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L EfER DO JL—7, FIAIE

do k=1,nnz

do j=1,nny
do ii=1,nx
1=1i+2
r x(i,j,k) = ((r_p(i-2,j,k)-r_p(i+2,j,k))
* -8x(r_p(i-1,j,k)-r_p(i+1,j,k)))*c
enddo
enddo
enddo
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MEDA A Z—AEN

r t =
u_t =
v_t =

w_t =

—T*u_X — I*V_y -
—p_x*x(r)**x(-1) -
—p_y*(r)**x(-1) -
—p_zx(r)**x(-1) -

r*xw_2z
u*u_Xx
U*v_X

UXw_X

p_t = -gm¥p*u_x - gm¥p*v_y -

(NTHbtER L) %, 22R85 4 RAERERIRS. BSREI/5M 3 4R (TIL S — ME5) O SLATH3
2 % — LA THES (PEZY-SC2 TR > =D ERF L)

qx

Qzx

1
12h?

r_x*u
u_y*v
VkV_y

V*W_Y

T_y*V — Tr_z*w
U_Z*w
V_Z*W

W*wW_2Z

gM¥P*XW_Z — P_X*¥Uu — P_y*V — P_Z*W

1
— (g — 8¢V 4 8¢tV — ¢2)) + O(hY),

12h

(—¢"? +16q" — 30¢* + 16+ — ¢F2)) + O(h?)
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r_t =-r_zxw_p(i,j,k)-r_y(i,j,k)*v_p(i,j,k)

* -r_x(i,j,k)*u_p(i,j,k)-r_p(i,j,k)*w_z

* -r_p(i,j,kK)*xv_y(i,j,k)-r_p(i,j,k)*u_x(i,j,k)
u_t =—u_z*xw_p(i,j,k)-u_y(i,j,k)*v_p(i,j,k)

* —u_p(i,j,k)*xu_x(i,j,k)-p_x(i,]j,k)*rinv
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https://github.com/jmakino/numerical-calculation-with-crystal/blob/master/src/parser.cr
http://jun-makino.sakura.ne.jp/articles/intro_crystal/face.html
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BEAREE DB

AVX2

movq

-1704 (Yrbp) , %rdx

vmovapd (%rdx,%rax), %ymmll

movq -1712(%rbp), %rdx
vsubpd (%rdx,’%rax), %ymmll, %ymmil
movq -1688(%rbp), %rdx

vmovapd (%rdx,’%rax), %ymmO

movq -1696 (Y;rbp) , %rdx
vsubpd (%rdx,’%rax), %ymmO, %ymmO
movq -1736 (%rbp) , %rdx

vmovapd (%rdx,’%rax), %ymml4d

-1744 (%rbp), %rdx

vsubpd (%rdx,’%rax), %ymml4, %ymmi4d
vinmadd132pd Jymm?7, %ymmO, %ymmll
-1720 (%rbp) , Y%rdx

Symm12, %ymmll, ’%ymm8

movq

movq
vmulpd
vmovapd (%rdx,’%rax), %ymmO
-1728(%rbp) , %rdx
vmovapd %ymm8, -176(%rbp)

movq

7 RLULRETEDH BT EFARICEZ LRV, rdX, rax ICZNEFNEIDOR—IXT7 KL

A, BREMEW-TWBEEDN S,



SVE

1d1d
mov
movk
movk
add
add

mov

;2 D3

movk
{z0.d}, p0/z, [x0, 0, mubwvl]
x0, x8 movk
x0, 65173, 1sl #16 add
x0, 6968, 1sl #0 fmla
x0, x5, x0 fsub
x10, x0, x3 fmul
x0, 23724032 stld

x0, 53184, 1sl #0

x3, x8

x3, 64810, 1lsl #16

x0, x10, x0

z4.d, pO/m, z2.d, zl.d
z0.d, z0.d, z4.d

z0.d, z0.d, z3.d

{z0.d}, pO, [x0, 0, mul vl]

BRHSIE oY, FEH/NNISEEIREZ?2H W, Zhidk, 7rO—-)lL3hi
#85 H & % (SVE load/store (3 Id1d/st1d)
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do jj=1,ny
J =332
do ii=1,nx

i=1ii+8
u0xx = (-(u00(i-2,73,k0)+u00(i+2,3,k0)) +16%(u00(i-1,3,k0)+u00(i+1,j,k0)) -30%(u00(i,j,]
u0yy = (-(u00(i-2,73,k0)+u00(i+2,3,k0)) +16%(u00(i-1,3,k0)+u00(i+1,3,k0))-30%(u00(i, j,k

u0xy = (+(u0x(i,j-2,k0)-u0x(i,j+2,k0)) -8x(u0dx(i,j-1,k0)-u0x(i,j+1,k0)))*c
u0z = (+(u00(i,j,km2)-u00(i,j,kp2)) -8%(u00(i, j,km1)-u00(i, j,kml)))*c
u0xz = (+(u0x(i,j,km2)-u0x(i,j,kp2)) 8% (u0x (i, j,kml1)-u0x (i, j,kpl)))*c
u0yz = (+(u0y(i,j,km2)-u0y(i,j,kp2)) -8x(uly (4, j,kml1)-u0y (i, j,kpl)))*c

u0zz = (-(u00(i,j,km2)+u00(i,j,kp2))+16*(u00(i,j,km1)+u00(i,j,kpl))-30%(u00(i,j,k0)))*:
u0(i,j,k) = u00(i,j,k0)+ 0.1*%(u0x(i,j,k0)+ u0y(i,j,k0)+ u0z) + 0.01x(u0xx+ulyy+ulzz)
* + 0.001* (u0xy+uOxz+ulyz)
enddo
enddo

Note that u, and u, are calculated in separate loops to reduce the calculation cost.
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@4 instruction commit
@3 instruction commit

W 2 instruction commit

® 1 instruction commit

W Barrier synchronization wait
BInstruction fetch wait

W Store port busy wait

@ Other wait

W Branch instruction wait
O Floating-point operation wait

W Integer operation wait

Floating-point operation wait

OFloating-point L1D cache wait
@ Floating-point L2 cache wait

DOInteger load L1D cache wait
Binteger load L2 cache wait

BFloating-point mem wait

m

mInteger load memory wait
[ Prefetch busy wait(SWPF)
O Prefetch busy wait(HWPF)

AD AE AF
100%
7.0E-01
\937 LU7 D store instruction” ABIEH |
100%
5.0E-01
instruction)
4.0E-01
100%
3.0E-01
4 LlD,LZ miss)
@ 2.0E-01
4o 100%
47
; m—
] 1.0E-01
o |
51
52 nstruction
52 ntinst except FMA 0.0E+00 -
94 ttion
55 100%
56
57
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To grab input, press Ctrl+G

Floating-point L2$ wait

OL1 busy rate*exec time
OL2 busy rate*exec time

m Memory busy rate*exec time

Thread 0

B FP busy rate*exec time

O Integer busy rate*exec time
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rx(i,j,k) = ((r_p(i-2,j,k)-r_p(i+2,j,k))
* -8%(r_p(i-1,j,k)-r_p(i+1,j,k)))*c

. EHB L c)DIHbDLIRY2ME. BEDIHDLIRAF1D, HEHI2D
TETHDT, D7 —F7I9F v LAY %=F-TC8EICT7A—ILTE 3,



Assembly code for A64fx

BADIABRDZETLT,

.arch armv8-a+fpl6+sve
.file "testasm.c"

.text

.align 2

.p2align 3,,7

.global svefadd

.type svefadd, ’%function
svefadd:

.LFBO:

.cfi_startproc

ptrue p7.d, all
1d1d z0.d, p7/z, [x0]
1d1d z1.d, p7/z, [x1]
fadd z0.d, z1.d, z0.d
stild z0.d, p7, [x0]
ret

.cfi_endproc

.LFEO:

.size svefadd, .-svefadd

.ident "GCC: (GNU) 8.2.1 20180905 (Red Hat 8.2.1-3)"
.section .note.GNU-stack,"",Q@progbits



ERIC

1d1d
1d1d
1did
1d1d
1did
1did
1d1d
1did
1d1d
1d1d
1did
1d1d
1did
1d1d
1d1d
1d1d

HRx L 7=

z0.d, p7/z, [x2, -8, mul vl]
z2.d, p7/z, [x2, -7, mul vl]
z4.d, p7/z, [x2, -4, mul vl]
z6.d, p7/z, [x2, -3, mul vl]
z8.d, p7/z, [x2, 0, mul vl]

z10.d, p7/z, [x2, 1, mul vl]
z12.d, p7/z, [x2, 4, mul vl]
z14.d, p7/z, [x2, 5, mul vl]
zl.d, p7/z, [x5, -8, mul vl]
z3.d, p7/z, [x5, -7, mul vl]
z5.d, p7/z, [x5, -4, mul vl]
z7.d, p7/z, [x5, -3, mul vl]
z9.d, p7/z, [x5, 0, mul vl]

z11.d, p7/z, [x5, 1, mul vl]
z13.d, p7/z, [x5, 4, mul vl]
z15.d, p7/z, [x5, 5, mul vl]

d— R

fsub
fsub
fsub
fsub
fsub
fsub
fsub
fsub
1d1d
1d1d
1d1d
1d1d
1d1d
1d1d
1d1d
1d1d

z0.d, z1.d,
z2.d, z3.d,
z4.d, z5.d,
z6.d, z7.d,
z8.d, z9.d,

z0.d
z2.d
z4.d
z6.d
z8.d

z10.d, z11.d, z10.d
z12.d, z13.d, zl12.d
z14.d, z15.d, z14.d

zl.d, p7/z,
z3.d, p7/z,
z5.d, p7/z,
z7.d, p7/z,
z9.d, p7/z,

z11.d, p7/z,
z13.d, p7/z,
z15.d, p7/z,

[x3,
[x3,
[x3,
[x3,
[x3,

[x3,
[x3,
[x3,

-8, mul vl]
-7, mul vl]
-4, mul vl]
-3, mul v1]
0, mul v1]
1, mul v1]
4, mul vl]
5, mul vl]
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fmla
fmla
fmla
fmla
fmla
fmla
fmla
fmla
1d1d
1d1d
1d1d
1d1d
1d1d
1d1d
1d1d
1d1d

ZHERL 7=
z0.d,
z2.d,
z4 .d,

z6.d,
z8.d,

p7/m,
p7/m,
p7/m:

zl.d,
z3.d,
z5.d,
z7.d,
z9.d,

p7/z,
p7/z,
p7/z,
p7/z,
p7/z,

z11.d, p7/z,
z13.d, p7/z,
z15.d, p7/z,

(x4,
[x4,
[x4,
[x4,
(x4,
(x4,
[x4,
[x4,

z13.

z31.d
z31.d
z31.d
z31.d
z31.d
z31.d
d, z31.d
z31.d
mul vl]
mul vl]
mul vl]
mul vl1]
0, mul vl1]
1, mul vl]
4, mul vl]
5, mul vl]

— K DA

p7/m, zl1.d,
z3.d,
zb.d,
z7.d,
p7/m, z9.d,
z10.d, p7/m, zl1l.d,
z12.d, p7/m,
z14.d, p7/m, z15.d,

fmls
fmls
fmls
fmls
fmls
fmls
fmls
fmls
fmul
fmul
fmul
fmul
fmul
fmul
fmul
fmul

z0.d,
z2.d,
z4.d,
z6.d,
z8.d,

z10.d, p7/m, zl1l.d,
z12.d, p7/m, z13.d,
z14.d, p7/m, z15.d,

p7/m, zl1.d,
p7/m, z3.d,
p7/m, z5.d,
p7/m, z7.d,
p7/m, z9.d,

z31.d
z31.d
z31.d
z31.d
z31.d

z31.d
z31.d
z31.d

z0.d, z0.d, z30.d
z2.d, z2.d, z30.d
z4.d, z4.d, z30.d
z6.d, z6.d, z30.d
z8.d, z8.d, z30.d

z10.d,

z10.d,

z30.d

z12.d, z12.d, z30.d
z14.d, z14.d, z30.d
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splitting = L TAMRBICERRT7 7 ERAT 5D Y ICHEAZEHRZRS T XA+ —
LDIEFES>H, LIy L= ZEHITONZHTREELIHY., TORFAIPBET
Hb,



