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Abstract: 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. To achieve the high scalability, we have introduced the Halo thread and divided the simulation code into
“calculation part” (regular thread) and “communication and calculation related the communication part” (Halo thread). However,
“communication and calculation related the communication part” has not been effective execution yet. In this study we have
developed the Halo communication functions which perform the Halo communication and related calculation effectively and
introduced 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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2. Simulation Model
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MHD code with Halo thread
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Flowchart of MHD code with Halo thread.
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3.3 Implementation
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call halo_init(f) ! Halo Initilization
1
I----Time evoluation---!
do time = 1, 1000
1
I----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)
dol=1, 26
call halo_irecv(f) ! Halo recieve
call halo_isend(f) ! Halo send
call halo_wait ! for receive
call halo_wait ! for send

! boundary setting

do k = zs(1l), ze(l)
call mhd_calc(f) ! MHD calc. at Halo
end do
!
end do
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 2  Halo %t MHD =t — R ~D 3]

Figure 2 Implementation of Halo function to MHD code.
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!----Halo thread----!
if(myid == @) then
call boundary(f)
dol =1, 26
call halo_irecv(f) ! Halo recieve
call halo_isend(f) ! Halo send
end do

! boundary setting

do1l=1, 26
call halo_wait ! for receive
do k = zs(1l), ze(l)
call mhd_calc(f) ! MHD calc. at Halo
end do
end do

do 1l =1, 26
call halo_wait ! for send
end do
I----Calc thread----!
else
do k = ks+1, ke-1
call mhd_calc(f) ! MHD calc.
end do
end if

3 WELHEEA—N—T v T IWIEE O Halo B
o ELEH
Figure 3  Implementation of Halo function with overlapping

the calculation and communication.

4. Performance Measurements

AW TIE, LLARTOAFIE[4]T Halo A L REAZFN
B o T FERIC Halo BIZkAE AL, ZOREM~25. FIH
THREMY AT A, JUNKZEE RSB RE ¥
—® Fujitsu PRIMEHPC FX10 (LLF, FX10), & FUABKZY:
W& ® AT 4 7 & v #—D CRAY XC30 (LLTF, XC30) @
2HHCTHD. KHEBE AT AOFHITER 1 1B LT
Wb, TNENCPU, 2L T, S F—axy (&
MAERDHVATATHD.

# 1  FX10, XC30 O AT LK
Table 1 System of FX10 and XC30

VAT A4 FX10 XC30

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

DRAM DDR3-1333 32GB DDR4-2133 64GB

J—FE 768 416

Interconnect Tofu Interconect (BJ5  Aries (i J7 1]
[n 5GB/s) 15.7GB/s)

(0N} 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. 1.2.1- Cray MPT (MPI) ver.
09 7.1.3
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Figure 4 Performance measurement of no Halo function, Halo
function, and Halo function with overlap technique on FX10.
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F2 EHEY A XD Halo ALy REFHE XL v FORRIERER]. 329 T H thread |% Halo thread, C thread /% Calc
thread % 9.

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

System FX10 XC30

grid #/process 100° 2003 300° 100° 2003 300°
1st elapse at H thread [s] 0.1420  0.5426 1.6211 0.0692  0.3338 1.1519
1st elapse at C thread [s] 0.1025 0.9183 3.1557 0.0443 0.3373 1.2536
2nd elapse at H thread [s] 0.1509 0.6342 2.0524 0.0876 0.4067 1.4413
2nd elapse at C thread [s] 0.1172 1.0586 3.5420 0.0568 0.4743 1.9107
Overlapped sampling time [s] 21.6959 118.1713 427.1017 9.3762  53.6411 202.5846
No overlapped Sampling time [s] 20.0566 117.9559 428.8563 11.6829 59.9288 202.6182
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Figure 5  Performance measurement of no Halo function,
Halo function, and Halo function with overlap technique on

XC30.
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int halo_init(int 1dim,

do

$k A.1 Halo B8%&
int *Isz, int *12m, int mdim, int *msz,

uble *mtx, int *Ic, struct halo_hnd _t *hnd)

- BEBE - halo W@ AL RIS
- 5%k

1dim : halo iB{ZZ V2 651 7 1 & 2 OFREL > HIR L.
B, 70w AR UEEZIEET 5.

Isz: 7 rE2RENCBIT 2 RIEED T 725, 1dim K
TEHOEEEH D 72 B — R TTELS, Isz DT O L) hid
BBt 2805725, 27t XFRL
EEEETS.

2m : FER 7 = RSy EIR o & ALERAT B O STl & D
KIS FE. 1dim ZE O REE D S 722 B — R TESIC, B
ERFFDMESEIRTHE S AL, SRSIER O
BUEATHI ORI E 5 L 72 5.

mdim : {78 DORTER. K.

msz: {THIDOWRITHED K E X, mdim EEOEE NG 725
—RIhLH.

mtx : #fEEk A E 175 A2 E T mdim KICELS O SEEH T
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KL &,

le: FEOMH L7e7 B AICEI D Y T o7 i B EEAT,
1dim % {E o 255 B2

hnd: Z OO U CHIIRE S 4L72 815 O+
<KV E

0: IEF&T

FRLS - =T — k)

int halo_isend(int dir, int *area, struct halo_hnd t *hnd, struct

halo_req_t *req)

- BERE © MhEEIBOA(E B

- 518
dir : BEHRLERD2BEHET v ADFH M, enum HHELK
HL xyz OEXTHET 5. xyz [ZI3FHFAERTXTEE
A5 (1->+1,N->0,D->-1).
area: X[ T DHEIPH. —IRICEEAELS.
hnd : RE(FHRHRD/N> Kb, halo_init BI%D hnd 224K,
req : BEHERH OB . MEERRA &,

UK}
0: EFHKT
TN - =T =~ Ry, S, fEEE, AR

int halo_irecv(int dir, int *area, struct halo_hnd t *hnd, struct

halo_req_t *req)

- HiRe -
- 514K
dir : FETLERDIBET 0 2D IM, enum HEL
HL xyz OEXTHETD. xyz KZITFHMERTXFEE
A5 (1->+1,N->0,D->-1).
area: 39 HHipH. —UWRITHEEELF.
hnd : SZAEE DN KL, halo_init BI%0> hnd 2 %fE.
req : BIEHERH ORI, FEERKRA 4.
K
0: EHFKT
ENLS - =T — (2 Ry, Jiih), g, NAZEE

IS £ B 2k

int halo_wait(struct halo_req_t *req)

- BERE
SGIE
req : BEHERH ORI T, HERKRA 4.
< BVl
0: IEFHKT
LS - =T —(Nv Ry, JHif, fEIR,  FAZEISD)

iR e TR BRI

void halo_finalize(struct halo_hnd t *hnd);

- #%HE : halo W{E#& T BI%K
- 5%
hnd : halo_init T E S AL72 8015 O .



