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THETEEF THHRBE FEAMRAFEANZTEERFRNENS L. 2HESES S0 Bk, ELEH
RRTFHESIAMFMER. Omega TestPMFE A BB TR, 4 BB THE S EHB LR, Range Testl3E 5
T AT #7089 B . RPD (reduction privatizing doall) Test # LRPIXlazy reduction privatizing doall) Test!) %
K TRABEFLAEREHMELZMNER T THEF T4

1.1.1 Omega Test

Omega Test WRBE - KBX RN AL ARB-HAIBZHLERAFANSIEARSHBER IBY
HUNRE FR LV ABHEABERBEBXEANTH ,Omega Test HEFAZ W XM BHRARER
B,

Omega Test I —F I EBHATNF H %R Fourier Motzki TREEHEW M EHAETMH. ETUYS
HARBSE. CORARE W 2 ar=0. 2 ar 20 MEXATEXHHMBE JF o, =1, 2LV HEREH
RO ES. THITHASRT AR 3 4.

D) HAREEL FEAMARREFFNRARRAER BN RAENBEAAABCFARE )& 1 BER
FIoR %,

2 ERERLH R, ﬁfﬁﬁ%ﬁcéna;m:&'ﬁﬁ'ﬁﬁﬁﬁﬁﬁﬁ JEOMER o, |=1. MBRFL, BATHY =, IF
RAHMARUER MG YR, & RAEE, WMHT TR, LUEEAS P E RN RNy 1 RCE 17 0 B W aT L
BHTAESFRAR.

(3 HRTFAAR. EFRASXARHBRS A RHBFA SN A TFASSA K AAFEAREER,
HHEE-IREGgh RS U0 63242y A Sz +2y<6), WAB Y WS ARRA, A HL TSR AMMY
FERLE, NBETRHAEL FUNAFARQT -T2 . MAEAH. T, AY &K Fourier-Motzkin
Tk,

Omega Test AIAFE — SR THATHEMNEETEREXEMNE SEA W TERAYEER NP 40
BLESWHREIL T Omnegs Test RAEBBRRAEXE EREBET . AR AHMET BT SR 0 = AWK
BB 8, Omega Test RHEBEN KN EM BT T EE.

1.1.2 Range Test

LA AR EHREHMEAENN TR ERERF U AN BEA THARTEH T ENAE (S ERRR,. T A
BEALFEEIGA RABATH P B MAF AR B RO WD, B 05— 3040 B A 8B 317 57,

Blume #] Range TestMEAHE - HASASR B EH IR0/ S AL 5, 7T A IR R
TiHREFSMELEAANER.

Range Test B JREINT . 5 S EHEAR L PSR L ETRABE THRES renge OFHE RS
BIRAMBRITEIEY range DR BFHE, AST—TER+1 WHRETITERTHES, A L REEE %
AR AR 0 AR A, B IE S max (range (i) <Zmin (range G+ 1) BN T, St BB B %, REIEH
max (range {i-+ 1) )<Imin (range G B[ 5,

Range Test /14 Porilas fiFHE . AXBRB T HEEREFHFTHNT L.

1.1.3 RPD Test #1 LRPD Test

WML R E BTN BEA AT AN BSOS FEATARTRESES
BEMHANBRF 20N FERATHEEREXEAN S MENRAMBE S, LR FAEFEREANE
ZMAEAENHBSANBEESNAATERERH S ENMRER.

Rauchwerger 3£ 5 # RPD Test #t LRPD Test EFHITH B EM/ A E B T 2 7B F E. RPD Test
AAEF PR — A W Ginspector VB B CHR G RN ELREERE L HHA R TEERRT RS
. MEBFURTERTERERFMRE EREIEGTE, N SFRATMHET B RPD Test B #4578 A 3.

BT IR WA T 5 i B L R A R AR R AT BR7E A o R S B0 I T AT IR IR 3R . Rauchwerg-
er 4% T LRPD Test. LRPD Test AR MEEF . EH LREBRFRE, 18 WA 18 5 817 of 158 96 3F g4
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HF . BHRTHREERABRTRAT W EERITIHRE, 5 RETRTES.

BtaALREREN AR AR EHAENHAT .Ravchwerger BB S SHTHERERIT
B LCHRBAEEE L AT . AR BRSBTS,

12 HEIHEHRERSH

HTHFREARE#FHUERLERE. FEABIEAERLASFEA. SR EMH doning) EAYRE
Tt B EAR B R A O IR R, W OB o 1 R A W AE B Y B) A AR 4 AT R I AL R T 4
FHEFMA|EESR TER FATLE TRANEESR IFRHSEANEAI HAMEET £
1.2.1 HAEEMN

EREERRTAATLEBRE PRI BRAE.

BEANELIEREA Gnline) A7 ARFEALESREEEALEENMAIRBER T 8F. THTHEL
AR AR AATUEERRANETICE#T. EWE AR MRS EFATD L EBKE S FHE
MR, M- BWE ST BT REERA.

WeHRLFXAHENARIWEERANEAR &N -1 LB, EXEHASGENEAER
ADEREE.STHAAREENEARALRSEERE B RHEMRANRARATYE- 1148
A - Gmplementation), EMHMAFTEEGRABHATE HERAHHN. BB HEARTFH
k.

Cooper M BENERYELI TEIB/RFAMRKS. CHEFEZBE MNERFPHLEFE —TERE
BMEALR SESBMANETINE - SRR AR RAAGHETIS. S XARE T -RERE . HEE
KEHARBHHEFRBEEIN AR MERAN A RAMBEEE RABE NTELARNEH. BFES
HMEALSHEBREFTXHREGEAAESBEMANE TR,

HFERAA-EIRAESLTHARBRALBF ARG F B, = &7 015 & 3F 00 of #2 508 o 47 ] 16-
1.2.2 FEENIBEHERSHER

FEASBNRERI R AER Y TEHRA IR ARRTHEUIHAERR A& 20 TRURER
BRHERTELTHEEFRE ., 2 BV AE. Hal FAREWHERYABREERIFERVYIBEE S
WHER FEREALRETUAER AN ARFS L SR8 T R AR SE TR (array reshape)
e REFEEMAETEREREARATHAM,

B TR (region-based VW MWW AT HBAWRNIBRAEE TEFHRBEBY SN TE HRE
BFEOE -FTHEOFHRBEERUAFNER. EEHZTURAREELAE I LARWEEEH S, Hall %
MNEER R T KAy T 8R4 HL o0 A 0] § 77 7 8988 4% Cunrealizable paths B0 oy LA S 4% M & ) 8.

EPHEDBREN W TEFOHEERBEFNITRE H SANEMEATHEENIBENER DRE
HERMRANeN A AREEENEE IHEETHAASZ 2 ARAWET 4B TRAENEH.
1.2.3 HHAREHMER

WHAEANNERBEA T I AERNCENBAZXAANAREARY,. G EFRA TN, EEEERK
HERE.CHEANNEILARNE S HTHMESN.

EHMEATARARDARE. s FTEHFBANRSEAB A THREBN K SHRENSR, ARRXA
Wk, XEEXMEM B GAR s (guarded array regions) BT F 5N MRS AR A WEEFR AR W
FIEE,E RN MR ER ST % (guards), UEF LT IF K44 GAR s (5 B AR EMERBR#
TEEH®BMER AT HER T LS R 0ERT.

1.3 EH S

BHATOANRERFTHE P ENGE RN B T RED L, MBS HE ST RNERH
pfE s BW R O RN TR ER P THEM AR E Y. 0 C Fortran90. f ¥ A T EH Ememi FAH
Points-to 5%, Wilson 2& A #1#F 4 5% % 5 3 (partial transform function 858 PTE DA% Kk, MBI B K
B P A R4 IR S R0
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75 Emami 4 A8t 0y 5 3k b, by T 3 38 52 8] 40 97 2 0% A i AU 35 3L . B 7 A ME 40 47 X B FF. Wilson %
ATEEAFERNEM PR THAXEIRNES IESIIENRAZEHAAEN R LK Points-to B ¥
B 40k 5t Pt 73K M B9 Points-to M- A FAHBRHAVRELM AT AKXES TR BHHHFITE. 2
BHE, AR -RARE-IPIFHTAHAIATELH P T XHRASER.

2 BREER

Eigenmann ¥ ABHFLHTHIEHURBREAFAT U XBRIRFARIRE U0 EL. DHA#AR
TR L 8478 & (generalized induction variables VYR B A B X THBEENEFHREAR.
1.1 WEREHLK

FRERHNAE LR FERRANEASRETE M LEF A AL L ERBER L EBARY
oM. B FTHE FRABRAAEACHEERA MATHRIATRAABABSERE AR ALERBR
#E R A,

BARAENENAGRARN . NREEMERFERFEEE TS A MTLUREL BT RAXEEF
B REMEARKESNEENSIHATERAFFEY. B TITRELNBESNERREEAN 8. B
WEE-—BEFETRMERE . REREFETENESEREATARE SN S B/ S ENE. S RE X
R AERRNEAMNIRESBATEEE FEACET. 2V MEREE S K S8 HA KRR TE
SRR B A RE B RO TR B R T A R A 4 B R Bk D) B
1.2 HHMEHRTE

HATR - BEEFE PN - TR, EHAAEE D r=xPexp B 455 ¥ 4k (associative operation)
BOENDRESHMEN R » AHAERE R exp REFWEBLE. HAHTRIEHREEBE R T EHF
B IR A7 PR FF 2. V9 29 A 6 AT 0 i b 9 £ 3 £ BT 5 A2 09 BT L

FEREAFTHETEHE S TE . AEHERMIFTLAHRE

RATRMAIIRE. EXHERFKPEITHAERAETEEEE RGN BEETBATHIEMRR
4 ¥

AT ARETHUT LB ARSE FXRER.

(U FEfR%. §—HA%EH lock/unlock WM UEP. EHTHFTEXRTHRBE D

(2 BALFTAL. AR FEERSANAFAETNER . SE TR EATERRBEFEHFTHRE
B EHARHGAZTREER T AEE.ANATERLER.

T PRFTHA. XHSEEESANERY BRI RSO ERMAN BN TR - SNE B TER
B.E—-LBEBEmeES S s R EMNEAN— T LR FTEFER G . BINEMATHEER BHER
PR T ST & 1T B9 8 35,

PR EE AR A H AT L B U RARITH X S Tk A A A, A Ak R R R 2 1 00 B A b B B IR .
2.3 IF'XESERER

BAFOEATIHEKERABU V=V op K(HF K WEEFHFAER) DN ERAMHE, I HWBEHRE
NRESARERD, BRI TR MRS NI R TIAY B, B R ER b SR A SR K. 3T op BR
fEAMAV BHESREARES SN ERGRBIMERERARER.

B2 R AERES LR B A RBAEBRARE HERRILRE, S - REREMEE,
BHFRFAR=AN.HEFREBTNRE 5 LW RE R B

MY BN ROAB R AR CRIENMETFEEERE N TSI AR ERSEL BENY
FAAE G A 48 A AR M 247 7 B, IMRT T 4R B B9 Range Test™, A B HKM X B,

3 BESHHNESHER
HEFTANRAFMADHTLEEMS AEFFNEENBFERNERNERB LIS HESHHE
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BEETEFEAS. AEXDLURTANGHESEE, —BEE T, 2R NP 3EE. Kremer 5 A 5, 7| 5 8% 3%
B O-1 BB A RARTT RIA MR NP- BN BB . Guo FANTERNATAF FRTHRELE
SHEREBI. AT ERA AT RAN KRB AN HE R Cox FAH K TH 54 2 1L EATF distribured
shared memory . ] ¥F DSM) 15 25+ 15 P37 R 55 3447 4000 H An a5 71 #B 4 0

31 BESD

BEAER THRAAEADABAIN. ADPEATHEBREERF ST HER L. 2R 5 BYED
FEHHESVMUTE.EFH - SRR OEE S FER, N TTER 88K T 28 F b 8 34718 B e, 6
B EEFENFH.

AT AHRBHITHNEEHRENNR. EHTREHBATHEEINP-HIT.ECERHWNEXNETRR
RENE. Kremer AR W E R IR TR HRBTREMFS  TRF A 0-1 % 35005 R KX b NP-2f
A Eibm. :

Kremer SAREM AR EFHFEL N 4 SHA.F 1L RANRTEFHEISNEFR. B 28. 08
— RN BEARENREN F I REREN. 5 EFBNBEEI T ARARFE RS ARG B B FE
Eemeud. B4 BEFHTRAUHEAME BEFEFGEM BE -5 SBEMIIRBETRAN NE
—WEEERLE T ELRANBEADB SR,

MEEESHHFESHUERENE—REFRTOH S TR NP BE ERMSIAZRET, &F
SRSBRBTFHEAEEL MREAAO-1 BRAREARRZE NP-EFANKLR. ERGRBHEERTIE.

HESHRHEDE - REEFARASHFHA FREHEE S FHEHE 0 E S A BLOCK &
CYCLIC 437 . {0 %t — &6 5 F 42 7, 3 B 19 43 5 8020 B8 47 038 FP e | /b b 130 F i B B 27 .

doi=1,nl

do j=1.n2
AGL D =F(AGHL, j—1),BGF1,j—1))
enddn

enddo

AERE A WETDRI S 78T T a8 4 40 5 25 5 & 15, H IR B H A #H IR 4 (anti-diagonal ) 4}
HUAS 2 HEEEGS Co SAFETERLELSFV AR ELRETYEAL BHANRH B LHE,
fe 4 iy BLOCK # CYCLIC LR S AL 4 FH B EHEH. Guo S ANRASH T HEF M3 EH G M7
ETFRHMFHFELUREESHANER d TFRESTRIEEAANM 22BN AT AT EARRIAK
AFABTERMTLEANSSBENHEERLNEEMDRES-BRATHARATEARETAHMBREE.
3.2 BREES®

EHAM— P HAAABRE S ES A ESAFE ORI EMLEERNEEHB S HR. Guo FA
RET -HERARSIHE FEERERI M E, 80— TS ME S RE S % MRP B ErF R

Guo 81 A —~ 8 2k B 0 048 35 3 &F (local data descriptor, iR LDID M 4 THE R XA DB —TREAF
MEHTRES AWML AESATESAAREBTHRETLER LDDs WXRES. it MR ET LA R
FEAEF AR SE N E5 block-cyelic BO¥# B 2 7.

MEEEANEZHFEAERAE NTEEEESES MNEAEFHE. AREE FEE, Guo %
ANIESBREPT SHEAL all-to-many BEFRT — T EEFHENK B RET LDDs, BAFERTRE
EAMBESESZANBELENERES RPERE TEERMER EENERNS ARE BANSR
WESHBWHF. IHMNEFREERESN.

3.3 EF¥R4DSM M THRIF

H R3S B8 5 15 A A BT MR BT T AR L B E AR AT LI I T BT FHRUNEFRENFRESR

EgNNBIRMAR BRFLMHBRERBREREHRN, REHYNE & KIEFNKGDSM ZFHEULET
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XA EE, B4 DSM BSR4 T (on-demand ) BB FH 8 Sh BB 7 (caching W Th 8E.

Cox BARBMTUKEDSM BRSNS ZENBEF TG SBAEROTHEEL N MHERER
FO . DSM EXEFEENARA G HBFMFTAEE. MRBEY T B4 ERM DSM Z5,. %R
Al B, T UHHRER~ANDSM BRYBERER A HESEREFHY X MBKRGDME
HHENFTENAHBRBFN—TEANFTLTA.
4 B =

HFHmEFNRAERTM RO SR SAHE —TERWESF A EE LM E &R X TE—
BERIEFEEMETAEAR. FRENAATHABRIEHE NS AL £ AHETHEELEH NS
SRE. BEAECAREMEAR. AW TEREHATEFISANTAEENERANM RAERFER
B EGE, AR IR A A AR B R RIB AT R R E A D ABRR N ETIERERZE.

Voss AR T i FoMEF & H{TFEE. Nouyen EAFR TEAREARITIZ2DAFFEN
4b B8 22 5 BE H0E L1 ok N EE Fe B9 B) AT, By F 4 % RS8B4 e A YR | BE A HE TR BT 30 & 4 Blumofe ¥ A BT R
T EfEr R B e ER,
4.1 FHESEMER

Voss FA MBI R STHGEIFE TEEREATMEENFTRITE ML BT HRTEORR, BITIA S
REERAATHAAENEE SRIFTTHYERS . BEFER AL RN SRE M, HEEETH A
BN H BRI, Voss % AR M T R LI BT H & (inspector-executor scheme) ¥ 3 75 M1 11 31
FAEFGHEFFHEHBEEEFTRTO T E.

EAFTEMERRERR. WS 1B5, B %7007 F 5 R AT AT 8, B ) T 30 Bk A0 M 5
EEMWGETHATFHIR S22 . MARTFNS ARG ABFRERE G X EANENRTHEN

Wik, Voss AT F R AR Sind . A %SO RENER, RER N HERERBITHRT
o 7E B A DT AR b AT AT I R R AL

Nguyen % AMEFST 715 55 ¥47 57 F 3 5 (iterative parallel applications )R ITH B A FE T L EH ST
BB LU im0 L i TR B AR A Ry R R R AL 0 5 b AL 2B A% N R B i T R O3 B 0 3R
B AETIPH T IR — P RE () SIERABIE D Gob) 4 BT 5 [ b 3 3 B & mt A9 358 (b) BRI &N
BRBTEASOREL, ) BRFAEREIEREBURALINER ERTREAFTRAFRESHLE
HEHRRSRUN, ERET—-RRWE LR

(O EFEABFMERETERES ARENTHNTHIEN S FEBERERBNAABENRT
AR &Y.

(2) By F ol B 0 38 L T 1 R B U £ A6 44 T B B RG 7 A, T BB R ZETE X - 4l 9 BAT A o B SR R
WESMH ST E L E.

(3) BRNHHFHMBAD.

Voss #l Nguyen EANT/EN — T HAZHEBEETFHELER Neuwyen FAN THELBELEIHER
g
4.2 THENRENDSEE

MTRAMIAEFEABRNAZS AR, BENMBEEETHENN TG ETES L, THEEMEN AN
BENNABRFRETRAMBEMIERE. AT TAESRAABH B OREESE, TESNSWRAEETRA
&,

ITHENAEHAEEEMEIENREREFSHAHERTHETEN MAGSH RS H THEHATEMN.
Hit HEEEERM A HEF BESRSLESANEARAEMNFANATHEFERATSRED
RiE JL T2 B A R AR
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Blumofe 28 A #2 H # PhishU & — MR K B a M85 A TENME L ARMAEAREHTHE
#i 4 % ,Phish R M 7“5 W 8 3) (idle-initiated Y "$ A W 27 (0 1T B 91 30 F $ 45k 0 7 B # 5 S0 Ehdk K B A
Phish i1 % & (macro-level) M1 3% 2 (micro-leve DR AHEM K. ZR AR K LBB I RAFTEL. ERADT
Hws (D) A RATRE(2) AhRER B ARk AT vk A R T Bh A e A A SRR 5 (3) ALY T RSN R LR AR
BN HEARE RS THRLNES S RASShELLBOLAEB. ERBAOTRE. (D S ER
HAFREHE, (D EHASITFTH RARANEREHN Phish LR T HEHN HF.

5 Bift—HHRAEM

HAMETBERVY.EAHRITEETRAERFNTEANASFTLARART RO, BEETOTATY
TEANBAHTARELTHEUNA. AT RHAERTAMBERM ST URLE . ZTEANEREBX
AAHT B BB 70 0040 B BE 00 4 0 BRI BE AT UT ST, ok B AT AR e e,

ATHFAENMERAABAY A HTARE, FEXLRAERNHFEMLFRN .

(1) FREAMREBRAATE. GAFEADNRUBE rf3FERLFRLN ATERNEFEARERTE
WERTHFEC UENLMEN SR ATEEREREAYARRREAMATENER . FETRHH
BT R E B

(2) W8k B YIS 2 B A £ AR R ¥ (benchmark), P B IFH R E A ANRES. BB RFHIE
KFEBEFERNIREF S REREREANERREF RATRA HER.

() FEBHMM BRI, 5 THEERMNBIAEEHETEZWEAK. QFEEBXRIHET. L/
FHAEHRANEFCERAAARNE AR FNEE BEAOEE CFRERDEEHNSHE SFEER
WA B, ol LLE R AT WL,

(O FRABRAEBHEEEE A FETRAANTAENBFIRANKER. A TREMEL REFLR
Pk S EE N RER LR A AT R RN 105 1T B 0 B0 U R 4 i R L 5B AT B 0 IR 4 A A B
HEEREE.
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New Development of Aufomatic Parallel Compilation

YANG Xue-lin YU Meng CHEN Dao-xu XIE Li

(State Key laboratory for Novel Software Technology Nanjing University Nanjing 210093)
(Department of Compuiter Science and Technology Nanjing University Nanjing  210003)

Abstract Automatic parallel compilation provides important supports for parallelizing “legacy” programs and
designing new parallel programs. It has been focused on for two decades. In recent years, the developments of
automatic parallel compilation technique, including dependence analysis, program transformetion, data distribu-
tion and redistribution, and scheduling, have gradually made it practically applicable. In this paper, the new de-
velopment of automatic parallel compilation technique and the challenges of future research are presented.

Key words Automatic parallel compilation, dependence analysis, program transformation, data distribution,

schedule.
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