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Conversational Virtual Assistants
with Deep Learning

Lecture 3: An Introduction to Agents

Monica Lam



General Assistants

Jobs Skills
A Researchers, Investigative journalists Qualitatitive coding
evaluate Compliance officers, auditors, judges Formal reasoning
Web tasks ~ KB retrieval
- Information analyze \ DETE SEEMIEE, SoUmalEE Literature review
seeking

Customer support, Sales Instruction following
- Filling out forms <<

(call agents)
Virtual assistants
(Alexa, Siri) ~

Advisor, Employee Training Reading

Vanderbilt University Center for Teaching
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Lecture Goals

 Knowing the SOTA of knowledge/task agents
helps you choose topics

o Topic for the 2nd Assignment

 Hands on experience in building agents
 Landscape of general assistants
 Overview the technical techniques for creating agents

 Expose to the high-level concepts
(Details to come in subsequent lectures)
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Agents at a Glance

Category Scope Examples Technology Intro
Information Seeking
- Short form Free-text WikiChat Gen+RAG L1
Databases (DB) Basic YelpBot Semantic parsing L3
Hybrid: DBs + Text YelpBot, SUQL L3
Compmix
Knowledge Graphs (KG) WikiData Agentic Approach L3
- Long form Free-text Storm, co-Storm | Multi-agent convos L2
Free-text + DB/KG [ e
API calling Simple APIs Alexa, Siri Slot filing L3
Compound APIs Almond Semantic parsing
Task-Oriented APIl-based Multiw OZ Neural policy
(Mixed initiative)
Knowledge + Task Course Assistant | Genie Worksheet L3
Social bots Chitchat Chirpy Rule-based
Persuasion Persuabot Gen+RAG, Gen strategy
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Outline

1. Knowledge Assistants
2. APl Agents
3. Knowledge + Task-Oriented Agents
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1. KNOWLEDGE ASSISTANTS



Outline

1. Knowledge Assistants
 Databases
 Knowledge graphs
 Hybrid data

2. APl Agents

3. Knowledge + Task-Oriented Agents
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Architecture

Q)

SUQL:
Question answering The first query language for
structured & unstructured data.

SUQLT

l

Corpus Ve i ‘II ‘I I
¢ Q.
Documents ) WIKIDATA

Knowledge Bases o



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

Why Knowledge Basese

Lots of structured data in the world

* Public databases
 Schema.org (structured data for the web)

 Wikidata (knowledge graph with 15 B facts)
e Private databases
« Every company is a data company [Forbes 2018

e Products: Retail (all of ebay), flights, restaurants
songs, music, books

e Corporate: People (employees, customers, students, patients)
Operations (finance, sales, transactions)

e Personal information: Calendar, emails
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Query Languages

* AFEW common query languages:
 Databases (SQL): Tables with a fixed schema - this lecture

 Knowledge bases (SPARQL, New4j):
Graphs with nodes (entities), edges (properties)

e Domains are defined by database schemas

LAM 10 STANFORD



Power of Query Languages

« Domain agnostic

e All queries of any domain Amazing
are compositions of a FEW relational algebra operations KRS

e Basic: Selection, Projection, Cartesian product (Join),
Union, Set Difference

I

e Extended: Sort, Aggregate Operators (Sum, Max, Avg, ...
e Expressive, succinct, well-defined

LAM 11 STANFORD



Semantic Parsing: NL 2 Formal Query

For a given domain:

SELECT *
FROM restaurants WHERE
‘japanese’ = ANY(cuisines)
AND location = ‘Palo Alto’

RDER BY DESC LIMIT 1
Show me the Domain-specific
Japanese restaurant Neural — SQL — DB/API — DB result

in Palo Alto Semantic Parser l | searched for the

best Japanese
restaurant in Palo

Respo nse L  Alto and found
Generator Daigo. It has a 4.5

rating on our
database and offers
sushi and Japanese
cuisine.

LAM 12 STANFORD



Semantic Parsing: NL 2 Formal Query

schema

Can we generdlize to all domainse e

id TEXT PRIMARY KEY,
location TEXT,
address TEXT,
cuisines TEXT]],

SELECT *
FROM restaurants WHERE

‘japanese’ = ANY(cuisines) rating NUMERIC(2,1),
SChemO AND location = ‘Palo Alto’ L)
ORDER BY DESC LIMIT 1
Show me the
Neural

— SQL — DB/API — DB result

Japanese restaurant

in Palo Alto Semantic Parser
l | searched for the
best Japanese
Respo nse restaurant in Palo
Alto and found
GenerOTor Daigo. Ithas a 4.5

rating on our
database and offers
sushi and Japanese
cuisine.

KEY IDEA: Just supply the Schema - Get an agent

LAM 13 STANFORD
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Basic ldea: Zero-Shot Prompt with LLMs

You are a semantic parser. Generate a query for a restaurant database with the
following signature:

CREATE TABLE restaurants (
name TEXT,

address TEXT,

location TEXT, Future| How to create effective
Topic | semantic parsers with LLMs?¢

phone_number TEXT,
opening hours TEXT,
cuisines TEXT[],

price ENUM (‘cheap’, 'moderate’, 'expensive’, 'luxury'),
rating NUMERIC(2,1),

num_review NUMBER,

14 STANFORD



Restaurant Assistant

>

&

zf mzl + BarZola,

moo

1559) 521-0651

20la + Bari zoh has 454 rev: se-s The reviews mention
t{lh staurant has excellent food, but the
service n slow.

Zola + BarZola ensive restaurant. Reviews
mention that lhe food 1 cellent, but the service
can be slow.

\_

Restaurant Assistant

RestaurantGenie

Can you suage st a highly ra

,.r nch restaurant with the
nsive

with Spinach and

~

CREATE TABLE restaurants (

name TEXT,
address TEXT,
location TEXT,

phone_number TEXT,
opening_hours TEXT,
cuisines TEXT]],

price ENUM (‘cheap’, 'moderate’, 'expensive’
rating NUMERIC(2,1),

num_reviews NUMBER,

reviews FREE TEXT,
popular_dishes FREE_TEXT,

, 'Tuxury"),

LAM

NUMERIC(2,1) means 2-digit precision, 1 digit after decimal

15
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Queries in a Conversation (Yelp

My dad is visiting me in Mountain View. What do you

think about dinner choices?

Generated SQL:
I found Cascal, a moderate Spanish restaurant with — SELECT* FROM resfa UfOﬂfS
great tapas platters, appetizers, and drinks. It has . — . . 1
a great ambience with live music on the weekends and <) WHERE location Mountain View
both indoor and outdoor seating with heat lamps to
keep guests warm.
How about Italian instead? I really like the food there
when I visited Florence last year.
Generated SQL:
I found Vaso Azzurro Ristorante, a moderate Italian SELECT * FROM restaurants
restaurant near Mountain View. It has a lively . o . . ”
atmosphere and offers excellent customer service. < WHERE /.O.COTIOI’I - M‘OUOTOIT View
Reviews say their pasta is authentic and perfectly AND cuisines = ANY( Italian )
seasoned.
Prosciutto is the Italian word for ham. 4) <+ GPTresponds directly
Thanks. We'll be visiting Stanford. How about in Palo
Alto?
] Generated SQL:
I found Terun, a 4 star Italian and Pizza restaurant %
near Stanford in Palo Alto. Reviews say the pizza is 5 G SELECT FROM resz“ouranfs »
great and they can seat customers outside without a WHERE location = “Palo Alto
reservation. AND cuisines = ANY(“Italian”)

16
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Outline

1. Knowledge Assistants
e Databases
 Knowledge graphs
 Hybrid data
2. APl Agents
3. Knowledge + Task-Oriented Agents
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Wikidata: Largest, Live Knowledge Graph

15B facts, 100M entities, 10K properties, 25K contributors

Representation: Semantic web (triples)

Every Wikipedia article has a corresponding entity in Wikidata

Dataset for research in life sciences, digital humanity, etc.

Query with SPARQL

Who founded Stanford?
SELECT 2x WHERE

{

wd:Q41506| | wdt:P112

Stanford Founded by

ex.}

STANFORD



But Querying Wikidata is difficult

Forums exist to help Wikidata users write SPARQLS

Question: Who are the doctoral advisors of Leonhard Euler,

and their advisors, and so on? In addition, who are his doctoral student,
grand-student, great-grand-student, and great-great-grand-students?

Each tuple in the result should contain both the student and the doctoral advisor.

SPARQL: SELECT ?doctor ?doctorMaster WHERE {
{ Mroot (wdt:P184%*) ?doctor. }
UNION
{ root (wdt:P185/(wdt:P1857)/(wdt:P1857)/(wdt:P1857)) ?doctor. }
?doctor wdt:P184 ?doctorMaster.
VALUES ?root {
wd: Q7604
}

}

A natural language interface can greatly expand access
LAM STANFORD



# SpINACH: SPARQL-Based Information Navigation
for Challenging Real-World Questions

Shicheng Liu™*  Sina J. Semnani’* Harold Triedman® Jialiang Xu'
Isaac Dan Zhao' Monica S. Lam'
T Stanford University * Wikimedia Foundation

Agentic approach to imitate the expert worker
1. Try out possibly a simpler query
Evaluate the query

2.
3. Revise the query based on the result
4. Repeat
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Live demo: https://spinach.genie.Stanford.edu

 Release on Wikidata in July 2024
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https://spinach.genie.stanford.edu/

Outline

1. Knowledge Assistants
 Databases
 Knowledge graphs
e Hybrid data

2. APl Agents

3. Knowledge + Task-Oriented Agents
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We Need Hybrid Dato

Structured Free Text

Restaurants Cuisines, opening hours, Rewews, popular

address, rating dishes

Product ID, cost, ratings, .

. : Descriptions,
Products sizes, physical :

: . reviews

dimensions, color

Class number, time Descrintions
Courses offered, instructor, reviewlz '

building, pre-requisites
Busness Receipfts, statements Regulations
processes
Medical Pohenfr qlemogrophlcs Diagnosis history

Prescripfion

23
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SUQL

e Extend SQL with two free-text LLM functions: summary, answer

“I want a family-friendly restaurant in Palo Alto”

Semantic Parser

SELECT *, summary(reviews) FROM restaurants
WHERE location = 'Palo Alto’
AND answer(reviews, ‘is it a family friendly restaurant’) = 'ves' LIMIT 1;

LAM STANFORD
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=

RestaurantGenie

I'd like some spicy Szechuan food in Palo Alto, can you

help?

I searched for restaurants that serve spicy
Szechuan food in Paloe Alto. I found Taste, a
Chinese restaurant located at 423 University Ave,
Palo Alto, CA 94381. They have a rating of 4.8 and
offer a variety of Szechuan dishes. Some popular
dishes mentioned in reviews include Dumpling,
Tofu, Spicy Fish Fillet in Flaming Red 0il, Hot
and Sour Soup with Pork, Numbing Spicy Beef Tripe,
Tea Flavored Duck, Beef Chow Fun, Chongqing
Numbing Spicy Noodle, Honey Walnut Shrimp,
Sizzling Cumin Lamb, Stir Fried Pea Sprouts with
Garlic, Shrimp Dumpling, Mongolian Beef, BBQ Pork
Bun, Sweet and Sour Chicken, Crispy Sweet & Sour
Fish, Lanzhou Beef Ramen, and Dry Braised Pork
Intestine. The restaurant's phone number is (658)
323-6488.

That sounds delicious. Would my friend who does not

Experiment: Yelp

o)

like spicy food like it too?

I searched for information about Taste in Palo
Alto. According to reviews, Taste offers non-spicy
options such as Broccoli with Beef and Stir fry
Chinese Greens with Garlic. So, your friend who
does not like spicy food should be able to find
something they enjoy as well.

<)

suQL
"SELECT *, summary (reviews)
FROM restaurants WHERE
'szechuan’ = ANY (cuisines) AND
location = “Palo Alto” AND
answer(reviews, 'does this restaurant
serve spicy food?') = 'Yes' LIMIT 1;”

"SELECT answer(reviews, 'does this
restaurant have non-spicy options?’)

-—>
FROM restaurants WHERE

name ILIKE ‘Taste' AND
location = ‘Palo Alto")"

STANFORD
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Evaluation of YelpBot

« Dataset

e 55 0f 100 questions need SUQL (structured & unstructured)

 Query precision: #correct results / #results

* Optimizing compiler implemented

20 Conversations

100 Questions 94 TUrns
Linearization (1 result) 57.0% 63.4%
Linearization (3 results) 49.7 % 61.9%
SUQL (up to 3 results) 93.8% 90.3%

Liu, Shicheng et al. SUQL: Conversational Search over Structured and Unstructured Data with Large Language Models. In Findings of NAACL 2024

28
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e YelpBot
64

Restaurant data Reviews (free text)

‘ Rating Popular_dishes Reviews
| Num(2,1) Free Text[] Free Text[]
Chicken Kebab Plate, | t1;dr| This is your place if you're looking for a

Hummus mediterran ~ Lamb Beef Gyro, healthy and filling meal whether it's a quick pick-
Mediterran ean,halal, 40 Marinated Chicken Gyros, ... me-up or casual dining, ...

ean Kitchen salad

Liu, Shicheng et al. SUQL Conversational Search over Structured and Unstructured Data using LLMs, ArXiv: 2311.09818

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

STANFORD



1. KNOWLEDGE ASSISTANTS

Data can be accessed with Query Languages
(SQL, SPARQL, SUQL for free-text+KB)

Semantic parsing translates NL to formal QL

Schema-parameterized semantic parsing
translates NL fo QL for given schema



2. APl CALLS



Semantic Parsing: NL = API Call

Signature
enum GradeType {Letter, Credit,};
Enroll (
. str student_id.
course_name=“CS224V”, GradeType grade_type,
. = inf num_units
signature grade_type{ Letter, .
num_units=4) :
My ID is 123456, Neural
| want to enroll in CS224v—> . —> APl —> APICall — Result
for aletter grade, Semantic Parser l
and for 4 units

ReSponse You are enrolled
Generator successfully.

KEY IDEA: Just supply the Signature - Get an agent

LAM 33 STANFORD



Conversational Agent for APl calls

A conversation is needed typically
e Sloftfiling

e Ask for missing arguments of the AP|
e.g. "I want to enroll in a course”

e Confirm before APl execution:
e Because APIs have side effects

LAM STANFORD



A Simple Enrollment Dialogue

Slot filling <

Confirmation <

USER ASSISTANT

I’d like to enroll in a course
What is your student I1D?
123456
What course would you like to enroll in?
CS 224V
Would you like to take it with a letter grade or Credit/Nocredit.
With a letter grade
How many units?
4
Please confirm: Your student ID is 123456,
and you want to take CS 224V with a letter grade and for 4 units.
Yes
Congratulations! Student 123456 is enrolled in CS224V
with a letter grade and for 4 units successfully.




2. APl CALLS

Signature-parameterized semantic parsing

translates NL to QL for a given set of APl signatures



3. KNOWLEDGE + TASK-ORIENTED AGENTS



Outline

1. Knowledge Assistants
e Databases

 Knowledge graphs
e Hybrid data
2. APl Agents
3. Knowledge + Task-Oriented Agents
 Motivation: a Case Study
e Design of the Genie WorkSheet
e Genie Runtime System
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Task Assistants

Tasks
Restaurants | Book restaurant
Purchasing
Products Ordering food
Courses Enrolling in courses
, Filing tfaxes
Business .

OCESSES Reimbursements
P Customer support
Medical Making dlogqoses

Insurance claims

39
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Task Assistants Should also Provide Knowledge

Tasks Structured Free Text
Cuisines, opening Reviews popular
Restaurants | Book restaurant hours, address, phone . » POP
dishes
number
: Product ID, cost,
Purchasing : : _ .
Products ) ratings, sizes, color, Descriptions, reviews
Ordering food . . :
physical dimensions
Class number, time
Courses Enrolling in courses offered, instructor, Descriptions, reviews
building, pre-requisites
BUSIness Filing tfaxes
Reimbursements Receipts, statements Regulations
processes
Customer support
Medical Making dlogqoses Poheq’r qemogrophlcs Diagnosis history
Insurance claims Prescription

40
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A Case Study
Course Enrollment at Stanford

Let's consider a CS MS student
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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 studying computer science.

| want to complete the significant
Implementation requirement.

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

N Y

LAM 48 STANFORD




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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LAM

1. Stanford Course Enro

Form Name

Main

Studentinfo

CourseToTake

Predicate Kind
WS
input
input

input
input
input

input

input

input
input

Type

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

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



LAM

2. Course Assistant Knowledge Corpus

courses DB
tmndavin e minn ~a Y A~ A
offerings DB
programs DB
ratings
internal

DB

intemal; primary | int

intemal
intemal
intemal
intemal
intemal
intemal
intemal
intemal

intemal

str

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



LAM

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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° 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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LAM

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



Summary

 There are many possible dialogues
even for a task with only a few parameters

e Task-oriented agents have mixed initiatives
e Agent inifiative to gather required information

e User initiative to query related information,
change their mind eftc.

CLIENT BANKER
How much money do you wish to tfransfere
How much money do | have in my accounte

LAM STANFORD



Outline

1. Knowledge Assistants
e Databases

 Knowledge graphs
e Hybrid data
2. APl Agents
3. Knowledge + Task-Oriented Agents
 Motivation: a Case Study
e Design of the Genie WorkSheet
e Genie Runtime System

LAM STANFORD



Conversational Agent Architecture

Development Stage

@ Conversational Tasks
Declaration

WoName  presean  Kins e e ..-..-m-._>[§] %vé @) \\E/

with WS Predicate, WS Name,
Kind, Type, Name, Values,
Actions, WS Actions

LAM

APIs Few Examples

ﬁ

== Hybrid Knowledge
Corpus

it
i
i

Structured and unstructured

Genie Agent

— 2

Contextual
Semantic Parsing

Agent Policy

Programmable Policies

Hybrid Knowledge

Response Generation

=2

é

Y

B

5

Conversation with User

| want to book an Italian restaurant in NYC for
two on Valentine'’s day

| have found 3 restaurants for you in NYC:
1. La Lanterna: Pizza and Italian bar located
... Which one of these would you like to book?

&

What do people think about La Laterna g

People fin the place very cozy, with good
service, live jazz music, tasty food. However
for some it might be too dark and loud.
Would you like to book La Lanterna?

Sure, we will arrive at 6:15 pm! g

Thank you! | am going to book La Laterna for
14 February 2025, for two people at 6:15pm.
Do you want to confirm this reservation?

STANFORD



Genie Worksheet

oM Kind Type  Name fhum . Description Action Succinct / powerful dialogue agent representation
Enroll(Studentid, For the programmer
. Work C . b . . epe .
Main o0 enrolment o m e e  High-level declarative task specification
Course.num_units) .
*  Hyperlinked worksheets
input | Course  course The course to enroll
input  Student  student studentinfo *  Variables: information pertinent to the task
student ok * Actions when variables are assigned
& worksheet filled
input | str name Name of the student
input  str id Student's ID number e Expressiveness similar to web forms
input | sir email Student's email For The OgenT run_ﬂme
Work . . .
CElD sheet J Filled-in worksheets serve as the conversational state
input | str name Name of fhe course * Interpreted easily to implement a flexible
input | Enum grade_type Grading basis Qgerﬁ‘ pO'ICy
dit 1 dit, dit . . .
Credi [Get g creciino cred « Succinct context for contextual semantic parsing
Letter Get a letter grade
input | int num_units Number of units taken
input | confirm  confirm Confirm the course

LAM STANFORD



LAM

Stanford Course Enrollment Form

Form Name

Main

Studentinfo

CourseToTake

Predicate Kind
WS
input
input

input
input
input

input

input

input
input

Type

CourseToTake
Studentinfo
worksheet

str

str

str

worksheet

str

Enum

int

confirm

Name
course_enrollment
course_to_take

student_info_details

student_name
student_id
student_email_address

course_name

grade_type

num_units

confirm

Enum Values

Credit/No Credit
Letter

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



Type Description
Required

Enum Explain possible values if necessary
Predicated Needed if predicate is tfrue

LAM

Required, Enum, Predicated Inputs

Record all relevant info but don’t
ask for it if not required

USER ASSISTANT

I’m currently an AllState customer, I am
considering changing the provider.
Great. | need some information.
What is your marital status?
What do you mean by marital status?
Are you married or single?

[’m married.
Got it. What is your spouse’s name?
Form Enum
Name Predicate Kind Type Name Values Question Required
Main worksheet Insurance
input str curr_insurance Who is your current provider? no
input enum marital_status Are you married?e yes
single
married
marital_status
== married input str spouse_name What is the name of your spouse2  yes

STANFORD



Programmable Agent Policies

Agent Policy

STUDENT ASSISTANT
« what the agent says and does

I want to take CS 224V in the fall quarter
Runtime system

Unfortunately, there are no seats available.

. . I can help you find other courses.
« When a variable is sef,
corresponding action is executed

Form Name Name Description Action

course_name | Name of the course that | If not check_availability (course_name):
the user wants to take say(“Unfortunately, there are no seats available.

| can help you find other courses.”)
self.course_name = None




Programmable Agent Policies (cont.)

Runtime system
« When a worksheet is completed, execute the worksheet action

« Worksheet variables are referred to as worksheet_name:variable name

Form Name Worksheet Action
Enrollment Enroll
(student_id = enrollment.student_id,
course_name = enrollment.course_name,
grade_type = enrollment.grade_type,
num_units = enrollment.num_units)




LAM

Set of Built-in

Type
say (str)

propose (ws, [fld,val]*)

exitws()

Action Primitives

Explanation

What the agent says to the user

Propose to open worksheet ws,

with initialized values for the different fields
Close a worksheet, and the action associated
with the worksheet is executed.

STANFORD



LAM

DB Worksheet Contains the Schema

Form
Name

courses

Kind

internal; primary
internal
internal
internal
internal
internal
internal
internal
internal
internal

internal
internal

internal

Type
DB
int
int
str
str
List[str]
List[str]
int
str
int
Enum

bool
Enum

List[str]

Enum Values

course_id

max_units

title

grading

course_codes

general_requirements

min_units

description

average_hours_spent

foundations_requirements

logic_automata_and_complexity
probability

algorithmic_analysis
computer_organization_and_systems
principles_of_computer_systems

significant_implementation_requirements

breadth_requirement
formal_foundations
learning_and_modeling
systems
people_and_society

prerequisite_course_codes

STANFORD



Outline

1. Knowledge Assistants
e Databases

 Knowledge graphs
e Hybrid data
2. APl Agents
3. Knowledge + Task-Oriented Agents
 Motivation: a Case Study
e Design of the Genie WorkSheet
e Genie Runtime System

LAM STANFORD



LAM

Run-Time System Architecture

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 Conftrol
Action Worksheet - ¢
Hybrid Knowledge Schema (LM

STANFORD



Semantic Parsing
Assigns variables in the worksheet

“My ID 1s 123456,
I want to enroll in CS224v and for 4 units”

|

Enroll; student id="123456",
course_name="CS224V",
nuM_units=4)

LAM STANFORD



Translates Knowledge Queries

“What is a course that satisfies the significant implementation requirement?”

|

Answer(SELECT * FROM Courses WHERE
significant_implementation_requirements == true);

LAM STANFORD



LAM

Knowledge + Tasks

“I want to take a course

that satisfies the significant implementation requirements for 4 units”

l Semantic Parser in Run-time

Enroll;

num_units=4;

course_name= Answer(SELECT * FROM Courses

WHERE max_units >= 4 and
significant_implementation_requirements == frue);

STANFORD



Run-Time System

Contextual Semantic Parser:
Assign variables to worksheet, generate database queries

Agent Poicy: Output: Set of agent dialogue acts: A
Query:
e If missing required parameter: Add “ask parameter” to A

e |f query is complete, Evaluate query, Update variables
Worksheet:

If a variable is assigned , Add “ask for confirmation” to A or Execute action
 |f arequired field is unfilled, Add "ask for field” to A

 |faformis complete, Add “ask for confirmation” to A or Execute action

Response Generation: Generate response from A

LAM STANFORD



The Agent Policy Automatically
Handles Many Possible Dialogues

USER: ASSISTANT

| would like to take CS 224V for letter grade and 3 units.

I am enrolling you in CS 224V for letter grade and 3 units,
would you like to confirm your enrollment?
Wait, does CS 224V allow for 4 units?

Yes, CS 224V is allowed for 3 — 4 units.

Then make it 4 units. _ _ _
I am enrolling you in CS 224V for letter grade and 4 units,

would you like to confirm your enroliment?

Yes!

LAM STANFORD



Note Conversations Can be Long

USER ASSISTANT

| want to take a course for 3 units to fulfill my requirements
Sure, | can help you with that.
Here are some of the top rated courses: CS 224V, CS 242, CS 221
| want some easy, undergraduate level courses.

| looked for easy, undergraduate courses.
Here are some of them: CS 106A, CS 108, CS 124

... The student asks for 15 more courses ...

The algorithm course looks interesting, | will take if.

That sounds great. | am enrolling you in CS 163 for 3 units.
Would you like to take it for Pass/No Pass or Letter Grade




Contextual Semantic Parsing

Use the worksheet state as a concise context

Worksheet
The algorithm course Contextual Filled-in Agent Updated
: : - ) —> . Worksheets
looks interesting, Semantic Parser |~ YVorksheet Policy |
| will take it |_>
Response
Generator
Future| How to create effective contextual

Topic

LAM

semantic parsers with LLMs<¢

77
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Comparison with GPT (Function Calling)

SPAcc ExAcec DA Acec Goal CR

System All Domains
GPT 4 (FC) - 65.4 69.1 21.8
Genie (ours) 914 86.5% 89.2% 82.8%
Restaurant Reservation P A S Fe P . A

GPT 4 (FC) - 50.0 57.7 54.54 cC. emoq IC FARing Accuracy
Genie (ours) ~ 93.8  88.0%  92.5% 91.6 EXAcCC: Execution Accuracy

Ticket Submission DA Acc: Agent Act Accuracy
GPT 4 (FC) T 536 676 0o Goal CR: Goal Completion Rate
Genie (ours) 85.8 80.0* 82.5* 80.0*

Course Enrollment
GPT 4 (FC) - 79.2 77.8 10.0
Genie (ours) 94.1 89.7* 92.9* 80.0*

LAM STANFORD



3. KNOWLEDGE + TASK-ORIENTED AGENTS

Genie Worksheet is a Declarative Programming Language
« Worksheet specifies the task at a high level

« Database schemas supply relevant knowledge

The run-time system support rich dialogues automatically

* Inferprets the worksheet

« Parses input, performs queries & actions, asks questions



Assignment 2

e Try out the Genie Worksheet-based course advisor
 Write a simple agent using Genie Worksheet

LAM STANFORD
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