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Research Topics X —— MP
In AICS Programming Environment Research Tea

The technologies of programming models/languages and environment play an important role to bridge
between programmers and systems. Our team conducts researches of programming languages and
performance tools to exploit full potentials of large-scale parallelism of the K computer and explore
programming technologies towards the next generation “exascale” computing.
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1 XTSIk X MP

= P[] is declared with full shadow

Full shadow

Jl P[]

|
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2o v IT it Bk X MP

wli] with t(*.j)

t(i,)) N
a[l[]

o[i] with t(i,*)

=

<_} reduction

reduction(+:w) on p(*, :)

=

gmove q[:] = w[:];
XMP project transpose LUl




Performance Results : NPB-CG X MP

T2K Tsukuba System PC Cluster
4000 2500
2000 = XMP(1d) 2000
o = XMP(2d) @ 1e00
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The results for CG indicate that the performance of
2D. parallelization in XMP is comparable to that of MPI.
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HPF: High Performance Fortran
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HPF/JA. HPF/ES

= HPF/JA
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Global Address Space Model Programming
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UPC: Unified Parallel C

Unified Parallel C
= Lawrence Berkeley
National Lab.Z iy 2% 5tFA %

Private/Shared 25 &

SPMD
= MYTHREADMWB 7 DALYEES
« [EIHAMAE

= Barriers
= Locks
= Memory consistency control

User’s view
= D EIZNf-shared space

[ZDWT. EHDODALYRAENMET B,

« T=fZL. SEIStt=shared space
[FRLyRIZ® L Taffinityz 2,

1T51IR DA

#include <upc_relaxed.h>
shared int aJTHREADS][THREADS];
shared int b[THREADS], c[THREADS];

void main (void) {
int 1, j;
upc_forall (1=0; 1<THREADS; 1++;1){
c[i] = O;
for (J=0; J<THREADS; j++)
clil += a[il11*bli1;




CAF: Co-Array Fortran

= Global address space programming model integer a(10,20)[*]

= one-sided communication (GET/PUT) - - -
= SPMD E1TZHIIRE

= Co-array extension image 1 image 2 image N
« Z7O0wYySTEKTOY S AL, BH5 7 image” %D,
real, dimension(n)[*] :: X,y

x(:) = y(:)[Ld]
q®d image TEIKyDT—A2ZA—hILEXIZOE T 5 (get)
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amenable to compiler-based a(1:10,1:2) =
' o SomprEr e a(1:10,19:20) [this_image()-1]
communication optimization
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XPFortran (VPP Fortran)
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'XOCL PROCESSOR P (4) /I@

IXOCL INDEX PARTITION
(P,INDEX=1:1000

IXOCL GLOBAL a(/ p=(1,1))), b(/D)
IXOCL PARALLEL REG
IXOCL SPREAD DO REGIDENT (a,b) /D
doi= 2, 399
dif (i) = u(i+1) - 2*u(i) + u(i-1)
end do
IXOCL END SPREAD
IXOCL END PARALLEL
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FIRDFEESD X==MP
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Why do we need parallel programming
language researches?

= In 90's, many programming
languages were proposed.
= but, most of these disappeared.

= MPI is dominant programming in a
distributed memory system

= low productivity and high cost

= No standard parallel programming
language for HPC

= only MPI
m PGAS, but...

X==MP

IS our solution!

Current solution for programming
int array[YMAX][XMAX]; /
n'_|ain‘(_imargc,char**argv){ o OnlY WGY 1-0 Pr‘Ogr‘Gm ls MPI,
inti,j,res,temp_res, dx,llimit,ulimit, bu.l. MPI pr‘ogrammlng Seems
mE::'c”;‘n(fr’fj;’f({j;,mMM*WOF difficult, . We have to rewrite
MXPI:_Comm_slze(MPI_COMM_WOR almost entire program and it is
if(ranklz(size-i))ulimit:Ilimit+ Time-consuming Gnd har‘d TO

else ulimit = YMAX; debug mmm

temp_res =0; \
for(i = llimit; i < ulimit; i++) N |
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!/
K lo istmnd lhadd

#pragma xmp template T[10] We wan er solutions
#pragma xmp distributed T[bloc[k N ble st b +

_ { toenable step-by-step

int array[10][10]; A parallel programming from
#pragma xmp aligned ar@'“ " the existing codes, ... easy-
T 29 to-use and easy-to-tune-

inti, ], res;

ey / | performance ... porfable ..
#pragma xmp loop on T[i] reducti{  good for beginne

rs.
for(i = 0; i < 10; i++) \k <\
for( = 0; j < 10; j++){ WOPRSrremrrrrgoxrrercroreer
array[i][j] = func(i, j); f synchronization J \‘

res += array[i][j]; &
}
}

20



What's XcalableMP? X==MP

calableMP

1vi

= A programming model an
= http://www.xcalablemp.org

= XcalableMP Specification Working Group (XMP WG)

= XMP WG is a special interest group, which organized to make a draft on “petascale” parallel
language.

= Started from December 2007, the meeting is held about once in every month.
= Mainly active in Japan, but open for everybody.

= XMP WG Members (the list of initial members)
= Academia: M. Sato, T. Boku (compiler and system, U. Tsukuba), K. Nakajima (app. and
programming, U. Tokyo), Nanri (system, Kyusyu U.), Okabe (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), (many HPF developers!)

= Funding for development

= e-science project : “Seamless and Highly-productive Parallel Programming Environment for High-
performance computing” project funded by MEXT,Japan

= Project PI: Yutaka Ishiakwa, co-Pl: Sato and Nakashima(Kyoto), PO: Prof. Oyanagi

= Project Period: 2008/0ct to 2012/Mar (3.5 years) 21



HPF (high Performance Fortran) history
In Japan

Japanese supercomputer venders were interested in HPF and developed
HPF compiler on their systems.

NEC has been supporting HPF for Earth Simulator System.

Activities and Many workshops: HPF Users Group Meeting (HUG from
1996-2000), HFP intl. workshop (in Japan, 2002 and 2005)

Japan HPF promotion consortium was organized by NEC, Hitatchi, Fujitsu
= HPF/JA proposal

Still survive in Japan, supported by Japan HPF promotion consortium

XcalableMP is designhed based on the experience of HPF, and
Many concepts of XcalableMP are inherited from HPF

22



Lessons learned from HPF Xam=MP
= “ideal” design policy of HPF
= A user gives a small information such as data distribution and parallelism.

= The compiler is expected to generate “good” communication and work-
sharing automatically.

= No explicit mean for performance tuning .
= Everything depends on compiler optimization.

= Users can specify more detail directives, but no information how much

performance improvement will be obtained by additional informations
= INDEPENDENT for parallel loop

» PROCESSOR + DISTRIBUTE
= ON HOME

= The performance is too much dependent on the compiler quality, resulting
In “incompatibility” due to compilers.

= Lesson :“Specification must be clear. Programmers want to know
what happens by giving directives”

= The way for tuning performance should be provided.

Performance-awareness: This is one of the most important
lessons for the design of XcalableMP

XMP project 23



X MP http://www.xcalablemp.org

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

= Directive-based language extensions for familiar languages F90/C c++)
= To reduce code-rewriting and educational costs.

node0  nodel node2
= “Scalable” for Distributed Memory
Programming Duplicateql execution
= SPMD as a basic execution model I
= A thread starts execution in each node directives

independently (as in MPI) .
= Duplicated execution if no directive specified.
= MIMD for Task parallelism | | l

Comm, sync and work-sharing

= “performance-aware” for explicit
communication and synchronization.
= Work-sharing and communication occurs when directives are encountered

= All actions are taken by directives for being “easy-to-understand” in
performance tuning (different from HPF)

XMP project 24




Code Example
int array[Y MAX][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][*] with t(i)

AN

main(){ add to the serial code : incremental parallelization
inti, j, res;
res = 0;

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

for(i=0; 1< 10; i++)
for(j = 0; ) < 10; j++){ | —
array[i][j] = func(i, j); work sharing and data synchronization }

res += array/i][j];

}

}

XMP project 25



Overview of XcalableMP X=mrMP

= XMP supports typical parallelization based on the data parallel paradigm
and work sharing under "global view*

= An original sequential code can be parallelized with directives, like OpenMP.

= XMP also includes CAF-like PGAS (Partitioned Global Address Space)
feature as "local view" programming.

| 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 chal \_”ew
I Communication of sleeve area Directives
o «Like OpenMPD, HPF/JA, XFP (CAF/PGAS)

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

XMP proj

Parallel platform (hardware+0S) LG



Nodes, templates and data/looORy =
distributions y MP

= ldea inherited from HPF

Node is an abstraction of processor and memory in distributed memory

environment, declared by node directive. #pragma xmp nodes p(32)
#Hpragma xmp nodes p(*)

Template is used as a dummy array distributed on nodes

#pragma xmp template t(100) @ loop
#pragma distribute t(block) onto p ke @
o
_ V1 .
= A global data is Alon @
Ali Vs Loop

directive

aligned to the template Aan Loop -ool
directive directive

directive _
Align Loop

#pragma xmp align array[1][*] with t(i) directive directive

. . emplate
= Loop iteration must also be

aligned to the template N
Distribute directive
by on-clause.

#Hpragma xmp loop on t(i)

Distribute directive

XMP project 27



Array data distribution x:_afableMP

= The following directives specify a data distribution among nodes
#pragma xmp nodes p(*)

o #Hpragma xmp template T(0:15)

o #pragma xmp distribute T(block) on p

o #pragma xmp align array[i] with T(i)

m]

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

nodeO

node2

node3 B HERN
L

Reference to assigned to other ‘
nodes may causes error!!

Assign loop iteration
as to compute own data

‘ Communicate data between other nodes

XMP project 28



Parallel Execution of “for” loop x;_afableMP

#pragma xmp nodes p(*)
= Execute for loop to compute on array #pragma xmp template T(0:15)
#pragma xmp distributed T(block) onto p

#pragma xmp loop on t(i) #pragma xmp align array[i] with T(i)
for(i=2; i <=10; i++) Data region to be computed
by for loop

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

array[]

Execute “for” loop in parallel with affinity to array distribution by on-clause:
#pragma xmp loop on t(i)

nodeO

nodel

node2

node3 / e .

distributed array
XMP project

29



Data synchronization of array (shadox “aneMP

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

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

o example:b[i] = array[i-1] + array[i+1]
#pragma xmp align array[i] with t(i)
o 1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15

#pragma xmp shadow array[1:1]

node2 . .

Programmer specifies sleeve region explicitly
Directive : #pragma xmp reflect array
XMP project 30



XcalableMP a—K15l (laplace, global view) x MP

#pragma xmp nodes p[NPROCS] ——

#pragma xmp template t[1:N]
#pragma xmp distribute t[block]

double Uu[XSIZE+2][YSIZE+2],
UU[XSIZE+2][YSIZE+2];

#pragma xmp aligned u[i1][*] to t[i]
#pragma xmp aligned uu[1][*] to t[i]

#pragma xmp shadow uu[l:1]

onp —

lap_main() T—ADHEUL.

1 . ” template[Zalign

o F—aDRBDIHD
| shadowZEZE. D5

& (Fshadow(#h5EE,

Work sharing
IL—TD5HER

T—5 DR

/—FORIKDEE

TemplateDE&E &
T—ANBEER
for(k = 0; k < NITER; k++){
/* old <- new */
#pragma xmp loop on t[x]
for(x = 1; x <= XSIZE; Xx++)
for(y = 1; y <= YSIZE; y++)
uux]Lyl = ulx1Llyl;
#pragma xmp reflect uu
#pragma xmp loop on t[x]
for(x = 1; x <= XSIZE; Xx++)
for(y = 1; y <= YSIZE; y++)
ulx1lyl = (uux-11Ly] + uux+1]1[y
uu[x]y-1] + uu[x]y+1])74.C
¥

/* check sum */
sum = 0.0;
#pragma xmp loop on t[x] reduction(+:sum)
for(x = 1; X <= XSIZE; x++)
for(y = 1; y <= YSIZE; y++)
sum += (uuX]1Ly]-ulx1LyD);
#pragma xmp block on master
printf('sum = %g¥n'",sum);

}



XcalableMP Global view directivg-zr=r=MP

Execution only master node
= #pragma xmp block on master

Broadcast from master node
= #pragma xmp bcast (var)

Barrier/Reduction
= #Hpragma xmp reduction (op: var)

= #pragma xmp barrier

Global data move directives for collective comm./get/put

Task parallelism
= #Hpragma xmp task on node-set

XMP project

32



2240 i 5 ET XE==MP

s #Hpragma xmp task on node
» BERDTAVIXEERTTSH/—FEIETE
1) func();
#Hpragma xmp tasks

{

#Hpragma xmp task on node(1)
func_AQ;

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

}

EITAA—
node(1

¥ ]

» BB/ —FTRITIHILETHRYMHEZERIR



gmove directive X 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 "Iin" or "out" clause is specified, the copy operation should be done
by one-side communication ("get" and "put") for remote memory

!$xrr?pccneosgés p(®) A B

1$xmp template t(N) alnlnln alnlnln
I1$xmp distribute t(block) to p olololo olololo
real A(N,N),B(N,N),C(N,N) d|ld|d]|d d|d|d]|d
I$xmp align A(i,*), B(i,*),C(*,1) with t(i) elele|e elele|e
112 (3|4 112|3]|4
A(1) = B(20) // i1t may cause error
1$xmp gmove C
A(1:N-2,:) = B(2:N-1,:) // shift operation
1$xmp gmove nodel
C(:,:) = A(:,2) // all-to-all node2
1$xmp gmove out node3
X(1:10) = B(1:10,1) // done by put operation don
node

XMP project 34



XcalableMP Local view directive¥==rm= MP

= XcalableMP also includes CAF-like PGAS (Partitioned Global Address Space)
feature as "local view" programming.

= The basic execution model of XcalableMP is SPMD
»« Each node executes the program independently on local data if no directive

= We adopt Co-Array as our PGAS feature.
= In C language, we propose array section construct.
= Can be useful to optimize the communication

= Support alias Global view to Local view

Array section in C

int A[10]: int A[10], B[10];
int B[5]; #pragma xmp coarray [*]: A, B

A[5:9] = B[0:4]; A[:] = B[:]1:[10]; // broadcast

XMP project 35



Target area of Xcalablel\/lx - MP

P \MPI
XcalableMP DGAS

@)
=
-
S
i’
&)
(@)
-
@
Possibility £
to obtain
| -
Perfor- o
al
mance o
° chape
>
=
i @
)
7p]
o
a
utomatic
phrallelization

Programming cost

XMP project "



Status of XcalableMP x MP

» Coarray is used

= Discussion in monthly Meetings and ML comparable to MPI
= XMP Spec Version 0.7 is available at XMP
site. T2K Tsukuba System PC Cluster
= XMP-10 and multicore extension are 800 180
under diSCUSSiOﬂ B XMP(without histgram)
' 600 | xmP(with histgram) 120
. & B VP "
Compiler & tools 3 400 g
= XMP prototype compiler (xmpcc version = = 60 -
0.5) for C is available from U. of
Tsukuba. 0 - 0 -
= Open-source, C to C source compiler with to2 4 8 16 t2 4816
Number of Node Number of Node

the runtime using MPI

XMP for Fortran 90 is under * Two-dimensional

Parallelization

development. NPB CG performace « Performance comparable
Codes and Benchmarks to MPI
= NPB/XMP, HPCC benchmarks, Jacobi .. T2K Tsukuba System PC Cluster
= Honorable Mention in SC10/SC09 HPCC 4400
Class2 = XMP(1d)

Platforms supported

3000 T g Y MP(2d)

m MPI

2000

Mop/s

Linux Cluster, Cray XT5 ...

Any systems running MPI
= The current runtime system

designed on top of MPI ' Iilumbtr of 8I\Iode16 ' Nimbeﬁ of Ni)de v

1000 -

0 u



Agenda of Xcalablemp  X==r:MP

= Interface to existing (MPI) libraries
= How to use high-performance lib written in MPI

= Extension for multicore
= Mixed with OpenMP
= Autoscoping

s XMP IO
= Interface to MPI-10

s Extension for GPU...

XMP project 38



T IILFaAT RIS X MP

s IR
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s 2DDAE
= OpenMPZexplicitl EE TELCH %

= loop directivem 5. implicitlZ< JLF AL vk -3—K (OpenMP)%
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T IILFaAT RIS X MP

= loop directiveh s, implicitiZ<J)LF ALYk -a—F
(OpenMP)Z= 9 A%
= loop directivelEARRIZ, MF|IL—T (DFY. ﬁiterationli\ '

Bl RATTEB) Voo
: ’G(i\/—Pd)ETG‘%wﬂW‘& :
s [BREELS — -y
MR &L T —A X%
on ...

#pragma
for( ...A
X
t=. “hE/—FAT
Al) =t+1; EIT D& xEMA
} raced %,
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T IILFaAT RIS X MP

s TIA—ILETIE. T LA YR

#pragma xmp loop (i) on ...

TEIT for( i 1
s VILFALYRETTHIFEIE. #pragma_omp for
thread(=RALYyF#)F 6~ for( .. J .){
o OpenMP’GL\ZDL\Z)fC;;\EJo)é:;gE-?-g,O) }
(X E &% D T, auto scopingd ikt }

#pragma xmp loop (i) on ... threads ... openmp®D$ER1T

for( ... 1..){
}
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XMP 10 X==MP

= Design

= Provide efficient 10 for global distributed arrays directly from
lang.

= Mapping to MPI-10 for efficiency
= Provide compatible 10 mode for sequential program exec.

= 1O modes
= (native local 10)
= Global collective 10 (for global distributed arrays)
= Global atomic 10

= Single 10 to compatible 10 to seq. exec
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XMP 10 functionsinC  X==r=MP

= Open & close
= xmp_file_t *xmp_all_fopen(const char *fname, int amode)
= int xmp_all_fclose(xmp_file_t *fp)

= Independent global 10
= sSize_t xmp_fread(void *buffer, size t size, size t count, xmp_file t *fp)
= Size_t xmp_fwrite(void *buffer, size_t size, size_t count, xmp_file_t *fp);

= Shared global 10

= Size_t xmp_fread _shared(void *buffer, size t size, size_t count, xmp_file_t *fp)
= Size_t xmp_fwrite_shared(void *buffer, size_t size, size_t count, xmp_file_t *fp);

= Global 10

= sSize_t xmp_all fread(void *buffer, size t size, size t count, xmp_file t *fp)

ciza t+ vymn all fwritalunid *hiiffar ciza t ciza ciza t+ corint vmn fila + *fn)-

\JII_L;_I. VAN D | IP_MII_I vvi Il.\;\\l Vi MuUlivl, \JII_L;_I. i, \JII_L;_I. VUL A IP_III\,_L IP},

= int xmp_all fread_array(xmp_file_t *fp, xmp_array_t *ap, xmp_range_t *rp, xmp_io_info *ip)

= Size_t xmp_all_fwrite_array(xmp_file_t *fp, xmp_array_t *ap, xmp_range_t *rp, xmp_io_info
*ip)

= Xmp_array_t is a type of global distributed array descriptor

= Need “set _view”?
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Fortran 10 statements for XMP-10 X==r=MP

s C1. Collective 10

= Signle 10 = !$xmp io collective

= I$xmp io single open(11, file=...)
open(10, file=...) = I$xmp io collective

= I$xmp io single read(11) a,b,c
read(10,999) a,b,c

999 format( ... ) = C1 Atomic 10

= I$xmp io single = !$xmp io atomic

backspace 10 open(12, file=...)

= I$xmp io atomic
read(12) a,b,c

TR CNIEEFEERDIERTT
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5547510872 —R XmieMP

s TARTEXMPTECIEIIREMTII AW, DT BT FZY
JETILEDARAITI—ANNEE

s MPIZXMPOLIFUHT AT —X
s (MPINBXMPEFUHT A A2TT—X)

= XMPH\5, MPITERR R EN =M FSAT SV EF UV T AiE
= IRTE. ScalapackZ#& &t
= XMPD R ERECHIEEE AV, ScalapackD T4 R 9) T 3% kS
= XMPTEESIZERTE. FA4T SV EHFUHT
» TDIFE.EIZKVIZTH. wrapperzD<5hH,
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GPU/Manycore extension X=o:-MP

RDAEYZEH OEEMEEBEN T E #pragma xmp nodes p(10)

. - - . #pragma xmp template t(100)
= AEVEEDIIITRIMD R #pragma xmp distribute t(block) on p

« AiFEEIEXOpenMPETHITITS

double A[100];
double G_A[100];

Devicetgr X #pragma xmp align to t: A, G_A
= Offloadd AE N EIEE #pragma device(gpu) allocate(G_A)

- > e — s had °
. [FIERECERXEIETTES (AL, & #pragma shadow G_A[1:1]

DIEEDEMNTE DM EZ Ddevice #pragma xmp gmove out
[2&D) G_A[:1=A[:] // host->GPU
= GPURIDEEDBIEZCBMNTE D,

#pragma xmp deivce(gpul)
_ — {
= s —
GEmO;/EE:ILaHTjC'Cs GPU/hostfEl DT — 38 #pragma xmp loop on t(i)
(Eka sl for(...) G_A[i] = ...

#pragma xmp reflect G_A
¥

#pragma xmp gmove in
A[:] =G A[:]  // GPU->host



izt X==MP

= Performance tools interface
= Fault resilience / Fault tolerance



el X==MP

XMPZ{ES A1)k E?

» JOJSLMNMPIELEART) SHIBAIC, BEMNTSUXT)

« BEFOEEEC, FortranhbfEZ 5

= Multi-node GPUIZXt i

« TILFATIENED & MPI-OpenMPIXBR AN H S (EHE)

XMPIXERIZENBZDHI ?

s DIKEL PGASIZCDEED LUK, XMPIX, CAFEH T yhELTEA TS
= HPFOIEEEMNH S ([XF) HPFTIEHAEEDTOT I LIEMF TN =ULT)

= GPUIZDWLTIE, B4

s 9KGKED. SFEIEHE - RFEERKRITH(DEY)

s RAVME A—D—DBDONTKEN RENDESA, ELEECray...

HFELY
= XMP/FortranZz#iE. BFAFE®, 9 A F TIZIZ...
s XMP/CIE—IGEATLNSD T, EHo>THTLIZELY,
» BBAA. BRTHHEZDLKIIICLET,



