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2

Corpus
Documents

Knowledge BasesThis lecture →



STANFORDLAM

Semantic Parsing: NL → Formal Query
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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. 
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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
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Outline

• Our casual questions are formal queries

• A basic LLM-based agent that consults a database – Yelp

• Evaluation issues
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Power of Query Languages

• Domain agnostic

• All queries of any domain in a table

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
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Amazing

CS Idea



WHERE clause: filter

Show me Chinese restaurants in Palo Alto

SELECT * FROM restaurants
WHERE location == “Palo Alto” 
AND 'chinese' = ANY (cuisines)

SELECT * FROM
table [WHERE filter]?
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CREATE TABLE restaurants (

id TEXT PRIMARY KEY,
location TEXT,

address TEXT,

cuisines TEXT[],

rating NUMERIC(2,1), 

…);



WHERE clause: filter

Show me Chinese restaurants in Palo Alto
with at least 4.5 stars

SELECT * FROM restaurants
WHERE location = “Palo Alto”

AND “Chinese” = ANY(cuisines)
AND rating >= 4.5

SELECT * FROM
table [WHERE filter]?
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CREATE TABLE restaurants (

id TEXT PRIMARY KEY,
location TEXT,

address TEXT,

cuisines TEXT[],

rating NUMERIC(2,1), 

…);



SELECT clause: Projection

Show me the address of  Chinese restaurants in Palo Alto

with at least 4.5 stars

SELECT address FROM restaurants
WHERE location = “Palo Alto”

AND “Chinese” = ANY(cuisines)
AND rating >= 4.5

SELECT field+ FROM
table [WHERE filter]?
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CREATE TABLE restaurants (

id TEXT PRIMARY KEY,
location TEXT,

address TEXT,

cuisines TEXT[],

rating NUMERIC(2,1), 

…);



Subquery
Subquery filter:    

param op 
(SELECT * FROM …)
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Show me the address of  Chinese restaurants in Palo Alto
reviewed by Bob

SELECT address FROM restaurants
WHERE location = “Palo Alto”

AND “Chinese” = ANY(cuisines)
AND id IN 

(SELECT restaurant_id FROM reviews WHERE author =~ “Bob” )

Atom filter:           

param op value

SELECT field+

FROM table [WHERE filter]?
CREATE TABLE restaurants (

id TEXT PRIMARY KEY,
location TEXT,

address TEXT,

cuisines TEXT[],

rating NUMERIC(2,1), 

…);

CREATE TABLE reviews (

id TEXT PRIMARY KEY,
restaurant_id TEXT

REFERENCES restaurants(id),

author TEXT,

…);



Sorting

SELECT address FROM restaurants
WHERE location = “Palo Alto”

AND “Chinese” = ANY(cuisines)
AND id IN 

(SELECT restaurant_id FROM reviews WHERE author =~ “Bob” )
ORDER BY rating DESC

Show me the address of top-rated Chinese restaurants in Palo Alto
reviewed by Bob
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SELECT field+ FROM table [WHERE filter]?

ORDER BY field DESC/ASC
CREATE TABLE restaurants (

id TEXT PRIMARY KEY,
location TEXT,

address TEXT,

cuisines TEXT[],

rating NUMERIC(2,1), 

…);

CREATE TABLE reviews (

id TEXT PRIMARY KEY,
restaurant_id TEXT

REFERENCES restaurants(id),

author TEXT,

…);



Joins
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SELECT * FROM restaurants JOIN reviews ON
restaurants.id = reviews.restaurant_id

WHERE location = “Palo Alto”
AND “Chinese” = ANY(cuisines)

ORDER BY rating DESC

SELECT * FROM
table join table [WHERE filter]? [on filter]?

Show me top-rated Chinese restaurants in Palo Alto
with their reviews

CREATE TABLE restaurants (

id TEXT PRIMARY KEY,
location TEXT,

address TEXT,

cuisines TEXT[],

rating NUMERIC(2,1), 

…);

CREATE TABLE reviews (

id TEXT PRIMARY KEY,
restaurant_id TEXT

REFERENCES restaurants(id),

author TEXT,

…);
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Examples of Compound Questions Alexa Google Siri

Show me restaurants rated at least 4 stars with at least 100 reviews

Show restaurants in San Francisco rated higher than 4.5 ✓

What is the highest rated Chinese restaurant near Stanford? ✓

How far is the closest 4 star restaurant?

Find a W3C employee that went to Oxford

Who worked for Google and lives in Palo Alto?

Who graduated from Stanford and won a Nobel prize? ✓ ✓

Who worked for at least 3 companies?

Show me hotels with checkout time later than 12PM

Which hotel has a pool in this area? ✓ ✓

Can Assistants Understand Compound Queries?

Genie

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

https://arxiv.org/abs/2001.05609
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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
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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
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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”)



N L  → F O R MA L D A TA B A SE Q U E R IE S

N A TU R A L L A NG U A GE IS C O M PO S I T I ON A L

A  C A SU A L N L  S T AT E M E N T C A N C O R RE SP ON D T O

F O R MA L Q U E R IE S W I T H M A NY C L A US E S

Q U IZ :  F O R Y E L P ,  

H OW M A NY P OS S IB L E Q U E R IE S A R E T HE R E ?  
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STANFORDLAM

Outline

• Our casual questions are formal queries

• A basic LLM-based agent that consults a database – Yelp

• Evaluation issues
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LLM: Few-Shot Prompt 
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,

);
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+ examples of semantic parses
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Casual Assessment

• Show that LLM works surprising well

• For domains such as restaurants because of its familiarity 

with the domain

• LLMs already know the basic SQL syntax

• Observed issue: Enumerated values
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STANFORDLAM

Issue: Enumerated Types

• Small # values (e.g. 10): included in schema description

• LLMs know how to use these enumerated values

What are some good inexpensive chinese restaurants in Palo Alto?

SELECT * FROM restaurants WHERE 

'chinese' = ANY (cuisines) AND location = 'Palo Alto’ 

AND price = 'cheap' AND rating >= 4.0

ORDER BY num_reviews DESC LIMIT 3;
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Large Enumerated Types

• Example: Yelp cuisines (text) has over 200 values, e.g.

• "brazilian", "southern", "soul food", "modern european", 

"champagne bars", "latin american", "health & medical", 

"singaporean", …

• Problem: Not feasible to put all choices in the schema 

• Database search expects an exact match
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show me a café

SELECT * FROM restaurants WHERE 'coffee' = ANY (cuisines)

Yelp: no coffee cuisine
Available cuisines: 

coffee & tea, 
cafe



STANFORDLAM

Large Enumerated Types

Solution

• Change ‘=‘ operator for a text field into a value classification operation

• classify(x, V) finds the closest values of x in V,

returns {} if no close values found

• Given a text field f, collect all possible values V

x = ANY (f) ⇒ c1 = ANY (f) OR c2 = ANY (f) …, 

where ci ∈ classify (x, V)
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show me a café

SELECT * FROM restaurants WHERE 'coffee' = ANY (cuisines)

SELECT * FROM restaurants WHERE 
'coffee & tea' = ANY (cuisines) OR 'cafe' = ANY (cuisines)

Semantic parser 

Rewrite ‘=‘ operator by calling

classify (“coffee”, cuisines)

Yelp: no coffee cuisine
Available cuisines: 

coffee & tea, 
cafe
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Quiz: How to implement Classify?
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The Full Agent Design

Some turns are not queries, let LLMs answer those

Few-shot prompts based on the domain
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STANFORDLAM

Agent Design
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Semantic parser

Predicted SQL

Response prompt

User query

SQL compiler 

Database

results

Db lookup needed

Input classifier

DB lookup

not needed

Click the links to see the prompts (written in jinja syntax)

No result response
No results

Classify-Enum

https://docs.google.com/document/d/1z15eFt9HhatPpAzabxKYa5MbUo28SL8wyfs_OxqpW4g/edit?usp=sharing
https://docs.google.com/document/d/1_1pkeSV6HXSy2om5nDI803RRPct5ypKZvvnaPngWf68/edit?usp=sharing
https://docs.google.com/document/d/195yUJ0C1iIdfa3AWPC_KOhoFPo_t4FYnA3Y_rWAQ1fM/edit?usp=sharing
https://jinja.palletsprojects.com/en/3.1.x/
https://docs.google.com/document/d/1RtWd9Sfdz5EjdWuo0AISP98ElyyqB_2g0BCuXhGEABg/edit?usp=sharing
https://docs.google.com/document/d/1MDqN6iKJObVHs219K7qSrMqaR23UirgQ2O4qbeG27Po/edit?usp=sharing


F E W - S H OT L L M- B A SE D D A TA B A SE A G E N TS

A R E E A SY T O B U I L D

D O T H E Y P E R F O R M W E L L?
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Outline

• Our casual questions are formal queries

• A basic LLM-based agent that consults a database – Yelp

• Evaluation issues
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Evaluation

• Measure query accuracy of our annotated data

• Poor accuracy

• Quiz: what should we do next?

• Spot check results by hand!  

(I cannot this emphasize enough)
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Example

What's some great Mexican food around Bernal Heights?

• Gold Target:

• SELECT FROM restaurants 

WHERE “mexican” = ANY (cuisines) AND location = “bernal heights”;

• Predicted Target:

• SELECT FROM restaurants 

WHERE “mexican” = ANY (cuisines) AND location = “bernal heights” 

AND rating >= 4;

Quiz: Which is correct? 
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Evaluation example (SQL, BIRD dataset)

Name all cards with 2015 frame style ranking below 100 on EDHRec.

• Gold Target:

• SELECT     id     FROM cards WHERE edhrecRank < 100 AND frameVersion = 2015

• Predicted Target:

• SELECT name FROM cards WHERE edhrecRank < 100 AND frameVersion = 2015;

Quiz: which is correct? 

https://bird-bench.github.io/
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https://bird-bench.github.io/
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Our Discovery Process

• Tried few-shot ChatGPT 

to make it conform to our convention

• Tried to fix the annotations in the benchmark

ChatGPT is better than annotations 

by PhD students!

Quiz: What should we do next?

Test it on a real user (not one of us – designers of the system)
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Find me a spicy Chinese restaurant in Palo Alto! 

LLM

We have landed 
on a new planet!
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Conclusion

• Few-shot Chat-GPT parses SQL queries for Yelp 

• Restaurants: well-known domain to ChatGPT

• Small table: 11 fields 

(incl. 2 Free-text, 1 small, 1 large ENUM)

• Well-understood field names

• Cannot evaluate based using old benchmarks!

• Cannot address the full problem without free-text retrieval!

• Must handle hybrid data before rigorous evaluation!
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