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PGAS: Partitioned Global Address Space
Programming Model

e 1—HYh'local/globalZzES93 (BRI 3)
e Partitioned Global Address Space (PGAS) model

o ALYREDEITNTATUZERIE, MIHT FESNTVS (affinity)
o DEIAEVET UL

oo e BEIE

Partitioned
O Shared Variable x Clobal : : :
Shared address Address My ¢ My s M,
space Space ' '
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Partitioned Global Address SpaceJOJ 33> S5

e [shared/global IDFE(X. WA\WARECANSEIFICHTER.
o Split-C
o PC++
o UPC
e CAF: Co-Array Fortran
e X10, Chapel
o Global Array

e OpenShmem

e XcalableMP

R cm
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UPC

e Unified Parallel C

e Lawrence Berkeley National Lab.ZHu(MC
ExETHFE

e Private/Shared Z&E
e SPMD
e MYTHREADNBZDALYRES
o [FIHAMAE
. Barriers

. Locks
. Memory consistency control

e User’'s view

o DE|ENfzshared spacelcDWV\T, EBEDALY
NOEIMFI D,

o fZI2L. BEIENTzshared spaceldALw RIS
U CaffinityZz#FD,
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//vect _add.c

#include <upc_relaxed.h>
#define N 100*THREADS
shared int v1[N], Vv2[N],
viplusv2[N];

void main(){
int 1;
for(i=0; i<N; i1++)
iIT (MYTHREAD==1%THREADS)
viplusv2[i]=vi[i]+Vv2][i];

//vect_add.c

#include <upc_relaxed.h>

#define N 100*THREADS

shared int v1[N], Vv2[N],
viplusv2[N];

void main(Q)

{
int 1;
upc_Fforall (i=0; 1<N; 1++; 1)
viplusv2[i]=vi[1]+Vv2[i1];
+

Affinity D' S | T BforkEX



UPC: Shared&S

« SharedéWSqualifier28A9%
. Shared array OEFELIJ' O0vV(3threadD ATV ZERIICHEEIESN 3.

shared 1nt X[THREADS] /*One element per thread */
shared int y[10][THREADS] /*10 elements per thread */

e sharedBANT—FE
shared iInt a;
/*0ne 1tem on system (affinity to thread 0) */
Int b; /* one private b at each thread */

i Thread 0 Thread 1 Thread 2
e Shared Pointer <
shared Int *p; y[0] y[1] v[2]
£ z Z

e THREADS = 3155

shared Int Xx;
/*x will have affinity to thread 0 */

shared i1nt y[THREADS];

int z;




1THEDH!

#include <upc relaxed.h>
shared 1nt a[THREADS][THREADS];
shared 1nt b[THREADS], c[THREADS];
void main (void) {
int 1, j;
upc_forall( 1 = 0 ; 1 < THREADS ; 1++; 1) {
c[i1] = O;
for ( J= 0 ; J < THREADS ; j++)
cfi] += allba1*blJ1:

R A B C




Co-Array Fortran integer a(10,20)[*]

e Fortran 2008 TIERXYKR—h - - -

e PGAS programming model image1 ~  Image2 image N
e one-sided communication (GET/PUT) If (this_image() > 1)
e SPMD ;ﬁ&ﬁﬁ;& a(1:10,1:2) = a(1:10,19:20)[this_image()-1]

e Co-array extension

o BHIJOTYHTENKIOIIAG. B3 "Image %30,
real, dimension(n)[*] :: X,y
x(:) = y()Ldl

qDimage TEIKyDFT—H%0—-hIExICIETS(get)

image 1 image 2 image N

o JOUSVE NIA—IVAHEEEZABERICILTHIEHTS,
o THDTIEIECE
o FTEONE|
o 1B{EZIBE
o THDEXRLBHIDEFEIVIT1TEEOTWVD,
e amenable to compiler-based communication optimization
2




CAF

e SPMD process images
o fixed number of images during execution

e images operate asynchronously

e Both private and shared data
e real x(20, 20) a private 20x20 array in each image

o real y(20, 20)[*] a shared 20x20 array in each image
e Simple one-sided shared-memory communication

o X(:,j:j+2) = y(:,p:p+2)[r] copy columns from image r into local columns

e Synchronization intrinsic functions
e sync_all - a barrier and a memory fence
e Sync_mem - a memory fence

e sync_team([team members to notify], [team members to wait for])

e Pointers and (perhaps asymmetric) dynamic allocation

o
RIHE% AICS




1THEDH!

e 2:R5tMco-Array notationtrlgE
2 XcMDCo-dimension

real ,dimension(n,n)[p,*] :: a,b,c
do k=1,n
do g=1,p
c(r,3)[myP,myQ] = c(r,3)[myP,myQ]
+ a(1,k)[myP, q]*b(k,J)[q,myQ]
enddo
enddo
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PGAS JOYJ33VJE5INDEIM

o SATSUNRTZIO—-FHEZE{BDDIIHSB,
o Global Array
e OpenShmem
e MPI3Mput/get (EFILTIERLAY)

e UPCH. UPC++Ttemplate programming THR—b

e CAFI(. IER(CFortran 2008TH/R—b
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XcalableMP

o DHAEBVRIRZWREVEIBRIXN—-ADMFIEE

o RIBRAMFNT OISV EBRFNERR > YBRICENTLER
ZiRET, 1S,

e 20DWFNTOISZOIETIEYR—b
O OD }Ul/t__L JET)I/(L&%IEHUE"J@‘ ’5”'”3
o D-HNIE1I—-FEFINICLBBERHEDEWLSIE
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XcalableMP®DIRR

e PCOSAFIAVY -7 ATHIgE 5w
e 2017/April Version 1.3{t#Zz2 k.
. Version 10DZR#I&EETUNK ]

o 2015840, REATHRI XMP2.0 |DiR51Z 1A,
« PGAS + Multitasking for Multicore
. Code transformation for Optimization

« (Accelerator )

www.Xcalablemp.org

o HHH-THIE KT, LI7L AR
e Omni XMP J1>/VA(5

omni-compiler.org
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XcalableMP(XMP) nttp://www.xcalablemp.org

e What's XcalableMP (XMP for short)?

o A PGAS programming model and language for
distributed memory , proposed by XMP Spec WG

e XMP Spec WG is a special interest group to design
and draft the specification of XcalableMP language.
It is now organized under PC Cluster Consortium,
Japan. Mainly active in Japan, but open for
everybody.

e Project status (as of June 2016)

e XMP Spec Version 1.2.1 is available at XMP site.
new features: mixed OpenMP and OpenACC , libraries
for collective communications.

o Reference implementation by U. Tsukuba and Riken
AICS: Version 1.0 (C and Fortran90) is available

= Language Features

= Directive-based language extensions for Fortran and
C for PGAS model

= Global view programming with global-view
distributed data structures for data parallelism

SPMD execution model as MPI
pragmas for data distribution of global array.

Work mapping constructs to map works and
iteration with affinity to data explicitly.

Rich communication and sync directives such as
“gmove” and “shadow”.

Many concepts are inherited from HPF

= Co-array feature of CAF is adopted as a part of the
language spec for local view programming (also

for PC clusters, Cray XT and K computer. Source-to- defined in C).
Source compiler to code with the runtime on top of _
MPI and GasNet. int array[YMAX][XMAX]; Code example

e HPCC class 2 Winner 2013. 2014

MPI

XcalableMP YGAS

XMP
viev
pr

provides a global

v for data parallel

ogram in PGAS
model

Possiblity of Performance tuning

o

Programming cost

o
RIHE% AICS

#pragma xmp nodes p(4)

#pragma xmp template t(YMAX)
#pragma xmp distribute t(block) on
#pragma xmp align array[i][*] to t(i)

p

’ add to the serial code : incremental parallelization ‘

main(){
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 sharing and data synchronization

res += array[i][j1;
}
}



Example of a Global-view XMP Program

e Collaboration in Scale project (with Tomita’s Climate Science Team)
e Typical Stencil Code

I$xmp nodes p(npx,npy,npz) 4\\\\\\\\\\\\\\\\\\\\\\\

!$me template (1x,ly,lz) :: t T declare a node array
I$xmp distribute (block,block,block) onto p :: t x\\

I$xmp align (ix,iy,iz) with t(ix,iy,iz) :: =
| $xmp& sr, se, sm, sp, sh, sl, declare and distribute

a template
I$xmp shadow (1,1,1) ::

I $xmp& sr, se, sm, sp, sn, sl,
align arrays

add shadow area
l$xmp reflect (sr, sm, sp, se, sn, sl)

I$xmp loop (ix,iy,iz) on t(ix,iy,iz) ‘\\\\\\\\\\
do iz = 1, 1z-1 \

do iy = 1, ly stencil communication

A4

do ix 1, 1x
wue = sm(ix,iy,iz ) / sr(ix,iy,iz
wul = sm(ix,iy,iz+1) / sr(ix, 1y,1z+1) parallelize Ioops
wvl = sn(ix,iy,iz ) / sr(ix,iy,iz )

o
RIHE% AICS




Local-view XMP program: Coarray

e XMP includes the coarray feature imported from Fortran 2008
for the local-view programming.

e Basic idea: data declared as coarray can be accessed by remote nodes.
e Coarray in XMP/Fortran is fully compatible with Fortran 2008.

b is declared as a coarray.

real b(8)[*] «~—

if (xmp_node num() == 1) then
a(:) = b(:)[2] ~—

Node 1 gets b from node 2.

e Coarrays can be used in XMP/C.
e The subarray notation is also available as an extension.

P @) |||
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® Declaration
® Put
® Get

® Synchronization

float b[8]:[*];

a[0:3]:[1] = b[3:3]; | pufsbtonode I.

a[9:3] = b[3:3]:[2]; |*—— gets b from node 2.

void xmp_sync_all(int *status)




XcalableMP as evolutional approach

e We focus on migration from existing codes.
o Directive-based approach to enable parallelization by adding directives/pragma.
e Also, should be from MPI code. Coarray may replce MPI.

e Learn from the past

o Global View for data-parallel apps. Japanese community had experience of HPF for
Global-view model.

e Specification designed by community
e Spec WG is organized under the PC Cluster Consortium, Japan

e Design based on PGAS model and Coarray (From CAF)
e PGAS is an emerging programming model for exascale!

e Used as a research vehicle for programming lang/model research.
o XMP 2.0 for multitasking.
o Extension to accelerator (XACC)

P @) |||
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XcalableACC(ACC) = XcalableMP+OpenACC+a

e Extension of XcalableMP for GPU

A part of JST-CREST project “Research and
Development on Unified Environment of
Accelerated Computing and Interconnection for
Post-Petascale” of U. Tsukuba leaded by Prof.
Taisuke Boku

III

An “orthogona
OpenACC

. Data distribution for both host and GPU by
XcalableMP

. Offloading computations in a set of nodes by
OpenACC

integration of XcalableMP and

Proposed as unified parallel programming model
for many-core architecture & accelerator

« GPU, Intel Xeon Phi
« OpenACC supports many architectures

o
RIHE% Alcs

Source Code Example: NPB CG

#pragma xmp nodes p(NUM_COLS, NUM_ROWS)

#pragma xmp template t(0:NA-1,0:NA-1)
#pragma xmp distribute t(block, block) onto p

#pragma xmp align wl[i] with t(*,i)
#pragma xmp align q[i] with t(i,*)
double a[NZ];

int rowstr[NA+1], colidx[NZ];

#pragma acc data copy(p,q,r,w,rowstr[0:NA+1]¥
, a[0:NZ], colidx[0:NZ])
{

#pragma xmp loop on t(*,j)
#pragma acc parallel loop gang
for(j=0; j < NA; j++){
double sum =0.0;

#pragma acc loop vector reduction(+:sum)
for (k = rowstr[j]; k < rowstr[j+1]; k++)

sum = sum + a[k]*p[colidx[k]];
w[j] = sum;
}
#pragma xmp reduction(+:w) on p(:,*) acc
H#pragma xmp gmove acc
al:] = wl:];

} //end acc data




