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An Example
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Crashes(x)  ∶ − HasTraffic(x).
Crashes(x)  ∶ − GreenSignal(x).
Crashes(x)  ∶ − Intersects(x, y).
Crashes(x)  ∶ − Intersects(y, x).
Crashes(x)  ∶ − HasTraffic(x), GreenSignal(x).
Crashes(x)  ∶ − HasTraffic(x), Intersects(x, y).
Crashes(x)  ∶ − HasTraffic(x), Intersects(y, x).
Crashes(x)  ∶ − GreenSignal(x), Intersects(x, y).
Crashes(x)  ∶ − GreenSignal(x), Intersects(y, x).
Crashes(x)  ∶ − Intersects(x, y), Intersects(y, x).
Crashes(x)  ∶ − HasTraffic(x), GreenSignal(x), 

Intersects(x, y).
Crashes(x)  ∶ − HasTraffic(x), GreenSignal(y), 

Intersects(y, x).
…
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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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Decidability and Complexity

The instance of the synthesis problem is realizable 
if and only if the query corresponding to the 
entire constant co-occurrence graph is 
consistent with the input-output examples.
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Completeness Guarantees

The instance of the synthesis problem is realizable 
if and only if there exists a query of size at most 
|𝐼 ×𝑂!| that is consistent with the examples.
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𝑡 ∈ 𝑂?

𝑂? = {}?

no

yes
output

𝑂? = 𝑂"
𝑄 = {}

𝑞 = 𝐸𝐺𝑆(𝐼, {𝑡}, 𝑂#)

𝑄 = 𝑄 ∪ {𝑞}



Minimize𝑡 ∈ 𝑂?

𝑂? = {}?

no

yes
query

𝑂? = 𝑂"
𝑄 = {}

𝑞 = 𝐸𝐺𝑆(𝐼, {𝑡}, 𝑂#)

𝑄 = 𝑄 ∪ {𝑞}

output
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Comparison Predicates



scc(x, y)  ∶ − path(x, y), path(y, x).
path(x, y)  ∶ − edge(x, y).
path(x, y)  ∶ − egde(x, y), egde(y, z).



scc(x, y)  ∶ − path(x, y), path(y, x).
path(x, y)  ∶ − edge(x, y).
path(x, y)  ∶ − path(x, z), path(z,y).

a b c e f

d



a b c e f

d

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).



Normalization

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).



Normalization

scc(x, y)  ∶ − R(x, y), R(y, x).
scc(x, y)  ∶ − S(x, z), R(z, 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).



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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Comprehensive Evaluation

Application

Aggregation


