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Image from https://towardsdatascience.com/intuitively-understanding-
convolutions-for-deep-learning-1f6f42faeel
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2D Convolution
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2D Convolution
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2D 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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2D Convolution
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Input Filter Output
(C,H,W)=(3, 4, 4) K,C,R,S)=(5,32, 2 (K, OH, OW) = (5, 3, 3)
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2D Convolution
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Input Filter Output
(N,C,H,W)=(5, 3,4, 4 K,C,R,S)=(5,3, 2,2 (N, K, OH, OW) = (5, 5, 3, 3)
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2D Convolution
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Input Filter Output
(N,C,H,W)=(5, 3,4, 4) (K,C,R,S)=(5,3, 2, 2 (N, K, OH, OW) = (5, 5, 3, 3)
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Convolution Variations

Stride

+ WE7} S0l 242

 Pad
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Dilation
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 https://github.com/vdumoulin/conv_arithmetic
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2D Convolution

- OH 2 OW At &8

H;, + 2 x padding|0] — dilation|0] x (kernel_size|0] — 1) — 1
Hop = . + 1
] stride|0]
W — Win + 2 x padding|1] — dilation|[1] x (kernel_size[1] — 1) — 1 1
ot i stride[1]

From https://pytorch.org/docs/stable/generated/torch.nn.Conv2d.html
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eleton/final 0| FO0{ZI L] DEZS 24X}9| = C|HE2| = EAlSH A

cp -r /skeleton/final ~/

 Makefile, run.sh, convolution.cpp ..

e make =2 9"]1"()'0' 7|‘o O|‘E§ Make'Flle Z-”_g_

A
© T 27} 9 Makefile £ 7Hs. T2 0|8 $IZE 7ts

|St run.sh A3 ZIEE A&

40

- kernel.cl, convolution.cu &

* main.cpp, util.cpp, util.h convolution.h = &4 &7t=

« make 2 ZOY &£ 11, make clean 22 object/executable I}2=0| A| A0 gt
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2D Convolution - 4l3H

e make = AIOt&

e run.sh 2= Aldl

kjp4155@login:~/final$ ./run.sh -h
salloc: Granted job allocation 74962
Usage: ./main [-pvh] [-n num_iterations] NCHWKRS
Options:
: print this page.
: validate convolution. (default: off)
: number of iterations (default: 1)
: padding size. (default: 0)
: dilation size. (default: 0)
: stride size. (default: 1)
: number of images, i1.e., batch size. (default: 8)
: channel dumenstion. (default: 8)
: umage height. (default: 8)
: 1mage width. (default: 8)
: number of filters. (default: 8)
: filter height. (default: 3)
: filter width. (default: 3)
salloc: Relinquishing job allocation 74962
kjp4155@login:~/final$ |
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2D Convolution - 4l3H

e make = AIOt&

e run.sh 2= Aldl

kjp4155@login:~/final$ ./run.sh -v -n 5 -p 2 -d 2 -s 3 8 16 256 256 3 8 8
salloc: Granted job allocation 74990
Opttions:

Input size: N =8, C = 16, H = 256, W = 256

Output size: N = 8, K 3, OH 82, OW = 82

Filter size: K = 3, C 16, R=8, S =28

Number of iterations:

Validation: on

Initializing... done!

Initializing Convolution...

.209871
.209470

Calculating...(1ter=0) 0
0
0.211528
0
0

Calculating...(i1ter=1)
Calculating...(i1ter=2)
( ) 0.213077
( ) 0.209907

Calculating...(1ter=3
Calculating...(1ter=4
Validating...

Result: VALID

Avg. time: 0.210771 sec
salloc: Relinquishing job allocation 74990
kjp4155@login:~/final$ |}
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2D Convolution - ™7} 7|=

. A(50%)
- datd d4 (25%)
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Aot =A

© IR WEE YWY 25 AL ks
* A: Pthread, OpenMP, MPI
« B: OpenCL, CUDA, MPI

-+ 2|F et0[Ee 2| AHE T4

* Intel MKL, cIBLAS, cuDNN, cuBLAS & ...

- M IOIYS 27t otALL Ol & HE Tts
« kernel.cl &7}, convolution.cpp= convolution.cu= HE =

« Makefile 2 2 4O} 4l Al g2 Q9|

-

* main.cpp, util.cpp, util.h convolution.h = &4 &7t
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e convolution init()
* memcpy =7}

« cudaMalloc § 0| 22| &0t It

* convolution()

« DELCENEEW SAA AL
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check-submit S ElZ2|E| &&

kjp4155@login:~/final$ check-submit
Username: kjp4155

probl.txt : X file not found
prob2.txt : 0K
main.cpp : X empty file

mat_mul.cpp :
kernel.cl :

Final-A: ['run.sh', 'main.cpp', 'util.cpp', 'convolution.cpp', 'convolution.h',

F?nal-B:

C
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« BHCH T E=2| main.cpp Of avg. time C4l avg. FLOPS & S&ot=5 HE
« BHCH T E=2| main.cpp Of dilation 8| 7| 242 1= HAE
© Y TILAl Y A 27

« dilation: 1~5

* padding: 0~10

 stride: 1~5

* Node 7l|4: 1~2

- N,C,H W, K, R, S:1~1024




5/11 %7}

+ 95 BIHAl L Aof 22

< —

« dilation: 1

padding: O

stride: 1

Node 7H{%: 2

N, C, K, H, W: 32 O|Alo| AEt5| 2 29| XS
R, S: 16

e SfS AZ|AMSH2 E S210|E0f| 27tet ol &

Y]
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5/11 %7}

 B{CH 2= main.cpp 2LF &4

* Hint
- WA ZJOM CE H I|E22 LI E 2122 convolution 2] £ S LIF0{A
22|57
* N7|Z22 UL, BESIHE K & L3 2 A
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 Reference M
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e ./run.sh -n 10 32 64 256 256 64 16 16
« 2Node, 8GPU 7| 2F 8000 GFLOPS
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« Vectorio OjA| ZE
« /skeleton/vector_io
« make 2 0t Jrun.sh 2 AldH
« main.cpp Of M| 7}Z| &tAl9] vector copy A0 EIE| 0] Q2
* vector io & AFESt % vector copy 50| 2l AS o £+ US

blocks: 1073701824
MB] scalar: ©.842105 GB/s, vector2: 1.280000 GB/s, vectord: 1.230769 Gb/s
MB] scalar: 2.560000 GB/s, vector2: 2.560000 GB/s, vectord: 2.560000 Gb/s
MB] scalar: 5.120000 GB/s, vector2: 4.923077 GB/s, vector#: 5.120000 Gb/s
MB] scalar: 10.240000 GB/s, vector2: 10.2U0000 GB/s, vectori: 10.2U40000 Gb/s
MB] scalar: 2u4.380952 GB/s, vector2: 24.380952 GB/s, vectori: 20.U480000 Gb/s
MB] scalar: 39.38u615 GB/s, vector2: U8.761905 GB/s, vectord: U0.960000 Gb/s
MB] scalar: 81.920000 GB/s, vector2: 81.920000 GB/s, vectord: 97.523810 Gb/s
MB] scalar: 141.241379 GB/s, vector2: 163.8U0000 GB/s, vectord: 195.0U47619 Gb/s
MB] scalar: 2u0.941176 GB/s, vector2: 282.U482759 GB/s, vectord: 273.066667 Gb/s
MB] scalar: 356.173913 GB/s, vector2: U81.882353 GB/s, vectord: 655.360000 Gb/s
MB] scalar: 431.157895 GB/s, vector2: 390.095238 GB/s, vectord: 56U.965517 Gb/s
MB] scalar: 489.07uU627 GB/s, vector2: 579.96U602 GB/s, vectord: 601.2U47706 Gb/s
MB] scalar: 496.48u8u8 GB/s, vector2: 652.099502 GB/s, vectortd: 693.5026U6 Gb/s
MB] scalar: 520.126984 GB/s, vector2: 652.099502 GB/s, vectorid: 734.296919 Gb/s
MB] scalar: 533.898167 GB/s, vector2: 657.826851 GB/s, vectori: 762.046512 Gb/s
MB] scalar: 541.060888 GB/s, vector2: 661.562145 GB/s, vectord: 773.856827 Gb/s
MB] scalar: 5u44.008301 GB/s, vector2: 665.7625U0 GB/s, vectord: 781.35320U Gb/s
GB] scalar: 545.281331 GB/s, vector2: 667.139176 GB/s, vectord: 782.373uU38 Gb/s
GB] scalar: 5U6.168891 GB/s, vector2: 666.873996 GB/s, vectord: 786.481155 Gb/s
GB] scalar: 546.453521 GB/s, vector2: 665.788960 GB/s, vectorl: 788.180776 Gb/s
GB] scalar: 546.863196 GB/s, vector2: 666.834238 GB/s, vectord: 788.403008 Gb/s
scalar: 546.970169 GB/s, vector2: 667.079u492 GB/s, vectord: 788.727320 Gb/s
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