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Introduction : Observations 1



User Interfaces become more and more complex : Evolution of interaction possibilities (modalities) : WIMP, Direct Manipulation, Gesture and Voice recognition...



Increasing size of Interactive Systems. 2



Nowadays UI assist critical activities :



3



In practice : a lack of validation methodology



medicine, nuclear power station, aircraft cockpit ... Verification : test activities cover ≈ 50% of the total development cost Usability requirements are underused : they are not formally taken into account...



Usability: “Usability denotes the effectiveness efficiency and satisfaction with which users can use the system to achieve their goal”
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Introduction : How Improving Validation of UIS?



1



Taking into account Usability Requirements Tasks Models : describe in the specification step the expected behaviour of the interface...



2



Using Formal Methods? YES : Reduction of tests effort / Better coverage / Gain in dependability and safety BUT : Actual formal methodologies are top-down. How using formal methods in a real development process? In Practice : intensive use of toolkits and design software Heterogeneity : Gap between formal models and usability requirements (semi-formal definition)
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Introduction : How Improving Validation of UIS? Suggestion : Using formal methods only in the validation step of the development process Reverse Engineering : using the source code; Event-B formal method; → no need to change current development practices : use of toolkits and design softwares;



Using CTT Task models as a part of usability requirements. Money Converter



CTT Notation : 1 Hierarchical structure (Tree) Open



Convert*



Input Value



Quit



Convert Choice



Convert FE



Close



Output Value



Different types of Tasks; Temporal Operators (Process algebra); 2



Definition in comprehension (high level of abstraction)



Convert EF
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Event-B Model Event-B Method : Interactive System Modelling; MODEL model_name ... VARIABLES X1, X2, ... /* model variables : State of the system */



INVARIANTS P(X1,X2,...) /* Invariant : first order predicate */



EVENTS Evt_1= SELECT G(X1,X2,...) /* Guard */



Refinement Technique; Proofs using Theorem Proving (First Order Logic and Set Theory). Existing tools : Atelier B, B4free, Click’n’Prove, Rodin



THEN S(X1,X2,...) /* Substitution */ END;



END



Fig.: Event-B Model Example Alexandre Cortier, Bruno d’Ausbourg, Yamine A¨ıt-Ameur
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Global View Tasks Models 3



V A L I D BB A T I O N



CTT



E X T R A A C T I O N



Library/Toolkit



SWING Source Code



JAVA
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Global View Tasks Models 3



CTT



Abstract User Requirements



Questions : − Does concrete implementation fulfill its abstract specification requirements ?



V A L I D BB A T I O N



− Is it possible to carry out scenarios described in the CTT Tasks model on the UI implementation ? Library/Toolkit



SWING Source Code



− Formally : Is the implementation a correct refinement of the CTT task model ?



Concrete Implementation



JAVA
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Global View Behavioural Model catches :



PROOFS



− the rendering evolving of the UI during interaction − UI reactions which modify widgets attributes : Ex : − enabling/disabling of widgets − visiblity of widgets



Library/Toolkit



SWING



Behavioural Model Event−B



Source Code



Static Analysis



JAVA
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Global View 1/ Abstraction of the Functional Core (FC) * FC not relevant in the UI behavioural analysis 2/ main() method analysis * Inlining, Patterns Matching * To catch Widgets Declarations and initialisation ==> Definition of the VARIABLES and INITIALISATION clauses of the Event−B model 3/ Listener methods Analysis (catching UI reactions) * Inlining, Patterns matching * To catch widgets modifications ==> Definition of the EVENTS clause (Event−B model) Library/Toolkit



SWING



Behavioural Model Event−B



Source Code



Static Analysis



JAVA
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Global View MODEL BApplM VARIABLES widgets :< WIDGETS & listeners < LISTENERS & visible : widgets −−> BOOL & list : widgets −−> P(listeners) ... INITIALISATION widgets := {button_1, button_2, textfield_1} || list := { (button_1 −> list_ActionPerformed), (button2 −> ...)...} EVENTS events_ActionPerformed= SELECT Guard_evt THEN visible(button_1):=TRUE || visible(button_2):= FALSE || enabled(textfield_1):= TRUE END;



PROOFS



Library/Toolkit



SWING



Behavioural Model Event−B



Source Code



Static Analysis



JAVA
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Global View SAFETY PROPERTIES



PROOFS



enabled(input)=TRUE & visible(Input)=TRUE Input widget is always visible and enabled



enabled(EF)=TRUE & enabled(FE)=TRUE => value(Input)=not_empty



V A L I D BB A T I O N



When EF and FE buttons are enabled the input textfield is not empty Library/Toolkit



SWING



Behavioural Model Event−B



Source Code



Static Analysis



JAVA
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Global View Tasks Models 3
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Validation : Refinement explanations 1



What is a Refinement? Add details in a model : variables, events... To each behaviour of a concrete model corresponds a behaviour of the abstract one.



2



Is the refinement correct? Proof Obligations (PO) have to be discharged to ensure correctness of the refinement. Successive refinements : properties that are proved in the abstract level are preserved in the concrete one. POs generated by tools (Click’n Prove, B4free, Rodin) POs can be automatically or manually discharged
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Intuition : Here, the refinement of the BTask model permits to map abstract user actions of the CTT tasks model with the concrete UI reactions.
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Formal Validation of Java/Swing User Interfaces Conclusions



Conclusions We suggested a formal approach to validate a part of the usability requirements which : Uses the Event-B formal method and CTT Tasks Models; Bridges the gap between semi-formal and formal model; Starts from the source code of the application (Reverse Engineering); is usable in a classical process development. The approach can be used with : other languages... other (formal techniques) : Model-Checking, tests generation
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Conclusions



Current work : development of a prototype tool enlarging the scope of the approach : take into account other kinds of requirements (multi-view approach)
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