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Bidirectional Transformations
Bidirectional languages

@ derive two unidirectional transformations from a specification
/\

s T
. . \/ .
@ 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
to

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
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A point-free design

@ An application domain (Trees)

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

@ A syntax for combinators
id :A— A
o:(B-C)=»(A—=B)—=(A—0C)
m:AXB—A
X (A= C)—=(B—=D)—(Ax B— CxD)

@ A set of calculation/simplification laws

fo(goh)=(fog)oh o-Assoc
mo(fAg)=FfAmo(fAg)=g x-CANCEL
(Fxg)o(hAi)y=fohAgoi x-ABSOR

v

Hugo Pacheco A Point-free Approach to Bidirectional Transformation 6 /21



2LT Framework

@ a bidirectional two-level transformation:

@ Two-level Type-level transformation and corresponding
value-level transformations.

@ an experimental framework for model transformations:

Haskell

data types

sqQL {  Format Evolution )
VDM NV

@ Type-safe Type-checking guarantees that the data migration
functions are well-formed in relation to the transformation
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imdb
shows

reviews
movie

o

boxoffices =

tv
actors
awards

Hugo

w [ played |
[season | [Cyear |

(e W (] ()

shows X actors

map ((id X reviews) X id) o filter_|
map distr o map (id X (movie + tv))
length o concat o map Tcomments

id x boxoffices

sum o filter_r o map 7ajye

concat 0 map Tepisodes

map (id X awards)

map Tawname © concat o map mayards
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Data abstraction

get

get C—A T

create: A — C c .= = A

put AxC—C W
pu

Properties for well-behaved lenses

| \

o CREATEGET e PurGET e GETPUT
create/VA \ ,ﬁ:& C\ get A ,-dg
tg / id getg /) ! ;\ltj C )id
- A A C
get o create = id get o put = put o (get A id) = id)
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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 lenses
Drop element

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 - More lenses

o fAg:A— B x Cisnot a abstraction < duplication I

VF:A C,g:B2D.fxg:AxBE>CxD
swap: AX B> B x A
assoc:Ax (Bx C)=(AxB)xC

V
Some laws

id x id = id x -FUNCTOR-ID
(fxg)o(hxi)=fohxgoi x -FUNCTOR-COMP
11l o (f x g) = f o mycreatesohogets m1-NAT
swapo (f xg)=(gxf)oswap swap-NAT
7r1f o swap = 7r2f swap-CANCEL

v
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Sums - Either lens

Injections

@ 1:A— A+ Bandi: B — A+ B are not abstractions <
insert information

v

“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

A
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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 f [] =1
get (x : xs) = (get xs) + 1 get f (x: xs) = getr x : get xs
@ How can we bidirectionalise recursive lenses? )

Recursive point-free combinators

inF: FuF>puF VYV FAD A (f)p:nF A
outp :pF = FuF Yf:AZFA [flg:AB uF
@ Recursive lenses as bidirectional folds and unfolds

“Lensified” examples

length® : [A] = N map: (A= B) — [A] & [B]
length® = (liny o (id +m2)]),  map f = (ing o (id + f x id)]);
@ Good: reuse existing point-free combinators!
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Recursive lenses - Laws

inF o outr = id A outgoing = id in-out-1sO
(ine)p = id (-)-REFLEX
(f)goinF=foF (f)g (-D-CancEL
fo(g)dg=(h)p<=fog=hoFf (-)-Fusion
map id = id map-1D
map f omap g = map (f o g) map-FUSION
filter_I o map (f 4+ g)™" = map f o filter_| filter .I-M AP
filter _r o map (f 4+ g)™" = map g o filter_r filter_r-MAP
length” o map f = lengthceter 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

1

’

Notable exceptions

NonlLens :=ih:A—A+B|ih:B—A+B
‘ ;Zl—)B
| A (A=B)=»(A—-C)—= (A= Bx ()

\
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Optimisation

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

type Person = (Name, Gender) data Gender = M | F

women : [Person] = N
women = length o filter_r o map (outg o T Gender)

running example women example
specification specification
optimised ----- optimised -

optimised pf -----
handwritten -- --

Ql

©

Q

=

1

allocated heap

database size
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Demos: Haskell++
@ http://hackage.haskell.org = pointless-lenses

@ http://hackage.haskell.org = pointless-rewrite
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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

| A\

Cons
— Expressiveness (perfect abstractions)

— Opaque isomorphism combinators

Hugo Pacheco A Point-free Approach to Bidirectional Transformation 20 /21



Further discussion

@ no full products (71,72, A) or sums (i1,i2, V)

@ counterexample (duplication):
idAid:AZAXAdAId: A A x Ag
@ why is it not a valid lens (in our setting)?

daxa ={(a1,a) € AXA|ay = a }

e

~put:AxC - C
.. create:A—> C .- o

@ total transformations for the restricted domains

4
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