
CS224v

Conversational Virtual Assistants 
with Deep Learning

Lecture 3: An Introduction to Agents

1

Monica Lam



STANFORDLAM

General Assistants

Advisor, Employee Training

Researchers, Investigative journalists

Data scientists, Journalists

Customer support, Sales

Compliance officers, auditors, judges

Reading

Instruction following

KB retrieval 

Literature review

Formal reasoning

Qualitatitive coding

Jobs Skills

Web tasks

- Information 

seeking

- Filling out forms

(call agents)

Virtual assistants

(Alexa, Siri)
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Lecture Goals

• Knowing the SOTA of knowledge/task agents 

helps you choose topics

• 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, 
Compmix

SUQL L3

Knowledge Graphs (KG) WikiData Agentic Approach L3

- Long form Free-text Storm, co-Storm Multi-agent convos L2

Free-text + DB/KG ? ?

API calling Simple APIs Alexa, Siri Slot filling L3

Compound APIs Almond Semantic parsing

Task-Oriented 
(Mixed initiative)

API-based MultiWOZ Neural policy

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. API Agents

3. Knowledge + Task-Oriented Agents



1 .  K N OW L E D GE A SS I S T A NT S
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Outline

1. Knowledge Assistants

• Databases

• Knowledge graphs

• Hybrid data  

2. API Agents

3. Knowledge + Task-Oriented Agents



Question answering

Architecture

8

Corpus
Documents

Knowledge Bases

SUQL

SUQL: 

The first query language for 

structured & unstructured data.

https://arxiv.org/abs/2311.09818
https://arxiv.org/abs/2311.09818
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Why Knowledge Bases?
Lots of structured data in the world 

• Public databases 

• Schema.org (structured data for the web)

• Wikidata (knowledge graph with 15 B facts)

• Private databases

• Every company is a data company [Forbes 2018]

• Products: Retail (all of ebay), flights, restaurants

songs, music, books 

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

• Personal information: Calendar, emails
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Query Languages

• A FEW common query languages:

• Databases (SQL): Tables with a fixed schema  – this lecture

• Knowledge bases (SPARQL, New4j): 

Graphs with nodes (entities), edges (properties) 

• Domains are defined by database schemas

10
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Power of Query Languages

• Domain agnostic

• All queries of any domain 

are compositions of a FEW relational algebra operations

• Basic: Selection, Projection, Cartesian product (Join), 

Union, Set Difference

• Extended: Sort, Aggregate Operators (Sum, Max, Avg, …)

• Expressive, succinct, well-defined

11

Amazing

CS Idea
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Semantic Parsing: NL → Formal Query

12

Domain-specific

Neural 
Semantic Parser

SQL DB/API DB result
Show me the best

Japanese restaurant 
in Palo Alto

Response 

Generator

12

For a given domain:
SELECT *

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

ORDER BY rating DESC LIMIT 1

I searched for the 

best Japanese 
restaurant in Palo 

Alto and found 
Daigo. It has a 4.5 

rating on our 

database and offers 
sushi and Japanese 

cuisine. 
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Semantic Parsing: NL → Formal Query

13

DB/API
Neural 

Semantic Parser
SQL DB result

Show me the best
Japanese restaurant 

in Palo Alto

Response 

Generator

I searched for the 

best Japanese 
restaurant in Palo 

Alto and found 
Daigo. It has a 4.5 

rating on our 

database and offers 
sushi and Japanese 

cuisine. 

13

Can we generalize to all domains?

schema

schema

CREATE TABLE restaurants (

id TEXT PRIMARY KEY,
location TEXT,

address TEXT,

cuisines TEXT[],

rating NUMERIC(2,1), 

…);

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

ORDER BY rating DESC LIMIT 1

KEY IDEA: Just supply the Schema → Get an agent
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Basic Idea: 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,

phone_number TEXT,

opening hours TEXT, 

cuisines TEXT[],

price ENUM ('cheap', 'moderate', 'expensive', 'luxury'),

rating NUMERIC(2,1),

num_review NUMBER,

);

14

Future

Topic

How to create effective 

semantic parsers with LLMs?
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Restaurant Assistant 

CREATE TABLE restaurants (

name               TEXT,

address            TEXT,

location             TEXT,

phone_number TEXT, 

opening_hours TEXT,

cuisines             TEXT[],

price                   ENUM ('cheap', 'moderate', 'expensive', 'luxury'),

rating                  NUMERIC(2,1),

num_reviews NUMBER,

reviews               FREE_TEXT,

popular_dishes FREE_TEXT,

);

Restaurant Assistant

15

NUMERIC(2,1) means 2-digit precision, 1 digit after decimal
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Queries in a Conversation (Yelp)
Generated SQL:

SELECT * FROM restaurants 

WHERE location = “Mountain View”

GPT responds directly

16

Generated SQL:

SELECT * FROM restaurants 

WHERE location = “Mountain View” 

AND cuisines = ANY(“Italian”)

Generated SQL:

SELECT * FROM restaurants 

WHERE location = “Palo Alto” 

AND cuisines = ANY(“Italian”)
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Outline

1. Knowledge Assistants

• Databases

• Knowledge graphs

• Hybrid data  

2. API Agents

3. Knowledge + Task-Oriented Agents
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Wikidata: Largest, Live Knowledge Graph

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

• Every Wikipedia article has a corresponding entity in Wikidata

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

• Representation: Semantic web (triples)

• Query with SPARQL
SELECT ?x WHERE 

{ wd:Q41506   wdt:P112   ?x. }

Stanford Founded by

Who founded Stanford? 
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But Querying Wikidata is difficult

A natural language interface can greatly expand access

Forums exist to help Wikidata users write SPARQLs 
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Agentic approach to imitate the expert worker

1. Try out possibly a simpler query

2. Evaluate the query

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

https://spinach.genie.stanford.edu/
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Outline

1. Knowledge Assistants

• Databases

• Knowledge graphs

• Hybrid data  

2. API Agents

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

23

Structured Free Text Tasks

Restaurants
Cuisines, opening hours, 

address, rating

Reviews, popular 

dishes
Book restaurant

Products
Product ID, cost, ratings, 

sizes, physical 
dimensions, color

Descriptions, 

reviews

Purchasing

Ordering food

Courses
Class number, time 

offered, instructor, 
building, pre-requisites

Descriptions, 

reviews
Enrolling in courses

Business 

processes
Receipts, statements Regulations

Filing taxes

Reimbursements 
Customer support

Medical
Patient demographics

Prescription
Diagnosis history

Making diagnoses

Insurance claims
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SUQL

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

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

SELECT *, summary(reviews) FROM restaurants 

WHERE location = 'Palo Alto’

AND answer(reviews, ‘is it a family friendly restaurant’) = 'Yes' LIMIT 1;

Semantic Parser
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Example

"SELECT answer(reviews, 'does this 

restaurant have non-spicy options?') 

FROM restaurants WHERE 

name ILIKE ‘Taste' AND 

location = ‘Palo Alto';"

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;”

Experiment: Yelp



STANFORDLAM

Evaluation of YelpBot

• Dataset 

• 55 of 100 questions need SUQL (structured & unstructured)

• Query precision: #correct results /  #results

• Optimizing compiler implemented

100 Questions
20 Conversations

96 turns

Linearization (1 result) 57.0% 63.4%

Linearization (3 results) 49.7 % 61.9%

SUQL (up to 3 results) 93.8% 90.3%

28

Liu, Shicheng et al. SUQL: Conversational Search over Structured and Unstructured Data with Large Language Models. In Findings of NAACL 2024
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Live Demo: https://yelpbot.genie.stanford.edu/

Liu, Shicheng et al. SUQL Conversational Search over Structured and Unstructured Data using LLMs, ArXiv: 2311.09818
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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 to QL for given schema 
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Semantic Parsing: NL → API Call

33

API Call
Neural 

Semantic Parser
API Result

My ID is 123456, 
I want to enroll in CS224v 

for a letter grade, 
and for 4 units 

Response 

Generator
You are enrolled 

successfully. 

33

signature

Signature

enum GradeType {Letter, Credit,}; 

Enroll (
str student_id.

str course_name, 

GradeType grade_type, 

int num_units

);

KEY IDEA: Just supply the Signature → Get an agent

Enroll (student_id=“123456”,
course_name=“CS224V”,

grade_type=Letter,
num_units=4)
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Conversational Agent for API calls

A conversation is needed typically

• Slot filling

• Ask for missing arguments of the API 

e.g. “I want to enroll in a course”

• Confirm before API execution: 

• Because APIs have side effects



A Simple Enrollment Dialogue

ASSISTANT

What is your student ID? 

What course would you like to enroll in? 

Would you like to take it with a letter grade or Credit/Nocredit.

How many units? 

Please confirm: Your student ID is 123456, 

and you want to take CS 224V with a letter grade and for 4 units.

Congratulations! Student 123456 is enrolled in CS224V 

with a letter grade and for 4 units successfully.

USER

I’d like to enroll in a course

123456

CS 224V

With a letter grade

4 

Yes

Slot filling

Confirmation
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Signature-parameterized semantic parsing

translates NL to QL for a given set of API signatures
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STANFORDLAM

Outline

1. Knowledge Assistants

• Databases

• Knowledge graphs

• Hybrid data  

2. API Agents

3. Knowledge + Task-Oriented Agents

• Motivation: a Case Study

• Design of the Genie WorkSheet

• Genie Runtime System
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Tasks Structured Free Text

Restaurants Book restaurant
Cuisines, opening 

hours, address, phone 
number

Reviews, popular 

dishes

Products
Purchasing

Ordering food

Product ID, cost, 

ratings, sizes, color, 
physical dimensions 

Descriptions, reviews

Courses Enrolling in courses
Class number, time 

offered, instructor, 
building, pre-requisites

Descriptions, reviews

Business 

processes

Filing taxes

Reimbursements 
Customer support

Receipts, statements Regulations

Medical
Making diagnoses

Insurance claims

Patient demographics

Prescription
Diagnosis history

Task Assistants

39
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Tasks Structured Free Text

Restaurants Book restaurant
Cuisines, opening 

hours, address, phone 
number

Reviews, popular 

dishes

Products
Purchasing

Ordering food

Product ID, cost, 

ratings, sizes, color, 
physical dimensions 

Descriptions, reviews

Courses Enrolling in courses
Class number, time 

offered, instructor, 
building, pre-requisites

Descriptions, reviews

Business 

processes

Filing taxes

Reimbursements 
Customer support

Receipts, statements Regulations

Medical
Making diagnoses

Insurance claims

Patient demographics

Prescription
Diagnosis history

Task Assistants Should also Provide Knowledge

40
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A Case Study
Course Enrollment at Stanford

Let’s consider a CS MS student
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AI
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Computational

Biology
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Computer and

Network Security
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Software

Theory
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Systems
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Theory
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I am studying computer science. 

I want to complete the significant 

implementation requirement.

What are some of the options that require the 

least amount of work?

What course would you like to enroll in?

Course Enrollment Agent

User: 
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A Course Enrollment Assistant

Students need to consult: 

• All offered courses

• Description, instructors, 

offerings, and units

• Unique to each 

department and 

specialization

• Program sheets

• Ratings, reviews, hours 

of work, enrollment 

outcomes, 

and sequencing

What course would you like to enroll in?

Course Enrollment Agent
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1. Stanford Course Enrollment Form
Form Name Predicate Kind Type Name Enum Values Description

Main WS course_enrollment

input CourseToTake course_to_take The course to enroll

input StudentInfo student_info_details Information on the student

StudentInfo worksheet

input str student_name Name of the student

input str student_id Student's ID number

input str student_email_address Student's email address

CourseToTake worksheet

input str course_name Name of the course 

input Enum grade_type The desired grading basis 

Credit/No Credit

Letter

input int num_units The number of units taken

input confirm confirm Confirm the course 
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2. Course Assistant Knowledge Corpus
courses DB

internal; primary int course_id

internal int max_units

internal str title

internal str grading

internal List[str] course_codes

internal List[str] general_requirements

internal int min_units

internal str description

internal int average_hours_spent

internal Enum foundations_requirements

logic_automata_and_complexity

probability

algorithmic_analysis

computer_organization_and_systems

principles_of_computer_systems

internal bool significant_implementation_requirements

internal Enum breadth_requirement

formal_foundations

learning_and_modeling

systems

people_and_society

internal List[str] prerequisite_course_codes

offerings DB

internal int course_id

internal Enum days

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

internal str start_time

internal str end_time

internal List[str] instructor_names

internal Enum season

autumn

winter

spring

summer

programs DB

internal; primary int program_id

internal Enum level

MS

BS

PhD

internal Enum specialization

AI

Computational Biology

Human-Computer Interaction

Information Management & Analytics

Visual Computing

Software Theory

Systems

Theoretical Computer Science

general

Computer & Network Security

internal str sheet_requirements

ratings DB

internal; primary int rating_id

internal int course_id

internal List[str] instructor_names

internal int average_rating

internal int num_ratings

internal int term_id

internal int start_year

internal int end_year

internal Enum season

autumn

winter

spring

summer

internal List[str] reviews
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Translates Questions into SUQL

I am a sophomore studying computer science. I 

want to complete the significant 

implementation requirement.

What are some of the options that require the 

least amount of work?

SELECT title, course_codes, description, 

average_hours_spent

FROM courses WHERE 

significant_implementation_requirement = TRUE 

ORDER BY average_hours_spent LIMIT 5;
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Consideration: Time Offered
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Consideration: Sort by Course Rating



STANFORDLAM

Credit or Letter?  Depends on the Workload
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Pick Max. Number of Units
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Summary

• There are many possible dialogues 

even for a task with only a few parameters

• Task-oriented agents have mixed initiatives

• Agent initiative to gather required information

• User initiative to query related information, 

change their mind etc.

CLIENT BANKER

How much money do you wish to transfer?

How much money do I have in my account?
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Outline

1. Knowledge Assistants

• Databases

• Knowledge graphs

• Hybrid data  

2. API Agents

3. Knowledge + Task-Oriented Agents

• Motivation: a Case Study

• Design of the Genie WorkSheet

• Genie Runtime System



STANFORDLAM

Conversational Agent Architecture
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Genie Worksheet
Succinct / powerful dialogue agent representation

For the programmer

• High-level declarative task specification

• Hyperlinked worksheets

• Variables: information pertinent to the task

• Actions when variables are assigned 

& worksheet filled

• Expressiveness similar to web forms

For the agent run-time

• Filled-in worksheets serve as the conversational state

• Interpreted easily to implement a flexible 
agent policy

• Succinct context for contextual semantic parsing 

Form 

Name
Kind Type Name

Enum 

Values
Description Action

Main
Work

sheet
enrollment

Enroll(Student.id, 

Course.name, 

Course.grade_type, 

Course.num_units) 

input Course course The course to enroll

input Student student Student info

Student
Work

sheet

input str name Name of the student

input str id Student's ID number

input str email Student's email

Course
Work

sheet

input str name Name of the course 

input Enum grade_type Grading basis 

Credit Get a credit/no credit

Letter Get a letter grade

input int num_units Number of units taken

input confirm confirm Confirm the course 
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Stanford Course Enrollment Form
Form Name Predicate Kind Type Name Enum Values Description

Main WS course_enrollment

input CourseToTake course_to_take The course to enroll

input StudentInfo student_info_details Information on the student

StudentInfo worksheet

input str student_name Name of the student

input str student_id Student's ID number

input str student_email_address Student's email address

CourseToTake worksheet

input str course_name Name of the course 

input Enum grade_type The desired grading basis 

Credit/No Credit

Letter

input int num_units The number of units taken

input confirm confirm Confirm the course 
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Required, Enum, Predicated Inputs

Form 

Name Predicate Kind Type Name
Enum 

Values Question Required

Main worksheet Insurance

input str curr_insurance Who is your current provider? no

input enum marital_status Are you married? yes

single

married

marital_status

== married input str spouse_name What is the name of your spouse? yes

ASSISTANT

Great. I need some information. 

What is your marital status?

Are you married or single? 

Got it. What is your spouse’s name?

USER

I’m currently an AllState customer, I am 

considering changing the provider. 

What do you mean by marital status?

I’m married.

Type Description

Required
Record all relevant info but don’t 

ask for it if not required

Enum Explain possible values if necessary

Predicated Needed if predicate is true



Programmable Agent Policies
Agent Policy 

• what the agent says and does

Runtime system

• When a variable is set, 

corresponding action is executed

Form Name Name Description Action

course_name Name of the course that 

the user wants to take

If not check_availability(course_name):

say(“Unfortunately, there are no seats available. 

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

ASSISTANT

Unfortunately, there are no seats available. 

I can help you find other courses. 

STUDENT

I want to take CS 224V in the fall quarter



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)
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Set of Built-in Action Primitives

Type Explanation

say (str) What the agent says to the user

propose (ws, [fld,val]*) 
Propose to open worksheet ws, 

with initialized values for the different fields

exitws()
Close a worksheet, and the action associated 

with the worksheet is executed.
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DB Worksheet Contains the Schema
Form 

Name Kind Type Enum Values

courses DB

internal; primary int course_id

internal int max_units

internal str title

internal str grading

internal List[str] course_codes

internal List[str] general_requirements

internal int min_units

internal str description

internal int average_hours_spent

internal Enum foundations_requirements

logic_automata_and_complexity

probability

algorithmic_analysis

computer_organization_and_systems

principles_of_computer_systems

internal bool significant_implementation_requirements

internal Enum breadth_requirement

formal_foundations

learning_and_modeling

systems

people_and_society

internal List[str] prerequisite_course_codes
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Outline

1. Knowledge Assistants

• Databases

• Knowledge graphs

• Hybrid data  

2. API Agents

3. Knowledge + Task-Oriented Agents

• Motivation: a Case Study

• Design of the Genie WorkSheet

• Genie Runtime System
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Run-Time System Architecture

Executive Control Software

• Interpret & update Genie Worksheet

• Provide turn-specific instruction to LLM 

(Succinct context: Worksheet state + 1 turn of dialogue)

Genie
Genie WorkSheet

Action Worksheet

Hybrid Knowledge Schema

Executive Control

LLM
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Semantic Parsing

“My ID is 123456, 

I want to enroll in CS224v and for 4 units” 

Enroll: student_id=“123456”,
course_name=“CS224V”,

num_units=4)

Assigns variables in the worksheet
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Translates Knowledge Queries
“What is a course that satisfies the significant implementation requirement?”

Answer(SELECT * FROM Courses WHERE

significant_implementation_requirements == true); 
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Knowledge + Tasks
“I want to take a course 

that satisfies the significant implementation requirements for 4 units”

Enroll: 

course_name= Answer(SELECT * FROM Courses 

WHERE max_units >= 4 and

significant_implementation_requirements == true); 

num_units=4; 

Semantic Parser in Run-time
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Run-Time System

Agent Poicy: Output: Set of agent dialogue acts: A

Query: 

• If missing required parameter: Add “ask parameter” to A

• If query is complete, Evaluate query, Update variables

Worksheet:

• If a variable is assigned , Add “ask for confirmation” to A or Execute action

• If a required field is unfilled, Add ”ask for field” to A

• If a form is complete, Add “ask for confirmation” to A or Execute action

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

Response Generation: Generate response from A
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The Agent Policy Automatically 
Handles Many Possible Dialogues

ASSISTANT

I am enrolling you in CS 224V for letter grade and 3 units, 

would you like to confirm your enrollment?

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

I am enrolling you in CS 224V for letter grade and 4 units, 

would you like to confirm your enrollment?

USER: 

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

Wait, does CS 224V allow for 4 units?

Then make it 4 units.

Yes!



Note Conversations Can be Long

USER ASSISTANT

I want to take a course for 3 units to fulfill my requirements

Sure, I can help you with that. 
Here are some of the top rated courses: CS 224V, CS 242, CS 221

I want some easy, undergraduate level courses.

I 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, I will take it.

That sounds great. I am enrolling you in CS 163 for 3 units. 
Would you like to take it for Pass/No Pass or Letter Grade
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Contextual Semantic Parsing
Use the worksheet state as a concise context

77

Agent 

Policy

Contextual 

Semantic Parser

Filled-in 
Worksheet 

Updated 
Worksheets

The algorithm course 
looks interesting, 

I will take it

Response 

Generator

77

Worksheet

Future

Topic

How to create effective contextual

semantic parsers with LLMs?
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Comparison with GPT (Function Calling)

SP Acc:    Semantic Parsing Accuracy

Ex Acc:    Execution Accuracy

DA Acc:  Agent Act Accuracy

Goal CR: Goal Completion Rate



3 .  K N OW L E D GE +  T A SK - O R IE N T E D A G E N TS

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

• Interprets the worksheet

• Parses input, performs queries & actions, asks questions
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Assignment 2

• Try out the Genie Worksheet-based course advisor

• Write a simple agent using Genie Worksheet
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