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HOBiT, a Quick Overview

ML-like programming for  
bidirectional transformations (or lenses) 

with higher-order functions 
Replacing lens combinators  

cf. [Foster+05, 07] !2

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

HOBiT
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Background: Bidirectional Trans.
a transformation (get) and 
a translator (put) of updates on the view

!3

Sumii sumii 205

Kiselyov oleg 203

Matsuda kztk 207

"Sumii:	sumii\n	
Kiselyov:	oleg\n	
Matsuda:	kztk\n"

get	::	Src	→	View

[Bancilhon&Spyratos81, Foster+05, 07, ...]
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Well-Behavedness
Required for “reasonable” bidir. trans.  
[Bancilhon&Spyratos81, Foster+05,07, ...]

!4

get

put

==

No update on the view, 
no update on the source

“Put” correctly reflects a view update

update!

get

put ××××

get
××

=

Acceptability (GetPut) Consistency (PutGet)



Lenses [Foster+05, 07, ...]
Lens: encapsulated pair of get/put 

Well-behavedness preserving combinators

!5

type Lens s v = (s -> v, s -> v -> s)

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

Haskell

Lens in Haskell
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Lenses [Foster+05, 07, ...]
Lens: encapsulated pair of get/put 

Well-behavedness preserving combinators
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type Lens s v = (s -> v, s -> v -> s)
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Problem
Hard to write

!6

appendL :: Lens ([a],[a]) [a] 
appendL = cond idL (λ_.True) (λ_.λ_.[]) 
               (consL ● (idL × appendL)) 
               (not ○ null) (λ_.λ_.undefined) 
         ● rearr ● (outListL × idL) 
  where 
    rearr :: Lens (Either () (a,b), c)  
                  (Either c (a,(b,c))) 
    idL :: Lens a a  
    consL :: Lens (a,[a]) [a]  
    outListL :: Lens [a] (Either () (a,[a])) 
    ...

append x y = case x of  
  []    -> y  
  (a:z) -> a : append z y

cf.

Haskell
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Problem
Hard to write

!6

appendL :: Lens ([a],[a]) [a] 
appendL = cond idL (λ_.True) (λ_.λ_.[]) 
               (consL ● (idL × appendL)) 
               (not ○ null) (λ_.λ_.undefined) 
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                  (Either c (a,(b,c))) 
    idL :: Lens a a  
    consL :: Lens (a,[a]) [a]  
    outListL :: Lens [a] (Either () (a,[a])) 
    ...

append x y = case x of  
  []    -> y  
  (a:z) -> a : append z y

cf.

Haskell

Lens in Haskell
Can we fill the gap? 

fold

not fold



Reason of the Complication

"y" is free in the "case" 
Combinators are closed by definition 

recall: lens is a combinator language

!7

append x y = case x of  
  []    -> y  
  (a:z) -> a : append z y

Haskell
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Our Solution: HOBiT  
ML-like bidirectional language 

allows unrestricted use of free variables 

expressive as the lens framework 
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Advantages of HOBiT
ML-like  

familiar programming style  
Well-behaved 

always yielding a well-behaved lens 
Expressive 

at least as the lens framework [Foster+05, 07] 
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Outline 
Syntax of HOBiT Core 
Semantics 
Expressiveness 
Related Work and Conclusion
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Syntax of HOBiT Core

!13

e ::= x | ∏x.e | e1 e2 | fix x.e
| True | False | [ ] | e1 : e2
| case e of {p1 ! e1; p2 ! e2}

| x
| True | False | [ ] | e1 : e2

| case e of {p1 ! e1 with e 01 by e 001
; p2 ! e2 with e 02 by e 002 }

<latexit sha1_base64="LFZnENOYbFPDx+HS04SjCAWlwLc="></latexit><latexit sha1_base64="LFZnENOYbFPDx+HS04SjCAWlwLc="></latexit><latexit sha1_base64="LFZnENOYbFPDx+HS04SjCAWlwLc="></latexit><latexit sha1_base64="LFZnENOYbFPDx+HS04SjCAWlwLc="></latexit>
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(Overly) Simplified HOBiT Core

!14

unidirectional part

bidirectional part

λs here
e ::= x | ∏x.e | e1 e2 | fix x.e

| True | False | [ ] | e1 : e2
| case e of {p1 ! e1; p2 ! e2}

| x
| True | False | [ ] | e1 : e2

| case e of {p1 ! e1 with e 01 by e 001
; p2 ! e2 with e 02 by e 002 }

<latexit sha1_base64="LFZnENOYbFPDx+HS04SjCAWlwLc="></latexit><latexit sha1_base64="LFZnENOYbFPDx+HS04SjCAWlwLc="></latexit><latexit sha1_base64="LFZnENOYbFPDx+HS04SjCAWlwLc="></latexit><latexit sha1_base64="LFZnENOYbFPDx+HS04SjCAWlwLc="></latexit>

let x = e1 in e2
<latexit sha1_base64="UC2AjvKN3MH5ET5zihgKhaMpBDU="></latexit><latexit sha1_base64="UC2AjvKN3MH5ET5zihgKhaMpBDU="></latexit><latexit sha1_base64="UC2AjvKN3MH5ET5zihgKhaMpBDU="></latexit><latexit sha1_base64="UC2AjvKN3MH5ET5zihgKhaMpBDU="></latexit>

let x = e1 in e2
<latexit sha1_base64="KW6rvjUZkGnncwzd4ahCza8ilbE="></latexit><latexit sha1_base64="KW6rvjUZkGnncwzd4ahCza8ilbE="></latexit><latexit sha1_base64="KW6rvjUZkGnncwzd4ahCza8ilbE="></latexit><latexit sha1_base64="KW6rvjUZkGnncwzd4ahCza8ilbE="></latexit>



Types

!15

S,T ::= Bool | S ! T | Bæ
æ,ø ::= Bool

<latexit sha1_base64="IVAVLesBh09rTn11a0DVoIFlSfA="></latexit><latexit sha1_base64="IVAVLesBh09rTn11a0DVoIFlSfA="></latexit><latexit sha1_base64="IVAVLesBh09rTn11a0DVoIFlSfA="></latexit><latexit sha1_base64="IVAVLesBh09rTn11a0DVoIFlSfA="></latexit>

Examples
True : Bool

<latexit sha1_base64="GCd6qktwyMtACa/dibCyowOzO+4="></latexit><latexit sha1_base64="GCd6qktwyMtACa/dibCyowOzO+4="></latexit><latexit sha1_base64="GCd6qktwyMtACa/dibCyowOzO+4="></latexit><latexit sha1_base64="GCd6qktwyMtACa/dibCyowOzO+4="></latexit>

True : BBool
<latexit sha1_base64="C625BcwOrX6gg6QEZFuRg/r7FVg="></latexit><latexit sha1_base64="C625BcwOrX6gg6QEZFuRg/r7FVg="></latexit><latexit sha1_base64="C625BcwOrX6gg6QEZFuRg/r7FVg="></latexit><latexit sha1_base64="C625BcwOrX6gg6QEZFuRg/r7FVg="></latexit>

∏y.let x = y in x : Bæ! Bæ
<latexit sha1_base64="pQQj+THAglDxMRP6PWz65MdUw4A="></latexit><latexit sha1_base64="pQQj+THAglDxMRP6PWz65MdUw4A="></latexit><latexit sha1_base64="pQQj+THAglDxMRP6PWz65MdUw4A="></latexit><latexit sha1_base64="pQQj+THAglDxMRP6PWz65MdUw4A="></latexit>

(See our paper for typing rules)

required/ensured by bidir parts

Non Examples
let x =True in x

<latexit sha1_base64="wbhdVFqecjNtYL+RAjpr4RQBk8Q="></latexit><latexit sha1_base64="wbhdVFqecjNtYL+RAjpr4RQBk8Q="></latexit><latexit sha1_base64="wbhdVFqecjNtYL+RAjpr4RQBk8Q="></latexit><latexit sha1_base64="wbhdVFqecjNtYL+RAjpr4RQBk8Q="></latexit>

let x =True in True
<latexit sha1_base64="0HCDoXSkXDqs92j1rQhMVv4tJMY="></latexit><latexit sha1_base64="0HCDoXSkXDqs92j1rQhMVv4tJMY="></latexit><latexit sha1_base64="0HCDoXSkXDqs92j1rQhMVv4tJMY="></latexit><latexit sha1_base64="0HCDoXSkXDqs92j1rQhMVv4tJMY="></latexit>

OK OK

OK

Bad Bad
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Staged Semantics
Unidirectional before get and put 

!17

unidirectional eval. 
to eliminate λs

(∏x.let y = x in let z = y in z) x0
<latexit sha1_base64="TpxpvPhdpgwD3xe0xDmCBeXUS2I="></latexit><latexit sha1_base64="TpxpvPhdpgwD3xe0xDmCBeXUS2I="></latexit><latexit sha1_base64="TpxpvPhdpgwD3xe0xDmCBeXUS2I="></latexit><latexit sha1_base64="TpxpvPhdpgwD3xe0xDmCBeXUS2I="></latexit>

let z = x0 in z
<latexit sha1_base64="3W4CKTptKBoPj8r51Oc33vkgGJQ="></latexit><latexit sha1_base64="3W4CKTptKBoPj8r51Oc33vkgGJQ="></latexit><latexit sha1_base64="3W4CKTptKBoPj8r51Oc33vkgGJQ="></latexit><latexit sha1_base64="3W4CKTptKBoPj8r51Oc33vkgGJQ="></latexit>

first-order expressions ready for  
lens (get and put) interpretation  

[M&W13, M+10, Hidaka+10]



e + E
<latexit sha1_base64="nHhQn4SvK0j5PghNIgyS7FGUZE4="></latexit><latexit sha1_base64="nHhQn4SvK0j5PghNIgyS7FGUZE4="></latexit><latexit sha1_base64="nHhQn4SvK0j5PghNIgyS7FGUZE4="></latexit><latexit sha1_base64="nHhQn4SvK0j5PghNIgyS7FGUZE4="></latexit>

Unidirectional Evaluation

!18

Residual Exp.

defined as usual except: 

E ::= ∏x.e
| True | False
| x
| True | False
| let x = E1 in E2

<latexit sha1_base64="6flCrAe9lvm/BjZmuRasMUOzzm8="></latexit><latexit sha1_base64="6flCrAe9lvm/BjZmuRasMUOzzm8="></latexit><latexit sha1_base64="6flCrAe9lvm/BjZmuRasMUOzzm8="></latexit><latexit sha1_base64="6flCrAe9lvm/BjZmuRasMUOzzm8="></latexit>

x + x
<latexit sha1_base64="6i1GJwoVcyUMj/0uwmbuM03WxmE="></latexit><latexit sha1_base64="6i1GJwoVcyUMj/0uwmbuM03WxmE="></latexit><latexit sha1_base64="6i1GJwoVcyUMj/0uwmbuM03WxmE="></latexit><latexit sha1_base64="6i1GJwoVcyUMj/0uwmbuM03WxmE="></latexit>

e1 + E1 e2 + E2

let x = e1 in e2 + let x = E1 in E2
<latexit sha1_base64="A/mtYIko8L1qBoHM3PGm6mSq5y8="></latexit><latexit sha1_base64="A/mtYIko8L1qBoHM3PGm6mSq5y8="></latexit><latexit sha1_base64="A/mtYIko8L1qBoHM3PGm6mSq5y8="></latexit><latexit sha1_base64="A/mtYIko8L1qBoHM3PGm6mSq5y8="></latexit>



e + E
<latexit sha1_base64="nHhQn4SvK0j5PghNIgyS7FGUZE4="></latexit><latexit sha1_base64="nHhQn4SvK0j5PghNIgyS7FGUZE4="></latexit><latexit sha1_base64="nHhQn4SvK0j5PghNIgyS7FGUZE4="></latexit><latexit sha1_base64="nHhQn4SvK0j5PghNIgyS7FGUZE4="></latexit>

Unidirectional Evaluation

!18

Residual Exp.

defined as usual except: 

E ::= ∏x.e
| True | False
| x
| True | False
| let x = E1 in E2

<latexit sha1_base64="6flCrAe9lvm/BjZmuRasMUOzzm8="></latexit><latexit sha1_base64="6flCrAe9lvm/BjZmuRasMUOzzm8="></latexit><latexit sha1_base64="6flCrAe9lvm/BjZmuRasMUOzzm8="></latexit><latexit sha1_base64="6flCrAe9lvm/BjZmuRasMUOzzm8="></latexit>

x + x
<latexit sha1_base64="6i1GJwoVcyUMj/0uwmbuM03WxmE="></latexit><latexit sha1_base64="6i1GJwoVcyUMj/0uwmbuM03WxmE="></latexit><latexit sha1_base64="6i1GJwoVcyUMj/0uwmbuM03WxmE="></latexit><latexit sha1_base64="6i1GJwoVcyUMj/0uwmbuM03WxmE="></latexit>

e1 + E1 e2 + E2

let x = e1 in e2 + let x = E1 in E2
<latexit sha1_base64="A/mtYIko8L1qBoHM3PGm6mSq5y8="></latexit><latexit sha1_base64="A/mtYIko8L1qBoHM3PGm6mSq5y8="></latexit><latexit sha1_base64="A/mtYIko8L1qBoHM3PGm6mSq5y8="></latexit><latexit sha1_base64="A/mtYIko8L1qBoHM3PGm6mSq5y8="></latexit>

from 
B-typed exps.



Get/Put Evaluations (1/2)
Lens between environments and values  
[M&W13, M+10, Hidaka+10]

!19

µ` E ) v
<latexit sha1_base64="dVf3zNpyDDezRt7WGOmkR/t1Hio="></latexit><latexit sha1_base64="dVf3zNpyDDezRt7WGOmkR/t1Hio="></latexit><latexit sha1_base64="dVf3zNpyDDezRt7WGOmkR/t1Hio="></latexit><latexit sha1_base64="dVf3zNpyDDezRt7WGOmkR/t1Hio="></latexit>

µ` x )µ(x)
<latexit sha1_base64="RJaUU+kYsR6rbGai5LSLQqqXh3s="></latexit><latexit sha1_base64="RJaUU+kYsR6rbGai5LSLQqqXh3s="></latexit><latexit sha1_base64="RJaUU+kYsR6rbGai5LSLQqqXh3s="></latexit><latexit sha1_base64="RJaUU+kYsR6rbGai5LSLQqqXh3s="></latexit>

µ`True)True
<latexit sha1_base64="GeQcs2qNv7Ytr6rUAHD6vb7uBIQ="></latexit><latexit sha1_base64="GeQcs2qNv7Ytr6rUAHD6vb7uBIQ="></latexit><latexit sha1_base64="GeQcs2qNv7Ytr6rUAHD6vb7uBIQ="></latexit><latexit sha1_base64="GeQcs2qNv7Ytr6rUAHD6vb7uBIQ="></latexit>

µ`True(Truea { }
<latexit sha1_base64="Ofi06dy9k9uPe4he0+7+Fkco4dw="></latexit><latexit sha1_base64="Ofi06dy9k9uPe4he0+7+Fkco4dw="></latexit><latexit sha1_base64="Ofi06dy9k9uPe4he0+7+Fkco4dw="></latexit><latexit sha1_base64="Ofi06dy9k9uPe4he0+7+Fkco4dw="></latexit>

µ` v 0 ( E aµ0
<latexit sha1_base64="UZrIw++sdD6vVH3crjlh3ytI7Yk="></latexit><latexit sha1_base64="UZrIw++sdD6vVH3crjlh3ytI7Yk="></latexit><latexit sha1_base64="UZrIw++sdD6vVH3crjlh3ytI7Yk="></latexit><latexit sha1_base64="BfetJ+do1S6g3Nq1lvYNo9eSql0="></latexit><latexit sha1_base64="kMmWnwXjFalcMAdxpNOyC3lXp1g="></latexit><latexit sha1_base64="kMmWnwXjFalcMAdxpNOyC3lXp1g="></latexit><latexit sha1_base64="P4D4+pTdsRPgHGtE41VXGLXD1Xo="></latexit><latexit sha1_base64="UZrIw++sdD6vVH3crjlh3ytI7Yk="></latexit><latexit sha1_base64="UZrIw++sdD6vVH3crjlh3ytI7Yk="></latexit><latexit sha1_base64="UZrIw++sdD6vVH3crjlh3ytI7Yk="></latexit><latexit sha1_base64="UZrIw++sdD6vVH3crjlh3ytI7Yk="></latexit><latexit sha1_base64="UZrIw++sdD6vVH3crjlh3ytI7Yk="></latexit><latexit sha1_base64="UZrIw++sdD6vVH3crjlh3ytI7Yk="></latexit>

µ` v 0 ( x a {x = v 0}
<latexit sha1_base64="pITG0RaIzVdO48jNqThm4vIc+CI="></latexit><latexit sha1_base64="pITG0RaIzVdO48jNqThm4vIc+CI="></latexit><latexit sha1_base64="pITG0RaIzVdO48jNqThm4vIc+CI="></latexit><latexit sha1_base64="pITG0RaIzVdO48jNqThm4vIc+CI="></latexit>



Get/Put Evaluations (2/2)

!20
(overly-simplified version)

µ` E ) v
<latexit sha1_base64="Y5qx4R5hpW+53hf2/wIzIQ051yI=">AAAHmHiclVTLbtNAFL0Jj5Tw6IMNoiwioqIiRdE4TdSKBapAbUFi0aZPqY4q2xknVv2Ixk7SMPKSDT/AghVILBCfwYYfYNFPQLArEhsW3Bm7TZpQB2zZPr5zzrl3rj2jt2zLDwg5TqUvXb5yNTNxLXv9xs1bk1PTMzu+12YG3TY822N7uuZT23LpdmAFNt1rMao5uk139cOnYny3Q5lvee5W0GvRmqM1XMu0DC3A0MF06pVapy </latexit><latexit sha1_base64="Y5qx4R5hpW+53hf2/wIzIQ051yI=">AAAHmHiclVTLbtNAFL0Jj5Tw6IMNoiwioqIiRdE4TdSKBapAbUFi0aZPqY4q2xknVv2Ixk7SMPKSDT/AghVILBCfwYYfYNFPQLArEhsW3Bm7TZpQB2zZPr5zzrl3rj2jt2zLDwg5TqUvXb5yNTNxLXv9xs1bk1PTMzu+12YG3TY822N7uuZT23LpdmAFNt1rMao5uk139cOnYny3Q5lvee5W0GvRmqM1XMu0DC3A0MF06pVapy </latexit><latexit sha1_base64="Y5qx4R5hpW+53hf2/wIzIQ051yI=">AAAHmHiclVTLbtNAFL0Jj5Tw6IMNoiwioqIiRdE4TdSKBapAbUFi0aZPqY4q2xknVv2Ixk7SMPKSDT/AghVILBCfwYYfYNFPQLArEhsW3Bm7TZpQB2zZPr5zzrl3rj2jt2zLDwg5TqUvXb5yNTNxLXv9xs1bk1PTMzu+12YG3TY822N7uuZT23LpdmAFNt1rMao5uk139cOnYny3Q5lvee5W0GvRmqM1XMu0DC3A0MF06pVapy </latexit><latexit sha1_base64="Y5qx4R5hpW+53hf2/wIzIQ051yI=">AAAHmHiclVTLbtNAFL0Jj5Tw6IMNoiwioqIiRdE4TdSKBapAbUFi0aZPqY4q2xknVv2Ixk7SMPKSDT/AghVILBCfwYYfYNFPQLArEhsW3Bm7TZpQB2zZPr5zzrl3rj2jt2zLDwg5TqUvXb5yNTNxLXv9xs1bk1PTMzu+12YG3TY822N7uuZT23LpdmAFNt1rMao5uk139cOnYny3Q5lvee5W0GvRmqM1XMu0DC3A0MF06pVapy </latexit>

µ` v ( E aµ0
<latexit sha1_base64="KA8k/AyRBVXm2o6a7sThXNqZAbM=">AAAHpHiclVTLbtNAFL0Jj5TwaAsbJCQUEfWBFEXjNFErFqgCtWXRRZs2baW6VLYzTqz6EfmRNIz8A+xYsWAFEgvEZ7DhB1j0ExDLIsGCBXfGbpMmjQOO7Nw5c865M9e+o7ZMw/MJOUmlr1y9dj0zcSN789btO5NT03d3PCdwNVrTHNNx91TFo6Zh05pv+Cbda7lUsVST7qpHz/n8bpu6nuHY2363RQ8spWEbuqEpPkKH06k3cp </latexit><latexit sha1_base64="KA8k/AyRBVXm2o6a7sThXNqZAbM=">AAAHpHiclVTLbtNAFL0Jj5TwaAsbJCQUEfWBFEXjNFErFqgCtWXRRZs2baW6VLYzTqz6EfmRNIz8A+xYsWAFEgvEZ7DhB1j0ExDLIsGCBXfGbpMmjQOO7Nw5c865M9e+o7ZMw/MJOUmlr1y9dj0zcSN789btO5NT03d3PCdwNVrTHNNx91TFo6Zh05pv+Cbda7lUsVST7qpHz/n8bpu6nuHY2363RQ8spWEbuqEpPkKH06k3cp </latexit><latexit sha1_base64="KA8k/AyRBVXm2o6a7sThXNqZAbM=">AAAHpHiclVTLbtNAFL0Jj5TwaAsbJCQUEfWBFEXjNFErFqgCtWXRRZs2baW6VLYzTqz6EfmRNIz8A+xYsWAFEgvEZ7DhB1j0ExDLIsGCBXfGbpMmjQOO7Nw5c865M9e+o7ZMw/MJOUmlr1y9dj0zcSN789btO5NT03d3PCdwNVrTHNNx91TFo6Zh05pv+Cbda7lUsVST7qpHz/n8bpu6nuHY2363RQ8spWEbuqEpPkKH06k3cp </latexit><latexit sha1_base64="KA8k/AyRBVXm2o6a7sThXNqZAbM=">AAAHpHiclVTLbtNAFL0Jj5TwaAsbJCQUEfWBFEXjNFErFqgCtWXRRZs2baW6VLYzTqz6EfmRNIz8A+xYsWAFEgvEZ7DhB1j0ExDLIsGCBXfGbpMmjQOO7Nw5c865M9e+o7ZMw/MJOUmlr1y9dj0zcSN789btO5NT03d3PCdwNVrTHNNx91TFo6Zh05pv+Cbda7lUsVST7qpHz/n8bpu6nuHY2363RQ8spWEbuqEpPkKH06k3cp </latexit>

µ` E1 ) v µ[x = v] ` E2 ) u
µ` let x = E1 in E2 ) u

<latexit sha1_base64="T6+NMAh/+6Je+GoHWhbHmdrjuPE="></latexit><latexit sha1_base64="T6+NMAh/+6Je+GoHWhbHmdrjuPE="></latexit><latexit sha1_base64="T6+NMAh/+6Je+GoHWhbHmdrjuPE="></latexit><latexit sha1_base64="T6+NMAh/+6Je+GoHWhbHmdrjuPE="></latexit>

µ` E1 ) v µ[x = v] ` w 0 ( E2 aµ0[x = v 0]
µ` v 0 ( E1 aµ00

µ` w 0 ( let x = E1 in E2 aµ0gµ00
<latexit sha1_base64="dZw/pl4hriCh7xUC7EQ+p0RmSI4="></latexit><latexit sha1_base64="dZw/pl4hriCh7xUC7EQ+p0RmSI4="></latexit><latexit sha1_base64="dZw/pl4hriCh7xUC7EQ+p0RmSI4="></latexit><latexit sha1_base64="dZw/pl4hriCh7xUC7EQ+p0RmSI4="></latexit>



Correctness

!21

Theorem
Given a closed HOBiT expression of type Bσ	→	Bτ  
we can obtain a well-behaved lens in Lens σ τ

Well-behavedness is proved by Kripke logical relations

		get	s	=	v				if
		put	s	v	=	s'	if		

{x0 = s} ` E ) v
<latexit sha1_base64="srvE4qhXObRFnoQ5NESy/gpzUyk="></latexit><latexit sha1_base64="srvE4qhXObRFnoQ5NESy/gpzUyk="></latexit><latexit sha1_base64="srvE4qhXObRFnoQ5NESy/gpzUyk="></latexit><latexit sha1_base64="srvE4qhXObRFnoQ5NESy/gpzUyk="></latexit>

Given f , f x0 + E and then define:
<latexit sha1_base64="eSu24IjxVLA2ZrCmvGdxq5X6YXM=">AAAH+XiclVTLbtNAFL0Nj5TwaAsbJDYWaRGLqBqniVrKpiq0ZYFQmza0Uh1FtjNJrNrjyHaSBmM+gB9gwYpKSDyWfAIbfoBFvwAhlkViw4I7YzcJSeOAIzvXd8459zG+ozVMw/UIOZ5InDt/4WJy8lLq8pWr16amZ64/de2mo9Oibpu2s6epLjUNRoue4Zl0r+FQ1dJMuqsdPODruy3quIbNdrxOg5YstcaMqqGrHrrKMxPflA </latexit><latexit sha1_base64="eSu24IjxVLA2ZrCmvGdxq5X6YXM=">AAAH+XiclVTLbtNAFL0Nj5TwaAsbJDYWaRGLqBqniVrKpiq0ZYFQmza0Uh1FtjNJrNrjyHaSBmM+gB9gwYpKSDyWfAIbfoBFvwAhlkViw4I7YzcJSeOAIzvXd8459zG+ozVMw/UIOZ5InDt/4WJy8lLq8pWr16amZ64/de2mo9Oibpu2s6epLjUNRoue4Zl0r+FQ1dJMuqsdPODruy3quIbNdrxOg5YstcaMqqGrHrrKMxPflA </latexit><latexit sha1_base64="eSu24IjxVLA2ZrCmvGdxq5X6YXM=">AAAH+XiclVTLbtNAFL0Nj5TwaAsbJDYWaRGLqBqniVrKpiq0ZYFQmza0Uh1FtjNJrNrjyHaSBmM+gB9gwYpKSDyWfAIbfoBFvwAhlkViw4I7YzcJSeOAIzvXd8459zG+ozVMw/UIOZ5InDt/4WJy8lLq8pWr16amZ64/de2mo9Oibpu2s6epLjUNRoue4Zl0r+FQ1dJMuqsdPODruy3quIbNdrxOg5YstcaMqqGrHrrKMxPflA </latexit><latexit sha1_base64="eSu24IjxVLA2ZrCmvGdxq5X6YXM=">AAAH+XiclVTLbtNAFL0Nj5TwaAsbJDYWaRGLqBqniVrKpiq0ZYFQmza0Uh1FtjNJrNrjyHaSBmM+gB9gwYpKSDyWfAIbfoBFvwAhlkViw4I7YzcJSeOAIzvXd8459zG+ozVMw/UIOZ5InDt/4WJy8lLq8pWr16amZ64/de2mo9Oibpu2s6epLjUNRoue4Zl0r+FQ1dJMuqsdPODruy3quIbNdrxOg5YstcaMqqGrHrrKMxPflA </latexit>

{x0 = s} ` v ( E a {x0 = s0}
<latexit sha1_base64="F/Tb+8L8cTsyRnfQE0hgBBSF38I="></latexit><latexit sha1_base64="F/Tb+8L8cTsyRnfQE0hgBBSF38I="></latexit><latexit sha1_base64="F/Tb+8L8cTsyRnfQE0hgBBSF38I="></latexit><latexit sha1_base64="F/Tb+8L8cTsyRnfQE0hgBBSF38I="></latexit>
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Related Work and Conclusion

!22



Property
Lifting Lenses

!23

Given a lens in Lens σ τ,  
a corresponding function of type Bσ	→	Bτ  
can be added to HOBiT. 

Similar to [M&W 15]

incB	::	B	Int	→	B	Int		
incB	=	fromLens	(λx.x	+	1)	(λ_.λy.y	-	1)	



Property
Lifting Lens Combinators

!24

Given a lens combinator in 
  ∀s. Lens (s,σ1) τ1 " Lens (s,σ2) τ2 
a corresponding higher-order function of type 

   (Bσ1	→	Bτ1)	→	Bσ2	→	Bτ2	
can be added to HOBiT.

via adding a bidirectional construct

let frome.g.: h :: Lens s σ " Lens (s,σ) τ " Lens s τ 
h lens1 lens2 = lens2 ● <id, lens1>

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



Outline 
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Related Work and Conclusion

!25



Related Work
1st-order bidirectional/invertible langs 
[M&W13, M+10, Hidaka+10] 

Expressions interpreted as a lens  
Hard-wired bidirectional constructs 
Difficult to be higher-order 

the category of lenses is not closed 
[Rajkumar+13] 

no higher-order lenses

!26



Related Work
Applicative lenses [M&W 15] 

lifting lenses via Yoneda lemma 

combinators can be lifted, but with 
closedness restriction

!27

Lens a b ∀s.Lens s a " Lens s blift

unlift

Lens a b  
" Lens c d

(∀s.Lens s a " Lens s b) 
" (∀t.Lens t c " Lens t d) 



Conclusion
HOBiT: an ML-like bidirectional lang  

more natural-style of programming  

replacing lens combinators  
lenses as functions  
lens combinators as higher-order functions 

via language constructs with binders !28

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


