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End User =] stackoverflow SQL

................................

P AT EEEER - , .Select x.id, x.customer, x.total

-7 Select ™ e e s From PURCHASES x :

/’ rows with \) H— ' ;Join (Select p.customer, '

| ' . ! Max(total) e

\ maximum value ) == ; : From PURCHASES p '

for each user. Perianr= ; - Group By p.customer) y '
15;,,/'*»‘\___,,,/’ e T ST e m— - ’ ,0r y.customer - X.customer '

o e . ol foremior icemie gl - ;

Select =

. . - : «From .
< Find rows with \I o [E =z . ’ MWhere Eigszsa
. duplicate values. | e 8 (Select *

From Users b
Yhere (a.name = b.oname
Or a.email = b.email)
And a.ID < b.ic¢)

(/ Calculate :Select a.ord, a.val, Ava(k.val)

:

. running average. / = ‘From t As a Join t As b
N / v i B ‘Where b.ord <= a.ord :
N e | m—m—————— 'Group By a.ord,a.vcl '

Order By a.ord

Wang et. al. PLDI 2017



Bongard problem 47

Bongard, M. (1970). Pattern recognition.
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An Example

GreenSignal

Broadway

Liberty St

William St
Whitehall St Crashes

‘ Broadway
Whitehall St
HasTraffic
Broadway
Wall St Crashes(x) : — HasTraffic(x), isGreen(x),
William St Intersects(x, y),

Whitehall St

HasTraffic(y), isGreen(y).
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Templates
Meta Rules

Mode
Declarations

Comparison
Constants

Difflog (2019) (@)
Metagol (2016) ‘

Popper (2021)

Instance-specific Constraints

Zaatar (2017)

ALPS (2018)

ProSynth (2020)

. Scythe (2017)

ILASP (2020)

GenSynth (2021)

PatSQL (2021)

Expressiveness



Instance-specific Constraints

ALPS (2018)

Difflog (2019) (@)
Metagol (2016) ‘

ProSynth (2020)

ILASP (2020)

Popper (2021)

GenSynth (2021)

General Recursion

Expressiveness



A Predicate Invention

Metagol (2016)

GenSynth (2021)

Instance-specific Constraints

Expressiveness



Instance-specific Constraints

Scythe (2017)
PatsQL (2021)

Numerical Comparison
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Instance-specific Constraints
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Metagol (2016) ‘

ProSynth (2020)

. Scythe (2017)

ILASP (2020) PatsQL (2021)

Popper (2021)

GenSynth (2021)

Zaatar (2017)

Expressiveness
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Decidability and Complexity

Intersects(Liberty, Broadway), GreenSignal(Broadway),

Intersects(Broadway, Liberty), GreenSignal(Liberty),

Intersects(Broadway, Wall), GreenSignal(William),

Intersects(Wall, Broadway), GreenSignal(Whitehall) Crashes
Intersects(Liberty, William), Broadway
Intersects(William, Liberty), Whitehall St
Intersects(William, Wall), HasTraffic(Broadway),

Intersects(Wall, William), HasTraffic(Wall),

Intersects(Whitehall, Broadway), HasTraffic(William),
Intersects(Broadway, Whitehall) ~ HasTraffic(Whitehall)

Conjunction of all the facts Conclusion



Decidability and Complexity

Intersects(Liberty, Broadway), GreenSignal(Broadway),

Intersects(Broadway, Liberty), GreenSignal(Liberty),

Intersects(Broadway, Wall), GreenSignal(William),

Intersects(Wall, Broadway), GreenSignal(Whitehall) Crashes
Intersects(Liberty, William), Broadway
Intersects(William, Liberty), Whitehall St
Intersects(William, Wall), HasTraffic(Broadway),

Intersects(Wall, William), HasTraffic(Wall),

Intersects(Whitehall, Broadway), HasTraffic(William),
Intersects(Broadway, Whitehall) ~ HasTraffic(Whitehall)

Abstraction of conjunction of all the facts Conclusion



Crashes(x):

Decidability and Complexity

Intersects(x, vy),
Intersects(y, x),
Intersects(y, z),
Intersects(z, y),
Intersects(x, w),
Intersects(w, x),
Intersects(w, z),
Intersects(z, w),
Intersects(u, y),
Intersects(y, u)

GreenSignal(y),
GreenSignal(x),
GreenSignal(w),

GreenSignal(u) Crashes
Broadway
Whitehall St
HasTraffic(y),
HasTraffic(z),
HasTraffic(w),
HasTraffic(u)

Most specific constant-free project-join query



Crashes(x):

Decidability and Complexity

Intersects(w, x),
Intersects(x, w),
Intersects(x, u),
Intersects(u, x),
Intersects(w, v),
Intersects(v, w),
Intersects(v, u),
Intersects(u, v),
Intersects(y, x),

Intersects(x, y)

GreenSignal(x),
GreenSignal(w),
GreenSignal(v),

- Crashes
GreenSignal(y)
Broadway
Whitehall St

HasTraffic(x),

HasTraffic(u),

HasTraffic(v),

HasTraffic(y)

Most specific constant-free project-join query



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.



\
End User =] stackoverflow SQL

................................

P AT EEEER - , .Select x.id, x.customer, x.total

-7 Select ™ e e s From PURCHASES x :

/’ rows with \) H— ' ;Join (Select p.customer, '

| ' . ! Max(total) e

\ maximum value ) == ; : From PURCHASES p '

for each user. Perianr= ; - Group By p.customer) y '
15;,,/'*»‘\___,,,/’ e T ST e m— - ’ ,0r y.customer - X.customer '

o e . ol foremior icemie gl - ;

Select =

. . - : «From .
< Find rows with \I o [E =z . ’ MWhere Eigszsa
. duplicate values. | e 8 (Select *

From Users b
Yhere (a.name = b.oname
Or a.email = b.email)
And a.ID < b.ic¢)

(/ Calculate :Select a.ord, a.val, Ava(k.val)

:

. running average. / = ‘From t As a Join t As b
N / v i B ‘Where b.ord <= a.ord :
N e | m—m—————— 'Group By a.ord,a.vcl '

Order By a.ord

Wang et. al. PLDI 2017



Crashes(x):

Intersects(w, x),
Intersects(x, w),
Intersects(x, u),
Intersects(u, x),
Intersects(w, v),
Intersects(v, w),
Intersects(v, u),
Intersects(u, v),
Intersects(y, x),

Intersects(x, y)

GreenSigna
GreenSigna
GreenSigna
GreenSigna
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(w),
(v),
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HasTraffic(x),
HasTraffic(u),
HasTraffic(v),
HasTraffic(y)



Crashes(x):

Intersects(w, x),
Intersects(x, w),
Intersects(x, u),
Intersects(u, x),
Intersects(w, v),
Intersects(v, w),
Intersects(v, u),
Intersects(u, v),
Intersects(y, x),

Intersects(x, y)

GreenSigna
GreenSigna
GreenSigna
GreenSigna

(x),
(w),
(v),
(y)

HasTraffic(x),
HasTraffic(u),
HasTraffic(v),
HasTraffic(y)
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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

candldate
Synthesizer Consistent?

3. Outperforms syntax-guided

techniques for relational
queries output
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An Example
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Broadway
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Broadway
Crashes(x) : — HasTraffic(x), isGreen(x), C.
Intersects(x, y), et v A
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Crashes 3
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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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o
00000

scc(x, y) : — path(x, y), path(y, x).
path(X, y) . edge(xl y)
path(X, y) . path(X, Z)/ path(z,y)



0000

scc(x, y) : — path(x, y), path(y, x).
path(X, y) . edge(xl y)
path(x, y) : — path(x, z), path(z,y).




0000

scc(x, y) : — path(x, y), path(y, x).
path(x, y) : — edge(x, y).
path(x, y) : — path(x, z), path(z,y).
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SELECT registration.studentID
FROM registration JOIN department
ON registration.deptCode = department.deptCode
WHERE registration.courselID < 500

AND department.school = “Engineering”



SELECT registration.studentID
FROM registration JOIN department
ON registration.deptCode = department.deptCode



SELECT registration.studentID
FROM registration JOIN department
ON registration.deptCode = department.deptCode
WHERE registration.courselD < 500

AND department.school = “Engineering”



SELECT registration.studentID

FROM registration JOIN department

ON registration.deptCode = department.deptCode

WHERE registration.courselID < 500

AND department.school = “Engineering”

studentID deptCode courselD school
Alice Comp. 201 Engineering
Alice Chem. 310 Arts and Science
Alice Mech, 550 Engineering
Bob Mech. 320 Engineering
Bob Mech. 550 Engineering
Charlie Chem. 310 Arts and Science
David Comp. 500 Engineering
David Mech. 502 Engineering
Erin Chem. 310 Arts and Science

courselD < 5007

PN
yes no

N
school = Engineering? | X |

yes

s

~
no

AN
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Future Directions

Synthesis in Presence of Noise

Scalability

More Expressibility (Aggregation)
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0000

scc(x, y) : — edge(x, y), edgely, x).
SCC(X) y) . Edge(x, y)l edge(yt Z), Edge(z, X)'
scc(x, z) : — edge(x, y), edge(y, z), edge(z, x).




Normalization

scc(x, y) : — edge(x, y), edgely, x).
SCC(X/ y) . edge(xl y)l edge(yl Z), Edge(z, X)'
scc(x, z) : — edge(x, y), edgely, z), edge(z, x).



Normalization

scc(x, y) : — R(x,v), R(y, x).
scc(x,y) : — R(x,v), R(y, z), R(z, x).
scc(x, z) : — R(x,vy), R(y, z), R(z, x).

R(x,y) :— edge(x,y).



Normalization

scc(x, y) : — R(x,v), R(y, x).
scc(x, y) :— R(x, V), S(y, x).
scc(x, z) : — S(x, z), R(z, x).
R(x,y) :— edge(x,y).

S(x,z) :— R(x,vy), R(y, z).



Normalization

scc(x, y) : — R(x,v), 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, vy), R(y, z).



Unification

scc(x, y) : — P(x,y), Ply, x).
scc(x, y) :— P(x,vy), P(z, v).
scc(x, z) :— P(x, z), P(z, x).
P(x,y) :— edge(x, vy).

P(x,z) :— P(x,v), Ply, z).



Unification

scc(x, y) : — P(x,y), Ply, x).
P(x,y) :— edge(x, vy).
P(x,z) :— P(x,v), Ply, z).
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O =EGS(, O",07) — O’ = normal(Q)
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O =EGS(, O",07) — O’ = normal(Q)
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O =EGS(, O",07) — O’ = normal(Q)
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Q' = normal(Q)
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O =EGS(, O",07) — O’ = normal(Q)
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O =EGS(, O",07) — O’ = normal(Q)
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