N | l (12 1885 B9 50

Notionol lativgte of Mdormatic

Can BX be used for implementing adaptive software?
-- Putbased Bidirectional Programming
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A Static System
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Component Changes
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System Adaption: Change Propagation 1
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System Adaption: Change Propagation 2

ARNSARLL BN 2275

v -~ e
N | | sz
Notional lativgte of Iormatics

14




System Adaption: Change Propagation 2
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Context Changes
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Context Changes: System Adaptlon
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Boarder Change
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Boarder Change: Configuration Change
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What is the essence 1n adaption?

e Detecting changes: monitor

e Propagating changes: management
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What 1s the essence of change propagation’
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What 1s the essence of change propagation
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Data Wrapper
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It 1s the BX that can do!
get
Src ' tgt
S mod
put
src’ tgt’
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Get-Puft:
put s (get s) = s

Put-Get:
get (put s 1) = t
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Data Synchronization (2006)
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Zhenjiang Hu, Andy Schurr, Perdita Stevens, James Terwilliger,
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Bidirectional Transformation Languages | N||E&szazss

e We need languages to support development of
software with bidirectional computation

/1nv/BiX/B1G Univ. of Tokyo / NII

Get-Put Consistency Maintenance
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Existing Approaches to Bidirectional Programming | [N ||Estisssss
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"get” (forward transformation)

v

"put” (backward transformation)

e Domain Specific Bidirectional Languages
e Automatic Bidirectionization of ATL, XQuery, UnQL

Assumption:
Each get has one fixed put.
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A New Approach: Putback-based BX
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“get” (forward transformation)
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"put” (backward transformation)
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“get” (forward transformation)

"put” (backward ’rransforma’rion)/
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Thank You!
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Appendix (Foundation of Putback-based BX)
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Injectivity: get and (put s) \ || [

e Injective get is too limited for BX
add (X, y) = x+y
e Injective (put s) is powerful and necessary for BX

putAdd (x,y) v = (v-y, V)

Essence of BX Programming

BX Programming = Writing injective (put s) + Deriving get
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Lemma: If there exists a get satisfying PutGet, put s
must be injective.

Proof:

put s v = put s V'
=> { Leibniz }

get (put s v) = get (put s V')
== { PutGet}

V=V
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Injectivity of “put s”: Necessary |\ || B

Lemma: If there exists a get satisfying PutGet, (put s)
must be injective.

Proof:
put s v = put s V'

37 BiG Camp @ Karuizawa i
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[ Mosioncl lativate of Indcrmatics |

Lemma: If there exists a get satisfying PutGet, (put s)
must be injective.

Proof:

put s v = put s V'
=> { Leibniz }

get (put s v) = get (put s V')
== { PutGet}

V=V
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Derived “get”: Uniqueness |\ || [t

Lemma: Given a put function, there exists at most one
get function such that GetPut and PutGet hold.

Proof:
Suppose we have two get functions, say get and get'.
get s

get' s
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Derived “get”: Uniqueness

Lemma: Given a put function, there exists at most one
get function such that GetPut and PutGet hold.

Proof:

Suppose we have two get functions, say get and get'.
get s

=> { GetPut }
get (put s (get’ s))

== { PutGet }
get' s
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Lemma: Given a surjective put function (for any s, there

exist s, v, such that s = put s’ v), there exists a get
function such that PutGet holds.

Proof:
get s
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Derived “get”: Existence |\ || [t

Lemma: Given a surjective put function (for any s, there

exist s, v, such that s = put s’ v), there exists a get
function such that PutGet holds.

Proof:
get s

{ surjectivity of put }
get (put s’ v)
{ PutGet }

\'
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Derived “get”: Definition

Lemma: given a well-behaved put, the unique geft is
defined as follows.

get s = v such that putsv =s

Proof:
put s'v =s
=> { put }
put (put s’ v) v = put sv
== { PutTwice }
put s'v = put s v
== { Assumtion: put s'v = s }
s=putsv
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Well-behaved “put” =

Theorem:
Put is well-behaved, iff
1. Put s is injective

2. Put is surjective: For any s, there exist s, v, such
that s = put s v

3. Put is stable: put (put s v) v =put sv

Question: Are the following put function behave well?
® puflsv=s

® pufZsv=s++V

e put3(a:s)v=a:v
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