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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 countries in the field of machine learning frameworks and hardware
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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.
Considering 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.
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SM(Stream Multiprocessor) CU(Compute Unit)

Thread Work-item

Block Work-group

Global memory
Shared memory
Private memory

Constant memory
Local memory
Local memory

1% R R A X

__global__ function
__device__ function
__constant__ variable declaration
__device__ variable declaration

__shared__ variable declaration

__kernel function
TC B 4% X L
__constant variable declaration
__global variable declaration

__local__ variable declaration

P Je I X

gridDim get_num_groups()
blockDim get_local_size()
blockIdx get_group_id()
threadldx get_local_id()

blocklIdx * blockDim+ threadldx
gridDim * blockDim

get_global_id()
get_global_size()

1% R B[R] 25 4 1R R

syncthreads()
threadfence()
threadfence_block ()

barrier()
TG B 4% X L

mem_fence()

TG B8 X v read_mem_fence()
TG T 3 X} Ry write_mem_fence()
cudaGetDeviceProperties() clGetDevicelnfo()
cudaMalloc() clCreateBuffer()
ML 4 1% IR cudaMemcpy () clEnqueueRead (Write) Buffer()
cudaFree() clReleaseMemObj()
kernel({{+++))> ) clEnqueueNDRangekernel ()
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1. __global__ void MatrixDiagKernel(
const int num_threads, const int num_rows, const int num_cols,
const int num_diags, const int max_diag_len, const int lower_diag_index,
const int upper_diag_index, const T padding_value,
const bool left_align_superdiagonal, const bool left_align_subdiagonal,
const T* diag_ptr, T* output_ptr) {

GPU_ID_KERNEL_LOOP(index, num_threads) {
const int batch_and_row_index= index / num_cols;

© W N> ;s N

const int col = index —batch_and_row_index* num_cols;
10.  const int batch = batch_and_row_index/ num_rows;

const int row = batch_and_row_index-batch*num_rows;

12.  const int diag_index= col-row;

13.  const int diag_index_in_input= upper_diag_index-diag_index;

14.  const int content_offset=

15. ComputeContentOffset(diag_index, max_diag_len, num_rows, num_cols,
16. left_align_superdiagonal, left_align_subdiagonal );

17.  const int index_in_the_diagonal= col-max(diag_index, 0)+content_offset;

18, if (lower_diag_index< = diag_indext 2 diag_index<—= upper_diag_index){

19.  output_ptr{index] =

20. diag_ptr[batch* num_diags* max_diag_len-

21. diag_index_in_input* max_diag_len-+ index_in_the_diagonal}
22, jelse

23 output_ptr{index] = padding_value;

24. )}

25. )

26. )

string kernel_src="__kernel void MatrixDiagKernel(const int num_threads, const int num_rows, \
const int num_cols, const int num_diags, \
const int max_diag_len, const int lower_diag_index, \
const int upper_diag_index, \
const " + tName+ " padding_value, \
const int left_align_superdiagonal, \
const int left_align_subdiagonal, \
__global const " + tName+ "* diag_ptr, \
__global " + tName+ "* output_ptr) { \

for(int index=get_global_id(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=Dbatch_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, \
left_align_superdiagonal, left_align_subdiagonal ); \
const int x_offset=diag_index>0%diag_index: 0; \
const int index_in_the_diagonal=col-x_offset+content_offset; ~\
if (lower_diag_index<-=diag_indexe.¢.diag_index<=upper_diag_index) { \
output_ptrlindex] =\
diag_ptr[batch*num_diags*max_diag_len+ \
diag_index_in_input*max_diag_len-+index_in_the_diagonall; \

pelse { \
output_ptr[index] = padding_value; \
N
} \
} \n"

2 CUDA Bk 5 %5 e ) OpenCL A% bR BOGF U O A1 55 M AR JRAZ B8 K0
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R X T — e 60 F 1 CUDA % o8 3RS, Ten-
sorFlow JE % Hh i) CUDA % BN 8 % & %) CU-
DA Pz & sl B2 9 355, 40, TensorFlow 1
TESAR R GPU it 3% A GPU_1D_KER-
NEL_LOOP (index, N) TE 5% e i 75 B4 B ¥y for
(int index=get_global_id(0) ; index<Nj; index+
=get_global_size(0)).

BEAb 3 i 2 CUDA S Lo 76 53422 1
BRBGEAT B . 1, %t F CUDA E ML A S
B R UK 3% 3 GPU | B cudal.aunchKernel O pREL
F B OpenCL H ) clEnqueue NDRangeK ernel ()

(3) U device AU ES

CUDA Epfrh o 38 0 it B o ig i 5 o0
“_device_ BT R E I R ATE CUDA # s %0
P H]. B TAE OpenCL AR i th A X I B 14, A<
SCAE R ff g 2 F8 52 B — > T REAH [ i 7 pR 40, 78
OpenCL A% p& 0 358 .

3.3 EFRZEBFEH DB ) H

TensorFlow HAEERR /3 S2 BUAR X &2 ¢ ) CUDA
R R A S 3. 2 5 T A 4R AR B A i R I ik
SR IX ER I3 R R e 4. DRI AR SO B T LA
DU A 4803 i P ) i 7R i) R

(1) CUDA #% e % ) A5 Al ] 781 5

(2) fu & e i i) CUDA B e 88

(3) A [ P A 28 722 1 £ 5030 A2 i 5

(4) CUDA J5i 1~ #1194

AR SO I 51 R ) B AT T AR AT ST O 4
T — R AT A A 7 %

3.3.1 CUDA #% p& £ b i A AR 7] 8

LRG 75 IS L I8 AT RO AR 2 I 6 1 S HF
UL R TensorFlow S8 ML w27 > HEZE b 7 20t
AN T B BB 2 A R A7 A B 8 0 7 AN ) 1 R B 2 )
BRI h O] BT B AL B half . int32 . float32 ., double 5§
AT A S, S T TR B ARS , Tensor-
Flow iy CUDA # e ¥l H 7 C ++ By B4R 2
REC . AR S B AR A L — R R, e T
DESIESE 2 G eSSV < QU NITE S
A R A

XFTALRE SCHF C99 By OpenCL 1. 2 #% & £ AR
i, T CH+ Ry iith. i T REB7E OpenCL
B R P SR AN [ B 28 BN S L n] f DL 7
75 X CUDA ol 847 3 4t -

(1) S AN [ ) B0 28 28 53 5] 55 B 19 /9 OpenCL

bR 50 BT 24 OpenCLAZ R B 1 4> CUDA B

(2) PSR K Rl 26 8 LU 45 #E 5C
& 2 5 A% 3% Bt OpenCL A% pR B .

X F AU LB JE R TensorFlow S . i 1%
— P T s 7 A R A AURS e LA A7 )5 22
SR AL PR AN ORI — A 07 00 CUDA
P AR AT 2 1B 3 R s T I R L
ARSI S TR 4% PR e 0 A o AR BB A R 7 4%
7 AT TR 2k OpenCL A% bR B A2 B E AT 77 B

. 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;

}

00 N O U W

Pl 3 o 28 R 40 FR A 40 A 7 A s 1)

HAIEF CUDA JF & 1 HLER 2% > FE 4 P
SR R FEAE 25 )12 B . AR SCEA Y 1 A5 Al
e J7 2 M e CUDA #| OpenCL #% pF 505 AT 55
o OpenCL TG ik 3PN Y ) R4 44 T —Ff i w7
AT 1 fifp D S
3.3.2 &Ik AR ) CUDA % R4

A7 7 1) 80 %6 1 1 R 8% 5% Wi A% ol 5000 T 53 4
BE. B LA (an CUDA SR A7) B 2R AL
B o R A FL U I R 8 K A 2R N AF (A 4 )
PUAE D 7 [m) 8 32 DRI Y A R BT B —
BtRE . TensorFlow Y5 A% A % >R FHIE 4 Ffs
P:7E CUDA #% oR % b 8h 45 A1) 8 3k =2 N 77 Cshared
memory) 1 I A5 & I 1B P AE X FF

1. GPU_DYNAMIC_SHARED_MEM_DECL(S8, char, s_buf);

2. AccT* s_data= reinterpret_cast<<AccT*>(s_buf);

3. for (int32 index=thread Idx.x; index < bias_size; index+=blockDim.x ){
4. s_datalindex]=AccT(0);

5.}

6. __syncthreads();

&l 4 TensorFlow 7 B CUDA 222 Py 77 25 B 2R & 7R )

OpenCL H 7 #B N 7 (local memory) 5 CUDA
AL A AEE M & B XS N (H 5 CUDA R [R] 1 2
1E OpenCL #% pREUIRAT BT - 72 7 © B A7 ORI P if
) BT 570 B 4 » OpenCL AR A SCRF 12 1% o6 B0 3)
A3 L JR FR AL L DR TR B Y G B 48 T 1
A & AR 5 1) CUDA K% R B T 55 .

N T RFEE CUDA K% e& 80— By W AF i 7
A A DU AR S B T X CUDA L5278 Y
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B dte A5 7E AL B OpenCL Ry RS £ 0y Jmy ¥
AR R P AE X FF L B AE OpenCL 4% 0 550 X6 J) 36
g WG AL -

(D 78 EWLu 8 clSetKernelArg () BRI 15
ByEFE O B AE A NULL . S8 B Ja 38 748 5 1 75 B

(2) ¥4 25 3R (1) v s B Yy Jmy &8 742 5 DL R A
28 X A& A OpenCL ¥ o8 B, I8 B _attribute_
(Caligned(sizeo f(T)))) ¥ E N X555

(3) 7E OpenCL ¥ e8 BN - i 3 42 5 5L AL A7 7%
58 MO0 JR A AR ) iR Ak

AHAL CUDA St =245 5 i fif ] 7 =X IRl A DL F
HoA ML A2 ST HE SR A S5 g ¢ T CUDA L2y
A 7 Al AT T AL g 2% > HE SR B AR
e HAT By 58 HPE.

3.3.3  ANIA) A A7 2R Y i) 1) B0 A%

T A I B e, CUDA B s BN &% 75 2
TEASIR] N A28 R ] Can 4 Jag-Jmy &8 Ja 38-F0 A 558 47
BiiifE%y. TensorFlow Wi CUDA #% 50— i FI /%
AR A 2 A% . SR, OpenCL 1. 2 5 i
FEASCREA[R] A7 28 78 (] 1 i A% . DR G, AR SOy
ST T OpenCL A% bR A [6] P A28 4[] 2540 1Y)
Tt . — BT B s AT LUR BB T R
AL 14 7 2 A Y A ) b A 4 Jmy R Jg 388 PN A7 22 T] 3
n] L JE A R Casyne_work_group_copy())
HEAT B 45 012,

OpenCL A% bR {492 T A8 7 2k 1% i 25 4l
I £ X ST T TG 1 R IR i Al 11 R DL N
BB ST RE N AE 23 (0] A fife TR A% i Bl 2 0k B
FE AR B XE £, A SCEE AT X TensorFlow Ht CUDA
F Lo A AT 20 . TH IR T A 3 0 A A S
FERZAEAE R OpenCL A% BRI B A 2, I T 5 22
fHz 5. X T 3h A TF RN A7 25 8] I XE A A SR
TERE 4 25 18] R /ME e 45 7 A5 I 35 3] OpenCL
ORI B A £ . i, X T 42 R B R EB N AE I AL
i A5 5 s A SCR R 5 BT 7 05 100 42 R 28 i v i 5K
TG 3] Jr) 0 A% o

. string StrN=to_string(length);
. string kernel_str="__kernel foo( Args..., __global int* input,
. const int N){

. __local I_data ["+StrN+"];
. for(int ;; 1<<N; i++){
__local I_datali]=input[il;
}
}H

Bl 5 OpenCL 42 J5) N A7 %5 45 1% 125 21 J5) 38 3 A7 75 4]

] OpenCL 1 416 (19 53 25 48 DU o B0 4% s 2 4
IS o T S 2 5 o R P AT S A B R ) AN 2

0N DU A W

AT B U R Il [ 25 45 A DR G A A ek b 8 57
A A2 i 8 4 T B barrier O BRBIE AT B [ 4. 5
G s T A8 DS g T AR N BT A AR - Y
BEAS R 2% 1 4 W7 38 ) S8 3 S 40 S B A A% 1
W A o HURE G R R Y O s AT B 1
. ASSCHE A IEL 6 JT 78 J7 ¥ 58 BT S A0 T L Y i 40
fekn.

1. string StrN = 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 I_data ["+StrN-+"];

6. 1_data [local_id]=0;

7. barrier(CLK_LOCAL_MEM_FENCE);

8. event_t evt;

9. evt = async_work_group_copy(l_data, input, size, &evt);

10. barrier(CLK_LOCAL_MEM_FENCE);

12. evt = async_work_group_copy(output, |_data, size, &evt);
13. barrier(CLK_LLOCAL_MEM_FENCE);
14. )"

K 6  OpenCL 525 W {E 1) B dE 15

3.3.4  CUDA JF T4 1 5 e

ML A LA R I U5 18] [5] — A A7 b ik i 25 A7 A
0 S AR AP D 45 4 T L A 5 e A O 2 AR X
FA A7 BT 58 18 25 1 3 7 AN Bl At 26
0. TensorFlow fE biasadd \resize. . dilation %%
AT TR T BRI S A R AR S I
.

5 CUDA A A Y2 » OpenCL 5 1 7 i) it 1~ 18
VEALSZ A5 1 R HHR A S i AL A 8 G At K4 28 A
JE TR CUDA % o8 81U 4 i OpenCL A% 56 $1
IR 5 SRS 7 R A AT 2. A SOR R 2R CAS
(Compare And Swap) B LR T H#4E . 7 @R
T float BRF 5N OpenCL SEBLR B X 51
e LT BRAF A TR R AR 8 frrh s
SAFRIAT, A SCE YK CAS LI T TensorFlow
H1 CUDA 2| OpenCL J 744 1y e it % 7 k3% T
A AL &5 2 ) HE SR A B 45 LA K B 8 e 4 A R A a5
HA—EfEREX.

1. void atomic_add(volatile __global float *source, const {loat operand) {
2. union {

3 unsigned int intVal;

4. float floatVal,

5. ) newVal, predVal;

6. do{

7. prevVal.floatVal = *source,

8. new Val.floatVal = prevVal.floatVal + operand,

9.} while (atomic_cmpxchg((volatile __global unsigned int *)source,
10. prevVal.intVal, newVal.intVal )

11. 1= prevVal.intVal);

12.

Bl 7 OpenCL ' floar &M J5 1 5 B 51
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3.4 R4 inizE

i A S B g P, AT R B 4 J5 OpenCL A%
PRRCE R BE b A7 A 1 — 25 0 Ak AR T G 25 1)
B AR SCHE S E5E T OpenCL A B 75 3¢ 45 9] B 4L |
P PIAT S5 AR P AR BT S T AR =R Al
Jitk:

(D i # B A% OpenCL #) 4R AE 5

(2) G247 OpenCL % bR B g PR 45 2R 5

(3) i I3 29 53 2 AL I 7 #R A
3.4.1 A EAIRIAXS OpenCL IR 1L

OpenCL F2 J5* 19 F= 4L 35 A 5 0] 42 A0 I 5 2858
i clCreateContext() .clCreateCommandQueue () 25

BEORB AT E I plat form (CEE) M device (X

) B & context ( FF 30 commandqueue (i 2>
BAZD S5 ERAE. 58 R OpenCL 4% o6 ¥z 50 )5 7 2l
WP clRelease O K W) IR AL B G e 5. R
3C i A BAF A BT IR EA T RR IR

Kl 8 7R 1AL & 2 > AR v i B AR A
i 6 4> OpenCL 4% bR B 7E B I AT IS, OpenCL %
1 RR BRI [ 7 B 0. ML RS XE R i, OpenCL
WIUH AL 5 B 2 1Y clCreateContext () | clCreate-
CommandQueue() .clRelease OSSR TY
90 %6 B A FRAT ef 1] ZERL2S 2 2 LY p AN A 22
W B — AT 2 R B X EIR A 5 OpenCL
F2 11 pR B2 IS W) R R A PR AT R R R
FEA.

B clRelease
clCreateBuffer clCreateKernel
clCreateCommandQueue ] clGetDevice Info

clEnqueueReadBuffer clEnqueueNDRangeKernel

SetKernelArg

§&8 clBuildProgram clCreateProgramWithSource
[0 clCreateContext Bl clGetPlatformIDs

e A A T ACAR A
solit. |1 A
“““
concat_fixed_kernel |11z TR
L TITITT
S A AT
biasNHWC [ AR A R

biasGradNHWC_Naive

T EOT TV QDO
n n n L I L n n n I n n L n I

n n 1 n 1

0% 20% 40%

B 8

EBR b AR OpenCL bR, & 481 & L B X
LA BT F R SCAF 5 W) A A AR 5G4 11 eR ETE
IBATA [ A% ek B HU 98— . B, AR SOR A
Co v i B 5 0k 3 26432 11 pR B A7 26 1 9
JER T ASCEE X OpenCL vy & 43 45 11 bR ER T Y
FKA.

AT OpenCL ARSI, 4n SR 5451 % 52 K 4 1]
D57 A — 6 52 5 ELOR JH: 1) g 5% 722 o E A7) 46 A
W BN 5 C 2R A ) B R B T A X 4.
THRIUG A B B BT S ) 4 BA S S5 AE
Al 8 1F GetDevice (), GetContext () s GetQueue ()
X BEHE ORI E 58 M) IR AL 1) device, context,

o =N
commandqueue 575 1,

AICEH YA CAH+ B 3R T Ten-
sorFlow 1) OpenCL Ji i 52 BL. {1 B 49 45 50— 5 1l
AL R IUA ) OpenCL AURS . 55 —J7 T RE B
A7 R0 O H B BRAT 0 i A 10 R B N T
FETHU A IB 1T R0 X R B SO T At 2 T

n

60% 80% 100%

H 7 OpenCL A% s B ACHS H OpenCL 42 1V HHAT IR AT o HL 42

OpenCL W HLAR 5~ HEZL B8 FE W Bt B —

IEYS-9'8
3.4.2  Z4F OpenCL 1% BB 4 1% 45

HAT OpenCL % bR B HEAS I FE At - 1 5 .
clCreateProgramWithSource () B 5% OpenCL #4
PR T AT R G RO ol _ program XF G U B
cl_program ¥ ZAE B EE N clCreateKernel ) B
B i cl_kernel St 2. T )5 W cl_kernel ik 3|
W bisty. WU B BEAXER ) % — 1> OpenCL
T2 7 v 22 U A A R B0, B 2 B A2 4 X A
R T E R T OpenCL AR Y $hAT R0,

H T OpenCLAZ bR KOS 2 16 A2 SR Y ol _program
X G R] L S AH TS B4 el _program % G2 0] LA IR
e A cl_kernel 3F 4. TEE 9 JBIR B Singleton Bf|
K AR SCH & T unordered_map{string , cl_program)
R B A program_record s JT TP A% e HCUR AL 9 15
AL l_program LUK R EL 1745 ERVE R 51 64T
GAr. B e A TE G AT P 2 AP TE S T A A o
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Singleton
—device cl_device idd
— context cl_context
— queue cl_command_queue
— program_record unordered_map<_string, cl_program>
— Singleton()
+ ~Singleton()
+ get_instance( ) Singleton
+ ClDevicelnitializer( ) bool
+ GetDevice() cl_device_id
+ GetContext( ) cl_context
+ GetQueue( ) cl_command_queue
 NKGetProgram() bool

& 9 TensorFlow B {25 A

BOTAT R XS DB ol program. 5 A7 78 W) B8 B
S ANATAE UG A% o K07 A s R AT 2 356 » T IR 2
JRHY cl_program BEATZAT.

TAE4Ho

T AR

H OpenCL A% ok 50 g 13485 R b AT e A7 1) J5 2]
LAY /D 2 15 AH W) OpenCL 4% p& 0T 1 14 BB 51 46, 32
TR P REAR B 2 17 30 % HAh T OpenCL ML 2%
2 REZR BRI P L At i] SR R () Y S g AT R
S Lk — 2B k.
3.4.3  fERHAB IR T 1#4E

1% oR B T 2 YO T D R AR B O TR
WAEHLEE RS T R R A SE B X R, — R e F
PR HOBE SR AT 50 B DR O, o D B AR B O S Pk
RE AT I 28 O T B R ARG 6. an 18] 10 Fros R4
1t OpenCL A3 3 2 4~ T AE 4 Cwork group) 347
5 B #E VR BE 8 5 T — 0 M TSR AR H A A
B 1 5 R I 3 R BH 2R T B0 M B8 AR A A AT
2.

TAEAn

HEREEEENENEREENENRE

LLTTLLL T ] e

AN
TR

AR
JEr AR

RHUIERER

Kl 10 TensorFlow #1 £ T/E4 R F#:1E1H B R 2K

N T 3e 58 FI AT OpenCL 2 28 4 4b B 11541 55
AL 3, E— 20 42 T 5% # J5 OpenCL 4% pR %4 Y 1
AE. A SCRRIBIEFE 1 anfer fdi 1A 29 AR 46 OpenCL
JEFERAE R J7 k. W 11 fR % 3] OpenCL AL L
R TAE R R 2P, 76 11033019 29 25 S i A S fiff
Wi VA2 (two-stage reduction) B |58, 58 il T
VELH R 29 FF DR A7 B A IH 29 45 51 HOR L4
A TAEH RS — 0 b i 1 29 25 2R B R AT A
2y 15 3 e A 4

9 24 5k e A IR #0247 19 K 8 7E T OpenCL

1 R 42 Ry T AR 4 A (global _work _size) Fl Jay 3
TAELAE (ocal_work_size) KNI E UL M ARLEH
(] &35 SR T i 5 6] 8 T 550, AR SC ol Jey 8 A e e A
BN 2 ) N W7 IF 56 T 5 A B R 42 R T AR LR
UL B ARAE 5 — 20 v [a) 245 2R BT 5 25 8] 0 R /N i A7
.

AR SCHE OB HE T OpenCL 1 15 45 U7 24 80325 1
TXf TensorFlow Jat 5~ #:4F B 46 £k v, o $2 T 36
PR 7 > HE B vh g # AR i ST S PR e 4R Al 1 —Fb ]
17y 8 s
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TAEEHo TAEZHL

A%

JEESEAES

11

4 OpenCL #% & 1 7£ TensorFlow 1 £
B AE R A E

b T 681 8 F TensorFlow Yy Python HYj ¥ Xt
A SR OpenCL A% pR B E 47 98 FH A0l 3, 48 S
% OpenCL # B AE TensorFlow 45 i F1i8 B J7
AT TR R 5.

4.1 TensorFlow B1 OpenCL 1% &5 %5 & B,

LIAE TensorFlow #1468 — 4~ % #8 & FooBar
BT R ] OpenCL ¥ B B{E TensorFlow H1 £
BT E It DL A RS B

(1) B4 1 SCRS B

TensorFlow — % REGISTER_OP(O) %
X B B 1 BEAT s SCRI A B 308 A] DL g R
AP AR IR G EAF L. B 12 R TH
T SCFR AR 1) 7 481

1. REGISTER_OP("FooBar")
Input("input:int32")
Output("output:int32")

2
3
4. .SetShapeFn([](:tensorflow::shape_inference:: InferenceContext™ ¢ ){
5 c—>>set_output(0, c—>input(0) );

6

return Status::OK();});

K 12 TensorFlow W2 14 1 7 BACHS 7R 14

A rh 2 FR A FooBar W5 K — MU 28
int32 WK input VERH A IF 5 — B 21
int32 WK output. P T AR BEEL SetShapeFn()
R DRt ok 5 AR TR AR AR [A).

TensorFlow X} F 5 1 iy 24 FL U A5 7 B 4l 5 B
Wh AT R JH 5 W i 44 105 HWE 13 W AE AR [R] 3 & 1 i BT

PP A 293 50 m = A

BHTF BT 4 &M —1. 7€ Python i 4= i iy £ 0
BRI B 2 AR 40 LG B 0 i 44 A R B 18 T R A 44
It FooBar T Python W& FR A foo_bar.

Q) EHEFIHHEZ 0L

SEMUA TR O n b AR
S A BARSE B CREA ] o 1) CLFooBarOp). & 13
JeR Tt FEA% O KR LB 7 K TensorFlow Hi 7
MTHEAZ O 2 — 4R 7K T 38 FH Y OpKernel 2. Com-
puteOJ7 808 OpKernel W0 F 2] T 5 A i
HE R B 4 B DL R AT BB AR SO BR
OpenCL A% bR %5 8 F i FE £ B 7E A 8 X1 ClKer-
nel Launcher () PREL.

1. class ClFooBarOp : public OpKernel {

2. public:

3. explicit CIFooBarOp(

4. OpKernelConstruction* context ) : OpKernel(context ) {}
5. void Compute(OpKernelContext* context ) override {
6. // Deal with input &. output

7. // And allocate memory for output

8.

9. // Execute OpenCL Host Code

10. ClKernelLauncher<...);

11.

12. )

[ 13  TensorFlow 13 % .0 2 1) 52 BH s 4]

(3) B T3 3| TensorFlow &4t

SCE FooBar W8 WK 5 . ik 5 2 4d Hl REG-
ISTER_KERNEL _BUILDER () 7 ¥ X 1% 1 2
TensorFlow H, {37 A0 &l 14 Fios.

1. REGISTER_KERNEL_BUILDER(Name("FooBar")

.Device(DEVICE_CPU), ClFooBarOp);

Kl 14 TensorFlow P M 5 27w ]

©)

Create an op. https://www. tensorflow. org/guide/create_
ops 2021,9,20
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4.2 TensorFlow 51 OpenCL #% & 1 /7 B

N T BEW% 3 3 TensorFlow iy Python Fij ¥ X}
OpenCL B 7 #H 47 1AH. KX T TensorFlow B
TR 1k A8 8 A 88 H2 5 X OpenCL 5 i
TT B35 EmFNSHEENTERRREZ PO
LR /£ TensorFlow gaif 45119 g+ + A, fii
K15 J&oR 19 4 13 i 2 AT 4% foo_bar 551 % 18 N 1E
Python Hv Al 8 F i 2h 2 8% 4 B SCF.

1. TF_CFLAGS=($(python -c'import tensorflow as tf;
print(" ".join(tf.sysconfig.get_compile_flags()))"))
2. TF_LFLAGS=($(python -c'import tensorflow as tf;
print(” ".join(tf.sysconfig.get_link_flags()))"))
3. g++ —std=c+-+11 -shared foo_bar.cc -o foo_bar.so -{[PIC
$#TF_CFLAGS[ @]} ${TF_LFLAGS[ @]} -O2

B 15 gt By A 1 IR g 35 i o £l

& Python H i il foo_bar B ¥ I} . 75 B4 JH
tensor flow.load_op_library() BB I £ foo_bar
1 Bl A HE R P AT N A, W B 16 FroR. R 5E
B a BT 7 5 TensorFlow # CUDA & T
58 4 — B0 AL AR B9 S A B Ra] 58 AR

1. foo_bar_module = tensorflow.load_op_library("./foo_bar.so")
2. foo_bar = foo_bar_module.foo_bar

Kl 16 TensorFlow ¥ Python fij ¥ o' 2l 254 42 2 Jn 2k 5 vk

5 KB

ALV I SE T — RIN B SL R B T T
[ 7«

RQ1 #eiftJm OpenCL % bR B TE B R 4 oy 7

RQ2 #eitJ5 OpenCL % bR K 1 RE W14 7

RQ3 itk )5 1% bR i 1 BE £ T 380 5R iy 2

RQ4 ¥4 )m OpenCL A% & KA 38 I Uiy 2

N T HRAEASCE SR CUDA 2] OpenCL #% bR

BRI L W IE B IE S PR RE A SCRERT T 3% 5 Fr 8]
Y BB (PR BT AT T S 5

RS ZLWREHRE

B A 4 B SR
. Intel(R) Xeon(R) Gold 5218
cPU CPU@2. 30 GHz
RAM 187 GB DDR4 2933 MT/s
GPU NVIDIA Tesla V100S
NVIDIA CUDA CUDA-10. 2
Toolkit
OpenCL CUDA 10. 2 OpenCL 1. 2

GCC7.5
TensorFlow 2. 2

Host compiler

TensorFlow

& Bk GPU n] LA i 3+ CUDA A
OpenCL #% pR AL 118 47 » A SCH B S 5k T CPU A+
Jeffiik GPU By H 5B 3 58, i #% CUDA-10. 2
F 47 9 OpenCL FEfRUE T 7EAH R BREE T $iT CUDA
PR OpenCL #% B 2L, B T A LR 45 H s Ry
TensorFlow 2. 2 fiAsH i) CUDA 4% pR 5, IR I AR SC
H1 523 L TensorFlow 2. 2 Hifii i GPU = CPU #Y
THIRSE R S
5.1 WXTH

ARSCE I 5 4 43 10T s e )5 OpenCL
1% R %4 3] TensorFlow H,{#i | TensorFlow [
Python Fij3i43 5138 F OpenCL 1 CUDA & 1. f& 1)
T Python {77 i FICIHE S unittest Beit Je 5k
LT BR AL IR, unittest BT I R 44E T 61 2 gl
B B 2 R DL R R AT O E©. unittest
TE4 %% Python J5 8t 7] LUl 3T import unittest 5| A
JE EARMAL O T RERS A U W HL AT A2 5o HTML
MHRAR A A SCFI AT unittest BEHR 1§ SO, 3
F unittest fl HTMLTestRunner.py R 7] DA 55 ¥ 4%
BRBCA A T oK ©. B 17 R T A% B B0 I O AR

- OpenCLAZ AL T STRIIEEN ORI Haits IR
load < CUDAM H " Vi i S e

Show Summary Failed All

AddOneTest 2 12

[0 [0 [Detail

ptl.1:
WA TT 46
test01: test01(__main__.AddOneTest)

PR

2 EYER AU FHE LI, 38 iFkernel /& 75 AT 5E
cuda time use: 64.328 us
opencl time use: 23.849 ps  opencl kernel time use: 4.3657 ps

[X]

event record time use: 4.74993 ps

test02: test02(__main__.AddOneT est)

pass

Total 2 [2

[o [0

P17 A B M ok g e o A AR A A 4

@ unittest introduction. https://docs. python. org/zh-cn/3. 7/library/unit-test. html, 2021,9,12
@ HTMLTestRunner introduction. http://tungwaiyip. info/software/ HTMLTestRunner. html, 2021, 8, 30
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foreign vendors such as NVIDIA, AMD, and Intel. Other
vendors, especially domestic hardware vendors, design and
produce acceleration devices that only support the OpenCL
common programming specification. The inability to support
mainstream machine learning frameworks makes it difficult
to 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
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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.

This paper is the first work to manually convert 135
CUDA kernels under TensorFlow. This research summarises
the conversion of CUDA kernels to OpenCL kernels under
the TensorFlow framework, and sorts out a series of typical
problems that may be encountered during code conversion in
machine learning frameworks and Solutions. This project also

summarizes the methods for calling. optimizing, and testing

OpenCL kernels in TensorFlow. A series of experiments have
shown that the conversion method in this paper is correct and
reliable, and the computational performance of the OpenCL
kernels generated by the conversion has been significantly
improved after optimization. This project provides a reference
for the conversion of other deep learning frameworks to OpenCL.

The research in this paper is supported by the National
Key R&.D Program of China (No. 2021YFB0300104). Tt realizes
the performance optimization of intelligent computing and the
deployment of intelligent applications on an intelligent computing
platform in a domestic supercomputing system. The research
in this paper plays a key role in the subject to support the

deployment of intelligent applications.





