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High efficiency parallel computation of MHD simulation with Halo
thread and Halo functions
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Abstract: Magnetohydrodynamic (MHD) simulation is stencil code and often used to study the macro scale plasma. The stencil
computation requires the neighboring data to proceed the calculation. Thus, the Halo communication is needed in parallel
computation. It is important for the parallel scalability of stencil computation to decrease the Halo communication time. 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. In addition, we develop the Halo communication functions which perform the Halo communication and related
calculation effectively and introduce the functions to the MHD simulation code. As the results, we have obtained good
performances and confirmed the decrease of elapse time in the Halo thread.
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call init_mhd(f) ! Initialization
1
!----Time evolution---!
do time = 1, 1000
I----Thread setting----!
I$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
I----Halo thread----!
if(myid == @) then
call boundary(f)
call halo3d(f)
do k = zs, ze
call mhd_calc(f) ! MHD calc. at Halo
end do

I----Calc thread----!

! boundary setting
I Halo communication

else
do k = ks+1, ke-1
! MHD calc. except for Halo
call mhd_calc(f)
end do
end if
1$0MP END PARALLEL

end do
3  Halo 2 L v FoFELEHE
Figure 8  Implementation of Halo thread.
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FHUCRI AT 2SN 8 7 72 -> Tn D (R1IOBERHFIEE
# 1 FX10, XC30 O AT ARk
Table 1 System of FX10 and XC30

VAT AE FX10 XC30

CPU SPARC64 IXfx Xeon E5-2695v3 (2.3
(1.848GHz, 16cores)  GHz, 14cores) x2/node

DRAM DDR3-1333 32GB DDRA4-2133 64GB

/—F% 768 416

Interconnect Tofu Interconect (55 Aries (Ji 7 1A)
M 5GB/s) 15.7GBJ/s)

(o] XTCOS Cray Compute Node

Linux

Compiler Fujitsu Fortran Cray Compiler ver.
Compiler ver. 1.2.1-09 8.3.9

Compiler -Kfast,openmp -03 -h omp

option

MPI Fujitsu MPI ver. Cray MPT (MPI) ver.
1.2.1-09 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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#2 FXI0IZBIFAHEY A XL 2Ly FEZLHFD Halo ALy N &
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thread, C thread I% 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.
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#EEFH. P C Hthread 1% Halo

With Halo thread

Thread number 4 4 4 8 8 8 8 16 16 16 16
grid $/process 1008 2008 300  100° 2008 3008 4008 100° 200° 3008 4008
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 Hthread 0.066 0.256 0.580 0.068 0.249 0.577 1.264 0.079 0381 0.725 1.257
1st elapse at H thread 0.079 0.303 0.680 0.079 0.288 0.659 1.397 0.089 0.418 0.800 1.382
1st elapse at C thread 0.189 1595 5453 0.091 0770 2.625 9.992 0.072 0.604 1868 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 0.268 0.645 0.065 0.259 0.608 1502 0.072 0.382 0.833 1.476
2nd elapse at H thread 0.099 0402 1.007 0.094 0357 0.827 1.883 0.097 0.475 1.028 1.834
2nd elapse at C thread 0.206 1822 6.370 0.097 0854 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
HESEnE 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
BERHBOIE 8% 4% 2%  11% 6% 4% 2%  11% 6% 4% 3%
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ii) Halo thread
1 2 3 45 6 7

X7 HaloAlLy RKEV/MELDAL v KRGBIEMET V.

tcom 1% Hal F‘ﬁ{;Eéj’Fﬁ tear X Halo A L RLIAATO MHD F#

R, tean 13 Halo fEIB D> MHD ZH5HER, teaa 1% Halo 2
Ly REAICHK D MHD FH-5H#ENIRR

Figure 7 Elapse time model of with/without Halo thread using
8 threads. tcom is the halo communication time, teai is MHD
calculation time without the Halo thread. tcain is MHD
calculation time of halo region, and tcaia is an additional MHD
calculation time due to decrease of calculation thread.
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+ halo_init : Halo @8 DFIMIRRE %17 5. A, 5%
LNT= T e ZAFFORTHEBE DY, RtmD 7 rtE 2

WISTT, AEMICA Y m ADGMBEEZEI D HTS.

F 72, Halo HBEOxtBR L 22 217G &, DRI
ERTEBOEZHK D, B EIRTICES O E DRI
YT E0ERERTHZEIZED, 1751% halo @15 D
K& LTRSS, halo_init BIgITEE BT 54
T ARBEEOMGETH D &AL CRBEEE Y
BCTHEITD.

- halo_isend : #iIfEIK DX E1T 5. ABEEIL, fERLIAN
VRAIZEEINTNDIH T rERDRSINOIERL
THPH S (RN F 7 H4T79), AR LI iMoo
TakA~OEEERGT 2. RBEEILBERE T 25
LK ETTA. BEOETIX, halo_wait F720T,
halo_test BIEIZ L VN Z LM TE 5.

- halo_irecv : flIfEIKDZAE 21T 5. ABEFUL, Lz h
MOMET 2t 205, fRR Loy RICREFINT
WA HZ aEADESNCNOHER LIZ#H~ (7 /3y
XU HITO) OBEERBT S, REEITEREET%
FOZ ERKETT 2. WEOETIX, halo_wait F 7213,
halo_test BEAIC XLV B Z ENTE 5. BIEE THICE
B BEE R -EAIE, T—FORRIIREIC R
5.

- halo_wait : AP%IE, R L2V 7 = 2 X (ZHIET 5 18
ERFET T 5 F TH->. halo_isend Bz 3t it L7z
halo_wait Bt D52 T# 1%, WIEHEEZEXHEL THEX
W BIOT— 2 RZEMELNTND I & PRES
Nz, F£7=, halo_irecv BA%Zxf)i L 7= halo_wait BA%d
SETRICBEFEE OFAH SN T — X%, EEM
LELNTEET—HTHDHZ L EMRETS.

- halo_finalize : AXBI%ti%, halo_init T SNT-NE & %
LT, halo @E&2#25.

ZOBBBIICERELBEIIMPIZA 7T U THEEINT

WHM, ACP 747 Z V[0 THEET L LELARETHD.

TV = a VBIEFEIX Halo BskA v —T = — 2%

FRATHZ LT, Haxz@E 7477 ) #RICFATS Z

ERWEETH D, B, KBEEMEFRICHAFOZ N

Fortran 7> S T& 2 X 912 wrapper ZHE I TEDY,

AWFFETIE Fortran 7> & Halo Bz FIH L T2 (X8 %

H). Zo Halo BB AFIAT2 L, 70 70ER S

halo_init "T1T 5 7=, A7 stencil FHE THALIE, MPI

ZBICPHETICW S E A FET D LN T S,

4.2 Halo B ¥ aERIE
ZZ T, 3.2 T Halo ALy REAZENH - 72 XC30

OFEFRIC Halo B3 A EA L, ZTOREEMD. FHENZH)

MAL77r®21% 8, 16, 32MPI 51 (3 Wt/ H)

T, FHEY A XTI ek A2 1008, 20030 3TV v

FEHID YTz, ALy FEUZ7T ALy REFIH L.
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call halo_init(f) ! Halo Initialization
!
dol=1, 26
call halo_irecv(f) ! Halo receive
call halo_isend(f) ! Halo send
call halo_wait ! for receive
call halo_wait ! for send
!
end do
!
Call halo_finalize

X 8 Halo B%k D EEEH)

Figure 8  Implementation of Halo function.
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Figure 9  Performance of regular halo communication and Halo
functions with 1002 grid size on XC30.
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BHalo 1
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Figure 10 Performance of regular halo communication and
Halo functions with 2008 grid size on XC30.
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9, 10iCHaloBd%%FIM L=5G4E, FIHLAR2WEED
MHDY 2 = L — 3 3 U HIZE T D Haloil /5 % 8 I 8 711
EREAHE D, K2ZHD L 5ICH L2 OMHDY R = L—v
3 TIE—2DX A LAT v 7 HIZ2EHalo@EERH Y G
FOREBED B7-0), T E N OHaloilfg % 1X9, 10N Tl
Halo 1, Halo2& LT\ 5. ARBFETHRIA L TS ZE5ED
FHETIECL Y, 2B R B IX1BRE B OFHE X S A £ <
FIHT 272012, Halo2?i@ (g &A Halold2.5(% & 72> T
5.

FP, ok RPN LZSAIC, HaloBaA v L
EHITHEREMIZENZ EERBENTE LT, A —7F
EUT IRV b5, HaloBE s AL S ke
M EiX, Halo 1oFRKRE < (KfEotkrem L), Fiz,
R T EN D7y (100%) BAEBRKEWHER o7,
HaloBA¥E AT fE S PEREM ik, RFHETIFA RT A R R
BT I RBAZRSOTWABRIIT oy D78 yF
VIS K D ECEALEh R, £z, R 2T Ry T LElE
DA =N=F v TOPRNPHTNDZ EER LTINS, F
FRAHIZ Z 22 R 0E W, HaloBId i@ s A ik Ccixzz
<, N 77wy 7 RBENAF7: £ OWILEIT S 129,
WEEHAERNELS D2 A IR EATNIC WEE
ZHhb.

5. £&OH

AR TIEFH ST A~v%HS MHD I ab—v 3
Lo stencil FHEICH LT, Whp HHEETH S Halo
IR CON 2 Y 5% Halo ALy REHAL, £
DR EFT-. Halo ALy RPRBEAL Y RERRDOD
1%, Halo fEIDEE 72 T, ZOMHEBETORE ALY
FTHZLETHEAL Y FEORMIBLEREN L, /-
HELHYT L L TL ALy RAREA Ly RAEY &
BVEREDN RN DB LMATNDHZETHD. ZDEIHIC
ALy FEEFHEY A XPERICEZDHEBRRENLEE
oD, Al y REEELEETGE L, FEYA
R a L SH 6 OMRERIE 2 FX10 & XC30 ([ZBW\ T
1Tofz. ZO/ME, £ALy RBHETIHEEN DN
LaiZ Halo ALy ROBABREPERLT W &350
7.

Iz weak scaling & strong scaling % FIl F§ LYERE 2 I E L
ol ZA, T AEREMT EEICAL Y Kbz OF
EENFDTATH, Halo ALy ROENRHL MR X,
FIATF—F VT 4 b EMoT. ZTRHOBRIZBWT
Halo AL vy REFHBEA L v FORKRKE @G REM 72 &
FEHELSRA L, Halo ALy REFE AL v NoRaE R
NEREEDOHICARNHTWD Z ENShotz. ZD%&Mt
1%, Halo 2Ly REAIZK Y EFREA Ly ROFHEATTHIN
ElE L, Halo A2 Ly REEA LARWIEEES OMm{E R 23 F R
D, BB R WVEEAIC Halo A Ly ROZHENRHD 2

2017 Information Processing Society of Japan

HPCS2017
2017/6/6

LERLTWVSD.

LR OFERNG, Halo ALy REAIZAL v R & FE
YA XDONT U ANREETIESH D2, EAMIZIT weak
scaling THNIEA T —F U 7 4134 {b& 3, strong
scaling lIZ B W T HIBFERIEMAFHEA L v FOFHHERFH X
RELBRBROVEMHETHIUE, 27— V7 2135k L
RNEEZOND. BICHELAD MHD ¥ 2 L—y g %
TR — BT b weak scaling D EHE AL 729,
Halo 2L v ROBATE R —F Y F ¢ 2T
LHEMEEND. &6, Halo ALy FOWMEHKIC
ACP[9]% FIV T Halo g & Halo fEiskiit R %2 7 v —R o4
BICL, I6R5REMEBRET>TBY, LVEnAs
—TEUT AN END. F, ZOX) Rtk Ry
STIREET NV EZEATAHERIC, Halo ALy RO L D23
FHRER Sy EBEH BT DN TWD I, EFEES D
RE(LIGREET AN EEL 527, HAAY v PR
TWeEEILND.

F72, Halo AL v R ETORENZ Halo #5217 5 72
OIZ Halo BI5t A BAZ L, EDOEEH~ 7. XC30 iz
T Halo BB OREFTRZ L Z A, BIEEND 2 Halo
1 (Halo 1) T 2 {FRRED@EMEN AR TE -,
Fio, FEY A XN WIGEITHERER ERIR BT W
T LR TE R, FHEY A XN ENEAIE, EE R
DRI 72 5728, Halo BI% TRz AT O o DEIEN S
BT DITHERER EABASCTVWEELLND.

AW THAZE L 72 Halo BI4RE=> Fortran THIH 3 272 %
@ wrapper | ACE Project TABIT 2 T ETHSH. Halo B
X Halo ALy REMSLTHRIACE, ZnbaFMALE
MPI % BZRAIC IR 312 stencil T FIEHRATREZR 7 L — &
U—7 bHEFET L TETHD.

BEE AHFZE O3B R T LN R S R R A 2 B 5
T A= L FEKEEREIERA T 4 TR F —DOF i
AT LEFMAL TE L. ARSI JST, CREST OHfF%E
BEEE AR A N SH 27— VEERERI RICE T 5V AT A Y
7 hU = THANOAIN ) OBFEIRE 14 A€ D HiiT & BhH
EHELEMIC L D 2y —F T VliE 475V OBRIO
XEEZTTND.
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