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~ ARRAY PROCES

BACKGROUND

DEVELOPEb BY FSD For Navy

PART OF PROTEUS SONAR SYSTEM

*  INTEGER MACHINE FoR FFT

* INTEREST}BY DP For 2938 FoLLow-ON
PASC APPLICAfION STUDIES

ELser TAsk ForcEe
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1 MecaBYTE BuLk STORE (24K POINTS, 1M-PURCHASE)

24/48 BIT FRACTION

S*

ARITHMATIC ELEMENT

2 ADDERS

1 MuLTIPLIER

HiGHLY PIPELINED

100 ns CycLE

2-1000 Worp WORKING STORES
‘M1CROPROGRAMMED

SHORT/LoNG PRECISION

No ERROR CHECKING

CoNTROL PROCESSOR

2 Micro Seconp CycLE
CoNTROLS DATA TRANSFERS

HosT To BuLk STORE (3m B/S)

BuLk STorRe TO WorRKING STORE  (40M B/S)
PROVIDES OVERLAP |

370 CHANNEL INTERFACE
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IBM CONI IDENTIAL

BLOCK DJIAGRAM

S/370 - QUEUES MULTIPLE TASKS
HOST UP TO SEVEN SUBCHANNELS SHARE DEVICE
COMPUTER o | :
FIXED POINT AND FLOATING POINT DATA, ARRAY PROCESSOR
PROGRAMS
- - - - - - - - - \
S/370 BLOCK
1/0 MULTIPLEXOR .
CHANNEL INTERFACE !
\b {
BULK USER PARTITIONED STORAGE CONTROL SEQUENCE
STORE" 256K - 1024K BYTES PROCESSOR chTROL
N | |
v |
‘ |
STORAGE PAGING OF DATA BETWEEN
TRANSFER STORAGE AND ARITHMETIC '
CONTROL ELEMENT | '
' |
¥ | !
ARITHMETIC HIGH SPEED VECTOR AND |
- ELEMENT MATRIX PROCESSOR |
FLOATING POINT !
ALGORITHM CONTROLLED .
ARRAY PROCESSOR - |
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——-7 CONTROL
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“SOFTWARE"

* AE - MicrocoDE

*  CP - SPL (370 BAL-Like) -

CoNTROLS DATA TRANSFER
- AE ScHEDULING
MULTIPROGRAMMING

HosT - VPAM | o
VPAM 1s 2958, APAM FoLLow-ON
USER PROGRAM

OVERHEAD ESTIMATES
1.8 Ms - INITIALIZATION
1 Ms - BRANCHING
300 Ms - INITIALIZATION PER ALGORITHM
BINDING MAY ELIMINATE
OverLAPPED WITH AE AnD [0
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* NucLEAR REACTOR DiFFusioN EQUATION
GoLuB-VARGA-TRIDIAGONAL SYSTEM
50-75% oF RUNNING TIME
SpeciAL MicRocODE
AP 1s 2-3 X 168

BuLk STORE LIMITATION

*  ATMOSPHERIC RADIATION
MaTrRIX MuLTipLY - AP 1IX 5 10 X 168
MaTRIX INVERsION (LU) - AP 1s 7 X 168
80% orR MORE IN AP

#*

PLasMA CoMPUTATION
ViLasov-PoissoN EQUATIONS
ASD MetHop (FFT)

gg; VF COMPHEATION 1s FFT

ECTOR
80% cAN BE DONE IN AP
AP 5 X 168 ‘
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A NOAA WeaTHER MoDEL

ALREADY VECTORIZED
80%Z or MORE IN AP
AP 1-2 X 168 usine APAM

EUROPEAN WEATHER CENTER

J. Hacue - UK |
M1crocoDE APPROACH
50 ALGORITHMS

100 MAN MoNTH ESTIMATE
20 MIPS (6 X 168)

EARTH RESOURCE

"DIGITAL FILTERING
FFT
ERTS DaTa

* SEISMIC

Vector OPS 10-20 X 2938
VEcTorR OPS 2-10 X 168
FFT 24 X 168
OVERALL 4 X 168
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IBM CONFII!:NTIAL

Timing Comparisons

o _ \ 2938/
2938 o Gusher Gusher
Case A 8.38 | | 3.17 2.65
‘ B 12.53 4.62 2.71
¢ 41.44 | 6.34 6.54
Dl 615.57. 27,73 22.2
D2 . 825.84 | - 32.54 25.4
B '59.07 9.51 6.21
F1 ~  25.06 9.51 2.64
F2  82.85 10.96 7.56
F3 48.96 ‘ 6.34 7.72
F4 97.89 | ~10.96 8.93
G- 82.88 . , 6.34 13.07
Case A Autbcorrelation 640 point window, 64 outpht points
B Deconvolution (short filter).lSOO‘pt-trace, 32 pt filter
C Band pass filter (long filter) 1500 pt trace, 125 pt filter
D1l Vibroseis (Step 1) Cross Correlation, 4000 pt Window,
201 output pts. | i
D2 . Vibroseis (Step 2) Cross Correlation[ 7000 pt Window,
3000 output pts. " . :
E " Time Variant Filter - three 500 pt Windows, 150 pt overlap,

‘ . A

125 pt filter »

Fl Filtering 3000 pt trace, 32 pt fiiter‘

F2 Filtering 3000 pt trace, 125 pt filter
~F3 Filtering 1500 pt trace, 150 pt filter
 F4 Filtering 3000 pt trace, 150 pt filter
. G Filtering 1500 pt trace, 250 pt filter
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ALGORITHM EXECUTION TIME | | "
, : - 140
(us unless nof_ed) /\/5/“‘%06
2938 ,‘ 3838
ALGORITHM : - 370/168 min/max range
Yector'Element'Multiplicatio?‘ ' 3.75N | "0.3N - 0.6N
Vec;or Element Sum 3.75N . 0.3N -~ 0.6N
Scalar Multiply ‘ ' 2.475N ~ 0.3N - 0.5N
Signed Square Array ‘ ‘ 2.475N .0.3N - 0.5N
Sum of Squares - 2.4N 0.1N - 6.2N
Sum of Vector Elements | _ 2.4N 0.IN - 0.2N
. Vector Inner Product - 2.55N 0.2N - 0.4N
Cohvolving Multiplication' j ) | >0.2N- o 0.1N - 0.2N
Complex Multiply : . 3.75N "~ 0.6N - 1.2N
Difference Eguation B | '4;6N 1.1N - 1.2N
Intefpolate‘ ' : ’ 12N 3.4N - 3.5N
 Partial Matrix Multiplication 3.75N ~ 0.11N
FFT (1024 .Points, Complex) =~ , 26 .6ms . 2.66ms
" FFT (1024 Points, Real) NDA 1.43ms
Vector Move Convert | < 2.475N ©0.2N - 0.4N 7
Vector Floating to Fixed 2.7N 0.2N - 0.4N
Divide ‘ ‘ o NA .85N - 1.15N
Square Root | NA 3.0N - 3.2N

Note: NA - not available on 2938
NDA .- not directly gvgilable



ARRAY PROCESSOR

CURRENT ACTIVITY
ELSER TASK FORCE MEETING -  1/27/76
PHASE I1 REVIEW - 376

" IDENTIFY SCIENTIFIC APPLICATIONS
IDENTIFY CUSTOMERS
SPECIFY SCIENTIFIC ALGORITHMS

DESCRIBE SUPPORT

*  SUPPORT GROUP

* ' RPQ PROGRAMMING SERVICES
*  CUSTOMER EDUCATION

*  SOFTWARE PRODUCTS

*  DEMONSTRATIONS

INVESTIGATE

*  SPARSE MATRICIES

*  LINEAR PROGRAMMING
*  PARABOLIC PDE

* Pl
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PDAzZvV2

PDQ7V2 FDP ANN 6/75

VERSION 1 MODIFICATION 1 - 1/76

*  OS/HPAM DISK ERROR RECOVERY

*  30% PERFORMANCE IMPROVEMENT (INPUT)

*  CORRECTION OF MINOR PROBLEMS

*  TIMING COMPARISON WITH PDQ7/17 - PDOM

TIMING COMPARISON

* 24 TYPICAL PROBLEMS

*  10-25% FASTER CPU TIME - 2D

*  2-5 TIMES FASTER CPU TIME - 3D

FIRST CUSTOMER EXPERIENCE

*  30% PERFORMANCE IMPROVEMENT OVER PDG7/17
*  RUNNING 7 HOUR 3D ON 165 )

*  USING NEW FEATURES

*  ACCURACY BETTER THAN 1/4%

*  PROJECTING 370/168

- IBM CONFIDENTIAL 1/9/76



 IBM vs COMPETITION

STATUS IN U.S.

NATIONAL LABS

HIGH ENERGY PHYSICS '370/168, 195, CDC/7600
PLASMA PHYSICS -
WEAPON DEVELOPMENT CDC/7600
WEATHER BUREAU 370/195
REACTOR MANUFACTURERS - CDC/7600 + GE/635
MANUFACTURING 5 1108, 360, 370, CDC
PERFORMANCE ; o
RELATIVE RUN TIME
MACHINE - CPU ELAPSED TIME PDQ7V2
7600 | 1 1 | 1
195 1 0.8 - 1.0 . 1
168MP 1.1-1.2  1.3-1.5 1-2.2
168up ! 2 1.8-2.2 1-2.2
1s8Mp 5-6 5-7 -
158UP | 10 9+12 10
145 | 25 20-30 30

SERVICE BUREAUS
 CYBERNET coc
INFONET csC (1108)
OTHERS ' IBM



HARDWARE INSTALLED IN U.S.

GOVERNMENT
ARGONNE NATIONAL LAB 50,75,195
OAKRIDGE NATIONAL LAB 75,91
BROOKHAVEN NATIONAL LAB | 7600
SAVANAH RIVER NATIONAL LAB | 195
LOS ALAMOS NATIONAL LAB 4-7600
HANFORD NATIONAL LAB CYBER 73
NATIONAL REACTOR TEST STATION 75
BETTIS | 7600
KAPL A . , 7600
LIVERMORE , 4-7600, STAR
SANDIA | | 7600
' SLAC o 91, 2-168
PRINCETON (PLASMA) ’ 91
UCLA (PLASMA) | 195

WEATHER BUREAU ' 2-195

REACTOR MANUFACTURERS

GENERAL ELECTRIC . 2-GE635
WESTINGHOUSE | ~ 2-7609, (IBM)
BABCOCK & WILCOX | 7600

' COMBUSTION ENGINEERING 7600, (158-168)

ELECTRIC UTILITIES
95% - IBM



RELATIVE HARDWARE PERFORMANCE

- SCIENTIFIC COMPUTING |

MACHINE CPU SPEED/168 UP
SCALAR MODE VECTOR MODE

CRAY 1 10 - 14-7
CDC 7600 2 2-5
IBM 195 2 2-3
“CYBER 175 | 1,5-2.1 2-14
AMDAHL 470/V6 1-2 -

IBM 168 AP (1.6-1.8) -

IBM 168 MP (1,5-1.7) -

IBM 168 UP 1.0 -

IBM 158 MP 2/5-1/2) -

IBM 158 UP 1/5-1/3 -
[BM 145 1/15-1/20 -




APPENDIX D BENCHMARK JOBS - RELATIVE PERFORMANCE

1. IBM 360775 using FORTRAN H with optimization
2. 1BM 360/75 using FORTRAN G - no optimization
3;. IBM 370/158 using FORTRAN H with optimization
4

4,  IBM 370/168-1 using FORTRAN H with opt1m1zat1on no h1gh speed mu]tlply
feature, small cache

5. IBM 370/168-1II using FORTRAN H with optimization, with h1gh speed mu1t1p1y
feature, large cache

5a. IBM 370/168-1 using FORTRAN H with opt1m1zat1on with h1gh speed multiply
‘ feature and large cache

6. CDC CYBER 173 e,

7. CDC CYBER 175 | _

8.  AMDAHL 470V6 - using IBM FORTRAN H with;optimization

9.  BURROUGHS B7700 |
10.  DEC KL10 using F10 with optimization
1. UNIVAC 1100/40

" RELATIVE PERFORMANCE (System 1 = 1.0) TOTAL CPU TIME

» 1 2 3 4 5 = 5a 6 - 7 8. 9 10 1
Jdob1  1.00 .84 ..8 2.33 - 4.26 4.15 1.72 8.18 4.81 .54 NR 1.46
Job2 1.00 .53 .86 2.64 4.50 4.36 .97 11.41 4.60 .82 .53 1.34
Job3  1.00 1.00 1.1 3.14 3.3 3.3 .41 1.44 6.60 NR NR MR
Job4 1.00 .47 .81 3.25 3.56 3.0 .99 8.50 4.83 .84 1.1 1.99
Job5 1.00 .80 1.08 3.26 3.77 3.78 NR NR 5.81 NR NR NR
--NR - not-run |
NOTE: The'five jobs were'run as an informal benchmark. Results are indicative, but

not definitive since running conditions - e.g. - standalone vsr multiprogrammed -
_were not controlled. . ‘



" Job-1: ‘Author: Dr. Arnett - Astrénonw
This is a large compute bound problem, written in FORTRAN. All
calculatibnsvare done in double precision except on CDC equipment where single
- 60-bit precisfdn_is adequate. (It is estimated that performance would degrade

; about 10% if CDC used double precision.)

Job 2: Author: EDUCOM Benchmark
This is a sma]]{FORTRAN progrém coing double precision matrix multiply.-

‘It tests mu]ﬁip]y, add and loop control.

Job 3: Author: Dr. Michalski - Computer Science
This is a large and complex PL/I program using bit manipulation. It is

both a test of compi]er integrity and computer power.

Job 4: Author: Dr. Wagstaff - Mathematics.
. This is an intensive test of integer arithmetic on a number theory problem

in FORTRAN.

Job 5: Author: Dr. Brown - Mathematics
This is an extended precision arithmetic program testing'both integer

arithmetic and character manipulation.- Code is in both FORTRAN and Assembler.



