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Enhancing Dataflow Analysis

With Computation Function Model
( Abstract )

A precise dataflow analysis should effectively exploit the semantic
information presented by conditional branch statements. However,
because of the potentially enormous complexity inherent in this
problem, most traditional systems have to ignore the semantic
information of logical conditions, thus avoiding the problem rather than
solving it. Recently, as scientific computing programs are going to be
more and more complex and the application of parallelizihng compilers
are going to be spread wider and widetr, it turns out to be an avoidable
problem on how to effectively deal with the logical semantics of
conditional branch statements. Unfortunately, although seemingly quite
natural at a first glimpse, it is a difficult, if not an unfeasible, solution to
integrate a complete logical reasoning system into a production
parallelizing compiler as that will make the compiler system too
encumbered, inefficient and difficult to be implemented with current

technologies.

In order to solve this problem efficiently and effectively, we
introduce here the Computation Function Model corresponding to a
program section under analysis. Representing logical semantics within
the framework of this model and applying those ideas presented in this
paper, we successfully convert the logical reasoning problems into
problems on how to decide the coverage relationships between Q or
@ Regions, which are substantially more feasible problems to be solved
by contemporary parallelizing compilers. Compared with two
calculus systems to be implemented in a single compiler system, the

region calculus system and logical reasoning system inherent in the
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reasoning scheme, computation function model seems more simple
and efficient. Theoretically it extends the concept of array region so
that it brings both data reference region and the logic conditional
region that ensures the data reference. Meanwhile, practically it just
needs a simple extension to the current region calculus system.
Therefore, dataflow analysis within our computation function model
can hopefully offer an effective solution for those commonly occurring
simple cases that are more critical than those complex but rare ones for

practical parallelizing compilation.

Within the framework of Computation Function Model, the logical
relationships between branch conditions are represented as the
coverage relationship of regions. We not only discuss issues on how to
represent, compute and propagate the Q and & Region of
conditional reference, but also present methods on how to resolve the
nondeterminism caused by conditional branch statements in order to

get more precise dataflow information.
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I, VA S BT AS A RO P SR, T LTS Omega X 354K )
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M, SCRTLLBEAT 4R B A 22 R Ak 3

2.4 HHFRBBAE T ML LEGNIEFEL

FA oy SCER) I RO

if if
[] P - B, 7 Q, - B;
[] P~ B, ] Q, - B,;
e e Or e
[] P ~B,; [ Q, - B,
fi fi

BT B Byo e B AATHOAH EPE S 80T R SRS 1 A s

12 S ERZPR SRR A 2008 SO E ARG SR 4R



FHVT S pR BT I SR B 0 W 55 13 50 3 370

XA E P A AT RAT B AR B, AT B I P YkE . P IS R 84

WER, A FEAHENE.
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® AXAEMEN FHF) WK 3MREl. IFiEAYE 2L E, Kl
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FHEHEE L, I RARIAGE, A r2 8 NG TR USSR 1)
AIRE R MM AT BARid A Q) O Set,(x),

DO 103 K=1,7,1

Smax = A(1) QIN(K)=ON1(LK)
DO I=2,N
IF (QN1(L,LK).LT..0) THEN
IF (Smax < A(I)) THEN
QIN(K)=.0
Smax = A(I)
ENDIF
ENDIF
ENDDO
ENDDO

QIN(K) = max( QN1(K) , 0.0)
Smax = mlex(A(i))
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[4] ENDIF
[5] ENDDO
6] IF (KC .EQ. 0) THEN
[7] DOK=11,14, 1
[8] FF((-5)+K) = FF((-5)+K)+ AB2 * EXP(-B2 * RL(K - 5 )) / RL((-5)+K)
[9] ENDDO
[10] ENDIF
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14 S ERZPR SRR A 2008 SO E ARG SR 4R



FHVT S pR BT I SR B 0 W 55 15 50 3t 37

=

15

Fth o X5 4 R

T A O ST g T S R Al AR AN o PR e ST DL o BT R
R o A 2431053 (R 4 03 SO R B AN 8 R 0 S, 3 220 ] LUK K ik
BOmiEaR R N T4 SGE ) N IR S AR R E X, BRI
E IGO0 o BEINHE A B2 T IR A B o A SR DY 73 4 ane] A1) FH o5
PR R R A B A5 20 M, AR PRI A (R AR A AT

TRANHA E 15 AL P o ) 2% A1 v ()32 4 4 A R AT 58 -7 ) AR U >
AT, Tt G P I 2 AT DA WA ) 5 O R AN 5 PR o TR WY 1) 78 i S BECKE
FHHTTH A28 1) Omega X 4552 [B] )7 5 O¢ KM DX AN Il 75 2245 tH 1) 72
V26 N IR IR A E P2 A R e iR AS15 LA I, e ANIAS it F a2 3l
T ARG R

S ERZPR SRR A 2008 SO E ARG SR 4R



FHVT S pR BT I SR B 0 W 5516 50 3L 375

3. QR#, ORBHMAFLEIE

3.03] %

fEf— B SUR, BRI Q KIBAE Dom(P) 7 1] i n] A& AEH 4%
AR MR D3, DRI e LAV 00 s ) A B TR 9 782 76 D0 R AR — MR SR A2 NP
. A NEID (R 2 AR IR TR 3 38 4 v SUAS 5 IRIVE AT 5 2k 1k

HAFPRSE A, G IO 20 A LA AN T S AL PR AT B W] RS 0, T il A
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BEAT S50 S AR AT ARA I AL T 7] — S 8078 0] T AT 78 26 K R IW LA, i
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Omega XI5l 8] {78 55 X R T8 2%, w] DL #HS AN nlHDE 1 o) /e X
TRV EL P, SRR & L BEIEAT BT A 10 S 804 3k 3l In(P) 1722
B, TSR B AT, IR H-E g

IAT A G Ve F BT A AL IR P B, el — i Rk =, WEE ), &
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. DOWHILE 1 REPEAT-UNTIL 288 (RF FR A0 Fo i IH 15, 3 LA 2%
AT, XA HEE.

3.1 ZMBIARK Q RRKw

G SR R [V 12 AR ] 2 BT LA LI REA B 20 MU R AR T
B, W =<2 2,<>; BAAREKMOD B4 ANHEIEE; LURAEIIEERE Y
Wi, gl B 1.1, @RI DL ERRIR N Onega X8 (15 1k pR HCR IX
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1

1 BHR RN LR, BEAAR & 1) MOD dz 55 H Rk b 2 1) X S K £ RO B ANSE
e B

IF (X>0) twh  Q={Dom(P)| X >0}

IF (X<=4) wh  Q={Dom(P)| X <4

IF (MOD(X,2)=0) th  Q={Dom(P)mod(x2)=¢
2. HNHEIEEAC ST AL, D

IF ([X]<1.0) th  Q={Dom(P)X <10, X >-1¢ -
3. B S R IR A A T AME 5

IF (Condl .and. Cond2 ) A Q=Q,nQ,

IF (Condl .OR. Cond2) A Q=Q,0Q,

IF (.NOT. Condl) wh Q=-(Q)
il -

IF (.NOT. (X>4)) Wh: Q=-0,={Dom(P)X <4

IF((X>2).AND.(Y>1)) 1%:Q=0Q nQ, ={Dom(P)X >2;Y >}

%T%ﬁi%ﬁ%ﬁ,E%T%ﬁ%¢,ﬁmﬁﬁﬁhﬂmmwﬁﬁm%}
ek {p(x,., o, } o TRKIRE R R HIG & 7 RREER,

3.2 HREBLARNRIEHTHER

WA A2 ST if BRI Omega KR Q,, WIZE if 2 ShECAR R
Omega (X Q, /& Q, GHIIE i 5 %2 4A4FHi Omega IR .

O KBRIEXL: ©F=Q, xSer,(x), S, OEBMFE RN QK
5
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#
=

i 1:
[1] IF (X >4) THEN
[2] IF (Y >0)THEN
[3] DOI=1,10
[4] w A(L)= -
[5] ENDDO
[6] ENDIF
[7] ENDIF

FEFFBLL3] R[5, w B DI I A (1:100 ¢ BB (2] 361,
[2] 2 ZAFIHTA ) Omega XIRE Q, ={Y > . ¥dlsz X w Efe v Be[2] 3 [6]
YO ) D X I

®, (w) = Q, xSet, ((w) ={¥ >& {4(¢) =116

BRI FI7]F, N Onega KBUEQ=0Q, nQ, ={X >4,7 >} . %
e X w ) @ X

P, (w)=QxSer,_,(w) ={x >4,7 >4 { (8)o =1, (}

3.3 #%EALEDVESFHEFR

HEAE DO BRI IF 54), s T DR %, X 15 18Xt
K AR LA WA TE o oAt 52 2405 B T DL 2.4 b4 H 1) 22 A AN

SE Pk IF 1A (1 7 R HEBR AR 2 A T L2 A

HREETE DO 1A rh (R 4 v] LA S A7 b O A A

R EAE DO WA IF W5 A), HAF A E bR, T 2R Hbr i,
W% TF 1A N EIAAAR A 3R], WTLASR S DO 3241, H 3.2 frid s
WS

WA kR (Induction Variable) , JA %38 55 4 1F & 4 G 4028
[T 20 R R 1 . 451 x IE/ERF B P 1) n # DO fREAT, A
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WA AE TN iy, vy s b8yt LB BAE I P22, 1, ) IS R,
ZAE W i€ 1K) D, = D, xD, %----xD, PHIXILQ,, WLLEN i, i, Al
In(P) LA, MFHEH R X AE n EAGIR M E R T,
T Omega DX IALHT BIIR IR SMER ST B P 1152 X AR R4 In(P) Lo B FEAELE
AR, iy, -0, D\ Omega XIS R A bl 25, 08 L3 25 R R R B 2 5 | X sk
1] DO AEFRAM IFTIL RS I o AR AR St 1) T SCATE FH AN A 45 A 240 AR B Al B 4 X
B2

1l 2:
1. do LL=131
2. N=LL-2
3. do 7=1, 31
4. N=N+1
5. if (N>=31)then
6. w Y(I, LL) =Y (I LL) + S(I, LL) + TEM (I, LL)
7. endif
8. enddo
9. enddo

FEAEI A GEA) 4-7 ), w I X508 -

o), =Qy, xSet,,(x) ={N 23} x{¥(p. @) ¢ =LL ¢ =}
={1s2L,1<31;LL+1-2 23} x{¥(p. @) ¢ =LL: @ =]
={Y(o. @) @=LL; @=11<LLI<31LL+] -2 23}

ARG, wAEEADFEFP B P A XN -

P, =Q% XSetP(x)
=D0m(P)"{Y(<P1,%)I @+ @-2231,1< ¢ 5053]}
={Y(e.a)i< @ @<31; g+ g-223]

D 129 hIOAPFIR IS P15 XL Q, = Dom(P),
31X
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0 o o o o[
% 0o o x%
| o x xU
g 0 x x x%
o . 0 X g
O O
@ o0 o X -0
% 0o x X x%
D x x x 5 x0,,

UR AR AR DO I I TF 15 ), FOZ A4S AT gl AL T HAA 51

(M R hrl sh SATIE b i (RPN AR AL, BRI @R A 2k T

AR S8 DO 1) SRR A A, W B I AR MR AT I Ak Y e B

s R REAC IR AR AT DA S A A R E U R I S, (HAETRAT A UL

FHATFEIRE I, Rl ZEAL A T 5 PIRrH I AR X

Lo AR ST 1 2 H 2 o BRI R A b s— SO ™ i Ff 1Y, i
TR AR ZE TR RN 0y PR 25> 1) R oo S AR IZ i A A2
AL T LA 2" B 1, (ELAE G 1 FL B WY 75 7% B8 4 ¥l L B4 AN B
SEITE TG o S AF AT LI, AR AT A Ls 5, MR Q X
AT B AL GRS AT I (IBROT s S F AN LI, A AR AN . Al
IO [ Q DX 2% A 00 B AN AL IR AR A EIN RS, 2 LA 3

2. ) O AR T I ) 5 5 o L B R S R ) B 5 | FH R B R A
RIE T PR ™ R B (1, AR 12 4 11 rh 4 oo 3% (K HUE D 2 15 XA
)5 B TC R BT 825 5 I o 1K LA #5718 1) SR AR A A F 4 B T
A AN AL S, T HARR P Q XSt 553 (R B, e | Al X
Sl ) — AL RO X ot S iR R . 2 L0 4

Bl 3:
[1] KC =0
(2] DOK=1, 9, 1
[3] IF (RS(K) .GT. CUT2) THEN
[4] KC = KC + 1
(5] ENDIF
(6] ENDDO

(B3I IZAT & RS (1:9) MR B . KC 1E XAE 12 [6] 1 ulH
FEAEAMAENEE Lo WA KC AT T AR, TG 2 A T4 5 20 i o KC X[

20 S ERZPR SRR A 2008 SO E ARG SR 4R



VA R BSR4 B %21 11 3 3770

B RSK) . GT. CUT2, K=1, -, 93E4T T 4&F A%, R KC AR v [ «
0<KC<9,
KC=0 X T4 1F (315 T A=1, -+, 9 0< K <9 AT ALK Dom(P) H ff—

Abcs: 0 =(\{RS(K) < cUTS

KC=1 o HIHE—A K 73 RS(K) > CUT2 1§57 (¥) Dom( P) Hh i) — 411X
5

>CUT2

I:I]]III:I

0
o=Ja, : Q %ﬂ RS(K)sC
i gr.9
PAIESSHE
KC=9 £ /R OKE K 94MEIBIHBOLIXR: Q= ﬁ{RS(K)>CUT2}

ML A A AR R AR AT SR op LERH W

il 4.
(1] DO K=251
2] IF (RS(4+K).LE.CUT2) THEN
3] RL(4+K) = SQRT(RS(4+K))
[4] ENDIF

[5] ENDDO

LTI (51470 TF 60 S8 T FFBL P bty — AR5, RL (6:9) 102 X
FIRS (6:9) W /& (RS (4+K) . LE. CUT2) o2 B 24 R i i
Q, = (Y{RS(K) < CUTS  HUAECHL RL(6:9) b4 M X0 6 h A AR

Iy, B D RL (6:9) W 42 s B i E o
o ER AL BIRPEI, T Q K RIE A L T H4eR, IR
XS R IR TR RO, e Q= ﬂ{RS(K) <CUTy} %, At

AT B BUAT (VX 8 SR GEAE Lo Aia S5 30 EREAT AN (78
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=

3.4 wdRENEMEE

RS HTIRE P B PO A I R R I R AR R R AN R AR A
HARAAE B o 411 Omega IX I R EE XS TAREMAR KR, HKibESH
S22 2 JA) (R K 2R T HEAT b B (R e e B m) o 52 51 P X 0k 1 5 2o A 34 4 %
W%, BLEES A S LS HA T A AR R E XL, S AT &
— AL TCE TR, DX SR oA A X 3 RESHAPE [ 2

3.5 RIRMEBEERRBBEXZNIZ

AR B FEAIE S 28, IF, .

n 22 [ PR TP X ek 2 T 1) B B da MR o 5C AR H S AR N HE Y » {ELAE
PR HIRE P, W AEI) Omega X IGZE T Lo Ik DX, 1 582 4% 42 1)
FHEART (R 1E U DX

AR W] AR AR T, WA n BRI Q). Q, 0 dr i R AVAE R
HETR

Q:  YayO<e i=12m (1)
Q,: Sh G se i=12-k  (2)

Q,, QIR a, &, =c, ALV AL, R 2
5=l

ARG AERA AR TAT, WM A7 . 25 7 ()
FSR AR Ze 7 R 2K T 0 A 3, 5 JO) FH T T A 5 90 A 3

e FAE A IR A4, 8 R2 S IR ANE A IS 2 X B IF
%, ATRERE AR A R DXl AR M e 2 ) DX dslR] DL e T DX ) i
73R wlis St o T BCIE N Ze ka3 1) X 3

A € Q Fan Q, 5 TADE X Q, b T i 4 -

n

Ya; B, =¢ i=12m  (3)

Jj i
J=1
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AT, HIRE T
WRTTRL () AR S b G, <c =120k FEM, WIKHKQ, T

(3) [lE s WRITRE (3) HEE /2 Q,WEE Rl ES (3) 1
WIRVA R AR T2, WQ, A FF1f (3) fypl.

SR AERA RN S A < <, T 2B R 400 1E DU DX 34 5 2 1
BRI, S S YRR S Al b ) DO 2 P o S ] sl £ A8 1) 1 D [X 3
(M8 i < R HNE

SCHk €100 #1551 Diophantine Ji 2, ANSEALH) Omega #1072t m LAH]
KA R B I AN AN e AR R i e M DX S A S B8 AR 2 Ta] ) A
AT 2 KRR E

Wi KR, O o) MARELRTEL, B (o, (w) U AR M2

)X e, A Ny 2SR AP IE AN O JC R B @, KRR T, @)
AR A DRI, R DL g, A UA Y AN R

Q [X A D DI (1 5 4 ] LA A [R] A B 2R 7, DA b m] RAAT AN R SR A [ 5 X
s, e R AR RN SR AR R (HOR AR BB A AR A A AN R E
FRALAR B2 [A) (PRI AT, DL AR A I ) Q DXCIORT O [X sk, AN [ SR 7 A ) 25 4
R AN AR, HOE SNV 5 AR K AE W] A AT, AN B EUAN IR
PSR 2 TR AT (1 B2 o

2 BEAE B i AR 1P 22 [ DX AR 8 R N, ) U SR 2R PRI B 2 AR
] Z [ME AR R M R 2
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4. B S AR 3 B BIE R AT
4.1 HUABEARITPHRREEZRK

FERCHE U 70 A FF i 155 1 FR Rt Yt UG R R P B it D Bl A S VP
2T DA AR RT S o (B T 25 11 00 SCTR AR E I I 4612 3G kil
A E R, HEAER%0E SOR LT SEBI I 5E 3G, ik 3807 351 e T
[l — A7 il AR B R BT BERE BIRE P B P2 Ay SE) 2 A sE S, P AR TRAN I E
P o MM ANH 5E VR RAE TG 4% M 3 32 AL B Y vl Be 493 2110 73 B 4
Rl IRT

7R SRR RS AT DU ) B0

MTAEI r: Q,, M Ser, (r) G HBEHBIR T, FF), LUK
TES T ARG E S = {w: Q,, (I Ser,(w)} . WTHIE WA
Z I B R

TR AR E R A, b TE AT DA R HE R R B P W] L
FEART R ORI EN B N 4L P BL

mx 4.1 BEEE: NTHRFERPHXNES r, w @5HE W) . WIRMEP
(RAEATT AT S o B I BATAE L v ZHTHATIF . v SRR SR RS w (B
AR W) e B, Haiiil: 5 w@ 548 W) e L e r
s T Tk WBAKRS w B Tk r @SHE W B 7, i
wldh ro W 7,

w41 WRBEFEP T XS v, we wONaW,, WL NI

Q ,0Q, and Set,(r)OSet,(w), MAGwHESHETHr, wil r.

dIT
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UEER :

HrQ 0Q,, FEFBPHATE r i, 5 wh—EsHarsl, b

Set, () O Set, (w) AT, w ol v 2 [0 —EFEAEAR DG, AT RE S FAR 6,
WA R ARG, HEER: wONaW, , w il v Z [AAFAE N — & 2 A
Fett. RIS A RE SIS v RALEOE, Wik wId s

iiF

W wh o, IFH wiin AR TR« AR S, w2 r Fifib)%

w42 (BERE) XNTREFBEP RIS, MSEW. WO NaWw,,

w1

rif B s TR IPIRAS -2 5 | DX 5 i AR S Kt 5 ] X3

2P @, O oy, W (Q xSer,(r) O J(Q,x Set,(w))

UEER ;

ww w

gt o, 0 Jopsfehiwd r.

BB P AT UAITENE v S IO BERE e s [@
R AP ST X OSer,, () (0512 530 A2 F 54

CwO W, 13 s @ | H X OSet,(w)o (FHEE: o, O o) P,

W
1T X OSet,(P) X Set,(w), wHlr Z 10— EAEEMINE, AT HELT
FHOG, WATRERE AHOG, (Hldte: wOWd NaW, , wfl v Z [B 477 1)
AR S A R B S AR AR
seg: W riEe, O (o).

Wi

JEE: % (s, X) @ H (s, X)O o), MbESERE X, YRFRP
w

Lhs BENHAIH AUX I, WEE R ro S8R WO r AR Wi
TEVE BT .

.

et 1 WARBEFBE PP XS v, we wONaW), Hilie N5

(Q,XSetP(r))D(QWX SetP(w)), Mrs5wHEsE Tir, widh ro.
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O

371

it 2 W ARUTBP L, ke, O (Jop, Ba kP AER L.

wONaWp,
e 3 X TREFE P R ER, AMIGEW. WOl RIAKML:
0O R Wi Oow ™ Newp-w' O r, Hw 03 riORE40HE

e HAfE: @, 0 o)

HER TR AEER 4. 105350 — R B ki 2 A AT AL 05
Fhohs i 3R SRR — OB

P 5 53 B TR, (AR AT e T LU @ X3, X ki 8 i 06
TR FH1 A8 PR 53 S 8 0 ST KR AN i

RAFZMYRRE X TRFRP R ek r: Q, O Set,(r), LA
BT P oA AT ¢ REGRECRIRNG S 4E Naw, FI5E NaWy 10— A2
THEw ={WQ,, [ Ser,(w} HETHILETIH © 1EHRSHHR:
WO r, WLBIAE FAIAIRSE: @, 0o, (). A4

BefE e, HFEHE:  Q 0Q, and  Set,(r) O Set,(w).

n

R RN R T XM= &

BNV £ 927 A B R F E T
BN T R0 KBS AR,

B a9k r Pk e Gk B A A
QBIE RS T BT REA wl, w2 Ff
wl w AT B PTE & (X 2ARIR wl,

w2 B9 B KT r 69150 B ) AT ARAF
(@)

FE, THrME—EAE W, w2 &
WA SUATAEIT © 499k B & UR ¢
—3 . RAALTFH WL, w2 518
o B AR E BAY AT VAH A — ., )
\ T & e AL

W: IF(C>0) X(1:10) =...
T: IF (C>2) o, =X (2
/ 6)

© X (2: 6) RAERFENE, 1254

0]

)
<

)
<

IR B XA AR ALE R, €
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I1RAA 1 6984 fbdy w 4R, 45T ft by b o 69 T L3R4, A 2 —ANIR
T EZMERBHIFEAKXE . W REMNAIAEHEXEZ (C>2)84 (C>0),
AMATH X (2: 6) RIFFRFELN., KIMNBUYRERREZH5EFFELZEFHAT(C>0)
RIRFEZ (C>2) RHMEIAARA T, 8 1 6910 E— 22w e
., e @9 AR T P RN T AR RIRB ENFI L FEAL 1
8L B AT BRI LS8 wl R w2 324, Rd wl fo w2 BEAIRAE,

o (R DX el 5 R T AR B A FA A A IR A

U SRAE B2 51 DX Al DA B ) 5 DX ) B DX, S SCHR (70
R 55 7 VR AT DA S RS AL B4 AR 43 SCTE ) = AR 1 A TV R R A
ek, NIHIZE: BLRRIERIIREL, L RR5E 1 WIRIRIENR, L &R TR
ML, 2<i<BL. JFHAE S A RLE ST 5 88 dlm . th T g
FIARIFS, IF B A

SCER K7) HuER s FRPB P RS UE, O U (Set, (r)-Set, (NaW;))

o) B O X, UE, MEZEE T P rip ik 8R4, i Has45aly 7 AN
NP2 SUR

3 4.3 ﬁ?ﬁ%&RlEﬂNJ@Aﬁ‘%MW@)

X 4.2 WROE & B Lo, (WH &, (W), WARMIBEAAEAEA L
EEAREN.
W e B LA A Y JUAT I 1 22y -

mapman: (5L, WROKX & BLUE,n o, (m, k0 . mai
B ] RAT AN 2

woeam 1l fEFL, rOR,, WHO, ()00, (Naw),), WaFsr Ay
WA WERAER r OR,, IAYIGAAGL, BEALENIA L b2 A AL
PR 2 AL, rOR,,, WERBAA LT EAES: H

©,,(7,) 0@, (Naw},) . o v RGRFRA . WAL OR,, WAL
e, B L b A .
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4.2 RE5H4MFPFHRREEBEAR

- 3 Bt R A ) A U 20 A AR DA DA 20 BB A 5 AR e b
R IR LA R EAE n] LA G 1 A% 23 AT L SE RS A 1 B A S
FEVH SRR AL, S0 SO R US4 B, AR SE T LR R N -

0Q,, 03 ExpVal,

empoj=d
g EQW [ ExpVal,

gzother DB& Exp Valo

TR, Q) o Q. Q. & Dom(P) A5, R
VBRI Bl v X 0

FH DY AR ) R« 6T — SR BB Symbol B35 R:
Q, @ Symbol, PL S Symbol 7] eI HAE -

Symbol:{QP1 [ ExpVal, --- Q14T ExpVal, Q17 ExpValmher} ,

UOAT A 2 R SEPREEEUY Symbol A2 22 K .

2 b, MR s RO A A 5 SR LB, ol U TR
L6

s 4.4 FUPBP Y, WS AR Symbol MikSI M r: Q,, O Symbol, r
REME LB ExpVal WAZSMIE: Q, nQ  #0; R, wkaQ, 0Q,, W
r BRI E St ExpVal, s AR Q, O UQpi U Riiﬁﬁ‘]—%%{ExpValiﬁ DD} Hh
i
R B
UEHISRA Tt PE AR e 15
AT Symbol(Q,, ) FortEREFetE Q,, F AT 54 Symbol iS4
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A RILA

SCHR G5 ) (1) @— function Frn it KRR R REAE n=1 NEETE.
DR SCR (5 ) o i R S ) D) B R omik b, i sRAT 54 5 14
EIER

max(Symbol) < max(ExpVal,,---, ExpVal,, ExpVal,)

min(Symbol) = min(ExpVal,,--, ExpVal,, ExpVal, )

58 SN 5 IR SR, W ARG AR f (F 5 ) B s, — ARk 2
FEH U 5 — AN RIS KA B A UM AT 5 A8 5 1 4 e

Syml > Sym2 < Oﬁr (Syml(Ql(z)) > ExpVal,.(z)) ) Q,(z) A ExpVali(z)?%ﬂ?%:/l\ﬁ:%
i=1
A Sym2 AR i Q (% ExpVal AHN ) Omega X ISR
MR T 4 5 R AR T BRI, IR ) R
(min(Syml) > max(SymZ)) U (Sym:l> Sym2)
DX 5 bR E R iR E T LT {27 Index Array
i 4.
[1] DO J=1, IMAX
[2] JPLUS (J) =J+ !
[3] ENDDO
[4] JPLUS (JMAX) =1

RN AK)={1sKs/max-10% K 1 E JMAOD |

4.3 RBREEZHRGEATEH

A Perfect Benchmarks [ MDG. T-F£F¢ INTERF H [J7i#F DO 1000
i MDG S4TSR K] 90% A -, BT A% 40 (R B0 U 7 V5 G2 o8 #4l RL 215
A ULRAE A, IR A AT AT o AR SORHZAE PR DR ) /A 11 1]
1t

FERXAME 7B, FRATTA SR 2 204 RL &6 TANZE A & TR . Rk
AV S Y ETFE 7B P /&: Line 3 to Line 22,
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f 3.3 gl g 55 (3047 258 (9147 € X bs it KC Rk 25 ]
Dom(P) X 1% 5t (Region Index) . F1T KC [ tHILAE [10]RI[16]47 1L,
KC & UK TF $8A) T (M5 A48 e o T S s o, 200 3. 3 [ 2.

[1] DO I=1 NMOL-1,1
[2] DO J=1I+1, NMOL, 1

[3] KC=0

[4] DOK=19 1

[5] RS(K) = XL(K)*XL(K)+YL(K)*YL(K)+ZL(K)*ZL(K)
[6] IF (RS(K) .GT. CUT2) THEN

[7] KC=KC+1

[8] ENDIF

[9] ENDDO

[10] IF (KC .NE. 9) THEN

[11] DO K=251

[12] IF (RS(4+K) .LE. CUT2) THEN

[13] RL(4+K) = SORT(RS(4+K))

[14] ENDIF

[15] ENDDO

[16] IF (KC .EQ. 0) THEN

[17] DOK=11,14, 1

[18] FTEMP = AB2 * EXP(-B2 * RL(K - 5)) / RL((-5)+K)
[19] FF((-5)+K) = FF((-5)+K)+FTEMP

[20] ENDDO

[21] ENDIF

[22] ENDIF

[23] ENDDO

[24] ENDDO

[(L1ATRI (151479 W IF iEA) A TR P i — 415 RLMA+K) =
SORT (RS (4+K)) . RL(6:9) [P)5E AT RS (6:9) 3 &t (RS (4+K) . LE. CUT2) (1175 i &
—H . MM AT AL

Q, = ({RS(K) s CcUTY , KAAX IR RL(6:9) A MY E X, FelFAxiA K

LI, BB RL (6:9) A i B H0E 30, Al B
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(161473 (21147 1Y IF A =248 TR B P H i) 4t 5 | FH X
RL(GI9% 352 1 4441816 : KC = 0, A% RL(6:9) 152 Omega [X 3 /& KC = 0 ff

KoMK Q, = ({RS(K) < CUTY o ZAAFIEAL S IX 5L
Set,(r) = RL(6:9) % [11] 2 [15] 14T H 19 425 X 35k Set , (w) = RL(6:9) T 8 i -
Set,(r) = Set,(w), HQ, 0Q,:
%2, = ﬁ{RS(K) <curd ﬁm %2; ﬁ{RS(K)s curd ﬁ
FH A T2 EE AU AN I 7 T A B B AT 0, I AR 2R A R ) B Dt A2 (11 ]
TR AT S, BIAN S B IRFA RRAH G, B4 RL T BLRA AT 16
7% SGI Challenge 4L (4 ZbFE#%) SMP 450 b S Z 0. A5 143 H7 A8
HAEF3 MDG WL 1.0 4253 T 3.7,
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H
p=i

JHH S o B R sl im0 B % 32 U3t 37

\|

5. A& TAERER

M TSR e v E ST SO BSR4 e Bs i o M v — G e K
2206 LB T SCIF) T A A B 5 V2R A AU 0 W B s o R 5 o B T RAT AL
Uik R, BIN StanfordUniversity WFSXIF R I SUIF ™, F B K F AT AL
TSI R AFT ©7 LEEAT 508 00 70 W7 I —— 5 2088 4% P S 1 ) f) 3 e 4%
fFo ARG RIRE AR PR, R A M i AR A 2 B2, VR L
o SRR RE R SRR B h, R WA Z 5 sCiEA], T Hik X
R AE AN P, R i R 8 T SCEC R AR V2 0 E s U0 B KRS A
A K. H2BEE RS E R B H 28 22040, BLROIFAT Mg 1 25 8 71 .
W H K, AMPDITHGE R R 7870 A R I 44170 SO0 A3 ALY
PR P12 451 3o

Parafrase-2 [ Join-function UL 2 Michael J. Wolfe 2 [ o— function
FSL EIFBA M AT SCE A4 . SR (40 K6) XS @ function 1t
T 7, 2R B AN, JHEUIUC IR Polaris ™™ JFAT g 4%
N TR AR . SCER (6] 42 ) GAR: Guarded Array Region,
SN B XA S BT SR — ke (HIEAE GAR 1, 0 Guard 1)
W IE, S ECR AR R Se: M0 Hd X I 7 Dy B Hdl 2 1a) o oy
M}, BHEEEGIEHERG. WADANFEREE RGN — % L, i3
GAR {EHAGAISEIL A2 0% B0Ah, 5025 B AR 2 28 G0 4 1l 31 S H ) 2
BEART, AE H RIS 2 NREE

A SCAEVH S R BB (O REZRE T, 038 48 2 A1 T8 S s S AR Dy 728 ) X Sl £
Fiaf, HIBE A X e Fot —2. Ko XEtE GAR & —/> 8
F AR B0 B S 4h) . @ XARis S TE 7 #SE I — S s R ¢,
110 A T AR B X i S AR GE i Rl by DASG o A 78 B AT o T8 5 AR S ) 7 8 ]
A1, O DR SARIE AL AL, JERT S AR R B(E R s O DO R B A
TR X8 o5 K R R AT AT 5 0 i, Heartrse i AT T (B0 i ik
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AT B FH 25 A1 93 SV ) TR R 1 SORAS BIRS B BCs iAs 2 I TV, AR i
EHGRAEAFRECARAN, MR AT RN . ARV R B
RERLR, 46040 S A (K1 ST L A AR T . OB Q M3 Ser, (x) 5%
O X5, A G REAEES AN, R I e 5 L R 5
PRS0 AN 5| I B B A A5 s T 4 5 S A 1 SCHE TR B B (8 B VA
A5 A i R A B AR T DAt 525 51 9 Q X 3 ER o X35 (1 X dais 550
B CRAE LU . X B )RR R 7 NS B TS B i bR
(1 L2082 s 8 1) DX A58 78 i AR AR — 3, DRI S B ok LR 0 BE AT R GE AT 4
7o, ML TIN—EHRIRG . 18 AR A& PR il R 2, d i 1
1L 25 PERFECT Club Benchmarks, SPEC95fp %5 I3 f /544 HL 1) 52 T 3
AR X AR B TVETIE ARG v LR BN AR T 3R A3 S8 ks
R HE VLA B

BEE TR S BRI U R, i -5 W 2845 78 AT H 10 LAE
ANET, EARKE AT HahEE A EEZAT. Bt cs
J K kAR G R BRVS A SATRE A6 22 5 58 =R RMIE T B R 55 aa At N B
b A5 B TkdliE . MR BB 301k Internet 75 )7 Bl L e 55 a4
R P IX LS HRAE AN ) LA () V1 SR S B K SR APk k. 3B
K bEBE T FEE R AT 5 9 A AT 8 (Parallel & Distributed Computing) « %
FE— XM R R 1 Java #8114 (Mobile Computing) « H1%%-) Internet I
JITAT VSRR AR R BRI 5% D U AR R RS i B W et AL BB
JELEEAE AN W HERR H BT o A5 S d VR EAE S A BRI (R, W 1m) SR LATT A
H T ESRM AR Z T . FOFAT VLA UAR D e M e R v SR I A F 22
WP SEATSS, BERILP AR RS, Fr AR PE SR APkl e —. W oy Bl
HIIFAT VRS AR = B AT TR AT, k515 — AU AT
BURIBETE 5 S2BL,  C2 o T ENURF 730 D) 5 S R B AT s 2 SCHY SR B )

o
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TNV R R IEATRE %1 (Parallel Programming) ALY () H 2h F:47 10 9
P& (Automatic Parallelizing Compilation) &= A HATFET I 4% F 24T, HAT
FEFP W UE EE SLAE AT RE P Wh 1 5 BT i AR A B Bl L, SO 7 R
FINIGEY T3 65 T — A0 HARHL AR AR G 2 O RE R Sk Ul 3X A7 2Um] BA % 73
RENBR AP IVF 2 A, toan: HUR RO 1) H w55 . AR
XA AL TR A oK AP K AU Is 54T 55 .
PRI ] B e REENLAR BV AENE RS, BT REIRAL. BRI . FFP
(1 B 3 IFAT g 3 ] LB VF 2 U Z B, s fEsgse osh . (HIRIN B Jf
AL NI Z, RO RN V2 ARV 2 AR 5, k=24
JEPRAFIEAELBE o ST W MOIAT R T A 5 SUATYSRAE 25 B R el L AN W iy
o M— MR TN CARIEN RSN, Xt LR mFh o U las & .

FEN T RE AR UG I IE A N ety B O AT, 20— R BRI
1155 56 56 m OB G BIIA THAT T EALR TR B2, iz s e R sk
P IEAE 7 AR P RE A s w] S, By A S T7 AT et 2 AMLERE
FFITF R T o (IR — AN ERERREED (Interface) A REAITF NS HAC,
FUSTEHS o IZAATATI IR A — At TR RIS AR ) R A AE S AR SR B T
FEMI . Hp a2z ), nTRLNERS EOC T B GR E 2 Y B
SRR A A NN B 4E 5 BRI NS BRI, HRARKE
AP SRESEOR s INERAS T LU E 928 R T S (5 R B 2 A is B sk
LR B e LS TR = SN Y i WA R VS O N o Rt ot M =R e A W
Feah & IaAT IR X AN R AR BRI SR U R iR
s O T Y SN 0 P A Tl N R SR IR 2D V1B I8
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