Intro to Artificial Intelligent
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What i1s Al?



Definition of Al

Perception, Thinking, Action



Perceptlon/Thlnklng/Actlon In Human&Machine

Machine

Perception
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Name

Thinking Imagine
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{&\g J/\? Speak
Action A Touch
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What is their relationship?

Logic

- Model

Algorithm



Definition of Al

Models targeted at

Perception, Thinking, Action



Representation

How many steps does it take to put an elephant in the freezer?

Freezer open(1)/close(0) 0) 1 1
Elephant Inside(1)/Not inside(0) 0 0 1 1




Farmer, fox, goose, grain problem
Poetry Prose Proverb

How to represento

Left =[00, 01, 10, 11]
Right =[]




Definition of Al

Algorithm enabled by

Constraints exposed by

Representations that support

Models targeted at

Perception, Thinking, Action



Generation and Test

The Rumpelstiltskin Principle:
Once you can name something, You get power over it.

Name




How many bridges are there in our school?
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Speculation
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It can do whatever

we know how to order it to perform.

The Analytical Engine has no pretensions to originate anything



Turing Test and Chinese Room
= =




Chat bot: Eliza

Talk to Eliza

> Hello, | am Eliza.

* How much is 1 plus 1.

> What is it that you really want to know?

* | want to know The ultimate answer to the universe.

> Suppose you got to know The ultimate answer to the universe?
* | should say 42.

> Come, come, elucidate your thoughts.

* | think you are stupid.

> Perhaps you would like to be stupid?




Integration program

(1) (C) =0, (2) (") = pu” ", fsinxdx=—cosx+c feosxdc=sinx+c
(3) (sin x) =cos z, (4) (cos )" = —sin x, Isin(x+b)dx=—oos(x+b)+c Isin(ax+b)dx=—‘llcos(ax+b)+c
(5) (tan ) =sec’ x, (6) (cot 2) = —esc* x, cos2x =1—2sin” x c0s2x =2cos’ x—1
(7) (sec x) =sec ztan x, (8) (csc x)" = —¢sc xeot x, fsin® xdx = I_O;sud:-;—[x—-;—sian}+c Iooszxdxzjl+°;,s2xcbc=—;—[x+%sin2x]+c
(9) (a’) =a'lna, (10) (") =¢", ot (l—wsh)ldt [oodaiia (1+oos2x)’dx
(11) (log,x) = - ’ (12) (In 1')'=-1—, 1 : 1 :
zln a x =ZI(1—200521+0052 2x)dx =Zj(1+2oos2x+ooe;2 2x)dx
(13) (arcsin r)’ = \/% ; o =%[x—sin2x+%j(l+oos4x)dx]+c =%[x+sin2x+%j(l+oos4x)dx]+c
- &
113 : 1. 113 2 1
=_| =x—sin2x +—sin4x |+ =—] = 2x+—sin4
(14) (arccos z) = _\/1_7‘2 ' 4[2 ) x 4s:n x] c 4[21+sm T+4su-1 x]+c
l1—a Ismxdc——jdoosx——oosx+c Ioosxdxzjdsmx=smx+c
. TN Y .
(15) (arctan z)’ = T+_IJ'I' Ismxoosxdxzjsmxdsmxzism x+c Jlsmxc:osxdx=—Jloosxtioosyc:-%cos2 x+c
(16) (arccot z) = *1—:—1;. l
d
X |

—dx =~ tan’(arcsin x)
(1-x%p/¢ 3

— tan(arcsinx)

+ arcsin x












50 ¢ Turing and Turing test
Perceptron

60 ¢ Marvin Minsky  Steps toward Artificial Intelligence
James Slagle build Symbolic integration program for integral
Eliza chat bot

20 ¢ Expert system

80 ¢ Symbol learning

90 ¢ Error Back Propagation Training (BP)
SVM
00 ¢
ANNs, CNNs ...
10 ?
GANS ...

Now




What problem of them?

Algorithm problem

XOR problem
a Perceptronf3

Parameter explosion

i X )

Lack of brain research support

Hardware problem
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Not enough computing power before this



Powerful Hardware

New Algorithm
Gradient Descent A
Dee Iearnln Y e 6 Intel Platinum 8180
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Now: The Right Wa
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An animation of the gradient descent method
predicting a structure for CASP13 target T1008
A




Gradient Descent A
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Deep Learning

a Machine Learning
a Neural Net work

Fully Connect Feedforward Network



Keywords about Deep Learning

Maximum likelihood estimation and Bayesian statistics

Stochastic gradient descent
Supervised learning and unsupervised learning
Back propagation
Adaptive learning algorithm
Convolutional neural network
Recurrent neural network
Recurrent neural network

Deep neural network and deep stacking network

Principal component analysis
Characterization learning
Monte Carlo
Restricted Bozeman machine
Deep trust network
KNN and SVM
Generate a confrontation network
Directed generation network
Machine vision and image recognition
Natural language processing
Speech recognition and machine translation
Limited Markov
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Machine Learning
~ Looking for a Function

* Speech Recognition

f( i - | )= “How are you”
* Image Recognition
f( ): uCatn
* Playing Go -
f( ): e (next move)
* Dialogue System
/1 “Hi” )= “Hello”

(what the user said)  (system response)



Image Recognition:

Framework
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Framework

Training
Data




Human Brain
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Neuron

z=aw +-+aw, +-+a,w, +b

A simple function

Z
: ba

Activation
function
dg ™ weights b  bias




Neural Network
)

Sigmoid Function 0'(2)1+
1 ) Z=2*1+-1*-2+1*-1+1
0.5 4
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Input:
256-dim vector

Layer1  Layer 2 Layer L  Output
...... — Y1
...... ) — Y
F— - — yM
e —~— Output
Hidden Layers Layer

Deep means many hidden layers

Fully Connected Feedforward Network

Neural
Network

What is needed is a
function

Is 1

Y1

Y, 8

ylo iIsO

output:
10-dim vector

The image
is ”2”

Output Example
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Network parameters= {0 ,0 ,E , 0E
Find network parameters 0 that minimize total loss L

» Pick an initial value for w
» ,Compute dL/ow

Negative ‘ Increase w
Positive - Decrease w

w

The purpose is to L As close as

Find the best
find the best function




AlphaFold: Using Al to
protein folding problem



An animation of the gradient descent method
predicting a structure for CASP13 target T1008
A




Protein Sequence

SQETRKKCTEMKKKFKNCEVRCDESNHCVEVRCSDTKYTLC

Neural Network 3 <— @ Databases

Distance
Predictions

- Angle
Predictions

Used two parameters

(a)the distances between pairs of amino acids
(b)the angles between chemical bonds that connect those amino acids.
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Convolutional Neural
Networks(CNNs)




How to identify rhinos and elephantso




CNNs and Cat

MEUWSTAR?

L




CNNs and Cat

MEUWSTAR?

Ll




Before Start
Let's talk about two questions

AWhat is Matrixo And how to do Matrix Operations

AHow to make a mosaic




@y ap @1
@y 4dp @2y
A=|a3 a3 azy,
A1 A2 Apin

Matrix Multiply with a numberao

218—3_2-1 2-8 2{3}
14 -2 5724 2-(-2) 4



Make a mosaic

Display color is some numbers, mixed by Red,Green and Blue,
every single color have 256 level.
such as 000:000:000 is black, 255:000:000 is red.

The picture is a pixel matrix. Mosaic is to add the pixel RGB values in the range,
then divide by the number of pixels

1 1 4
3 I 3
2 3 3

1+1+4+3+7+3+2+3+3
9




Where IS the connection
between mosaic and CNN?

ACNNX A classifier that can identify some features through training

1 1 4 . :
For mosaic, have a middle process
S € W is a filter.
2 3 3
For this process, Using filter W,
; [L]1]1 Multiply the same position number
W = g 111 Output a mosaic(low-pass filtering)
1(1]1

1*1+1*1+4*1 +3*1 + 71 + 3*1 + 2*1 + 3*1 + 3*1
9

a matrix, the convolution of the filter is used to identify the similarity between the matrix ai

This 1s convolutional



Here is an example:

1/11,1(0|0
0,1,/1/1(0 4
00111
0|0{1(1]|0
0/1{1(0]|0
mage Convolved
Feature

How to use filters to identify pictures?



Original image

picture

s

Visualization of the filter on the image

Visualization of the
receptive field

0 0 0 0 0 30

0 0 0 0 30 0

0 0 0 30 0 0

0 0 0 30 0 0

0 0 0 30 0 0

0 0 0 30 0 0

0 0 0 0 0 0

Pixel representation of filter

Visualization of a curve detector filter

Designed filter

Pixel representation of the receptive
field

0(0]0 0 (0 |30 ofofo0 0 30 [0
0(0)0 50 [ 50 | 50 ofofo0 30 |0 0
0(0)0 |20)|50(|0 |0 0o(0of(0 )30 |0 0 0
0(0)0 |[50|50(|0 |0 * o(ofo)|30 |0 0 0
0(0)0 |[S0|50(|0 |O 0o(of(0 |30 |0 0 0
0(0)0 |[S50|50(|0 |0 0(0(0 |30 |0 0 0
0(0)0 |[S50|50(|0 |0 ofofo |0 0 0 0

Pixel representation of filter

out putyY

Multiplication and Summation = (50*30)+(50*30)+(50*30)+(20*30)+(50*30) = 6600 (A large number!)

E

Visualization of the filter on the image

o |0 |0 |O |O |O |O
0O |40(0 |O (O |O |O
40(0 |40(0 |O (O |O
40(20(0 (O (O (O (O
0 [50(0 (0 [0 |O |O
0 |0 |S50|0 |O |O |O
251250 |50|0 |O |0

Pixel representation of receptive field

0|(0]|0 0 30 |0
0(0]|0 30 (0 0
0|00 ]|30 )0 0 0
0|00 ]|30 )0 0 0
0|0(0]|30 )0 0 0
0|0(0]|30 )0 0 0
0(0|0]|O 0 0 0

Pixel representation of filter

Multiplication and Summation=0

out put N



How to training CNN

aining starts. According to the training result to adjust the filter value, this process needs:
This Is a filter training process in a single-layer neural network

1 1 1 1 9 3 5 2 5 7 35256 limit = 9 2 4 1 4 8
111 9 1 1 2 3 4 8|convolution 3 111(2(5|7
> 3 —_—
step 1 1({1]|9|1]1 4 7 2 3 4 1(2(3]| |8 Raise the 3 6 3 2 3
11 9 1 1 2 3 6 1 4 1 identified(>=9) 1 2 7 1 3
11 9 1 1 1|2(4|5]|1 “17e] %" point 1|1(5|4]|1
input matrix random filter 2 step 1 output filter
sufni 237 reduce the
1 2 2 5 1 unrecognized(<9)
1(1]2]1]o > 4 1 4 8 - point 1(31[3]9
1 1 1 9 1 214114 2
1 1 2 5 7 . 1 1 1 6 6
step 2 1 l1lol1l1 63023 convolutlop . max = 8 —_— I D
AR min =1
1 1 9 1 1 1 2 7 1 3 1 1 8 1 2
1 1 9 1 1 1 1 5 4 1 36223 everyStep
_ : o 7 change 1 1jtjefs]i
Input matrix step 1 output filter 6 step 2 output filter
sums 302 !
4
102(1|1]|9¢|t|s|4]|? Loss function
1 1 1 9 1 The goal is to minimize the distance
INi ta and the filter.
, 111l90l1!1 between the training da
step n — 1.1 9 1 1 training-completed filter
Maximize the probability of identifying the input matrix
sum: 425 1{1]91]2 P y ying P




Gradient Descent



