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Motivation

* Alot of promising model based testing (MBT)
technigues emerge every year

— They need to be evaluated in various contexts

— They can be combined in different ways

— To integrate them all in one tool is very expensive

— Most of them are not useful in each separate project
— They also need integration in development process

—>Need for a component MBT frameworks, which
allow rapid integration of emerging techniques in
chosen combinations



Additional Observations

e Various other development tools (analyzers,
debuggers, monitors, etc.) also evolve quickly
— It is advantageous to use them along with MBT

— MBT based on their own languages or non-
standard extensions (not supported by standard
tools for base language) are hard to maintain

—Library- and standard extensions-based
solutions are preferable



Perspective Approaches |

Generic unit testing tools (xUnit, JUnit descendants)

Lightweight, “stealth” frameworks
Configurable
Easy to integrate with other tools and components
TestNG [2003]
http://www.testng.org
— Use of annotations instead of naming conventions
— Expected exceptions and timeouts before checks
— Elaborated hierarchy of test components, test groups
— Setup and tear-down methods for each kind of groups
— Dependencies of test methods and groups
— Test data as test method arguments, test object factories
— External configuration in XML files




Perspective Approaches |l

MBT tools of the same style
* ModellUnit [2004]
http://czt.sourceforge.net/modeljunit/index.html
JUnit + EFSM-based MBT engine
— Test class considered as EFSM
— Test methods are possible actions
— State is calculated by special method
— Guardians (also methods) can be set for actions
* NModel [2007]
http://nmodel.codeplex.com/
— EFSM-based engine, attributes instead of special names
— Test data as test method arguments
— Composition of models
— Support for model analysis




Additional Features |

* Other modeling techniques than EFSMs

— Interface contracts and assertions
* Behavior driven development [2003]

specify { robot.moveForward() }.Must.Not.Throw()

Specify.That( max(x, y) ).
Must.Be.Not.LessThan (x) .And.Must.Be.Not.LessThan (y) .
And.Must.Either.Be (x) .Or.Be (y) ;



Additional Features Il

 Other modeling techniques than EFSMs

— Interface contracts and assertions

* Behavior driven development [2003]

e CodeContracts [2009]
http://research.microsoft.com/en-us/projects/contracts/

* Auxiliary components for unit testing
— httpUnit, dbUnit, etc.
— Mocks and spies
— Test data generators

* Model-based test coverage measurement




Core Architecture Ideas

e Use of annotations and libraries
to implement MBT concepts

— Easy integration with a lot of development tools

* Dependency injection
— Easy configurability and extensibility
— Non-invasive integration of various components

* Aspect-based configuration

— Non-invasive monitoring of system under test and event
processing



Dependency Injection

Framework

Centralized Integration

C1,
C2,
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Framework

C3

Integration based on
Dependency Injection
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Architecture Scheme

External Coverage

components measurement engine
(mocks, etc.)

Contract checking
Coverage engine

models EFSM MBT engine
Contract library Aspect weaving

Contracts \‘ engine
Dependency

injection engine

A

Data generation
library

Test Models

SUT Adapters
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Prototype Implementation

* Base language — Java
— Reflection
— Annotations
— Plentitude of tools
— A lot of auxiliary libraries for unit testing

* Dependency injection and aspect engine —
Spring framework [www.springsource.org]

— Long usage and evolution history



Example

Bank account

Single operation transfer (int sum)
— sum >0 : deposit
— sum < 0 : withdraw
Stores current balance (int, overflow prohibited)
Credit is possible (maxCredit bounds possible withdrawals)
All transfers are monitored and can be banned by external validity checker
All transfers and their results are logged for audit

Test system

EFSM with state (balance, transferAllowed)

Test methods for transfer, and
switching on/off transfer allowance in validity checker stub

Contract for transfer method
Multi-aspect coverage model

Spy on logging
Stub and spy library — Mockito [http://code.google.com/p/mockito/]




Account Example Class Diagram
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Stateful contracts

* Both contracts support their own copy of SUT
state (values of balance and maxCredit)

* To synchronize it with the SUT state they need
update methods

public void transferUpdate (int sum)
{
if (balance + sum > maxCredit
&& checkedObject.getPermitter ()
.isPermittedTransfer (checkedObject, sum))

balance 4= sum;



Contract of Main Functionality

public boolean transferPost (int sum)
{
// Validity check result
boolean permission = checkedObject.getPermitter ()
.isPermittedTransfer (checkedObject, sum);

if (Contract.oldBooleanValue (balance + sum > maxCredit) && permission)
// The transfer is correct and possible
return Contract.assertEquals(Contract.intResult (), sum
, "Result should be equal to the argument")
&& Contract.assertEquals(balance, Contract.oldIntValue(balance) + sum
, "Balance should be increased by the argument")
&& Contract.assertEquals (maxCredit, Contract.oldIntValue (maxCredit)
, "Max credit should not change");

else
// The transfer is impossible
return Contract.assertEquals(Contract.intResult (), O

, "Result should be 0")

&& Contract.assertEquals(balance, Contract.oldIntValue(balance)
, "Balance should not change")

&& Contract.assertEqualsInt (maxCredit, Contract.oldIntValue (maxCredit)
, "Max credit should not change");



Contract of Logging Aspect

public void transferLogSpy(int sum)

{

// Validity check result
boolean permission = checkedObject.getPermitter ()
.isPermittedTransfer (checkedObject, sum);

// Whether the transfer possible at all
boolean possible = (balance + sum > maxCredit) && permission;

// Calls to spy are verified in order-independent way

if (possible)

{
Mockito.verify(logSpy) .logKind ("SUCCESS") ;
Mockito.verify(logSpy) .logNewBalance (balance);

}

else if(!'permission)
Mockito.verify(logSpy) .logKind ("BANNED") ;

else
Mockito.verify(logSpy) .logKind ("IMPROPER") ;

Mockito.verify(logSpy) .logOldBalance (oldBalance);
Mockito.verify(logSpy) .logSum(sum) ;



Coverage Model

public void transferCoverage (int sum)

{
// Validity check result

boolean permission = checkedObject.getPermitter ()
.isPermittedTransfer (checkedObject, sum);

if (balance + sum > maxCredit) Coverage.addDescriptor ("Possible transfer");

else Coverage.addDescriptor ("Too big sum");

if (permission) Coverage.addDescriptor ("Permitted");

else Coverage.addDescriptor ("Not permitted");
if(balance == 0) Coverage.addDescriptor ("Zero balance");
else if(balance > 0) Coverage.addDescriptor ("Positive balance");
else Coverage.addDescriptor ("Negative balance");
if(sum == 0) Coverage.addDescriptor ("Zero sum");

else if (sum > 0) Coverage.addDescriptor ("Positive sum");
else Coverage.addDescriptor ("Negative sum");
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Test Model : State and Control Stub

@Test public class AccountTest
{
Account account;
@Mock Permitter permitterStub;

boolean permission = true;

// Init stubs and configure permitterStub to return true on call to isPermittedTransfer ()
public AccountTest () {
MockitoAnnotations.initMocks (this) ;
Mockito.when(permitterStub.isPermittedTransfer (Mockito.<Account>any(), Mockito.anyInt()))
.thenReturn (permission) ;

public void setAccount (Account account) {
this.account = account;
account.setPermitter (permitterStub) ;

// Current permission and balance are two components of the test state
@State
public boolean getPermission() { return permission; }

@State
public int getBalance() { return account.getBalance(); }



Test Model : Actions

@Test public class AccountTest

{

@Test (dependsOnMethods="testWithdraw")

@DataProvider (name = "sumArray")
@Guard (name = "bound")
public void testDeposit (int x) { account.transfer(x); }

@Test (dependsOnMethods="switchPermission")
@DataProvider (name = "sumArray")
public void testWithdraw(int x) { account.transfer(-x); }

// Switch permission and configure permitterStub to its value true on call to isPermittedTransfer ()
@Test
public void switchPermission ()

{
permission = !'permission;
Mockito.when(permitterStub.isPermittedTransfer (Mockito.<Account>any(), Mockito.anyInt()))
.thenReturn (permission);

// Guardian for deposits to bound the possible balance values
public boolean bound() { return getBalance() < 5 || !'permission; }

// Source of test data for both transfer test methods
public int[] sumArray = new int[]{0, 1, 2, 3, 4};
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4} Java - mbtest/test/mbtest/testsfaccount/AccountCoverage. java - Eclipse
File Edit Source Refactor MNavigate Search Project Bun Window Help

C-Ea:d- HB-0-Q-  BEEG- @S- P EE H-H B T % Debug &2 ™
| &5
f Package 2 - Te Herarchy| = O AccountTest java [J] AccountContract.java [J] AccountCoverage java &2 =0
= Q% - 40' else return false: -~
= H
#32 dompros il
-J
#-1=r domtest 271 public void transferCoverage (int sum)
#-3= math 271 {
= kﬂ mbtest 271 boolean permission = checkeddbject.getPermitter () .isPermittedTransfer (checkedlbject, sum)
4 4 . 271
+
Eﬁ Referenced Libraries 20 if (possibleTransfer (sum)) Coverage.addlescripior("Possible transfer™):
- (2 sre 271 else Coverage. addDescriptor ("Too big sum™) »
-2 sre-domtest 271
= [ test 130 if (permission) Coverage. 2ddlescriptor ("Permitted") ;
271 . 5 rr 4 "y .
S} rrbtest. tests. account i else Coverage. gddlescriptor ("Not permitted
+ E?Accountgava 249 if (halance == 0) Coverage. addlescriptor ("Zero balance™) ;
4 EfACCOUﬂﬂSOﬂUaCtjava =L | else if (balance > 0) Coverage. addlescriptor ("Positive halance™) ;
+ EfAccounﬂCoveragejava 271 else Coverage. addlescriptor ("Hegative halance") ;
- [B AccountImpl.java 29 .
B?A HoaS . 223 if (sum == 0] Coverage. addlescriptor ("Zera sum™) ;
+ .
- CCOLNtL O pygava 125 else if(sum > 0) Coverage. addDescriptor ("Positive swn™) »
+ B?ACCOUHfTEStJEVE 271 else Coverage. addlescriptor ("Negative sum™) ;
+- [ AccountTestOld java wrag 3} 2
- [ Audit og.java
# [ Permitter java [2 Problerns | @ Javadoc | [8 Declaration | Bl Task List |47 Search | & Console 2 {T TestNG| €2 Clover Das | €2 Coverage | €3 Test Run E| € Test Contri | %% Debug| = O
* mbtest tests. confi " — ] 3 e 2 : -
& J ) <terminated > MBTester [Java Application] C:\Program Fles'\Javatjrel.5.0_07 bin\javaw exe (22,10,2010 13:08:50) ® % G REE = i -
= f mbtest tests.exploration
7 tConfi | INFO: Explorer: Executing transition public wvoid mbtest.tests.account.locountTest.testDepositiint) @ 0 [new] ~
account-onng.xrmi INFO: AuditLog: BANMED: 2 ={ 0 =X
-2 JRE Systen1Lbrary Drejus-o INFO: AccountCowverage: Coverage: Possible transfer; Not permitted; Positive balance: Zero sum;
+ = b INFO: Explorer: Current state: [[Z2, false]] i= old
#- = other INFO: Explorer: Executing transition public wvoid mbtest.tests.account.AccountTest.testDeposit(int) : 1 [new]
. ) INFO: AuditLog: BAMNED: 2 ={ 1 |=X
#-i=> practice
.u ) INFO: AccountCoverage: Coverage: Possible transfer; Not permitted; Fositive halance; Positive sum;
+ T=:7S[:)rlngal:)l:) INFO: Explorer: Current state: [[2, false]] is old
-+ k% Warous INFO: Explorer: Executing transition public void mbtest.tests.account.lccountTest.testleposit(int) @ Z [new]
INFO: AuditLog: BEAMNED: 2 ={ 2 ) =X

INFO: AccountCowveradge: Coveradge:!: Possible transfer: Not permitted: Poszitive balance: Positive sum:

INFO: Explorer: Current state: [[2, false]] is old

INFO: Explorer: Executing transition public wvoid mbtest.tests.account.iccountTest.testDepositc{int)] @ 3 [new]
INFCO: AuditLog: BAMNNED: 2 =( 3 )=X

INFO: AccountCoverage: Coverage: Possible transfer; Not permitted; Positive balance; Positive sum;

INFO: Explorer: Current state: [[2, false]] is old

INFQO: Explorer: Executing transition public void mbtest.tests.account.AccountTest.testleposit(int) @ 4 [new]
INFO: AuditLog: BAMNED: 2 =( 4 j=X

INFO: AccountCoverage: Coverage: Possible transfer: Not permitted; Positive balance; Positive sum;

INFO: Explorer: Current state: [[Z, false]] is old

< ¥
INFO: Explorer: L1l states are tested
5= outine &2 = 0| INFO: Explorer: ill is tested
ﬁ% E{ Ef ° Xt — ||INFQ: Explorer: Total number of statE§ ) = 26
INF(O: Explorer: Total number of transitions = 266
H mbhest. tests account *|||INFO: Explorer: Total path length = 32z
= import declarations INFO: Explorer: Total time = 2z703
=@  AccountCoverage —
_ L[l >
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More Realistic Example

 DOM APl In Java

— SUT — Xerces for Java [xerces.apache.org]

* Node children manipulation
— appendChild(Node n)

— removeChild(Node n)



appendChild modified in DOM Level 3
Adds the node newChild to the end of the list of children of this nodel If the newChild

?ﬂ:ﬂfﬁi}t{;z the tree_ 1t 15 first removed. D O M S ta n Re q u i re e n tS

newChild of type Nodeg|[p.56]
The node to add. N1 N2
Ifit 1s a[Document Fragment][p.40] object, the entire contents of the document
fragment are moved mto the child list of this node N3
Return Value
[p.56] | The node added N4
Exceptions
IDOMException| HIERARCHY REQUEST ERR: R,aisedif this node 15 of a typep” F1 E2
[p.31] that does not allow children of the type of the newChild node,
o1 1f the node to append is one of this node’s [ancestors|fp26or
E3 this node itse]flﬂr if this node 15 of type[Document|[p. E4 E5S
the DOM application attempts to appe |
DocumentType|[p.115] ement|[p.85] node
WRONG DOCUMENT ERR: Raisedif newChild was E6
created from a different document than the one that created this
node.
NO MODIFICATION ALLOWED ERR: Raisec if this node 157 E7 / ES

readonly b1l if the previous parent of the node being inserted 1s
readonly. )

E10
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1 Java - domtest/src/domtest/NodeContract. java - Eclipse
Fle Edit Source Refactor MNavigate Search Project Bun Window Help

i - F-0-Q@-  EBEEE- @S T : th o - B ¥ Debug |&'1a ”
[ Package 2 T2 Herarchy| = O || ] DOMTest.java [ NodeContract java &2 =08
= <'===D £y 7 = [@Zuppressiarnings {"unchecked") e

public boolean appendChildNormalPost (Node n)
i
boolean common =
= gre Contract.gssertIdentical (parent, Contract.<NoderoldValue(parent)
= EE domtest ; "Parent node should ke preserwved®™)
. £& Contract.dssertIdentical (owvner , Contract.<Node:>oldVWalue|owner)
m DCWHTEStJaVa fowner document should be preserwved™)
@ DcmﬂTeSﬁJdJava £& Contract.assertIdentical (Contract.<Nodesrresult(), n
[ NodeContract.java , "[N4]" + " The node added should ke returned");

[J] TreeState java
3] TypeTest java

= domproc

R R

if(n instanceof DocumentFragment)
i

=)

[J] TypeTreeState java List<Node> appendedNodes = Contract.<List<Node>>oldValue|tolist(n.getChildNades())):
[ domtest.xml
=\ JRE System Library [JavaSE— fori(int i = 0; i < appendedNodes.size(); i++]

4 ; . common &= Contract. assertTrye(target. isiamelode (appendediodes.get (i) .getParentlode
=h Referenced Libraries ltarg (app getii).g ()

"[N3']™ + " This node should become parent for all appended nodes™);
J
1= math

= mbtest return Common
Eﬁj, practice £& Contract.assertIdentical (n.getChildlNodes () .getlengthi), O
:b-__.’J’ Springapp ; "The new contents of the docu.ment. fragment should be empty™)
&£& Contract.assertEquals(Utils. getPostfix(children, appendediNodes.size()), appendediodes

w ] .
= various , T[M3I]"™ 4+ " The entire contents of the document fragwent should he mowved in the end of the child list of this nod

£& Contract, assertEguals(Utils.getPrefixichildren, appendediodes.size()), Contract.<ChjectreoldValue( | (ArrayList<Nodex)c
, "ill other children should be preserwved"):
H
else
{
comnon &=
Contract.assertTrue(target . isSamelode (n. getParentMNode (1)
IM1']"™ + " This node should become appended node parent™)
&£& Contract.assertldentical (Utils.getLastichildren), n
MIM1]"™ + " The node added should be appended to the list of children'™):

Node oldParent = Contract.<Node>oldVzlue(n.getParentNode ()]

if (carget.isSameNode (oldParent] )
{
int ind = Contract.<Integer>oldValuei(children.indexC0fin));

if(ind == 0)
return oo
£& Contract.assertfgualsichildren.sublist (0, children.si=ze()-1), Contract.<CbhjectroldValue|((List<Node>) [|(irrayList
; MAll other children should be preserwved™);

< S elze if (ind == Contract.<Integer>oldVzlue(children.size()-111
= - = return Contnon
o= Outfine &2 g £& Contract.assertEqualsichildren, Contract.<Object>oldValael | (ArrayList<Noder)children).clone())
2 laz }‘ \S @ \51' = , "Ahll other children should be preserwved™): 2
# domtest & S L)
‘= import declarations [£ Problerns | @ Javadoc | (& Declaration | Bl Task List| 47 Search | B Conscle 32 { TestNG| &2 Clover Das | €2 Coverage | €2 Test Run E| £ Test Confri | %% Debug| — O
=@ MNodeContract o <terminated: MBTester [Java Application] C:\Program Files\Javaljre1.6.0_07\bin\javaw exe (22.10.2010 13:08:50) X % G REE|E = s
PR T PO B, e i e.—. i s
=

domtest




1 Java - domtest/src/domtest/DOMTest. java - Eclipse
Fle Edit Source Refactor MNavigate Search Project Bun Window Help

M-He 6 F-0-Q- EEG-  ®oy- P EN H-FH -0 e E %% Debug |&'Ja 7
ackage ierarchy | est.java odeContract. java =
{8 Pack. 52 fs Hierarch B || [ DOMTest & . [f] ModeContract 8
2| e = @state 2
EI-__;J’ domproc public Tree3tate constructTree|)
"l {
=& dormtest return new TreeState (nodes):
EREN- o ¥
=8 domtest
[J DOMTest java - STES‘S
. DataProvider (name = "nodes'™)
m DOMTeSt@d.]?V& public void testippendInMain(Node n)
9] ModeContract. java .
[ TreeState java Jogger, logInfo | "Appending node " 4+ index(n) + " to 07):
[ TypeTestjava try
[ TypeTresState java o )
mainloc.appendChildin) ;
[ domtest.xml 3
= RE Systern Library [Javase- catch(Throwshle &)
=h Referenced Libraries {
Eﬁj’ math Jogger.logInfo ("Exception caught " + e.getClass() .getName () + ": " + e.getMessage ()] !

= mbtest
= practice
[b'—_‘,J’ springapp =  [@Test
B varous [iDataProvider (hame = "indexIterator™)
public void testRemove (int i)
{
HNode n = mainDoc.getChildModes() .itemii);
Jogger. logInfo ("Eemoving node ™ + 1 + " from 0™

[

try

{
mainboc.removeChildin) ;

H

catch(Throwakble e)

i
Jogger.logInfo ("Exception caught " + e.getClass() .getName () + ": " + e.getMessage ()] !
e,.print3tackTrace (System. out) ;

i
#  public int index(Node n)[]

= public Iterator<Integer> indexIterator()
{
int n = numberCOfMainDocChildreni)
int[] indices = new int[n]:
< | > for(int i = 0; i < n; i++) indices[i] = i:

[= - =
= Outline 22 m| )
= return (Utils.ArrayTolvpedlistiindices)).iterator():;
cBRW o WY ) v

o indexlterator() : [teratc

o testhppend(Node, Node | [£i Problems | @ Javadoc |[&: Declaration | B] Task List| 4" Search | B Console 22 T TestNG | €2 Clover Das | ¢ Coverage | Test Run E| € Test Contri| % Debug| = &
7 A comein "“*"'I“""’Tm"” )v <terminated > MBTester [Java Application] C:\Program Fles\Javatjrel.6.0_07\binjavaw .exe (22.10,2010 13:08:50) X R G 5@|E|E| = s
DoEs
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1 Java - mbtest/sre-domtest/domtest/NodeContract. java - Eclipse
Fle Edit Source Refactor MNavigate Search Project Bun Window Help

i - 43 - F-0-G-  BEHFG- @ V5 i Rl B %5 Debug &' Ja
[ Package 2 T2 Herarchy| = O || ] DOMTest.java [4] ModeContract.java [9] ModeContract java &2 =08
= <5===’> = 6392 public void appendChildPreCoverage (Node n) ~
—— 6392 i
“’:"J’ omproc 6392 if (n instanceof DocumentFragment)
== domtest 6392 i
== gre 603 Coverage . 2ddlescriptor ("[N3] DocumentFracgment™) ;
= EEdOfT'ItESt 603 if (n.getChildNodes () .getlength() > 1) Coverage. addlescriptor ("More than 1 child™);
. 603 else ifin.getChildNodes () .getlength() == 1) Coverage.addDescriptor("3ingle child"):
- [J] DOMTest java Lot Lot thl & el g J
) 603 else Coverage . addlescriptor (™Mo children™):
- [J] DOMTestOld. java 5392 ]
+ i ] 5759 elge if (n instanceof Document)
- [J] TreeState java 5789 {
< TypeTest.java 402 (_:overage..add?escriptorF"Docu:ment"]:
. 402 if (containsiifferentChildofType (Docuwent Type.class, n))
* m TypeTreeState.Java 348 Coverage. addlescriptor("[E4] Has another DocumentType child™):
X domtest.xml 402 if (containsDifferentChildOfType (Element.class, n))
+-=4 JRE System Library [JavaSE— 348 Coverage. addlescriptor ("[ES] Has another Elewent child"™):
3 F . 5789
=) Referenced Libraries
el 402 if (target instanceof Document)
e rmath 402 ¢
-] .
+-lzz mbtest 402 Coverage. addDescriptor ("ippending to document™) ;
+ ::‘,J, practice 40z if (carget.isSsmeNode (n)) Coverage.addlescriptor|"The same docwmsent™)
5 '_:,;—ﬂspringapp ig; elze Coverage. addlescriptor ("[EE6'] Another document™) :
. . ¥
¥
== varous a0z else
40z i
u} Coverage. addlescriptor ("Appending to non-document'™):
a if (carget.getOunerDocuwent () == null)
u} Coverage. addlescriptor("Thiz node belongs to no document™);
a else if (target.getOwnerbocwnent {) .isSameNode (n) )
u} Coverage. addlescriptor("This node belongs to appended document™)
u} else . -
5 @ > . A o ; =7
{2 Problems | @ Javadoc [ Declaration | Bl Task List | 7 Search | B Console 2 i TestNG| &3 Clover Das | €3 Coverage | Test Run E |2 Test Confri| %% Debug
<terminated= MBTester (1) [Java Applicaton] C:YProgram Files'Javatjre1.6.0_07 bintjavaw exa (22.10.2010 13:20:15) ® % GRS = i
INFO: Explorer: Executing transition public woid domtest.DOMNTest.testRemowve (int) @ 3 [new] ~
INFOQO: DOMTest: Removing node 3 from O
INFO: Explorer: Current state: [[«3x S:DocType[:0] (15); 14:Comment[:0] (5); 15:Comeent[:0]]] is old
INFO: Explorer: Executing transition public woid dowtest.DOMTest.testlippendInMainforg.wic.dom.Node) : [elZ: null]
INFQ: DOMTest: Appending node 3 to O
IMNFO: Coverage: Coverage: Element; Has no parent; Allowed child type; Appending non-ancestor; [E6] Appended node belongs to other document:
INFO: Explorer: Current state: [[<4> F:Element[:0]; S:DocType[:0] (15); 14:Comment[:0] (5); 15:Comment[:0] (3)]] is old
INFO: Explorer: Executing transition public woid domtest.DONTest.testRemove(int) @ 3 [new]
INFOQO: DOMTest: Removing node 3 from O
< 5 IMNFQ: Explorer: Current state: [[<3x S:DocTypel[:0] (15):; 14:Commwent[:0] (5); 15:iComment[:0]]] is old
INFO: Explorer: ill states are tested
o= Outline 52 = 0| INFO: Explorer: All is tested
a 5 | = ||[INFO: Explorer: Total number of states = 201
B8R W e v . . o
INF(QO: Explorer: Total nunber of transitions = 5281
o commonlpdater() © vol®| INFO: Explorer: Total path length = @oiz
o  appendChidPreCoverag INFO: Explorer: Total time = 110453
a el ietfadal ety -« |isto b ™ s
< > £ >

domtest NodeContract. java - domtest/sre




[DOMException] HIERARCHY REQUEST ERR: Raised if this node is of a type

[p31] rhaF does not allow child;‘en of the type of thenewChildnode, .« o . Ef 35Debug (&' 1z
or if the node to append is one of this nodes [ancestors|[p.205] or ==
this node itself or if this node 1s of type [p41]and  serven ~
the DOM application attempts to append Lass)

[DocumentType][p 115] or[El ement][p.85] node.

ption().code Docu ment | REQUEST ERR, "HIERARCHY REQUEST ERE is r:

== sre
- # domtest
[J] DOMTest java
[J] DOMTestOld. java
[3] MNodeContract. java
[J] TreeState java
[9] TypeTest java
[ TypeTresState java
[¥ domtest.xml
= RE Systern Library [Javase-
=h Referenced Libraries
= math
= mbtest
= practice
= springapp
122 variols

<
o= Outine 52 =0
el R e w ¥
o commonUpdater() : wvoi#
o  appendChidPreCoverag
a5 teliethladal et - |isteh ™
< >
=

tFragment)
.either('gllickildrendllowed (target, nl
, TL[EL']IT o+ t,Ilis node is of & type that d\:lzs not allow children of the trpe of the newlhild node"l

.Or (getd 1]

"[E an oYa}i
oxin = EIementer DocumentType Comment Comment
.oriitar i3 o e nt'y T IT = L T T T e T DO L e e T D e - T

nd the DOM application attempts to append a second DocumentType

, T[E4']"™ 4+ " this node iz of type Docwuwment
.or | (target instanceof Documen : i

T ——

econd Element™)

" " vpe Docwrnent and the DOM application attemp
.ondpposite ()
.either (!isAllowedChild(target, n)
"[E1]"™ 4+ "™ this node i=s of a type that does not allow children of the type of the newlhild node™
.Or [getincestors () .contains (n)
MIEZ]"™ + "™ the node to append is one of this node's ancestors™

.

.0ri(n == target
, "[EZ]"™ + " the node to append is this node icself'™)
.or|itarget instanceof Document) £& (n instanceof DocumentType) &£& containshifferentChildOfType (Document Type. ol
"[E4]"™ + "™ this node is of type Document and the DOM application attempts to append a second DocumentType!
.or | (target instanceof Docuwent) £& (n instanceof Elewent) ££& containsbhifferentChildOfType (Element.class, n)
; "[E5]"™ + "™ this node is of type Document and the DOM application attempts to append & second Element™

€3 Test Run E €23 Test Contri| 3% Debug| = O
X %  Gu BB 2| &) 2 o4

Ll

(2l Problerns | @ Javadoc |[&. Declaration | Bl Taek List| 47 Search | B Conscle 3 TestNG| &2 Clover Das | €2 Coverage
<terminated= MBTester (1) [Java Applicatof & \Program FilesiJavaljrel.6.0_07 binjavaw exe (22.10.2010 13:35:48)

INFUYT LOVErage! LOVErage! LISmeEnt! o pArent; ALLlOWEed CHILO TYPE; APPENGING NON-SNCESTOr; (ko] APPENGSN NOME DELONYS TO OCOSY OOCUMENT!
INFO: DOMTest: Exception caught org cdom. DOMException: HIERARCHY REQUEST ERR: An attempt was made to insert a node where it is not permi
INFO: Explorer: Current sState: [[<4>"3:Elewment[:0] (15): S:DocType[:0] (3): 14:Commwent[:0] (5): 15:Comwent[:0]]] is old
INFO: ] K EC UL 1N Cransitl endInMainiorgy.wic.dom.Node) [#s:schema: null] [new]

DOMTest: Appending node 5 to O

L ehild of this node; Appended node will gcl: Appended node parent is changeable:

INFO: Coverage: Coverage: DocumentType: Has parent:
ERROE: Contract: HIERARCHY_REQUEST_ERR iz raised so
Either [E1l] this node iz of & type that does not allow children of the type of the
Or [EZ] the node to append is one of this node's ancestors
Or [E3] the node to append is this node itself
Or [E4] this node is of type Document and the DOM application attempts to append a
2r [E5] this node is of type Document and the DOM application attempts to append a
should hold
ERROER: Contract: Exceptional postcondition failed
INFO: DOMTest: Exception caught org.w3c.dom.DOMException: HIERARCHY REQUEST ERE: An attempt was made
i [[<4> F:Element[:0] (15); S5:DocType[:0](3); 14:Comment[:0] (512 fent[:0]]] is
v Org.wic.dom.Node) [#=:=chema:

newZhild node

second DocumentType
zsecond Element

node where it is not permi
old
null]

insert a

¥ Explorer:
INFO:

CUrrent state:

Heol 0 ngre - s P ———— [new]

Explorer:
Appending node & to 0O

INFO: DOMTest:

INFO: Coverage: Coverage: DocumentType; Has no parent; Allowed child type; Appending non-ancestor; [Ef] Appended node belongs to other docu
IMFO: DOMTest: Exception caught org.w3c.dom.DOMException: HIERARCHY REQUEST_ERR: An attempt was made to insert a node where it iz not permi
INFO: Explorer: Current state: [[<4> 3:Element[:0] (15); S:DocType[:0] (3): 14:Comwent[:0] (5); 15:Comment[:0]]] is old

INFO: Explorer: Executing transition public wvoid domtest.DOMNTest.testippendInMain(org.wic.dom.Node) [#s:schema: null] [new] v
£ >
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Conclusion

There is a lot of features to implement yet
But many are implemented with low effort

(Almost) All external tools and libraries are
open source (exception — clover is taken for its
good integration in Eclipse)

Dependency injection and aspects
allow non-invasive composition of models



Thank you!
Questions?

Victor Kuliamin kuliamin@ispras.ru
www.ispras.ru/~kuliamin

Institute for System Programming,
Software Engineering Department www.unitesk.com
petrenko@ispras.ru
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