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THE TOOL

a Name - Summer
Test development and execution framework

O Characteristics

« Java API testing (and where possible to link up)
xUnit-like test presentation

Unit/Component testing levels

Black-box functional testing

MBT features
o EFSM-based testing
o Software contracts as test oracles
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TEST EXAMPLE

@Test
public class TestClass {

Account target = new Account();

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

int[] sums = new int[]{0, 1, 2, 3, 5, 17, 238};
public boolean bound() { return balance() < 350; }

@QTest

@DataProvider (name = "sums")

@Guard (names = "bound")

public void testDeposit(int sum) { .. target.deposit(sum); .. }
@QTest

@DataProvider (name = "sums")

public void testWithdraw(int sum) { .. target.withdraw(sum); .. }
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RELATED TOOLS AND ADDITIONS

O TestNG (one of most powerful xUnit tools, Java, Cedric Beust, 2004)

Testware hierarchy : test suites - tests - test classes - test methods
Setup-teardown methods on all hierarchy levels

Test methods grouping and selection by groups

Test methods sequencing

Test data providers

2@ NModel (MBT tool extending xUnit, C#, Microsoft Research, 2007)

State-based testing
Guard conditions

a Additions

Stateful software contracts (described separately of tests)

Aspect-based linking of external components :
contracts, coverage models, etc.

Combinations of data providers for parameters
More flexible data providers, guard conditions, state definitions
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CONTRACT EXAMPLE

public class AccountContract {
int balance;
int maxCredit;

public boolean withdrawPost (int sum) {
if (Contract.<Integer>oldValue (balance) - sum > maxCredit)
return assertEquals (Contract.<Integer>result(), sum
, "Result should be equal to the argument")
&& assertEquals(balance, Contract.<Integer>oldValue (balance)-sum
, "Balance should be increased on the argument");
else
return assertEquals (Contract.<Integer>result(), O
, "Result should be 0")
&& assertEquals(balance, Contract.<Integer>oldValue (balance)
, "Balance should not change");
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ASPECT-BASED LINKING

<?xml version="1.0" encoding="UTF-8"?>
<beans xmlns= ... >

<bean id="accountContract" class="mbtest.tests.account.AccountContract">
<property name="checkedObject" ref="accountImpl"/>
</bean>

<bean id="accountContractExecutor" class="mbtest.contracts.ContractExecutor">
<property name="postcondition"
value="mbtest.tests.account.AccountContract.withdrawPost (int)" />
<property name="updater"
value="mbtest.tests.account.AccountContract.transferUpdate"/>
<property name="contract" ref="accountContract"/>
</bean>

<aop:config>
<aop:aspect id="accountContractAspect" ref="accountContractExecutor">
<aop:pointcut id="accoutTransfer"
expression="execution (* mbtest.tests.account.Account.withdraw(..))"/>
<aop:around pointcut-ref="accoutTransfer" method="execute"/>
</aop:aspect>
</aop:config>
</beans>
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CASE STUDIES

a SMTP protocol implementations (against SMPT RFC)

0 Part of Xerces DOM implementation (against DOM API
standard)

0 Part of Google WebUI (against simple intuitive
constraints)

O We wanted to check that

« Flexibility of component architecture facilitates usage of
generic tools for various systems under test

« Modular testware (separate components : test oracles, test
sequence generator, test data generators, test coverage
measurement) helps to achieve good tests maintainability
and extensibility
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SMPT CASE STUDY

a Simple Mail Transfer Protocol
RFC 5321 [2008]

a Client

Basic actions:

<connect>

[HELO | EHLO] ...

( MAIL FROM: <...> (RCPT TO: <...>)+ DATA (<line>)* . )+
QUIT

. Additional : NOOP, RSET { VRFY, EXPN, HELP }
O Server responses : [2-5][0-2]5][0-9] ...

O Extensions
RFC 4954 (AUTH) { RFC 1652, 1879, 2034, 2920, 3030, 3207, 3461, 3463,
3865, 3885, 4095, 4405, 4865, 4954, 5336 }
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MODULAR TEST MODEL

0 CONNECT-DISCONNECT test model
» Can be used with other over-transport protocols

Q Basic SMTP test model
a AUTH PLAIN test model

Possibility to add other extensions

10/ 18



TEST STATE MACHINE WITH AUTH PLAIN

.../ oxX, RSET

@ RCPT /2xx |

[HELO | EHLO]/250 Q |V|A|L/2XX)Q RCPT /2xx

PASS/ 2xx DATA /2xx
./ 2XX
LOGIN/2xx MAIL /2xx
USER/QXX)D <line>
QUIT /2xx f—j

./ 2XX - <line>
\_ J

[HELO | EHLO]/250
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SMTP CASE STUDY STATISTICS (LOC)

Testware module Test model Contract Other Total
Connect-Disconnect 90 140 230
Basic SMTP 200 480 680
Authentication 140 300 440
Auxiliary 680 680
Configuration 230 230
Total 430 920 910 2260
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DOM CASE STUDY

a DOM API Standard

» Document Object Model - internal representation
of web pages in browsers

0 Node interface
a SUT - Xerces for Java [xerces.apache.org]
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appendChild modified in DOM Level 3
Adds the node newchl 1d to the end of the list of children of this node| If the newChild

REMENTS ____ A\

The node to add N1 N2
If it 1s alDocument Fraémenq ]1.413] 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: Rﬁisedifﬂﬁs node is of a typep” E1 / E2

[p.31] that does not allow children of the type of the newChild node,

of 1f the node to append 1s one of this node’s [ancestors|fp265tor
E3 this node 1tself Jorlif this node 15 of type [Document||p. E4 ES
the DOM application attempts to appe

DocumentType|[p.115 ement|[p.85] node

WRONG DOCUMENT ERR: Raisedif newChild was EG
created from a different document than the one that created this

node.

NO MODIFICATION AILOWED ERR: Raiseq if this node 1s7 E7 / ES
readonly b1l if the previous parent of the node being inserted 1s
readonly. B

NOT SUPPORTED ERR:if the newChild node 1s a cluld
the|Document|[p.41] node. this exception 1y 1sed if the E9
DOM mmplementation doesp the removal of the
DocumentType [p.115] chuld pr|E1l ement]|[p.85] child

E10
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[DOMException]

[p.31]

1= ST
= i domtest

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

that does not allow children of the type of the newChildnode, .+ o~ -
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)

Document

ption().code S

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

.either('gllickildrendllowed (target, nl

| REQUEST ERR,

B % Debug & Ja
=8

-

"HIERARCHY REQUEST ERE is r:

, "[E1']T o+ t,Ilis node iz of & type that dalzs not allow children of the t,I(pe of the newChild node"l

[J] DOMTest, java .oF [getl 1

[J] DOMTestOld. java "[E Cox

B NodeContract,java == = Element DocumentType Comment | | Comment
1] TreeState.java Lor [ (tar B T T TS T TTT e TT TE TeT T be . =
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& TypeTreeState. java .or [ (target instanceof Documen T

¥ domtest.xml — T —— ype Document and the DOM application attemp =cond Element™)

= RE Systern Library [Javase-
=i Referenced Libraries

= math

= mbtest
= practice
i springapp

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

.

children of the type of the newChild node™

122 variols

.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™

[2l Problerns | @ Javadoc |[&. Declaration | Bl Task List| 47 Search | B Conscle 3 TestNG| ¢ Clover Das | €2 Coverage

<terminated= MBTester (1) [Java Applicatio

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

Ll
APpENGEd NOME DELONYS TO OCUOSr OOCUmENnt!

“\Program FlesiJavaljrel.6.0_07 binjavaw.exa (22.10.2010 13:35:48)
HO PErent; ALIOWEX CHILI0 TYPE! LPPERMING NON-afiCceEstory [E6]
<dom. DOMException: HIERARCHY REQUEST ERR: An attempt was made to insert a node where it is not permi

INFUYT LOVErage! LOVErage! LISmeEnt!
INFO: DOMTest: Exception caught org
INFO: Explorer: Current state: [[<4>‘§:
INFO: ol =1 ¥ecuting Lransitl

2| DOMTest: Appending node 5 to O
INFOQO: Coverage: Coverage: DocumentType:

Element[:0] (15): S:DocType[:0](3); 14:Comment[:0] (5): 15:Cormwent[:0]]] is old

endInMainiorgy.wic.dom.Node) [#s:schema: null] [new]

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

Ha= 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

newZhild node

or [E3]
or [E4]
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should
ERROFE.:
INFO:

hold

Contract;

the node to append is this node itself
thi=s node iz of type Document and the DOM application attempts to append a
this node iz of type Document and the DOM application attempts to append a
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DOMTest: Exception caught org.wic.dom.DOMException: HIERARCHY REQUEST ERR: An attempt was made

second DocumentType
zsecond Element

inzert a node where it is not permi

< Rey Explorer: Current state: [[<4> F:Element[:0] (15); S:DocType[:0] (3): 14:Comment[:0] (5 Pfient[:0]]] is old
EEOuﬁine 52 = [ | INFO: Explorer: E{=Isar o Srgr - E— o Org.wic.dom.Node) [#s:schema: null] [new]
INFOQO: DOMTest: Appending node & to O
e F% Xﬁ *f @ Et = INFO: Coverage: Coverage: DocumentType; Has no parent; Allowed child type; Appending non-ancestor; [Ef] Appended node belongs to other docu
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WEB APPLICATION CASE STUDY

a Google Web Ul

a No ready Java API
SO, use
WebUI Driver

= Selenium RC

» http://seleniumhg.org/

l model based testing book - Google Search | + |

Google
Search

Ewerything
Images
haps
Wideos
News

hlore

bozcowe
Change location

All results
Timeline

hore zearch tools

model hased testing book [ q |

Advanced search

About 202,000,000 results (0.84 seconds)

Schaolarly articles for model based testing book

Fractical model-based testing: a tools approach - Utting - Cited by 252
A taxonomy of model-based testing - Utting - Cited by 109

Model -Based Software Testing - EI-Far - Cited by 120

Amazon.corm: Model Based Testing (MBT) related books

wml, amazon. comfbodel-Based-Testing.. .booksd . fR1LSEFOIWKTS. . - Cached

List of books that can help getramped up and effectively using Model Based Testing
for testing of various software systems.

W), AMAZON. COMm » ... » Computer Science » Sofhware Engineering - Cached

It does have a pretty comprehensive coverage on tools currently available ..

A Show more results from amazon.com

Model-Based Testing: Black or White?

wideo.google. comfvideoplay?docid=552 189050347 G5907 06

G0 min - 27 Aug 2007

Recently, he co-authared the first industn- oriented book specifically on
model- based testing, and developed the open-zource Modeldlnit ...

tore videos for model bazed testing book »

Practical Model-Based Testing - Elsevier

. & lzevier combnpsiproductions_home 08817 - Cached

A0 Jun 2011 — Practical Model-Based Testing- This book gives a practical introduction
to model-based testing, showing how to write models for testing ..

GO.:.J.:.:.J.;_:.;.;S

12 3 48 6 7 8 910 M

v
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CONCLUSION

0 Flexibility of component architecture facilitates
usage of generic tools for various SUTs

» Seems to be true : APl components, protocols, Web
Ul can be tested by uniform mechanisms

0 Modular testware helps to achieve tests
maintainability and extensibility
« By construction?
« Experiments give empiric evidence
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Thank you for attention!
Questions?

Kullamin@ispras.ru
nttp://www.ispras.ru/~kuliamin
nttp://www.ispras.ru/en/se/index.php
ISP RAS Software Engineering Department
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