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The course information as follows may be subject to change, either during the session because of unforeseen
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DR AR R P BT U e A e P S22 4 ] A ) 75 95 1 5 MU R e P 6 IR0 B, e s k-mieans SRl s MR R SR IR AL, ik
ReibsA B X i E . AGIE. BRI B £ RRAEIESE . M PCA SERES AT IEA P 1 i, RISk AR R —
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This course aims to teach students basic knowledge of machine learning and lay a foundation for their further study
and application in machine learning. This course will teach students how to formulate and solve linear regression
problems, how to formulate and solve linear classification problems using logistic regression, and how to formulate and
solve clustering problems using k-means. Students will also know the basic methods and concepts of over-fitting, cross-
validation, model-order selection, feature selection, neural networks, PCA, etc., and gain experience with optimization
and probabilistic models. In order to ensure students' hands-on and practical abilities, this course will also teach
students how to implement basic machine-learning and deep learning tasks in Python/sklearn/PyTorch.

Pk %S R Learning Outcomes

TFERA AL 2] Ja, 2 AR BLRE B8 56 B
(1) ] 52 g o 2 8 [2] U i
(2) FIZH1RNA B 7750 8 RO AR R L 73 2K 1]
(3) A k-means kil & Flfigk e 5828 i it
(4) 1A, 52 XIE, T&éiﬁﬂ‘iﬂllﬁh, FHIEIEFE, AW, TR 71T
(5) FRAF—ue R A B A K250 5
(6) 1E Python/sklearn/PyTorch S A (R85 2% 2 IR BE 2 14T 45 .
After this course, students should be able to:
Formulate and solve linear regression problems.
Formulate and solve linear classification problems using logistic regression.
Formulate and solve clustering problems using k-means.
Understand over-fitting, cross-validation, model-order selection, feature selection, neural networks, PCA.
Gain experience with optimization and probabilistic models.
Implement basic machine-learning and deep learning tasks in Python/sklearn/PyTorch.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

I . EEI
VR R A
it
o HlastAIHIN T 5t T ARPLEE S S (R R AR 2 B R 715 55
o AWRFEMMERT. ESMEZNL | THILE S I AN S
o HIEHINHAN & TARRLER S 2SS I 43 2 B RR 1T
Introduction Understand the history, application, and importance of 2h
e Application background of Machine Learning
Machine Learning Understand the basic concept of Machine Learning
e The objectives and outcome of | Understand the classification of different machine learning
Machine Learning tasks
e  Concept of Machine Learning
AAEREIA
° 1| ¥ bR g5 B A Y Nz
L g TOMIACT | s (S A S R, AAHER
o B EWﬁizElﬂ%ﬂ/ﬁﬁifﬁ%ﬂf‘]ﬁiﬁ?fiy B G
N PRBIR PR ) TR
Rt S A Ay
o HERHL I A AL R2 T LR O .
o RS T ARG 8 numpy AT sklearn £L7E Python H SEER £ 1
Linear Regression EVE] , ) o
«  Motivating Example: Formullate'a machine learning task as mqltlple I!near h
Understanding Glucose Levels in regression: Unde_rstand advantage over S|mple linear _
Diabetics regression; Identify feature and target variables; Recognize
« The Multiple Variable Linear pos§|bllltles for feature transformation, such as one-hot-
Model codlng . . 5
e The Least-Squares Solution Describe the regression model in n_1atr|x/vector form
. . Understand the least-squares solution for the model
e  Understanding the LS Solution coefficients
e Multiple Linear Regression in | agcess goodness-of-fit via R2
Python _ ) Know how to implement linear regression in Python using
e  Special _ Case:  Simple  Linear | tne numpy and sklearn packages
Regression
e  Feature Transformations
B S A 72 - 77 22 BUAET TR o 23 TR R Ak 5 1) e
o ARRERFH TR R 2 20
o« ZEXKIE I i 2o 07 2R
o WZE-T7 EAUH B X RET 5
o LR ST T R B Y Hok 4 K HIR Z ARSI Bk
Python 7~ 31 TR python SEEIMLAS 7 =] B RERY B 20k 2h
Validation and Bias Variance Trade-off Understand the model order selection problem in machine
e  Types of error learning
e  Cross validation Understand different error types of data fitting
e  Bias variance trade-off Understand the concept of bias variance trade-off
. Python solution to model order Understand cross validation method
selection examples of machine Understand the order selection of polynomial fitting
learning Know how to do model order selection in python
IE DAk f /s — 3fe B AR 16 5 PRRRFEIE F7 15 5 I s HLAEAR
o T IR G A B TR SRR R R T AR, BB E,
o UEMHIF HFRHARSG, ENML
e LASSO [a]/ HARIE [ SR LASSO AR B AN R Bk 1%
o WRMEIAT A SRHEREN KR | FEMEEATS MLE I MAP Z[AIRIEE R 4h
o IENMLIRNIH PIRE = R T ftn far i sklearn SEE LASSO
Regularized Least-Squares and Feature PR G 45 FH 28 X8 IR 3 5 1 A B
Selection Understand motivation and idea behind feature selection
e  Motivating Example: Predicting Understand feature selection methods based on: exhaustive
Prostate Cancer search, stepwise selection, target cross-correlation,
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e Ridge Regression

e LASSO

e  Probabilistic Interpretation of
Regularized Regression

regularization

Understand ridge regression and LASSO:

interpret their coefficient paths

Know how to implement LASSO using sklearn

know how to select the regularization strength using cross-
validation

Understand connections to ML estimation and MAP
estimation

bk AEIR
o BT Iy A ) ORI
o PRI

o ZrRIH

o RREN

o ML ST Z AR [ 43 2K 1)
J% Python 741

T RRIZAER (8] )5 5 7 S ) B SR IR

TR RBERIEA U BN REE
R A R IR R AT 4 AN 2 43 I U 1
HAR PRI IRZE 7 W 51

TR ZE Python HhSIZEIL T 8 Iml V9 347 #0873 6

Understand the relationship between Logistic Regression

Logistic Regres_smn . L and Classification problems 4h
¢ Relatlor]shlp between. I__ogl_stlc Know logistic function, cross-entropy, ML fitting,
Regression and Classification N
Problems regularization o o -
. e . Learn how to use logistic regression in classification

e  Binary classification problems problems

*  Multiclass classification problems | ynqerstand the error metric of classification problems

e Classification error metrics Know how to implement and access classification using

e  Python solution to logistic sklearn

regression classification problems
of machine learning
T e AR TR R AR 2R R . SN ZI RSk A
THELUR BR BB L
T AEUMATLE Python mF R 0 SR FE
YR U o 0 LN B IS AR A X
ARL AL SRR T B T DU SR

o Wly: NEEREIAMERIE B EERE KT SR, Armijo FLI

o ZASERHIILEE T F W5 % R U 5 91T BR B

o HERMPK AR PR R K 5

o iPE Identify the cost function, parameters, and constraints in an
Nonlinear Optimization & Gradient Descent | Optimization problem 4h

e Motivating Example: Build an Compute the gradient of a cost function for scalar, vector,

Optimizer for Logistic Regression Or matrix parameters
e  Gradients of Multi-Variable Know how to efficiently compute a gradient in Python
Functions Gradient Descent Write the gradient-descent update
o  Adaptive Stepsize Understand the effect of the stepsize on convergence
«  Convexity Eﬁ ej‘amlllar with adaptive stepsize schemes like the Armijo
Determine if a loss function is convex
Understand the implications of convexity for gradient
descent
IR Z 53 AN ST ) =oAL

o My WHNTFEHF FRRANE 7y 23 FH T LA P

o RKNILFRIE EL Ul USCONERIES

o UIFRIESRE RS RS VM)

o HFFIEML T fhnfarfdi A sklearn SE3L SVC Al SVM
Maximum-Margin Classification and the Understand the geometry of the linear classification 4h
Support Vector Machine boundary

e  Motivating Example: Recognizing Understand the margin-maximizing classifier

Handwritten Digits Understand the support vector classifier (SVC) Understand

e  Maximum-Margin Classification the support vector machine (SVM)

e The Support Vector Classifier Know how to implement the SVC and SVM with sklearn

e  The Support Vector Machine
PR X 2% FRAR 2 J2 TR A2 I 28 IRRFAIE S D) Bt . MER A5

o BT AR S B T PR B B LR ik 6h

o HITFHA ML
o BENLESE FREE

BRI A BB L
B TSR S A 1
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e {§ifH PyTorch SZELANI Lt 2
“%

o N IAAERETFSIRLE

Neural Networks

e  Motivating Example: Learning a
Feature Transformation

e  Feed-Forward Neural Networks

e  Training via Stochastic Gradient
Descent

e Implementing and Training Neural
Nets with PyTorch

e  Gradient Computation via Back-
Propagation

TR fdE B PyTorch SEEILFRZ X 4% Understand 2-layer
feedforward neural networks: include learning feature
transformations, network architecture, choice of activation
functions and training loss

Understand mini-batch training and stochastic gradient
descent

Understand the back-propagation approach to gradient
computation

Know how to implement a neural network using PyTorch

T FEURIR 5 o 22 P 4%

e il ImageNet KM R 5Bk
ik

o TREE MG RRREE I

o YEBRULALAINA

o BHUMZMLE

e {E PyTorch H G EFI AT ML R
Z

o YIIZ CNN %5
Backpropagation, Batch-Norm,
Dropout 2%

NI E] CNN 2% BT FH R 27 S R4 J2 CRFE
Y
PR )R A UL AT
PR R 32 T2 DA S FERIAR S 2 8] 71 9% %
F13E an4eT 48 scipy.signal A1 PyTorch SZEL 45
L R P 25«
HERZE, WEE, TR, A AR S m A I 25
TRINGRETS, b BEMTE . 2s. BaRy 7
TEA 5 ) ARSI X 245 <
& AlexNet. VGG. Inception. ResNet 22 4 k2%,
HIE AT E Py Torch A s F TS Y1l ZRb 1) o 2%
Recognize CNNs as learning and exploiting hierarchical
features

SIFAES
Principal Component Analysis

e  Dimensionality Reduction

e  Principal Component Analysis
(PCA)

e PCA for Data Visualization

e  Computing PCA via the SVD

e  Python Example: Eigenfaces and
PCA-based Classification

T iR PCA REUTE I & 7 I AE55 h 1% H Recognize need
for feature dimensionality reduction

Understand PCA as RSS-minimizing linear approximation
Understand orthogonal projection

Recognize PCA as subspace fitting

Understand the role of the data-covariance eigenvectors in
PCA

Know how to measure PCA performance using PoV
Understand how to compute PCA using the SVD
Understand how PCA can be used for data visualization
Understand how the PCA coefficients can be used in
supervised learning tasks

o M R TS B I 2% 22 3] 2D convolution: 6h
Convolutional and Deep Neural Networks Understand as local pattern ma’[ching
e Motivation: ImageNet Large-Scale Understand boundary conditions and relation between
Visual Recognition Challenge convolution and correlation
e  Deep Networks and Feature Know how to implement convolution with scipy.signal
Hierarchies and PyTorch
e 2D Convolution Basics Convolutional neural networks:
e  Convolutional Neural Networks Understand convolutional layers, dense layers,
e  Creating and Visualizing subsampling, pooling
Convolutional Layers in PyTorch Understand backpropagation training
e Training CNNs: Backpropagation, Recogni_ze training tricks like batch-norm, dropout, data
Batch-Norm, Dropout, Etc. augmentation )
e  Transfer Learning from Famous Transfer learning and pre-trained networks:
Pre-Trained Networks Be familiar with AlexNet, VGG, Inception, ResNet, and
other famous networks
Know how to work with pre-trained networks in PyTorch
TR IE FELERT 755K
A F B o W BLAE N RSS-Al /MU & 1
E AN BB IEAC Y
o R4 H PCA FLf# Ny 17 A&
o LA HRFRHAR V) 7 ZEREAE [ 2 AE PCA F IR
o HETIHAL PCA TR A% ) PoV B PCA g
o i3t SVD il PCA T fhnfar{d Fl SVD 5 PCA
o Python 7R filRFAETHI AL T PCA T RUNTEE PCA T Ecdls FT AL 4h
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/. K-Means. NMF 71 EM
o I ICREAERE
o IR k-means
N 2 k- HX K T N
o A Bag-of-Words, TF- Tﬁf k means skese H */T\f\ﬂ Iflo}fd Stk N
IDF. A Komeans FRf LT SCAHEA I AV SCRSE AT TF-IDF 404
o EHHEAET(GMMS) Tk GMMs Jz H AR SR P N
o GMMs HIHIE B A2 T ik EM 53 K A GMM S8 A A i S
FNEOION Understand the k-means clustering objective and Lloyd’s
4 /E\:'ﬁijm‘ﬁﬁﬁl£ I ith
Clustering, K-Means, NMF, and EM a'gorithm . 4h
ot T ' Understand term-document matrices and TF-1DF scores for
e  Motivating Example: Document text-mining
Clustering Understand NMF, its relation to PCA, and application to
e  Clustering and K-Means clustering
e Text Mining with Bag-of-Words, Understand GMMs and their application to clustering
TF-IDF, and K-Means Understand the EM algorithm and its application to GMM
° Low-Rank Models: LSA and NMF parameter f|tt|ng
e  Gaussian Mixture Models (GMMs)
e  Expectation-Maximization (EM)
Fitting of GMMs
e  Other Clustering Methods
TR I AR R, DL BEHURRE I 4 4h
L PR R RHEBRMEANR S, H R T R 344
o A P R AR BEDLAR i
o JHTRRAUTL: AR T AN R 7 24 Adaboost A1 Gradient boosting
* f%ﬁﬁﬁw‘ﬁﬂﬁ% . Understand parallel ensemble methods
L4 Jllfﬁf?é%ﬁkﬁ/f BOOStII’]g bagging‘ pasting
Random Forests and other Ensemble Methods | random feature selection
e  Parallel Ensemble Methods: Understand decision trees
Bagging and Pasting feature thresholding and decision regions
e  Decision Trees and Random Forests | training via top-down tree induction
e  Sequential Ensemble Methods: homogeneity metrics: variance reduction, gini impurity,
Boosting random forests
Understand sequential ensemble methods like Adaboost,
Gradient boosting
Bt BB SEH R Textbook and Supplementary Readings
Textbook: James, Witten, Hastie, and Tibshirani, An Introduction to Statistical Learning, 2013.
Supplementary Readings: Soroush Nasiriany, Garrett Thomas, William Wang, and Alex Yang, A Comprehensive Guide to
Machine Learning, 2018.
Ethem Alpaydin, Introduction To Machine Learning, 3" edition, 2015
Sebastian Raschka, Python Machine Learning, 2015
PR IPE ASSESSMENT
TAETER TRAL I TR) SERERSASE  HLEL #IE
Type of Time % of final Penalty Notes
Assessment score
Hi#h Attendance | || || ||
WREERIN
Class
Performance
I 10%
Quiz
BB H Projects ||25% || ||
SERHENE 35%
Assignments
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HHER 30%
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Final
Presentation
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necessary)

20. 164753 GRADING SYSTEM

v A T=%E S| Letter Grading
0OB8. —Zics# GEI/AE) Pass/Fail Grading

R HE# REVIEW AND APPROVAL
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This Course has been approved by the following person or committee of authority
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Course Code
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5 TR Tl ok
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Course Type
o AN wF
' Semester Spring
; BRES Hosr
" Teaching Language English
ST
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BRYT. FIRER. KRy | PISIEELER
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ZMRE  (MA113)

XL 5HEST (MA212)
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Linear Algebra (MA113)

Probability and Statistics (MA212)

Introduction to Computer Programming (CS109)

EBRE. HEEIER
12.  Pre-requisites or Other
Academic Requirements

BERE. HEEIHAN
13. Courses for which this course
is a pre-requisite

14, EEERERARBNER
Cross-listing Dept.

BEFEARF R BFHFH SYLLABUS
15. #ZF H#¥xr Course Objectives

AREEERFEZENRFZINERAMES. TRZESERRRDYE, ERERAAETESHSATENNER, NS, &
MARK, FEFZILMRIIPFSENLFEAR (NG EFH LASSO) | #BiEOFESEXETESHTHRE (W2 AR TF
mEnE)  UEBETESREAECHENERE. RELBENBHEMERREMNL (41 CNN, ResNet F
Transformer) (YN A, ERRINENSAREFHEFEROI XGRS, HERNEFEEEIRD 2 (PCA) EELESH
B, BREZAENRERPONA, NERARKMERTEEESMARONER. FETEFIEHFEIMRUFE],
ﬁﬂﬁfﬂ%k THRBATNE, FRREMEMNE ., £MEE (W Diffusion 71 VAE) | IXRERIAER (15
F—UIFNBSEE) EVRATHEN,

This course aims to provide students with a solid understanding of the fundamental concepts, tasks, and history of
machine learning, focusing on its applications in engineering and robotics, such as navigation, perception, and decision-
making. Students will learn linear regression and regularization techniques (e.g., Ridge Regression and LASSO), logistic
regression for classification tasks (e.g., object classification in robotic vision), and the principles of gradient descent and
backpropagation. The course introduces neural networks and deep networks (e.g., CNNs, ResNet, and Transformer),
with practical cases in robotic vision and training techniques. Other topics include PCA for dimensionality reduction,
clustering for environment modeling, and decision trees and ensemble methods for task optimization. Students will also
explore imitation and reinforcement learning for robotic behavior strategies, as well as Graph Neural Networks,
generative models (e.g., Diffusions and VAEs), and foundational models (e.g., Segment Anything and Vision-Language
Models) for robotics applications.

16. ik % 3 B & Learning Outcomes

SERANFRENZENE, PANEEBTER:

(1) FIEF MR E T3,

(2) H%LEEIEIEE’JE%%J@FD%J&%IE/\*lcﬂ%’i;

(3) {£H k-means REIEMBABKEIE, FHERDDNET AN S HEIEH TR,
(4) PRHMAML, REMEER, FEAYSF, Transformer &;
(5)
(8)

TS AFITIE, LR RFE S SBAFES, TBISAEXNEMRR, NRESH. RIEFESHEA.
7£ Python/sklearn/PyTorch S E AR B IFRESSIE5,
After this course, students should be able to:
(1) Formulate and solve linear regression problems;
(2) Formulate and solve linear classification problems using logistic regression;
(3) Formulate and solve clustering problems using k-means; Perform dimensionality reduction on high-dimensional
data using methods such as Principal Component Analysis (PCA);

(4) Become familiar with neural networks, deep network models, attention mechanisms, and Transformer
architectures;
(5) Understand robotic learning methods, such as imitation learning and reinforcement learning; Learn about

foundational models related to robotics and their applications in tasks like navigation and manipulation;.
(6) Implement basic machine-learning and deep learning tasks in Python/sklearn/PyTorch.

-10-
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Imitation Learning

optimize robotic behavior strategies through human demonstrations, such as robotic
grasping and manipulation tasks.

B BEEn gk
B
AP IR A S . BRSO R E, ARSI TR S
wip PLE NSURAIRIHT, bl NS B, ik
Introduction Introduce the basic concepts, main tasks, and historical development of machine 2h
learning, with a focus on its applications in engineering and robotics, such as
navigation, perception, and decision-making.
£ A7 5 1 M4k S SR A1V R A SR B S IE LR (i [ )9 5 LASSO) .
Linear Regression and | Learn the basic principles of linear regression and regularization techniques, such as 4h
Regularization Ridge Regression and LASSO.
X TR AL ARSI, BRI ARGk, %
DREBEZHEEIE | PRSP AR AT
Classification Problems and Explore the applications of logistic regression in classification tasks, including 4h
Logistic Regression object classification in robotic vision, and study performance evaluation
metrics and optimization methods.
ROFLICHR SBRIE I | oy N ek B LR ISR, 204725 51 35
Gra%ielr)lt escent Learn the gradient descent algorithm and backpropagation principles, and analyze the 4h
impact of parameters such as the learning rate.
PR 22 o 26 ) FEA S R RT AR R AR, S R 27 50 e 2 W 28 AE AL 2 IR
Lz K132 5 1 5 "
Neural Networks Explain the basic structure and forward propagation process of neural networks, and
learn their applications in robotic perception and motion control through case studies.
EOIREMEM L, BRMEMLE (CNN) , AR MR (ResNet)
%%ﬂfé?Mﬁ\nmmmm%%waT%EM%AM%$%@%H&W%
S RE 2k 4 I & 7 (k)3 —4k. Dropout)
Deep%}};ﬁ%l@ﬁork s | Study deep neural networks, convolutional neural networks (CNNs), and familiarize 6h
yourself with well-known architectures such as ResNet. Learn attention mechanisms
and Transformer architectures. Understand their applications in robotic vision and
training techniques such as batch normalization and Dropout.
Bed 5 Rt | BRI T (PCA) e FAE St BRAE A aT AL Th PR, 20 i v 4 R
Dimensionality PB4 Ab T
Reduction and Explain principal component analysis (PCA) and its role in data dimensionality 4h
Principal Component | reduction and visualization, with an emphasis on handling high-dimensional
Analysis perception data.
ST H I RREE (WK -means M HTR G AL, JRRW HAENLS A5
B2k HRATI7 35 0 A BB o
C 1U§E ering Learn common clustering algorithms such as K-means and Gaussian Mixture Models, 4h
and explore their applications in robotic environment modeling and scene
segmentation.
A ‘ PHAR SR S AL 7% (CUnBEALAR MR Gradient Boosting) , #RENE NS
RAHI RS YRR AL L
Decision Trees and . L . 4h
Ensembles Explain decision trees and ensemble methods such as Random Forest and Gradient
Boosting, and explore decision optimization problems in robotic tasks.
MERRLy 24 S R HEAME S, 2 S @ 05 NSOy ILas N AT s,
W02 5] WHLEE AL, BAEAESS
Provide an overview of the basic concepts of imitation learning and study how to 2h

-11-
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19.

A L EIR 5 (W1Q-learning MBS B L), FEERIT HAENLA

Foundational Models
for Robotics

"segment anything" and vision-language models, and their applications.

SRk ) N H E RGN .
Reinforcement Learn the core theories and algorithms of reinforcement learning, such as Q-learning 2h
Learning and policy gradient, and explore their applications in robotic autonomous decision-
making and control.
Pl 22 P 4% IR P B FEA SR, LR AENLAS NERER . DLRCSSEAE S5 HO R
Graph Neural Introduce the basic principles of graph neural networks and their applications in 2h
Networks robotic tasks such as tracking and matching.
SRR (WIVAE, Diffusion) [EERIAI, JHRZILIENL A N R EE
A SR
A AR Y Learn the foundational knowledge of generative models such as VAEs, and Diffusion ’h
Generative Models models, and explore their potential in generating and simulating robotic perception
data.
HLE2 A SR TR LRANLE N WSRO, ean oy & —Y0, LS50V S RS N .
Provide an overview of commonly used foundational models in robotics, such as 4h

it R B SE%E Textbook and Supplementary Readings

Machine Learning, 2018.

Textbook: James, Witten, Hastie, and Tibshirani, An Introduction to Statistical Learning, 2013.
Supplementary Readings: Soroush Nasiriany, Garrett Thomas, William Wang, and Alex Yang, 4 Comprehensive Guide to

Ethem Alpaydin, Introduction To Machine Learning, 3" edition, 2015
Sebastian Raschka, Python Machine Learning, 2015

PR PR TR

Type of Time
Assessment

IR VEfE ASSESSMENT

EHRERSGE L ELLT £
% of final Penalty Notes
score

H %) Attendance

BRERI
Class
Performance

AL

Quiz

BENH

Projects

40

FHHEAL

Assignments

30

B2
Mid-Term Test

HIARER

Final Exam

30

HiRHMsE Final

Presentation

He (THREFE
HE L VM D
Others (The
above may be
modified as
necessary)
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