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Objectification of Formal Specifications
 • Introduction
 • Related Work (reverse engineering / OO reengineering)
 • Example
 • Objectification Criteria
 • The Objectifier
 • Conclusions and Future Work
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Introduction
 • Problems:– Legacy code maintenance (aiding in
 Knowledge recovery).
 – Legacy code restructuring.
 – OO Implementation of a purelly functional specification.
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Introduction
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Introduction
 • Why VDM ?– VDM-SL is a systematic method for formal
 specification of software systems (ISO standard since 1996).
 – VDM++ is an object oriented extension of VDM-SL.
 – Both VDM-SL and VDM++ can be “animated” using the IFAD VDM Tools.
 ISO/IEC 13817-1
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Related Work
 • Methodology for converting conventional code onto object oriented code [GKM95,GK96,BG97,GW98].
 Converts procedural code onto object oriented code provided that the target programming language is an extention of the original non-object-oriented language.
 The transformation process takes place at source code level and it reuses the original code introducing the minimum alterations possible.
 The work is based on an expert knowledge of the system.
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Related Work
 • Methodology for reverse engineering existing procedural code based on a diagramatic representation of the original system [CA93].
 This methodology is based on the diagramatic representation of the system using a reversed object oriented analysis done by experts with knowledge about the original system.
 The diagrams are the basis for the formal specification of the system.
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Related Work
 • Reverse engineering of C code, using Formal Methods [GC93,GC96a,GC96b].
 This methodology makes use of predicate logic for creating an abstraction of the system based on its logic properties.
 The process was initially based on the weakest precondition [GC93], but was then altered to work with the strongest postcondition [GC96a].
 In [GC93], a method for identifying objects within the logic abstraction of the system, is also addressed.
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Related Work
 • Program Slicing [Ste99].
 Program slicing is traditionally used for debugging.
 It has the following variants:
 • Static Slicing / Dynamic Slicing
 • Forward Slicing / Backward Slicing
 • Intraprocedural Slicing / Interprocedural Slicing
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Related Work
 • Program Slicing [Ste99].
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Related Work
 • Program Slicing [Ste99].
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Related Work
 • Program Slicing [Ste99].
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Related Work
 • Program Slicing [BBL93b].
 Program slicing is also used for code restructuring towards the object oriented paradigm.
 It can be used to transform a program in a given language to an object oriented version of the same language, or it can be used to extract knowledge from the original program.
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Related Work
 • Specification (using predicate logic) of a compiler/decompiler between a pseudo- high level programming language and assembly code of a simplified virtual machine [Bow93].
 • Reverse engineering of code with pointers [GC97].
 • Code compilation/decompilation and its reverse engineering to the Z++ notation [BB92a,BB92b,BBL93a,BBL93b,BL91].
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Related Work
 • Knowledge recovery from ER-diagrams and SQL-DDL scripts to formal supports (Sets and VDM-SL) [OC93,NSO99].
 Methodology and tool for abstracting ER-diagrams to the Sets notation.
 Methodology and tool for reversing SQL-DDL scripts to VDM-SL, and assisting in the application of abstraction rules.
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Example Purelly functional specification of Folder
 Elem
 Stack
 Folder
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Example Purelly functional specification of Folder
 Stack
 Elempush
 pop
 top
 empty
 isEmpty
 Boolean
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Example Purelly functional specification of Folder
 Elem
 insereFolha
 Folder
 viraFolhaFrente
 viraFolhaTras
 retiraFolha
 leFolha
 novoFolder
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Example
 class_Stack
 class_Folder
 Identification of Classes to create.
 (Identifying the respectives states)
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Example Distribute types and functions definitions over the created classes
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Example Infer methods from the existing functions
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Example Separate the algebraic purelly functional core from the Object Oriented API
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Objectification Phases
 • Identify classes (states) to create.
 • Distribute types over the classes.
 • Distribute functions.
 • Infer methods.
 • Create the classes separating the functional core from the OO API.
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Objectification Criteria
 One needs to define criteria to:
 • Identify the types that are going to be “promoted” to Class.
 • Which types are defined within each class.
 • Which functions are created within each class.
 • How to create methods...
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Objectification Criteria
 Direct dependence relation:• When a given data type t is defined in function of a
 data type t’, i.e. when a functor F exists, such that t = F(t’), is said that t directly depends from t’, or that t’ participates in the construction of t, and such fact is denoted by
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Objectification Criteria
 Other definitions:• Sets Pt and Rt:
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Objectification Criteria
 • promotableToClass(t) predicate:
 Promotion criteria:
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Objectification Criteria
 Criteria to assign datatypes to classes:• Datatypes to be defined in the context of class Ct are:
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Objectification Criteria
 Criteria to assign functions to classes:• Functions to be defined in the context of class Ct are:
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Another examplePurelly functional specification of a simplified integer expressions system
 Expr
 Term
 Expr ◄ Term Term ◄ Expr
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Another examplePurelly functional specification of a simplified integer expressions system
 Expr
 Var ValueevalExpr
 compare
 wellFormedExpr
 Boolean
 Value
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Another examplePurelly functional specification of a simplified integer expressions system
 Expr
 Var ValueevalExpr
 compare
 wellFormedExpr
 Boolean
 Value
 f
 *
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Another examplePurelly functional specification of a simplified integer expressions system
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Another examplePurelly functional specification of a simplified integer expressions system
 S-Alg
 Class-Expr-Alg
 Class-Expr-Obj
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Function Combination
 • Each resulting class API produced by the objectification process can be enhanced with operations that combine a state updating function and a state reading function.
 • There are two modes of function combination:
 – Execute the function that reads the state before the function that updates the state (or the two functions in parallel).
 – Execute the function that updates the state before the function that reads the state.
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Function Combination
 Ex.:
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Function Combination
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The Objectifier
 Development status:
 • VDM-SL running prototype.
 • It takes a VDM-SL (abstract syntax) expression of a functional specification and produces a list of VDM++ (abstract syntax) expressions of classes.
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The Objectifier
 VDM-SL
 (AS)
 VDM++
 (AS)
 Objectify
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The Objectifier
 VDM-SL
 Definitions
 VDM++
 Class+
 Objectify
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The Objectifier
 VDM-SL
 Definitions
 VDM++
 Class+
 synthesize-vdmpp
 Attributes
 eval-defs
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The Objectifier
 VDM-SL
 Definitions
 VDM++
 Class+
 Classesattributes
 Attributes
 conjectureClassesfinalClasses
 Type
 attributes
 Functions
 attributesClassFunctions
 synAllClasses
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The Objectifier - example
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The Objectifier - example[
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Conclusions
 • Existing objectification methods are based on direct code restructuring.
 • With a different approach, the method presented here uses, as a base of work, an algebraic purelly functional specification.
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Conclusions
 • The objectifier works on the functional specification, identifying classes (concepts) that are close to the business process served by the system in question.
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Conclusions
 • Each class (concept) identified gives origin to two VDM++ classes:
 – A purelly functional algebraic class that conserves the datatypes and the functions of the original specification.
 – A class that descends from the first one, animating its “services” through the maintenance of an internal state, and adding to it a methods API for a OO usage.
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Conclusions
 • The objectification criteria used guarantees that:
 – There are no stateless classes (concepts, seen as a pair of VDM++ classes, -Alg and –Obj).
 – A class has allways a means of updating its state, or descends from one that has.
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Future Work
 • Further develope the prototype.
 • Re-implement the Objectifier using Haskell, SDF and Strafunski [vdBvDH+01,Vis03,LV03].
 • Allow the use of modules (or even modules with state) in the original VDM-SL specifications.
 • Prototype a Deobjectifier.
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