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BE— CATEGESIRIB: NEBANR. 2ERERES5E
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Robot Perception, Localization and Navigation

¥R ATE/HBAY
L RENE

KRB LENAVEATA, 3= AVEAF ka2 5 R Ak > FORAZC WA
FARFINBEANLZHF. ZHAR. HRGRE. Z2EREBETRELR, B EE
BABIEZS (ROS) WA S RS E. REBENEE S 2405 2" (SLAM). HlLE AN
WREERM, HEGREFIENBEANEAE EZRFORINA, BYhFEEENE
BK.

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.
2. REAH

L ALE AR

2. MBAEIERS (ROS)
LALBAKL. BAFME K
4 MBNE T FFE

5. HLB8 AR S R

6. RAE A0 £ 4 R B Bk &
7. SLAM: g4 Fu i Al

8. MBI

9. 5 £ 3/

10. HLEA X Ak kK R



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

Wang

FWEE ¥R
FTEHEIYRETHRAIRZANIBEAL B ER AL G H#HR
% E P T %% Sense Robotics SLIhE F{F
FEHEIYRALEGRNA S AL RENHERE
2024 FEHLBAG R TE FH R RERAL

Wang HFAEFEELFRETEAIRERZNNBALS B EZ 5%, FHHE Sense
Robotics SEEhZE E1E, MRFUERZELETIEA. HERGA. WHNNKE A EFE
FROFR, BHTHLGEEER. AR P E FBTHERILBATAR. 1EhFEHE
THeFTRALEZMEFRATE @BEMITL 1-X 8§ —#a, Vang HITH TIERZT
ANLE G BRIEN B AGURE SR Fofl #. Besbh, M2 A & &SR 58] A+ RA2 R4
GEAE. MR B RAEAF . ALK LS 3] R XA, F8 R K LS A o fT]
WIS 7 F A, HAKEFEEBE. TEHR T AEENEAEA.
B 20 AL, SLAM (R $ 5 EmzE). PLBANK. HLBEAFIFEA, HFELNAT
LIEHEARG, UM A E T ET #EF2HKEE. Vang HFEFFHE AT X
TR 8 £ b ek IR a3 0K T2 RAL B AR, &Ih5EMm T EDF Blyth i b
R g A g R aEm . s, kBT 2024 FEABAGRK LD WA FH
RoRER4, HYHEM (IEEE Ao A ¥ 5 TR¥|MY.  (IEBEFLBAL B b F /). E
FEHLEAL B st K4 (ICRA) FEFHLEAL B 20 £ 543 (IROS) &y &l £ 4.

Prof. Wang is a Senior Lecturer (Associate Professor) in Robotics and Autonomous
Systems in the Department of Electrical and Electronic Engineering at Imperial
College London. He is also the Director of the Sense Robotics Lab, which is part
of both the Department of Electrical and Electronic Engineering and I-X,
Imperial’s cross—college flagship initiative in AI. Additionally, he 1is the
Founding Director of the MSc in Artificial Intelligence Applications and

Innovation. His research sits at the intersection of robotics, computer vision
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and machine learning, driving robots and intelligent machines to understand and
operate autonomously in unstructured, dynamic environments through probabilistic
and learning approaches. His main research areas include robot localisation,
autonomous navigation, SLAM, robot vision, robot learning and their application
on real-world robot systems to help tackle the challenges we face in our society,
from climate change to healthcare. Prof. Wang has led his research team in
developing underwater sensing and robotic technologies for autonomous inspection
of offshore energy infrastructure, successfully carried out the first autonomous
wind farm foundation inspection at EDF’s Blyth Offshore Wind Farm. He was awarded
the 2024 AT Most Influential Scholar Award Honourable Mention in Robotics. He
has also served as Associate Editors for the IEEE Transactions on Automation

Science and Engineering, IEEE Robotics and Automation Letters, ICRA and IROS.

REZ: AATE®: NBFIERRZS. WEZL5HE
SRy B D

Machine Learning for Decision-Making and Optimization

PRI HENRE/ATER
L RENE

EITRBEENRANBEF T ELF A B T USRI EGORA B, BE
A A FR N o B ST R B 2T BE A . 0B T K AR A THOMLE ) 5 B KB i HH(MAP ).
B E2X. BEFTEHLEREIN. BAFT. URKAAEITH EHHEEEZLOW
M. FAEREF I WAEIEF I TREZ 2, "RANRENE HHES, URDFE
AT R T2 6 40 Bk P IR v B e & i f ok o

This course provides an in-depth exploration of cutting-edge topics in machine
learning, online learning, reinforcement learning, and the Internet of Things
(IoT). The curriculum covers key concepts such as Maximum Likelihood Estimation
(MLE) and Maximum A Posteriori (MAP) estimators, hypothesis testing and
classification, multi-armed bandits, reinforcement learning, and the management
of large-scale computing clusters. Students will also learn how to apply machine
learning to enhance cybersecurity, including intrusion detection and defense, as
well as how to design intelligent systems and optimize decision—making in AI-

driven IoT environments.

2. RBAH
1.MLE / MAP f&it®
2. RV I/ K



3. % 3] /Bandits 1

SN

. ESF 3] /Bandits 2

5. LA 1

6. BhF 2 2

TEHERA BT ERE 1

8. E IR G B/ T H AL 2

9. P42 L2 3

10. AT f B B9 4 5k P

1. MLE / MAP Estimators

2. Hypothesis Testing / Classification

3. Online Learning / Bandits Part 1

4. Online Learning / Bandits Part 2

5. Reinforcement Learning Part 1

6. Reinforcement Learning Part 2

7. Managing Server Farms / Computing Clusters Part 1
8. Managing Server Farms / Computing Clusters Part 2
9. Machine Learning in Cybersecurity

10. Internet of Things in the Era of Artificial Intelligence

3. A4

0.Y.

THEMEEAF

o FHAMBEAFEALITENIRERZHR
® NHME KT CyLlab a5 RAH T HTAZC K 7
o FARAMBEARFUENMAFFRAKESHLRZARTR
R
: ® LRRIKFAAMMEIRFRRKNWENTR L L F4
o BmAL5WTIRIFiha (IEEE) WEHA2 R

0.Y. 2 FAEMEAL B A G EHN TR RN HR, HFHE Cylab L2 5 RAH
RIS KR A EE T ER F L RAF G2 R AR OF R P S F .
F G R 22 TR T EE TR, B TRUZRNE R AN RIS Z 2k,
0.V. H|E ZHA T L RRBFWEMGEIRFRRKOFHRLRFSAT. Tz EA
5T TR Fth2 (IEEE) &R R, RILT e AR A0 DRSS AUE Y B3 st o B B
o .
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0.Y. is a Professor in the Department of Electrical and Computer Engineering at
Carnegie Mellon University and a core member of CyLab Security and Privacy
Institute. He also serves as the Faculty Director of the Software and Societal
Systems Department within the School of Computer Science. 0.Y. impactful work in
network science, wireless communications, and IoT security has led to the
optimization and enhancement of complex network systems. His outstanding research
achievements have been recognized multiple times with the Carnegie Mellon College
of Engineering Dean’s Early Career Fellowships. Additionally, he is a Senior
Member of the Institute of Electrical and Electronics Engineers (IEEE),
underscoring his significant contributions and influence in the fields of

engineering and academic research

REZ: (BERFSATE#: REFIEERETAEFW
oD

|

Data Science: Machine Learning and Natural Language Processing

PRI HENBE/ATER
1. REAA

PLE S 2 fn B B B R AR R R G0, BB N T EAMEE A, B
ZHDTATERIBNE X#tF. ARBAAN B TIBF I EH A REZTLHE (NLP) B
RS 5 TR %, B AP T Python iE F A9 R M BB LI E AN £ 4.
WA NG A 2EA . BAEE T SURBHMERBUE &, BFRENBROT. XAME G EMAM
SR NLP (55, HFEEVEF IMBAATHR A IFE. BIRE, FEFEBEDFH
HERIXAMMARR, HFERATME. THEETN. AR rtFRRES. RERN
LR BRI G, AN KRR AL BIER ¥ 598 T BORGURAT T B A A,

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

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

10



business decision—-making. Emphasis is placed on hands-on skills to prepare

students for careers in AI, data science, and language technologies.
2. KENE

Lg%k, 8. T4 ENKEKX
.54, FH Pk BR. 10 EF
R, B, R H—. 4
CEARET AR

LA

XA E

E R

B R RIES T, MR
CHMEE TR EAAA: LDA

10. i F W5 R 7 78 B2 o ST A AL

(9%)

N

ESN

wn

N

3

oo

O

1. Syntax, Variables, Operators, Regex, Datetime, Escape Characters, GitHub
2. Sets, Dictionary, Lists, For, While, Do, I/0 Read/Write
3. Data Wrangling, Cleaning Data, Dimension Reduction, Normalization, Imputation

4. Natural Language Processing: Text Tokenization, Stemming, Feature Matrix,

Introduction
5. Feature Selection: TF-IDF, Feature Vector, N-gram methods

6. Text Summarization: Text summarization and Extraction, Topical modeling and

key phrase extraction
7. Sentiment Analysis: Lexicon and Machine Learning, Model Selection
8. Grid Search, Validation and Evaluation, Performance Metrics

9. Topic Modeling in Natural Language Processing: Latent Dirichlet Allocation
(LDA)

10. Advanced Machine Learning Models for Sentiment Analysis

11



P. H.
FMH T A%

B T K F HAE A AT
7 % 5 5 1B v8 SR oK B A
X E B2B F ) HIET 5 CaliberMind HEHF XK
Quantheta #yHEK&A] 4 A
A 14 F4 FRAT LB LR E 5
o IRRUIBUFMLIANES
o IR LW BENMER SRR MR XX

P H # R T AFHERF AT, e F XM EIFRRET 48 IRE L
fir. [ B ft o 2 PR A (% S B B SR Bl R 4k, T ER R ZERARMRE=Z AN &5
T ER. RIS, iR XE BB AP AT & CaliberMind A ¥ Kb it B
AN E Sentiquant BEKSBISEA. P.H A AT 14 FFFHRITLE VLR HER, £
RREIREFEIAACES, KT LERERGEZ R ITARFELINABHHX,
G| R AL 2 AR T 7= 4 1 e 420 30, (O 2 o AT A AU B B 6 TR SR U252 ).

P.H. is a professor of data science at Columbia University. He earned his PhD in
financial engineering from Stevens Institute of Technology. He is also Senior
Vice President for decision-making at Publicis Media Group, the largest
advertising and communications group in France and the third largest in the world.
He is also a data scientist at the US—Based B2B customer data platform CaliberMind
and the co—founder of Sentiquant, a financial data analytics company. P.H. has
more than 14 years of professional consulting experience in the semiconductor
industry, led consulting projects in excess of $500 million. He has published
hundreds of papers in the areas of software system design and data analysis,
such as Leveraging Social Medial to Predict Continuation and Reversal in Asset

Prices, and Can Sentiment Analysis and Options Volume Anticipate Future Returns.

REW: AATE/R: ANEFEITEINBFEIER R E
A

Algorithms for Big Data

¥R H: HEMAE/ATE S
1. RENE
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ARBRETHEEAYES ATE R FHZCER, AL ZMEALFMR AL
HbHE, ZAHRELEE. RENET . HETREROERERELEZNE . FE
#H—F 5 FFERNEREF I E BRI AR AN % (CANs), FERE WA
M2 (DNN). AR Z ML (CNN), #)FHZE ML (RNN) LK EE % (Transformer ) %
MR REL RN, ARETENATTRE EH L., BAE RS ERINFHES
R, FERELNEZSHEA Z 6 “HRERE” L6 0 ER SN, BREE AR K
B B PEBESE R ZRLT, ERBAERE SR LT R EE T .

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.

2. KAN4

AR I 5 1 R

2. &ML S Ok T %
3ELY S 5B

4 FeEME R GRIAT
S.fhAbIT i B T AL

6. R tE 48 5 ik AR

T VB A G A A 4
8. W4 2 % 5 5w B 4%
9. {63 £ W 4% 5 Transformer A
10. HEHLALH, o 0 35 AR AL B

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
13



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

3. HBANA

D. V.
FAEAME XY

o FWHME AT ITEN R LT HT

® UCB Simons Institute BFERFTHEMEHE L EE
® IBM Almaden #F 5% A BWIE #F 5% B

® STOC 2013. PODS 2010 B2 RH KX LEF
® ¥ J% EATCS Presbuger

D. W. #3%Z UCB Simons Institute #IEHFHME G EHF R ERE. BAHLAEHFAK
BOHERE 2020 £FA, WEIFL AKX, PODS 2020 2010, STOC 2013 H =¥ A
RXK., BHEZ MU KFHER, T 2020 FHEAEFARAERAFHLABETRE.
HIEHRABAR S, BEGNRMAA A E HER.

D.W. is the founder and chair of the UCB Simons Institute Data Science Program.

Due to his outstanding academic achievements, he has received the Simons
Researcher Award from 2020 to the present, as well as the Best Paper Awards at
PODS 2020 and 2010, and STOC 2013. Because of this, he is highly trusted by
Carnegie Mellon University and served as the Chair of Ph.D. Admissions at Carnegie
Mellon University in 2021.

RTERL: CATER: BEARELNTEIEFEI NN

Data Analysis and Machine Learning

¥R H: HEMAE/ATE S
1. RENE

AT b5 MERF DA RN E R LR PR L5 A TS sesy TR ARRE
AR BERE. STEER N R ERE. AR Python 4 2kal. HKAEHT
5 Gt 7 & BT A KA BAE AL £ oA SALE & 3 2, FERANA Scikit-
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learn TEE, WEFI 5L UEBEFINGZHER, DKEAY T (LF DR RAFKTE
5 Q %¥3) AEES 3 (CNN, RNN, GAN) sy A, REBREA IR E S, FFEEE
Kokt Al RN ATFHREAR. TRBFLAERELRZGOIEN.

Artificial intelligence and data science have become essential tools for
processing complex experimental data and scientific research. This course
provides a systematic introduction to the full workflow from data collection and
analysis to model deployment. Topics include Python programming, data analysis
and basic statistics, data visualization and handling large datasets,
multivariate analysis, and fundamentals of machine learning. The course further
covers the Scikit—learn library, classical models for supervised and unsupervised
learning, reinforcement learning (including Markov Decision Processes and Q-
learning), and deep learning applications such as CNNs, RNNs, and GANs. By
integrating theory with hands—on practice, students will develop the skills to
apply advanced Al techniques to scientific research, experimental data processing,
and complex system analysis.

2. KEANE

.Python 472§

B AT G ARG
BT AR BESE
N DI
HBEF S RN

—_

[\S)

(98)

o~

wn

6.Scikit-learn

BB ARERER
AEEF ARG HER

WA DATRAERE. QF

10. FES 3. CNN. RNN. GAN

3

oo

O

1. Introduction to Programming in Python

2.Data Analysis and Basic Statistics

3.Essential Python Libraries for Data analysis
4.Data Visualization and Working with Large Datasets
5. Introduction to Multivariate Analysis

6. Introduction to Machine Learning

7. Supervised Learning in Scikit—learn

8. Unsupervised Learning

15



9.Reinforcement Learning

10. Deep Learning

3. HBANA

C.R.
RGBT ¥

MEE T FRWER LT HR

MEBEIFRES THRATLA
MEBIFREETHRAE T M NDNARKETAFA
MSEBTFTHKRERLER

BT WL TR sPHENIX 14 f1 St A2 —

® Member, Annual Rev. Nucl. Part. Phys 48 Z& i 2k i

G.R. %3 Ak = 5048 Kernphysik BF% FTikR1E L4, T 2000 4 9 AABMEZT
R POMANREE LR ERES T/, HEAZ/NANRF B, 2N EELK
EHIYREZTHRAF T MFRNAKRETTA. W/ THEE OIS EFTHKRE
RexE, EFWIE L TL) sPHENIX i+ #1355 A; Member, Annual Rev. Nucl. Part.
Phys 4r48 % R & R4

G.R. joined the Heavy Ion Group in the MIT Department of Physics in September
2000 from CERN, where he was a Scientific Associate. G.R. currently serves as
the joint leader of seven research groups, including the Massachusetts Institute
of Technology Heavy Ion Research Group. Additionally, he holds positions such as
Chair of the CMS Heavy Ion Publications Committee, Project Leader for the quantum
physics experiment sPHENIX, and Member of the Annual Review of Nuclear and
Particle Physics Editorial Committee

BREN: CATEREEELEYE B

Machine Learning in Biomedical Sciences and Bioengineering

¥RHE: ATEG/ANEFTE
1. RENE

GRRNE AR T ENE SRR TR G, R T 5 KA X R
RAFE, A% AREHLES D SRS R, WHEAEIE. RAERIENRIT, FAHE
BB, DR IHALEY T RAT R, N R 4, RSN DAY
AN TREEOTL, BFANES T TR ARG 5 A IR R BRI A
WARHLE % T —BARE . U RAY. RELRE, FAR YT NES AN T
RAUHF 0PI AR WAALE S T TAT U R AAT £ . o RIOB LA 2%
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AFmEEE TEGY, LA TENEFAEN TN ST, Mo RREREH
WE TR .

Join our 10-week Machine Learning course focused on applications in Biomedical
Sciences and Bioengineering. This practical course bridges the gap between theory
and real-world application, giving you the foundational knowledge of machine
learning, including its principles, operations, and the execution of algorithms.
You’ 11 engage with both mathematics and coding to develop and implement machine
learning solutions. Starting with the basics, we’ll then move into case studies
from biomedical sciences and bioengineering, showing how machine learning can
solve complex problems in these fields. Our goal is for you to become proficient
in machine learning—to understand it, discuss it, and apply it. By the end of
the course, you’ll be able to look at issues within the biomedical and
bioengineering landscape and determine which machine learning tools can create
effective solutions. If you’re keen to add machine learning to your toolkit and
apply it to the dynamic areas of biomedicine and bioengineering, this course is
for you.

2. AHNA

LATHHEAEE A0 8 F R

2 MEFA S EEFA

3. kel )3 5 ¥ 4 B )

4. 2L EE )

5. M AW B £ W E ¥ R

6. W5 EME ¥ ZE B

7. R P 4

8. AR 2 P 4

RN EATE

10. Transformer A& 5 % 4| 4

1. Core Mathematical Principles Behind AI Models

2. Supervised and Unsupervised Learning

3.Linear Regression and Logistic Regression

4 Multivariate Regression

5.Neural Network Concepts and Biomedical Case Studies
6. Unsupervised Learning and Biomedical Case Studies

7.Deep Neural Networks

17



8. Convolutional Neural Networks

9. Recurrent Neural Networks

10. Transformer Models and Case Analysis

3. HENH

Choi
FHEE TR

o FEMI¥RAYIEFRAS A

® T [EE I ¥ L FAMAENLI LI E A A

® =X[5 Zeta Surgical (UMRHLBALGRAIALAFE) AFTA

o TEMI¥WREREFVHRIELEIIRE fx

® W EWEE I FIEIES NG LR ETE EHE

o URAFEER  FFX ERETHFFFEREGNEHBRLETRTZ —)

o URABEEER -V - FRHEFELEHARLYS FEF¥F2RGNELEELTZ
—)

Choi HRAMAFEELF AN I RANARHR, FAHELTEEIFRERE
FRRBLEVNIE A EAFTERTFRLAFARAAENDL L E0/%H A, RPN
BN B 77 T I R AR F AR B A AT 7%, AR T A 3R AT R A0 B SE U B AL, A
IT W AR 3R B B B 4 e e Au BB R A B SRR AR B T 2R T i, PR S T
Erad RO WSS REEFEH. Bk W, £WFHWEETHARITHR, BLEF
P, AHRRHBTBREE AN LR ARG T By Aal. Chol HWEMMA R ABEER
SREENEF TE-FRANERELA BHEA . WHGH L URERAR L REFY

Choi is a tenured professor in the Department of Bioengineering at Imperial

College London and serves as the head of the Imperial College Smart Medical
Imaging Doctoral Training Programme. As the founder of the Non—-Invasive Surgery
and Biomedical Testing Laboratory at Imperial College, he leads a team dedicated
to developing minimally invasive surgical devices and methods, addressing
challenges in the fields of neurodegenerative diseases and brain tumors. His
work has provided innovative approaches for treating diseases such as Alzheimer’s,
glioblastoma, and diffuse medulloblastoma, earning him numerous prestigious
international awards. His laboratory conducts research in hardware, algorithms,
physics, biology, and translation, and through interdisciplinary collaboration,
lays a solid foundation for translating scientific research into practical
applications. Choi’s current research interests are primarily focused on
biomedical engineering, specifically non-invasive devices and microtechnologies,

brain drug delivery, and the diagnosis of living tissues and pathology.
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Brain/Machine Interfaces: Artificial Intelligence, Signals, & Circuits

¥R A RFIE
1. REAN4A

ERFERS, FAEEWE NRHE D (Brain/Machine Interfaces) 43, H#IJ AL
ek (AL) Fodfl g3 (ML) Ao 23 |ATML AR 5 0 ek f. WA E e W IHAE LA i
58T MMAAXENERBEA, MERNEREXALE#. NEFIRETLEYE
A B RATEA R E A NE T . WLRRBERNBF A ERZABrFAXAMS, £
MEHE: E5AENT. Wil P ATE BRI R 7 GHE. o T o, feT
FHEREE, W, FAARFIAMEHEZANERERE, THRGZ RS 0FAFE
FEAERNNRY iz @l LEdE R, e, RERERME O FH KSR,
A% R NKER (BEC i B, EMG AL . MEG fuah B DA KR TR 89 77 3% ), RN
KEAR (BCoG B ), BARBAR (EARXBRE LG ). EREHoyd, BRI ESHE
AFAMARRBAGEETHNEMATER/NEFIEEEETAET . KE, REH
A R DR B R G AT AR, NARSEH A MEERRG ZAAGE.

In this course, students will be introduced to the exciting field of Brain/Machine
Interfaces and will learn how the fields of Artificial Intelligence and Machine
Learning are revolutionizing our ability to interpret signals from the brain. We
will first study the basic technologies that make interfacing the human brain
with electronic and mechanical systems possible, and will then delve into how
various artificial intelligence/machine learning and other signal processing
techniques are allowing us to interpret signals we receive from the brain. The
first several lectures will cover basic foundational concepts that the students
will require to understand the field. Topics will include an introduction to
signal processing, an in-depth series of lectures on the basics of artificial
intelligence techniques for brain/machine interfaces, basic electronic circuits,
microelectronics and integrated circuits. Students will also learn fundamentals
of the human brain and nervous system, and how the nervous system uses electrical
signals to communicate over the sensory and motor pathways in the body.

We will then review the various technologies involved in brain/machine interfaces.
These will include lecture material and readings on the non—invasive technologies
(EEG, EMG, MEG, and imaging—based techniques), semi—invasive technologies (ECoG),
and invasive technologies (implanted electrode systems). We will focus heavily
in all of these lectures on the various artificial intelligence/machine learning
and other signal processing techniques used to analyze neurological signals of
different types. Finally, we will review the current state-of-the-art in
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brain/machine interfaces, introduce the broad set of applications being explored

for these technologies.

2. KGN

1 Al oAk

2 ATERSNEFIFR

3. WD P HESTAE SRR

4. RINLEE o W AR A R

5. MM NERALTERSIEF

6. FTHGE QA Mo XA

7. TR ALH RN 0 BAR

8. MMEECDWEMSE. wBER%

9. ARMMF IR EELS A XEM

10. Wil n Bk RRES ATH e EA

1.0verview of Brain/Machine Interfaces

2. Introduction to Artificial Intelligence and Machine Learning
3. Introduction to Signal Processing for Brain/Machine Interfaces
4. Introduction to the Neuroscience of Brain/Machine Interfaces

5.Advanced Artificial Intelligence and Machine Learning for Brain/Machine

Interfaces

6. Imaging— and Metabolism-Based Brain/Machine Interface Types
7.Electric Potential-Based Techniques for Brain/Machine Interfaces
8. Hardware, Circuits, and Systems for Brain/Machine Interfaces

9.Writing Effective Research Proposals and the Structure of a Research Paper

10. Future Outlook for Brain/Machine Interfaces and the Role of Al

3. HEANE

N. B.
TEE ¥R

o FWEHIFRAYIEZEEHR

A7 N 5L K %
BEEMNIAFERAGHENIREZ EHE

MM THEHEFRALE G A F R TEAGEHET AR
RPN R T i
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o WHME AR IR TUE (LOCUS) 7 B H T fi 5t A
o UHEMBERMIWFLRLE. XHGHAI I

N.B. F 2018 4 Au N7 B3 T, AW TREHF, LT EF MR (HFFZ MRI).
AT dk GHLE S ] KB AE /B3R 24T UURAS 5 3R AE A B S A2 & 47 3 34X (LOCUS )
FEWFEREI¥RATA, hAREERAEE¥R. FEEI¥R. RERFFRIE
EFRER SN ERRGIKATE . TR MHE EFC 7= B 7 K R4
MNEANATERER, FETEATE RN EMITE. A5 ls K Z D550 %/ %W
Z.NB #ZBEMNAFETADRRKBUESFF L F, MEAIERAFRBELAIRE
A ol A, Y R R A T A B AR K TR, HEEA ST 3R T AL
8 Visualize, BV g, thEZ HHAE T, MEEMBKIEETRLFI K folkug
%k RATE, HE XA S HARNE Reactrix A= BRI S H, 2006 4, hEEFA
Foo RAHERBREBAFEHZENHARL. BAl, NB HZAFHTABEET LA THEE
B TR T W R R AT AR T B, MR F I EEN B RAERFPERG N, UK
B ATIE BB AREENHFAEMATLFOWNES R R, thER L EE4AHR
THEDBAR (—NDAAEREFHRTE ) THRETEEER, F5AEBAY. 4
RF.SIMAE. BEFRF. Kb KF. ARG RY. BHEETFRAETETFN
A FAAR B R AAE.

N.B. joined Imperial in February 2018 as Associate Professor of Bioengineering,
where he specialises in medical imaging (with a focus on MRI), artificial
intelligence and machine learning, big data/data analytics, and signal processing.
He is also the Imperial lead of the London Collaborative Ultra-High Field Scanner
(LOCUS) project, a joint venture for ultra—high field MR imaging between King’s
College London, Imperial, University College London, and the Institute for Cancer
Research. He serves on the Future Leaders Panel for EFG Asset Management in
London as their Artificial Intelligence expert, and is affiliated with the
Imperial Artificial Intelligence Network and the Computation, Cognitive, and
Clinical Neuroimaging Laboratory. N.B. received a Bachelor’s degree in Physics
from U.C. Berkeley, and received his Master’s and Ph.D. degrees in Electrical
Engineering from Stanford University. He spent several years as a software
developer for metrology company Wilcox Associates prior to graduate school, and
co—founded data visualization software company Visualize. He returned to academia
in 2006 as a researcher in Stanford’s Radiological Sciences Laboratory. His
current academic interests include the development of novel pulse sequences for
magnetic resonance imaging at ultra-high magnetic field strengths, the
application of machine learning to a variety of problems in medical imaging and
healthcare, and the promises and limitations of data, artificial intelligence,
and related technologies in the biosciences, healthcare, and other industries.
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Al-Driven Business Analytics

FHTE: BERF
1. REAZA

ARBELALF U REEHEG, RANBATE REBT Lo o0 7% 5 5%
BRI F R F ANEF WAL T E, BEE T A 2 REA . Rk F 5 RE,
JH7E Google Colab w#AT2h F#AE, LHRKEHFRE. FALRR. EAMAEEERME. R
BERETOMERNER. WL REGRES FRENA, LHEEEEMIT EF. @1
TRABRFOIGATE N, FAEREREG AL AT AN TR SR L ), R
WP Ty AT A ALK B KT, RS E RSB R R R AR TRAEE
#U.

This course provides a practical introduction to Al-driven business analytics
using real-world datasets and managerial applications. Students will learn
foundational machine learning methods and apply them through guided, hands—on

exercises in Google Colab. No prior coding experience is required.

The course emphasizes interpretation, decision—-making, and strategic application
rather than mathematical derivation. Students will implement regression,
classification, ensemble learning, and clustering models while developing the

ability to translate analytical results into clear business recommendations.

2. RN

1 ATA g 2bah 542N

2. BAR A 5\ R AT

3. S M E )37 T b T o ey RL R
BRRE 50 KoM
PSRRI R 5 b 557 5

5 Ak 3] 5 BALARAR

FeH kR R
HEAL 369 5

RERHE T

0. AT RESHE5ia 3N

1. AT Foundations and Google Colab

4
5
6
7
8
9
1

2.Data Preparation and Exploratory Analysis
3.Linear Regression for Business Predictions

4. Logistic Regression and Classification
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5.Decision Trees for Business Insights
6.Bagging and Random Forest

7.Boosting Techniques

8.Model Validation and Selection
9.Clustering for Segmentation

10. AI Strategy, Ethics, and Governance

3. HENH

C. A.
AN K%

AN K% B BOR B F B

B AN K5 R AR S 5 e B £ 4T

Thermo Fisher Scientific 3 %20 & Fu b & w22 T2
YRR E A E] SR TR F o B A LA A
BAMAFAYEFTIREL. AYEFIEML
o FOA¥RHRESHEILEL. EFXFIHRML

CAFRAAFWMMNAF LR AAFRAERFFZERAR, B A RAFFE 0
ZRWELFERFH. AR RSHFERENEG EME. AFEWE. RERFEATE

e UWERBL 52 EEEELNMGE. CA ARAHRES R IEEL . EMELTEH
DR BLRG LI A R SN TT 1 B MBA 4L, FARE FARA % TT.

ERF L, CAZBREETAIERSNEFIEFTLAKERERMFONLA, EA
FWEBFER NS DVZERES BT EACG . AT — T F R BT R
5T, YXRR55AFEMAG. EWALRBRE. URATIEREEZEENE
FERVAGFMNATE. ERFSFVIERF, CA HFYAFER CHEHAR (Thermo
Fisher Scientific) (LKA, KIF B (Zeiss Microscopy) LR AR T F
%3, RESELVERESHEAOT. ME USC ZRABEEFEL I IHEZE. By
. REEZEEHULNBEIRE, TEASIERE S EEMA LI L E A,
HIRBUS SR AR m A ER, AR ER S LR EE, h¥ERERE
KRB fk BB R R L.

C.A.is a multidisciplinary scientist and scholar with a breadth of knowledge

o

spanning the fields of biology and biochemistry, physics and optics, statistics
and data science, electronics, biomedical imaging, and business, project and
operations management. He holds a Ph.D. in Energy and Environmental Engineering,
a Ph.D. in Biomedical Engineering, and an MBA with concentrations in business
analytics and operations and supply chain optimization.

Currently, C.A.is an assistant professor of Clinical Data Sciences and Operations
at USC Marshall School of Business, where he teaches several undergraduate and
graduate courses in data mining and business analytics, project and operations
management, spreadsheet modeling and ML/AI applied to business processes.
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Moreover, C.A. has several years of industry experience. He worked for
ThermoFisher Scientific as Strategy Manager for about three years, and for Zeiss

Microscopy as Account Manager for about one and a half years.

WRM: IRIE: FRFEM N RERR RS IREN ¢
B 77 E D

Machine Component Design

FRFH: HRIE
1. RENE

AURAL T B KR Y SRR Bt A kR, R R AR RCE A
AR —. AT 30 1 R AT 1E, AT A0 BT B A /N a7 1 B 1 DL SE T Z 4532 3
TAE AT B AR B L R B AR A R A % %4 . AT R a3k, 15 4 5230
O E AR TR, AR . i, K. B, BAB. HlE. fh. 84T,
HA N R RS A AT TR,

This course teaches the fundamentals of machine component design through examples

of consumer automobiles, which are among the most common machines used by the
general population. These machines are powered to perform actions, such that
they apply the desired magnitude and direction of forces for controlled movement.

Engineers take on the challenge of ensuring both the automobile and the product
line they are made on are safe, effective, and long-lasting through machine
component design. As an introduction to achieving these goals, this course
provides a survey of concepts in power transmission, gears, bearings, lubrication,

clutches, breaks, shafts, screws, load analysis, fatigue, and material selection.
2. KENE

Lo Rw: IR

2. MUMEME: WEb. B fEEE. B

3. B hfedm: HAE. BEE. HE. . ohE

4. BMEHEX T #S. TR, BF
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8. ZE A MK et 22 F SR RL
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9. 47 B o fu Fo i A

10. HRZ 7RG

1. Community Building. Introduction to Machine Component Design.

2. Machine Components — Gears, Shafts, Links, Bearings.

3. Power Transmission — Torque, Rotation, Velocity, Work, Power.

4., Failure Modes and Prevention — Static, Variable, Fatigue

5. Joining — Fasteners, Couplers, Welding, Adhesives

6. Material selection — Metals, Plastics, Ceramics, Wood

7. New frontiers and 1. Intro to Machine Component Design, Community Building,
Gear Types

2. Rotational Motion — torque, velocity, work, power; Power Transmission —
gearsets

3. Power Transmission — simple and compound geartrains

4. Vehicle Transmission — manual and automatic

5. Failure Modes and Prevention — static, dynamic, stress, strain

6. Failure Modes and Prevention — strength, deformation, shear

7. Materials — selecting for desired functionality and inventing complex

materials
8. Assemblies — links, bearings, shafts

9. Joinery — fasteners, couplers, welds, adhesives

10. New Powertrain Technology — vehicle automation and electrification

3. HBNE

D. H.

FREMERFE

& FHHMBEAFIRFREINMKIEL LI

® (MU TechSpark Tf2 50 % 5 I

® Y{t#JE I Chart Energy & Chemicals Hltk T2 )f
® T AHMREMImINE T AR 4 KR AR I AN K

D.H. HFAFMT FAEMERY, HEIEFEIMITEL WL HT, HFSHE
B E A A Z AT E Maker Ecosystem, Bh4h, D.H. L& -FWEME AF TechSpark IR & R
SER/BERE. XEIRZENAER, BMESNERER2HNFRES, UK
AR E A F I IE LK, BRI HE fo STEM G o0 &k B T EZ 5wk, D. H. th#f
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D.H. is currently a tenured professor in the Department of Mechanical Engineering
at Carnegie Mellon University, where she leads the new Maker Ecosystem project.
Additionally, D.H. serves as the chair and director of education for the TechSpark
faculty committee at Carnegie Mellon University and is a member of the American
Society for Engineering Education. Through her active participation in various
organizations and committees, as well as her dedication to education and
innovation, D.H. has made significant contributions to promoting technology
education and the development of STEM fields. Her research focuses on 3D printing,
mechanical engineering, and engineering design, with an emphasis on developing
metal and polymer nanocomposites to enhance their performance in extreme
environments. For this purpose, she has designed, manufactured, and constructed

various custom test equipment for testing these unique materials.

RET: GRRELTE: PFASEHATRYN I HES KK ERE
RAETLE)

Water Treatment and Sustainable System for Water Resource

Recovery

SR SRR TR/
1. RENZE

W B R BRI A EE R AR, BRI E N BRI . k. Bk
DR EAME SR U ER. TR g stk o, U 2N A T 5 Tk ARE. &4
PR PABR G E BERF B HTEOR B K, HAKTT Ria BITBE T #0042, 5 IF A,
DEBA. EMERALTTLNER, BETAEEALER B 1. TAMETEZE KA

k.

How to efficiently, economically and environmentally friendly treat various types
of waste water has become an urgent problem to be solved worldwide. Biological
method, membrane method and other high-tech are widely used in urban and
industrial water treatment due to their advantages of high efficiency, energy
saving and automation. The development of high and new technologies such as
biotechnology, nanotechnology and information technology has opened up new ways

for water pollution control.
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1. PFAS. Plastics

2. Water Chemistry. Water Quality

3. Softening

4. Coagulation

5. Filtration

6. Adsorption and Oxidation Technology
7. Modeling Biotech

8. Wastewater Solids Tertiary Treatment. LCA

9. BiosAdvanced Oxidation

10. Alternative Drinking Water Treatment
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J.M. received his B.S. in Biology (in French) from Wabash College in 2006 and
his M.S.and Ph.D. in Civil (and environmental) Engineering from Carnegie Mellon
University in 2012 and 2017, respectively. His research focuses on the
interaction of microbes and nanotechnology, particularly the effects of
nanoparticles on microbial communities. J.M.’s approach combines environmental
microbiology and nanotechnology. His current research focuses on the development
and application of new technologies to assess and solve environmental problems,
particularly in water and waste treatment. J.M.’s research interests include
environmental engineering, the use of nanotechnology in the environment, and the

mechanisms by which microbial communities respond.
RET— (MBRRFEREMT: AFRESERERAT WM
FEEA G AR D

Fundamentals of Materials Science

FRTE: B AR R
1. RENZE

MRR B TRAE A Z M. BREAR. BKERF, T REMHRAAH
RATTF, VRAZERENLR. ARBRETRETRMEREFHM BN ERRES
PRATH . B AR 8 AR A, N BADR B 2K Ty M BT, HF X S8 3R
TRAMEERTY. FHFEERMAEREFEIBEPOERN. RENERTRAME XS
WA EREG, FERPEAR AP AR R AR A T8 R TR, N EEM

Fh AR B AR K IRAE B A

Materials science is dedicated to enhancing the safety of batteries, reducing
costs, extending their lifespan, and seeking more environmentally friendly
material solutions, in order to promote the widespread adoption of green energy.
This course focuses on the fundamental principles and material behaviors of
batteries and energy storage materials. Starting from the basic concepts of
materials science, the course introduces the basic mechanical properties of
materials and applies this knowledge to battery material systems. It helps
students understand the role of materials in the energy storage process. The
course mainly uses lithium—ion batteries and solid-state batteries as case
studies, emphasizing the relationship between material structure and performance
as well as the battery working mechanism from a material perspective, laying the
foundation for subsequent courses related to materials, energy, or batteries.

2. AANL
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1. Energy storage technologies: batteries as materials systems
2. Fundamentals of Materials Science

3.Chemical potential as a materials concept

4. Ton Transport

5. Surfaces and Interfaces

6. Introduction to Batteries

7.Lithium—-ion Battery Materials

8.Solid-state Batteries

9.Mechanics of Materials in Batteries

10.Battery Systems and Materials Outlook
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MEJR G AR . AR B R B A A B R BR L. Julia R, Greer #IWHKBE T 4 /&
AAARM-F A% (2019), FHEXEEFH TR R- A AT AT (2016) K CNN &y
20/20 i W3 (2016). BF5 A4 T ¥ (Technology Review) (2015) iF 4+ A%
B A Z —, # (Fast Company) 1Fh “100 (L BBl N AN 2 —, HHHREF®
RPN “AIRFFAM” (2014), HIKET LB L ZIF: Kavli (2014). Nano Letters.
SES F2 TMS (2013); NASA. EENMIAZNTFES (ASME, 2012). AN R L (2012).
fEJR S (DOE, 2011 ). DARPA (2009) DAKEAIFiEE TR-35 (2008). B 2007 4F A2 4L 4m
T ¥ RHA, et Z Extreme Mechanics Letters) #1  Nano Letters) #9&E|E 4.

J.R.’s research focuses on creating and characterizing classes of materials with
multi-scale microstructural hierarchy, which combine three—dimensional (3D)
architectures with nanoscale—induced material properties. We develop fabrication
and syntheses of micro— and nano—architected materials using 3D lithography,
nanofabrication, and additive manufacturing (AM) techniques, and investigate —
among others — their mechanical, biochemical, electrochemical, electromechanical,
and thermal properties as a function of architecture, constituent materials, and
microstructural detail. We strive to uncover the synergy between the internal
atomic—level microstructure and the nano-sized external dimensionality, where
competing material— and structure—induced size effects drive overall response
and govern these properties. Specific topics include applications of 3D
architected materials in in chemical and biological devices, ultra lightweight
energy storage systems, damage—tolerant fabrics, additive manufacturing, and

smart, multi—functional materials.
RETZ: (HEEFFE: RIMILEF I EERBEE 5 BORMRAL
o By B )

Data Analysis for Economics and Policy

FHRA W BF¥
1. RENE

RRBUENEFBRITEN T4, HFER G 2 AN T BT, FAK
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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.
2. KENE
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1. Foundations of Inference and Hypothesis Testing
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2.Regression Models and Prediction: Wages, Gender, and Education
3.Multiple Regression and Structural Models

4. Model Building and Feature Engineering

5. Endogeneity and Instrumental Variable Estimation

6. Causal Inference: RCTs and DiD

7.Classification Problems and Models as Al

8.Model Selection and Penalized Regressions
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9.Time Series Analysis and Stock Market Prediction

10. Forecasting Models and Real-Time Economic Dynamics

3. HBANA

D.R.
SR F

O S| KF R F AU BT

@ 3 [F] 5| #f K% Pembroke College £ % 1%
oY LR AFKERT. BURHITHRE THAKE
O St N FHEMARE R K £ TE INEFE
® £ Applied Bconomic Forecasting Techniques %

D.R. % IS K F L FA G %3, FEEEREERELTRE E. hESIHF A
FEHEAEERRR S, AFE L WPhil HEHRAREEE. EHRFREFME, UK
EENGCER SRR, WAFERER 2. HREERS. BEZR S, URSHFRF
R4 ARERAKER L. NI ERETRAMA R, Eirwsr 548 dith, R
B4,3E Leverhulme Trust 7£ By % 30 & BER A 3F B S F%.

D.R.ZEBARRSEL2RFAED, Pl HEIEEFFR (LSE) ERENEF S5 4
BRI AF RIS, FEEEAANKRZRFRMNAFFRELL - ER¥HE. 2l £
Fr R AR B 58 A T E R ¥ A3 51F%, BB FE F 0% MBA L H . (AA@RE ¥R,
RHRARFFHEFFHLTE URFERIAFEFFMLTE. 4, DR HZFZAEHZK
BRBITRELNEREEITNEFF ST ELFFR, SFEEEVEH. EFLRER.
o 5T L. AHRBREFHAZE. B UKE ¥ A% E (Economist Intelligence
Unit ),

D.R. is a Professor of Economics and the Director of Graduate Studies and the
PhD Programme at the University of Cambridge, where he has held key leadership
roles including PhD and MPhil Course Director, Director of the Diploma in
Economics, and member of several influential committees such as the Faculty Board,
Graduate Studies Committee, Admissions Committee, and Pembroke College Finance,

Planning, and Investment Committees. His research focuses on liquidity
constraints, economic fluctuations, and financial deregulation, supported by
prestigious grants including the Leverhulme Trust.

D.R. has been actively engaged with leading academic institutions worldwide. He
serves as a Research Associate at both the Centre for International
Macroeconomics and Finance and the Centre for Economic Performance at the London
School of Economics (LSE). In 2000, he was a Jean Monnet Fellow at the prestigious
European University Institute in Florence, Italy. He has also contributed to the
development of top graduate programs as an external examiner for the MBA program
at London Business School (1997-2003; 2010—present), Birmingham Business School
(2001-2004), MSc Economics at University College London (2000-2001), and MSc
Economics at Sussex University (2006-2009).
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He has also provided specialized economics and econometrics training to leading
government departments and professional institutions, including HM Treasury, the
Department for International Development, the Department for Trade and Industry,
the Office for Manpower Economics, the Civil Aviation Authority, and the

Economist Intelligence Unit.
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Urban Planning and Land Economy
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This course offers an in-depth exploration of the critical challenges facing
cities globally, spanning topics from sustainable development to the
implementation of smart technologies. We aim to investigate how to foster
balanced development and economic resilience in a rapidly changing world. Given
that more than half of the global population resides in urban areas, it has
become essential to master effective planning and management of urban spaces to
support the long-term economic and social well-being of societies.

Through this course, students will engage with the core theories and practical
skills in urban planning and land economy, with a focus on pressing issues such
as housing provision, environmental protection, and urban renewal. Additionally,
the course provides the expertise and practical abilities needed to formulate
sustainable and vibrant urban development strategies, equipping students to play
a key role in future urban planning and management. Students will learn to
address emerging challenges posed by climate change and technological innovation,
ultimately contributing to the creation of more livable and prosperous urban
environments.
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Overview of urban planning and land economy
Planning theory and its evolution

Land use and management

Housing and urban development

Soft space and regional governance

Smart cities and technological impact on planning
Sustainable land use and environmental policy
Urban regeneration and economic impacts

Global challenges in urban planning

10. Planning the future city
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P.A. is an internationally renowned expert in land economy and urban planning

He currently serves as Professor of Land Economy as well as the Pro Vice
Chancellor at the University of London. During his 28 years in higher education
Professor Allmendinger has held a host of senior leadership positions, including
as a Deputy Vice-Chancellor and a Head of School (Dean) of the Humanities and
Social Sciences at the University of Cambridge and Deputy Vice—Chancellor at the
University of Bath. He has most recently been the Chief Academic Officer at
Forward College, Paris, one of the University’s Recognised Teaching Centres. He
has most recently been the Chief Academic Officer at Forward College, Paris, one
of the University’s Recognised Teaching Centres. He has published numerous
significant academic works and research papers, making profound contributions to
the fields of urban planning and land theory.
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Financial Valuation
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This course serves as a foundational introduction to financial valuation. The
course aims to establish a connection between the financial markets and the

economy, as well as how companies are organized and developed. This leads to the
core content of the course: identifying the key challenges in corporate finance
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and understanding how to address them. Specifically, the course will educate
students on interest rates, investment portfolios, methods of valuing companies
and projects. Ultimately, students will be encouraged to adopt the perspective
of corporate decision-makers and apply the acquired knowledge to solve real-

world business issues.

This course serves as a foundational introduction to financial valuation. The
course aims to establish a connection between the financial markets and the
economy, as well as how companies are organized and developed. This leads to the
core content of the course: identifying the key challenges in corporate finance
and understanding how to address them. Specifically, the course will educate
students on interest rates, investment portfolios, methods of valuing companies
and projects. Ultimately, students will be encouraged to adopt the perspective
of corporate decision-makers and apply the acquired knowledge to solve real-

world business issues.
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1. Financial Market

2. Time Value of Money

3. Interest Rate & Debt Instruments & Valuing Stocks and Indices
4, Computing the Returns and Risk of Portfolios

5. Company and Project Valuation

6. Decision Rules for Projects

7. Capital Structure Theory

8. Advanced Capital Budgeting Techniques

9. Merger and Acquisition Valuation
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10. Option Pricing and Financial Derivatives
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R.R.is a Professor of Finance at the Judge Business School at the University of

Cambridge and a founding director of the Cambridge Centre for Alternative Finance
Before joining the University of Cambridge, R.R.was an academic in the US teaching
at universities such as the University of California at Berkeley, the University
of California at Los Angeles and Purdue University. His research interests
include how investors and firms acquire and use information. He’s a past president
of the European Finance Association and was previously Principal at Barclays
Global Investors, then the largest asset manager in the world, in San Francisco.
He’s also an Associate Editor of the Journal of Corporate Finance, among others.
He is known for his research on market efficiency. R.R. has a profound influence
in the field of finance and economics. His research has frequently been covered
by the popular press including the New York Times, the Financial Times, the Wall
Street Journal, and the Economist, among others. He is also frequently invited
to deliver keynote speeches at major workshops and academic conferences around
the world.
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This course provides a systematic introduction to the core theories and empirical
methods of financial econometrics, enabling students to understand the mechanisms
and behavioral patterns of financial markets through data—-driven analysis.
Covering key topics such as the Efficient Market Hypothesis, event studies, asset
pricing models, and volatility and time-series analysis, the course emphasizes
the use of statistical and econometric tools for empirical testing and model
construction. Students will learn to apply models such as CAPM and GARCH to
analyze asset returns, risk premiums, and market efficiency. Through case studies
and hands—on data projects, the course develops students’ analytical and critical
thinking skills for investment decision—making, risk management, and policy
analysis, building a solid foundation for both academic research and professional

practice in finance.
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1.Finance and Statistics Background
2.Portfolio choice. Mean variance efficient frontier and Multivariate statistics

3.Linear Regression. Univariate linear regression and multivariate linear
regression. OLS estimation. Standard errors and t statistics.
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4. Time Series and autocorrelation.

5.Time Series ARMA models

6. Time Series Forecasting

7.Multivariate Time series and regression

8. Multivariate VAR models

9.Nonlinear time series models for time varying volatility. GARCH models

10. High frequency data and Realized volatility
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0.L. is a Professor of Political Economy at the University of Cambridge and a
Fellow of Trinity College since 2011. He started his academic career as a Junior
Research Fellow at Nuffield College, Oxford University, from 1991 to 1993. He
earned his PhD in Economics from UC Berkeley in 1991, an MA from Yale University
in 1988, an MSc in Econometrics and Mathematical Economics from LSE in 1986, and
a BSc (Ist Class) in Mathematics from LSE in 1983. Chair of the Faculty of
Economics at Cambridge University since 2023. 0.L. is known for his research in
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econometrics and empirical finance, focusing on developing statistical methods
for analyzing economic and financial data. He has published extensively in top
academic journals and has received several awards for his research contributions.
Linton’s Editorial Roles includes Associate Editor with Econometrica, Co—editor
at Econometric Theory, Joint editor of the Royal Economic Society’s Econometrics

Journal.
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Financial Mathmatics and FinTech
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This course provides a rigorous introduction to classical derivatives pricing
theory, covering the binomial tree model, the Black—-Scholes framework, and Monte
Carlo simulation, while extending toward the intersection of artificial

intelligence and financial engineering.

The first half of the course focuses on the fundamentals of derivative valuation,
including no—arbitrage principles, put—call parity, multi-period binomial models,
and the pricing of exotic options such as American and Asian options. Students
will apply Python to implement numerical methods and build a systematic

understanding of traditional pricing frameworks.

The second half of the course turns to applications of Al and deep learning in

modern financial markets. Topics include the use of machine learning in trading

and risk management, as well as case studies on derivative pricing, model

calibration, hedging strategies, and portfolio optimization. Through hands-on
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ython workshops, students will design and train neural network models tailored
o financial scenarios, gaining practical insights into both the potential and

he limitations of Al-driven approaches in quantitative finance.
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Introduction to Financial Markets and Financial Derivative
Python for Finance and basic probability theory via coin tosses
.No—-Arbitrage Principles and Put-Call Parity

. The Binomial Tree Model: One-Period Case

.Multi-Period Binomial Models

.Exotic options including Asian and American options

.Pricing via Monte Carlo

From Binomial Models to Black—Scholes

Al in Trading and Risk Management and Deep Learning for Derivative Pricing and

Model Calibration

1

0.Deep Learning for Hedging
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J.R. is a full Professor at the London School of Economics (LSE) and a leading
academic in mathematical finance. Currently, J.R. serves as the Deputy Director
of LSE’s Data Science Institute. He has been a visiting professor at ORFE,
Princeton University, and at the School of Data Science, CUHK Shenzhen. Before
joining LSE, he served as a Senior Research Fellow at the Oxford-Man Institute

of Quantitative Finance.

J.R. research interests include machine learning and portfolio theory. His has
received several industry prizes including the ‘Morgan Stanley Prize for
Excellence in Financial Markets’ and recognition from Savvy Investor recognition
for one of the ‘Best Factor Investing Papers of 2018.” J.R.work was featured in
Risk Magazine. A Fulbright scholar, J.R.has also won multiple teaching awards at
Columbia University and LSE. He has coauthored numerous research articles with
practitioners and academics several teaching prizes at Columbia University and
LSE. He has coauthored numerous research articles with practitioners and
academics across disciplines such as Finance, Economics, and Operations Research.

J.R. is also an associated member at the UCL Centre for Blockchain Technologies
and an associate editor of Applied Mathematical Finance and Stochastic Models.
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He served on the Expert Council for the ‘Pilot Project on Environmental Stress
Testing — Testing Corporate Loan Portfolios for Drought Scenario,” launched by
the United Nations Environmental Programme. J.R. also served as Deputy Head of
the LSE Mathematics Department and as director of the MSc programme in Financial
Mathematics at LSE
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Entrepreneurship: Evaluating Market Opportunities
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Working on a team, students will generate an idea, use business modeling
techniques to “flesh out” that idea and define a newventure opportunity, perform
aresearch-basedassessment of whether their new venture concept is viable and
worth pursuing, and “pitch” their idea. Topics covered in this course will include
idea generation, ©business-model development, market definition, customer

discovery, competitive analysis, resource development, and risk analysis.

This is a course for students interested in learning how to research an idea for
a new market opportunity that 1is 1likely to form the basis for a new
entrepreneurial venture. This course is about developing the analytical and
conceptual skills required to research and analyze the potential for a new
venture. The research process involves identifying, evaluating and determining
whether or not to pursue a particular market opportunity. In addition, the
process involves analyzing the desirability, feasibility, and viability risks
associated with the associated new venture
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1. Idea generation and evaluation for first-time entrepreneurs
2. Developing value propositions

3.Profiling customers

4. Creating minimum viable products (MVP) to enable customer and market research
5.Exploring customer channels

6.Managing customer relationships

7. Analyzing competitive and external environment

8. How to pitch ideas

9. How to raise capital

10. Using entrepreneurship to address social and environmental problems
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M.G. is a Professor in Judge Business School, University of Cambridge. His
research interests include entrepreneurship and sustainable development. He
examines how individuals and organizations create, introduce, and sustain
positive social change by way of entreprencurship by studying both the contextual
and individual factors that contribute to innovation and the governance of
innovation. He is a member of the Organizational Theory and Information Systems
subject group at Cambridge Judge Business School, Academic Co-Director of the
Cambridge Judge Entrepreneurship Centre, and current Associate Editor at the

Academy of Management Journal.
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Leap into the World of Sports Data Science and Management
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This course offers a comprehensive perspective on the role data science and
management play in modern sports studies. It begins discussing the management
aspect of sports, discussing how data can be used to make informed decisions in
sports management. The course then branches into four parts. The first part
illustrates the dynamics of sports performance measurement and analytics and
identification of influential factors in sports. The second part illustrates the
basic concepts and tools for sports data analysis and specifically on the
application of these tools in various sports, including traditional sports and
eSports. The third part of the class delves into the management aspect of sports,
discussing how data can be used to make informed decisions in sports management.

Finally, the fourth part of the class explores the future of sports data science
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and management, discussing emerging trends and potential career paths

field.
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1. Introduction to Sports Management

2. Introduction to Sports Analytics

3.Exploratory Data Analysis (EDA) in Sports I

4. Introduction to Sports Performance I

5. Introduction to Sports Performance II

6. Introduction to R for Sports Data Analysis

7. Introduction to Python for Sports Data Analysis
8.Market Valuation of Athletes and the draft process
9. Introduction to Salary Cap; trading players; CBA

10. Future of Sports Data Science and Management
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As an Assistant Professor of Clinical Data Sciences and Operations at the
University of Southern California, L.M. stands out for her insightful approach
to research, often illustrated through her focus on ""both sides of the bell
curve. "" This phrase encapsulates her dual research interests: on one side, she
is dedicated to reducing health disparities in underprivileged populations,
particularly within the Hispanic/Latino community, by examining physical activity
levels and promoting healthy lifestyle behaviors. On the other side, her work
extends into the realm of sports science, where she concentrates on enhancing
sports performance and injury prevention for professional athletes.

L.M.”s unique perspective is deeply influenced by her background as a former
elite tennis player. Her transition from athlete to academic has been marked by
significant roles in the professional sports industry, including serving as the
Director of High Performance for a Major League Baseball team and as the Director
of Sports Performance Analytics for the Los Angeles Lakers. These experiences
have provided her with invaluable insights into the practical applications of

her research.
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Introduction to Personality Science and Research
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What is ""personality""? How can we scientifically study and measure it? To what
extent do biological, social, and cultural factors shape an individual’s
personality? Is personality a manifestation of our genetic makeup and biology,

the pinnacle of social influence, the interplay between the two, or the result
of random events? In this course, we will review the major theoretical paradigms
in personality psychology, discuss contemporary research, theory, and methodology,
and delve into key historical debates in the study of ""personality."
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1. Introduction to this course

2. The Trait-dispositional level A
3. The Trait-dispositional level B
4. The Biological level

5. Psychodynamic-motivational level
6. The Behavioral-conditioning level
7. The Phenomenological level

8. Social cognitive level

9. Integration

10. Future directions
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3. ZB/ANA

V. L.
JERRARF

® FERRAFCHFAYHK

® FERRAFAM, REFEHATLEE E/HE
® FRRRFHFREARETRE

® LHHLSNHEEZELHINKR

® Google FF# 1 B A ¥ X

o XENHEWNAEH A LRI FNAT T R
® EAH CRARTHEM: AAMEEEFRTHY ENHEFHE

VL BB RBERKECEFRNAG 5%, FAEEFRFHNCEFE L¥ L, #R
FREFE LS AN KRG KR LHFE. YRGS TRE, £ 2020-2021 FH 3%
B - BB RN - ZREEFLEAS. 2018 AN TR 2016 4285 “HRZHM
FH MG, VL HREFARTIABA, HELREFAMFINgRE T, YHEAE (AR
B AEREY fo CEIBCESEY WER, UK CABSHLSCEFERE (ASC)) #hEH
. W VL EBEFARKETZREER X, wHERMEKTNESHEL2HFX
#y “Attachment and Social Rejection: The Role of Individual Differences”, LLK %
g —E L iy “Impact of First Impressions on Interpersonal Relationships”.
WAL T £EFEARNFIE, v (Risky Decisions in Relationships: An Empirical
Investigation), A AKELE QUK X RH#TTRNAR, #2507 HXARNLE.

V.Z. is a tenured professor in the Department of Psychology at Cornell University.
She holds a Ph.D. in Psychology from the University of Washington. Her research
interests include social cognition, attachment, relationships, and social
rejection. V.Z. has received numerous honors and awards, including the Lenore
Annenberg and Wallis Annenberg Fellowship in Communication (2020-2021), the
OQutstanding Advising Award (2018), and the “Most Admired Scholar” designation
(2016). She is widely recognized in the academic community and serves on the
editorial boards of several leading journals. She has held the position of
Editor—-in—Chief for Social Psychological and Personality Science and Frontiers
in Psychology, and has served as an Advisory Editor for the Journal of Personality
and Social Psychology: Attitudes and Social Cognition (ASC). In addition, V.Z.
has published many influential papers, including “Attachment and Social Rejection:
The Role of Individual Differences” and “Impact of First Impressions on
Interpersonal Relationships.” She has also co—edited several scholarly volumes,
such as Risky Decisions in Relationships: An Empirical Investigation, which
provides in—depth research on the relationship between adult attachment and risk

decision—making, thereby advancing the development of related fields.
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REZ+: CARCEZEWEME: KMEE 5L EM X
BRAL & AT

Human Brain & Mind: An introduction to cognitive neuroscience

SR E: B
1. BERAE

Wk AT B R TE S I R AR, R, R, EE. BERERH
R WA BOA R R AR . ARRE T, RARAT. i F ARG Ea T, AN ES
B MR Stk R KRS KRBT W U REANEGIEER . AM180 0 4%
R TR Z ORI A B& B, A o i 6 B ARG M B B K Fo HUH & & 8y
WA K. W—E UK, AMIGEAY, GERFMARIFGR T, REA5KRES, BY
e X b PR AR R B B2 R AR B A A AR T AR

Cognitive ability is the most critical psychological condition for successfully
carrying out activities. Abilities such as perception, memory, attention,

thinking, and imagination are all considered cognitive abilities. Cognitive
ability refers to the brain’s capacity to process, store, and extract information,
allowing individuals to comprehend the composition, properties, relationships
with other things, driving forces, developmental directions, and fundamental
principles of things. People’s cognitive characteristics significantly impact
their socioeconomic status, and enhancing cognitive abilities has been found to
be associated with increased wealth and life expectancy. However, it has long
been believed that abilities like mathematics and reading are hereditary traits,

yet the complex systems of genes influencing these traits are not well understood
by people to a large extent.

. KEANA

L AW ERZE T2 — & K F 1AM

2. FPRAEAEBGREER T

3. HRMAMAMELEER 11

4. EE. ATHGRENHEMSEEL T
5. BE. ATHERENFHEMEEER 11
6. A HRAFF AR EET BRENTE 1
1. AR ARSI G5BT BENYE 11
8. MEHEA L 4 AR A WA B R B
9. HHRE B4 ALY

N
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10. ARGHENRZ: FEXRYAAR

1. The mind as a digital computer

2. Thinking as modality—-specific simulation, part one

3. Thinking as modality-specific simulation, part two

4. In what sense are abstract concepts embodied, part one
5. In what sense are abstract concepts embodied, part two
6. Body-specificity of language and thought, part one

7. Body-specificity of language and thought, part two

8. Situation models with or without simulation

9. Bodies and minds affect each other

10. Expressing thoughts with the hands

3. ZJ/ANE

\ D. C.
| RERKF
® FERIRAFHFUY KT
o UNRBUHEMFMANLHCEFFRFERELTR
o XENHEFHHA 2015 FEAEAR ML
o EEWHF¥L 2015 FEANCHETRERES
. ® TFrontiers in Neuroscience & £ %
® Frontiers in Psychology &| £ %
® PLOS ONE ¥ A %%

D.C. % #% % Oberlin College T T HIEBX ¥ ME RKENF LFM, HE
Massachusetts Institute of Technology k4% T W5 A& fl gt + 547, FAE Cornell
University AXKER, NHEHFRME Jndf AF 00 HE 7 R EEH B AR 5. Aoy 57
RURIES . XUR B AR AR EECE IR, D.CHRET T 100 2HFALE, 4
HAE-EMBF| (Frontiers in Neuroscience E|F 4%, Frontiers in Psychology &+ %,
PLoS ONE #AR%## ) WRERK A, I RSN RF W RALE ¥ 8| Language and
Cognition WAl 44w %E, ZMFIEIEE FAARBFAREARGH D m A fapE A&, LK
W B R R R ) 2R E ARG fo s,

D.C. completed his B.A. in English Literature and Vocal Performance at Oberlin
College and his Ph.D. in Brain and Cognitive Sciences at Massachusetts Institute
of Technology. He currently holds research associate professorships in the
Department of Human Development and the Department of Psychology at Cornell
University and the Department of Psychology at the University of Chicago. His
research involves the ways in which language, culture, and the body work together
to shape mental processes. D.C. has authored more than 100 articles, and he
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serves on the editorial boards of seven journals (Associate Editor, Frontiers in
Neuroscience, Associate Editor, Frontiers in Psychology, and Academic Editor,
PLoS ONE, among others), and was the founding editor of the interdisciplinary

journal Language and Cognition at Cambridge University Press.

RE-+—: (BRRE: TERRAATHRRRTEAXR
- T

Planetary Health

¥R AETILE/ESF
1. RENZ

—ANERENER R - ANERSEERD? A0S HFES R EER D2 BAT
Qo IR TE AW KB N B2 BT A0 TR0 T 3% A AR T R B R R B IR T Y 3 b P RAY
BT AR B A . AT B AR BT — NV IS F AU, AR A R B S AR R R i Ak
BT R AREREN Y. ARERE 10 KRB W FENBTERESN L&A R,
Hoge TAITERRRAROIEHENEOAMT, UK ATEEE: AXERRPALMER
FFEY FHRBAR. FANMFRAAUEL L. £HEHFERE. BBAR. KRR, ¥
R, TR RRFHA KRR ERE. EMRSEARNERFRREM. AT REHR
TH 2 2k AH Y LT F AR B EAMS. BIRE LR, FANTRRE AT EIRRR
Xt AR@ERN Y, HEARE 21 LRPFELE T E.

Will a warmer world be a sicker world? Is biodiversity good for our health? How
will we feed a growing population? How do we transform cities for health and
sustainability? These and related questions form the foundation of Introduction
to Planetary Health. Planetary health is a new interdisciplinary field that
examines the human health implications of human-caused disruptions to Earth’s
natural systems. This course introduces students to the history, concepts, and
applications of planetary health through 10 lectures that incorporate case
studies from the Planetary Health Alliance Case Study Anthology, and lessons
from Planetary Health: Safeguarding Human Health and the Environment in the
Anthropocene. Students will explore key themes such as climate change,
biodiversity loss, food systems, infectious disease, non communicable diseases,
pollution, energy transitions, and pathways toward healthier, more sustainable
futures. Case studies will ground theoretical concepts in real-world examples
from around the globe. By the end of the course, students will be able to
critically assess how environmental change impacts human health and articulate
approaches for safeguarding well being in the 21st century.

2. KREINAE
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LATRE@RES®

2. Z A Bk

3. ARG AR
LRGBS

5. 1k B

6. & R R

1. MR

8. Amitfe R

9. 3K 7 5 G IR

10. B 3RGER #Y A K

1. An Introduction to Planetary Health
2. A Changing Planet

3.Climate Change and Human Health
4. Food and Nutrition

5. Infectious Disease

6. Non Communicable Disease
7.0cean Health

8.Migration and Conflict

9.Cities and Energy

10. Future of Planetary Health

3. VN4

K. S.
AAKRE
o MHIRFENFEEFFHRATHR

K.S. #HEREAPAFEFHFRAAZ K ENHE & HEIK
K MEAMEEFFHRKARERSHNER, B ZFIHAR
BB R ERF TG FTALK S HRFAHE LR AESF
EAyHEFER, AFAR LKL RENREETE. B
2008 £ Jm NAT B K LUK, HAF R R E TATE K5 STEMM & 4738, R X kT Science.
Ecology Letters. One Health. Conservation Biology & FrEATIFHE #F]. # % Hrid 4
AR REF A PRAT EERIRAE, R EFRE -FREFEFRIATEREREES
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ERa. EREMBFFRARLFE. HEERWEHZRE, 2 REGHEATRFED
FELTRWMAFZEEENPRES. #HUEEFENFE LA

K.S.is Associate Professor of Medical Science and Senior Associate Dean of
Biology Education. She is a member of the Division of Biology and Medicine Dean’s
leadership council and administrative leader of undergraduate, master’s and
doctoral education in the Division. With training in infectious disease ecology
and biogeography, Dean Smith joined the University in 2008. Her scholarship
focuses on planetary health and STEMM education. Her work has been published in
peer—-reviewed journals such as Science, Ecology Letters, One Health and
Conservation Biology. Dean Smith teaches courses on planetary health to
undergraduate and medical students and co—chairs the Planetary Health Curriculum
Integration Committee at The Warren Alpert Medical School. She is recipient of
the Dean’s Award for Excellence in Undergraduate Teaching, Advising and Mentoring
in the Biological Sciences. She earned her BS in biology from The University of
New Mexico and a PhD from the Department of Ecology, Evolution and Marine Biology
from The University of California Santa Barbara

REZ+=: (WEF: N XHEARERFHALE)

An introduction to Exoplanets and Cosmology

PRI WEF
1. RENZ

URENAERZ-BE-FHR- R WKFHFERT e, BENEFHEI L L
MEEHAPMEZLL. EREBAREER LI THE RIS T HOEZLARHD
BTN (ET) M. BHFAERE. FAIRRDZRE EFNERTHBK. iz
ERBEURABIAZE, k% TONTFHARNEL GG fwiE,

The course begins with the Friedman-Lemait-D.R.-Walker inflationary cosmology

model, a brief introduction to the major epochs and discoveries in the history
of the universe, a review of the Big Bang model and its particle content, and a
discussion of the main components of the current universe, including visible
(baryonic) matter, dark matter, and dark energy. Students will be able to better
understand the expansion, acceleration and redshift of the universe, so that
they can predict the future evolution and fate of the universe.

2. KRHNA

1. KMAL RIMTEER

2. RAMTEHNG %

3. FHMKETERE; TEHMDI®
4, FHAK; FHFAH, HEERHR
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5. MERERASTAE; BARELUSTEH

6. BMFHEA;, FHFER

1. WM. BREEE. AniE YK

8. EAHE. ittt 3l NEH

9. FHMEE R, #E

10. EEARG M=, FK;, Rk

1. Theory of the Solar System and Exoplanets

2. Methods for Exoplanet Detection

3. Cosmic Expansion and Planet Formation; History of Planet Detection

4, Composition of the Universe; Cosmological Redshift; Friedmann Equations
5. Fluids and Equations of State; Single—component and Multi-component Universes
6. Dark Matter Models; Cosmological Distances

7. Dark Matter, Dark Energy, and Accelerated Expansion

8. Galaxy Clusters, Rotation Curves, Gravitational Lensin

9. Cosmic Microwave Background; Thermal History

10. Event Horizons and Curvature; Inflation; Primordial Perturbations

3. ZBANL

AR K %

SR K % R 30 Fn 3 b 4 3 R 3%

S K% FHh EFHEA R R R
FEARKYGHUELVELE
CELRHIAFERDERAR. BEFER
8 AL LA A F AR B

o UNHZHMAZRS W0 HTIWHEMFEL (Vidi grant)

B.P. HJAEMTEAMAE N A RFAELWER . SIFRES XHEARAR TN, £E
WNEFHF . ETH®. ZERMS SHARFFHNTR, BHEATPK. KAREEH.
FHBMHE FF AL, Y TRARARF B RMEL WG L5 EARATTR LR
BRYIAFERNER BB KB RIRER . MO ARREERNEFORAAEE N,
B ZEREFAMA L, REEAFRFRRT LT ZRH.

E.P.is a professor of the theoretical physicist at the Department of Applied

Mathematics and Theoretical Physics and part of the General Relativity research

group at the University of Cambridge. He primarily engages in research in fields

such as cosmology, quantum field theory, string theory, and general relativity,
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covering topics like inflation, large scale structures, and the cosmic microwave
background. Previously, he served as a postdoctoral fellow in high-energy physics
at Cornell University, a research associate at Princeton University, and a
professor and senior researcher at Utrecht University’s Department of Theoretical

Physics.

RE-T=: (NAHY: B BFI SR HEENRMETE
HEY

Numerical Models, Al and Machine Learning, and their Applications

FRATE: BF
L RS

RRBFRAET 7T AL LA Python/Matlab ey i AE FoHL & % T 61T
BRI, T ERAENFRERB QAT A EN G 2R 0 R3], By g Al b
Jik, REBQHEHA, HEAE LG, REMD RS URERR 2. KA
ENATANTERER, RARNBT T, HEWL, REMIAN.

This course provides examples in Numerical Modeling and Machine Learning that
can be solved using Python/Matlab on a computer. Specifically, instruction topics
include an introduction into the nature of numerical models and their difference
from analytical models, the history of numerical methods and modeling, key
concepts such as discretization, interpolation and curve fitting, numerical
differentiation and integration and basic stability analysis. We offer a brief
introduction in Artificial Intelligence models and in particular Machine Learning,

neural networks, clustering and decision trees.
2. KAN4

L BAEAR SR 5 2 X

2. GRS EERIEA

3. BUEMALEE

4. HE. HEUE. BoE ENRS
5. B A2E (ODEs) K 52w bl 254
6. MEFIMALE G

7. HAEEE PG

8. EHEJF 5 AT 5 FM

9. BRAEAM PR G Gt iy LT R A
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10, BAE 7 i A AT g o ]

1. Overview and Definition of Numerical Modeling

2. Concepts of Linear Equations and Matrix Algebra

3. Principles of Numerical Optimization

4, Interpolation, Curve Fitting, Differentiation, and Adaptive Integration

5. Ordinary Differential Equations (ODEs) and Practical Application Examples
6. Machine Learning and Artificial Intelligence

7. Statistical Methods in Numerical Modeling

8. Time Series Analysis and Forecasting

9. Practical Applications of Probability and Statistics in Numerical Modeling
10. Applications of Numerical Methods in Various Fields

3. RN 4
. A.R.
AT A¥

® ETbLL T KR F IS R B R AR

® NASA X AfE K ZEHF R R B

® {E 3 [E AT L 1 B IR (AMOC) B 4 41 Ak

® U Smk B MR TR S NASA i i A 4 Ao A i Hak
T E 2

o S LT REMIREF S N NENXRGEE

AR FRZABUERFNFREE NMHANERAR. WE 1999 FREHRTZ EAMNT
RSB i S A R A 52 5 L SO 2 ALK R (NASA )R A48 K =47 58 FIr(GISS )
BIBE IS A . GISS J& NASA By My 3R A FH SR U R0 TSI BT, 2 B4R b T2 K 5 o 3k AT LA By
— AR BRE WG ARGELRRENE AR BEARENR. AREE. #R
S5 TR THAMEEG DR T RE, REETBFENFAENHRMOFHRAER
FRE R 2 AT — IS WA 3R BB+ 4R B R ATEY RFT BIRT 5 BN, NASA
BEGERHFEREZHRZ R 2 NROFTHF—REEAKR 10 FREKME, HhEF
JEA A I Fo AT X AN B4 X5

A.R. is an Adjunct Professor of Applied Physics and Applied Mathematics in
Columbia University, and a Research Scientist of NASA Goddard Institute for Space
Studies. She earned a Ph.D. in Physical Oceanography, Florida State University
in 1999. Her research interests are in Global carbon cycle and climate, large—
scale circulation of the oceans, and climate variability. She also participated
in the Decadal Survey for Earth Science and Applications from Space to research
the Ocean Biology and Biogeochemistry community’s initial input to the RFI issued
by the National Research Council towards the next Decadal Survey for
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environmental monitoring and Earth science and applications. NASA and its
partners ask the NRC once each decade to look out 10 or more years into the
future and prioritize research areas, observations, and notional missions to

make those observations.

REZTHE: (ENY: MARERESR#LERRFNITE
W

Molecular Biology of Memory and Memory Diseases

¥R AWF
1. RENE

B2 (Memory) AKX AREHZOT 2 —, WEMARNE R AR, A—H:
BARK KDL (P RKEBRIE B ), 1 2Rk X B FAR. Aoy AEE,
RIEZ W NE ikt —— AR MR N R IR IR —— AT B £ 7 5 (2
RE#HLT K. ERARES, BAKET <00 X—FF——f 22817, K ¥
AHEFIIT, URKW A FEL k3 RATH. WA, FARIBIL?

WAL R BMNE B TR, T2 AR E 80 B3 60— 3L A Fe4E
— BB, SR MM ES (EE, RIET DR MR, b BRI ).
#MUNAE S TFEANEAHR, DL EFERNNE “HEEE £, WEE BN T
——AHEERM (A TZ A NEE) A——2 %W & T2 [ EIRT X, AT ERE
BRNWBRETH., BELE, XTHEAYZAN T EEAN R T B RRAIGALE #E
FHES A, KREHUBRENRAFRILIZHF. RIOTEARAMA 2T 5 @ E9F
HA R IRNTF, EEHEITHE T HM (neural plasticity) WA, UREESLBAKX
J B AL, BRI R AR

Memory is a central capability of our brains and critical to who we are as people.

Consider: as humans lose their memories, as happens in Alzheimer’s Disease, they
also suffer a progressive loss of self-identity. From an evolutionary perspective,
memory allows animals to benefit from experience, whether the experiences are
good or bad, and thus be better able to survive and pass on their genetic
information to the next generation. In this course we will study memory — what
it is, how the brain learns and stores memory, and how the brain uses memory to
direct behavior.

So, what is memory? Rather than a complete record of experience, our brains
select fragments of experiences, like specific features of a face, a snapshot of
an event and, often, an associated emotion (memories, after all, can be pleasant

or painful). We store memory as a cellular and molecular change in the ‘neural
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circuits’ of our brains. An alteration in neural circuits, specifically at
synapses (the connections between neurons), changes communication between neurons
and thus alters our thoughts and behavior. Computations modeled on
neurobiological systems underlie the most successful artificial intelligence
algorithms. This course will take a holistic approach to the science of memory.
We begin with basic knowledge of the molecular and cellular biology of the brain.
The course then turns to the concepts of neural plasticity and the storage of

information and experience as ‘memory’ within the context of the brain’s anatomy.
. KN4

1AL IZ AT A R X

2. WA T, R btk 4 B B
330125 A

4.B1L BT B IR

5. Hebbian 3, ¥ # M

6. 2% i ¥ HL M B AL
TR F M F

8. MM RILIL G TR L Hix
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10. BRABAT; BT /R 3K g Bk

N
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1. Behavioral Definitions of Memory — Memory is a Multifaceted Phenomenon Studied
in Humans and Animal Models. We begin by learning how memory is defined and

measured.

2. Neurons, Synapses and Circuits — Nuts and Bolts of the Brain: Here’s what you
need to know.

3. Memory and the Brain — Where Do We Find Memory in the Brain? A first look at

brain structure and finding the ‘engram’.

4, Hippocampus, a Memory Organ - Spatial and Other Representations in the
Hippocampus: Place Cells and Grid Cells — How we Find Memory Neurons

5. Hebbian Plasticity — Measuring Synaptic Change for Long-Term and Short-Term
Memory — Hebb’s Molecule

6. Synaptic Mechanisms of Plasticity — Molecular Basis of Fast Local Changes in
Synaptic Function

7. The Molecular Biology of Memory - Signaling Between Synapse and Nucleus -
Memory and the Genome — Cell Biological Correlates of Memory
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8. Prediction Error Memory and Memory-Based Algorithms - Brain Networks that
Update Memory by Measuring the Difference Between Expectation and Reality. -

Neural Networks for Reinforcement Learning

9. Special Topic Lectures: Adult Neurogenesis; Stem Cells and Organoids — New
Neurons in 0ld Brains; Their roles in memory and psychiatric disorders — Making

Brains in Dish

10. Special Topic Lectures: Trans—Generational Memory; Alzheimer’s Disease -

Memory Transfer Between Generations; The role of small RNA molecules — Possible

Causes and Treatments for Alzheimer’s Disease

3. ZJ/ANE

S. K.

K%

ot KT 5 G R B

AT HEEMFFUREZR2ZR

R AFAEURFRNEZR2ZR

Pew £MBEFHFASFHTEREH

Damon Runyon-Walter Winchell A4 ETKLHKEH
o CRIREA “RFLLMEaArE”  (60/726, 318) 26,318

S K HTRBMAFATHAMENFL T HT. T 1988 FEN FHREEIT ¥,
KRR L. HITEH WA REITERANT R RN Fo ] B, XATE G E B
T X BT R A AL B Fo R 5 — U R IR T 55 R T B & A FoR i &
BB, DU A DI BTN, MR8 R B T4 IR 2 9 SRR A
TZ4F, BESANDMAF AR T LKA SOHAA — LA fF LIkl E( £55:
60/726,318). HIFE ¥ F%15 3t Damon Runyon-Walter Winchell F A4S LK 43 HAED
HAAUE O4 T4 LR ZE (Kunes Laboratory) .

S.K.is a Professor of Molecular and Cellular Biology at Harvard University. He
earned a PhD in Genetics in M. I.T. in 1988. His laboratory uses the Drosophila
melanogaster as a system of choice to examine how behavior is modulated by the
nervous system’s functional plasticity, and to illuminate the relationship
between genetic control and the evolutionary divergence of behavior. With respect
to the function and plasticity of the adult visual system, the aim of this
project is to determine where and how such memories are encoded. Another study
looks at how a protein involved in synaptic plasticity is synthesized locally in
response to environmental inputs that produce a memory. He won the Damon Runyon—
Walter Winchell Cancer Fellowship, and he has his own named Laboratory at Harvard
(Kunes Laboratory).

REZTH: CEHF: BE. RRRASHMHBERIFT AR

Molecular & Cellular Immunology
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¥R E: EWE/EF
1. REAZA

TG RIFEA— D RENGE, B THEARRRZ R RN FTHLH
VAR R B B3 TR BN . B B F BRI AR, R F R AR 6 T 2 B0, 4
AR EI R RIRT G bE T aRE T BF# R, X TRBEF R T HILI R
RARNERTE, QHEEARY . BN ERLEERERR AREMERZR R
EARBRGAL, RRARG LAY, HUREH, THM. Bl R R 6,
TEVRAZ G5 R BE @ Be 5 A0 F B Se R Sh Re fo R AT T . FENBMSERE, FR Y
ETREFNIEREGIAR, MG 0 RO K+ R — &,

In the field of medicine, immunology plays a pivotal role in studying the
functionality, regulatory mechanisms, and immunological responses of the human
immune system in relation to diseases. With the advancement of scientific
technologies, immunology has integrated into various medical disciplines,
particularly making significant strides in vaccine development, immunotherapy,

and anti—tumor drugs.

This course deals with the basic aspects of the mammalian immune system in terms
of components and their function. Topics covered included basic immune system
features of both the innate and acquired immune system, immune system
diversification, antigen presentation, T cell, B cell and immune effector
function and concluded with an overview of immune function and dysfunction in
health and disease. Students are expected to actively participate in class and
to present an immunology-based clinical case studies, followed by discussion of
both the case and the general concepts covered in the case

2. KRN

CRIEF R ERKE: B-HE A
RRAIEREFFRE: IMRE R
3.B/T 0 Z AR LR R AL LR Z 4k
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1. Intro into immunology; Innate immunity: first lines of defense
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2. Innate immunity: the complement system; Induced responses of innate immunity:
Pattern recognition by cells of the innate IS; Induced innate responses to

infection

3. Antigen recognition by B cell and T cell receptors; The generation of
lymphocyte antigen receptors: Ig and TCR gene rearrangement

4, The @generation of lymphocyte antigen receptors: Ab subclasses &

diversification of the antibody repertoire; Antigen presentation to T lymphocytes
5. MHC and its function; Signaling through immune system receptors — part I
6. Signaling through immune system receptors — part II; B&T cell development

7. Thymic selection; survival and maturation of lymphocytes in the periphery;
Lymphocyte homing and priming

8. T cell effector functions; B cell activation

9. The distribution and functions of Ig classes; Fc receptors; Immunological
Memory

10. Dynamics of adaptive immunity; Immunity to cancer

3. #BNA

A.P.

EAAIFAZ

o LM AFED T EMRATHF

® HAMNAMLERE AP Lab

® YR LAMHTH AT R iR AR M T

ZEMFRHA S (AAS), EEE LR TS (IDSA) FAHUEK
: e & KR

® Virus FELMTIE FHAmELRA

® ELFA7IfA 2020 iE ¥ 45 F Charles M. Rice

AP BRI EMI TR F ST AR LT HIX, WANASEL LT AP Lab, AP
HILHEEEEEZRKYF (University of Tiibingen) k1 T AMFF LB LF(L, H
T A B AR BT K E KRBT E A5 FT (Howard Hughes Medical Institute) fafZ[E
B EEEEEEMN K F N (German Cancer Research Center) #% 73|, HEREERAF
REREFELFN. AR E R R ARG LRORR RN LR, B3 RAE.
AR EREMER. MR N AR TRE . D TREFE/ KRB A 454
Bl IR RIS HAR, BEARMDNESER, FATHTMTRALMRRS. AP &K
&7 A EA -G g EA R AN 4 % (Kimberly Lawrence Cancer Research Discovery
Fund Award ). XEEGLHFFEMA WA HNL T ERA KX B X (Astella’s Young
Investigator Award). EEFEE 4SS MEWIFIE%#% (Liver Scholar Award). F#[E
T A W) F 2K B B B - AR R 2 A% (Merck Irving Sigal Memorial Award). &
ERSFEFRBRG-FEMAL. ARG RE-LERFLFTFARAL. XERELLHR
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A.P. is currently a tenured professor in the Department of Molecular Biology at
Princeton University, where he leads the A.P. Lab. He completed his Bachelor’s
and Master’s degree in biochemistry at the University of Tubingen, Germany
including additional training the Howard Hughes Medical Institute at the
University of Washington, Seattle, and at the German Cancer Research Center in
Heidelberg, Germany. A.P. completed his Ph.D. in Immunology at Memorial Sloan-—
Kettering Cancer Center/Cornell University and postdoctoral training at the
Rockefeller University. Prior to joining the Department of Molecular Biology at
Princeton University in 2013 he was a research associate professor at the Center
for the Study of Hepatitis C at the Rockefeller University. His research focuses
on immune responses and pathogenesis to human infectious diseases, including
hepatitis viruses, related flaviviruses, and malaria. His group combines tissue
engineering, molecular virology/pathogenesis, and animal construction, to create
and apply innovative technologies including humanized mouse models for the study
and intervention of human hepatotropic infections. In recognition of his work he
received the Kimberly Lawrence Cancer Research Discovery Fund Award, an Astella’s
Young Investigator Award from the Infectious Disease Society of America, a Liver
Scholar Award from the American Liver Foundation, the Merck Irving Sigal Memorial
Award from the American Society of Microbiology, the Loffler—Frosch Prize from
the German Society of Virology, the Young Investigator Award from the Theobald
Smith Society, the Research Scholar Award from the American Cancer Society, and
an Investigator in Pathogenesis Award from the Burroughs Wellcome Fund. A.P. is
a member of the Genomic Instability and Tumor Progression Program at the Cancer
Institute of NIJ.
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Linguistic Encoding: Writing Systems, Emojis and Signs
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Language is different for each individual because every pattern, symbol, word,
and font carries unique meanings for each person. For example, in Japanese
culture, bringing together one’s hands signifies gratitude, whereas in Western
countries, people might associate this gesture with religious prayer or personal
spirituality. Apart from cultural differences that lead to varied interpretations,
personal experiences also introduce significant disparities. After all,
introverted and extroverted personalities, as well as individuals with
progressive or conservative attitudes, develop different approaches to navigating
life due to their diverse experiences. As a result, the concepts associated with
language in their minds can also differ. It’s precisely due to these subtle
changes that language, in terms of the meanings conveyed through words, is in a
constant state of evolution.
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1. The Linguistics of Writing Systems: Syllabaries vs Logograms
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2. The Linguistics of Writing Systems: Consonants vs Vowels
3. The Linguistics of Whistled and Drum Languages: Tones vs Segments

4, The Linguistics of Sign and Gesture: Iconicity, Articulation, and

Transcription

5.The Linguistics of Pictorial Images: Cave Art vs Emojis

6. The Linguistics of Literary: Language in the Verbal Arts

7. Evolution of Writing Systems: From Ancient Scripts to Digital Communication
8. New Frontiers: Minimalism, Connectionism, and Animal Linguistics
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9. Cognitive Revolution and Mathematical Foundations of Language

10. Structuralism, Universals across Language, and Converging Evidence
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A.N. received dual bachelor’s degrees in Cognitive Science and Computer Science
from MIT in 2000 and a Ph.D. in Linguistics from MIT in 2004. He was a tenured
professor at Harvard University from 2008 to 2010 and has been at University
College London since 2012. He co-chairs the Program Committee of the Linguistic
Society of America and advises on theoretical linguistics at Oxford University.
He is also a reviewer for the National Science Foundation. In 2019, he was
appointed ""Qiushi"" Honorary Professor at Zhejiang University. His research
spans linguistics, cognitive and computational psychology, anthropology,
neuroscience, and biopsychology. Notable publications include ""Locality in Vowel
Harmony, "" ""Rules, Constraints, and  Phonological Phenomena, "" and
""Inflectional Identity."" His interests include phonological and morphological
theory, minority languages, emergent sign languages, conjunction agreement,
ellipsis, and harmony in vowels and consonants.
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The Silk Road in Global History
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The Silk Road, usually refers to the Land Silk Road, and is more broadly divided
into the Land Silk Road and the Maritime Silk Road. The importance of the Silk
Road goes beyond mere commerce and trade. It serves as a bridge between different

civilizations and creates opportunities for people of various cultural, religious
and historical backgrounds to understand and communicate with each other. The
Silk Road not only facilitated the exchange of commodities such as silk, spices,
and precious stones, but also the spread of knowledge, art, philosophy, and
religious beliefs.
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1. The Central Eurasian Bronze Age
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2. The Scythian Complex

3. Empires and the Silk Road
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4. The Xiongnu and Nomadic Political Economy
5. Nomadic Empires

6. The Sogdian Mercantile Network

7. Indian Ocean Commerce

8. Early Islam and the Silk Road

9. Religions alongthe Silk Road, II

10. The Rise of Islam
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R.P. is currently a tenured professor in the History Department at the University
of Chicago, and is regarded as one of the most distinguished scholars in the
field of East Asian historical and cultural studies. He holds a Ph.D. in History
from Princeton University. R.P. 1is the recipient of the prestigious Jacques
Barzun Prize in American Cultural History, and his work ""A State of Mixture""
has garnered widespread acclaim in academia. He has also been honored with
several significant awards from organizations such as the Phi Beta Kappa Society
and the German Academic Exchange Service (DAAD). R.P. combines historical
analysis with religious studies and cultural anthropology. His research reveals
the intricate cultural amalgamation among different religious and ethnic groups.
His publications, such as ""Desigualdades Antiguas"" and ""The Limits of Empire
in Ancient Afghanistan,"" delve into socio—economic dynamics and power structures

in ancient societies.
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How People Learn: An Investigation into Theories of Learning
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In ""Effective Learning, "" Ulrich Boser emphasizes, ""Learning how to learn will
be what experts call the “ultimate survival skill,” the key ability that surpasses
all other skills in modern society."" This viewpoint vividly underscores that
learning how to learn is more crucial than mastering specific knowledge. Future
talents need to possess two key abilities: firstly, the capacity to solve
""unstructured problems,"" which entails addressing questions without pre—
established answers; secondly, the ability to discern information, uncover hidden
connections from existing data, and propose fresh insights. This implies that
students must not only acquire knowledge but also grasp learning methods,
strategies, and skills to effectively confront the ever—changing challenges of
the future.
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1. Uncovering Your Own Tacit Theory of Learning

2. Understanding Learning as a Process of Behavioral Modification

3. Understanding Learning as a Cognitive Process

4, Understanding Learning as the Process of Actively Constructing Reality
5.Understanding Learning as a Cultural Process

6. Understanding Learning as an Ecological Process

7.Understanding Motivation’s Role in Learning

8.Social Emotional Learning (SEL) and its role in Learning Environments
9. How Theories of Learning Impact Teaching

10.Revisiting Our Own Theories About How People Learn
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S.K. is a tenured faculty member at the Graduate School of Education, University

of Pennsylvania, where she serves as the Director of the Collaboratory for

Teaching and Teacher Education and as the Research Lead for the Philadelphia

Education Research Lab. Previously, she held the position of Senior Researcher

at the Mentor Lab at the University of Washington, focusing on K-12 education.
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Her research primarily revolves around assisting teachers in translating their
beliefs in justice and equality into actionable teaching practices. She has
received funding for her research from organizations such as the Spencer
Foundation, the James S. McDonnell Foundation, and Lucas Education Research.
Additionally, she has served as a member of the editorial boards for leading
educational research journals, including the American Educational Research
Journal and Reading Research Quarterly. Her work has been published in esteemed
academic journals such as the American Educational Research Journal, Educational
Researcher, Cognition & Instruction, Teachers College Record, Journal of Teacher
Education, and Teaching and Teacher Education. Furthermore, she is a co—author
of the book ""Core Practices for Project—-Based Learning: A Guide for Teachers

and Leaders."
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Communication through Social & Digital Media
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The rapid rise of digital media has profoundly transformed the way people access
information and engage in social interactions. Social media platforms such as
TikTok and Facebook have become widely used tools for global communication,
shaping social culture and influencing public opinion. The study of the
dissemination strategies and media discourse on these platforms has become
crucial to better understand the dynamics and patterns of information
dissemination in the digital age.

The dissemination strategies of Short video platforms like TikTok, including
content creation, algorithmic recommendations, and user interactions, play a
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critical role in shaping the flow, diffusion, and audience exposure of
information. Simultaneously, a variety of viewpoints and voices emerge on digital
media platforms, leading to complex media discourse phenomena. Understanding the
formation, evolution, and impact of these discourses helps unveil the role of
social media in the process of public opinion formation. Through an in-depth
study of the dissemination strategies and media discourse on platforms like
TikTok and Facebook, we can gain a better grasp of the contours of information
dissemination in the digital media era, providing robust support for future media

strategies and opinion guidance.
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1. Introduction to Social Media and Media Theories
2. Disinformation vs. Ethics& Media Literacy

3. Media Literacy in the Digital Age

4. The Evolution of Social Media Platforms

5. Ethical Dilemmas in Social Media Communication
6. Data Privacy and Security in Social Media

7. Impact of Social Media on Identity and Self-Presentation
8. Fake News and Disinformation Campaigns

9. Digital Activism and Social Change

10. Emerging Trends and Crisis Communication in Social Media
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S.M. received her bachelor’s degree from Yale University in 1979, and went on to

earn her master’s and doctoral degrees from Harvard University in 1985 and 1987
respectively. She is the director of the International Center for Media and the
Public Agenda (ICMPA) and the co—founder of Salzburg Academy on Media and Global
Change. ICMPA, under Moeller’s direction, conducts studies of global media
coverage of international news. As an individual researcher, S.M. has authored
numerous major media studies, such as “Media Coverage of Weapons of Mass
Destruction” and “Government, Media and Human Rights” and so on. She is the
author of the authoritative work on journalism, “Packaging Politics: Political

News in America”.
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