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Abstract: To accelerate deep learning (DL) processing on the supercomputer Fugaku, the authors have
ported and optimized the oneDNN for Fujitsu A64FX. The oneDNN is the DL processing library developed
by Intel for the x86_64 architecture as an open-source software. Fujitsu A64FX is the CPU that complies
with the Armv8-A architecture. The oneDNN dynamically generates the execution code of the computation
kernels, which are implemented at the granularity of x86_64 instructions using Xbyak, the Just-In-Time (JIT)
assembler for x86_64 architecture. To port the oneDNN to A64FX, it needs to be rewritten into Armv8-A
instructions using Xbyak_aarch64, the JIT assembler for the Armv8-A architecture. This is difficult, be-
cause the number of steps to be rewritten is more than several tens of thousands of lines. In this paper,
Xbyak_translator_aarch64 is introduced. Xbyak_translator_aarch64 is the binary translator that convert the
executable code dynamically generated for the x86_64 architecture into the executable code for the Armv8-A
architecture at runtime. Xbyak_translator_aarch64 eliminates the need to rewrite the source code for porting
oneDNN to A64FX and enables us to port the oneDNN for A64FX in a short time.
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Fig. 1 Software stack of deep learning processing.
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Table 1 Source code of a sample program written with Xbyak.

#include <{stdlib.h>

#include “xbyak/xbyak.h”

using namespace Xbyak;

class Generator : public CodeGenerator f{

public:

/* Generate machine code sequence of calculating
Fibonacci number */

Generator () {
Label L_begin, L_end;
mov(r8, 0); /% F(0) =0 %/

Step (a)

mov(r9, 1); /* F(1) =1 %/

mov (r10, 1);

sub(rdi, 1); /* lst argument is passed by RDI register. */
L (L_begin) ;

cmp (rdi, 0);

jle(L_end); /% Jump if the value of RDI <= 0 %/

mov (r10, 8);

add(r10, 19); /% F(n+2) = F(n) + F(n+l) */
mov (r8, r9); /% Update F(n) */

mov (r9, rl10); /# Update F(n+l) */

sub(rdi, 1); /% Update loop counter */
jmp (L_begin) ;

L(L_end);
mov (rax, rl0); /#* Return value is passed by RAX register. */
ret();

}

b

int main(int arge, char *argv[]) {
Generator gen;

gen. ready () ;

auto f = gen. getCode<int (*) (int)>();

std::cout << f(atoi(argv[1])) << std::endl; Step (b)
return 0;
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&4 AVX512 @anED CPU & A64FX DL Y X XD L
Table 4 Comparison of # of registers between AVX512 CPU

Generation. and A64FX.
Parameters Example AVX512 A64FX
Availabel instruction set SSE4.1, AVX, AVX2, AVX512 (Armv8-A + SVE)
# of SIMD registers 16, 32 # of general purpose registers 16 32
SIMD register width 128, 256, 512 SIMD register width 512 512
Input/Output data size 16, 32 # of SIMD registers 32 32
Input/Output data precision | float16, float32, int32, int8 # of mask (predicate) registers 8 16

£ 3 Xbyak.aarch64 ZHWTEEHZ -V —2a— K]
Table 3 Source code of the sample program rewritten with
Xbyak_aarch64.

Generator () {
Label L_begin, L_end;
mov (x8, 0); /* F(0) = 0 %/
mov (x9, 1); /* F(1) =1 %/
mov (x10, 1)
sub(x0, x0, 1); /% 1st argument is passed by X0 register. */

L(L_begin);
cup (x0, 0);
b(LE, L_end);

add(x10, x8, x9); /* F(n+2) = F(n) + F(ntl) */
mov(x8, x9); /* Update F(n) */

mov (x9, x10); /* Update F(n+1) */

sub(x0, x0, 1); /* Update loop counter */

b (L_begin) ;

L(L_end);
mov 8{0, x10); /* Return value is passed by X0 register. */
ret();
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TH5.
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/* Output machine code to Xbyak_aarch64::ZReg z_tmp{16};

convert 32-bit unsigned int for Rewrite | for(inti=0; i<16; i++) {

zmmO to zmm15 to 8-bit

unsigned int */

for(int i=0; i<16; i++) {
vpmovsdb(zmm(i), zmm(i));

mov(z_tmp.d, ZRegD{i});

mov(z_tmp.s, P_MSB_256 / T_m, 0);

dup(ZReg{i}, 0);

smin(z_tmp.s, 127);

smax(z_tmp.s, -128);

uzpl(z_tmp.h, z_tmp.h, ZRegH{i});

uzp1(ZRegB{i}, z_tmp_vec.b, ZRegB{i});
>

Example rewriting a process that generates x86_64 machine code with a process that generates
Armv8-A machine code that runs the equivalent process using Xbyak. The function indicated with
blue text and functions indicated with red text are provided by Xbyak and Xbyak_aarch64,
respectively. Although a single x86_64 instruction can on average be replaced with two Armv8-A
instructions, this example shows that complicated x86_64 instructions may result in a larger number
of Armv8-A instructions when replaced.

K 2 AVX512 AN DFEER A6AFX [T DEEICHE XX 2]

Fig. 2 Example of rewriting the implementation.
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H3. R T— XD load for LTI % SIMD L

PVAZPHEL TUEWIT R WT — R EHEEL TWB S,

DT —RE—RIIZRAX Y 7 XEVIZEET 2 store iy

D, RICENEIEILT 2 load MHIEINTREICRS.

oneDNN @ A64FX [ OBMBFED =012, §3.1 T

FHAL 72 & 51T, AVX512 ANHZ Xbyak % FlWTHEEX

NTW3BY —RAa— F% Xbyak_aarch64 ZFHWTEH EZ#2

UL XV, 72720, T TIHIT2HERD 5.

o HEWMZWMRDAT v THHAKEZ V. oneDNN Tl
JIT £ % F 7z primitive WEEX =7 » £ Uik
src/cpu/x64 74 L7 FUET D jit-THES 7 7 A
NZY LTEIATVS. 2095, AG4AFX [AITIC
BHSNE Y — 23— Fid AVX512 O EEL2 5
Ip jit_avxb12_CERIPBE 2 7 7 L L E, Hidty
FEOFEEE ST jituni THEBZ 77 A L TH5B.
INH6DY—Ra—FOEFIAT v 7HIE 8 51T (2
XY b, ETREY) ULEH B,

o EEMUZITIX, x86.64 ALy b¥ AArch64d mst v
FOZNZNDOMENE L, Zh o OISR HIR
EEELRINUIRS T, RE#ETH 5. HlZ1X x86.64
@ VPMOVSDB #i451%, AArch64 aisdiciE Sz
%Y TS (K 2).

o FEXWIZ IZAPDHSTBEDOT Ny FPHELWL., TNy
7%, Xbyak_aarch64 %W TR LV OHRET
el d Ny —Ra— FEmRT 5, AR N2FET
A—REHTLTANLETFALT 7 A4 V2R
35, ERLZETa—F% GDB TWMH L~V TR
Ty TEIT LB OMRT 2R ETITH> 2N TE
3. WENROHEZRHWTS, 1 anBEMOLREE
WERFE T % DR TR,

%72, oneDNN &, H&HKBEEILR &N TTHhI VW5,

B L WEFHOD primitive 258ME 72D, BEHFD primitive

© 2021 Information Processing Society of Japan

Vol.2021-HPC-180 No.12
2021/7/20

machine code
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[ oneDNN for x64 CPUs X64

Function x86_64 machine code
oneDNN XED
uses Xbyak to generate
x86_64 machine code
sequences of the computation
kernels of DL processing.

code and extract

Type of
Operand information

Translation Table
gives the correspondence
between x64 instructions and
ARMv8-A + SVE instructions.

ARMvVS-A + SVE
machine code
sequences

Xbyak_aarch64
generates ARMv8-A +
SVE machine code.

ARMvVS8-A + SVE Function
machine code call

oneDNN for A64FX

decodes x64 machine

instruction information.

3 Xbyak_translator_aarch64 O 7 17—
Fig. 3 Flow of Xbyak_translator_aarch64.
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Fild 5)[21], [22] ZFAFE L7z, Translator {%, oneDNN %
AGAFX [ANHICREAES 2 BRICEE oneDNN DY — 23— R
DEIEEZKZ CHIRT 2. B 312 Translator DKL 7
0 —7%7~9. Translator {Z Xbyak, XED, Translation Ta-
ble, Xbyak_aarch64 = &%r. Translator D Xbyak 41
PFLD Xbyak LE—DA ¥R —T 2 — A %FHED. x86_64
M @D oneDNN T &1 TW % Xbyak % Translator &
BEEZ 5 Z 2T, x86.64 [ D oneDNN % A64FX [A]l}
D oneDNN AT Z 3 TE 5. A1) I F 1D Xbyak
% mnemonic BI#EAY 1 [A] call X2 Z 212, BEEEIIHTIG
T% 1 DD x86.64 AT DIMGEEZ AT 2. Z DU,
oneDNN OH @ Xbyak % Translator I LE X 5 Z 21
X0, K 3ITRTUHICE XD 5 (a7 %2 AR R
> mnemonic FAEUIER ).

(1) Xbyak @ mnemonic BI${2S x86_64 D 1 3453 DRI
AT 5.

(2) KL 7-HEED 5 XED %V, @45 ® mnemonic,
ARG RO 2L TRE (R5) 8, &FRF UK
DFAMIER (R 6) TEURT 5.

(3) #iRAT v 7 T8 % Translation Table IZ A1 3
%. Translation Table i% x86_64 i &, ThE[F%
DI E FEB T 5 AArch6d mHHDEREF > TH
b, ANENERICED %, BB Xbyak_aarch64
DEARE call L, AArch64 tadFlE4mM T 5. FElX
§ 3.3.1 Tt T 5.

XED[23] 1% Intel 28 0SS & LTY—2a—RZERHLT
W5 x86.64 MHDTYa—K/Fa— MEEEERREET 25
A 72V TH3. Translator TlX, XED @7 a— NihE
% T Xbyak 23ERCT 2 BaE 2> & 20 B2 Rz
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& 5 XED ZHWTHUG S 2 am ol
Table 5 Instruction Information Extracted by XED.

Information Example
Mnemonic ADD, JMP, VPADDD
# of operands 0,1,2,3,4

Operand type Register operand
Memory operand
Immediate Value
True, False

No, Zeroing, Merging

Memory operand or not

Mask type

& 6 XED ZHWTHRT 247 ¥ FOHR
Table 6 Operand Information Extracted by XED.

Information Example Available if Operand is

Register | Imm. | Mem.
value | addr.

Register 0,1, -+, 31 Yes No No

index

Operand 32, 64, 128, Yes No Yes

width 256, 512

Imm. Imm. No Yes No

value value

Base address 0,1,---,15 No No Yes

register index

Index address | 0,1, ---, 15 No No Yes

register index

Scale 0,1,2,4 No No Yes

Displacement | Integer value | No No Yes

IETWVWA.

Translator IZfHH L TW 3 Xbyak 4V P F 1D
Xbyak 20 & —HMEIELTWAS. 4 VU P F 1D Xbyak D
# mnemonic BAEUTIEIN T % x86-64 DFEMIGE Z AR L
T ZEHEZ 5 DITx L, Translator D Xbyak Tl
LA D mnemonic BEBOER%L T, K 3 D XED Ik
DI % 1T 5 decodeAndTransToAArch64 B % call §
51 XZBMLTNS.

Xbyak D354 123 % mnemonic BIBUIZ DWW T
x86_64 DA DHEMEEZ A E 31T, E#E Xbyak_aarch64
D47 I 47 O mnemonic BI¥%E call 2 X5 ICAE LT
W3, R TiXx86.64 D JG(Jump if greater than) vy
@ mnemonic BIE T, AArch64 THILT % B.GT 5D
BEMEE % ZE 3 % X 9 12 Xbyak_aarch64 @ mnemonic B
B call TBRRITIEIE L72HITH 3. Translator DH D
Xbyak @ Label 7 Z A% Translator @ Label 7 5 XD F
IR LTEELTWSTzH, oneDNN 55 Xbyak D
mnemonic BIEIZ 5 X 6417 Label 7 5 AD518% Z D%
% Xbyak_aarch64 @ mnemonic BIEIZIEST Z & N T X 3.
3.3.1 Translation Table DR

Translator DBHFEICB VTR D BELDIZK 3 ® Trans-
lation Table T#® 5. oneDNN D AVX512 [A]lF D HEE %
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R 7 PIEHHD mnemonic BB DIEIEH]
Table 7 Example of Modifying Mnemonic Function in a

Branch Instruction.

void Xbyak::CodeGenerator:: jg(const Label &label, LabelType type) {
b (Xbyak_aarch64::GT, label);

Translator TH LT % 729121k, x86-64 D 229 FFHD
mnemonic IZXfJHT 2 HEDH - 7z, ZEH 51X mnemonic
Z & 1T Microsoft Excel 7 7 A W EERR L, £ ZITEHN
RD x86_64 L XIET 5 AArch64 B EEMR T 5 7
DIZWHE TR Xbyak_aarch64 @ mnemonic B D XS % 5
WE 2 HEEZH V. R 812, x86.64 ® VPADDD @4y
L ZUTHIET B AArch6d B DERR T Rl Ll %
Y. MEDZAR=ZDEEITED, F425 F10 £
ML L TW5. VPADDD @il 32 vy MEKE 1%
MEF % SIMD @ Td b, SIMD fEht 128/256/512 £ v
PNV T2 ardbHbd. RETIEZEDS L, 512y
FOANY T — a v OERT DA ZREL TWS.

A #|® TVPADDD Zmml, klz, Zmm2, zmm3/ m512/
m32best | F3CHR [24] ICEF STV S @Al O HFR
TH5. Imml 3T AT 4 32 —=>a IRV F%2, kil
3~ 2 27f1%E SIMD 5 DHEDIRAI LI AR, 21
zeroing ¥ A 7 7> merging ¥ A7 1%, Zmm2 1t 1 20HD
V—2AFRTVRERT. {J ZEKTEZ 2 2RT.
zmm3/m512/m32bcst & 2 DDHDY — XA RT ¥ KR
T, FRNTFN2D0DDY —AFART Y FPRzmm LI R X,
XEY ED5128y bTF—&, XEV ED3REY b TFT—X
% SIMD L—>4rab—LTff5> 22 %%K3. 'VPADDD
Zmml, {k1}{z}, Zmm2, zmm3/ m512/ m32bcst] %, =
A 274U [zeroing Y A7 H Y /merging ¥ A7 HD) x (2D
DDV —AART ¥ KH zmm3/m512/m32best) DEEN 9
NRE—=VDODNY LT =2 arpdHd I eillib. Translator
TR 21TH2 S 1017HICT, ZO9IFEHONY T - 3
NTHIE LTV

RETRIFEHONY - a ITHLT, 22056 1017
EZ AArch64 H8MGEY | 24 S 2 7o DEED IR ST
W%, XED THUS L Zz@m0llER e B 55 E F 0
Bz L, =33 2170 [FDilik % VT AArch64 1%
MEEFIAER NS, Bl XA R D VPADDD @i fi D
FEERT, B3 AT Y Fzmm3, BB 1ART Y FOY A
AHBI12E Y b, RATZKL, Ta—FXr A MR LOBE,
12 2L Ot % AW T AArch64 BMEET AR E N 5. 12
EIUZEERE N T WS add BIEUE Xbyak_aarch64 @ ADD
D mnemonic B TH D, 7AT 4 2= a vy FRJ

*2 oneDNN @ AVX512 [AlJ @ primitive DFEETIZ, STHR [24] T
EBINTVWEITRTONY T — a YBAHETZHITTIER
V. Translator TIEEZETEZHIB S 572912, HELTWAR
WAYT—Y g IR L TIET 7 —%IKE L, AArch64 BMREY
ANDZEHIF TD R,
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a7 — 7L D

Table 8 Example of Translation Definition Table.

A B C D E F [GIHITIJ[JTK L M N (0] P Q R U
o] X = . .
| X | © o oo G o3 G
X X35 = a e P @ @ «
1R g g% N T =
v o c Llels|l=l 8 o S| 3| 2| =B 2
S 5 - S S22 s Bl 2| 8| E| B E
. g g 7|5 % 8 axd| El Bl S|.2|.5
. @ B o 5 BB 8| G| N = | &% @ b= S|l Yo v
1 Instruction 2 o) 2 £ < E G|l 5| == | €& 2 9 8 @ 8 =& ?g
§ ¢ 3 = g2 8| 2l 31mB BN o8 | 2N 2R IZT 8N
) | i) S = e a 5 2
& & E J13sle| ¥ g < EE Ss|g2 52| E = EZ S
1B ®| TN Re | sy |SF |25 28|83 8
olel | LI BE |25 F58| 98| 50| 98| 9% N
i SFEI&T T £ £ & £ |
AR ST =R 200 R R I RGN R R S ) =3
Sls|l~xlvlglne gz 02|89 89 (8@ (89 z
Zle|D|8|E |58 ga 0|28 38|38 (8¢ i
Slo|lae|E[N[BO|BA|Ena|aN|oN|aN| &N &
dstIdx = a64.operands[0].regIdx;
srcldx = ab4.operands[ 2].regldx;
2 isrc2Idx = a64.operands[3].regldx; 1|11 1
add(ZReg(dstIdx).s,
ZReg(srcldx).s, Zreg(src2Idx).s);
dstldx = a64.operands[0].regldx;
srcldx = a64.operands[ 2].regldx;
VPADDD zTmpldx = xt_push_zreg(&a64);
3 [Zmm1 MEMO | 512 | NO | O |ldr(ZReg(zTmpldx), ptr(X_TMP_ADDRY)); 1)1 1| 1 1 1
{k1}{z}, add(ZReg(dstldx).s, ZReg(srcldx).s,
Zmm2, Zreg(zTmpldx).s);
zmm3/m512/m32bcst xt_pop_zreg();
4 MEMO | 512 | NO 1 1111 1 1 1 1
5 512 [ ZERO | 0 1111 1 1 1
6 MEMO | 512 | ZERO | O 11,111 1 1 1 1 1
7 MEMO | 512 | ZERO | 1 J(Omit) 11,111 1 1 1 1 1
8 512 0 111,111 1 1 1
9 MEMO | 512 0 11,1111 1 1 1 1
10 MEMO | 512 1 1111711111 1 1 1 1

VE, 20DV —RAF RV RIZTRTZLVIRAXRERET
35152560 TW5, VPADDD @i5i® 350D zmm L
JRARFRT VRO index & decodeAndTransToA Arch64
RIS XED 2 W THIF L, ab4 fEED X > NEHIC
£y bLTWAS., MIEIZED, F3 AT Y Fzmm3, &
1ARTI Y RDI A X512y b, SRV L, 7a—

FF+ XA MR LDOMHTHS 'VPADDD zmmb, zmms6,
zmm7 12 LC, [A UAUHE%E AArch64 THEIFT % TADD
z5.s, 76.s, 27.5) TS DMEMEEDER SN S.

3 81ZBW T, Translation Table DBAFEE HIFCIR T % 245
EWRDH 3 DIFIRERTH - 2L TH 3. VPADDD s
DIDODNY) L= a VERFET 372DV mADH
HITE#R%E B 25 EFNCERT 2. AV T —> a > i
7% AArch64 BEMEESNZ2ERT % £ 512 G 205 U Fl%adk
$ 5. FADFRIZE, Excel DERZHWV, G55 UFNIZE
B2 HEBTERINS X5 ->TW%. VPADDD
MHDIDODNY L— g ViZEhzh, RSNz
B3 % AArch64 BMGESIA BRI A B2 SEEE D HGE § 2 30
DHRZNDT, G155 Ul VICEENEZTARL, &7
TENSZHWS (G256 USNC 1 2L AT %) VA
W (G256 LARZERICT %) kiddd 2F L Tw
5. REMOHANY X —7 74 )L vpaddd.h BEHEITHER X
N3, vpadddh 7 7 4 iZ, VPADDD fii4s OZHLIIC
BWT, XED 258w FmRetR7 Y FOEHRNS B 25
EFIGEEOSMICE%4S T 5 ¢ 212, FIGT 5 F Ao %
TV, ZBHOR D x86 64 i & A LI Z 1T 5 AArch64
BWEESI 2T 2. B2o EF, G256 UFNIXBEIC
T THIE 28R L THW . Translator[22] Tld, 7705
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w2k < 221 O mnemonic ICHIET 2Ny X —7 »
ANDREIN TS,

3.4 Translator DX w k

2021 % 6 AFHTE, oneDNN & Intel DBIFEE %= HOIC
x86_64 [ IZHT L W primitive DB, BEFD primitive D
o b awily 54 T\W5. Translator 12 & D, x86.64 ALY
WCHERBIE N, BIED RSN TD, FIRHET A64FX M ICFE
NS 2 ZEMNTES. BHTD oneDNN % AG4FX [AIFICFE
FE3 28, LIATD oneDNN & L LT Translator 23RKXTIG
D x86_64 i D mnemonic BIP ARV FONY T —
TavFEbhd b b. ZDEE, Translator 234
XHGD x86_64 fIFICHIE LT, Hi7ziZnhhd % AArch64
MEVNOEREMZ S Z 123, ZHET, oneDNN D
N=Tar7 v ZIZBEL, Translator 23FEICXTIG S 5 4
BHVE LTz x86.64 T HDNY T— a3 VIFEERETH -
7. THUTRETS Excel 7 7 A VOBIMEIEIZBHTH 2.

4. Translator IC& % oneDNN D HERFED
MERDFEE

Translator 12 & 2 B FE O X ERN R R L 7-.
oneDNN @ reorder primitive DFEZEZ MR E L, a)Xbyak
ZHWTEEIN TV S5 % AF T Xbyak_aarch64 % F
WTHEZ 12858, b)Translator Z W THBET 25
BOTHEELE L. a), b) DWTNGIEERBRSETIX
AArch6d ity P OHEREE T 5, x86.64 st v
M OEERIEA L TORWIE—DBFRE DT o /2. Bl
REBDBY—RAA—RFDRAT v 7EIIH 1,200 17 (Xbyak
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@ mnemonic B call §8457, Z DD C++THEL 725
9, AXY MTEEL) THS. oneDNN Tid Continuous
Integration D7=HDT A TR T IZLANREENTWVWS.
a), b) WIFhd, ELLKBHETELPIZOTA T

7 L2V IUXEVWDT, FHICT A b T a s T ek

T oW EIRIp o7z,

4 ITBHERARB XU TNy ZICBE L TEERT. a)
T3 30 HZE L 7. fEENEIZRDOED TH 5.

(1) cpu/x64/jit_uni_reorder.[hlclpp 7 » A4 L %
cpu/aarch64 7 4 L 7 PV IiZav¥—1_1,
L7 7A4ALHDWL D00 x64 &\ 5 HEE
aarch64 &\ HZBICEILL 72D, SVE tisit v hA
IJ D reorder primitive D% oneDNN IZE %3 %
7Y, CH+L LV TRERBIERTTS.

(2) jit_unireorder.fhlclpp 7 7 A L DY — X 2 — F &5
A, YD X 512 reorder primitive DFEFTa — K&K
LTW200HEST 3,

(3) reorder primitive D572 — FEKTHEHAZIATWS
x86-64 i & Sk [24] 2B U CHET 5. ZAUTHt
)53 % AArch64 ar gz MEt L7zt 6 Xbyak_aarch64
@ mnemonic BAEICE E#1Z 5.

(4) EAMRZT - RPZFEHTI—ZBIEL, 7R M1
75 LR ETT5.

(5) TF =D UC%T A ME =V 2R L, 3.2 Tk
NEFHETT Ny Z2ITW0, NTRBIET 5.

a) Tl (3), (4), (5) IXH»h 2 HBDBXEMNTH - 7.

b) T (2), (3), (4) DFERIFETHS. KbDIC
oneDNN @ Xbyak % Translator {272 U X D3I EIZ 2 5.
reorder primitive TIZ< R 7 LY A X Z2{#i§ % x86_64 fiy
FEELN TV o 72720, Xbyak Zffio THEEINT
WBETIMEERETH 5. (1) B &K Translator ND7E
LEZIC2H, 7R 702 7 403 TIC 1 HOAR 3 H
MITET L7z, fEHITBWVT, x86.64 tidi< AArch64 an
FOHFIIAETH o7z, £/, (4) TEARZT —%f#
ML, WIEOT AN T0r S AFETTTNTOT A b
DRRT B RMRTE. MIEXD, Translator % H
W3 & BRERRE O 10 FEEIck 3 2 & iR L.

5. ¥

x86.64 CPU Z X R ¥ LT XA T3 DL AL
74779 S/W D oneDNN %, AArch64 7 —* 7 7
F v ICHEPL L 7= CPU TdH % & L@ AG4FX [T IcH
HEBH 5 L 7=. oneDNN (& DL ML¥ % 583 2 72
FITa—RFEHNICERT 2HEER>. a— K&
& JIT 7+ >~ 75 Xbyak % W T, x86.64 A4 L
NLVTHEEXINRTHWS. E£H S, oneDNN % A64FX
M ISR B RS BB 42 AArch64 MV JIT 7€ > 7
Z Xbyak_aarch64 % f %€ L 7z. Xbyak_ aarch64 12 X D,

oy —
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Fig. 4 Efficiency of Translatorin reducing developemnt time.

x86_64 [A] 1} 1T FE % X M7z oneDNN % AG4FX [A]1F 1275
FEBAFEM I HEIC 72 o 7=, X 51T, Xbyak_aarch64 % [E#%
HOWTHBLARLTOY —Ra—FEEXI 2Rk
{, AG64FX T oneDNN % E#ICEERRE Y T 584 F
Y+ J ¥ AL —& Xbyak_translator_aarch64 % B L 7=.
Xbyak_translator_aarch64 12 & D, x86_64 [(IFICFHEXH
72 oneDNN O Y — 22— F 23 A Y ESRZ 208D
77 b, BAEBEROMEN 10 fFHEINS e BMEEEL
7z. ZE#HE 513 oneDNN for A64FX DFAFEIZL D, R—o%—
2V ¥a—XEELETO DL UM EERICKE (EHMTE
7= # Z %. Xbyak_aarch64, Xbyak_translator_aarch64,
deme%MXthﬂé(ﬁSKLTgmmLT
V—Ra—FERMALTED, EELI—-F—2IEILD,

RDAZ—F—=DHHATESL LS51TR>TWV3.

#EF Xbyak_aarch64, Xbyak_translator_aarch64 DBAFE
WKBWTIE, 4RV X - TR DR WA Kictt
FRME, Hffif, FEREMTEZ D7 PN ZZTHE X L .
EH—, *Uib BEHBR L EET.

BE Xk
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