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The Introduction to Artificial Intelligence

* Part I Brief Introduction to AI & Different Al tribes
 Part II Knowledge Representation & Reasoning
 Part III Al GAMES and Searching
* Part IV Model Evaluation and Selection
* Part V Machine Learning
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Neural Networks

* Brief review

* Feedforward Neural Networks

* Recurrent Neural Networks

* The Learning of Neural Networks
* Model Performance: Cost Function
* Steepest Descent Method

* Backpropagation



Brief review

] Artificial Neuron

Biological neural network Artificial neural networks
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Brief review

1 Artificial Neuron

internal input

input signal

Activation function

Axonal output

a=[(z; “ a=

Neuron output



Computational Model of Neural Network

] Neural Networks

Feedforward neural network

neurons + feedforward connections

connection
neurons >

ncurons

connéction

Recurrent neural network

neurons =+ recurrent connections

connection

ncecurons ncurons

conngction conpection



Feedforward Neural Network
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Forward computing
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Feedforward Neural Network

Forward computing

Component form <
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Feedforward Neural Network

Forward computing
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Feedforward Neural Network

In fact, FNN is a nonlinear mapping from R™* space to R™L space.

b = fwial ™) = f (whTlf (whtf(wt  fwtah) )
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Recurrent Neural Networks

Recurrent neural network

neurons =+ recurrent connections

connection

ncecurons ncecurons

conngction conpection

RNNSs ---- with feedback connections 12



Recurrent Neural Networks

No layers
* Any neuron connects to any others

A\ 2 f a= (z)’> e All in a mess?
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Recurrent Neural Networks

Topology Structure

g

Problem: how to develop computational model of the RNNs ?
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Recurrent Neural Networks

a;(t+ 1)

f
)

a,(t)

a, (t)

RNNs — Computational Neural Networks Model:
{%(t +1) = f(W11a1(t) + W12a2(t))

ay(t+ 1) = f(wyra,(t) + wyzay(t))
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Recurrent Neural Networks

Computational Model of RNNs:

ai(t+1)=f 2 wi;a;(t)
j= /) ) )
Vector form: CF

a(t+1) = f(Wa(t)) :>

Wi1 0 Wip a;(t)
W=1: - e =] The time changes in discrete
Wni - Wnn an(t))  anner

This model 1s a discrete time dynamic system.
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FNNs VS. RNNs

—

Forward computing a'

Layer1  Layer2 Layer [ Layer [ +1 Layer L-1

no recurrent connection

[exele]e

with recurrent connection

FNNs
* Extract the spatial features
of static data
* Describe spatial correlation

Layer L

RNNs

Memory mechanism

Extract spatiotemporal features of
time sequence data

Describe time correlation
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Exercise
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Exercise
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The Learning of Neural Networks

* Learning is to change the connections by some rules.
* Similar with the three learning model of human:

Update Parameters Update Parameters > PP P- DI ||| —
O |
ground truth ‘(/A»“ state | reward action
‘ };’i."‘“\( erro |
error — | ., ’ ‘,l”‘!“‘!x‘ o
N - Training \ ‘I’.‘" \7 ~ Reconstruction 1
N, Network ' sample ?‘\ A A | sample | I:i #
. output ‘ (. ’ i 3
environment
Supervised Learning: Update Unsupervised learning: For Reinforcement learning:
the netyvork parameters non-label samples, the Update network
according to the error between network parameters are parameters with the goal of
the target output and the updated by reconstructing maximizing rewards
actual network output of the these samples. during interactions with

rainin mpl .
traimning sample the environment
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Neural Networks

* Brief review

* Feedforward Neural Networks

* Recurrent Neural Networks

* The Learning of Neural Networks

* Model Performances Costilunction
* Steepest Descent Method

* Backpropagation
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Model Performance: Cost Function

[0 Nonlinear Mapping

Nonlinear mapping

2 333

Uy 484 94Uy S |
3 ©

 oennie [
§ 43S RE S

4999949774 Input Output

Problem: How to design the NN? Are there any methods to find
“g00d” connection weights?
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Model Performance: Cost Function

1 Cost Function i

o °

_ Good performance!
(X The mother knows
~ correct answer.
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Two important factors:

1. There must be a measure to measure the correctness
between correct answer and the girl’s real output. -----
Performance function (% 8EERE) .

2. There must be a mechanism to change the knowledge
system of the girl. ---- Learning algorithm (F3J&%).

23




Model Performance: Cost Function

1 Cost Function

The goal of Learning:
Network output = Target output

Training

Cost Function J(a*, y*):
dataset » describe the distance between network output a*

with labels. and target output y*

* J(at, y*) is a function related to (W, -, w

J=Jw, -, wh™h

L—1)
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Model Performance: Cost Function
—

1 Cost Function

Target Output Network Output

21 af
yb=1: at =1 :
Ya, an,

* The cost function describes the performance of the network. The
smaller / 1s, the closer the network output 1s to the target output,
and the better the network performance is.

* J(a*, y*) is a function related to (w?l,---,wt™1), to get a good
performance is to find a good (w1, .-+, wkt™1).

* To find the good (w?,---,w!™1) is the learning of neural network.

1 2 L-1yl-1 L

at w* a a
Input Output

a
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Model Performance: Cost Function
—

1 Cost Function

Target Output Network Output
Learning is a process such that a” is close to y',

1.e., the cost function J reaches minimum. yi al
yL = : aL = .
A cost function J = J(w?, -+, wt™1) is a function y,%L a,liL

with variables w!(l = 1, -+, L — 1), thus the

network learning is to looking for some w!(l =
1,--,L — 1) suchthatw!(l=1,--,L—1) isa A frequently used cost function:

minimum point of J.

nr
1 _
Problem: How to find out the minimum points of J? J = Ez ejz =Jw!, -, wt™
j=1

] is a function of w?l, -, wl-1,

Learning = Looking for minimum points of J
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Neural Networks

* Brief review

* Feedforward Neural Networks

* Recurrent Neural Networks

* The Learning of Neural Networks
* Model Performance: Cost Function
* Steepest Descent Method

* Backpropagation
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Steepest Descent Method

] Minimum Points

General Nonlinear function
F(x),x € R"
x* is a minimum point if F(x*) < F(x)
for any x that very close to x*.
Fw)=w, —w)*+8ww, —w; +w, +3
F,(w) = (wW? — 1.5wyw, + 2wi)wi
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Iteration Methods:

1. Setting a starting point x,
2.Finding a minimum point step by step:
wkl = wk 4+ a, - p,,
P 1s called searching direction
ay: 1s leaning rate at step k

Wk+1

Ak P

Wk

Problem: how to get the searching direction py,.
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Steepest Descent Method

Slowest changing direction E sl
. NSRRI N)
s/,
2 . . . . —\ . Fastest increasing direction
151 Gradient:
oF
1F | oF an
, g =VFW)| , ==—| =| :
05} / Wk aW Wk aF
aWn wk
ok Steepest Descent Algorithm:
i Pk = —Y9k
-05
s R
or
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Wkl = wk — g or
-1.5F ow|
_%2

Steepest descent direction
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Steepest Descent Method

O Deep learning Steepest Descent Algorithm:
wk+l — wk _ o a_F
 ow|
w
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Steepest Descent Method

—

[0 Deep learning

Target Output Network Output

L L

V1 aq
yL — aL —
L L

ynL aTlL

Input Output

Steepest Descent Method

/=3 Zl zz(a_

j=1
1. Computing

at = Wt = £ (WEL (W2 f(wis e pwtah))

?
9 Problem: How to compute —2-?
ow); Iwjy
2. Iterating An.swer:
' z d] Using the well-known BP method.
Wie Wi T E e

owj;
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Neural Networks

* Brief review

* Feedforward Neural Networks

* Recurrent Neural Networks

* The Learning of Neural Networks
* Model Performance: Cost Function
* Steepest Descent Method

* Backpropagation
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Backpropagation
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Backpropagation

[0 Updating weights
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Problem:
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Backpropagation

[0 Updating weights

Layer [

Layerl+ 1

Layer [
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Backpropagation

[0 Updating weights

ni+1 I+1 nit+1 I+1 ni+1 ni+1
)] 9] 0z 0z . .
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Backpropagation

[0 Updating weights

Relation between §; and &;**
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Backpropagation

] Conclusion: BP for FNN

L WiX;)
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Forward computing: y = f (Z?z

Define cost function: | = J(w?,
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Updating rule: wj; < wj; —a - o,

Define §: §; L= 9]
6z

0
Find the relation: ] = 5l+1 a%
U (g
Ni4q

l+1 l
5! -

]l

Back propagation: 8§} =

- £(ah)

______________

Layer 1 Layer 2

Layer [

Layer [ +1

Layer L-1

—y) - f(z)

back prof)agation

l layer Ny [ + 1layer
ol =f(eh)-| D, whe*t

= 38

Layer L



Backpropagation

] Conclusion: BP for FNN
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