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1. #BEANE

Patrick Houlihan
Bt T K ¥ #HT

1 % 3 5 A v ROk S B S A

A m B AT F Sentiquant B4 A

%£E B2B B HAET S CaliverMind HEHRF K
it 14 ¥ FRAT L F R E
FREMIBHFERAES

o HH LH BN R ST AT R 8

Patrick Houlihan 2Bt T AFHERFHT, AT XNEIFXRKE T 25
TITRELF(. Feftb 2RI REIEHRRKE &S, WITEIRZERARMRESE =
K ESEFHER., BRbsh, thif22E BB FF #HAEF 4 Caliber Mind #IFHF K
And R BE 2 T2 F Sentiquant BER AR 46 A

Patrick Houlihan ZZ A E T 14 FHFFHRT TN EWER, 2K TRHTHL
RAMCEA, LkiT PEBERMZF AT FBIFEI VAW X o CGRUR R BARF N
KM TS TR Y, (E % E f © FOlk R diE) 4.

2. REANY

LB A Aol RiE 5 LR R RIER RO IOR, HILBF IR TERETAE, B
ZHHTATERIBNE KXY . ARBAANE TNBF I EH A REZTLHE (NLP) B
SRS 5 LT %, B A A T A Python iE B A B AR BRI L 5 XA A 4.
WA NG AR . BB XARBHERIE K, BFRNFRMAT. XAWE L E A
FHE NP (25, HEENBEF I RAMTH A E T,

IR, FAEREEOAEERE AT AR, RERIFE. THEBFTN. &
WSS RS, AR LRSI G, FBFAEARKN AL BEMFEHES
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
AR B S A A AL
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. I T 1% B AT 9 8 B8 o S A A

Nl e T = S U, B S O, S

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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UCB Simons Institute #IFERAFHEQEHZFKERE
IBM Almaden B 5 Wil WA %

STOC 2013. PODS 2010 B ¥ RAFK X818 E
® ¥ 3k EATCS Presbuger Award

David Woodruff 2#%Z UCB Simons Institute HFEHRFHEMEFKETHE. HH
HAMOFRREK, HITHRE2020FF4, WEIFFZR R E; PODS 2020 F2 2010, STOC
013 REFAFRBXE. HIEZ MUKFHEH, FT 2021 FHEHAFNEERKEE
TARBEFRE.

2. REAE

ARERETHEERBES ATE R FOZCER, AMEFB. BRI E MR
HEpHk, RAWNREREE. RIENEFT . BETHEERAEES @ E =5, §E
H— B RFAERNERIBF I EHEA G IR E R X GTH L (CGANs ), EEREWE
M % (DNN). HRmZ W4 (CNN), #)TME W% (RNN) MUK E B (Transformer ) % F
WA EE G N A, & E A B A E

WILER VG LN GRS ST X, FAERET G HE GEA 2 R R Al
B R GAR, BREE TR KRBT F P EEEE AR, BRBARLRE
RIS v 5L [F] AL B R

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
1756 5 b Ak 2 al
2. &MAKE Mo ik



3.
4.
5.
6.
7.
8.
9.

5 CIEI A& TA SR RAMGFH

X)) @Al E Rata

”«....,‘:'Ff INNOVATION BEYOND BOUNDARIES

TS A 5B HEALE
FEMEE SR T %

R % AR T EALH

Bie % 3 5k

WL AR G A x40 4
R 2 W 4 5 B AR w0 2 Pl 4
AW %5 Transformer B A

10. T A AL o o R FAE R R

B W N

.Game Theory and Optimization Fundamentals

.Linear Programming and Convex Optimization

.Online Learning and Streaming Data

.Multiplicative Weights and Boosting Methods
.Optimization Techniques: Gradient Descent
.Backpropagation Algorithm Explained

.Classical Machine Learning Models and GANs

.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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Sen Wang
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% B ¥ T %% Sense Robotics LI E F 1+

o E T RATE G503+ IR A 46 £ 1
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Sen Wang #{EAFEEIYRETRATRZANGNEAL E ERAHR, FHEML

Sense Robotics LWFE FIF, MFZLBELTETIREA. BEZA. ITEINAE FHLE
FEFHNTR, IO THREBAELER. FAEFE EBTNEHINBARR. EA
FEEI¥REFRAIEZMBEYRALE #EMITR [-X 8 —#H%, Sen Wang I H
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b B B 5T 0 BB N T E AL Rl B8 F 3] B 28 AU, A K TR AL 8 A Ao T 3l
BEEf S R AR SAHEFE EBRE. TEAR T AEENEAELL. B
T, SLAM (¥ 5 EME). PLBANK. YBEAFIFEA, FHENATFER
MBAZG, UM AETMAEN#EE2REI K. Sen Wang #IXLF FHAF KX
TR 8 00 bRl 5o 0 K T2 RATL B AR, I T EDF Blyth i L
R e ER ez EmN. shobh, kBT 2024 FENBEATRR LD W FH
RFER L, FYUHEM (IBEE g bR 5 TR¥MY.  (IBEENLE AL B b #/). E
THLEAL B2t ke (ICRA) FEFHMNEAL B R ZH4W (TROS) B & £ 5.

2. RENE

RREAENBHEABR, @ = ALEA R G20 2| & B3 i % T RS WA
FAENFINBEANZS Y. ZHAK. RS, Z2HEREBEFREP N, B EE
BEABEZS (ROS) WAL SRS

RAREN BSR40 5 HE (S, HLBAMER = B, 4 SH L TEAL
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. WEAH

L. HLE MR
LABABRIERS (ROS)
LHLBALRS. Btk
4. WL NE 3 FFniz 2

5. M2 AR Jn A R Jn
bRSE AL L RBE S
7. SLAM: #F& Fu L Al

8. L&A

9. B £ B

10. AL A% S fnk kK&

1. Overview of Robotics

2. Robot Operating System (ROS)
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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
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Haifeng Xu
ZmBEAYE HENAERER

® X B A F LB R AR L E (SIGMA) fi kA
©2020 FFIRG R HF AT K

2019 4F 3515 ACM SIGecom FxfE b X %, A%

® the Games journal 4F:% 428

©2022 4 IDEAL ARG F 44 2 WAL H = —

® H R KA T Brg T E A

Haifeng Xu &2 jnsf RF I HNAF R B EHF, A FHNENRIE K G (SIGMA) 5
W E .t R FNEF I OEGF, AN Z KRB F ik, UWRAHIER ML
HERatmyg. R A R LB I it A 2 W BRI, A ML,
EC. AAAL. TJCA ¥ MALVWNFHEF RN GREFERSE .

MR IkE T £ N R, &4 AI2050 Barly Career fellow. IJCAI Early Career
Spotlight. Google Faculty Research Award. ACM SIGecom Dissertation Award (3RZ
4% ). IFAAMAS Distinguished Dissertation Award (P%F ) UK ZMEEBXE;, T
1E15 2| T £ ANHLA B B0k ST FF, /245 NSFL ARO. ONR. Schmidt Science #7 Google Research,

2. RENE

RIRE ST ATE RIS RE RO B, AERNBY TR, WY AER
R 2 T R A 5 EATALB . BT R B SRR T W% X S0E . Flot, £
YA ARG DT RAATR, DRI F 7 K05 5 R B R
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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. WREBRAH

CH R B R
R 5 W %

R R AL T
EERRERS

.Markov 5Kt #2
BRG] Foxd LLM 6 B
LLM 8 SR & ] B, A8 4
R MR
CEEEARE

10. Al PTG E+

N o B N

NelNe o)

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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Neal Bangerter

FEETYR AW ITERZHAR

o RMEMFEMIA¥EASUHENIEREME

o WA IR ARG IE (LOCUS) 7 E B T % fi 57T
o MMNIFEHEFHRALER. QR TFEAGFHTHT
® hfh RF B R A
o UERHKEYSEREE., XHEGHEM "

Neal Bangerter T 2018 Fn N7 EFE T, HEAM ITEHKE, X TEFRE (4
AZMI) ATERSHEF . ARE/BEITUREFTLE. EARZIMELSTHE
L (LOCUS) MEMFTEEIFRATA, AT FENZELYR. FEEI ¥R, #
BREFFGAEEARTLE S5 WG RAREKEGTE . ik 2 EFC &%
BN AXFNANATIERER, A SFEAIERNEATE. A5l REEE1%

Bangerter ZIXEMMN KF A T RIKG MBS F L FAL, MEAEHIERAFRESR
ATBRH L. Y AR R T A HEAEREF L TR, FEE T H4ET
WAL AE Visvalize., G, EZHHAE THE, MEEMKEEER LS LM
R H K RAE, Hjg XET EBRAE Reactrix A BE R K. 2006 F, E
RFARF, A HEAEKF RS F L E MR T, B R, Bangerter 4% MU XX MAIE
T & R T A e 3 TR T Wk R R R AR B T A R B AL X BT MR A R R
B, BB ATERAEXBEAREEAYDHFEMATL RO RS R RE. thER
T EEAEPRITHERRAR (—DNAABEREFARTE) T EAE T EEER, 54738
BRE. FERE. SIFKE. BEFAR. RAF. ARERGKRE. BRETFRAHE
ITF BT SHAM A RR AR A1E.

2. REANY

REBRBEE TwAED (Brain/Machine Interfaces, BMI) 4R E BRI, 45T
ALEk. EFAEEHRETRAZRFIAE. FARRZAFIALWE Z Gy Hah kil
EWAESHRET A, AERNEREAHNAATIE G ——HARNEFIEREFIH
i —— I A SRR O S B R AL G R AR

REREZFRARGEANKAWAE DA, wEBEFTHRTTE, UAATE K
B (wERHERNE EEAwENE) LI GFE7 %, BRLEHHB. XA EHR
N, FERERBATE ROMEFHEDLR, FHEHANKE . WEBKE A FIEEF
I LR R R

This course explores the rapidly evolving field of brain/machine interfaces (BMIs)

through the lens of artificial intelligence, signal ©processing, and

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
11
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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. REBAH

A D ik BB FE5ATE RANER

CNBE 2 R R kR R A B A R
EERES: RR. BRRET AL ATy ik

AR AE D REE (BEG). WA (MEG) 5 AL 3R ah ey AR a 3K
CEEAKmALE D U E (EMG) 5 A T& s AR
CEEARED: KEREE (BCoG) 5§ AL{fE 5 M
ARBNE D RS BARES S WA TRk

8. I O PSS AW AWE (ON). HEHRMZLW% (RNN) 5 Transformer &
il:l!

9. WAEE DRk MR R, AL BAENT 56 [F A
10. A T4 G 58 2 B9 I AL 1 B R R &R A 3

~N O B 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 Al-based
Analysis

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

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

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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1. #BAE

Hui Zhang
BIAE TAKEFRLET HI

B KRFRATRFE G EWAITFIE (CEPH) 4 5 #$%
FALKFWAEE (SPORE) £# At Az ¥ &
FARFRATR S 5 A DR EFHRPTHER 5

E e AGit¥ 2 (ICSA) % H LR
ZERITFS ASH) 25

2021 FRENARF E AT X

) LW FFE T «Journal Of Statistical Computation And
Simulation) E4% (1% F| T4 E FrAUR#4EZE SCI. SCIE W3k )

Hui Zhang #Z AR LN THFAFAEMAR, FE i L2l TXEZ Wi RS 5t
¥R, WEXEFLKRERMAEEFRER B, ALRFRATRE G EMAITFR (CEPH)
KRB, AIKRFWHBENRITFEENGERFEM, FATME Z AR EF HFR
KA BRI 0 AR F ARG, T 2021 FRRAILRFERHAF L.

B B E R AGiT ¥4 (ICSA) A 5L RAXESRITYS (ASA) BMORA, i
HEEZLYABT (Rt ESENLREY HFE % —F. Hui Zhang Z4T W5 LA
FEHRBAE. AaBHBELN . EF0T. B0 F EMEME (SMIM) E@ 4. it E 4

GRFRGERS.
2. REANA

ARBEEFLTRENRITFEATEGEMEFFHNANFE, N T 0AHE
RS TT i 5 BAEf F TAMAT RGBS N RAT L 5 Il Ko7, IREURIEFATA, K
AR R R BT EBLRRANTF, BFHINE TR EAIRE 2R EREET %,
W F AT RE T REL TR .

WEANBEZ T HEFFI 7 AR G AR AR 7 7% DURCE B 5 S R
e AR b, BB F o AR S, ERRRTEHRAEM, BRAENKIT
Fhf 5 ATER (AD) SOREE, R DA BT R R 2 P

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

13
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3. REAH
L BB R EE R R ARG £ E o 6 N
2. ASCBER G A B S R N SEAA

. REMBEATE LG 2B (Way). 9 47E% (What ). 247 7 iE (How,
Excel fa R)

4R BE K

5. &R AATEAF (Why), SHBEGE BF &L (What), it 5HE 7% (How)
6. BRI B WG F AT 2 A

7. B ELF B 5 A0 S8 o AT A IET Y3 A A S A28 4 B TN

8. ATy SE ik JORM . MRS AT f & AL E Z A7

9. AR KGR LTk BHEEE. KAEHEE AL BB AR

10 \THEBEEWAITFRONA: WENLE. EHEMTE IR IXB 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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Gunther Roland
REETF LS HF

® REHTFIE® TH AT LA

O REETFRER THALSE T MR NATETATA
OMSEETUHRERRCER

® & 743 52 3h it %) sPHENIX % i &k A= —

® Member, Annual Rev. Nucl. Part. Phys 4g#E % 5 & 5 i

Gunther Roland 3% )i 2 738 Kernphysik #FXFFHFBE ¥4, F 2000 £ 9 A
N MNZFATFOWMAREETIFRNERER T/, FEEZ NN F R, 2%
FAEHEERAEIFRER THAAE 1 MRDAKEATA.

WA HZ A M EETFHRIRER2EH, EFHWE LKL sPHENIX %] i 5T A
Member, Annual Rev. Nucl. Part. Phys 4@35 & R 2k R & 4.

2. RENA

ERTRETMEZARNTHES PN EFHER ) L. BRAAX TR T RENHHE
L, HATT LE RN T AR T 0. A0 B A o 0y AL AR . X B R
A B TR BT SR B, R U B RATER T H R EAEL. ARBERETIRT
FYWaa i as AT RUARELTHNA, § e FERREREANT 5 LA
HEERBZCER, BRERMELIREEORER T, FEE A B THRINE H4E
AT R A

REAZEEMNREHFEET HFHM. BT REAR. AL bR R R
Bit, UWRAA A RN S I ok B X e Ta g R BT G oA, Rl R iEER T
EE TR RTFETRFE R LR, B FEMEANLREITE] AT AR TS
AEH. ZREANASTAERTHE. SWE. ATFRIXXBEA RN F L, Bl
Hif, SEWAnE R IR RS, BN B RORA A F AL B AR D

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
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,
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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 WRFHES W &

2. M8 E 5 BT ¥ AT Python MBI LB

3. LR T MG EHEA Kb B IR E

4. BB T Python ffE. Fah 2l A AL

SR THRME L ik g FA Numpy 5 Matplotlib #4715 5 A3
6. T ] b T B AR LB T A AR B b 4 ] 4

1 MEFIESEP RPN KEME £ EREAAHL (MLP)

8. AL EHEHANL M EF N BREAGMET &

9. 57 IRTEBTREER TAE: Wy Ry Al 2K

10 R BEHNREF S ERHENLE. BHREENE LSRR 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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Anastasia Romanou
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BHETEANT R EEFE LY. Ab R XEERMEMAR (NASA) XA
KEFFFPT (GISS) IR 4. GISS 2 NASA My bk K FH ARG B30 15236 B, 2 F b
b S A B St BRATAL B — AN A

B EMNF RN BAELRREH G AR BEAREAR. AREE. #ARSET
KTHBRAF G = AR T 4R 2, RO T i A S 0 e 3R S A KX B RO R %
B4 T — /N FREE U A BROPEF OB B 4R A ARG RFT By A0 5 N, NASA B
TERPFEREIRA R Z B & (NRO) 4 — KR EARK 10 FREKH E, I8 6F 8HF LA
B WM Ao AT X AN B & XHE 5
2 RESG

BEBEAZRAALE. FXAMAELXURRF EHFEFRFHF5E S ARG EY
WA A B A EBR R AR AL DB ARk X, K21 B R Fo g oy B 0A i Al
A F DA AR A . BAER AR S AT 8 — R AR F B, BRSNS A TG A
RS

TR W EREME T ER T REF WA, SINEFITGATERET %, #
REERH GHENRBES . AREHETREARELB IR, TRGE. B RARFE
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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
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
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financial engineering, engineering simulation, and natural science, emphasizing
the bridging role of mathematical models in intelligent decision—-making and
solving real-world problems.

3.

8.
9.

REAH
WEMS 5 X
SETESEEREBS
AR AL R
BAE AT A A

- MBFAFALE 6

BAL I 8 F it 7 %

B I8 7 51 247 5 Fl

AL AR PR 5 SEit oy LB LA
BAE 77 vk B ) TR 5 3R

10. BE 7 N S0 & St e

.Overview and Definitions

.Linear Equations and Matrix Algebra

.Numerical Optimization

.Numerical Analysis

.Machine Learning and Artificial Intelligence

.Statistical Methods in Numerical Modeling

.Time Series Analysis and Forecasting

.Practical Applications of Numerical Modeling with Probability and Statistics

.Applications of Numerical Methods: Engineering and Environment Modelling

10. Applications of Numerical Methods: Economics and Social Sciences
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1. HBENE

Robin Murphy
FEAFLELHR
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Robin Murphy #IZ R4 ERKF LW F A #T, WEFERFEEIRFRAL
TR . BT IREAHHIRS, Robin Murphy AR F EARFITEHEAHE LI ZE (The
Computational Psychopathology Research Group) i H A, Z LW ERGEEZF 54
SR EFE S (ESRC) Fudk EAMBA LG AWH FHRZE R & (BBSRC) % E K RAHAY 8 ¥
A FAF. DLT MR A B R AR AT A AT AN B AR, R AR oo AL B AR A 3] 3
B, BOTHTERABRGEBENER S FITH, UEELFH T AN R E,
I Ao T FAR MR K.

Robin Murphy 3% 81T (LI CHEF T ¥ I H5ikk) BlE4iE, 8 b k&
ZRGHEZH I,  QOHERAF LT MNESHR: KBRS0 LI EEREY, (xf
FRME MR X7 AFE R 1 A A5 R R T X R,

2. REAN4

RRBRANBHENEERENL T RRKPKEHRF R T O, Be s
M5 AT REHIET % R R R F X FOUR Z 5, 50 Z A5 5 a2 b,
RN AE « RARFERG . A 000 S I R PR TR T k. BRI AW 4%, RfbF %
AT R, ARG AT A BAE, B G 4% s o s AL

REEEERERG G RN AN S S, Bt wE e REn R, &6 RS,
AR F R AT RGORF £, TR0 a3 00 IR0 3] L B iy R 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.

Emphasizing the integration of theoretical modeling and clinical applications
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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. WREAH

WA SRR

2 FME L w2

3. AT H 5 N
BTG AN AMEER

S ATALE 5w BRI R
6. FVIR AP B 5 4 P 4 T A
7RG R RS R
8. I & W 4 5 4

A RAS AN RS
10 AT H 5 R EAA

—_

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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Manuel Gonz 4 lez Canch é
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Manuel Gonz 4 lez Canch é HRARTE / iE R ERFHFHAF AT, MIMLTLZ E X
BEFMAXRLREREN HFRMERHE LRI E ORGSR, SFHFHLATAR.

Manuel BJ#F7 EEEFAENKMES RGO BBHKRN R, HFABRFEE. H£421F
F. RN F AN A W B A AR R T A, A B D Bk
Ao WP A B 5 BRI VT e MR O AN R AR AR M. Manuel AR (1 K 5 I Ao f
R AR 28 BRI 8 o A T N RIR BRI R R0 B R FHCE SR 0k
XWR R IR ARBE 507 1) SR b .

2. RENY

ARERERESEEFELSHFENFZEA, RELZERRAT PAT A 2 W
GRABEFMNRZREFK FAEEFABINER TGO EEHE, BRE PO g,
FAKER R TEHAATHAEZ R AT AR AT, FER A M4 2 SRS AR oy R R

WRNBMELEATE R HZCHER, B2 AREFVEBEAEM N 28 557K,
AHE KR 2N TFGE N LT AL
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. REAR

1. R 2% SER B AR 4 2l
L HEREL TAE

3. HHE AT Ik
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1. Foundations of Social Media Data Mining
2.Data Collection & Preprocessing

3.Ethical Challenges in Computational Analysis
4.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
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Donald Robertson
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4 Applied Economic Forecasting Techniques &
FETAFHTEEGRARETE IEZE

Donald Robertson FUAESIH A% 2 ¥ Bal, HAAELFEENGHM EHE T
BT I 4 .t B 55 B BB R . AL TRl SR A T4 5% & %, 1980 425 1983
B, WHETFAMAEE —FK, 1983 FREREFLEM, T, WERKEFERK
BEHELFEABEFET LM, HT 1980 96005 5418 + 54,
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FARNMEIEEL . BTYEE CHFEEFFLEIN ABFFLEEY M ALATEEFF S
RVERL I T LR L BHED AN XE, BT EFELLHTEEL(ESRC)
FEERFEREZLIAMNRERD.

2. REANE

RRBUUERZFBORTE N E&, HEEAN G SEUNN TE TR, FAR
FIERARE TG B Ekin CPI. GDP. & Z Wik, 2B LFEHERLY
i, HWERBEXTANOEAR, HEWERESB I PHERETE, BUAEFTEN
B 25 I R TR A

REMEZANLIERO P REER U ERFF T E(EN T EEZRG LS T AL
AT BEABNEGREERGFH LT BER ) 5 FHitHla ¥ I HA (LASSO. Elastic Net. M
KHE), BIRFARBIEAEETUGES THBEE AN ER. R, BdMREL
BRI (Logistic B3 ) 5 RE W% KM (ARDL) F1E4, ik k5 Hllehy T BEBEMeE
R, REEHHRENTREF 5 EARVEF X EZITN G BORATF o 6y w8 R A
A3 LSTM. Transformer [ %7838 K3 5 A 5 4 o |8] J7 7 AR o 0y SE B, DA ROt B8 1 B 48
B R BB AE A AT b A B o B O 54

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 heterogencous effects of monetary tightening or fiscal
stimulus across sectors and populations.
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1. Foundations of Inference and Macroeconomic Data
2.Regression Models and Prediction: Wages, Gender, and Education

.Multiple Regression: Estimation, Diagnostics, and Feature Engineering

B~ o

.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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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.

3. REAH

AT ARTER TR
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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
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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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