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The main features of VRS

VRS is a tool for deductive verification of requirements and specifications for software systems
expressed in terms of MSC language. An extension mMSC of a standard MSC language is used as
an input language of the system. It is a generic language with explicit time specifications in the style
of MSC 2000, imperative constructions, and logic annotations. VRS provides automatic checking of
time consistency of MSC diagrams, consistency and completeness of basic protocols, correct use of
basic protocols for building scenario, annotation consistency of scenario. The main application
domains for the use of VRS are: modeling and simulation, real time applications, telecommunication
systems.

Input language. Standard semantics of MSC [Renier 99] is extended in the following way.

1. Conditions are used as synchronization primitives. It means that all events following after
some condition on the instances involved into this condition follow also after all events
preceding this condition.

2. Events can be supplied by time specification which define the relative or absolute time of an
event and its duration. The time is defined by means of numerical intervals estimating when
event can happen. The time specification of event can be correlated with another event
marked by a label or with the previous event of the same instance. Time specifications can
depend on parameters defined by macro definitions. Formal semantics of time extension of
MSC has been defined in [LK2002].

3. Conditions can be marked by comments containing logic expressions. These expressions are
interpreted on the set of states of a process defined by means of MSC diagram. This state is
represented by means of state variables of different types and constrains for their values
changing in time. The first order language is used as a language of logic expressions. The
predicates and functions of this language are defined by means of axioms or built-in
algorithms for validation of logic expressions.

4. Two kinds of logic expressions are distinguished. The first kind is a control logic
expressions. They are used in the control constructions such as if or while. The possible
values of such kind of expression define possible continuation of a process dependently of
the current state or its properties. Another kind of a logic expression is annotation. The
validation of annotations is used for checking correctness of MSC diagrams. They must be
valid at the points they are placed at any execution of MSC diagram.

5. Additional information for parameters and interpretation are supplemented to MSC diagrams
in special text files or in comments.

6. There are three kinds of MSC diagrams: basic protocols, scenario based on these protocols,
and independent diagrams.

Basic protocols are used to define generic meaning of messages and local actions. Each protocol is
an MSC diagram of a special type. It has preconditions placed just after initialization of instances
involved to these conditions, and post-conditions placed just before termination of corresponding
instances. The meaning of basic protocols is that the following temporal constraints must held in the
diagrams based on these protocols (annotated scenario): if preconditions are valid at some moment
of time then corresponding protocol can be executed and the post-conditions are valid after the
execution.



In the future the input language is planned to be extended to include SDL and UML.

Output language. Commented MSC diagrams are used as the main elements of output language of
VRS. Comments contain information about traces adjusting the incorrect or unexpected behavior of
MSC or places where inconsistency appeared. Special messages in verdict texts explain the result of
verification analyses of input diagrams.

VRS is a tool that helps verify properties of MSC diagrams using automatic logic deduction. The
verified property can be proved, not proved or refuted. In the case of refutation the trace or traces
adjusting the refutation are generated as the output.

The following properties can be verified automatically using this tool.

Consistency of basic protocols. If we want to construct deterministic system then each time when
some protocol can be applied, there must be only one which can be applied. The sufficient condition
for this type of consistency can be formulated as follows. If preconditions of two basic protocols are
intersected, that is their conjunction cannot be proved, than the processes defined by these protocols
must be equivalent as well as their post-conditions.

Completeness of basic protocols. This property means that at any moment of time when all
protocols are finished there must be at least one that can be used to continue the process. Sufficient
condition for this is that the disjunction of all preconditions of all basic protocols is valid at all
admissible states of a system (the admissibility property for states must be given).

Annotation consistency of annotated MSC diagrams. This property assume the following. First,
the diagram must be constructed by means of basic protocols only. Second, all annotations must be
valid at corresponding states in any admissible MSC execution.

Time consistency. Each MSC diagram define some partial order on the set of events which can
happen during its execution. This ordering must be consistent with time specification which should
not destroy the original partial order of untimed MSC. The problem is reduced to the solving of
linear constraint systems (equalities and inequalities) over reals.

The structure of VRS is represented on the figure. All input and output information is represented
in the form of MSC diagrams. The system can cooperate with TELELOGIC used for visualization
of input/output information and TAT system used for test generation by means of verified MSC
diagrams and as a source of MSC diagrams to be verified.

The main verification component is Checking Machine. It takes the information from FLaCon
(Formal Language Converter), a component that converts the input information to process
representation depending on a problem to be solved and provides the interface between external
components TAT, TELELOGIC and GUI. Checking Machine uses Action Language (AL)
Simulator for analyzing the processes defined by MSC diagrams. It formulates the statements to be
proved for computing transitions of models, checking annotations and solving constraints. These
statements are sent to the Proving Machine that organizes the search procedure and gives the
answer: proved, not proved, or refuted. In the case of success, Proving Machine returns the values of
unknowns in the case of request to solver, which is a part of Proving Machine.
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Algebraic Design Environment

All main components of VRS are implemented on the base of algebraic programming supported by
Algebraic Design Environment (ADE). The prototype of this environment is the algebraic
programming system APS [aps93] developed in Glushkov Institute of Cybernetics of the National
Academy of Sciences of Ukraine.

VRS is an open system. It contains generic components which can be used to adjust the system to
different application domains. The main generic components are Proving Machine, AL Simulator
and ADE. All needed information in the form of axioms, basic protocols, special proving and
solving algorithms is collected in the Knowledge Base shared by the main components.

AL Simulator implements the theory of interaction of agents and environments [LG99, LG98]. This
theory is used for the development of operational semantics of extended MSC as well as for the

implementation of the main components of VRS: Proving Machine [LK2001] and Checking
Machine.
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