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DO 10 I=1, N
IF (J.EQ.K) GO TO 10
Z(h=X(D)+ Y(I)

10 CONTINUE

1
IF (J.EQ.K) GO TO 20
DO 10 I=1, N
10 Z(H=XN+YW)
20 CONTINUE
Rl v—-TRERKEEEL DO v—T0fH
Fig. 1 An example of DO Loop which includes a
condition independent of its loop operation.

DO 10 I=1, N
IF (I.EQ. 1) D(I)=E()+F{I)
ZN=X(D+Y()
10 CONTINUE
3
D(1)=E(1)+F(1)
Z(1)=X(1)+ Y(1)
DO 10 I=2, N
10 Z(D=X)+ YY)
2 HAEERELEST DO v—70f)
Fig. 2 An example of DO Loop which includes a
terminal index condition.
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DO 10 I=1, N
IF (A(I).GT. B(I)) THEN

D(I)=E(I)+F()
ELSE
Z(h=X(I)+ Y(I)
ENDIF
10 CONTINUE

B3 v—7HELRELEAL DO v—TDH
Fig. 3 An example of DO Loop which includes a
loop-dependent condition.

DO 10 I=1, N
IF (A(D).GT. B(I)) D(I)=E()+F(I)
10 Z(h=XD+Y(I)

1
DO 10 I=1, N
10 IF (A().GT. B(I)) D{I)=E(I)+F()
DO 20 I=1,"N
20 Z()=X(N+Y(I)

4 V-FHEEEEEGL S 5—D0D DO v—FDH
W—TRBCL DRI P MEHTREICIES.

Fig. 4 An example of DO Loop which includes a

loop-dependent condition and needs loop-
partitioning before vectorization.
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Vector Elementwise Add with Control Vector

VEAE with C o®yfE

Zy—Xe+Y, if Co=1
2, £{bw9  if Co=0
Z, X+ Y if Ci=1
A Eﬂ:‘g‘f if C,=0
Zi—Xi+Y; if Ci=1
[Zl {Led if Ci=0

5 @~y P ArOFBERT BN FrEsO

B fElRE

Fig. 5 Operational description of vector

instructions with a control vector.
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Table 1 Summary table of newly added vector instructions

to generate control vectors.

~7 s L L X E
DEH o maE | 1 | 2 | 3 | o | DFEE

Vector compare | CEQE | CEQD | — | S/V |S/V | g | Ciif Xi=Yi
Ve conP™"® | CNEE | CNED | — |S/V |S/V | g |Ciif XizYi
Ve;:::t;ozgf :l:;.xal CGEE |CGED | — |8/V |8/V | g |Ci—if Xiz¥i
V?:::t:: o |CGTE | CGTD | — |§/V|S/V| g |Ciif Xi>Yi
Vector compate | CLEE |CLED | — |S/V |S/V | g |Ciif XiSYi
Vector compare | CITE | CLTE | — |S/V [S/V | g |[Ciwif Xi<Yi
* BREOHB~2 b (C) Mo gid, CORPRIDFM~7 P sEREh

BTEERT.

X2 avho—u.ex7IAVOEBEST BRI S
Table 2 Summary table of vector instructions conditionally
executed under control vectors. °

34 DAFR l " HHED ST & fE #E
RYAY.% D ~7 b

e | mme | 1 | 2 | 3 s
Vector move VME VMD vV | §/V (o] Zi—X;
Vector elementwise 3

complement VECE VECD vV | S§/v C Zie——X;
Vector elementwise | yEAE | VEAD | V [S/V|S/V| C | Zi=Xi+Yi
Vector elementwise

subtract VESE VESD V IS/ V|S§/V| C | ZiwXi-Y;
Vector elementwise

multiply VEME | VEMD VvV |§/vVisv] C Zi—Xix Yi
Vector de“*‘“"‘“"“ VEDE |VEDD | V |s/v|s/v| ¢ | zi—xiY:
Vector element sum | VSME VSMD S | §/V C FPR~FPR+ZX;
Vector element sum

with complement VSMCE | VSMCD | S |S/V C FPR—FPR-J3X;

. FPR+FPR

Vector inner product | VIPE VIPD S [s/v|s/vi C IIXikY;
Vector inner product FPR~FPR

with complement VIPCE | VIPCD S |s/v sV C —3IXikYi
Scalar multiply and | ySMAE | VSMAD | V | S |S/V[ C | ZieZi+XxYi
Scalar multiply and

subtract ply VSMSE | VSMSD | V S isvi C ZiZ;i— X% Y;
First order iteration | VITRE | VITRD VvV [S/V|S/V Zip—Xi+ YikZ;
Convert double to Z; (Single) ‘ .

single VCVDE Vs C | "X (Double)
Convert single to Z; (Double)

double VCVDE A\ S/vV C ‘._X'_ (Single)

* H4TED OP HERmic kY, HMBD S (Scalar)/V (Vector) £ETE 3.
* S4ED OP HRMIKLY, C (MHB~7 L) OMBERDT 2 LEHRTS.
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Fig. 6 Formats of the vector instructions which
are controlled by a control vector.
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H with the integrated vector arithmetic
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00001 PRQGRAM TEMP1
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"T06003 T DO 10 [=2sN
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00006 END IF
700007 T 77L0T CONTINUE
00008 _ STOP
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Flg 9 An example of conditional statement processed by the
automatic vectorization compiler.
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Fig. 10 Module structure of the Automatic Vectori-
zation Compiler with conditional controt
function.

FI SR T Y 2 — A2 DOV — 7RO FHIED IR
hesmo XRlRoRTE, v—7RBEEY a -
s LALERBED DO — L BIE, V—-T5E
£ P 2= NE RS PVLRED IS &M S S REL B
BEHDO Ny PO RER, <7 M hRJEARE
Sa—NizER~NS FARREERV B —- FO&E
REZNENTS. CDH B, HRBERET, v—-7
B, ~7 hhREFEAREO R MR D KiEE B

DO 10 I=1, N
IF (C{).GT.0.0) THEN
IF (C2(J).GT.1.0) THEN
A(D=B)+D()
ENDIF
ELSE
IF (1.EQ.1) THEN
E(=FD*G)
ENDIF
10 X(D=Y(I)+2Z(I)
11 ENDIF
12 10 CONTINUE

11 &4 4t DO v—70f (FORTRAN 77)
Fig. 11 An example of DO loop which includes
conditional statements.
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Fig. 12 Control structure of the previous program
resulted from control flow analysis of the
Automatic Vectorization Compiler.
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Fig. 13 Simplification of the control structure by
the loop expansion process of the Auto-
matic Vectorization Compiler.
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ARBACE DT 7t ALPREE

CGT CV1,C1,0.0
" XCV CV2.CV1,X'FF-FF’

C C2(J),1.0
BG #5
1

|

1 £#9 : NULL

‘ VEA(CV2) X, Y, Z
|

B 14 WRBE~RS b RFEOER
Fig. 14 Intermediate language generation by intro-
ducing minor DO loop structure.
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V= FRIZEGMED <7 b LIEA R ERRHC KD
EOEI SR L T N7 bR KRBT 2 LEDS
»H5.

4. EEHE~XS PIVEREAROFME

4.1 BAMEREOFE

IF X£#2421 DO v —7F D R7 AL A E T
%, SpEHE~N7 bR RO -REFREIRLTL
SEBETRIEVS, STEANSRELIEET 2700
D, N7 PAEEOHREFEAICERELIVv—T - 3
7 A& CORFCHRT cEELI. v=TF 17
232, AWH, 3/ 430 DO Av—7 &1
Wy RERR A KD, cha 20, 35, 15, 30% 0FE
ABTEBIL, 1A—7F%00FHETHME KD X
3ENIBDTH . FEHBFEROV—T - 17
2T, chickAIORT LHI IF X&EMLU /.
sosoo IF Xokitir, A(L), B(I) ofix

*® 4 KHNV-T I 7 RADER
Table 4 Definition of the Conditional Loop Mix.

n=7% | 5 (%) | FORTRAN %
%O(A%I)IEEF' ﬁl)) GO TO 10
2R 20 Z(=XD)+Y()
10 CONTINUE
DO 10 I=1,
* 35 IF (A().GT. B(I)) GO TO 10
(oL S SUM=SUM + X(D)% Y(I)
10 CONTINU
g?oilol Tt 3(1) GO TO 10
) 1
3R 15 Za)= %D+MD$W)
10 CONT
l DO 10 I=1, N
am 20 IF (A(I).GT. B(I)) GO TO 10
Z(I 7% (ExX(I)+F* Y(I))
‘ 10
®5 KPr—T 37 ROREM
Table 5 Performance evaluation by the Conditional
Loop Mix.
(us/loop)
H & Xt
v— 7
¢ & (%) Scalar Vector S/v
2 1§/ 20 0.940 0.232 4.04
Bl o 35 1.015 0.263 ' 3.86
" 3 H 15 1.029 0.340 3.02
B 4 ® 30 1.156 0.507 2.28
T i 100 1.044 0.342 3.06
2 I{ | 20 | 109 0.321 | 3.41
B on & 35 1.177 0.315 3.73
® 3 & 15 1.233 0.441 2.79
® 4 B’ 30 1.395 0.698 2.00
T8 100 1.234 0.450 2.74

¥) A—TE: 64, T UM SERILL 50% OB
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ki,

(1) =7 trE DO v—70#EL B,

(2) ~7 ppsitEEE bodEREBicEmIn
TWE WSO, BEIckh ZoMENEELZT
Bh, EoiT,

(3) LMRIHOZEL b5,

#5132, A—7FE64, BET FLX, RERIE
50% OBAORIERER 2, FE/INIET — 4 b B
B (B2Ey ), fEHE 6Ly HORAIKDVT,
ZNEFRRLZODTHE. ~7 Pflic kb, FiF
=T 37 AEHBEBEOIHE T 1.044us 5
0.342 s 1z 3.06 5, fEHEE O HA T 1.234us 2 5
0.450us |z 2. T4 fEDHEL L >THY, HROWL

SOURCE STATEMENT
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oT_
E—A*AT

LI L g LA

aT_, MR aT
. T=100C 3, 0

20.0
4Y=0.2
Ny

T I

20.0
4x=0.2

B0 (0,10.0) QA IFTEHBROBE S £ 50K 5,
4t=0.02 TRH 3.
B 15 &4FE~s PAEEFRODREFET 570D
D 2 RIC L HEIE
Fig. 15 A two-dimensional thermal diffusion prob-
lem to evaluate effectiveness of the con-
ditional vector arithmetic facility.

DIMENSION DT (100,100),DXY (100,100}

T=0.0
DX=0.2
pY=0.2
DTIME=0.02
TE=10.0
A=0. 62
DO 20 I=1,100
DO 10 K=2,99
DXY (1,K)=100.0
10 CONTINUE
DXY (1.1)=200.0
DXY (1.100)=200.0
DT(I,1)=200.0
DT(1,100)=200.0
20 CONTINUE
100 DO 40 K=2,99
Do 30 I=1,100
IF (1.EQ.1) GO TO 31
IF (1.EQ.100) GO TO 32

DT(I,K)=DXY(1,K)+DTIME*A*((DXY(I+1;K)-2.0*DXY(I,K)+DXY(I—1;K)
1 ) /DXek2+ (DXY (I,K=1) =2, 0*DXY (I, K) +DXY (I,K+1))

2 /DY #%2)
GO TO 30

31 DT (1,K)=DXY (1,K)+DTIME*A*(
) /DX#42+ (DXY (I, K=1) =

1
2 /DY#*42)
50 TO 30

(DXY (1+1.K)=2.0%DXY (I,K)+DXY (I+1:K)
2. 0%DXY (1, K)+DXY(I-K+1))

32 DT(IsK)=DXY(I,K)*DTIME*A*((DXY(I-I;K)—Z.O*DXY(I:K)+DXY(I—lsK)
)/DX**2+(DXY(I,K—l)—Z.O*DXY(I,K)*DXY(I>K+1))

1
2z /DY#%2)
30 CONTINUE
40 CONTINUE
DG 90 K=2,99
oo 80 I1=1,100
DXY (I,K)=DT(I,K)
20 CONTINUE
90 CONTINUE
T=T+DTIME
IF(T.LT.TE) GO TO 100

WRITE (&, 70) Ts (DXY(S0:K)>K=1,91,10)
70 FORMAT (14, TIME = °,>F9.2,1X,9F9.2)

STOP
END

16 2 RuMLHEOY - - Tos 74
Fig. 16 2-dimensional thermal diffusion program.
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I E TR, REHE< FAEEFROERMRE
EEFu S5 AOFHEER AR D3, KBTS
HfE~7 P EEFXEROMRE Lo MBS DT
BB,

1 OMBESAREHRILIcK 2 HEDEILT B
3. Tbb, RERB~<s CALERFRIZ, N7 b
LT hiZ 1 v —7 Yo Ol SRERILEICIZEA
ERBELIZD. A8, X2 7NBOBAREEH
EOMBEHENREICLENT, BECEOENK T
N—=FH)OYRERRET LS. TS,
=T 37 RMEIRBORIHICK & IKET 3.

® 6 2 XROTAMLBRMEOHEFEER
Table 6 Performance analysis of a two-dimensional
thermal diffusion problem.

wamn | S0 e AW
(») (®)

av4n 0.29 0.27 0.40

Yy v o7 0.26 0.25 0.26

4 F 16.08 14.67 8.95

N # 16.63 15.19 9.61

Jul. 1983
® T RURIKICKDEEEE

Table 7 Performance variation when ratio of taken
conditions changes from 0 to 1.0.

(#8/1oop)

7 | B 24
. -]l (%) Scalar Vector (8/V)
0 0.839 0.326 2.57

B 25 0.991 0.334 2.97
= 50 1.044 0.342 3.06
5 75 1.086 0.346 3.14
100 1.128 0.344 3.28

0 0.854 0.431 1.98

& 25 1.160 0.439 2,64
" 50 1.234 0.450 2.74
* 75 1.286 0.450 2.86
100 1.348 0. 454 2.97

H) NI E: 64, BRI P LOBE

BT LiCB I REE T B 7%, RO
b, $bb, EEETHELEZTL-F 1722
AN SHRE, <7 PVRBEhZThOBE{ICONT
EHL7:3DTH 5. BEEO= 75 NEBHICE, ¥
BETHED 0% »5 100% ~0Efbics bizn,
I RfEi 0.839us o 1.128us ~ 1. 34 f5254LL
T35, X7 PiLE Tid 0.326us 5 0.344 us
~1 06 2T BiIcT EZ T Eaibhh 3.

ZTORBELSRDARBER T AHENSSE. 110
b, HEETHRI% 0BATH, ~7 FREIR
AHSMBICERTHENC ETH 3. HEELV—
Sy RAT25T4E, (EEEL—F3 72 T198 K
DHELE->TVAE, Chi XA SNEDEA, V-
THEIE, SEFRTED I BICHREERERPLT
WBZEILEBHDT, TOHRBMA T EBNZ b
VEHEOEERERO—DOTHBE VLS. B, ~N
7 PVIMEBOBRAETS, RERILEDEIC X B
FTOENHZDORBEEOBMMILL LB EiTkD
EREREBETOFRAVBERBINGLDTH .

SURIE~2 b EESRICEFEOF 2 O MER,
ZUHHBEZI 2 HREOERIC KD, ZOHMFICEN
HELBCETHE COMBRELOMELEERZRA
LLehichy, ZOWRERSZMZERT P
Hicx U AFIics 3.

WE, BITRT 752580, Z(ID)=PTF

DO I=1, N
IF (A(I).GT. B(I)) GO TO 40

Z(DN=vI)+W(D+X(I)+Y(I)
40 CONTINUE

R 17 BRKERERET 077 4 (4FHOHA)
Fig. 17 Performance measurement program of the
term length effects.
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% 8 REHNLZEIIEARNOERIC K 3 ¥R
Table 8 Performance dependency on the number
of arithmetic terms which are condition-
ally executed by its corresponding control
vector.

MFBEENY (ps/loop) % B K

e Scalar Vector (8/v)

1 0.504 0.165 3.05

2 0. 540 0.196 2.75

3 0.579 0.294 1.97

4 0.638 0.393 1.62

5 0.676 0.496 1.36

6 0.719 0.592 1.21

7 0.770 0. 689 1.12

8 0.810 0.785 1.03
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