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Abstract

With the development of information technique, the software
grows larger and larger. How to guarantee and improve the software
quality becomes the main concerned point in the field. As one of the
key techniques of guaranteeing software quality, software testing can
effectively detect the faults in the system. According to the statistics,
the cost of software testing accounts for 40% in the whole cost of
software development. With the enlarging of software, the
proportion of software testing grows larger in the software
development. For some safety critical system, the cost of testing
almost corresponds to the triple or quintuple cost of all other
developing phase. Thus, improving the effectivity and efficiency of
testing and reducing the software developing cost become one of the
urgent tasks for software engineers.

The core problem of software testing is test cases generation.
According to the source that is used to derive tests, software testing
is classified into two categories — program based testing and
specification based testing. Program based testing means testers use
program structures to derive test cases. Specification based testing
means testers use the specification instead of program structures to
derive test cases. The specification based testing can verify whether
a program conforms to its specification, which is the aim of testing.
Furthermore, during specification based testing process, the
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development of test cases can be parallel with the software
development. That can reduce the time of software development, and
improve development efficiency.

Since formal specifications possess precise notations and clear
semantics, and can be used in reasoning and proving, taking formal
specifications as the source of generating test cases makes automatic
test cases generation possible. However, most research of formal
specification based test generation focuses on applying black-box
test criteria (such as category partition criteria, state graph based
criteria) on different forms of formal specifications (such as, Z
schema, UML state chart) to generate test cases. For model-based
object-oriented formal specifications (such as, Object-Z, VDM++
specifications), those methods are very hard to be applied. The main
causes are that there is no state chart notation in the specifications
and it is hard to apply category partition criteria to those complicated
predicates in the specifications.

The article provides a series of techniques that is used to derive
test cases from model-based object-oriented formal specifications.
Those techniques discuss the problems of deriving test cases at class
level and intra-class level respectively. At class testing level, the
article defines a set of axioms that is used to evaluate the existing
logic coverage criteria, which are applied in the intra-method testing.
The evaluation provides testers with a guide of selecting logic
coverage criterion. Moreover, at the class testing level, the article
also presents a set of intra-class test criteria, which is used to
generate intra-class test cases from intra-method tests. Those
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intra-class test cases can test the interactions among the public
methods of a class. Those criteria avoid the extra burden of
extracting class state graph from class specification and make
mechanical generating intra-class test cases possible. At inter-class
testing level, the article presents a series of test criteria that are used
to test the polymorphism relation in a class hierarchy. These
inter-class criteria are different from program based polymorphism
test criteria. They are used to derive test cases from formal
specification. These test cases can check whether the polymorphism

relationship implemented in a program conforms to that defined in
the specification.

Besides above test criteria, the article also gives a testing
framework to describe the test case generation process. This testing
framework is defined with Object-Z notation, which is adopted in
the specifications. It reduces the understanding burden for readers
while adopting another notation. The discussion of testing
framework in the article includes two parts. One is the definition of
class testing framework, which is used to describe the class tests
generation process. It includes the descriptions of intra-method test
case, intra-class test case, the deriving process of intra-method test
. cases and intra-class test cases. The other part specifies the
techniques of reusing parent class testing framework in sub-class
testing. With the testing framework presented in the article, the test
case generation system can document the test generation process
while producing test cases. Thus, test cases managing and tracking
become more convenient.
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Finally, the article introduces an approach to instantiating the
test case specification into test data and a system prototype that
implements above testing techniques.

Key words specification based software testing, test criteria, testing

framework, object-oriented testing, test cases generation

viI



T 18 17 %4 BB TS 8 B A0 R 4 A RB AR

B .
R R SRR R PR R 1
1.1 ’ﬁ'ﬁ:{ﬁwﬁi&ﬁi ............................................................... 1
1.0 MUK TE S VR TR --cnse oove-apuoeranassbasssnsssnsectianmesassaandstiososs 3
13 E{;ﬂ%%%ﬂ@ﬁ{#@“ﬁ ............................................ 5
14 mﬁﬁ%ﬂgﬁﬁ:ﬂ“ﬁ .................................................... 9
1.5 AHTEARTE coveeeeenmneese e 17
1.6 Qj(j(éﬂ ....................................................................... 19
EE WHBEBEEMAATRLATAE oo 19
21 Eﬁ@%y&mu ............................................................... 21
29 &ﬁﬁ%‘{ﬁmuﬂg&ﬂ%gﬁ ............................................ 26
2.3 PE il ceeeeeeererennee e 33
2.4 /J\ % .......................................................................... 37
W=E BT IARR ARG RGN - reoeeeeeerennennennies 39
3.1 P EBMIRAE] coneremeesanmssnessennneniniiiiiiiiiiatiiiinn s 40
3.2 SEAFIRIFGT - veeveennesnesneensesnessssntitssisiisit st 51
33 WURGE B FNPET -oeeverreeressesemsersesminsasissinssasinsinsissassinssans 56
3.4 ZPN B e 61
SIS EFHR AR BT IR - veeerereremrrersessssinienns 62
4.1 mﬂﬁ;@ﬁgg ................................................................... 64
4.2 ;qu}[g{ ....................................................................... 73
43 N B e 80

BEF EFHRMERIR S BRRAIRRL o 81



2004 4F MR F L2200
5.1 T AR UEBHRIZ AT ERAED -voeveeeeeereesmsinniniiinnns 83
5.2 SEABAPAT oereerreerenessesistensuiiiiiiininisiiestensitsstssensnnssaeens 103
e T T~ RPN 108
FARE TR AAEZLAYLETRY TE --ovoveeeerereersenesnssesentsnssessnnane 110
6.1 kAR (0] 121 o A RO R TS 118
6.2 FRINRHEZEHIHE G - eeoermereeeremmneee i 117
6.3 /N B e 130
BEE IR BIAAR A B IR B oo 131
Tl ERPEFHRI wevveemenmmmmeneeee e 131
7.2 KRIBAELR A ZE T I TEEE -eeeeevnremeenneeesneenineniieccn 133
T3 I G e 141
%/\ﬁ R AYIET v vveeeeeeresemrnnnttite e 143
8.1 RIHIEARHELR oo 143
8.2 FHABIFEIELHR, -veeeveeeenensnnssnnenneenetst et 145
83 ,J\ % ........................................................................ 157
ghﬁ ﬁi% ......................................................................... 158
9.1 ZARSLIETETTIRR oovveeenereneernnessnnessenesteeiteiteeeeeie s 158
0.2 HEFFRII T - evevsesesuseserercrcnsasssusasasasasasnsesssscssassssensseocs 160
m - T O RO PCT I EOLER RN 162
§%Iﬁ ................................................................................... 204



T i 3 S XA UL BB B A R R

BE & B

L1 FER A

FEHFEEET, BRINERERNEMKAITIE. LT HIE
i, BAIFE M BB BRI B AR 2R RAT IR AR B
W%, BAVEERBRITRERRM: Hf WLRRER, RATEK
LI R R G O EE . BRAAE & o AT R A 03X
PR B KA BB KK RERE R TN TR
BARHITRR “R2ZEEPRNRE (WEPTEEFHRE. §
HWHFRE. NERMERLE K, KENREREGEME
KREE. Fb, I fRUER A5 DA 0 fe] 8 K PR BE 38 e 1
Jo B Rk FRAE KA TR I IED A — 7 e ) VR
AR A SRE KRR R EZFBU 20 HHEAL 70 SEARLSK
BHZBINANOEN, BB T IRE A RRA-RRA T AR SEER )
SCEE. NIXEECE P BATRT AE AR =2 B T
BSERRA TR T SRR B4R 2 IE R SE i
B SERRA BT H A R B AR IE SR A
BSERA X R A B R E IER:
8 XE SR P I RALE 7 038 A 2 RPHRE SR B A 1.
AT ERRARRE) LR B 8, A£G R85 R 1

e ] o



