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1. A REVOLUTION IN THE MAKING



Industrial Revolution (1760-1840)
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Courtesy of Schoolshistory.org.uk
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The Rise of “Knowledge Work”

In Landmarks of Tomorrow, Peter Drucker, 1959

“A knowledge worker is someone whose job
requires them to think for a living.”
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Deep Learning Large Language Models (LLMs)
e.g. GPT-4

Computers

LAM Courtesy of Arithmomuseum.com, computerhistory.org, novolo, thegradient.pub, Vaswani, Ashish, et al. “Attention is all you need”, NIPS 2017 STANFORD



Why are Large Language Models (LLMs) Significant?

A lot of the world’s knowledge s
In the Written Word

LLMs will lead to a
Revolution in Knowledge Work

LAM STANFORD



ChatGPT: Infroduced Nov 2022

Smallest Number of Months to 100M Users

ChatGPT TikTok Instagram  Pinterest  Spofify Telegram
2 9 30 4] 55 61
100M ? ©
/5M
50M
25M
Months from launch

OM

Source: Sequoia
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Are We There Yefte
ChatGPT: US Medical Licensing Exam Pass!

GPT-4: Uniform Bar Examination Pass!

Can we provide affordable medical and legal servicese

Lawyer Used ChatGPT In
Court—And Cited Fake Cases. A
Judge Is Considering Sanctions
padriisi =3

https://journals.plos.org/digitalhealth/article2id=10.1371/journal.pdig.0000198
LAM https://papers.ssrn.com/sol3/papers.cfm2abstract_id=4389233 STANFORD



Meta Galactico
Assistant for scientific articles

Withdrawn after 1 day!

LAM STANFORD
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Examples of GPT-3 Answers

Question:  “What is the biggest country in Europe by population?”
GPT-3: “Germany”
Answer:  “Russia”
Question: “where does the name Melbourne come from?”
GPT-3: “Melbourne comes from the Latin word ‘melburnum’
meaning ‘blackburn’ or ‘blackbird’
Answer:  “Melbourne is named after William Lamb,
2nd Viscount Melbourne”

Users must fact check all the answers!

STANFORD



ChatGPT (7/2/2023)

+ Conversational
- Hallucinates on long-tail info
With details and conviction

1978 Hinton, G. E. Where did Geoff Hinton get his PhD? g
Relaxation and its role in vision.

PhD Thesis, University of Edinburgh.

'E:..:l' Geoffrey Hinton received his PhD in Artificial Intelligence from the University of Edinburgh in

1978. His doctoral thesis was titled "Relational Learning of Pattern-Matchable Templateq".

Hinton is widely regarded as one of the pioneers of deep learning and has made significant
contributions to the field of artificial intelligence and machine learning throughout his career.

LAM STANFORD



Can We Just Train a bigger/better LLM
to eliminate hallucination?

Generative Al = Hallucination



1. A REVOLUTION IN THE MAKING

LLMs can bring about a Knowledge Revolution
But not yet!
Be careful with what you do with it!



2. FOUNDATION FOR THE KNOWLEDGE REVOLUTION



Elevate LLMs from advisory tools
to essential, reliable services.

Automarte routine.

Elevate expertise.



We All Have an “LLM" in Our Brain!

e Qur“LLM": Speech area

primary sensory area

° P re fro n -I-O | C Or-l- ex primary motor are'fl\ P { “ secondary motor

and sensory area
anterior speech area

posterior speech area

/ (Wernicke’s area)

secondary

/visual area

* Planning 77 Q
* Monitoring external signals \\ i

secondary auditory area

(Broca's area)

e |nhibition and attention efontl cortex \

e Work with long-term memory

© 2013 Encyclopadia Britannica, Inc.

e Damaged prefrontal cortex 2
“Speak without thinking”

LAM STANFORD



Large-Language Model (LLM)
is a speech center”
— natural language skills

This Course
adds the “prefrontal cortex”
(executive control)
— cognitive (knowledge) skills

18



Learning NL vs. Cognitive Skills

 Humans learn NL through repetitive (neural) training
(5 year olds)

e Humans learn general cognitive skills from teachers
(20 year olds)

 Can handle different tasks without millions of examples
e.g. a call agent for different companies

e How do humans teach cognitive skills?

LAM STANFORD
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Bloom’s Taxonomy
Education Objectives in Cognition Domain

Explanations of Objectives

Produce new or original work
e Design, assemble, construct, conjecture, develop, formulate, author, investigate

Justify a stand or decision
eva I uate appraise, argue, defend, judge, select, support, value, critique, weigh

Draw connections among ideas
differentiate, organize, relate, compare, contrast, distinguish, examine,
experiment, question, test

analyze

Use information in new situations
execute, implement, solve, use, demonstrate, interpret, operate,
schedule, sketch

Explain ideas or concepts
classify, describe, discuss, explain, identify, locate, recognize,
understand JoEmEen

Recall facts and basic concepts
define, duplicate, list, memorize, repeat, state

LLMs are good at “remember”, and not reliable otherwise

STANFORD



Ditferent Skills - Different jolos

Jobs Skills

A Researchers, Investigative journalists Qualitatitive
coding
evaluate  Compliance officers, auditors, judges Formal reasoning
KB retrieval

Data scientists, Journalists, Recruiters

analyze

Literature review

Instruction

Customer support, Sales following

LAM STANFORD
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How To Teach LLMs Cognitive Skillse

Emulate what humans do step by step algorithmically

LAM STANFORD



Lesson 1: Reading

 RAG: Retrieval augmented generation
e Commercial example: Bing Chat
 Problems
1. Only 58.7% of the facts are grounded in retrieved info*

e GPT-4 hallucinates
when retfrieved info does not answer the question

2. Answers are dry, nof conversational

*Nelson F. Liu, Tianyi Zhang, and Percy Liang. Evaluating verifiability in generative search engines. ArXiv:2304.09848. 2023.

LAM
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Example: How to Look Up Info Today?

3. Ask GPT
4. Dissectinto claims
5. Fact-check each claim
e Search internet with claim

1. Search internet with query T _
2. Filterirrelevant info * Filterincorrect claim

=

6. Draft
/. Refine

Use multiple, easy LLM steps to consult external data

LAM STANFORD



Generate and Verify

3. GPT: Christopher Nolan is known for his meticulous casting
choices. He often casts well-known actors in his films, and this
time he has selected Tom Hanks and ... Michael Caine.

Retrieve->1. Summarize, 2. Filter .
4. Extract claims:

* Much of the Oppenheimer * Christopher Nolan is known for his meticulous casting choices.
(2023) movie’s cast signed on « Christopher Nolan often casts well-known actors in his films.
between September 2021 and * Tom Hanks stars in the Oppenheimer (2023) movie.

April 2022. * Michael Caine stars in the Oppenheimer (2023) movie.

* Cilian Murphy is to play as

Robert Oppenheimer in the hei H lan is k for hi -l . hoi
Oppenheimer (2023) movie. C r!stop er Nolan is known for his meticulous cas.tmg choices.
* Christopher Nolan often casts well-known actors in his films.

5. Filter incorrect claims:

Answer \/

6. Draft: Cillian Murphy has been cast to play Robert Oppenheimer in Christopher Nolan's
"Oppenheimer" movie. Christopher Nolan is known for his meticulous casting choices and often casts
well-known actors in his films. The movie's cast was signed on between September 2021 and April 2022.

7. Refine: Christopher Nolan has cast Cillian Murphy as the titular role of Oppenheimer, keeping with
his tradition of meticulous casting choices. I’m sure it will be an excellent film!

LAM STANFO



Internalizing a Knowledge Skill

Slow,
multiple calls »output
to LLMs o
> (D
} Fine-tune
1. Think slowly. Fast LLM
2. Many Practices
3. Play quickly Procedure to learn harder and harder skills

On smaller, local LLMs for confidentiality & efficiency

Image source: Inc.com

LAM STANFORD



10+ Calls to GPT-4!

e Distill GPT-4 to LLaMA (7b parameters)
e Expt: WikiChat — based on Wikipedia

Model Time
WikiChat with GPT-4 26.65
WikiChat with LLaMA (7B parameters) /.65

WikiChat with LLaMA behaves like WikiChat with GPT-3.5

(6% lower)

LAM

STANFORD
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Evaluation with Real Users

User study: User reads the first sentence of a new Wikipedia page

Model User Rating (out of 5) Factuality
GPT-4 3.4 42.9%
WikiChat using GPT-4 3.8 97.9%

e GPT-4: Users not aware that over half of the statements are false

STANFORD
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()] WIKIMEDIA FOUNDATION 2024

Research Award of the Year

RECOGMIZED PUBLICATION

WikiChat: Stopping the Hallucination of Large Language
Model Chatbots by Few-Shot Grounding on Wikipedia

AWARDEDTO

Sina J. Semnani, Violet Z. Yao, Heidi C. Zhang, and Monica S. Lam

Leila Zia Benjamin Malko Hill
Research Award Committee ca-chalr Research Award Committee co-chalr
Wikimedia Foundation Unitversity of Washingtan

hitpairesearchwikimed inomg/asands html

STANFORD



Live Demo: https://wikichat.genie.stanford.edu/

Query & Retrieve

WTklchat

Summarize, Filter, Fact-Check, Generate

Semnani, Sina et al. WikiChat: Stopping the Hallucination of Large Language Model Chatbots by Few-Shot Grounding on Wikipedia, EMNLP Findings 2023
LAM Silei Xu et al. Fine-tuned LLMs Know More, Hallucinate Less with Few-Shot Sequence-to-Sequence Semantic Parsing over Wikidata. EMNLP 2023 STANFORD



Summary: Learning How to Read

e Exploit LLM capabilities

e Generative power, general understanding of the world

e NLP skills: summary, filter claim splitting, entailment
e Butlimit use of LLMs:

* Fact-check LLM-result claim by claim

e Short paragraphs only

Do notlet it Y*answer questions” directly, or it will hallucinate
e The devilis in the details:

E.g. LLMs do not understand time (3 students, 3 months)

It is worth it! Reading without hallucination is key to knowledge processing

LAM STANFORD



Agent Architecture

This Course
adds the “prefrontal cortex™ e Executive control:
(execuftive control) A software program that
— cognifive (knowledge) skills implements the Reading
Executive Control Pipeline
{ e« Calls LLM as NL subroutines
LLM
e Interfaces to external
i system components
e ) e.g. Wikipedia

LAM B STANFORD



2. FOUNDATION FOR THE KNOWLEDGE REVOLUTION

Bloom’s taxonomy: a hierarchy of objectives in the cognitive domain
LLM is analogous to our speech center, lacks executive control

Executive control: a software program to implement a cognitive skill
(controls the LLM as a subroutine)



3. CS224V COURSE



LAM

Design of CS224V

* Focus: Tools for General Cognitive Skills
To make building reliable assistants easily by non Al-experts

 Approach: Application-driven research

1. Create a new LLM-based cognitive skill
by modeling human processes

e Implement as a tool
* Experiment with an initial application
2. Improve the tool by applying it fo many different apps

STANFORD



Course Objectives

Learn and advance the state of the art (SOTA)
1. 2 Homeworks to bring everybody onboard with SOTA tools
2. Lectures on techniques of LLM-based conversational agents
3. Supervised quarter-long project
e Develop new tools; enhanced existing tools (with app)

 Create a new app and evaluate

LAM STANFORD



CS224V in 2023

e WikiChat tool was available to the class

e Homework in week1: a non-hallucinating chatbot

® ReSUH Of The course Executive Control
1. 2 publications ¢
LLM
2. Ground work for 3 other publications $

3. Live demos on https://oval.cs.Stanford.edu L5

LAM STANFORD



Tools Avoilab%for CS224V In 2024

. ! _ suQL:
Question answering The first query language for
Collaborative report writing structured & unstructured data.

Cross-referenced browsing

Conversational Agent

Genie Worksheet:

The first specification language
v v
C for task and knowledge bots.
orpus L
Documents

WIKIDATA

Knowledge Bases
Genie Worksheet

38


https://arxiv.org/abs/2407.05674v1
https://arxiv.org/abs/2311.09818
https://arxiv.org/abs/2311.09818
https://arxiv.org/abs/2407.05674v1

Available Skills in the Bloom Taxonomy

Jobs Skills
A Researchers, Investigative journalists Qualitatitive
coding
evaluate Compliance officers, auditors, judges Formal reasoning

KB retrieval

Data scientists, Journalists, Recruiters : .
Literature review

analyze

Conversational

Customer support, Sales Agent

LAM STANFORD
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Homework 1: Automatic Data Curation

Going beyond Q & A ...

e Storm: Writes a Wikipedia-like article from scratch
* By researching the internet

e« Co-Storm:
e Add collaboration to Storm

*  Your homework: Use co-Storm on ArXiv
e Learn how to work with LLM-based pipelines

* Discover issues in working with specialized domains

LAM STANFORD



Release of TORM
« Released 7/10/2024

«  Without self promotion
6 Stanford's - Organic YouTube videos

SECRET Al% _ = First month traffic

RESEARCH TOOL - e

TURN ANY TOPIC INTOA o

ER FOR FREE 7]
RESEARCH PAP i 1

« General
« Applicable to any domain

“Perplexity Pages alternative but it is insanely better.”

>,
tg; AlCodeKing
Demo at: https://oval.cs.Stanford.edu
LAM 41 STANFORD



Homework 2. Create an Agent

 The classical use of NLP is a conversational agent
» The Genie Worksheet lets you create a powerful agent with a small number of lines of code
* Task-oriented: e.g. enroll in courses
* Knowledge-oriented: e.g. answer questions about courses
e Homework2:
e OfCourse is a course advisor prototype for the Al track of CS MS
 Extend OfCourse to cover other programs in CS MS
* Purpose: Exposure to tools for developers and learn their strengths/weaknesses in real life

* Note: The practice is very different from typical NLP papers (80% accuracy is not usable)

LAM STANFORD
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DEPARTMENT OF COMPUTER SCIENCE
MSCS Program Sheet (2023-24)
Artificial Intelligence Specialization

Name: Adviser: Drate:
Propoesed date for
Student ID#: Email: degree conferral: HCP? Coterm?

GENERAL INSTRUCTIONS: Before the end of vour first quarter, complete a program sheet by filling in the number, name and units
of cach course you intend to take for your degree. Program sheets, as well as foundation course waiver forms, may be submitied
clectronically on the Gates Information Network at hitp:/(gin stanford.edu’ using your €3 ID and password (click on the *Dashboard”
link}. See http:/cs.stanford. edw'degreea mses' programshects| for detailed instructions.

FOUNDATIONS REQUIREMENT: Y ou must satisfy the requirements listed in each of the following arcas; all courses taken elsewhere
must be approved by your advisor via the foundation course waiver form. Do not enter anything in the “Units” column for courses
taken clsewhere or for Stanford courses counted towards your undergraduate degree.

Required:
Logic, Automata & Complexity (CS103)

Equivalent elsewhere {course numbers/lstles/institution) Grade  Units

Frobability (CS109, Statl 16, CME106, MS&EZ20,
or EELTE)

ARTIFICIAL INTELLIGENCE DEPTH

All depth courses must be taken for a letter grade® for 3 or moere units. A maximum of & units of CS 399 Independent Study may be
counted towards the depth. Any deviations from the smm! reqnlw:mcnl! st be noted and approved by your advisor in the Advisor
Notes box provided (meaxis of one advi allowed). Courses taken for your Stanford undergraduate degree do
not need to be repeated. Enter course selection in lhc table below:

a) C8 221 {students with equivalent course work may waive with advisor
approval)

) At least four oft C5 2234, 224N, I24R, 2248, 224U, 224V, 224W, 128, 2129,
2314, 231N, 234, 2374, 2378, 138

<) A total of at least 21 units from categories (a), (b) and the following: CS 2051,
224C, 224R, 225A, 2278, 2398, 2298, 130T, 330, 233, 235, 236, 239, 246, 257,
270, 271, 173A/2T3A, 2738, 274, 275, 279, 281, 293, 322, 324, 324H, 3238,
326, 32TA, 328, 320 (any suffix), 330, 331, 332, 333, 336, 3481, 348N, 353, 361,
368, 371, 375, 37T+ (any suffix), 379F (any suffix), 398, 3991, 428, 4288,

Advisor Notes

432; EE 263, 276, 278, 3644, 364B, 377, ENGR 205, 2094; MSEE 226, 252;
PEYCH 209; STATS 202, 3154, 31 5B (courses with ¥ notation reguire approval of MS advisor)

Title {Depth courses must be taken for at least 3 units.) Grade Units

Course number

Algorithmic Analysis (CS161)

Computer Organ & Sys (CS107 or 10TE)

Principles of Computer Systems (C85111)

TOTAL UNITS USED TO SATISFY FOUNDATIONS REQUIREMENT (May not exceed 1W0unie) [ |

SIﬂNIHc!NT IIIPLEIIEN'I'A'I‘ION REQUIREMENT: At least one course in your MS program should be designated as satisfying the
Mote that this course will also be used to satisfy some other requirement (Le., Depth, or
'El.ccllw:}. Must be taken for a letter grade.* must be taken at Stanford. Coterm students who took two of these courses at Stanford as
undergraduates may waive this requirement. Deviations must be approved by the faculty director of the MS program, Cynthia Lee.

Course Number: Tithe: Grade

: CS 140, 140E, 143, 144, 145, 148, 151,

190, 2108,
BREADTH REQUIREMENT: Three courses, with each course chosen from a different Breadth area A, B, C or D. Breadth courses
may not be waived, must be taken for at least 3 units cach, and must be completed for a letter grade* Each of the three Breadth

courses must be from different Arcas. Note that these courses will also be used to satisfy some other requirement (i.e., Depth or
Elective). Letter grade only.®

Course Number: Titbe: Girade

Area A Formal Foundations: CS 154, 157, 166, 168, 2051, 2297, 250, 254, 2548, 255, 256, 257, 258, 2500, 261, 263, 265, 2691,
328, 331, 334A, 354, 355, 359D, 3690; EE 3644, 364B; Phil 251

Area B. Leaming and Modeling: CS 1734, 205L, 221, 223A, 224N, 224R, 2248, 224U, 224V, 224W, 2278, 228, 219, 22098, 229T,
230, 231 A, 231N, 233, 234, 236, 237A, 2378, 248A, 2488, 271, 272, 273A_ 273B, 274, 279, 281, 326, 329D, 329X, 330, 332, 333,
348A, J4EB, 348C, B48E, 3431, 348N, 371, 373

Area C. Systems: C5 112 (with CS111 as prereq), 140E, 143, 144, 145, 149, 155, 212, 240, 401X, 242, 243, 244, 244B, 245, 246,
2491, 316, M4BK, 356, 358; EE 180, 282, 382E

Area D. People and Society: C5 147, 148, 152, IBL/W, 182/W, 194H, 206, 247 (any suffix), 256, 2691, 278, 281, 329T, 329X, 147,
377 (any suffix), 384, 448B; AMSTUD 145; ANTHRO 132C, 132D; COMM 254, 266, 286, 324; DESIGN 255; EARTHSYS 213;

EDUC 315A; ENGLISH 184D, HISTORY 244F; INTLPOL 268; LAW 4039; ME 177, MS&E 193, 231, 234, 254; POLISCI 1304,
PUBLPOL LO3F for 3 units, 3338

TOTAL DEPTH UNITS APPLIED TO MSCS (must total at least 21 units) Letter grades only. *

ELECTIVES

List here any additional courses used to complete the 45-unit requirement for the MSCS degree. You may count up to a maximum of 3
units of 1-2 unit seminars offered in the School of Engineering. All other electives must be taken for 3 of more units. CS courses
numbered above 111, excluding C3 161A, 196, C8198, and CS390A/B/C, can be used as M3 electives. Non-C8 courses must be
technical courses numbered above 100, related to the degree program, and approved by the advisor and the MS program administrator.
Nove that CF 129 may roi be counfed towards the MS i C8 229 is being counted towards any B or M5 requirement.

Course number Title ‘Grade Units

TOTAL ELECTIVE UNITS APPLIED TO MSCS

TOTAL UNITS APPLED TOMSCS | |
ADDITIONAL REQUIREMENTS
= All courses submatted far Hu: MSCS degree must be numbered 100 or greater.
» At most 10 umits of F courses mmay i toward your 45 units.
= AL most 3 undls of 1-2 uml::mmmmny e counted toward your 45 unils.
= AR least 36 umits submatted For the MSCS degree, meluding all courses taken for breadth and depth, must be taken For a letler grade ®
* The average grade in the courses submitted for the MSCS must be at leasta B 3.0 m Stanford's GPA scale).
» Units previcusly applied toward BS requirements may nol alse be counted toward the MSCS.
» You must complele 21 least 45 graduste units at Stanfird before receiving the MSCS degree.

*All classes taken Spring 19-20 and Fall through Summer 20-21 for a CR or 8 grade will satisfy MSCS requirements as if taken fora
letter grade.

Advisor's si Trate:

STANFORD



Computational

Biology

LAM

DEPARTMENT OF COMPUTER SCIENCE
MSCS Program Sheet (2023-24)

Computational Biology Specializati
Mame: Adviser: Dae:
Proposed date for
Student ID#: Enmail: degree conferral: HCP? Coterm?

GEMERAL INSTRUCTIONS: Before the end of your first quarter, complete a program sheet by filling in the number, name and units
of cach course you intend to take for your degree. Program sheets, as well as foundation course waiver forms, may be submitted
clectronically on the Gates Information Network at hitp://gin.stanford edu’ using your C3 1D and password (elick on the *Dashboard”
link}. See htyp/cs stanford.edu/degr hy ide2324, pdf for detailed instructions.

FOUNDATIONS REQUIREMENT: You must satisfy the requirements listed in each of the following areas; all courses taken elsewhere
must be approved by your advisor via the foundation course waiver form. Do not enter anything in the “Units” column for courses
taken elsewhere or for Stanford courses counted towards your undergraduate degree.

Logic, Automata & Complexity (C5103)

Required: Equivalent elsewhere (course numbers/tsiles/institution} Grade  Units

Probability (CS109, Statl 16, CME1 06, MS&E220,
or EEITE)

COMPUTATIONAL BIOLOGY DEPTH

All depth courses must be taken for a letter grade® for 3 or more units. A maximam of & units of CS 399 Independent Study may be
counted towards the depth. Any deviations from the stated requirements must be noted and approved by your advisor in the Advisor
Motes box provided {maximum of one advisor-approved deviation allowed), Courses taken for your Stanford undergraduate degree do
not need to be repeated. Enter course selection in the table below:

a)  Oneof: C5 173A, 273A (students with cquivalent coursework may waive with the approval of their advisor)

by 8221

At least two oft C5 142 (or 1471 or 193X), 145, 246, 4488

d) At least three of: €S 279, 371; BIOMEDIN 210, 214, 215, 217, 219, 220, 222, 260,
273B; IMMUNOL 207

¢} A total of at least 21 units from categories (a), (b}, (c), (d) and the following: CS 124,
131, 147, 148, 154, 166, 168, 183, 224N, 224W, 228, 229, 2208, 2295, 22T, 230,
231N, 234, 238, 2482484, 353, 399; BIO 183, 187, STATS 215, 256

Advisor Notes

Course number Title {Depth courses must be taken for at least 3 units.}

Algorithmic Analysis (CS161)

Computer Organ & Sys (C3107 or LOTE)

Principles of Computer Systema (CS111)

TOTAL UNITS USED TO SATISFY FOUNDATIONS REQUIREMENT (May not exceed W0umite) [ |

SIGNIFICANT IMPLEMENTATION REQUIREMENT: At lcast one course in your MS program should be designated as satisfying the
Significant Implementation Requirement. Note that this course will also be used to satisfy some other requirement (ic., Depth, or
Elective). Must be taken for a letter grade,* must be taken at Stanford. Coterm students who teok two of these courses at Stanford as
undergraduates may waive this requirement. Deviations must be approved by the faculty director of the MS program, Cynthia Lee.

Course Number: “Title: Grade

I ]

des C5 140, 140K, 143, 144, 145, 148, 151,

BREADTH REQUIREMENT: Three courses, with each course chosen from a different Breadth arca A, B, C or D. Breadth courses
may not be waived, must be taken for at least 3 units each, and must be completed for a better grade.® Each of the three Breadih
courses must be from different Arcas. Mote that these courses will also be used to satisfy some other requirement {ic., Depth or
Elective). Letier grade only.®

Course Namber: Tidle: Cirnde

Area A. Formal Foundations: CS 154, 157, 166, 168, 2051, 220T, 250, 254, 254B, 255, 256, 257, 258, 259, 261, 263, 265, 2691,
328, 331, 3344, 354, 355, 359D, 3690; EE 3644, 364B; Phil 251

Area B. Leaming and Modeling: CS 1734, 205L, 221, 223A, 224N, 224R, 2248, 224U, 224V, 224W, 2278, 128, 229, 2198, 229T,
230, 231A, 231N, 233, 234, 136, 2374, 23T, 2484, 2488, 171, 272, 1734, 273, 274, 279, 2K1, 326, 329D, 329X, 330, 332, 333,
348A, H4BB, J48C, 148E, 3481, BN, 371, 373

Area C. Systems: CS 112 (with CS111 as prereq), 140, 143, 144, 145, 149, 155, 212, 240, 240LX, 242, 243, 244, 244B, 245, 246,
2401, 316, 348K, 356, 358; EE 180, 282, 382E

Area D. People and Society: C5 147, 148, 152, 181/W, 182/W, 194H, 206, 247 (any suffix), 256, 2691, 278, 281, 320T, 320X, 347,
377 (any suffix), 384, 448B; AMSTUD 145; ANTHRO 132, 132D; COMM 254, 266, 286, 324; DESIGN 255; EARTHSYS 213;
EDUC 3154; ENGLISH 184D, HISTORY 244F; INTLPOL 268; LAW 403%; ME 177; MS&E 193, 231, 234, 254; POLISCI 1504;
PUBLPOL L03F for 3 units, 3538

TOTAL SPECIALIZATION UNITS APPLIED TO MSCS (must total at least 21 units) Lemer grades only. *

ELECTIVES

List here any additional courses used to complete the 45-unit requirement for the MSCS degree. You may count up to a maximum of 3
units of 1-2 unit seminars offered in the School of Engineering. All other electives must be taken for 3 or more units, CS courses
numbered above 111, excluding CS 161A, 196, C8198, and CS390A/B/C, can be used as MS electives. Non-C8 courses must be
technical courses numbered above 100, related fo the degree program, and approved by the advisor and the M3 program administrator.
Nave that CF 120 may not be counted sowards the MS i CF 229 i3 being counted sowards any BS or M3 requirenent.

Course number Title Grade Units
TOTAL ELECTIVE UNITS APPLIED TO MSCS
TOTAL UNITS APPLIED TOMSCS ||
ADMTIONAL REGUIREMENTS

= Al courses submatted for the MSCS degree must be numbered 100 or greater.

= Al mest 10 wmits of Foundations requarement courses may be counted toward your 45 units.

= Al most 3 units of 1-2 unit seminars may be counted toward vour 45 unats.

= At least 36 units submitted for the MSCS degree, meluding all courses taken for breadth and depth, must be taken for a letter grade ®
® The average grade in the courses submitied for the MSCS must be at least a B (3.0 m Stanford"s GPA scale).

= Units previously apphied towand BS requirements may nol also be counted towarnd the MSCS.

= You must complete at beast 45 graduste units at Stanford befons receiving the MSCS degree.

“All classes taken Spring 19-20 and Fall through Summer 20-21 for a CR or S grade will satisfy MSCS requirements as if taken for a
Letter gradie.

Adviser's si Date:

STANFORD



Computer and

DEPARTMENT OF COMPUTER SCIENCE
MSCS Program Sheet (2023-24)

N e .I.WOI, k SNQ:C U ri -I-y Computer and Network Security Specialization

LAM

Adviser: Drate:
Proposed date for
Student IDE: Ermail: degree HCPT Coterm?

‘GENERAL INSTRUCTIONS: Before the end of your first quarter, complete a program sheet by filling in the number, name and units
of cach course you intend to take for your degree. Program sheets, as well as foundation course waiver forms, may be submitted
clectronically on the Gates [nfomm‘tmn Network at Iutp Agin.stanford edu’ using your C5 1D and password (click on the *Dashboard”
link). See hitps'es.stanford. d ide2324 . pdf for detailed instructions.

FOUNDATIONS REQUIREMENT: You must satisfy the requirements listed in each of the following areas; all courses taken elsewhere
must be approved by your advisor via the foundation course waiver form. Do not enter anything in the “Units™ column for courses
taken clsewhens or for Stanford courses counted towards your undergraduate degree.

‘COMPUTER AND NETWORK SECURITY DEPTH

All depth course must be taken for a 1cmr grade* for 3 or more units. A maximum of & units of C3 399 Independent Study may be
counted towards the depth. Any devi from the stated must be noted and approved by your advisor in the Advisor
Wotes box provided (maximum of one advisor-approved deviation allowed). Courses taken for your Stanford undergraduate degree do
not need to be repeated. Enter course selection in the table below:

Advisor Notes
4]

2

All of: C5 1400212 {or 140E or 112).f 1441, 155, 235, 356 (students with equivalent
course work may waive T flagged courses with advisor approval)

At least three of: C8 142, 152, 190, 240 (any suffix), 244, 2448, 2491, 253, 261, 265,
340 (any suffix), 355

©} A total of at least 21 units from categories {a), (b) and the following: CS 245, 251,
20451, 3991 EE 3848 (courses with § notation require approval of MS advisor)

b

Course number Title courses must be taken for at least 3 units.) Grade Units

Required: E {coumse numbersAtitles/instituti Grade __Units

Logic, Automata & Complexity (C3103)

Probability (CS109, Statl 16, CME106, MS&EZ20,
or EE1T&)

Algorithmic Analysis (CS161)

Computer Organ & Sys (CE107 or 10TE)}

Principles of Computer Systems (CS111)

TOTAL UNITS USED TO SATISFY FOUNDATIONS REQUIREMENT (May not exceed 10wmise) [ |

SIGNIFIG.IN'I’ HPLEMENTI‘I’M REQUIREMENT: At least one course in your MS program should be designated as satisfying the
Requi Note that this course will alse be used to satisfy some other requirement (i.c., Depth, or

Elective). Must be taken for a letter grade,* must be taken at Stanford. Coterm students who teek two of these courses at Stanford as

undergraduates may waive this requirement. Dieviations must be approved by the faculty director of the MS program, Cynthia Lee.

Course Number: ]TI.I.I:: ] Grade ]

: C8 140, 140E, 143, 144, 145, 148, 151,

1

BREADTH REQUIREMENT: Three courses, with each course chosen from a different Breadth area A, B, C or D Breadth courses
may not be waived, must be taken for at least 3 units each, and must be completed for a letter grade.® Each of the three Breadth
courses must be from different Areas. Mote that these courses will also be used to satisfy some other requirement {ie., Depth or
Elective), Letter grade only.®

Course Number: Tidle: Grade

Area A. Formal Foundations: CS 154, 157, 166, 168, 2051, 229T, 250, 254, 2548, 255, 256, 257, 258, 2590, 261, 263, 265, 2691,
32R, 331, 3344, 354, 355, 359D, 3690, EE 364A, 364B; Phil 251

Area B. Leaming and Modeling: CS 173A, 2051, 221, 223A, 224N, 224R, 2245, 224U, 224V, 224W, 2278, 218, 229, 2198, 229T,
230, 231A, 231N, 233, 234, 236, 23TA, 237B, 248A, 2438, 271, 272, 273A, 2738, 274, 279, 281, 326, 329D, 329X, 330, 332, 333,
J4EA, J4EB, 348C, J48E, 3481, 48N, 371,373

Area C. Systems: CS 112 (with CS111 as prereq), 140E, 143, 144, 145, 149, 155, 212, 240, 400X, 242, 243, 244, 2448, 245, 246,
2401, 316, 348K, 356, 358; EE 180, 282, 332E

Area D, People and Society: C5 147, 148, 152, 181/W, 1827W, 194H, 206, 247 (any suffix), 256, 2691, 278, 281, 329T, 320X, 347,
377 (any suffix), 384, 4488; AMSTUD 145; ANTHRO 132C, 132D; COMM 254, 2646, 286, 324; DESIGN 235; EARTHSYS 213;

EDUC 315A; ENGLISH 134D, HISTORY 244F, INTLPOL 268; LAW 403%; ME 177, MS&E 193, 231, 234, 254, POLISCI 1504,
PUBLPOL 103F for 3 units, 3338

TOTAL SPECIALIZATION UNITS APPLIED TO MSCS (must total at least 21 units) Lerrer grades only. *

ELECTIVES

List here any additional courses used to complete the 45-unit requirement for the MSCS degree. You may count up to a maximum of 3
units of 1-2 unit seminars offered in the School of Engineering. All other electives must be taken for 3 or more units. C5 courses
numbered above 111, excluding C8 1614, 196, CS198, and CS390A/B/C, can be used as MS electives. Non-C8 courses must be
‘technical courses numbered above 100, related to the degree program, and approved by the advisor and the M3 program administrator.
Note that CF 129 may noi be counted fowards the MS (7 C8 229 &z being counted towards any BS or M requirentent.

Course number Title Grade Units

TOTAL ELECTIVE UNITS APPLIED TO MSCS

TOTAL UNITS APPLIED TOMSCS ||
ADMTIONAL REQUIREMENTS
» All courses submatted Farl]m MECS degree must be numbered 100 or greater.
» At most 10 umits of F courses may b 1 toward your 45 units.
® Al most 3 unils of 1-2 unil semimars may be counted owand your 45 units.
= Al least 36 umits submatted Far the M3CS degree, moluding all courses taken for breadth and depth, must be taken for 2 letter grade ®
= Thie average grade in the courses submitied for the MSCS must be at least a B (3.0 i Stanford's GPA scale).
® Units previously applied wward BS reguirements may not also be counted toward the MSCS.
* You must complete a1 least 45 graduste urits at Stanford before receiving the MSCS degree.

*All classes taken Spring 19-20 and Fall through Summer 20-21 for a CR or § grade will satisfy MSCS requirements as if taken for a
letter grad.

Adviser's si : Diate:

STANFORD



Software
Theory

LAM

DEPARTMENT OF COMPUTER SCIENCE
MSCS Program Sheet (2023-24)

Software Theory Specialization
MName: Adviser: Dhate:
Proposed date for
Student ID#: Email: degree HCP?. Coterm?

'GENERAL INSTRUCTIONS: Before the end of your first quarter, complete a program sheet by filling in the number, name and units
of each course you intend to take for your degree. Program sheets, as well as foundation course waiver forms, may be submitted
electronically on the Gates Information Network at Ilttp Aigin, sla.nford.cdu.f using your CS I and password (click on the “Dashboard
link}. See hitp:/es.stanford. edu/d ide2 324, padf for detailed instructions.

FOUNDATIONS REQUIREMENT: You must satisfy the requirements listed in each of the following areas; all courses taken elsewhere
must be approved by your advisor via the foundation course waiver form. Do not enter anything in the “Units™ column for courses
taken elsewhere or for Stanford courses counted towards your undergraduate degree.

uired:
Logic, Automata & Complexity (C3103)

Equivalent elsewhere (course numbers/itles/institution) Grade  Units

SOFTWARE THEORY DEPTH
All depth course must be taken for a letter grade®* for 3 or mose units. A maximum of & units of CS399 Independent Study may be
counted towards the depth. Any deviations from the stated requirements must be noted and

approved by your adviser in the Advisor Motes box provided (maximum of one advisor-
approved deviation allowed). Courses taken for your Stanford undergraduate degree do not Advisor Notes
need to be repeated. Enter course selection in the table below:
a) C5 242 243
b}  Atlcastonc of: CF 221, 244, 245, 341
) Atleast one of: C8 255, 350, 355, 356
d) A total of at least 21 units chosen from categories (a), (b), (¢) or the following: C3
151, 250, 261, 265, 2048, 205, 31 5B, 349H, 357, 3578, 399+ (courses with T
nodation require approval of MS advisor)
Course number Title (Depth courses must be taken for at least 3 units.) Grade Units

Probability (C5109, Statl 16, CME 106, MS&E220,
or EE1TE)

Algorithmic Analysis (CS161)

Computer Organ & Sys (CS107 or 10TE}

Principles of Computer Systems (CS111)

TOTAL UNITS USED TO SATISFY FOUNDATIONS REQUIREMENT (May not exceed 10 wies) [ |

SIGNIFICANT IMPLEMENTATION REQUIREMENT: At least one course in your MS program should be designated as satisfying the
Significant Implementation Requirement. Note that this course will also be used to satisfy some other requirement (i.e., Depth, or
Elective). Must be taken for a letter grade,* must be taken at Stanford. Coterm students who took two of these courses at Stanford as
‘undergraduates may waive this requirement. Deviations must be approved by the faculty director of the MS program, Cynthia Lee.

Course Number: J Tithe: J Lﬂl

ile: C5 140, L40E, 143, 144, 145, 148, 151,

, 231N, 239, 24 A, 2488, 330, and 341,
BREADTH REGQUIREMENT: Three courses, with cach course chosen from a different Breadth area A, B, C or D. Breadth courses
may not be waived, must be taken for at least 3 units each, and must be completed for a lester grade.® Each of the three Breadth
courses must be from different Areas. Mote that these courses will also be used to satisfy some other requirement (i.c., Depth or
Elective), Letter grade only.®

Course Number: Tidle: Grade

TOTAL SPECIALIZATION UNITS APPLIED TO MSCS (must total at least 21 units) Lerter grades only.*

ELECTIVES

List here any additional courses used to complete the 45-unit requirement for the MSCS degree. You may count up to a maximum of 3
units of 1-2 unit seminars offered in the School of Engineering. All other electives must be taken for 2 or more units, CS courses
murnbered above 111, excloding C8 1614, 196, C85198, and CS390A/B/C, can be used as MS clectives. Non-C8 courses must be
technical courses numbered above 100, related to the degree program, and approved by the advisor and the MS program administrator.
Node thar CF 129 may not be cownted towards the MS if CS 229 is being counted fowards any BS aor MS requirement.

‘Course number Title Grade Units

TOTAL ELECTIVE UNITS APPLIED TO MSCS

TOTAL UNITS APPLIEDTOMSCS ||

Area A. Formal Foundations: CS 154, 157, 166, 168, 2051, 2297, 250, 254, 2548, 255, 256, 257, 258, 2590, 261, 263, 265, 2691,
328, 331, 3344, 354, 355, 359D, 3690; EE 364A, 364B; Phil 251

Area B. Leaming and Madeling: CS 1734, 2051, 221, 2734, 224N, 224R, 7248, 2241, 224V, 224W, 2278, 218, 229, 2298, 229T,
230, 2314, 231N, 233, 234, 236, 1374, 23TB, 2484, 2488, 271, 272, 1734, 273B, 274, 279, 181, 326, 329D, 129X, 330, 332, 333,
3484, M4EB, J4C, 348E, 3431, 148N, 371, 373

Area C. Systems: CS 112 (with CS111 as prereq), 140E, 143, 144, 145, 149, 155, 212, 240, 240X, 242, 243, 244, 244B, 245, 246,
2401, 316, 348K, 356, 358; EE 180, 282, 382E

Area D. People and Society: C5 147, 148, 152, 181/W, 132/W, 194H, 206, 247 {any suffix), 256, 2691, 278, 281, 320T, 320X, 347,
377 (any suffix), 384, 448B; AMSTUD 145, ANTHRO 132C, 132D; COMM 254, 366, 286, 324; DESIGN 255; EARTHSYS 213;
EDUC 315A; ENGLISH 184D, HISTORY 244F; INTLPOL 268; LAW 4039; ME 177; MS&E 193, 231, 234, 254; POLISCI 1504,
PUBLPOL 103F for 3 units, 3538

Anm HEGUIREMENTS

* All courses submitted for the MSCS degree must be numbered 100 or greater.

® AL most 10 units of Foundstions requirement courses may be counted toward your 45 units.

® Al mosl 3 units of 1-2 unsl seminars may be counted toward your 45 unsts.

* At least 36 umits subemitted for the MSCS degree, meluding all courses taken for breadth and depth, must be taken for 2 letter grade *
®» The average grade in the courses submitted for the MSCS muat be at least a B (3.0 m Stanford's GPA scaleh.

» Units previvusly apphied toward BS reguirements may not also be counted toward the MSCS.

» You must comphele 2t heast 45 graduale unils at Stanfind before receiving the MSCS degree,

*All elasses taken Spring 19-20 and Fall through Summer 20-21 for a CR or § grade will satisfy M3CS requirements as if taken for a
letter grade.

Advisor's si : Date:

STANFORD



Systems

LAM

DEPARTMENT OF COMPUTER SCIENCE
MSCS Program Sheet (2023-24)

Systems Specialization
Mame: Adviser: Diate:
Propesed date fo
Student ID#: Ermail: degrec : HCP? Coterm?

GENERAL INSTRUCTIONS: Before the end of your first quarter, complete a program sheet by filling in the number, name and units
of cach course you intend to take for your degree. Program sheets, as well as foundation course waiver forms, may be submitted
clectronically on the Gates Information Network at hitp:/gin stanford edu’ using your C3 1D and p d (elick on the *Dashbeard”
link}. See hitpz//cs stanford. edu/degrees/msea programshects paguide 2324, pdf for detailed instructions.

FOUNDATIONS REQUIREMENT: Y ou must satisfy the requirements listed in each of the following areas; all courses taken elsewhere
must be approved by your advisor via the foundation course waiver form. Do not enter anything in the “Units™ column for courses
taken clsewhere or for Stanford courses counted towards your undergraduate degree.

Logic, Automata & Complexity (C5103)

Reguired: Equivalent elsewhere {oourse numbers/stles/institution) Grade Uniits

Probability (CS109, Statl 16, CME 106, MS&E220,
or EELTE)

Algorithmic Analysis (CS161)

Computer Organ & Sys (C3107 or 10TE}

Principles of Computer Systema (CS111)

SYSTEMS DEPTH
All depth course must be taken for a letter grade®* for 3 or more units. A maximum of & units of CS399 Independent Study may be
advisor in the Advisor

counted towards the depth. Any deviations from the stated requirements must be noted and approved
Motes box provided (maximum of one advisor-approved deviation allowed). Courses taken for

your Stanford undergraduate degree do not need to be repeated. Enter course selection in the Advisor Notes
table below:
All of: CS1400212 {or 140E or 112 or 112E) £, CS 144, 240
b At least four of: CS 190, 242, 243, 244, 245, 24872484, 348B; EE 271, 282
. Atotal of at least 21 units from categories (a), {b) and the following: CS 149, 217,
2208, 241, 244B, 246, 251, 255, 270, 272, 29481, 295, 315B, 316, 340 {any suffix),
343D, 344 (any suffix), 3484, 348C, 348E, 3481, 348K, 349 (any suffix and 3 or
more units), 356, 357S, 399+, 448 {any suffix); EE 267, 273, 383C, 3844, 384C,
3845 (courses with T notation require approval of M3 advisor)
Course number Title (Depth courses must be taken for at least 3 units.) Grade  Units

TOTAL UNITS USED TO SATISFY FOUNDATIONS REQUIREMENT (May not exceed 10 umite) [ |

SIGNIFICANT IMPLEMENTATION REQUIREMENT: At least one course in your MS program should be designated as satisfying the
Significant Implementation Requirement. Note that this course will alse be used to satisfy some other requirement (i.c., Depth, or
Elective). Must be taken for a letter grade,* must be taken at Stanford. Coterm students who teok two of these courses at Stanford as
undergraduates may waive this requirement. Deviations must be approved by the faculty director of the MS program, Cynthia Lee.

Course Numilrer: Title: Grade

I ]

de: CS 140, 140E, 143, 144, 145, 148, 151,

190, 210B, 212, 224R, 2378, 231 43, 2484, 2
BREADTH REQUIREMENT: Three courses, with each course chosen from a different Breadth area A, B, C or D. Breadth courses
may not be waived, must be taken for at least 3 units cach, and must be completed for a letter grade.® Each of the three Breadih
courses must be from different Arcas. Note that these courses will also be used to satisfy some other requirement (i.e., Depth or

Elective). Letter grade only.®

Caurse Numlbrer: Tidle: Girade

Area A Formal Foundations: CS 154, 157, 166, 168, 205L, 229T, 250, 254, 254B, 255, 256, 257, 258, 2594, 261, 263, 265, 2691,
328, 331, 3344, 354, 355, 359D, 31690; EE 3644, 364B; Phil 251

Area B. Leaming and Modeling: CS 1734, 2051, 221, 2234, 224N, 224R, 2248, 22411, 224V, 224W, 2278, 128, 229, 2798, 229T,
230, 231A, 231N, 233, 234, 236, 2374, 23TR, 2484, 2488, 271, 272, 1734, 2738, 174, 279, 261, 326, 329D, 329X, 330, 332, 333,
348A, J4EB, J48C, 48E, 3481, WEN, 371, 373

Area C. Systems: CS 112 (with CS111 as prereq), 140E, 143, 144, 145, 149, 155, 212, 240, 240LX, 242, 243, 244, 244B, 245, 246,
2401, 216, 148K, 356, 358; EE 180, 282, 382E

Area D. People and Society: CS 147, 148, 152, 181/W, 182/W, 194H, 206, 247 (any suffix), 256, 2691, 278, 281, 329T, 320X, 147,
377 (any suffix), 384, 448B; AMSTUD 145; ANTHRO 132C, 132D; COMM 254, 266, 286, 324; DESIGN 255; EARTHSYS 213;
EDUC 315A; ENGLISH 184D, HISTORY 244F; INTLPOL 268; LAW 4039; ME 177; MS&E 193, 231, 234, 254, POLISCI 1504;
PUBLPOL L03F for 3 units, 3538

TOTAL SPECIALIZATION UNITS APPLIED TO MSCS (must total at least 21 units) Letter grades only.*

ELECTIVES

List here any additional courses used to complete the 45-unit requirement for the MSCS degree. You may count up to 8 maximum of 3
units of 1-2 unit seminars offered in the School of Engineering. All other clectives must be taken for 3 or more units. C8 courses
mumbered above 111, excluding C3 161A, 196, CS198, and CS290A/B/C, can be used as MS clectives. Non-C8 courses must be
technical courses numbered above 10D, related to the degree program, and approved by the advisor and the MS program administrator.
Note that CF 129 may not be cosied towards the MS if C8 229 is being counted towards any BS or M5 requireseni.

Course number Title Grade Units
TOTAL ELECTIVE UNITS APPLIED TO MSCS
TOTAL UNITS APPLIEDTOMSCS | |
ADMTIONAL REQUIREMENTS

= All courses submitted for the MSCS degree must be numbered 100 ar greater.

» AL must 10 units of F i courses may b { toward your 43 units.

= Al most 3 units of 1-2 unsl seminars may be counled toward your 45 unsts.

= Al least 36 umits submitted for the MSCS degree, meluding all courses taken for breadth and depth, must be taken for 2 letter grade *
» The average grade in the courses submitted for the MSCS must be a1 least a B (3.0 m Stanford's GPA scale).

w Units previously applied toward BS reguirements may not also be counted toward the MSCS.

= You must complele 2t east 45 graduate unils at Stanfird before receiving the MSCS degree.

“All classes taken Spring 19-20 and Fall through Summer 20-21 for a CR or § grade will satisfy M3CS requirements as if taken for a
Letter grade.

Advisor’s signature: Date:

STANFORD



Theory

LAM

DEPARTMENT OF COMPUTER SCIENCE
MSCS Program Sheet (2023-24)
Theoretical Computer Science Specialization

Mame: Advisor: Date:

date for
degrecconferral: _ HCP? Coterm?__

Student ID#: Email:

GEMERAL INSTRUCTIONS: Before the end of your first quarter, complete a program sheet by filling in the number, name and units
of cach course you intend to take for your degree. Program sheets, as well as foundation course waiver forms, may be submitted
clectronically on the Gates Information Network at hitp://gin.stanford edu using your CS ID and password (click on the “Dashioard’
link}. See hitp/cs stanford edu'degre ea/mses/programshects paguide2 324, pdf for detailed instructions.

FOUNDATIONS REQUIREMENT: You nust satisfy the requirements listed in each of the following areas; all courses taken elsewhere
must be approved by your advisor via the foundation course waiver form. Do not enter anything in the “Units™ column for courses
taken elsewhere or for Stanford courses counted towards your undergraduate degroe.

ired: Equivalent elsewhere { institution) Grade __Units

Logic, Automata & Complexity (C3103)

Probability (C5109, Statl 16, CMELM, MS&E220,
or EELTE)

Algorithmic Analysis (CS161)

Computer Organ & Sys (C3107 or 107E)

Principles of Computer Systema (CS111)

TOTAL UNITS USED TO SATISFY FOUNDATIONS REQUIREMENT (May not exceed 10 wnits)

THEGQRETICAL COMPUTER SCIENCE DEPTH
Al depth course must be taken for a letter grade* for 3 or more units. A maximum of & units of C8 399 Independent Study may be
counted towards the depth, Any deviations from the stated requircments must be noted and approved by your advisor in the Advisor
Motes box provided i of one advi pproved deviation allowed). Courses taken for your Stanford unds d degres do
not need to be repeated. Enter course selection in the table below:

Advisor Notes.

a) C5 154f, 261 (students with equivalent course work may waive | courses with
advisor approval)

b1 A total of at least 21 units from category (a) and the following: CS 151, 163, 166,
168, 228, 220T, 233, 236, 246, 250, 251, 2154, 254B, 255, 256, 257, 2500, 263, 265,
2691, 328, 331, 351, 354, 355, 358, 359 (any suffix)t, 368, 369 (any suffix)t, 399¢,
468f; EE 364A; MES&E 310, 319 {courses with T notation require approval of M3
advisor)

Mote: Muliiple C835%, CS360, andor CS468 courses may be taken as long as they are cach on different topics (denoted by
different letter suffixes).

‘Course number Title (Depth courses must be taken for at least 3 units.} Grade Units

SIGNIFICANT IMPLEMENTATION REGUIREMENT: At least onc course in your MS program should be designated as satisfying the
Significant Implementation Requirement. Note that this course will alse be used to satisfy some other requirement (i.c., Depth, or
Elective). Must be taken for a letter grade,* must be taken at Stanford. Coterm students who teok two of these courses at Stanford as
undergraduates may waive this requirement. Deviations must be approved by the faculty director of the MS program, Cynthia Lee.

Course Numiser: “Title: Grade

TOTAL SPECIALIZATION UNITS APPLIED TO MSCS (must total at least 21 units) Letter grades only.*

ELECTIVES
List here any additional courses used to complete the 45-unit requirement for the MSCS degree. You may count up to 8 maximum of 3
umits of 1-2 unit seminars offered in the School of Engineering. All other clectives must be taken for 3 or more units. CS courses

| I [ ]

bhered above 111, excluding C8 1614, 196, CS198, and CS390ABIC, can be used as MS electives. Non-CS courses must be
ical courses bered above 100, related to the degree program, and approved by the advisor and the MS program administrator.

de: CS 140, 140E, 143, 144, 145, 148, 151,

190, 2108, 21

BREADTH REQUIREMENT: Three courses, with each course chosen from a different Breadth area A, B, C or D. Breadth courses
may ot be waived, must be taken for at least 3 units cach, and must be completed for a better grade.® Each of the three Breadih
courses must be from different Areas. Mote that these courses will also be used to satisfy some other requirement {ic., Depth or
Elective). Letter grade only.*

Course Numlser: Tidle: Girade

Area A. Formal Foundations: CS 154, 157, 166, 168, 2051, 229T, 250, 254, 254B, 255, 256, 257, 258, 259, 261, 263, 265, 2691,
328, 331, 3344, 354, 355, 359D, 3690; EE 3644, I64B; Phil 251

Area B. Leaming and Madeling: €S 1734, 205L, 221, 223, 224N, 224R, 2248, 224U, 224V, 224W, 2278, 228, 229, 2298, 229T,
230, 231A, 231N, 233, 234, 236, 2374, 2378, 2484, 2488, 271, 272, 2734, 2738, 274, 279, 281, 326, 329D, 329X, 330, 332, 333,
3484, J4EB, 3480, 348E, 3481, 34BN, 371, 373

Area C. Systems: CS 112 (with CS111 as prereq), 140E, 143, 144, 145, 149, 155, 212, 240, 2401, 242, 243, 244, 244B, 245, 246,
2401, 316, 348K, 356, 358; EE 180, 282, 382E

Area D. People and Society: C5 147, 148, 152, 181/W, 182/W, 194H, 206, 247 {any suffix), 256, 2691, 278, 281, 320T, 319X, 147,
377 (any suffix), 384, 448B; AMSTUD 145; ANTHRO 132C, 132D; COMM 254, 266, 286, 324; DESIGN 255; EARTHSYS 213;
EDUC 315A; ENGLISH 184D, HISTORY 244F; INTLPOL 268; LAW 4039; ME 177, MS&E 193, 231, 234, 254; POLISCI 1504,
PUBLPOL L03F for 3 units, 3538

Note that CF 129 may not be counted towards the MS if C5 229 iz being counted fowards any BY or M3 requirement.

‘Course number Title Grade Units

TOTAL ELECTIVE UNITS APPLIED TO MSCS

TOTAL UNITS APPLIEDTOMSCS | |

ADDITIONAL HEQUIREMENTS

» Al courses submitted for the MSCS degree must be numbered 100 ar greater.

» ALmest 10 units of F i courses may bx { toward your 43 units.

® Al most 3 units of 1-2 unsl seminars may be counted toward your 45 units.

= A least 36 units submatted for the MSCS degree, mcluding 2l courses laken for breadih and depth, must be taken for 2 letler grade.®
» The average grade in the courses submitted for the MSCS must be ot least a B (3.0 m Stanford’s GPA scale).

* Units previously applied twward BS reguiremsents may not also be counted toward the MSCS.

= You must complele 2t beast 45 graduate unils at Stanford before receiving the MSCS degree,

*All classes taken Spring 19-20 and Fall through Summer 20-21 for a CR or § grade will satisfy M3CS requirements as if taken for a
letter grade.

Advisor’s signature: Date:

STANFORD



Course Enrollment Agent

What course would you like to enroll in?

User:

\

| am a sophomore studying computer science.
| want to complete the significant
Implementation requirement.

What are some of the options that require the
least amount of worke
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LAM

A Course Enrollment Assistant

Course Enrollment Agent

What course would you like to enroll in?

Students need to consult;

Degree Requirements

* Unigue to each
deparfment and
specialization

*  Program sheets

Bulletin

St&l‘lford ExploreCourses

All offered courses

Description, instructors,
offerings, and units

Ratings, reviews, hours
of work, enrollment
outcomes,

and sequencing

STANFORD



Stanford | carta

€ SUMMER 23-24 >

PINNED CLASSES

Pin a course t,

QUARTER OVE|
Mo

10am
1l1am
12pm
lpm
2pm
3pm
4pm

Pinned Units:
Weekly Time ¢

LAM

Results for: CS 140

Results for: CS 145

Units * Days ~ WAYS ~ Quarters ~
CS 145: Data Management and Data Systems

Introduction to the use, design, and implementation of database and data-intensive
systems, including data models; schema design; data storage; query processing, query
optimization, and cost estimatio...Read mare

Show Schedule

No more results

~ INTENSITY

Hours per week (1102 students)

= Catalog ~ ]

~ AT AGLANCE

Q Planner Advising

rom Autumn

Term: AUT

Units: 3-4

Grading: Letter or Credit/No Credit
Instructors:

Shivakumar, N.

~ SEQUENCING

Academic years of past students (1057 students)

<5hrs Freshman
5-10 hrs <5hrs Sophnmmci
10-15 hrs percent: 4 Junior 1
Senior

15-20Hrs 5+ Year Undergrad
20-25hrs Coterm-

25-30 hrs: Professional Degree
30-35 hrs: Mast(‘r'r‘

PhD/Doctoral
>35hrs L
T 1 T ) SCPD/Nonmatriculated -

0 15 30 45 60
Other:
Ml (2427 stud 0 7 1 21

B s
. _ Enrollment outcomes (991 students) £

CS 144: Introduction to Computer Networking

~ EVALUATIONS

weigle23

Professional Degree !

Q | Planner

[ Ad smgw

weigle23 { Logout l

Advising

P2, Autumn: Keith Winstein (92 students)

weigle23

Pin to Spring

redit

ents (357 students)

- .mm!gl

QUENCING

ic years of past students (413 students)

Freshman (
Sophomore-
Junior-

I

Senior-{

5+ Year Undergrad{

Coterm-

Master's

PhD/Doctoral+

SCPD/Nonmatriculated -

Other [

24 32
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How fo Create an Agent

Developers provide:

1. A worksheet specifying the needed info
and conditions to satisfy

2. Knowledge bases containing relevant information

LAM STANFORD



LAM

1. Stanford Course Enro

Form Name

Main

Studentinfo

CourseToTake

Predicate Kind

input
input

input
input
input

input

input

input
input

Type
worksheet
CourseToTake
Studentinfo
worksheet

str

str

str

worksheet

str

Enum

int

confirm

Name Enum Values
course_enrollment
course_to_take

student_info_details

student_name
student_id

student_email_address

course_name
grade_type
Credit/No Credit
Letter
course_num_units

confirm

Iment Form

Description

The course to enrall

Information on the student

Name of the student
Student's ID number
Student's email address

Name of the course

The desired grading basis

The number of units taken

Confirm the course

STANFORD
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2. Course Assistant Knowledge Corpus

courses db

tmndavin e minn ~a Y

offerings db

A~ A

programs

ratings

internal

db

infemal; primary
intemal
intemal
intemal
intemal
intemal
intemal
intemal
intemal

intemal

str

db

int

int
List[str]
int

int

int

int

int
Enum

List[str]

rafing_id
course_id
instructor_names
average_rating

num_rafings

term_id

start_year

end_year

season
autumn
winter
spring
summer

reviews

sheet_requirements

STANFORD
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Translates Questions into SUQL
p

| am a sophomore studying computer science.
want to complete the significant
Implementation requirement.

What are some of the options that require the

least amount of work?e )

SELECT title, course_codes, description,
average_hours_spent

FROM courses WHERE
significant_implementation_requirement = TRUE
ORDER BY average_hours_spent LIMIT 5;

R/ STANFORD
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Executing a Worksheet

Executive Control Software
e Interpret & update Genie Worksheet

e Provide turn-specific instruction to LLM
(Succinct context: Worksheet state + 1 turn of dialogue)

Genie WorkSheet Genie
, Executive Control
Conversational Tasks > $
Hybrid Knowledge Corpus m

LAM STANFORD



° You 01:01 A

Hi, | want to complete the significant implementation requirement. What courses would you suggest me to take?

Took 3 steps v

o Course Enrollment Assistant o101 a0

| found some courses that fulfill the significant implementation requirement. Here are a few suggestions along with
their average hours spent per week:

1. General Game Playing (CS 227B): A general game playing system accepts a formal description of a game to
play it without human intervention or algorithms designed for specific games. Hands-on introduction to these
systems and artificial intelligence techniques such as knowledge representation, reasoning, learning, and rational
behavior. Students create GGP sysiems to compete with each other and in external competitions. Prerequisite:
programming experience. Recommended: 103 or equivalent. Average hours spent per week: 748.

2. Logic Programming (CS 151): Logic Programming is a style of programming based on symbolic logic. In writing a
logic program, the programmer describes the application area of the program (as a set of logical sentences)
without reference to the internal data structures or operations of the system executing the program. This course
introduces basic logic programming theory, current technology, and examples of common applications.
Prerequisite: CS 106B or equivalent. Average hours spent per week: 7.5.

3. Introduction to Computer Graphics and Imaging (CS 148): This introductory course in the computer graphics
sequence introduces students to the technical concepts behind creating computer-generated images. Topics
include the mathematical concepts of synthetic imagery, fundamentals of light and color, rasterization, and ray
tracing technology. Prerequisite: Linear Algebra and familiarity with Python and debugging. Average hours spent
per week: 8.79.

Could you please provide me with the details of the courses you want to take?

i
LAM STANFORD



Consideration: Time Offered
° You

Great when are these courses offered?

Took 3 steps v

e Course Enrollment Assistant

The courses you're interested in are offered at the following times:

1. Introduction to Computer Graphics and Imaging (CS 148) is offered in the autumn season on Tuesday and
Thursday from 12:00 PM to 1:20 PM.

2. Logic Programming (CS 227B) is offered in the spring season on Tuesday and Thursday from 1:30 PM to 2:50
PM.

3. General Game Playing (CS 151) is offered in the spring season on Wednesday from 4:30 PM to 6:20 PM.

Could you please provide me with the details of the courses you would like to take?

i
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Consideration: Sort by Course
Q o

Can you sort them based on rating?

Took 3 steps v

o Course Enrollment Assistant

Certainly! Based on their ratings, here are the courses sorted:

1. Introduction to Computer Graphics and Imaging with an average rating of 4.04.
2. Logic Programming with an average rating of 3.97.
3. General Game Playing with an average rating of 3.43.

Could you please provide me with the details of the courses you would like to take?

i

o You

| will take the top rated one!

Took 3 steps  ~

Rating

STANFORD



Credit or Lettere Depends on the Workload

o Course Enrollment Assistant

Great choice! For the course "Introduction to Computer Graphics and Imaging”, could you please specify the desired
grading basis? The options are: Credit/No Credit or Letter.

il

° You

How many hours will | have to spend on it?

Took 3 steps ~

o Course Enrollment Assistant

On average, you will have to spend about 8.79 hours per week on the course "Introduction to Computer Graphics and
Imaging". Now, could you please specify the desired grading basis for this course? The options are: Credit/No Credit or
Letter.

i

LAM STANFORD



Pick Max. Number of Units

° You

Thats low! | will take for letter grade, whats the maximum units | can take it for?

Took 3 steps v

e Course Enrollment Assistant

The maximum number of units you can take for the course "Introduction to Computer Graphics and Imaging" is 4 units.
How many units would you like to enroll for this course?

i

o You

Lets go with 4

Took 3 steps

LAM STANFORD
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Purpose of the Assignments

e Prepare you for your project proposal
e How to use LLMs to curate data from the internet

e How to create a basic task & knowledge bot as
a developer

e Lectures on underlying technology and advanced
topics to follow

STANFORD



Project Apprenticeship

e Assistance with project selection: Hardest part in research!
e We suggest over 20 projects on the website

e Some with domain experts in journalism, history,
medicine, finance, gaming, etc.

e Student-initiated projects are also welcome

e Weekly group mentorship meeting
e We want to make you succeed!

LAM STANFORD



Project Mentorship

All homeworks and projects are done in groups of 2
Week 4: Project proposal, with a weekly plan

Weeks 5-10 (excluding Thanksgiving break):

e Submit awritten weekend update (every Monday)

e Group meeting with mentors during the week

Week 11: Poster presentation (Dec 4)
e Final project report due Dec 10, 2024.

LAM STANFORD
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Course Schedule at a Gla

NCce

Dates Lectures / Homeworks Projects
Introduction;
i Knowledge curation (HW1) :
7/23-10/7 Building a task-oriented agent (HW?2) Research Project Ideas
Grounding on small databases
Student-initiated ideas
10/ 9 - 10/21 Project discussions
Project proposals (2)
Grounding on free text
SUQL; Task-oriented agent generation
10/21 -11/20 | Knowledge graph queries; Knowledge discovery
Formal reasoning; Multimodal apps
NLP building blocks; Training LLMs
11/25-11/27 Thanksgiving
i No Class Final project posters
12/ 2-12/4 (3:00-5:40)

STANFORD
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This Course

Grade
Participation 15%
Assignment 25%

Final Project

60%

Participation includes

Class attendance and participation

Ed discussion

Meetings with project mentors

STANFORD
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