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21 "eld it 72 =
Held S 2ot dBSUEE2 7[2H2 = o Vel &3 A B(input layer), 02| 7i2| =
A (hidden layer), 22|11 o 7Ho| &3 HF(output laye22 FHEICL U™ AESE o
g Ee 22 dst7| ot 28 HOIHE 7IX|1 Aen, dutio=z Hig HEjo| 25
2 XA=2Y0| YUY HOIHE AZECE 24 AE2 Y HolHo Che =2 Mg =3
5tH, Ol {Iet 7I&Xl(weight)2t E&(bias)S 7HAIL QUCH =H AZ2 Lo st =2
SES o= JHEICE
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<HE 1> HHYOM AtEE|= CHEZXNCQI BLAS G4t FE

FE oA dak = Bl
SCAL X = ax x= 9H, a= AZet
LEVEL 1
AXPY X =ax +y x, y= #H, o= AZect
_ X, y& 9H, Az &<
LEVEL 2 GEMV y = aAx +By @ pE AZ3
_ A, B, Ce #<
LEVEL 3 GEMM C = aAB + BC @ B Aot
CNN
Input | | Hidden | .| Hidden | = | Output
Layer Layer " Layer Layer
. Full-
Convolution Scale | ted
Layer Layer | | connecie
E Layer
Input Data Weight Input Data Input Data Weight
P g Scalar P P g
- 2 +
GEMM: C= aAB + BC SCAL x = ax GEMM: C= aAB + BC
BLAS Interface
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GPUZt StLte| HEE| St S/St= 88 HEE[(unified memory) +XE E|OQUCE 0|2
st EZZ 0|8510] UHICI=0 EztE Held A 7|22 28Y 42, CPURF GPU 7H0f
HOlE H& 80| HIOIHE S/Y += ULt
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Divice Memory
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[8 2] PC/Server EMZ 1t YHCIE A|AEQ HE2[ 2= KO
[CHEPA YHICIE AIAEOA &> Aitnr 22 HEld Aits 7H53Hsr| fIsiM= OpenCL
o 22 HE XMa| o7t WHo|Ct OpenCl2 IAZRXA AFM T2lzle HYH HE
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OpenCL2 ZAE(host)@l CPUOIM AHAE|= ZAE T2 0¥(host program)ut HEX 2| &
K¢l GPUOIAM AAElE= HYkerne)Z2 FHEICH SAE Z2e HAZ AHASH| et
2 JolgtH, HEo|Zt AAAHA(instance), T ¥ OtO|H(workitem)= QI
':ili Skl 2t Hof| s E|0f HAECE /I3 dE(work-group)2 02| ¢/ Of0|HZ=Z +
dEH, 2 Y3 282 M2 s9% 37|8 712t {3 489 I27[= TN oy A7
£ olOjgts MY {13 & A7|(global work-group size)2t 13 AEZ 3 O[S 3
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OpenCLZ Wy HE HE AFY D ULA0(7| IZ0 FE QLEAAE Sl BLAS 2t
ol=riz|of cist A7t Tl FO|Ct CHEZXQl OpenCL 7|8t BLAS E2l0|EZ{EZ|Z2& clBLAS,
ViennaCL, CLBlastZ} ZX§SIH, $4XH CLBlast7t 7t& 4&0| @=iCtn 2™ UL,
CLBlastE= C++1122 ZME OpenCL 7|2t BLAS 2t0|E2{Z|ZMN, CtYst HW SSHEO|N
OpenCLe| 452 zl0iot &8 &= ULE LA L[RJACL £3, CLBlast =4
A Nztel 458 EHSHI| {8, OpenCLe| Lt2tO|E{(parameter)S At
E7Q 2E Jl(auto-tunerE A|STHCE CLBlast= BLASS| EE QAL =
SHAl= oL, EHE{JoM AF8Ste REe F2 di RE I FAUZE
A2 Had Z0roM it HIE HAE 28 FE AMESe FEZEQ HFHEE(half
precision)& F7IH 22 X|THC}
oHH, cuDNNZt Z0| AT gl2el &3nt & X ¢iits X5t OpenCL 7|8 EHa{d
A Tt J]&24E& Arm Compute Library(ACL)ZF cIDNNO| QICE ACL2 ARMOJAl Zt2|stD
= ARM CPU % GPUE @It Eaid 7t% 2i0|E3{2[0[Ct. ACLZ ARM CPU 3 GPUO|TH
SZH0| 7tsdtH, ArmNNS 0|23 ZL Caffe LE= Tensorflow ZEE AT £ QUSL
ACL RHH|2te 2= 7|E Had Z YA ASO0| o2 SHATO| EXTICE cIDNNE ¢
20| ISt OpenCL Z[EFQ| Ha{d ¢4t Jt& 2tojER{2|2M, A= AL CPUO| LHEE
GPUOIMTH SESIEE FoIE|0f QULCH
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3.3 OpenCL &8 H2{d Zgdfa

X 7HE oiEXel EHed ZHYYIZE PyTorch, Tensorflow, Keras, Theano, Caffe,
MXnet, Deeplearning4j, DarknetO| QUCt O|2{st El2{d Z U3 = EHafd L JIES 2
S CUDA % cuDNNZ AR83t7| MZ0| YHICIE A|AEOM= 280 O{FHLCE M2tA |
CIE ALHEOAM E2d Zi YAt 28822 ALV fsiMes @M 23Tt OpenCL
7lgto| Hald gib 7t J|=0] ASE|OJOF St HX{ OpenCL Z(8to| Ha{d AL 7%
71=0| XgEls Had ZYYYI 2= OpenCL Caffe, DeepCL, TensorFlow Lite, Darknet
on OpenCLO| EX§BtC}

OpenCL Caffe= Caffe@| GitHub MZA0M &2|x7| IZ0| 7|& Caffel| AHMHO|AE
02 &8 7tss HH0| =XiStH, ViennalCL, clBLAS 12|21 CLBlastet &3ty Eafd o
3t = ULt DeepCL EasyCLI} cIBLASQt A& 7hsdstH, C++% Python APIE |
SPHCE TensorFlow Litee Tensorf lowOf|Al &t&38t DES ZA2s|st0] AOf
E0|E(Android) 7|gte| RENHME AL8St= AUHICIE A|AHOM FEES =ASH7| £/
Tensorf low2| MEFELAO|CE Tensorf low Lite= Google2| Neural Networks API
(NNAPI), GPU CHE|XH(delegates)E &l EHl'd LS 7t5310CE Darknet on OpenCL2
CUDA % cuDNNE 83t= 7|Z Darknet2 OpenCLE E8E + UA=E s HHO|LCL
[ 3]2 OpenCLS &8 £ 9= HEHQ HW ZZQ ARM CPU ¥ GPUE EFX|3H
YH|ICIE ALEOM EEE S 9ot FE=E LIETHOE 2Xf CHEE2| CPU 7|8F BLAS
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2t0|E2{2|= ARM 7|89 CPUE X|&SIMH, OpenBLASE AHAM| AB|E(thread) 7|EF HE X
2§ S5 BE| 20 7|8t CcPud| %H3tEl 5 MSTCh Ot=2], ARME| Mali GPUE X
8H= OpenCL 7|8 BLAS 2FO|E3Z& cIBLAS, ViennalCL, CLBlastS Z8% = QUCH ACL
O Z% OpenCL 7|8t ©2{d ALt 7t&£1F 270 ARM CPU 7|8 THY HAH ChE G|O|E X2
(SIMD, Single Instruction Multiple Data) 7|=¢l NEON 7|gt G4t 7t% 7|=S X[ACt &
HICIE A|ABES @3t Y D2 AYIZ2= OpenCL Caffe, DeepCL, TensorFlow Lite, 12|
1 Darknet on OpenCL S0| U2O, TensorFlow LiteQ Z{ AEZO0|E SHHO|ATH

OpenCL 7|8 Ha{d ALt 7t&S X[ AT
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Deep Deep
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Framework Framework
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ViennalCL /
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AMLE 70| SOISICt M2tM, AHEIE AIAEOM HEdS 822 A5t SloiA
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[2] http://www.netlib.org/blas/

[3] http://www.netlib.org/lapack/

[4] http://math-atlas.sourceforge.net/

[5] https://www.openblas.net/

[6] https://www.khronos.org/opencl/

[7] https://developer.nvidia.com/cublas

[8] https://developer.nvidia.com/cudnn

[9] https://github.com/NVIDIA/cutlass

[10] https://github.com/cIMathLibraries/cIBLAS

[11] http://viennacl.sourceforge.net

[12] https://github.com/CNugteren/CLBlast

[13] https://github.com/arm-software/ComputelLibrary
[14] https://github.com/ARM-software/armnn

[15] http://deepcl.hughperkins.com

[16] https://github.com/hughperkins/EasyCL

[17] https://developer.arm.com/architectures/instruction-sets/simd-isas/neon
[18] https://github.com/intel/cIDNN

[19] https://github.com/ganyc717/Darknet-On-OpenCL
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