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Vectorization of ‘the SONATINA-2V Code for Seismic Analysis

of the Two-dimensional Vertical Slice HTGR Core

* *%
Takuya TSURUCOKA, Mitsuhiro MAKINO, Takeshi IKUSHIMA+
and Misako ISHIGURO

Computing Center
Tokai Research Establishment,
Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 28, 1987)

The SONATINA-2V code for analyzing the dynamic behavior of fuel blocks
in the vertical slice of the HTGR (High Temperature Gas Reactor) core under
the seismic perturbation has been vectorized. In this code, the behavior
of fuel hlocks which is described by 'a set of ordinary differential equa-
tions is numerically solved by the Runge-Kutta Method. In this numerical
method, the equations can be calculated in parallel at each time step. In
order to utilize this parallelism, the program structure has been changed,
and the program has been optimized to effectively utilize the vector
instructions of the vector preocessor. The processing time of the vectorized
program on the FACOM VP-100 in the vector mode is reduced to about 1/6 in
comparison with that of the original program in the scalar mode. The
restructure of the program for representing the parallelism and the
technique for the vector optimization are described. It is pointed out
that the consideration for the program structure is important to obtain

the high performance on the vector computer.

Keywords: SONATINA-2V, HTGR, Vectorization, FACOM VP-100, Seismic,
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41 NI PMEOER

F2WSONATINA-2V O A ) P+ MRBRTU~Z b fbilied FORTUNE 3 A b U2 bl
BABZGY T —F VEITE EHt, =7 PLRTIR, FUNEBLOCKERE N7 b {bFEH0970
PP 5T, FUNEBLOCKD <7 b AALERESEODE, ~7 b b ORRBIAR RS
WY P VEDECDON—TEABEEFICA A TP L TR HTH S, 2ED I bafEREL
T, FYVIFIVED 0. 4%BDOXT bVbRO 9 2.3 %A E LTz, £3&ld, AV VFARER
H5 e T—FTEFLHIBARURY bLREAA S + £ FERT b 8= FTRTLEEE
OETHEt (B), 2V Y FMROAH T - T— FEFEHEARES L EERTHBEOL r 1 U~
7 PLRD A A 5 - B - FRITHMEHEES LASETHEOL r2 270 T 5,

AN TFRE R P AAEREFNFNASD T » € FTETLLESIT, <7 bAfbiROF B4
N Y F MR S TREEE A 1L 13 A ITERE T B, ThE, N7 bR T 077 L0H
BERR UL B EAHD Lo D BT Ol LOBRSEER DR E T 5dTHE. &
ARHTN—F VO SHLEEEE LD E, 2T, 707 7 40BEEFOLHDICFUNLTRY
7i—F v (BLOCK, DOWEL, MOMNT & VSPRNG) OFFOH LEEM 17156 (=1,7(12
X130 LTwa, FRICRBEIZ e 77 o9 70— F VICEE SOFEUH LEED
1,,/182(=1/(14%x13)) &H~-»Tw5, £ LTDERIVIIA ¥ 54 YERE IN/IHIZEFOH
LA L7190 i/ b LT B, Cofshic, 7 v—F YORUE LictEdd —~N—n oy KD
Lz, BRIT, <7 b MLERTIE, #M&AALBEKS INLCOSOIRAERKAT » 7CT—HD AT
v, DD FOEAES Lo EFE Lo, HAALBEKS I NECOSoEARMOGHSA
DI F ke gL TR L bIcEb LTS,
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ENTVW5E, Chid, 7077 L2K0~R7 FLEFIHI 23 %EBNILLETEDOV-TD
Bk sTR7Z P VEDL B 6 EHBEANREVIZHTH S,

LT, Tas s AEEEMEEEC O WTEATA S, 7 b AVRTREAAHBEES TN
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IEBEAER B A & XiciE, COBEVERELTINERGMR0.. <7 b bR OBAERRTE &
FORTUNE DI R FAGH OHESNEY 74— F ¥ SINCOSDIEPIERI79.04x0074=584
BEa) O bRE RS b LR THAAABES TN & CO SO LD L5kl LT
2T EMD, ANVIFNRTRY bR EFERICEAASBEES I NEC OSSO LEEYE
BLEA TV B E L& 20O BMEEIE 10612-584x4=82T760THh 2. BIL, 24 70ED
WETEA Y T+ VERE <7 R LR IR A & A S0 Edibh s, LbL, 7
0y LESRS PAVLEESSE 46 2ENEREICESH S A, CoLdiL, T T s
EIHBEK, <7 b ERAERTLIEAEA LTS LA RIS AL ENEETH S,
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F&Bl—) &~7 b E—FTFEHKRIGEVFS OONTNE, TOFEERDENTOUT,
BB R UM BELTA S, - L

HiEsncid, ~7 PR THESAABEHS INECOSERAS - E=FClEL, o7 o
'?A%FORTRANTT/VPQLUﬁ{5@5”Vy7-%#%VT%éNOEVLtfvglﬁ(lﬁﬁ-%w
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L. ZooE-Fie kAT BEHEROLE AR 15 EB1 6iRd . Bl Sla)R et B ERA 7
LDEMFLBIEEHETH D, MhoEREIAHL T - - F, GRERI L E—-FlZE26D
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ConE—FLLEZHERRCBVT, ZEDTHATE L, "1 5 RVAEFPLEARAL 7 08
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Fs:Kij(Xi”Xj_aij) P X< X =0y (2.0

FS: 0 , XJ%EXI_al_] (Zb)
Fwvaly FHFg

Fq = Cij(vi'_vj) ; Xj<‘|xi__5ijl (3.a)

Fg=0 : Xj2§|xi'“6ij| (3.b)
LEA

F =F, + Fy (4)
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1) IKUSHIMA T.: SONATINA-2A A computer program for seismic
analysis of the two dimensional vertical slice HTGR
core JAERI 1279 (1982).
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Table 1 The summary of the methods for vector optimization.
1-MERGE stands for LOCP MERGE, L-UNROLL for LOOP UNROLLING,
L-INDEX means optimization of vectorized do loop index, and
F-REDUCT means reduction of bullt-in functions.
V-RATIO is the vectorization ratio in each subroutine with
vector length indicated in the TABLE.

SUBROUTINE METHOD FOR VECTOR OPTIMIZATION VECTOR LENGTH (V-RATIO )
JULY31 L-MERGE, L-UNROLL, L-INDEX 156 (95)
FUN L-MERGE, F-REDUCT 144 (52) 12-14 2D
SINCOS L-MERGE ‘ 156 (99
ZERD L-MERGE 156 (39
VSPRNG L-MERGE, L-DIST 144 (85 12 ( ©
DOWEL L-HMERGE, L-DIST 144 (96 12 C O
HOMNT L-INDEX, L-HERGE 156-144 (40> 12 (60>
BLOCK F-REDUCT, L-DIST 143 (87 12 C 2)
FRIC L-MERGE 156 (99)
HXCL L-INDEX 24336 (15) 182 (12) 12 (72)

Table 2 The FORTUNE COST and the vectorization ratio of original
version and vectorized one.

SUBROUTINE ORIGINAL VERSION VECTORIZED VERSION

COST (%) v (%) COST (%) V (%) .
JuLY3t 7.0 B1.3 12.1 88.0
FUN 24.7 5.9 10.8 71.6
VSPRNG 12.1 0.0 17.3 99.1
DOWEL 16.3 0.0 2.3 97.3
MOMNT 4.6 20.9 5.5 97.3
BLOCK 26.8 0.0 6.9 5.9
FRIC 1.5 0.0 2.0 99.7
MXCL 1.6 80.2 2.1 9.8
" SINGos - —- 7.4 9.3
ZERO —-- — 2.4 38.8
TOTAL 97.2 9.4 98.8 52.3
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Table 3 The execution time t, their ratios rl and r2 for original
version and vectorized one.

ORIGINAL {scalar) VECTORIZED (scalar) VECTORIZED (vector)

t ' 106.12 sec 79.04 sec 17.09 sec
o 1 0.74 ¢ 1/1.30) 0.16 ¢ 1./6.21)
2 1.3¢ ¢ 1.70.78) 1 0.23 ¢ 1/4.62)

Table 4 The count of execution of subroutine for original version
and vectorized one.

SUBROUTINE ORIGINAL (M0)  VECTORIZED (NV)  RATIO (NO/NV)
BLOCK 632112 4052 156
DOWEL 632112 4052 156
FRIC 737464 4052 182
FUN (BDERIV) 4052 4052 {
""""""" oER o oz om0
JuLY31 1013 1013 1
MOMNT 532112 4052 156
VSPRNG 632112 4052 156
SIN and COS 6343471 1281445 5
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(¢ Calculation model of two-dimensional vertical siice core.

Fig. 1 Calculation model of the two-dimensional vertical slice
core for the SONATINA-2V code.
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(a) Mass impacting model (b) Hysteresis loop for impact

Fig. 2 Viscoelastic model with two Impacting bodies.
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(a) STRUCTURE I

eees DO K=1,M
[ D0 L=1,N
CONTROL —— FORCE ——————FORCE!

} L FORCE2

i L—FoRcEn
f.i.. CONTINUE
(b) STRUCTURE I

CONTROL —— FORCE ————1———FORCE!
- - DO K=IIM
DO L=1,N
CONTINUE
CONTINUE

L FORCEm
o D0 K=1,M
é :, """ DO L"’"‘l!N
I CONTINUE

Fig. 3 The possible program structures for the SONATINA-2V code.

-

ROUTLINE 1.INES EXECUTIONS COST X Covunvarnnnranars locsionnrrnnnsars Zoiiiianmrrnannnn

-
z
Q
.

-

1 0001 BLOCK 377 432112 340080193 28.0 Lvznsxatnn AT N E N T AN R AR A A R A AT RN VTR RN A
1 0002 FUN 722 1013 212790748 25.0 JAmasacsnsxa sz s kAR kit RaTOAEEASRILERKAELER
1 . BRERLY 3039 1

1 DERLY 4003376 1

1 c003 DOWEL 185 632112 204021792 16.3 Jassassnszassdninssssantntans

1 o004 YEPRNG 106 532112 . 158P02441 12.7 TAXRASEASAARRTTNE

1 o005 JULY31 385 1013 a7183845 7.0 TITTTTY] :

1 0006 MOMNT 104 632112 56982748 L.6 Jassaszs

1 0007 MxcL 115 681 19437102 1.6 Iax

1 o008 FUNBO L 44 1046365 15352015 1.2 lesx

1 FUNB1 105352 1

I o009 FRIC z8 737464 13275402 1.1 1=

1 o010 FUNWO R $7eLB 12642240 1.0 I

1 FUNW1 97248 1

1 0911 ROC 753 1 6194611 0.5 I

I 0ct2 DTAPR L47 1 1404397 0.1 1

1 0013 MXPR 192 1 L2L395 0.0 1

I 0C14 SETARY 320 1 175637 0.0 1

1 0015 CRDINN 754 1 108709 [ I §

1 Cc016 YITLE 14 14 14112 0.0 1

1 co17? MALN 96 1 1004 0.0 1

1 o018 FMPR a8 o 1

1 ooi9 FUNLD S8 0 1

1 FUNU1L ¢ 1

1 ] 1

I 1] 1

b m i mm o o e b e A e S S S oSS So oS SmemroSssssss oo
I 1248791811

Fig. 4 The summary of execution cost measured by FORTUNE for
subroutines of the original SONATINA-2V code.

-

L R R R Y

-




JAERI-M 87-019

------- DO K=1,M
P D0 L=1,N
JULY3} ——- FUN (BDERIV) ————FRIC
———VSPRNG
R = D0 1IDX =1,6 o
Do DO LIDK =1,N © 1 ——DOWEL
{ .f- DO KIDX =1,M =
: —HOMNT
L— DERIV
B L BLOCK
otoloeo CONTINUE L
1o CONTINUE

Fig. 5 The tree structure for the kernel part of the original
SONATINA-2V code.

poiof I =1, N SUBRQUTINE EXAMPLE ( X , Y, 2 )
X = A1) = X+ Y

Y = B (I) RETURN

CALL EXAMPLE ( X , Y, 2 ) END

cd)y=2

100 CONTINUE

(a) Transfer of do-loop to bottom level subroutine EXAMPLE

po 100 I =1,N SUBROUTINE EXAMPLE ( X , ¥ , 2 , N
X¥ (I) = A(I) DIMENSION X (N) , Y (N) , Z (N)
Y¥ (1) =B (I) bpo10 I =1 ,N
100 CONTINUE Z(Iy =X+ Y (D)

100 CONTINUE

CALL EXAMPLE ( X¥ , Y¥ , Z¥ , N ) RETURN
END

i I=1,N
C(I) =2¥ (D)

110 CONTINUE

(b) Inline expansion of bottom level subroutine EXAMPLE

............................

Z=X+¥ i — CALL EXAMPLE ( X, Y , Z )

C (I)=12
100 CONTINUE

Fig. 6 A simple example for the restructure of program.
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(Ad

_________________ DO 310 KIDX.
P DO 310 LIDX
2 o DD 210 1IDX
23 T1(KIDX,LIDX,1

dmmm—————————— 310 CONTINUE

r

r

c=Z =X

L4

DX) = TIMSP x DERIV(TIMH,XN,KIDX,LIDX,IIDX3>

N
mnH
e

(8) .
—————————— §------DD 310 KIDX
———————— §------D0 310 LIDX = 1 , N
Zommmm e DO 310 IIDX = 1 , 6

3 GO TO ¢ 3910 , 3920 , 3930 , 3940 , 3950 , 3960 > ,IIDX
3 3910 FUN = XN{KIDX,LIDX,2}

3 GO TO 3980

3 3920 FUN = ¢ FIACKIDX,LIDX,2)

3 VRA (KIDX,LIDX,2)

3 DWACKIDX,LIDX,2)

3 BKACKIDX,LIDX,2)

3 + WGACKIDX,LIDX,2) ) / ROICKIDX,LIDX)

3 GO TO 3980

3 3930 FUN = XN(KIDX,LIDX,4)

3 GO TO 3980

3 3940 QQAQ = 0.DO
3
3
3
3
3
3
3
3
3
3
3
3

1 .M

P
+ + 4 )
nonou

i}

IFC LIDX .EQ. N 2 caea FTCP{KIDX?
FUN = ( FIACKIDX,LIDX,1?
x + DWACKIDX,LIDX,13
x + BKACKIDX,LIDX,1) + QQQQ > / AMS(KIDX,LIDXD
G0 TO 3980
3950 FUN = XN{KIDX,LIDX.6>
GO TO 3980
3960 FUN =-{ VRA(KIDX,LIDX,1)
* - WGACKISX,LIDX, 1D :
* + GSFCKIDX,LIDXY + PPPP ) / AMS(KIDX,LIDXD
FUN
TIMSP x FUN

3980 AC(KIDX,LIDX-IIDX)
T1(KIDX,LIDX,IIDX)

R R B N e N N S

11

4o m—mmmm— 310 CONTINUE

€
R §mmmmm- DO 340 LIDX = 1 » N
1 2==mmmmm- Voo DO 310 KIDX = 1 , M
12 v AC(KIDX,LIDX,1 ) = XNC KIDX , LIBX » 2 )
12 v ACCKIDX,LIDX,2 > = ( FIAC KIDX » LIDX » 2 )
12 v x +VRAC KIDX » LIDX , 2 )
12 v * +DWA( KIDX , LIDX , 2 )
12 v * +BKAC XIDX , LIDX » 2 )
12 v * +WGA( KIDX - LIDX » 2 )
12 v * Y / ROIC KIDX » LIDX )
12 v ACCKIDX,LIDX,3 ) = XNC KIDX ,LIDX » 4 )
12 v Q@aa = 0.000
12 v IFC LIDX .EQ. N ) QQQQ = FTOP(KIDX)
12 v ACCKIDX,LIDX,4 ) =  FIAC XIDX , LIDX » 1))
12 v * +DWAC KIDX , LIDX » 1)
12 v * +BKA{ KIDX , LIDX , 1)
12 v * +0Q0a Y 7/ AMS( KIDX , LIDX 3
12 v ACC(KIDX,LIDX,5 3 = XN( KIDX ,LIDX » 6 2
12 v ACCKIDX,LIDX,6 ) = ~( VRAC KIDX , LIDX , 1)
12 v x —WGAC KIDX , LIDX » 1
12 v * +G6SFC¢ KIDX » LIDX ?
12 v * +PPPP > / AMS( KIDX » LIDX D
12 v TICKIDX,LIDY, 1 ) = TIMSPxAC(XIDX,LIDX, 1 )
12 v T1C(KIDX,LIDX, 2 ) = TIMSP=AC(XIDX,LIDX, 2
12 v TA1CKIDX,LIDX, 3 ) = TIMSP*AC(KIDX,LIDX, 3
12 v TL(KIDX,LIDX, & > = TIMSPxACCKIDX,LIDX, &
12 v TA(KIDX,LIDX, 5 ) = TIMSP=ACCKIDX,LIDX, 5
12 v T1CKIDX,LIDX, & ) = TIMSP*AC(KIDX,LIDX, 6
pommmmm e V--310 CONTINUE

Fig. 7 The inline expansion and the optimization of the function
DERIV called by JULY 31.




(a)

JAERI-M 87-019
(b)
START START I
. L=2,N .
K 1, M Ke=11,H '
----------------------------- — R REE T TP PR I
L 2N
"""""""""""""" - preparation
preparation
A 1 A 2
A 1 A 2 I .
e
FRIC FRIC
|
A 3 A 4
|
[
A b : A 3 A 4
I : ! |
VSPRNG o i
F A D
DOWEL | | emmerremeemeemeemeeeeeees -
I YSPRNG
MOMNT I
DOWEL
Bl1&B?Z |
I HOMNT
K=1,H
BLOCK | | g -
"""""""""""""""""" ‘ B 1
END BLOCK
K=1,H
B2
END
Fig. 8 The flow charts of the function FUN for original version in

{a) and vectorized one in (b).

The velocity of block is calculated in Al and AZ.
and moment acted on block are calculated in A3 and A4.
A5, the force at the boundary of block is accumulated.
collision between block and side fixed reflectors is
calculated at Bl for the left reflector and B2 for the right
one. 20—

The force
At
The
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a) b

Vd n
JMY=1,2 e IMY=1,2 IMY=1,2
' FUNWO ' : A B
b b
FUNW1 B
l i END
A .
END
c) d) ‘
START [START I
S S aoMy= 1, 2
FUNWO e S| K =1, M
I A
FUNMW1
----------------------- Sl dMy= 1, 2 ey | JDMY= 1, 2
-------------------- S| K =1, M oo | L= 2, N
K = 1 ¥ M
A
: B
----------------------- - | oMY= 1, 2
-------------------- S| L =2, N e | L= 1, N
K= 1.0 g ST K =1, K
; s
----------------------- S| L =1,N
-------------------- S K =1, H END
B!
END

Fig. 9 The flow charts of the subroutines VSPRNG and DOWEL for
original versions in (a) and (b) and vectorized omes in (c)
and (d), respectively. The vertical force and its moment
acted on the top and the bottom of a block are calculated in
A for the bottom block and B for the others. The. force and
its moment acted on a block are summed up in Bl
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(AD

1-=-=—-- S-—-—-- b0 1830 K =1 ,» M

1 2--—--V-—--—--- DO 1830 L = 2 » N-1

1 2 v WGDMT*¥(K,L> = 0.D0

12 ' LDMY1 = L+ 1

1 2 3--V-—=----DC 1820 LDMY = LDMY1 , N :
123 V¥ WGDMT¥(K,L> = WGEDMT¥{K,L> + WG{(K,LDMY)D
1 2 +--v-1820 CONTINUE

12 v WGDMB¥(K,LY = WGDMTE(K,LY + WG(K,LD
12 v WEA(K,L,1) = WGDMT¥(K,L)> - WGDMB¥(K,LD
t—————— V-1830 CONTINUE '

(B>

l-—m==- Voo DO 820 I =1 » M=xN

1 v K = MOD(I-1,-M) + 1

1 v L= (I-13/M + 1

1 v WGDMT¥(K,LY = 0.DC

o V--820 CONTINUE

1-—- S——-———- 0O 830 L = 1 , N-1

1 LOMYL = L + 1

1 2----8---——- D0 830 LDMY = LDMY1 ., N

1 2 3--V¥-—m—-—=- DO 830 K = 1 » M

123 V WGDMT¥(K,L) = WGDMT¥(K,L) + WG(K,LDMY)D
Fomm———— V--830 CONTINUE

1-—---- Voeme DO 1835 1 = M+1 , MxN

1 v K = MODCI-1,M) + 1

1 v L = (I-13/M + 1

1 V WGDMBY¥ (K,L) = WGDMT¥{(K,L) + WG(K,LD

1 v WGACK,L,1Y = WGDMT¥(K,L) - WGEDMB¥(K,L)>
- V-1835 CONTINUE

Fig. 10 An example of the optimal choice of the do-loop index for
vectorization in the subroutine MOMNT.
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SUBROUTINE JULY31(

¥ WG »AMS
* D s A
* »S5PKVRA sSPCVRA
* ,SPCBKA sGSF
x ,FLA +VRA
¥ s X r XN
* ,17 M
x ,TIM rAUX
x ,IMGY80 +CFA
x ,SNT¥ ~CST¥
* ,CKSU¥ /FIMB¥
¥ ,WORK¥ r IWORK¥
C¥....WORK AREA
DIMENSION
*  SNT¥(M,NJ} sCST¥(MAND
x ,CKSU¥(M,N) sFIMBY (M,N)
¥ sWORK¥(16xMxN>
RETURN
END
SUBRQUTINE JULY31(
* WG s AMS
* ,D s A
¥ ,SPKVRA +SPCVRA
* »SPCBKA rGSF
* ,FLA +VRA
* s X » XN
¥ ,27 M
¥ ,TIM SARUX
¥ IMGYBO +CFA
C¥....WORK AREA
DIMENSICN
*  SNT¥(M,ND FCST¥(M,N)
* ,CKSU¥(M,N2 +FIMB¥ (M,N2
* ,WORK¥(16xMxN)
RETURN
ENTRY SETJLY(
* SNT¥ sCS5T¥
x ,CKSU¥% rFIMB¥
. x ,WORKY¥ »ITWORKY
DUMMY = SETFUN(
* SNT¥ +CST¥
¥ ,CKSU¥ +FIMB¥
* ,WORK¥ rIWORKE¥
RETURN
END
Fig.

+RQOI
DLT
sSPKDWA
sCXX
~DWA
rAC

#N
»IAG
+DWF
FALF¥
FCXCX¥
)

+ALF¥(MAND
FCXCHE(MAND

rIWORK¥ (AxMxND

+ROI
~DLT
+SPKDWA
s CXX
sDWA
FAC

#N

rIAG
+DWF

FALF¥(M,N)
FCRCHE(MAND

s IWORK¥E(4xMxN)

+ALF¥
rCXCX¥
s M #NOD

AALFY¥
SCXCX¥
M N

+H
+OLTDWL
rSPCDWA
sFI1

s BKA

s Q
sMDMY1
,IVSG

V¥
+FIFB¥

SVECMAND
SEIFB¥ (M, N}

H
+DLTDWL
+SPCDWA

-, FIL

rBKA
rQ
SMDMY ]
sIVSG
)

SNEMAND
SFIFBY¥(M, N2

PRVE
+FIFB¥

VY
sFIFB¥

12 An example of the reduction of dummy arguments for
work area in the subroutine JULY31.

B
+DLTDWR
s SPKEKA
sFL2
SWGA
£71
SMDMY 2
+IFS5G

+FIFT¥
FFIMTY

FFIFT¥(MAND
FFIMTH¥ M ND

B
rDLTDUWR
s SPKBKA
fF12
rWGA
T

S MEMY 2
,IFSG

FFIFT¥ (M, ND
FFIMTE(M,ND

+FIFT¥
FPFIMTY

FFIFTH
P PIMTY

the
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(A) SNT = DSINC XCK,1,1) )
CsT = PCOSC X(Kes1-.1) 2
ALF = X<(K,L,1)
IF(IGD.EQ.0.AND,ALF.LT.0.DO IAG(K,LY = 1
IFC(IAGC(K,LY.EQ.12 60 70 240
V o= X(Ks1s,6) — € H(K,1)2CST + B(K,1)%SNT ) =X(X,1,2)
* - XBP(2)
(B) CALL SINCOS¢ SNT¥ ,CST¥ X M SN LMDMY2)
1-——=Vom——— DO 5000 K = 1 » M
1 v ALF¥(K) = X(K,L,12
1 v IF¢ IGO.EQ.Q .AND. ALF¥¢ K 2.LT.0 3 IAGC K ) = 1
1 2--V-——wmm IF¢ IAGC K 3 .NE. 1 2 THEN
12 V VECKY = XCKsLls6Y—(HCK, 1) %CSTECK, 1) +B(K 1Y *SNT¥ (K, 12X (K,1,2)
12 v * - XBP{(2)
12 vV .
12 v .
1.2 Vv
1 +=--V-—-——~~- ENDIF
1 v
1 v .
1 Vv .
+-——=yY-5000 CONTINUE

Fig. 13 An example of the reduction of the function SIN and COS in
function FUN,

(A) SUBROUTINE SINCOS( SNT¥ , CST¥ , X , M » N , MDMYZ )
IMPLICIT REAL#*B ¢ A-H » 0-2 7
DIMENSION
D SNT¥( M,N ), CST¥( M,N 2 » X( MDMY2,N,6 )
1--==§~=~-—-D0 100 4 = 1 ,» N
12---V-—-——uwu DO 100 I =1 , M
12 v SNT#(¢ I,J ) = DSINC X( I,J.1 > 2
12 v CST¥C I,J ) = DCOSC X¢C I,4.1 2 2
+--—=VY--100 CONTINUE
RETURN
END
(B> SUBROUTINE SINCOS( SNT¥ , CST¥ , X » M » N , MDMYZ2
IMPLICIT REAL*8 ¢ A-H , 0-2 2
DIMENSION
D SNT¥( MxN )., CST¥( MxN ) » ¥{ MDMYZ,N,6 )
1=V DO 100 K = 1 , MxN
1 v 1 = MODC K-1,M >+1
1 v J o= (K-12/M + 1
1 vV SNT¥( K ¥ = DSINC X{ I.,J.2 0 )
1 v CST¥( K > = DCOSC XU I,J-1 2
+--=~-V--100 CONTINUE
RETURN
END

Fig. 14 An example of the modification of nested do-loops to single
do-loop in subroutine SINCOS.
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BLOCKC 1 , 13 ) U-O!SPLACEMENT ¢ CH}

1.0 |
0.0 /\"'\ M /\—-—\iT
-1.0 ~ )

BLOCKL 1 » 11 ) U-OISPLACEMENT { CM}

2.5 [ /\ /\ /\

BLOCKL 1 +» 8 ) U-DISPLACEMENT ( CH!

0.0 —_
2.5 ) BLOCKIL I + 7 ) U-DISPLACEMENT [ CM1

2.5 T

- /’\ /\ /\“_
-2.5 -

1.0 T BLOCKL 1 » 3 ) U-DISPLRCEMENT [ CH}
) "—__—"’—#‘_qH‘h\\\\—"’:""-—’——_-'r—_”-\\\L—_-d’F’f"ﬂff"‘—’__“\\\

-1.0 C 1 1 1 1 1 1 1 1 1 1
0.00 0.10 g.20 0.30 0.40 0.50 0.860 0.70 0.80 C.390 1.00

TIME (SEC)

(a) Displacement response curve (1)

0.50 BLOCKI & + 13 ) U-DOISPLACEMENT ¢ CH}
l_ SN AN N I\

0.00 E\—’”’/ i ﬁ&;ﬁ‘\‘,,/ " N T ~

-0.50

2.5 BLOCK( & . 11 ) U-DISPLRCEMENT ( CM} -
0-0 \\\‘-“-ﬂff’ \\\‘_-‘—’,’— r(::
-2.5 -

2.5 BLOCKt 6 . B8 ) U-DISPLACEMENT ( CMJ

P A AR
0.0 \\_—__”;7 \\\___ﬂf’,/ ‘\\;

-2.5 -

: 5 1 BLOCKL 6 + 7 ) U-OISPLRCEMENT ( CHM}

0.0 \\\‘__,‘—”, \\\—‘—_",/’ ‘\\_
-2.5 :

1.0 —~ BLOCKI B » 3 ) U-GISPLRCEMENT ( CM)

0.0 ﬂ \\“ha_//// ‘\\\ﬁﬁ\//,/’ ‘\\“\\

| -
-1.0 I ! t H 1 1 1 ! 1 }

0.60 ©0.10 ©0.20 0.30 0.40 0.50 G©.60 0.70 0.8  0.90  :.00
TIME (SEC)

{b) Displacement response curve (2)

Fig. 15 Comparison between calculated results in the scalar mode
and in the vector mode. This displacement response
curves in (a) and (b) and the force response curves in
(¢) and (d) are depicted.
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cop. [ BLOCKL 12 . 13 ) BLOCK-COLLISION FORCE ( KG)
L i}...,.,m._lu.._. 1 ?I L Ml ! | I ,'Lu
0. ’ﬁr Ef
-500- ~ -
_ BLOCK{ 12 ., 10 ) BLOCK-COLLISION FORCE ( KG}
1000
|V a b N L=-.-~.-—
0. lr y : r
-1000. - BLOCK{ 12 . 9 | BLOCK-COLLISION FuRéE ( KGI
2500.[ '
i A i . sl 1
0. i i’ r
-fggg'__ BLOCK( 12 ., 8 } BLOCK-COLLISION FORCE [ KGI
l k) LL s I- 1 2l l-h{ LL i
Q. -——————————Th&wﬂ ¥#¢%r rﬂ*ﬁ*‘+———-——~
-1000." )
_ BLOCKt 1Z . 6 1 BLOCK-COLLISIGN FORCE [ KGI
1000. -
b - [ JI. Myl 4]
0. rerryf quv
-1000.L 1 il 1 1 ) 1 ! L 1 1
0.0o0 0.10 0.20 0.39 0.40 0.50 0.50 0.70 0.80 0.90 1.00
TIME (SEC)
(c) Force response curve (1)
509, BLOCK( | . 13 ) BLOCK-COLLISION FORCE ( KB)
o. M%MMM&W[
-500- BLOGK! | , 1D } BLOCK
25001 ' LOCK-COLLISION FORCE ( KG)
" 1
G- v ¥ A v f, . A
"2800- ikl 1 .91 8
2500. r . LOCK-COLLISION FORCE { KG)
]
g. A - L. - &. L
~2500. - BLOCK( 1 , B8 ) BLOCK-COLLISIGN FORCE t K
2500 . , 3 G)
. L b
0- ¥ T - —t
-2800. - BLOCK( 1 . & } BLOCK-COLLIS F
1000.F . -COLLISION FORCE [ KG)
0. T r E:W” ¥ e T %ﬁ”
-1000..C 1 L ] 1 ] 1 ] ! 1 ]
0.00 0.10 0-20 0.30 0.40 0.50 0.80 Q.70 0-80 0.90 1.00
TIME (SEC)
(d) Force response curve (2)
Fig. 15 Compariscn between calculated results in the scalar mode

and in the vector mode.

(c) and (d) are depicted.
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This displacement response
curves in (a) and (b) and the force response curves
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Fig. 16 Comparison among experimental reaction force, calculated
one in the scalar mode and calculated one in the vector mode.




