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Data Science: Machine Learning and Natural Language Processing
XXM E: NTEE « BEHY » GBI « BT
1. #BNE

] Patrick Houlihan
LN RN L € ¢

1 % 5 A v Rk 5 B S AR

A m B AT F Sentiquant B4 A

%£E B2B B HET S CaliverMind HEEHRF K
it 14 ¥ FRAT L F R A K
FREMIBUFERACES

o HH LH BN R ST AT R

Patrick Houlihan 2Bt T AFHERFHR, AT XN EIFXRKE T S5
TRE LS. Frfht R ARG EERGRARE LR, BHEAZZERARERE =
K &5 FEW. BRIk, LR XE B2B Z /7 #3E-F & Caliber Mind HEHF K
fosm B AT 8 Sentiquant HYERAA|4E A

Patrick Houlihan ZZF|AE T 14 FHFFHRIT U E W EWER, 2K T RHTHL
RAEfALEA, Lk EERERMEZ ST AR E 0 20 CFF AR EARF N
KM TS TR Y, (E % E f © Flk ke 4.

2. REANY

B A AnE RiE 5 N RARIERROIOR, HILBFINATERETAE, B
BRI AT RIBNE Kt Y. KRBAZNB TIEF T L B REFALE (NLP) B
FahEb 5 LT %, BA WM TR A Python & E A B RN HKELE LS XA AR,
WA NGRAEAEA . BRI UARRHERBUE &, BFENBROIT. XARHE§ £ MAM
SR NLP 24, & ANLEF IRBEATHERN G ITE,

R, FEREEOAEEE XA AR, LRERPE. THEBFTN. &
kR FRGEE S, RERBLALRINGE, FoFENRKRE AL RERFEHES
BORGOHAT T B 3k

Machine learning and natural language processing are two fast—growing fields,
and applying machine learning to natural language processing has driven huge
advances in artificial intelligence. This course provides a systematic
introduction to the foundational theories and practical applications of machine
learning and natural language processing (NLP), with a focus on building
efficient data handling and text analysis systems using Python. Starting from
programming essentials and data preprocessing, the course advances into core NLP
tasks such as sentiment analysis, text summarization, and topic modeling.
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Students will explore how to apply machine learning techniques to real-world
language data, optimize models, and evaluate performance. By the end of the
course, students will be equipped to build intelligent text analysis systems
that support credit assessment, market sentiment forecasting, and data-driven
business decision-making. Emphasis is placed on hands-on skills to prepare
students for careers in AI, data science, and language technologies.

3. WEAH

. Python & iE M| &34 X FE A

B AR S A AR
CXAHE T FREA

CH BT AR
CXARAE T A G ®BH E
CHHWE S W AR

NE R AT 5 B A A R AL
PR BIEE . HAAEAT
CHRET A P E AL LDA
10. JfI T 1% B A7 19 80 B8 o S A A

O oo 3 O B L N

1. Python and Regular Expressions Basics

2.Structured Processing of Financial Data

3.Text Data Preprocessing and Cleaning Techniques

4. Fundamentals of Natural Language Processing

5.Text Feature Engineering and Selection Methods

6. Automatic Summarization and Report Generation

7.Sentiment Analysis and Business Analytics Applications
8.Grid Search, Validation, Evaluation, and Performance Metrics
9. Topic Modeling in NLP: LDA

10. Advanced Machine Learning Models for Sentiment Analysis
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Algorithms for Big Data
XXFRFHE: ATHEG « ¥BERF

1. #FB/AE

David Woodruff
B TS E &

o FWIHMEAFITHENBFFRA T HF

® UCB Simons Institute MIFRFHEQEH K EE
® IBM Almaden B 5 0 R R

® STOC 2013. PODS 2010 £ {E2 KA 5 b X % /8 E
® ¥ 3k EATCS Presbuger Award

David Woodruff #4% % UCB Simons Institute IEFEFFHEMEEZLERE. HH
HAMOFRRRK, HITHRE2020FF4, TR E; PODS 2020 F2 2010, STOC
2013 REFAFATEXL, FH&EZ (MU KFHEH, FT 2021 FHEHAEFHEERAFE
TAREFE.

2. REANY

FARERETHEEAMES AT R FOZCER, AEFEL. SEARFHh
HEpHk, RAWREEEE. RENETE. BETHRERAEESEc@EEENH. FE
H— B RFERNERI B I EHEA G IR E RN ATHE (GANs ), EEREWE
W % (DNN). HFRMEM % (CNN), )T Z ML (RNN) LR EE#A (Transformer ) &£
TARAE RIE G R, A AR T BN SR Ay % 5

BRHERHRE LRNGHE AT A, FERETGHE SRR 28 A TE” Al
B R GAR, BREE TR KRBT F P EEEE AR, BRBARLRE
RLIRI, v S (] AL B 77

This course explores the pivotal role of algorithms in the era of big data and
artificial intelligence. Starting with foundational topics such as game theory
and linear programming, it covers key algorithmic techniques including online
computation, multiplicative weights, gradient descent, and backpropagation. The
course transitions into machine learning and deep learning, introducing both
classical models and modern architectures like Generative Adversarial Networks
(GANs), Deep Neural Networks (DNNs), Convolutional Neural Networks (CNNs),
Recurrent Neural Networks (RNNs), and Transformers. Special emphasis is placed
on practical applications in computer vision.

Through a combination of theoretical insights and hands—-on implementation,
students will develop a solid understanding of how algorithms facilitate accurate
information-user matching, support large—-scale data analysis, and power
intelligent systems in complex environments.

3. REAH
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9. fEF W Z W % 5 Transformer Al
10. THE N o 0 R EAR R By

1. Game Theory and Optimization Fundamentals

2.Linear Programming and Convex Optimization

3.0nline Learning and Streaming Data

4, Multiplicative Weights and Boosting Methods
5.0ptimization Techniques: Gradient Descent

6. Backpropagation Algorithm Explained

7.Classical Machine Learning Models and GANs

8.Deep Neural Networks and Convolutional Neural Networks
9.Recurrent Neural Networks and Transformer Models

10. Deep Learning Applications in Computer Vision
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B 3075 B )

Robot Perception, Localization and Navigationtion
XXEHTE: ANTHE « AMTE « HLBEAF

1. HZBAE

Sen Wang
WEEILYR BFRATIRRLE AR

L FTEEIYRETFHAIEZZANIBEAL B ERGH4F
° 7 [E P2 T %% Sense Robotics LI E F1{F

L FEEIFRALERAEAL AL REN 4 EHE
o 2024 FENBAGHK LYW FHLRERAL

Sen Wang #FAFEE LY TRALEANIBEASE ZZ2A#%E, AHEA
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Sense Robotics LHE FF, M HFULKRELFTHIEA. BEZS. HEHNARE NS
FEFRTE, BN THEARGELEL. AT EFH EBTHERIBATA. X
FEEIZRETEAIRZMBEFZRALS GEMITL 1-X 89 —#%2, Sen Wang I H
TAEfRHE T ATE Gk BOREA B A 0 R Fofl #r. desh, Mt A T4 66 R A 5 4] A
+iEAR B4 F 1.

B 5 B BALEE A T EHAH FoAL 8 3 2 XA, B R LB A e 3
MR An S E MR, HATEFE EHRE. TERARTACHENBA T . B3
Sft. SLAM (E # @ 5 E ). HLBANK . NBAFIEHAR, FEELNATLRE
WBEAZS, DNt AE T ET EES2HREIEK. Sen Vang HWAH FRIAF X
TR T8 400 b IRl % i K T RANLEA SR, I Y EDF Blyth i b
RS g ERE LR SERN . o, IKET 2024 £EHBEAGBRR LG N FH
RRARL, H G (IEBE A (bR 5 TR ZR).  (IEEEHLBEAL B s LFH). E
FEHLEA S B2t K2 (ICRA) FEFRALEAL B 2L R 543 (IROS) M &l £ 4.

2. RENE

ARBLENBHEACR, 0T AL AR A8 55 RS 3 BOR B A
FERFANBEAEZDF. BN FRER. ZHERERE TR, B EEN
BABEZS (ROS) WAL fEEREE.

WRERENKG R F LG #E (SLAM). MBANKKE M, HEEREF JEN
BANTAE ERGTNRFAA, HEFEEBEMIEIA.
This course provides a comprehensive introduction to robotics, covering key
topics from robotic system fundamentals to advanced navigation and learning
techniques. Students will learn about robot kinematics, motion planning, sensing,

perception, and multi-sensor fusion. The course also introduces the Robot
Operating System (ROS), enabling hands—on experience in robot programming.

Topics such as Simultaneous Localization and Mapping (SLAM), robot vision, and
autonomous navigation will be explored in depth. The course concludes with
discussions on the latest advancements in robotics, including deep learning
applications in robot vision and autonomous systems.

3. JREAN
1. HL#& AR

2. M BABRIER G (ROS)
BMBARA., BiFfn gk
4. WAz 5 F T 5

5. W8 AR o Fo R Jn

0. REMBitF L RBERE
7. SLAM: #f &0 L il

8. LA

9. B ERM

10. FLE A 3 Fok R K B
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1. Overview of Robotics

2. Robot Operating System (ROS)

3. Robot Pose, Coordinates and Transformation
4. Robot Kinematics and Motion

5. Robot Sensing and Perception

6.State Estimation and Multi-Sensor Fusion
7. SLAM: Concepts and Applications

8. Robot Vision

9. Autonomous Navigation

10. Robot Learning and Future Developments

BEW: (L ATEtk: DlDeepSeek B KIESHEA K L% 6
ENIAERS )

Algorithms for Modern Al

XXM E: ANTEGE « WEHHY « FHAGF¥

1. #HB/AE

Haifeng Xu
EmERE HENAFRER

O X it A FAHLBNRIEREEE AT LW E (SIGMA) fi 5t A
©2020 FFREBARF KL

®2019 £ 7515 ACM SIGecom HfE# X ¥, FEAX

®the Games journal 4% %48

©2022 4 IDEAL L FF A S WAL H Z —

® AL KAE T A BT E A B

Haifeng Xu & 2 fnBf KRF I HAF ¥ R B EHFR, A IMNBREREA G (SIOMA) 52
BE. WHFRBENBFINEGTF, BN ZREAKLF I HE, URAHEM ML
HiEatmyg. iR A s LB I it E A W E R, HFEE TCML,
BC. AMAT. TICA ¥ AL WHFRER A FHRBRFER LT,

MRk E T £ N ET, &4 AI12050 Barly Career fellow. IJCAI Early Career
Spotlight. Google Faculty Research Award. ACM SIGecom Dissertation Award ( 3RZ
%), IFAAMAS Distinguished Dissertation Award (%) UK Z/MNEEA XYL, iy T
1E45 58] T £ AMHLH B9 L X 4, /.3 NSF. ARO. ONR. Schmidt Science #7 Google Research.

2. REAZ

ARBLETATERAERREROTOR. NG HENEF AR, W F LM
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TR P 42 45 0 R SR ATHL R TR S B BB T X% RO, &
GRS B RS, DATRASRR, WRE LY TS A A,

RELLNBREFERE XA E e A ARSI, REMRN AL FaTHH
i, A KBORFu i 7 7 7 E AR A AT AU

This course focuses on the cutting — edge knowledge and core technologies of
artificial intelligence. Starting from the basics of classical machine learning,
it helps students understand the architecture and operation mechanisms of deep
neural networks, and deeply analyzes key algorithms like backpropagation and
stochastic gradient descent. Meanwhile, it systematically explains multi - agent
systems, Markov decision processes, and the application of reinforcement learning
in large language models.

It also introduces the Monte Carlo tree search algorithm and the design of
language model agents. Finally, it analyzes the market algorithms of AI platforms,
enabling students to grasp the field of artificial intelligence from both
technical and market aspects.

3. REAH

L& R Z LB ¥

2. R 5 W 4

3. Rt B A FEANAR B S
4L EZERRERR
5.Markov 45K 3t 2

6. 7B Ak, % 3] Fuxt LLM &9 AL A
7. LIM ey sg &l e 2, A4k
8. RAFFIEMHEE

Ne)

EERARER

10. Al FEWTEE

1. Background and Classic Machine Learning

2.Deep Neural Networks

3. Backpropagation and Stochastic Gradient Descent
4. Multi-Agent System

5.Markov Decision Processes

6.Reinforcement learning and application to LLMs
7.Reasoning issue of LLMs, Chain of Thought
8.Monte Carlo Tree Search

9.Language Model Agent Design

10.Market algorithms for Al platforms

10
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Electronic Engineering: Neuroscience, Microelectronics, and Signal
Processing for Brain-Machine Interfaces

AXERTE: BTBHATHE « AYEFTE « ATER

1. #BEANE

Neal Bangerter

FEEIYR AWM IBRRHD

: o FUBFEMNIAYEAGHENIRE MR
| o WHMBHUIIRAMIAE (LOCUS) 7 EE T ¥ 1 &
1 o WHTIHERFRATE . AFFUTHEFEHRE 4T
| 4 o hfbKEHAH R A

4 o UIEMHRH LS LREE, K EGEH T

Neal Bangerter T 2018 Fn N7 EIFE T, HEAM ITEHKT, X TEFRE (4
BIAEMRI). ATHESHEF . KBE/ HFELTURETLAE. EIRIMERRTTHE
L (LOCUS) MEMFTEEIFRATA, AT FERAELYR. FEEI SR, #
FARFFRFBREATTER S S WE G ERRGBIREATE. X EMRI EFC #&%
BN AKX NANATLERER, A E5FEATIERNEATE. A5l REEE%

Bangerter AWM KF M A 0 RGBS F ¥, MEEIERAFHIER
B IBRB L fofd &4, M08 A RARA T A G AR & TAWT, FEEA LT RET
AL IR A Visualize, Bl G, EZHHAEITIE, MEERKEETGEL ST LI
BN 4k RAE, HE XS EHARNE Reactrix EAF B A K. 2006 4, E
RFERR, RAWIEEKFBAF LR ENHR A . B A, Bangerter 3% WA R MW
& TR G R T Wak IR R AR B3 A ko 7, LB X BT B fn i e 4 2 o
BN, KRB YE. ATE @A A B REEDAFREMTL N E SR RE. X
TRHEEMRITHEDRIRT (—DAABEEFRETE ) T ELKIETEZHA, H 5
BARFE. FERFE. SIFAFE. BEATT. fHoAF. TERIAE. BEEIFRAE
ITF BT SN A BB R AE.

2. RENE

AL B E T D (Brain/Machine Interfaces, BMI) 43t X ERIE, BET
ATER. FEREERETRAZABA I, FARZRAEFIALWE R Kb Fa kiR
EWZESHREST A, AERNEREANAATLE G ——HARNBEFIEFREFIH
TE—— LI G AR S A S TR AR

RENBEZEEANRGEAREHE DA wEBEFTHET I, URALE #H
B (B RwENE BRI B ENL) WEAGTFEFZE. BIEHHE. X 5K
Nk, ¥AEREBEATF R OAEFHEEAR, HEDANKE. WEBAKL Aol 8 Fw0
I BB R
This course explores the rapidly evolving field of brain/machine interfaces (BMIs)
through the lens of artificial intelligence, signal processing, and
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microelectronic systems. Students will gain a foundational understanding of the
human nervous system and neural signal acquisition, while developing hands—on
insights into how Al — particularly machine learning and deep learning
algorithms—can decode and interpret neurological data in real—time.

Key topics include non—invasive and invasive BMI technologies, neural signal
representation, and the implementation of AI models such as convolutional and
recurrent neural networks. Through interactive discussions, technical literature,
and applied research activities, students will discover how Al is revolutionizing
neurotechnology and shaping the future of human—-computer interaction,

neuroprosthetics, and cognitive augmentation."

3. REAH

AL D RS BB, S5 AIERNEA
WNERCEES P 2 PObYS SR R LY 8
HESBET: K. ARRIET AL W ik

CERAR WAL D W E (BEG). sk E (MEG) 5 ATl RahdyMag s R

CAEEAR AT LR E (BMG) 5 A T8 AR
EEANRED: FERBE (ECG) 5 AL 5 5 i
ARANREVED R A BRI WA G SR E ik

RO RS AR WAL (CNN), B3 E ML (RNN) 5 Transformer 48

ﬂ
9. FHLEE DA B BRI, AT AT 5 E F A
10. A T4 G 58 2 B9 I AL 11 B Rk R &R A 3

coO =3 O B W N

1. Introduction to Brain-Machine Interfaces: Circuits, Signals, and the Role of
Al

2. Fundamentals of the Human Brain, Nervous System, and Neural Signal Encoding

3.Neural and Electrical Signals: Representation, Transmission, and AlI-based
Analysis

4. Non-Invasive BMI: EEG, MEG, and AI-Powered Decoding

5. Non-Invasive BMI: EMG and Pattern Recognition with AI

6. Semi—-Invasive Interfaces: ECoG and AI Signal Interpretation

7. Invasive BMI Systems: Electrode Arrays and Neural Decoding Algorithms

8.Deep Learning for Brain-Machine Interfaces: CNNs, RNNs, and Transformer Models
9.BMI Research Methods: Dataset Design, AI Model Evaluation, and Ethics

10. The Future of AI-Powered Brain-Machine Interfaces

12
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REN: (EMAUF: BEBFRWARREENEES)

Biostatistics: Data-Driven Public Health and Precision Medicine
AXERFTE: EH%¥ « ZHFE « ATEE

1. HBENE

Hui Zhang
BIAE TAKEFRLES HI

® Tl KFWMATHF S EMAITFIE (CEPH) 25 #3%
AL KFMAE (SPORE) AM AT F AN ERFEME
FAARFRATRF G A O EEEFHRTIHRR

E R AGitF 2 (ICSH) A H LR
ZEZUFS ASA) 47

2021 FRFEIAF ZMEF X

) L F T Journal Of Statistical Computation And
Simulation) E4% (1ZHF| T4 E FrAUR#HEZE SCI. SCIE W3k )

Hui Zhang #ZAR LN THFAFAEMAR, FE ALl TXEZ Wi 5t
¥R, NEXEFILKRFBMEEFRER B, ALRFRATRE G EMAITFR (CEPH)
KRB, AAKRFWHBENRITFEENGERFEME, FRATME Z AL F 5K
KA BRI 0 MR F ARG, T 2021 FRRAILRFERHAF L.

Bl H A E R At it ¥ S (ICSA) A g2 RfXESRITFS (ASH) MWK, ¥
HEEEZELFAYT (Gt ESHENLEY AT — T, Hui Zhang 23 thAF 5 3L B4,
Ho kB, A BHREIELT. EFEON. E0T R BME (SMIM) BG4, &

GRFRHE R,
2. REMNE

ARBEEFLTRENRITFEATEGEMEFFHNANFE, NET 0ATHE
RS T7 i 5 BAEf F TAMAT RGBS N RAT L 5 Il Ko7, IREURIEFATA, A
AR R R BT EBRRANT, BFHINE TR EAIRE SR EREET %,
W FAETRE T REL TR .

WENBE T #7207 AR G AR SRR 07 % DURCE B 5 S R
AR, BN BEWEFON. AN, BRRRETITEFEEM, BranRit
Fhf 5 ATER (AD) SOREE, RS A BT R 2 AL

This course provides an applied introduction to modern biostatistics and its
central role in public health, biomedical research, and data—-driven decision
making. Students will learn how to collect, explore, analyze, and interpret real-
world biomedical data using core methods in statistical inference, regression
modeling, classification, and clustering. Emphasis will be placed on the use of
statistical programming (R) for implementing analyses.

Throughout the course, students will be introduced to a wide range of data
science techniques, including time series analysis, tree—based methods (e.g.,
random forests), and unsupervised learning approaches. In addition, selected
advanced topics such as survival analysis, neural networks, and clinical trial

13
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design will be discussed to illustrate the integration of biostatistical
reasoning with artificial intelligence (AI) tools 1in solving real-world
challenges in healthcare.

3. REAH
LBERFNLESTERAEE N ERES £ E S+ 85
2NFHER S AW E S P N A

. REMBELTE LG 2B (Way). 9 47ES (What ). 24T 7 iE (How,
Excel #aR)

4IRS BE KE

S.RMEENA: 2ATEAR (Why). &S F KL (What). fit 5# W77 % (How)
6. BRI B, 5 F AT 2 A

7. B BLF 5 5 A B8 04T A IET Y3 AE A S A28 4 B BT

8. A TGy ik JORM . MRS AT ft & AL E Z A7

9. AR X ER KTk ZEEE. KAEHEE AL B8R

10 \THEBEEMAITFRONA: WENE. EHEMTE IR IKBHE M

1. Background and development of data science; applications in public health and
biomedicine.

2. Applications in Public Health and Biomedicine

3.Exploratory Data Analysis and Summary Statistics: why (the objectives of
analysis), what (the list of analysis tasks), and how (analysis using excel and
R)

4. Hypothesis Testing and Confidence Interval

5.Linear Regression: why (the objectives), what (statistical concept,
mathematical formulation), and how (estimation and inference)

6.Model Comparison, Evaluation, and Foundations of Predictive Analytics

7.Time Series and Longitudinal Data: From Regression to Machine—-Assisted
Forecasting

8. Tree—Based Learning Methods: Decision Trees, Random Forests, and Feature
Importance in Al

9.Modern Classification and Clustering: Logistic Regression, K-means, and Al-
Driven Segmentation

10. AT Applications in Biostatistics: Neural Networks, Survival Analysis, and
Clinical Trial Simulation

14
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REL: AATHERREHENE: BFLBEMMENBFEIN
Ay

Al and Subatomic Physics: Scientific Data Analysis and Applications
of Machine Learning

RXERFE: NHE « ATEG » HEHF

Gunther Roland
REBE T F LS HF

O R HIT¥RER THRAT LA

O FAHEI¥REBTAHRUALE I MR N FA
OOMS EBTHMRERLEE

® E T3 S5 1tk sPHENIX 3T X| i st AZ —

® Member, Annual Rev. Nucl. Part. Phys 4@#87Zs 5t 2k A

Gunther Roland #4% Ni% 2 ¥ 48 Kernphysik #F XK FifE B %4, F 2000 4 9 A
MM FH RN EE T RO ERES F/NA, FHETZNANEF B, #%
PAEHEEREAEIFYREE THRLAE T MR NABKRET T AL

WAL MS EH T HRE RS TR, ETWE LK X sPHENIX 1H%] f1 5t A;
Member, Annual Rev. Nucl. Part. Phys 4@3EZ%& R 2k R & B 4.

2. REANY

SHRTRFHERANETWRF B WEFNER X B R TR T RE G0
L, HATT LE RN T AR T 0. A0 B A o 0y AL AR . X B R
A By T8 M BRI S A B, R DA By AT AR T AR AE L. ARBRETERT
R as AT RUARELTHNA, § e FERREREANT 5 LA
HEAERBC Y, ARG RMELREE ORER %, JFEE AL AR TR G 5E
AT R A

RRAZREME SR EFEET A5 BT EEAR. AT (b6 A kniE
Bit, UWERAA A RN I iRk B X e Ta R AT G oA, Rl R ER T
A5 AR T S E TRE S R SRR, W B A AT B AT AR R
AeEH. ZREANAETAERLTHE. S0E. ATHRIRXIAMFHARAFE, BH
Hif, SRAnEEARE RS, FIRE WARRA R AR R

Experimental subatomic physics is a significant branch of modern particle physics
and nuclear physics. By studying physical phenomena at the subatomic scale, we
can gain a deeper understanding of the properties, interactions, and cosmic
evolution processes of fundamental particles. These studies not only contribute
to unveiling the fundamental constituents of matter but also aid in comprehending
the origin and evolution of the universe. This course focuses on cutting—edge
topics in experimental subatomic physics and the integration of artificial
intelligence (AI) technologies. It offers students a comprehensive understanding
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of fundamental particles and their interactions, along with data-driven
approaches behind high-energy physics experiments.

Topics include the foundations of relativistic kinematics and quantum mechanics,
particle accelerator technologies, Al-optimized accelerator design, and advanced
Al-driven modeling of particle collision data. Special emphasis is placed on the
study of heavy—ion collisions and quark—-gluon plasma detection, highlighting how
machine learning and deep learning methods revolutionize experimental analysis.
Designed for students pursuing research in particle physics, nuclear physics,
Al, or interdisciplinary science, this course bridges theory, experimentation,
and algorithmic innovation, empowering learners with the skills to address grand
scientific challenges at the frontier of physics and computation.

4. REAH

1 TRFMES YR &

2. MEXIRE S F S BT ¥ AT Python BB L B

3. LR T MG EHEA Kb B IR E

4. FEHIE M FA: Python kA, =ML T4k

SR THRME L ik g FE7 Numpy 5 Matplotlib #4715 5 A3
6. T8 16 b T IR AR LR T Ak AR B b £ W 4

1 MEFIESEP RPN KEME £ EREAAHL (MLP)

8. BEL BN M BT REGHEY &

9. 57 IRTEBTHREER TAE: Wmy iy Al 2K

10 R BEHNREF ] ERBENLE., FHRHEREE R X LABEE

1. Subatomic Physics and the Structure of Matter
2.Relativistic Kinematics and Quantum Mechanics with Python Simulations
3.Experimental Particle Physics and the Standard Model: From Theory to Data

4. Introduction to Scientific Data Analysis: Python, Uncertainty, and
Visualization

5.Particle Detectors and Accelerators: Signal Processing with Numpy and
Matplotlib

6.Machine Learning Foundations for Particle Physics Data: From Trees to Networks
7. Supervised Learning for Event Classification: Decision Trees and MLPs

8. Unsupervised Learning in High-Energy Data: Clustering and Dimensionality
Reduction

9. Quark—Gluon Plasma and Heavy-Ion Collisions: AI Models for Extreme Matter

10. Deep Learning for Particle Physics: CNNs, RNNs, and Future Discovery Pipelines
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Numerical Models and Applications in Social Sciences& Engineering
Sciences

RXEMAE: B% ¢ ATHH « Gt « JBAY « BAHY « HRRY
1. ¥PAE

Anastasia Romanou
AT AFEHF

e WL RFNAMIES N RY RHF
| ® NASA X KEKRZHRPAH R R
® YT E[E AL MBI IR (AMOC) B 5T 40 A 5
® U TSk E M IR E 4 NASA 1§ U A ¥ An A M ek
b FE 2
® 5 5E X E MM 5 N A N ER PR E

Anastasia Romanou A2 BAELL W A% M A $ 5 N A WME R . WE 1999 3k
BHZEINIAFYEEFFE LS. FebbREZEERREMARR (NASA) X kfE
KEHIPT (GISS) B %3 . GISS & NASA Hy sk KRR [ 93017 L3 fr, R FHb
b S A3 St BRATAL B — AN A

BB AMNARNARFLRREH G A, BHEAREHR. ABEE. #8557
K TR F G E R AW+ R E, R T B ENF T E IR A K E FA R &
B ) T —ANIRE S A BRPY 22 R R B+ 4R B KA B RFT AT F 4N, NASA R4
TEPKAHZE K B A L% R (NRC) 4+ 4F — R R AR 10 SR EK B[], I 56 % AT 54
B WM Ao AT X AN B4 XS
2. RENA

BEERREHALE. FRXTER UK F T FHFGT iEZ AN kA E
HIRFAE AR W ZEBR A AR AL . /DB SRk R, KB A B Aot oy AU AR L
AT DU AR R . BUEAR R A AT 8 —FE R F B, AR R o TR0 A
Rz,

ETREAZBEREAT ERFEREFONA, SINNBFIGEATERFT %, #
BHER G ENEREL . ARERETREERELR TR, TRGE. EARFS
AT E R F G, SR B FAR T A G AR 5 IS [P AR R R AR

Numerical models refer to models that use mathematical symbols and language rules
such as variables, equalities and inequalities, and mathematical operations to
describe the characteristics and internal relations of things. From small
mathematical structural expressions to large models with pictures and videos in
various fields, they can be called numerical models. Numerical models, as a
fundamental means of mathematical analysis, are widely applied in the fields of
social sciences and engineering

This course emphasizes the application of numerical analysis in mathematical
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modeling, introduces methods such as machine learning and artificial intelligence,
and expands data—-driven and computer modeling skills. In the end, This course
will present application cases of numerical modeling in multiple fields such as
financial engineering, engineering simulation, and natural science, emphasizing
the bridging role of mathematical models in intelligent decision—-making and
solving real-world problems.

w

REAN

1 REMREE X

2. &ML EEREMA

3. kAR

4. BAE AT A

5. MBEFIMATE 6k

6. BAEZM MGt ik

7. B JF A 275 O

8. BUEEM FMEL Fitey LT A
9. BAEENAEA: TREIHE
10. B fE 7 i R 526 B Gibs

1.0verview and Definitions

2.Linear Equations and Matrix Algebra

3. Numerical Optimization

4, Numerical Analysis

5.Machine Learning and Artificial Intelligence

6.Statistical Methods in Numerical Modeling

7.Time Series Analysis and Forecasting

8.Practical Applications of Numerical Modeling with Probability and Statistics
9. Applications of Numerical Methods: Engineering and Environment Modelling

10. Applications of Numerical Methods: Economics and Social Sciences
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Behavioural and Cognitive Neuroscience for Human Psychopathology
RXERIE: NHEE N ERY « ATHE

1. #FB/AE

Robin Murphy
FEAFEIHR

® FEA¥IHOCHEFAFHR
FERFABEIRFRE LB LR
FEXFHEEMRELEE fTA

Y B E L0 B A R

A CEBOHEZIT: ¥ X 5 Bl 48

Robin Murphy #I 24 #EAF LR CEFAEZT, WRFEAFEEIRFREAL
MRF . BT IRABL4H ZIRSS, Robin Murphy #IF T2 £ K F I EAGHHE LR E (The
Computational Psychopathology Research Group) B9 # T A, ZEREHFEGEEEZ K54
SHREFES (ESRC) fEEAMPAR LG EWHFH KL RS (BBSRC) FE KM F
S X F. LT BAMFC IR E1T AN BT, HRARFG YRR F A ¥ 3 3
B, BOTHTERABRGEBENERS . FA0TH, UEELSH T AN R E,
I Ao T FAR MR K.

Robin Murphy ##Z 81T (LI CHEF T ¥ I 5ikk) BlE44E, 8 b k&
ZRGHEZH I,  QOHERAT LT MNESHR: REBHE 0L EREY,
FRPE “HBR 7 i B W Rk R 4 R R B S R,

2. REAN4

RRBAGN B AP SRR ENLF T RN R R T AR, el E
5 ANTH ORI T7 R R R IR X BUNHR 238, s w2 L S 2 300,
RN AE . AR IEAG . Ao Sl R P BB TR T . B aE W%, BT %
ATER, AT AT H B, B o 5 4% s 0w AL

WRFEEAZEMEE ERNA NS S, FHFTHETNGNEELR. Eo0EF,
AR R AT MRGEF £, BRHEEME AL B LR B 4.

This course systematically introduces the applications of neural network
models in the study of human learning, decision-making, and mental disorders,
integrating cutting—edge approaches from cognitive neuroscience and artificial
intelligence. It covers foundational theories such as associative learning,
predictive error computation, and neural mechanisms of decision-making, while
delving into computational modeling methods for clinical issues like depression,
fear disorders, and psychosis. Through AI techniques including neural networks
and reinforcement learning, it analyzes brain imaging and behavioral data to
reveal the neural mechanisms underlying cognitive and emotional disorders.
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Emphasizing the integration of theoretical modeling and clinical applications
while exploring the ethical boundaries of neural prediction. Suitable for
students in psychology, neuroscience, and Al-related fields, it requires no prior
programming experience and provides comprehensive training from theory to
practice.

3. REAHN
IR S G

2. FMRE S WAEWHF
S GP RN L

4. 10 P B INAMKE R

S AN 5 A IR BT R E
6. RLAR At BT 5w 22 W 4 °7 1
TR RA . R R G R g
8. 7% B M 4 b5 #h b
MERRA S NS
10. 0ERAT N 5 w0 21 AR

Ne)

1. Neural Networks and Associative Learning

2.Prediction Error and Neurocomputational Learning
3.Decision-Making and Cognitive Control

4. Individual Differences in Neural Network Organization
5.Depression and Neural Circuit Dysfunction

6. Fear Conditioning and Neural Network Plasticity
7.Placebo, Nocebo, & Eating Disorders

8. Attentional Networks and Psychosis

9. Psychopathy and Social Cognition Networks

10.Criminal Behavior and Neurocomputational Modeling
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Social Media Data Mining and Analytics and Data StoryTelling
RXFMTE: L « BEHF « NTHE

1. #HBANE

Manuel Gonz 4 lez Canch é
KYERTAFLEHI

o ERAKKRAEENELEAEFRE LRI E NS
5 i
o L ICQUM (HERFEAM ) HFEYH BT
o HAMH, BEKH, HEFRAHAL Y #
© ¥ A CAE R o AL AL R B B 3 ) TR
TR kA
Manuel Gonz & lez Canch é HFZAEMTE S/ EFR T RFHELFHIT. WML EE X
HHFBRARKRS R BT F A AT LT E W HA I BERABAARR.
Manuel B9F% LEEHERKMTRN D HRBENRE . AT BHRIE, HATE
. LA AAE . LT LR AR T, A ALY D Sk
Ao P BT 5 T FH T B 8 54 T 4B R4, Manuel 8 60 (k2B o
R A R % Ao S VR T 3 K00 o 3 B CR S  i  pR
Sk 3R R 57 1) S,

2. REAN4

ARBREBEEFEL G REHF IR, REAZBHKRNA P ATAH T HERH
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FAMEE R TARATRECE AR T, S A AL SR AR Bty A LA
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This course deeply integrates communication theory with data science techniques,
focusing on user behavior analysis, social network modeling, and predictive
system development in the age of social media. Students will learn to analyze
raw data from platforms such as Facebook, Instagram, Twitter, TikTok, and YouTube
to uncover behavioral patterns and emerging trends. Through hands—on training,
students will master data mining and social media analytics using R, while
critically examining the ethical implications of social media data applications.

The course adopts a "Data Mining + AI" framework, covering the full spectrum
from ethical debates to technical implementation, with a special emphasis on
real-world applications in public health, social equity, and related fields.

4. REAH
1 AR SRS RS b
LHWhES FAE
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1. Foundations of Social Media Data Mining
.Data Collection & Preprocessing

.Ethical Challenges in Computational Analysis

S N

.Statistical Techniques for Social Media Data
5.Text Mining & NLP for Social Media

6. Network Analysis & Influence Mapping
7.Predictive Modeling for User Behavior
8.Machine Learning in Social Media Research
9.Large—Scale Data Challenges

10. AT-Enhanced Social Network Analysis

RET—: (@ FHHEERF: FHIBEFIEARER HK
SRR A #y AL )

Data Analysis, Regression and Statistical Learning
XXERTE: ATHE « BFF « ¥ « MEECE

1. HB/AE

Donald Robertson

S K F L& X

SN K F B G5 RA T I

**lbljifﬁj(% Pembroke College £y % £

¥ 2 RN FEERAT. BFHITRE L AHRE
#Z 4 Applied Economic Forecasting Techniques %

HETANFECKEFRA R LT E B E

Donald Robertson LS KF L FF AT, FHEEZGFFENFEL) ZR T
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FARVAMNNEAE . HFYE GIEEFFLEIN CBFFLER) o (NATERFF 4
RVERLMPH T LA RRZBADOHNEXE, HFRETEFE LK HEL(BSRC)
FRERFREZLANANKET .

2. RENA

RREUENEFERITEN L, FFEEANL S SENN TEMN AL, F4EH
S E R TR IR B E e dn CPI. GDP. F| =% 2 454r, %48 2 BEHIEEL T
*, AMBERERTIUOER, o ETESH S FHE/RETIR, BUNEFETEN
Bt VE R AR

RERELNLIREAFREERHTEEFF T (M I HEZFHOLS 5TAL &
AT BTN G R RNE LT BEA ) 5 SHLE S T HAR (LASSO. Elastic Net. ¥
KWE), S RFAURARATEETNEESTREE T BN ER. R, #RREH
BEAD I (Logistic BT ) 5EE WiE KM (ARDL) &A14, #ibn£ 5 Fley 2 B HE
. REEMHEANBRNREFISHRNEF I EEZNTN G BKIT &+ QR EA,
45 LSTM. Transformer W4 EMIKE 5A| L Lt a F | EE P LK, UEAXHRT R4
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This course centers on macroeconomic policy evaluation within an integrated
workflow of model comparison and dynamic simulation. Students will learn to
automate the retrieval and cleaning of key indicators (CPI, GDP, interest rates)
using programming tools, master mult-source data integration techniques, and
build interactive visualization dashboards that leverage lagged variables and
moving averages to illuminate temporal and spatial patterns.

Through hands—on case studies, from gender wage—gap regression (OLS & IV) and
simultaneous equations for policing and crime rates to spacecraft anomaly
detection (logistic regression) and retail demand forecasting (ARDL) —
participants will compare traditional econometric methods with statistical ML
approaches (LASSO, Elastic Net, decision trees) in terms of predictive accuracy
and interpretability. In the final modules, the course explores frontier
applications of deep learning and causal ML: implementing LSTM and Transformer
architectures for inflation and interest rate forecasting, and deploying Causal
Forests to uncover heterogeneous effects of monetary tightening or fiscal
stimulus across sectors and populations.

3. WEAN

L KW 5 202 7 85 4E 047
LEEAMA SN, TR, WH 5 HE ZH
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4. AL EN AT %
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23



3 CIEI # A4 T8 R ERMATEN
5 DB EAIAT R A

INNOVATION BEYOND BOUNDARIES

6. [ RAEWT 5 BOR T HMR T
T ARG TN K AL AT

8. A E & AT %
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1. Foundations of Inference and Macroeconomic Data
.Regression Models and Prediction: Wages, Gender, and Education

.Multiple Regression: Estimation, Diagnostics, and Feature Engineering

EEN US N

.Model Building and Regularization Techniques

.Endogeneity and Instrumental Variable Estimation

.Causal Inference and Treatment Effects in Policy Evaluation
.Classification Models and Predictive Case Studies

.Model Selection and Penalized Regressions

O o0 3 O W

.Time Series Forecasting and Stock Market Applications

10. Policy Simulation and Real-Time Economic Analysis
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Financial Mathmatics and FinTech

AXFERFE: ATEG « bRy « SEHH

1. #BNE

Johannes Ruf
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This course blends classical derivatives pricing, via the binomial tree and
Black-Scholes models with modern FinTech innovations in blockchain and AI.

In the first half, we cover core derivatives valuation before exploring crypto-
asset use cases, such as Bitcoin options and blockchain—-powered smart contracts,
and how their high volatility and liquidity constraints stress traditional non—
arbitrage models.

In the second half, we introduce deep learning for financial engineering:
students build and train neural networks in Python to forecast volatility and
implement dynamic hedging, gaining hands—on experience in Al-driven quantitative
investing.By bridging time—-tested derivative models with modern computational
tools, this course equips students with both the theoretical foundation and
practical skills required to excel in the evolving landscape of quantitative
finance and financial technology.
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1. Introduction to Financial Markets and Financial Derivatives

2.Python for Financial Data Analysis

3. No—Arbitrage Principles and Put-Call Parity

4. Financial Derivatives: From Classical Instruments to Cryptocurrencies
5.The Binomial Tree Model: One-Period Case

6.Multi-Period Binomial Models and American Options

7.Asian Options and Special Cases

8. From Binomial Models to Black—Scholes

9. Introduction to Deep Learning

10. Deep Learning Applications in Finance
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