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Data 1s Everywhere
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Example: BibTex and Endnote

BibTex EndNote
@book{
title={Introduction to
MetaMathematics}, %0 Book
author={Kleane, Stephen $T Introduction to
Cole}, MetaMathematics

} $A Stephen Cole Kleane
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Bidirectional Programming

- Use a single piece of code to express functions between data formats

- Desire code to be correct by construction

- Inversion properties guaranteed

- We focus on a byjective fragment of Boomerang [BFPPS 08]

+ Terms are “lenses”
- Mappings between string data formats

« (Qenerated functions are inverses of each other
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Issues with Bidirectional
Programming

- Diafficult to program 1n!

- Complicated Type Systems
- New Syntax

- Fiddly details

- New way of thinking about programs
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Issues with Bidirectional

Programming
| Anders Miltner
Miltner,Anders,NJ, \ 11 Dickinson St.
08544, Princeton,11 Dickinson \ Apt 11
St.,Apt 11 Princeton, NJ 08544

concat(swap(concat(...),swap(swap(...),concat(...))
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Synthesis as a Solution!

Data Format 1 |«

L ens
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Data Format 2




Synthesis as a Solution!

Data Format 1 Data Format 2

. ens
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Synthesis as a Solution!

Data Format 1 Data Format 2

LeftEx: RightEx;
LeftEx> RightEx>

. ens
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Synthesis as a Solution!

Data Format 1 Data Format 2

LeftEx: RightEx;
LeftEx> RightEx>

l

L ens
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Synthesis as a Solution!

Data Format 1 Data Format 2
LeftEx: Lens RightEx;
LeftEx> RightEx>
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Synthesis as a Solution!

Data Format 1 |« »| Data Format 2
LeftEx; < Lens »RightEx;
LeftEx, < »RightEx>
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Synthesis as a Solution!

Data Format 1 Data Format 2

LeftEx: RightEx;
LeftEx> RightEx>

l

L ens
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Synthesis as a Solution!

Data Format 1 Data Format 2

LeftEx: RightEx;
LeftEx> RightEx>

l

L ens
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Talk Structure

Present...

- Existing lens language (bijective boomerang)
+ Naive approach to synthesis, to motivate our approach
+ DNF lenses which are more suited to synthesis

» Algorithm for synthesizing DNF lenses from types and
examples

- Evaluation of our algorithm of a test suite of 25
synthesis tasks

21



Bhective Boomerang

22



Bhjective Boomerang

e 1 : R<=> S

e l.get : R =» S

e l.put ¢: S » R

* Invertibility Guarantees?
e l.put O l.get = id|r
e l.get O l.put = id|s
+ From side conditions

- Extended example with BibTex to EndNote author field
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Constant LLens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene

24



Constant LLens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene

const("author={", " "$A") : "author={" <=> "gA"
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Constant LLens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene

const("author={", " "$A") : "author={" <=> "gA"

const(s,t) : s <=> t

20



Identity Lens

author={Kleene, Cole} 3A Cole Kleene
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Identity Lens

author={Kleene, Cole} 3A Cole Kleene

id([A-Z][a-2]*) : <=>
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Identity Lens

author={Kleene, Cole} 3A Cole Kleene

id([A-Z][a-2]*) : <=>

side conditions

1d(R) : R <=> R
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Concat Lens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene
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Concat Lens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene

concat(li,1l2) ¢ Ri.Ry <=> 5:.5
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Concat Lens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene

concat(li,1l2) ¢ Ri.Ry <=> 5:.5

11 : R <=> S,
1, ¢+ Ry <=> S,
side conditions

concat(li,1l2) ¢ Ri.Ry <=> S5:.5;
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Swap Lens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene
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Swap Lens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene

swap(li,1l2) ¢ Ri.Ry <=> S5,.5;
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Swap Lens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene

swap(li,1l2) ¢ Ri.Ry <=> S5,.5;

11 : R <=> S,
1, ¢+ Ry <=> S,
side conditions

swap(li,1l2) : Ri.Ry <=> S,.5;
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Or Lens

(3 €
author={Kleene, Stephen Cole} 3A Stephen Cole Kleene
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Or Lens

(3 €
author={Kleene, Stephen Cole} 3A Stephen Cole Kleene

or(li,1l2) Rl‘Rz <=> Sl‘Sz
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Or Lens

(3 (3
author={Kleene, Stephen Cole} 3A Stephen Cole Kleene

or(li,1l2) Rl‘Rz <=> Sl‘Sz

11 ¢+ R <=> S,
1, ¢+ Ry <=> S,
side conditions

or(li,1l2) : Rl‘Rz <=> Sl‘Sz
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Iterate Lens

author={Hofmann, Martin $A Martin Hofmann
and Pierce, Benjamin $A Benjamin Pilerce
and Wagner, Daniel} $A Daniel Wagner
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Iterate Lens

author={Hofmann, Martin $A Martin Hofmann
and Pierce, Benjamin $A Benjamin Pilerce
and Wagner, Daniel} $A Daniel Wagner
iterate(l) : R* <=> g%
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Iterate Lens

author={Hofmann, Martin $A Martin Hofmann
and Pierce, Benjamin $A Benjamin Pilerce
and Wagner, Daniel} $A Daniel Wagner

iterate(l) : R* <=> g%

l : R<=> S
side conditions

iterate(l) : R* <=> S*
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Single Author Lens!

author={Kleene, Stephen Cole}, %A Stephen Cole Kleene
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Single Author Lens!

author={Kleene, Stephen Cole}, %A Stephen Cole Kleene
concat (

const("author={", "%A"),

1)
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Single Author Lens!

author={Kleene, Stephen Cole}, %A Stephen Cole Kleene
concat (

const("author={","%A"),
concat (

1,

const("},",€)))
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Single Author Lens!

author={Kleene, Cole}, 3A Cole Kleene
concat (

const("author={","%A"),
concat (

1,

const("},",€)))
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Single Author Lens!

author={Kleene, Cole}, 3A Cole Kleene
concat( iterate(
const("author={","%A"),
concat (
1,

const("},",€)))
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Single Author Lens!

author={Kleene, Cole}, 3A Cole Kleene

concat (
const("author={", "%A"),
concat (
swap (
1,
iterate( )),
const("},",€)))
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Single Author Lens!

author={Kleene, Cole},

concat (
const("author={", "%A"),
concat (
swap (
concat (
id([A-Z][a-2]%*),
1),
iterate( )) .,
const("},",€)))

48
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Single Author Lens!

author={Kleene, Cole},

concat (
const("author={", "%A"),
concat (
swap (
concat (
id([A-Z][a-2]%*),
const(",",€)),
iterate( )) .,
const("},",€)))

49
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Single Author Lens!

author={Kleene, Cole},

concat (
const("author={", "%A"),
concat (
swap ( ®
concat (
id([A-Z][a-z]*),
const(",",€)),
iterate( )) .,
const("},",€)))
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"author={"

[A-Z][a-2]

y

<=>

o©

" All

[A-Z][a-2]
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Single Author Lens!

author={Kleene, Cole}, 3A Cole Kleene
"author={"
((([A-Z][a-2]
concat ( )
const("author={", "%A"), )
concat ( )
swap ( PY
concat ( <=>
id([A-Z]1[a-2]*), ¢
const(",",€)), "SA"
iterate( )) ., ( (
const("},",€))) ([A-Z][a-Z]
) )
€)
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Potential Problem!

"author={" "author={"
[A-Z][a-2] ((([A-Z][a-2]
)
)
<=> <=>
"SA" "SA"
((
[A-Z][a-2] ([A-Z][a-2]
))
€ €)
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"author={"
([A-Z][a-2]
(
(
))

([A-Z][a-

(
€)))

Potential Problem!

"author={"
((([A-Z][a-2]
)

) )

<=>
ne
((

z] ([A-Z2][a-2]

))
€)
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Potential Problem!

"author={" "author={"
[A-Z][a-2] ((([A-Z][a-2]
)
)
<=> <=>
"SA" "SA"
((
[A-Z][a-2] ([A-Z][a-2]
))
€ €)

o4



Potential Problem!

Name = [A-Z][a-2Z] "author={"
((([A-Z][a-2]
"author={" )
Name
)
<=>
n %A"
<=> ((
Y ([A-Z][a-2]
))
Name €)
3
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Potential Problem!

Name = [A-Z][a-2Z] "author={"
Names = (" "Name)* ((([A-Z][a-2]
)
"author={"
Name )
<=>
n %AII
((
<=> ([A-Z][a-2]
"SA" ))
€)
Name
3
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Potential Problem!

Name = [A-Z][a-2z]
Names = (" “Name)*

SingleBibAuth =
"author={" Name "," Names "}"

SingleEndAuth =
“SA" Names Name

SingleBibAuth <=> SingleEndAuth

"author={"
((([A-Z][a-2]
)

<=>

A"

((
([A-Z2][a-2]

))

o° |l

€)

S/



Retyping

Name = [A-Z][a-2] "author={"
Names = (" “Name)* ((([A-Z][a-2]
)
SingleBibAuth =
"author={" Name "," Names "}" )
<=>
SingleEndAuth = "SA"
“3IA" Names Name ((
([A-Z][a-2]
SingleBibAuth <=> SingleEndAuth ))
€)
R = R’
S = S5’
1 : R'" <=> §"'
l : R <=> S
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* Semiring Axioms

59
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Semiring Axioms
R| T=T]|R
R | @ =R
R . (R" | RM") =
R . 9 =0 (R.R’)|(R.RII)
2 .R=29 (R" | R"") . R =
(R . R) | (R"" . R)
(R.R’) .R'" =R . (R" . R"7)
3 R =R
(R | R") | R”” =R | (R" | R"")
R € =R
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* Semiring Axioms

e-unrolling for *
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* Semiring Axioms

e-unrolling for *

e R*

1l
mM
J

e R*

1l
M
J

>*
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* Semiring Axioms
e-unrolling for *

* R 1S definitionally equivalent to R’
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* Semiring Axioms
e-unrolling for *
* R 1S definitionally equivalent to R’

* Not full equivalence, but sufficient in practice!
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Composition

author={Kleene, Stephen Cole}

[

3A Stephen Cole Kleene

B

3Al1 Stephen Cole Kleene
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1,

4

1,

Composition

author={Kleene, Stephen Cole}

[

3A Stephen Cole Kleene

B

3Al1 Stephen Cole Kleene

SingleBibAuth <=> NewSingleEndAuth
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Composition

author={Kleene, Stephen Cole}

[

3A Stephen Cole Kleene

B

3Al1 Stephen Cole Kleene

l1;12, ¢ SingleBibAuth <=> NewSingleEndAuth

=
N R
n
ANEA
T
V V
H W
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[.enses from Data Formats

Data Format 1 Data Format 2

LeftEx: RightEx;
LeftEx> RightEx>

l

L ens
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[.enses from Data Formats

R S
LeftEx: RightEx;
LeftEx> RightEx>
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[.enses from Data Formats

R S
LeftEx: RightEx;
LeftEx> RightEx>

el : R<=>§S
1 * 1l.get LeftEx; =

RightEx;
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[.enses from Data Formats

Use the type syntax to
direct the term

creation!

R

LeftEx;
LeftEx>

S

l

RightEx;
RightEx>

1

71

e 1

: R <= S
* 1l.get LeftEx; =

RightEx;



[.enses from Data Formats

R

LeftEx;
LeftEx>

S

RightEx;
RightEx>

Use the type syntax to @
direct the term

creation!

? ¢+ R<=§

l

1

/2

e 1

: R <= S
* 1l.get LeftEx; =

RightEx;



Naive Algorithm



The Easy Cases!

? : Ri | R, <=> S1 | S
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The Easy Cases!

c: R <=> G, 22 ¢ Ry <=> Sy

or

(?21,22)

:Rl‘R2<=>Sl‘Sz

79



The Easy Cases!

22 ¢+ Ry <=> S,

Ry <=> S1 | S

/6



The Easy Cases!

? ¢ R* <=> §S*
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The Easy Cases!

? + R <=>§S

iterate(?) : R* <=> S*

/8



The Easy Cases!

21 ¢+ R1 <=> & ?2, ¢ Ry <=> S,

or(?:1,2?2) : Ri | Rz <=> 81 | 82

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*
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The Easy Cases!

21 ¢+ R1 <=> & ?2, ¢ Ry <=> S,

or(?:1,2?2) : Ri | Rz <=> 81 | 82

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*
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The Easy Cases!

21 ¢+ R1 <=> & ?2, ¢ Ry <=> S,

or(?:1,2?2) : Ri | Rz <=> 81 | 82

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*

21 ¢+ R <=> S, 22, ¢+ Ry <=> S,

concat(?1,?2) ¢ Ri.Ry <=> 51.52
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The Easy Cases!

21 ¢+ R1 <=> & ?2, ¢ Ry <=> S, 21 ¢+ R <=> &, 22 ¢ Ry <=> S,

or(?1,?2) : Ri | R <=> S1 | S concat(?1,?2) : Ri.Ry <=> S:.S;

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*

? ¢+ Ri.Ry <=> §5:.59
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The Easy Cases!

21 ¢+ R1 <=> & ?2, ¢ Ry <=> S, 21 ¢+ R <=> &, 22 ¢ Ry <=> S,

or(?1,?2) : Ri | R <=> S1 | S concat(?1,?2) : Ri.Ry <=> S:.S;

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*

21 ¢ R1 <=> Sy 22, ¢ Ry <=> &,
swap(?1,?2) ¢ Ri.Ra <=> 5:.52
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The Easy Cases!

21 ¢+ R1 <=> & ?2, ¢ Ry <=> S,

or(?:1,2?2) : Ri | Rz <=> 81 | 82

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*

84

21 ¢ R <=> &, 22 ¢+ Ry <=> S,
concat(?:1,?2) ¢ Ri.Ry <=> 5;.5;
21 ¢ R <=> S, 22 ¢ Ry <=> S5
swap(?1,?2) Ri.Ry <=> S;.5;



The Easy Cases!

21 ¢ R <=> & 22 ¢ Ry <=> S, 21 ¢ R <=> &, 22 ¢ Ry <=> Sy
or(?1,?2) : Ri | R <=> S1 | S concat(?1,?2) : Ri.Ry <=> S:.S;
21 ¢ R <=> S, 22 ¢ Ry <=> &,

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*

swap(?1,?2) ¢ Ri.Ry <=> S1.5;

const(s,t) : s <= t

85



The Hard Cases

21 ¢+ R1 <=> & ?2, ¢ Ry <=> S,

or(?:1,2?2) : Ri | Rz <=> 81 | 82

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*

const(s,t) : s <=t
P °
() [ ]

Ri . (R ‘ R3) <

86

21 ¢+ R <=> &,

22 ¢ Ry <=> S,

concat(?1,?2)

21 ¢+ R <=> Sy

22 ¢+ Ry <=> §;

swap(?1,?2)

: Ri1.Ry <=> §1.5;



The Hard Cases

21 ¢ R <=> & 22 ¢ Ry <=> S, 21 ¢ R <=> &, 22 ¢ Ry <=> Sy
or(?1,?2) : Ri | R <=> S1 | S concat(?1,?2) : Ri.Ry <=> S:.S;
21 ¢ R <=> S, 22 ¢ Ry <=> &,

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*

swap(?1,?2) ¢ Ri.Ry <=> S1.5;

const(s,t) : s <=t

37



The Hard Cases

21 ¢ R <=> & 22 ¢ Ry <=> S, 21 ¢ R <=> &, 22 ¢ Ry <=> Sy
or(?1,?2) : Ri | R <=> S1 | S concat(?1,?2) : Ri.Ry <=> S:.S;
21 ¢ R <=> S, 22 ¢ Ry <=> &,

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*

swap(?1,?2) ¢ Ri.Ry <=> S1.5;

const(s,t) : s <=t

N
~

(R . R3) <=> (R1 . R2) . R3
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21 ¢+ R1 <=> &

22

: Ry

The Hard Cases

<=> S 21 ¢+ R <=> &, 22 ¢ Ry <=> S,

or(?1,?2) : Ri | R <=> S1 | S concat(?1,?2) : Ri.Ry <=> S:.S;

?2 ¢: R <=>§S

21 ¢+ R <=> Sy 22 ¢+ Ry <=> §;

iterate(?) :

R* <=> g%

const(s,t) :

s <=> t

swap(?1,?2) ¢ Ri.Ry <=> S1.5;

. (R2 « R3) <=> R1 . (R2 . R3)

*J

. (R2 . R3) <=> (R1 . R2) . Rs3

89



The Hard Cases

21 ¢+ R <=> &5, ?22 ¢ Ry <=> 5 21 ¢+ R <=> 53 22 ¢ Ry <=> 5
or(?1,?2) : Ri | R <=> S1 | S concat(?1,?2) : Ri.Ry <=> S:.S;
21 ¢ R <=> S, 2, ¢+ Ry <=> §5;
?2 ¢+ R<=>S§
; swap(?1,? ¢t Ri.Ry <=> 5;.S
iterate(?) : R* <=> S* p(%1/72) e Lol
const(s,t) : s <=t
2 0 21 <=> 2, 21 = R ?2 = S

*J
o0

R <=> S

90



?21 ¢ Ri1

<=> 5

The Hard Cases

<=> S5,

or(?1,7?2)

?

R <=> S

Ri | R2 <=> S1 | S

iterate(?) :

R* <=> g%

const(s,t)

*J

R1

s <=> t

R2

R3

R4 <=>

91

R3

21 ¢+ R <=> &, 22 ¢ Ry <=> S,

concat(?:1,?2) ¢ Ri.Ry <=> 5;.5;

21 ¢+ R <=> Sy 22 ¢+ Ry <=> §;

swap(?1,?2) Ri.Ry <=> S;.5;

Rl . R4 . R2



The Hard Cases

21 ¢ R1 <=> 5 22 ¢ Ry <=> 5 21 ¢ R <=> 5, 22 ¢ Ry <=> 5y
or(?1,?2) : Ri | Rz <=> 81 | S concat(?1,?2) : Ri.Ry <=> Si1.S;
21 ¢ R <=> S, 2, ¢+ Ry <=> §5;
? ¢: R<=> 8§
. swap(?1,? : Ri.Ry <=> 5:.S
lterate(?) : R* <=> S* P(?1,7?2) 1eR2 1e2
2 01?1 <=>7? ?1 = ?, =
const(s,t) : s <=> t 1 2 1 R 2 S
2 ¢+ R<=>S§
21 ¢+ R <=> 7 22 ¢ ?2 <=> S

-
N
N
=
N\
Il
V
N

92



The Hard Cases

21 ¢ Ry <=> 53 22 ¢ Ry <=> 5, ?1 ¢+ R <=> S; ?2 ¢ Ry <=> S,

or(?1,?2) : Ri | R <=> S1 | S concat(?:1,?2) : Ri.R; <=> S:1.S

? : R <=> S 21 ¢ R <=> S, ?, :+ Ry, <=> S,
iterate(?) : R* <=> g% swap(?1,?2) ¢ Ri.Rz <=> 5:.5;
P e 7 = ? ? = ? =

const(s,t) : s <=> t 2 71 <=> 22 21 = R 2, = S

93



The Hard Cases

21 ¢ R <=> & 22 ¢ Ry <=> S, 21 ¢ R <=> &, 22 ¢ Ry <=> S,
or(?:1,2?2) : Ri | Rz <=> 81 | 82 concat(?1,?2) : Ri.R; <=> S1.S3
21 ¢ R <=> S, 22 ¢ Ry <=> &,

?2 ¢: R <=>§S

iterate(?) : R* <=> gG*

swap(?1,?2) ¢ Ri.Ry <=> S1.5;

const(s,t) : s <=t

HUGE SEARCH SPACE

94



Approach

- Reduce Equivalences

- Alternate language of types: DNF Regular Expressions

- Restrict where retyping can be used

- Remove Composition

- Alternate language of terms: DNF Lenses

* DNF lenses closed under composition

95



DNF Regular Expressions

and
DNEF Lenses



DNF Regular Expressions

» Fully distributed regular expression

»+ No associativity information

» Base strings enforced at fixed locations

97



Converting to DNF Regular
Expressions U

"a" ("b" | ("c¢" "d")*) "e"* "f"

98



Converting to DNF Regular
Expressions U

"a" ("b" | ("c"v"d")*) "e"x "f"
||a|| (llbll |"Cd"*) |le|l* llfll
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Converting to DNF Regular
Expressions U

"a" ("b" | ("c"v"d")*) "e"x "f"
||a|| (llbll |"Cd"*) |le|l* llfll

(("a" "b") | ("a" "cd"x)) "e"x "f"

100



Converting to DNF Regular
Expressions U

"a" ("b" | ("c"v"d")*) "e"%* "f"
||a|| (llbll |"Cd"*) |le|l* llfll
(("a" "b") | ("a’ "cd"x)) "e"x "f"

("ab" | ("a" "cd"x)) "e"x "f"

101



Converting to DNF Regular
Expressions U

"a" ("b" | ("cﬂ.ﬁd")*) "e"x "f"
||a|| (llbll |"Cd"*) |le|l* llfll
(("a" "b") | ("a’ "cd"x)) "e"x "f"
("ab" | ("a" "cd"x)) "e"x "f"

("ab" "ef") | ("a" "cd"* "e"x "f")

102



Converting to DNF Regular
Expressions U

"a" ("b" | ("c"g"d")*) "e"x "f"
"a" ("l:|)" |"c!"*) "e"x "f"
(("a" "b") | ("a’ "cd"x)) "e"x "f"
("ab" | ("a" "ed"*)) "e"* "f"
("ab" "ef") | ("a" "cd"* "e"x "f")

v

|labefll | (llall "Cd”* llell* llfll)
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Converting to DNF Regular
Expressions U

Ilabefll | (Ilall "Cd"* llell* fll)
Atoms
A ;= DR* 1terate
Sequences
SO ::= (sSosA1:...3An:Sn) sequence

DNF Regular Expressions
DR ::= {SQ1;...;S0n} choose

104



Converting to DNF Regular
Expressions U

|labefll | (Ilall "Cd"* llell* llfll)

{Ilabefll ; llall "Cd"* Ilell* Ilfll}

Atoms

A ;= DR* 1terate
Sequences

SO ::= (sSosA1:...3An:Sn) sequence

DNF Regular Expressions
DR ::= {SQ1;...;S0n} choose

105



Converting to DNF Regular
Expressions U

|labefll | (Ilall "Cd"* llell* llfll)

{Ilabefll ; llall "Cd"* Ilell* Ilfll}

v

{ ("abef") ; ("a";"cd"*;"e"*;"£f") }

Atoms

A ;= DR* 1terate
Sequences

SO ::= (sSosA1:...3An:Sn) sequence

DNF Regular Expressions
DR ::= {SQ1;...;S0n} choose
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Converting to DNF Regular
Expressions U

|labefll | (Ilall "Cd"* llell* llfll)

{Ilabefll ; llall "Cd"* Ilell* Ilfll}

v

{ ("abef") ; ("a";"cd"*;"e"*;"£f") }

v

{ ("abef") ; ("a";"cd"*;€;"e"*;"£") }

Atoms

A ;= DR* 1terate
Sequences

SO ::= (sSosA1:...3An:Sn) sequence

DNF Regular Expressions
DR ::= {SQ1;...;S0n} choose
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Converting to DNF Regular
Expressions U

"a" ("b" | ("c" "d")*) "e"x "f"

{ (uabefn> : ("a";"Cd"*;E;"e"*;"f"> }
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Converting to DNF Regular
Expressions U

"a" ("b" | ("c" "d")*) "e"x "f"

nan E (ubu |"Cd"* | Q) (“en* “f")

{ (uabefn> : ("a";"Cd"*;E;"e"*;"f"> }
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Converting to DNF Regular
Expressions U

"a" ("b" | ("c" "d")*) "e"x "f"

nan E (ubu |"Cd"* | Q) (“en* “f")

{ (uabefn> : ("a";"Cd"*;E;"e"*;"f"> }
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Converting to DNF Regular
Expressions U

"a" ("b" | ("c" "d")*) "e"x "f"

nau E (ubu |"Cd"* | Q) (“en* “f")

{ (uabefu> : ("a";"Cd"*;E;"e"*;"f"> }

"abef" | ("a" (€ | ("cd" "cd"*)) "e"* "f")

{ <uabefu> : <nan;nen*;nfn> :
(nacdn;|lcd||*;€;nen*;ufu> }
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Converting to DNF Regular
Expressions U

"a" ("b" | ("c" "d")*) "e"x "f"

nau E (ubu |"Cd"* | Q) (“eu* “f")

{ (uabefu> : ("a";"Cd"*;E;"e"*;"f"> }

llabefll | (llall (E | (Ilcdll Ilcd"*)) Ilell* llf") (llall llcdll* llell* llfll) | llabefll

{ ("abef") ; ("a";"e"*;"f") ;

<llacd|l;||cd||*;€;nen*;”f"> } { <"a";"Cd"*;E;"e"*;"f"> ; (Habef"> }
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DNF Regular Expression
Rewrites

- A | B =B | Anot part of DNF rewrites

- DNF Lens terms address these equivalences

R* € | (R.R*)andR* = € | (R*.R) ARE part of
DNF rewrites

* R¥* > € | (R.R¥)
* R* > € | (R*.R)

DR -»* DR’
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DNF Lenses and
Subcomponents

dl :: D <=> E

Atom Lenses

al ::=iterate(dl) iterate
Sequence Lenses
sl ::=( {(so,to);ali;...;aln;(Sn,tn)) ,0) sequence

DNF Lenses
dl ::==({sli;...;sla},0) choose
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Iterate Lens

author={Hofmann, Martin $A Martin Hofmann
and Pierce, Benjamin $A Benjamin Pilerce
and Wagner, Daniel} $A Daniel Wagner
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Iterate Lens

author={Hofmann, Martin $A Martin Hofmann
and Pierce, Benjamin $A Benjamin Pilerce
and Wagner, Daniel} $A Daniel Wagner

iterate(dl) :: D* <=> E*
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Iterate Lens

author={Hofmann, Martin $A Martin Hofmann
and Pierce, Benjamin $A Benjamin Pilerce
and Wagner, Daniel} $A Daniel Wagner

iterate(dl) :: D* <=> E*

dl :: D <=> E
side conditions

iterate(l) :: D* <=> E*
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Sequence Lens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene
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Sequence Lens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene

( <(uauthor=u,u%An);all;(n,n,E);alz;(n}n,E)> ,[1;0])
<||author=ll;a1;lllll;a2;||}||> <=> (ll%Au;bz;E;bl;€>
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Sequence Lens

author={Kleene, Stephen Cole} %A Stephen Cole Kleene

( (("author=","%A");al ;(",",E);alz;("}",E)) y[1;0]) =
<||author=n;al;u,u;az;n}n> <=> (ll%Au;bz;E;bl;€>

=

al; :: ai1 <=> b;

al, :: ap <=> bp
side conditions

( {(so,to);ali;...;aln;(Sn,tn)) ,0)

(so;al;...;an;sn> <=> (to;bol;...;bcm;tn)
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DNF Lens

€ 3A Stephen Cole Kleene
author={Kleene, Stephen Cole} €
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DNF Lens

€ 3A Stephen Cole Kleene
author={Kleene, Stephen Cole} €

({Ll1,12},[1,0]) :: {Ri;R2} <=> {S2;S5:1}
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DNF Lens

€ 3A Stephen Cole Kleene
author={Kleene, Stephen Cole} €

({Ll1,12},[1,0]) :: {Ri;R2} <=> {S2;S5:1}

sli :: sqi1 <=> tq

sln :: sgn <=> tqn
side conditions
({sli;...;8ln},0)

{sqo;...7sdn} <=> {tdoi;...;tdon}
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Rewrites at End

dl :: D' <=> E' D -»* D' E -»* E'

dl :: D <=> E
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Rewrites at End

dl :: D' <=> E' D -»* D' E -»* E'

dl :: D <=> E

AND NO COMPOSITION!
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Equivalence Statements

Soundness
I[fdl :: DR <=> DS then there exist 1, R, S such that
1 : R <=> S, with the same semantics

Completeness
[f1 : R <=> S then there exists d1 such that
dl :: U(R) <=> i (S), with the same semantics
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Synthesis Algorithm



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
+ 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
Sgye dl I——None__* AbpDONE p—Exps+
Tol.Ens
\ 4
1

128

hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

QO : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



Synthesis Diagram

efs | ? exs : string*string
l list
- SYNTHLENS R : RX
J
\_I:\IGIDSYTNH S : RX
7 W'Y Do Eo 0 Do : DNF RX
\ 4 \ 4 \ 4
Eo : DNF RX
NeEwPQUEUE D : DNF RX
E : DNF RX
D ﬁﬂn’*_Q IhmummmhmYk \ 0 : int
v E = A MERGE EXpS . lI‘.lt
7Y Exps+ : 1int
Y Y Q' T QO : Pri Queue
> | ExPANDONCE DEs Q’ : Pri Queue
| = Some dl : DNF Lens
XpS —» .
Some dl ‘ AD option
DONE p—Exps+
v None — P None : DNF Lens
ToLENs option
1 : Lens
]'_ DEs: DNF RX * DNF RX
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Synthesis Diagram

efs | ? exs : string*string
l list
- SYNTHLENS R : RX
J
\_I:\IGIDSYTNH S : RX
- Do Eo O Do : DNF RX
\ 4 \ 4 \ 4
Eo : DNF RX
NeEwPQUEUE D : DNF RX
E : DNF RX
D ﬁﬁn’*_Q IhmummmhmYk \ 0 : int
v E = A MERGE EXpS . lI‘.lt
7Y Exps+ : int
Y Y Q' T QO : Pri Queue
> | ExPANDONCE DEs Q’ : Pri Queue
| . Some dl : DNF Lens
XpS —» .
Some dl ‘ AD option
DONE p—Exps+
v None — P None : DNF Lens
TolENs option
1 : Lens
]'_ DEs: DNF RX * DNF RX
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exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
+ 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S%?e dl I——None__* AbpDONE p—Exps+
Tol.Ens
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
+ 4 Do Eo O
A 4 A 4 \ 4
NEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S%?e dl I——None__* AbpDONE p—Exps+
Tol.Ens
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
+ 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S%?e dl I——None__* AbpDONE p—Exps+
Tol.Ens
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

QO : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
r 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
D m <« Q ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S%?e dl I——None .| ADDONE p—Exps+
TolLENS
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

QO : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_Ij\IGIDSYTNH -
+ 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
| R ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| ExXps —»
S%?e dl I——None__* AbpDONE p—Exps+
Tol.Ens
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
r 4 Do Eo O
A 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
| R ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S%?e dl I——None__* AbpDONE p—Exps+
TolLENS
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do ¢ DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
r 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S??e dl I——None .| ADDONE p—Exps+
TolLENS
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
r 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S??e dl I——None .| ADDONE p—Exps+
ToLENS
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
+ 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S%?e dl I——None__* AbpDONE p—Exps+
Tol.Ens
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

QO : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
+ 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S%?e dl I——None__* AbpDONE p—Exps+
Tol.Ens
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
+ 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| ExXps —»
Sovme dl T—None — ADDONE p—ExXps+
TolLENS
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
r 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
Sovme dl T—None —_— ADDONE p—EXps+
TolLENS
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

QO : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
r 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
| R ¥ MERGE
A
Y Y Q' T
> | ExpANDONCE DES
| Exps —»
S%?e dl I——None__* AbpDONE p—Exps+
TolLENS
\ 4
1

143

hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

QO : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
r 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ 4 MERGE
A
Y Y Q' T
:__ ExpANDONCE DES
| Exps —»
S%?e dl I——None__* AbpDONE p—Exps+
Tol.Ens
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
r 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! E 7 4 MERGE
A
Y Y Q' T
:__ ExpANDONCE DES
| Exps —»
Sovme dl T—None —_— ADDONE p—EXps+
TolLENS
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
U
\_I:\IGIDSYTNH -
r 4 Do Eo O
A 4 Y \ 4
NeEwPQUEUE
D
E —
Y
Y Y
>
»_| ExPANDONCE DES
| ExXps —
Sg?e dl I——None .| ADDONE p—Exps+
ToLENS

— <
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do ¢ DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

Q : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
+ 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S%?e dl I——None__* AbpDONE p—Exps+
Tol.Ens
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

QO : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



exs

Synt

S

| | I
l SYNTHLENS
J
\_I:\IGIDSYTNH -
+ 4 Do Eo O
\ 4 Y \ 4
NeEwPQUEUE
4—
D Pop 0 ENQUEUEMANY I'_L
! B~ ¥ MERGE
A
Y Y Q' T
> | ExpaANDONCE DES
| Exps —»
S%?e dl I——None__* AbpDONE p—Exps+
Tol.Ens
\ 4
1
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hesis Diagram

exs : string*string
list

R : RX

S ¢ RX

Do : DNF RX

Eo ¢ DNF RX

D : DNF RX

E : DNF RX

0 : int

Exps : 1int

Exps+ : int

QO : Pri Queue

Q’ : Pri Queue

Some dl : DNF Lens

option

None : DNF Lens
option

1l : Lens

DEs: DNF RX * DNF RX

list



Priority Queue

» Higher priority for fewer expansions preformed

- Higher priority for more similar looking regular expressions

+ Lower score means higher priority

SCORE(D,E,Exps) = d(D,E) + 8*Exps
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

(Entry,0) -> 1
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

(Entry,0) -> 1
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

(Entry,0) -> 1
(Names,0) -> 1
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

(Entry,0) -> 1
(Names,0) -> 1
(Names,1l) -> 1
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

(Entry,0) -> 1
(Names,0) -> 1
(Names,1l) -> 1
(Entry,1l) -> 1
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

el e e

( 0)
( )
(Names 1) ->
( 1)
( )
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

(Names,0) -> 1

el e e

( 0)
( )
(Names 1) ->
( 1)
( )
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

(Names,0) -> 1
(Alt,1l) -> 1

el e e

( 0)
( )
(Names 1) ->
( 1)
( )
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

(Names,0) -> 1
(Alt,1l) -> 1
(Entry,0) -> 1

el e e

( 0)
( )
(Names 1) ->
( 1)
( )
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

(Names,0) -> 2
(Alt,1l) -> 1
(Entry,0) -> 1

el e e

( 0)
( )
(Names 1) ->
( 1)
( )
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

(Names,0) -> 3
(Alt,1l) -> 1
(Entry,0) -> 1

el e e

( 0)
( )
(Names 1) ->
( 1)
( )
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

0
— (Names,0) -> 3
(Alt,1l) -> 1
-> 1

(Entry,0)

el e e

( 0)
( )
(Names 1) ->
( 1)
( )
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

0
/////’2 (Names,0) -> 3
— (Alt,1) -> 1
-> 1

(Entry,0)

el e e

( 0)
( )
(Names 1) ->
( 1)
( )
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

0
-> 1/////’2 (Names,0) -> 3
> 1 (Alt,1l) -> 1

( 0)
( )
(Names 1) -> 1//////1 (Entry,0) -> 1
( 1)
( )
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

0
(Entry,0) -> 1/////’2 (Names,0) -> 3
(Names,0) -> 1/////’ (Alt,1l) -> 1
(Names,1l) -> 1/1 (Entry,0) -> 1
(Entry:l) -> 1//////1
(Other,0) -> 1
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

0
( 0) —> 1?2><(Names,0) -> 3
( ) => 1 « (Alt,1) > 1
(Names 1) -> 1/2“ (Entry,0) -> 1
( 1)
( )

166



DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

0
-> 1/////’2 (Names,0) -> 3
> 11— (Alt,1) -> 1

( 0)
( )
(Names 1) -> 1//////f (Entry,0) -> 1
( 1)
( )
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DNF RX Distance

Based on the distribution of the user-defined Regular Expressions

Entry.”test” |Names | (Names.Entry)* |Other

Names |Alt*.Entry|Names.Names

0
(Entry,0) -> 1::::::2 (Names,0) -> 3
(Names,0) -> 1 : (Alt,1l) -> 1
(Names,1l) -> 1//////f (Entry,0) -> 1
(Entry,1) -> 1//////f
(Other,0) -> 1//////f
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RiciDSYNTH

Synthesize d1 satisfyingdl :: DR <=> DS
Difficulty lies in determining the permutations o

Order the subcomponents of a DNF Regular Expression

Name Name Names

T~/

Name Name Names
Name Name Names

/T

Name Names Name
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RiciDSYNTH

Synthesize d1 satisfyingdl :: DR <=> DS

Difficulty lies in determining the permutations o

Order the subcomponents of a DNF Regular Expression

Name ,

Name Names

=/

Name
Name

Name Names
Name Names

S

Name Names Name
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RiciDSYNTH

Synthesize d1 satisfyingdl :: DR <=> DS
Difficulty lies in determining the permutations o

Order the subcomponents of a DNF Regular Expression

Name , Name Names

P 4

Name|([Name| Names
Name|[|Name| Names
\_ AN

/

Name Names

' Name
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RiciDSYNTH

Synthesize d1 satisfyingdl :: DR <=> DS
Difficulty lies in determining the permutations o

Order the subcomponents of a DNF Regular Expression

Name , Name Names

=/

Name|([|Name||Names
Name|[|Name||Names
\_ AN

/

Name Names
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RiciDSYNTH

Synthesize d1 satisfyingdl :: DR <=> DS
Difficulty lies in determining the permutations o

Order the subcomponents of a DNF Regular Expression

Name , Name Names

= L

Name|([|Name||Names

Name Names

o]
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Satisfying Examples

Name ' ' Name Names

T~/

Name Name Names
Name Name Names

)

Name Names ' ' Name
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Satisfying Examples

Add 1n additional information from the parsing of input/
output example strings!

Name[Jones] ', Name[Simon] Names|[Peyton]

Name[Jones] Name[Simon] Names[Peyton]
Name[Jones] Name[Simon] Names[Peyton]

Name[Simon] Names|[Peyton] Name [ Jones ]
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Satisfying Examples

Add 1n additional information from the parsing of input/
output example strings!

Name[Jones] ', Name[Simon] Names|[Peyton]

\ / /

Name[Jones] Name[Simon] Names[Peyton]
Name[Jones] Name[Simon] Names[Peyton]

i

Name[Simon] Names[Peyton] ' ' Name[Jones]
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Satisfying Examples

Add 1n additional information from the parsing of input/
output example strings!

Name[Jones] ', Name[Simon] Names|[Peyton]

P /

Name[Jones] Name[Simon] Names[Peyton]
Name[Jones] Name[Simon] Names[Peyton]

i

Name[Simon] Names[Peyton] ' ' Name[Jones]
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Evaluation
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Evaluation Tests

« Custom built

- Examples of good uses for it

» Adversarial Examples

- FlashFill

- Related work on string transformations

- Augeas

+ Bidirectional Language between configuration files and
tree representation of the information
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Evaluation Methods

- Evaluated on this very Mac!

2.5 GHz Intel Core 17 processor
- 16 GB of 1600 MHz DDR3

« OS X Yosemite

» Average of 10 runs
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Synthesis Time Graph

uoJa/3ne
TI-Juod1de/3ne
juodide/3ne
sA9y-yine/sne
sisoy/sne
uoJoeue/sne
|wx/3ne
ss92Je/sne
s9a4noside/sSne
seljea-sje/3ne
sjoadide/3ne
xoidde/sSne
J8w-pdn-1de/3ne
sqoJad-ippe/isnd
selje/sne
TI-|wx/3ne
J9s3uJdlde/sne
qgoJd-qiq/isno
bwannoe/3ne
wnu-J1xa/}4
juenb-11xa/44
sweu}-11xa/}4
qoJd-ded-g/1sno
qgoJad-dea/1snd
sqo.ad-a21ep/isnd

Test Name
—8-=Specification Size

Chart Title

B Computation Time

ooooooooolels)
oLNOLNOLNOLNOLN
N<tFssonon NN —i—

1UN0D SPON 1SV
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Examples Graph

uoJd/sne
TI-Juo2ide/3ne
juooide/3ne
sA9y-yine/3ne
sysoy/sne

= UuoJudeue/sne
|wXx/sne
ssa2%e/sne
s924noside/sne
seljea-sje/sne
sjoidide/3ne
xoidde/3ne
18w-pdn-1de/3ne

= Sqoud-ippe/isnd
seije/3ne
TI-|wx/3ne
J9s3uJsoyde/3ne
go.ad-qig/isnd
bwaAiloe/sne
wnu-11xa/}}
juenb-a1xa/}}

Examples Required

e——  OWE U J-11X3/])
qoJd-ded-g/isnd
qoJd-ded/isnd
sqo.ad-21ep/1sno

Test
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What was hard?

- MANY were easy (13/25 synthesized in <10ms)
* custom 2-cap-prob (2.3s)
- Exploits the fact we always distribute

+ Analogous 4-cap-prob takes 30 minutes

- Augeas’s xml

- Source and Target are very different
- Large number of conversions needed to take place
12 conversions required

400 expansions explored
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Surprising Facts

- Examples were often unnecessary
- Tight type system makes few lenses per type

» Usually little reordering took place

- How well it scales 1n practice!

» Usually more complex programs become quickly impossible
to synthesize

- Dafficulty comes from how different the formats are, not
how complex the formats were
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Related Work

- Type-Directed Synthesis [OZ *15] [FOWZ *16]
[FCD ’15] [GKKP ’13] ...

» In general purpose programming languages

- Type systems very different

»  String Transformation Synthesis [G ’11] [LG ‘14]

[PGDP *14][S >16] [SG *12] ...

- Did not take 1n specifications and examples

185



Synthesizing Bijective String
Transformers

* Developed DNF Lenses

- Proven DNF Lenses sound and complete with respect
to Bijective Lenses

- Developed an efficient algorithm for synthesis of
DNF lenses

- Evaluated our algorithm on a suite of examples
consisting of our own examples, examples derived
from related work, and real world examples
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