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The Introduction to Artificial Intelligence

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

p 题目：AI相关的任务及其神经网络方法

大作业

小组形式 1-5人一组

提交格式 PPT，10页及以上

讲解时长 5-7分钟

截止时间 2023.12.05 13:30

* 逻辑清晰，讲解清楚



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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The development history of neural network

Neurons

Single layer neural 
network

Two-layer neural 
network

Deep neural network



6

Where does intelligence come from ?

n The typical human neocortex:
n Stretched flat, the human neocortical sheet is roughly 

the size of a large dinner napkin.
n 2mm thick 
n 30 billion neurons
n A tiny square millimeter contains an estimated 

100,000 neurons. 
n 100 trillion synapses.
n The neocortex plays a key role in most "advanced 

cognitive functions" such as thinking, memory, 
planning, perception, language, and attention.

p The brain
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Brief review 

Artificial neural networks

Idea: Using computers to simulate the activities of biological neural 
networks is expected to make machines intelligent

Neurons Neural NetworksConnection between neurons

p Artificial Neuron
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Neurons

Synaptic 
Connection

Biological 
Neural Networks

Learning

Neuron model

Weights

Neural network 
models

Learning 
algorithm

Biological neural network Artificial neural networks

Abstract

Build a computable 
mathematical model

p Artificial Neuron

Brief review 
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Single neuron structure

How to abstract?

• Soma, Dendrites, Axons
• Function: Collect and transmit 

signals
• Dendrites receive multiple inputs
• Soma superimposes input 

information
• Pulses are generated when 

information is superimposed to a 
certain extent

• Single output

p Artificial Neuron

Computational Model of Neural Network 
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p Artificial Neuron

Another neuron axon

𝑓

𝑥!

𝑥"

𝑥#

𝑤!

𝑤"

𝑤#

𝑛 =#
!"#

$

𝑤!𝑥!
𝑎 = 𝑓(𝑧)

Neuron output

Activation function

internal input

Connection strength

input signal

𝑎 = 𝑓 $
)*+

,

𝑤)𝑥)

Synapse

Dendrites
Soma

Axonal output

Brief review 
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Feedforward neural network

neurons  + feedforward connections

neurons

Recurrent neural network

neurons  + recurrent connections

neurons

neurons

neurons neurons

neurons

connection

connection

connection

connectionconnection

p Neural Networks

Computational Model of Neural Network 



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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Feedforward neural network

neurons  + feedforward connections

neurons neurons

neurons

connection

connection n Feedforward neural network with three layers.
n light-sensing cells –  bipolar cells – ganglion 

cells
n Neurons receive the outputs of neurons at 

previous layer as inputs.

Feedforward Neural Network
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Feedforward Neural Network

𝑓

𝑥!

𝑥"

𝑥#

𝑤!

𝑤"

𝑤#

𝑧 =#
!"#

$

𝑤!𝑥!
𝑎 = 𝑓(𝑧)

Neuron output

Activation function

Connection weights

Inputs
Total inputs … … …

Problem: How are these neurons connected to form a 
feedforward neural network?
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Feedforward Neural Network

Forward computing

Layer 1 Layer 2 Layer 𝑙 Layer 𝑙 +1 Layer L-1 Layer L
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Feedforward Neural Network
Forward computing 𝑎!

Layer 1 Layer 2 Layer 𝑙 Layer 𝑙 +1 Layer L-1 Layer L

The neuron  located in 𝑙 layer 𝑗!" place,
𝑎#$ denotes the output value of the neuron.

𝑎$% = 𝑓(𝑧$%)…

𝑎!%

…

𝑎$%

𝑎.!
/

Layer 𝑙

Layer 𝑙 contains 𝑛$ 
neurons.

Vector form

𝑎$ =

𝑎!%

𝑎$%

𝑎.!
/

…

…
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Feedforward Neural Network

𝑤"$%

…

𝑎!%

…

𝑎$%

𝑎.!
/

𝑎"%&!

𝑊%=

…

…

𝑤!!%

𝑤#!"#!
% 𝑤#!"##!

%

𝑤!#!
%

𝑤"$%

…

…

… …

Layer 𝑙 Layer 𝑙 +1

𝑎%&!𝑊%𝑎%   

𝑎$ is the input of 𝑙 +1 layer.
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Feedforward Neural Network
Forward computing 𝑎!

Layer 1 Layer 2 Layer 𝑙 Layer 𝑙 +1 Layer L-1 Layer L

Layer 𝑙 Layer 𝑙 +1

𝑤"!%

…

𝑎!%

…

𝑎$%

𝑎.!
/

𝑎"%&!

…

…

𝑤"'%

𝑤"#!
%

Layer 𝑙 Layer 𝑙 +1
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Feedforward Neural Network

𝑤"!%

…

𝑎!%

…

𝑎#$

𝑎%'
$

𝑤"'%

𝑤"#!
%

Forward computing

𝑎&$'(

𝑧&$'( =
∑#)(
%' 𝑤&#$ 𝑎#$

Layer 𝑙 Layer 𝑙 +1

𝑓(𝑧$%&!)

Layer 𝑙 Layer 𝑙 +1

𝑎%&!𝑊%𝑎%   

𝑧$'( = 𝑊$𝑎$

𝑎$'( = 𝑓(𝑧$'()

𝑧&$'( = ∑#)(
%' 𝑤&#$ 𝑎#$

𝑎&$'( = 𝑓(𝑧&$'()

Component form Vector form
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Feedforward Neural Network

Forward computing 𝑎!

Layer 1 Layer 2 Layer 𝑙 Layer 𝑙 +1 Layer L-1 Layer L

𝑤!"#

…

𝑎"#

…

𝑎$#

𝑎%!
#

𝑤!&#

𝑤!%!
#

Forward computing

𝑎!#'"

𝑧!
#'" =

∑$("
%! 𝑤!$# 𝑎$#

Layer 𝑙 Layer 𝑙 +1

𝑓(𝑧$
#'")

Algorithm:

Input 𝑊$, 𝑎$ 
for 𝑙 = 1:L, run function:

𝑎$'( = 𝑓𝑐(𝑊$,𝑎$)
return

Function 𝑓𝑐(𝑊$𝑎$)
For i = 1: n$'(

𝑧&$'( = ∑#)(
%! 𝑤&#$ 𝑎#$

𝑎&$'( = 𝑓(𝑧&$'()
end
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Feedforward Neural Network

p Example: XOR Problem

ଵ
ଶ ଵ ଶ ଵ ଶ 1

0

 𝑎ଵ

输入
𝑎ଶ 𝑎௟ 𝑎௟ାଵ 𝑎௅

输出
𝑎௅ିଵ𝑤ଵ 𝑤௟ 𝑤௅ିଵ

是否能够构造一个前侾神经网络完成函数 的计算？

56

例子：XOR୼ொ 𝑥ଵ

𝑥ଶ

ሺ1,1)

ሺ1,0)

ሺ0,1)

ሺ0,0)

Forward computing 𝑎!

Layer 1 Layer 2 Layer 𝑙 Layer 𝑙 +1 Layer L-1 Layer L

Problem: Could build a feedforward neural network to complete F ?
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Feedforward Neural Network

𝑥ଵ

𝑥ଶ

ሺ1,1)

ሺ1,0)

ሺ0,1)

ሺ0,0)
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ଵ
ଶ ଵ ଶ ଵ ଶ

例子：XOR୼ொ

1

ଵ

ଶ

1

𝑥ଵ

𝑥ଶ

ሺ1,1)

ሺ1,0)

ሺ0,1)

ሺ0,0)
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ଵ
ଶ ଵ ଶ ଵ ଶ

例子：XOR୼ொ

1

ଵ

ଶ

1

p Example: XOR Problem

ଵ
ଶ ଵ ଶ ଵ ଶ 1

0

 𝑎ଵ

输入
𝑎ଶ 𝑎௟ 𝑎௟ାଵ 𝑎௅

输出
𝑎௅ିଵ𝑤ଵ 𝑤௟ 𝑤௅ିଵ

是否能够构造一个前侾神经网络完成函数 的计算？

56

例子：XOR୼ொ 𝑥ଵ

𝑥ଶ

ሺ1,1)

ሺ1,0)

ሺ0,1)

ሺ0,0)

External inputs
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Feedforward Neural Network

p Example: XOR Problem

58

例子：XOR୼ொ

1

ଵ

ଶ

1

1

0
或
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Feedforward Neural Network

In fact, FNN is a nonlinear mapping from 𝑅	.+  space to 𝑅	., space.

4 𝑎ଵ

䗉入

𝑎ଶ 𝑎௟ 𝑎௟ାଵ 𝑎௅

䗉出

𝑎௅ିଵ𝑤ଵ 𝑤௟ 𝑤௅ିଵ

௅ ௅ିଵ ௅ିଵ ௅ିଵ ௅ିଶ ௅ିଷ ଵ ଵ

௅ିଵ ௅ିଶ ௅ିଷ ଵ ଵ

௡భ ௡ಽ

� 前侾⾔㔅㖇㔒实䱻上是一个从 ௡భグ䰪到 ௡ಽグ䰪Ⲻ䶔㓵性函数映射� 前侾⾔㔅㖇㔒实䱻上是一个从 ௡భグ䰪到 ௡ಽグ䰪Ⲻ䶔㓵性函数映射

前௘॔৆ৠৌ

Input Output
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Feedforward Neural Network

• The feedforward neural network is described by nonlinear 

mapping and is suitable for spatial correlation data analysis.

• Based on the topology of feedforward neural network, a variety 

of feedforward neural network models are developed.

p FNN

� 深度残差网络（RHVNHW）

� 前侾神经网络由䶔线性映射描述，适用于空䰪相关性数据分析。

� 由前侾神经网络拓扑结构，发展出多种前侾神经网络模型。

前侾神经网络拓扑结构

59

� 卷积神经网络(CNN)

� 自编码网络 (AE)

前௘神৆ৠৌ



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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Recurrent Neural Networks

Recurrent neural network

neurons  + recurrent connections

neurons neurons

neurons

connection

connectionconnection

RNNs ---- with feedback connections
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Recurrent Neural Networks

𝑓

𝑥!

𝑥"

𝑥#

𝑤!

𝑤"

𝑤#

𝑧 =#
$%&

'

𝑤$𝑥$
𝑎 = 𝑓(𝑧)

Neuron output

Activation function

Connection weights

Inputs
Total inputs

RNN = neurons  + recurrent connections
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Recurrent Neural Networks

𝑓

𝑥!

𝑥"
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𝑤!
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𝑤#

𝑧 =+
!"#

$

𝑤!𝑥!
𝑎 = 𝑓(𝑧)

𝑓

𝑥!

𝑥"

𝑥#

𝑤!
𝑤"
𝑤#

𝑧 =+
!"#

$

𝑤!𝑥!
𝑎 = 𝑓(𝑧)

𝑓

𝑥!

𝑥"

𝑥#

𝑤!
𝑤"
𝑤#

𝑧 =+
!"#

$

𝑤!𝑥!
𝑎 = 𝑓(𝑧)

• No layers
• Any neuron connects to any others
• All in a mess?
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Recurrent Neural Networks

12

拓扑结构

如何表示回复式神经网络的计算模型？

回复式॔৆ৠৌ

Topology Structure

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

13

回复式॔৆ৠৌ
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Recurrent Neural Networks

14

回复式॔৆ৠৌ
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Recurrent Neural Networks

15

回复式॔৆ৠৌ
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Recurrent Neural Networks

16

ଵ ଵଵ ଵ ଵଶ ଶ

ଵ ଶ

𝑎ଶሺ𝑡ሻ

𝑎ଵሺ𝑡ሻ𝑤ଵଵ 𝑤ଶଵ

𝑤ଵଶ 𝑤ଶଶ

ଶ ଶଵ ଵ ଶଶ ଶ

回复式॔৆ৠৌ
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Recurrent Neural Networks

17

𝑓

𝑧ଵ 𝑡 ൌ 𝑤ଵଵ𝑎ଵ 𝑡 ൅ 𝑤ଵଶ𝑎ଶሺ𝑡ሻ

𝑓

𝑎ଵ 𝑡 ൅ 1 ൌ 𝑓 𝑧ଵ 𝑡 𝑎ଶ 𝑡 ൅ 1 ൌ 𝑓 𝑧ଶ 𝑡

𝑎ଶሺ𝑡ሻ

𝑎ଵሺ𝑡ሻ𝑤ଵଵ 𝑤ଶଵ

𝑤ଵଶ 𝑤ଶଶ

𝑧ଶ 𝑡 ൌ 𝑤ଶଵ𝑎ଵ 𝑡 ൅ 𝑤ଶଶ𝑎ଶሺ𝑡ሻ

回复式॔৆ৠৌ
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Recurrent Neural Networks

18

𝑓

𝑧ଵ 𝑡 ൌ 𝑤ଵଵ𝑎ଵ 𝑡 ൅ 𝑤ଵଶ𝑎ଶሺ𝑡ሻ

𝑓

𝑎ଵ 𝑡 ൅ 1 ൌ 𝑓 𝑤ଵଵ𝑎ଵ 𝑡 ൅ 𝑤ଵଶ𝑎ଶሺ𝑡ሻ 𝑎ଶ 𝑡 ൅ 1 ൌ 𝑓 𝑤ଶଵ𝑎ଵ 𝑡 ൅ 𝑤ଶଶ𝑎ଶሺ𝑡ሻ 

𝑎ଶሺ𝑡ሻ

𝑎ଵሺ𝑡ሻ𝑤ଵଵ 𝑤ଶଵ

𝑤ଵଶ 𝑤ଶଶ

𝑧ଶ 𝑡 ൌ 𝑤ଶଵ𝑎ଵ 𝑡 ൅ 𝑤ଶଶ𝑎ଶሺ𝑡ሻ

回复式॔৆ৠৌ
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Recurrent Neural Networks

15

回复式॔৆ৠৌ

RNNs – Computational Neural Networks Model:

𝑎+ 𝑡 + 1 = 𝑓 𝑤++𝑎+ 𝑡 + 𝑤+2𝑎2 𝑡

𝑎2 𝑡 + 1 = 𝑓(𝑤2+𝑎+ 𝑡 + 𝑤22𝑎2(𝑡))
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Recurrent Neural Networks

Computational Model of RNNs:

𝑎) 𝑡 + 1 = 𝑓 $
3*+

.

	 𝑤)3𝑎3(𝑡)

Vector form:

𝑎 𝑡 + 1 = 𝑓(𝑊𝑎(𝑡))

𝑊 =
𝑤++ ⋯ 𝑤+.
⋮ ⋱ ⋮

𝑤.+ … 𝑤..
, 𝑎 𝑡 =

𝑎+(𝑡)
⋮

𝑎.(𝑡)

12

拓扑结构

如何表示回复式神经网络的计算模型？

回复式॔৆ৠৌ

12

拓扑结构

如何表示回复式神经网络的计算模型？

回复式॔৆ৠৌ

This model is a discrete time dynamic system.

The time changes in discrete 
manner. 
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Recurrent Neural Networks

12

拓
扑
结
构

如
何
表
示
回
复
式
神
经
网
络
的
计
算
模
型
？

回
复
式
॔
৆
ৠ
ৌ

RNN could be expanded 
in time dimension.

䳅着时䰪的䘆行，

䘏种网络可以

“无䲆深”

40

再र回复式॔৆ৠৌ

回复式神经网络的反侾

䘔接在时䰪维度展开

无䲆深度神经网络

䗉入 神经元时䰪

𝒕 െ 𝟏

𝒕𝟎 ൅ ૛

𝒕𝟎 ൅ 𝟏

𝒕𝟎

𝒕

Time Input Neuron 

With expanding in time, this 
networks could have infinite layers.
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Recurrent Neural Networks

p Multiple recurrent layers connected by a forward connection
p The neurons within the recurrent layer are connected by 

recurrent connections

RNNs
12

拓扑结构

如何表示回复式神经网络的计算模型？

回复式॔৆ৠৌ

recurrent layer 

recurrent 
connections

Through the recurrent connection, 
the RNN can maintain certain 
internal states and form memory.
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Recurrent Neural Networks

• The recurrent neural network is described by the dynamic system 

and is suitable for spatiotemporal correlation data analysis.

• Based on the topological structure of recurrent neural network, a 

variety of recurrent neural network models are developed.

p RNN

LSTM Recurrent High-way
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FNNs VS. RNNs

FNNs

RNNs

Forward computing 𝑎!

Layer 1 Layer 2 Layer 𝑙 Layer 𝑙 +1 Layer L-1 Layer L

• Extract the spatial features 
of static data

• Describe spatial correlation

• Memory mechanism
• Extract spatiotemporal features of 

time sequence data
• Describe time correlation

with recurrent connection

no recurrent connection
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• Steepest Descent Method

• Backpropagation

43



44

The Learning of Neural Networks

p Knowledge is acquired by learning.  
Ø Three human learning models:

⸛䇼是䙐䗽学习㧭取Ⲻ。人Ⲻ学习一㡢分为三〃模式：

� 有教师学习

在教师Ⲻ指导下，

䘑㺂学习

� 无教师学习

⋗有教师Ⲻ指导，

㠠己学习

� 增强学习

在与⧥境Ⲻ交互中，䙐

䗽某〃奖励机制学习

⾔㔅㖇㔒Ⲻ学习㺞⧦为新Ⲻ䘔接Ⲻ建㄁和已有䘔接Ⲻ修改
11

॔৆ৠৌ的学习

Learning with teacher 

Learning without teacher 

Reinforcement learning

Learning: establishment of new connections and the modification of 
existing connections
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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

ground truth

Network 
output

error Training
sample

Reconstruction
sample

error

environment

actionrewardstate

Update Parameters

Supervised Learning: Update 
the network parameters 
according to the error between 
the target output and the 
actual network output of the 
training sample 

Unsupervised learning: For 
non-label samples, the 
network parameters are 
updated by reconstructing 
these samples.

Reinforcement learning: 
Update network 
parameters with the goal of 
maximizing rewards 
during interactions with 
the environment
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The Learning of Neural Networks

p Unsupervised Learning

Unsupervised learning: For non-
label samples, the network 
parameters are updated by 
reconstructing these samples.

Training
sample

Reconstruction
sample

error

Update Parameters
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p Supervised Learning

4	 𝑓

𝑥2

𝑤+

𝑤2

𝑦

𝑥+

Feature: red, round Feature: yellow,  strip

The Learning of Neural Networks
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The Learning of Neural Networks

p Supervised Learning有监ष学习

21

5

� 如何使㖇㔒䗉出为ⴤ标䗉出？

有监ष学习

21

5

� 如何使㖇㔒䗉出为ⴤ标䗉出？


