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P2C (Framework for PostPetascaleComputing)
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A YML+ XMP{ev) +StarPUA integrated
A developed in Japan and ifrance

A Experimental Results on omputer and others

j>> T > I

3.

K computer



FP2C (YML/XMP-dev/StarPU) 3,

A Model
Multi-programming methodologies
across multtarchitectural levels

N

A FP2C (Frameworfor Post-PetascaleComputing), a tool to
develop and execute applications based on the model
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distributed

workflow
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”

A divide alarge parallel :
program into some sub fifE)  shared  §
programs to avoid the cost amn OOy B

of communication in large
systems

I
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A use both of CPU and GPU 22 shared
cores s25  memory
AXMP-dev/StarPU by the !
= collaboration of U. Tsukuba
and Inria
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Application Development é

with FP2C (YML/XMP-dev/StarPU)  .¥

A Task development
A Define interface (input/output) of a task
A Define procedure of a task
A C++XMP, XMRlev/StarPU, XMP for FortranViPI

(The original YML supported only C++, parallel
programming was not supported )

N

A Workflow development
A Define dependency between tasks
A Compile the definition into directed acyclic graph
A yml_compiler



Application Development

with FP2C (YML/XMP-dev/StarPU)

<?xml version="1.0"?> <source>
<component type="imple T Al ACOOA | FCDATEA[

Ve ~ pe ~ ~ Ve ~ ~ -

AAOOOAAOCOOAI PI1 Ae®

<impl ="XDS nodes="CPU:(16)"
="starpu">

int I;
#pragmaxmp accreplicate (A,B)

{

#pragmaxmp accreplicate_syncin (A,B)

<templates>

<template name="t"

format="blocke OEUACOT XWe TP
</templates>

#pragmaxmp loop (i) ont(i) acc
for(i=0;i<256;i++){

<distribute> B[i] = AI[*AL];

<paramtemplate="t" )
name="A(256Y" align="Til:(i)"/> #pragmaxmp accreplicate_syncout(B)
<paramtemplate="t" )
name="B(256)" align="[i]:(i)"/> I
</source>

</distribute>




Task (Remote Program) Generator ?;

test.query )
<impl ="XDD 8 8
= ——
yml_component
= == ———— === Z’“ ——————————————————
' Kemel |testc test.id|
: XMP-dev source code RPGnterface
| xmp-dev Interface '
I

e

omnirpc-gen
\4

test tmp.c C source codg | test.cu
with XMP library call
1

GPU and CPU kernels

test.rex.c C source code
with RPC interface

Gcompiler nvee Gcompiler
v v v
test.o test.xmpgpu.o test.rex.o
—

libomnirpc, libxmp
libxmp_gpu, libstarpu
libmpih A OAS8




Application Development with FP2C (YML/XMP-dev/StarPU) é
S

Workflow Description in YvetteML

K computer

par if(k gt i) then
A[i][j] is initialized at random compute prodMat(B[k][k],BIKI[i]);
BIi][j] is initialized as an unit matrix notify(prodBIK][i]);
endpar endif
dd
par call task bar(i= 0:count-1) Parallel
par(k:=0;count-1) do Execution
di?‘ (k neq 0) then |f_§|(rlleq k) then T
| _ if (k neq cou en
Wda_lft(pdeD fALK][K][k-1]); " par (j:=k + 1;count-1) |
endai do
compute inversion(A[k][k],B[K][k]); wait(prodA[K][j]):
notify(blnversed(k][k]); ompute prodDiff(A[i][k], AIKI[],ALiIL]);
if é;rn(?_cl Ef;mé-(;lu) r’][{'l?;l notify -wait ndoc;ufy(prodDlﬁA[l][j][k]);
=k+1; - enddo
do (dependency)  gngif

wait(blnversed[k}{K]); if (k neq 0) then

compute prodMat(B[k][k],A[KI[i]); par(j:=0;k-1)
notify(prodA[K][i]); do
egido wait(prodB[K][j]);
enal t Diff(A[i][k],BIKI[l, Billi]);
ait(blnversed KK} egzr;gueprod iff(A[i][K],BIKI[], B0
par(i:=0;count-1) endif ;
4o ondif _ YvetteML:
if(i neq k) then | | enddo simple workflow
compute mProdMat(A[i][k],B[KIK]BI]IK]);  enddo I GEGE
notify(mProdB[K][i][K]); endpar guag

endif



Application Execution é
with FP2C (YML/XMP-dev/StarPU) 3

odel invocatign
mpirun MPI_Comm_spawn

; request |
FEMOLE ProgI RPN L remote program?2

- —

<task 1>

A

<task 2>

<task3>
remote reiioee

3
v
O
>
Q.
Q
=
1
Ro

<task 3>
<task 4>

Between schedr 5>

and MPI




Experiments

A Block Gauss Jordan on-€omputer
A YML/XMP
A Blockdgemmon GPU cluster

A YML/XMPdev/StarPU

A MIRAM on kcomputer
A YML/XMP + various parallel numerical libraries



Experiments (1) BGJ on K-Computer j:

Ve

A K-Computer
A Node - =
A SPARCGE/IIIX (8core) CPU lZBGFLOPS NO GPU

A FEFS (Fujitsu Exabyte File System) based_ustre

A Block Gauss Jordan B=AMNM1}

A Compute the inversion of a matrix by computing the
Inversion of a block and updating other blocks repeatedly

L] L] L]
=/ "B mn w
inversion OPAAOAS



Experiments (1) BGJ on K-Computer é

I
A Investigate differentlevels ofhierarchicalparallelism
A the total size of matrix is fixed, but the numbepf blocksis varied

A the total number of processes for a workflow i§ixed, but the
number of processes for each task is varied
"

A A small # of processes for a task traditional workflow (the original
YML)

N

A 32,768 x 32, 768 matrix

block size 32768 16384 8192 4096 2048

N

A 4096 processedor a workflow
A 8~4096 processes for a task

A (If 512 processes for a task, at most 8 tasks can be executed at the
same time)



Experiments (1) BGJ on K-Computer j:

(sec)
3000
2500 YML:
many tasks (16x16 blocks)

2000 small #procsfor each task

1500

1000

one task (1x1 block)
0 large #procsfor the task

8 16 64 256 512 1024 2048 4096

# of processors for each task




Block Gauss Jordan Execution Time Line é;

| [ [N ]

I00L

K computer

A 8x8 blocks
B=A"1 512procs/task

A=AxB
C=(BxA)
C=QBxA TIME




Experiments (2) YML+XMP-dev+StarPU é

A
>
K computer

management computation

| 5

XMP-dev/StarPU
by U. Tsukuba
& INRIA Bordeaux

StarPU
Yml schedulepntrol

N

A Platform
A Intel Xeon2.70GHz16core
A NVIDIA Tesl&20Xm 2GP

A Block DGEMM (2x2 blocks)
A 10000 x 10000 matrix-¢ 5000x5000 block)

computation




Experiments (2) YML+XMP-dev+StarPU é

A
"
K computer

(sec) 40
W <taskl>

35
m <task2>

30
B <task3>

25
B <task4>

20
m <taskb5>

15
10 m <task6>
5 <task7>
0 <task8>

GPU CPU GPU CPU GPU CPU GPU CPU
CPU ratio 0.000 0.014 0.028 0.042



MIRAM Multiple Implicitly Restarted [N

A IRAM (Implicitly RestartedArnodi Method)
A lterative methods to obtain eigen pair of a matrix

N

A MIRAM
A hybrid iterative method
A invokes several IRAMs Data
with different parameters Server
I I Data
A exchanges information Arnoldi aoa Arnoldi
between IRAMSs to speedup lteration updates the lteration
results
X convergence (ESULS e
A Schenk/nlpkkt240 (the largest ah'“dbkeelOS
the best
matrix in the UF Sparse Matrix Collection
p Hbest & Vbest O

rows x cols 27,993,60072

X # of non-zeros 760,648,352 PETSISLEPMRPACK

A K-computer (parallel numerical libraries)



