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End-User =] stackoverflow SQL
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Observations

A lot of common tasks require using complex SQL constructs.

greatest-n-per-group Aggregation
running-total Subqguery
duplicates Exists/In-clauses

Many taSkS Can be ConCISely expressed Wlth inPUt-OUtPUt exar ldea: summarize our observation on StackOverflow

Transition: these problems can be concisely expressed with
examples, can we build some system that allows users to
ask question using examples only?



Programming by Example System

T2
T1 oidival
id date uid| |1 3|
Join two tables and return 1012725 1| | 1 10
the rows Containing the 211/213 ------- 110
maximum val below 50 for 4.12/24 2| |2 50
each group. 2 10

Out
oidé date éuidéoidéMaxVal Select *
B ot T T 0 From  T1
4 (12/24: 2 | 2 | 10 Join  (Select id, Max(val)
From T2

Where val < 50
Group By oid) T3
On T3.01d = T1.uid

.---------------1

Idea: introduce what we want to do: build a PBE system.

Transition: let’s first see what is the traditional algorithm to
build such system.



Synthesis Algorithm: Value-directed Search

Input: 2, 2, Output: 6, Operators: add, mul

add(2, add(2, 2))
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add(2, add(2, 2)) = 6
add(2, mul(2, 2)) = 6

\_

4 )
FlashFill
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SuperOptimizer
cmp rl, #0
add r2, rl, #7
movge r2, ril
asr r3, rl, #2
add r2, rl1l, r3, 1lsr #29
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Enumerative Searc - o« )L

Select * i
From T1 i
Join  (Select id, Max(val) As MaxVal :
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Input: T1, T2, Output: Tou,, Operators: Select, Join, Aggr |11 2 =0
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T2
T6
oid | val Select *x .oy > eeeens Z{ q4 . . . :
RS SRS From T2 T4 s Select * oid: date iuidioidiMaxVal
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..... 1 ,10 q2 > From T4 T5 nui = 0l 4 12/24 2 E 10
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d 42 2 10 Challenge 1: Challenge 2:
Large number of queries Large tables




INsight: Decomposition

T2
T1 oidival
id| date {uid| | 1 ;30
1i12/25 1 | | 110
221 3| | 110
4127240 2 | | 2 50 |
2 10

Tout

Select *

From T1

Join  (Select 1d, Max(val)
From T2

Where val < 50

oid: date iuid:oidiMaxVal

________________________________________________________

______________________________________________________

Search in the space
of SQL queries

Group By oid) T3
On T3.01d = Tl.uid

S ——————————

4 1127241 2 1 2 i 10




INsight: Decomposition

Abstract Queries

'Select * :

1From  (Select * :

: From T1 :

- : Where 1) 0

|

oidival tJoin  (Select 1id, Max(val)
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Search abstract

_—_—
SQL queries

Tout

oid: date iuid:oid:MaxVal

.......................................................
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4 12/24: 2 i 2 | 10

Pro: Smaller space of programs.
Challenge: which ones to search for?
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Goal;

:Select *
. . 1From  (Select *
carcn wi StracC ueries : From T1
: Where [1)
+Join  (Select 1id, Max(val)
I From T2
|
Input: T1, T2, Output: Tout, Operators: abstract query operators : Where [0
’ Group By o1id
. .
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Select * B Rt A el
From T3 | 412/241 2 { 1 | 30
'Join T5 + T 10127250 11 10
T2 T4 i 5 on O 2 i11/21: 3 | 1 i 10
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R S : - e R :Gro 0 ARETTEY S R R e S
1 10 Select x A1 10 oI R ot ; 1| 10 211/21: 3 | 2 | 50
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Instantiate Abstract Queries

Abstract Queries

Where val < 50

Group By oid

Having True) T3
On T13.01d = T1.u1id

I

Group By o1id
Having ) T3

'Select * :
1From  (Select * : select *
|
' Where 1) 0 From T1
L : ' Where True)
Join  (Select 1d, Max(val) . Col Y .
From T2 : Join (Fe ectT; , Max(val)
Where [] : rom
|
|
|
|
|
|

Instantiate
abstract queries
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Instantiate Abstract Queries

True,
. False, :
Select * - uid < id, ;
From  (Select * . : :
From T1 / -------------------- True + val <50 + False + T1.uid = T3.0id
Where [1)
Join  (Select id, Max(val) i ya) <50, | False + val <50 + False + T1.uid = T3.0id
From T2 E — E
< Val —— 50,
Where . val>id, | : :
Group By oid - True, | True + val == 50 + False + T1.uid = T3.0id

Having 1) T3

" \ True + val == 50 + MaxVal < 50 + T1.uid = T3.0id

True,
. Fa|Se, ...... A intuitive solution that does
e mmmmmmemmmmmmmmmmmm - ———————— . : : no scale.
T1 .Uid — T3.0id, Maxval < 50, Transitign: can we use
T1.id = T3.0id,... | A Gy 10 Opfiice (7.
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Select *
‘From  (Select *
From T1

Where [1D

Join  (Select 1d, Max(val)
From T2
Where

Instantiate Abstract Queries

True, Group By o1id
False, Having 1) T3
uid < id, On
1 T3 | . :
id | date uid e id: date ;uid E T1.uid = T3.0|d, E -
1.12/25 1 select * 1:12/25: 1 : T1.id = T3.0id,...: . N
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2 111/21 3 : - o ettt Wi ; ] — S ——
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tefet 2| | | 2 i11/21{ 3 i 1 i 30 -
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: : 4i12/241 2 1 | 30 @
. From T3 o > A R R R
Join T5 1112/250 11 1| 10 -
T2 T4 on O 2 111/21i 3 i 1 | 10 O
oid uid oidiuid e 412/24; 2 i 1 i 10 O
1 30 e 1 30 :Select oid, MAX(val) 1i12/25 1 i 2 i 50 -
1 10 iieled ?2 E 1110 ,from T4 2 i11/21: 3 | 2 | 50 )
R Rty . From S R R : o I At ittt st At Sy
1 10 — e > |1 10 :ﬁm“p by o1d 4:12/24 2 1 2 | 50 O
S : a n E T S
2 50|  iiiliii.... 2 {50 raving O 1i12/25: 1 {2 i 10 -
2 |10 2 |10 20117210 3 i 2 | 10 )
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: : 4:12/24 2 2 | 10 4 12/240 2 2 | 10 | —
val < 50, . . .
True,
val == 50,
val > id False, Ul
T ’ : MaxVal < 50,
rue, ' oid: date iuid:oidiMaxVal
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4 i12/240 2 2 i 10
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Generating Solutions

""""""""""""""" Select *
Select * ) True |d <>uidi Fioﬁc ~
From (Select Join  (Select 1d, Max(val)
From T1 Erom T2
Where [1]) Where val < 50
Jo1in (Select 1d, Max(val) Grogp By oid? T3
From T2 On T3.01d = T1l.u1d
Where : val < 50
Group By oid ::::::::::::::::'..
Having 1) T3 val<>50; T e
On -
Select *
I From (Select * From T1 Where 1d <> uid)
Join  (Select id, Max(val)
----------------------------- frue: ilrue: | From T2
_T1 uid = 13. Old --------------------- Where val <> 50
____________________________________________________________________________________________ Group By oid) T3
T‘] u|d T3 O|d And T‘] |d <> T2 |d On T1l.uid = T3.01d And T1.1d < T2.1d
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Ranking & Interaction

 Heuristically rank candidate queries.

o (Criteria: complexity, naturalness etc.

e \When the result Is not desirable:

 Provide new input-output examples.
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Benchmark: 193
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Evaluation

DD D e e e e D D e R R D D D D A

/ — Scythe
-= Enum |-

| N N (N Y NN NN NN (NN N (NN N N [N U U U U U (U (U U (U U U U U U U U U U U U U U U U U U U S Uy Wy [ U [ Uy S U Sy W S S nw """ -

10 60 120 180 300 450 600
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34: more features
15: run out of time
1. fail to disambiguate

~
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Demo
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Conclusion

 (Goal: Helping end users to program SQL with input-output examples.

e Solution: An efficient two-phase synthesis algorithm.

e Evaluation: Able to solve 143/193 problems on StackOverflow.
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