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-3 -6
-8 -5

toggle movement

4

0]
6

7
4

1]
-2

-2
4

Jol s
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Input Volume (+pad 1) (7x7x3) Filter W0 (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)

®[:,:,0] wO[:,:,0] wl[:,:,0] ol[:,:,0]
0 0 0 0 0||0 ||0 -1 0 1 -1 6 6
02102||1||0 1 ]f1 1 1 -1 -1 2 4 7
00010||1||0 -1]fo |fo 1 1 -1 0 5 4
o 1 0 0 1 2 0 wO[z,:,1] wl[:,:,1] ol:z,:,1]
T T T T T T ﬂ-l 1 -10 8 8 -2
01 1 2 2 00 0 [0_ o e
00 00 0 00 o JloJt] ] S|
. wi[z:, 172] wl[:,:,2]

Xo[”o't] o |o o |o 1J|/f- 11

0 2 0 2212 0 ||0f'l I

01 1 0 N

N E Bias bl (I1xIx1)

0 2 0 1 bl[:,:,0]

0 2 1 2 0

0 0 0 0

x[:,:,2] toggle movement

0 0 0 0

0 0 1 0

0 1 0 1 ||0 ||0

01 2 2 1 1 0

00 0 0 1 1 0

0 2 2 01 2 0

00 0 0 0 0 O
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Input Volume (+pad 1) (7x7x3) Filter W0 (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
®[:,:,0] wO[:,:,0] wl[:,:,0] o[:,:,0]
-1 =1 1 0o 1 -1 6 6 6
1flr L i Bl -2]4 7
-1J/0 |0 1 1 -1 0 5 4
1] wil:,:,1] o[:,:,1]
1)-1 1 -1 0 -8 -8 -2
=
1 ]fo i Bl = |-7]=
0|0 |1 -1 -1 -1 -8 -5 4
w0 :,,',A' wll:,:,2]
L1 |f - -
L 1| 11 1
0 9/ -1 0 -1
y() 1 0 -1 0
Bias bo(1x1x1) Bias bl (1x1x1) Jﬁl);;J.,é
bO[s, :,0] bl[:,:,0] .
0 Jol G2 095 oeeslex
(6&9—0&) Y= ‘aLf
x[:,1:,7] toggle movement
0 0 0 0 0
0 1 2 1

o
cm?l?
[+
—
—_ =
c o o o o

4

Hadi Veisi (h.veisi@ut.ac.ir)




e e W o ot i - Daes S ol

Input Volume (+pad 1) (7x7x3) Filter WO (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
x[:,:,0] wO[:,:,0] wl[:,:,0] of[:,:,0]
0 o y}l_,{f’f— 0 1 -l 6 6 6
0 2 1 0 1 0 11 1 1 -1 -1 -2|Z|7
0O O |01 lfOo |1 O -1|{0 |fO 1 1 -1 0 5 4
0O 1 [0fjO )1 |12 O w7z, 1] wl[:,:,1] of[:,:,1]
11 _0/1/0/1-1 1 -1 0 8 8 -2
01 1 2 2 0 0 o i ]o I B 3 6 -2
1T T T 11 0 o |1 B Bl B 8 -5 4
x[:,:,1] wO[:,: /2] wll:,:,2]

0 0 0 0 0 0 a2l b 11

ol 5 5l B o [0 g1 Bl B B

o 1 [Tfo 2}t o A E | |

s l//2 2 9 ias b0 {Ax1x1) Bias bl (1x1x1)

0o 2 1|2 0 bO[:/:,0] bl[:,:,0]

0 2 1 2 1 0 L L

0 0 0 O 0

x[:,:,2] toggle movement

0O 0 O 0

0 o0 0 0

0 1 |0 1/0 0 0

o 1 |2 111 /0

0 o0 0|1 0

0 2 2 0 1 2 0

0O 0 0 0 0 0 O
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Input Volume (+pad 1) (7x7x3) Filter WO (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
®[:,:,0] wO[:,:,0] wll[:,:,0] o[:,:,0]
0O 0 0 0 0 0 O -1f- 0 1 -1 6 6 6
0 21 0 2 Lt 1 -1 -1 2 4
0O 0 0 1 (01 Qo -1f0 fjO 1 1 -1 0 5 4
0O 1 0 0 (1 ]2 |0 WO [ 277, 1] wl[z,:,1] o[z, :,1]
o 1 0 oo 0 dE 1 -10 -8 8 -2
01 1 2 2 00 %WZG: o 1
00 0 0 0 0 0 040 |1 -1 -1 -1 -8 -5 4
x[:,:,1] 0[:,:,2] wl[:,:,2]

0O 0 0 0 O 0 ! -l/- N i

0o 2 0 2 2 0 0//0 /_l 1

0 1 1 0 |2 ]! Oﬂll_ s

B 0 Big b0 (J&1x1) Bias bl (1x1x1)

0 2 0 1 0 [o s, 7, 0] bl[z,:,0]

0021 2 1 0 L L

0O 0 0 0 0 O0/0

x[:,:,2] toggle movement

0O 0 0 0O 0/0

0 0 1 © 1 /0

0 1 0 1 |0 0

0 1 2 2 11 |jo

0 0 0 O 110

0o 2 2 0 1 2 0

0O 0 0 0 0 0 O
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Input Volume (+pad 1) (7x7x3)

x[:,:,0]

0 0 0 0
0 2 1 0
0 0 0

0 0 0
oY1t fjo o
o1 |f?

0 0|0
x[:,:,1]

0 0 0 0
0 2 0

0 1.1 0
0

0

0

0
2

0
1

]

0

Filter WO (3x3x3)
wO[:,:,0]

ias b0 Plx1x1)
b0[:f:,0]
1

Filter W1 (3x3x3) Output Volume (3x3x2)
wl[:,:,0] ol:,:,0]
0 1 -1 6 6 6
1 -1 -1 2 4 7
1 1 -1 ms 4
wl[:z,:,1] ol:,:,1]
1 -1 0 -8 -8 -2
=0 |-l =38 EGH B
1 -1 -l 8 5 4
wl[:,:,2]

-1 1 1

0 -1 0

0 -1 0

Bias bl (1xIx1)
bl[:,:,0]
0

toggle movement
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Input Volume (+pad 1) (7x7x3) Filter WO (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
x[:,:,0] wO[z,:,0] wl[:,:,0] o[:,:,0]
0O 0 0 0 0 0 O -1f-1 0 1 -1 6 6 6
0 2 1 0 2 1 PPl E I B 2 4 7
0O 0 0 1 0 0 -1)]0 fjO 1 1 -1 0 4
0 1 0 1 2 wO[:, # 1] wll:,:,1] ol[:,:,1]
o 1 oo ,1=/’-1 1 -10 -8 8 -2
o 1 T2 24 o 0 [0 ] e =1 |-
o o [o “0 0 0/0 1 -1 -1 -1 -8 -5 4
2[:,:,1] wOl[:, wll:,:,2]

00 0 0 0 0 LA i

0O 2 0 2 2 0 0//04.i e

0 1 1 | didm | |

o o 0 fas b0 (¥x1x1) Bias bl (1x1x1)

0o 2 [o]|1 u,z’ 0 0[:,/£,0] bl[:,:,0]

o 2 [t]r]o E L

0 0 0 |fo 0

x[:,:,2] toggle movement

0 0 0 O 0 /0

o 0 1 o 2

o 1 0/1 0/0/0

0 1 2 0

0 0 |0 111

0 2 %'l_2 0

0 o FIoI]6 o
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Input Volume (+pad 1) (7x7x3)

x[:,:,0]
00 0 0 0 0 0
0 2 1 0 2 1 0
0 0 0 1 0 1
01 0 0 L2 o0
010001"0
0 1 1 2 [2]o
0 0 0 0 0 |lo
x[:,:,1]

0 0 0 0 0 O
0 2 0 2 2 2/0
01 1 0 24 o0
0 0 0 1 2
o0 2 0o 1 [2]ofo
02121/“’0"0/
0 0 0 o [F0]7
x[i,:,2]
00 0 0 0 0o/o0
0 0 1 0 2
01 0 1 0/0 /0
0 1 2 2 1/ o
0 o o o |1 ]o
02207|H|0_
0000p||0||0

Filter W0 (3x3x3)
wO[:,:,0]

-1]1-1

1//1’1

-1)]0 f|O

?J/'o

wO[:
1

02 |1

=

r
1/0
-1

A ‘1
09/]1

1/0 1

Bias/é)( Ix1)

b0f:,:,0]

Filter W1 (3x3x3) Output Volume (3x3x2)
wl[:,:,0] of[:,:,0]
0 1 -1 6 6 6
1 -1 -1 2 4 7
[ 0 5 |Z|
wll[:,:,1] ol[s,:,1]
1 -1 0 -8 -8 -2
1 -1 -1 3 6 -2
-1 -1 -1 -8 -5 4
wl[:,:,2]

-1 1

0 -1 0

0 -1 0

Bias bl (1x1x1)
bl[:,:,0]
0

toggle movement
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Input Volume (+pad 1) (7x7x3) Filter WO (3x3x3) Filter W1 (3x3x3)
x[:,:,0] wO[:,:,0] wl[:,:,0]
0||0 ||0 0 0 0 0 -1 -1 1 0 1||-1
0||2 ||1 0 2 1 0 1 1 1 1 -1||-1
0||0 ||0 1 0 1 0 -1 0 0 1 1||-1
01 0 0 1 2 0 wO[:,:,1] wl[:,:,1]
01 0 0 0 ]

0 1 1 2 0 ‘1"‘1

0 0 0 O 0

]

oo

o> ]

I

0 0
0o 2
0o 2
0 0

1o
0

(=T S R =]
[=TENN S BE =T S  =]

c o o o o

1 (1x1x1)
1,0, 0]

Output Volume (3x3x2)
o[:,:,0]
6 6 6

-2 4 7
0 5 4
of[:,:,1]

-8 2

-3 -6 -2
-8 -5 4

toggle movement
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p:4

c o O o o o o

[:

0
2
0

r*r

Input Volume (+pad 1) (7x7x3) Filter W0 (3x3x3) Filter W1 (3x3x3)
0] wO[:,:,0] wl[:,:,0]
0 ||0 ||0 0 0 =T = o ff1 ||1
1||0 ||2 1 0 i i 1 -1||-1
0 ||1 ||0 1 0 -1 0 0 1 1||-1
0 0 1 2 0 wO[:z,:,1] wllz,:,1]
0 0 0
2 2 0 '1"'1
0 o 11
1, 2]

.e

.

=

(=T S BE S RE =

(=T S R =]

.
-
o
.

S o o M

o O o O\ O

e
-1F

o f-1]o

Bigsb1 (1xIx1)
1[:,:,0]

Output Volume (3x3x2)
of[:,:,0]
6 6 6

2 4 7
0 5 4

of:,:,1]
-8 2

-3 6 -2
-8 5 4

toggle movement
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Input Volume (+pad 1) (7x7x3) Filter WO (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
x[:,:,0] wO[z,:,0] wl[:,:,0] of[:,:,0]
00000“0"0 -1 -1 1 o1 -1 6 6 6
o2 1 o[2]t]o 11 1 1||Z 2 4 7
0 0 0 1 0||1||0 -1 0 0 1 1"-1 0 5 4
o 1 o0 o0 1 2 0 wO[z,:,1] wl[:,:,1] of[:,:,1]
0O 1 0 0O & " e
T T T T"Z 3 6 -2
0 0 0 0 8 5 4
®[:,:,1]

0 0 0 0 0

0o 2 0 2 0

0 1 1 0 0

I B tas b0 (1x1 Biag b1 (1x1x1)

02 01 2 0 0 b0 [z, 3701 [:,:,0]

02 1 2 1 0 0 1 E

o 0 0 0 0 O

x[:,1:,2] toggle movement

0 0 0 0|0 ||0 ||0

0 0 1 0 2|1

0O 1 0 1 (040 |0

o 1 2 2 1 1 0

o 0 0 0 1 1 0

o 2 2 0 1 2 0

o 0 0 0 0 o0 0
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Input Volume (+pad 1) (7x7x3) Filter WO (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
®[:,:,0] wO[:,:,0] wll[:,:,0] ol[:,:,0]
0000 0 O0 O BN E EEE 6 6 6
0 2 1 B I'E 2 4 7
00 0 5 4
0|1 o[, :,1]
o I -8 -§ -2
0 1 -6 =
0 0o -8 -5 4
x[:,

0

0

0|1

0|0

0

0 2

0 0

..
-

toggle movement

—_

o ol el eche e ™
—

o | oY
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Input Volume (+pad 1) (7x7x3) Filter W0 (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
x[:,:,0] wO[:,:,0] wl[:,:,0] of[:,:,0]
0O 0 0 0 0O 0 0 -1 -1 -1 6 6 6
0 2 1 0 2 1 1 ||1||1 2 4 7
o ofofltflo]l1 o -1 0 0 1||1||-1 0 5 4
0 1 |Ofjo |1 |2 O w0 1y, 1] of[:,:,1]
o 1 oo = 1 |- -8 -8 -2
01 1 2 2 0 0 Y [-1]-1] -3 2
0 0 0 0 0 0 0 . - |'1 ||1 o

0[=7,2] wl[:, 2]
x[:,:,1] W 4 L
0 0 0 0 0 0 = T

L1

0o 2 0 2 2 - L 0/ = |F
o 1[tolz]: o 1 o f-1]fo
S N B 0 Bias b0 (Ix1x Bias b1 (1x1x1)
0 2 |0 210 0[:,:, [:,:,0]
0 21 2 1 0 0 1 -
0O 0 0 0 0 O
x[:,:,2] toggle movement
0 0 0 0 0 0
0 0 10 2 170
0 1 |0l O 0
0 1 |2 |2 1 0
0 0 0|1 0
o 2 2 0 1 2 0
0 0 0 0 0 0 O
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Input Volume (+pad 1) (7x7x3) Filter WO (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
®[:,:,0] wO[:,:,0] wll[:, :,0] o[:,:,0]
0000 0 0 O |1 EEIE 6 6 6
02 1 0 Wj‘[ 24 7
0 0 0 1 0 5 4
0 1 0 0 ol:,z,1]
01 0 0 e e
o 1 1 2 HE
0 0 0 O ~ =]
x[:,:,1]

0 0 0 O

0 2 0 2

0 1 1 0 1

i 2 IF ias b (Ix1x1) Bias b¥(1x1x1)

0 2 0 1 0 [lo boA:,:,0] blf:,:,0]

0 2 1 2 1 0 0 .

0O 0 0 0 0 O O

x[:,:,2] toggle movement

0O 0 0 0 0 070

0o 0 1 0 21 0

0 I 0 1 (0|0 JO

0 1 2 2 |1 |{LAO

0 0 0 O 1 Jfo

o 2 2 0 1 2 0

0O 0 0 0 0 0 O
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Input Volume (+pad 1) (7x7x3) Filter WO (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
x[:,:,0] wO[:,:,0] wl[:,:,0] of[:,:,0]
0O 0 0 0 O O O -1 -1 1 O/ -1 6 6 6
0 2 1 2 1 Jf-1]-1 2 4 7
0 0 0 0 11 ff-1 0 5 4
0 1 1, 1] of[:,:,1]
T EEE
S E aAEE 3 6 2
0 oo NBAE -5 4
x[:,:,1] I [:,27 2]
0 0 0
0 2 0 leF
0 1 1 1 "0
0 0 (1x1x1)
0||2 0|1 0 0[:,:,0 b¥f:,:,0]
o2t 1 0 1 L
0 010 0 0
x[:,:,2] toggle movement
0O 0 0 0 0 0
0 0 1 2 1
0 1 1 0 0
01 2 1 0
0 flo Jfo | 11
0|2 0 172 0

0o 0 0 0
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Input Volume (+pad 1) (7x7x3) Filter W0 (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
x[:,:,0] wO[:,:,0] wl[:,:,0] o[:,:,0]
o 0 0 0 0 0 0 -1 -1 1 -1 6 6 ©
0 2 1 0 2 1 -1 ||1 2 4 7
0 0 0 0 1|1 ||1 0 5 4
0 1 0 W 7, 1] of[:,:,1]
o 1t ofofo]r o S B )
0 1 |1 |2 (210 g : ||.1 "-1 =0
o o [o 0 -1 8 [-5]4
x[:,:,1] wlli 7

0O 0 0 0 0 z

0 2 0 2 2 ZC

0 1 1 0 ME "0

L1 e (Ix1x1) Bias b¥(1x1x1)

0 2 0||1 2 {o 2,2, 0] blf:,:,0]

0 2 |1 {ff2 |10 O

0 0 |0 0100

x[:,:,2] toggle movement

0O 0 0 0 0O O

o 0 1 0 2.1 0

o 1 0 1.0 0 0

0 1 22 1 0

o o [o]fo ||1/ 1 0

0 2 |2 o1 |2

0 0 00 0

4

Hadi Veisi (h.veisi@ut.ac.ir)




co o i W ol i dli - Deed & il

Input Volume (+pad 1) (7x7x3) Filter W0 (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
Z[:,:,0] wO[:,:,0] wll[:,:,0] ol[:,:,0]
0O 0 0 0O 0 0 O -1 -1 1 |0 - 6 6 6
0 2 1.0 2 1 0 1 ||1 || 2 4 7
00 01 0 1 0 1 ||1 ||1 0 5 4
0O 1 0 0 1 wWl[es7,1] o[, :,1]
o 1 0o ofot]o ol - 1
e

0o 1 1 2 ]2 |0 |fo 1 1/ - |F =]
0 0 0 0 |0 0 ! o “'1 =i -5|Z|
x[z,:,1] wO [ :,2] wl[:, 37
00 0 0 0 0 0 ] -
02 /0 2 2 2 [0 S o[ Xo
0110 2 1 ! A [0
R R e Bias b0 (Fx1x1) Bias b1A1x1x1)
o 2 o 1 [2]0 ||0 b0 /s, 0] bl[f,:,0]
0o 2 1 2 1|1(0
0 0 0 0 |00 |0
®[:,:,2] toggle movement
0O 0 0 0O 0 0 O
0O 0 1 0 2 1
0 1 0 1 0 0
o 1 2 2 1 0
0 0 0 0 |1 |1

—
0 2 2 0 |1 0
0O 0 0 0 0o

4

Hadi Veisi (h.veisi@ut.ac.ir)




697

s Y ) aay euldinf O

s sl SLalS (sl o
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8,8 (Max) dasdias ¢l Y a8 L 2%2 ild < Jlasl ©
Single depth slice

1 0o 2 3
6

4668% 8
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4
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alal (aals slaghgy ©
&l o9 :(MAX) dicin @
(Average) oSk ©

La sl b ©
Wi1xH1xD1 :639,9 pguai ©
F jaléojlasl o
S 'ol? o jlail e
W2xH2xD2 : ;59,5 pguas ©
W2=(W1-F)/S+1 o

H2=H1-F)/S+1 o
D2=D1 o
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(overlapping pooling ¢légued s l> pdses) F=3, S=2 o

(b oo F=2,5=2 -

Syl pda gas ¥ 5 ouldicul aus O
SLLY ploa jl (o SRals sl u sl pdges LY jl aslaiwl sl U 3)lge S0 00 ©
S 9ub g0 d3lazwl S |°l§ L DT,

s variational autoencoders (VAEs) silo sads5 sld Jaw Ghigel 0> yie I ©
generative adversarial networks (GANSs)
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A diug ) gae ds suldicd O

uw/‘_;)b)abg.oa 4.:” w)’TDM‘U|)T)J’AAJ 3WSO909 °
Ao (gl dwd 1 95 ©

put layer

input layer

SoftMax g 33 508w ile ciliseo (s jlwdled @ilgs b3S ©
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30 282

16.4

2010 2011 2012
Lin et al Sanchez &  Krizhevsky et al
Perronnin (AlexNet)

ImageNet g, ussdicg glad #5350
43‘”3""J3)'.'.9"°509?.J‘!.‘°"Y ¢
Olul 3 Sdos 4 gz 450 RIS O2b S35

1562 layers| |152 layers| |152 layers

Ao Ao A
19 layers| (22 layers
7.3 6.7
- 5.1
8 layers .

e e e B
2013 2014 2014 2015 2016 2017 Human
Zeiler & Simonyan & Szegedy et al He et al Shao et al Hu et al Russakovsky et al
Fergus  Zisserman (VGG) (GooglLeNet) (ResNet) (SENet)
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il gl b s A Daas ol |

LipNet Juss 0

CNN o
(GRU) Gated Recurrent Unit o

CTC loss -«

t frames STCNMNN + Spatial Pooling Bi-GRU  Linear CTC loss
(x3) (x2)

J\[Assael, Yannis M., et al. "Lipnet: End-to-end sentence-level lipreading.", 2016] °
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Tesla o b o 0 98 slaadile ©
Ll oty
SUame ©

[Csongor, Rob, “Tesla Raises the Bar for Self-Driving Carmakers”, 2019]
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(GAN: Generative Adversarial Networks) ldlslie ol g0 dSsis ©
S50 8315 3dgi 1a)g0 S @

Random Input w S3Jgi 831> 9 2Bly a3l po julod S :SL 1o mles S @

Vector
_______ Generator O i g).j)_., (5')".’ 4S..'. 9)(ﬁ{4-a-fl.muo .
Model (zero-sum game) ,ao o> sJL O

(080 () 2lpld b g lady ggemme

Generated
Example W Real Example W

HHHHH““HE‘rf”EfEF

. Discriminator ||

Real/Fake

l ___________________ Binary Classification
U

Hadi Veisi (h.veisi@ut.ac.ir)




Slalills ol g0 asas

2bb bl 10 Oluobl 9,5 Sl 95 ¢l o (>9.05 :JT ool cll>

Training set

Random

Generator

s

39 o0 i) 493 (S led 4 (higel OLL >

Discriminator

Real

) {Fa ke

vy
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... GAN aipt paié 6 ookl T

DCGAN . ul g0 4sasis ©

Deep Convolutional Generative Adversarial Networks e

Stride 2 16

CONV:2 CONV 3 x

Cai
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EYuan ouas 4 1HlaS B3l n

... GAN aiit 3eté 6 sl T

(Conditional GAN) b i GAN asud ©
(4w ool 3iilo (BLSI 231> O315 4 Yio) Cumnl by piio juled b 3dg5 @

S (50 S 0/ V) 0 > g3 el o pubs ol (ubl 3 jo 9 W) aws )51 0
bbﬂ)&){ﬁ@&#ﬁj&l)ﬁ))%how ))gyojdio‘wlqobbdiw._ilubsﬁi_\ibjwb)ﬂ:o

(Jsa3) pgu05 T
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Examples of Photorealistic GAN-Generated Faces.Taken from Progressive Growing of GANs for Improved Quality,
Stability, and Variation, 2017.
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Example of the Progression in the Capabilities of GANs from 2014 to 2017.Taken from The Malicious Use of Artificial
Intelligence: Forecasting, Prevention, and Mitigation, 2018.
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Example of Sketches to Color Photographs With pix2pix.Taken from Image-to-Image Translation with Conditional
Adversarial Networks, 2016.
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realistic Image Synthesis with Stacked Generative Adversarial Networks, 2016.
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Example of GAN-Generated Photograph Inpainting Using Context Encoders.Taken from Context Encoders: Feature

Learning by Inpainting describe the use of GANs, specifically Context Encoders, 2016.

Example of GAN-based Inpainting of Photographs of Human FacesTaken from Semantic Image Inpainting with Deep
Generative Models, 2016
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Figure 1: Illustration of (a) LSTM and (b) gated recurrent units. (a) i, f and o are the input, forget
and output gates, respectively. ¢ and ¢ denote the memory cell and the new memory cell content. (b)

r and 2 are the reset and update gates, and h and h are the activation and the candidate activation.
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