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ProblemProblem

We want a reliable way to determine the We want a reliable way to determine the 
coverage of a test suitecoverage of a test suite
Traditional methods test code coverageTraditional methods test code coverage
No methods to test specification coverageNo methods to test specification coverage
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Proposed SolutionProposed Solution

Metric to measure the specification Metric to measure the specification 
coverage of the test suitecoverage of the test suite
Test suite and specification developed Test suite and specification developed 
togethertogether
Uses dynamic invariant detectionUses dynamic invariant detection
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Proposed SolutionProposed Solution

Iterative processIterative process
Test cases needed are identified by our Test cases needed are identified by our 
methodmethod
Applied to three Java classes and their Applied to three Java classes and their 
test suitestest suites
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BackgroundBackground

Program InvariantsProgram Invariants
Static versus dynamic detectionStatic versus dynamic detection

Test SuitesTest Suites
A subset of all possible inputs chosen to A subset of all possible inputs chosen to 
demonstrate the behavior of all inputsdemonstrate the behavior of all inputs
Exhaustively testedExhaustively tested



2

7712/15/200312/15/2003
A Specification Coverage Metric Using A Specification Coverage Metric Using 

a Dynamic Invariant Detectora Dynamic Invariant Detector

BackgroundBackground

Code Coverage TechniquesCode Coverage Techniques
““Black BoxBlack Box”” (functional analysis)(functional analysis)
““White BoxWhite Box”” (structural analysis)(structural analysis)

DaikonDaikon
Dynamic invariant detectionDynamic invariant detection
Runs test cases on source codeRuns test cases on source code
Accuracy of invariants depends on accuracy Accuracy of invariants depends on accuracy 
of test casesof test cases
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Our Approach (outline)Our Approach (outline)

Develop an Initial Test SuiteDevelop an Initial Test Suite
Establish and Analyze the SpecificationEstablish and Analyze the Specification
Add Test CasesAdd Test Cases
Cycle and ConcludeCycle and Conclude
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Our ApproachOur Approach

Develop an Initial Test SuiteDevelop an Initial Test Suite
Create predetermined list of invariantsCreate predetermined list of invariants

Establish and Analyze the SpecificationEstablish and Analyze the Specification
Run the invariant detectorRun the invariant detector
Examine the invariantsExamine the invariants
Separate into listsSeparate into lists
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Our ApproachOur Approach

Add Test CasesAdd Test Cases
Examine the specification to determine which Examine the specification to determine which 
test cases to addtest cases to add

Cycle and ConcludeCycle and Conclude
Repeat the previous two stepsRepeat the previous two steps
Stop when no incorrect invariants are foundStop when no incorrect invariants are found
Accurate test suiteAccurate test suite
Accurate specificationAccurate specification
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DateDate ClassClass

OverviewOverview
Data membersData members
January 1, 0000January 1, 0000
monthDaysmonthDays[][]

Develop an Initial Test SuiteDevelop an Initial Test Suite
Random datesRandom dates
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DateDate ClassClass

Establish and Analyze the SpecificationEstablish and Analyze the Specification
Function: Function: dateToDays(Date d)dateToDays(Date d)
Correct invariant:Correct invariant:

d.day <= d.monthDays[d.monthd.day <= d.monthDays[d.month--1]1]

Incorrect invariant:Incorrect invariant:
d.year > d.monthDays[d.monthd.year > d.monthDays[d.month--1]1]

Counterexample:Counterexample:
d.yeard.year <= 28<= 28

Add Test CasesAdd Test Cases
Date d = new Date(1,1,0);Date d = new Date(1,1,0);
dateToDays(d);dateToDays(d);
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DateDate ClassClass

Cycle and ConcludeCycle and Conclude
After test cases were added, we ran Daikon After test cases were added, we ran Daikon 
on the improved test suiteon the improved test suite
If incorrect invariants appeared, we added If incorrect invariants appeared, we added 
test cases againtest cases again
When no incorrect invariants appeared, we When no incorrect invariants appeared, we 
stoppedstopped
Entire process was four iterationsEntire process was four iterations
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Results: Results: MatrixMatrix

Simplest ClassSimplest Class
22--D array elements D array elements 
cannot be analyzedcannot be analyzed
Only one iterationOnly one iteration
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Results: Results: DateDate

Slow convergence from first to second run
Fewer tests added than incorrect invariants
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Results: Results: PolynomialPolynomial

Quicker convergence of incorrect invariants
Complicated invariants, difficult to analyze
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Summary/Evaluation (1/2)Summary/Evaluation (1/2)

Showed feasibilityShowed feasibility
Useful invariants were foundUseful invariants were found
Eliminated all incorrect invariantsEliminated all incorrect invariants

Our initial test suitesOur initial test suites
Random and incompleteRandom and incomplete
Good for our experimentGood for our experiment

DonDon’’t know how our metric comparest know how our metric compares
Is it as good as or better than branch Is it as good as or better than branch 
coverage?coverage?
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Summary/Evaluation (2/2)Summary/Evaluation (2/2)
Are missing invariants important?Are missing invariants important?

Do not imply lack of test coverageDo not imply lack of test coverage
Attempting to detect them adds pointless testsAttempting to detect them adds pointless tests

Method evolved during experimentMethod evolved during experiment
We improved our method of adding testsWe improved our method of adding tests
Numbers for our results changed slightlyNumbers for our results changed slightly

LimitationsLimitations
Invariant detectorInvariant detector
ScalabilityScalability


