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The Partitioned Global Address Space (PGAS) language provides the distributed shared
array, which makes programming of distributed algorithms easier. On the other hand,
unlike MPI, it becomes harder for programmers to identify and solve communication
bottlenecks, because communication is not explicitly shown on programs. Our study
proposes a method to solve it by automatic source-to-source translation. This paper also
explains a prototype implemented on High Productivity Computing Systems Toolkit and the
measurement results according to three example programs. In the Connected Components
(CC) algorithm program case, the performance is improved by about five times, and achieves
the same level (1-8 % difference) with the best prior manually tuned implementation.
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BEEINTZX v v v any RT7OfiEK
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6.1 Connected Components (CC)7 LT X s
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int connected_components(shared E * El,

int n, int m, shared int **pD,
int *pncomps)
{

shared int *D;

upc_barrier;
while (1) {

upc_Tforall (i =0; i <m; i++; &EI[i]){
u = EI[i].u;
v = EI[1]-v;
if (O[u] < DLvD {
DIDLV]] = D[ul;
grafted = 1;
} else if (O[v] < DLuD {
D[D[ul] = DLVI;
grafted = 1;
¥
}

30

if (grafted == 0)
break;
upc_forall(i =0; i <n; i++; &[IiPD{
while (D[i] '= DIDLi]1D
DLi1 = DIDLi1l:
}
upc_barrier;

}

b

Bisl D o483 DI, TEA 1 AFTE 4 Wk o
R & LC, 2 OTEMD D EE AT EE 72 i/ O TH A
BT, a7 T AOEPONL—T (while (D)2 Z
DTOTTEDAA L AN—TThHY, FATHDI1Z
BEETHRZIONL—THTEHELIND. ZOAA L
— 1%, UTFD 2500 —T%EHe
1. grafting loop

£ TDN %A 5 /N—T (upc_forall G = 05 1 < m;

i++ &EL[D). £ OWiuEOTER T D OfiEns B

LDHEINSWHIZHDES. ZONM—T T,

% iteration HCUDIEREZS DT OIZELS] El

(&, EZOUOMROTESDERESD =01

HAHRSY] D T 78 AT D, —TD affinity

LA A DB LIRS DT, fisOERDE

MEFSOD ~OT 7R Xa—ha )T 7 AN

PRAES FVIR WA 2R T 7 8 A28 %

2.  short-cutting loop

2 TOIES %R % V—7 (upe_forall G = 0; i <

n; i++ &DLD). ATEA O D OEEIER 2 B

/NTE ) & DIDLI Ol G/ NTE 2~ B B AT RE A2

KEERDBRRDGETIEFHTL. Zor—7

@ affinity (Z&DI[il& 22> T2 DT, DIl~D

TI7RAZELTCIEe—h T 7B ARMRRES

n%—7%, DIDLI~DT 7 & A5 TIE—fk

\Za— VT 7 RIS LR,

AL T, D250 —TDH5HETDT o
BADOB—INT 7B ARRIES L7V grafting
loop 2B T D HHES D ~DT7 7B AITHER LT
Rt EAT 9 .

6.2 RBIED-HOEHREDY—RO—F

BAF, grafting loop D it D 7= HIZEH S L7

V—Aa— &R,
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int connected_components(shared E * EI,
int n, int m, shared int **pD,
int *pncomps)

{

shared int *D;

upc_barrier;

while (1) {
gc_cachesync(hdl, 0);
upc_Tforall (i =0; i <m; i++; &EI[i]){
u = EI[i].u;
v = EI[1]-v;

ac_get4(hdl, u, &du); /* du=D[u] */
ac_get4(hdl, v, &dv); /* dv=D[Vv] */
if (du < dv) {
ac_set4(hdl, dv, du);
/* D[DLv1]1=D[u]; */
grafted =
} else if (dv < du) {
ac_set4(hdl, du, dv);
/* D[D[ull=D[Vv]; *
grafted =
}
}

ac_cachesync(hdl,
upc_barrier;
grafted =
all_reduce_i(grafted, UPC_ADD);
if (grafted == 0)
break;
upc_forall (i =0; i <n; i++; &[i]{
while (D[i] !'= DIDLilD)
DLi1 = DIDLi1l:

0);

}
upc_barrier
ac_cachesync(hdl,

}

0);

b
(18] CidfmidE bxt g % = — R HIZELS O index
DM g 2 7 a— RAERTIHERS Y, iz
DEHETH 720, RFEICIE, VY—Ra—F
W FLER A B 72 SCOFR AN OVE B CRERR S 4,
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TTAE DT a7 T AEELRFEIN TS,
6.3 TEEERIE

CC 7u 77 A#x[13]OFEhIC X 2 Rt FiE K&
DRREFEICESW e BERE LA ITV, PEREA H
ELR. =L, 7l I7~OFH L iELT
B7 VY ALEHOEEZGERNED L L.
PEREMIEIZIE, AIX®A RV —F 4 VTV AT AR
F{ES % Powerb+™7 v vV Dy T A X%, =
VR A T E SO IR S T HRCHT O Berkeley
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HERBIILLT O Y
N—Ry=T
7u& v 1.9 GHz, 16 proc. IBM® P575+)
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ANEYS
0OS: AIX 5300-09-03-0918
z %A Ziupee, v. 2.11.4 (STABLE)

i kA~ 3> -0
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//) \;} i @ '\® (\Q & //]V"J@ "J‘D‘\&@‘D O Grafting
X @g &ﬁﬁ
Pl /3 B OO

R FEC—FR)

B 40 FATRERHI DR

6.4 HERERIEHRICOVTOEE

X 40F, HEEIELOOE2EEANEL, /
— R¥% 8,16,32 1225k S W 7=356 O FITRM % 7~
I IR I OFER#ELT RS T ARORET
BIZL 2 AEEEE T 2 7 T A OERRITIZIER —
TR T L0 5ETHL. FokELT 0 S
T LEREFEICL D BERELT 7 T LD
FEDEVMT 1-8% T, EVWITIREFED BB
DEIZEA LToNy ¥ 2 ROFHA— S~y FIZ
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IrboEZLND. ZOXETHPC Y s/ T A
TIHER L2V O TEH LN, 77V r— 3
CORAFEOT T 7T Mgt D AX VA5, b
U<, 1EERREIRESEIC LY, 7 r 0T Mgl
ERATOLROVEAE B L A LILDBURTIE, %
TR L2 BBEELITAERATH D LV Z 5.

4 DEITRHONRE LD &, L7 7T AT
131F & A EDA— 3~y R grafting loop 7> 54
LTW5b., —JF, 2 SOkt v 77 AT,
grafting loop O EITRFFIZIZIERTHIB S, 1T &

A E DR short cutting loop TEL SN TV 5.

6.5 ERAAEJEICOVTOEE

Xy v Y2 BHOT-O, FER#EL T2 7T L
TIXEF OB, L FIEICX 2 BEREL T =7
FATIEA—T>T7 FLZ2 vy =2 % (open
addressed hash table) i 4 2%. Z it kb A€
U fE B OB MNE DN T EERT 5.
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AT 50%>*2 H, 140 4 54 SEHIZESRE
DT —HEBNANA FOBFE)DOAEY ZHHT 5.
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I L D EE DO FARER L2 5.

7. FERRUEORE

AFHLTIE, PGAS 70 75 LADHEIER ML >
JHEHABY —Aa— FEBICE S F vy v a X
HN=ALDOEN LY RET 5 FEEREL, ol
it 7 L — A& Y — 7 High Productivity Computing
Systems Toolkit EIZSEIEL =710 M & A 7RO
BEHIERERICOWTHB L2, CC 7 u s T L0
T, BEFEICAS BEREIC LV T v
T LOK) B EOMRERE NG DN, Z OMERRITEE
FOKFOFEREL T 1 7 T A OMEREIC I
(BTE - 280 D 1-8%DAHE) T 5 LD Th 1.

ST, BEFHEICESNTEV S DT s T
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W CRE L 72w,
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