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Performance tuning of Vlasov code on the Xeon processor

TAKAYUKI UMEDAT!

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. Performance of
our Vlasov code has been tuned on various scalar CPU architectures under Japanese HPC projects. In the present study, the
performance tuning of our Vlasov code is made on the Xeon Broadwell processor. Some tips for the performance tuning will be

reported.
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Figure 1 The domain decomposition in the configuration space

for the five-dimensional Vlasov code [8].
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1 do nn=nvzs-1,nvze+l

2 do mm=nvys-1,nvye+l

3 do 1ll=nvxs-1,nvxe+l

4 ffi(ll)=1.0do/ff(11l,mm,nn,ii,jj)
5 end do

6 do 1ll=nvxs-1,nvxe+l

7 hm2=ff(11-1v-1lv,mm,nn,ii,jj)

8 hmi=ff(11l-1v  ,mm,nn,ii,jj)

9
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hpo=ff (11 smm,nn,ii,jj)
10 hpl=ff(1ll+lv  ,mm,nn,ii,jj)
11 hp2=ff(1l+lv+lv,mm,nn,ii,jj)
12 gfx(11l)=pic5(hp2,hpl,hpo,hml,hm2,fex)
13 end do
14 do ll=nvxs-1,nvxe+l
15 hm2=ff(11l,mm-mv-mv,nn,ii,jj)
16 hml=ff(1l,mm-mv  ,nn,ii,jj)
17 hpe=ff(11,mm ,hn,ii, j3)
18 hpl=ff(11l,mm+mv  ,nn,ii,jj)
19 hp2=ff(11,mm+mv+mv,nn,ii, jj)
20 gfy(11)=pic5(hp2,hpl,hpo,hml, hm2,fey)
21 end do
22 do 1ll=nvxs-1,nvxe+l
23 hm2=ff(11,mm,nn-nv-nv,ii, jj)
24 hmi=ff(11l,mm,nn-nv  ,ii,jj)
25 hpe=ff(11,mm,nn ,ii,33)
26 hpl=ff(11l,mm,nn+nv  ,ii,jj)
27 hp2=ff(11,mm,nn+nv+nv,ii, jj)
28 gfz(11l)=pic5(hp2,hpl,hpo,hml,hm2,fez)
29 end do
30 do 1ll=nvxs-1,nvxe+l
31 gfxy = abs((gfx(ll)*ffi(11l))* gfy(1ll)) *0.5do
32 gfyz = abs((gfy(ll)*ffi(11l))* gfz(1l)) *0.5do
33 gfzx = abs((gfz(ll)*ffi(11))* gfx(1ll)) *0.5d0
34 gfxyz = abs((gfx(11l)*ffi(11))*(gfy(1l1)*ffi(11l))*gfz(11l))*inv3
35 dfx(11+1@,mm ,nn ) = dfx(11l+le,mm ,nn ) +(gfx(1ll)+(gfxyz-gfxy-gfzx)*sx)
36 dfx(11+10,mm ,nn+nv) = dfx(ll+1l@,mm ,nn+nv) -(gfxyz-gfzx) *sX
37 dfx(11+10,mm+mv,nn ) = dfx(11+1@,mm+mv,nn -(gfxyz-gfxy) *sX
38 dfx(11+10,mm+mv,nn+nv) = dfx(11+10,mm+mv,nn+nv) + gfxyz *sx
39 dfy(11 ,mm+m@,nn ) = dfy(1ll ,mm+m@,nn ) +(gfy(1ll)+(gfxyz-gfyz-gfxy)*sy)
40 dfy(11+1lv,mm+m@,nn ) = dfy(ll+lv,mm+m@,nn -(gfxyz-gfxy) *sy
41 dfy(11 ,mm+m@,nn+nv) = dfy(ll ,mm+m@,nn+nv) -(gfxyz-gfyz) *sy
42 dfy(11+1lv,mm+m@,nn+nv) = dfy(ll+lv,mm+m@,nn+nv) + gfxyz *sy
43 dfz(11l ,mm ,nn+n@) = dfz(1l ,mm ,nn+n@) +(gfz(1ll)+(gfxyz-gfzx-gfyz)*sz)
44 dfz(11 ,mm+mv,nn+n@) = dfz(ll ,mm+mv,nn+n@) -(gfxyz-gfyz) *sz
45 dfz(1l+lv,mm ,nn+n@) = dfz(ll+lv,mm ,nn+n@) -(gfxyz-gfzx) *sz
46 dfz(1l+1lv,mm+mv,nn+n®) = dfz(ll+1lv,mm+mv,nn+nod) + gfxyz *sz
47 end do
48 end do
49 end do

2 WEATOR4,2) % ME < 720 FORTRAN 7’12 75 LD —.
Figure 2 A part of the “as-is” FORTRAN program for numerically solving Eq.(4.2).
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b, TNENONL—TITxT D 231 T Ofcifb & (R ik
LTW5.

—FT, 30—-47fTHIIEDE W BVEEIZE T WA
WD Z N E TIEHENAA—75ENI T TV R o 7228,
3546 1TEICH D 3 WILHLHI~D R EHHIZIBV THLSI 2
FT~DT 7B ARFEBEAH Y, 301TH O —FITxT
a3 T Ok &R LTz,

AR TIEET, K3 IR T KL 51304717 H 28 H D
1 ke —FZnEI L=z, K3 O7ar T ATHE, £i—
T TES dfx, dfy, dfz ZNZHIZT 7 8ATDHD1T
Z1ETHY, EINEZE~DOT 7 A3 L TRFBEED
N2, TNENDONL—TIZONT a3, T Ok
Nibhi=. =L, £k gfxy, gfyz, gfzx, gfxyz <

30 do ll=nvxs-1,nvxe+l

31 gfxy(1ll) = abs((gfx(1l)*ffi(11l))* gfy(1ll))
32 gfyz(1ll) = abs((gfy(1ll)*ffi(11l))* gfz(1ll))
33 gfzx(1ll) = abs((gfz(1ll)*ffi(11l))* gfx(1ll))

Vol.2018-HPC-167 No.1
2018/12/17
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*0.5do
*0.5do
*0.5do

34 gfxyz(1ll) = abs((gfx(11)*ffi(11))*(gfy(11)*ffi(11))*gfz(11l))*inv3

35 end do
36 do 1ll=nvxs-1,nvxe+l

37 dfx(11+1e,mm ,nn ) = dfx(11+1@,mm ,nn
38 dfy(1ll ,mm+m@,nn ) = dfy(ll ,mm+m@,nn
39 dfz(1l ,mm ,nn+n@) = dfz(1ll ,mm

40 end do

41 do ll=nvxs-1,nvxe+l
42 dfx(11+10,mm  ,nn+nv) = dfx(11+10,mm

43 dfy(1l+lv,mm+m@,nn ) = dfy(ll+lv,mm+m@,nn

44 dfz(1l ,mm+mv,nn+n@) = dfz(1ll ,mm+mv,nn+n@)
45 end do

46 do ll=nvxs-1,nvxe+l

47 dfx(11+10,mm+mv,nn ) = dfx(11l+10,mm+mv,nn

48 dfy(1l  ,mm+m@,nn+nv) = dfy(ll ,mm+m@,nn+nv)
49 dfz(1l+lv,mm ,nn+n@) = dfz(ll+lv,mm ,nn+n®@)
50 end do

51 do 1ll=nvxs-1,nvxe+l

52 dfx(11+10,mm+mv,nn+nv) = dfx(11+10,mm+mv,nn+nv)

53 dfy(1l+1lv,mm+m@,nn+nv) = dfy(1ll+lv,mm+mo,nn+nv)
dfz(1l+1lv,mm+mv,nn+no)

54 dfz(1l+1lv,mm+mv,nn+n@)
55 end do

,nn+nv)

) +(gfx(11)+(gfxyz(1l)-gfxy(1l)-gfzx(11l))*sx)
) +(gfy(11)+(gfxyz(11)-gfyz(11)-gfxy(11l))*sy)

,nn+n@) +(gfz(11l)+(gfxyz(1ll)-gfzx(11l)-gfyz(1ll))*sz)

-(gfxyz(11l)-gfzx(11l))*sx

) -(gfxyz(11)-gfxy(11))*sy
-(gfxyz(1l)-gfyz(1ll))*sz

) -(gfxyz(11l)-gfxy(11l))*sx
-(gfxyz(11)-gfyz(11))*sy
-(gfxyz(11l)-gfzx(1l))*sz

+ gfxyz(11l)*sx
+ gfxyz(1ll)*sy
+ gfxyz(1ll)*sz

X 3 GR#%ONM42)EML 72D FORTRAN 7’1 7' LD —#.

Figure 3
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A part of FORTRAN program after performance tuning for numerically solving Eq.(4.2).
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30 do ll=nvxs-1,nvxe+l

31 ffi = 1.edo/ff(11,mm,nn,ii,jj)

32 gfx(1l) = abs(gfx(ll)*ffi)

33 gfy(1l) = abs(gfy(ll)*ffi)

34 gfz(1l) = abs(gfz(ll)*ffi)

35 end do

36 do ll=nvxs-1,nvxe+l

37 dfx(11+1e,mm ,nn ) = dfx(ll+l@,mm ,nn ) + ff(1l,mm,nn,ii,jj) &
*gfx(11)*(gfy(11)*(gfz(11l)*inv3-0.5d0)+(1.0d0-gfz(11)*0.5d0))*sx

38 dfy(11 ,mm+m@,nn ) = dfy(ll ,mm+m@,nn ) + ff(1ll,mm,nn,ii,jj) &
*gfy(11)*(gfz(11)*(gfx(1l)*inv3-0.5d0)+(1.0d0-gfx(11)*0.5d0))*sy

39 dfz(11 ,mm ,nn+n@) = dfz(1ll ,mm ,nn+n@) + ff(1ll,mm,nn,ii,jj) &
*gfz(11)*(gfx(11)*(gfy(1ll)*inv3-0.5d0)+(1.0d0-gfy(11)*0.5d0))*sz

40 end do

41 do 1ll=nvxs-1,nvxe+l

42 dfx(11+10,mm  ,nn+nv) = dfx(ll+1l@,mm ,nn+nv) - ff(1l,mm,nn,ii,jj) &
*gfx(11l)*gfz(11)*(gfy(1ll)*inv3-0.5d0)*sx

43 dfy(11l+1lv,mm+m@,nn ) = dfy(ll+lv,mm+m@,nn ) - f£f(1ll,mm,nn,ii,jj) &
*gfy(11)*gfx(11)*(gfz(1ll)*inv3-0.5d0)*sy

44 dfz(11 ,mm+mv,nn+n@) = dfz(ll ,mm+mv,nn+n@) - ff(1l,mm,nn,ii,jj) &
*gfz(11)*gfy(11)*(gfx(1ll)*inv3-0.5d0)*sz

45 end do

46 do ll=nvxs-1,nvxe+l

47 dfx(11l+10,mm+mv,nn ) = dfx(ll+le,mm+mv,nn ) - FF(ll,mm,nn,ii,jj) &
*gfx(1l)*gfy(11)*(gfz(1ll)*inv3-0.5d0)*sx

48 dfy(1l ,mm+m@,nn+nv) = dfy(ll ,mm+m@,nn+nv) - fF(ll,mm,nn,ii,jj) &
*gfy(1l)*gfz(11l)*(gfx(1l1l)*inv3-0.5d0)*sy

49 dfz(1ll+4lv,mm ,nn+n@) = dfz(ll+lv,mm ,nn+n@) - fF(ll,mm,nn,ii,jj) &
*gfz(11l)*gfx(11)*(gfy(1ll)*inv3-0.5d0)*sz

50 end do
51 do ll=nvxs-1,nvxe+l
52 dfx(11+10,mm+mv,nn+nv) = dfx(1ll+10,mm+mv,nn+nv) +Ff(ll,mm,nn,ii,jj) &

*gfx(1l)*gfy(1l)*gfz(1l1l)*inv3*sx

53 dfy(11+1lv,mm+m@,nn+nv) = dfy(ll+lv,mm+m@,nn+nv) +ff(1ll,mm,nn,ii,jj) &
*gfx(1l)*gfy(1l)*gfz(11l)*inv3*sy

54 dfz(11l+1lv,mm+mv,nn+n@) = dfz(ll+lv,mm+mv,nn+n@) +ff(ll,mm,nn,ii,jj) &
*gfx(11l)*gfy(11)*gfz(1l1l)*inv3*sz

55 end do

4 WARDIUWBHONMA2)EMHEL 725D FORTRAN 71 7' F LO—#f.
Figure 4 A part of FORTRAN program after further performance tuning for numerically solving Eq.(4.2).
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integer(kind=4) :: 1@(nvxs-1:nvxe) integer(kind=4) :: itmp(nvxs-1l:nvxe,2)
integer(kind=4) :: 1lx(nvxs-1:nvxe) #tdefine 10(x) itmp(x,1)

integer(kind=4) :: m@(nvxs :nvxe) #tdefine 1x(x) itmp(x,2)

integer(kind=4) :: my(nvxs :nvxe) #define mo(y) itmp(y,1)

integer(kind=4) :: n@(nvxs :nvxe) t#tdefine my(y) itmp(y,2)

integer(kind=4) :: nz(nvxs :nvxe) #define no(y) itmp(z,1)

FPFINLOESE 1 DicE LD, RIZF) Fakwy T #define nz(z) itmp(z,2)

{4 V7T 4 T#define Z VT, LATD X 9 [RIFEHE FEEOEE 2 KA.DB L U@ EMRL 7 e /7 Kb i
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