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Deep Learning

““““ Model (or Network)
_ weight ||}
Convolution
Bias

l .. Layer
RelLU

1 . Parameter
Matrix Weight
Multiplication Bias

l ............................. [ T Feature map (Or Layer OUtpUt)
Softmax > [0.9, 0.1]
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Project Goal
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« Zhang, Richard, Phillip Isola, and Alexei A. Efros. "Colorful image colorization." European
conference on computer vision. Springer, Cham, 2016.

* https://github.com/richzhang/colorization
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Examples
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Model Architecture
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Tensor

4D Tensor

(e.g., multiple images, convolution weight)
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1D Tensor
(e.g., Vector)
Shape = {4}
2D Tensor
(e.g., Matrix)
Shape = {2, 4}
3D Tensor

(e.g., RGB image)
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Data Layout

» CirpE BN E O 22|0fl= 12tH 2= A0 /S

Jl2 256 LA, M2 256 TIAL RGB 222 7}l 0[0]2| H|o[

CHW = (Channel, Height, Width) =
(3, 256, 256)

Outermost Innermost
Dimensio Dimensio

HWC = (Height, Width, Channel) =
(256, 256, 3)

Outermost Innermost
Dimensio Dimensio
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Convolution
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Convolution
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Convolution
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Input Filter Output
(C, H, W) =(3,4,4) (C,R,S)=(3,2,2) (OH, OW) = (3, 3)
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Convolution
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Input Filter Output
(C,H,W)=(3,4,4) (K,C,R,S)=(5,3,2,2) (K, OH, OW) = (5, 3, 3)
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Convolution Variations

» Stride
- TE7} Z2|0|= 7t4
 Pad

* Dilation
« TZE| A SHLStLE ALO|S| 7HA

« Transposed convolution

- TE 0

» Olofiof| =50| &= A=

https://github.com/vdumoulin/conv_arithmetic
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Batch Normalization
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- B,y : EHEl offset L scale g}

¢ : Division-by-0& 2X|5}7|

output = f +

?let 4L (Le-5)

(input — E|[x]) =

\/V[x] + ¢
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Miscellaneous Operations

 NormalizeL:y = (x —50)/100
* ReLU : y = max(x, 0)

X

Y eX

« Softmax:y =

« Upsample : Bilinear Interpolation

* UnnormalizeAB : y = x * 110
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Skeleton Code
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Overview

\ Main program !
|
o | . : bin2img
img2bin . Input — main.cpp | Output
Binary ! | Binary
1 | colorizer.cpp | | '
|
Lo——_ |:T _____ .!
Network compbinl
Binary
net2bin
PyTorch
: — Answer
» Pre-trained genans Binary
Model
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« colorizer.cpp = &3} ot tt=4H| ot= A
A At = E 3~472] 2} 2 & AF2 (CPUs + 12~16 GPUSs)

- p W72
®.§ THUNDER Research Group ‘.,‘é i \03’
¢ Seoul National University @M
PECEERERENE |

ﬁ)).(L



HHC| B E LR

* seq/
e timer.cpp, timer.h, util.cpp, util.h, main.cpp: £4& E7t=
« colorizer.cpp, colorizer.h: HH&35} CHAat
« Makefile, run.sh: A&ASIH $+A5HAM AR

e common/
- bins/: OfA &= L == HO|H
* bin2img, compbin, img2bin: EX ZTZ ]2
« imgs: O|O|Z| Of|A|
* network.bin: Pre-trained network binary

* misc/ (optional; PyTorch required)

e genans, net2bin: ERX Tz ]cH
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Makefile

- AFEA 8 7ts

* MPIZ AI25I1A} 5= A CXXFLAGSO|| -DUSE_MPIZ &7}510{0}
main.cpp?} SHI2H| S 2kt

+ make 2 ZO}IUO| &|0{0f

 make run 2= AlSH0| £|0{Of
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colorizer.cpp

e ColorizerInit

« 27|34 o

e mat_mul_init3 4i2t5tH
« AZF S0 S07HA| EE

e ColorizerFinalize
. OtR2| 2t¢! 73
 mat_mul finalizeZ #4HZfs
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colorizer.cpp - Colorize

 void Colorizer(float* input, float* network, float* output, int N)
« N: O|D|&| 7%=
- input: 2= O|0[Z| H|O|E

7] : N *256* 256

rE

AR O[0]A| A 0[0[Z] MR 00| 2]
AN N AN
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colorizer.cpp - Colorize

 void Colorizer(float* input, float* network, float* output, int N)

+ network : Y E93 mr2ta|g] GoJEf
EOIE| AHALS O|25H0] 2 2{0[0{ Q| Ii2t0|E = &2

[ ay—)

2t Of2tO0|E{Q] &AM et A7|= 2RE 2t

_I

modell 0 modell 2 modell 4
bias bias bias
{64} {64} {64}

| l }
f f f f

modell 0 _ modell 2 modell 4 model2_0_
weight weight weight weight
{64, 1, 3, 3} {64, 64, 3, 3} {64} {128, 64, 3, 3}
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colorizer.cpp - Colorize

 void Colorizer(float* input, float* network, float* output, int N)
- output: &3 0|0[Z| H[O|&

37| :N*2*256* 256

AR O[0]A| FHA O[D[X| MR 00| 2]
AN N AN
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img2bin [S4H 0|0[Z] =&] [ HIO0|H 2]
+ 0|0 Ay &= main.cpp’t O[S 4= U= HIO|H 2| FEf=Z RHet
main [ HO[H2|] [HESR 2 Hi0[H2[] [ Bi0[H2]]
- U HO|H2|2t HEXHIE 2ot &3 Hio|H 2| Hd
compbin [H|W'er HiO[H2|1] [B]| WS HiO|H 2|2]
- =Y Hio|H2| 270 H|W3iA 2t0]2] 2[CHElE =
- 2t0]2] z|CH7x0] 0.001 (1e-3) O|5t0{OF2 H2 = Q1
bin2img [&2 S8 O|0|Z[] [ H}0[LH2]]

. 9= Ui 0[0j2|2 23 Hlo|Li2|o] ©7) 22 FEE 0|23t0] Zaf 0[0|

O =2

O n

- Zf 00X = H= =9 O[0[X|7t Y= SHO| ddE

L. = /| /1

* robot.png -> robot_colorized.png
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Tz ]=0 - pPyTorch Z

+ C}2 B2HEZ 5H=C| 9l0f Wi OFL|R|BH PyTorch7} QUCHe
AEshE 4 Qe T2 U
- genans [E8H O|0|Z| 2&] [ HI0|H2]]
- O|0]Z] ¢42] & %PyTorChE z{2|st0 24 80| 2| 49
« main2} genansZ M=l &3 HiO|H2|& compbin@ 2 H| W5t &

dAt7ts
 net2bin [HES 3 HIO|H 2]

e network.binS AMMSH=0| AFZct T =] H
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kjp4155@bl:~/project/project_skeleton/seq$ ./main ../common/bins/inputNl.bin ../common/network.bin outputN1l.bin
Options:

Input: ../common/bins/inputNi.bin

Network: ../common/network.bin

Output: outputNl.bin

Reading 1input...

Reading input done! (1 images, 0.025858 s)
Reading network...

Reading network done! (128964012 bytes, 10.968411 s)
Preparing output...

Preparing output done! (0.000028 s)
Initializing...

Initializing done! (0.000318 s)
Calculating...

Calculating done! (106.385733 s)
Performance: 0.009400 img/s

Writing output...

Writing output done! (0.231593 s)
Finalizing...

Finalizing done! (0.010222 s)

kjp4155@bl:~/project/project skeleton/seq$ ../common/compbin ../common/bins/answerN1l.bin outputN1l.b1in
Max of difference: 8.392333984375e-05
kjp4155@bl:~/project/project skeleton/seq$ [
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* Pthread, OpenMP, OpenCL, MPI, CUDA, ...
Q| F 20|E2 2| ArE 54

+ Intel MKL, cIBLAS, cuDNN, cuBLAS 5 ...
M otES =7t stAL Ol HE2 s

« kernel.cl &7}, colorizer.cpp£ colorizer.cuz2 HE S

. Makefile 2 2 2T} U AlSH g2 Q0

main.cpp, util, timer= &4 24|
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- ZH:seq I

M523 (N=1,2,8,16,32, .

- seq 3E 0|5li5}H7]

* inputN.bin, outputN.bin 2t=7|

- a5 &ds 54 stV

Z

- ZH:1GPU

S8 4152 312 (=)

. 1024)

O|M 2[A5t0| 282 S0VIE=
4(N=1,2,8,16,32
L=
o /| O

z|S A= 62 142

., 1024)
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AAEE: b1, b2, b3

e slurm ARZ Otat

o

e SSh 2l=‘||_/.\_ Ol AISH

1= 2 O

* login '=E0{|A{ ssh b1, ssh b2
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