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Recurrent Neural Networks
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Neural Networks

« WX} AE Z 1 (cross entropy)
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Neural Networks

% ZAAl 5124 (Gradient descent method)
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Neural Networks

< LeNet 2
= Yann LeCun 2| X|2+(1998)
= LeNet5 2 &
« 5 A3 F7=: Conv-Pool-Conv- Pool-Conv-FC-FC(SM)
= UH :32x32 B7|M <At S (MNIST H|0|H)

O =3 ES 2% 7
0123459739
o/ Z3%S5 67319
= 2B Kx@2xE2E2| T + AR

» A|DHO0|E 23} o AL
» M5 QX8 0.95%(™F =T 99.05%)

C3: f. maps 16@10x10
C1: feature maps S4: f. maps 16@5x5

INPUT
32x32 6@28x28

S2: f. maps

|
| Full comjlection ‘ Gaussian connections

Convolutions Subsampling Convolutions  Subsampling Full connection

Ol CHO
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Neural Networks

% ResNet (Residual Net)

. Fto|al &

« Conv-Mpool
-[Conv-RelLU-Conv-RelLU-Conv-RelLU]x3
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Neural Networks

+* ResNet - cont.
= CI$0| S5 ALE
. &% ABHA oOY= EF

« Ot AT AFBAl 7127] 22

= ZHA} BE (residual module)

xX

l

Nex A8%

H(x) 4 RelLU
Y

NEH A%

Yy
Al
(s

2%

y = H(zx)

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

A 485
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ResNetl| £t} 2 &

Flz) =y—z y=Fl+z




Neural Networks

** DenseNet
= 7t ZY(Gao Huang) 0| i (2016)
» T2 2E Y EHAOM 2 = A XEE FE +d
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A (Recurrent Neural Networks, RNN,
| CilO| &

| .

A
= M H|0|E{(Sequence data)

XH

Neural Networks
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Neural Networks

Recurrent Neural Networks: Process Sequences

one to one one to many many to one many to many many to many
r LN r t ot ot t ot
f f Pt Pt o

Vanilla Neural Networks €.0. Sentiment Classification e.g. Video classification on frame level
sequence of words -> sentiment

“e.g. Image Captioning e.g. Machine Translation
image -> sequence of words seq of words -> seq of words

OI|XA| CHOH 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E" sy



Neural Networks
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Neural Networks

We can process a sequence of vectors x by
applying a recurrence formula at every time step:

h

fw

(ht—h wt)

new state /

old state input vector at

some time step

some function
with parameters W

Notice: the same function and the same set
of parameters are used at every time step.

UNICON LAB, Unmanned & Intelligent systems Control Laboratory
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Neural Networks

(Vanilla) Recurrent Neural Network

The state consists of a single “hidden” vector h:

y hy = fW(ht—la wt)

T |
m> h, = ta,Ilh(Whhht_l T tha:t)

X Yt = Whyht

o]

OolX Lol ;1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E" oNIVERSITY
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Neural Networks

RNN: Computational Graph: Many to Many

Y, 1L, Y, " L, Y3 [ L3 Yr " Ly
ho—rfw—»h1—>fw—>h2—rfw—>h3—r...—bh_r
W X1 X2 )(3

Re-use the same weight matrix at every time-step

o]

ol % kol
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U .'—}..q.l.:". oNvERSITY
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Neural Networks

RNN: Computational Graph: Many to One

y

!
ho—bfw—b»h1—b-fw—bh2—hfw—h»h3—h» —h-h_l_
W X1 X2 X3

o]

OIX T
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U .'NT;..'_AE". oNvERsITY
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Neural Networks

RNN: Computational Graph: One to Many

y3 y3 y3 Yr
T ! ! !
ho—»fw—rh1—rfw—>h2—r—fw—rh3—» — h,
/x
W

o]

OolX Lol ;1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U .'NT}..'_A.I.:". oNvERSITY
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Neural Networks

hi = tanh(Wprhi—1 + Wapat)

target chars:

Example:
Character-level output layer
Language Model

Vocabulary: |

hidden layer
[h,e,l,0]
Example training
Seq vence. input layer
“hello”

input chars:  “

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

Y

Y

“” (o)

0.1 0.2

0.5 -1.5

1.9 -0.1
-1.1 2.2
e
0.1 |w nn!-0-3
05— F0 9
-0.3 0.7

T IW_xh
0 0

0 0

1 1

0 0

“Il’ l(l"




Neural Networks

e T /\ q

Character-level
A3 .20 A7 .02
Language Model sormax S| BN | B | (B
1 t
Sampling 1| s | mr | e
output layer [2i2 0.3 05 1.5
el | Ldz) | (58] | |22
Vocabulary: ' 4 ' '
helol Ly
B ridden layer | 0.1 |- 03 |—t+{ 0 " 05
0.9 0.1 -0.3 0.7
At test-time sample [ T O A O
characters one at a time, noutiayer [ i 0 0
feed back to model o | | Lo UJ \}3
input chars: “h” “e” ap ape

. O| X CHO}
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U .'_}I..'—q.l.:". :'.EIT



Neural Networks

test image

conv-128

conv-128

maxpool

canv-256 yo
conv-256

. T before:
conv-512 h - tanh(WXh * X + Whh * h)

conv-512

maxpool -

Wih

conv-512

conv-512 t now:
maxpool h = tanh(WXh * X + Whh * h + Wih * V)

FC-4096 X0
FC-4096 Pl

RT>
Vv

<START>

OIX LB 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U .'NT;..'_AE". s



Neural Networks

test image

conv-128

conv-128

maxpool

conv-256 y0

y1 y2
conv-256
"~ maxpool Y ) ) \ sample
_ conv-512 <END> token

acela | h1 ] h2 => finish.

~ maxpool hO

. conv-512
conv-512 T T T
. max_;!ool

TCA096 x0

—— <STA straw hat
FC-4096 RT>

Two people walking on A tennis player in action
the beach with surfboards on the court

<START>

ol X okl
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U .'NT;I...,:R\-E!-._!.;!EW-.-V



Neural Networks

WOLA Of2fZo| ES B2 B0l Yoo

e o] S
=Y S ceie =1 Y, Yy
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Neural Networks

Vanilla RNN Gradient Flow

t-1 L T

h

hy = tanh(Wrphe—1 + Wapay)

— fail ((Whh W) (

= tanh <W (ht_l
Tt

Long Short Term Memory (LSTM)

Vanilla RNN

h; = tanh (W (

hi—1

T

)

LSTM

) o

f _ a W (ht—l
0 o 1
g tanh

ct=fOc_1+i0Og
h: = 0 ® tanh(e;)

)

UNICON LAB, Unmanned & Intelligent systems Control Laboratory
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Neural Networks
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Neural Networks

Long Short Term Memory (LSTM)
[Hochreiter et al., 1997]

g &
Ci 1 B e ~
! T .
-~ f
Lo 1. i o
W— ® tanh Fl_| o hi—1
-»g_l_' aln 0 o W T
h
h > stack - — | . 9 tan
Y ol htj G¢=fOc_1+i0g
| hy = o ® tanh(c;)
X'[

OIX LB 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U .'NT;..'_AE". s



Neural Networks

Cell state

forget gate layer / input gate layer / tanh layer

Ol CHot
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E" sy



Neural Networks

Forget gate layer

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

ft=0 Wy [hi—1,2¢] + by)




Neural Networks

Input gate layer / tanh layer

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

it =0 (Wi-[h4—1,2¢] + b;)
C, = tanh(We - [hy—1,2¢] + be)




Neural Networks

Update cell state

f¢ ifﬁ%
Ci

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

Ct:ft*ct—l-F‘it*ét




Neural Networks

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

or =0 (W, [hi—1,2¢] + bo)
hy = o x tanh (C})




Neural Networks

lan Goodfellow et al., “Generative

Training GANS: TWO-player game Adversarial Nets”, NIPS 2014

Generator network: try to fool the discriminator by generating real-looking images
Discriminator network: try to distinguish between real and fake images

Real or Fake

*

Discriminator Network

Fake Images Real Images
(from generator) | d"’ (from training set)
! ' <

Generator Network

*

Random noise 4

OI|XA| CHOH 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '—.'—ql.:" s



Neural Networks
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Neural Networks
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Neural Networks

Training GANs: Two-player game — adersaraines: nies 201

Generator network: try to fool the discriminator by generating real-looking images
Discriminator network: try to distinguish between real and fake images

Train jointly in minimax game

Discriminator outputs likelihood in (0,1) of real image
Minimax objective function:

min max [Ex,\,pdata log Dy, () + E,np(z) log(1 — Dy, (G, (Z)))]
99 Gd I_I_l [ ]

Discriminator output Discriminator output for
for real data x generated fake data G(z)

- Discriminator (6,) wants to maximize objective such that D(x) is close to 1 (real) and
D(G(z)) is close to 0 (fake)

- Generator (Gg) wants to minimize objective such that D(G(z)) is close to 1
(discriminator is fooled into thinking generated G(z) is real)

OI|XA| CHOH 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E" sy



Neural Networks

Generative Adversarial Nets: Interpretable Vector Math

Radford et al,
Glasses man  No glasses man No glasses woman i

Woman with glasses

UNICON LAB, Unmanned & Intelligent systems Control Laboratory



Neural Networks

Text -> Image Synthesis

this small bird has a pink this magnificent fellow is

S ource->Targ et domain transfer breast and crown, and black almost all black with a red

primaries and secondaries. crest, and white cheek patch.
Input Output Input Output :
.

-z _

(c) Kitchen. (d) Conference room.

LSGAN. Mao et al. 2017.

‘ h = winter Yoscmlc AN

; Pix2pix. Isola 2017. Many examples at
CycleGAN. Zhu et al. 2017. inhilling i .

BEGAN. Bertholet et al. 2017. https://phillipi.github.io/pix2pix/

) N'U et
UNICON LAB, Unmanned & Intelligent systems Control Laboratory
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Neural Networks
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