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Abstract Heterogeneous computing technology has been widely used in artificial intelligence, aiming to use
GPGPU-based parallel acceleration devices and CPUs to work together to complete large-scale artificial
intelligence parallel computing tasks more efficiently. Deep learning models cannot be built, trained, and inferred
without the support of machine learning frameworks. However, today's mainstream machine learning frameworks
could only support private, closed CUDA heterogeneous programming models, which leads them to rely heavily
on NVIDIA GPGPUs. Many other vendors' hardware accelerators, especially domestic ones, struggle to realize
their full potential in deep learning. The use of the open-source unified heterogeneous programming standard
OpenCL instead of the private CUDA programming model and the porting of mainstream machine learning
frameworks to domestic hardware accelerators are of great importance in breaking the technical barriers of foreign
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countries in the field of machine learning frameworks and hardware accelerators, promoting the application of
domestic hardware accelerators in the new generation of artificial intelligence and building a software ecology
based on domestic acceleration chips.

Considerring that implementing OpenCL kernels is the core and fundamental work for adding a novel
OpenCL backend to TensorFlow. This paper investigates the code conversion scheme for CUDA to OpenCL
kernels in TensorFlow. Specifically, we summarize and organize the basic rules of CUDA to OpenCL kernel
conversion, the typically complex problems encountered during the conversion process, and the solutions to the
typical difficulties. Meanwhile, we discuss a series of techniques for performance optimization of the OpenCL
kernels generated by the conversion method in this paper. Lastly, this paper shows a method for integrating calls
to OpenCL kernels in TensorFlow.

To the best of our knowledge, we are the first to implement 135 OpenCL kernels in TensorFlow version 2.2.
Extensive experiments are conducted on the OpenCL kernels generated by the conversion method proposed in this
paper. Correctness experiments in this paper show that 135 OpenCL kernels in the NVIDIA Tesla V100s
accelerator card environment could agree with the corresponding CUDA kernels within a certain error range for
different data input types. Performance experiments indicate that nearly 80% of OpenCL kernels could achieve
comparable computational performance to CUDA kernels on NVIDIA Tesla v100s. By comparing the execution
efficiency of OpenCL kernels before and after performance optimization, the optimization method presented in
this paper could significantly improve the computational performance of the kernels. We have also tried to deploy
the converted OpenCL kernels on other computing devices that are not based on the NVIDIA GPU architecture.
The experimental results show that the converted OpenCL kernels run correctly on different computing devices
with good generality. The evaluation results validate the generality and effectiveness of the CUDA to OpenCL
kernel conversion scheme proposed in this paper, and the version of TensorFlow that includes OpenCL kernels
can be directly adapted to cross-vendor accelerator devices while maintaining good computational performance.
The study of CUDA to OpenCL kernel conversion and kernel optimization methods in machine learning
frameworks in this paper can provide strong support for further exploration of automatic or semi-automatic kernel

conversion techniques.
Key words  Hardware Accelerator; Heterogeneous Programming Environment; CUDA; OpenCL,; TensorFlow
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L. global  void MatrixDiagKernel( L

2. const int num_threads, const int num_rows, const int num_cols, 2.

3. const int num_diags, const int max_diag_len, constint lower_diag_index, 3.

4, const int upper_diag_index, const T padding_value, '!

5. const bool left_align_superdiagonal, const beol lefi_align_subdiagonal, ;

6. const T* diag_ptr, T* output_ptr) | 7:

7. GPU_ID_KERNEL_LOOP(index, num_threads) { 8.

8 const int batch_and_row_index = index / num_cols; 9.

9. const mt col = index - batch and row index * num cols; 10.
10. const int batch = batch_and_row_index / num_rows; H
1. const int row = batch_and row_index - batch * num_rows; ]5
12 const int diag_index = col - row; 14
13. const int diag_index_in_input = upper_diag_index - diag_index: 15.
14, constint content_offset = 16.
15. ComputeContentOffset(diag_index, max_diag_len, num_rows, num_cols, 1;
16. lefi_align_superdiagonal, left_align_subdiagonal); 10,
17.  constint index_in_the diagonal = col - max(diag_index, 0) + content_offset; 20.
18. if (lower_diag_index <= diag_index && diag_index <= upper_diag_index) | 21,
19. output_ptr[index] = 22.
20 diag_ptr{batch * num_diags * max_diag len + ii’
21. diag_index_in_input * max_diag_len + index_in_the_diagonal]; 25:
22, }else { 26.
23 output_ptr{index] = padding_value; 27
24, } 28.
26. )

string kernel sre ="

e

kernel void MatrixDiagKernel(const it num_threads, const int num_rows,
const int num_cols, const int num_diags, y
const int max_diag_len, const int lower_diag_index,
const int upper_diag_index, Y
const " + (Name + " padding_value,
const int left_align_superdiagonal, Y
const int left_align subdiagonal, \
global const "+ tName + "* diag_ptr, \
__global " + tName + "™ output_ptr) { \
for(int index = get_global i(0); index <num_threads; index += get_global size(0)) |
const int batch_and_row_index = index / num_cols;
const int col = index - batch_and row_index * num_cols;
const int batch = batch_and_row_index / num_rows; %
const int row = batch_and_row_index - batch * num_rows;
const int diag_index = col - row;
const int diag_index_in_input = upper_diag_index - diag_index; |
const int content_offset =
ComputeContentOffset(diag_index, max_diag_len, num_rows, num_cols,
lefl_align_superdiagonal, lefi_align_subdiagonal); %
const int x_offset = diag_index >0 ? diag_index :0;
const int index_in_the_diagonal = col - x_offset + content_offset; !
il (lower_diag_index <= diag index && diag index <= upper_diag index) |
output_ptr[index] = \
diag_ptr[batch * num_diags * max_diag_len +
diag_index_in_input * max_diag_len + index_in_the_diagonal];
telse{
output_ptr[index] = padding value;
b
H \

s

K2 CUDA RS54 )5 OpenCL MEREUR L Cf 4R REAE i B0

1) CUDA % bR 25 FRIABEAR 7] R85

2) AR CUDA R HL

3) AN A A7 2 ) P AR A B

4) CUDA JF T 1E I 4

AR B S ) AT T B AL, R4
H T — KRBT IR R
3.3.1 CUDA #% R i R AEAR 1)

CEE NG 84T R AN I A A SR
FEE R 2, TensorFlow 5148 2% S HESE b 75 B %}
ANE BRI AT A B . 40, LEANIR IR B 27
SRR AT B T AL half, int32., float32. double
LEZMEIEBHINS . N T D ITLRIAR,
TensorFlow H ] CUDA #% BR £ H 1 C++ IR T
B, AR S BURRD B AL —F TR, B
UASEILRTY 244k, B R SUNS 3, sk
LT AR AT

X FALRE S RE C99 ) OpenCL 1.2 #% e B4R,
T CH+ R IR . A T BERETE OpenCL 14 5
b LR R BE RTINS, S DA B AR 5K
X} CUDA 1% R Btk A7 e 1.«

1) SNSRI B A 28 28 43 1) S BRG] OpenCL
ek, B £ OpenCL # sk %0 # 5.1 CUDA
%R

2) RISERAY, W B a2 L7757 5 8 AU
NS HAL 3 OpenCL #% bR ARG

Xof TR KA K () TensorFlow ki, 18 FH 45
— P 7 e = A KB TUARARAD B LU AT 5
SRR R EY . R, AR SRS =R 7 U
CUDA RS AR 31T 0SS, i@t &l 3 W R 7

%, AR AR R A RR A O R R . IREE
(1A A4 R 45 5 W] H T J5 8 OpenCL A% R £ o6
BRI

static const string GetFullName(const char®* name){

int status = -1;

char* fullName = abi::__cxa_demangle(name, NULL, NULL, &status);
const char* const demangledName = (status == 0) ? fullName : name;
string ret_val(demangledName);

free(fullName);

return ret_val;

}

BN R W

B3 S 280 A4 TR 4 pl o 75 R R A

FofhEE T CUDA JF R INLAR 5 2] R
SR FIFEA L 2N AT IR
51 i v CUDA 1| OpenCL % b8 U A1 45 v
OpenCL JGiZESCRFBR 1) 1) R it 7 — Fhid FH ml 47
A R JEL B
3.3.2 U E LA TN CUDA ki HL

PN A7 U I 28026 A 43 B 095 52 1A A% R 5010 T 5 1
k. B A7 CUDA L2y 17) BAT 1EIR K 5
i e HARE A, L I 3l S K T AR AR A7 (U 4 SR Y
VTR T o R0k, A% R TR BB S — B
HEEt, TensorFlow Y565 A 5 K H K 4 Fros 77 i
7t CUDA 1% iR £ ¥ 3h 4 1) 4 3t = 9 47 (shared
memory) H 1748 & I 15 B N AE XS 5%
GPU_DYNAMIC SHARED MEM DECL(8, char, s _buf);
o (97 tom e e e s £ et e += blockDirnr) {

s_data[index] = AccT(0);

}

__syncthreads();

LS e

4 TensorFlow 7 ] CUDA 3= Py 7725 R4S B R
OpenCL 1 &3 4 77 (local memory)5 CUDA [
HE NS EXTR . (H5 CUDA ANFEIZ, 1E



it Bl IR

OpenCL #ZRREPHATHT, 27 OB A7 BT % 1
PRIRT ALY, OpenCL FRUEA SCREFERZ BREL N )
SBCJRRAR R . PR, TR R OB T TGN
& LA B ) CUDA K% BB Ak AT 46

NTIRFES CUDA #ZR#—s WA= 7
K, AT DR SEIL T X CUDA FE248 &1
B, BHEETE ML B OpenCL AR & N/
AR B B N AR 55 DL AE OpenCL A% Bk 28 A T RS
A B R Aa Ak -

1) 7EEHLEGE A clSetKernel Arg() B5 %k 3T 78 %1
PEFREAL B AN NULL, 5 0t JR) 0 48 & f 75 B

2) R PR 1) S B AR B LR NS T
A £ N OpenCL # & %, HH & H
__attribute__((aligned (sizeof(T))) % & P 7741 5% ;

3) 7£ OpenCL %R, il it 425 AL A 2L &
FE RO JR AR AT A6 AL

FHABL CUDA =2 Az g i A 7 =X [R5 D0 T
FAMLAS 2 S HESE o AL KT CUDA JLEAR
B T A RT  T AL A S AE B AR
Wi, BAARF @M.
3.3.3 AN[A] N A7 22 [ 1) EA A A5

NTAIEE RS, CUDA BRBINA &%
FEAS R N A7 22 8] (W4 )= - JR 30 - A0 45) gk 47
K 2% . TensorFlow A CUDA % ok $— M A 1 4%
I FRE R LA . SR, OpenCL 1.2 AxdEr
HA AR N AR B R FR AR M. Rk, AL
FERBEFT T OpenCL 1% R i AS [F] A A7 28 28 [) H i
RS T iE . — RSO, B T DUR FEAN 240
TCRME R 7 EE . Fenli, 764 /AR AN A7
A |1 S B G 1 2 5 I~ 7 = S 1| T+
(async_work_group_copy ()47 #im % 1120,

OpenCL % bR i FH B 42 B 7 V2 A% fan s
I (1) M ASUPE T TGV B4 SR A i A 1 = DL
TEGETTRENAZ S 0] o R DAL SR o T
BEHSREPIAE i, ASCHERTRT TensorFlow H CUDA
FHLE ARG HEAT 0 # . T 5 H T A i 2 B
FHAGIAEAE Ny OpenCL B4R EIIAN S, HIT 5 22K
HIZHE . XTI REN A BRI, A SO
BEFF R 00 25 (8] K /M e e B 7 A5 H IS N %] OpenCL
R BRI /R b fln, T4 R 2 &3 AN A7
IR AL, ASCRAE 5 Fis ik 4R
HIEAR IR 2 R & .

string StrN = to_string(length);
string kernel_str ="__kernel foo(Args..., _ global int* input,
const int N){
_ local _data [" + StrN +"];
for(int i; i< N ; i++){
__local 1_data[i] = input[i];

2N L

KI5 OpenCL 4 A 7 i 1% 3% 21 Ja) & A A7 5 51

i/ OpenCL $2 A 1) 5720 5 DL ogy o Kool
i, T 5ol R R BE PR BT EH AR 1R, A
SPAT R EAE R AE, R e A% ol Hoh i A
S SR8 T 2 barrier()eR B0 AT HUE FE
T34k, TS U2 AR A A AR Ik
17, PIANRE A I 26 A HI T R R e b 2, B
FE S A AW i A o 3 RE A T B A 1 07 st AT
Hafehm. ACAEMIE 6 B ik el 1 A2 A
I Hc e A o

1. string SuN = to_string(length);

2. string kernel_str="__kernel foo(Args..., _ global int* input,
3 const int N, __global int* output){

4 const int local _id=get_local _id(0)

5. _ local l_data ["+ StrN +"];

6. | data [local id]=0;

7. barrier(CLK_LOCAL_MEM_FENCE);

8. event tevt;

9. evt=async_work_group_copy(l_data, input, size, &evt );
10. barrie(CLK_LOCAL MEM FENCE}):

12. evt=async_work group copy(output, | data, size, &evt );
13. barrier(CLK_LOCAL_MEM_FENCE);
14. 3"

6 OpenCL 55 WU AE 54 A5 5
3.3.4 CUDA & T#AE 1%

2 Z AN LR (RIS U5 (7] [5] — P A7 ik I 2 A7 A
A KM MR R DURE e g, TRIRZEEE
X HEAS YA 580 58 I -5 2- 5 I AR AN AR 2R
FE52IH . TensorFlow 7E biasadd. resize. dilation %%
EANEFHAAE TR AR B A R R
5IE#M.

5 CUDA A [FIff/2, OpenCL Arifk A i Ji 745
VEACSCRPRE R B AR N o 70K FL A A0 2 A i
THEAFE ) CUDA 1% bR £ 4% 46 i OpenCL 1% s i,
WEN T ERAESATER . A H R
CAS(Compare And Swap) ikl i 1 #1E, K7
JE7R T float 2878 51 i) OpenCL SEHL R o X T
JRFae. JETRREFHAE FERME, RAFESHRE 8
ITH RS EAFRIA] . ARSCE K CAS BIENH T
TensorFlow 1 CUDA %I OpenCL J&i 7 #:/E It 44,
ZITIER T FHARML S 25 2 HE 22 1 i 46 DA I H Bl %
BRI BT B — i = .



void atomic_add(volatile  global float *source, const float operand) {
union {
unsigned int intVal;
float floatVal,
} newlal, previal;

perValﬂoa.'Vm' *source;
newVal.floatVal = prevVal floatVal + operand,
} while (atomic_cmpxchg((volatile _ global unsigned int *)source,
prevVal.intVal, newVal.intVal)
1 != prevVal. .-mVai]
2.}

Kl 7 OpenCL  float 274 J5 T iy sSE B R 1
3.4 fRALIE

I bR, AR I 5 OpenCL #% B
BAENE R _EARAEE— BRI T 2 18] . R,
AR EIT T OpenCL ARISE R & HTU6 M . Haik
PATE SRR, BT SEEL T LR =Rk T
i

1) A FH E AL A OpenCL #4644 s

2) 247 OpenCL % R idm ¥ 45 s

3) MM A EIEAMAE T4
3.4.1 iR HFIR % OpenCL #1461k

OpenCL 27 B EALImARKL W LA 1L I, 75 2558
i clCreateContext() . cICreateCommandQueue()5%
1 R # AT &4k platform(CF- &) A1 device(% %)~ Al
7 context(_l- T 3)F1 commandqueue(fir 4 BA 51 ) 24
fE. 5EHL OpenCL Uz H )5, @i
clRelease() B WILA LI HEE K ¥ %6 . LR 0. @b
PAF S8 B2 U R AT RE T

Kl 8 7 1 AEAL &8 2 SIS AL v IS 2 4 1 1)
6 1~ OpenCL #% bR £ £ FL IR PUAT I , OpenCL 42 H iR
S E] 5 B L. ANE AR H, OpenCL 4]
5 B 8 M X 1 clCreateContext() -
clCreateCommandQueue()- clRelease()&4% I &1t
%T%%%%ﬁﬂ& TIFIA] o AEMLER 5 S A o B
MEAER T T E—IKPAT 2 LR X ERAE A
7% OpenCL 2 H R 23 IR E W, BB )44

w27 clRelease 0 clEnqueueReadBuffer
%727 cIBuildProgram::::. clCreateProgramWithSource 7 cICreateCommandQueue
tile 55%

split 52%

concat_fixed_kernel 1
cast

biasNHWC 1

biasGradNHWC_Naive

(g &SN S

Sefr b, fR4E OpenCL rifE, AHFEE. HIiE
g LR B R SCER SR AR OC I 4 11 R 4
FEIBAT AR B R A — k. Rk, ASCK
F C+r (1) BRGNS 432 1 R Bk AT 4 . 1A
9 JEIR T ARSCENST OpenCL Hf 4482 1 bR gt i1 11
FK.

AT OpenCL ARG, 545 %) G A )
DT 3 — N 6 G 9 LSk b g e 0 AR AT W 46
oo WG RO AH00E, WEEHR [ O A X
Ko RTHIEENBA A L SCEb)ddr 2 BAS)
4 /FE, Wi GetDevice() . GetContext() ,
GetQueue()iX £e4% [ KR HL O 56 I a6 46 1) device s
context. commandqueue 2545 &,

KSCE UK CH+ B ) B E A SR T
TensorFlow ) OpenCL J& i SE 3o A FH 45 A X —
J5 THT AT LAk /b #8204 ¥ OpenCL ARAS, 55— J7TH
R M5 A6 R 8 e B 58 AT W AR 4k 42 1 A SR A4k
FHEY, PRARIBHIEIT R . KRR T3
fih 5T OpenCL FIAL#S 5 ~JHE AL 885 2 FE (1 i 1k 2L
A B RE .

3.4.2 217 OpenCL % ok % g 45 51

AT OpenCL #Z R AL B AR & Bk,
F clCreateProgramWithSource() & %K+ OpenCL #%
PRE R B iAol _program X%, Hk, %
cl_program xf R4E AZ itk A\ clCreateKernel ()5 %1
AR cl_kernel X%, e, ¥ cl_kernel Ki%F|
W& Ligfr. WL EIRFEAMER H, 45— OpenCL
P 2 O EA LR, 127 2 ) Y PR A
MR E, TER T OpenCL ARRS HIHAT R

- clEnqueueNDRangeKerneliiii i clSetKernelArg | | cICreateBuffer ~ clCreateKernel
clGetDevicelnfo|

chreateCnntexi- clGetPlatformIDs

T T T T T T
0% 20% 40%

K 8

T T
60% 80%

#171 OpenCL #% & A% o OpenCL 2 K $hAT I A] |5 E 453t



it Bl IR

% T OpenCL #% R % U5 9 9 5 42 Al 11
cl_program %t R n] LLE Z A5 A, HA> cl_program X}
Gnl DU SRA R Z A ol _kernel %%, £ 9 BRI
Singleton . f] X, K X M & T
unordered_map<string,cl_program> 2% %! [f] 4% &
program_record, FH TR A% R EUE 05 g 1F 2E R
cl_program VA% ek B0 () 745 B A AR 51T A7 -
TP B ek B AR G AE T 2 S AAAE 5 1 T A% R 4L
R ER TSI cl_program . 5 A7 7E I B3R A H g A
G AAFEN A R BT R AT i 1%, [ B A
i) cl_program #4747 .

Singleton

- device cl_device id

- context ¢|_context

- queue ¢l_command_queue

- program_record unordered_map<string, ¢l_program=>

- Singleton()

+ ~Singleton()

+ get_instance() Singleton

+ ClDevicelnitializer() bool

+ GetDevice() ¢l_device_id

+ GetContext() cl_context

+ GetQueue() cl command queue
+ NKGetProgram() bool

9 TensorFlow 5|2 &

¥ OpenCL 1% bf £ g 3 45 b AT A7 (1) 5 ]
DAYk 4 13 4H 6] OpenCL AZ BRI (M RE S FE, 1R
FAEFRARIIZ AT 30 % . HoAh3E T OpenCL HIHLAS
S OTHEZE B 2 P, R m) R AE R A R e A T
BESEIE— A
3.4.3 fHRMAEEMA T HAE

Mk R A T 2 O R RS O (R
WAEHBHERS, BT ERRINES SR, —RAIET
BEE R BEHRATE . Rk, AR P E R
ReA I H ARG A . & 10 fios, RE
7f OpenCL Hidid 24 TAE4 (work group)Ffi75e
R FHRAERES 1T — & SRR RE (R AN
BRCORK, 3EFR P 2E 5 8500 M REBFE ) A T A

NT 784 M OpenCL £ 28 FEAb BT BAT 55 1)
s, FE— PR S5 OpenCL A% iR £ (1 14 R -
AR FE T an e {8 A AR 2 AR AR AL OpenCL Ji
THEAER . W 11 Fros, 8 3] OpenCL ¢
FE AR NERAERID, 7R N 45 SR i A S fd
W4 F1Z) (two-stage reduction)EiE: ok, e
{ELH ML H R BN HRI A S5 R . Hk, ff
F A TAR L6 85 — 20 vh B A4 &5 SR PR3 T
L), 192 mALER,

TR0 TiFR 1 THrsn

TASHE

LA
BETIRE

STEE
ETFR{E

K 10 TensorFlow $1% TAEH R FH/E TR R ER

TR0 Tt T

% [([IIIIIT] - [TITIILL] sre=

AR

11 P RoR = E

MLV EIERE TS IERIS AT 1 CHETE T OpenCL #4%
PR B 42 JR) T A 2k R (global_work_size) #1 & # LA
2 F£ (local_work_size) K /N 1) 15 B LA K fR A7 H (] 45
RETRARETHE . AP R TELRES RN
2 N D7, FHEE TR ANER X 2 )7 TAELARE
T ARAT 55— 20 v ) 25 SR P 75 25 8] R R/ AT R 82

A U FE T OpenCL W 35 L 20 53 5
T-XF TensorFlow JE-F-#4F B4 H, SA$E 2L
A2 S ME S o - R BT SR RR R AL T —Fp AT
ATIIARAL 2

4 OpenCL #% & #7E TensorFlow H &
R FOE R 75k

Nfets 748 F TensorFlow f#) Python Rif i ) 2=
S ) OpenCL % R Hd AT 1 FH AN, AR SOx
OpenCL #% B ¥ #E TensorFlow H 42 pF1 iR FH 7 3234t
1T TIRZE AT
4.1 TensorFlowH OpenCL#% & # & A%

PATE TensorFlow H 1) # —N 4 #5N FooBar 1]
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HF A, OpenCL 1% % fE TensorFlow A {148 i
RGN &SR
(1) B8 E A ]

TensorFlow 1 —f il REGISTER_OP()Z= %
ST BB D HEAT E XM . 28 W] L T
AR AN TEREREAGEE . B 12 BRTH
F 58 SCRI 7S BARES R 7 451 o

1. REGISTER OP("FooBar")

2 Input("input:int32")

3. Output("output:int32")

4. SetShapeFn([](::tensorflow::shape inference: InferenceContext™ ¢) §
5 c-=set_output(0, c-=input(0));

6 return Status::OK().}),

[ 12 TensorFlow #1474z [ 7 B ARG R 1]

A 447Ky FooBar [5-F-44 — /N 2 Y
4 int32 Bk E input fE9HIN, FE4 H — AN EdESE
AN int32 3K & output. W T IR BB 2R
SetShapeFn() K fifi O i Hi 5k & 5 i A\ 5K & AR A
]

TensorFlow X T4 (1 iy 42 FUN A Frr R i), R
WA 2B R FH 6 06 iy 44 v G T iR R AR R % % 1)
A ET, 512 RME—1. 76 Python Jif 25 il I #2
1 bR £ 2 AR 40 L 0 e iy 44 A RO . 1) T R ki 44
[A 1t FooBar 7£ Python FH )4 FR N foo_bar.

(2) SLBE T EAZ LK

FEREFEOE G, BHRERNEFHRAE—F
B2 P EARSZIL CHPA] + 1) CIFooBarOp). & 13
&R TR LR SE I T 2, TensorFlow H A+
B B A% O 2K — 4k 7K T3 I Y OpKernel 35,
Compute() /77252 OpKernel 25(\k%.Cy, FEH T4
N H AR O A 3 DA R AT BAR T . ASOR Bk
f) OpenCL #% ok i H i R B 36 76 5 & L)
ClIKernelLauncher() e £ .

class ClFooBarOp : public OpKermnel {
public:
explicit CIFooBarOp(
OpKernelConstruction™® context) : OpKernel(context) {}
void Compute(OpKernelContext™ confext) override {
// Deal with input & output
// And allocate memory for output

i Execute OpenCL Host Code
CiKernelLauncher{...},

¥

12, %

— A0 S0 =IO e WD —
Soe SR

13 TensorFlow T15A% 0 25 (1) LR
(3) JH M3 TensorFlow &5t
SCHL FooBar WITHHE WG, &7 ZE A
REGISTER_KERNEL_BUILDER() % # H: 7 Mt 5|
TensorFlow H, yEM 7 &l 14 Fros.

@ Create an op, https://www.tensorflow.org/guide/create_op, 2021,
9,20

1. REGISTER_KERNEL BUILDER{Name("FooBar"}
Device(DEVICE_CPU), ClFooBarOp);

14 TensorFlow W #ZF A 77 2 on

4.2  TensorFlowHr OpenCL#% & £ H4E F

N7 Eetgim IS TensorFlow [ Python i X}
OpenCL HF3#AT . ASCfH T TensorFlow &
TIN BT, AL EhAEER X OpenCL 513k
177 HE. RS ENFERRRETC
2 4& /& TensorFlow % P51 g++hiAS .
15 JE/N 4 B 2 1K foo_bar T 4% N TE
Python H ] F 1) 20 A B4 e A

1. TF_CFLAGS=( $(python -¢ 'import tensorflow as tf;
print(" " join(tf sysconfig.get_compile_flags()))") )
2. TF_LFLAGS=( $(python -¢ 'import tensorflow as tf,
print(" " join(tf sysconfig.get link flags()))) )
3. g+ -std=ct++11 -shared foo bar.cc -o foo barso -fPIC
${TF_CFLAGS[@]} ${TF_LFLAGS[@]} -O2

Kl 15 g++Bh A BEER PE g 1E dr 2 7 151l
7t Python i {#i[f] foo_bar I, 7 iHM
tensorflow.load_op_library() i #0602 7% foo_bar %
T AR T ME, W& 16 Frx. In#Ese
B 574 7205 TensorFlow ' CUDA %1
FEA— B AR IR A A B RV AT s it 5.

1. foo bar module = tensorflow.load op_library("./foo_bar.so™)
2. foo_bar = foo_bar_module.foo_bar

% 16 TensorFlow [¥) Python i s -h 3 2 8582 FE N4k Uy s

5 LI

AW HTERR T — RAIPSLE R T F
I 2

RQ 1 #¥J5 OpenCL 1% 2 B 1 A I U] 2

RQ 2 # ¥ J5 OpenCL 4% pf B 14 BE an e[ ?

RQ 3 Ak 5 % B Ei i 14 R4 T 38R an ] 2

RQ 4 #:¥J5 OpenCL 1% 2 B 38 F 14w fa] 2

N T KIEAS ST 45 1) CUDA | OpenCL % 6 %
TR E R MR RE, AR SCER TR 5 ATAiliN
BAEAF AT 1 S5

FEFFHIE GPU W LAFIR 2 FF CUDA Fl
OpenCL % BRE ST, ARSCH SRR CPU+
JEffiik GPU Bt HE M EE, ¥ CUDA-10.2
H 7 1) OpenCL J&, fRiFE T 7EAH [F 558 T $47
CUDA #% ek $Ail OpenCL #Z ek ¥ T A ST
H A5 A TensorFlow 2.2 fig A /1] CUDA #% R %L,
A RS2 DL TensorFlow 2.2 H 8 GPU B{
CPU [Mi-5 4t JoAHEHE.



it Bl IR

oad < OpenCLEZRE wH
CUDARZERE

Bl ’ o BN | | wisn
&R A il S

==
RS

Show Summary Failed All

Test Group/Test case

AddOneTest 2 2

ptl.1:
WIS

e R
test01: test01 (__main__.AddOneTest) c’ H%\![L\j’;l\lé;‘l 3zéuij'k§fgi ";':i :

ecor
e use:23.849%us opencl kernel time use:4.3657us

cord time:4. 74993us

test02: test02 (__main__.AddOneTest)

Total 2 [2

K17 A% R B iR R it o A 451

x5 SLWEEHITE

BT 44 B SRS
CPU Intel(R) Xeon(R) Gold 5218 CPU @
RAM 187GB DDR4 2933 MT/s
GPU NVIDIA Tesla V100S
NVIDIA CUDA Toolkit CUDA-10.2
OpenCL CUDA 10.2 OpenCL 1.2
Host compiler GCC7.5

TensorFlow TensorFlow 2.2

51 MXTE

ASCEISE 4 WA T G5 OpenCL
R B RLE] TensorFlow 1, f#F TensorFlow
Python Fi %4> %4 ] OpenCL Al CUDA %1, fi
B 7 Python H 47 B 5T I BAHESE unittest 11 A
SEHL T AREAL IR o unittest B TR FR AL T A1) 2
WG WRE LA EHATH T R, unittest
1E % %% Python J& sl LIS import unittest 51 A\ J&
B 8 7R A B E W H AT 22 B E HTML Wl
WIS, ALFIANT unittest FERY RSO, K
T unittest Al HTMLTestRunner.py Bl a] LA SZELAZ B
HOMR TR B 17 JBoR T % R B R AR LA
J AddOne()#Z ek 5 I 45 SR AR o Horr, load B
°A tensorflow.load_op_library('xxx.so") (i W25 4 7).
AT IHG I EEM N B OHE: AR R
(intl6(short) , int32 , int64(long) , float32 ,
floaté4(double)). A [F%dE &4 (2714, 2715, -,
20205 . I, SRR, AT B
W eR B30 45 2R DL Ve REEAT 204

@unittest introduction,https://docs.python.org/zh-cn/3.7/library/unit-te
st.html, 2021,9,12.

@ HTMLTestRunner introduction,http://tungwaiyip.info/software/-HT
MLTestRunner.html, 2021,8,30.

52 SKENRIIFMIRE

SIS SE T EE T 135 AN OpenCL A% R
Lj TensorFlow 2.2 Y% 4 CUDA #% B ELEAN 4 A\
HHRRA N R AR, UE 15 OpenCL #
PR IERTE ST S . R, AT RREFAR S
EE 7742 BT OpenCL A% bR LT BE AR PERE, S50
it 1455 OpenCL 1% bR £ ¥ AT I (] 5 06
CUDA % BB RIS AT I R BEAT T XFbL . [, T
T 70 i N BCHE B 1 A8 AL OpenCL #% B 3z 17 30%
VERANE, AR 6 hAIEE) 7 A B RN
BREGEAT TR HhAh, ARSEHER 7 Ha%sm 2
MNEAREEMAZ R B 7 A 3.4 T A4H1
AT 2% OpenCL #% BRETH B 1 R IR H2 TR
Wa, AT IUESE L ) OpenCL #% R ETE AN [F]
THE R BB, A SCEEE N ERIE-920CPU L
S 72 MT-3000 3 F4 s £ 0 58 T 0 % 4 135 4
OpenCL ¥ s IEmf MERBEAT IR . i T7E JR9efs
ik GPU MEeH JCiE{f F CUDA #X k%, 18 FH 1k
5 LL TensorFlow 2.2 hitAHh CPU [iHAE 45 SR Ak
e

OpenCL 1% R H it 5 45 R HIKS BE 5 4 3 A Ak
cl_ program X % B 2 #H &
-cl-fp32-correctly-rounded-divide-sqrt 2% 4 13 1 AH
Ko FEF] OpenCL brE MR, JFIERTA
THE R R A R0 SCRFIR e PRk I R, BRI
LR PR cl_program X LI AN 22 VR DX L6 44 1E 1k
Tl o 3X A2 S U A DI R ) CUDA F OpenCL #% ki %
EVFESE R F e AR L 2 R EE R . 18
6 UF A% bR B B (1) AERF PRI, AR ST T an A 3(2)
s BIIER RPN Fe bR, RIUONTERE SRS T % R 2L
M IR
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*6 KERMZLRBMINENE

FeR % Thie
BiasNHWCKernel FRNTKENRE— 4t S MEKE (—4EKE) TR EME
Cast H YRS TR PR N T B e 3 AR SR A L ke
Concat_xh R e J7 S TR R

COOMatrixToSparseTensorKernel2D
DiagGpuKernel
MaxPoolGradBackwardNoMaskNCHW

Relu_int8x4_kernel

B IR B G IR, A B SRR A

K € BIFEREXT 4k

THATEHERS NCHW s 2UHUR B Ak BB 2
DAy b, THEAREANJGE N ReLU BRI (E i

T MHNR R, RERBBEUARM UG &

e %

g A Trid:

MaxPoolForwardNHWC
BiasGradNCHW _SharedAtomics

K
Acc@ Cerror) = ZI“TF 1)

HorberrorfR 3 1R ZE 8 B (AR SR B R i 1
le-2 % 1e-5), kAR IR EREE T IAE T i
PR H  [RIARR I ER % ek B A

AT RES B B PP AN A SC L 4 1¥) OpenCL % iR

¥5 TensorFlow 5 #5 CUDA KR ErevEfE L2
S, AT T ARQ) TR FIPERE VA R AR

T
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code conversion in the field of artificial intelligence. It is well
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realize the great potential of these hardware accelerators in the
field of deep learning. Considering the generic, cross-platform
nature of OpenCL, by converting machine learning frameworks
to support OpenCL, domestic acceleration devices can support
machine learning frameworks. For TensorFlow version 2.0 and
above code, there is currently no available automatic
conversion method to convert the CUDA backend in it to an
OpenCL backend. This paper investigates a more
comprehensive conversion of TensorFlow version 2.2 using a
manual conversion approach by referring to the existing CUDA
implementation in the TensorFlow source code.
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