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Overview of XcalableMP

XMP

® %JSFDUJWF CBTFE MBOHVBHF FYUFOTJPO P

® 5|F TBNEJSFDUBSFNVTFE JO 9.1 $ BOE 9.1 'PSUSBC

® $PBSSBZ TA0UBWBJMBCMF JO 9.1 $ BOE 9.1 'PSUS

XMP/C

XMP/Fortran

int array[16];

#pragma xmp nodes p(4)

#pragma xmp template t(0:15)
#pragma xmp distribute t(block) onto p
#pragma xmp align array[i] with t(i)

main(){
#p"régma xmp loop on t(i)

for(i= 0; i < 16; i++){
array[i] = func(i);

}

integer array(16);

I$xmp nodes p(4)

I$xmp template t(1:16)

I$xmp distribute t(block) onto p
I$xmp align array(i) with t(i)

program main

I$xmp loop on t(i)
do i=1,16
array(i) = func(i)
done
end program




Overview of XcalableMPL XMP

® %JSFDUJWF CBTFE MBOHVBHF FYUFOTJPO PG ¢

® 5|F TBNEJSFDUBSFVTFE JO 9.1 $ BOE 9.1 'PSUSBO

® $PBSSBZ TA0UBWBJMBCMF JO 9.1 $ BOE 9.1 'PSUSBO

XMP/C XMP/Fortran
int b[10]:[*]; integer b(10)[*]
if(me == 1){ if(me == 1) then
b[0:5]:[2] = b[0:5]; /I Put b(1:5)[2] = b(1:5) /I Put
} end if
/\
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ODbjective

® &YBNJOF F$ZFDUJWFOFTT PG EFTJHOT PG UI
GPS JNQ SiPhW &Ity B Oirformance PG )1$ TZTU

® &WBMVBUF UIF QSPEVDUJWJUZ BOE UIF QFSGPSN
JNQMFNFOUBUJPOT PG UIF )1%$ $IBMMFOHF )1%$$%

® 6TF DPNQVUF OPEFT BU B NBYJNVN PO UIF ,
DPOTJTUT PG DPNQVUF OPEFT

ranked 1st in the Top500 on
June, 2011




Agenda

*OUSPEVDF 9.1 GFBUVSFT
(MPCBM WJFX NFNPSZ NPEFM XJUI 9.1 EJSFDUJWF
-PDBM WIJFX NFNPSZ NPEFM XJUI DPBSSBZ TZOUB

WFTJHOT PG 9.1 GPS )1$ BQQMJDBUJPOT

&YQMBJO JNQMFNFOUBUJPOT PG UIF )1%$9% #F
FWBMVBUF UIFJS QSPEVDUJWJUZ BOE QFSGI

%JTDVTT FYQFSIJNFOUBM SFTVMUT

AVNNBSJ[F PVS QSFTFOUBUJPO




XMP Global-view model (1/3)

KPV CTTC[= ?
® 5I/F EJSFDUJWFT T KPY CTTCIs % oy &

EBUB EJTUSJCVUJ| RTCIOC ZOR VGORNCVG V
OPEFT RTCIOC ZOR FKUNGEKDQYN @ V
RTCIOC ZOR CNKIP CTTC[%K?
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array{16] [
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Node 2

ode 2 [T\ | NN

Node 3 \ / A
\ / //

Node 4 A==

\L—

Distributed Array



XMP Global-view model (2/3)

) KPV CTTC[= ?
® -PPQ EJSFDUJWF ¥ CI o orcu R

QBSBMMFMJ[F MPR RTCIOC ZOR VGORNCVG V
RTCIOC ZOR FKUVTKDWVG| V

RTCIOC ZOR NQQR Q RTCIOC ZOR CNKIP CTTC[FK?
HQT K K K ]

012 3456 7 8 9101112131415

Execute OforO loop in

Node 1 parallel with affinity to
- array distribution

Node 2 [T 1] e

Node 3 11

Node 4

array[16]

&BDI OPEF DPNQVUFT 3FE FMFNFO



XMP Global-view model (3/3)

® %BUB DPNNVOJDBUJPO EJSFDUIJWFT HNSPBIE

® HNPWF EJSFDUJWEF

® 5SBOTGFS EBUB XIJMF LFFQJOH

CZ VTIBESBZ TFDUJPO OPUBUJP

[start_index : length]
|

RTCIOC Zij»l
c= 7 D= :

0 1234567 0123456 7

a(10 | [ | (0]

VNV

SO040 | Nodes

Node 4




XMP Local-view model

® 4VQQPSU DPBSSBZ TZOUBY JO 9.1 $ BOE 9.1

® 9.1 'PSUSBO JT VQRXBSE DPNQBUJCMF XJUIl UIF "P¢

® 9.1 $ BMTP \armay section notation JO DPBSSBZ TZOUBY

XMP/C node 1 node 2

int b[10]:[*]; // Declare

If(me == 1)
a[0:3] = b[4:3]:[2]; /I Get a[10]
sIF OPEF HFUT c< > Jo uIfloREET] [T

4 6

*UJT FBTZ UP FYQSFTT POF TJEFE DPNNVOJDBUJPO G
$BO NJY 9.1 HMPCBM WJFX EJSFDUJWFT XJUIl DPBSSBZ




Designs of XMP for HPC applications

® 1("4 QSPHSBNNJOH MBOHVBHF NWh protiBciwiky C P L
B O Eigh performance

® 51F QSPEVDUJWJUZ PG )1%$ BQQMJBdyammdihcdDdd&TJT
educational cost, porting cost, and tuning cost

® %FTJHOT PG 9.1 GPS )1%$ BQQMJDBUJPOT

® &BTZ XSJUJOH PG WBSJPVT QB®@BddHMNG Q™M >FD B U.

® <(MPCBM WJFX> &&0OBCMF QBSBMMFMJ[BUJPO PG E
NJOJNBM NPEJpDBUJPO XJUI TINQMF EJSFDUJWEF'

® <-PDBM WJFX> &BTZ UP FYQSFTT POF TJEFE DPN"
® &BTZ MFB&OUW@tonal cost! >

® &YUFOTJPO PG $ BOE 'PSUSBO



Designs of XMP for HPC applications

® %FTJHO PG 9.1 GPS )1$ BQQMJDBUJPOT

® /'VNFSJDBM MJCSBSJFT #-"4 FUD

QS PHSB8dwrting!

tuning cost!

FGU
ORN
UDN
K

| P

KPV CTTC[= ?

“RTCTOC ZOR PQ
RTCIOC ZOR VG
RTCIOC ZOR FK
RTCIOC ZOR CN

OCKP ]
EDNCUAFIG@TTC[=M?

L1
performancet >

MJCSBSZ DB

51JT JT B DPEF FYBNQMF
Bglobal array JT VTFE JO
VR#-"4 MJCSBSZ

K? YH-3—v—K
B QPJOUFS PG B HMPCE
JOEJDBUFT B MPDBM Q
OPEF UP XI1JDI JU JT EJ

9.1 JORVJSZ GVODUJPOT PCUBJO MPDBM NFNPSZ JOGP

'PS FYBNQM Rrray lead dim

B HMPCBM BSSBZ

PCuUBJOT B MPDBM MFBEJOH E



Designs of XMP for HPC applications

® %FTJHO PG 9.1 GPS )1$ BQQMJDBUJPOT

® 0QFO.1 TBGF

FYDFQU GPS DRNNTfOEISEDUIWFT

® 1ISPHSBNNFS DB8@knWIFdirectives JO 9.1

XMP/C

XMP/Fortran

int array[16];

#pragma xmp nodes p(4)

#pragma xmp template t(0:15)
#pragma xmp distribute t(block ) onto p
#pragma xmp align array[i] with t(i)

*

main(){

#pragma xmp loop on t(i)
#pragma omp parallel for
for(i=0; 1< 16; i++){
array[i] = func(i);

}

integer array(16);

I$xmp nodes p(4)

I$xmp template t(1:16)

I$xmp distribute t(block) onto p
I$xmp align array(i) with t(i)

PR

program main

I$xmp loop on t(i)
ISomp parallel do
do i=1,16
array(i) = func(i)
done
end program




Agenda

*OUSPEVDF 9.1 GFBUVSFT
(MPCBM WJFX NFNPSZ NPEFM XJUI 9.1 EJSFDUJWF
-PDBM WIJFX NFNPSZ NPEFM XJUI DPBSSBZ TZOUB

WFTJHOT PG 9.1 GPS )1$ BQQMJDBUJPOT

&YQMBJO JNQMFNFOUBUJPOT PG UIF )1%% #F
FWBMVBUF UIFJS QSPEVDUJWJUZ BOE QFSGI

%JTDVTT FYQFSIJNFOUBM SFTVMUT

AVNNBSJ[F PVS QSFTFOUBUJPO




HPC Challenge(HPCC) Benchmarks

® 5|F )1%$% #FODINBSLT BSF B TFU PG CFODINBSL
NVMUJQMF BUUSJCVUFT PO BO )1%$ TZTUFN

® 5/F )1$$ #FODINBSLT BSF BMTP VTFE BU )1$$ "
BU 4VQFSDPNQVUFS $POGFSFODF

® *O $MBTT POMZ UIF QFSGPSNBODF PG BO )1% TZTL

® *O $MBTT UIF QSPEVDUJWJUZ BOE QFSGPSNBODF
BSF FWBMVBUFE

® CBTFE PO IQDD XS‘LL
$ 'PSUSBO 1* X1JDI1}J
® JJHI 1IFSGPSNBODF -JOQBDSEFMIFBTFE CZ UIF )1%$$%
DENNVOJUZ lUUQ

JDM DT VUL FEV IQDD Tl

® SBOEPN"DDFTT

® 'BTU 'PVSJFS 5SBOTGPSN

® 453&".
e XFBL TDBMJOH




Evaluation

® ONOJ 9.1 $PNQJMFS WFSTJPO BMQIB
® SFGFSFODF *NQMFNFOUBUJPO
® 0QFO 4PV Ship://www.hpcs.cs.tsukuba.ac.jp/omni-compiler/xcalablemp/
® OQUJINJIJ[FE GPS UIF , DPNQVUFS
o DPOpHVSF UBSHFU ,DPNQVUFS MJOVY HOV

® 5P VTF IJHI TQFFE POF TJEFE DPNNVOJDBUJPO |
UIF DPBSSBZ TZ0O0UBY JT USBOTMBUFE JOUP DBN

® 5|1JT $PNQJMFS XJMM CF SFMFBTFE JO /PW




Environment

The K computer HA-PACS

CPU SPARC64 Vllifx 2.0GHz Xeon E5-2670 2.6GHz x2
8Cores, 128GFlops 8Cores x2, 332.8GFlops
Memor DDR3 SDRAM 16GB DDR3 SDRAM 128GB
y 64GB/s/Socket 51.4GB/s/Socket
Network Torus fusion six-dimensional Infiniband QDRX2rails
mesh/torus network, 5GB/s Fat-tree network, 4GB/s

HA-PACS has GPUs
.. as an accelerator.
But we used only CPU.

PG UIF , DPNQV B/FSdEsaEa maximum PG )" 1"$4



RandomAccess

® 5IF SBOEPN"DDFTT CFODINBSL NFBTVSFT UIF
SBOEPN JOUFHFS VQEBUFT PG NFNPSZ WJB

® &BDI QSPDFTT SBOEPNMZ VQEBUFT UBCMF PG PU
¢ *UuJT TVJUBCMF UP VTF DPBSSBZ TZOUBY

® 5P SFEVDF DPNNVOJDBUJPO UJNFT PVS BMHPSJU
$)6/, VQEBUFT PO FBDI OPEF

® OVS BMHPSJUIN JT BMNPTU UIF TBNF BT UIF 1QD




RandomAccess

4APVSDF MJOFT PG DPEE 4-X%JUUFO JO 9.1 %

-MKE¥«WO®S-",Xxeft~3%12S"" % z+E...,bh"q’a”r | Declare coarray

«1© eee ?

WWWeee
WAREW > ' 2 e ¥>" ' g"WItW¥2¥>rWWIfTWee«cWY¥-a0™@EOW ]| s WcO " ¥28emx(
WOAE - "' gg¥2e¥>bh"g'2e¥>—«"©zee«"WtWae¥>' PBFP 'gg¥de¥>b

Z8© " zo"W o8Wa°¥S§—_noenlO°

Z8©"2o"W ©o8W8|3« 8§ amx¥>»—«"©Zke« cWg
WWWweee Ensure to finish
Z8©"72o"W o8W®™ « 8§ Om®sS-—«" Oz« PUT Operation
Z8© " Zuo"W o8Wa°¥S§—-noenlO°
WW¥O0®eS-WtWOm®esS-"ijdh”'g"r

WW2 ©«—>"«" ]©esS-"ijdh”"’"h"cW¥O©m®S-cWee 'r
WWeee




Performance of RandomAccess

The modified hpcec-1.4 RandomAccess, for which the
v functions updating the table are specifically optimized
10° - N for the K computer
- —+— modified hpcc-1.4.2
- —&— XcalableMP -
5 [ 163GUPS in 16,384 nodes
_ 107 (131,072 CPU Cores)
8 [
- 1 I
S 10 -
% _ ® (614 (JHB 61EBUFT QFS
£ 0]
5 107 ® gBU .1* 1SPDFTT /PEF
5 ;
el ® (PPE 1FSGPSNBODF
10 75 1 2 '3 4 5 6
10 10 10 10 10 10 10
Number of Cores



High Performance Linpack (HPL)

® J)1- NFBTVSFT UIF qPBUJOH QPJOU SBUF PC
EFOTF TZTUFN PG MJOFBS FRVBUJPOT VTJ

® *O PVS INQMFNFOUBUJPO UIF DPF$DJFOU NBU!
DZDMJD NBOOFS MJLF IQDD )1-

® 5|JT EJTUSJCVUJPO JT VTFGVM UP QFSGPSN H

® #-"4 -JCSBSZ JT VTFE
AIN][N]

Y () ) NB { [l node 1
"#$%&S'(&™")*+,-"". /012 [] node 2
"#$%&%'(&"3,&"4$3,'3.567890'567892
"#$%8&$'(&"+:-3#:,<3,'3.=>=4:=.7?20'@ I
"""""""""" =>=4:=,7722"%)3*" 1
"#$%&$'(&"$4:%)'AB:CBDC'E:3F'3.D0:2 7 node 8

NB




High Performance Linpack (HPL)

® 1IBOFM #SPBEDBTUdUmMmGZ \E'US(]FHEDUJV\GF

"#$%&'(-.)*+)*/+,
"#$%&3$'(&"'$4:%)'GB:CBHC'E:3F'3.H0:2
"0

"#$%&SP' (&% &*I,
)10%&2+)30*/+'4'()10%&2+)50%/+,

SLOC is288, written in XMP/C

len |

AIN][N]

L[N]INB]

% Panel Broadcast

*

NB




Performance of HPL

Performance (TFlops)

® SISFBET 1SPDFTT PO

4
10 - =%+ Theoretical Peak
0% | T XcalableMP 5 543 TFlops in 8,192 nodes
: A <«—— (65,536 CPU Cores),
102 53% of the theoretical peak
4
10
0
10
10" ( 100 GFlops in 1 node, 8 CPU Cores,
; 78% of the theoretical peak
-2 |
10 gy
10 10 10 10 10 10 10

Number of Cores *O TQJUF PG XFBL TDBMJO'
F$*DIJFODZ JT OPU WFSZ HP



Fast Fourier Transform (FFT)

® "'5 NFBTVSFT UIF qPBUJOH QPJOU SBUF PG F
QSFDJTJPO DPNQMFY POF EJNFOTJPOBM %J"

® S8F QBSBMMFMJ[FE POMZ B TVCSPVUJOF I11;""!
LFSOFM PG UIF 1QDD 'S




Fast Fourier Transform (FFT)

® BUSJY USBOTQPTJUJPO JT JNOM¥FNWEUE EDW
The SLOC of PZFFT1DO0 is 65, written in XMP/Fortran + OpenMP

. A(NX,NY)

JKLMN'+:-3#:;<3,'3(.;4*=02"*)3*"
JKLMN'+:-3#:;<3,'3>.;4*=02"*)3*"
JKLMN'$4:%)'A.HO:2'E:3F'3>.:2
JKLMN'$4:%)'APQRST.:0H2'E:3F'3(.:2
JKLMN'$4:%)'?.HO:2'E:3F'3(.:2

"0

JKLMN'%&*I,

(-6789:0;0<'4'(:0;0< '=">%%?@"?>%%

B(NY,NX)

A@ 1
L
N

JKLMN'"%&*,

=ABCD'%""E"2'@F:G<
=A7CD'E>H>%%&%"!" A_WORK(NX,NY)

I|77J|:_336hj4Kr: §N 1. Node 2 transfers data to node 1
S ’ ~. with packing it

" /".VI’G<4('6789'G’M< 2. Node 1 copies A_ WORK() to
SOTPTOR B() by using XMP and OpenMP
L3'O7*PG*QOR () by using and Open

directives




Performance of FFT

® SISFBE QSPDFTT PO

2
107} |
- —+— hpcc-1.4.2 24TFlops in 32,768 nodes
1 . —a— XcalableMP <«—— (262,144 CPU Cores)
10
Q 50% of performance of the
2 hpcc-1.4 FFT
= 10
8
-
o -1
E 10
O
't
D
o 2
10 ¢
5 S B B
10 0 1 2 3 4 5 6
10 10 10 10 10 10 10

Number of Cores



Agenda

*OUSPEVDF 9.1 GFBUVSFT
(MPCBM WJFX NFNPSZ NPEFM XJUI 9.1 EJSFDUJWF
-PDBM WIJFX NFNPSZ NPEFM XJUI DPBSSBZ TZOUB

WFTJHOT PG 9.1 GPS )1$ BQQMJDBUJPOT

&YQMBJO JNQMFNFOUBUJPOT PG UIF )1%$9% #F
FWBMVBUF UIFJS QSPEVDUJWJUZ BOE QFSGI

JTDVTT FYQFSINFOUBM SFTVMUT

AVNNBSJ[F PVS QSFTFOUBUJPO




Comparison with hpcc-1.4 (MPI)

cc-1.4 XMP
e 1SPEVDUJIWIUZP

\ ]

® 3BOEPN"DDFTT 938% 258

e DPBSSBZ JT B NPSF DPOWFOJFOU UP FYQSFTT
® )1- 4-0$8,800 288
® 1.5 % PG ''5 4-0B01 65

® 901 HMPCBM WJFX FOBCMFT QSPHSBNNFST UP E
BOQQMJIJDBUJPOT FBTJIJMZ

® IFSGPSNBODF

® 3BOEPN"DDFTT (PPE

® )1- BOE '"'5 5IF QFSGPSNBODFT PG 9.1 IJNQMFNEFC
UilBO UIPTF PG 1QDD

o7



Discussion (2/3)

® OWFSIFBEBHRBWF EJSFDUJW

j AIN]N] LIN][NB]

v

® <)1-¥NPWF EJSFDUU\BFCMP|
PQFSBUJPO $PNNVOJDBUJ
DPNQVUBUJPO BSF OPU PV

"#$%&$'(&"%&*,
(-)10%&2+)30*/+'4'()10%&2+)50*/+, —

Panel Broadcast

® <''5> *ONPWF EJSFDEBWE
QBDL VOQBDL PQFSBUJPO JT

XJUI UISFBE QBSBMMFMJ[BUJ

JKLMN'%&*1,
(-6789:0;0<'4'(:0;0<

1$XMP gmove

A_WORK(NX,NY)



Discussion (3/3)

® 5P JINOQSPWF QFSGPSN

"#$%&$'(&"%&*1,"  $->)=. async-id
® OPO CMPDLJOH HNPWF §(-)10%&2+)30*/+'4'()10%&2+)50*/+,

® EBUB QBDL VOQBDL XJU|:"S&H%>EE&!I'T"UE#@>@V"2<
QBSBMMFMJ[BUJPO JO H'#S%N&S(&"ES3PS->)= ' $->)=. async-id

® *NQSPWJOH UIF QFSGPSNBODF PG UIFBHINPWF JT JNQP

® 8I IMF MFWFM PG BCTUSBDUJPO PG UIF HNPWF JT WI
PG UIF HNPWF SFNBJOT VODMBSJUZ

® (NPWF JNQSPWFT UIF QSPEVDUJWJUZ CVU NBZ CF
QFSGPSNBODF

® *G UIF QFSGPSNBODF PG UIF HNPWF IBT B QSPCMEFEN
QSPHSBNNFS XJMM CF BCMF UP SFXSJUF UIF DPNNYV

TZ0UBY PS .1* MJCSBSZ



Summary

® &YBNJOF UIF F$ZFDUJWFOFTT PG EFTJHOT P(
QSPEVDUJWJIUZ BOE UIF QFSGPSNBODF PG B

® (MPCBM WIJFX NPEFM BOE -PDBM WJFX NPEFM

® $BO VTF /VNFSJDBM -JCSBSZ XJUI 9.1 JORVJSZ G\

® &§WBMVBUF UIF QSPEVDUJWJUZ BOE UIF QFS
JNOQMFNFOUBUJPOT PG )1%$%$ #FODINBSLT PO

® (PPE QSPEVDUJWJUZ BOE QFSGPSNBODF JO
® #VU UIF HNPWF EJSFDUJWEF IBT TDPQF UP DPOU
® 'VUVSF XPSL

® 4VQQPSU OPO CMPDLJOH PQFSBUJPO BOE UISFBE

® 3FUSZ UP FWBMVBUF UIFJS QFSGPSNBODFT GPS (



