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= Academia: M. Sato, T. Boku (compiler and system, U. Tsukuba), K. Nakajima (app. and
programming, U. Tokyo), Nanri (system, Kyusyu U.), Okabe , Yasugi(HPF, Kyoto U.)

= Research Lab.: Watanabe and Yokokawa (RIKEN), Sakagami (app. and HPF, NIFS),
Matsuo (app., JAXA), Uehara (app., JAMSTEC/ES)

= Industries: Iwashita and Hotta (HPF and XPFortran, Fujitsu), Murai and Seo (HPF, NEC),
Anzaki and Negishi (Hitachi)
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49+ XEe=MP

Current Problem ?!

int array[YMAX][XMAX];

main(int argc, char**argv){
intij,res,temp_res, dx,llimit,ulimit,size,rank;

MPILA., X 55D 70N
MPIQIEFIZT OS5 Ll
FHLLY... Lol LVEEH
ZIEWLEWNTFEELL, BEfEA
M, T\VIELT L
UYL, ...

MPI_Init(argc, argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);
dx = YMAX/size;

llimit = rank * dx;

if(rank = (size - 1)) ulimit = llimit + dx;

else ulimit = YMAX;

temp_res =0;
for(i = llimit; i < ulimit; i++)
for(j = 0; j <10; j++){
array([i][j] = func(i, j);

-
temp_res += array[i][j];
}
MPI_Allreduce(&temp_res, &res, 1, MPI_INT, MPI_SUM, MPI_COMM_WORLD);
MPI_Finalize();
}

We need better solutions!/

#pragma xmp template T[10]

#pragma xmp distributed T[blocl:jata fl,\iwjlilﬁil.\(:?'a‘ﬁtj(’&
int array{10[10]; i: MR BIEFEDD, HE 1 14

#pragma xmp aligned array[i][*] to T[i] —_ “
BEFa—=JLATHE. ...

el bl Lo THER BMLRID. HF
s TO4S5305 1 BEIZHEE

#pragma xmp loop on TIi] reduction(+\\m

for(i = 0; i <10; i++)
for(j = 0; j < 10; j++){ work sharing and data
array[i][j] = funci, j); synchronization
res += arrayl[i][j];
| 2
}
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= Performance
» A—HFIEMPILRIFEDHREZSIEH T EMTESLE
= MPIIZIEGEULVESRE ! - one-sided communication (remote memory copy)

= EXpressiveness
» A—FIEMPITOTOT ST ERFDIEN MPIKYLEHIZETDHE,
« BIZ(E. Task parallelism — for multi-physics

= Optimizability
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x —MP http://www.xcalablemp.org x 7MP

XcalableMP : directive-based language eXtension
for Scalable and performance-tunable Parallel Programming

= Directive-based language extensions for familiar languages F90/C/C++
» A—FDESMZVPHEEDOIANINZLZL

node0 nodel node2
= “Scalable” for Distributed Memory
Programming Duplicated execution
= SPMDAEARILEEITET L, ) ) !
= MPID K5I, &/ —FTALYRAMILIZEITER directives
L
a”_{%“ o . . _ Comm, sync and work-sharing
= ¥R (directive) N ziTNIX, EEEIT
« 525 FID - OMIMDEFTH | | [
= “performance tunable” for explicit

communication and synchronization.

« FERXEETIT BHEEIZ, Work-sharing @15 - REANE =S,

s TARTORBEREF, BRXIZEOTEEZ D HPFERRGY  /AT+—T VXD
Fa—ZUTHBHh YT LED,



Overview of XcalableMP X-==r=-MP

s XMP (&, F B—/\N)LE 2—DT—42 i 5| Ework sharing(2&-> T, HERGA A
Hl{EZEHHR—k
s HLEDZFERIA—FKIL, OpenMPD KSR X T SMEMTES,
s CNITINA T, A—AJLE 2—&L T, CAF-like PGAS (Partitioned Global
Address Space) e 1Rt

: User applications

Global view Directives

eSupport common pattern

(communication and work- Array section

sharing) for data parallel in C/C++

programming .

eReduction and scatter/gather Lo_cal YIeW
I eCommunication of sleeve area Directives
e sLike OpenMPD, HPF/JA, XFP (CAF/PGAS)

nlgrres XMP parallel execution model
- One-sided comm.
Two-sided comm. (MPI) (remote memory access)

‘ Parallel platform (hardware+QOS)



Code Example X

int array[YMAX][XMAX];

#pragma xmp nodes p(4)

#pragma xmp template t(YMAX) data distribution ]
#pragma xmp distribute t(BLOCK) on p

#pragma xmp align array[i][*] to t(i)

mainQ{  \.

inti,j, res: / add to the serial code : incremental parallelization

res = 0;

#pragma xmp loop on t[i] reduction(+:res)

for(i=0; i <10; i++)
for( = 0; ] <10; j++){ _ ——
array[i][j] = func(, j): work sharing and data synchronization }

res += array/[i][j];

}
}




The same code written in MPI X=mr=MP

int array[YMAX][XMAX];

main(int argc, char*argv){
inti,j,res,temp_res, dx,llimit,ulimit,size,rank;

MPI_Init(argc, argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);
dx = YMAXI/size;

llimit = rank * dx;

if(rank !'= (size - 1)) ulimit = [limit + dx;

else ulimit = YMAX;

temp_res =0;
for(i = llimit; i < ulimit; i++)
for(j =0;j < 10; j++){
array[i][j] = func(i, j);
temp_res +=array/[i][j];

}

MPI_Allreduce(&temp_res, &res, 1, MPI_INT, MPI_SUM, MPI_COMM_WORLD);
MPI_Finalize();
}



—R.FoFL—r. T—2EL—T00 8%k Xm0 MP

= HPF\o RYANT-TATT

s /—FRIE. DBATYREOTOEYY () &£ AT Dabstraction.
#pragma xmp nodes p(32)

s TUTL—bREIE, /—FEICHORBBESN A Z—HL 5

#pragma xmp template t(100) varlable
#pragma distribute t(block) on p V2
Qvarlable
varlable

Allgn
. SEEhBT—AIL. e Loor
FoFU—Mzalign (BF) 5, T |/ diecie
#pl‘agma xXmp a||gn array[|][*] with t(l) emTp]{ate directive e directive
= JL—7 Miterationt,. on&fil= T2
J:’.D-t . 7__‘>70|/_ HZallgn'd'%) . Distribute directive trbite dctive

#pragma xmp loop on t(i)




templatez AL  fzindexZ2 S D - Z| caranreMP

= template

= indexZRZxRI IRERILGES
s BEHIDHE]-JL—TXDMFETIZHILNS

templateZ AL\ =E2HI D 2 F
0 100

double array[100];




N—TIxstazontnEr Xm=MP

= #pragma xmp loop on template
= IL—TXDiF|EITEtemplate THEE
» BEIDFENEESLGITNIEGESAR
1) #pragma xmp loop on t(i)
for(i = 2; i <= 10; i++) array[i] = . . .

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

erray(1[ |

NODE(1) ] ]
NODE(2) NN
[ | | | |
NODE(3) IL—T XD 5 s -

BRI DI ES
NODE(4) T 1 1 ]




FRINDEHEEE LR XE==MP

s D/ —FIZEIYVEToN-ERZTSE
= XMPTIEIARYTZIVERATEICO—HILAEESHEE
« BRHIDEEETE EFHEL:shadow, reflectifrX

9 10 11 12 13 14 15

o 1 2 3 4 5 6 7 8
array(] [

#pragma xmp shadow array[1:1] shadowfBiE D B

NODE3 .

NODE4

j[[[]

#pragma xmp reflect array shadowrE 12 O [E] #A



Data synchronization of array (shad§wzr=-MP

= Exchange data only on “shadow” (sleeve) region

o If neighbor data is required to communicate, then only sleeve
area can be considered.

o example:Db[i] = array[i-1] + array[i+1]
#pragma xmp align array[i] with t(i)

0 1 2 3 4 5 6 7 8
array(] [

#pragma xmp shadow array[1:1]

node?2 .

node3

9 10 11 12 13 14 15

Programmer specifies sleeve region explicitly
Directive : #pragma xmp reflect array



XcalableMP a—K~45 (laplace, global view) x MP

#pragma xmp nodes p[NPROCS] —— 3 =
#pragma xmp template t[1l:N] /—F@ﬁ%k@n&%
#pragma xmp distribute t[block] on p -_

Template D EFE &
double u[XSIZE+2] [YSIZE+2], ?_gﬁj\ﬁkéfﬁﬁ
uu [XSIZE+2] [YSIZE+2] ;

#pragma xmp aligned u[i] [*] to t[i] for(k = 0; k < NITER; k++) {
#pragma xmp aligned uu[i] [*] to t[i] /* old <- new */
#pragma xmp shadow uu[l:1] #pragma xmp loop on t[x]
for(x = 1; x <= XSIZE; x++)
lap_main () T—3DHERIE. for(y = 1; y <= YSIZE; y++)
{ — Al uu[x] [y] = ulx][yl’
int x,y,k; N template'“a“gn #pragma xmp reflect uu
double sum’ T—2DRERIEAD=-HD #pragma xmp loop on t[x]
u um, ShadOWEE%s :0)1,3_ for(x = 1; x <= XSIZE; x++)
& [Eshadow! L #FE 15, for(y = 1; y <= YSIZE; y++)

u[x] [y] = (uu[x-1][y] + uu[x+1l][y
uul[x] [y-1] + uul[x][y+1])/4.C

}

/* check sum */
sum = 0.0;
#pragma xmp loop on t[x] reduction (+:sum)

Work sharing for(x = 1; x <= XSIZE; x++)
L— ol for(y = 1; y <= YSIZE; y++)
=T DI sum += (uu[x] [y]-ulx][y]);

#pragma xmp block on master
7_-‘—/)'(0)|E]:,H:ﬂ } printf ("sum = %g¥n",sum) ;




Data synchronization of array (full shfow)=MP

= Full shadow specifies whole data replicated in all nodes
= #pragma xmp shadow array[*]
= reflect operation to distribute data to every nodes

o #pragma reflect array
o Execute communication to get data assigned to other nodes

o Most easy way to synchronize  — But, communication is expensive!
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Now, we can access correct data by
local access !!




XcalableMP Z1—K 45l (NPB CG, global view) Xamo=MP
#pragma xmp nodes p[NPROCS] _
#fpragma xmp template t[N]

#fpragma xmp distributed t[block] on p \\\\\\\\\\\\\\

#fpragma xmp aligned [i] to t[i] :: x,z,p,9,r,W
#pragma xmp shadow [*] :: xX,z,p,q,r,wW

/* code fragment from conj grad in NPB CG */

// sum = 0.0;
#fpragma xmp loop on t[j] reduction (+:sum)
for (J = 1; j <= lastcol-firstcol+l; j++) {
sum = sum + r[jl*r[J]l;
}
rho = sum;
for (cgit = 1; cgit <= cgitmax; cgit++) {
#fpragma xmp reflect p
fpragma xmp loop on t[j]

for (jJ = 1; j <= lastrow-firstrow+l; j++) {
sum = 0.0;
for (k = rowstr[]j]; k <= rowstr[j+1]-1; k+
sum = sum + alk]*p[colidx[k]];

w[j] = sum;

}
#pragma xmp loop on t[j]
for (j = 1; j <= lastcol-firstcol+l; j++) {

aljil = wi3jl;



BE1E - FEADE1F XE=r=MP

LUTDEITBEEZIE TR X Taeh 952 EMVATRE
= #pragma xmp bcast varon node
» T—ANTO—FFXrXbE
= H#pragma xmp barrier
« /\) 7[R
= #pragma xmp reduction (var:op)
o UFOIUBRE R, R KEDFTEGE)
= #pragma xmp gmove
s BEROKRAXSO—DIILFEETIEGL, 7203V HToNn T
/—FDEZZERI HIIITEETERK
A1) #pragma xmp gmove
X = array[100];
(array[100] M EIY HTEHNT=/—F DO T —3% X T B)



gmove directive X==o:-MP

= The "gmove" construct copies data of distributed arrays in
global-view.

= When no option is specified, the copy operation is performed collectively
by all nodes in the executing node set.

« If an "in" or "out" clause is specified, the copy operation should be done
by one-side communication ("get" and "put") for remote memory access.

1$xmp nodes p(*) A B
1$xmp template t(N) = Talml = = Tala] =
1$Sxmp distribute t(block) to p olololo olololo
real A(N,N) ,B(N,N),C(N,6N) d|{d|d|d d|{d|d|d
1$xmp align A(i,*), B(i,*),C(*,i) with t (i) e|le|ej|e e|le|e|e
112|314 11234
A(l) = B(20) // it may cause error
1$xmp gmove C
A(1:N-2,:) = B(2:N-1,:) // shift operation
' $xmp gmove nodel
C(:,:) =A(:,:) // all-to-all node2
!$xmp gmove out odlen
X(1:10) = B(1:10,1) // done by put operation
node4




XcalableMP (local view) X=reMP

= Co-Array Fortran
» RAXDOEAXT/—FRE@IEZER
f51l) real dimension a(100)[*] (Co-arrayEg)

T N\ Co-array Rt . . _
b(:) = a(:)[1] (/—F1hbT—3%E51X)

= XcalableMPTI&., Al ER~EZLEITNIEIELZSSPMDO 70T 5 A

= Local viewTl&, /—FRDARL—arZdily T 4E, PGAS (Partitioned Global Address
Space) BSREICKY .,/ —FDT—EEFSHETEHLIILTmELEXIE

XcalableMP® B —JLE int A[10]:

= AcalableMPOBR—7))bE 1= int B[5]; .
« CAFMESDMEELIRE Array ;eitlonw
= XMP-Fortran: CAFH # A[4:9] = B[0:4];

= XMP-C:coarray#s-~X + #&3X¥i5k(array section: #B53ECFIEC k)

- KRB ORGSR int A[10], BI10];
= remote memory accesstaE #pragma xmp coarray [*]: A, B
(one-sidedi@18) & HHR—*k

«  &YE M HEFEA T §E A[:] = B[:]1:[2];



/)7;(70) \[]/ ﬁlj 5%?? x':alableMP

= #pragma xmp task on node
» BEROTVAVIXEETI S/ —FaiEE
1) func();

#pragma xmp tasks

{

#pragma xmp task on node(1)
func_AQ);

#pragma xmp task on node(2)
func_B();

ETAA—D

node(1 node(2
\ A

» BGLH/—FTRITIHIETHRVLHNEZERIE

¥
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= HPC Challenge Benchmark

Class2

m %‘ELL\IUIDC’EW“?E‘/ﬁ‘EEE’G
DicikEEEEgeZ B> T3 SC09 HPCC Class2 TFinalist!
= ClassllEL AT LRE
. STREAM -
= Random Access HPC CHALLENGE
= HPL
= FFT

Jinpil Lee Mitsuhisa Sato
FINALIST XcalableMP University of Tsukuba University of Tsukut

« S, Awardld. tERE(E
IBM(X10 and UPC), &l 4 (&
Cary (Chapel) 275> 7-

pes © = o




weewmmy  XoMP

XMP/C: CE i&BhR D prototype compilerZ

» TRMHDERMGHEEED HEFELE
= (Some parts ware compiled by hand)

it
K e

LM FR L TIX. EIZprogrammabilitylE R & 2 TH-
= STREAM, RandomAccess, HPL, FFT are parallelized by XMP

T2K OpenSupercomputer — Tsukuba System (2to32nodes)

CPU AMD Opteron Quad-core 8000series
2.3Ghz X 4sockets (16 cores)

MEM 32GB

NETWORK InfiniBand (x4 rails)

MPI lib MVAPICH2 - 1.2




HPCC Benchmark1: STREAM XcaraieMP

= Global view programming with directives
= Very straightforward to parallelize by a loop directive

double a[SIZE] , b[SIZE] , c[SIZE],
#pragma xmp nodes p(*)

#pragma xmp template t(0:SIZE-1)
#pragma xmp distribute t(block) onto p
#pragma xmp align [j] with t(j) :: a, b, c

# pragma xmp loop on t(j)
for (j = 0; j < SIZE; j++) a[j] = b[j] + scalar*c][j];

#pragma xmp reduction(+:triadGBs)



Performance of STREAM X ZaoeMP

Lines Of Code: 98

Performance (GB/s)
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HPCC Benchmark2: Random Accessx MP

= Local view programming with co-array

#define SIZE TABLE_SIZE/PROCS
u64int Table[SIZE] ;

#pragma xmp nodes p(PROCS)
#pragma xmp coarray Table [PROCS]

for (I=0; 1 <SIZE; i++) Table[i]=b +1;

for (i=0; 1 < NUPDATE; i++) {
temp = (temp << 1) " ((s64Int)temp < 0 ? POLY : 0);
Table[temp%SIZE]:[(temp%TABLE_SIZE)/SIZE] "= temp;
}

#pragma xmp barrier



Performance of Random Access X<=rr=MP

= Lines Of Code: 77
= complied into MPI2 one-sided functions

0.000045
0.00004 ’\‘/.\’\
0.000035
0.00003
0.000025
0.00002
0.000015
0.00001

0.000005

0 | N [ SN [ S R R S S N R N
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Number of Nodes

GUP/s




HPCC Benchmark3: HPL XZ=MP

= Parallelized in global view

= Matrix/vectors are distributed in cyclic manner in one
dimension.

= Using gmove to exchange columns for pivot exchange

dgefa function:

#pragma xmp gmove
pvt_vl[k:n-1] = a[k:n-1][l];

if (1'=K) {
#pragma xmp gmove
alk:n-1][l] = a[k:n-1][K];
#pragma xmp gmove
alk:n-1][k] = pvt_v[k:n-1];
}



Performance of HPL X MP
s Lines Of Code: 243

18
16 —
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10 e

Performance (Gflop/s)
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HPCC Benchmarka: FFT Xz MP

= Parallelized in global view
= Using six-step FFT algorithm

= Matrix transpose is a key operation.
= Matrix transpose using gmove

#pragma xmp align a_work[*][i] with t1(i)
#pragma xmp align a[i][*] with t2(i)
#pragma xmp align b[i][*] with t1(i)

#pragma xmp gmove
a_work[:][:] = a[][]; // all-to-all

#pragma xmp loop on t1(i)
for(i=0; 1< N1; i++)
for( = 0; ] < N2; j++)
c_assgn(b[i][j], a_work[j][i]);



Performance of FFT X MP
s Lines Of Code: 217
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Performance (Gflop/s)
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Position of XcalableMP Y === MP

Performance

XcalableMP O\

Cost to
achieve
Perfor-
mance

chape.

utomatic m

allelization

Programming cost



BHYIz XEr=MP

XcalableMP®) B #9- B1Z

s BAFT DHAFITATSIUTIZIZWNAWNALGEEEILH SN,
... HEEMN(productivity)ZHITAHZENEE

« IMPIKYHFELGTAOTSIVIRED ! |

XcalableMP: 2 h 5D ETHE
= IRTE. XMP Spec IZ. version 0.9
= http://www.xcalablemp.org T. 2B

= CEEBMR- T EMRBY'—RIF2010/2Q (4R ?)
= 2010/3QI=Fortrankik (SC10%i)
R R
« YJLFATRIE (SMP/—K) http://www.xcalablemp.org
= 51473, 1/0
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» XMPI&. HPFTOEBHRZEMRL TS

s TRIZONTIE. CNETOHPFIGEE D CRERIZED
A AR VAR o - = AT

s B A—D—DH R L TN A EIITHELR N E, &
RITL7ZEL,

s FD=HDERRRIL ?




backup



NPB-CG® it 5l (F—4 4 E) caranicMIP

NIV T—EDHREEHETXTES col

all

#pragma xmp nodes on n(NPCOLS,NPROWS)
#pragma xmp template t(0:na+1,0:na+1)
#pragma xmp distribute t(BLOCK,BLOCK) on n

FOW v

<«

double  x[na+2], z[na+2], p[na+2],
g[na+2], r[na+2], w[na+2];

#pragma xmp align [i] with t(i, *):: x,z,p,q,r w[]
#pragma xmp align [i] with t(*,i):: w
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static void conj_grad()

{

#pragma xmp loop on t(j,*)
for(j = 0; j < lastcol-firstcol+1; j++) {
X[j] = norm_temp12*z[j]; (RIMILDEE)
}

#pragma xmp loop on t(*,))
for(j = O; j < lastrow-firstrow+1; j++) {

sum = 0.0;
for(k = rowstr[j]; k <= rowstr[j+1]; k++) { (FENA514k)
sum = sum + a[k]*p[colidx[K]];
}
w[j] = sum; (FRIA—FTIE q[j] = sum;)
}

#pragma xmp reduction(+:w) on p(*,:) (RIRILD)F O3 AR1E)
#pragma xmp gmove (NI kILfElDtranspose)

ql:] = wl:];
}



#pragma xmp nodes on p(NPCOL, NPROW)
#pragma xmp template t(n,n)
#pragma xmp distribute t(BLOCK,BLOCK) on p

double p[n],w[n];

double A[n][n]; conj_grad(...{

. o . for(;; X
#pragma xmp align A[j][i] to t(i,j)
#pragma xmp align pl[i] to t(i,*) #pragma xmp loop j on t(:,j)
#pragma xmp align w[j] to t(*,j) for(j=0; j < n; j++){
sum = 0;
#pragma xmp loop i on t(i,j)
for(i=0;i<n; n++)

sum += a[j][i]*p[i];
w[j] = sum;

)
#pragma xmp reduction(+:w) on p(:,*)
#pragma xmp gmove

pl:] = w[:];
¥

}....



