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Effects of Halo Thread to the Magnetohydrodynamic Simulation
toward Exascale Computing
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Magnetohydrodynamic (MHD) simulation is stencil code and often used to study the macro scale plasma. We presently perform
the weak scaling of MHD simulation and have obtained good scalability, however in the exascale era the scalability will decrease
by over 20% from our estimation. In this study we introduce the Halo thread which covers the communication and calculation in
the halo region to MHD simulation and examine the effects of Halo thread. It seems that the calculation performance will be worse
due to the decrease of calculation thread using the Halo thread, but we obtain the good performance depending on the number of

thread and size of grid in the MHD simulation.
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2. Simulation Model

FTHEMZIEZELEBDONTWDER, TD 9% TS T X~
Til=&hTWn5. f?fv&i%%bt%wm*&f%
D, WELTCWDIETF LA LN TIEET DIRE
%6.?ﬁ%%,%uﬁﬁ@%%?k%ﬁukwfik%

NHKBREMEN DS 7T X< ORANFRFREHLTRY,

KGR ERICZDT T A<DBHMLTND. ZDLHT
T X< DIRH N E IR T B R & LT Viasov-Maxwell
FRANH S, Tk, EHZE Boltzmann FFER & Maxwell
HEAXD B S, Viasov (HE7E72€ Boltzmann) HFE=RUILLL T
DKE LS.

o, .0
L f + 45 (E+ ><B) f (1)
ot m

TITE B, FEVEZRENTES, B, B 4

ERT. Fl, f(F,V,, ) FA0E - HEAFRZE R0

LOMBEETHY, SIIAAURB R CREE R
q, \FEME m TEEERT.

LAL72 6, Viasov HRERIZL < OS5 72 53
WIEHRATHY, HEE AT LAERAWTHMELS Z &0
FEFICHE L. £ T, Viasov FEEAOE—RA L F & &
% Z L TR LN D EHA ST (MED) RS, 7

0=V T T A EE R AL L EIIIEH ST
%. MHD FBERUFLLTDO L S22 5.

op

F_o_y.

5 (vp)

ov 1 1

i =—(v- V)v—;Vp+pJ><B 2)
ap

D=V V)p=pV

OB

—=Vx B

5 (vxB)

En, #goX, EHHREX, EHEEORX (=xr
F—0N), HREVPBEOFETRAL L D4]. FHHEICE
z I\, BHSGEBE LIRENTFIBRAEMERS. LN
BHAEIIBE A SR I N2 V[5].

MHD SRR 4% < BEFHRE L LT, Ogino HIZX
- T & #7= Modified Leap Frog (MLF) i£[6, 7]& 9
ERWEEERT S, ZEEMO 1 [E% two step Lax-
Wendroff {5 TfifX, #i< (I — 1) [A1% Leap Frog {& Cf#
X, TO—HOPHEAMVIRY. K 112 MLF $EOFHE
AF— L&Y, | OMEFEERICZIEOHPA TRE W
DEELVWOT, 2 UKEEDOTLEME RN T D L &,

(©2015 Information Processing Society of Japan

Vol.2015-HPC-151 No.23
2015/10/1

1-1 7 _ leap-frog
time step U method
>

1 U ) 2 step
A - Lax Wendroff

time step
method

1-1 leap-frog
time step method

* 2nd step | 2 step
' > Lax Wendroff
> Iststep | method

1 At A.'-A[ I AU,

time step

AX
1 Modified Leap Frog {5 D FHH A ¥ — A
Figure 1 Scheme of Modified Leap Frog method
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3. Parallel Implementation
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MHD code with Halo thread
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Figure 2 Flowchart of MHD code
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4. Performance Measurements
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call init_mhd(f) ! Initilization
|
!----Time evoluation---!
do time = 1, 1000
|
l----Thread setting----!
1$OMP PARALLEL PRIVATE(myid,mylid,ks,ke,ii)
myid = omp_get_thread_num()
nthreads = omp_get_num_threads() - 1
mylid = myid - 1
kmod = mod(nzz-2, nthreads)
kdiv = floor(real((nzz-2)/nthreads))

if (kmod > mylid) then
ks = mylid * (kdiv + 1) + 1
ke = ks + kdiv

else if (kmod == mylid) then

ks = mylid * (kdiv + 1) + 1
ke = ks + kdiv - 1

else
ks = mylid * kdiv + kmod + 1
ke = ks + kdiv - 1

end if

1
I----Halo thread----!
if(myid == @) then
call boundary(f)

call halo3d(f)

! boundary setting
! Halo communication

do k = zs, ze
call mhd_calc(f) ! MHD calc. at Halo
end do
1
I----Calc thread----!
else
do k = ks+1, ke-1
call mhd_calc(f) ! MHD calc.
end do
end if
1

1$OMP END PARALLEL

end do

X 3 Halo AL v FDIEEH]
Figure 3 Implementation of Halo thread
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Table 1 System of FX10, HA8000 and XC30
VAT b FX10 HA8000 XC30
CPU SPARC64 IXfx (1.848GHz, 16cores) Xeon E5-2697v2 (2.7 GHz, Xeon E5-2695v3 (2.3 GHz,

12cores)x2/node 14cores) x2/node

DRAM DDR3-1333 32GB DDR3-1600 256GB DDR4-2133 64GB
/=T 768 965 416
Interconnect Tofu Interconect OB J5 7] 5GB/s) InniBand FDR (i 517 6.78GB/s) Aries (5 Ji[F] 15.7GB/s)
(O XTCOS Red Hat Linux Enterprise 6 Cray Compute Node Linux
Compiler Fujitsu Fortran Compiler ver. 1.2.1-09  Intel Fortran Compiler ver. 15.0.3  Cray Compiler ver. 8.3.9

Compiler option  -Kfast,openmp

-fast -openmp

-O3 -h omp

MPI Fujitsu MPI ver. 1.2.1-09

Intel MPI ver. 5.0

Cray MPT (MPI) ver. 7.1.3
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Figure 4 Effects of Halo thread with variation of calculation
size and number of thread on FX10
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Figure 5 Effects of Halo thread with variation of calculation
size and number of thread on HA8000
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Figure 6 Effects of Halo thread with variation of calculation
size and number of thread on XC30
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4.2 Weak and Strong Scaling

WIZEL D/ — REEFIRAT 2 Z &R CE7= FX10 I238
VW C, Halo A L R&E A L7854 D weak scaling & strong
scaling DMEREFHIZ T o7z (7). ZZTIE8 ALy N&
FIHL, /h7atvxix 16, K7t RiT 1024 7at
A TH%D. 7 AGEIRIOFE Y A X2 800x800x1600 &
200x200x400 @ 2 FHFHD strong scaling & 7' BEAHTZD
100x100x100 @ weak scaling TORIEFE R ZHFHHE TV 5.
weak scaling ¢ 100x100x100 % 4.1 {ZF T FX10 T Halo
ALy RBEABRR DTV A X THY, Tt 2z



T AL e
IPSJ SIG Technical Report

1,0000 ¢
8 1000 E
2 E
[
£
5
@2 100
& E
© ¥ 2 ]
[ -@With Halo thread (strong, large) "i:::
—A—no Halo thread (strong, large) Ny _r:_. _____ _
1.0 ; ~@-With Halo thread (weak) Rn—nnizig
[ —A—no Halo thread (weak)
[ -#-no Halo thread (strong, small)
01 -@-With Halo thread (strong, small) .
10 100 1000
number of process (with 8 threads)
7  FX10|Z31F % Halo A L J K @ weak/strong scaling

TOMERE

Figure 7 Performances of Halo thread in weak and strong
scalings on FX10
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5. Effective Condition of using Halo thread
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LV THY, ALy RTORIBIFRIOD T > ZAHVE
NTWDZ ENsh5. Halo ALy ORI MO

T, EH50D elapse DRV ENRT U AREL ALy
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FEAICL Y, FER Ly PR - T Halo (ff) fEiES+
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Ly RZEALTWRWEEO@ERHE XD EVERC
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Ly RTOFHERFMEBMOFEA Ly FOFREFER & F T
<BWh, ZREVENEXZLEMO—D2THS. 2%2 z
X Halo A L v REAIZ LY #NT 23R EOHIE GHA
BENER) &, Halo ALl v F‘élfi;%m%@ugﬂ%ﬁaﬁ®§+ﬁ.ﬂ%ﬁaﬁ

T 2 EIG GRERB OIS BRERENFHALTH,
ZOfEERARD &, RO S TH 2 BEREM OFIE A
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MNBHDHFERIZI>TWA. ZD XK HIZ Halo ALy RE AR
ENHLEMENIT-Z D LTCWND D, EEOY I 2L —
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— —

F2 FXI0IZBITFBEHEY A XL ALy REZEED Halo ALy FEFHEZ L v FORIEBEER. 32 T H thread /% Halo
thread, C thread /X Calc thread #= 3 7".

Table 2 Elapse time of Halo and calculation threads with the variation of calculation size and number of thread on FX10. H thread is
Halo thread and C thread is Calc thread in the table.

With Halo thread

Thread number 4 4 4 8 8 8 8 16 16 16 16
grid #/process 100> 200° 3000 1003 2003 3003 400 100 200° 3003 4003
1st H comm at H thread 0.013 0.047 0.100 0.010 0.039 0.082 0.133  0.009 0.037 0.075 0.125
1st MHD calc at H thread  0.066 0.256  0.580 0.068 0.249  0.577 1264 0079 0.381 0725 1.257
1st elapse at H thread 0.079 0303 0.680 0.079 0.288  0.659 1.397 0.089 0418 0.800 1.382
1st elapse at C thread 0.189  1.595 5453 0.091 0.770 2.625 9.992 0.072 0.604 1.868 5.678
2nd H comm at H thread ~ 0.035  0.134 0361 0.028 0.098  0.219 0.381 0.025 0.093 0.195 0.358
2nd MHD calc at H thread 0.064 0268  0.645 0.065 0259  0.608 1.502 0.072 0382 0833 1476
2nd elapse at H thread 0.099  0.402 1.007 0.094 0.357 0.827 1.883 0.097 0475 1.028 1.834
2nd elapse at C thread 0.206 1.822 6.370 0.097 0.854 2930 11485 0.072 0.641 1993  6.352
sampling time 25.245 212.559 885.331 12.367 101.900 362.068 1373.371 12.165 80.808 270.063 766.988
B E S mE 125%  129%  131% 108% 111% 112% 113% 100% 103%  105%  105%
No Halo thread results

Sampling time 21.982 172.915 688.850 13.298 99.172 334.781 1340.867 11.429 85.705 279.833 797.145
BEBEOEE 8% 4% 2%  11% 6% 4% 2%  11% 6% 4% 3%
(©2015 Information Processing Society of Japan 5
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AREEMEIE &, Halo ALy RZEALRWES OE(ER
M2 RIREEE 2, BIE R AR VGG IZ Halo A Ly FOZIR
BHHEZEERLTND.

SEOFERND, Halo ALy FREAZ AL v & FHE
A RXONT U APREETEH S0, EAMIZIE weak
scaling THNIL AT —F U T 1 F%5 LT T, strong
scaling IZB WV T HIBERFHNFHR A L > ROFREFFH LY
REL RERWEETHNE, Ar—T78 07 21351kl
BrNEEZLEND. FFICTHKAD MHD V2 2 b —v 3 Uid
T YR — BT b weak scaling DFHRE N KL 729,
Halo AL v ROEATHWAr—J U T 1 ZfiFFc
LEMESND. &5HIT, Halo AL v ROWEHK|Z
ACP[9]% FI\ T Halo i#i{§ & Halo fElkFH 2 7 0 —R 4L
FIZL, S6R5&EMEZREToTHEY, KVEnAs
— U T RIS, £, ZOX )Rkl B
STZBEET NV EEAT HERIZ, Halo ALy RO X HicE
FHRER Sy EBEH BT DT WD, EFHRED D
RE(LICBEET AVNEEL 527, BAAY v PR
TWNEEILND.

F72, Halo ALy FEAZIRNBHLWHEEITK LT,
Halo ALy ROFHEAL Yy RAOBIMLEOW % 2 A F
SV IIWCALV Yy KRRV a— 0 U I HREREZOLND
2, Halo ALy REFHERA Ly NETHREINLEL 257
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BEE  ASHFIE O GRS R T TUN K 22 ISR A TR BR
U — L FERFZFMERAT 4 T2 X — DO FEH
AT LEFA L TE DL, ARSI JST, CREST OHF%E
IR TRA N R — VAR EICET 2V AT A Y
7 U= THENOAIN) OWFZEERE 14 A€ D HEilT &80
BRI LD A —F T VdIE 5475 Y ORI O
XEEZIT TN D.
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