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® Top 10 supercomputers of the Green 500 List @ [CCG: Data Dependency for Incomplete " ax
use many_Core deVICeS Ch0|eSky FaCtr Zatlon Target App: Finite Volume Method, Poisson Equations (1283 cells)
: — FDM- h (7-pt. Stencil), U d data struct
v NVIDIA Pascal GPU, Intel Xeon Phi (KNL) ® Fortran 90 + OpenMP/OpenACC D P enelh Ensiructured data strueure
v Development of the algorithms and optimization @ Reordering required for parallelization 59 02926222
‘cechniques for many—c.ore. devices is required. v CM-RCM + Coalesced/Sequential ttttttt
® o Know the CI”Faracter stics, we eva\yatec the @ Storage of Matrix ;ﬂ%ﬁ@%
performance of new many-core devices v CRS, ELL(Ellpack-Itpack), SELL-C- o 26065006
(Color#=4) CM-RCM
Compute r®= b-[A]x© — nalVecor | Mckee Cyclic MC + RCM
Lox ;Zl\l,é 2[1:4];(1-1>= r(i-1) *_ _ Coloring and reordering for parallelization. In this evaluations,
DiLm p color=1 | color=2 | color=3 | color=4 we used CM-RCM reordering.
if i=1 _ _ *_ _
p = z ) 12c: :10;_6178 12c: Lo;_6278 12c: :-02_6378 1 ZC::-O;_G478 1|2|3|4|5/6/7(8
else
Bi 1= Pi1/P;io
pt= 2zt + B, piY
endif *
q(i)z [A]p(i) color=1 color=2 color=3 color=4 _
Reedbush (ITC, U-Toyo) Oakforest-PACS (JCAHPC) a; = p;/pHat ¥
® Reedbush-U: CPU (Intel Xeon ~ ® TOP 500 #6 (#1 in Japan) R cotor=1 ] ["color=2 ] [Teolor=3 ] [“color=4 ] [[ebiorss ]
E5-2695) nodes x420 ® 8,208 Intel Xeon Phi (KNL) Check convergence |t (el sl sl ool ool
® Reedbush-H: CPU (Intel Xeon ® 25 PF Peak Performance — SELLLC
E5_2695) _I_ GPU (NV'D'A 1111(1||122|2|22| (3|3(3|3|3||4|4/4|4|4| |55|5/5/5| (6/6|66|6||7|7(7|7|7 Sllced ELL SELL'Z'(SS
Tesla P100) nodes x120 ICCG algorithm. Coloring + Ordering (5 colors) Storage of Matrix. ( 2-8)
P f E I t' ® Optimizations for P100 ® Optimizations for KNL
er Orma nce va ua Ion 1. Baseline 1. Baseline
v Insert '$acc kernels to all v' Insert !$acc parallel do to all loops to be
_ . . loops to be parallelized parallelized
® CEvaluate with several devices 2. Async 2. mvparallel 1
- v Attach async(0) clause v" Move !$acc parallel to outside of color loop
v" GPU(Pascal/Kepler), Xeon Phi(KNC/KNL), CPU(Broadwell) NS L
m KNL: F|at-QuadI’ant, MCDRAM v Optlmlze gang/veCtor v Use |$Omp end do nowait
\/ Comp| er parameters 4, mvparallel 2 |
B OpenACC: pgfortran 17.1 —acc —O3 -ta=tesla:cc60 4 Fusion v" Move !$parallel to outside of convergence loop
= ObenMPp- .'f 17.0.1 .I' 64bvte —O3 ' MIC-AVX512 v Kernel fusion to reduce kernel 5. rmompdo
pen citort 17.0.1 —align array yte =Us =X ) -gopenmp call cost v' Parallelize loops by hand without using '$omp do

0. rmreduction

:::Z:pk:fr:::ld do private(..-) v Reduction by hand
| GPUP100 | GPUK20 |Xeon PhiKNL|Xeon PhiKNC| Broadwell | $acc loop independent gang 7. loopscheduling
Frequency (GHz) 1.480 0.732 1.40 1.053 2.10 d(i)p:ilp—=(ip;l-,1)l’3"ENSCn2)T_-£)cl)R-l';ot - v Parallelize loops by using application knowledge
I$omp simd
fk?rree:dgih)/lax L7z 836 68 (272) 60 (240) 18 (18) I$acc loop independent vector
peak Performance ¢ 4, an : oue o010 o do i= index(ip1-1)+1, index(ip1) Evaluation of the optimizations
GFLOPS) ' ' ' ' . duci h .. .
( enddo Reducing synchronization costs is important
Baseline Implementation of enddo .
Memory (GB) 16 6 16 8 128 OpenMP/OpenACe Egomp end parallel do v’ Attach async clause, which reduces the kernel
Bandwidth bacc end kernels call overhead, is most effective for P100
(GB/sec., Stream 534 179 490 159 65.5 . o ) _
Triad) Evaluation of the Numbering and Storage of v A series of optimization, which reduces
System Reedbush-H TSUBAME2.5 Oa'F‘,;OCrSeSt' KNSC Reedbush-U Matrix (Baseline version) synchronization, is effective for KNL
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