT 00-07
co8 D08

DATA BIT 00-17

DATA BIT 36-53

SECTION O

BANK O

2-12

UPPER

GROUP 1

LOWER

GROUP O

X4802C0602



Ad 1 22 V66
A3 2 64K X 1 21 A8
a2 3 20 a7
Al 4 19 A5
A0 5 18 A6
A14 6 17 A15
A13 7 16 A11
Al2 8 MEMORY 15 A10
(Q) D OUT 9 14 a9
WE 10 13 D IN
GND 11 12 Cs
n) | _Q
s ——( Jo— —d
—a__/
128 x 128 - RD
o ARRAY y wo
DRIVER
e ~ -~ 1
‘ ]
‘ SENSE AMPS
D 5: — AND |
, WRITE
— DRIVERS
]
ADDRESS INPUTS
> ADDRESS
A0- > DECODER
A15 f
»  ADDRESS
»| DECODER

MACRO DEFINITION
Q = D IN: DCD(A-0)KS + WE

D IN: DCD(A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0)/CS + WE
13 17 6 7 8 16 15 14 21 2018 191 2 3 4 5 12 10

O 10
i

-5.2 V. -5.2 V. LOADING
POWER DISSIPATION: 780 Mw. 14 MW. 794 MWT

NAME: 64K x 1 MEMORY (STATIC MOS RAM)
A-2988
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§U

INiininininisinininl

g

Al

A4

A6

A7

A8

rn<
t

22

21

20

19

18

17

16

15

14

10 13

11 12

e
I e
L les

::I AlS5
: Al4
L lan
:'AIZ
:’ All
___:] Al10

[ 1

64K x 1 MEMORY

(ECLRAM)

:I WE'

ae | 2 v
am [ 21 | lag
n [ 20| a7
ar ] 19 :_As
A0 [ 8] las
ae ] 17 [ as
az [ 6 [ lan
az [ 15 | la10
Poyr L ] Ja
we 10 13— Ipy
\2 L 1u nllcs
641%1\)/%81\/{ERA1\§/IO)RY

CRAY X-MP/-1,-2,-4 MEMORY CHIPS

2-13A

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



D OUT l 2

BOUT I 7

CRITYPE67 16

QUAD
TTL TOECL
TRANSLATOR

15
14

13

FAIRCHILD
10124c 12

1
MOTOROLA
MCI0524F 19

VEEl 10

20

19

18

17

16

15

14

13

12

11

16K BIPOLAR ECL RAM (FUJITSU)

HTV-0242

1 CRITYPE68 16 I CoUT
Cror )]
2 gcrtoT B CIN
TRANSLATOR _
3 14 I CIN
4 13 ] +5V
FAIRCHILD
5 125k 12 I -2V
6 11 I BIN
MOTOROLA

7 MC10525F 10 l BIN

8 9 I B OUT
1 20 I vce
2 19 I Al
3 18 l A3

4 17 I AS
5 16 | A7

6 15 l A9
7 14 | All
8 13 I Al3
9 12 I DIN
10 11 I cs

16K MOS RAM (INMOS)
: B-2998

CRAY X-MP/-1, -2, -4 MEMORY CHIPS

2-13B

CRAY PROPRIETARY

N’



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

I00-I15--A00-A15
Chip Address Bits

Write Enable

HTV-0242

3YM MODULE CHIP CHART

I16-18 = CHIP SELECT
BOO BO1 BO2 BO3
C00 CO1 Cco2 C03

I19--D00===M00~==-MO01===M02~~=M03~-~=R0O0
120--D0 1===M10=-==M1 ] ===M] 2===M] 3===RO 1
121==-D02-=~M20=-==M21===M22-==M23===R0O2

122--D03-—=~M30===M31===M32-==M33--~R03

123--D04---MA0—~—=M41=~=M42-~=M43==~RO4
124--D05=~=M50===M5 1===M5 2=~=M5 3~==R05
125--D06—~=M60—=—M6 1 —=—M6 2~—~M6 3-~—R0O6
126--D07=~~M70===M7 1 ===M7 2===M7 3=~=R0O7
127~-~D08-~~M80-—=~M81~~~M82-~-M83~--R08
I28--D09==~M9 0~==M91===M9 2=~=M93~==R0O9
129--D10---M100--M101=-M1 02~=M103==R10
I30-=D11===M110-=M111==M112-=M113==R11
I31--D12---M120--M121-=M122-=M1 23=~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--M1 61--M162~~-M163-~R16

I136--D17---M170--M171--M172--M173--R17

| |

2-14

138
I39
140
I41
I42

R13
R19
R20
R21
R22

- e = aa

to 4 Fanout
to 4 Fanout
to 4 Fanout
to 4 Fanout
to 4 Fanout
X4802C0603






3YM MEMORY 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 co8 ct10
18-35 0 Cco9 C11
36-53 0 D08 D10
54-71 0 D09 D11
00~-17 1 008 010
18-35 1 009 011
36-53 1 P08 P10
54-71 1 P09 . P11
00-17 2 Jos J10
18-35 2 Jo9 JN
36-53 2 108 I10
54-71 2 109 I11
00-17 3 v08 ARV
18-35 3 Vo9 V11
36-53 3 uos8 u10
54-71 3 uo9 U1
00-17 4 c12 c14
18-35 4 C13 C15
36-53 4 D12 = D14
54-71 4 D13 D15
00~17 5 012 014
18-35 5 013 015
36-53 5 P12 P14
54-71 5 P13 P15
00-17 6 J12 Ji14
18-35 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 ui2 U14
54-71 7 U13 U15

X4802C0604
HIV-0242

2-15



DATA BITS

HTV-0242

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

3YM MEMORY LOCATOR

BANK (Octal)

10
10
10
10

11
11
11
11

12
12
12
12

13
13
13
13

14
14
14
14

15
15
15
15

16
16
16
16

17
17
17
17

LOWER MEMORY

2-16

C16
c17
D16
D17

016
017
P16
P18

Ji1é
J17
116
117

vieé
V17
ul6
u17

c20
C21
D20
D21

020
021
P20
P21

J20
J21
120
I21

V20
V21
U20
uz21

UPPER MEMORY

C18
c19
D18
D19

018
019
P18
P19

J18
J19
I18
119

Vi3
V19
U18
U19

c22
C23
D22
D23

022
023
p22
p23

J22
J23
122
I23

v22
v23
U22
U23

X4802C0605

N

N’



”) DATA BITS

)

HTvV-0242

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

" 00-17

18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-7

3YM MEMORY LOCATOR

BANK (Octal)

20
20
20
20

21
21
21
21

22
22
22
22

23
23
23
23

24
24
24
24

25
25
25
25

26
26
26
26

27
27
27
27

LOWER MEMORY

2-17

c40
C41
D40
D41

040
041
P40
P41

J40
J41
140
I41

V40
V41
U40
U41

Cc44
Cc45
D44
D45

044
045
P44
P45

J44
J45
144
145

v44
V45
U44
U45

UPPER MEMORY

ca2
c43
D42
D43

042
043
P42
P43

J42
J43
142
I43

v42
Va3
U42
U43

C46
c4a7
D46
D47

046
047
P46
P47

J46
J47
I46
147

V46
v47
U46
u47

X4802C0606



DATA BITS

00-17
18-35
36~53
54-71

00-17
18-35"
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

00-17
18-35
36-53
54-71

HT7-0242

3YM MEMORY LOCATOR

BANK (Octal)

30
30
30
30

31
31
31
31

32
32
32
32

33
33
33
33

34
34
34
34

35
35
35
35

36
36
36
36

37
37
37
37

LOWER MEMORY

2-18

Cc48
c49
D48
D49

048
049
P48
P49

J48

J49 .

148
149

v48
v49
u48
U49

C52
C53
D52
D53

052
053
P52
P53

J52
J53
152
153

V52
V53
us52
U53

UPPER MEMORY

C50
C51
D50
D51

050
051
P50
P51

J50
J51
150
I51

V50
V51
Us0
U51

C54
C55
D54
D55

054
055
P54
P55

J54
J55
I54
I55

V54
V55
u54
U55

X4802C0607



61-¢C

p—

E19 3AX

ADDRESS
BITS 5-22

ADDRESS
BITS 5-22

ADDRESS
BITS 23

3YM

1-4
FANOUTS

3YM
I00-17
BANKS
00,04,
10,14

3YM

1-4
FANOUTS

D25 3¥X
C25 3YX
ADDRESS
BANK
CONTROL
D39 3¥YX
C39 3¥YX
ADDRESS
BANK
CONTROL
C31 3YZ
BIT 23
FANOUT

3YM
I00~-17
BANKS
20,24,
30,34

D39

3YX

D25

3YX

C39 3YX

C25 3YX

128
I29

X4802C0608



SECTION O 3YZ FANOUTS

LOC. TERM DESCRIPTION
c27 R12 CPU 1 GO BANK 00, 10
c27 R13 CPU 1 GO BANK 04, 14
c27 R14 CPU 1 GO BANK 10, 14
c27 R15 CPU 1 GO BANK 00, 04
c29 R12 CPU 0 GO READ BANK
20, 24 + 30, 34 UPPER
Cc29 R13 CPU 1 GO READ BANK
20, 24 + 30, 34 UPPER
Cc29 R14 CPU 1 GO READ BANK
00, 04 + 10, 14 UPPER
c29 R15 NOT USED
C31 R12 CPU O ADDRESS BIT 23
C31 R13 CPU 1 ADDRESS BIT 23
C31 R14 CPU O GO READ BANK
00, 04 + 10, 14 UPPER
C31 R15 NOT USED
C33 R12 CPU 1 GO READ BANK 00,
C33 R13 CPU 1 GO READ BANK 04,
C33 R14 CPU 1 GO READ BANK 10,
C33 R15 NOT USED
© C35 R12 CPU 1 GO READ BANK 20,
C35 R13 CPU 1 GO READ BANK 24,
C35 R14 CPU 1 GO READ BANK 30,
C35 R15 NOT USED
C37 R12 CPU 1 GO BANK 20, 30
Cc37 R13 CPU 1 GO BANK 24, 34
Cc37 R14 CPU 1 GO BANK 30, 34
C37 R15 NOT USED
HTV-0242

LOC. TERM  DESCRIPTION

D27 R12 CPU O GO BANK 00, 10

D27 R13 CPU O GO BANK 04, 14

D27 R14 CPU O GO BANK 10, 14

D27 R15 CPU 0 GO BANK 00, 04

D29 R12 CPU 1 GO WRITE

D29 R13 CPU 1 ABORT

D29 R14 NOT USED

D29 R15 NOT USED

D31 R12 CPU O GO WRITE

D31 R13 CPU O ABORT

D31 R14 NOT USED

D31 R15 NOT USED
10 D33 R12 CPU O GO READ BANK 00, 10
14 D33 R13 CPU 0 GO READ BANK 04, 1 )
14 D33 R14 CPU O GO READ BANK 10, 14

D33 R15 NOT USED
30 D35 R12 CPU 0 GO READ BANK 20, 30
34 D35 R13 CPU 0 GO READ BANK 24, 34
34 D35 R14 CPU 0 GO READ BANK 30, 34

D35 R15 NOT USED

D37 R12 CPU O GO BANK 20, 30

D37 R13 CPU O GO BANK 24, 34

D37 R14 CPU 0 GO BANK 30, 34

D37 R15 CPU O GO BANK 20, 24

X4802C0609



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

138 139 140 141 142 | I38 139 140 I41 142

B c23 04 05 06 07 08 | D23 13 14 15 16 17
A 14 22 00 01 02 03 D22 09 10 11 12 WE
N c21 04 05 06 07 08 | p21 13 14 15 16 17

K c20 00 01 02 03 | D20 09 10 11 12 WE

B c19 04 05 06 07 08 | D19 13 14 15 16 17
A 10 ci8 00 01 02 03 __ | p18 09 10 11 12 WE
N c17 04 05 06 07 08 | p17 13 14 15 16 17

K cité 00 01 02 03 __ | pie 09 10 11 12 WE

B c15 04 05 06 07 08 | pi5 13 14 15 16 17
) A 4 c14 00 01 02 03 WE | pia 09 10 11 12 __
N ci3 04 05 06 07 08 | pi3 13 14 15 16 17

K cl2 00 01 02 03 WE | pi2 09 10 11 12

B cl1 04 05 06 07 08 | p11 13 14 15 16 17
A 0 c10 00 01 02 03 WE | pto 09 10 11 12
N c09 04 05 06 07 08 | po9 13 14 15 16 17

K co8 00 01 02 03 WE | pog8 09 10 11 12

X4802C0610

)

HTV-024>

221



Location

D38/39

C38/39

D24/25

C24/25

3YX MODULE

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

Address Bits 2 - 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

Address Bits 214 - 221 for Banks 0, 4, 10, 14
Chip Select Enables for Bank 10 or 14

Upper or Lower Write Enables for Bank 10 or 14
Go Read Bank 10 or 14

Go Read Upper

Address Bits 27 - 213 for Banks 0, 4, 10, 14
Chip Select Enables for Bank 0O or 4

Upper or Lower Write Enables for Bank 0 or 4
Go Read Upper

2-22

XV2503M

N

N



G15 3AD D31 3YZ
R58 1112 R12 | D39 3YX
| D25 3YX
CPU 0 GO WRITE [ c39 3YX
GO WRITE FANOUT
c25 3¥x
124
127
s14 3AD D29 3vz
R58 1112 R12
CPU 1 GO WRITE
GO WRITE FANOUT
X4802C0611
D GO WRITE

)HTV—0242

2-23



3YX

R36-39

WRITE
ENABLE

I42

HTV-0242

1-4
FANOUT

3YM

C

137

3¥YM

20, 24

30, 34

BANK 0,4

10, 14

BANK 1,5

11, 15

21, 25

31, 35

WRITE ENABLE

2-24

X4802C0612

N



)

G15

CPU O
ABORT

S14

CPU 1
ABORT

HTV-0242

D31 3YZ
1114 R13 | D39 3YX
[ D25 3YX
ABORT | C39 3YX
FANOUT
c25 3vX
126
ABORT
127
D29 37X
1114 R13
ABORT
FANOUT
X4802C0613
ABORT



HTV-0242

LOCATION

Cco1
Cco3
C05
co7
DO1
D03
131011
D07

3YY BIT

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

PLACEMENT - SECTION O

DESCRIPTION

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT

2-26

00-08
09-17
18-26
27-35
36-44
45-53
54-62
63 AND CHECK BIT 00-07

X4802C0614



LTT

ANt

[ D39

3YX

[D25

3YX

[c39

3YX

C25 3YX

GO
. READ BANK

R46-49
R50,51

-l c3 3YZ

| c29 3z

| ¢35 3YZ

[ ¢33 3YZ

[

D35 3YZ

D33

3YZ

1-12

FANOUTS

T8 3aX
[ 018 3aX

[ H19 3AX

E19

I76

3AX

-86

GO READ BANK

3YZ
GO READ
BANK
I96-I111
LOC TERM
CPU O 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



3YZ BIT PLACEMENT - SECTION O

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 BITS 30 - 35
D27 READ DATA BITS 36 - 41
D29 READ DATA BITS 42 - 47
D31 READ DATA BITS 48 - 53
D33 READ DATA BITS 54 - 59
D35 READ DATA BITS 60 - 63 AND CHECK BITS 00 - O1

D37 READ DATA CHECK BITS 02 - 07

X4802C0616

HIV-0242
2-28
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3ZE MODULE BIT ASSIGNMENTS

LOC. I00-I31 I32-163 CPU 164-70

E21 DATA BIT 32-63 DATA BIT 00-31 1 CHECK BIT 4-6 AND 0-3
E23 DATA BIT 00-31 DATA BIT 32-63 1 CHECK BIT 0-2 AND 4-7
E25 DATA BIT 32-63 DATA BIT 00-31 0 CHECK BIT 4-6 AND 0-3
E27 DATA BIT 00~31 DATA BIT 32-63 0 CHECK BIT 0-2 AND 4-7
020 DATA BIT 00-31 DATA BIT 32-63 0 CHECK BIT 0-2 AND 4-7
022 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 1 CHECK BIT 0-2 AND 4-7
026 DATA BIT 32-63 DATA BIT 00-31 1 CHECK BIT 4-6 AND 0-3
H21 DATA BIT 32-63 DATA BIT 00-31 1 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 BIT 4-6 AND 0-3
H27 DATA BIT 00-31 DATA BIT 32-63 0 CHECK BIT 9-2 AND 4-7
T20 DATA BIT 00-31 DATA BIT 32-63 0. CHECK BIT 0-2 AND 4-7
T22 DATA BIT 32-63 DATA BIT 00-31 0 CHECK BIT 4-6 AND 0-3
T24 DATA BIT 00-31 DATA BIT 32-63 1 CHECK BIT 0-2 AND 4-7
T26 DATA BIT 32-63 DATA BIT 00-~31 1 CHECK BIT 4-6 AND 0-3

X4802C0617

' 2-29



CLOCK FANOUT

EO1 3TO

2ND LEVEL
CLOCK F.O.

1ST LEVEL
CLOCK F.O.

CPU O

MODULES

U24
v24

3YX

I25
J25

3YX

p24 3
024

YX

c25 3YX
D25

2ND
LEVEL

CLOCK
FANOUT

HTV-0242

Q00 3TC

2ND

LEVEL
CLOCK
FANOUT

2-30

SEC. 1
SEC. O
MODULES
|
CPU 1
MODULES
X4802C0618

",

R



4 CLOCK PERIOD CYCLE

) SOURCE DESTINATION
TYPE LOC. TERM TYPE LOC. TERM
3Yx c25 R58 3HR FOS5 1155
3Yx c25 R58 3HR FO7 1155
3vX D25 R58 3HA FO9 189
3YX D25 R58 3A0 GO7 149
3vX 125 R58 3AQ GO1 1102
37X 125 R58 3AQ GO3 1102
3YX J25 R58 3HE GO5 176
3vX J25 RS8 3AF H29 1115
37X 024 R58 3HR RO4 1155
3vYx 024 R58 3HR RO6 1155
37X P24 R58 3HA RO8 189
3vYx P24 R58 380 S06 149
3Yx U24 R58 3AQ S00 1102
3¥x U24 R58 3AQ S02 1102
3Yx V24 R58 3AF $04 176
3vYx V24 R58 3HE 728 1115

CYCLE SELECT

,) TYPE LOC. TERM TYPE LOC. TERM
3vx D25 RS6 3A0 GO3 1103
3vYX 125 R56 3AQ GO1 1103
3YX P24 R56 3AQ S02 1103
3¥YX U24 R56 3A0 S00 1103

X4802C0619

)
HTV-0242

2-31



(3VB, 3VQ)

(3HD)
(3AR)
(3AR)
(BAQ)
(31D)

(3VB)

3A0

Go6/07

PORT A, B, C REFERENCE SECTION X

VK REGISTER 29. 25 VK » (3AQ }
2_94 o
STACK PORT A, B, C BANK BITS 22-2 > (AQ)
PORT A, B, C GO REFERENCE
» (3AQ
GO WRITE SECTION X
PORT C > (3AD)
AO REGISTER 20 - 25 PORT CSELECT V, T
(3AR) » (3AE)
s PORT PORT A, BGO WRITEB, T
GHD) DBA REGISTER 2 ABC I » (3AR, 3GR)
T REFERENCE ADDER ENABLE RANGE CHECK
o) = (6} » (3AD)
GO VK ADDRESS CPU AND PORT PRIORITY _
(3VD) » (3AQ)
PORT C ENTER DATA STACK
am) SCATTER/GATHER — > GAE)
055 PORT A, B, C ADDRESS BIT 24 , 2
GAR) AK/ATREGISTER 29 - 2- » (3AD)
PORT A, B SECTION ADDRESS 2°, 2! > (3AR)
PORT
. AB. gN PORT A, B, C REFERENCE AND CONFLICTS (3HD, 3HG)
COE%RI)I oL PORT C GO VECTOR REFERENCE > (HG)
HOLD V, B, T WRITE > (3D, 3GR, 3AR)
PORT C HOLD STACK 0 > (3AG)
HOLD VK SCATTER/GATHER > (GVD)
PORT A, B, GO VECTOR REFERENCE » (D, 31G)
0 96
(AR) yL REGI;SS'IT'?!; 22 . 22 d PORT PORT A, B, C RELEASE RESERVATION > (31D)
(3VQ) REG = A B,C RELEASE B,T, RESERVATION - a1
@ID) GOPORT A, B.C BLK. LEN. . » (3JF, 31C)
540 PORT A, B. C CONFLICTS D(%:. PORT A, B, C CARRY TO BIT 2
@VD) GO VECTOR WRITE PORT A, B. CACTIVE
PORT C HOLD ADDRESS
LOWER BLOCK
ADDRESS GENERATION B, T, REFERENCE CP2
3AP G08/09
PORT A, B, C ADDRESS 26-223
PORT » (3AD)
DBA REGISTER 26.223 sz.C
AKREGISTER DELAYED 26- 2 23 3)
AOREGISTER 26- 223
PORT A, B, C CONFLICT
SCATTER/GATHER CP2
6,23 VK
VK REGISTER 25-2 STACK
UPPER BLOCK
ADDRESS GENERATION
B-1114C

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

2-32
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(3HB, 3HC)
{3AR)
(3HD)
(3AR)
(3DB)

(31F)
(31F)
GIF)
(3DB)
(3DB)

) GAQ

jkm - FIELDS 26 - 221

3AG

ARREG.26-223

DBA REG. 25 - 2%

G10/11

Ah+m20-25

1/O ADDRESS 20 - 24

10X - 13X SCALAR REF.

g-FIELD 21 - SREF.

GO WRITE

GO I/O REFERENCE

GO I/O WRITE

PORT C, I/O CONFLICT

SCALAR, J/O REFERENCE SECTION X (3AQ)
SCALAR SCALAR, /O BANK BITS 22-24 > (AQ

GO SCALAR, I/O REFERENCE » (GAQ

ADDER GO SCALAR, I/O REFERENCE » (3AD)
SCALAR ADDRESS 2¢ - 22! » (3AD)

ENABLE RANGE CHANNEL SECTION X _ (3AD)

SCALAR, GO WRITE SECTION X » (AD)

1o SELECTS » (AE)
ggg%{)& ENTER DATA STACK » GAE)
PORT A, B SECTION SELECT 2°, 2! » (AP

/0 ADDRESS 2* » (AD)

Angfé“slg?gdﬁ%m /O REFERENCE » (HOG)
SCALAR, JJO CONFLICT TO LOG » (3HG)

A-1113A

SCALAR, /O MEMORY ADDRESS GENERATION

CRAY X-MP CPU-0

2-33



VECTOR DATA FANOUT
VECTOR REGISTERS

e-c

- 3VB GO
o1 VRS 2132212332492%29
3GRF34435 69, rz-‘fg), Hiom 3VB G68/69
MEMORY ADDRESS 21222 232 30 2% %2
} rorran.cf i 3VB Ga6/67
11 721 731 A4l 751 561
¢ VECTOR LENGTH 2°: 2 Hes/s9 M2, 2%, 24, 2%, 2
DBA ot L aipaTa2®. 28 V2 3VB G6a/6S
A0 Vi DATA 20.29 H66/67 210220 230 540 730 260
& BLOCK | AkDATA 2923 V3 3VD G663
LENGTH ['pgpaTa 2% 2° H64/65 292192292 %29,29
va TV GOO61
]
lz CARRY H62/63 28,218,220 23, 248, 25
DBA 3AP vs VB G38A0
3 G030 Heoe1 27211277 2%,24,2%7
AR v6 3VB G56/57
HS:,/? 26,216,236, 2%, 246, 3%
P H5657 3VB G345
o :n 232142232324 955
- VB 5253
. 223
AODATA 28.2 24,2148 234 44 54
3VC G50/51
PORT A, B,C
MEMORY ADDRESS VKDATA 2°21222%
> 20228 VLDATAD -2
GAD)
Vk DATA 20-263
5} 2% 2028 0
<
AODATA 20.2% E<5 g STACKO  OAP 3A0 | .
AKDATA2% 2% g E GosK9 | Goston
AiDATA 20- 26 z 2 . 223 v 2628 20
3AR é 3AP 3A0
G167 = STACKY  Gogon | oosr f—T9
23,211,217, 28
23 S
3AR STACK POINTER 2 Y 22 2
G189 sTackz AP 3A0
24,210 16 522 Go8o9 | Go6/07 T9
3AR
I8 . ?Z)IZI 923 ‘ 2623 20
23
2329, 152 IAP 3A0
:(i}AR STACK 3 cosps | G051 [—T9
2223
2228214 3?8 23
F 341 2 Y 2828 20
3AR stacka AT 3A0
[:27) |
z!z’,z".z{z-i R B o
JAR
Gar1 |
2'! Z‘. 212' zll
N
» 2025 20
3AP 30
VK STACK READOUT
A-5225

CRAY X-MP BLOCK ADDRESSING



WWU-ALH

ge-¢

DBA 2% A020-23
2§ 242322 21 20 -‘1" INITIAL START ADDRESS
2 " DBA
28 CARRY
PORT B NOT ACTIVE
RI0_ RerSECO \
IRU_ pepsec)
CONFLICT RI2

AkDATA 20-2° VK DATA 2025
SELECT Ak DATA SELECT Vk DATA PORT B NOT ACTIVE
INCREMENT ‘
CONFLICT 2% 24 23 22 a1 0 T6 CONFLICT 2% 24 23 2 2! 2°
B2S B B23 B22 B2l B2 | —_D—> B47 BA6 B4S BA4 B43 B2 B4l BiO
89 u b
8 8 8 8
TS
26 2% 2t 23 2 1 0
B2S B24 B2 B2 B2l B20
B42 B4
BA7 BA6 B4S BM B43 B4l
EOS EO4 E03 E02 EO1 EO0 | CARRY
Ell EI0 E09 E08 E07 EO6 | ENABLE
HOS HO4 Ho3 Hoz Hoi Moo | sum
HI0 HO9 HO8 Ho7 Ho6 PROPAGATED BIT CARRIES
Lot Loo
HIO LO7 LOS LOS L0+ & | FINALSUM
B B
103 Loz
9 0
5 B
FINAL SUM 20- 2%
26 CARRY

CRAY X-MP 3A0 PORT B ADDRESS

RI2_ pepsEC2

R13_ RepSsEC3
RI4 . ppp BANK 22
RIS ppr BANK 23
RI6 . pER BANK 24
R41 yemappad |

R42 . ppm ADD 2°

> TO3AQS

== TO 3AD

/

» 28 CARRY TO3AP
R18

A5227



rZ0-ALH

9¢-T

MEMORY
PORTB

TO3AD

AOBITS 26.223
PORT B NOT ACTIVE

ADDRESS 3AP

DBA 26. 28
PORT B NOT ACTIVE

INCREMENT VALUE 3AP

223 22 21 320 319 18 217 216 215 L4 213 912 1

ADVANCE ADDRESS

CONFLICT

3AP

210 99 28 57 56
B17 B16 B15 Bl14 B13 B12 B1l B10 B09 B08 B07 BO6 B0S B04 B03 BO2 BO1 BOO

2B 222 21 20 19 I8 17 ol6 15 M
B37 B36 B35 B34 B33 B32 B3l B30 B29 B28 B27 B26 B25 B24 B23 B2 B21 BX

28 27 2§

CONFLICT

Té6

223 2| 2 219 18] 217 16| 21
-»1 B37 B36 B35 B33 B32|{B31 B29
B17 B16 [B15 B13 Bi2{Bl1 B0O9
CARRY E17 El6 |E15 E13 E12|En E09
ENABLE E37 E36 |E35 E33 ER|B31 E29
GROUP CARRIES E47 E4S
GROUP ENABLES ES7 ES6 ;3 B54
PARTIAL SUM H17 H16 [H1S HI3 H12|H11 HO9
PROPAGATED CARRIES @ [E
GROUP ENABLES H32 H31 H30
FINAL SUM L17 L16 | L1S L13 L12|L11 L09
—<Z——,— 123 L2 |121 L19 Li8

CRAY X-MP 3AP PORT B ADDRESS

26 CARRY FROM 3A0
ADDED HERE

A-5226



riO-ALH

LET

N

OCONFLICT

Ak DATA 2029 VK DATA 20-25

SELECT Ak DATA

INCREMENT VALUE 3AC
25 24 23 22 a1 0
A2S A2 A23 A22 A2l A20

SELECT Vk DATA

]

Galo

Glo

PR

M7 Ad6

D11 DIO
GOS GO4
G09 GOB

K07 K06

23

Ads

Kos

26 CARRY

CRAY X-MP 3A0 PORT A ADDRESS

DBA 2* A020- 25 '
3A0
28 242322 21 20| A0 (NITIAL START ADDRESS
NOTACTIVEPORT A 2 DBA
26 CARRY
NOT ACTIVEPORT A
3A0 . {
CONFLICT 2% 24 23 32 2! 20
__D—n A4T AM6 A4S AM A43 A2 Ad] Ado
85 o &
0
[51]
B8 B 8 - RO REFSECo \
3A
[ROL_ REFSEC
T CONFLICT RO pppsEC2
[RO3_ ersEC3 L—» TO3AQS
RO4_ REF BANK 22
ROS_ ppp pANK 27
1 1]
2! 2 RS REF BANK 24
A2 A20 B3 MEMADD2Y | pT03AD
M2 AdO 5
>____ MEM ADD
M3 AdL 2 /
Dol D00 | CARRY
6 CARRY TO 3AP
D07 D06 | ENABLE L 2°CA" 0
oo coo |sum
PROPAGATED BIT CARRIES
Kol KOO
o o |PNaLsum
B 8
K03 Koz
g 9
8 8
FINAL SUM 20- 2%
A-5229



cvCO-ALH

[\

CONFLICT

TO3AD

Al7_Al6 Al5 Al4 Al3 A12 All A10 A09

-

MEMORY ADDRESS 2° R00
PORT A 2" Ro1 ]
2 Ro2]
? RO
2% Ro4 |
2" Ros |
2'2 Ro6 |
2" Ro7
2" Ros |
2 Ros |
26 R10 |
27Ru |
2% R12 |
2 R13 |
POR14 |
2IR13

22 R1§
\223_111_7

CONFLICT

CRAY X-MP

3AP PORT A ADDRESS

M

AOBITS 26.223 DBA 2§-223 Ak DATA 26-2% VKDATA 26.2 5
PCRT A ACTIVE PORT A ACTIVE SELECT Ak DATA SELECT Vk DATA
ADDRESS 3AP INCREMENT VALUE 3AP
2B 2B 92 W 419 HI8 LT 6 ius M 13 12 o1l 410 49 o8 ST ,6 2B 2272 221 220 319 218 17 gl IS M 213 212 51l 310 29 38 o7 46 CONRLICT
ACB_AO7 AOG A0S AO4 A03 AO2 AO1 AGO A37 A36 A35 A34 A33 A32 A31 A30 A29 A28 A27 A26 A25 A24 A23 A22 A2l A20
j ]
ADVANCE ADDRESS T4
3P j
223 222 211 21) 219 zll 2]7 216 213 212 21! 210 29 28 27 26
] A37 A36 [A35 A34 JA33 A32[A31 A30 A27 A26| A2S A2} A23 A22|A21 A2
»] A17 A16[A1S A14 |A13 A12] A1 Al0 A07 A06| A0S A04| A0S A02]A01 ACO
CARRY D17 D16 [D1S D14 {D13 DI2{D11 D10 D67 D06| D05 Do4j D03 DO2|{Do1 DO
ENABLE D37 D36 [D35 D34 |[D33 D32| D31 D30 D27 D26| D25 D24| D23 D22|D21 D20
GROUP CARRIES o7 |E‘ [os EMZ > o [po
GROUP ENABLES DS7 D56 D55 D53 D52 D51 D50
PARTIAL SUM G17 G16 [G15 G4 |G13 G12|G11 Glo G07 Go6| Gos God] Go3 Goz|Go1 Goo
PROPAGATED CARRIES [cs [z [ex [on [z [e2 [on 21+ oo oM 340
GROUP ENABLES G32 G31 G30
FINAL SUM K17 K16 [K15 K14|K13 Ki12[ K11 K10 K07 Ko6| K05 Kod| K03 K02{K01 K00
—@‘ K23 K22 [K21 K20|K19 K18
A-8228



r20-ALH

6¢£-C

CONFLICT

Ak DATA 20-2% Vk DATA 2025

SELECT Ak DATA ! SELECT Vk DATA
INCREMENT

2% 24 23 2 1 P
C25 C4 €23 C22 €21 C0

T8

DBA 2} A020.25

PORT C NOT ACTIVE

2% 242322 21 20
23

—

23 24 23 2
C47 CA6 CAS CA4 C43 C42 CAl CiO

Ls)

2! 2°

o~ - o

':" INITIAL START ADDRESS
DBA

PORT CNOT ACTIVE

R Rerseco \\

[R2L_ pppseci

CONFLICT R22_ perseca

IRZ3  RpFSEC3

R24_ pEF BANK 22

R2S  REF BANK 2?

- TO3AQ'S

O Y v U
88 B 8
v
26 25 gt 23 2 g1 0
C25 C4 €3 C2 C1 C0
ciz 0
CiT C46 CiS CM4 a3 CAl
POS FO4 F03 F02 ROl FO0 | CARRY
Fil FI0 F09 F08 F7 FO6 | ENABLE
Jos Jo4 103 Joz Jn Joo |sum
76 Jo9 Jo8 107 Jo6 PROPAGATED BIT CARRIES
Mol Moo
JI0 MO7 MO6 MOS MO4 f; o | FINALSUM
8 8
MO3 MO2
9 9
& 8
FINAL SUM 2°- 2%
26 CARRY

R26 .. RER BANK 24
R49_ MEM ADD 24
RS0 Mem ADD 2°

—» TO 3AD

CRAY X-MP 3A0 PORT C ADDRESS

» 26CARRY TO3A0
R28

A-5231



A0 BIT'S 26. 223 DBA 26. 222 Ak DATA 26-223 Vk DATA 2822}

0v-¢

PORT C NOT ACTIVE PORTCNOTACTIVE | SELECT Ak SELECT Vk
ADDRESS 3AP INCREMENT VALUE 3AP
CONFLICT CONFLICT
223 222 221 270 2]9 219 217 2]6 215 zll 21] 212 21! 2l0 29 2' 27 26 223 22.2 221 220 2]9 218 2)7 2]6 2\5 2!4 213 211 2|I ZIO 29 28 27 26
Cl7 Ci6 CI5 Cl4 Ci3 C12 Cll CI10 C09 (08 CO7 CO6 COS €04 CO3 Co2 COI COO C37 €36 €35 €34 €33 €32 C31 C30 (29 €28 €27 €26 €25 €24 €23 €22 C21 €20
17
6 ADVANCE ADDRESS T8
2% R36 it
MEMORY 27 R37 3AP
ADDRESS s T
BORT © 28 R3g
2% R39
2'%Ran :
an CONFLICT 22] 220 219 213 2]7 216 215 ZN zl) 211 2]1 2|0 29 25 27 26
212R42 > 37 c4 e can2jon colcs cxl e €25 C29)Cn cnjca €20
TO3AD 29 Ra3 | ' .
-] e 17 a4 a3 cizlen cwo|cow cos| cor cos co4| Co3 coz] o1 Coo
5o CARRY F17 F14 [F13 F12| P11 Flo|Fo9  Fos| Fo7 FOS Fo4| Pu3 Fo2| P01 FOO
219 R4s
216316 | ENABLE 37 P4 [m3 m2|m1 B30|r P8l 27 23 E2{R1 F20
217 pa7 GROUP CARRIES (6 [es  [s Fa3 140
18
4
2 R GROUP ENABLES ; I's6 PSS F54 F53 ¥s1 E50
29 R4y
220 k50 | PARTIAL SUM n Nna {n3 nz2|n oo Josj 107 03 Jo2 |0t Joo
RS0 | 26 CARRY FROM 3A0
221 Rsy PROPAGATED CARRIES 21 J26 | 125 | 124 121 |Jzn ADDED HIRE
222Rs2
224 GROUP ENABLES 131 130
25 Rs3 '
I’INI\I.SUM[—ﬁ M17 MiS M| M13 M12fM11 Mio| M09 Mos| Mo7 MO3 Mo2|Mo1 MOO
— M2 M2 [M21 M20| MO Mig

CRAY X-MP 3AP PORT C ADDRESS



Iv-¢

El9

223

AlS
ne

157
*D36

D37

El8

F19

105
K19

L1S

MO05

R3Y

Y]

AlS
75

56
*DM4

D3s

D58

E22
El17

F18
Gl6
Ho4
Jos

K18

L18

R38

22

AlS
n

155
* D32

D33

El6

F17
GI15

K17

L17

R37

220

Al4
m

*D30

D31

D57

Els

Fi6
Gl4

K16

L16

Mot

R36

219

Al3
m

153
*D28

D29

EN4

134
G13
HO03

K15

L5

M09

R35

218

Al2
m

152
* 26

oy 1)

Ds6

E13

F14
G2

K14

L14

R34

217

All
o

151
*D24

D25

D45

En2

F13

Jo3
K13

L3

Mo3

R33

216

AlO
169

150
*D22

D23

D55

Ell

F12
G10
HO2

Kiz

L

M08

R32

215

A09
168

19
*D20

D44

Elo

138
Go9

K11

Ln

RA

M4

A08
167

148
*Di1g

D1%

D54

E09

Fl10

Jo2
K10

L10

Mo2

R30

213

A07
166

47
*Di6

D17

E08

Fo9
Go7
HO1

Ko9

Lo9

Mo7

R29

212

AD6
165

146
*DI4

D15

D53

E07

Fos
Go6

Kog

Log

R28

21

A0S

us
*D12

D13

E06

Fo7

Ko7

MOl

R27

SCALAR MEMORY ADDRESSING

210

Ad
163

14
*D1o

D11

D52

E0S

F06
Go4
HOO

K06

Lo6

Mo6

R26

"’
29 28
A03 | AD2
162 161
143 42
*D08 { * D06
D09 DO7
D41
D51
Eo4 E03
Fos5 F04
G03 |Goz
Joo
K05 Ko4
LO5 1.04
Moo
R25 | R24

27

Aot
160

141
* D04

Dos

E02

F03
Go1

Ko3

Lo3

R23

3AR's Ah + m READOUT AND PREADD

22 2645 20 22 2625 20
A0=0

[ L a ]

L_as L2 ]

A3

T H =l
R1R] RIRIET B EIE] CIED 6] B

R32 R32

137

R30 R30

B3 129

135 1Bl 127 123 N9 138 134
[ [y . ~ -

(3 &2 1 &9

R30 R30 R30 R3p

R32 R32 R32 R32

(2] 2] = (7] 21

R29 R29 R29 R29 R29 R29

R31 R31 R31 R31 R31 R3l

125 121 17 136 132 28 D4 120 16

130 26 22 ng

26

B12

A0D
159

140
* D02
Do3

Dso

Eot

F02

Ko2

Lo2

122

Bll

158

* D00

Do1

Fo1

Kot

Lot

R21

BO9

RO6
RO7

Bo3 | Boz | Bot | Boo | gum
BO8

Bo7 | BO6 BIT CARRIES
B10

Ro5s | R4 | 2T | 20

21 20

Foo

Koo

Loo

R20

JKM FROM 3HC, 3HB
DBA FROM 3GR's AND 3VB's

Ah FROM 3ARs
CARRIES Ah + JKM + DBA

SUMS
Ah + jkm BIT CARRIES
Ah + jkm SUMS

Ah + jkm PROPAGATED CARRIES
Ah + jkm ENABLE BITS 214 .22

Ah + jkm + DBA BIT CARRIES

Ah + jkm + DBA SUM 24,25

Ah + jkm + DBA ENABLE BITS
Ah + jkm + DBA CARRY BITS
GROUP ENABLES
PROPAGATED GROUP CARRIES

PARTIAL SUM

LATCHED PARTIAL SUM
HELD FOR SCALAR CONELICTS

EAM MODIFICATION ON 222 AND 223
LATCHED PROPAGATED GROUP CARRIES
HELD FOR SCALAR CONFLICTS
LATCHED GROUP ENABLES

HELD FOR SCALAR CONILICTS

FINAL SUM 10 3AD

A-4831
XVCOI1CIGM

An29 2%

m20.25
Ah +m CARRY

Ah + mENABLE

3AG
CARRY

ENABLE

SEC. 0 SELECT 20 21 R0D
20 | SEC 1SELECT292! ROl
29 | SEC.2SELECT202! RO2
SEC.3SELECT2 92 1 R03
22 .24 =R04 - R0O7 BANK SELECTS



(474

100-I25 CPU O PORT A,B,C & IO AQ0-A05 PGRT A BK SELECT
J00-J34 . ROD-RO3 ) M 7/® |A10-A15 PORT B BK SELECT CONFLICT 16/0
ADDRS HOLD PATH CRu 0 | A20-A25 PORT C BK SELECT CHECKING PORT
SELECTS| A30-A35 1/0 BK SELECT C.D.E,F T2 [ORELICTS
SEE ROO TERM
BOOLEAN
EXAMPLE CONFLICT INFO
126-151 CPU 1 PORT A,B.C & 1/0 7/9 |-B00-BO5 PORT A BK SELECTS
K00-K34 * RO7-R10 ) ) CPU 1 B10-B15 PORT B BK SELECTS 16/0
ADDRS HOLD PATH BANK | B20-B25 PORT C BK SELECTS
SELECTS , PORT
B30-B35 1/0 BK SELECTS
2issds LY PR oastaely CONFLICTS
T2 cput
16/0 | 900 - J05 PORT A BK SELECTS
700 - A35 CPU o |10 - J15 PORT B BK SELECTS
CPU O BK SELECTS | BANK | J20 - J25 PORT C BK SELECTS
SELECTS | 430 - 935 1/0 BK SELECTS J00 - J33 249
CPU 0 BANK SELECTS MOD - MOS
R00-RO3, RO7-R1O SEE CPU O REF BK 0-7
. BOOLEAN
16/0 | X00 - KOS PORT A' BK SELECTS CPU 0 & 1 CONFLICTS BOOLEAN | w10 - M15
BOO - B35 cPu 1 LKIO - KIS PORT B' BK SELECTS KD - K33 #2 CPU 1 REF BK 0-7
CPU 1 BK SELECTS | BANK | K20 - K25 PORT C' BK SELECTS CPU 1
T2fSEECTS [0 - k35 1/0' BK SELECTS
NO-§O7
CPUD GO BANK
woms|

\..../‘

G00-G15 PORT A,B,C & I/0

CONFLICTS & ENABLES

ROO PORT A CONFLICT

HOQ-H15 PORT A'B',C' & 1/0'

N10-N17
CPU1 GO BANK

CONFLICTS & ENABLES

BANK SELECTS

WO00-H04-WO8 - WO3-W05.W08

F + X BK SELECTS
NOO - NO7

GO BANKS N+NO8

WOQ-WO6-WO8 - WO3.WO7.W08

3AQ MODULE DIAGRAM
MEMORY SECTION CONTROL

3/5 ROL PORT B CONFLICT
PORT ROZ PORT C CONFLICT
CONFLICTS | Ro3 170 conFLICT
R04 PORT A ENABLE
SEE
BooiEAn |ROS_PORT B ENABLE
EXAMPLE | RO6  1/0 ENABLE 5
#
RO7 PORT A' CONFLICT
3/5 ROB_PORT B' CONFLICT
PORT RO9 PORT C' CONFLICT
CONFLICTS | R10 1/0' conFLICT
CPUL 1 Ri1 PORT A' ENABLE
SEE CPU 0's| R12_PORT B' ENABLE
BOOLEAN .
BODLEAN [ R13 1/0' ENABLE
SEC 0
R4 CPU O GO BANKN ——
16/0 1Ri5_CPUO GO BANK N+04 o,
R16 CPU O GO BANK N )
chuo |RI6_CPUO_ 6O BANK M08 o
R17_CPU O GO BANK N+12 _ .
6o RIS CPU OGO BANK Nel . o.°
BANKs | SRR TR0 g,
RO _CPU OGO BANK N+20
R20 CPU O GO BANK N+2d .o
R21 CPU O GO BANK N+28
=349
Iz
SEC 0
R22 CPU 1 GOBANKN o=
16/0 R23 _CPU 1 GO BANK N+04 4
R4 CPU 1 GO BANK N+08 o
cPU 1 10,
0 R25 CPU 1 GO BANK N+l2 .
R26 CPU 1 GO BANK N+l6
BANKS 208
R27_CPU 1 GO BANK N#20 _ -

F + X BK SELECTS E >
N1Q - N17 GO BANKS N _N+28

R28 CPY_ 1 GO BANK N+24 30,

R29 CPU 1 GO BANK N+28 . .,
- ]

SEC 1

——

1o

5q
11s
155
21,
259
31,
354

SEC 1

le

59
114
154
21,
25¢
3le
35,

C-/15824



F30/31 248. 263 CHECKBITS 2,3 /
F28/29 232 - 247 & CHECKBITS 0,1 /
/ F26121216.231 & CHECKBITS 6,7
F247252° - 2' & CHECKBITS 4,5
(DE) YO DATA
(BAO) HOLD STACK 0
ASVDATA l I STACK MEMORY SECTION DATA
(AR, JOR, 3VB) '1 ,;:DS\ J D ° oz
- ~
STACK
POINTER
STACK [
ENTER STACK
(AQ, 3AG) 1
2
A=
1 4 M
H 3
L 1
(HG) AEML | )
ENABLE MAINTENANCE
MODES (3HG) 1 ™
JHO) AEM2
DIAGNOSTIC CHECK BYTE 1 __J
oHaG)
MEMORY CHECK BYTE
ez
l 3
/O CHECX BYTE
[
PORT C PARTIAL PARITY

MEMORY DATA SELECTION AND CHECK BYTE GENERATION

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 O signal is again raised. At this point, stack 0'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 0.

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 final 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
(AEM1 mode), or from a separate diagnostic check byte read in from the S1 register via a 001511 monitor instruction (AEM2 mode).

C-3660

3AE MODULE BLOCK DIAGRAM

243






CRAY X-MP/ 22,24
6 COLUMN
~ SECTION

ECL MEMORY CHIPS
(16K)

2-44

CRAY RESEARCH, INC.
COMPANY PRIVATE






Sv-C

\._/ e
SECTION BUSY, PORT A/B/C D32-Ds5_BANK 28
AND L0 CONFLICT [ & ]
PORT C CONFLICT
¢-LORTC CONFLICT___y,, (340, 3R DIEDI9 BANKS
SR mef L eortamccONICTS . oo, 14m foizs macs
CONFLI
©DB,3AG) /X031
254 SECTION BUSY GO WRITE & ABORT )
(oap F:XBITS2%.2 G0203  SEC.0 I PAR  frmo CPU 1 GO BANK BANKS 16,20, 24, 28
BANK BITS 22.24 CPUOAND |
GO BA; D26/Z1 CPUO GO BANK | ABORT DS
(3A0) PORT ABC REFERENCE SECTION X GOWRIE ORY ADDRESS 20.216 | D08 20-23
(AG) SCALAR, 10 GOREFERENCE FOURPORT }PORT CCONFLICT Gomanx | SoNmaLawD [MEMORY ADDRESSZ 27
CHANGE CE OL | ENABLE/OSEC X Bmlst os 48 |WRITEENABLE ADD! MEMORY ADDRESS 20-216
OAD L ASLE SECriON 3 GOBANK, ABORTAND AND12 144 FANOUTS
T ———— GO WRITE FANOUTS BANK 0
IZX
(HE) SELECT 16 BANK LOWER/UPPER Q 16 FANOUT Zv
el -
DATA BASE/IMIT TEST TI8N9 SECI
HIY/O SEC2
Suns 2424 QU819 SEC 1
G213 2423 E18/19 SEC.0
ABORTSEC X SELECT 16 BANK L.
EEEE— BANK READ STORAG
(3AC, 3AG, 3AF) m____ém__. GO WRITE SEC. X oo MEMORY ADDRESS 28 -231 SELECT FANOUTS mm‘ﬁ'&l‘irm WRITE ENABLE aB
ORI e e S0 Foy iooa ™ ORY ADDRESS SHIFT CHECK BITS - SYNDROME FOR "BANK | READOUT DATA
(AR COEXCH.SEQ/F.X ADDRESS { ~ ADDRESS o CHECKBITS -SYNDROME m
(A0, 3AG) ENABLE RANGE CH. (DATA RANGE GHECKS | OF. RANGR (DD) «CHECK BYTE] MEMORY ADDRESS DELAYED
(AR FROG. RANGE ERROR ] | ERROR __ . avgy o aoman v .
(A0, 3AF) PORT MEMORY ADDRESS wx  |-z0aan-at —mvorymata2®®,| o
AB+C 0OAG) —COSCAIAR ) PARTIAL PARITY
e e I S
GAF) FETCH + EXCHL A
Faap9  233-247
€8.0,1
(VC, 3VB) VECTOR REG.
(3GR) S REG, TREG. P61 216 .23
gag AREG,B REG. — CB.6,7
CHAN s 20218
(b 1o cB.4,5
DOOO1 20217
MEMORY DATA DATASELECTION —
(A0, 3AG, 3T SELECT S+V ANDOIECK BIT | MEMORY DATA AND CHECK BITS m?ﬁ%m | MEMORYDATA |
(A034G) ENTERSTACK
G438 37 f’“.zﬂ (356) ENABLE MAINTENANCE | 2y
G637 260 PORT SECTION SELECT
363 3 282 (AR » AR [ 2% 2% cB.o1/
G389 23,212 [Dups 28.2% ]
129, d
GA0AL 21,29.7 0531 [onns 2% .24 ]
Gd2/43_26,214.262 DATAZ-2
Gaaas 34.2012-260 EXCHANGE |HA® ;"f’;":-;z‘;s
Gasu1_22,2'9. 12 A P2
4647 22,210.2% (GAE) MEMORY 0.23 | _ENABLE MAINTENANCE D621 20-211
Gagia9 20,28-2% ERROR LOG SYN. 2020 e (3HG)
VREGISTER 70 «¢ERRORDATA (4 Bl |4 SYNDROME BITS o READSELECTS |
o HE ERROR READDATA 81DATA
| HE ] je—
(3GR) ¢S TREGISTER DATA PATH CORRECTION FANIN 271 20
(HD, 3AR) < ABREGISTER]  SELECTION PORTA, B SECTION SELECT 20,21 DISABLEEC.
- g 2222222 U
o) <12 DATA 28 .20 GHE) 3ZZ
A &
(oHR) «FETCH
D-16658

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






e’

2_a4
GAP F+XBITS 2°-2

BANK BITS 22- 24
GAO)PORTABLC \ __ |REFERENCE SECTION X
(AG) SCALAR, 10 | GO REFERENCE
CAP CHANGE REFERENCE S MEMORY ADDRESS 20-216
(3AF) ENABLE SECTION X
(3A0y -CPUAND PORT PRIORITY
GHE) SELECT 16 BANK LOWER/UPPER
PORT A/B AND IO
BLOCK FETCH ANTI

DATA BASE/LIMIT] 28

L
WRITE ENABLE STORAGE
(GAO, 3AG, 3AF GO WRITE %E ey R AL L .
(GAF, 38D) ENTERDBA,DLA r READOUTDATA
(3AF) GO EXCH. SEQ/ F+X ADDRESS
(A0, 3AG) ENABLERANGE CH. (DATA)
(3AF) PROG. RANGE ERROR oo
(AG,7AP) PORT MEMORY ADDRESS MEMORY DATA 20271 v
AB+C GAG) —GOICALAR
(AG) A, S REGISTER P
GDA, 3DB) 1O TN PRS2 E—
GAF) FETCH + EXCH
G34)
G(;:f; Jossmr 29 2% cB.o7 f
TR [ Dups 248 2% /
G243 2 3 3% _247
Ga4/4as 24| D1 2%.2%
Gagw7 22.] (D2 2172
: D26/21 20-21
cag/a9 20, 27HG)
GISTER READ SELECTS
(VR) @ RO | 8-1DATA
GOR) @2 TREGSTERE  parapal FANIN _an g0
GHD, 3AR) ¢ BREGISTER SELECTI{
o] Er24
(3DD) VA
(GHR) «EEICH

D-16688






226/27 (CPU Q) & D28/29 (CPU 1)
GO BANK N 1104

2 TERMS
GO BANK Ned _f105S /
824 _ 3ANK SELECT 0/8
GO BANK Ne8 1106 /
1 / s _ sax serect 412
GO BANK Nei2 _!107 (3zx,
(30} / _R26 _ 3Nk SELECT 16724 320
GO BANK Ne!6 1108 /
/  Ra7 _ aank sELECT 20/18
GO BANK Ne20 1109 ? -
/ R28__ 3ANK SELECT 8/12/24/28
GO BANK Ne24 _TllO / 18
GO BAN!
X Ne28 T111 // L6/0 /
o30/3t
2 TERMS
ABORT SECTICN 0, CPU O 1104 - R24 CPU QO ABORT
(aapy OO WRITE SECTION 0, CPU O 1105 / VAR CPU G WRITE
ABORT SECTION 0, CPU 1 _ 1108 / / w6 _ ceu1 asorr 13EX
GO WRITE SECTION O, CPU 1 __ f109 7 / R27 CPU 1 WRITE
3/5
16/0

D32/33 (CPU 0) & 034/135 (CPU 1)

Z TERMS

READ SELECT 20 r104 |
. ReAD szrect 2% rios R24___ READ SELECT 20
READ SELECT 297106 / / a5 _ seap serecr 2t

(3ZX) e smscr 2_zior / 7 mas | seap seuecr 3¢ (322)
ReAD serect 22_tios /. / 227 READ SELECT 22

READ SELECT 22__r109

3/5

16/0

D36/37

¥ _T104 - R24 CLOCK
s I0% . : / A2S _ CLoCK

{3zx, 3zy, lzz)

(370} PIRST rEvEL _I112
CLOCK

/s

16/0

ALL 322's D26-D37

READ SELECTS 196-99
(CFU )

(322}
READ SELECTS 1100-103
cro 1)

11713

1670

BANK N 10-11
BANK Med4 I112-2)

Ne@ I24-3%
BANK Ne <0 RO=11  CPU O READ DATA

OATA BANK N+12 116-47 TERMS (32E)
2V) ANk w+16 148-59

R12-2) _ cpy 1 READ DATA

BANK N+20Q 160-71
BANK N+24 172-33
BANK N+28_(84-35

/4

16/0

c-3800

CRAY X-MP/2 32Z MODULE BLOCK DIAGRAM

Each of the 32ZZ 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.

2-46






-

X-MP - 3ZV MODULE LOCATOR

ZO0OHHPrPACEHEARBRECTOCRXR A

BITS

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

1 P 8 9 10 11
2 I

3 U

4 D

5 P 12 13 14 15
6 I

7 u

10 D

11 P 16 17 18 19
12 I

13 U

14 D

15 P 20 21 22 23
16 1

17 U

20 D

21 p 40 41 42 43
22 I

23 U

24 D

25 p 44 45 46 47
26 I

27 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

2-47

AN W

D COL I
34 36
30 32
24 26
20 22
14 16
10 12

B
4 6
A
0 2
N
1 3
K
5 7
)
11 13
15 17
21 23
25 27
31 33
35 37
P COoL U
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Ydi0d

HOUYISIY AvY)

JLYATHYd AN

"IONI

ADDRESS TEST POINT CHART

ABSOLUTE BANK BANK N+0 BANK N+4 BANK N+8(10g) BANK N+12(14g)
ADDRS BIT ADDRS BIT TEST POINT  BOOLEAN TEST POINT  BOOLEAN TEST POINT BOOLEAN TEST POINT BOOLEAN
25 0 B71 - ROO B72 - R17 A04 . - R34 A10 R51
26 1 B69 - RO1 B70 - R18 A07 - R35 A08 R52
27 2 B67 - RO2 B65 - R19 a21 - R36 A11 R53
28 3 B53 - RO3 B54 - R20 A20 - R37 A19 R54
29 4 BO6 - RO4 BO7 - R21 261 - R38 A60 R55
210 5 BO4 - RO5 BOS - R22 A68 - R39 269 R56
211 6 B17 - RO6 BO2 - R23 A71 - ‘ R40 A70 R57
212 7 BO3 - RO7 BO1 - R24 a72 - R41 a67 R58
213 8 D72 - ROS D71 - R25 c02 - R42 co1 R59
214 9 D69 - RO9 D70 - R26 co3 - R43 co6 R60
215 10 D65 - R10 D62 - R27 c12 - R44 c10 R61
216 11 D53 - R11 P54 - R28 €20 - R45 13 R62
217 12 D12 - R12 D20 - R29 cé4 - " R46 c66 R63
218 13 D04 - R13 D05 - R30 c67 - R47 ce68 R64
219 14 DO1 - R14 D21 - R31 C‘69 - R48 c71 R65
220 15 D19 - R15 D22 - R32 c72 - R49 c70 R66
221 16 B39 - R16 B23 - R33 B22 - R50 A52 R67
WRITE ENABLE BS1 - R72 B21 - R73 c21 - R74 C51 R75
ADDRESS BIT FANOUTS
MODULES @ D8, 12, 16, 20, 40, 44, 48, 52 FANOUT BANK ADDRESS BIT O 3 TO IT'S OWN 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 BAMK ADDRESS 8 & 11 W.E, TO IT'S OWN BANK
MODULES @ 11, 15, 19, 23, 43, 47, 5%, 55 FANOUT BANK ADDRESS 12 - 16 TO IT'S OWN BANK

M’




CRAY X-MP/ I1,12,14

MOSS MEMORY
SECTION

(16K CHIPS)
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0s-¢

N’
SECTION BUSY, PORT AB/IC D32D35_BANK 28
o Yo f =~ ]
] PORT € CONFLICT (AG, A1B) DIGDIO _BANKS
L PORT AB/C CONFUICTS . (a4, 34B) fDi2:15 BaNk4
G001 _SEC 1 SE::;T;gg ODBIAG) et DIE9
394 p——— >
(GAR) :.x BITS2 22 . G0203  SEC.0 1 QAR GO WRITE & ABORT BANKS 16, 20,24, 28
ANK BITS 22-2
D627 CPUD GOBANK] ABORT  _Iooans .
GAA)PORT ABC REFERENCE SECTION X jooBANK 0 .16 |Dos 2028
GOWRITE MEMORY ADDRESS 2.2
(3AG) SCALAR, 10_{ ™ GO REFERENCE FOURPORT |PORTCCONFLICT CONTROLAND [ ooty
CONTROL. GOBANK ADDRESSFOR | CHIP SELECT ADDRESS MEMORY ADDRESS 20216
FETCIIEXCHANGE REFERENCE | ENABLEIOSEC X BANKS 0,4,8 144 FANOUTS r-2
AR ENABLE SE GOBANK, ABORTAND AND 12 WRITE ENABLE I‘BANK Y
oap B CTIONX GO WRITE FANOUTS
ND PORT PRIORITY
(any JOAR 3Y8
(HE) -SELECT 16 BANK LOWER/UPPER 3Q L6 FANOUT A
PORT A/B AND IO ENABLE ADDRESS 3D
BLOCK FETCH AND EXCHANGE ADDRESS
DATA BASEAIMIT TEST TIMNG SEC3
Hi#19 SEC 2
Guns 2“ ';" QI8A9 SEC. 1
G243 24-2 E119 SEC.0
ABORTSEC X SELECT16BANK -
(3AA.IAG, JAF) GO WRITE GO WRITE SEC. X - MEMORY ADDRESS 2%1-23 ww:ggg_rm STORAGE
DRESS WRITE ENABLE
OAF, J6D) ENTER/DBA, DLA ; MEMORY ADDRESS SHIFT CHECK BITS & SYNDROME FOR'BANKO* |————=»f | READOUTDATA
(AR SOEXCH SEQ/F+X ADDRESS J EﬁDDRFﬁ'S CORRECTED ‘e —
(AA,3AG) ENABLE RANGE CH (DATA RANGE CHECKS | OF. RANGE (IDD) «SHECK BYTE] MEMORY ADDRESS DELAYED IvA
(3AR) PROG. RANGE ERROR : F———»0vo 24.20 g2 .27 097
(JAA, 3AB) PORT HEMORY ADDRESS X ) ) ORY DATA 20- A
AB+C AG) —CGOSCALAR o4 PARTIAL PARI
(AG) A, S REGISTER ((:Ag Golo D PARITY
(DA, 3IDB) IIO+ . FX0A1L 248 26
GAR) FETCH CB.2,3
F2809  232.247
CB.0,1
(VC, IVB) VECTOR REG.
(GR} § REG. T REG.. Rz 26 2%
gﬁg g(ggg\'g“q_ S— CB.6,7
NGE 0.915
(DB 10 R Xy 4.5
DOOO1  20-217
MEMORY DATA T S BTN DATA MEMORY DATA
GAAIAG,3AF) SELECTS+V 1 "GENERATIoN  |MEMORYDATA AND CHECK BITS sPaNouy  |MEMORYDATA |
(GAAIAG) ENIERSTACK _____ J
(31G) ENABLE MAINTENANCE | | 3ye
S 213961
ga6m1 2,205, 2 (F) PORTSECTIONSELECT ME D36n1_2%0 2% CB.07
G39 23,212 DS 298 29
Gatu1 31,2927 e foop %27 ]
GA2/43 26,214.262 DATA2".2
E26/27 SYN.24-27
G743 24,212.260 EXCHANGE |HZ/2
0AB) E24/2 DATA 2%2.26
MEMORY SYN.20.23 | ENABLE MAINTENANCE D261 20-2M
Gigjee 20,28.2% ERROR LOG 202 = (HG)
10 «ERROR DATA @ BITH SYNDROME BITS READ SELECTS
(VR) @ LRECISTER | SHE ERROR [ READDATA | 8.1DATA
acR) ST D”’g?&}* PORTA, B SECTION SELECT 20,21 coRRECTIoN e
Y SELE .
QOHD, 34R) + B REGISTER -0 - DISABIEEC 5y .
Dy <2 DATA26 - X -
VA
(HR) «FETH
D-1573¢

CRAY X-MP/1 MEMORY BLOCK DIAGRAM

(CPU 0 AND SECTION 0)
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Description:

"I/0 LOCKOUT CIRCUIT"

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/0 conflict
drops) the "I/O Lockout" signal from 3AG goes away and normal port operation

once again proceeds.

XV2507M
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"I/O LOCKOUT CIRCUIT"

2-52

3AG @ G10 R57
REV. 51
3AQ @ G2
1106 1105
—® REV. 57 -
1106 3AQ @ GO « 1105 I
REV. 57
1106 3AQ@ SO 1105
REV. 57 - ¢
1106 3AQ@ S2 1105
1 > REV. 57
R57 3AG @ S10
REV. 51

A-4938
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3HA @ R08 TERMR42 = LOWER CPU NOT INSTALLED

170

3VC @ G51
RS0
197 l
3AG @ S10 1109
1104 3]S @ F03
l 3AQ @ GO3  / 159 3IS @ FO1
3AQ @ GO!1 71 3HC @ F13 3JS @ ROO
P100 3AQ @ SO0 3DH @ HOS 3JS @ RO2
3AQ @ S02 * —_—
DISABLES ‘ P100 ‘
SCALAR FROM P100 P100
CPUI P100 ISABLE I
v —_— DISABLE 1/O -
- DISABLES INTERRUPT FOR  DISABLES
DISABLE CPU 1 I/OIN CPU 1 SHARED REG.
F + X - (V TERMS) CPU 1 FOR CPU 1
NO LOWER CPU INSTALLED

A-4939
XV2509M
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N+0O

N+1

N+2

N+3

N+4

N+5

N+6

N+7

N+8

N+9

N+10

N+11

N+12

N+13

N+14

N+15

N+16

N+17

F CHIP

BO- B7
> 1 OF 8 _ECL TO TIL CHIP SELECTS
DATA BITS co c2 4 C5 c6 C7
N+0 = N+17 TTL TO
ECL
I18 DO—>» MOO | M10 | M20 | M30 | M40 | M50 { M60 | M70 RO —3=
119 D1—m= MO1 M11 M21 M31 M4 1 M5 1 M6 1 M71 }—Ri——2>
120 D2—>={ MO2 | M12 | M22 | M32 [M42 | M52 | M62 | M72 —R2——3
121 D3—3m= MO3 | M13 —— R3 ———3—
122 D4—3 MO4 | M14 ——R4 ——F
123 D5— MOS M15 —— R5 ————
I24 D6—m= MO6 | M16 L—R6 ——
125 D7—3==| MO7 | M17 —R7 —
I26 D8 —=| M100| M110| M120| M130 | M140 | M150 | M160 | M170 — RS ——3m=
127 DY—=— M101 | M111 | M121 | M131 16K x 1 M171 —R9 ——2
STATIC NMOS
128 D10—3 M102 | M112 MEMORY CHIPS — R10 —
I29 D11—>» M103}| M113 — R1 11—
I30 D12—{ M104| M114 —— R12 —>>
I31 D13—m] M105| M115 F—R13 ——
132 D14 —= Mi06| M116 — R14 ——
133 D15 — M107 | M117 —— R15 —— ==
I34 D16 —»1 MOS8 | M18 | M28 | M38 | M48 | M58 | M68 | M78 |—R16—2
135 D17— M108| M118| M128| M138| M148 | M158 | M168 | M178 [— R17 —m
;—’“—'-\
ECL TO TTL
CONVERTER'S
J CHIPS
137 —— R18
1/4 138 R19
INTERNAL ADDRESS TO ALL FANOUTS 139 —— R20
MEMORY CHIPS FOR ADDRS 140 —— R21
WITHIN 141 —— R22
ECL TO TTL THE BANK
Aa-2162

WRITE ENABLE TO ALL CHIPS

3ya
2-54
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CRAY X-MP/ 22,24
|2 COLUMN
SECTION
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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/0 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 24-220 are shifted left one bit to make it 2°-22! and then
passed to the 3ZA module.

The 3aX also delays the address bits and sends bit 20-24 and 2!7-221, no
internal chip select bits, to the 3AE module, for memory error logging.

During an I/0 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 2%-22!, to the selected bank.

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

X200250419
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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 1 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 3%ZS modules to determine which CPU
receives the data.

X200250418
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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/0O or CPU section and

does the check bit generation on it.

Each 3AE modules handles one parcel of the memory word and generates two
of the check bits.,

3ZD Module

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

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

X200250420
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Below is a brief deséription of the modules involved in the Memory
Output data and Error Correction.

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.

X200280422
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SECTION BUSY, PORT ABIC DS859  BANKO D6667___BANKOJ BANKN
AND 10 CONFLICT YT SANK DS657____ BANK1 D64/65 __ BANK1] _ BANKN+4
ST YRR CCONRUCT__y, GAG,358) /D467 FETCH,BANK 2 / D453 BANK? D62/63 ___BANK2] — BANKN+10
37 YporT Amc conmICTS DS253 _ BANK3 D60/61 BANK 3 BANK N+ 14
ool S 2] TEBLABCCONFLICTS, GAA,3AB) /Di45 FETCH. BANKY B5859___ BANK A4
iC. 0 CONFLICTS fS2/a3 WR_EN BANK 4 B66/6T ___ BANKA BANK N+20
/Goop1_SEC. 1 (DB, 3AG) BS6AT ____BANKS
2 a4 = SECTION BUSY 0/41 _ABORT BANK § B64/63 BANK § BANKN +24
AR BXBITS22.2 GO2X8  SEC.0 @AR BANK S BS4/55 BANK 6 B62/63 BANK 6 BANK N +30
BANK BITS 22. 24 CPUOAND 1 B5253 BANK 7
GO FETCH 607 BANK 7 GOREAD B60/61 BANK 7 BANKN+34
(JAA) PORT A/B/C REFERENCE SECTION X AR SOFETCH_ | Doén
QAG) SCALAR, 1O GO REFERENCE FOURPORT |CPUOAND ) GO BANK ABORT BANK CONTROL COREA
CHANGE REFERENCE CONTROL : GO WRITE AND WRITE WRITE ENABLE S AN
(3AF) PORT € CONFLICT 1-18 FANOUT
GO BANK, ABORT, [ oo Feven ENABLE GOREAD
(AR ENABLE SECTION X ENABLE [0 SEC.X GO WRITE AND FETCH 1-18 FANOUT
| ENABLEIOSEC.X
(GAA) -CPU AND PORT PRIORITY | GOBANK krad
QHE) .SELECT 16 BANK LOWER/UPPER 3AQ 3z8
32F
TISM9 _SEC.3
H18N9 _ SEC.2
Glans  24.213 Q1819 SEC.1
G113 23428 E18/19 SEC.0
ARORT SEC. X LB/ 1819 2
(3AA,3AG, 3AF) GO WRITE GO WRITE SEC. X MEMORY ADDRESS 2123 STORAGE
A DLA ADDRESS Lo ,
O et e T mere®|  aporme [ ARSEES oy R s S - AR
GAR) SELECTION AND ORY ADDRESS 216 . 20
(9AA,3AG) JENABLE RANGE CH. (DA RANGE CHECKS | OP. RANGE (D) «HECK BYTE MEMORY ADDRESS DELAYED MEMORY DATA 20271
(GAF) EROG. RANGE ERROR [ERROR__, avC) SELECT 16 BANK 24.20, 20 .17 3ZA - 3z
(AA,3AB) PORT MEMORY ADDRESS X
ABYC I AG) —CGOSCALAR | TIAL PARITY
(AG) A, SREGISTER GAG) 0 PARTIALD
(DA, 3DB) 1O (3AG) 3AD F051 2428
AF) FETCH + EXCH. Y533
2 247
T I
D301 1.5
R e TRy e
(BAR) A REG., B REG. B. 6, . K
(HD) EXCHANGE s 20.218 DOGRT 7% . 263
GDE) 10 CB.4,5 Do2/08 CB.07
MEMORY DATA DATA SEIBCIE%{‘ DATA MEMORY DATA
GAA3AG, 3AR) SELECT S+ ANDCHECK AIT | MEMORY DATA AND CHECK BITS 1$FANOUT |
» h T
ENTER STACK CE8/69 .29 23
(BAAIAC) 0 "
G34p5 27, 215.2% (3HG) .ENABLE MAINTENANCE C66/57 - 24- 27
c@p7 25,212 AR PORTSECTION seLECT | 3AB e 7
G389 23,2129 G553 2% . 2%
22027 DATA 22231 C16/17 - 236.. 2%
E26/27 SYN.24-27 R
4 212260 H28,
Gaa/as 24,2122 m;\gﬂ;‘ /29 E2425 DATAZR.26 0203 - CB.03
GAB) $—=——0 MEMORY SYN.20.2° | ENABLE MAINTENANCE (3y16, [ cooor - CB.47
0 48 536
Gdsl9 2°.27-2 error paTA @arrs) | FNONM° | syprove B READ
(OVR) L REGISTER | o [ G REaDDAta | sipama an 0
OCRy < STREGISTER b 1oy oy 3HE CoRRECTION FANIN
-—
(3HD, 3AR) A, BREGISTER SELECTION PORT A, B SECTION SELECT 2¢, 2! (AB) | (DISABLEEC. GHE)
. -1
1ZR
D) <12 DATA 2% . 20 328
VA
FETCH
GHR) c-0800C

CRAY X-MP MEMORY BLOCK DIAGRAM (CPU 0 AND SECTION 0)
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J1VYAT¥d ANVdWOD
"ONI “HOYVISIY AWdD

GO FETCH CPU 1

SEC O

(3aF) DS0/51 BKO bs8/59  BKO ” D66/67  BKO
GO FETCH CPU O D48/49  BKL D56/57 BK1 D64/65  BK1
(32F) GO_FETCH CPUL
D46/47 _BK2 D54/55  BK2 D62/63__BK2
GO FETCH CPU O
02/03 SEC 3 D44/45  BK3 D52/53  BK3 D60/61  BKI
GO WR SECTION X
500/01 SEC D42/43  BK4 BS58/59 BK4 B66/67 BX4
ABORT SECTION X
£00/01 SEC 1 D40/41  BKS BS56/57 BKS B64/65 BKS
25/30 oo S0 WR SECTION X
403,03 SEC © D BK B54/55 BK6 BK62/63 _BK6
CPU 0 GO BANK X "
cpU 0 . o367 By |RCCESS 0-GO BANK X BK52/53 pK7 |RCCESS O GO READ B60/61 BK7
CPU 1 GO BANK X ACCESS 1-GO BANK X ACCESS 1 GO READ ACCESS_0 GO READ
cPU 1 e
ABORT SECTION X ACCESS 0 WRITE ACCESS 1 GO READ
ACCESS 1 WRITE
3AQ
3aF 3zs zF
ACCESS 0 GO BANK X
G14/15 ACCESS 1 GO BANK X
612/13 ABORT SECTION X 118/19 SEC 3
GO WR SECTION X R18/19 SEC 2 BK-50/51 2%
€
0 0 018/19 SEC 1 BK-48/43 2
MEMORY ADDRESS E18/19 SEC O K .
s .
3AD BK-20/21 2%° ACCESS 0 READOUT DATA
5_,21
BK-18/19 221 |-MEMORY ADDRESS 2°-2 ACCESS 1 READOUT DATA
514715 3ax 32-
s12/13 ABORT SECTION X CPU 0 SECTION ADDRESS
GO WR SECTION X CPU 1 SECTION ADDRESS
CPU 1 MEMORY ADDRESS SEC 0 3ZA
D34/35 2°-27
D30/31 2°-23%
38D
D06/07 2%8-28
D02/03 CB 0-7
F30/31
F28/29 ACCESS O WRITE DATA
F26/21
F24/25
3ZD,
,
ot 0 CPUD' 5 MEMORY DATA AND
CHECK BITS SEC 0
SEC 0 c68/69 2°-2°
3AE D32/33 2°-27
p28/29 2%-21% c52/53 2%2.2?
. c16/17 2%%-2°
R30/31 po4/0s 2%6-2%Y
R28/29 D0/o1 CB 0-7 | RCCESS 1 WRITE DATA £02/03 CB-03
R26/27 SEC O €00/01 CB 4-7
R24/25 E26/27
CPUO's MEMORY DATA AND , ACCESS O READOUT DATA
VA's E24/25 ACCESS 1 READOUT DATA
CPU 1 CHECK BITS
32D cru o ACCESS O READOUT DATA
3AzZR
3AE
G34 - Ga9 3ZE
SEC O
E22/23
IVA's E20/21
cpu 1
$34 - S49 328
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SECT. BUSY, PORT A/B/C AND I/O CONFL

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

PORT € CONFLICT_ (3AG, 37B L
. ey (306, ) D58/59 BX_0 /066767 _BKO0 7 [BK N
t——e—r————/" 502/03 SEC 3 / PORT A/B/C. ~ (3;“ AB) i - e / D56/57 X1/ 1D64/65 BK 1 /BK N + 4
p————/ S00/01 Sec 2 / CONFLICTS ’ / D50/51 B 0/ - / D54/55 B 2 / D62/63 BK 2 | BK N + 10
G00/01 SEC 1 | 1/0 QONFLICTS . ..o Dp48/43 BK 1 / D52/53 x 3/ / 060/61 BK 3 / BK N + 14
. 308,386) /136747  FEICH, BK 2 / _B58/59 x4/ 566767 BK 4 / BK N + 20
(3AF) F+xX BITS 22-2% G02/03 SEC 0 SEC. BUSY_(3AF) /. Da4/45 FETCH, BX 3/ / B56/57 BK 5 / / _BB4765 BK_ 5 / BK N + 24
: ' /. D4a2/43 WR EN BK 4/ B54/55 BX- 6 B62/63 BK 6 _BK N + 30
(3AA) PORT ‘BANK BITS 22-24 (3AF) 6@ FETCH D40/4T ABORT BK 5/ BK N + 34
A/B/C | [Trer sec x i CPU O AND 1 - . 538/39 B 6 B52/53 BK 7 {B60/61 BK 7
(3AG) SCALAR, r {_6o REF CPU O AND 1 GO :BANK )
I/0 (3AF) _FETCH/EXCH. REF PORT C_CONFLECT D36/37 BX 7 | ABORT '
(3AF) _ENABLE SEC X FOUR PORT EN I/0 SEC X : ™  BANK CONTROL GO _RD GO READ BANK GO _RD
(3aA) _CPU AND PORT PRIORITY CONTROL GO WRITE AND .
{31E) —SELECT 16 BANK GO BANK, ABORT, WRITE ENARLE \1-18 PANOUT
) ~LOWER/UPPER )| GO WRITE, AND GO FETCH 1-18 FANOUT :
380 FETCH > WRITE ENABLE
B , FANOUT GO BANK
PORT A/B AND I/O ENABLE ADDRESS o
BLOCK FETCH AND EXCHANGE ADDRESS 3ZF 32S 32F
DATA BASE/LIMIT TEST
GO BANK
G14/15 22 -213
G12/13 214-223
’ / _T8/19 sec 3/ /B/C~50/51 pd /
(3AaA, 3AG, 3AF) GO WRITE ABORT SEC X /  _H18/19__SEC 2/ /
(3AF, 3HD) ENTER/DBA,DLA 018/19 _ SEC 1 B/C-48749  #
(3AF) GO _EXCH_SEQ/F+X ADDRS ADDRESS GO WR SEC X o g
(3aa,38G6) EN_RANGE CH. (DATA) SELECTION AND E18/19 SEC 0 s A
(3AF) PROG_RANGE ERR RANGE CHECKS MEMORY ADDRESS
MEM. ADDRS. MEMORY ADDRESS 22! - 25 B/C-20/21 20
“(3MA,AB) PORT ADDRESS \
B, B+ C (3aG) __GO _scaLar ] . OP RANGE _ - SHIFT MEMORY ADDRESS Le| B/C-18/19 2
(3aG), S REG (3a6) __GO 1/0 \ ERROR SELECT DELAYED 24-20 anp 22!-217
(3Da, 3DB) I/0 3aD (3vc) 16 BANK WRITFE FNARLF
{3AF) FETCH + ADDRESS
EXCH (3DD) CORRECTED CHECK BITS & SYNDROME 1-18 FANOUT GO _RANK STORAGF RFADOUT
l CHECK BYTE 3AX DATA
MEMORY ADDRESS 2'6 - £
PARTIAL PARITY
MEMORY DATA 20 - 27!
3zA 37~
F30/31 248.263
C.B. 2,3
F28/29  232-2¢7 ,
C.B. 0,1 p34/35s £ -2
F26/27 216-231 pios3r  B-2°
C.B. 6,7
F24/25 - 20-215
C.B. 4,5 n06/07 _ 25-2F3
(3vC,3VB) VECTOR REG.
(3GR) S~REG DATA SELECTION D02/03 C.B. 0-7
(3AR) A-REG MEM. DATA aND MEMORY DATA AND
(3HD) EXCHANGE >
(3an,38G,3AF) _ SELECT S+V |  CHECK BIT CHECK BITS DATA 68769 — B /
(3DE) 1/0 (3AA=3AG) ENTER STACK GENERATION 1-8 FANOUT MFMORY DATA
CR6/67 = .77
(3mc) _ EN MAINT. | - =
(3aF) PORT SEC, SEL.| / N . /
3AE
32D /c52/53 - B35
/ G34/35 27,2|s__253/
5 13 61 c16/17 - 256-239
G36/37 27 ,277-=2 H28/29 DATA - o s
3AE _ EXCHANGE . .
G38/39 23,21 1—259J ERROR DATA | MEMORY E26/27 SYN 24-27 €02/03 - C.B., 0-3
) ERROR
| caozar 222257 / LG £24/25 €00/01 - C.B. 4-7
6 _14 _62 DATA 2,3,2 '§6 }
G42/43 2 ,2 =2 1/0 ERROR DATA SYNDROME BITS SYN. 2722 LB MAINT.  (3x6)
4 BITS
[ cassas 24,212_2‘60/ 3HE 8-1 DATA AN
2 10 s8¢ FANIN
gaesa7 22,2°02° ERROR
CORRECTION DISABLE E.C. (3nF)
e :
(3VR) Y-REG Gassa9 P ,B8—-236
0.1 c-0800¢Cc
(3GR) §—REG PORT A,B SEC SEL 2,2 (3aE) 32E 3ZR
DATA PATH
(3HD, 3aR) 3-REG SELECTION
(30D) &0 pata B3 - 2
3VA
{3HR)




9-C

BANK 0 1 2 3 4 5 6 7 10 1 12 13 14 15 16 17 20 21 22 23 24 25 26 27 30 3 32 33 34 35 36 37
CHASSIS D P I U D P I o o] c J v B N K W B N K W A M L X A M L X
BITS

0-3 70 70 70 70 68 68 68 68 70 70 70 70 68 68 68 68 70 70 70 70 68 68 68 68 70 70 70 70 68 68 68 68

4-7 66 - - 66 64 -- - 64 66 -= - 66 64 - - 64 66 - -— 66 64 - - 64 66 - - 66 64 - - 64

8-11 62 -- -~ 62 60 -- - 60 62 - - 62 60 - - 60 62 - - 62 60 - - 60 62 - - 62 60 - - 60
12-15 58 -= - 58 56 - - 56 58 - -= 58 56 - - 56 58 - -= 58 56 - -— 56 58 - - 58 56 - -- 56
16-19 54 - -- 54 52 - - 52 54 - -— 54 52 -— - 52 54 - - 54 52 - - 52 54 - - 54 52 -- - 52
20-23 50 ~-- - 50 48 - - 48 50 - - 50 48 - - 48 50 - - 50 48 - - 48 50 - - 50 48 - - 48
24-27 46 -= -- 46 44 -~ -- 44 46 - - 46 44 - -— 44 46 - -- 46 44 - - 44 46 - - 46 44 - - 44
28-31 42 -~ -- 42 40 -- -- 40 42 - - 42 40 - - 40 42 - - 42 40 - - 40 42 - - 42 40 - - 40
32-35 38 -- - 38 36 - -- 36 38 -- —-- 38 36 - - 36 38 - - 38 36 - - 36 ) - - 38 36 - - 36
36-39 34 - -- 34 32 - - 32 34 - -= 34 32 - - 32 34 - -- 34 32 - - 32 34 -- - 34 32 - - 32
40-43 30 -- - 30 28 - -= 28 30 - - 30 28 - - 28 30 - - 30 28 -— - 28 30 - -— 30 28 - - 28
44-47 26 -= -- 26 24 - -- 24 26 - - 26 24 - - 24 26 - - 26 24 - -— 24 26 - - 26 24 - - 24
48-51 22 - -- 22 20 -- -- 20 22 - - 22 20 - - 20 22 - - 22 20 - - 20 22 - - 22 20 - - 20
52-55 18 -- -- 18 16 -- - 16 18 - - i8 16 - - 16 18 - - 18 16 - - 16 18 - - 18 16 - - 16
56-59 14 - ~-= 14 12 - -- 12 14 - - 14 12 - - 12 14 - - 14 12 - - 12 14 - - 14 12 - - 12
60-63 10 - - 10 8 - - 8 10 - - 10 8 - - 8 10 - - 10 8 - - 8 10 - - 10 8 - - 8
CBO-3 6 - -- 6 4 - - 4 6 -- -- 6 4 - - 4 6 -= -- 6 4 - - 4 6 - -= 6 4 - - 4
CB4-7 2 - -- 2 0 -- - 0 2 - - 2 0 - - 0 2 - - 2 0 - - 0 2 - - 2 0 - - 0

8-0602

CRAY X-MP MEMORY LAY-OUT

CRAY RESEARCH, INC.
COMPANY PRIVATE







T.P.

Absolute BK

1:18 ADDRESS BIT FANOUTS - 3ZA MODULES

3ZA 3ZA
C18 B18
C20 B20
Cc22 B22
C24 B24
C26 B26
C28 B28
C30 B30
C32 B32
C34 B34
C36 B36
C38 B38
C40 B40
Ca2 B42
C44 B44
C46 B46
C48 B48§
C50 B50
BANKS IN SECTION 0
R10 R11 R12 RI13 R10 R11 R12 R13
A63 C72 D47 Cl15 A63 C72 D47 C15
feeds 3Z- @ feeds 3Z- @
BKO BKl1 BK2 BK3 BK4 BK5 BK6 BK7
DO2 D00 C02 C00 B02 BO0O A02  AQ00
D06 D04 C06 C04 B06 B04 AO6 A04
D10 D08 C10 Co08 B10 BOS A10  A08
D14 D12 Cl14 C12 B14 BI12 Al4  Al2
D18 D16 Ci18 Cl16 BI1S B16 AlS Al6
D22 D20 C22 C20 B22 B20 A22  A20
D26 D24 C26 C24 B26 B24 A26 A24
D30 D28 C30 C28 B30 B2§ 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 Ad4
D50 D48 C50 (48 B50 B48 A50 A48
D54 D52 C54 C52 B54 B52 A54  AS52
D58 D56 C58 C56 B58 B56 A60  AS56
D62 D60 C62 C60 B62 B60 A64  A60
D66 D64  C66 Ce4 B66 B64 A66 A64
D70 D68 C70 C68 B70 B68 A70 A68
0 4 10 14 20 24 30 34
XV280iM

2-63



8 TO Y FANIN OF MEMORY READ DATA

BIT POSITION (B 4-7 B0-3 290783 75659 52,55 48,51 M4 47 L4043 ,36,39  BIT POSITION 232,935 228931 24527 20,23 16,19 12,15 BN A7 058

32 LOCATION cv  co3  cos co?  cod N €3 s c7 3IR LOCATION €3 087 s el e 8 08

FROM A1 A0S A9 A3 A7 A2l a5 A2 A3 FROM A7 M) M5 M9 AS3  AS7 A6l A5 A6

A3 AD? AN AlS M9 a3 Az AD A3 A9 M3 A7 AS]  ASS  AS9  AG3  A6] A7)

BOI 805 B80S 813 B17 82! 825 B29 B33 87 B4 B45 849 BS3  BS7  B61 865  B69

803 BO7 BN 815 B9 823 B2 B31 B3 B9  B43  B47 B B55  B59  B63  BS7  B7

ol cos  cos €3 o7 ca s c29 cxm €% ¢ 45 ce9 €53 (57 C6) 65 C69

3 cor cn s c1s e o on o €39  c43 ca7 €51 C55 (59 63 €67 (N

000 005 08 o3 o7 o2l 25 029 b33 D¥ o4l D45 D49 D53 057 D61 D65 D69

003 007 0N D5 pie 023 bz o) 035 D39 D043 D47 051 DSS D59 D63 D67 D71
t
=y
=

CRAY RESEARCH, INC.
COMPANY PRIVATE

}
o e’



§9-¢C

MODULE LOCATION
BIT POSITION
R TERMS

FEEDS

MODULE LOCATION
BIT POSITION
R TERMS

FEEDS

MODULE LOCATION
BIT POSITION
TERMS

FEEDS

CB 7
27 7

BO1 AO1
BO3 A02
co1
co3
DOY
003

B25 A25
B27 A27
c28
c27
D25
D27

22}

27 17

B49 A49
B51 A51
ca9
Cc51
D49
D51

CB 6
26 16

BO1 AO1
803 AO3
co1
co3
Do
DO3

26

26 16

1825 A25
B27 A27
c25
c27
D2%
D27

222

26 16

B49 A49
B51 AS1
c4a9
€51
D49
D51

CB S
25 15

BO1 AQ1
B03 AO3
co1
Cco3
D01
D03

45

25 15

B25 A2S
B27 A27
€25
c27
D25
D27

221

25 15

B49 A49
B51 AS)
c49
<51
D49
D51

3zD

8 WRITE DATA FANOUT

D02/D03

CB 4 CB 3
24 14 23 13
BO1 AO! BOS AOS
803 AO3 BO7 AO7
co1 cos
co3 co?
DO1 DOS
DO3 Do7

D14/D15

244 243
24 14 23 13
B25 A25 B29 A29
B27 A27 B31 A3
c25 c29
c27 c31
D25 D29
D27 D31

D26/D27

220 29 -
24 14 23 13
B49 A49 B53 AS53
BS1 AS1 BS5 ASS
C49 c53
c51 Cc55
D49 n53

D51 D55

ce 2
22 12

BOS ADS
BO7 AD7?
co5
€07
DOS
Do?

22 12

B29 A29
B31 A3
c29
<N
D29
D31

22 12

B53 A53
B55 ASS5
cs3
55
D53
D55

cB 1
217 1

BOS A0S
BO7 A07
cos
co?
DOS
Do7

B29 A29
B31 A31
c29
[ex]]
D29
23]

17

21 1t

B53 A53
B55 A55
c53

CB O
20 10

BOS AOS
BO7 AO7
cos
co7
DoS
DO7

40

20 10

B29 A29
B31 A31
c29
Cc31
D29
D31

216

20 10

BS3 A53
B55 ASS
cs3
C55
D53
D5%

263

27 17

BO9 A09
B11 A1t
co9
cy1
polo}:]
D1

39

27 17

B33 A33
B35 A3S
c33
c35
D33
D35

27 17

B57 AS7
B59 AS9
€57
c59
D57
D59

CPU 0 ONLY
b06/p07
262 26] 260 259
26 16 25 15 24 14 23 13
B09 A09 BO9 AD9 B09 AO09 BI3 A13
B11 A11 B11 A11 Bi1l A11 B15 A1S
c09 co9 c09 c13
[ R c11 [} c15
D09 Do9 D09 D13
D1t D11 D11 D15
D18/D19
238 257 236 235
26 16 25 15 24 14 23 13
B33 A33 B33 A33 B33 A33 B3I7 A37
B35 A35 B35 A35 B35 A35 B39 Al%
€33 c33 c33 Cc37
c35 c35 c35 [ex}:]
D33 D33 D33 D37
D35 D3as D35 D39
D30/D31
2]4 zll 2|2 2] 1
26 16 25 15 24 14 23 13
B57 AS7 B57 AS7 B47 A57 B61 A61
B59 A59 B59 A59 BS9 AS9 B63 A63
cs7 c57 c57 c61
c59 c59 c59 C63
D57 D57 D57 D61
D59 D59 D59 D63

22 12

813 A13
B15 A1S
[ 1)
c1s
D13
D15

22 12

B37 A37
B39 A39

‘c3r

c39
b37
D39

10

22 12

B61 A61
B63 A63
C61
c63
D61
D63

57

21

B13 A13
BiS A15

c13
c15
D13
D1s

33

21

B37
B39
c37
c39
D37
D39

21

B61
B63
C61
c63
D61
D63

A37
A39

A1
A63

256

20

10

B13 M3
B15 A15

a3
c1s
D13
D15

232

20

B37
B39
c37
c39
037
D39

20

B61
B63
ce1

10

A37
A39

A61
A63

ce3

D61
n63

55

27 17

B17 A17
B19 A19
c17
c19
D17
D19

PLd

27 17

B41 A4l
B43 A43
c41
c43
D41
D43

B65 A65
B67 A67
c6S
c67
D65
D67

234

26

B17
B19
ca?
c19
D17
D19

230

26

B41
B43
c4a1
ca3
D41
D43

26

B6S

16

Ar7
A19

16

a4
A43

A65S
A67

253

25

B17
819
c1?
ct9
D17
D19

29

25

B41
B43
can
ca3
D41
D43

25

B6S
B67
Cé5
ce7

D67

D10/D11
252

15 24 14

A17 B17 M7
A19 B19 A19
c17
c19
017
D19

D22/D23
228

15 24 14

A41 B4t A4
A43 B43 A43
ca1
Cc43
D41
D43

D34/D35
24

15 24 14

A65 B65 A6S
A67 B67 A67
Cc65
ce7
D65
D67

2
23

B21
B23
c21
c23
D21
D23

2
23

B4S
847
c4s
ca7
D45
D47

23

B69
B17

51

27

13

A21
A23

13

A45
A47

A69
m7

250

22

B21
B23
c21
c23
D21
D23

226

22

B4S
B47
c45
c47
n4s
D47

22

B69
B71
c69
cn

D71

12

A21
A23

A45
A47

A69
AT

B21
B23
c21
c23
D21
D23

925

21

B45
B47
Cc45
c47
Dn4s
D47

23

B69
B71
c69
cn
D69
o7

A21
A23

A4S
A47

A69
AT

CRAY RESEARCH, INC.
COMPANY PRIVATE

248

20 10

B21 A21
B23 A23
c21
c23
D21
n23

224

20 10

B45 A45
B47 A47
C45
<47
D45
D47

20 10

869 A69
B71 a7
Cc69
cn
D69
D7



Oy









FETCH OPERATION OVERVIEW
A. Means of loading an Instruction Buffer.

B. Four Fetch's (Memory References) per Fetch Opération.
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 penods for MOS Memory 32 Bank and 25 clock periods
for 16 Bank.

MODULES USED

3AF MODULE

This is the Fetch Control Module. It will control the addressing of memory and all the control
signals needed for the Fetch Operation. (1/CPU)

3HR MODULE

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)

3HA MODULE

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 Hardware Trng.

XV203W23M RW.A.



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.

—— IMPLIES CPU 0'S PATH
—0O— IMPLIES CPU 1'S PATH

SEC SEC
0 —» 2
—
N+4 N+6
—» INSTR. ~
N BUFFER  |q N2
— 11— 3
N+1 ' N+3
— —
N+5 N7
SEC ~ ’ SEC
1 3

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

Hardware Trng.
A-5899 R.W.A.



vZ0-ALH

€€

AIVIERIdOYd AVIO

- ———
. 3AQ
_..FEICHREFERENCE |
GO BANK
.
BANK BITS 23 24 L XYY oD
FETCH EXCHANGE CONTROL MEM. ADDRS. 24 3AD
UNTER G045 ~ — g
FROGRAM €O P REG. PBITS23 24 GO F + X ADDRS. | MEM. ADDRS
MEM. ADDRS. 25 28 e D2 e (3A)
COINCIDENCE 0.1,2,3 . NO COIN PBITs 23,24 »>
= BANK
oN
SECTION BUSY L - 22"3‘
T 2 L/ '
\ PASSED POINTERS
oNTR |QI0QM GHA) -
(@A) BRANCHING__ w 26348 /
Ly, /rous #1532
MEM. ADDRS.
PRITS2S 271 ol APPR . A 2 /Rouss 231316
RO6/07 21320
| "RROAGN‘:;;M CHIP SELECT
PROG.
RANGE ERROR cuo BUFFER
#{ CHECK 3HC FI2/13 I [ L,
CIR. Go COFETCH o0 4l CPU T | 164 cuo
= FETCH ™ cruo >
3 Fanour JCPUO &1
3AF (1/CPU) BUFFER NIPLIP
CHIP READOUT  (3HB,3HC)
GO FETCH o ADDRS. 16x4 coul
P REGISTER BITS 2° 2 . o] ceuo ™ cruil >
COINCIDENCE 1.2, 3 | -
FETCH BUFFER o FU1
MEM. DATA _
B — s >
3HR
INSTRUCTION B-1100D
BUFFERS

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




N+4 DATA USES CPU1'S PATH

2
2 fo
RIS, PR 2 0 S =2 g o n g p s g gz g OB 5D
g T - - - - <
Rovos 5106 5 |2 2222223223222 32 =
F04/05  47-32 1 J) 1 4 bbb b1
F06/07 63-48 0 00 100
AFJ AFC BRA BRL
10
SECOBK N 2
U15 - U12 U11-U08 U07 - U04 U03 - U0
——130
8
00 =
AGJ AGC - BSA BSL 01
E' 11
ZSEC1BK N
o~ U31-U28 U27 - U24 U23 - U20 U19-Ul6 | ¢ |%
§ 174 |31
O
& AHJ AHC BTA BTL 02
2SEC2BK N 12
=
3 U47 - U44 U43 - U40 U39-U36 U3s5-U32 | ¢ |22
Z 178 32
All AlIC BUA BUL 00 03
SEC3BK N > 13
U63 - U6l U59-US6 U55-US2 Us1-U48 | & |23
178 33
00
CF] CFC DRA DRL 04
SEC 0 BK N+4 1
V15-V12 V11-V08 V07 - V04 vo3-voo | ¢ |*
17 34
8
00
CGI CGC DSA DSL 05
SEC 1 BK N+4 > 15
V31-V28 V27-V24 V23 - V20 V19-V16 25
1% 135
CHJ CHC DTA pr| P [06
16
SEC 2 BK N+4 iy
V47 - V44 V43 - V40 V39-V36 V35-V32
178 36
cu CIC DUA puy 9 [o7
SEC 3 BK N+4 17
V63 - V60 V59 - V56 V55 - V52 V51-V48 27
17 37

W N RO WRN O WRN RO WRN RO WN RO WN R O WRN R~ o w N = o-«—BUFFER

3HR MODULE-INSTRUCTION BUFFER LAYOUT (CPUO)

3-4



Hd
"'\W-« h

2 v
e afe)
HRLOCHE, PGl 2 28 S € 0 un g gy gy g g OF B
Ro0s 3116 2 [ 22222222222 2222 &
Rog0s 72 1 N T T T T YT T T T I T Ty
00
AFL AFA BRC BRIJ 00
10
SECOBK N 2
W15-W12 W11-W08 WO07-w04 W03-W00
30
g
AGL AGA BSC BSJ 00 o1
T
< SEC1BK N 1
z W31-W28 W27-W24 W23-W20 W19-W16 v 21
g 1% 31
% AHL AHA BTC BTI 00 02
< SEC2BK N 12
5 W47-W44 W43-W40 W39-W36 W35-W32 v 22
z
178 32
ALL AIA BUC BUJ SN P
SEC3BK N > : 13
W63-W61 W59-W56 W55-W52 W51-W48 v 23
178 33
CFL CFA DRC DRJ 00 oz
SEC 0 BK N+4 14
X15-X12 X11-X08 X07-X04 X03-X00 v 24
17, |34
3
; CGI CGA DSC DSJ 00 s
j~ 9
“ SEC 1BK N+4 15
= X31-X28 X27-X24 X23-X20 X19-X16 v 25
Q ¥
@ 175 |33
[72]
3 CHL CHA DTC DTJ 00 [06
< 16
8 SEC?2 BK N+4 »
I X47-X44 X43-X40 X39-X36 X35-X32 v
= 36
1%
CIL CIA DUC DUJ 00 o7
17
SEC 3 BK N+4
X63-X60 X59-X56 X55-X52 X51-X48 27

37

W N R, O WN = O WRN R, O WN R, O WN RO W N®RMOOWIENR= o w v — o«BUFFER

3HR MODULE-INSTRUCTION BUFFER LAYOUT (CPU1)

3-5

nva



J1YATYd ANYAWOD
"ONI “HOYY3SIY AWY)

N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N+ N
151413121110 9 8 7 6 5 4 3 2 1 0 3R's
PARCEL 3 ==
omce o boiviviutuiuiuiututufutututotutol sossor
BUFFER onmcr 3 JALALLE1E i 1020401010101 050¢ 01 0] roasos
WORD X0}
51413121110:918171615141312:150
i PARCEL 0 Fo610
SEC
o lexx
us vz fux fwo
P
P:zzitguuuuuuuuuuuuuuuunos/m 0
BUFFER 1 laiaiziaizieiziziezialaliiafala] rosos
WORD X1 v 10019817 6:654 328101918171 6| Foasos 10 BUFFER
‘ F06/07 o
20
::zg:t:uuuuuuuuuuuuuuuunoc/w 0
BUFFER s L EAR S U ETEY EYEYELEY ETE T
2 6 31211.01918171615(41312
WORD X SARGEL D 514 8 F04/05 R
o BBEXL F06/07
1 jBKXS 10 ) BUFFER
1
%uuuuuuuuuuuuuuuuaosm 2
BUFFER 6161616 5:515:515 516 5685 44| R04/05
PARCEL 1
WORD X3 20110/9t81716:561413i211:0L9!8| Foasos »
F06/07
0
::sg:t:vvvvvvvvvvvvvvvvRos/m " BUFFER
BUFFER PP 171011111101 0101010:01050:010| Rroas0s )
woro xa o 15 fa 32 110191817 81 413 21 0] Foasos 2
BK X 2 F06/07
SEC
2 lexs %
PARCEL 3
v
BUFFER PARCEL 2 Z3ZZZZ}ZZZZZY\:¥YR3§/E; °
PARCEL 1 Ro4/
WORD X5 [ = [ Li0iei8l7ieisiat3t2i 1101981716 Foasos N BUFFER
F06/07 ]
20
PARCEL
Pm;:vvvvvvvvvvvvvvvvrzos/m 30
BUFFER 1414141424741 274131313131 3131313] roasos
WoRD X6 | {71615 413121100091 81 71618141312 ] Foasos
sec Bk X3 v Foe/07 16 X 4 CHIP
,  |Bexr ON THE 3R MODULE
EARCEL 3y Ty Ty iy iy viviviviviviviviviviy]Ros/or C-1575
purrer  |PARCEL 2 Y6t g6t 6t 65t 6:6:15:6:615:5:414]R04/05
worD 7 [EABCEL ) 5% ot 1019181716161413121110109:8]F04/05
| pagcEl 0 ] Fos/07
1 BUFFER REGISTER
FOR CPU 0
NOTE: PARCEL 3 = BITS 00-15 NOTE: *FOR CPU 1, THE TERMS WILL BE
PARCEL 2 = BITS 16-31 AW INSTEAD OF A U AND A T
PARCEL 1 = BITS 32-47 INSTEAD OF A V.
PARCEL 0 = BITS 48-63
FETCH D\&/f\ TRANSFER



TrZ0-ALH

AJVIIRNdOdd AVEO

COINCIDENCE 0 157

SECTION 0 BUSY
SECTION 1 BUSY
SECTION 2 BUSY

151 3AF AT
S4/5

CPUOHAS PRIORITY OVER
CPU 1 WHEN BOTH CPUs WANT
TO DO A FETCH DURING THE

@ p2? * Q2
e i D rororrad
n BANK BIT 23
Q3 = EXCHANGE
REGISTER

TO SECTIONO, 2
Q0=Q0P3 N0+ KIP3+AI7 NO'

Q1=Q1 PYNO+K6P3+ AIBNO Q0°Q3Dﬁ @AQ)
[ Pyrerrrane
HUD INC.  LOAD TOSECTION 1,3

PATH PATH PATH

R28_F+ X REFERENCE (3AQe, 3AF)

1e Q3
D -AQ)
0 BANK BIT 24

F+XIN TOSECTIONO-3
PROGRESS

No e 3 Qe R28 R43 (ADY

ENABLES swm cum"ca GO F+ X ADDRESS

Q4

(78 I J DZ)-D!!J
160

119136 12118 p25.2% AA'NDB'F
TBA + ILA ON EXCHANGE L0220 A0 I Ro-R1s P+ IBA ADDRESS
A (3ADs)
n TERMS
ENTER BA.ILA
* = AP;DlI!.’RA‘ RANGE  |Rr1s (GADs, 31D)
TEST  bonacecosros® (3ADs,
Do-Disf o TEST M mo&wmn

* TEST POINTS ON B TERMS
DO-D18 P+IBA SUMS AND CARRIES

DX - D38
ENTERIBA, [LA
i)

C-1415A

CRAY X-MP 3AF MODULE FETCH CONTROL












A/B REGISTER RESERVATIONS:

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).

A/B REGISTER HOLD ISSUE CONDITIONS:

1) When the A register needed for a result is reserved as a result.

2) On an A register memory reference (10X-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 CP.

3) On a B register block transfer (034-035), if A0 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 CP.

5) On a 005, 007, 024-025, or 034-035 instruction, if the B registers are reserved.

6) On a jump instruction (010-013), if AQ 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.

HTV-0242 Xv203Wa2M



S/T 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).

S/T REGISTER HOLD ISSUE CONDITIONS:

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, Cis busy; or if there
is a 10X-13X in CP2 and CP3 and a conflict; or if Ah was busy during the previous CP.

4) OnaT register block transfer (036-037), if AQ is busy; or if there is a scalar memory reference
(10X-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.

HTV-0242 XV203W21M
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1)

2)
3)

VECTOR REGISTER RESERVATIONS:

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).

All functional units used by vectors are reserved.

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 CONDITIONS:

1)
2)
3)
4)
5)
6)

7)

8)

9)

‘When the V register needed for an operand is reserved as an operand.

When the V register needed for a result is reserved as either an operand or a result.

When the Vector F.U. or Floating Point F.U. is reserved.

When the S-register needed is reserved.

On a 076-077 instruction, if the V register needed is reserved as either an operand or a result.

On a memory read (176), if Ports A and B are both busy; and on a memory write (177), if Port
C is busy.

On a 176-177 instruction, if there is a scalar reference (10X-13X)in CP 0, 1, 2, or 3, or if
AOQ or Ak is reserved.

On a Gather/Scatter instruction (176i1k or 1771jk), if there was another Gather/Scatter in the
previous CP, or one in process.

For an 0030j0 or 073100, if there is an 0030;0 or 073i00 in process, hold issue for 1 CP; if
there is a 14X or 175 in process, hold issue for (VL) + 5 CP's.

HTV-0242 ’ XV203W20M



MODULES USED

3HR MODULE

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)

3HA MODULE

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. (1/CPU)

- 3HB MODULE

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 00 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. (1/CPU)

3HC MODULE

The NIP/LIP lower eight bits are contained on this module. It will also contain a copy of the CIP
data for these bits. (1/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. (1/CPU)

3JF MODULE

This is the Address Register Issue Control Module, which controls the issuing of the A Register
Instructions.

3JC MODULE

This is the Scalar Register Issue Control Module, which controls the issuing of the S Register
instructions.

3JD Module

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.
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vc0-ALH

AJAVIdrddOdd AVID

F06/07 293248
F04/05 247232
RO4/05 23116

RO607 21520

CIp
FANOUT

3JA Fl4-17

A

3HR INST.
BUFFERS

\

ADDRESS
REGISTER

ISSUE
CONTROL

3JF F2021

A

SCALAR
REGISTER

ISSUE
CONTROL

3IC F22/23

@HB, 3uc) NEAE »| Fo8/F09
(3np) TWOPARCEL IN NIP
o PROGRAM
(anB) BLANK NIP > COUNTER
(3HB) WAIT EXCHANGE BR’}&DCH BLANK NIP
g, BDATA CONTROL
> ENTER LIP
@a1.) SOISSUE > 152
(3AR, 3GR) AQ/SO = 0 AND SIGN TEST 3HA
F10/11
000,004
CPU M.C.
v DE- TWO PARCEL IN NIP
(3HD)INTERR__;UPT____’ 3 | CODE » » (3HA)
BLANK NIP
ENTER LIP > A | WAIT [ ] BLANK NIP
(3Ar) RELEASE EXCHANGE EXCH - NIP/LIP
PREGISTER 271 , 22 Ry ™
1] MUx
PARCEL BITS 215 - 28 LIp p| NIPAEP (3HA, 3AG, 3AR, 3GR)
0,1,2,3 17 WAIT EXCHANGE
L) GO ISSUE 3HB NIP/LIP > r (3HA)
WAIT EXCHANGE F12/13
GO ISSUE 1 B P
3I1-) > » 1[’ » # (3AR, 3AG, 3HD)
ENTER LIP NIPILIP
o NIP » » (318, 3AG)
LIP
P REGISTER 2-1 2-2 NIP/LIP
PARCEL BITS 27 20 MUX
0,1,2,3 i
3HC NIP/LIP
CRAY X-MP ISSUE (CPU 0)

A

VECTOR
REGISTER

ISSUE
CONTROL

3JD F18/19

SHARED
REGISTER

ISSUE
CONTROL

3Js

R

ISSUE

ISSUE

ISSUE

ISSUE
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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. A :

N X200550203
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SHIFTS

CRAY X-MP A REGISTERS

B77 Si 071
m A
007
005
035
XA L v |
034 ¢
0013 020
025 /1 __AT >
024 AS 3
BOO AS : .
Aj 0
10h A4 / !
Ak
11h A3 -
026ij7 A2 Ai A4
02737 Al
A0
Multiply
Ai 032
Add
030
031
S
B .
j Al
0010

Hardware Trng.
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198Y Z0-ALH

AJV1drddOdd AVIO

F16/17 /316/17 25 ,211,217,22 /
(3AR ASPONTER22 .20 |'Fayis /G189 24,210,216 522 /
(3AF) -EXCHANGE SEQUENCE CIPDATA _ (3GR,3VF, fooom 23 29 215 21 /
cP ™ 3VG,3VB)
(31,) _GOISSUE FANOUT |.CIPDATA Gnp3 2%,28,24,220 ;
Goaps 21,27 ,213,219
(3B 3HC) . NIP/LIP DATA
’ 3IA 62621 2°,26,213218
(31B) BLANK NIP72 31F - F20221 | 131%’ e 1 — —» B BREGISTER )\
PARCEL NIP AREGISTERS QUIET_ 32y FANOUT REG. DATA
(3HA) HRDATA INVALID Ai SOURCE 22 - 20 >
(3AQ) .PORT C CONFLICT conFuct[] | ™
CHK. ) .
(3Hcy MONITOR MODE F’ GO Aj, Ak, Ai BYPASS > A | ] rep AREGISTER
CPUMAST 034, 035 IN PROGRESS 1—» REG. ouT DATA
(3GR) ERCLEAR , Aj, Ak, Ai BYPASS BITS 22 -2° R MUX |+
(3AF) EXCHANGE/ENTER A s ENTER SOURCE r
41y PORT BUSY ) ENTER A0-A7 - :|I‘ }————
(3ID) | 3AR | |
1T06 . TERS
(3A0) RELEASEB | FANOUT 3AR - A/B REGIS
(3HB,3HC) NIP/LIP
DECODE - INSTRUCTION CONTROL SIGNALS _
SOURCE COD
(31.) GOISSUE o ] GOISSUE___ (a1, 31C, 31D, 3IS, =
» 3HA, 3HB, 3HC) VA ORY DA, 222120
A) MEM ATA
ADDRESS REGISTER ISSUE CONTROL (3AT, 3AU) MULT. OR POP COUNT 000 - 10X INSTRUCTION
3A8) ADDER 001 - 032, 026 INSTRUCTION
AND RESERVATIONS (3A8) 0
(3AS,3AT) LZORJO 10 - 030, 031 INSTRUCTION
(3HB, 3HC) CONSTANT jX,m 011 - 027, 033 INSTRUCTION
(31S) SHARED REGISTERS, 1XX - ALL 1 CP INSTRUCTIONS
(3DA) CH. ADDRESS
(3GR) S-REGISTER
(BV0) VL
(3HD) P-REGISTER 509360

CRAY X-MP ADDRESS REGISTERS AND
CONTROL BLOCK DIAGRAM (CPU 0)



C0-ALH

v-¢

AVLIHNdOdd AVEO

NOO - N3 Q00, Q01, Q02 - Q70, Q71, Q73
160 A0- ATENTER ADELAY LINE
126ENTERA | ;¢ | G30- G37 ENTER A0 . A7FROM EXCHANGE
P1, P11, P21 - P71 .
T2 G30-G37 RIS R2]
— = ENTER AQ - A7
100 - 115 NIP DECODE P00, P01, P02, P03 A0 BUSY ENTER & SOURCE BITS
. Hi . ROO ISSUE
DATA Am"gﬁf«'s F | G00- G25 INST. DECODE AND, i, j, k, BITS cpy  |P10.PILP12,P13 Al BUSY ENTER & SOURCE BITS 00' - HO3 e T T
REGISTER [P20, P21 P22 P23 A2 BUSY ENTER & SOURCE BITS EXAMPLE #3
GO0 - G25 INST. DECODE
GTERMS - RESV.  Ip3g p31, P32 P33 A3 BUSY ENTER & SOURCE BITS
CIp AND i BITS & ENTER Ho4' - Hi4' RO1 ISSUE
LATCHES REGISTER |P40, P41, P42, P43 A4 BUSY ENTER & SOURCE BITS
. ogﬁlim PS0, P51, P52, P53 AS BUSY ENTER & SOURCE BITS
16 B NP EXAMPLE |P60, P61, P62 P63 A6 BUSY ENTER & SOURCE BITS \
LANK n P70, P71, P72, P73 A7 BUSY ENTER & SOURCE BITS P80, P81 R26, R27
034, 035
©00- C07 Ak- AhBUSY cIP IN PROGRESS
CONFLICT | HO0- H03 Ak - Ah CONFLICT
C10-C16 Ak-AiENTER | CHECK
SeE A0- A7 100 - J08 Ak, Aj, Ai SOURCE BITS oo |R28-RaL
BOOLEAN 1113 INSTRUCTION
F00 - FO4 Ak - Ah REQ. EXAMPLE Ak.AlAj. D00 - D18 160 CONTROL
#1 i SIGNALS
Mi2, M13-M72,M73 | SOURCE J10- J12 GO Ak, Aj, Ai BYPASS
——————{ DECODE
100 - J12 RO2-R10 *
I ) Ak, Aj, Ai
Bll+BI0=E3 [T\ F23 BYPASS SOURCE BITS
L) 16/0 |.G25 CIP 034 - 035
2 | ap
127 RELEASE B N0-312 | ), R11-R13
L6 MC. o 58 P20 BBUSY F26 * GO BYPASS
F7 B REQ, ™\ H¢ HOLD ISSUE
F26 BBUSY 70 A/
G25
* Siguals go to one 3AR module to be
fanned out six times to go to the
ACCESS SELECT other 3AR modules.
. . 1 Si 0 to the 3AU module to be
NOTE: ;“%igglﬁ & one fﬁ;ﬁm X times to go to the
or mory. other 3AR modulcs.
Lo, Y100
139"
Y103
Y102
e’
C-1550C
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N 3JF MODULE - BOOLEAN\__{AMPLE #1 L

EXAMPLE OF CONFLICT CHECK

Boolean HOO' C10 CcO' ¢c4' z0' FO' # # HO' PF1' # C14 ; T2 AK CONFLICT

HOO

1

(FO + F1 + HO) . (20 + HO) . (CO . C4) . (C10* + Cc14') ; T2

AK CONFLICT (AK REQ + AK CONFLICT) . (ISSUE + AK CONFLICT) . (AK BUSY) . (AK ENTER)

[ Boolean F0O EO B8' E9 + A15' E3 BI11' AK REQUIRED |

(g = 00X . 1BIT 2, h=xx1) +h =x3.9 = 03x,h BIT 2) = 0010-0013 INST + 030-032 INST

[

AK REQ

| Boolean FO1 EO E10 + FE16 B12 + E7 E9 + EI8 BI1' AK REQUIRED |

(g = 00x.,h = xx2) + (05x, 07x%x, 17x.h = 6,7) + (g = 07x.h = x1) + (15%.h BIT 2)

AK REQ

= 002 INST + 056,057,076,077,176,177 INST + 071 INST + 150 - 153 INST

[ Boolean co00 MIO A' + M20 A2 + M30 A3 + B2 AK BUSY |

AK BUSY

(A1 BUSY . k = x1) + (A2 BUSY . k = x2) + (A3 BUSY . k = x3) = (k BIT 2)

[Boolean Cc04

1]

MAO AO + M50 A1 + M60 A2 + M70 A3 + B2' AK BUSY |

AK BUSY (A4 BUSY . k = x0) + (A5 BUSY . k = x1) + (A6 BUSY . k = x2) + (A7 BUSY . k = x3) + (k BIT 2)

]

[ Boolean C10 M11 A1 + M21 A2 + M31 A3 + B2 AK_ENTER |

AK ENTER = (A1 ENTER . k = x1) + (A2 ENTER . k = x2) + (A3 ENTER . k = x3) + (k BIT 2)

M41 A0 + M51 Al + M61 Al + M71 A3 + B2’ AK BUSY |

rBoolean ci4

(A4 ENTER . k = x0) + (A5 ENTER . k = x1) + (A6 ENTER . k = x2) + (A7 ENTER . k = x3) + (k BIT 2)

AK ENTER
X200550205



3JF MODULE - BOOLEAN EXAMPLE #2

REGISTER RESERVATION EXAMPLE

Boolean P10' = S1' 2z0' + M11 + M10' ; T2
P10 = (81 +z0) . MiI1' , MI0 ; T2
A1 BUSY = (A1 BUSY + ISSUE) . Al ENTER . Al BUSY : LATCHED
[ Boolean s01 = # P10 |
A1 BUSY = Al BUSY
[ Boolean M10 = K1 + St L6 |
A1l BUSY = SET Al BUSY + (A1 BUSY . MASTER CLEAR)
ENTER "A" EXAMPLE
| Boolean M11 = K1 sSt' K12 + 910 _s1_ |
ENTER A1 = (ENTER A1 SOURCE . Al BUSY . Al IS SOURCE CP1) + (A1 IS SOURCE CP2 . Al BUSY)

X200550204



3JF MODULE -~ BOOLEAN EXAMPLE #3

ISSUE EXAMPLE

Boolean ROO'

ROOC

HO + H1 + H2 + H3

Issue

AK CONFLICT . AJ CONFLICT . AI CONFLICT . AH CONFLICT

Boolean RO1!

RO1

H4 + H5 H6 + H9 + HI0 H14

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)

X200550202



100-103 MEMORY DATA FG0-FO7 BIT n HOLD PATH
104-107 MULT, POP DATA 10/13 P00.P03.P06 - P21
DATA MUX A REGISTERS
108-111 ADDER DATA F12-F19-BIT n+ 6 GO0 - GO3 GO - €3 READOUT ROO - RO3
¢
112,113 LEADING ZERO, I/0 DATA F00-F43 MUX PATH A - A7 : . l’}LZEISTELZQDATA }  REGISTER AK DPERANDS
€8,C9 1/0 FAN IN DATA FROM F.U. 1 o4 F31 BIT n + 12 PO1,P04,P07 - P22 s
TO REG. : . FO8 - F46 RO4 - RO7
(SEE BONLEAN|F.26-F43 BIT n + 18 EQ0-E03 1 CP INST, . . BYPASS DATA AJ OPERANDS
p ) 628 - 631 P24,P26.P28
EXAMPLE #2) P02,P05,P08 - P23 SELECT AVPASS
15/0 12 16/0 EQOD £03 . | RO8 - Ril
168-170 i DATA S 1B00-B23 1CP DATA ™ AI OPERANDS
BOOLEAN SOURCE BITS P25.P27,P29 ) 16/0
EXAMPLE SELECT 1CP RESULT ot
135-140 p 151 - 159 9/10 | P00 - P23 I
SOURCE SELECT ENTER AQ - A7 AO - A7 ENTER, HOLD CONTROL
BITS 12]
€00, 50i-628 | ADDER|R22 - R32 Ah BIT n & j.k,m R20 - RO3 R12 - R15
| 16/0 ['Ax DELAYED
B8IT n OF j,k,m
F08,F20,F32,F44 12
10/13 | x BYPASS DATA 601,602,603 - G3 \ R33 - R35 o
100 - 113, C8, €9 i .
=l Ah BIT n+6, n+12, n+18
DATA F09,F21,F33,F45 _—
142 - 150 BYPASS SELECTS J BYPASS DATA RO8 - R11 16/ |R16= R19
F10,F22,F34,F46 R36 - R3gi ) DATA TO MEMORY
i BYPASS DATA
R B REGISTERS L2,
SOURCE CODES R36 - B39 ° WOO-U15
RO8 - R11 ““‘—"“m— P
B INPUT DATA R36_- R39
22 21 2° _ SOURCE BITS B WRITE DAT 16 X 4's s B DATA TO P REG
000 - 10x INST. | .
001 - 032,026 INST.
010 - 030,031 INST, 12|
o1l - 027,033 INST. |
1xx - ALL 1 CP INST.'s

CRAY X-MP 3AR MODULE

SEE BOOLEAN
EXAMPLE #3

C-15718



Tvc0-ALH

AIV.LATIdO¥d AVHO

* NOTE: I80 - I82 are used by the

N—
G1§/17 BITS 25,211,217 223 /
G18/19 _ BITs 24,210,216 222 7
G BITS23,2%,2!5, 22 4
/G BITs 22,28, 24,2 ® /
G24/25  BITS 21,27,213,219
G267 BITS 20,26,212,218
(3A) B ADDRESS +
(162- 67
(007) —
HD) PDATA (13-
o @ B REGISTERS (005) o PREGISTER (3HA)
(3JF) 034 - 035 IN PROGRESS (R36- 39)
@6 -7 (W TERMS)
(024)
(035)
) 1% > MEMORY (RIS - 19) (3AE)
(034 - 037, 176 - 1
, B16-01% D 1., AODATA (R23-26) (30, 3AP)
(UF) ENTER SOURCE (138) YT s A0 y > AO=0,SIGN (3HA)
(3IF) Ai SOURCE (B9 - 41) ) K - R27-28)
s 4 I""—l—.'
. ’/'.' . — AT > Ai OPERAND (RS - 11)
Yo SOURCEOXX [ % GTERMS K  AjOPERAND R4 -7)
)’ 3 READOUT ] —> Ak OPERAND (RO - 3)
[ N el ot
1CP INSTRUCTION DATA 1XX
@4 - 21, 128 - 33)
| 5 ) [ Ak DELAYED R12- 15)
GIA) CIPDATA Q62759 — DECODE iFIELD
N —
(AR) ENTER Ai (51 - 58) P Y
1XX 'Y
(10X)
(026, 032) .
INPUTDATA ) T (030.031) 3% OXX
(10-13,122-27) ;
_| .03 .
(10h - 11k)
29,21
2
GAR) (42-50) BYPASS SOURCE BITS 2
(3JF) GO BYPASS Ai, Aj, Ak
(159 - 61) r—-l
o ABBITN+6,N+12,N+18 (3AG)
I I (R33 - 35)
(HC) BITN OF jlan AbBIT Nijkm  (3AG)
)y ADDER > G20 a0 Hlm
* (GIF) 16 FANOUT 16 FANOUT (3AR)
(o -82) * R40-42)
160 160 160 160

Enter Ai signal and the Go

Bypass Source bits.

CRAY X-MP 3AR MODULE BLOCK DIAGRAM
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3AR MODULE BOOLEAN EXAMPLE #1

A0 SOURCE BIT 0 = (SOURCE SELECT BIT O « ENTER SOURCE A0) + (A0 SOURCE BIT 0 « ENTER SOURCE AOD)

3AR BOOLEAN EXAMPLE #2

A0 RESULT = (MEMORY DATA « A0 SOURCE BIT 1 « A0 SOURCE BIT 0) + (MULT. DATA - A0 SOURCE BIT 1. AO SOURCE BIT 0)

+  (ADDER DATA « AO SOURCE BIT 1 - O SOURCE BIT 0) + (LEADING ZERO DATA = A0 SOURCE BIT 1 * AD
SOURCE BIT 0)

c-157/
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MODULE

LOCATION BIT POSITION
n n+6 n+l12 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
T TEST BOOLEAN TEST BOOLEAN TEST BOOLEAN TEST BOOLEAN
POINT TERM |POINT TERM |POINT TERM |POINT TERM
A0 A2l  GOO A0 Gol D72 G02 D71 Go3
Al A06 Go4 A27 ‘GO5 D70 G06 D68 Co7
A2 A3  GO8 A33 'Go9 | Dss G10 D57 GiT
A3 A38  Gl2 A31 G13 D48 Gl4 D46 G5
Ad B38  Gl6 B49 G17 | c21 G18 C30 G19
A5 B5T G20 B68 G21 C17 G22 C19 G23
A6 B5Z G4 B39 G25 Co8 G26 C16 G27
A7 B50  G28 B69 G29 C06 G30 Co5 G31
A BOOLEAN TERMS ON
B-REGISTERS 16X4 REGISTER CHIPS (TYPE R)
003 - 175 WO w1 W2 W3
204 - 375 w4 w5 w6 w7
404 - 57 w8 W9 W10 Wil
00~ 775 W12 w13 w14 w15
A-5408

CRAY X-MP A/B REGISTER CONFIGURATION AND TEST POINTS

CPU -0 (3AR)

i
N’



€lL-9

—r —’
CP1 CP2 CP3 CP4
3AR's
j OPERAND j OPERAND
G 08 . ROT 24 BITS
TERMS i
3ASs | G28/29 3AR's
R
i-DESTINATION REG.
F,G, AND H > RESULT
TERMS G TERMS
—
3AR's FOR SYNC POINT USE P TERMS ON " -
3JB AT SAME CP. AS 3AR'S. G16/17 25 2 217 2
k OPERAND k OPERAND G18/19 24 210 216 222
G
TERMS ROO - RO3 24 BITS G021 23 29 915 521
S 0 GISTE

A62 PO’ A0 G22123 22 28 214 220

A63 PIT' Al G24125 21 27 713 219

A48 P21’ A2 G26/27 20 26 212 218

A2 par A3 3AR MODULE AND BIT LOCATION. THIS IS FOR CPU 0.
FOR CPU 1 USE S LOCATIONS. :

A35 P4’ A4

A38 P51’ A5

Al8 P61’ A6

A40 P71 A7 A-2265

CRAY X-MP ADDRESS REGISTERS













SCALAR REGISTER AND CONTROL

The S 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.

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 the 3GR modules.

3JC MODULE

The 3JC module is the CIP and issue control module for S register type instructions. The 3JC is
responsible for S register reservation control, conflict checking and S 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 SO-S7 signals from the 3JC module to all the 3GR modules.

3GR MODULE

The 3GR modules are the S registers. Each 3GR module holds bits n, n+16, n+23, and n+48 for
all eight S registers and all 64 T registers. The 3GR's have a multiplexed input path and three
readout registers; one each for Si, Sj, and Sk.

The 3GR's also contain the S register logical functional unit.

XV2502M

Mo’
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KPOZ M

037

V Registers
Floating-point F.U.
VM
PCI, Status

{

N
PP
< Sk :

SHIFT
052 - 057

LOGICAL
042 - 051

036

ADD

SCALAR
FUNCTIONAL
UNITS

60
61

POP - 026
17 - 027

S »l
Si \ 4
A
>
7 7 \4
3| 2 Ak Ai
i i 073ij2_SMj 071i0k | 023ij0
i i SM37 0
072i02 SMj 0
31 3 -« J , v 7 0
<] 8 ) 1
T ,
T ; /_‘i ST7 I i 4
j ST6 | 0 0
0 \ 4
ST5 |
ST4 | RTC
ST3 |
ST2 |
STI ]
Hardware Trng.
STO | SMO A-5873 R.W.A

CRAY X-MP S REGISTERS
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2 IF32/33 215‘231'247'28 I
S [Faps 213225535 56 /
B [p36/37 211'227'243'259 I
[F38n9 29 225,241,259 /
F1617 [ raour 27,223,239 55 /
2.50 F14/15 T 22 55 o5
(3AF) ASPOINTER 22:2 n DA aan, [ ra2us3 zJ .219,2”,2 7
o, EXcHaNGEsEQUENGE | ’ [runs 27 27,27 2% ]
1 917 533 5 49
(31.) GOISSUE FANOUT | cippaTA frisu 212727 /
m J F56/51 214,230,246, 262 ]
(B, 3uc) NPLIEDATA | A [ Fsgse 212,228 244 260 ]
IF60161 210. 226. 242' 258 I
[ 6263 28,2% 240 3356 /
[Foses 26,222,238 254 /
[ Fesi61 24,220,237 ]
31C - F22/23 F68/69 22,218 2342 50
DECODES S REGISTERS QUEET _ 1, > FIgT1 20,216,232 248
(3GRy _CPUMASTER CLEAR CONFLICT ENTER 50 - 57 o VBr | ENTERSO-S7
CHK. T | PANOUT
EXCHANGE/ENTER § A i
ean $iSOURCE22-29 @icy _INPROGRESS REG.
g sacy FELEASET — ENTER SOURCE
t Sj. Sk, Si BYPASS BITS 20 - 22 3GRs
(3HB, 3HC) ~PAIP GO §j, Sk, SiBYPASS FANOUT rio. || READ S/ REGISTER DATA
DECODE cp INSTRUCTION -_I |
(aiip) _BLANK NIP CONTROL SIGNALS
>l MUX |}—¢
(1 SQISSUE N GO ISSUE —
SCALAR ISSUE 3GRs
(3JA, 3]B, 3ID, 315, o/
3HA, 3HE, 3HC) FANOUT )
$i SOURCE CODES I
LOGICAL
2221 2° FA, 3FE) FLO, AD e 03403
(3FA, 3FE) FLOATING ADD
A (%”i: (ly%( &l{«:ggg{% (3VB.3VC) VECTOR REGISTER INSTR.
010 - 064 - 067 INSTRUCTION (‘3’33 et
E 011 - 062, 063 INSTRUCTION (3GB) SHIFT
” }8(1): 87,‘,5 gggﬁ%gg (31S) SHARED REGISTERS 3GR - S/T REGISTERS
110- 052 - 055, 056 - 061 INSTRUCTION 833 NSO DT ONSTANT
g 111 - 040 - 051, 072 - 674 INSTRUCTION (3MG) FLOATING MULTIPLY
= (3RH) FLOATING RECIPROCAL Brosase
é
=
) CRAY X-MP SCALAR REGISTERS AND
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119 ENTER S
—_—] 160
NOO - NO4 s 36/(5)7 QOG- Q0S, Q10- Q15 - Q70 - Q75 G30- G37 ENTER §0 - S7 FROM EXCHANGE
. $0- 57 ENTER S DELAY LINE :
Rlé%S}lSJ%gR COUNTER T R17 - R24 (3GRs)
CP2-CP7 ENTER §0- §7
RI4-RI16
| Jl >-——> 301
500 507 SiSOURCE BITS * CORY)
S0 - §7 BUSY
P00, PO1, P02, P03, P04 S0 BUSY, ENTER & SOURCE BITS HOO' - HO3' ROOISSUE . )
cr1 —_5 > >
100-15NP_ [~ DECODE. | G0 - 629 INSTRUCTION DECODE REGRer | PO.PLLPI2 PI3,Pl4_S1 BUSY, ENTER & SOURCE BITS
oAata | ABE % F KBTS RESERVATION | P20, P21, P22 P23, P24 §2 BUSY, ENTER & SOURCE BITS I
TERMS | ANDi,j. gﬂﬁé‘ll’é‘_f—_ﬁksk P30, P31, P32, P33, P34 _S3 BUSY, ENTER & SOURCE BITS
G’lgl;MS P40, P41, P42, P43, P44_S4 BUSY, ENTER & SOURCE BITS
LATCHES P50, PS1, P52, PS3, P54_SS BUSY, ENTER & SOURCE BITS 100 - 112 ROI-Ri12
P60, P61, P62 P63, P64 S6 BUSY, ENTER & SOURCE BITS Si-Sk BYPASS AND
116 BLANK NIP l | P70, P71, P72, P73, P74 §7 BUSY, ENTER & SOURCE BITS EYPASS SOURCE
F00 - F03 Si - Sk REQUESTS P -
CONFLICT . 1 R22-R36
; HO0 - HO2 Sk, Sj, A00- AOT )__Jo0 - J08 Si, Sj, & (R2-R36____,,
€00 - €05 Si - Sk BUSY 113
& Si CONFLICT i.Si 160 Sk SOURCE BITS SloNaLS O CoNTROL
Cl10- Cl§ 8i- Sk ENTER M02, M3, M04 - M72, M73, M74 ISDOURCE 10- J12GO Si,
ECODE Sj, Sk BYPASS
200 ISSUE
E07 E23' E24 074, 075 INSTRUCTION p— 16/0 P80 036,037 IN PROGRESS Ras, R25
2 X\, R07 INSTRUCTION 160 G15 T REQ. G20 - 200 v 036, 037 IN
E03 E23 E24_036, 037 INSTRUCTION 2 | ar 12| 1 PROGRESS
T20RELEASET P80
000 RELEASE F22 TBUSY
L3 M.C. T G20
* NOTE: The signals arc sert to the
- - H 31 S arc
F21 036- 037 160 G20 036- 037 o s ;ﬁi 5o &"?'.L
the si| 10 the rest of
| ar 3GRs.
c-15728



— | EXAMPLE 1 3JC M(_LE T

EXAMPLE OF CONFLICT CHECKS

SK CONFLICT (SK REQ + SK CONFLICT) * (ISSUE + SK CONFLICT) * (SK BUSY) « (SK ENTER) ; T2

31VAI¥d ANVdWOI
TONI “HOYY3SIY AVYD

SK REQUIRED = (g = O4xe h BIT2) + (g = 05xs RBITZ2 « RBITT) + (g = 06x)

SK REQUIRED = 044 - 047 INST + 050 - 051 INST + 060 - 067 INST

SK BUSY (S1 BUSY o x1) + (S2BUSY e k = x2) = (S3BUSY e« k =x3) + (k BIT 2)

SK BUSY = (S4 BUSY » k x2) + (S7 BUSY « k =x3) + (k BIT 2)

x0) + (S5 BUSY e k

x1) + (S6 BUSY e k

SK ENTER = (SL ENTER® k = x1) + (S2 ENTER » k = x2) + (S3 ENTER s k = x3) + (k BIT 2)

SK ENTER = (S4 ENTER o k =x0) + (S5 ENTER * k = x1) + (S6 ENTER » k = x2) + S7 ENTER » k = x3) + (K BIT 2)
Cc-1572
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3JC MODULE EXAMPLE 2
REGISTER RESERVATION EXAMPLE

S1 BUSY

(S1 BUSY + ISSUE) e (ST ENTER) (Sl BUSY)

S1 BUSY

S1 BUSY

S1 BUSY

SET S1 BUSY + (S1 BUSY e MASTER CLEAR)

ENTER "A" EXAMPLE

S1 ENTER

(S1 IS SOURCE CP1 e ENTER S1 SOURCE e S1 BUSY) +

(S1 IS SOURCE CP2 « S1 BUSY)
C-1572
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a481°0
30NSSI « Q7T0H INNILNOD

)

+

(

3INSST « LJIITANOD SS3IIY

) + (3INSSI « QT0H 0S) + (3NSSI « D3Y 1 * ASNg L)

INSSI Q7T0H

CRAY RESEARCH, INC.
COMPANY PRIVATE

30SSI JI0H * LI9I14NQD IS » LIIT4INOJ S « LJITINGD XS

nssI

ITdWYX3 30SSI
€ 31dWYX3 ITNAON IOE

——



100-103 MEMORY DATA

104-107 F. RECIP. DATA

108-111 F. MULT. DATA

112-115 F. ADD DATA

10/13
DATA MUX
FROM F.u.

TO REGISTER

FQO-FQ7 BIT n

F12-F19 BIT n + 16

F24-F +

F36-F43 BIT n + 48

116-119 VECTOR DATA

120-123 A. REG. DATA

EQ0-E03 S. ADD + SHIFT

DATA
D00-DO3 1 CP RESULTS

100-123, E0Q-E03,
D00-DO3 DATA

10/13
DATA MUX
FROM F.U.

TO REGISTER

(SEE 3AR
MODULE )

F48-F55 BIT n

F60-F67 BIT n + 16

F72-F78 BIT n + 32

F84-F91 BIT n + 48

B00-B23 I

176 - 178 i DATA

147-149, SOURCE SELECT 2°-22

15/0

150-158

JLVATYd ANYAWOI
TONI “HOMY3STY AVH)

BYPASS SELECTS

T2

10/13

E -
K BYPASS DATA
F09,F21,F33 - F69

|7 BYPASS DATA

F10,F22,F34 - G70
[TBYPASS DATE

100-103 MEMORY

F11,F23,F35 F47

DATA | 10/13

I WO0-W15 E >
MEMORY DATA

TO T REG,

_12

HOLD PATH G0 - 631 p D ROO - RO3 -
P00 - PO7 ] < recister 600-GO3 SO REG. P10,P11,P12 ] READOUT sk oprano DATA
1 BITS G04-607 S1 REG. REGISTER | Roa -Ro7
FOO - F43 n, 0+ 16 G08-G11 S2 REG. FO8 - F70 SJ OPERAND DATA
PQO-PO7 ENTER S0-§7 n+ 32, n + 45| 4.812-615 S3 REG. P10,P11,P12 ) RO8 - R11 -
G16-619 S4 REG. G0 K,J,I BYPASS SI OPERAND DATA
F48 - F9] 620-623 S5 REG.
P00-PO7 ENTER $0-S7 ) 624-G27 $6 REG. T2f 16/0
628-G31 _S7 REG, ’
T2 16/0
BOO - B23 159 - 166 10/11 PO - P7
SO - S7 SOURCE SELECTS ENTER S0-S7 S0-S7 ENTER, HOLD CONTROL
SOURCE CODES
22 21 2° _ SQURCE BITS SCALAR
000 - 12X INST. LOGICAL
001 - 070 INST. FUNCTIONAL UNIT
010 - 064-067 INST. ROO - R1l 044,045,046,047 MO0 - M7
011 - 062,063 INST. K. S0, SI operanpd 050051 INST. SCALAR LOGICAL DATA
100 076 INST. T T0 1CP RESULTS
101 071 INST.
110  052-055, 056-061 INST.
111 040-051, 072-074 INST.

16/0

T REGISTERS
V10-Y15

16 X 4's

C-1570

3GR MODULE

RO8-R11 16/0
V10-V15 E >

12

R12 - R15 >
DATA TO MEMORY

.,
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e //F32033 BITS 21%,231,247,26

//FAn3S _ BITS 213,2%,28 26

/63T _BOS 211, 297,20,3%

/P89 BIIS 29,255,241, 257

/F40/41 - BITS 27,223,233 255 V4
(b3 BITS 25,231,297, 9 4
//F444S  BITS 23,219,233, 251 7/
//F4647  BITS 21,217,23329 V4
/F56/51 BITS 214,29,24 2@ V4
//F58/59 BITS 212,2%,24,28 /
ém/ﬂ BITS 210, 2% 24 538 /
63 BITS28,2342402% /
//F6il65  BITS 26,2%,238,234 /
/FesisT BITS 2°,2%0,25, 35 V4
F68/69 BITS 22,218,234,2%
FI/71  BITS 29,216,2%, 248

(3JA) T ADDRESS
0.5

(036)
(GR) (036 - 037 IN PROGRESS 03
4 - 85) T REGISTERS | » MEMORY (R12-R15)
(W TERMS) e
a3x)
©14)
©3
(IC) ENTERSOURCE (M6) /
i 0,21 & S0=0,SIGN .
(3GR) SiSOURCE (H7-49) SOURCEBITS 20,2 oo, - zomt)). (R24 -R25)
2 ‘¢
\ 2 ¥4 ":" 1
:}\ A e » SIOPERAND (R8-11)
‘ XX i Los*t » 5jOPERAND (R4-7)
A Sk OPERAND (RO- 3;
% RN reabout HH ®O-3)
Y . u
- \\
_.r’ .
_—
(JA) CPDATA (70 -81) ~}—] DECODE {FIELD TO ADD AND
—> { RI6-19) | MULTIPLY
(3VB) ENTERSI (159 - 66) ®20-23) | FUNCTIONAL
GGR) GO BYPASS Si, Sj, Sk
as1-63) azx)
1 @0 " ©42-051)
(064 - 667) :=\
4
062, 063
INPUTDATA ) ~] —‘72‘2-) ‘ X
(10- 45) Q75
don N XX
] (052-061) bt
_| o051, 0m2.0m)] . j2
2°%,2!
(3GR) (150 - 58) BYPASS SOURCE BITS ‘ LOGICAL
- FUNCTIONAL
UNIT
* 1/8OR 1/16 FANOUT I l
" » 1/8 OR 1/16 FANOUT
(188 - 91) | ] (R26 - 28)
* NOTE: I88 - 191 arc uscd by the Si Source
bits, Go Sk, Sj, Si Bypass, 160 160 160 160
036, 037 In Progress and Go Bypass. C-38474

CRAY X-MP 3GR MODULE BLOCK DIAGRAM
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3GR MODULE BOOLEAN EXAMPLE #2

+ SJ BIT n e SK BIT n « 045,046,051 INST + SJ BITne

LOGICAL RESULT BIT M = TSI BIT n « SK BIT n « 047 INST

SK BIT n o 046,051 INST

LOGICAL RESULT BIT M = SJ BIT n « SK BIT n - 044,047,050,051 INST + SI BITn SKBITn 050 INST.

FOR EXAMPLE 047 INST.

SO BITn « SCBITn » 047 INST. + SJ BIT n e SK BIT n e 047 INST.

047 RESULT BIT M

(MOO = R4' RO' H15) + (MO4 = R4 RO R16)

047 RESULT BIT
047 INST. = LOGICAL EQUIVALENCE
Cc-1570

|
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31YAI¥d ANVAWOD
HOYV3ISIY AvY)

"ONI ¢

SO SOURCE BIT O

)

N

3GR MODULE BOOLEAN EXAMPLE #1

SOURCE SELECT BIT O « ENTER SO SOURCE + SO SOURCE BIT 0 « ENTER SO SOURCE
C-1570



MODULE

LOCATION BIT POSITION
n n+l16 n+32 n+48
F70/71 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
T TEST BOOLEAN TEST BOOLEAN TEST BOOLEAN TEST BOOLEAN
POINT TERM |POINT TERM |POINT TERM |POINT TERM
S0 B30 GO0 |B3#  Go1 |[D29 Go2 |[D27  GO3
S1 AS5  GO4 A4 Gos | c38 G06 C36 G07
S2 B46  Go08 B42 G09 D46 G10 D42 G11
S3 A38 G12 A36 G13 C31 Gl4 C33 G15
S4 B55  Gl6 B48 G17 D50 G18 D48 G19
S5 A29 G20 A31 G21 C25 G22 C27 G23
S6 B64  G24 B53 G25 | D62 G26 | Dsl G27
S7 A2 G28 A35 G29 C11 G30 C12 G31
BOOLEAN TERMS ON
T-REGISTER 16X4 REGISTER CHIPS (TYPE R)
00g - 173 wo | w2 W3
20g - 37 W4 W5 W6 W7
405 - 575 w8 W9 W10 Wil
605 - 775 w12 W13 W14 w15
A-5409

CRAY X-MP S/T REGISTER CONFIGURATION AND TEST POINTS

CPU - 0 3GR)
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€1-9

CP1 cr2 cr3 CP4 CP5
3GR's|
jOPERAND
j 64 BITS 3GA F52/53
G i
TRAMS R04-RO7
3GA F50/51
3GR's
IstLaTCH ) | 2nd LATCH /| i DESTINATIONREG.
C00-C31 / 64 BITS g RESULT
G TERMS
D00-D31 R00-R31
E00-E07
36R'S|
KOPERAND | oo Faz | 215 | o3 247 | L6
’I'EgMS RO0-RO3 For sync point use P terms on 3JC F34/35 213 | 229 945 261
at same clock period as first laich time
on 3GA. F36/37 211 227 243 259
Fspe | 22 |28 | 2% | 2¥
TESTPOINT BOOLEAN TERM REGISTER Foal | 27 | 25 53 | o5
AD2' POI’ S0
Fa2/43 | 25 | 2% 237 | 2%
A10 P11’ S1
Faapas | 23 | 21 | 235 | 23
A08 P21’ 2
Fa6ia7 | 20 | 217 | 233 | 2%
A18 P31’ 3
Fseis7 | 2 | 2% | 2% | 2%
Ad4 P41’ sS4
Fssiso | 212 | 22 2% | 2%
AT2 P51’ S5
Feo/61 | 20 | 226 | 2% | 238
A68 P61’ S6
Fe2/63 | 28 | 2% 240 | 236
i 10N A59 P71 S7
060ijk INSTRUCT Feaes | 26 | 22 S8 | o
061ijk INSTRUCTION reesT | 28 | 2% 236 | .52
F68/69 | 22 | 218 234 | 2%
F70/71 20 | 216 232 | 248

3GR Module and bit locations. This is for CPU 0.
For CPU 1 use R locations. A-2266

CRAY X-MP SCALAR REGISTERS
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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 Exchangé 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.

, Hardware Trng.
HTV-0242 7-1 XV203W18M RW.A.



MOS MEMORY ECL MEMORY
/] _READ WRITE NN\  READ WRITE
cr's | BANK BANK | cp's | BANK BANK
1 0 A0 1 0 A0
2 1 Al 2 1 Al
3 2 A2 3 2 A2
4 3 A3 4 3 A3
5 4 A4 5 4 A4
6 5 AS 6 5 | A5 | Ao 0
7 6 A6 7 6 A6 | Al 1
8 7 A7 8 7 A7 | a2 2
9 10 S0 9 10 | so | a3 3
10 | 1 s1 | Ao 0 10 11 s1 | a4 4
11 12 s2 | A1 1 11 12 | s2 | as 5
12 | 13 s3 | a2 2 12 13 s3 | as 6
13 14 sa | A3 | 3 13 14 s4 | a7 7
14 | 15 ss | a4 4 14 15 | s5 | so 10
15 16 s6 | As 5 15 16 | s6 | s1 11
16 | 17 s7 | A6 6 16 17 | s7| s2 12
17 AT 7 17 S3 13
18 S0 10 | 18 s4 | 14
19 s1 1 | 19 S5 15
20 s2 | 12| 20 S6 16
21 s3 13 | 21 S7 17
22 sa | 14
23 ' S5 15
24 S6 16
25 $7 17

MOS MEMORY VS. ECL MEMORY
EXCHANGE TIMING COMPARISON CHART

Hardware Trng.

XV203W14M R.W.A.
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BIT POSITION 20
0 16 39 63
EREN
E S
0 t‘ N 4 11 k 3 A
1 \ IBA M Al
34 38
.
2 U \ 36 A2
NN
3 F XA F
NN 14 23 30 A3
E \\ PIN] €
A L
afa \\\\\\\\\\ DBA sl s ‘\\_ L A4
\ 38
5 \ ~ AS
WORD k
10
11 st
12 s2
13 83
14 s4
15 S5
16 S6
17 S7
READ OUT AREA
WORD BIT FIELD WORD BIT FIELD
0 262 PN -Processor Number 1&2 22 -2% M- Mode Register
0 259 - 252 E -Ermror Type 1 225 IMM - Interrupt Monitor Mode
0 263 262 S - Syndrome Bits 1 226 SEI - Select for Extemnal Interrupt
1 2 el -2 <7 R-Read Mode 1 2y BDM - Bidirectional Memory Access
1 256 252 CS - Chip Select Bits 1 228 FPS - Floating Point Error Status
1 2°%-2°% B- Bank Address 1 224 WS - Waiting on Semaphore
2 225 MM - Monitor Mode
STATUS AREA 2 2 1UM - Interrupt on Uncorrectable
WORD BIT FIELD 26 Memory Error
% a7 2 2 IFP - Interrupt on Floating Point Error
0 29 2:7 P - Program Address Register 2 228 ICM - Interrupt on Correctable Memory Error
1 2 29 -2 “ IBA - INSTRUCTION BASE ADDRESS 2 2 < IOR - Interrupt on Operand Range Error
2 2 0 2:7 ILA - INSTRUCTION LIMIT ADDRESS 2 2 63 VNU - Vector Not Used
3 233 239 XA - EXCHANGE ADDRESS 3 263 ESVL - Enable Second Vector Logical
3 255-2,7 VL- Vector Length 4 2 EAM - Enhance Addressing Mode
4 229 2 - DBA - Data Base Address
5 2% -2%7 DLA- Data Limit Address
FLAGS
3 249 ICP - Interrupt from Intenal CPU
3 48 DL- Deadlock
3 232 PCI - Program Clock
3 23 MCU - MCU Interrupt (MIOP)
3 2% FPE - Floating Point Error
3 2% ORE - Operand Range Error
3 28 PRE - Program Range Error
3 227 ME - Memory Error
3 226 10! - /O Interrupt
3 225 EEX - Error Exit (000)
3 2% NEX - Normal Exit (004)
4 228 PS - Program State
4 224 _225 CLN - Cluster Number Register

A-0929E

CRAY X-MP EXCHANGE PACKAGE
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(HR)
(3HA)
(BGR)
(3HD)

@GF)

502/03 - SEC. 3

5001 - SEC. 2
G001 - SEC, 1
G02/03 - SEC. 0
BANK BITS 22- 24 GO BANK X oz
———DARRDIISZ 2 —
ENABLE SEC. 0,1,2,3 oL
INSTRUCTION BUFFER DATA —_——J—H_’nx REFERENCE > OCK F+X ADDRESS a1y
BLANK NIP P-REGISTER, -1 OR -2 EXCHANGE
U )
[e3 MAlS;ErR CLEAR DECODE
™ Gco 3AQ4-PORT CONROL
GO ISSUE EXCH.
GO EXCHANGE
©1) AS.Y. QUET SEQ. DECODE oo
3HB - F10/11 @AR E:X CPU-1 TR e (3HA)
NIP - UPPER @GRy PUMASTER CLEAR -ENTER EXCH. PARAMETER 4, 3AD)
(ASFOINTERS ________, (a1 MEMORY DATA
(AQ) SECTION BUSY ENTERAS o (318, 310 ] GAR)
GO EXCH. PARAMETER ' ML » GVO)
(AR) A[DATAZ4-21 EXCHANGE ADDRESS —] 1 Mux P-REGISTER (3AR, 3HA)
XADATA 24 -211 XA PROG. P —
oHp) XADATA2Y 27 REG. (3Ha) P-REGISTER EXCH. . nf__'s IR, (3ap
(1py ENTER XA I : B (Ve YECTORLENGTH PARM. Ty > (3AF)
oHp) BALA oA GO EXCH. ADDRESS - # (3AD, 3AB, 3AG)
GO WRITE MEMORY DATA (3VA)
SECTION 0. 1,2, 3 3HD - H30/31
3AF - G04/05 EXCHANGE PARAMETERS
FETCHEXCHANGE CONTROL
RELEASE EXCHANGE G115 -24 - 213
G12/13-21. 221
MEMORY ADDRESS
fr————
(Hpy —DBADLA
3AD MEMORY ADDRESS

CRAY X-MP EXCHANGE SEQUENCE CONTROL (CPU 0)

B-06078
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(3HB)
GIR)
GI0)
(GJD)

MASTER CLEAR  Q06'

I53_GO EXCHANGE

154 A QUIET
155 S QUIET
156 V QUIET
21160
ACCESS SELECT

XON REFERENCE Q03

Yio2

175
178

Y100

Y101

s Y106

NOTE: Y103isequaltoal fora
MOS Memory machine. Y106
is equal to a O for a MOS
Memory machine.

PROGRESS |

Y103
+3Chs

R28
P+ X REFERENCE

COUNT =37, « Y106

M )s

——————————» (3AQ'3, 3AP)

l / END EXCHANGE
SEQUENCE

FXX REFERENCB
GOF+X
SECTION 0 BUSY SEQUENCE
SECTION 1 BUSY 2160
SECTION 2 BUSY Noi *+ P3 STARTS SEQUENCE COUNT!
SECTION 3 BUSY NO KEEPS COUNTER GOING.
* 151 m OPEN PIN ON JARAT G4/5 151 faap IR28_ 151 [3AF
IS1 = R28 FROM 3AP AT G4/5 — 1
TO3AFAT S4/5 G5 455
Q03 HARDWIRE PRIORITY 071
EXCHANGE
REFERENCE :;‘“ - AD)
CHANG
SEQUENCE NOeP3 Q10
¢ EXCHANGE
$  SEQUENCE
COUNT = 0-174 o8 geo [ .96 Q66 Q67 Rt Qi4  COUNTER
GO EXCHANGE Y::I:OG:'I >GO EXC -
PARAMETERS PARAMETERS "
216n
Q1. Y103 o2 RS o Q40 Y103 Q1 RS
COUNT =133 ENTERA on COUNT =223 ENTER VL evo
T2
21160 .
054 Y103 ] @6 R ) Q57 Y103 Qs8 RS2
COUNT =23y ENTERS COUNT = 245,25, ENTER DBA,DLA (BAD)
2] 160 2] o0
Qile Q10 .
Y103 Qs a6 | )RR COWRIE  gap
Q8 s ETANGE SECTION 0 QB Y103 Q4 RS3 HA
COUNT = 75275 EXCHA Q1+ Q10 Rss GowRIE . COUNT = 36, ENTER P, XA GHA)
™ SEQUENCE o ) SECTION 1 GAD)
L2 L areqwe S P
RS6 GOWRIE .\
SECTION 2 K3 ¢ J15 * Y106 Q37 RS0
11« Q10 OHB)
Q RS) GOWRITE _, r COUNT =35, RELEASE WAIT
SECTION 3 EXCHANGE
—1-1 16/0

CRAY X-MP 3AF MODULE EXCHANGE CONTROL
(FOR CRAY X-MP/216 WITH MOS MEMORY)

A-5871A



188 M00 Mo1 Mo2
GAR GO EXCHANGE

PARAMETERS
221160 2 60| 2] 16n

POO
M02 GO PARAMEIERS

165, 168-171

Zi0EN7 K -
§//////2 Ll
700 2 1 | o
220 ™ [ s
208 > D o

EXCHANGE PARAMETERS PACKAGE

176177 N06-NO7

CLN BITS
CPU1 NO6

{3HD)

2 1610 HOLDING ON

SM CPU1

(3HA)

D TERMS

ETERMS

P00

126149

DEADLOCK

DIFFERENT  HOLDING ON
SN CPUO

16/0

BOO-» CLN BIT 0
BO1-» CLNBIT1

Co8
PROGRAMMABLE
CLOCK

25
INTERRUPT FROM INTERNAL CPU

CRAY X-MP 3HD MODULE EXCHANGE REFERENCE

160 160
P00
FOO-F25 | G, 4 AND | ROOR2S
189 Mo3| TGATES EXCHANGE
~=—1 REFERENCE PARAMETERS
TEST AND SET IN NIP M04 1 BOOLEAN TOMEMORY
PREGISTER -1 T2 160
PO’
GO PARAMETERS NOT LATCHED
190 FOD-FOS 500-505
TEST AND SET IN CIP PREGISTER -2 DELAY P BITS
T2
=
€00 - NORMAL EXIT
€01 - ERROR EXIT
Po4
C02- /O INTERRUPT
C03 - MEMORY ERROR
C04 - PROGRAM RANGE ERROR
€05 - OPERAND RANGE ERROR
POS R85 HB)
C06 - FLOATING POINT ERROR INTERRGTT
C07 - PCIINTERRUPT 12] 160
Qo0 C24 DEADLOCK P06

16/0

C-15818



L-L Cv<0-ALH

AAV.LIRNRdOUd AVIO

REGISTER

263 262 261 260 759 938 357 336 35 234 953 952 35 A8 947 246 945 244 943 242 941 340 939 738737 536 935 33 933 332 531 930 929 528 927 526 925)24 323 922 921 920 319 518 517716 915 314 513 912711 31099 2B 27 26 53 54 33 92 51 20
00 %|8|  synDRomEB ITS / P REGE
21' 220319 218 917 516215 914 513 312 911 91099 28 37 6 33 24 23 32 3! 20 232
o1
16

P
20
7K
s L
6 2 21 30 AN

|
///////////////////////////////////////////////4

:////////////////////////////////////////////////A

EXCHANGE PACKAGE




MoRRY EXCHANGE
MEMORY :
28 _ 950 | STATUS PARAMETERS P REGISTER
24D 3HA
263 252 243 247 2?A 2?3 20 3HE 237 229
P / - 49 9% - IBA & ILA
0 J E P A0 > 27 2% | FANOUT -
/',:\ S é« o »| REGISTERS
7 \ A% 3GR's | REGISTER 3,45
1] r]lcs]B / BA M Al ‘ s
Z, 23 o' ad >
v 223 . 204 A3 VL
b W A M A2 T t 297 2% FaNout »| REGISTER
U ¥
7 Al 3VB's 3VC
3 |8 //// Flxalv | F A3 > A0
I ] A o ORA
E plAc y REGISTER
4 A 7 pA  |[{L Ad - FLAGS i D‘%A
M i AN 3AD
28 3AR's
’ ////// 7/ g
/ i
6 / A6 s
////// //A 2820
7 ////////////// v i
WORD
10 >
11 s1 < »-
57
_ S6
. > ke
13 s3 > 263 20 : 833
Sl
14 84 > 50 ]
REGISTER
15 ss >
3GR's
6 S6 >
» C-11378
17 7 >
CRAY X-MP EXCHANGE DATA
‘ e/ S









00200k

023i01

V7

Ak Ai
| V6
T | V5
| V4
VECTOR | 3
LENGTH | V2
REGISTER | vi
l Vo
VECTOR
CONTROL
Vj
M Vi
E
M
o}
R
¥ | 2ND V. LOGICAL
o 177 < SBIDART 2 i
176 ’t {0
1
FULL V. LOGICAL/ |3 4
INDEX GENERATIONJ: 5
RTINS 140 - 147
070 174ij0
MULTIPLY VECTOR
160 - 167 FUNCTIONAL
ADD UNITS
170 - 173
1
7
FLOATING < Yy 5 vV C
POINT 7 E O
FUNCTIONAL ‘ » CcN
UNITS " \ 4 VECTORMASK [ 1 ¢
O R
_ ) RO
Si Sj L
Sj Sk Si 073i00 00300
Hardware Trng.
A-5874 R.W.A

CRAY X-MP VECTOR REGISTER

8-1



—® ADDRESS

—> VL -1

WRITE WRITE ELEMENT
ELEMENT #l ADDRESS (ODD/EVEN)

COUNTER

WRITE

COUNTER

|| ELEMENT

—P VL -1

READ ELEMENT

READ ADDRESS (ODD/EVEN)
+1 )

ADDRESS
COUNTER

READ

COUNTER

112111’

INPUT
STEERING
MODULE

OUTPUT
®1 STEERING
MODULE

YYYYYYYY

—»{- c 0 U > x|

N 1CP
DELAY

VECTOR REGISTER

Hardware Trng.
BYPASS > A-5875 R.W.A

CRAY X-MP VECTOR REGISTER DATA FLOW

8-2

|
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A

00200k
002000
023i01
076ijk
077ijk
077i0k
176i0k
176i00
17611k
17705k
1770j0
1771jk
155ijk

VECTOR REGISTER INSTRUCTIONS

Transmit (Ak) to VL register.

Transmit 1 to V1 register.

Transmit (VL) to Ai.

Transmit (Vj, element (Ak)) to Si.

Transmit (Sj) to Vi element (Ak).

Clear Vi element (Ak)

Read (VL) words to Vi from (Ao) incremented by (Ak).
Read (VL) words to Vi from (Ao) incremented by 1.
Read (VL) words to Vi using ((Ao) + (Vk)).

Store (VL) words from Vj to (Ao) increment by (Ak).
Store (VL) words from Vj to (Ao) incremented by 1.
Store (VL) words from Vj using ((Ao) + (Vk)).
Integer sums of (Vj) and (Vk) to Vi.

XV2510M

8-3



y-8

V4-V7 DATA READY
VO-V3 DATA READY

154/55 VO, V1, V2, V3
H52/53 V4, V5,V6, V7

VO-V7 GODATA > GID)

@Dy OPPAIR REQUIRED ©
(iay 20 Bk P 27, 20 ADDR. | COMEMORYDATA__,,, 350 7 [aom 2%,28,39 38 3529 ]
READ [—] | GO Vk ADDRESS HS6/37 - V7
o1p OREADIVRITEV0.VT oan GOk ADDRESY . (AO) H5859 - V6 7 Josans 22,22 22,38, 9%, 3%
H6Q/61 - VS 7/ lcee/s-/ 22l 9%, 2%, 94 28, 08 /
[:] 30 H40 450 A60
ARy AL20:23 o -y VOVIRELEASEREAD _ o) HEYS - V4 / 6465 - 29, 22,739,290, 2%, 2
v V202 [} Rread 6465 - V3 I [osas3 -29,2,29,29, 24,29 [
avo - CNTR. TR 7 [coomt-28, 210,28 29, 248,3%
@vo) H63/69 - V1 / G58/59 - 27, 217,227,237, 2 47, z!l/
N VOVTRELEASEWKITR o 3y HROL . VO Sl
Ry SPUMASTER CLEAR " . convras vover O [ Gs657-25, 219,226, 2%, 240,35 [
. VTR COSELECT Vi SCAT/GATH. __ vy e T e
@Ip) SELECTSj (076, 077, ——— GS2153 - 24,214, 224,234, 244,234
SCALAR REF SSCALAR WRITE V0.V7 READ ODIYEVEN
— APoR, .} VO.V7 GO READ EVEN/ODD BN, |wr FANOUT DATA ™ FANOUT DATA
Q) SOWRITEVOV? : CNTR. L/
(GA0) HOLDV/B/T SCATIERGATHER | V0.v7 GO WRITE EVENIODD
b-»4-YO-V7 GO WRITE EVEN/O!
@1n) 176, 177 INSTRUCTION > VoV EVEN/ODD ADD 22 24 cs v REG. QUTPUT STEERING
GO Vk SELECT(CP 2 3VD ADDRESS 0,25 o035 1 U's Vj,Vk FIELD
1D A20.2 AD 0036 VB MEMORY DATA (JAE)
em) AND VL CONTROL GAR) evE) SREGSTER Bod
P R e EAmC e
EVEN i MUX » ;
. ouT >
INPUT STEERING IGSAHS-Z".Z“.Z”.23‘.2”.2‘7.2”.2“, DAk:l'rA ‘&g’ W l_l VECI"gI{‘EDD T}I%Y GMA.3MB, 3MO)
0 0Z) MEMORYDATA [036537-25,213,23, 23,237,245, 38 28 f o Xs vmnﬁ%c?mgvg%
@ A'(JMJ; FLT. MULT/SECOND V. LOG. /lmm -23,211,219,227,235,243, 291, 2% / [ VB OPERAND MULTIPLEX VkSCATTER/GATHER (3AP)
OVE VECTOR ShuFT [fowm 21, 29,20,2%.2%,24, 2,27 ] 3VR - VECTOR REGISTERS
B R e fome - 2¢.214,22,3%0.2%, 24,24 28 / IVC GS0/s1-29,23,22,28
GRH) RECTPROCAL/POP. Joams 24,212,220, 228,23, 244, 3%, g0 ] (3vpy SELECT Vk SCATTER/GATHER I
G46/47 - 23,219, 218, 236, 234, 22,2, 230 K|
G48/49- 20,29, 216,224,232, 240, 240, 236 VO.V7 DESTINATION ] Mox |
ovs) SELECTSj @77) 6ve) INVKRELD
MEMORY PORT b MUX Ak REGISTER 20-23 VL REGISTER 2°. 23
ARy SELECTBITS 2,21 { AR ANGE VL S T T VL > OVD)
ove) —BSTRUCTION ViFELD a:;. Zi:: ENTERVL REG. o VLREGISTER20-28 340, 3AR, 36D)
MEMORY READDATA _ (3GR, 3AR, ) ENTER VL
% 3DD,3HD) GVD)
r 3VA VECTOR RESULTS MULTIPLEX FLOATING OP. RANGE P.C. INT. P.C. FLOATING OP INT. » GHD)
: FUNCTIONAL UNIT SELECT BITS 2°- 22
G0 SELECTION 3VC OPERAND MULTIPLEX o s .
2221 20
00 0.-PORTA,C
037
3IHC-F12/13 292 o 31D - F18/19 0 0 1-PORT B, 076, 077
3HB-Fi/11 2%.215 o1y COISSUE_ 0 1 0- FLOATING RECIPROCAL
BLANK NIP GO READ/WRITE SEQUENCE V0-V7 01 1-FLOATING ADD
OHR) w———m Y NI DATA evD) 1 00-FLOATING MULTIPLY
OP PAIR REQUIRED > GVD) 1 0 1. VECTOR INTEGER ADD
(GAG) -COMEMORY PORTAB . @VD) YO-V7REL READ/WRITE SCATTER/GATHER (GAO,3AP) 11 0-VECTORSHIFT
(D) GO FUNCTIONAL UNIT X co @AQ) PORTAB/CREL, 176-177 INSTRUCTION » (VD) 1 1 1- VECTOR LOGICAL
() AHELD ey |- DECODEL o COWRITBVO-VT , i3y SEQUENCE MEMORY FUNCTIONAL UNIT X BUSY (OHB) 0 0X - GATHER/SCATTER (WITH I
Gm) FUNCTIONAL UNIT X BUSY oup) SEQUENCEMEMORY | {U. i FIELD GHB) ON 3VB's AND I71 ON 3VC)
(@VE) -GOVi DATAINDEX (3GR) .CPU MASTER CLEAR VARIOUS INSTRUCTION CONTROLS
VECTOR REGISTERS QUIET
1, (AR
@I SCALARCPO.1,2:3 CONFLICT GOISSUE
SHBINSTRUCTION A "1 » (31-,3HA, 3HB, 3HC)
VD) YOVIGODATA ;{j GODATA FUNCTIONALUNITX (515
31D VECTOR ISSUE
CONTROL AND RESERVATIONS
C2310A
CRAY X-MP VECTOR REGISTER AND CONTROL BLOCK DIAGRAM (CPU 0)
\ R e

S



R

{330)
(338)

{3I0)

(3AR}
(3ve)
(3ve)

(3GR)

(3JD}

(3HB)

{380}

(3JD)
(3Jp)

(32E)
(3Fa,
(3m7)
(3vG)
(3VE)
(3vF)
(3GR})
(3RH)

V4-V7 DATA READY

V0-V3 DATA READY

A

H54/55 V0, Vi, V2, V3

H52/53 V4, V5, V6, V7

/ H56/57 —

n /

/(;70/71—213,223.233,243,2531253 ;

{3VD)} V0O~-V7 GO DATA

GO _DATA F.U.

{3uB)

L/

3JD VECTOR ISSUE
CONTROL & RESERVATIONS

CRAY X-MP2 VECTOR REGISTER AND CONTROL
BLOCK DIAGRAM (CPU 0)

VO-V7 GO DATA _ (33D) H58/59 ~ V6
OP PAIR REQUIRED / G68/69-212,222,232,742 252,62
H60/61 ~ VS
3 29-22; k 20-22, h20 ADDR | __ GO MEMORY DATA _(320) / G66/67-211,221,231,241 551,261
RD H62/63 - V4
GO_RD/WR VO0-V7 CNTR | GO Vk ADDRESS_ (3A0) / G64/65-210,220 330 240 350 560
H64/65 ~ V3
G62/63-29,219,229 239 249 559
ak 20-25 VL RD VO-V7 RELEASE READ (3JD) H66/67 = V2
CNTR V0-V7 RELEASE WRITE_(3JD) G60/61-28,218 228 238 548 758
vL 20-25 H68/69 — V1
GO_BYPASS V00-V07 G58/59-27,217,227 237 247 357
ENTER VL H70/71 - VO
VL WR GO SELECT Vk SCAT/GATH_ (3VB) G56/57-26,216,226 336 246 556
CPU _MC CNTR .
SCALAR REF./SCALAR WRITE V0-V7 RD ODD/EVEN G54/55-25,215,225,235,245,255
EN
SELECT Sj (076,077} V0-V7 GO READ EVEN/ODD G52/53-24,214,224 234 244 354
ADDR
" oW -
GO WRITE V0-V7 CNTR FANOUT DATA \ FANOUT DATA
V0-v7 GO WRITE EVEN/ODD )
HLD V/B/T/SCATTER/GATHER | cs
v0~v7 EVEN/oDD ADD 20-24 &
176, 177 INSTRUCTION ADD (3vB) Vj,Vk FIELD
2 3VD ADDRESS
GO _Vk SELECT (CP 2) & VL CONTROL (3aRr) ax 20-23 OUTPUT STEERING
vo-v7 MEM. DATA (3AE)
OP DATA S - REG {3GR)
ALT MUX FLT. RECIP. (3RA)
M - DATA FLT. ADD (3FA,3FB,3FC)
- INPUT STEERING FLT. MULT. (3MA,3MB,3MC
MEMORY DATA /G34/35—27,215,223,231,239.247,255,263; N ™\ vector abpp (3vG)
3FE) FLOATING ADD VECTOR SHIFT (3VE)
FLT. MULT./ SECOND V LOG. 636/37-25,213 221,229,337, 745, 553, 561 VECTOR LOGICAL {3VF)
VECTOR ADD — 3VR - VECTOR REGISTERS 3VB  OPERAND MULTIPLEX Vk SCAT/GATH (3AP)
VECTOR SHIFT G38/39-23,211,219 227 235 ,43 51 559
VECTOR LOGICAL
SCALAR REGISTER G40/41-21,29,217,225 233 541 249 557
RECIP./POP Vk SCA 1-20,21,22,23
c42/43-25,214,222,530 138, 146 554,62 (3VD) SELECT Vk SCAT/GATH | ave 650/51-20,21,
G4ad/45-24,212,220,228 236 244 252 560 —
G46/47-22,210,218,226 234 342 550 558 (3VG) Vj/Vk FIELD
G48/49-20,28,216,224 232,240 248 556 (3aR) Ak REG. 20-25 vL REG. 20-25 _(3vD)
VL
(3vB) SELECT sj (077) V0-V7 DESTINATION {3HR,3GR) EXCH. VL 20_25 I REG VL REG. 20_26 (3a0,3AR,3HD}
DATA
MEMORY PORT (337,3AF) ENTER VL
{3AE) SELECT BITS 20,21 MUx ENTER VL (3vD)
FLT. OP RANGE P.C. INT.
(3vB} INSTR., Vi FIELD | P.C. FLT. OP INT. {3HD)
MEMORY READ
VA VECTOR RESULTS MuLTIpzEx | DATA (3GR,3AR,3DD,3HD) 3VC OPERAND MULTIPLEX
F.U. SELECT BITs 20-22
GO_SELECTION
3HC-F12/13, 20-27
33D F18719
3HB-F10/11 28-215 (33-) GO_ISSUE
(3HR) INST. BUFFER NIP D
BLANK NIP N E cIp GO _RD/WR SEQ. VO-V7 (3vD)
1 NIP/LIP DATA T tj F.U. SELECT BITS
OP PAIR REQUIRED (3vD)
(380) GO MEM. PORT A,B (3VD) VO-V7 REL. READ/WRITE REL. 175 SCATTER/GATHER (3n0,38P) 222120
REXE DE- (380) PORT A/B/C REL. 1 RES 176-177 INST, (3vD) 0 0 O - PORT A, C
(3JD) GO FU X DELAY | | cobE GO _WR_V0-V7_(3VD) (3HD) SEQ., MEMORY 1 v F.U., X_BUSY (3HB) 0 0 1 -~ PORT B, 076, 077
(3JD) i FIELD = L i FIELD (3B) 0 1 0 - FLOATING RECIP,
(3GR) CPU MC . FU VARIOUS INST. CONTROLS (__ ) 0 1 1 - FLOATING aDD
(3JD) F.U. X BUSY o 1 0 0 - FLOATING MULT.
. (37F) SCALAR CP 0,1,2,3 CON- VECTOR REG's QUIET (3AF) 1 0 1 - VECTOR INTEGER ADD
(3VF) GO Vi DATA INDEX 3HB  INSTRUCTION FLICT GO ISSUE, (3J-,3HRA,3HB,3HKC) 1 1 0 - VECTOR SHIFT
- CONTROL 1 1 1 - VECTOR LOGICAL

c-23/10
X200250207
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160 POO,PO1 VO BUSY AS OPERAND, DESTINATION
GP1 P10,P11 V1 BUSY AS OPERAND, DESTINATION
REGISTER
P20,P21 V2BUSY AS OPERAND, DESTINATION
_100-T15 NIP DATA| CIP DECODE G00-G27 INSTRUCTION DECODE ] RESERVE
ABE, F AND h,ij.k BITS P30,P31 V3 BUSY AS OPERAND, DESTINATION
TERMS P40,P41 V4 BUSY AS OPERAND, DESTINATION
P50,PS1 V5 BUSY AS OPERAND, DESTINATION
G TERMS ARE
CIP LATCHES P60,P61 V6 BUSY AS OPERAND, DESTINATION
P70,P71 V7 BUSY AS OPERAND, DESTINATION
116 BLANK NIP )
CIP 16/0
C00-C03 Vj, Vk BUSY REGISTER JHO00-HO3 Vj, Vk, Vi CONFLICTS Q00-Q06 FLOATING RECIPROCAL BUSY
- CONFLICT
C04-C07 Vj, Vk RELEASE CP1
{ : CHECK FUNGTIONAL |.Q18-Q16 FLOATING ADD BUSY
€10-C17 Vi, Vj BUSY T - [920.027 FLOATING MULTIPLY BUSY
Q30-Q34 VECTOR ADD BUSY
F00-FO2 Vj, Vk, Vi REQUIRED '
- AR 000-014, N20, N21, NOO-NO3 Q40-Q47 VECTOR SHIFT BUSY
FUNCTIONAL UNIT SET BUS YS Q50-Q55 VECTOR LOGICAL BUSY
o Q60-Q61, Q70-Q71, Q80 PORT A,B,C BUSY
16/0
T2
160
F10-F20 FUNCTIONAL UNITS | FUNCTIONAL | H04-H11 FUNCTIONAL UNIT CONFLICTS
REQUIRED UNIT
CONFLICT
CHECK 139-146 GO DATA VO-V7 R56-R62_GO DATA VFR, VM,

000-013, N20, N21

FUNCTIONAL UNITS BUSY

Q1-Q53 CIP jk DELAYED

HOO'- HO3', H10, H11'
CONFLICT

H04'- H09' CONFLICT | ) RO1 ISSUE >

35

INSTRUCTION
DECODES

RO2-RO4
e e e
FUNCTIONAL UNIT

SELECT BITS 20- 22

ROO ISSUE

FUNCTIONAL UNIT SELECT BITS

0
1
0 - FLOATING RECIPROCAL
1 - FLOATING ADD

0 - FLOATING MULTIPLY

1 - VECTOR INTEGER ADD
0 - VECTOR SHIFT

1 - VECTOR LOGICAL

INSTRUCTION

MUX VFA, VA, VS, VL FOR V0-V7

CRAY X-MP 3JD MODULE

160

R26-R49 INSTRUCTION

DECODES

16/0
CIP DECODES } cp1
V0-V7 SEQUENCE

T2

16/0
CIP DECODES | CP1

VO0-V7 SEQUENCE

RI0-R17 GO READ
e e

CONTROL SIGNALS

R18-R25 GOWRITE »

C-1573B
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J1VAIYd ANVAWOD
"ONI “HOUV3SIY AVYH)

VK CONFLICT =

VFU BUSY =

MEMORY PORT BUSY

3JD MODULE BOOLEAN EXAMPLE #1
REGISTER CONFLICT

(VK REQ + VK CONFLICT) e (ISSUE + VK CONFLICT) e (VK BUSY) e (VK RELEASE)

3JD MODULE BOOLEAN EXAMPLE #2
"FU CONFLICT (FLOATING POINT)

(FR BUSY FOR VP e SELECT FR o VP INST) + (SCALAR FR « SELECT FR o VP INST)
+ (FR BUSY o SELECT FR) + (FA BUSY ¢ SELECT FA) + (FM BUSY e SELECT FM)

MEMORY CONFLICT

= (SELECT PORT A + B « PORT A BUSY ¢ PORT B BUSY) + (SELECT PORT A  PORT A

BUSY) + (SELECT PORT B » PORT B BUSY) CI573

N,



£261-0 .
PLOY ASNG I OA + 1JIT4NOD CIA = LSNI £/0°9/0 ¢ 0 =L = 034 LA

‘pLoy ASng ¢ OA + (L2I74NOJ

CIA » ISNI ££0°9/0 « 0 = € » 03y fA) + (LOIT4NOD CIA « O = % * 03§ A

QA MO 3SYITIY - ASNE 335 AL OA * (3INSSI + ASNG N0 OA)

€# ITdWVX3 Nv31009 37NAOW ACE

ASNg 33s T OA

ASng 38s I OA

ASNg AC OA

8-7

CRAY RESEARCH, INC.

COMPANY PRIVATE
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dW03J

HOAVISIY Awy)

4

LYATNd ANV

“INI

3JD MODULE BOOLEAN EXAMPLE #4

FU BUSY

FA BUSY held = (FA BUSY held + ISSUE) » FA set BUSY

FA SET BUSY = TVFU REQ. (SCALAR) ¢ FA SELECTED o VFU CONFLICT + RELEASE FA o FA BUSY held)

MEMORY PORT BUSY

¢ PORT A set BUSY « RELEASE PORT A

1]

PORT A BYSY held (PORT A BUSY + ISSUE)

PORT A set BUSY =  (PORT B BUSY e 176,177 INST ¢ 10X-13X INST ¢ MEMORY CONFLICT) + B MEM.
REF. ¢ TOX-13X INST « MEMORY CONFLICT) + PORT A BUSY held
C-1573

RELEASE PORT A + M.C.

RELEASE PORT A =

p—



{3AR"s)
Ve

6-8

y ANYAWOD
HOYYISTY AVY)

JLVATYd

*INI

118-23-130 AK DATA-ENTER AK

124-29-T30 VL DATA.ENTER AK

500-505

1
1/

Al0-Al5 Vn VL REG.

810-B15 V¥n+l VL REG.

X00-X05,X10-X15,

-1

X20-X25, X30-X35

Y00-Y0Y,Y10-Y15,

Y20-Y25, Y30-Y35

A,8,C,nN1-05-100,10,20,30
E,F,G,H01-05~J00.10.20.30) )

EVEN

ADDRESS
REG.

et

RUO-R04 ¥n EVEN ADDRS.

R15-R19 Vn+l EVEN ADDRS.

R30-R34 Vn+2 EVEN ADDRS.

{ R45-R49 V¥n+J EVEN ADDRS. . (3VR's)

V00-V05,V10-Y]5
V20-v25,V30-¥35

A,8,C,D01-05.J01,11,21,31
E,F,G,H01-05-30T,11,21,31) )

WUU-WUS ,W10-W15,
W20-W25,W30-W35

BITS 2°-2° 16/0
Y 808 815%020 0.0 REap  |-C10-CI8 Vnv2 VL REG, COUNTER
GO READ SEQ Va-Vn+d | vecTog [-10-DI5 Vat3 VL REG.
LENGTH
~ LOADS VL 2.0 pecister
COUNTER v
-] £10-E15 ¥n VL REG.
$00-505 16/0 T'F10-F15 vn+l VL REG, -1
WRITE COUNTER
e RITE 1 610-615 vns2 VL REG.
Q01,011,021,031* LEWGTH | H10-HIS ¥n+3 VL REG.
] GISTER
GO WRITE SE] Vn-Vn+3
T2
ADD-AOS Vi READ ADDRS.
16/0 | B00-BO5 Vntl READ ADORS. N
00,010,320 T30% AORERD | C00-C05 Vn+2 READ ADDRS. COUNTER
60 READ SEQ Vn-vne3 | COUNTER  [D0D-DOS vne3 READ AQDRS,
* CLEARS AJDRS T2
COUNTER
E00-EOS Yn WRITE ADDRS.
1§/0  LFOO-FOS Va+l WRITE ADDRS. } K|
Q01 QiT,021,431% WRITE  [600-GOS5 Vn+2 WRITE_ADDRS COUNTER
ADDRESS N .
GO WRITE SEQ Vn-Vn+3| COUNFER |o0-HOS ¥nt3 WRITE ADDRS. '

12]

3VD MODULE (SHEET 1 of 2)

oD
ADDRESS
REG.

R0O6-R10 Vn ODD ADDRS.

R21-R25 Vn+1 ODD ADDRS.

R36-R40 Vn+2 QLD ADDRS,

R51-R55 Vn+3 0DD ADDRS.  (3VR's)

C-15804
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R00,B00,TO0,D00

Vn-Vn+3 READ ADDRS BIT 2°

J04,J14,J24,J34

RQ5,R20,R35,R50 'n-tn+3

READ AND WRITE CONTROLS

R60,R61,R62,R63 Vn-Vn+3 DATA READY 2o

GO READ EVEN_

Vn-Vn+3 ENABLE READ
A00,B00,C00,D00

Vn-VYn+3 READ ADDRS BIT 2°

J04,J14,J24,534

Vn-Vn+3 ENABLE PEAD
J02,J12,J22,J32

Vn-Vn+3 ENABLE BYPASS ADVANCE

J05,J15,025,J35

Vn=Un+3 ENABLE BYPASS
E00,F00,G00,H00

Vn-Vn+3 WRITE ADDRS BIT 2°

£07,F 7,607 ,H07

(3VR's)

(3VR's)

(3WR's)

* USED OHLY WHEL READ

Yn-Yn+d GO READ 00D

SEE
800-
LEAN
R60,R61,R62,R63 ¥n-Vn+3 DATA READY
135,136,137,138* Vn-Vn+3 DATA READY H sEp | R64.R65,R66,R67 Vn-Vn+3 GO DATA -
M10,M11,M12,M13, HOLD Vn-Vn+3 MEMORY R ""'}Eggﬁ

* FROM THE OPPOSITE 3VD MODULE Iz

A10-A15,B10-B15,C10-C15,010-D15

100-M13 Vn-Vn+3 PAIR READY }

T2

| R63,R69,R70,R71* Vn-Yn+

* SENT TO THE 3JD MODULE TO RELEASE
OPERAND REGISTER RESERVATIONS

E10-E15,F10-F15,G10-G15,HI0-HIG

Vn-Vn+3 WRITE VL=€ 1
F ~Vn+

R72,R73,R74,R75* Vn-Vn+3 RELEASE WRITE

* SENT TO THE 3JD MODULE TO RELEASE
RESULT REGISTER RESERVATIONS

Vn-Vn+3 GO WRITE
£00,FJ0,G00,H00

Vn-Yn+3 WRITE ADORS BIT 2°

£07,F27,607,H07

R76,R77,R78,R79*Vn-Vn+3 SCALAR REFERENCE o

* USED ON THE 3VR's TO ALLOW IN THE Ak VALUE
AS AN ADIRESS, DURING A 076, OR 077 INSTRUCTION

AGORS=WRITE ADDS TO e
ENABLE THE BYPASS PATH ON THE 3VR's
107-1104111- 114,
~Vn+3 @) R o
R13,R28,R43,R58 Vn-Vn+3 GO WRITE EVEN 11:V"03 B0 REND OR DOTUPTTE
(3WR's) o T2
11-114
Yn-Vn+3 GO WRITE
115-116 077 INST.
R14,R29,R44,R59 Vn-Vn+3 GO WRITE ODD T2

Vn-Vn+3 GO WRITE

"Sns e’

(3VR's)

R80,R81,R32,RB3*Vn-Yn+3 SCALAR WRITE

* USED ON THE 3VR's TO GENERATE THE WRITE

ENABLE SIGNAL FOR AN 077 INSTRUCTIONM

" M14* GO MEMORY DATA

* COULD BE STOPPED BY POSSIBLE CHAINING CONFL,
R84 GO MIMORY DATA (380)
R84-139 HOLD Y/R/T WRITE -

CRAY X-MP 3VD MODULE

C./5808
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EVEN DATA
100-163 170-174 15/0 | ©00-004
f EVEN ADDRS EVEN ADDRS
A00-A63
21-2° BIT O - 3 & C.S. : RD OUT
TO ALL EVEN CHIPS 16,/0
ROO
3
Y00-Y63
Z00-763
175-179 15/0 Q10-014 T00-163
ODD DATA ' ODD ADDRS ObD ADDRS
2%-2 BITS 0 -3 & C.S.
. TO ALL ODD CHIPS R637,
BOO-B63
o0 16X4's
[a—y
. 00-36
‘_______ .
EVEN ’
ALT. DATA 1 U00-U63
16/0 40-76
EVEN
Iy
o9 C00-C63 vV00-vé63
O >
= 01-37
zZ t
= ODD #
o5 WOO-W63
L 0
— O
=T
e 41-77
mZ ODD
o X00-X63
B8-/923

CRAY X-MP 3VR MODULE



VECTOR REGISTER
ELEMENT

00g
40g
01g

414

365 (EVEN)
76g (EVEN)
37g (ODD)

77g (ODD)

uo

Vo

WO

X0

83

V1

w1

X1

22
U2
v2
W2

X2

BIT POSITION

23
U3
v3
W3

X3

24
U4
v4
W4

X4

Uus

V5

W5

X5

X-MP VECTOR DATA

CPU - 0 (3VR)

8-12

U6

V6

W6

X6

¥

‘V

Y

Y

Y

CRAY RESEARCH, INC.
COMPANY PRIVATE

ue3

V63

W63

X63



1AX VO Vi V2 V3 2! V5 V6 v7
X-m? 4 G66/67 G64/65 G62/63 G60/61 G58/59 G56/57 G54/55 G52/53
X-MP 2 H70/71 H68/69 H66 /67 H64/65 H62/63 H60/61 H58/59 H56 /57
BIT T.P. TERM BIT T.P. TERM BIT T.P. TERM BIT T.P. TERM
20 B72  ROO 216 Bo2 Ri16 232 p72 R32 248 po5  R48
2! B9 RO 2'7 B0t R17 233 p68  R33 249 D04  R49
22 a01  RO2 218 a4 RI18 234 02 R34 250 50 - R50
23 no2 RO3 219 a70 R19 235 co1  R35 251 (52  RS51
24 B4 RO4 220 Bog9  R20 236 D67  R36 22 po6  R52
25 B68  ROS 221 23 R21 237 D65  R37 253 D07  RS53
26 a07 RO6 222 pp2  R22 238 03  R38 294 49 RS54
27 a05 ROV 223 p60  R23 239 21 R39 255 48  RS55
§ 28  B67 RO8 224 B71  R24 240 p70  R40 256 po2  R56
/ 29  B70  RO9 225 Bo4 R25 247 D69 R4l 257 po1  R57
210 a22  R10 226 a71  R26 242 25 R42 258 (38 RS8
21t a21 R 227 ae6  R27 243 22 R43 259 Cc72 RS9
212 Bes  R12 228 pos  Rro8 244 D71 R44 260 po3  R6O
213 Bio  Ri13 229 a53  R29 245 D66  R45 261 pos  Re1
214 pp4 RI4 230 a72 R30 246 C23  R46 262 c71  R62
215 a25 RIS 237 ae9  R31 247 c24 R47 263 47 w63
TEST BOOLEAN
SYNC. POINT TERM
WRITE '527 Q06 SYNC. ON WRITE EVEN FOR EVEN NUMBERED
EVEN ELEMENTS AND WRITE ODD FOR ODD NUMBERED
o ELEMENTS ON THE MODULE THE DATA IS
WRITE c58 Q16 GOING TO ENTER. SYNC IS 1 CP AHEAD OF
ODD DATA.
)

HTV-0247

CRAY X-MP VECTOR REGISTER READOUT (CPU-0)

-8-
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20-23

24-27

28-31

32-35

36-39

40-43

44-47

48-51

52-55

56-59

60-63

3VR REGISTER CHIP LOCATION CHART

EVEN EVEN ODD ODbD
ELEMENTS ELEMENTS ELEMENTS ELEMENTS
0-36 40-76 1-37 41-77
U v W X
B-SL B-UL A-GA A-TA
B-SK B-UK A-GB A-IB
B-SJ B-UJ A-GC A-IC
B-SI B-UI A-GD A-ID
B-SA B-UA A-GL A-IL
B-SB B-UB A-GK A-IK
B-SC B-UC A-GJ A-1J
B-SD B-UD A-GI A-IT
D-SL D-UL C-GA C-IA
D-5SK D-UK C-GB C-IB
D-SJ D-UJ C-GC C-IC
D-SI D-UT C-GD C-ID
D-SA D-UA C-GL C-IL
D-SB vD—UB C-GK C-IK
D-SC D-UC C-GJ C-1J

D-UD C-GI C-II

D-SD

8-14

X2008s50403

.-
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TEST POINTS FOR DATA - FROM FLOATING ADD
RECIPROCAL, PORT A OF MEMORY OR PORT B OF MEMORY

VO DATA V1 DATA V2 DATA V3 DATA v4 DATA V5 DATA V6 DATA v7 DATA
——
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 329 600 | B33 G0l | a3 G02 | B35 o3 | B50  G04 | B4B  G05 | B42  Goe | B4 @07
BIT N+8 240 G10 Ad1 G11 A45 G12 Ad2 G13 B37 G114 B38 G15 B35 G16 B32 G17
BIT N+16 C23 G20 | C25 21 | €38  G22 | ca0  G23 | D59  G2a | pas G5 | pa2  G2e | b3 G27
BIT N+24 c20  G30 | €27 31 | c51 G32 | C50 @33 | p29 _G3a | p27 @35 | b2 @36 | D25 @37
BIT N+32 A52 G40 | A55 641 | A62  ca2 | 63 a3 | B14a  Gaa | mie  Ga5 | B27  Gae | B23 a7
BIT N+40 A67 G50 | A59 651 | A66 G52 | 69 53 | Boe G54 | B12 G55 | BO9  G56 | BiO G857
BIT N+48 C65  G60 | €66  G61 | €68 G62 | ©59 63 | po9 G4 | D13 665 | D12 66 | D17 @67
BIT N+56 €63 | g7o | 61 e | Tl0 @72 c72i 673 | b3s | G724 | po3 | G’s | oos  G76 | pos  G77
TEST POINTS FOR DATA - FROM FLOATING MULTIPLY,
VECTOR ADD, VECTOR SHIFT OR VECTOR LOGICAL
TEST BOOL. TEST BOOL.
POINT TERM POINT TERM
BIT N 226 HOO | A25 HO1 | A19  HO2 | A27  H03 | B65  wmoa | BS5  ®OS | BS2  HO6 | B29  HOZ
BIT N+8 Al13 H10 a07 H11 A43 H12 A46 Hi3 B33 H14 B36 H15 B31 H16 B28 H17
BIT N+16 C33 H20 C29 H21 C34 H22 c42 H23 D33 H24 D34 H25 D30 H26 D58 H27
BIT N+24 ca7 w30 | c©3 31 | ©55 w32 | ¢57 w33 | pe6 W34 | D40 W35 | D23 W36 | D14 H37
BIT N+32 A50 40 | A47  H41 | ™65 ma2 | @61 He3 | P13 H44 | B25  H4S | B19  H46 | P18 H47
BIT M+40 A58 H50 | 257  w®51 | a7z w52 | ®70  H53 | BS1 H54 | B0S W55 | B14  ®56 | BOS _ HS7
BIT N+48 Caa H60 | C46 w61 | °35 w62 | caB  H63 | D46 me4 | D44 H65 | D04 H66 | D10 HE7
BIT N+56 Tio9 w0 | C52 | a1 | ca | H72 | <67 N 473 | D18 | W74 | pos HIS | pté ~HI6 | D31 | H77
vo vl v2 v3 va vs v v7
SYNC. ON WRITE EVEN FOR EVEN ELEMENTS AND WRITE ODD FOR ODD ELEMENTS
ON THE 3VR MODULE THE DATA IS GOING TO.
WRITE EVEN T.P. B27 BOOL. TERM Q06
WRITE ODD T.P. C58 BOOL. TERM Q16
cPU @
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 28 216 224 232 240 248 256
G46/47 H42/43 22 210 218 226 234 242 250 258
G44/45 HA0/41 24 212 220 228 236 244 252 260
G42/43 H38/39 26 214 222 230 238 246 254 262
G40/41 H36/37 21 29 217 225 233 241 249 257
G38/39 #34/35 23 2M 219 227 235 243 251 259
G36/37 H32/33 25 213 221 229 237 245 253 261
G34/35 H30/31 27 215 223 231 239 247 255 263
MODULE LOCATIONS AND BIT POSITIONS ARE THE SAME FOR THE OTHER CPU's
CHASSIS DESIGNATOR ARE DIFFERENT.
C-19494
3vA TEST POINT CHART
X410150103
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vj DATA Vi DATA Si - Vj DATA FLT. Vj DATA FLT. Vk DATA FLT. V3 DATA FLT. SELECT Vk

MEMORY RECIP. ADD ADD MULTIPLY SCATTER/
vk DATA Vj DATA Vi DATA vk DATA Vj DATA Vk DATA FLT. GATHER
VECTOR LOG. VECTOR LOG. VECTOR SHIFT VECTOR ADD VECTOR ADD MULTIPLY
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
BIT N B0 4 GOo BO3 GO1 B10 GO2 BO8 GO3 B18 G04 B16 GOS
B40 G11 B48 G10 B3 G09 B35 GOS8 B33 GO7 B31 G06 B21 G72
BIT M10 | a70 G12 68 G13 263 G14 261 G15 A50 G16 a52 G17
236 G23 234 G22 132 G21 A38 G70 29 G19 27 G18 A39 G73
vo-v3 N+20 [ D48 G24 D46 G25 D36 G26 D38 G27 D29 G28 D27 G29
D04 G35 D03 G34 D1 G33 D1 G32 D20 G31 D18 G30
OPERAND
DATA N+30 | c29 G36 Cc27 G37 Cc36 G38 c31 G39 Cc38 G40 c40 Ga1
Cc70 G47 c72 G46 3 G45 5 G44 C52 G43 c46 G42
N+40 | p57 G48 B50 Ga9 B65 G50 B63 G51 B70 G52 B72 G53
D50 G59 D52 G58 D67 G57 D72 G56 D65 G55 D59 G54
N+50 | A31 G60 A16 G61 a15 G62 A18 G63 A06 G64 a08 G65
c03 | @71 co4 | g70 5 | s9 c06 | cs8 c1z | 667 clo | 86
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
BIT N BO6 HOO B20 HO1 B25 HO2 B23 HO3 B14 HO4 B12 HOS
B43 H11 B38 H10 B45 HO9 B2 HO8 B47 HO7 B29 HO6 B24 H72
BIT N+10 | a72 H12 267 H13 265 H14 ) H15 AS55 H16 A57 H17
A40 H23 n44 122 248 H21 46 H20 A43 H19 Ad2 H18 226 H73
va-v7 N+20 | pq2 H24 D44 H25 D40 H26 D35 H27 D33 H28 D31 H29
D06 H35 D07 H34 D1 H33 D16 H32 D23 H31 D25 H30
OPERAND
DATA N+30 | c23 H36 C33 H37 Cc35 H38 C44 H39 c42 H40 c48 H41
C68 H47 c67 H46 c55 H45 Cc59 H44 C57 H43 Cc50 H42
N+40 | g52 H48 BSS H49 B59 H50 B61 HS51 B67 HS52 B68 HS3
D63 H59 D55 H58 D68 H57 D70 H56 D60 H55 D57 H54
N+50 | A23 H60 a25 H6 1 A13 H62 A20 H63 al0 H64 all H65
ci8 | w71 c20 | H70 07 | He9 cos | wmes c14 | me7 c16 | He6

SYNC ON READ EVEN FOR EVEN ELEMENTS DATA & READ ODD FOR ODD ELEMENTS DATA ON THE 3VR MODULES
THAT ARE THE OPERANDS FOR THE FUNCTION. SYNC IS 2CP's AHEAD OF THE DATA.

READ EVEN T.P. A58  BOOLEAN TERM Q05
READ ODD T.P. C40 BOOLEAN TERM Q15
CPU O
3VB LOCATIONS BIT N BIT N+10 BIT N+20 BIT N+30 BIT N+40 BIT N+50
X-MP 2 X-MP 4
G52/53 H48/49 24 214 224 234 244 254
G54/55 H50/51 2° 21> 225 235 245 255
G56/57 H52/53 26 216 226 238 2496 256
G58/59 H54/55 27 217 227 237 247 257
G60/61 H56/57 28 218 228 238 248 258
G62/63 H58/59 29 219 229 239 249 259
G64/65 H60/61 210 220 230 240 250 260
G66/67 H62/63 211 221 23T 241 251 267 7]
G68/69 H64/65 212 222 232 242 252 267
G70/71 H66/67 213 223 233 243 253 263
MODULE LOCATIONS AND BIT POSITIONS ARE THE SAME FOR THE OTHER CPU's
CHASSIS DESIGNATE OR ARE DIFFERENT §-1140¢
X410150104

NOTE:
**  BITS 23-20 ARE ON THE 3VC MODULE BUT ARE NOT
TEST POINTED.

X-MP 3VB MODULE TEST POINTS FOR
VECTOR DATA TO THE FUNCTIONAL UNITS
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A

SHARED REGISTER INSTRUCTIONS:

SB/ST
026137 Ai SBj
027137 SBj Ai
072ij3 Si ST
073ij3 ST Si
sM

oo34jk SMjk 1, TS
00363k sMjk 0
00374k SMik 1
072i02 si SM
073102 SM si

TRANSMIT (SBj) TO Ai (READ SB)
TRANSMIT (Ai) TO SBj (WRITE SB)
TRANSMIT (STj) TO Si (READ ST)
TRANSMIT (Si) TO STj (WRITE ST)

TEST & SET, SMjk 0 < 3k < 3149

CLEAR SMjk 0 < 3k < 3149

SET SMik 0 < 3k < 3149

TRANSMIT (SM) TO Si (READ SEMAPHORES)

TRANSMIT (Si) TO SM (LOAD SEMAPHORES)

CRAY RESEARCH, INC.

9-1 COMPANY PRIVATE



;.OJROZI(B-ZS,ZZZ 11’215’2 19’223,227,231, /256_263

/_.SM7-0

01 SM17-10
MODULE SELECT —%nf Rovo1-22,26 210,514 218 522 535 330 [ 48 .ys5 [—
10
13 17 21 2 40 47 SM27-20
¥ pogor o2t 2® 27 a1 17 2B P [ 40,
1Ly ro2/03.20,24,28 ,212 216 220 924 928 | 532 39 SM37-30
(3]-) GO ISSUE
(3HC) _NIP/LIP DECODE |
> CcIP
(3HB) 0034 - 0037 -LP.
(3HB) _026/072. 027/073 > cons GO ISSUE » (3]-, 3HA, 3HB,
4~ -
@HC) H-FIELD 22 CcP2 | , 3HC)
(3HB) —INTERRUPT . CIN
GHD) _CLN.BIT2! 29
R.T.C. |
(6O Ai, Si READ DATA . CPUO
p MUX ® (3AR, 3GR)
(3AR) Ai REGISTER > P RD. OUT
(3GR) _Si REGISTER 1| MUX ST —
L3
0-7
SM — MUX Ai, Si READ DATA . CPU 1
00-37 RD. OUT P (3AR, 3GR)
3JS - SHARED REGISTERS )
* All inputs and outputs, excluding R.T.C., are
for both CPU 0 and CPU 1. There are three
sets of SB, ST, and SM's of which one set is
selected by CLN. B-0609D

CRAY X-MP SHARED REGISTERS AND CONTROL
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JLYATYd ANVdWOD
"ONI “HOUYISTY AVYD

3JS MODULE
SHARED AND SEMAPHORE REGISTER
TEST POINTS

BITS ONM
MODULE BIT POSITION CLUSTER i1 CLUSTER #2 CLUSTER #3
TERM T.P, | TERM T.P. TERM T.PJ
s6) 48} 40| 32| sm7,17,27,37 n GO0  B31 Gos B29| G16 A06
57149141 ]33] . . . . n+t GO1 B25 | 609 B27| 617 R08
s8] 50[42[3a] . . . . n+2 o2  B72 | @10 B70 G18 A2
59514334 . . . . n+3 Go3  B68 | an B67| G19 A4
60| 5214436 . . . . n+a G04 B65 G12 B63 G20 1A35 LATCHES
6115345037 . . . . n+5 GO5 ‘B59 G13 B61 G21  Aa37
62544638 . . . . n+6 GO6 B55 G14 B50 G22 A38
63| 55| 47| 39| SM0,10,20,30 n+7 Go7 B57 G15 B52 G23  A40
MODULE
LOCATIONS
R2 RO FO F2
R2 RO FO F2 SHARED/SM READ OUT REGISTER
BITS ON
MODULE *BIT POSITION CPUO T,.P.'s CPU1 T.P.'s CLUSTER # 1 CLUSTER #2 CLUSTER #3
TERM T.P. | TERM T.pJ
3l 2f 1] o n RO6  C53 R22 c58 s00 S16 $32
7] 6| 5| a n+4 RO7 ‘C54 R23 c55 S01 s17 §33
11]10] 9] 8 n+8 ROB  C48 | R24 cas 502 s18 s34
15] 14 13| 12 n+12 RO9 C45 R25 ca7 s03 S19 s35
1918117 16 n+16 R10 D04 | R26 D02 S04 520 $36
23 [ 22| 21 [ 20 n+20 R11 D22 R27 D15 S05 s21 §37
27] 26| 25] 24 n+24 R12 D34 R28 D18 S06 S22 s38
31| 30] 29 28 n+28 R13 D20 R29 D32 507 s23 $39
56| 48 | 40 32 n R14 ca3 R30 ca2 s08 s24 540
57| 49| 41 33 n+1 R15 ca4 R31 ca6 509 525 S41
sg| 50)] 42| 34 n+2 R16 c36 R32 c3s5 S10 526 542
59| 51| 43| 35 n+3 R17 c37 R33 c34 S11 527 543
60| 52| 44| 36 n+4 R18 D25 R34 D21 s12 528 s44
61| 53| 45| 37 n+5 R19 p23 R35 D27 S13 529 545
62| 54| 46| 38 n+6 R20 D39 R36 D35 s14 s30 s46
63| 55| 47| 39 n+7 R21 D41 R37 D30 815 531 s47

* The bit position layout on the 3JS module is every 4th bit through 231 then consecutive bit
through 263,

positions

THE READ OUT REGISTER IS USED FOR THE RFAL TIME CLOCK DATA ALSO.

B-/9/14
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RTC CARRY

RTC CARRY

P.C. BORROW (CPU 0 - 1)

Q02/03 - 216 . 231 248 763

/L

(3IF) ENTER RTC (CPU 0+1)

E02003 - 2° - 2%, 232 _ ¥

(3IF) __0014j4 ENTER PCI (CPU 0)

(3JF) __0014j4 ENTER PCI (CPU 1)

390 _ 963
(3GR) Sj2Y-2°% (CPUO+1)

— o
» RIC RTC20.2% » (315)
PC=0CPUO) _ _ ave
J 7T
—’
CPU 0 PC.=0CPUD  _ ayo
PCT| |
—> cpu L
3GC A-12078

CRAY X-MP REAL TIME/PROGRAMMABLE CLOCK

10-1












L

(3HD)
(EXT)
(3AA)
(3AG)
(3HB)
(3HB)
(3HC)
(3HE)
(3JB)
(31C)
(3ID)
(315
(31C)
(3A0)
(3ID)
(3HE)
(3HB/3HC)
(3VB)

(3GR)

STATUS REGISTER

PROC. NUMBER/MAINT. ON-OFF

PORT A, B, C REF./ CONFLICT

>

——l——l—_——_’

SCALAR AND I/O REF./CONFLICT

HLD. ON SM/SHARED REG. CONFLICT,

BLANK NIP/ISSUE

L

MONITOR MODE

-

GO FETCH

L

A/B REGISTER CONFLICT

S/T REGISTER CONFLICT

V/VFUMEMORY PORT.CONFLICT

SCALAR MEMORY CONFLICT

073 (k=1)

PORT A, B, C GO VREF.

GO DATA VFU's

MASTER CLEAR

NIP/CIP DATA

h-FIELD 2° - 22

S{ OPERAND 2. 263

H32/33

3HG

STATUS REGISTER 232 . 263 » (3GR)
PROCESSOR NUMBER » (3HD, 3HE)
VECTORS USED » (3HE)
ENABLE MAINTENANCE # (3AE, 3ZE)
MAINTENANCE SELECT » (3AE)
MASTER CLEAR » (3HE, 3HG)
ENABLE MAINTENANCE E.O. > (3HG)

DIAGNOSTIC CHECK BYTE 0 -7

A A -  »(3AF)

B-1208A

CRAY X-MP PERFORMANCE LOG
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CRAY X-MP PERFORMANCE MONITOR

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 46-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

11-2
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INSTRUCTIONS

001530 - 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 < = Jj < = 3.

X201180406
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Performance Log

PERFORMANCE PERFORMANCE INCREMENT
MONITOR (3) COUNTER DESCRIPTION PER CP
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 REFERENCES +3 max
5 # of F.A. OPERATIONS +1
6 # of F.M. OPERATIONS +1
7 # of F.R. OPERATIONS +1
1 0 SEMAPHORES +1
1 SHARED REGISTERS +1
2 A REGISTERS +1
3 S REGISTERS +1
4 V REGISTERS +1
5 V FUNCTIONAL UNITS +1
6 SCALAR MEMORY +1
7 BLOCK MEMORY
2 0 # of FETCHES +1
1 # of SCALAR REFERENCES +1
2 # of SCALAR CONFLICTS +1
3 # of I/0 REFERENCES +1
4 # of I/0 CONFLICYTS +1
5 # of BLOCK REFERENCES +3 max
6 # of BLOCK CONFLICTS +3 max
7 # of VECTOR MEMORY REFERENCE +3 max
3 0 # of 000 - 017 INSTRUCTIONS +1
1 # of 020 - 137 INSTRUCTIONS +1
2 # of 140 - 157,175 INSTRUCTIONS +1
3 # of 160 - 174 INSTRUCTIONS +1
4 # of 176, 177 INSTRUCTIONS +1
5 # of V. INTEGER OPERATIONS +3 max
6 # of FLOATING-POINT OPERATIONS +3 max
7 # of VECTOR MEMORY REFERENCES +3 max

11-4
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Si

073101 - Read Status --> Si

This instruction returns the following status to the high-order bits of Si

263 257 251,50 549 ,48
/77 /77 /77
/// /17 ///
/// /17 /17
_T /7/ T /17 T ///

CL PS BDM

IOR
IFP
FPE

(CL) Clustered, CLN = 0 -=> S5i
(PS) Program State -—> 8i
(FPE) Floating Point Error Occurred -=> S8i
(IFP) Floating Point Interrupt Enabled -—> Si
(IOR) Operand Range Interrupt Enabled --> Si
(BDM) Bidirectional Memory Enabled --> Si
* (PN) Processor Number --> 8i
* (CLN1) Cluster Number Bit 1 --> Si
* (CLNO) Cluster Number Bit O -=> 8i

* NOTE: These bit positions return the value of zero
in non-monitor mode.

COMPANY PRIVATE
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24

0

233

532

///
/77
/17
1/

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

63
57
51
50
49
48
40
33
32

if executed

CLN1

CLNO




073111 - 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 073111 instruction, 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 Counter Bits 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 226 _ 245 si Bits 238 - 257

NOTE: There must be a 2 clock period delay between sequential 073111
instructions,

A sequence for reading the performance counter is as follows:

Monitor Mode

c 073111 Lower Bits Counter O Si
{2 cp delay

c 073111 Upper Bits Counter O Si
[2 cp delay

c 0734i11 Lower Bits Counter 1 Si
[2 cp delay

c 073i11 Upper Bits Counter 1 Si

X2011S80409
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073121 - 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 28 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 073111 instruction.

NOTE: There must be a one clock period delay between sequential 073i21

instructions.

Lower
225 26 25 _____ 20
Counter
Increment
‘Upper
226
Counter
Increment

COMPANY PRIVATE 11-7




SECDED 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; ZEMI1,
AEM1, AEM2.

c
001501 - Monitor Mode, Set ZEM1 Mode

c Sets the 3ZE Maintenance Mode 1. This Mode enables the 8 memory
checkbits ¢ to replace certain data bits on any subsequent memory read.

c The data bits are replaced as follows:

Check Bit 20 replaces Data Bit 246
Check Bit 27 replaces Data Bit 247
Check Bit 22 replaces Data Bit 262
Check Bit 23 replaces Data Bit 263
Check Bit 24 replaces Data Bit 214
Check Bit 25 replaces Data Bit 215
Check Bit 26 replaces Data Bit 230
Check Bit 27 replaces Data Bit 231

Qa0 ao0a0aQa0aaaqa

NOTE: This mode can be enabled only when the maintenance mode switch is
on.

X201180411
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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:

S1
St
S1
s1
S1
S1
S1
St

Qa0a0aa0aaaaq

001521

Sets the 3AE Maintenance Mode 1.

memory.

NOTE:

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

256
257
258
559
260
261
262
263

- Monitor Mode,

Diagnostic
Diagnostic
Diagnostic
Diagnostic
Diagnostic
Diagnostic
Diagnostic
Diagnostic

Set AEM1 Mode

Checkbyte
Checkbyte
Checkbyte
Checkbyte
Checkbyte
Checkbyte
Checkbyte
Checkbyte

The check bits are replaced as follows:

Data
Data
Data
Data
Data
Data
Data
Data

NOTE:

This mode

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

246
247
262
263
214
215
230
231

can

replaces
replaces
replaces
replaces
replaces
replaces
replaces
replaces

be enabled only when the maintenance mode switch is on.

Check
Check
Check
Check
Check
Check
Check
Check

COMPANY PRIVATE

Bit
Bit 21
Bit 22
Bit 23
Bit 24
Bit 23
Bit 26
Bit

11-9

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

This mode enables certain data bits to replace
the 8 check bits being written into memory for any subsequent CPU write to

Any I/0 Write to memory is not affected by this maintenance mode.



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 write to memory.

NOTE: Any I/0 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

NOTE: This mode can be enabled only when the maintenance mode switch is
on,

MAINTENANCE MODE SWITCH

The Maintenance Mode Switch enables the following hardware maintenance
instructions which then can be executed in Monitor Mode:

c 1 001501 - Set ZE Maint. Mode 1: Checkbyte --> Data Field.
c 2 001511 - Load S1 ~--> Diagnostic Checkbyte.
3 001521 - Set AE Maint. Mode 1: Data Bits --> 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).

X2011s50413

11-10



N

- e

USAéE

Since the program instructions for any test are written to memory through the
I/0 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 AEM!1 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 and data bit positions.

WRITE MEMORY ) READ
DATA STORAGE DATA
Mode AEM1 ———3» - Mode ZEM1
CHECK BIT
STORAGE

Modes AEM1, ZEM1

COMPANY PRIVATE 11-11




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,

WRITE MEMORY " READ
DATA STORAGE ’] DATA

Y

F'

CHECK CHECK BIT -«¢—— Mode AEMI1
BITS STORAGE
Normal
Checkbit
Generation
Mode ZEM1

COMPANY PRIVATE 11-12
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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 001511
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.

WRITE > MEMORY | »| READ
DATA STORAGE DATA
A
D.C. D CHECK BIT
STORAGE
- SECDED
Performed
Diagnostic
Checkbyte
Mode AEM2

HTV-0242 ” 11-13 XV203W17M
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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:

L

IL

mI.
Iv.

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

Describing the main functions and differences of each of the following module types:

3AS for Address Adder
3AU and 3AT for Address Multiply

Defining with respect to time and use, the address and control signals.
Tracing operands through the adder generating all the boolean terms.
Diagnostic applications:

Address Add - 1ADD, 1ARA
Address Mult - 1ARM, 1AMT

XV201S11M
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FUNCTIONAL UNIT TIMES

Address Add

Address Multiply

Scalar Add

Scalar Pop Count
Scalar Leading Zero
Scalar Single Shift
Scalar Double Shift
Scalar Logical

Vector Add

Vector Logical

Vector Pop Count
Vector Single Shift
Vector Double Right Shift
Vector Double Left Shift
Floating Add

Floating Multiply
Floating Reciprocal
Second Vector Logical

CRAY 1S

%C;O\MUJUJWLII)—*ND—ANHNUJNU\H

12-2
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ADDRESS ADDERS (Module Involved)

3AS MODULE

The 3AS module receives the Ak and Aj operand bits 20 - 223 from the 3AR when a 030ijk or
031ijk instruction is issued. The 3AS will first complement the Ak operand if a 031ijk 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.

Xv201513M
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ADDRESS REGISTER

FUNCTIONAL UNIT
INSTRUCTIONS
ADDRESS ADD/SUBTRACT
030U0K - Integer sum of AJ and AK to Al
03010K - Transmit AK to Al
030100 - Transmit 1 to Al
030000 - Integer sum of AJ and 1 to Al
031K - Integer difference AJ minus AK to Al
031100 - Transmit -1 to Al
03110K - Transmit the negative of AK to Al
0310 - Integer difference of AJ minus 1 to Al

12-4
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ADDRESS
ADDER

G28/29
$28/29

Ai20 223

3AR 3AS

0 23

A120.2%

ADDRESS AK 20 223 >

REGISTERS

aprr2

———

(3JF 10 3VB)

CRAY X-MP/2 ADDRESS ADDER BLOCK DIAGRAM

12-5
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2-BIT LOOK-AHEAD ADD

o 0 1
o 2 4
ENABLE SuM CARRY/ENABLE
PROPAGATED GROUP CARRIES
GROUP 5 GROUP 4 GROUP 3 GROUP 2 GROUP 1 GROUP O
D22 D21 D20 | D18 D17 D16 | D14 D13 D12 | D10 D09 DO8 | D06 DO5 D04 | bO2 DO1 DOO
D19 D15 D11 D07 DO3
EO3 EO2 EO1 EOQO
G4 G3 G2 G1 GOO

p00-D0O2, DO4-D06, D08-D10, D12-D14, D16-D18, D20-D22 ~ CARRIES WITHIN THE GROUP

D03
EOQO

G04

GO3

GO02

GO1

, DO7,
, EO1,

D11,
EO02,

= DO3

= DO3

DO3

It

DO3

= D03

HTV-0242

EO3 -

EOO + DO7

EOO EO1 + DO7 EO1 + D11

ADDRESS ADDER 3AS MODULE

D15, D19 - CARRY OUTSIDE OF THE GROUP
ALL BITS WITHIN THE GROUP ARE NOT ENABLES

EOO EO1 EO2 + DO7 EO1 EO2 + D11 EO2 + D15

12-6

EOC EO1 EO2 EO3 + DO7 EO1 EO02 EO3 + D11 EO2 EO3 + D15 EO3 + D19
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rZ0-ALH

LTl

AIVLATIdOdd AVIO

— - fv)

23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 J OPERANDI0 - 23
47 46 45 44 43 42 4 4 39 38 37 36 35 34 33 32 31 30 29 28 21 26 25 24 KOPERAND 14 - 147
7‘ 46‘ 5' 44' 0 " ' q q 4 " d 3 0 U " 0 0 4 4 . J d 4 K OPERAND m - m
4 4. 43 42 41 40 39 38 37 36' 35 34 33 32 31 30 29 28 27 26 25' 24 (03lijk INSTRUCTION)

) SUM POINT
A22 A2 Al18 Alé Al4 Al2 Al0 A08 A06 A04 A02 A0O |
A23 A21 Al9 A7 AlS A3 All A09 A07 A0S A03 A01 BIT CARRY 1
B2 B2D B18 Bl6 B14 B12 B10 BO8 B06 BO4 BO2 B0O
B3 B21 B19 BI7 BIS BI13 Bl B0 BO7 BOS B03 BO1 BITENABLE 2
c22 C20 C18 C16 Ci4 C1R C10 Co8 C06 o4 co2 Co0 BIT 3
C23 c21 C19 Cc17 C15 C13 Cl1 Q09 o7 Q05 03 €01 SuM
D22 D20 D18 D16 D14 D12 D10 Do8 D06 D04 D02 D00 PROPAGATED
D21 D19 D17 D15 D13 D11 ‘ D09 I D07 DOS |D03 DO1 } BIT CARRY 4
£03 E02 E01 E00 GROUPENABLE 5
PROPAGATED
@ | 003 I oo [oor l oo GROUP CARRY 6
TEST HO9 HO8 HO?7 HO6 HOS HO4 HO3 HO2 HO1 HOO
POINTED INTERNAL GROUP ENABLES 7
F22 F20 F18 F16 F14 F12 F10 Fo8 FO6 3] R2 FOO
F23 F21 F19 F17 F15 F13 F11 Fog R7 05 Fo3 Fol PARTIAL SUMS 8
(ADD IN SUBTRACT BIT FOR
TERM )
SUM POINT
R22 R20 R18 R16 R14 Ri2 R10 RO8 RO6 RO4 " RO2 ROO
FINAL SUM
R23 R21 R19 R17 R15 R13 R11 RO9 RO7 RO5 RO3 RO1
1 Carry - Both input bits equal one 5 All bits within group are not enable
& . 193 = Q3 = MO = Subtract (H20)
2 Enable - Both input bits equal zero 6 A carry propagated out of the highest bit position of the group T.P.
Cl14
3 Sum - One but not both input bits equal a one 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 term includes the
addition of the subtract bit for 2's complement addition. B-1042C

3AS MODULE ADDRESS ADDER



PROPAGATE CARRY GENERATE
TYPICAL PROPAGATE CARRY EQUATION:
D D03 = A3 A2 A1 AO MO # B3 B2 Bl BO O #

REWRITE D03 EQUATION

C5C4C3 C2 C1 COE5 E4 E3 E2 EIG

D03=A3 A2 Al A0 MO # B3 B2 Bl BO 0 #
D03=#0 BO B1 B2 B3 + MO BO Bl B2 B3 + A0 Bl B2 B3
+ Al B2 B3 + A2 B3 + A3 #
LATCHED PROPAGATE CARRY GENERATE
TYPICAL PROPAGATE CARRY EQUATION:

N * JOO- = JO MO 00 HO WO # # V4 V4 WO, T2

REWRITE JOO EQUATION
C4C3C2C1CO E4 E3E2E1l F G

JOO=JO MO 0 0 HO WO # # V4 V4 WO0; T2

JOO=HO V4 # # WO + O # # WO + 0 # WO + MO WO V4 + JO W0; T2

XV201S15M
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6-C1

TEST
POINTED

c

©®®W e

2 2 2 @ 5 @WOOOOOEM s« ®@O®: @O O
47 46 45 44 | 43 G 3 GGG GE) 32 |3 1 28 (27) 26 @
47 a6 45 24 |43 a2 a7 30 |39 38 37 36 |35 34 33 32 [31 30 29 28 |27 26 25 24
22 20 AlE a14 o 06 04 02 a00
520 R18 R16 B14 B12 B10 B0 RO4 RO2 ROO
R19 B17 B15 B13 11 BO9 BO7 ROS RO3 RO
c22 @ cis c12 c1o co6 @
c23 c1 17 @3 c13 e coo cos () co
D22 D20 P16 @ I3D) no8 D06 D04 @ DoO
@) @) CANC R CART
© @ 0o
HO9  HOB HO?7  HO6 HO5  HO4 HO3 W02 HO1  HOO
v @ @, @ - @
F23 F21 F19 7 .5 & & F09 (o) FOS F03 701
R22 R20 R16 R14 RO4 RO2
R23 R19 R15 RO9 RO3 RO1
1 CARRY - BOTH INPUT RITS EQUAL ONE
2 ENABLE - BOTH INPUT BITS EQUAL 7ZFRO 193 = 03 = MO
T.P.
3 SUM  ~ ONF BUT NOT BOTH INPUT RITS ROUAL A ONE cu4
4 BIT CARRY - CARRY INTO THE NFXT HIGHER BIT POSITION (LOOKS AT 4 RIT GROUP .
07477667 —pm  Aj
5  ALL RITS WITHIN GROUP ARF NOT ENABLE + 01737052 —pm Ak
11436741
6 A CARRY PROPAGATED OUT OF THE HIGHEST RIT POSITION OF THE GROUP
7 BITS BELOW THIS BIT ARE SUM WITHIN
8  HALF ADD BETWERN BIT SUM AND BIT CARRY; FO TERM INCLUDFS THE ADDITION OF THE SURTRACT

BIT FOR 2's COMPLEMENT ADDITION

3AS MODULE ADDRESS ADDER

J OPFRAND I0 - I23
K OPFRAND I24 - I47

K OPFRAND 124 - 147
(03114k INSTRICTION)

SIIM POINT

CARRY 1

ENABLE 2

SUM 3

RIT CARRY 4

GROUP FNABLFE 5

PROPAGATED
GROUP CARRY 6

INTFRNAL GROIP CARRY

PARTIAL S[OM3 8

7

(ADD IN SURTRACT RIT FOR TERM FO)

SUM POINT

FINAL SiM

= SUBTRACT (H20)

B-1042D
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ADDRESS MULTIPLY (Modules Involved)

3AT MODULE

The 3AT module receives the Ak and Aj bits 20 - 215 from the 3AR when a 032ijjk instruction is
issued. The 3AT will first generate the Logical products on Ak and Aj bits, then sum the multiply
pyramid using 3-bit adds. If there is a carry into bit position 216 or 217 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 29 - 215 of the summation to the 3AR. :

3AU MODULE

The 3AU module operates the same as the 3AT module. However, the 3AU handles bits 20223
from the 3AR. The 3AU also looks for the 216 and 217 bits which could grop%§ate from the 3AT
-2

and adds them into the pyramid summation. The 3AU will output bits 21 of the summation
to the 3AR.

HTV-0242 ' 13-1 XV203W16M



ADDRESS REGISTER

FUNCTIONAL UNIT
INSTRUCTIONS
ADDRESS MULTIPLY
0321JX - Integer product of AJ times AK to Al
032130 - Transmit AJ to Al
03210K - Zero fill A1
13-2
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3AR

ADDRESS .

REGISTERS

3AU G30/31
$30/31
ADDRESS Ai 216 - 223
MULTIPLY —
UPPER (GAR)
0 .23
-2
AJ2 >
0 ,23
AK20 -2 >
— >
SUMBIT 16 & 17
0 515
AT2- -2 | 3AT G32/33
AK 20 215 $32/33
. A0 15
ADDRESS Ai2- -2
MULTIPLY (3AR)
LOWER
A-1203

CRAY X-MP ADDRESS MULTIPLY BLOCK DIAGRAM

13-3



THE ADDRESS MULTIPLY FUNCTIONAL OUNIT

032ijk Instruction (Aj) x (Ay) = Ai using the Multiply F.U.
24 bit (Aj) times 24 bit (Ap) equals 24 bit answer in A;

The answer is the lower 24 bits of the product sum. The upper
24 bits are truncated,

No overflow is detected,

101010 6 Bit binary
101111 Multiply
101010
101010
101010
101010
0000O00O0
101010
Sum Point
11110110110
101010 6 Bit binary
101111 Multiply
101010
01010
1010
010
Truncated { 0 O
0

Sum Point

-
-
o
-
—_
(@]

13-4



The 3 Bit Add:

0 1 0 0 1 0 1 1

0 0 1 0 0 1 1 1
_0 0 0 1 1 1 0 1

0 1 1 1 10 10 10 11
Enable f Sum Calry/Enable Carry/Sum

3 Bit Adds do not employ lookahead on carries.

Typical 3 Bit Add Boolean Equations:

Sum

TO7 * D03 =Sum (C02, C17, C31); T2

Carry
* D04 = Carry (C02, C17, C31); T2

HTV-0242 13-5 XV203W15M
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J1YATHd ANVdAWOD
"ONI “HO¥VY3SIY AWHD

Aj

223 222 221 220 2] 2I8 217 216 215 214 213 2]2 2]1 2]() 29 ’ 28 27 26 25 24 23 22 2! 20
7 6 5 4 3 2 1 0 15 14 13 12 11 0] 9 8 | .7 6 5 4 3 2 1 0
15 14 13 12 11 10 9 8 | 30 | 20 | 28 | 27 26 | 251 24 23 | 22 [ = 20 | 19 18 17 16
23 22 | 21 20 | 19 | 18 17 16 ) 44 | 43 | 42 | a4 40 | 39] 38 | 37 36 | 35 | 34 | 33 32 | 3
31 30 | 29 | 28 | 27 [ 26 | 25 24 | 57 | 56 | 55 | s4 | s3 | 52| s1 50 [ 49 | 48 | 47 | 46 | a5
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 | M 40 | 80 | 79 | 78 | 77 | 76 | 75| 74 | 73 | 72 | ™M 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 | S6 § 99 | 98 | 97 | 96 | 95 { 94| 93 | 92 | 9%
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 [ 111 [ 110 {109 108
87 | 8 | 85 | 84 | 83 | 82 | 8 80 | 120 {119 | 118 [117 | 116 | 115 3AT
- 95 | 94 ] 93 | 92 | 9 90 | 89 | 88 J125 {124 | 123 j122 |121
103 1102 1101 {100 | 99 | 98 | 97 | 96 1129 |128 |127 {126
111 [ 110 [109 | 108 {107 j106 105 {104 | 132 {131 130 TIME SRGMENT 11/12
119 ] 118 1117 J 116 [ 115 | 114 | 113 | 112 } 134 133 LOGIC PRODUCTS
C TERMS
127 126 {125 | 124 [123 | 122 | 121 120 f135
135 [ 134 1133 | 132 [ 131 | 130 | 129 [128
142 | 141 [140 | 139 [ 138 137A 136
148 | 147 [ 146 | 145 [ 144 | 143
153 [ 152 | 151 | 150 {149
157 156 | 155, | 154
160 | 159 ] 158
162 | 161
163
8-/037
22’: 22? 2:? 1 22'1 2] 9 218 2! 7 21 6 2] 5 21 4 21 3 21 2 21 1 2t 0 29 28 27 26 25 24 25 27 21 20
SUM BIT POSITIONS
ADDRESS MULTIPLY PYRAMID
N N
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N

23 22 21 20 19 18 17 16 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0 SUM BIT POSITIONS
89¢ T72¢ 56¢< 41< 27< | 14¢ 1< 86¢< 76¢< | 66¢< 57¢ 49¢ 41¢< 34¢ 28¢ 22¢ 17¢ 13¢ 9¢ 6¢ & 3 1 0
92¢ 76¢< 60¢< 44¢ 29¢ | 17¢ 4< :1: 24 78¢ | 68¢< 59¢ 51< 43¢ 36¢< 30¢ 25¢ 19¢ 15¢ 12 8 5 . 2
95¢ 79¢ 63< 47¢ A RY 20¢ 7< 90< 80¢ 70¢ 61¢ 53¢ 46¢< i8¢ J2¢ 27 21 16 14 10 ? D TERMS
98¢ 82¢ 66< 50¢ 34¢< 23¢ 10¢ 92¢ 82¢ 72¢ 63¢ 55¢ 48 40 33 29 23 18 . 1" LATCH TIME
101< 85¢ 69¢ 53¢ 3¢ 25¢ 13 94< 84¢ 73< 65 56 50 42 35 3 24 20 TEST POINTED
104< 88 7 55 40 26 15 [} a5 75 67 58 52 44 a7 26
105 90 73 57 42 28 16 2 87 77 69 60 54 45 39
106 91 74 58 43 30 8 3 a9 79 n 62 47
107 93 75 59 45 32 19 S 9 81 74 64
108 94 77 61 46 33 21 6 93 83
109 96 78 62 48 35 22 3} 95 AT
10 97 80 64 49 36 24 9
" 99 81 65 51 38 1"
12 100 83 67 52 39 12
T3 102 84 68 54
114 103 86 70
15 87
116 3Al
58¢ 46¢ 35¢ 25¢ 15¢ | 7¢ R5< | RO< 48¢ 42¢ 36¢< 31< 25¢ 20¢ 16< 12¢ fic 6< 3¢ 1< 0 E & R TERMS - 3AT
60< 49¢ 3¢ 2%¢ 17¢ 9¢ R6< RI1C 50¢ 44¢ 38¢ 3¢ 28¢< 22¢ 17¢ 14¢ 9< 7 S 2 E TERMS - 3A0
62¢ 51¢ 40¢ 29¢ 20¢ | 11¢ 1< RrR2< 52¢ 46< | 40¢ 35 30 24 19 15 1 10 q TS 3/5
64¢< 53¢ 42< 3¢ 23¢ | 13¢ 3¢ R3K 54 47 1M 37 32 26 21 18 13
66< $5¢ 44¢ 33¢ 24 14 5¢ Rr4< 55 49 43 39 34 27 23
68 57 45 34 26 16 (3 R7I< | 56 51 45 29
69 59 47 6 28 18 8 57 53 3AT
70 61 18 k1 30 19 10 0 G-10388
n 63 50 39 32 21 12 2 %201350302
72 65 52 41 22 4
73 67 54 43 RO -> 3AU 148
56 3AU R1 -> 3a0 149| GO, Gi < = CARRY
R2 -> 3a0 I50
R3 -> 3A0 151
R4 -> 3an rszl G2, G3
R7 -> 3a01 153
RS -> 3n0 7154 G5, G6
R6 -> 3AU 155

ADDRESS MULTIPLY PYRARMID



g-f¢l

23 22 21 20 19 18 17 16 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
37¢ 29¢ 21< 15¢ B¢ k14 i< RALC 35¢ 31¢ 27< 23¢ 19¢ 15¢ 12¢ 9¢ < 4< 3¢ 2 1< 4]
39¢ 31 23¢ 17< 11¢ 5¢ 2 RI< 37¢ 33¢ 28¢< 24¢ 21¢< 16< 14 1" 8 6 S
41¢ 33¢ 25¢ 19¢ 13¢ 7 4 0 39 34 10 26 22 18 17 13 10
42¢< 35¢ 26¢ 20 14 9 6 40 36 32 29 25 20
44 36 28 22 16 10 41 38 3AT
45 38 30 24 18 12
46 40 32 27
47 43 34 3A0
29¢ 23¢ 18< 14¢< 10¢< 6< 1< 30¢ 26¢ 23¢ 20¢ 17¢ 14¢ 12¢ 10¢ 8¢ ? 6< 5 4< 3 2 1 [y}
3¢ 26¢ 20¢< 16¢< 12¢ A< 3¢ 31< 27< 25 22 19 16 13 1" 9
34 28 22 17 13 9 5 o 29 28 24 2% 18 15
35 30 24 19 15 " 7 2 32 3AT
36 n 25 21 4
37 33 27 3au
R12<
22¢ 18¢ 14¢< 11< 8¢ 5¢ 1< RIOL| 23¢ 21< 19¢ 17< 15¢ 13 1K 10 8< 6< 5 4 3 2 1 0
24¢ 20 17 13 10 7 4 R11 24 22 20 8 16 14 12 9 7
25 1 19 15 12 9 6 25 3AT
26 23 16 0
' 2
30 3
14¢ 12¢ 9% 7< 5¢ 3< 1< R13K] 14 12 10 a 5< 4< 3< 2< 1< 0
16 13 1" 8 6 4 2 0 13 1" 9 6 N
17 15 10 a0 7 3AT
13¢ 11¢ 9< < 5¢ k24 1< 7 6 5 4 3 2 1 0
14 12 10 8 6 4 R14 14 13 12 1 10 3AT
3a0 0
.
14 12 10 8 6 4 2 4 ‘ 3 l 2 | 1 | 0 l 3AT
15 13 1" 9 7 5 3 1
18¢ 17< 16¢
21 20 19 3A0
7 6 5 4 3 2 1 0 naol R29 1 R28 | r27 I R26 I R25I R24| R23 lnzzgl 6 I 5 l 4 | 3 AL R17 | RIQJA R15 I
13¢ 12¢ 1< 10¢
c13 c12 c20 cil c19 co7 co06 co4 B56 BO4 R45 ROS RBRO3 n21 R3i7 B19
B43 RS2 R24 B25 BS3 B70  B65 B7
A28 A39 a3?7 A52
R7 R6 RS R4 R3 R2 Rt RO RrR21 R20 R19 - Ri8
ADDRESS MULTIPLY PYRAMID XMP
{
R

SUM BIT POSITIONS

F & R TFRMS 3AT

F TERMS 3Al

TS 7/9 .

R8 -> 3AU  I56 - H2
RO -> 3A0 157 - H3

G TFERMS 3AT
G TERMS 3AU
TS 11/13

H & R TERMS 3AT  TFST POINTFD
H TERMS 3A0

TS 16/0

R10 -> 3A0 158 KO, K1

R11 -> 3a0 159

R12 -> 3aU 160 K2, K3

J & R TERMS 3AT

J TFRMS  3A0

TS 3/5

R13 -> 3A0 161 - 10, L1 L16, L19

K & R TFRMS 3AT

K TERMS 3AU

TS 7/9

R14 -> 3A0 162 - M10 -> Mi3

L TERMS
TS 11/13

M TFRMS - R TERMS .
TS 16/0
TEST POINTFD

f-1039C
X201350301
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( 223? 232 22! 220 21" 2,5 217 2I6 2|5 2|4 2|3 212 2|| 2‘0 29 28 27 @ 25 24 23 22 2| 20
s =g e s ———

QINOINOIN 3 2 VL EUE)Y ] al [ 2l vl ol o | D] D] G s 4 3 2) 1 () (o)l
SV R 6N S - GIEMEIT 5 L) DR 0 R N3 &5 M1GY LTS
B0 3] 2] v @I G 30| 20 | 28] 27| 26| 25|CA|IC)ICD] 20 | 20| 19 |G| GD |Ge

" " " e " At —— e A=A N

) 22 0 2 ] 20 { G| EDIENY 16 ) aa | a3 | a2 ] a1 | 40 {GHGHIGH 36 | 35| :a | GHIGI G

\Z L) RENY) 320 38 1 437 LSRN ED RNED

31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 | 57 | s6 | 55 | sa | 53 | sa| 51 | 50 | a9 | 48 | 47 | a6 [ 45

39 | 38 | 37 | 36 | 35 | 34 | 33 | 32 | 69 | 68 | 67 | 66 | &5 | 64| 63 | 62 | 61 | 60 | 59 | s8

47 | a6 | a5 | a4 | a3 | 42 | a1 | 40 | 80 | 79 | 8 77 | 76 | 75| 74 | 93| 92 | 11| 70

55 | sa | 53| s2 | 51 | s0 | 40 | a8 | 90 | a0 | ss | 87 | 86 | 85| 84 | 83 | 82 | &

63 | 62 | 61 | 60 | 59 | s8 | 57 | s6 | 99 | 98 | 97 | 96 | 95 | oa]| 93 | 92 | a1

71 | 70 | 69 | 68 | 67 | 66 | 65 | 64 | 107 | 106 | 105 [104 ] 103 | 1021 101 [ 100

79 | 78 | 770 76 | 75 | 7a | 73 | 72 114 |13 [112 | 111 | 110 | 109] 108

87 | 86 | 85 | 84 | 83 | 82 | 81 | 80 J120 | 119 1118 | 117 |16 | 115 3T

120 95 | 0a | 93| o2 [ |G| E) ] s {125 | 124 ((D) |2 (=
g o o g t? -
103 | 102 |01 [(o0) | (53) | ) | 97 | 96 |12 |(28) |(2) |(29)
s A oA g
w1 | 110 [(03) 1(Eo8) {60 | 106 | 105 | 104 | (32 é131; (139) TIME SEGMENT 11/12
g e N N
119 | 118 | 117 116 | 115 | 114 | 113 |12 bi3a 133 LOGIC PRODUCTS
C ‘TERMS

127 | 126 | 125 [ 124 {123 122 121 {120 | 135

135 | 134|133 | 132 {131 | 130 | 120 {128

142 | 141 | 140 | 139 138 | 137 | 136 .

70700707 » A
148 | 147 | 126 | 145 | 144 | 143 +00034007 ——» Ak
153 | 152 J1s1 | 150 | 140 ,
47012161——» Ai

157 | 156 | 155 | 154

160 [ 159 {150

162_| 161

163

8-1037
225 222 22| 220 219 2|B 2‘7 2|6 2'5 2!4 2‘3 2|2 2‘1 2‘0 29 28 27 25 25 24 23 22 21 20

ADDRESS MULTIPLY PYRAMID

SUM RIT POSITIONS

OO



OT-¢T1

23 22 20 20 19 18 17 | 16 15 14 1312 11 10 9 8 7 6 5 4 3 2
72¢ | 56¢ | 41¢ 86< | 76¢< | 66¢ | 57¢ | 49¢ | 41< 17¢ | 13¢ | 9¢ | B D
92¢< | 76¢< | 60< | 44¢ | 29¢ | 17¢ | 4< 88< { 78¢< | 68¢< | 59¢ [ 51¢ | 43¢ | 36< | 30< [ 25¢ | 19¢ | 15¢ | 12 | C8) 5
95¢ 1 79¢ | 63¢ [ 47¢ | 31¢ | 20<| 7¢< | 90¢<| 80c | 70¢ | 61¢ | 53¢ | 46¢< | 38¢ | 32¢ 2 12 | 10 7
98¢< | 82¢ | 66¢ 23¢| 10¢<| 92¢<| 82¢ | 72¢ | 63¢ [ 55¢ | 48 33 | 29 | 23 | 18 1
101¢ | 85¢ | 69¢ | 53¢ | 37¢< | 25¢ 94¢< | (@49 65 56 | 50 | 42 35 3 24 20
104< | 88 |@D| s5 26 | 15 0 1@ | 75 |67 |58 |52 | as | a7 26
% | 73 | 57 jaz | 28 | 16 2 | 87 |77 | 69 |60 45 | 39
106 | 91 74 | s8 | 43 | 30 | 18 3| 89 | 79 |GD (6D 47
107 | 93 } 75 | 59 | a5 | 32 | 19 5 1 91 {81 |72 |G
08 | 94 | 77 | e 46 | 33 6 83
109 | 96 | 78 | 62 5 | 22 8 | 95 3AT
110 97 80 | (64 | 49 36 24 9
111 99 (65 | s 38 1"
112 100 83 67 52 39 12
13 102 | 84 [ 68 | s4
1a |03 | 86 | 70
15 87
116 3AU
58¢ | 46¢ | 35¢ | @5 | 15¢ | 7« | ®rS<| RO<| asc | 42¢ | 38¢ | 31¢ 20< | 16¢ | 12¢| B¢ | 6 | 3¢ | 1< | (D
60< | 49¢< | 37¢< | 27¢< | 17¢< | 98¢ R6<| RIC| 50¢ | 44< | 38¢ [ 33¢ | 28¢ | 22¢ | Q7| 14¢ | 9¢< 7 5 (2D
62< | 51< | 40¢ | 29¢ { 20¢ | t1¢ [ 1< | R2<| S52¢ | 46< 35 130 |24 [GD |15 | 1 Ca
64< | 53¢ 3¢ | 23¢ | 13¢ | 3¢ | Rrac a7 [ 47 | 37 P32 | 26 | o 18 | 13
66< | 55¢ | 44¢<| 33¢ | 24 | 14 | 5¢ | ra<| 55 | 49 | a3 | 39 27 | 23
68 | s7 34 | 26 | 18 6 | ri< 29
69 | 59 | 47 | 36 | 28 | 18 8 57) | 53 3T
70 | 61 | 48 | 38 |30 |19 | 10 )
7 63 | 50 32 |2 12 2
72 | 65 a 22 4
73 | 67 | 534 | 43 RO -> 3AU 148
56 3A0 R1 =-> 3AU0 149} GO, G1 < = CARRY
R2 => 3a0 150
R3 -> 3a0 151
R4 -> 3AD 152] G2, G3
R7 => 3a0 153
RS -> 37U 154] G5, G6
R6 -> 3AU 155

ADDRESS MULTIPLY PYRAMID

SUM BIT POSITIONS

D TERMS
LATCH TIME
TEST POINTED

E & R TERMS - 3AT
E TERMS - 3AU
TS 3/5

B-1038C
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TI-¢T

N
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< | 3< | 1< m8<| 35¢| 31¢ | 27¢ | 23¢ | 1%¢ 12< | 9| < | 4 | BD| 2 GOl o
39¢ | 31¢ | 23¢ | 17¢ | 1¢ 5¢ 2 LRrRoc| 37¢ | G3D| 28¢< | 24¢ | 21¢ | 16¢| 14 11 8 5
41¢ 25¢ | 19¢ | 13« |[C|[ @D 0 1GD| 34 30 26 (D | 18 17 13 10
42¢ | 3¢ | 26¢ | 20 | 14 |(8D]| ® (a0) 32 |29 (@] 20
44 | 36 22 | 16 | 10 a1 38 3AT
45 38 30 24 18 12 )
46 | 40 | 32 | 27
47 ] a3 | 34 3a0
29¢ | 23¢ tac | 10¢ | 6¢ | 1< 30¢| 26¢| 23¢| 20¢| 17¢ | 14¢ | 12¢ | 10¢ | B< | 7 &« (D] (D] 3 2 v | @
32¢ | 26¢< | 20¢ | 16< | 12¢ 8¢ x| G 27< Q@5 | 22 19 | Q6 1" 9
34 28 17 13 [ s 0 G| 24 21 QR | 15
35 30 24 15 A | D) 2 32 3aT
36 25 | 2 4
37 | 33 | 27 3a0
112<
22¢ 14¢ | 11| se | se !l 1] moq @3 21¢ | 19¢ |ETD| 15¢ | 13| 1< | 10 | 6<| D D) 3 2 1| D
2a< | 20¢ {17 [GD| 10 || 4 G| 22 |20 |18 | 16 12 s | (D
25 21 19 15 12 (DO 25 3AT
% | @D 16 0
2
3an 3
14¢ | 12¢ | oot < | GO 3¢ | < L@3) 1a | 12 | 10 8 s<| a<| <l 2| < | (D
16 " s |4 |0 @| s | s
17 15 10 3A0 C7) 3AT
@D e | 9| 7¢| ¢ | 3¢ | ¢ 7 6 |G 4 1O 2 1 0
4 12 10 G| 4 | DL ria| 114 13 12 1 10 3T
3A0 )]
14 12 10 8 6 4 2 O] _a | 3 I 2 I(::) | 0 l 3AT
15 9 7 |5 3 1
18¢ 17¢ (690
21 20 19 3a0
@D s 5 || 2 1 0 R30| R29|R28|(R2D|R26|@| R24|R23|R22I(6)| 5 |®| 3IR17IR16|[
13¢ 12< G 10¢ _
€13 €12 €20 Cl1  Ci19 €07 C06 CO4 B56 BO4 R4S ROS5  RO3  R21 R37  RI19
R43 B52 R24 B25 B53 BJO  B65  BI1
A28 A39 A37 A52
R6 RS R RO Rr21 R19  R18
ADDRESS MULTIPLY PYRAMID

SOUM RIT POSITIONS

F & R TRRMS 3AT
F TRRMS 3A0
TS 7/9
R8 -> 3A0 I56 - H2
R9 ~> 3A0 157 - H3
G TERMS 3AT
G TRRMS 3Al]
™ 11/13
H & R TFRMS 3AT  TFST POINTED
H TFRMS 3A0
TS 16/0
R10 -> 3a0 IS8 KO, K1
R11 -> 3an 159
R12 -> 3A0 IR0 K2, K3
J & R TERMS 3AT
J TFRMS  3AD
TS 3/5
R13 -> 3A0 161 LO, L1 L16, 119
K & R TRRMS 3AT
K TFRMS 3AU
™ 7/9
R14 -> 3AU 162 — MI10 -> M13
L TRRMS
TS 11/13
M TRERMS - R TERMS
TS 16/0
TEST POINTED
B-1039D
T 3/5 X201350301
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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, 3AT and 3AS for the Scalar Pop Count and Leading Zero Count
3GB for the Scalar Single and Double Shifts
II. 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 - Scalar Add
3SIS, 3ARI - Scalar Pop/LZ
3SRS - Scalar Shift
3SVC, 3SRL - Scalar Logical

XV201S17M
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SCALAR REGISTER

FUNCTIONAL UNIT
INSTRUCTIONS
SCALAR LOGICAL

0441JK -  Logical project of (SJ) and (SK) to SI
0441J0 -  Sign bit of (SJ) to SI
0450K - Logical product of (S7) and (SK) to SI
0451J0 -  (S7) with sign bit cleared to SI
0461JK - Logical difference of (SJ) and (SK) to SI
0461J0 - Toggle sign bit of (SJ), enter in SI
047K - Logical equivalence of (SJ) and (SK) to SI
04710K - Transmit ones compliment of (SK) to SI
0471J0 - Logical equivalence of (SJ) and sign bit to SI
047100 - Enter ones compliment of sign bit to SI
0501JK -  Scalar merge
0501J0 - Merge of (SI) and sign bit of (SJ) to SI
0511JK - Logical sum of (8J) and (SK) to SI
05110K - Transmit (SK) to SI
0511J0 - Logical sum of (SJ) and sign bit to SI
051100 - Enter sign bit to SI

XV201518M
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) SCALAR ADD (Module Involved)

3GA MODULE

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 Resultis
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.

Xv201519M
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SCALAR REGISTER
FUNCTIONAL UNIT
INSTRUCTIONS

SCALAR ADD/SUBJECT
060iJK - Integer sum of (Sj) and (Sk) to Si

060i0k - Transmit (Sk) to Si
060iJ0 - Integer sum of (263) and (Sj) to Si
061i1JK - Integer difference of (Sj) minus (Sk) to Si
061i0K - Transmit the negative of (Sk) to Si

061iJ0 - 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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3GR

SCALAR
REGISTERS

(3JATO 3VB) HO »| 3GA F52/53
0 31
(33C) 060, 061 R52/53 | SUMBITS 2°0-2 > (3GR)
—
F52/53 FORCE 0,1
F50/51 (GCA) === SCALAR FORCED 0,1 » (3GA)
> ADDER
—
Sy 20.931
SK 20.231
SECTION CARRIES & ENABLES
Sy 232.263
sK 232293 3GA F50/51 N
R50/51 | SsuMBITS 232-2 > (3GR)
i% %L EﬁR FORCED 0,1 » (3GA)
>
(31C) _060, 061
HO
GJIATO3VB).HO _____ )] 5o1040¢

CRAY X-MP SCALAR ADDER

14-5



3GA @ F50/51 3GA @ F52/53
263 248 247 232 231 216 215 20
Section 3 Section 2 Section 1 Section 0
G6 [GS | G4 G2 |Gl {GO rGIG ‘_GL ’EL G2 |Gl |GO
R34 R35 R34 P2
l_Rl32 |;33 IE«)Z
MO1 MO0 Mo01 MO0

R32 = Section 2 Carry

R34 = Section 2 Enable

I64 =R32 (3GA) F53 Section 0 Carry
I65 =R33 (3GA) F53 Section 1 Carry
166 =R34 (3GA) F53 Section 0 Enable
167 =R35 (3GA) F53 Section 1 Enable

MO0 = [P2 + 164 +165] [166 + 164 +165] [167 + 165]

MO00=P2166 167 + 164167 +165

MO1 =P2166 167 R34 + 164167 R34 + 165 R34

+ R32

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 1
167 =R58 (3GA) F51 Forced 1
P2 = Mode h0; Subtract

MO0 =P2

MO1=P2R34 + R32

CRAY X-MP PROPAGATED ENABLES AND SECTION CARRIES
SCALAR ADD FUNCTIONAL UNIT

14-6

T.P. B61 Q02 = Subtract

MO0 = [P2 + 164 +165] [166 + 164 + 165] [167 +165]

MO1 =P2166 167 R34 + 164167 R34 + 165R34 + R32

A-1584A
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Lyl

3163 3062 2061 2860 | 20/%  26m8 2557 246 | 2yss 2use 2ysy 202 |em 1es0 1749 1w |as7 1ems 13ms azma | s a2 ot 80 |88 ens BT ape | 3ms am¢ 13 am
1 0 » B 7 2 3 | B = an w|w w81 16| o1 2| u 10 5 8 7 6 S 4 3 2 1 °
8 & 6 s 51 s | s s s o m| s 00 a9 a8 |47 46 s “ | e 2 a4 40 |3 3 37 3 | w 3w m
8 & & & s s8¢ st se] sy se sy srfosr 0 4 ey a6 4 w]| o 2 a0 wlw 3w 337 3w | 3w w aw

A% A8 A26 A2 AR A20 A18 Al6 Al4 AL2 A10 A8 A06 A04 A2 A0
A3l A® A2 A28 A A2 A19 A7 AlS A13 All A9 A07 ADS A03 A01

BX B28 B26 B24 B2 B2 BIS B16 Bl4 B12 Bi0 BO8 BOS BO4 BQ BOO
B3l B9 B2 B2S B3 B B BI7 BIS B1 BI1 B9 BO7 BOS P03 BoL

o s @6 ou 2 c20 cis ci6 cue [ clo o8 o6 o o2 000
o1 o) @7 c2s 4] o c1p cr cis cn cu [+ o7 cos 03 oot
D30 D2 D26 b3 oz b2 D18 D16 D14 bz D10 Do8 D6 D04 Doz Doo

7 D27 D2s b D21 o D17 D1§ D13 P Do® DO7 Dos D03 Dot
B E§ ES B4 B 3 Bt E0

[ ] G4 G2 Gl Go

0 8 F26 ] m F20 F18 F16 Fl4 F12 F10 Fo8 F06 FO4 2 F00

1 29 2% Y %] o] FI9 F7 F1$ F13 P11 F09 FO7 Fas F03 oL
R32

R3S RM

HX 128 mé I HA HR I H0 H18 H14 | HI2 HI0 Il-m HO6 | Ho4 H2
m W27 v HIS His HIl HO7 3

0 ns 26 24 -3 120 ns ne Y n2 1o 108 106 J04 02 00
m ne m 128 m m 19 n7 s n3 m 109 107 Jo5 109 J01

%0 K28 K26 K% K2 K20 K18 K14 X2 K10 K08 X06 K04 K02
K31 K29 K27 K25 K23 K21 K19 K17 K1s K13 ki K09 Ko7 Xos K03 Kot

Lo 128 126 124 L2 120 L18 L6 L L2 L0 Lo8 L06 Lo+ 12 Lo
131 129 127 125 123 1} L u7 s 3 L1 j7:9 w7 108 L03 Lo

Mt Mo

R0 R R26 R R2 R0 R18 R16 RM R12 R10 RO8 RO6 RO4 RO2 ROO
R R R27 R2S RB R21 R R17 RIS R13 R11 ROS RO7 ROS RO3 ROL
3163 V@ /61 2860 2759 2658 25T 24/56 2355 1S4 2153 20T 151 1450 1749 I6MB  ISMT 14M6 1345 1244 1143 10M2 SM1 BMO IS 68 ST 4ps IS M uym  op2

1* Section Carry R32 & R33 —p» 3GA @ F50/51 a3 164 & 165
Section Enable R34 & R35 —p»3GA @ F50/51 as 166 & 167

Bis 0-31 3GA @F52/53
Bils 32-63 3GA @ FS0/51

R32-R35 are not outputied on 3GA @ F50/51

2

M0 on 3GA @ F52/53 = Subtract
M1 on 3GA @ F52/53 = Section 0 Camry or Subtraci Instruction & Section 0 Enable

M0 on3GA @ F50/51 = Section 1 Carry or Section 0 Carry with Section 1 Enable or Subtract Bit and Section 0 & 1 Enable

M1 on 3GA @ F50/51 = Section 2 Carry or Section 1 Carry with Section 2 Enable or Section 0 Carry with Section 1 & 2 Ensble
or Subtract Bit with Section 0, 1,2 Enables

CRAY X-MP/2 - 3GA SCALAR ADD

JBITS 0-31 or 32-63
K BITS0-31 0r 32-63

K BITS' (0610K INSTR.)

CARRY

ENABLE

BIT CARRY

GROUP ENABLE

PROPAGATHED GROUP CARRY

PARTIAL SUMS

SECTION CARRY 1
SECTION ENABLE

INTERNAL GROUP ENABLE

SECTION SUM

INTERSECTION ENABLE

SECTION SUM +1

SECTION CARRY 2

FINAL SUM

C-1043¢H
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SCALAR POP COUNT (Modules Involved)

3GA MODULE
The Scalar Pop Count operand uses the same input as the Scalar Add when a 026 instruction is

issued. The 1-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 3AT for completion of the pop count.

3AT MODULE

The 3AT completes the summation and sends the results to the 3AR modulé 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.

XV201521M
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" THE SCALAR POPULATION COUNT FUNCTIONAL UNIT

0261J0 - 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 Alregister (lower 7 bits)

0261J1 - Population Count Parity of (SJ) to Al

If the K field of this instruction contains a one, only the 20 bit
of the answer is sent,

C.A.L. FORMAT

Al pPSJ » Scalar Population Count
Al QSJ Scalar Parity
DIAGNOSTIC APPLICATION
3SIS
Xv201S22M
15-2
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3GA  F52/53
R52/53
INITIAL
POPULATION
COUNT
— sy 40531 pop. 29 - 23
3AT  G32/33
$32/33
SCALAR
REGISTERS ‘ 2o2°
> FINAL 12 -2 o (3AR)
| POPULATION
COUNT
M. 3GA  F50/51| pop. 20 -23
R50/51 0
cuo K2~ |
INITIAL 026 INSTR. |
POPULATION GIF) =
COUNT
A-1172D

CRAY X-MP/2 SCALAR POPULATION COUNT
BLOCK DIAGRAM

HTV-0242 '15-3 CRAY PROPRIETARY



DATA BIT 20

)

3AT MODULE BOOLEAN EXAMPLE

[POP DATA - 026] + [MULT DATA - 026] ; T2

DATA BIT 21!

[POP DATA + 026] [MULT DATA + 026] [026 + K BIT 2”] ; 12

DATA BIT 22

[POP DATA + 026] [MULT DATA + 026] [026 + K BIT 20] ; T2

DATA BIT 23

[POP OR MULT DATA - K BIT 20]
A-160/

SCALAR POP COUNT

—~ CRAY RESEARCH, INC
COMPANY PRIVATE



S-Gl

T.P.

3GA
2! 20 22 2' 20 23 22 ' 20
m it
v w2 W W WO, W2,H4 R37 R3I6
us v w9 W w6 R38
u? ué W1, W3, WS R40 R39
e us w3 w2 W7 R4
utlo W11 W10 WB,W10,W12 R43 R42
2 o Wig4 R44
urd n3 w5 Wi W9,W11,W13 R46 R45
(1) ms W13 W12
ms w7
vae U9 W7 W6
Ut W14
TS 11/13 TS 16/0 TS 3/5
I0-12 ui 1o WO,W2, W4 R37 R36
1315 s u2 W w6 R38
16-18 us 14 W W W, W3, W5 R40  R39
19-111 ur U w7 R41
112-114 v Ul W3 w2 WB,W10,W12 R43 R42
ns mo w1l Wi0 wWid R44
116-118 ©mz  un W9, W1, W13 R46 R4S
119-123 ny 3 W5 Wi
122-124 V16 U5 W3 w2
125-127 me w7
128-130 U0 U19 W we
I31 U2t w14
TS 11/33 TS 16/0 TS 3/5
W14 W13 W12 W11 W10 W09 W08 WOT WOE WOS W04 WO3 W02 WOl WOO
D55 070 D30 A20 A0 €33 C18 D44 DN A9 Ad0
V15 ¥i4 vi3 Vi2 Vi1 Vi0 V03 V08 V07 V06 VOS5 V04 VO3 V02 VOI VOO
R63 A59 K70 AS7 ABO A31 A17 A6 AOS A65 A27 A)3 AO4 AO2 AG1 AOB

R36 --
R37
R38
R39
R40
R4
R42
R4}
R44
R4S
R46 --

R36 ~-
R37
R38
R39
R4O
R41
R42
R43
R44
R45
R46

SCALAR POP COUNT FUNCTION UNTT

132
136
I33
137
146
138
139
147
140
148
152

pEA]

135
142
149
143
144
150
145
151

153

3T
23 22 2V v 24 23 22 2V 20
132-134 vi vo vo,v2 Wi WO
135 v2 V1,v3,vs W3 W2
136-138 Ve v3 v7,vy Wi WS
139-141 ve Vs va,v6,ve Wl W6
142-144 va v7 vio,vi3 w8 W9
145 ve vi1,vi12,v14 Wil W10
146-148 Vil vio Vi 5 W12
152 vi2
149-151 vid vi3
153 vis
TS 16/0 TS /5
28 23 22 v 20 25 24 23 22 21 0
W1, W2,W5 X1 X0 WO 20
W3,Wd, W6 X3 X2 X0 3}
W7,W8,W10 X5 X4 X1,X2,Wy 23 a2
X3,%X4,W12 25 24
TS 7/9 X5,W11 %6 @7 TS 11/13
26 25 24 23 22 ' 20 T.P.
20 R15 RIS B19
kAl R16 R16 B37
22 R17 R17 H21
23,24 MO7 403 MO3  BO3
25,27 MOB  MO4 Mo4  BOS
26 MOS MO5 B45
26 u06  HO4
18 16/0 W07  BO2
MO8 H32
M3 RI8
M4, M7 R19
M5, M8 R20 RI9 = M3 M7 MY + M4 M7 MY
M6, MB R20 = M5 MY M_‘J + M5 M8 MY
R21 R21 = NG MH MY
TS 3/5
178 = MU9; POP PARITY
T.P. B4d -
c-1176C
£210050107






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
28-30
31

32-34
35-37
38-40
41-43
44-46

47
48-50
51-53
54-56
57-59
60-62

63

3GA
T.P.

3AT
T.P.

3AT

21 20 24 23 22 21 20
10012 U1 vo,Vv2 . Wi WO
@ w v1,v3,V5 W3 W2
16018 U5 v7,v9 W4 W5
@ us (v4yve,vs w7 (W6)
1120114 v @8 Q19,v13 ws (WD)
@10 @1D,viz,vi4a| w1
1166118 v12 @D Vi 5 W12
@ w3
1220124 uie @13
@@ U7
1280130 U200 @19 TS 3/5
@ TS 11/13 @
10-12 U1 o 20 25 24 23 22 21 20
13-15 U3 U2
16-18 us [8f: WO 20
19-111 U7 i3 X0 A
112-I14 u9 U8 X1 XU @D z2
115 uio %3 [XEIW12 z5 G
I116-118 ul2 U1l /9 X5, W11 76 27 TS 11/13
119-I21 Ui4 U3
122-T24 U16  U15
125-127 U118  U17
128-130 U20 U119 p2 21 20 T.P.
131 U21
TS 11/13 R15 R15  B19
R16 R16  B37
217 R17 B21
Wi4 W13 W12 W11 W10 W MO3  BO3
D55 D70 D30 A20 A60 MO4 EOS
MO5  B45
o6 BO4
vi5 vi4 wvi3 ‘vi2 vi1 ¥ TS 16/0 MO07  BO2
A63 A69 A70 A57 D60 2 MO8  B32
R19 = M4 M7 M9 + M4 M7 M9
R20 = M5 M8 M9 + M5 M8 M9
R21 = M6 M8 M9
TS 3/5 '
4PARITY C-1176D

X210080107
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SCALAR LEADING ZERO COUNT (Modules
Involved)

3GA Module

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 3AT 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 20 - 23 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 CRAY PROPRIETARY



THE SCALAR LEADING ZERO COUNT FUNCTIONAL COUNT

0271J0 Scalar Leading Zero Count Instruction.
Counts to the first 1 bit in the 64 bit J operand and places the

count in the Alregister (lower 7 bits)

C.A.L. FORMAT

Al ZSJ Scalar Leading Zero

Xv201S24M

16-2

N

N



3GR

SCALAR
REGISTERS

202319

6
LDZBIT2 » (3AR)

3GA  F52/53 3AT  G32/33
R52/53 $32/33
S120_ 23
»| INTTIAL FINALLDZ
LEADING ZERO | LDZBIT 20 -23 COUNT BIT 26
COUNT
3GA  F50/51 3AS  G28/29
sy 2% .28 RS051| .32 L63_, $28/29
INTTIAL
LEADING ZERO FINAL LDZ
COUNT LDZBIT20 -23 0 5
BIT 20 - 2

CRAY X-MP SCALAR LEADING ZERO

16-3

LDZ BIT2° - 25 _ 3aR)

A-1170



<vcO-ALH

¥91

AJVIHAIdOdd AVIO

3GA F50/51
63 - 60 59 - 60 55-52 51-48 47-44 43-40 39-136 35-32
22 22 22 22 22 22 22 22
v7 \ V5 . V4 V3 V2 Vi vo
21 0] 21 ,0 21 o0 21 20 21 0 21 20 21 20 21 20
X15 X14|X13 X12| X11 X10 [ X9 X8 | X7 X6 | X5 X4 X3 X2 | X1 X0
0 010 0 0 0 0 0 0 1] 0 0 0 0 0 0
0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
1 0 1 0 1 0 1 0 1 [ 1 0 1 0 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Yy

Boolean X15' = #A31 + 0 A29 + A30 T2
X15=[A31'e A3(0'] ; T2

Count=2o0r3

X15 = [DataBitN=22] [Data BitN+2!; T2)

Boolean X14'=#A31 + A30'A29 ; T2
X14 =[A31'] [A30 + A297] ; T2

X14 = [Data Bit N+22] [Data BitN + 21+ Databit N +29] ; T2

Count=1or3

SJ Bits

— AllZero —p

‘_Sum Bils_’
21 20
0=1000
1=0100
2=0010
3=0001
4 = 0000

Z0=V3V2V1
Z1=V3V2Vi
Z2=V3V2
23=V3
ZA=VTV6 VS
Z5=V71V6 V5
Z6=V1V6
z1=V7
Z8=V0
Z9=V4

CRAY X-MP 3GA SCALAR LEADING ZERO

3GA F52/53
31-28 27-24 23-20 19-16 15-12 11-8 7-4 3-0
22 22 22 22 22 22 22 ' 22
v7 A A v4 V3 V2 Vi Vo
21 20 21 20 21 20 21 20 21 20 21 20 21 20 21 20
X15 X14[X13 X12| X11 X10 | X9 X8 [ X7 X6 | X5 X4 | X3 X2 | X1 X0
0 0]o0 0 0 0 0 0 0 0 0 0 0 o0 0 o
0 1]0 1 0 1 0 1 0 1 0 1 0 1 0 1
1 01 0 1 0 1 0 1 0 1 0 1 0 0 0
1 111 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Example of one four bit group
263 262 261 260 22 21 20
"Boolean Terms A3} A30 A29 A28 v? X15 X14
No Leading Zero | 1 0 0 0 [V} 0 (1}
1 Leading Zero 0 1 0 0 0 0
2 Leading Zero 0 0 1 0 0 1 [i]
3 Leadiong Zero | 0 0 0 1 > 0 1 1
4 Leading Zero 0 0 0 0 > 1 1 1
B-1327E
N




G-91

LEADING ZERO
COUNT

SUM BIT 0
SUMBIT1
SUMBIT2
SUM BIT 3
ALL ZERO

LEADING ZERO
COUNT

SUMBITO
SUMBIT1
SUMBIT2
SUM BIT 3
ALL ZERO

N
3GA F50/51 BITS 263 . 248
01| 02|03|o04fo0s]| o6f07 10|11 12]13}14 11516 }17 ]| 20

X X X X X X X X R52
x| x x| x x| x X | x RS53
x) x| x| x Xx|x |x|x RS54
X| x| x| x X|x |x X RS5S
x | R56

3GA F52/53 BITS 231 . 216

41|42 |43 | 44| 45]) 46| 47| 50| 51]52]5354 55|56 |57 |60

X X X X X X X | x| x R52
X[ x x| x x| x x | x R53
x| x| x]x X |x X R54
X ix ! x]x|x{x]|x]x R55
x | RS6

3GA F50/51 TO 3AS G28/29

R52 - 148 R47 - 153

R53 - 149 R48 - 154

RS54 - 150 R49 - 155

R55 - 151 R50 - 156

R56 - 152 R51-157

R56 - 157 ON 3AT G32/33

R51 - I56 ON 3AT G32/33

CRAY X-MP 3GA SCALAR LEADING ZERO

3GA F50/51 BITS 247 - 232

21| 22} 2324|2526 27(30 |31} 32333413536 |37 |40
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
3GA F52/53 BITS 215 - 20
61162 | 63| 64| 65 66| 67] 70| 71| 72| 73| 74| 75| 76 | 77 |10
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
3GA F52/53 TO 3AS G28/29
R52-158 R47 - 163
R53 - 159 R48 - 164
R54 - 160 R49 - 165
R5S - 161 R50 - 166
R56 - 162 R51-167
R56 - 155 ON 3AT G32/33 R51 - 154 ON 3AT G32/33
A-5407

R47
R48
R49
R50
RS1

R47
R48
R49
R50
RS1



3AS
3AT
263 718 247 232 231 216 215 20
154
155
56 | 00 [ o 0 0 0 0 0
157
152 157 162 167
23 22 21 20 23 22 21 20 23 22 21 20 23 22 91 20
YISI I50| 149 | 148 | 156 { ISS5] 154 IS3 | 161 | I60| 159 { IS8 | 166 | 165 | 164 | 163 /
*
V10 =152" 157
\ / V09 =162 167
, - V08 =[152]
V1o Vo' [157 + 162]
\ 23 22 2 1 20 23 22 2 1 20 /
T.S. 16/0 \ SO
V3 V2 V1 VO V7 V6 V5 V4 /
R36 | R61| R60 | R59 | R58 | R57| RS6 R60 = [V9' + V107 [V8]
2% [ 25 | 24 |23 | 22 | 21 | 20 R61 = [V91 [V10]
CONTROL
I52 - Take I'terms I48 - I51 if you do not have 152.
If you do have I52 take I term 156 - 153 and
make VO - V3,
162 - Take Iterms IS8 - I61 if you do not have I62.
If you do have 162 take I term 163 - 166 and make V4-V7.
V10’ - If you do not have V10 make R56 - R59 from VO - V3,
V10’ count < 40
V9' - If you do have V9* V10 make R56 - R59 from V4 - V7.
V9’ V10 count > 40 < 100
R60 - Countis>204 -37,>60g - 77
R61 - Countis 40g - 57g or 60g - 77¢
R36 - Countis 1008 B-1602E
CRAY X-MP/2 3AS AND 3AT MODULE DIAGRAM
HTV-0242 16-6 CRAY PROPRIETARY



S00

157
156
[55
I54

152
157
162
167

V09

V10

R56
R51
R56
R51

R56
R51
R56
R51

3AT MODULE BOOLEAN EXAMPLE

[157] [156] [I55] [154] [P1']

3GA @ F51 BITS 48 - 63 = 0
3GA @ F51 BITS 47 - 32 =0
3GA @ F53 BITS 31 - 16 = 0
3GA @ F53 BITS 15 -0 =0

3AS MODULE BOOLEAN EXAMPLE
3GA @ F51 BITS 48 - 63 =10
3GA @ F51 BITS 32 - 47 =0
3GA @ F53 BITS 16 - 31 = 0
3GA @ F53 BITS 0 -15=0

[BITS 20 . 215

16-7

= 0's] [BITS 231

SCALAR LEADING ZERO

- 216 - 0's]

[BITS 248 _ 263 = 0] [BITS 232 _ 247 - 0]

A-/600

CRAY RESEARCH, INC.
COMPANY PRIVATE



rc0-ALH

891

AAVLIERIdOYdd AVIO

027170
3GA 14041 S7000000 000137 000000 000000 3GA 1243
0000 0000 0000 0000 0000 0000 0101 111 0000 0000 0000 0000 0000 0000 0000 0000
63-60 59-56 55-52  51-48 | 47-44 43-40  39-36  35-32 SIBITS 31-28  27-24  23-20 19-16 | 15-12  11-8 7-4 3-0
22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
aD D) | D Vi VO | 4-ALLZERO-—»| V7 vé Vs va V3 V2 Vi Vo
21 20121 90 21 g0 [ o1 90 [ a1 50 [ g1 50 |l 50 [ a1 50 UM BITS 21 20 | 21 500 21 50 [ 51 50 fo1 50 | 51 50 | 21 50 | 21 50
-’ .
D& ENRYECDEDEDCDEDEDCDED | %3 XD K1 x0] <=7 70— KDEIYEHEYEIDED |(NED|FDEOIEDED| D GDEDXO
o oflo ofo oo o]o ojJo oo o]0 o 0=1000 0 oflo of[o oo oo o|lo ofo o]o o
o 1to 110 1 lo 1 4o 1{0o 1lo 1 e 1] 1=0100 o 140 1f0 1 lo 1o 1lo0o 1o 110 1
1 o1 o1 o1 o]t of1 of1 o1 of 2=0000 1 o1 o1 o}1 o |1 o1 o1 ofo o
r o1t oo o 1|t oty v ] o} os=0om frorfrot)ror ]t )y o1 o1t |1 1|
to1 |1y o1 o ot o o1r v o] o4=000 f1o1 |t o1|ror 11 frorf1ro1r 1ot
< Z0=V3V2Vi <
@)=v3vavr
< Z2=V3 V2 <
73=V3 » o
@=V1V6Vs
Z5=VI V6 V5"
- > Z6=V1V6 -
P Z7=VT P
»| Z8=v0 >
> @-v4 -~
Boclean X15' = #A31 + 0A29 + A30;T2 EXAMPLE OF ONE FOUR BIT GROUP
X15=(A31'- A30) : T2
263 262 261 260 22 21 20
X15=(DATABIT N+ 22) (DATABITN +2!; T2) BOOLEANTERMS [ a3 | Ase | A2s | A28 vi | x5 | xie
COUNT =2 0OR3 NOLEADING ZERO | 1 0 0 0o » 0 0 0
Boolean X14'=#A31 + A30'A29 ; T2 1LEADINGZERO | 0 | 1 0 10 ~»01]0 1
X14 = (A31) (A30 + A299 ; T2 2LEADING ZERO | 0 9 1 {0 ™ol ! 0
3LEADINGZERO | 0 0 o [ 1 }»f o] 1
X14= (DATA BITN 22 ) (DATABITN+ 2!+ DATABITN+29) ; T2 4LEADINGZERO |0 | © L 1jogjo 45943
COUNT =10R 3
3GA SCALAR LEADING ZERO




6-9T

LEADING ZERO
CONNT

suM

SUM

SUM

SUM

ALL

BIT O

BIT 1

BIT 2

BIT 3

ZERO

LEADING ZERO
COUNT

SUM

SUM

SUM

SUM

ALL

BIT O

BIT 1

BIT 2

BIT 3

ZERO

3GA F50/51 BITS 203 - 247
01]o02|03]|04f[o05|]o6f{07|10[11]12]13]14]15[16}17] 20
X X X X X X X X

X X X X X X X X
x 1x {x Ix x | x {x {x
x |x Ix | xIx |x|x[x

X

3GA F52/53 BITS 2°' - 2'6
41| 42[43}44] 45| 46| 47| 50]51[52]53]|54]|55!56]|57]860
X X X X X X x [x [ x

x | x X | x X | x X | x

x Ix [ x |x X | x X

x Ix Ix [xIx |x |x |x

X

3GA F50/51 TO 3AS G28/29
R52 - 148 R47 - 153
R53 - 149 R48 - I54
R54 - I50 R49 - I55
RS5 - 151 R50 ~ 156
356 - I52 RS1 - I57

R56 - I57 ON 3AT G32/33 R51 - I56 ON 3AT G32/33

3GA SCALAR LEADING ZERO

R52

R53

R54

R55

R52

R53

R54

RS5

3GA F50/51 BITS 247 - 232

21122 23124 25| 26] 27130 31]32{33]|34]|35]|36]37]40
X X X X X X X X
x | x x | x x | x X | x R4S
x [ x {x Ix X [x {x |x R49
x |x [x [x | x |x {x |x
X R51
3GA F52/53 BITS 2'5 - 20
61| 62| 63]64| 65|66 67] 7017172173174 75] 76| 77] 100
X X X X X X X X R47
x [ x x | x X [ X x [ x R48
X x| x |x X (X [x |x R49
x [ x |Ix Ix Ix |x [x |x RSO
- X
3GA F52/53 TO 3AS G28/29
R52 - 158 R47T - T63
R53 - I59 R4S - 164
RS54 - 160 RA9 - I65
RS5 - I61 RS0 - I66
RS6 - 162 R51 - 167
R56 - IS5 ON 3AT G32/33 RS1 - I54 ON 3AT G32/33

X2001C0302



\ J

3a8
3AT
263 248 547 232 L 216 515 20
Y,
Qs
156 0 0 0 0 0 0 0 0
(15D
752 157 T62 167
23 22 21 20 23 22 21 20 23 22 2! 20 23 22 2! 20
;151 150| 149] 148 T56) 155| I54|(I5D) 161| 160| 159| 158 166| 165| 164 163/
l‘v'
!
;
/
/ vio = 152 - 157
] / V09 = I62 - I67
G, v9 / vog = [152]
/ {157’ + 162]
23 22 21 20 23 22 21 20 /
T.S. 16/0 \ SO 7
\® v2 V1 v7 V6 V5 va /
/
//
/
/
~
R36 R61 R58 RS7 R60 = [V9' + vi0'] ([v8] ;,)
26 25 24 23 22 21 20 R61 = [V9'] [V10]
CONTROL
I52 - TAKE I TERMS I48 - I51 IF YOU DO NOT HAVE I52
IF YOU DO HAVE 152 TAKE I TERM I56 - I53 AND MAKE VO-V3.
I62 - TAKE I TERMS I58 - I61 IF YOU DO NOT HAVE 162
IF YOU DO HAVE 162 TAKE I TERM I63 - 166 AND MAKE V4-V7.
V10 - IF YOU DO NOT HAVE V10 MAKE RS56 - R59 FROM VO-V3. V10 COUNT < 40
V9 - IF YOU DO NOT HAVE V9 ® V10 MAKE R56 -~ R59 FROM V4-V7. V—9' V10 COUNT > 40 < 100
R60 =- COUNT IS > 20g-37g, > 60g-77g
R61 =~ COUNT IS 40g-57g or 60g-77g
B-1602D
R36 - COUNT IS 100g X481580710
X-MP 3AS AND 3AT MODULE DIAGRAM EXAMPLE NO. 1

16-10
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SCALAR SINGIE/DOUBLE SHIFT (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 éount 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 numbef 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.”

XV201525M

17-1



THE SINGLE LEFT SHIFT

The shift count is in the JK field of the

052 IK
Result to SO

054 1K
Result to SI

Instructions.

C.AL. FORMAT

SI  SI < JK  Scalar single left shift to SI

SO0 SI < JK  Scalar single left shift to SO

DIAGNOSTIC APPLICATION
3SRS
3SRR

17-2

XV201526M
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THE SINGLE RIGHT SHIFT

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 St > JK  Scalar right shift to SO

SI  SI > JK  Scalarright shilt to SI

17-3

Xv201527M



BASIC SHIFT

OPERATION
13 12 11 10
3 2 1 0
2 2 2 2
A 4
SHIFT ) —9
COUNT BIT 2  —
(SHIFT 2) .
R3 R2 R1 RO
3 2 1 0
2 2 2 2

17-4

SHIFT COUNT
21 BIT

(NO SHIFT)

A-5127



AK 27, 210 211 915 _217' 221 23

JK SHIFT COUNT

3GR

SCALAR
REGISTERS

3VG »| 3B F48/49
] R48/49
37 056 - 057 o
570052~ 037 6 .
AK (20 - 25y .
SAR— 1 SCALAR SHIFT si 20-263)
3vp 22 »| ALLODDNO.BITS (3GK)
Si (ODD
i ( ) >
SJ (ODD) o
AK =0
AK=0
Yy
Si (EVEN) 3GB F54/55
ST EVEN) - R54/55
>
JK SHIFT COUNT
3VG »|  SCALAR SHIFT si 29-2%)
3¢ 036 - 057 p»| ALL EVEN NO.BITS 3GR
1709522057 i
AK 20 -26)
3AR >
0
svp B2 .
AK 27 _29 , 212_ 214’ 218_2m
A-1194

CRAY X-MP SCALAR SHIFT

17-5



SCALAR DOUBLE SHIFT COUNT

(3GB)
V10 T.P. AO3 SHIFT 1= 2°
GAR) Ak BIT 20 - 26 170 -176 V11 T.P. AO4 SHIFT 2= 2L
MODE h BIT 2° ] COMPLIMENT V12 TP. B71 SHFT 4= 22
3VB NTR —
@VE) SHIFT V13 T.P. B66 SHIFT 8 = 2°
0 6 p—
(3AR) Ak BIT2 -2 170 - 176 CONTROL | V14 TP. A10 SHIFT 16 = 24
3vR)_MODE h BIT 20 i Ak TAKEN : — 5
(3VB) q DIRECTLY V15 T.P. All SHIFT 32 =2
V16 T.P. A01 SHIFT 64 = 2°
GROUP ON 3AR's
GAR) 27'210,211' 215_217'221_223 \ 3GB
| ) o W5 GO SHIFT P40 - P43
DOUBLE SHIFT, V19
—Re Y s
L/ R65
ALL ZERO
ALL ZERO
185 — R65
DOUBLE SHIFT. VIO A
@ W5 GO SHIFT
P40 - P43
GAR) 27 -2% ,212 .24 5 18 720 ] F54/55
GROUP ON 3AR's
Ak 27 .223 EQUAL ZERO ALLOW THE OUTPUT TO THE 3GR's
SCALAR SINGLE SHIFT COUNT
(3GB)
< BIT 20 V00 TP. B22 SHIFT 1 = 2°
21 V01 T.P. B68 SHIFT 2 = 2!
22 V02 T.P. B64 SHIFT 4 = 22
. 20 SHIFT V03 T.P. B62 SHIFT 8 = 23
jBIT e ]
2t coNTROL | V04 T.P. B65 SHIFT 16 = 2*
22 V05 T.P. C03 SHIFT 32 = 25

CRAY X-MP SCALAR D(()gUBLE/SINGLE SHIFT COUNT B-15914

GB)

17-6
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1. SCALAR SINGLE SHIFT INSTRUCTIONS 0521ijk-055ijk

2. DECODE j AND k FIELD FOR SHIFT COUNT.
3. RIGHT SHIFT COUNTS MUST BE PUT IN 2's COMPLIMENT FORM.

J FIELD

324

22

V7RSS D70’
V6 LSS D71'

V5 COo3'

LSS 32
LSS 32
RSS 32
RSS 32

CONTROL FOR
J AND K TERMS

P10
P11
P12
P13

K HFELD

V4 B69' V3 B62' | V2 B64'

P32 P31

0 0
0 0
0
0

1

P30 | CONTROL FOR
M TERMS

0 | SHIFTO
1 | SHIFT 4
0 | SHIFT8
1 SHIFT 12
0 | SHIFT 16
1 SHIFT 20
0 | SHIFT 24
1 SHIFT 28

o ©o o o

CONTROL FOR
N TERMS

P20 SHIFT 0
P21 SHIFT 4
P22 SHIFT 8

P23 SHIFT 12

CONTROL FOR
L TERMS

P24 SHIFT 16
P25 SHIFT 20
P26 SHIFT 24
P27 SHIFT 28

SCALAR SHIFT CONTROL

17-7

0 0
0 1
1 0
1 1

DECIMAL
SHIFT VALUE

BIT
POSITION

CONTROL FOR -
R TERMS

P40 SHIFT 0
P41 SHIFT 1
P42 SHIFT 2
P43 SHIFT 3

A-5128






M g .

62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 1:6 14 12 10 8 6 4 2 0 3GB @ 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 3 1 3GB @ Fr48/49

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

LEFT SINGLE SHIFT: . RIGHT SINGLE SHIFT:
I0-131 -- KO-K31 SHIFT 32 116-131 —- KO-K15; I0-I15 -- JO-J15 SHIFT 32
I0-I15 -- K16-X31 SHIFT 32 I16-131 -- JO-J15 SHIFT 32
K31 K30 K29 K28 K27 K26 K25 K24 K23 X22 K21 K20 K19 K18 K17 K16|K15 K14 K13 K12 K11 K10 K9 K8 K7 K6 K5 K4 K3 X2 K1 Ko |J15 J14 J13 Jl2 Jil Jlo g9 J8 J7 J6 J5 J4 J3 32 J1 30 SHIFT BITS
TS 10/13
N7 N6 N5 N4 N3 N2 N1 NO M46 M44 M42 M40 M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 M16 M14 M12 M10 M8 M6 M4 M2 MO L12 L1O SHIFT O
N7 N6 N5 N4 N3 N2 NI NO M4A6 M44 M42 MAO M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 M16 M14 MI12 M1O M8 M6 M4 M2 MO Ll12 LlO SHIFT 4
N7 N6 N5 N4 N3 N2 N1 NO M46 M44 M42 M40 M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 Mle M14 M12 MO M8 M6 M4 M2 MO L12 110 SHIFT 8
N7 N6 N5 N4 N3 N2 N1 NO M46 M44 M42 MAO M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 M16 M14 MI2 M10 MB M6 M4 M2 MO L12 L1O SHIFT 12
M47 M45 M43 M4l M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 MI19 M17 M15 M13 Mil M9 M7 M5 M3 Ml L13 L1l .7 L6 L5 14 13 I2 L1 LO SHIFT 16
M47 M45 M43 M4l M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 M19 M17 M15 M13 M11 M9 M7 M5 M3 M1 113 L1l L7 16 15 L4 L3 L2 L1 LO SHIFT 20
M47 M4S5 M43 M41 M39 M37 M35 M33 M31 M29 M27 M25 M23 M21 M19 M17 M15 M13 M1l M9 M7 M5 M3 ML 113 111 L7 L6 L5 L4 L3 12 L1 IO SHIFT 24

MA7 MA45 M43 M4l M39 M37 M35 M33 M3l M29 M27 M25 M23 M21 M19 M17 M15 M13 M1l M9 M7 M5 M3 Ml 113 .11 L7 16 LS L4 L3 12 L1 LO SHIFT 28
M47 M45 M43 M41 M39 M37 M35 M33 M3l M29 M27 M25 M23 M21 M19 M17 M15 M13 M1l M9 M7 M5 M3 Ml L13 L11 L7 L6 L5 L4 L3 L2 L1 LO

N7 N6 N5 N4 N3 N2 N1 NO M46 M44 M42 M4AO M38 M36 M34 M32 M30 M28 M26 M24 M22 M20 M18 M1le M14 M12 M10 M8 Mo M4 M2 MO Ll12 L1O
’ SHIFT BITS 2! 20

TS 16/0

R62 R60 R58 R56 RS54 R52 R50 R48 R46 R44 R42 R40 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 R18 R16 R14 R12 R10 R8 R6 R4 R2 RO SHIFT O

262 260 258 556 354 552 550 U8 46 Ul SU2 L0 538 536 534 532 530 528 526 24 522 520 518 516 1k 512 510 38 76 4 52 20 F54/55

263 561 559 557 555 553 351 543 547 45 543 541 539 537 535 533 531 529 527 525 523 521 519 517 515 513 511 29 27 25 33 ol F48/49

R63 R61 R59 R57 R55 R53 RS1 R49 R47 R45 R43 R41 R39 R37 R35 R33 R31 P29 R27 R25 R23 R21 R19 R17 R15 R13 R11 R9 R7 R5 R3 Rl R64 SHIFT 1

263 561 559 557 355 353 551 549 47 545 243 oll 539 537 535 533 531 529 5,27 525 523 521 519 517 215A213 211 59 57 55 53 21 5,-01 F54/55
'262 260 258 556 554 552 550 4B 546 Ul SU2 540 538 536 534 532 530 528 526 324 522 520 318 516 1k 512 510 8 5,6 4% o2 20 ¥48/49
R62 R60 R58 R56 R54 R52 R50 R48 R46 R44 R42 R40 R38 R36 R34 R32 R30 R28 R26 R24 R22 R20 R18 R16 R14 R12 R10 R8 R6 R4 R2 RO SHIFT 2
262 260 258 256 554 552 550 548 546 sk 542 k0 538 536 534 232 530 228 26 224 522 520 718 216 514 512 210 38 56 4 22 30 F54/55
263 561 559 357 555 553 551 349 47 45 543 9kl 539 537 335 533 531 529 527 525 523 521 518 717 215 513 511 39 57 55 53 21 F48/49
R63 R61 R59 RS57 R55 RS3 RS51 R49 R47 R45 R43 R41 R39 R37 R35 R33 R31 R29 R27 R25 R23 R21 R19 R17 R15 R13 R11 R? R7 R5 R3 Rl R64 SHIFT 3
263 261 259 257 255 253 251 2'+9 2‘&7 2’45 2'-!3 2’-}1 239 237‘235 233 231 229 227 225 223 221 219 217 215 213 211 29 27 25 23 21 2-01 F54/55

252 260 258 256 25‘* 252 250 2’48 2“6 2’-614 2‘62 2'40 238 236 23'-! 232 230 223 226 22'-0 222 220 218 216 21“ 212 210 28 26 2k 22 20 F438/49

P15 R14 R13 R12 R11 R10 R® R8 R7 R6 R5 R4 R3 R2 Rl RO

TEST POINT
BS B6 Bl4 B13 B12 B7 B15 Bll B2 Bl0o B18 39 B8 B3 B4 Bl
R31 R30 R29 R28 R27 P26 R25 R24 R23 R22 R21 R20 R19 R18 R17 RI16 TEST POINT
A53 269 A47 n52 Al6 AS0 A21 Al9 a64. A67 A6G8 AS51 A70 A7l A65 A66
R47 R46 R45 R44 R43 R42 R41 P40 R39 R38 R37 R36 R35 R34 R33 R32 TEST POINT
C27 C65 C63 C64 C23 C2 Cl C21 C25 C68 C66 C69 C67 C71 C70 C72
R65 R64 R63 R62 R61 R60 R52 R58 R57 R56 R55 R54 R53 R52 R51 R50 R49 R48 TEST POINT

D4 A72 D64 D35 D58 D53 D34 D32 D47 D39 D48 D2 C49 D66 D69 D6 D5 D1 D-1553D

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

1
w

17





