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HOBIT, a Quick Overview

appendB :: B [a] » B [a] » B [a]
appendB x y = case x of
[ ] -> y with const True by A .A_.[]
(a:z) -> a : appendB z y with not . null
by (A _.A _.undefined)

+ ML-like programming for
bidirectional transformations (or lenses)
o with higher-order functions

+ Replacing lens combinators
o cf. [Foster+(05,07/]
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Background: Bidirectional Trans.

+ a transformation (get) and
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Well-Behavedness

+ Required for ‘reasonable” bidir. trans.
[Bancilhon&Spyratos81, Foster+05,07/,...

Acceptability (GetPut)  Gonsistency (PutGet)

No update on the view, “Put” correctly reflects a view update
no update on the source <>
_>
updateI
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Lenses [Foster+05, 07, ...]

+ Lens: encapsulated pair of get/put

type Lens s v = (s -> Vv, 8 -> V —-> 8)

+ Well-behavedness preserving combinators

fstlL :: Lens (a,b) a
fstL = ... {- well behaved -} ...
fstfstlL :: Lens ((a,b),c) a

fstfstl, = fstL e fstL
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case xX of

Problem sppend x 7

cf. [] ->

(a:z) —>

o g

+» Hard to write + append z 'y

appendL :: Lens ([a],[a]) [a]
appendLl. = cond idL (A_.True) (A_.A_.[])
(consL e (idL x appendL))
(not © null) (A _.A_.undefined)
® rearr ® (outListL x 1idL)

where
rearr :: Lens (Either () (a,b), ¢)
(Either ¢ (a,(b,c)))
idL :: Lens a a
consL :: Lens (a,[a]) [a]
outListL :: Lens [a] (Either () (a,[a]))
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appendL :: Lens ([a],[a]) [a]
appendLl. = cond idL (A_.True) (A_.A_.[])
(consL e (idL x appendL))
(not © null) (A _.A_.undefined)
® rearr ® (outListL x 1idL)

where
rearr :: Lens (Either () (a,b), ¢) not fOld
(Either ¢ (a,(b,c)))
idL :: Lens a a
consL :: Lens (a,[a]) [a]
outListL :: Lens [a] (Either () (a,[a]))




Reason of the Complication

append x y = case xX of

[ ] >y
(a:z) -> a : append z y

+"y"Is free In the 'case”

+ Combinators are closed by definition
o recall: lens is a combinator language
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Our Solution: HOBIT

+ ML-like bidirectional language
o allows unrestricted use of free variables

appendB :: B [a] ~»
appendB x y = case
[] ->y
(a:z) -> a : appendB z vy

o expressive as the lens framework
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Advantages of HOBIl

+ ML-like
o familiar programming style
+ Well-behaved
o always yielding a well-behaved lens
+ ExXpressive
o at least as the lens framework [Foster+05,07]

11



Outline

+ Syntax of HOBIT Core
+Semantics

+ Expressiveness

+ Related Work and Conclusion

12
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Syntax of HOBIT Core

e ..

.
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AS here
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case eof {p; — e1; p2 — e}

\_

; 2 — e» with eé b_y 8,2,

bidirectional part )

()
ue | False | [] | e1:e

case e of {p; — e; with ] by e;

13



(Overly) Simplified HOBiT Core

e:=x| Ax.e| ey e

\_

AS h
True | False > NETE
letx=¢;in e
X bidirectional part )
True | False
let x=e; in e,
Y,

14



Types required/ensured by bidir parts

S, T::=Bool| S— T | Bo
o,T ::= Bool
Examples
0
True: B()ol/r True: BBoolO/r

}Ly.le_tx:yi_nx:Ba—»BaO/r

Non Examples

. & . 8
let x = Truein X  let x = True in True?

(See our paper for typing rules)

15



Outline

N/
%

+ Semantics
+ Expressiveness
+ Related Work and Conclusion
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Staged Semantics

2 before get and put

(Axlet y=xinlet z =y in z) xj

eval.

to eliminate As
let z=xpin z

first-order expressions ready for

lens (get and put) interpretation
[IM&W13, M+10, Hidaka+10]

17



Unidirectional Evaluation

E:=Ax.e Residual Exp.
e | E | True | False

X
True | False
let x = E; in E

defined as usual except:

e1llE1 e | Ep

XX let x=e1inep || let x=FE; in E>
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Get/Put Evaluations (1/2)

<+ Lens between environments and values
IM&W13,M+10, Hidaka+10]

uEE=v ukEv <E-AY

U x= plx) ukEv<x-H{x="v'

ut True= True ut True < True 4 {}

19



Get/Put Evaluations (2/2)

uEE=1v

uEEr=>v ulx=viEFE=>u

uletx=E;in E, > u

uv<EAY

uFEi=>v pux=vitw <EAu'x=1"]
u-v < kB -y

uFw <letx=E;in E; 4y’ Y u”

(overly-simplified version) 70



Correctness

/Theorem ~

Given a closed HOBIT expression of type Bo » BT
we can obtain a well-behaved lensinLens O T

Given f, f xo || E and then define:
get s = v if (xp=SIFE=v
put s v=s'if {xg=stFv<E-d{xyg=s"}

Well-behavedness is proved by Kripke logical relations

21



Outline

+ Expressiveness
o lifting lenses and lens combinators

+ Related Work and Conclusion

22



Lifting Lenses

/Property . ~
Given a lens in Lens O T,
a corresponding function of type Bo » BT

be added to HOBIT.
| ¢an be added to | y

incB :: B Int » B Int
incB = fromLens (Ax.x + 1) (A_.Ay.y - 1)

Similar to [M&W 15] .




Lifting Lens Combinators

/Property ~

Given a lens combinator In

vVs. Lens (s,0:) T » Lens (s,03) T,
a corresponding higher-order function of type
(BO1 -> B'El) » Bo, » BT

\can be added to HOBIT. y

via adding a bidirectional construct

. h :: Lens s O > Lens (s,0) T > Lens s T
€.g.. le_tfrom h lensl lens2 = lens2 e <id, lensl>

case from a variant of cond [Foster+05,07] 54



Outline
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+ Related Work and Conclusion
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Related Work

+ 1st-order bidirectional/invertible langs
IM&W13,M+10, Hidaka+10]
o Expressions interpreted as a lens

o Hard-wired bidirectional constructs

o Difficult to be higher-order

¢ the category of lenses is not closed
[Rajkumar+13]
o no higher-order lenses

26



Related Work

« Applicative lenses [M&W 15]

o lifting lenses via Yoneda lemma

1ift
Lens a b % >»Vs.Lens s a » Lens s b
unlift

o combinators can be lifted, but with
closedness restriction

Lens a b ’b(vS.Lens s a > Lens s b)

> Lens ¢ 4™ > (Vt.Lens t ¢ » Lens t d)

27



Conclusion

+HOBIT: an ML-like bidirectional lang

o more natural-style of programming

appendB :: B [a] -> B [a] -> B [a]
appendB x y = case x of
[ ] -> y with const True by A .A_.[]
(a:z) -> a : appendB z y with not . null
by (A_.A_.undefined)

o replacing lens combinators
¢ lenses as functions

+ lens combinators as higher-order functions
o via language constructs with binders

238



