Iimplementationrand Evaltatien el @peniviie
ier iHilachir SRE000

Yasunen Nishitanr, Kiyeshr Negishr, ElfifNUnehiie
Seftware: Divisien, Hitachi, Liak

IHIeshIOnta
Systems: Development Caberatieny, Hitachr, Eid:




eBackground

e SRB000 System
sCompiler Ovenview
elmplementation
sBenchmarnk Result

sConclusions

Outline




Backgreunad

e Parallelization within the node off SRE000
= shared memory parallelization
« parallelized by
= autematic parallelization of the: compiler
= *poeptien directive(Hitachl proprietany)
portability 1sinet goed

e OpeniviP
» SPEcIiies sharedimemoly panalielism
= IRACIEeases pPortasity
= Industralistandare
= paralielismys explicity/ SpECciiee
= Olphanedidirectives
s dynamic scheduling




SRB000 Architecture
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Programming Viedel

e Inter-node
= distributed memoery parallelism
= MPI, Remote-DMA; HPE

e Intra-nede

= shared memonry parallelism
= aliomatic paralielization, *poplien, ©peniviP




Compller Ovenrview

Fortran and C Is supported

Eullfset off OpenMP API' 1.0

IS Supported
Not Implemenied

= (true nesied parallelism

= dynamic thread adjustment
Cani e mixed withl precedures
complled by aviematc
paralielizationroi thercempiler

FORTRAN + OpenMP

v
parallel
transformation

C + OpenMP




PARALLEL Region

e EXxecution model of OpenMP
» fOrk-join model
= PARALLEL directive contrels thread creation
= Work-sharng directive divides tasks;into; threads

master thread(thread 0)

PROGRAM MAI N

| $OMP PARALLEL thread 1 thread 2

| fork
v v v
I $OVWP DO I $OW DO I $OVWP DO
do i=1,N do i=1,N do i=1,N
a(i)=b(i) a(i)=b(i) a(i)=b(i)

enddo enddo enddo

l
I

' $OVP END PARALLEL




Implementation;efi PARALLEL

Implemented using COMPAS(Co-Operative Microprocessors with single
Adress Space)

Threads, start fast by hardware instruction

Threads can bind to fixed IP (no scheduling everheaad)

IPO IP1 P2

(begin execution) (begin execution) (begin execution)

¢ '

serial code (\,\Tt) (th)

} start

| $OMP_PARALLEL ——Instruction >

[
»

code in parallel code in parallel code in parallel
region region region

end
instruction

! $OVP END PARALLEL <

|

serial code

|




PARALLCEL andi ©ptimization

o PARALLEL region Is extracted te an internal procedure inside
the cempiler

e Optimization should be done acress PARALLEL regien
oJo)U]plef=1RY

: x=1
;1 $OWP PAR‘AI\_LEL
. 1$OW DO ™
do i:1,‘Q
a(i +x) ===+
: enddo
. 1'$SOMP END PARALLEL

o Noeiallfepimizatens el Seralipregiiams are legalier parallel
pregrams




PARALLCEL andi ©ptimization

Certain optimizatiens are performed before extracting
PARALLEL region

Dummy. reference Is inserted at the PARALLEL directive to
avold lllegal eptimization

: x=1

: 1$OVP PARALLEL REDUCTI ON(X) «—dummy def & use of x
; x=x+f (a)

- 1 $OVP END PARALLEL<—dunmy def & use of X

reference of x should not be moved
to outside of the PARALLEL region




DO directive

e [eop parallelization
= Slatic and dynamic scheduling are implementead
e Opltimizatien
= MoVves leop Index range calculation codes 1o euter leop

= PEriermance Improvement by -precnUm=3a eption
= leep Index iange calculawen s simpliied
= Exploizmaeximumperiornance o the SliPsinitheneae




Diagnestic Viessages

e Provides diagnostic messages for parallelization

e Useful for
= discovernng Incerrect directives
= COnverting a senal program ter ©penMP program

subroutine sub(a,c,n, m
real a(n, m
I $OMP PARALLEL DO PRI VATE(t npl)
do j=2, m
do i=1,n
ji=j-1
tnpl=a(i,j ml)
a(l,j)=tmpl/c
enddo
enddo
end

1:
2:
3:
4:
5:
6:
7:
8:
9:

(diagnosis for | oop structure)
KCHF2015K
the do loop is parallelized by "onp do" directive. |ine=4
KCHF2200K

the parallelized do | oop contains data dependenci es across | oop
iterations. nane=A |ine=4

KCHF2201K
the variable or array in do loop is not privatized. name=JML |ine=4




Evaluation

o NPB2.3-senalllbenchmark (class A)

e Parallelized by enly inserting OMVIP directives
= except leops which cannet be parallelizead oy OMP: directive
= Nho serial and parallel tunings

e Speedup for 8 precessers are measured




Performance

e Speedup off NPB2.3-senal Benchmark(class A)




Performance

e sSpeedup on 8 processors Is between 6.2 to 8.0
except LU

e LU has waveiront stylerleop which canit be parallelizea

Py OpeniviP directive

= Speedup ofi 6.3/Is achieved by combining autematic
paralielization and OpenMP




Performance

e Speedup off NPB2.3-senal Benchmark(class A)




Preblems off OpeniviP

e Some loeps cannot e parallelized by OpenMP: directives
= Wave-ilioent style 1oep

do j=jst,jend
do i=ist,iend
do nkl,5
vimi,j,k) =v(mi,j,k)
- omega*(ldy(md,i,j)*v(1,i,j-1,k)
+Hdx(m1,i,j)*v(1,i-1,j,k)
+---

airay ieduction
6P containing Inductien varanie

A(2*1-1)=K

A(2*1) =K+3

K=K+6
enddo




Conclusions

o OpenMP for SR8000
= Fast thread execution using COMPAS
= Optimizatien acress PARALLEL regien boundares
= Optimizatien for Ioep parallelization
= SuUppert fer paralielization diagnestic Messages

o Scalanliby
= 6,210 8.0 speedup by NPB2. sihenchmark




