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HEF EE HPASRCEFHNYELBET AT ROLERANTENEXE, A TEEIHEFSET
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PR B 26 2 PR B B AL, RAE T HITBRAFEASEILE L0 T R

A EEH, ETHAKBMNNTERFETMNEREERE THREM SN ERNNEBED. JENLH 4R
FRRBTEABGAERTHANER ANBRALMEN TBRFENESHE S¥ . FRBEUN205HE.
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WERAMNGMELRAE, TARESAM AN SRES B AH AP ESFRSRANSHNBELT
BN L ARG FRANMELRR B4 AMNABRETETRATEANSHNEES Y AL SR EE
TTHBERNER. AFFER DTG E. A CRBOFE. B2 A SalLAPACK S8+ HITEFN
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REAAESAERRNHEEREANEAENTEANAEEHANIFTIRTR APALEEFGERTE
B RITASHBEBMAANAR. ARSI HTBFNERAMNAN BRLABENERAHREE T RLEM
AEFERTAINRBEORO AT BEERAE—HTEFORELERNE, ATFRT KT ScalA-
PACK Wy if JT1 78 FF 503 4 T2 4 (90 4% PO o0 86 [ 4.
EXHINEAHBEREGARSENEARENN S B2 AT EALN BRESEEX

1 BNERERERESE

L1 EEEEN

AV B A M E L SR F R E RN Y . X5, Yan Yong ¥ AE L EIFTRES
Rt B R L T — MR AR TR TR A M B AR IT R B R R,
BITAHERGEEE NS M HERE HEFRIHVE L2 FLEN MELB AP L. LEHTHE
FHEBEFEAATSTT REMNEESFLERNEER. 540 EXRCIPHERFS HEFIFEE L MNE
EEW. B T T I QX EER EMNES (collective) i {5, il Broadcast,Scatrer # Gather %, 40 & 1 Fi =,
By g BABRAMERTH EAHAKE./ZRERARWMANKE WEEHESENERAANE
B E-TEENEENF . 2E I RL & =0 IERREFAF BRI AN ERER. 4,
MERMTUALEFEMEXWTFRF).EHMEFEH U EREENBFERE. WL ETEBFRE
E EX MR AEGEERR. AERB RN EFRENEREE . EHTES AWM ITHFEER
AL R MAESERER OB SIRR RS BRRE AP REANNGERRE, AREEEE HH NS
REH. BFANAEECREREEr THIAMNBEEME VEFEREUNEEBERRE.

Point to pointCD Broadcast@ Scateer®

DAF A, DI E, Do
Fig. 1 Communication points example
FH1 EEAEG

X1 HBEERHGEIFFEN KNEAARRRENKREEZRE D MEAE L

FEAEFM Von Nenmann EEEH P A EFAINTF TR HESHETUERBAFTBRE. AR MEH
REAAEHFTIHENA LT EFHECFERY T Yo ERFENR AR BAFGEERS  EREENETF
FEgEA. B RHE S EMEFNAAEEIFSENRERETRL. XAERBABEATEHL, B XM
W TR SRR FEER. LT ALEHRANANFTFANTREGET A2, B #473
BREMGHAR T —#0BESSHNER AR FENUEBRENERAERSAHE ARENHAPZER
HREFESHER, TEXTERAREHEF 5 7oA.

SEX 2. TERF BT O R L O fE R R A0 R R RIS A B

— M ES L RRAERENEPEFENEHRERA - HE B SERFAABERNET AR
H o HWEERdd A, RINICZEIE—EREAMRE, KR T F & RS R EA.

B3 EREALEHE—TEGEANARABRATRESESF R A FERNEE.H g (p.DERR,
HF p RS 5 ZEGEHRENRBE . BEEFTEMREHER XK HEIKE.

WEFEME, T HTERNBEELERRARFE-RA TN EoMEHERNETOIFCIEREHE.
BESART HERNAENE SN T RN AR BEFTHER RSB T, — 3T S0 RGE L
BRGHERMECBES SRS E LM ERAUEL AN UBEN HUTATSEHEREFTERK
BT, AR R e,
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1.2 $HEX

AXLPHAN - LEPRAEXRERIPAH. R1FPM apORB I TEBEREHERENL,Z2T5EE
BAEMBRES p B EFALE. £ TENRD RIIEE a(p. DU A TR EE.
_ a+S(p)+{B+Bp)M, HiREHKER:
B {Tlﬂmmu), i HRAE TR
Hb o« RBBEAENEAHA FRE-FFTHER W S(HONMB(WOERNS SEFHEH BT XAER,
EXMX@7 ]+ SadEfHAEESHBEGHNT B A TABABERFF Sy =B =0 Timen 1B —4
nAms MBS FHRFEF XY RN, ML ERMBERENARFAT AR, 705 W 58 40 5 B0 S
t7E SR2201 & AF H F i MPL 3# {5 6 3070 24 i memcopy O 68 41 89 1R 40 46 sR L1,

Table 1 Parameters used in this paper
®1 FXFHBNEY

2:{p+d>  The weight of :he ith communication point, when message longth is / and thase are p pro-

¢

gilpdD)

cessors invelved in message possing™
CP; The ith communication point®
fi Degree of the CP2
#ae,  Total degree of communication point set on processor grid pox go¥
DYHEREX & FEGREBED p . B/ M EFNOLE,DE MEMEM,
QP EFEARNER DLERHE poX g I BBESRSHER

H1ITWLBEAE  THEBENER. W TAETERABERFPHEFA.RARFRSERRE L, WY THEI AR
HHWEES EEBS MMM R B K.

HTAFRMLHBEMNB. CHAEINEERARHARRANERES B, HINES - EHERMENG
FRAAEEAHAN TR HEEEAR FHBE G, RTME poXq WERARESTEEROLEH
LR RS BOE E R B A (minimum degree of communication point sct, 8 B MDCPS) E 2 8 i # X
BEEEEEERE A, AT RIS R R, 6, T T K ANTE.

I
S

'917 G Aad '—JB‘:‘(P:&';);
oo =1 =1

Hor K B BRI poxg, B E S RSHEESTE.

AR BT ESALERFE LR EFT . BNAE N T ERE .

FEL EARSENEESOHBMEEFELTLOMBT N T I RTHNE 28 R2HN P.WEHN
2w B BB R A O R/ RO 1R S S AT T R AL SRR R Cp .0 R AE UL ER b B AR R W A
T A A L AR

W A HFATRF BT

tp=tcpt tems
Hoep oo, BIRATIEATOS ] 000, T oo R IFAT 3 BN B] RO FFATIE AN 6], 5 — T AL FRER B ATIB AT NI Ay o ) 3R 0% oy U P
A 4k B BR B B9 R AT B 3 e Te) 7 O BOF BT e R

M =0 F3r, 0
z,=%+ﬁ.
ARE -ENEAT. AE.PRHAGLEREN.EE, B . AERI BN EHEIL. O
1.3 FE#R

MDCPS F#EM—TEHBRR ATEFRITHECE/FASRIE M LEE, EAHERMNBER
HIBCEET th BL A B Ol B4 BRT M M R R ER P BB RS B BAEBH— . A4 HAE
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THERTER -~ 2B RS LI R IE N T AT i A FE 2R BT A RN 4 1 R AR

ELUEBETF.M MDCPS Fi I HEM#SE.

M EE. AFAREAFESAENHTEFNEEER. AN E CHaNEREREHITR
AR R AR L R, &R

Q) NEERETRETFANERA. RSN E N THERENLE S R HEAH AL TER
BN IBET FRNECSSRS EERZETELOK VP L, EH+ K REBANSA L .2 RS
BOAHEEAE 1XP M P — B RRA PR P S A o AT MR B R R B R L BT LR
REFRINEE A THOAEL HOMNE, A4 HEFAHESE;

G) NA BRI HES AN ER M TERSHMBGES REEAREEXE. AR LL HE
MM HASEERBTUT. R LETENES B ERE. X8, oW — KT £ R

O M AMENTAEFEEY. SRE- BN AR P IR ROEERRE L AMHE LR
fEiE %

(o) ¥ T 0 5E G4 BB 4 B AT i) R ALHE L T A8 AT A BB MR G B 1E AL

(8) [LEEPRE BB MM AEAESLEN, Hh AES R/ EE 5% R 06 4 78 28 M DR
FIT IR T A VR b TE RS B A RBALAE R 4 L MBS 0 8 b FE B M #s.

2 TGS

AHABEMMEBET & SR220. H A B E R v W4 85 B B AR B, R 5 58 Scal A
PACK #1F {8 & 87 # 17 Cholesky 7Y iR FF, 3 4 th 4 3 5 B 0 0B e 3.
L1 XRFER MPILAEESR
FXF L s RA SR2201 W) 16 T H B & 5 £ #4780, 545 5 R A HP PA-RISC M 150MIl: HARD 1E &
RGF#EAT TAEFETRARRE T EA R TOREARN ORI SR THEFEPh FRERK
i 42 % AR B R BE A A di P . A T A B A X IR R, T B 3 R R R R B
BREEX .
o A EE.RIIR SR2201 L MPIIE S MBS F SN, FARY THESASEENETH
M EEE S S BRAERR MPL M E AP KA ER W BT R G ps)
26.226277+0.013267L  OSL<.128B;
Toily= 47, E04057 + 0. 0071 88L 128B<{ L= 16KB,
164, 407858+ 0. 004554 16KB<IL< IMB;
0. 00, 0046861 IMB=ZL.
MPT B FH0T %B AR BT R A ps):
18,47+ og, () —1) * 8.1254+0. 014 0=L<124B;
70, 20 +-log, () * 0. G05L 128B=<CL.<{16KB;
130,704 (log, (pY— 1) % 147. 53+ (0. 604 + {oga {0 — 1) * 6. 00013, 16K B LA 32K B,
205 42+ (log, (p) — 1) » 232, 824 (0. 00274 (log, (p) 1) * 0. GOLTIL 12KBsIL<S48KB;
228. T4+ (logy (p3— 1) = 293. 3+ 0. 004L 18K B L<64KE;
250994 (Qog,(py—10 # 330, 274-0. 0042, G4KBEL<IBUKD;
292, 30— (log, () —13 % 418. (4+0.0035L  BOKB={L<96KD;
130. 75— (log, () —13 % 109. 04 (0. 00454 (log, (py— 1) * 0. 00443/, 96K B=T1..
HTFRELHABAHERE A FH AT Copy » RATH 4T Memcopy ) s 558 BLAS 89 DSWAPO (R EAT
R REGHTT T B Memcopy OB 3 S BB 0 F B 7R (AL MB/s) .

TulpL)=
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1.137» L/8 0= L5128,
- 0. 000135 = e8I+ 220 L 5 g 512B<C L= 3600KB;
P (1I=3 120, 3600B<CLC4089B
356.0 4090B=<IL.
2.2 317 Cholesky 4 %

317 Cholesky 4} ## & ScaLAPACK FHIMBEERE N BARBRNRBF, KA R RBEFHRB 4
FRBELERMBEE pXg, PRI DK » Xr W, Myrow,Mycol) £ B 7E 4L B 28 W45 | 19 B8 8,
(IAROW , IACOL) i 7 2 iy B7 AL 32 N 40 B () 5 B 2 5 A A, S B B9 K/ B m X B9 07 1% (JF AT Cholseky 43 # )
Bk S LOXRI8] BIFAT Cholesky S BPH BRI BRLF 4 TEB A EIE:

(1) Broadcast Ly to all processes in same template column;

(27 Broadcast A, to all processes in same template row;

(3) Transposing column block Ay 10 row block Ase o

(4) Broadcast Ayssn segment to all processes along column Mycol.

ABEHRTI LRSS - HEANERNE RS NNEEE LR R B iom BR p fg W
BhAEE. W Icmp=k7m ,Icmq:é%,-l- KPR ITEFRERER  BEFARAFRERAB AEGE LBER
BREBRAOEWESHBRMBMEREERL KB LT E lonp KRBT RN FREN Uemg— 1DREREH
RERAEER MELEFRAFRERSDAEANEREES ALEERNEBRE L. XEAEERNY
SaHPBEAER HEEERDTHS.

Table 2 The degree of communication paint and the Ath message
passing longth in cholesky factorization

#2 Choleshy A THEE R ERAE L REFHBRE

cr 1 2 3 4
f l—i—lml (i-|—-i (Lemg— 1) # ’Vl-lfl |_1-|—1
r I r r
(n—krr) (n—k«r) {n—k»r)
v - - 7 o,
4 47 Br » &r * > Lomp Brx E

R LB MDCOPS Fak FIHBE S MPT EfF AL R{OITU SR H U F SR BEHE |
MU AESMBEOERSEAERER HEISBAFRNERWEGSES NERSLERMBER. X
FE P HEE w2 1000~10000, & 4 % 1000, 88 /b r =100 i AT 4~ 16 DA FERM TS RME 2 fhERHEH
B AR RN N RFE AR AN EF S ECEN AR NARTEN, X
AT B HRNBEERBERA 22,8 1K 4X2,16 T 4x4.

AIH ScaLAPACK # Choesky 2 i SR 7 4 A 48,165 -~ 4L 38 48 0 7 IF AF 38 88 RO o o ek BB 4 4T T
HoRE BRSO SHE AT 5. 78 SR2201 L EBERMA 2 HAEDSHR. BPEREY
FRER H088 9086  F1  (MTlpos) , 2 261 Cholesky 44 B B A IR fE O ' | B BABT FI IR 8 2110, A
FRIFEY,H 4.8, 18 M ERNEEERSAHERTE BGEMTRABSEMEERSSESBERS
HF G5 REE R XU MDCPS F i REEAEBELABAS . THA L EERMEEGELILE
WRTLEHE S M. EH 1 aERH, ETATERL, FIEMNERT 8000 51,
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Fig- 2  The anslytical resuit of MDCPS method for parallel Cholesky aigorithm
on SR2201 and its performance
B2 MDCPS J # 4} 47 Cholesky ¥ # 7 SR2201 £ 84 4k R SRtk i
I BRE

ENERFERFLERETHITHEAERFNBEEYFABESFEAMEYN LB TOREHFTE
ENERAERMBEANBEINBE I bNES. FRBUT T HFOTEAA SRS R A SRS HER
K& MDCPS 77 v B 45 FL 55 e 58 06 T S8 A0 LR PO 244K . oy T OLA s ML 88 ML BUE R % K, MDCPS #ik iy
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Abstract . Physical processors are often viewed as a logical processor grid or process grid to ease the parallel
algorithm implementation and tc provide useful coordination information among parallel processes. However.
the shape of pracessor grid has great impact on the final performance of user’s parallel programs., How to select
a suitable or even optimal processor grid for an parallel algorithm on certain parallel machines becomes an urgent
problem. In this paper, a novel method named MDCPS (minimum degree of communication point set) is pro-
poesed, which tries to find out the optimal processor grid for parallel program independent the impaction of load
balance through analysis on its communication pattern. The analysis results on ScaL APACK parallel Cholesky
factorization program match the experimental results wzll and show that the proposed method can select the op-
timal processor grid for parallel program successfully.

Key words: processor grid; parallel program; communication point; data distribution; load balance
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