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T2 : automated Testing Tool

 Light weight, open source, target Java
 Out of the box, for Unit Testing   class level

 On the fly   fast
 Tets scope

 Integration & application level

x.m1(…)  → x.m2(…)  → x.m2(…)  …
C x.m1(…)  → x.m2(…)  → x.m2(…)  …

x.m1(…)  → x.m2(…)  → x.m2(…)  …
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Architecture

Genetic Engine

Prime Path coverage

Swing driver
C

3



T2 is for specification-based testing

 T2 checks unexected exception

 But then it can also check “assertions”

 Class invariant

 In-code specifications.
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Buy-Participation App

Application
Logic

Persistence
(db40)

• add, remove customers
• add, remove services
• buy, stop participations
• award, cancel discount tokens
• resolve

T2
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Alternative architecture

Application

Test
Interface

Spec. Class 0
• Hoa
• classinv
• Alg
• Mon

SC 1

SC 2

T2

Operations 
•add, remove customers
• add, remove services
• buy, stop participations
• award, cancel discount tokens
• resolve

Observation functions
• customers()
• old_customers()
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Class invariant

boolean classinv() { return forall(customers(),customerOk)  ; }
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Spec. Class

customerOk = new Predicate() {

Boolean check(Customer C) {
return   C.participationValue() == expectedPartVal (C) 

&&
C.getDiscountValue() == expectedDiscVal(C) ;  }

}    
}

Presenter
Presentation Notes
15 minutes



Monitor   classinv

public class Monitor  {
int state = INIT ;
Customer c ;

public void exec(int buyer) {

if (state==INIT && buyer==c.id) {   state=BUY1 ; return ; }

if (buyer!= c.id) {  state=INIT ;  return ;  }

if (state==BUY1 && buyer== c.id) {  assert false ;  return ;  }
}

}8

INIT BUY1 error

Spec. Class



‘algebraic’ properties

class SPEC_alg extends SPEC_0 {

public void property1(name,email) {
addCust(name,email) ;
int N = customers().size() ;
addCust(name,email) ;
assert customers().size() == N ; 

}

public void property2 …

public void property3…
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Injecting custom test domains

public int addCust(PersonName name, Email email) …

public void remCust(CustID cid) ….

static class CustID {
String id ;

public CustId(int k)  … // deterministically maps int to valid ID
}
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Spec. Class



12

Presenter
Presentation Notes
Finding a real error here, in the implementation of removeService  null dereferenceWhen a service is deleted, the corresponding method first delete it from database, then query the database for customers. It then proceed deleting the participations of the customers that are associated with the deleted service. However, by as these participations are reloased from db, the pointer pointing to the deleted service is already reset to null by the db server.Finding this error requires a customer to buy participation to S, then we delete S.  Note that this error could not be found during unit testing of separate Customer, Service, and Participation classes. It really happens at the ApplicationLogic level.



Trace Director

List<Method> customTraceDirector() {

nextsteps.clear() ;

if (N_ < 30) { nextsteps.add(BUY) ; return nextsteps ; }
if (N_ < 38) { nextsteps.add(AWARD) ; return nextsteps ; }
nextsteps.add(RESOLVE) ;

return nextsteps ;
}13

29x BUY 8x AWARD

BUY RESOLVE

Spec. Class



Results
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Participation System
App Logic 99 %
Discount_1000 100 %
Discount_5pack 92 %

Java.util.LinkedList 97 %
BinarySearchTree 92 % 
Hypotheek Applet

App Logic 100 %
InkomenBel2009.rekenArbeidsKorting 70 %
EigenwoningForfait2007.reken 68 %

Presenter
Presentation Notes
LinkedList  55  feasible prime pathsBST  38 feasible prime pathsMancala 20 feasible ppsDR : directed trace variations. Traces that produce paths closest to the target path are selected, and then variated.



Conclusion
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 Specification classes are not always elagant, but are 
practical and expressive.

 Instrument to organize your specs.

 Substantial innitial effort is needed to setup test 
domains and test strategies. 

 But after that automated tool like T2 will deliver.



Future work
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 Improving, e.g. combinatorial engine

 Stabilizing the ‘red’ components.

 Moving to Internet and mobile applications
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