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1 Summary

Assertions are added to programs and can be checked at runtime; examples include preconditions, postconditions, monitor invariants, class invariants, check instructions and oracles.  The inclusion of assertions with V&V can be advantageous by easing maintenance and testing and providing self-documenting code.  The goal of this project is to determine whether or not integrating assertions with V&V technologies is cost-effective.  
The first context that is being examined is that of multi-threaded programs (specifically in Java) which are hard to debug, test and verify.  Synchronisation errors can easily be made that produce data race defects which can be hard to debug. Thus far, we have evaluated integrating Java PathFinder (JPF) [1] with assertions; JPF is a tool that integrates model checking, program analysis and testing.  The study has been focusing on the common concurrent implementation BoundedBuffer.  We are also looking into integrating assertions with noise makers (such as ConTest [2] and RaceFinder [3]) that insert calls to the yield() and sleep() functions into the code to increase the chance that running the program will reveal a defect.  

The second context is the integration of assertions in model-based testing.  Model-based testing is the automatic generation of efficient test procedures/vectors using models of system requirements. In this work, we are using a model-based testing tool, called NModel [4] for comparing simple conformance testing (CT) with and without  (a) model-derived assertions (MDA), (b) MDAs augmented with implementation-guided assertions (IGA), and (c) assertions as oracles in the test drivers (ORC). The study examines various model-implementation pairs in C# and Java, mutating the implementations with defects, and then checking how the defects are detected using CT (a) without assertions, (b) with only MDAs and (c) with MDAs augmented with IGAs,  (d) with only ORCs, (e) MDAs with ORCs, and (f) MDAs, IGAs with ORCs. So far we have investigated Magee and Kramer’s CruiseController program [5] and found that out of 15 bugs, 3 were found using MDAs with CT, 3 were found using MDAs and IGAs,  5 of the bugs were equivalent and 4 were not detected.  In this simple case study, ORCs were included in MDAs. To build up our repository of components under test we are considering examples from the NModel suite [4].  
In both contexts, the relevance of the results of the study greatly depends on the complexity and industrial applicability of the components under test. 
2 Assertions Glossary
The following definitions are sourced from Switzer’s introduction to the Eiffel programming language [6].
Precondition: conditions that must be fulfilled before a routine can begin its work

Postcondition: conditions that must be fulfilled upon termination of a routine

Class invariant: conditions that must be true of all objects of the class at all stable times (stable time means upon exit from a routine of the class); a specific type in concurrent systems is the monitor invariant 
Location specific assertions (or check instructions): conditions that help express a property that should be satisfied whenever system execution reaches the instruction; an example of such an assertion is a loop invariant which is a list of conditions that should be met on every pass through the loop
Oracles: a mechanism for determining whether the program has passed or failed a test; assertions can be used as test oracles (for example, within drivers in MBT)
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BoundedBuffer (Java)
public void put(Object x) {

assert(count < items.length); // precondition
items[putptr
if (++putpt

rems.length) putptr = 0;
>

put(v);

assert(oldcount
((putptr!= 0 && v,
(putptr == 0 && v

items.length || (count
items{putpr1)) ||
items{items.length])))); // posteondition

oldcount + 1 8&

synchronized void invariant() {
assert(0 <= count && count <= items.length);
J/monitor invariant

CruiseController (C#):
public void accelerator() {

Debug.Assert(controlstate == CRUISING,
“accelerator: pre_Error: ControlState |=CRUISING
// precondition derived from the model
if (controlState==CRUISING )
{sc.disableControl(); controlState="
Debug.Assert(controlState == STANDBY,
“accelerator: post Error: controlState = STANDBY", ..)
1/ postcondition derived from the model

TANDBY; )

public void engineOn() {

Debug.Assert(controlState == ACTIVE 8 sc.getSpeed()
“engineOn: post - Error: controlState 1= ACTIVE or
setSpeed 1= 0,);

//post-condition augmented with implementation guided assertion





