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Component Connection 
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Component Connection 
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Component Network 
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It should have no cyclic data dependency 



System, Context, Boarder 
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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 
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System Adaption: Change Propagation 2 
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Context Changes 
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Context Changes: System Adaption 
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Boarder Change 
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Boarder Change: Configuration Change 
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What is the essence in adaption? 

•  Detecting changes: monitor�

•  Propagating changes: management 
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What is the essence of change propagation? 
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What is the essence of change propagation? 
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T Transformation	
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What is the essence of change propagation? 
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Data Wrapper	
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What is the essence of change propagation? 
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Forward change 
propogation	


 
C	


 
C	
T	




What is the essence of change propagation? 

25 

 
C	


 
C	
T	


 
C	
T	


Data Wrapper	


 
C	




What is the essence of change propagation? 
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It is the BX that can do! 
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Bidirectional Computation
BiX: A Bidirectional Tree Transformation Language

Bidirectional Model Transformation: A Compositional Approach
Conclusion

Definition
Basic Properties
Direct Applications

Bidirectional Computation (Bidirectional Transformation)

src tgt

tgt’

mod

src’

get

put

It consists of a pair of computation forward and backward.

Zhenjiang Hu

Get-Put: �
put s (get s) = s �

�
Put-Get: �

get (put s t) = t �



Pervasive Bidirectional Transformation 
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Bidirectional Computation (Bidirectional Transformation)

src tgt
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mod

src’
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It consists of a pair of computation forward and backward.

Zhenjiang Hu

Bidirectional Computation
BiX: A Bidirectional Tree Transformation Language

Bidirectional Model Transformation: A Compositional Approach
Conclusion

Definition
Basic Properties
Direct Applications

View Updating

Reflect changes on the view to the original relational database.

DB View

Ref: many studies in the database community
[Bancilhon&Spyratos:81, Dayal&Bernstein, Gottlob et. al.:88 ]

Zhenjiang Hu There and Back Again

View Updating (80’) 

Bidirectional Computation
BiX: A Bidirectional Tree Transformation Language

Bidirectional Model Transformation: A Compositional Approach
Conclusion

Definition
Basic Properties
Direct Applications

Replicated Data Synchronization

Synchronization of data in different formats.

Ref: the Harmony project in Univ. of Pennsylvania
[Pierce et. al: POPL’05, PODS’06, POPL’08].

Zhenjiang Hu There and Back Again

Data Synchronization (2006) 

Model	


Code	


Model Code Coevolution (2012) 

Zhenjiang Hu, Andy Schurr, Perdita Stevens, James Terwilliger, �
Dagstuhl Seminar on Bidirectional Transformations, �
SIGMOD Record, Vol.40, No.1 2011. pp.35-39 



Bidirectional Transformation Languages 
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•  We need languages to support development of 
software with bidirectional computation �

�
–  Lens (for data sync) Univ. of Pennsylvania, … �
    #[POPL’05, PODS’06, ICFP’08, ICFP’10, POPL’11,’12] �
�

–  X/Inv/BiX/BiG Univ. of Tokyo / NII �
##[PEPM’04, ASE’07, ICFP’07, PLDI’07, POPL’09, FSE’09, 
ESOP’10, ICFP’10, PPDP’11, ICSE’12, ICSE’12,PPDP’13, ICFP’13] �

 

Get-Put Consistency Maintenance 



Existing Approaches to Bidirectional Programming 
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�
•  Domain Specific Bidirectional Languages �
•  Automatic Bidirectionization of ATL, XQuery, UnQL �

Assumption: �
             Each get has one fixed put.                   

“get” (forward transformation)�
�
�
“put” (backward transformation)  



A New Approach: Putback-based BX 
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“get” (forward transformation)�
�
�
“put” (backward transformation)  

“get” (forward transformation)�
�
�
“put” (backward transformation)  

: 
“put” uniquely 
determines 
“get”. 



BiG: An NII Grand Challenge Project (2008-Now) 

32 

Zhenjiang Hu �
Prof. (NII), Project Leader�
BX Programming 

Hiroyuki Kato �
Assist. Prof. (NII) �
BX Optimization  

Soichiro Hidaka �
Assist. Prof. (NII) �
Bidirectionalization 

Aim at Language-based Foundation of Bidirectional Graph Transformation �
for Evolutionary/Adaptive Software Development 

Keisuke Nakano �
Assoc. Prof. (Univ. of Electro Comm.)�
BX Analysis �

Isao Sasano �
Assoc Prof. (Shibaura Univ.)�
BX Application 

Collaborators (OU, PKU, SJTU, Oxford U, Minho U, INRIA)  

Kazutaka Matsuda �
Assist. Prof. (Univ. of Tokyo.)�
BX Language Design �

Tao Zan, Phuu-Phuc Vo �
 PhD students�
 Adaptive BX Languages 

Hugo Pacheco �
Post-doc�
BX Languages �



Thank You! 
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Appendix (Foundation of Putback-based BX) 
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Injectivity: get and (put s) 

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

           putAdd (x,y) v = (v-y, y)�
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BX Programming = Writing injective (put s) + Deriving get	


Essence of BX Programming 



Injectivity of “put s”: Necessarity 

Lemma: If there exists a get satisfying PutGet, put s 
must be injective. 
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Proof: �
    put s v = put s v′ �
=>   { Leibniz } �
    get (put s v) = get (put s v′)�
==   { PutGet } �

    v = v′�
 



Injectivity of “put s”: Necessary 

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

BiG Camp @ Karuizawa 37 
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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. 
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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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Derived “get”: Existence 

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. 
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Proof: �
   get s �
=   { surjectivity of put } �
   get (put s‘ v) �
=   { PutGet } �

   v �
 



Derived “get”: Existence 

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. 
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Proof: �
   get s �
=   { surjectivity of put } �
   get (put s’ v) �
=   { PutGet } �

   v �
 



Derived “get”: Definition 

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

          get s = v such that put s v = s 
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Proof: �
    put s‘ v = s �
=>   { put } �
    put (put s‘ v) v = put s v �
==   { PutTwice } �
    put s‘ v = put s v �
==   { Assumtion: put s‘ v = s } �
    s = put s v�

 



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 s v �
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Question: Are the following put function behave well?�
•  put1 s v = s �
•  put2 s v = s ++ v �
•  put3 (a : s) v = a : v �
 


