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Bidirectional Transformations
Bidirectional languages

@ derive two unidirectional transformations from a specification
/\
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@ clean semantics: consistency properties

@ compositional
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Motivation - Specification
@ bidirectional behaviour is defined by sophisticated procedures
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\_/

@ hard to prove properties about the bidirectional
transformations

v

@ a good framework to prove properties? I
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Motivation - Calculation

@ compositionality = cluttering

to, to,
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@ how to calculate an optimised transformation?
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Motivation - Totality

@ non-total transformations

from

@ partial laws
to o from = id

to o from C id

@ allow more expressive languages

@ but may disallow desired updates

4

@ need to control the partiality: which updates are valid? I

Hugo Pacheco A Point-free Approach to Bidirectional Transformation 5 /30




A point-free design

@ An application domain (Trees)

data Maybe a = Nothing | Just a
data[a] =[] ] a:[a]

@ A set for combinators
id:A— A
o :(B=-C)=»(A—=>B)— (A= ()
m AX B— A
h:A—A+B
A:(A-B)-(A=-C)—= (A= Bx ()

@ A set of calculation/simplification laws
fo(goh)=(fog)oh o-AssocC
mo(fAg)=FfAmo(fAg)=g x-CANCEL
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An application scenario: XML querying

[ played |
[season | [Cyear |

) =)

imdb = shows X actors
shows = map ((id x reviews) X id) o filter_|

o map distr o map (id x (movie + tv))
reviews = length o concat o map Tcomments
movie = id X boxoffices
boxoffices = sum o filter_r o map ajye
tv = concat 0 map Tepjsodes
actors = map (id X awards)
awards = mMap Tawname © concat © Map T ayards
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Data abstraction

get
get C—A T
create: A — C c .. B> = A
put AxC—C W
pu
Properties for well-behaved lenses
o CREATEGET e PurGET e GETPUT
A Ax C C
createy \ puty get Aidy
C ) id C |m Ax C Jid
gety / gety / puty
A A C
get o create = id get o put = 1 put o (get Aid) = id
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A lens point-free design

@ An application domain (Lenses over trees)
datacl>a=Llens {get :1c—a
, create ::a — C
,put = (a,c)—c}

@ A set for combinators
id :A> A
o:(BC)—=(A=B)— (A= ()
m:AXBZ>A
x (A C)—»(B:D)— (Ax B> C x D)

@ A set of calculation/simplification laws
fo(goh)=(fog)oh o-Assoc
mo(fxg)=fom Amo(fxg)=gom x-CANCEL

’
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Composition as a lens

VEi:BE>A g:C>B. fog:C>A

get = getr o getg Create = createg o creater
gel'ogetg
c — = 8 B a

<\—/

createg ° crealef

put = putg o (put o (id x getg) Am):Ax C— C

get

/\
C = B = A
v

puty put; )
idof=f=foid ID-NAT
fo(goh)=(fog)oh o-Assoc

o’
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Products - Projection lens

VF:A—=B.m:AxB>A

@ Choice of create
get c:AXx B— A
ger‘rrl

get = (a1, b1) —— a1
create : A—> Ax B

create = id A f

put Ax(AxB)=>AxB (a,?)<——
put = id X m

!
g update
~——a

creater

get o create =m0 (id Af) = id
get o put = my o (id X mp) =m
put o (get Aid) = (id x mp) o (m1 Aid) = w1 Ao = id
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Products - Splitting

Duplicate element
VA B,g: A C.fAg: A= B x C

@ Bad create
get A= BxC

createjg A id

get = getr A get, a <———— (a1, a2)

create : Bx C— A

create = creater om V &etig A id
creategom V ... (a1,a1)

put = create o w1

e f A g is not a robust abstraction < duplication

Partial lens & properties

get o create Cid get o put C id
put o (get Aid) = id

4
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Products - More lenses

Vf:AE C,g: B2 D.fxg:AxBECxD
swap: AxXx BB x A
assoc :Ax (Bx C)=(Ax B)xC

v
Some laws

id x id = id x -FUNCTOR-ID
(fxg)o(hxi)=fohxgoi x -FUNCTOR-COMP
11l o (f x g) = f oy createsohogets m-NAT
swapo (f x g)= (g xf)oswap swap-NAT
m1f o swap = mf swap-CANCEL
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Sums - Either lens

@ i1:A— A+ Band ih: B— A+ B are not perfect
abstractions < insert conditional information

“Conditional” choice

Vp:C—=2,f:A>C,g:B>=C.(fVg)P:A+B>C

@ Choice of create
get 1 A+B—C

get = getr V gety C

create : C - A+ B lfﬂ

create = (createf + createg) op ?C + C

put X (A + B) — A + B J{createf-&—createg
put = (puts + putg) o distr A+ B
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Sums - More lenses

VF:AxC,g:B>D. o(f+g)":A+B>=C+D
@ Choice of put (C+D)x (A+B)
idists

CxA+ CxB+ DxA+ DxB

iputf \L i/ iputg

fo(gVh)P = (fogVfoh)pocreate +-FUSION
(fVg)Po(h+iy*=(fohVgoi)P +-ABSOR
(id + id)"& = id +-FuNCcTOR-ID
(f+g)o(h+i)=foh+goi +-FUNCTOR-COMP
(f—|-g)f o(h—l—l)/m—(foh—{—gOI) P e +-ComP
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Recursive lenses

length : [A] > N map: (A= B) — [A] & [B]
get[] =0 get [l =[]
get (x :xs) = (get xs) + 1 get f (x :xs) = getr x : get xs

@ How can we bidirectionalise them?

”
Recursive point-free combinators

inF: FuF>puF VYV FAD A (f)p:nF = A
outr:puF = F uF NYf:ABFA [f]p: Al uF

[A] ~ pla La[Al =1+ A x [A]
“Lensified” examples
length® : [A] = N map: (A= B) — [A] = [B]

length?® = (inn o (id + a2t 2)]),map f = ((iny o (id + f x id)]),

@ Good: reuse existing point-free combinators! not primitives!

v
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Recursive lenses - Example

pUtmap £ ([b]7 [a]) — [a]

pUtmap f ([]7 as) = []

PUt map ¢ (b2 bs, []) = creater b: put,,., ¢ (bs,[])
PUtmap ¢ (b1 bs,a: as) = put (b, a) : put ., ¢ (bs, as)

e map "t 0 [ID x Name] = [ Name)]

get

add name

put

o’
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Recursive lenses - Laws

inF o outr = id A outgoing = id in-out-IsO
(inF)p = id (-)-REFLEX
(f)gpoinF=foF (f)g (-)-CanceL
fo(g)p=(n)g<=fog=hoF f (-)-Fusion
map id = id map-ID
map fomap g =map (fog) map-FUSION
filter_| o map (f 4+ g)M" = map f o filter_| filter_I-M AP
length” o map f = length<"®tf v length-M AP

v
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Summary (Lens language)

Grammar for lens combinators

Lens ::=id | Lens o Lens | \" | Prod | Sum | Iso | Rec

Prod ::= m,f | 7ot | Lens x Lens

Sum ::= (LensV Lens)P | (Lens + Lens)&

Iso = assoc | assoc™! | coassoc | coassoc™
| swap | coswap | distl | distr

Rec :=inf |oute | F-| (De | [-)p

Notable exceptions
NonlLens ::=ih:A—A+B|ih:B—A+B

| - :1—-B | 7:(A=2)—> (A= A+ A)
| A (A=-B)—»(A—-C)—= (A= Bx ()

1
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Optimisation

@ calculational laws = automated optimisation tool
@ what about an handwritten definition?
@ simpler example

type Person = (Name, Gender) data Gender = M | F
women : [Person] = N
women = length o filter_r o map (outc o TGender)

running example (put) women example (put)
specification specification
——————— optimised ~ optimised
o o - optimised pf
s 3 handwritten
=
o 5]
2 2
] «Q
(4] (4]
2 2
© '©
database size database size
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Demos: Haskell++
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@ http://hackage.haskell.org = pointless-rewrite
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http://hackage.haskell.org
pointless-lenses
http://hackage.haskell.org
pointless-rewrite

Conclusions

+ Bidirectional language from standard point-free combinators

+ Clear bidirectionalisation: straightforward proofs
+ Support for recursive lenses (w/ termination conditions)

+ Lens bidirectional calculus: reasoning and optimisation of
complex transformations

+ (Some) choice of backward transformation

V.
Cons

— Expressiveness (perfect abstractions for the sake of totality)

— Opaque isomorphism combinators

— How much choice?
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Currently under work...
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Motivation - Expressiveness / Partiality

@ no full products and sums - too restrictive

o partial lenses (A, i1, /2,2, 7)

o ‘“ill-behaved” composition

.

@ how to compute the correct restrictions on the backward
transformation and the lens domains?
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A partial lens example

@ insertion sort:
sort : [A] & [A]¢sort:{ [a,a2] € [A] a1 < a2 }
sort = ([nil V insert]),
insert : A X [Algee B [Al b

getoont getlengthconst 0
—_—

[3,1,4] [1,3,4] 3
) !
gadd element 5
v !
[2,1,3,4] W [1,2,3,4] éincrement
!
;
' ¥
fail D E— [1,3,4,0] P<—”f/engthconsr -4

Hugo Pacheco A Point-free Approach to Bidirectional Transformation 25 /30



Idea - Go relational...
Relational lenses

@ backward transformation as relational converse:
idANid: AR A x A
createig N id = (Id A id)o

e functional refinement (no duplication):
(7T1A7T2):A>< BBAX B
idANid: A > (A X A)¢dup:{(31,a2)€A><A|31232}

4

Total lenses (again)

y
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Motivation - Determinism

@ non-determinism: multiple puts

et
[1,2,3,4] e 4

@ is there a best one?

Goal

@ how to allow users to easily control put without disrupting the
lens properties?
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An unsatisfactory example

@ alignment: map operates positionally

@ source “side-effects”: 7y recovers part of the original source

Lo ] 2

add name
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Idea - Open operation-based lenses

@ extend the view (and source) with editing tags

get* o create™ = id
get* o put* = m
put* o (get Aid) = id

create*

@ users can annotate the view (whichever tags)
diff : vV x V— V*

@ users can modify the source during put* (if the view has tags)

reflect(y : A* — pF — pF -- before each recursive step
reflecty, : A* — B — B -- before put (global)

4
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Remastering the example

reflect map :: [Name]™ — [(Id, Name)] — [(Id, Name)]
reflect map (n:7ns) cs = (0,n) : cs

reflect map Ns cs = cs

reflect, :: [Name]™ — Int — Int

reflect,, (a:Tas) i = reflect,, as (succ i)

reflectr, (a: as) i = reflect,, as i

J

add name
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