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USING CONSTRAINT PROGRAMMING TO VERIFY UML / OCL MODELS A SHORT SURVEY Philippe Morignot 08 / 02 / 2012



Summary • Introduction • Constraint Satisfaction Problems (CSPs) • UML / OCL • Principles for using CSP to check UML / OCL models. • Turning UML class diagrams into CSP (1) • Turning UML class diagrams into CSP (2) • Conclusion & references



Constraint Satisfaction Problem (1 / 2) • A CSP is expressed as : • Variables vi • Finite domains Di = { d1, d2, …, dk(i) } • Relations, which always hold, among variables: Cj • (Cost f) • Example : SEND + MORE = MONEY •



Goal: For each vi, find one value dk from Di which together satisfy every Cj. (And which minimizes f.)



Constraint Satisfaction Problem (2 / 2) • Algorithm FIND-FIRST; 1. 2. 3. 4.



Choose an unassigned variable vi Choose a value dk from vi’s domain Di vi cx.oid cy.oid



Turning class diagrams into CSP The CSP model: Associations • Variables: • A list variable InstanceAS: • struct(InstanceAS) = (p1, …, pn) where pi = role of class



• A integer variable SizeAS (arbitrarily upper-bounded)



• Constraints: • Number of links: SizeAS = length(InstanceAS) • Existence of referenced objects: link.pi = x.oid



Turning class diagrams into CSP The CSP model: Associations (cont’d) Class X



Class Y



Association AS minClassXAS, maxClassXAS



minClassYAS, maxClassYAS



• CSP constraints (followed): • Cardinalities: • SizeAS < SizeClassX * SizeClassY



• minClassXAS * SizeClassY < SizeAS < maxClassXAS * SizeClassY • minClassYAS * SizeClassX < SizeAS < maxClassYAS * SizeClassX



• Multiplicities of associations: • minClassXAS < #{instanceAS.p1 = instanceClassX} < maxClassXAS • minClassYAS < #{instanceAS.p2 = instanceClassY} < maxClassYAS



Turning class diagrams into CSP (4/6) The CSP model: the ISA hierarchy • No new CSP variables. • CSP constraints: • Existence of instances in supertype: • InstanceSub.oid = InstanceSup.oid



• Number of instances: SizeClassSub < SizeClassSup • Disjointness for a sup Csup and subs Csubi • SizeCsup > sum( SizeCsubi ) • ObjectI.oid = ObjectJ.oid => I = J



• Completeness of a super • SizeCsup < sum( SizeCsubi ) • ObjectSup.oid = ObjectSub.oid



Turning class diagrams into CSP (5/6) The CSP model: OCL constraints • Invariants. • Expressed in ECLIPSE Prolog. • Less direct! • An OCL constraint is considered as an instance of the



OCL meta-model • A node corresponds to constants and variables of the constraint.



Turning class diagrams into CSP (6/6) Implementation • (1) Finding the sizes ; then (2) finding the instances. • ECLIPSE and JAVA libraries, extending Dresden OCL. • Tool UMLtoCSP http://gres.uoc.edu/UMLtoCSP/



A second way to solve the same problem • Principle : represent class diagrams in Description Logics



(concepts, roles, individuals) and use a CSP engine as a reasoner. • Finite satisfiability problem. • Binary associations. • No OCL constraints.



• Sketch of the CSP model: • A variable is the number of instances of a class. • Another variable is the number of associations. • Constraints are inequalities among variables. • ISA hierarchies with associations lead to an explosion of variables. • Experiments with OPL Studio (SOLVER) on Common



Information Models (management information on a network/company).



Conclusion • Goal: Avoiding bugs in UML / OCL models • A class with zero possible instances. • Mismatch in multiplicity of associations. • Turning a class diagram into a CSP. • An UML / OCL model is satisfiable a CSP has a solution. • Automatically generating a CSP: Representing classes, associations, ISA hierarchy as variables and constraints. • Solving the CSP with an off-the-shelf constraint engine.



• Future work: • Other UML diagrams ? • Other OCL constraints ? • Scaling up ? (e.g., n x 100 classes) • Using a SAT-solver. What about MIP, evolutionnary algorithms, … ?
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