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6.1 The Concept of Machine Learning

6.1.1 The Concept of Machine Learning

= Machine Learning is a science of artificial intelligence. The main research
object in this field is artificial intelligence, especially how to improve the
performance of specific algorithms through experiential learning. (Langley,

1996)

= Machine Learning is the study of computer algorithms that can improve

automatically through experience. (Tom Mitchell, 1997)

= Machine Learning is programming a computer using sample data or past

experience to optimize performance metrics. (Alpaydin, 2004 )



6.1 The Concept of Machine Learning

6.1.1 The Concept (#t2) of Machine Learning

Machine Learning is dedicated to studying how to use computational means and
experience to improve the system's own performance, thereby generating a "model"

from data on the computer, used to "make judgments on new situations".

Machine
Learning



6.1 The Concept of Machine Learning

6.1.2 Analogy between Machine Learning and Human Learning

& " S

A baby learns to recognize objects through picture cards or real objects.



6.1 The Concept of Machine Learning

6.1.2 Analogy between Machine Learning and Human Learning
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6.1 The Concept of Machine Learning

6.1.2 Analogy between Machine Learning and Human Learning
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6.1 The Concept of Machine Learning

6.1.3 Typical Machine Learning Process

[ Use learning algorithm ]
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6.1 The Concept of Machine Learning

6.1.3 Typical Machine Learning Process

A vivid description of machine learning



6.1 The Concept of Machine Learning
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6.1 The Concept of Machine Learning

6.1.4 Connection between Machine Learning and Other

Courses ‘\
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6.1 The Concept of Machine Learning

6.1.5 Main Application Areas of Machine Learning
Text to speech and speech recognition
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6.1 The Concept of Machine Learning
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6.1 The Concept of Machine Learning

sAutonomous Driving



The Concept of Machine Learning

Image Generation



6.1 The Concept of Machine Learning
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6.1 The Concept of Machine Learning
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6.2 Basic Terminology of Machine Learning

= Feature ($HiE)

= Attribute (JEt%)

= Feature Vector ($¥{E[0=)

= Supervised Learning (MERFI)
= Label (}5%)

= Example (HZ)

= Instance (3Ef])

ot

)

= Classification (49)

= Tagging ($RiE)

= Regression ([O

No. | outlook | temperature | humidity | windy play
Nocaminal Numexic Numexic Ncaminal | Noeminal

1 sunny 85.0 85. O/FALSE no

2 sunny 80.0 90. O/TRUE no

3 overcast 83.0 86. O|FALSE ves

= rainy 70.0 96. O|FALSE ves

S rainy 68.0 80. O|FALSE ves

6 rainy 65.0 70.0|TRUE no

7 overcast 62.0 65. O|TRUE ves

8 sunny 72.0 95. O|FALSE no

9 sunny 69.0 70.0|FALSE ves

10 rainy 9.0 80. O|FALSE ves

11 sunny 5.0 70.0|TRUE ves

12 overcast & 90. O|TRUE ves

13 overcast 81.0 7S. 0|FALSE ves

14 rainy 71.0 91. O|TRUE no




6.2 Basic Terminology of Machine Learning

6.1.2 Basic Terminology
m Data Set (ﬁﬂ nﬁ%)

= Training Set (3)l|Zk&)
s Test Set (MhXEE)
s Independently and Identically Distributed, i.i.d (JR3Z[E]4%3 %)

= Model ($&%HY) | et [t ]
1 sunny 85.0 85. 0O|FALSE no
I 4 2 sunny 80.0 90.0/TRUE _ |no
" Tralmng (]J” _}R ) 3 overcast 83.0 86. 0|FALSE |yes
o srL < rainy 70.0 96. O|FALSE wves
m Hypothes1s ('ﬁilx ) S  |rainy 68.0 80.0[FALSE |yes
Y o 5] rainy 65.0 70.0|TRUE no
m L rner pJ 7 overcast 64.0 65. O|TRUE ves
ca ¢ (;gﬁ%) 8 sunny 72.0 95. O|FALSE no
vl ) 9 sunny 69.0 70.0|FALSE wves
[ Input Space (?Fﬁ])\ﬁ:\.la_.l ) 10  |rainy 75.0 80.0|FALSE |yes
11 sunny 5.0 70.0|TRUE wves
u Olltpllt Space (ﬁﬁﬂ:‘l g-li I‘E_.I ) 12  |overcast 72.0 90.0/TRUE  |wes
13 overcast 81.0 7S.0|FALSE ves
° . =y A —
- HypOtheSlS Space (1E1§£I'E] ) 14 |rainy 71.0 91. O|TRUE no
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6.3 Three Basic Elements of Machine Learning

- ini Applicati
Training '™nnd ppzb'ca o Unknown
data :,; test data
4. @ ()
Model Strategy Algorithm
Classification Loss Function(fRéciksy) — Determine garameter
Regression Selection
°9 _I | Optimization(&{{4):
Clustering Model Selection Gradient descent,

least squares, etc.



6.3 Three Basic Elements of Machine Learning

6.3.1 Model
h(x;0)

_ Probability(#f%) Model ( Conditional Probability Distribution )

Model — — Linear model

ZRIERE

— Non-probabilistic models —
(decision functions)

Nonlinear model

JFLePERE

—



6.3 Three Basic Elements of Machine Learning

6.3.2 Learning Criterion (Strategy)

s Loss Function (HZcef#) : Measures the error degree of a single sample prediction.

The smaller the loss function value, the better the model.

s Cost Function (f{re&#L) : Cost Function: Measures the average error of the entire
sample set. Common cost functions include mean squared error, root mean squared error,

mean absolute error, etc.

= Objective Function (B#reEEL) : The final function to be optimized, including the

cost function and regularization function.



6.3 Three Basic Elements of Machine Learning

= Loss Function (¥5Bi%L)

x (0-1 Loss Function
| O,h(xi;ﬂ) = .
L(}’gsh(xi;a)) =
1,h(1’i;6) ?éjfl-

= Squared Loss Function

L(y,,h(x;;0)) = [3";‘ _h(xi;a)]z

s Absolute Loss Function

L(y,,h(x;;0)) = |y, — h(x,;0) |



6.3 Three Basic Elements of Machine Learning

= Loss Function (¥5cfi%)

= Log Loss Function

L(y,,h(x;50)) ,= - logP(y, | x;)

s Cross-Entropy Loss Function
L(y,,h(x;;0)) =- [ylogh(x.;0) + (1 - y,)log(1l - h(x;;0)) |

= Hinge Loss Function§ T1# 5k B & (Hingedni 55)

L(yiah(xi;a)) = IIIEIX{O,I - yfh(x,‘;a) }



6.3 Three Basic Elements of Machine Learning

6.3.3 Optimization Algorithm

» BEE KX (Gradient Descent, GD)
«» BEVEEE TBE (Stochastic Gradient Descent, SGD)

» IHEBHETME (Mini-Batch Gradient Descent, MBGD)
= YRk
o HLA A
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6.4 Classification of Machine Learning Models

6.4.1 Classification by Task Type

= B3 (Regression )

= 33 (Classification)

= 3BJ (Clustering)
o #2918 (Dimensionality Reduction)



6.4 Classification of Machine Learning Models

6.4.1 Classification by Task Type
= B (Regression )
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6.4 Classification of Machine Learning Models

6.4.1 Classification by Task Type
= 993 (Classification)
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6.4 Classification of Machine Learning Models

6.4.1 Classification by Task Type
= 33 (Clustering)
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6.4 Classification of Machine Learning Models

6.4.1 Classification by Task Type
» #7291 (Dimensionality Reduction)
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6.4 Classification of Machine Learning Models

6.4.1 Classification by Task Type
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6.4 Classification of Machine Learning Models

6.4.2 Classification by Learning Method

= Supervised Learning (EBRFEY. KEFEY)
= Uses a set of labeled samples to adjust model parameters and improve model
performance.

= Unsupervised Learning (FEREBERFES. LIEEZFEY)
= Analyzes data by comparing some relationship between samples.

= The key characteristic is that the input to the learning algorithm is unlabeled
samples.

= Reinforcement Learning (38{¢33])

= A machine learning approach that adjusts machine behavior based on
feedback to achieve automated decision-making.



6.4 Classification of Machine Learning Models

6.4.2 Classification by Learning Method
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6.4 Classification of Machine Learning Models

6.4.2 Classification by Learning Method

= Supervised Learning (BT %)

v Classification (433)

v Isaman 1.65m tall and
100kg obese?

v Determine benign or
malignant based on
tumor volume and patient
age?
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6.4 Classification of Machine Learning Models

6.4.2 Classification by Learning Method

= Supervised Learning (BT %)

..........................................................................................

o
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:
v
wik
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Y|

v Regression, Prediction ([EYF)

...................

v' How to predict housing
prices in Shanghai Pudong? | Y ey i

v Future stock market trends?

NSEE

_____________________________________________________________________________________________________________________




6.4 Classification of Machine Learning Models

6.4.2 Classification by Learning Method

= Unsupervised Learning (TTCHEEBRZFES)

v Clustering (Z82§)

v How to divide students in a classroom into 5 categories
based on hobbies and height?

v Dimensionality Reduction (P& )

v How to map data points from the original high-
dimensional space to a low-dimensional space?



6.4 Classification of Machine Learning Models

6.4.2 Classification by Learning Method

= Reinforcement Learning (38{¢3>])
WITENE

v Describes and addresses problems

where intelligent agents learn RS

P R
I 21 22 [
strategies through interaction with ‘ |

their environment to maximize

rewards or achieve specific RERINE

objectives.
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6.5 Data Preprocessing

THEESKE

mEIERE
B ZHETAL IR
= BIER R
= HIEEI

= The quality of the input data determines the quality of the output results
of the data mining model, i.e., the data determines the upper limit of the
model. Without high-quality data, there is no high-quality mining result!



