
Example-Guided Synthesis  
of Relational Queries

Aalok Thakkar



Example-Guided Synthesis  
of Relational Queries

Aalok Thakkar

Our lab is offering PhD, visiting researcher, and internship positions.  
Contact me at aalok.thakkar@ashoka.edu.in for more details. 

mailto:aalok.thakkar@ashoka.edu.in


Example-Guided Synthesis  
of Relational Queries



Example-Guided Synthesis  
of Relational Queries



Example-Guided Synthesis  
of Relational Queries

declarative logic programs 



Example-Guided Synthesis  
of Relational Queries

SQL Datalog

PrologPQL

SPARQLCypher

LogiQL CodeQL

declarative logic programs 



q = R | σc(q) | πα(q) | q ⋈θ q



q = R | σc(q) | πα(q) | q ⋈θ q

q = R | πα(q) | q ⋈θ q



q = R | σc(q) | πα(q) | q ⋈θ q

PLDI 2021:            q = R | πα(q) | q ⋈θ q | q ∪ q

VLDB 2023:            q = R | σc(q) | πα(q) | q ⋈θ q | q ∪ q

q = R | πα(q) | q ⋈θ q

OOPSLA 2023:         recursionq = R | σc(q) | πα(q) | q ⋈θ q | q ∪ q |



q = R | σc(q) | πα(q) | q ⋈θ q

PLDI 2021:            q = R | πα(q) | q ⋈θ q | q ∪ q

VLDB 2023:            q = R | σc(q) | πα(q) | q ⋈θ q | q ∪ q

OOPSLA 2023:         recursionq = R | σc(q) | πα(q) | q ⋈θ q | q ∪ q |

q = R | πα(q) | q ⋈θ q



TIROS

Program Analysis Network Analysis Knowledge Discovery

Database Querying Industrial Applications



Example-Guided Synthesis  
of Relational Queries



R1

Input Tables

R1

R1
R2

R1
R3

Q

Query

Querying

?
Output



R1

Input Tables

R1

R1
R2

R1
R3

Output Tables

R1
O

Query Synthesis Problem



R1

Input Tables

R1

R1
R2

R1
R3

Query

?
Output Tables

R1
O

Query Synthesis Problem



Wang et. al. PLDI 2017 



Bongard, M. (1970). Pattern recognition.
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Broadway

Whitehall St

Crashes(x)  HasTraffic(x), isGreen(x), 
	 	 Intersects(x, y), 
	             HasTraffic(y), isGreen(y).

: −  
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Decidability and Complexity

Most specific constant-free project-
join query is consistent with the 

input-output examples if and only if 
the problem instance is realisable. 

Checking this is coNP complete.



Wang et. al. PLDI 2017 
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Example-guided Synthesis

1. Examples cannot be replaced 
by an evaluation oracle 

2. Uses the latent structure of 
examples to generate the  
candidate programs 

3. Outperforms syntax-guided 
techniques for relational 
queries

Syntax

Synthesizer Consistent?

Examples

candidate

no yes

output

Summary
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Guarantees

1. EGS is terminating as there are finitely many subgraphs. 

2. EGS is sound because consistency is verified as a part of synthesis. 

3. EGS is complete because:  

	 the query corresponding to the entire graph is consistent with  
the examples if and only if some consistent query exists. 
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Future Directions

Synthesis in Presence of Noise

Scalability

More Expressibility (Aggregation)
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scc(x, y)  edge(x, y), edge(y, x). 
scc(x, y)  edge(x, y), edge(y, z), edge(z, x). 
scc(x, z)  edge(x, y), edge(y, z), edge(z, x).

: −  
: −  
: −  



Normalization

scc(x, y)  edge(x, y), edge(y, x). 
scc(x, y)  edge(x, y), edge(y, z), edge(z, x). 
scc(x, z)  edge(x, y), edge(y, z), edge(z, x).

: −  
: −  
: −  



Normalization

scc(x, y)  R(x, y), R(y, x). 
scc(x, y)  R(x, y), R(y, z), R(z, x). 
scc(x, z)  R(x, y), R(y, z), R(z, x). 
R(x, y)     edge(x, y).

: −  
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scc(x, y)  R(x, y), R(y, x). 
scc(x, y)   R(x, y), S(y, x). 
scc(x, z)  S(x, z), R(z, x). 
R(x, y)     edge(x, y). 
S(x, z)     R(x, y), R(y, z).

: −  
:−
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scc(x, y)  R(x, y), R(y, x). 
scc(x, y)  S(x, z), R(z, x). 
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R(x, y)     edge(x, y). 
S(x, z)     R(x, y), R(y, z).

: −  
: −  
: −  
 : −  
 : −  



Unification

scc(x, y)  P(x, y), P(y, x). 
scc(x, y)   P(x, y), P(z, y). 
scc(x, z)   P(x, z), P(z, x). 
P(x, y)     edge(x, y). 
P(x, z)     P(x, y), P(y, z).

: −  
:−
:−
 : −  
 : −  



Unification

scc(x, y)  P(x, y), P(y, x). 
P(x, y)     edge(x, y). 
P(x, z)     P(x, y), P(y, z).

: −  
 : −  
 : −  
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Evaluator

Constraint 
Solver

𝑄 = 𝐸𝐺𝑆(𝐼,  𝑂+, 𝑂−) 𝑄′￼= 𝑛𝑜𝑟𝑚𝑎𝑙(𝑄)

Mobius

𝑄′￼,  𝜎

𝜇1(𝑄′￼)

𝑄′￼,  𝜎1

𝜇2(𝑄′￼)

𝜇2(𝑄′￼)

minimal program?

minimal program?

consistent?

no

yes

consistent?



Program 
Evaluator

Constraint 
Solver

𝑄 = 𝐸𝐺𝑆(𝐼,  𝑂+, 𝑂−) 𝑄′￼= 𝑛𝑜𝑟𝑚𝑎𝑙(𝑄)

Mobius

𝑄′￼,  𝜎

𝜇1(𝑄′￼)

𝑄′￼,  𝜎1

𝜇2(𝑄′￼)

𝜇2(𝑄′￼)

minimal program?

minimal program?

consistent?

no

yes

consistent?

output


