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A Design of a Computer Complex Including Vector Processors

Kiyoshi ASAT

Computing Center, Tokai Research Establishment, JAERI

(Received December 9, 1982)

We, members of the Computing Center, Japan Atomic Energy Research institute
have been engaged for these six years in the research of adaptability of vector
processing to large-scale nuclear codes. The research has been done in collab-
oration with researchers and engineers of JAERI| and a computer manufacturer.

In this research, forty large-scale nuclear codes were investigated from
the viewpoint of vectorization. Among them, twenty-six codes were actually

vectorized and executed.

As the results of the investigation, it is now estimated that about seventy
percents of nuclear codes and seventy percents of our total amount of CPU time
of JAERI are highly vectorizable. Based on the data obtained by the investiga-
tion, (1)currently vectorizable CPU time, (2)necessary number of vector proc-
essars, (B)neceésary manpower for vectorization of nuclear codes, (4)computing
speed, memory size, number of parallel [/0 paths, size and speed of 1/0 buffer
of vector processor suitable for our applications, (5)necessary software and
operational policy for use of vector processors are discussed, and finally

(6)a computer complex including vector processors is presneted in this report.

Keywords: Computer, Supercomputer, Vector Processor, Nuclear Code,
Vector Processing, CRAY-1, FACOM230-75 APU, Computer Complex,
Computer Configuration, Simulation, Queueing Theory,

Multiprogramming
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Fig. 1.2 A concept of pipeline operation for floating addition.
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Table 1.1 ltems and accomplishments of collaboration in research of

vector processing of JAERI and FUJITSU, Ltd.
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Fig. 2.1 Diagram of registers of CRAY-I computer (30).
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Action Instruction Comment

VL A3 (A3} to VL, i.e., load vector length to VL.
Load Ai vl LA, Read (VL) words to V1 from (AD) incremented by 1.
ES#A, V7  S&%RV] Rounded floating products of (56} and (V1) to V7.
Load Bi vo L,AD,! Read (VL) words to VO from (A0) incremented by 1.
FS#B. ¥5  S7*RVO Rounded floating products of (57) and (V0) to V5.
Load C.I v6 LAQ,] Read (VL) words.
C, -ESHA, vl Vé-FV7 Floating differences of (V6) and (V7) to Vi.
V&-FS*BE ¥3 V4-FV5 Floating differences of (V4) and (V5} to V3.
Store C; yAD, V3 Store (VL) words from V3 to (AC) incremented by 1.

Fig. 2.2 Operational procedure of CRAY-1 registers for expression
c{1) =c{1) - E*A(1) - E*B(I).
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Fig. 2.3 Pipeline operation of FACOM230~75 APU computer for double-

precision addition (8).
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Fig. 3.2 Execution cost per statement of KCALC subroutine of EDDYTORUS.
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Fig. 3.3 Vectorized ratio, number of source statements, and level of

investigation or modification on codes.
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Fig. 3.4 Vectorized ratios and their freguencies of investigated L0 codes.



JAERI -M 82-200
Table 3.2 Total CPU time used at JAERI in 1981 fiscal year and percent of

nonvectorizable CPU time,
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Fig. 3.5 Vectorized ratios and frequencies of highly vectorizable 26 codes.

Table 3.3 Frequencies and binomial distribution of 26 highly vectorizable
nuclear codes.
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Table 3.4 Manpower necessary for investigation or for modification on

codes for vector processing.
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Table 4.2 Total CPU time and nonvectorizable CPU ratio of JAERI at July,
Aug. and Sept. 1982.
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Fig. 4.1 Trend of computing demand of JAERI.
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Fig. 4.2 Transition of computers and computing demand of JAERI.

Table 4.3 Transition of operational shifts at JAER| computing center.
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Table 4.5 Number of users of large-scale codes, code names and total

source statements used in'July, Aug. and S5ept. 1982.

a - F& (v —2WED FREH | v-ARE | =

— KR

AR -F

RETR AN

KENQ 4, REL AP 4, RELAP 5,
TWOTRAN, CITATION,
ORIGEN2, DOT 3.5, ANISN,

124

9

JREABHFE 7 — F

FEDM(5000)

THYDE-B1 (15000), THYDE
~-P(26000), EQUCIR(10000),
RADHEAT-V3(20000), LIBJT
60¢(30000), MCINP(18000),
JT60O0POV2(23000), SLOWALFA
(3000), SLOWINO9(4000),
SRAC(50000), FEM(2000),

18 206000

12

BARERT - F

21 118200

50

Table 4.6 Necessary manpower for vectorization of current JAERY's

big, vectorizable codes.

£ = W

e

=

“w B L ¥

N P EET

~op b EEEO A

(112000+118200) +7600=30AR
(112000+118200) ~3300=70AH

Table 4.7 Estimated manpower per year necessary for vectorization of '

70 percent of CPU time at JAERI.

CPUE

~y por{LElgEtE S8 TH

T0%MmY a 7E

G fe TOANR/H

30%D Y g TE

PHEFEOMEMARLE 2250AH8
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Fig. 5.1 Simulation model based on queueing theory.
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Table 5.1 System /0 accesses which should be added to users'.
Y a— 4 F—fey +H A i 7108l 82. 1. 21 #A
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Tl o2 — 4 F-FEy bE A 71 [E] £ 82. 1. 21 #C
user 20 link libr. 89109 14:01~17:00
user 21 link libr. 514069 P27 2T 7T10
user 08 c¢heck point 18275 Vs 7246
user 09 DSCF 74030 1786[H, a7
SYSPL 2 25953
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RACF 02 22248
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PAGE 02 MANX, MANY 84776
SYSPL 1 32852
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Fig. 5.3 Graphical representation of job sequence of Table 5.2.
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Fig. 5.8 Graphical representation of job sequence of Table 5.7,
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Table 5.9 Delay in 1/0 access in case of vector=5.0 or 10.0.
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Table 5.10 Number of work files per job and 1/0 accesses per work file.

o3 v A T A v . i 3 — + s ; 77—
¥a 7Y Te7Hy | Ja 74N
SaTE | v A F oa | 7 AED 77 4 D 7y A4 v%@
55 4 o | AHEE | a—FTrqn | AMAEE L 77740 | AHTTEIE
137 0.8% 784 2.2 3597 3.3 5454
Table 5.11 Distribution of capacities of work files.
x DATE  1982-03-26 TIME= 14326348
SYSTEM=A SYSTEM-C
EEEEXRTENE ESETEEXXXR
K o o Ak % PR e e ettt r
[ | FILES | €X)  ISPC(KB)! (e 1| | FILES 1 () FSPEIKSIL (X)) i
N e [mmm———- fwmmm—— R [ |mmm————— R | mmmmmm- R |mm———— |
| G.5MB>= | 4l 13.791 8341  5.281 | 0.SMB>= | 61 16.221 12541 1.741
| 6.5-1M3 | 241 B82.761 136801 846.331 | ©.5-1M8 | 271 T2.970 159601 22.361
| 1-2 MB | 11 3.451 13301 B.39I 1 1-2 MB | o1 3.0 ¢ 0l - 9.0 |
I 2-5 mg | a1 0.0 | o1 ©.0 [ 2-5 MB | or  .0.0 | o1 0.0 |
I s-1qQmB | ol 0.0 1 o1 0.0 1| 5-10MB | 51 8.111 228001 31.95d
| 10M8 =< | ol 0.0 1 o1 6.0 I | 10MB =< | 11 2.700 313501 43.931
[mmmmmmmmm [ jmm——n-— [omm———— | ammmmmm { lmmmm————— P s I foloaaan bmmme !
! TOTAL | 291 100.001 158441 100.001 | TOTAL I 171 100.00¢ 713647 100.00¢
T o ke b A Y T 2 o o b T B e e e i i = e e x
21 DATE  1982-03-246 TIME= 14:49:21
SYSTEM-A SYSTEM-C
===z Io= RxT=a=Iaz=A
PO ——— e R R R R B R m a m e R z
t i FILES [ (XD 1SPCCKBY! %) | ! I FILES | (XD ISPCLKEI X)) |
[—mmmmmm—— T fammmm—— fomw fmmm———— | dmmmem———— fommmm—— P ([ o |
| 0.5MB>= | ol 0.0 1 ol 0.5 I ! 0.SMB>= | 41 8,331 271 0.4
! 0.5-1M3 | &1 100.000 38001 100.001 | 0.5-1MB | 371 77.G81 218501 36.361
| 1-2 MB_ | el 0.9 1 o1 0.0 14 1-2 M3 | 21 4.171 38001 .32
1 2-5 M8 | ol 0.9 | 61 0.0 1! 2-5 M8 I 31 6.251 114001 $B.97I
[ 5-10MB | o1 0.0 | 61 0.0 11 5-i0M3 | 11 2.081 95001 15.811
I 10MB =< | o1 0.0 1 61 6.0 11 ioMB =< | 11 2.081 133001 22.131
jmmm—————— | mmm R R | === | fmmmmmmmm R e [mmm e [ I
| TOTAL 41 100.001 38001 100.00) ! TOTAL | 481 100.000 600971 100.001
P ———— e e T B B e e Am o Ak e 8 =
= DATE  1982-03-24 TIME= 315: B:40
SYSTEM-A : SYSTEM-C
EXTXEITITIWT EDRAZTS=SZIST
e e om e B A R T B I ey e o e T e el ke o =
i | FILES 1 (X>  1SPCC(KBY!  €X) 1 | | FILES | {X)>  ISPCKXBYI (%) i
|wmmmmmm—e [=msemmm fommm e m |mmsmena lemmmman R R e | ommm—— | snm———— fmmmem— frm————- ;
: 1 0.5MB>= | SI 8,771 12141  2.801 | O.5MB>=2 | o1 0.0 o1 0.0
[ 0.5-1M5 | L7t B2.441 280041 59.971 | ©.5~1MB | 371 94.871 210901 78.721
| 1-2 MB | 11 1.751 13301  2.851 | 1=2 MB | 11 2.561 19004 7,09
) 1 2-5 MB | 4F 7.021 1615G1 3&.581 | 2-5 MB | 11 2.561 38001 14,181
I 5-10M8 1 01 0.0 | o1 0.0 | | S5-10MB i o1 @.0 | o1 0.0 I
| 10M8 =< 1§ o1 0.0 | 01 0.0.1 | 10MB =< | o1 0.0 1 o1 0.0 !
fmmmm—am—— jmmmmmm— {mmmmm— R o ] fmmmmmm e jommmm—- [m=mmm—— == mmmm | =mmmmmm I
i TOTAL 1 571 100.001 467021 100.00% | TOTAL 391 100.001 267901 100.001
B e o o e S A Y S TR e B o i Ll R TS T x

At s e e e n



JAERI -M 82-200

EE?%%DCPUﬁﬁT&4ﬁ@ﬁwfﬂ%M—380®%éT$%°C@Z#J;—ié
23, EAUEERELELTS2H0 Y 2 70— 4 AN BERA LHC G EEHT S &
fo, @l—-F) a— L NABCT /€2 TEHARKESED2HEOY 2 FTOPEDDMEBET L,
Amhﬂw77%§mécmﬁa7@774WﬁﬁELm<ﬁohﬁwmmﬁaj%ﬁﬁﬁé
HEDBRENTEE N D, A5V a— VICET A BHBEOHT, LB LELIERILE
WinTE W AT, DR ELERT AETOMBERD S,

(b) W& E B KR

N MY s TRESECPU NIV FTH BT EhHEN, 7 PibEZ TEDH THRIC
CPUBHASBMSL N TS Y2 7TRERETH, EESHTOLAEESEHED LRICHL
CRERBNH - ThEEEF LT BRETEL Y, FLEEINLATEEEDOLRTS -
Th~7 P EEOFG Y a THANZANT, RELBL flnéz;bé - P a7, HBEVE
&7hwm$®ﬁh937%17y7-7WhL,ib%hNﬂbwﬁ$®937®%ﬁ%ﬁ
BT RENLETH b, '

IR s TEDCTHEEL BV ABAEEE LV ED (RF Y2 - U YT - VT FT =
T) Zihit, '

Pl Fda— K&y 7 hAVECTOR = 5 BB TERRT 2 &Fig. 515 OLIICU
Do

~7 bk ETER

VECTOR =5

140~300MB

! I
!
i0ms “8~18KDB

| !

9M3

A7
Ny T7

% H

Fig. 5.15 Necessary resources for vector processing based on findings

of the simulations.
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Fig. 6.1 Processors and 1/0 paths of JAER| at June 1983.
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AMEBLNLONENS BN T Ebd b,

3 BvRTFLDAHTIYRE

BoRF g4 A4uy o7 villBRESZATFLADAT— e i) a—Lbipn 5407
N A~DAENREE L L -2 T05E, BYyAF 4O AHAOMN® OB ¥R 7 L OHEIRTA
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Table 6.1 User 1/0 accesses of A, B, and C computer systems in Jan. 1982

at JAERI computing center.

sax /0 TIMES DATA

{557, 1}
(UNIT=1000TIMES?

LX) #B nn TOTAL OPEN CLOSE F1B. /6 OTHER TOTAL T5%

1 0.0 0.0 0.¢ 0.0 0.0 Q.0 0.0 £.0 e.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 £.0 0.0 0.0 0.0
. 3 0.9 0.0 0.0 0.0 o,0 0.0 g.0 [ ) 0.0 c.¢ ¢.0
[3 0.0 0.0 0.0 0.0 0.0 0.0 ©.0 L] 0.0 0.¢ ¢.0
5 112.60 17.0¥% 75.82 205.51 2.0 14.09 178,62 co 0.02 192.72 12.78
] 557,50 534,47 2630.04 3gz2.¢1 43.84 21%.87 3127.15 £.10 234,66 3661.64 180.37
7 acs.37 £73.21 2280.01 3559.5¢ 27.14 235.83 2959.0¥% 4.70 188.94 3415.72 143,87
8 Tig. 24 58%.97 1883.44 391,44 LB.14 344,41 2451.5¢9 31,51 154 .89 1050.54 141.10
? 305.95% 173.75 875.63 1355.14 4.28 g.01 1222.8% 1.52 39.37 1277.08 78.04%
10 e.0 0.0 0.¢ Q.¢ Q0.9 0.0 Q.0 0.0 0.0 o.¢ 0.0
11 B17 .46 391.92 2141.07 3570.44 109.14 50.43 3012.73 L.63 15%9.03 3333.98 234.46
12 628.98 701.93 24L3B.948 3769.89 101.79 185.32 3112.53 27.51 116.9¢ 1562.12 22?.77
13 Tev. 4k LB2.73 2374.52 1588.49 79.5¢2 194.72 3031.11 50.69 109.32 3465.37 123.32
14 648,17 651.00 2249.35 35L8.52 Lg.92 340.74 2842.82 68.04 104.81 1399.33 149.18
13 15.84 T 14,85 0.0 33.69 0.0 0.0 33.47 0.0 0.0 . 33.67 0.02
i6 0.0 2634 .44 0.0 2638,44 o.c 0.0 2434, 10 0.0 0.0 2634.10 2.34
17 34.78 473.28 ?55.5¢ 1443.45 0.0 1.72 1660, 49 0.0 ¢.00 1462.21 1.44
18 $00.%¢6 £60.40 2008.47 3550.23 £9.10 293.91 2755.72 £.78 geL.0% 3327.5%9 222.63
19 894,46 679.23 2751.52 432741 $8.71 72.48 3876.46 14.89 150.11 L172.85 154.56
20 TEL.78 521.29 2541.44 5847.51% 42.21 275.05 3097.80 8.04 171.93 3565.05 252.4¢8
21 919.99 42B.14 2373.70 3721.84 58.7¢9 158.98 2851.73 23.41 195.74 J.BB.85 232.%7
22 7B6.98 640,51 234%.01 3796.50 50.5¢8 567,29 27L1.87 5.62 148.8¢ 3543.5%9 252.90
23 284.35 248.10 BL7.01 1379.464 12.489 170.41 1053.03 5.94 91.65 133,74 5,72
ik 0.0 0.0 0.0 0.0 0.0 ¢.0 n.0 0.0 0.0 0.0 ¢.0
25 1052.76 719.73 2436.3¢9 4208.88 25.34% 741,92 3028.75 3k.65 200.45 «0%%7.3¢ 179.54
26 $27.77 531.71 2569.41 4028.8% 22¢.30 323.88 049,49 10.25 213.48 ¥826.3%9 202.50
27 ?21.52 618.08 2433 .44 3973.0% 114,25 457,59 2941,45 13.1% 177.3¢ Ir08.87 264.17
8 708.34 419,40 2233.84 1561.7% ?0.41 325.91 2657.85 12.74 266.29 3333.20 228.58
2% 891,48 L4, 83 218%.80 3726.11 th.12 338.8¢ 2B63.3¢6 ¢9.70 267.25 3523.27 202.84
30 213.52 126.91 457.62 998,05 s2.18 83,95 740.2¢ 14.96 RI. 47 923.42 Te.83
31 ¢.0 6.0 0.0 o.0 0.0 0.0 c.o 8.0 0.0 0.o 6.0
TOTAL 14756744 1335%.39 43538.11 Ti1664.94 1304.52 5648.35 57530.%9% 355.93 3194.B% 8B056.69 180828
SE 197.246 3224.71 1684.73 5108.70 0.0 40.88 5011.23 0.0 3.00 s0%2.12 16.59

Table 6.2  Number of jobs, total CPU time, !/0 accesses of job sequence

for the simulation of A or € computer system.

VR T b a2 7TH £CPU A £ At A0 #E a8 B
A 72 5420 # 241567 12670 #
C 97 10608 426907 18110
T BEABHI IEOAHANES 0ms & L7/-:&D 1 ZERKM
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Fig. 61 DAY 27 L% 4 23MTANL~NY b A Hl2 BV, V2 TEERAL
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LR EEARATVALT S, £ T H L5 3HME 6 IHOERNPS, Fig, 64 €8T
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Fig. 6.4 Necessary number of concurrent /0 paths in a proposed

computer configuration.
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AHEDBBRETHS, BEOFBELFERREFIg. 67T L HTERDEND, LTV 3
JollEEEOEHEEAET A EREL -THA0E, (D F—- 7B, LITS S itk 351E
a-F, F-3EBEAN Y2 VEBTLIETETORLKHDIS>THS,

MRBELNIA Ly 2T ) VIRBTEINR > TOARIERETNDANLEDATHA,
HAF—sMBDHE, EROACDOTH AT Tektronix T 401 47_’5 74w TIE,
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Fig. 6.7 Current environment of computer use and user waiting time for
job input/output operation.
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Fig. 6.8 A proposed computer complex for efficient vector and scalar

job processing.
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Names and functions of subroutines in the simulation program.

Table A

- F v E e A

ARINIT 2 w0 FDY s FETIF 4T - PaFTHF - 788 (COMMON,/
PARAM/) it b5, FER, etc. ERDLIWEFAHEOIH
ExRET 5,

ARRIVL v k.o ryENHE (CPU v—7) BEANHAE TR,
FEE), CPU fAE, ,1/0 1EY%DDY 2 7OCPU R#ER
BW, REHET B,

ELAPS HERTFDI a7DI35H, 128K TITRHCKRDY a THRE — b
TAHEHEMRAES, TOMOABEACPU time, 170 Zlg,
etc. ZRH, KDY a 7DREY — FEEZIANEFCTIME.RED 5,
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MULPRO ZHEBEmMEm+] (old /newdtFEs) M22O2DFIF 4 7+ Pa T o
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WJ]TAB HEFRFHLREY 2 788525415,
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Fig. A. Closed network model for simulation.
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Fig. B. Flowchart of main routine.
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Fig. D. Flowchart of MULPRO routine.
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