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}

int array[YMAX][XMAX];

main(int argc, char**argv){

Current Problem ?!

MPILD, 253D H7E0N
MPID 57 a4 S LlxE
MLLY... Lo ([XNEEHZ AR
WEWTELL ., BRI MBS,
TINIELTMLLWL. ...

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 = YMAXIsize;

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();

#pragma xmp template T[10]
#pragma xmp distributed T[block

int array[10][10];
#pragma xmp aligned array[i][*] to T[i]

#pragma xmp loop on T[i] reduction(+:

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

We need better solutions!!
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res += array[i][j];
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= P[] is declared with full shadow

Full shadow

Jl P[]

;
||||* s ]

reflect




2 Xt 514k XcalableMP

Wlth 1(*.))

t(i,j) N
a[lll

o[i] with t(i,*)

=4

<_} reduction

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

—t

gmove g[:] = wl:];
XMP project transpose - 10




Performance Results : NPB-CG ~ X=mo=-MP

T2K Tsukuba System PC Cluster
4000 2500
2000 m XMP(1d) 2000
o m XMP(2d) L1500
Q 2000 m MPI 8—
3 < 1000
1000 500 -
0 - 0 -
1 2 4 8 16 1 2 4 8 16
Number of Node Number of Node

The results for CG indicate that the performance of
2D. parallelization in XMP is comparable to that of MPI.
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X MP http://www.xcalablemp.org x MP

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

= Directive-based language extensions for familiar languages F90/C/C++

s I—FDEZBRZ PHBEDOARNNZ S E

node0 nodel

= “Scalable” for Distributed Memory
Programming
« SPMDMWNERMGEEITET L,

node2

Duplicated execu
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Comm, sync and work-sharin

g
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= “performance -aware” for explicit
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communication and synchronization.
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X===MP
XcalableMP Code Example (Fortran)

program xmp_example
Integer array (XMAX,MAX)
I$XMP nodes p(4)

I$XMP template t(YMAX) data distribution J
I$XMP distribute t(block) onto p
I$XMP align array(*,j) with t(j)

integer :: 1, |, res \

res =0

add to the serial code : incremental parallelization

I$XMP loop on t(j) reduction(+:res)

doj=1,10
dol=1,10
array(l,)) = func(, j) work mapping and data synchronization J

res +=array(l,))
enddo
enddo

XMP project 14



XcalableMP Code Example (C) ~ X==MP

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

res += array[i][j];

}
}

XMP project 15



XcalableMP as evolutional approach

HIKDOA—FhoDBITEER
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Partitioned Global Address Space Model Programming

d—H Mlocal/globalzEE 9 4 (BT 5)

Partitioned Global Address Space (PGAS) @ @ @

model
R L - O Shared Variable x
ZD‘VF&%%'JE“*LT:)‘:EUEEFHE] ‘i~ JXH‘TJTL‘T\—d—('T Shared address
LN TULVD (afflnlty) space
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T e
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= PC++ |
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= UPC Parti ]
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= CAF: Co-Array Fortran Clobal
« (EM-C for EM-4/EM-X) Address My ¢ My «wai My

= (Global Array) Space




UPC: Unified Parallel C

Unified Parallel C
= Lawrence Berkeley
National Lab.Z HilyZE%5+F %

Private/Shared 25

SPMD
= MYTHREADMWB 7 DAL YFES
« [EIHAMAE

= Barriers
= Locks
= Memory consistency control

User’s view
= D E|Ehf-shared space

[ZDOWVWT.EEHDODALYRNEET B,

« Tz1ZL. S 8|S f=shared space
[FRALYRIZH L TaffinityZ# D,

115 DB

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

void main (void) {
int 1, j;
upc_Torall (1=0; i1<THREADS; 1++;1){
c[i] = O;
for (J=0; jJ<THREADS; j++)
cli]l += a[i]1*bli1;




CAF: Co-Array Fortran

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

= one-sided communication (GET/PUT) - - -
= SPMD E1TZHIIZ

= Co-array extension image 1 image 2 image N
« Z70wYySTEKTOY S AL, BH5image” %D,
real, dimension(n)[*] :: X,y

x(z) = y()[al
q®d image TEIKyDT—A2ZA—hILEXIZOE T 5 (get)

s TATSRIENTH—RUVRAFEEEZADERICHLTHIET D,
= TADSTHEE
= STEOSE

u %—Slwiiaiklﬁ,ﬁﬂd) image 1 image 2 image N

EETIIT4T%E0oTLVD,
= amenable to compiler-based

iIT (this_image() > 1)
. L a(1:10,1:2) =
communication optimization a(1:10,19:20)[this_image()-1]



XPFortran (VPP Fortran)

=« NWT (Numerical Wind Tunnel) [T ICEAFESN-EE. EEHY

= localéglobal DX FIET B,

s 12TV ADpartitionZFEE . TNZFRAWNWTT—2. STEIL—T DR E#fETR
s EREDBEEMZHAEERDODIENTES, EBILIRIZALY,

IXOCL PROCESSOR P(4)

dimension a(400),b(400) Global Array (Mapped)

IXOCL INDEX PARTITION D=
(P,INDEX=1:1000)

IXOCL GLOBAL a(/D(overlap=(1,1))), b(/D)

IXOCL PARALLEL REGION / EQI/IVALENC{E \
IXOCL SPREAD DO REGIDENT (a,b) /D
doi= 2, 399
dif (i) = u(i+1) - 2*u(i) + u(i-1)
end do Local Local Local Local
IXOCL END SPREAD Array Array Array Array

IXOCL END PARALLEL
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UPC
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= FFEEBIEL T, Rice University, University of HustonT{THhnTLV5,

PGASEADENA]
= K. RDMAN—F O T 7HR—K(Cray XE6)HE  EBIFEEYDDOHS
= One-sidedlZRT—3TILELNVHN TS (BAKREHM?)
= SCTIL.BOF&Booth(&RilE ?) TiEE
= PGAS conferenceT. i&ifio
= BEREE? BLRIILOBESATIDIEEL? OpenShmem?

T D

= X10? Chapel?



Target area of Xcalablel\/lx =eeMP

- \MPI
XcalableMP GAS

)
=
c
S
]
@
O
-
G
Possibility £
to obtain &
| -
Perfor- o
a
mance
© chape.
>
=
: @
(7))
)
O
a
utomatic
phrallelization

Programming cost

XMP project 23



Oomni av/s«4>5-7asxsrc  X:-MP

» XcalableMPDY2I77L 2V ARE
o 75/2 OpenMPaAV /INASERFET B-DIZE>=1D

"Omni Compiler Software is a collection of programs and libraries, written in C and Java,
that allow researchers to build code transformation systems (compilers). Omni OpenMP
compiler is a part of this software that translates C and Fortran77 programs with OpenMP
pragmas into C code suitable for compiling with a native compiler linked with the Omni
OpenMP runtime library."
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XcodeML X==:-MP
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typedef struct complex {

double real;
double img;

} complex_t;

complex_t X;

complex_t complex_add(complex_t x, double y);

main()

{

}

complex_t z;

x.real = 1.0;
x.img = 2.0;

zZ = CompleX_add(X,l-o);

printf("z=(%f,%F)¥n",z_real,z.img);

complex_t complex_add(complex_t x, double y)

{

x.real +=vy;
return Xx;

<?xml version="1.0" encoding="1S0-8859-1"?>

<XcodeProgram source="t3.c">

<typeTable>
<pointerType type="P0" ref="S0"/>
<pointerType type="P1" ref="S0"/>
<pointerType type="P2" ref="S0"/>
<pointerType type="P3" ref="S0"/>
<pointerType type="P4" ref="S0"/>
<pointerType type="P5" ref="F0"/>

<pointerType type="P6" is_restrict="1" ref="char"/>

<pointerType type="P7" ref="F2"/>
<structType type="S0">
<symbols>
<id type="double">
<name>real</name>
</id>
<id type="double">
<name>img</name>
</id>
</symbols>
</structType>
<functionType type="F0" return_type="S0">
<params>
<name type="S0">x</name>
<name type="double">y</name>
</params>
</functionType>
<functionType type="F1" return_type="int">
<params/>
</functionType>
<functionType type="F2" return_type="int">
<params/>
</functionType>
<functionType type="F3" return_type="S0">
<params>
<name type="S0">x</name>



XcodeML#H (2/3) X=":=MP

<functionType type="F3" return_type="S0">

<params>
<name type="S0">x</name>
<name type="double">y</name>

</params>

</functionType>

</typeTable>
<globalSymbols>

<id type="F0" sclass="extern_def">
<name=>complex_add</name=>

</id>

<id type="S0" sclass="extern_def">
<name>x</name>

</id>

<id type="F1" sclass="extern_def">
<name>main</name>

</id>

<id type="F2" sclass="extern_def">
<name=>printf</name>

</id>

<id type="S0" sclass="typedef name">
<name=>complex_t</name>

</id>

<id type="S0" sclass="tagname">
<name=>complex</name>

</id>

</globalSymbols>

<globalDeclarations>

<varDecl>
<name>x</name>
</varDecl>
<funcDecl>
<name>complex_add</name>
</funcDecl>
<functionDefinition>
<name>main</name>
<symbols>
<id type="S0" sclass="auto">
<name>z</name>
</id>
</symbols>
<params/>
<body>
<compoundStatement>
<symbols>
<id type="S0" sclass="auto">
<name>z</name>
</id>
</symbols>
<declarations>
<varDecl>
<name>z</name>
</varDecl>
</declarations>
<body>
<exprStatement>
<assignExpr type="double">
<memberRef type="double™ member="real">
<varAddr type="P0" scope="local">x</varAddr>
</memberRef>
<floatConstant type="double">1.0</floatConstant>
</assignExpr=>
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<assignExpr type="double">
<memberRef type="double" member="img">
<varAddr type="P1" scope="local">x</varAddr>
</memberRef>
<floatConstant type="double">2.0</floatConstant>
</assignExpr=>
</exprStatement>
<exprStatement>
<assignExpr type="S0">
<Var type="S0" scope="local">z</Var>
<functionCall type="S0">
<function>
<funcAddr type="P5">complex_add</funcAddr>
</function>
<arguments>
<Var type="S0" scope="local">x</Var>
<floatConstant type="double">1.0</floatConstant>
</arguments>
</functionCall>
</assignhExpr=>
</exprStatement>
<exprStatement>
<functionCall type="int">
<function>
<funcAddr type="F2">printf</funcAddr>
</function>
<arguments>
<stringConstant>z=(%f,%f)¥n</stringConstant>
<memberRef type="double" member="real">
<varAddr type="P2" scope="local">z</varAddr>
</memberRef>
<memberRef type="double" member="img">
<varAddr type="P3" scope="local">z</varAddr>
</memberRef>
</arguments>

(3/3)
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»  Coarray®DI A A— |EXMPDIT /—F 1&ED

Xt st (1% E &

XMPZF 4S5 L2, coarrayit ik h\E7E Bl BE

» XMP/CT4. RILH#REZ Y R—F

XMP V1.1EEH#%

Jo-N)Ea
I

HER{THRR

XMP/CTMcoarrayEt b4l

float a[100]:[*], b[100];
me = xmp_node_num();

if (me>0) b[0] = a[99]:[me-1];
xmp_sync_all(&stat);
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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

XMP project 35
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= 2013548 LIE
« RSN RAME (F12[0:4/23, §13[E]:6/7, §14[5]:9/30)
« ERHILEEREE, FIRBIRIELEIZDONTEHR
« 11BIZEHEVI2Z AT E

= FE3[EIXMP Challenge DB (2013%FE2A - 4A8)

« XMPF|HZBE=DEME (7/18, 9/13, 12/4)
« iTEFEFIREEIE (FOCUS) DBE S

o http://www.j-focus.jp/event_seminar/entry-394.html

« TALIRA SRR, NV XAV THEEREITS
« 12R1EHRREDFE

s XMPJ—9L 3y @ERUDX(11/1DFE)
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= Omni XMP Compiler v0.6.1%!)!)—X (201353 AH)

Coarray#RED A LS A F@E DX its
RAVE 1—ARIZH T BCoarraytRE D 7R —
http://www.hpcs.cs.tsukuba.ac.jp/omni-compiler/xcalablemp/

= 2013411 8I1Z0mni XMP Compiler v0.7&')!) —RX % FE

OpenMP#& 7R3 A°0penACCHE R &N ETEFI A

RAVE1—RIZEITB/N—F9x7
HiR—rFFIAL=-FEE
XMP/Fortrand)H'ﬁ'J GREL A

S ——
Onm Omni XcalableMP Compiler
HOME
> ﬁ
f‘\ E E % l ‘t L \ 'i ‘d- The Omni XcalableMP Compiler is a reference implementation of XcalableMP.
d~ E - | Download This compiler has been developed by University of Tsukuba HPCS Lab. and RIKEN AICS Programming
Environment Research Team.
Document

Publication

Mailing List
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= HPC Challenge Class 2[Zl& 5
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= HPL, FFT, RandomAccess, Stream
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= SC13MDBOFTHERTE
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FEHESHD
o IESP roadmap

Programming models: Research is needed into a variety of promising programming models for exascale
computing, including system-wide models that provide a uniform approach to application development
across an entire platform, as well as hybrid programming models that combine two or more
programming APIs. Such models will need to provide a range of means for the expression of high levels
of concurrency and locality, and may be capable of supporting application-specific fault tolerance. Both
enhancements to existing programming interfaces as well as new programming approaches should be
explored. For new models, interoperability with existing HPC programming interfaces is highly desirable.
Programming models that facilitate productive application development are to be encouraged. Other
desirable characteristics are performance transparency and the ability to support incremental application
migration.

= Compilers: With substantial support from the runtime library, they may also be required to support the
balancing of the workload across the system components. Compilers for node programming models may
be required to generate code that runs across a large collection of general-purpose cores, or across a
node that may be configured with general-purpose cores along with one or more specialized
accelerators.

= Compilers: Memory hierarchies will be highly complex; memory will be distributed across the nodes of
exascale systems and will be NUMA within the individual nodes, with many levels of cache and possibly
scratchpad memory.

= Compilers: [Alternatives R&D] ... By ensuring interoperability between different languages and
programming models, compilers can be key to mitigating the risk involved in selecting an emerging
programming model and may increase the adoption of new models by offering an incremental path
from existing or proposed models (UPC, CAF ...)

s ENEFE. UoKYLIEZENENTHAIDIT TGN, BADEZENTHS
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[Software EcoSystem W4.2] Programming models that provide the right balance between
expressiveness, portability, performance and transition path for applications

[Software EcoSystem W4.2] Unified runtime system, providing a unified API to deal with threads and
lightweight tasks (together with their integration with MPI/PGAS communication systems)

[Scientific Software Engineering W4.4] Development of Domain Specific Languages (DSL) targeting
specific application areas, e.g. climate, engineering, materials. High-level abstraction enables
application development to be protected and insulated from architectural issues at the Exascale

[Scientific Software Engineering W4.4] Integration of coupling and workflow technologies with the
development of efficient and generic coupling/workflow software for Exascale architectures

RHIRIEEEA 2 LN
DSLIZ. Scientific Software Engineering [ZfGZE DT

= SDHPC

(7780—F1) fEEEE. 73U X LEFEEE(Domain Specific
Language; DSL) D%t
(770—F2) AR EF - -EREFDHKS

Revolution vs. Evolution
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What's a role of PGAS for exascale computing

Exploiting locality is getting more important for exascale computing.

Remote memory access facility (such as RDMA) supporting PGAS may be
more scalable than MPI for several thousands of process.

Global address space may increase productivity of complex parallel
programs.

In our project (HPCI-FS), the description of alignment of data in global
address space (XMP) is useful for code generation for each PE in the
PACS-G SIMD processor.
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PACS-G: a straw man architecture
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PACS-G: a straw man architecture

= Programming model: XcalableMP + OpenACC/Ope
nMP 4.0

Use OpenACC/OpenMP 4.0 to specify offloaded
fragment of code and data movement

To align data and computation to core, we use
the concept "template" of XcalableMP (virtual
index space). We can generate code for each
PE.

(And data parallel lang. like C*)

#pragma xmp template t(0:XSIZE+2, 0:YSIZE+2)

double u[XSIZE+2][YSIZE+2],uu[XSIZE+2][YSIZE+2];
#pragma xmp align u[i][j] with t(i,j)
#pragma xmp align uu[i][j] with t(i,j)

#pragma xmp loop on t(X,y)

for(x = 1; x <= XSIZE; x++)

for(y = 1; y <= YSIZE; y++)
ulxJly]l = (uu[x-11Ly]l + uu[x+1]Ly]
+ uulx]ly-1]1 + uulx]Ly+11)74.0;

sum = 0.0;
#pragma xmp loop on t(X,y) reduction(+:sum)

for(x = 1; x <= XSIZE; x++)

for(y = 1; y <= YSIZE; y++)
sum += (uux1Lyl-ulx1LlyD:

loop index
space

array array
u uu
337 align J:L
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Domain-specific Language(DSL), 7L—L7TJ—%2 vs. NFAE:E
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