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Implementation and Evaluation of NAS Parallel
Benchmarks in XcalableMP

MASAHIRO NAKAO,™ JINPIL LEE,™? TAaisuke Boku 112
and MITSUHISA SATO!! 12

XcalableMP is an parallel extension of existing languages such as C and For-
tran, which is proposed as a new programming model that can program parallel
applications easily for distributed memory systems. In order to investigate the
performance of parallel program written in XcalableMP, we have implemented
some of NAS Parallel Benchmarks, an Embarrassingly Parallel (EP), Integer
Sort (IS) and Conjugate Gradient (CG) by using XcalableMP. The performance
results show that the performances of the XcalableMP programs are compara-
ble to that of original MPI programs. In particular, the performance results of
IS with histogram and CG with two-dimension-devide are high. It also shows
that XcalableMP allows the user to write efficient parallel applications with
lower programming cost.
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#pragma xmp nodes p(4) 1 intarray[N];
#pragma xmp template t(0:N-1) 2
3 #pragma xmp nodes p(4)
| template t | 4 #pragma xmp template t(0:N-1)
index 0 N-1 5 #pragma xmp distribute t(block) onto p
L 6 #pragma xmp align array[i] with t(i)
#pragma xmp distribute t(block) onto p 7
8 main(void){
| node 1 | node 2 | node 3 | node 4 | 9 intires=0:

index 0 N/4-1 N/2-1 3*N/4-1 N-1 10

11 #pragma xmp loop on t(i)
12 for(i=0;i<N;i++){

13 arrayl[i] = func(i);

#pragma xmp align array[i] with t(i)

| node 1 | node 2 |node3 | node4|

14 res += array[i];
A o)
array[] fnode 2 node 4 17 #pragma xmp reduction (+:res)
index 0 N/4-1 N/2-1 3*N/4-1 N-1 18}

1 77— tolz™
Fig.1 Conceptual Diagram of ” Template”

2 Ju—NLta—n7us T sl
Fig.2 Example of ”Global View” Program
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#pragma xmp nodes p(NUM_PROCS)
#pragma xmp template t(1:NN)
#pragma xmp distribute t(block) onto p

int array[N];
# pragma xmp coarray array[*]

#pragma xmp loop on t(k)
for (k = 1; k <= NN; k++) {

< IELBRE

array[a:b]:[1] = tmpl[c:d]; }

3 B—AAEa—DTur 5L
Fig.3 Example of ”Local View” Program

4 XcalableMP [k EP
Fig.4 XcalableMP Version EP
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#pragma xmp nodes p(NUM_PROCS)
#pragma xmp template t(0:SIZE_OF_BUFFERS-1)
#pragma xmp distribute t(gblock(m)) onto p
#pragma xmp align key_array[i] with t(i)
#pragma xmp loop on (i) e ZANT S LDV
for(i=0; ikNUM_KEYS; i++)

bucket_size[key_array[i] >> shift]++;

#pragma xmp loop on t(i) n—=h
for(i=0; ikNUM_KEYS; i++)
{
key = key_array[i];
key_buff1[bucket_ptrs[key >> shift]++] = key;
}

#pragma xmp reduction(+:bucket_size)

int send_count{NUM_PROCS]INUM_PROCS];
int recv_countfNUM_PROCS][NUM_PROCS];
#pragma xmp template t2(0:NUM_PROCS-1)
#pragma xmp distribute t2(block) onto p

#pragma xmp align send_count[i][*] with t2(i)
#pragma xmp align recv_count[*][i] with t2(i)

#pragma xmp gmove
recv_count[:][:] = send_count[:][:];

#pragma xmp loop on t2(i)
for(i=0;i<NUM_PROCS;i++)
for(j=0;j<NUM_PROCS;j++)
recv_count2[j] = recv_count[j][i];

#pragma xmp gmove
tmp[:][:] = recv_displ[:][:];

#pragma xmp loop on t2(i)
for(i=0;i<NUM_PROCS;i++)
for(j=0;j<NUM_PROCS;j++)
recv_displ2[j] = tmp][j][i];

for(i=0;i<NUM_PROCS;i++) /I Co-array% FAW\ o @18
key_buff2[recv_displ2[i]:recv_displ2[i]+send_count[i]]:[i] =

key_buff1[send_displ[i]:send_displ[i]+send_count[i]];

B5 EXF7I75%H02%FED XcalableMP it IS
Fig.5 XcalableMP Version IS with Histogram
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Ty 7= EHOTHEIT S, 2D 2 RIThld% gmove R EHWTaE—%217
9 2 &T, MPLAlltoall #(3 & FERDEMEZFEBIT 2 2 L3 TE 5, HiRIHHZE 6
WRT, K6 T, 2EZIE/—FkEEIADKITHDT =Y DAREFHF>TED,
gmove 2179 2 ¢ T/ —Fk® AK|m] D7 =413/ —F m @ Blk][m] icaE—3&
na,

o ¥—D%H2: (3.2.1 fid (6) D MPILAlltoallv IZHH)
%/ —FEAEDT—% % RICEIET 208038 % 720, Co-array #fHwice—2)L
Ca—lckd7nss v %o, K5 7T, TR d MPILAlltoally % Xcal-
ableMP THEZ{TH> T3,

MPI_Alltoallv(send_buf, send_count, send_displ, send_type, recv_buf,

recv_count, recv_displ, recv_type, comm);

MPI_Alltoally DEIED 1 9 TH % recv.displ i TH 70X ANT—4% Z3ZIFI %L
B Th5, Co-array Z H O THFICHEEZIT)HE, MHE X ABT -5 22T
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int AIN]INJ;
int BINJIN] Alll BO0

#pragma xmp nodes p(N)

#pragma xmp template t(0:N-1)
#pragma xmp distribute t(block) onto p
#pragma xmp align A[i][*] with t(i) . *
#pragma xmp align B[*][i] with (i) .

~oao0 >
NO Qo S
ZzZo o >

gmove

6 gmove %7 Alltoall JHfE
Fig.6 Alltoall Communication by Using ”gmove”
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AFETREF O fTbE VD, T 7L —FORAE%Z TOTALKEYS I2#%
ELTEST 3.
o L—7 DU
ERA T L HGEFE RIS, ¥—ICr L TUBEAIT 5 L — 73U loop R
ZEFLT 5.
o X —DflEEDRFTDFEHE
%/ —=F23A87 F L7z 0~MAX KEY-1 O#&fiti% > ¥ — D%, reduction {577
Xz THENL, &F—DRG2HT 5,
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#pragma xmp nodes p(NUM_PROCS)
#pragma xmp template t(0:TOTAL_KEYS-1)
#pragma xmp distribute t(block) onto p
#pragma xmp align key_array([i] with t(i)

#pragma xmp loop on t(i)
for(i=0; i<NUM_KEYS; i++ )}
key_buff2[i] = key_array[i];
prv_buff1[key_buff2[i]]++;
}

for( i=0; i<MAX_KEY-1; i++)
prv_buff1[i+1] += prv_buff1[i];

#pragma xmp reduction(+:prv_buff1)

for( i=0; i<MAX_KEY; i++ )
key_buff[i] += prv_buff1i];

7 EAMIILEHVARVFED XcalableMP hi IS
Fig.7 XcalableMP Version IS without Histogram

#pragma xmp nodes p(NUM_PROCS)
#pragma xmp template t(0:na+1)
#pragma xmp distribute t(block) onto p
#pragma xmp align x[i] with t(i)
#pragma xmp align z[i] with t(i)
#pragma xmp align p[i] with t(i)
#pragma xmp align q[i] with t(i)
#pragma xmp align r[i] with t(i)
#pragma xmp align wli] with t(i)
#pragma xmp shadow p[*]

#pragma xmp reflect p

#pragma xmp loop on t(j)
for (j = 1; j <= lastrow-firstrow+1; j++) {
sum = 0.0;
for (k = rowstr[j]; k < rowstr[j+1]; k++) {
sum = sum + a[k]*p[colidx[K]];
}
W[j] = sum;

}

2010/8/3
#pragma xmp nodes p(NPCOL, NPROW) #pragma xmp loop on t(*, j)
#pragma xmp template t(0:na+1, 0:na+1) for (j = 1; j <= lastrow-firstrow+1; j++) {
#pragma xmp distribute t(block, block) onto p sum = 0.0;
#pragma xmp align x[i] with t(i, *) for (k = rowstr[j]; k < rowstr[j+1]; k++) {
#pragma xmp align z[i] with t(i, *) sum = sum + a[k]*p[colidx[K]];
#pragma xmp align p[i] with t(i, *) }
#pragma xmp align q[i] with t(i, *) w[j] = sum;
#pragma xmp align r[i] with t(i, *) }
#pragma xmp align w[i] with t(*, i)
. #pragma xmp reduction(+:w) on p(*, :)
#pragma xmp loop on t(j, *) #pragma xmp gmove
for (j = 1; j <= lastcol-firstcol+1; j++) { ql:] = wl:];
) IR NLDOFE
9 2 XJL#Eld XcalableMP fiik CG
Fig.9 Two-Dimension-Divide XcalableMP Version CG
Hlogs, RENELS a D7 — 23D 29T 5 N7z template ZEMICHFET 2 k2
p

WeA w7y 7 ARSI BRI LTH L.
2HN—TXOGHEZEIT) 2 ENHHETH S,

COEMERFTS T & T shadow ZHV B Z L&KL,
Z OFEfEIZ MPI R E[ARRTH 5.

#pragma xmp shadow z[*]
#pragma xmp reduction(+:w)

#pragma xmp loop on t(j) #pragma xmp loop on t(j)
for (j = 1; j <= lastcol-firstcol+1; j++) { for (j = 1; j <= lastrow-firstrow+1; j++) {

: VAN HE ) ql = wi

B8 1 Xt/%ld) XcalableMP ffii CG
Fig.8 One-Dimension-Divide XcalableMP Version CG

Lz % X951z, NPCOL OfiiZ NPROW D ERI U2 26515 X H 2§35, RIZ,
BfTHIDEIE O 72 » DS % template FHRXZHWTEE TS, 2T, 2 RIuaHDE
&, V¥ 7y a vEERERETT ) 220102, B w OoEIRMhoBIY 132 FE2 B E
WrEET 5.

2HNL—7XTHO LTV B a ld CRS IEAD—XItBff 7R TH 5. Blsl a D
ZIB2{T9) -oi2iE, Bdla DAERERIC O 5 d A 7y 7 A0F rowstr & colidx 234
HWehb, 2HL—7 BT, 1 XeaHOEE, Bl p OESTRTO/ — Fizkw
THETH 5 7%, shadow B L U reflect FERLZEH T, TXRTOEEZSMATICHEIH
T3, %7, MTREBL LB, sl z 1220w THRARDRMENBETH 2, 2 Rouy

2HENV— T XOFHERRTHBEI w %2 ) 57> a VEERT - BRI g IKRET
%, 250l ogh, Wl w & q DOEITIENRE 2729, gmove R % IV THRAF
2T RBEDBDH B,

4. M HEFF @

4.1 ERERIE

ARFETIX, 3ETHELLEP, ISELUCC DHERZIHET 2, HBRICER1LICRT
—f17: PC 7 9 2% B LU T2K-Tsukuba ¥ 2 7 L ZFEK 16 / — FHAWTEHIIL 7=, #
NEFNDE 7 — Kt Quad Core CPU %5228, / — FWNMEFI{LIZfTbTI&/ —F 12
TOHREMS, 72, EP, IS B XU CG O#EY A X3 CLASSB £ L, av 8 LA
7y avizTRT-03" E L7z,

4.2 1% R

EP offR%#RK 10 12, IS OfERZE 11 1, CC OFERZE 12 1737, 2NFNEED
728, BEHFED MPIJR (7275 L EP & CG I& Fortran S TEEIN TV 2) ORHELRT,
EP 0o%#, K10 DFER LD, MPIRO S BEREDSE W Z L2%b» 5. UL, 1/ —
FETIRICE T 2R E 16 / — FEIFRBICE T 3 MBEHIZFA LT cH b, 2o EP IHEE
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Table 1 Specifications of Each Node on Experimental Environment

PC Cluster T2K Tsukuba System
CPU Intel Core2 Quad CPU | AMD Opteron Quad-Core 8000
Q9650 3.00GHz series 2.3GHz

Memory 8GB 32GB
Network Gigabit Ethernet Infiniband DDR (4 rails)
OS Linux 2.6.28 Linux 2.6.18
MPI openmpi 1.3.3 MVAPICH2 1.4.1
C Compiler gee 4.1.2 gee 4.1.2
Fortran Compiler | gcc 3.4.6 gee 3.4.6

500 300

PC Cluster T2K Tsukuba System

= 400 4 = ’
%_ m— XcalableMP ,l ?:L — XcalabloMP ’f
S 00| '=== MPI + s 20 1mmm VP 4
§ 200 §
2 2 100
& &

100

0 0
1 2 4 8 16 1 2 4 8 16

Number of Node (Process) Number of Node (Process)

B 10 EP Of%E
Fig.10 Result of EP

BIEEAEREL R WFEETH LD, C Filil Fortran 5iIC X 23E WL MEREZE D JEIK
ThsrEEZILND,

IS DA, M1l DFER LD, EA R F A%AV7 XcalableMP iR IS & MPI RO
IS IR Z R T 2 L2325, K, T2K Tsukuba ¥ A 7 L DFERTIX, 1ZIFFAL
EEHALTVS, ERXANTI70%2H0AEWIS TR, PC7ZIAFZICEWT4/—FM L
ERIEICH W GA, HEIAEL 2w E8b0 5.
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PC Cluster T2K Tsukuba System
With Histogram Wlthout With Histogram WlthOUt
Process Histogram Histogram
XcalableMP | MPI | XcalableMP | XcalableMP | MPI | XcalableMP
2 6.62 | 4.26 1.44 0.47 | 0.49 0.21
4 3.78 | 3.24 1.90 0.22 | 0.24 0.25
8 244 | 2.13 2.34 0.15 | 0.17 0.27
16 1.98 1.77 2.67 0.11 | 0.11 0.29
R 3 CC DEEICHET 205 (7))
Table 3 Communication Time (sec.) of CG
PC Cluster T2K Tsukuba System
Process two-dimension one-dimension two-dimension one-dimension
XcalableMP MPI XcalableMP XcalableMP | MPI XcalableMP
2 19.53 8.77 9.20 2.77 | 0.83 0.82
4 21.83 | 19.68 16.68 2.02 1.14 1.01
8 26.84 | 15.76 21.33 2.05 1.16 1.16
16 18.72 | 16.47 28.09 1.53 1.06 1.60
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