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Intro

 Bidirectional / multidirectional synchronization

o Cloud drive on mobile  computer

o Data binding, database editing based on view

o Dentist appointments vs assistant

o Healthcare, HIPAA

o Complex MBE workflows

 Is all this really easy?

 How do I come into the picture?

o MONDO, Dagstuhl 2018
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Image source: P. Stevens, "Bidirectional Transformations in the Large," 2017 ACM/IEEE 20th International Conference on 

Model Driven Engineering Languages and Systems (MODELS), Austin, TX, 2017, pp. 1-11. doi: 10.1109/MODELS.2017.8



Topics to cover

Basics Properties Constructions
Applications & 
Generalizations
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Basic Formal Notions

Symmetric / assymetric BX
Semantic variants
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(Symmetric) BX

 Consistency between two models

 + a pair of consistency restorers

 Bidirectional != bijective

5

P. Stevens. Bidirectional Model Transformations in QVT: Semantic Issues and Open Questions. 
Journal of Software and Systems Modeling (SoSyM) 9(1):7–20, 2010.

„bijective transformations are the exception rather than 
the rule: the fact that one model contains information 
not represented in the other is part of the reason for 
having separate models”



(Asymmetric) Lenses

 View-Update Problem @ „Harmony Group”

o GET: view as function of source/master

o PUT(BACK): update master from view

(asymmetric) lens, a-lens

 Trivial case: 𝐴 = 𝐵, 𝐶

o GET/PUT ignores complement (C)

o Again, this is not always applicable
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Foster, J.N., Greenwald, M.B., Moore, J.T., Pierce, B.C.,Schmitt, A.: Combinators for bi-directional
tree transformations: A linguistic approach to the view update problem. ACM Trans.Program. 
Lang. Syst.29(3), 17 (2007)

Orig. SIGPLAN paper: 2005 (coinage of „lens”)



Semantic Variants

 State-based vs. delta-based
Diskin, Z, Xiong, Y, Czarnecki, K. (2011). From State- to Delta-Based Bidirectional Model
Transformations: the Asymmetric Case.. Journal of Object Technology. 10. 6: 1-
25.10.5381/jot.2011.10.1.a6. 

 Reflective updates
Diskin Z., König H., Lawford M. (2018) Multiple Model Synchronization with Multiary Delta 
Lenses. In: Russo A., Schürr A. (eds) Fundamental Approaches to Software Engineering. FASE 
2018. Lecture Notes in Computer Science, vol 10802. Springer, Cham

 Partial consistency
Stevens P. (2014) Bidirectionally Tolerating Inconsistency: Partial Transformations. In: Gnesi S., 
Rensink A. (eds) Fundamental Approaches to Software Engineering. FASE 2014. Lecture Notes
in Computer Science, vol 8411. Springer, Berlin, Heidelberg 

o High-level consistency applicable only after low-level
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• Incrementality
• Preservation of intent

The best choice may include self-propagation
from the updated view to itself

• Partially ordered degree of consistency
• E.g. hyppocratic = monotonic



Desirable Properties

(Very) well-behaved BX
Least surprise
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Well-behaved

 Well-behaved BX: correct + hyppocratic

Correct Hyppocratic

 Special case for a-lens: PUTGET + GETPUT
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„First, do no harm.” Hippocrates, 450-355BC



Very well-behaved

 Very well-behaved (overwriteable): 

o Well-behaved + history ignorant

 This is an optional requirement
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„fail to satisfy it for reasons that seem pragmatically unavoidable”

„a draconian restriction”



Very well-behaved cont’d.

 Very well-behaved: 

o Well-behaved + history ignorant

 Refined taxonomy

11

Stevens, Perdita. (2012). Observations relating to the equivalences induced on model sets by 
bidirectional transformations. EC-EASST 049. 10.14279/tuj.eceasst.49.714. 



Least Change / Least Surprise

 Many correct choices for
restorer / PUT (if non-bijective)

oWhich is the „best choice”?

o c.f. „constant complement”
in database view updates

12

James Cheney, Jeremy Gibbons, James McKinna, Perdita Stevens, “On principles of Least Change
and Least Surprise for bidirectional transformations”, Journal of Object Technology, Volume 16, 
no. 1 (February 2017), pp. 3:1-31, doi:10.5381/jot.2017.16.1.a3.

The action taken by the maintainer of a constraint 
after a violation should change no more than is 
needed to restore the constraint.

It turns out, however, that there are devils in the details.



Constructions

Composition and decomposition
Bidirectional Programming

Grammar-based and federation-based synchronization
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Composition of Lenses

 How to build large snyhcronization systems?

 Composition of lenses

o Sequential composition

o Span (shared source/master)

o Co-span (shared target/view)

 Composition laws, e.g. 

14

Diskin Z. (2008) Algebraic Models for Bidirectional Model Synchronization. In: Czarnecki K., Ober
I., Bruel JM., Uhl A., Völter M. (eds) Model Driven Engineering Languages and Systems. MODELS 
2008. Lecture Notes in Computer Science, vol 5301. Springer, Berlin, Heidelberg 



Decomposition of Lenses

 Decomposition: BX  a-lenses

o Programming lenses may be easier!

o Span of a-lenses: trivial

• Any WB BX is ~ a span of lenses
from a „union” master model

o Co-span of a-lenses:

15

Stevens, Perdita. (2012). Observations relating to the equivalences induced on model sets by 
bidirectional transformations. EC-EASST 049. 10.14279/tuj.eceasst.49.714. 



Bidirectional Programming @ Harmony Group

 „Write one program, execute in 2 directions”

o based on lens compositions (sequential, conditional…)

 Harmony: updateable XML views (fork, hoist, etc.)
Foster, J.N., Greenwald, M.B., Moore, J.T., Pierce, B.C.,Schmitt, A.: Combinators for bi-
directional tree transformations: A linguistic approach to the view update problem. ACM 
Trans. Program. Lang. Syst. 29(3), 17 (2007)

 Relational Lens: updateable RelDB query (with FD)
Bohannon, A., Vaughan, J.A., Pierce, B.C.: Relational lenses: a language for updateable views. 
In: Principles of Database Systems (PODS), Extended Version Available as University of 
Pennsylvania technical report MS-CIS-05-27 (2006)

 Boomerang: bidirectional typed ~regexp (+dict)
Bohannon, A., Foster, J.N., Pierce, B.C., Pilkiewicz, A. and Schmitt, A.: Boomerang: Resourceful
Lenses for String Data. In ACM SIGPLAN-SIGACT Symposium on Principles of Programming
Languages (POPL), San Francisco, California, January 2008.
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Triple Graph Grammars

 Rule-based specification for consistency

o Automatically derived BX restorers

o Correctness, other properties?

 ~ translation in string grammars

17

Schürr A. (1995) Specification of graph translators with triple graph grammars. In: Mayr
E.W., Schmidt G., Tinhofer G. (eds) Graph-Theoretic Concepts in Computer Science. WG 
1994. Lecture Notes in Computer Science, vol 903. Springer, Berlin, Heidelberg 



Metamodel composition for federation

 If models are split/merged based on metamodel…

o Composition as „colimit”

18

Stünkel, P., König, H., Lamo, Y., Rutle, A.. 2018. Multimodel correspondence through inter-
model constraints. In Conference Companion of the 2nd International Conference on Art, 
Science, and Engineering of Programming (Programming'18 Companion). ACM, New York, 
NY, USA, 9-17. DOI: https://doi.org/10.1145/3191697.3191715



Applications and Generalizations

Functional Programming
Access Control

MX
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Monadic BX in Functional Programming

 Provide result under some monad, e.g.

o Future<T>

o User choice, e.g. Input<T>

o State (transformation remembers history)

 Does it compose / commute with other monads?

 Many approaches

20

Abou-Saleh F., Cheney J., Gibbons J., McKinna J., Stevens P. (2015) Notions of Bidirectional

Computation and Entangled State Monads. In: Hinze R., Voigtländer J. (eds) Mathematics of 

Program Construction. MPC 2015. Lecture Notes in Computer Science, vol 9129. Springer, 

Cham

Abou-Saleh F., Cheney J., Gibbons J., McKinna J., Stevens P. (2016) Reflections on Monadic
Lenses. In: Lindley S., McBride C., Trinder P., Sannella D. (eds) A List of Successes That Can
Change the World. Lecture Notes in Computer Science, vol 9600. Springer, Cham



Updateable Security Views

 RW access control as lens
o Read access control = GET

oWrite access control = PUT…
• …that can reject

 Contributions
o Basic formalism

o Desirable properties

o Composition

o Boomerang-like applications

21

J. N. Foster, B. C. Pierce and S. Zdancewic, "Updatable Security Views," 2009 22nd IEEE Computer 
Security Foundations Symposium, Port Jefferson, NY, 2009, pp. 60-74. doi: 10.1109/CSF.2009.25



Unique MX Challenges

 Two seminal papers

 Dagstuhl Seminar 2018 Dec: many open questions

o Non-local consistency?

o Concurrent updates?

o Whack-a-mole property?

o Composition of BX into MX?

• Cyclic networks?

oMX type theory etc.
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P. Stevens, "Bidirectional Transformations in the Large," 2017 ACM/IEEE 20th International Conference on Model Driven 
Engineering Languages and Systems (MODELS), Austin, TX, 2017, pp. 1-11. doi: 10.1109/MODELS.2017.8

Diskin Z., König H., Lawford M. (2018) Multiple Model Synchronization with Multiary Delta Lenses. In: Russo A., Schürr A. 
(eds) Fundamental Approaches to Software Engineering. FASE 2018. Lecture Notes in Computer Science, vol 10802. 
Springer, Cham


