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What is “Omni Compiler”? s
e Omni compiler is a collection of programs and libraries that
allow users to build code transformation compilers.

e Omni Compiler is to translate C and Fortran programs with
directive-based extensions such as XcalableMP and OpenACC
directives into codes compiled by a native back-end compiler
linked with runtime libraries.

e Supported directives:
e OpenMP (C, F95)
e OpenACC (C)
e XcalableMP (C, F95)
e XcalableACC (C)
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Overview of Omni Compiler AlCS

e The source programs in C and Fortran are translated into an XML
intermediate form call XcodeML by the front-end programs, C-front
and F-front.

e Currently, only C and Fortran90 are supported.

e The XcodeML is an intermediate form designed to be translated
back to the source program.

e Exc tools are a collection of Java classes to analyze and transform

programs.
Front-end
> XcodeML
. C or Fortran Intermediate
ource program < _ | File (XML)
De-compiler

@ Native compiler (back-end)

Ob.ject Analysis &
file Transformation
(Exc tools)
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Brief History of Omni Compiler Project

e 1999-2003: Omni OpenMP compiler project started at RWC (Real World
Computing) project (1992-2002)

e OpenMP 1.0 (C and Fortran77 (f2c) ) supported
e Cluster-enabled OpenMP (on top of DSM for Distributed memory)
e Proprietary intermediate code (called Xcode) for C
e (2003: supported by U. Tsukuba)
e 2007: XcalableMP Specification Group launched
e 2008-2011: e-science project
o C-front Revised (“gcc” based parser, gnu-extension supported)
e FO5 parser
e XcodeML for C and F95
e XcalableMP Spec v 1.0 released
e Omni XcalableMP compiler for C released
e 2012 - : supported by RIKEN AICS, 2014- : adopted for post-K project
e Omni XcalableMP compiler for F95 released
e Omni OpenACC (by U. Tsukuba)
e 2016: Omni XcalableMP compiler v 1.0

June 8, 2016
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Example: Omni OpenACC Compiler

Omni
Frontend

OpenACC
translator

sample.c sample.xml

I
I
C with OpenACC : XcodeML
I
I

directives _ )
Omni compiler
infrastructure !
sample
a.out _tmp.c
C with ACC API

sample.cu

CUDA
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Objective and Design of XcodeML s

e XML for an intermediate code
e Human-readable format in XML

e It contains all information to translate the intermediate code back
to the source program

e Support for C and Fortran 90 (currently, working also for C++)
e Syntax errors are supposed to be detected in front-end.

e Separate front-end and transformation phase, and back-end
Rich tools to handle XML can be used.

e Structures
e Type definitions
e Symbol tables for global declarations
e Program (function definitions) in ASTs

‘ ®
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Exc tool kits: A Java Class Library s
for Analysis and Transformation

e Currently, the tools consist of the following two Java package.

o Package exc.object: this package defines the data structure.
“Xobject”, which is an AST (Abstract Syntax Tree) for XcodeML
intermediate form. It contains XcodeML input/output, classes and
methods to build and access AST represented by “Xobjects”. It is
useful to scan and analyze the program.

o Package exc.block: this package defines data structure called
“Block” to represents block structures of programs. It is useful to
analyze and transform the programs.

e Classes to implement languages
e Pacakge exc.openmp: A translator for OpenMP compiler.

o Package. exc.xcalablemp, exc.xmpf: A translater for XcalableMP
compiler.
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Design patterns in exc tool kits (1) AlS

e XobjectIterator is an iterator to traverse all Xobjects
represented in Xobject class.

e Subclass:
e bottomupXobjectlterator
o topdownXobjectlterator

Xobjectlterator I = new topdownXobjectlterator(x);
for(i.init(); li.end(); 1.next(){

X = Il.getXobject();

...; // some operations ...

¥
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Design patterns in exc tool kits (2) AlS

e Class XobjectDef is a container of external definitions in
Xobject File.

e Use visitor pattern to access XobjectDef in XobjectFile.
o iterateDef method of XobjectFile traverses XobjectDef.

class MyFuncVistor implements XobjectDefVisitor {
public void doDef(XobjectDef d){
... do something on definition of d ...

}
|k

/* in main routine */
XobjectVisitor op = new MyFuncVisitor;
f.iterateFuncDef(op);

‘ o
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Simple Example using exc tools: print all variable reference I

e Use XobjectlIterator class to scan AST
e Use visitor pattern to access XobjectDef in XobjectFile.

class PrintVarRef implements XobjectDefVisitor {
public void doDef(XobjectDef d){
String fname = d.getName();
Xobjectlterator i = new topdownXobjectlterator(d.getFunBody());
for(i.init();!i.end(); i.next()){
Xobject x = i.getXobject();
If(x.isVariable() || x.isVarAddr())
System.out.printin(*'Variable "'+v.getName()+
" Is referenced from Function "'+fname+""");

¥

}
public static void main(String args[]){

XobjectFile f = new XobjectFile();
f.Input("foo.x");
XobjectVisitor op = new PrintVarName();
f.iterateFuncDef(op);
ﬁ June8,20} 31



Block and BlockList in exc.block s

e Data structure for code transformation
e Double-linked list to insert/delete.
e Create new function definition

getHead | statemenk 1

getBasicElock tﬂext T
statement 2
Eloclk | statement 3
+ et Headl
geT 11 * qetPrev ElockList - - - BlOC]{_l
] statemenk_n 3
1 L 3
getBody | 3 & Y oget¥exzt KetPrevw
R T cond SXpD ' "
| : getPatent Elock =2
blockList '
: |
| ! Cethont |
———————— . getlexzt
getPrevw
4
. Elock n
getTail
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Example 1: Translation of OpenACC parallel construct s

#pragma acc parallel num_gangs(1) vector_length(128)

{

/* codes in parallel region */

}

—_—— e — g ——— — — e — — e — — ——— — — e — — — —

. dim3 _ACC_block(1, 1, 1), ACC_thread(128, 1, 1);
_ACC_GPU_FUNC_0_DEVICE<<<_ACC block, ACC_thread>>>{ ..

_ACC_GPU_M_BARRIER_KERNEL();

®
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Example 2: Translation of OpenACC loop construct cm

/¥ inner parallel region */

#pragma acc loop vector

for(i=0; i< N; i++){
ali]++;

=

AICS

virtual index: ACC_idx
virtual index range : _ACC init, cond, step

/¥ inner gpu kernel code */

ali]++;

}

inti, ACC idx; ———

int _ACC init, ACC cond, ACC step; ; _ .

_ACC_gpu_init_thread x_iter(& ACC_init, & ACC cond, & ACC step, O, N, 1);

for( ACC_idx=_ACC_init; ACC_idx<_ACC_cond; ACC_idx += _ACC_step){
_ACC gpu_calc_idx{_ACC idx, &i, 0, N, 1);

@
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Projects using Omni Compiler/XcodeML AlS

e XcalableMP
e XcalableACC (XcalableMP + OpenACC)
eCLAW Fortran Compiler (Meteo Swiss)

‘ ® Junes, 2016
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Current Status and Plan AlS

e On going:

e Fortran 2003 support

We got support from the vender partner. They provide us test-suite of
F2003.

e C++ support
Using Clang/LLVM front-end to convert Clang AST to XcodeML

e Plan
XMP 2.0 (tasklet construct for multithreaded execution in manycore)
XcalableMP for C++ (object-oriented features)
OpenACC (XcalableACC) for Fortran 2003

‘ ®  junes, 2016
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[ Omni Compiler Project x % |
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Manual XcalableMP OpenACC XcalableACC XcodeML Mailing I.lst News Google™ Custom Search

Omni Compiler Project

Omni compiler is a collection of programs and libraries that allow users to build code transformation compilers. Omni Compiler is to translate C and
Fortran programs with XcalableMP and OpenACC directives into parallel code suitable for compiling with a native compiler linked with the Omni
Compiler runtime library. Moreover, Omni Compiler supports XcalableACC programming model for accelerated cluster systems. The Omni compiler
project is proceeded by Programming Environment Research Team of RIKEN AICS and HPCS Lab. of University of Tsukuba, Japan.

Omni compiler consists of following components.

XcalableMP
XcalableMP is a directive-based language extension of C and Fortran for distributed memory systems. XcalableMP allows users to develop a
parallel application and to tune its performance with minimal and simple notation.

OpenACC
OpenACC is a directive-based programming interface for accelerators such as GPGPU. OpenACC allows users to express the offloading of data
and computations to accelerators to simplify the porting process for legacy CPU-based applications.

XcalableACC
XcalableACC is a hybrid model of XcalableMP and OpenACC. XcalableACC defines directives that enable programmers to mix XMP and OpenACC
directives to develop applications on accelerated cluster systems.

XcodeML
XcodeML is an intermediate code written in XML for C and Fortran languages.

June 8, 2016
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Masahiro Nakao, Hitoshi Murai, Taisuke Boku and Mitsuhisa Sato, “Linkage
of XcalableMP and Python languages for high productivity on HPC cluster

system - Application to Graph Order/degree Problem”, PGAS-El workshop,
HPCAisa 2018.
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Omni compilerD &Rk

Base language (C or Fortan)
+ XcalableMP directive
+ Coarray syntax

a
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Calling runtime
function

—JP» Object file
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MPIZAO4SSLMASXMPTAO4S S LEFIHAT BHEE

o FRCEA#MZEEE (Xmp.hTEE)

Language | Return Value Type | Function Description
XMP/C void xmp-init(MPI_Comm

/ : . ( ) XMP EREio ¢ {LALEE
XMP/F (None) xmp-init(Integer)
XMP/C void xmp -_finalize(void) e

o XMP EiBED 5¢ 7 MLER
XMP/F (None) xmp-finalize()
o D N — .. . .
MPIZ 0% 5., (mpi.c) XMPZ RS 5L (xmp.c)
#include <xmp.h> | void call_xmp()}
#include <mpi.h> #pragma xmp nodes p[3]

int main(int argc, char **argv){

MPI_Init(&argc, &argv); $ xmpcec xmp.c -C

xmp_init(tMPl_COMM_WORLD); $ mpicc mpi.c -c
call_xmp(); $ xmpcc xmp.o mpi.o -0 a.out
xmp_finalize(); $ mpirun -np 3 a.out




XMPZO45SLMSMPIZTASY S LZFIAT 58K

o TEEBE#ZELE (Xxmp.hTEE)

Language Return Value Type | Function Description
XMP/C void xmp_?n?t_mp?(int*, char***) NPT £ 079 M ALsm
XMP/F (None) xmp-init_mpi()
XMP/C ?\,IPI_Conun xmp._get _mpf_conun(voi(.l) G ) — RS2 MPIL 3 S 2 = 4 — & 0 Bk
XMP/F integer xmp-get_mpi_-commy()
XMP/C void xmp_ﬁnal?zc_mp?(void) MPT L 052 7 JLs
XMP/F (None) xmp-finalize _mpi()
XMPZ 0% 5. (xmp.c) MPIZO45 5L (mpi.c)
#include <xmp.h> #include <mpi.h>
#include <mpi.h>
#pragma xmp nodes p[3] — |void call_mpi(MPI_Comm comm){
int rank, size;
int main(int argc, char **argv){ MPI_Comm_rank(comm, &rank);
xmp_init_mpi(&argc, &argv); MPI_Comm_size(comm, &size);
MPI_Comm comm = xmp_get mpi_commy();
call mpi(comm);
_mpi(comm); - $ xmpcc xmp.c -c
xmp_finalize_mpi(); _ )
$ mpicc mpi.c -c

$ xmpcc xmp.o mpi.o -0 a.out

$ mpirun -np 3 a.out



XMP & Python M E HE# BE
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i 5Python7 05 5 Lhvn, HHXMPTOT S5 LEHUHT

o PythonOXMP/N/r—I Z4ERk. TEEDBE TR

Function Description
init(sharedFile, MPl.Intracomm) XMP ZRE D #JHE
finalize() XMP ERBED 52 T M
PythonZ 045 5 L (a.py) XMPZ B4 5L (xmp.c)
import xmp = |void call_xmp(long arg[2]}{

from mpi4py import MPI

#pragma xmp nodes p[3]
import numpy # SIEMNBEGIZEZ(T :

lib = xmp.init('xmp.so', MPI.COMM_WORLD)
arg = numpy.array([1,2])
lib.call_xmp(arg.ctypes)
xmp.finalize()

$ xmpcc -fPIC -shared xmp.c -0 xmp.so

$ mpirun -np 3 python a.py




ZEXPython7 OS5 L, BHXMPTOT S LERUHT

o PythonOXMP/N/r—I Z4ERk. TEEDBE TR

Function Description

spawn(sharedfile, nodes, funcName, arguments) XMP O 'S ASE#T

Python7 045 5 L (a.py) XMPZH45 5L (xmp.c)

import xmp = void call_xmp(long arg[2]){
import numpy # Bl 3D HERIBE T #pragma xmp nodes p[3]
arg = numpy.array([1,2]) 37Ot RXRTEMET S
xmp.spawn("xmp.so", 3, "call_xmp", arg)

170X TEMET S

$ xmpcc -fPIC -shared xmp.c -0 xmp.so
$ mpirun -np 1 python a.py

170+ X TET
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Graph Golf@NII

» Graph Order/degreefEIREIZx{ 3 S5 RT 4 L 3 U ZENILEHE
o 2015 EBERE (hitp://research.nii.ac.jp/graphgolf)
o BHOIERYMERMOMETZHEL, R/IMNOEFREFHIEMEHL-TIL
—TJERETD

V4
Problem Rules Events A About ]E *
R L i : N

S

=32, RM=GRMH=256, FH=18

s

Graph Golf

% The braerfdegrgé‘i’ro'dlem Competition

Problem statement
Update 2017-02-23

Definition

The order/degree problem with parameters n and d: Find a graph with minimum diameter over
all undirected graphs with the number of vertices = nand degree < d. If two or more graphs
take the minimum diameter, a graph with minimum average shortest path length (ASPL)
over all the graphs with the minimum diameter must be found.

The order/degree problem on a grid graph with a limited edge length r: Do the same as above,
buton a Vi x 1/nsquare grid in a two-dimensional Euclidean space, keeping the lengths of
the edges < rin Manhattan distance. Here a "grid" implies that (1) the vertices are located at
integer coordinates but are not necessarily connected to its adjacent vertices; and (2) the
edges must not run diagonally while being allowed to change its direction at the grid points.

2017 4D General Graph Category DJH A & X DKL A
THAE (n) 32 256 576 1344 4896 | 9344 88128 98304 100000 100000
RE (d) ) 18 30 30 24 10 12 10 32 64




XMP & PythonZ#iASHE 5=

o Graph GolfOAXY A T, KREREIZX T BPythonT O 5 S LN AFHEINTILYS
o http://research.nii.ac. jp/graphgolf/py/create-random. py (10047< 51LY)
o HABDERZETFHIREDH

o TREZHNT D
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o TN LI HHARR
o Python®networkx/S v 5 —ARFBINTLNS

e E#F=3, THFEEE=1.89 (T4 L)
o AR
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Graph Order/degree solver in Python + XMP

REAEH
o MIHABDERERIOE AL, BEFEDPythonad— ~ZFIHA
o REMOER (ERELTHEROHEZST) (XXMPZFH A

o HEMEIERILSIimulated Anneal ingZEAHLVS Python —
Create initial solution Initialize parameters
Python |mport xmp —P Generatetext state |4+
xmp.init("xmp.so", MPI.COMM_WORLD) cOmpu:energy

xmp finalize()

No

Transition

lib.sa(c_int(lines), edge, c_int(vertices)) ]

XMP/C |void sa(int lines, int edge[lines][2], int
vertices){

#pragma xmp loop on t[i] > No

for(int i=0;i<vertices;i++){
N BERICEITAERETHYERHZ Cooling
I BB RR CEY y

} N°
#pragma xmp reduction(max:diameter)

#pragma xmp reduction(+:average_distance) Output final solution &=




aliitit

o COMA@3ZRK K Z Fl F

CPU Intel Xeon-E5 2670v2 2.8 GHz x 2 Sockets
Memory | DDR3 1866MHz 59.7GB/s 64GB

Network | InfiniBand FDR 7GB/s

intel/16.0.2, intelmpi/5.1.1, Omni Compiler 1.2.1

Software
Python 2.7.9, networkx 1.9

o MBINEZRLTARME TR ZTRET S

2017 £ @D General Graph Category DTH A & X DM EGH
TEAE (n) 32 | 256 | 576 | 1344 | 4896 | 9344 | 88128 | 98304 | 100000 | 100000
IRE (d) 5 18 30 30 24 10 12 10 32 64
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1000 &= - - e— 1.00
8 123.17 Bl Execution Time 0
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XcalableMP 2.0 (cmEIT
~ DEIAEYESRAIUFNETI) ~

e [PGAS EFILICE DK KMRILH O S AFEIBEELIN TOTSZ>TJFSILICET
DT ] TUEARF BB Fiim

« Keisuke Tsugane, Jinpil Lee, Hitoshi Murai, and Mitsuhisa Sato. “Multi-tasking Execution in PGAS L
anguage XcalableMP and Communication Optimization on Many-core Clusters. In HPC Asia 2018:
International Conference on High Performance Computing in Asia-Pacic Region, January 28-31, 2
018, Chiyoda, Tokyo, Japan.
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Execution results of Cholesky
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OpenMP task }I8RX

o 11k 4.0 ISRV DFR £ Z sC kvl 58
o depend Bl @ in, out, inout ([CT—AKfFZECIR

ZRETERICUIKFETI OO0—, B, RIKF)
. D) POMHEMET DALY R EOFR VKT LRI I EH

#pragma omp parallel
#pragma omp single
{
flow dep. int A, B, G
I > _/ #pragma omp task depend(out:A)
A=1; /* taskA */
output dep. I #pragma omp task depend(out:B)
ra B=2; /* taskB */
| ‘."anti dep. #pragma omp task depend(in:A, B) depend(out:C)
‘ C=A+B; /* taskC */
#pragma omp task depend(out:A)
A=2; /* taskD */
h

R cm
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J— REIDAIAVIKEF

o HISICKBIKFRARDIETE
o J—RREIDIKZFER R = T D8 (BE) LERH

o IBEEZIAMEVEERRET —IIKIFLT D
. IREFRFSBLENNEGE GBEMETING) EEIRINET

//\

int A[2];

#pragma omp parallel

#pragma omp single

{

#pragma omp task depend(out:A[0])
funcA(A[0));

#pragma omp task depend(in:A[0]) depend(out:A[1])
funcB(A[0], A[1]);

h

R cm
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J—FEIDHIAV{KFF (cont'd)

o HISICKBIKFRARDIETE
o J—RREIDIKZFER R = T D8 (BE) LERH

o BIEZIANMEUBEXRET —FKIFLITD
. fEFBFATEEINNE (BEMETING BEEIZAINET

int A[2], B;
if (rank == 0) {
#pragma omp task depend(out:A[0])

funcA(A[0]);

#pragma omp task depend(in:A[0])

MPI_Send(A[0], 1, ...);

Recv (& out
} else if (rank == 1) {
#pragma omp task depend(out:B)

in(B) MPI Recv(B, 0, ...);
out(A[1]) #pragma omp task depend(in:B) depend(out:A[1])
funcB(B, A[1]);

rank O rank 1

out(A[0])
MPI_Recv(B)

MPI_Send(A[0])

b
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XMP tasklet 8RN0k E

o ETEFTI

#pragma xmp tasklet [clause[, ...]] [on {node-ref | template-ref} ]
(structured-block)

where clause is :
{in | out | inout} (event_variable[, ...])

o OpenMP DARVKIFEERE flow dep.
. & REENZNIRIEER, WIS |
. tasklets 3R CEDNEEOHILEIET - l =
4‘““‘a‘n‘; dep

e ON BNICLBEIT/—RDIETE
o /—RA/RBIDARAIIKGEDIRNHE

o /—FAI(E OpenMP
o J—NEIFIBE TR

P @ | | BB
RIHEﬁ Alcs

XMP OB ETII OB EZKFE fREL UEZ DL I(CHLE




J0-)NNIE1—I[CHlFBtasklet IERX

#pragma xmp tasklet gmove [clause], ...]] [on {node-ref | template-ref}]
(an assignment statement)

where clause is :
{in | out | inout} (event variable[, ...])

e tasklet gmove, IBARXZIRE
e SAJANT gmove Z=E1T
o ACHAANICHEIBCHINEFTNDIHZSIGBENFRSE
o BIEMHFIEFIEIT/—RESHTRE
o E1T/—REESNTOBEROEHIZSFERL
« BEAMIC 1 X 118EEL, BRAEHBEEAMTET
e tasklet I8RXEHRIC in, out, inout BiZziz{t

P @) |||
RIHEﬁ Alcs




J0-N)IE1—([CHlFBtasklet I8RIXDHI

int A[2], B; Node 1 Node 2
#pragma xmp nodes P(2)

#pragma xmp template T(0:1) out(A[0])

#pragma xmp distribute T(block) onto P

#pragma xmp align A[1] with T(1) in(A[O]) in(A[O])
out(A[1]) out(A[1])

#pragma xmp tasklets

f J—R1®dD A0l 5 in(A[1])

#pragma xmp tasklet out(A[0]) on P(1) J — 2D A[1] NBE out(B)
A[0]=0; /* taskA */

#pragma xmp tasklet gmove in(A[0]) out(A[1]) on P(1:2) —
A[l]=A[0]; /* taskB */ dependency

#pragma xmp tasklet in(A[1]) out(B) on P(2) o~
B = A[l]; /* taskC */ communication




O—hIE1—(CHlTBtasklet IERX

#pragma xmp tasklet [clause][, ...]] [on {node-ref | template-ref} ]
(an assignment statement)

where clause is :

{put | get} (tag)
or

{put ready | get ready} (variable, {node-ref | template-ref}, tag)

o SAVATI1—YELiRD coarray ZE1THEE

o SRORIDFRIBEROT, “EERIRSEN", "HRBEOET
(coarray) ”, "@{E5 TEAM"HHE

o FALB{SICELER, "BIEnIgt@E"/ H{E5 T iBM""Zsdih T S8

Bt (put_ready/put, i)

P @) |||
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O—HIE1—(CHlFBtasklet 5§ DH
o /—R2MtaskB A / — K1 OB A IZ Put =17

#pragma xmp nodes P(2)
int A:[*], B, C, tag;

#pragma xmp tasklets

{

#pragma xmp tasklet in(A) out(B) on P(1)
B =A; /* taskA */

#pragma xmp tasklet out(A) put(tag) on P(2)
A:[1]=1; /*taskB */

#pragma xmp tasklet in(A) out(D) ¥
put ready(A, P(1), tag) on P(1)
C=A; /* taskC */

put_ready DEITHIGERZ
BLHITZETPut BED
HIGZRHDZ EHT]EE

Put

ﬁ

dependency -
taskC
ﬁ

communication
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NESES=
e Omni XMP JY/NAL3IC tasklet 18R %ERE
e MPI+OpenMP AMDI— RZEHA
o BEEALYRIATJIY Argobots@ANL (CLBEE  (EFEMATEITRIEERY
AD A FDHEBEZ SR
. ALYRRICBIFZBELETEDA-N\SYICLEERIE
e MPI+OpenMP J—RADZEA
o IREIBRNEMIET S OpenMP 1B RXNAEZ A

. tasklet #§7~X -> task 15~

o EARMIC XMP 32494 L0 gmove, coarray E&=%{EH
. MPI BEEFLITOISCEE

MPI_Send(...); MPI_Isend(...); i
MPI Test(&comp, ...);
el - while (!comp) {
MPI Isend(...); #pragma omp taskyield
MPI Wait(...); MPI Test(&comp, ...);
R cm }
ansn  AICS




R : SRERISIS

o ERRIRIT

o Oakforest-PACS (&5timit[E HPC Bty : JCAHPC)
o FHMIRE

o JOVIIALAF—ARIFN—Y

o MIREHAX : 32k x 32k, JOvIH4X : 512 x 512

o Tx KN 32 /—F, 64 ALYk / J—K TZELT

—

CPU Intel Xeon Phi 7250 Tk

)

(68 cores) @Q

Memory 16 GB (MCDRAM) gﬁt_

96 GB (DDR4) 8

Interconnect Intel Omni—Path Architecture
Software Intel Compiler ver. 17.0.1
Intel MPI library 2017 update 1

@) |||
e




Example

e Block Cholesky
Factorization

double A[nt][nt][ts*ts], B[ts*ts], C[nt][tsxts];

#pragma xmp nodes P(x)

#pragma xmp template T(0:nt—1)
#pragma xmp distribute T(cyclic) onto P
#pragma xmp align A[*][1][*] with T(1)

R cm
RIHE% Alcs

for (int k = 0; k <nt; k++) {
#pragma xmp tasklet out(A[k][k]) ¥
get ready(A[k][k], T(k:), k#nt+k) on T(k)
potrf(A[k][k]);

#pragma xmp tasklet in(A[k][k]) out(B) get(k*nt+k) on T(k:)
#pragma xmp gmove in
B[:] = A[K][K][:];

for (inti=k+ 1;1<nt; i++) {

#pragma xmp tasklet in(B) out(A[k][1]) ¥
get ready(A[k][1], T(i:), k#nt+1) on T(1)
trsm(A[k][k], A[k][i]);

b

for (inti=k + 1;1<nt; i++) {
#pragma xmp tasklet in(A[k][1]) out(C[1]) get(k*nt+1) on T(i:)
#pragma xmp gmove in

Clil[:] = ALK][[:1;

for (intj=k+ 1;j <i;j++) {

#pragma xmp tasklet in(A[k][1], C[j]) out(A[j][1]) on T(j)

gemm(A[k][i], C[j], A[i]);

h

#pragma xmp tasklet in(A[k][1]) out(A[1][1]) on T(i)
syrk(A[K][1], A[1][i]);

b
h

#pragma xmp taskletwait
#pragma xmp barrier




JOYvIALAF—-AIFI—-IDFER
o =B EARTAIF DECES
« MPI+OMP (Parallel Loop) & MPI+OMP (task)

o XMP & MPI+OMP ODARVRDLEER
. XMP global-view/local-view & MPI+0OMP (task)

10000
m MPI+OMP, Parallel Loop
E 3000 B MPI+OMP, Task
Q m XMP globalview (gmove)
L
9 6000 XMP localview (put)
S
© 4000
=
O
o 2000 II I
o
, umnn |
1 2 4 8 16 32

# of nodes

66



AZ-17 (OFP)ICHIFFEEIL
e MPI_THREAD_MULTIPLEWENOLDT. S 1 ALY RICEHIE

(opt)
32

e ArgobotT. ALYRDAL(YF&TES&LSICLI.
o OpenMPMthread_yield(d&hHER0N,

2000 & MPI+OMP, Task

Z 8000 B MPI+OMP, Task (opt)
O 7000 MPI+ABT, Task

-
5 %990 & MPI+ABT, Task (opt)
~ 5000
O
< 4000
£ 3000
S
5 2000 II
1000 I
o Hlnm
1 2 4 8 1

# of nodes

6
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PGAS applications workshop (PAW) at SC17, Keynote “How does PGAS “collabora
te” with MPI+X?” by M. Sato, &k D,

R cm
RIHE% AICS




“MPI+ X" for exascale?

e X is OpenMP!

e “MPI+Open” is now a standard programming for high-
end systems.

e I'd like to celebrate that OpenMP became “standard” in
HPC programming

e Questions:

o “MPI+OpenMP” is still a main programming model for
exa-scale?

o How does PGAS “collaborate” with MPI+X?
e Can PGAS replace(beat!?) “MPI” for exascale?

P @) |||
RIHEﬁ Alcs
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iRfif 1 INTZPGASTEDIRSTERSRBRLDIFTIERL

e MPI broadcast operation can be
written in CAF easily, -

e But, is it efficient?

~_~

e Should use “co broadcast” in
CAF.

e Sophisticated collective
communication libraries of
“matured” MPI are required

e Obviously, PGAS need to
collaborate with MPI.

R cm
RIHE% Alcs

REAL(8),DIMENSION(:),ALLOCATABLE :: ARRAY

CALL MPI_BCAST(ARRAY, MSGSIZE, MPI_REALS, 0,
MPI_COMM_WORLD, IERR)

CALL MPI_COMM_SIZE(MPI_COMM_WORLD,NIMG,
CALL MPI_COMM_RANK(MPI_COMM_WORLD,ID, IERR)

IERR)

=~

REAL(8),DIMENSION(:),CODIMENSION[:],ALLOCATABLE :: ARRAY

NIMG= NUM_IMAGES()
ID= THIS_IMAGE()

SYNC ALL

IF(ID /= 1) THEN

ARRAY(1:MSGSIZE) = ARRAY(1:MSGSIZE)[1]
END IF

SYNC ALL
100 »100 100 100
=ARRAY(1:1)[1] ARRAY(1:1)= ARRAY(1:1)= ARRAY(1:1)=
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PGAS ¢éremote memory access (RMA)/one-sided comm.DiEL)

e PGAS is a programming model relating to distributed memory system with
a shared address space that distinguishes between local (cheap) and
remote (expensive) memory access.

o Easy and intuitive to describe remote data access, for not only one side-comm,
but also stride comm.

e RMA is a mechanism (operation) to access data in remote memory by
giving address in (shared) address space.

o RDMA is a mechanism to directly access data in remote memory without involving
the CPU or OS at the destination node.

e Recent networks such as Cray and Fujitsu Tofu support remote DMA operation
which strongly support efficient one-sided communication.

e PGAS is implemented by RMA providing light-weight one-sided
communication and low overhead synchronization semantics.

e For programmers, both PGAS and RMA are programming interfaces and
offer several constructs such as remote read/write and synchronizations.

e MPI3 provides several RMA (one-sided comm.) APIs as library interface.

ﬁ @) |||
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PGASI(Z. MPICBSTHDH ?
Can PGAS replace MPI? / Can PGAS be faster than MPI?

e Advantages of RMA/RDMA Operations
o (Note: Assume MPI RMA is an API for PGAS)

o Mmultiple data transfers can be performed with a single
synchronization operation

e Some irregular communication patterns can be more
economically expressed

e Significantly faster than send/receive on systems with
hardware support for remote memory access

. Recently, many kinds of high-speed interconnect have
hardware support for RDMA, including Infiniband, --- as well as
Cray and Fujitsu.

ﬁ @) |||
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Case study: “Ping-pong” in CAF and RDMA

\ ) imagel image2
e Ping-pong: single data transfer oir .
) b ] . g X(1:ndata)[image2] = x(1:ndata) ,
with synchronization operation phase | ¢uncimages sync images
e EPCC Fortran Coarray micro- Pong | ages el g
benchmark BHass sync images

e Bandwidth of PUT-based achieves almost the same performance
of send/recv. But, latency of small messages is bad. PUT-based

e PUT exec time = data transfer + wait ack + sync_image imagel image2

e Sync_images exchange sync between nodes. It can be optimized by

one-direction sync: post/wait (XMP), notify/query (Rice U, CAF2.0),
event post/event wait (Fortran 2015)

PRIMEHPC FX100 (FJ-RDMA)

——MPI_Send/Recv
H PUT
X GET
¢ GET (optimized)

w

30 ——MPI_Send/Recv
B PUT
X GET
20 ¢ GET (optimized) X /o

~

>(X><><><><><><

Bandwidth [GB/s]
w

N

Sync images

0 s b

1 32 1024 32768 1048576 33554432 1 16 256 4096 65536
datasize [B] datasize [B]

P L bandwidth latency




Fiber min-apps in CAF/XMP

Hitoshi Murai, Masahiro Nakao, Hidetoshi Iwashita and Mitsuhisa Sato,
"Preliminary Performance Evaluation of Coarray-based Implementation of
Fiber Miniapp Suite using XcalableMP PGAS Language”, PAW2017 (in
morning)

Replace of MPI with Coarray operation by simple

rewriting rule.

Our coarray-based implementations of three (NICAM-
DC, NTChem-MINI, and FFB-MINI) of the five miniapps

were comparable to their original MPI implementations.

However, for the remaining two miniapps (CCS QCD
and MODYLAS-MINI) due to communication buffer
management

35

e \|P == O= N\P| -~
S
|]
Result of =
a
NICAM-DC 2
3
10 20 30 40
S ||| Number of XMP Nodes/MPI Processes

RIHE% Alcs

b3 = & @ =] 2 W

- -

Simple re-writing rule

real a(8), bi(&), c(B)
if (myrank == 0) then
call MPI Isend(a, 4, .... 1,
else if (myrank == 1) then
call MPI Irecvi(b, 4, .... 0,

end if
call MPI_Wait(...)

call MPI_Bcast(c, &, .... 0,

{a) MPI Program

real a(8), b(8)[=], c(B)[=]
if (this_image() == 1) then
P put operation
b(1:4)[2] = a(1:4)
else if (this_image() == 2) then

! recv removed
end if

svnc all

call co_broadcast(c(1:8), 1)




Case study(2): stencil communication x, .z

e Typical communication pattern in domain- .
decomposition. -

e Advantage of PGAS: Multiple data transfers with a i
single synchronization operation at end =N
| o LN
e PUT non-blocking outperforms MPI in Himeno |
Benchmark!
e Don’t wait ack before sending the next data (by FJ-RDMA) _ .
imagel image2
14000 _ _ S
Himeno Size-XL R
12000 4
’
0000 £ A
NOTE: The detail of this results is éli ,/' A
to be presented in HPCAisa 2018: | & 8000 o =
Hidetoshi Iwashita, Masahiro "0 6000 VLNl
() ~
Nakao, Hitoshi Murai, Mitsuhisa = /”
p 4000 - :
Sato, “A Source-to-Source £ % = @ = PUT non-blocking
Translation of Coarray Fortran < 2000 ‘/’/ —a— MPI original
with MPI for High Performance” S o & — & — MPI non-blocking
sync images
0 256 512 768 1024 - ESSSSSSSINNY
# nodes v v
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e When the communication pattern is !$xmp shadow a(2:2, 1:1)
I$xmp reflect (a) width (/periodic/1:1, ©:0) async (@)

expressed in some defined forms, PGAS | 1$xmp wait_async (8)
comm. can be optimized.

e shadow: declares width of shadow

o Coarray assignment by array section e reflect: executes stencil comm.
syntax. Runtime select better stride B R O > o i ol
K K di t RDMA upc!atgd. /periodic/: updates shadow
comm, pac /unack or direc . periodically. async: asynchronous comm.

e wait_async: completes async. reflects

A(1, 1:10)[1] = B(1:10) // putfrom image2 to imagel

Optimized stencil
Optimized by RDMA

o Reflect operation in XMP global view communication by reflect 5 " Y
model (stencil neighbor comm) directive on K computer P
e Irregular Communication Patterns: - _T
L = |

o If communication pattern is not known a priori,
but the data locations are known, send-recv
program needs an extra step to make pairs of

w
o
o

/
/ Pact/unpack with

/;/? barrier sync.
[

Speedup (single

N
o
o

send-recv. BUT, RMA can handle it easily / RDMA with barrier
because only the source or destination process sync.
needs to perform the put or get call / | | |

0 200 400 600 800 1000 1200
Number of Compute Nodes

R cm Target: a prototype dynamical core of a climate model SCALE-LES
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MPI RMA (&, PGASDIELNIDBIELAYELTESD ?

e “MPI is too low and too high API for communication”. (Prof.
Marc Snir, JLESC 7th WS)

MPI RMA APIs offer their PGAS model rather than “primitives” for
other PGAS.

e In case of our XMP Coarray implementation:

ﬁ @) |||
RIHEﬁ Alcs

Using “passive target”

MPI flush operation and synchronization do not match to
implement “sync_images”.

Complex “window” management to expose the memory as a
coarray.

(We need more study for better usage of MPI RMA)
Fujitsu RDMA interface is much faster in K-computer.



“Compiler-free” 72 0—F : iEO M VR

e Library approach: MPI3 RMA, OpenShmem, GlobalArray, ---
e C++ Template approach: UPC++, DASH, -

e This approach may increase portability, clean separation from base
compiler optimization, --- but sometimes hard to debug in C++
template:---

e But, approach by compiler will give:

o New language, or language extension provides easy-to-use and
intuitive feature resulting in better productivity.

o Enable compiler analysis for further optimization: removal of
redundant sync and selection of efficient communication, etc, -

e But, in reality, compiler-approach is not easy to be accepted for
deployment, and support many sites, -

P @) |||
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