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Performance evaluation of Vlasov code on the Xeon Phi KNL (2)

TAKAYUKI UMEDAT  KEIICHIRO FUKAZAWA

Vlasov code is a first-principle simulation method for collisionless space plasma. The Vlasov code solves the time development
of phase-space distribution functions of charged particles in hyper-dimensions based on fully kinetic equations with the Eulerian
grids. Since the distribution functions are defined in more than four dimensions, the Vlasov code requires high-resolution and
high-performance numerical schemes which should work in limited computational memory per node or per core. Our Vlasov
code has been made performance tuning on various scalar CPU architectures under Japanese HPC projects. In the present study,
the performance of our Vlasov code is measured on the latest CPU KNL (Knights Landing) Xeon Phi with various combinations
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of the memory mode and the cluster mode.

1. [XC®HIC

Fex BELFHD 99.99%LL EOEKFEILT T X~ &L
NAEMRAETED SN TWS, FlEMICHERET ST T
R DREBFTEENIEF IS  BWEZDREICH Y, F
W77 X~ (BT 7 X~v) RBET L2 201%, FHO
ENEYSEASE AN VAR

oo PMETHIEREID OFHEREL X, KB 6t S
FIED 7T X< it T & 2 K5 R S O B B3 18 5 2% L [ 22
IRGES (KBBOEARME) &, HMEROEARS L OMAE
N L o> THEMAHEKBREEZTER L T\ D, 77 X<k

BRI L LT 2 KGORkA BB LD, FHRIT
O, N TR OB E R 2B D #ERIL A

P& - BEHEE OBRBEABMNSIEEZ S, IEFHRR L
eSS, THEOEBETFEHAT — Y 3 » TOFEC AN LTEHED
L EFRE, BARICBWTCHFHAANHEENIC/R-T
ETHY, FHRROTH - TIICERDFH ST A~
eI CEHETHD.

HERBESE NI, 7T X~ OB ERREE 7 & OB
TA—HNBI BIE R RFEEN AT B, T OMHEEM OB R
JETHND RLZEME CEERREOMN) X, MXIE DL S
WCREBREEEZHEZ TNDEEZ LTS, Fr—sVL
WREMEIC R LT, A AZERITHE (X)) A F

F1 A RK T L ERER B JE AT

Institute for Space-Earth Environmental Research, Nagoya University
T2 TR EFEWERA T T 2 —

Academic Center for Computing and Media Studies, Kyoto University

(©2017 Information Processing Society of Japan

— VBB LIRS, ZNLD 7 a— LKA —
NOBISRIE, RiEBRRET Y HREATH D Viasov (FEFE
%% Boltzmann) HEXD 0K + 1K - 2KROEF—A > &R
52 LIz Ko TR B DBRTEMAE TS (MHD) FFRERIC
FoTRBans. Lal, TEORFRHRICK D EBE
72 TZ208) BT, P27 —LOREEMIZENT
MHD 7R CRiak T & 2 WEhR L & ki 7 0O iE B iR 7 R
WKLo TR TE 2HHBEMEE L TWSE I 2RI L
TWA., ZNHDO~ LT Ay —LVORKELEE TH HFH
RLKEBIZHBET H57-DI120%, 2ETOARF— L& —AL
2z HEB R FREA (E-FE) kv Iar—v
a VIRKERTHD.

7T XA DEBHY I 2 L — 3 VT2 ODFERD
5.1 DL, PTRAVKALTHIAFUR0ET IR EDE~
DRI DEE) %, Newton— Coulomb— Lorentz J7 #2012
X v figxd 5 PIC (Particle-In-Cell) ¥ THD. BT A
(Cell) EIZEZRSNIZEBGTER TR EDLD &
NH, TOXIEEN TS, FHERICTEET 2
B OfTERL T 2 HIROF R EI THR S Z LIEARARET
D70, HOBREFEFEoEOMERTOHENZ 1o
D B RiT-E LTS . PIC BT OEAEARE D ST E
BE<, TIRXRESHTIIESHOLRATHS. L
L, 77 RX<&BRITE L THEI Z LK BHENKE
7pnZ &, BEHESLEREE R EDORERF OEDIC
BRT2HOBEKL IV IRABICAE L 5@kt —
FABEREAEL LTERMTHZ L, SLICUFHLOBRICA
WDONT A (KT ANORTEOY—M) 2ROk



TE LB 2 T
IPSJ SIG Technical Report

(CRERIR T — Z O REIN MBI Z L R EDRRNRH
5.
—HbH D 1 OOFIETH D Viasov BT, (rE — sl EALHH
EMICER SN T T A~ B+ D54 B D3R % Viasov
FRACLVEEREED DL HFIETHD. BT R EIZESR
SNT- OB BMES 27T, Fikr I r—v
a v EFARRICIEFIFE LGRS THDH. L L, Viasov Hiz
HUFFEZERM 3 ot K ONREEZE [ 3 IRt DFF 6 kot & 5 7

BXThHY, ara—FTHRAIRRY VY —2 %W
%&Té ZDh, TOFEORBEIILEVEA TN

CEES, ZIBEDOHPC Y s Mk DR EMREE
@ﬁ%%_ﬁiuiofiﬁ®%%#@#,%%%2&%
FONEEZEM 3RO SWILY I a2 b—a AR o<

FEHOBIZEL>OHLEMTHD.

AWFEDRIEN 2 BE, 77X~y Ialb—vare
LT Mk % ) RO EIIC S 72 55— FE Viasov ¥ 2
o b=y g UREAI USRS TSI L, 7T A~#E
WCESWEFHRROEBICHRT 52 LIChHD. 207k
HOUEfEE LT, BFT 2 EIHIFEE EoRT 5 5%kt
Vlasov 2 — R OMEREREE & OMERETF =2 — =2 7 2 {T > T
2.

ZIVE TOMRIZEB W THE & 7288 53 E i T O Viasov
a— ROV 21T - T & 72, AL TIE, &HD CPU
T % KNL(Knights Landing) Xeon Phi {235 % Vlasov = —
ROMREREEITH. F72, THFETO Xeon ut v
IR DMEREE O AT o T2,

2. FIREFEOHE

21  EBEAER
|EZE T T A~ DR DL, LLTFD Viasov (A%
F6771 & U7 EEfE 22 Boltzmann) FERIC X > Ttk &En 5.

o, f f

— (1)
& m
cz<E, B, FEvViETnTNES, W, &%,E
EagY. £, f.(F,V,0) 3B s EAARZE I B

57T AR DB TH Y, i%ﬁ/%*%@k
AR, g, & mxEnThEmEERERT.

7T A~ RLA DY, BHEGICE > TEBTS.
BRI OREFZE B RIZLLT O Maxwell TR L - TRtk
aEhas.

-~ 1 0E
VxB= J+—5— 2.1
Hy JERPY 2.1)
— B
VxE=- 8 (2.2)
&

(©2017 Information Processing Society of Japan

Vol.2017-HPC-162 No.1

2017/12/18

v.E=L (2.3)
&y

V-B=0 (2.4)

S CJITEREE, p I XBWEE, U TEETOER
, ClINEHAERT. Vlasov R
R EHEER TR T 2 &, LTFOBEMRRERRE LN

%?+Vu}=0 3)

Maxwell HFEER(Q. )2 & £4L 2 BHEE J 1375 X~ Ol
L TAL, Zhick v ERENET 5.
i J 13 Viasov HER()OH “IHIC b7z % £ O
FA VS, 2 HIEEM OIS T 5 - LIt ko TRE Y, i
b Yy Jﬁ‘*ﬁ%f%(lﬁ)%ﬁﬁ%?”él‘ﬂ@ Poisson J7 2=
QI)THBWICH SN D.

Pl AL, Viasov 2 — FIZBWTIRWTWS 75
X<pi OB SRR TH Y, BEET T X~vDFE—R
iRl TSN

22 HEFRBOBE
Wwwﬁ%ﬁi4ﬁﬁ%L®TEﬁiJ%ﬁ5ﬁ&f?
HY, TOEFEDOFTELRITEMER 21T 5 DIFHEFIC
HThDHH, HETIHE (operator splitting) /£73>ET< h
HRAVHITE (1] BEOHIIETIE, KKILX, ¥, Z, Vx, Vy,
V)T NTENE 1 R GRS T 5 HEN RS
TS, AAFZETIE, AT O X S ICEEMBIE, WAz

R, SRR RIEEE DD 3 > O WIERR 72 712 4y BET 7
?72%?@“(1/‘6[2].

@; ”f; =0 4.1
8t or

of, = 0f,

S + S E S :O 42
om0 “2
)

C (xB)f (4.3)

Z OFEETIHEE,  PIC {EI230 T Newton— Coulomb—
Lorentz 2\ (faf B hL 1~ DIEB) HF ) A RER 2 YRS BE CTHE<
FiE L LR AW BTV B leap-frog 7 /4 3 U X AT H
ST,

AW T, HE T OB X 2 8@z sl 3 5729
W2, ZRTOBEBR TR T H2HE IS %ﬁ
(unspliting) £ % H7=IZBHFE LTV 5 [2]. EARMIET
ﬁﬁ@ﬁ&@Eﬁﬁ%%ﬁ?éUiyﬁéﬁkﬁﬁ%b
BAEIRB DI 24T > TV DH[3,4]. T 2 THEIRE) R F— 4
LiE, HAXMEICTHEWTHZ2MmE (lRK, M) 240
7, BEICFET AEIE (T A7) BRERIERNAF



TE LB 2 T
IPSJ SIG Technical Report

—2ATHY, ENO/WENO JEIXZHUUTiE YT 5743, TVD ik
TR 2 5 5 & D 7o DITEE Y LR,

K43 BT O E DS IR K 0 EE T R oL —
ERoTZEFEMT HEERFRRNERT. BEREERICE
1T % R GRS R & F i Th v, BEETRRM
WE L RRRIS, BUEERICB W TR IERETH 50, A
FEENEELE2METHD. AFETEHALTVD
back-substitution ¥£[5]Cl, Boris 7 /L =2 Y A L[61IZFED
CHREZEM CORLFOEEEZ /Ny 7 FL—ZL, v Vy, V2
TMZENENOBEE T2 o8 L CREEE 2 TN D,
RIMAREIEAFIRE T, ROSMAl, BH B 22 oV Tl
ML ZeuiE 72 13 EB R ONd) 1E K& < 72 Y, Courant
FORBEEZITOTL R RICEERLETHY, 41,
P fRIECTH A I BEE DN L ETH D .

PLEd X 912, Viasov FREXOBMEARIE IR TR IER
Thd. ZOKEXZREREE, Viasov 32— KT KTHR %
WD THY, BRESLT Ny ZITe DI REROLA A £
VERBENLEL 2500 ThS.

—7J7, Maxwell HFEH(2.1)}% ’(2.2)i%, FDTD (Finite
Difference Time Domain) 14 & FEIZA 2 EREGARNTIE 2 v
THE<. FDTD £ TIE, Yee #51[7]1& MEIT D staggered %
FEHNTEY, RQHPEBIHTZ END K5Iyt
ENRE SN TS, £ leap-frog 7 /LT U X AIZESN
TEG MG E LA LRAT v T THLTED, RRZERE
X2k THD.

23 NATYy Kl

Vlasov & X = L—3 3 Y CIIIFERICE L D AT Y 245
L350, WHIEEBNAEE %, Viasov 2 — FTHEH
TOYHBEIILE TR ETEZLRTRY, WoHkicE
WIS ENEN G TH D, K 1IFEZEM 2 KooK,
BEREZEM 3 Rt & 95 5K IE Viasov 2 — RIZKIT 5
UL O A T, Fox D H I 4 IRITLL B D 22 2385 T
ERND, 2 WITFEZEM OB T 11T 3 ot EEZEM (Gl
M) BDERINTNDEEXDLEHNDLT.
AWFZETIER 1 D £ HICEZEM (x—y Fii) [ZBN TR
T E ATV, B ZERM O ENIT DRV [8]. 2
1%, BRBEESCERBEREOT—A Y NEEZHAET D
WL BZEE M ORI BT, £ 3222 T reduction
W EITORNE DT D7D THD.

AWE5E 7 —"7"0 Vlasov 2 — K TlE, OpenMP 2L 5 A
Ly RIEFIS P LT 5. RBRAYIZ, Fujitsu FX U —
BN TIE, A7V » RIEFIDIE S 23 flat-MPI W31 L
D LRI DEENL . ITED Xeon 7t v

(SandyBridge, IvyBridge 72 &) 2B\ TH, ~NA 7V v K
WA DIE S 23 flat-MPI WA L 0 SRR D 7 — AN H
T&/e. £, WarBa—% 6144 7 — FOEFM AR L

(©2017 Information Processing Society of Japan

Vol.2017-HPC-162 No.1
2017/12/18

; v,
F (Vv v,.x.y) iv"'

PE n, i/ PEn,+1
v 7
41: “Z
X
PEO A PE1 e
= =
(e

1 5 ¥Jt Vlasov 22— RIZI 1) D 2B E Ik 4550 [8].
Figure | The domain decomposition in the configuration space

for the five-dimensional Vlasov code [8].
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Figure 2  Performance characteristics of the Vlasov code on a
single processor of the Xeon Phi KNL. (a) Comparison between
Flat and Cache memory modes. (b) Comparison among AlI2All,

Hemisphere, and Quadrant cluster modes. (¢) Comparison

between SNC-2 and SNC-4 cluster modes.
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Figure 3  Characteristics for the strong scaling of the Vlasov
code on a single processor with 4 processes of the Xeon Phi
KNL.
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Figure 4  Characteristics for the strong scaling of the Vlasov

code on a single processor with 16 processes of the Xeon Phi

KNL.

5. BbHYIC

Vlasov =t — R, FHEMIIA L fFET D B|EZE T T X
~DEFHRY I 2 L—a VFETH D, T AL
B EAHZERIC BT 2 0MBEk e LTERSh, B
WIRDAA T =B L LTHEZbN5. Viasov I = L—
Va VEEREARRIERICE L, FOFEORBERCT Ny
INREETH B0, HEFIEIRIERRERE LSS, K
WFFETIE, 2 WITEZEME O 3 Tl EZEm 2% 5 5 Kot
Vlasov = — RIZ2WTC, f#H D CPU TH 5 Xeon Phi KNL
(Knights Landing)(Z 33\ CHERERIE 21T > 7=

%9, Vlasov 2— F Euler B> a2 — R T, fEHAEY &
25 MCDRAM O E &% B X 125512 Flat A€ U £— RIZk
WTHEREDRAIEL, 72 HT RNV ER STz,
Cache 2 € U E— F& AWV 7=84A121%, All2AllL, Hemisphere,
Quadrant D2 T A & & — R CHERFFHEIZIZE A KRR
VW23, Quadrant BEFREETH D ENGoolz. —7,
SNC-2 X TXSNC-4 D7 T AL E— REHWZHEIL, FE
DT R E ALy REOMAE O THERESBIRIZ S
T 2BERALN, aTICHTE272 AR VAL Yy R
DEE L AE VT 72 ARMERSIICEBRL WL Z N
TBEND. ZOMRSIEDERELAM CHRETE D0 ED
IAHOFETH D, LiL, Xeon Phi 7250 7' at& >
IZRWT 272 Om#Ela 7 & 7 VICHIH L2354, SNC-4 2
BETH 7.



TR 2T IR E
IPSJ SIG Technical Report

R AWFPZEIE, BSR4 Nos26287041 K Y
15K13572 IZ X W 9 R— b &ExiT7=.

R P E N

1. Cheng, C. Z., Knorr, G.: The integration of the Vlasov equation in
configuration space, J. Comput. Phys., Vol.22, No.3, 330—351 (1976).
2. Umeda, T, Togano, K. Ogino, T.. Two-dimensional
full-electromagnetic Vlasov code with conservative scheme and its
application to magnetic reconnection, Comput. Phys. Commun., Vol.180,
No.3, 365—374 (2009).

3. Umeda, T.: A conservative and non-oscillatory scheme for Vlasov
code simulations, Earth Planets Space, Vol.60, No.7, 773—779 (2008).
4. Umeda, T., Nariyuki, Y., Kariya, D.: A non-oscillatory and
conservative semi-Lagrangian scheme with fourth-degree polynomial
interpolation for solving the Vlasov equation, Comput. Phys. Commun.,
Vol.183, No.5, 1094—1100 (2012).

5. Schmitz, H., Grauer, R.: Comparison of time splitting and
backsubstitution methods for integrating Vlasov's equation with
magnetic fields, Comput. Phys. Commun., Vol.175, No.2, 86—92 (2006).
6. Boris, J. P.: Relativistic plasma simulation-optimization of a hybrid
code, Proc. Fourth Conf. Num. Sim. Plasmas, ed. by J. P. Boris and R. A.
Shanny, pp.3—67, Naval Research Laboratory, Washington D. C. (Nov.
1970).

7. Yee, K. S.: Numerical solution of initial boundary value problems
involving Maxwell's equations in isotropic media, /EEE Trans. Antenn.
Propagat., Nol.AP-14, No.3, 302—307 (1966).

8. Umeda, T., Fukazawa, K., Nariyuki, Y., Ogino, T.: A scalable full
electromagnetic Vlasov solver for cross-scale coupling in space plasma,
IEEE Trans. Plasma Sci., Vol.40, No.5, 1421—1428 (2012).

9. Umeda, T., Fukazawa, K.: Hybrid parallelization of hyper-
dimensional Vlasov code with OpenMP loop collapse directive, Adv.
Parallel Comput., Vol.27, 265—274 (2016).

(©2017 Information Processing Society of Japan

Vol.2017-HPC-162 No.1
2017/12/18



