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We present the basic idea, implementation and achieved performance of our DSL for stencil computation, For-
mura, on systems based on PEZY-SC2 manycore processor. Formura generates, from high-level description of the
differential equation and simple description of finite difference stencil, the simulation code with MPI paralleliza-
tion, overlapped communication and calculation, temporal blocking and parallelization for many-core processors.
Achieved performance is 4.78PFlops, or 21.5% of the theoretical peak performance for an explicit scheme for com-
pressive CFD. For a slightly modified implementation of the same scheme, efficiency was slightly lower (17.5%)
but actual calculation time per one timestep was faster by 25%. Temporal blocking improved the performance
by up to 70%. We have demonstrated that automatic generation of the code with temporal blocking is a quite
effective way to make use of processors with low memory bandwidth for large-scale CFD calculations.
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application Yashiro et. al. Yang et. al. Hotta et.al.  This work

reference (7) (1) (8) -

method explicit implicit explicit explicit

# grids 5.5 x 1012 1.29 x 10* 2,61 x 10T 3.97 x 10'2

WCT per Timestep (seconds) 12.4 9 0.254 3.37

# grids processed per second 4.6 x 101! 8.6 x 10  1.03x 102 1.18 x 10'2

flop per mesh per timestep 1888 93023 2505 4246

Computer K computer TaihuLight K computer  Gyoukou

Efficiency (%) 10.2 7 24.3 21.5

Tab. 1: Comparison of state-of-the-arts high-resolution mesh schemes
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Fig. 1: Various methods of temporal blocking. The
gray numbers indicate the order of regions that can be
processed in parallel.
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Fig. 2: Calculation on one processor. For simplicity, we
show one-dimensional case. One processor initially has
region B0-CO. In order to start calculation, it generates
a dummy “wall” C0O-D1, and calculation proceeds from
right to left. During the calculation, the data of region
AOBO is transferred from the neighboring processor. At
theCend of one blocked calculation, the valid region is
B1Cl1.
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rlt,x,y,z]_t = -ult,x,y,zl*rlt,x,y,zl_x - vit,x,y,zl*rlt,x,y,z]l_y

- wlit,x,y,zl*rt,x,y,z]_z

- rlt,x,y,z]*ult,x,y,z] _x + vlt,x,y,zl_y + wlt,x,y,z]_z)
ult,x,y,z]_t = -ult,x,y,zl*ult,x,y,zl_x - vlt,x,y,z]*ult,x,y,z]_y

- wlt,x,y,z]*ult,x,y,z]_z

- plt,x,y,z] _x/r(t,x,y,z] + cxvisllt,x,y,zl/rlt,x,y,z]
vlt,x,y,z]_t = -ult,x,y,z]*v[t,x,y,zl_x - v[t,x,y,z]*v[t,x,y,z]l_y

- wlt,x,y,z]*v[t,x,y,z]l_z

- plt,x,y,z]_y/rlt,x,y,z] + cxvis2[t,x,y,z]/r[t,x,y,z]
wlt,x,y,z]_t = -ult,x,y,z]*wlt,x,y,zl_x - v[t,x,y,z]*vwlt,x,y,z]l_y

- wlt,x,y,z]*wlt,x,y,z]l_z

- plt,x,y,zl_z/rlt,x,y,2z] + cxvis3[t,x,y,z]l/rlt,x,y,z]
plt,x,y,z1_t = -ult,x,y,zl*plt,x,y,zl_x - vit,x,y,zl*plt,x,y,z]l_y

- wlt,x,y,zl*plt,x,y,z]_z

- gm*plt,x,y,z]*(ult,x,y,z]l_x + vit,x,y,z]_y + wlt,x,y,z]_z)

- c2x(ult,x,y,zl*vis1[t,x,y,2z] + vlt,x,y,z]*vis2[t,x,y,z]

+ wlt,x,y,z]l*vis3[t,x,y,2])

Fig. 3: The input differential equation.

2H5DTH5. 2FKH E%ﬁ,zfﬁ%ﬁtﬁ®%ﬁﬂ
DATLERHEHET2EDTHS. 2 BEHDHIET
WMEZ DT )y RRA Y MZDOWT, z, v, xx, vy HD
£5% 2z DRRAED % é\iixu\lﬁé?r%’&é A 2
HENZHEATITL., 2T, 2 2&FRHVEITZ 7V v R

H;
4.[

RAY Mk (KX z G027y bﬁ)f@z%éig
WEHE DK, |AIETY Y F‘ﬂ‘i’/f VM k—-2D 2z HEZE
HTED., TNODOWHIEF Yy YaAEVIZARNT I
N9, B—HIVAEVIZ nd. TNDR, #~

’ T kS 1%

TTH5.

Z D H T I PR A ‘O—FEBHED L L
2 OHDAERRRIMESLIERZ & 45, HEHES
@@%ﬁ@%@(ﬁmiﬁhﬁﬁOVT®&)T,WE
REROEEIE 1415 TH D, ZN5 572 DD HEIFD
ﬁ%%%wf#ﬁﬁézzuﬁﬁﬁa
2.5 O— R4ERR

Fx DBEAEDEETIE, ATV VIV —2 VDR

ﬁﬁﬁ#ai&éﬂf% DT RTOI—RiZH o)
BATVVIVEMEICMS :t#f%é H—F N aA—F
IBERESZAF =200 (273> 2.1) 55 FOR-
MURA Y A5 2 OA0) 1z F 5 THEKEINS. HERAS A
¥ — L HKRIBEAMD & %EW%®747V Mz &
Tm@ﬁ@%#—A#%iWéﬂé.7UVP£4VF
27 v 7T = NTBIEBITERE N — %)V 400 17
BET, W O»DFIFEBMaDoFA—77 7a—F
DEE, 100 REDIEZ &

3. MEERE

Lm

T

3K

MREZHIET 572012, HBRA X1 ATY TH-0 DR
ﬁ%ﬂﬁbt.Wj—»&ﬂw&ﬁfA@@%O%ﬁ#
WIONS S, FITHME Y+ — L oray 7 247 —I12 k5
f%ﬁ&<ﬂi?é:t#ﬁ%k.(%ﬁﬁmﬁﬁﬁﬁ
PoFEIN., BLATTEREEY, 223> 23T
BTz, Fb 7 WEIZIZ DWW T DEEIEFR W -,

BT, Wk A5 A CHIE L8y 70— FTo
WHMEREE A5 —S Y F 4 2RT. RIZ, WEINEL

77 —FTDY Y II)N) — RTOMREELZRT 2HEHD
T ITH—F COBENT AT LA ETDNT =3 v A%R
IRVOIK, BEEY AT LM 2018 4F 3 A 31 HIZEIEL
72728, WEINLZT T —FOEFTBRTERLS D
5TH5.
3.1 BENETOMREERT—ZEY T4
FA =T 7 T —FIZ & B2 DOFHE L 2849 F
BNBUREAE A ERT S, —f, EEAHRERE, oEt
BT 1415 BB/ N E A 2R 2. ChoE 2L LT
Y, Vv RRA VB2 4264 FENIGHE D
%aﬁﬁé.ﬁbu,ﬁﬁmﬁﬁ@%@éﬁﬁwﬁﬁm
- BEEV AT LADEIRIZED A bR
VIR —1) v ixb%%?éﬁé:tﬁ&%&#o
7z, FDE, TOMXTI, V4—IAT7—V V7T A
b@#%@&$¢?5.74—&z7—9/7 HIET
1, TAIEMPI 7 2H=b 7923 ') w KKRA >~ b

Pz

-

Copyright (©) 2018 by JSFM



w
—T T

total time ]

N
T
1

<

Calculation speed (GF)

communication time

Calculation time (sec)

0-"'"" L T S SRR
500 1000 2000 5000 10*

MPI processes

Fig. 4: Time per timestep in second for the weak-s-
caling test. The horizontal axis is the number of MPI
processes. Triangles and crosses show the total time per
timestep and communication time per timestep, respec-
tively.
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Fig. 5: Performance in petaflops for weak-scaling test.
The calculation speed in Petaflops is plotted as a func-
tion of the number of MPI processes.
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Fig. 6: Calculation speed plotted as a function of the

size of temporal blocking N;. The improved scheme is
used.
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