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Tlooano nioxio eusHauenus: depekmis AKocmi y MOOYIbHUX MeCcmax 3a 00NOMO2010 MeMPUK OJisk NONESULEHHS CYNPOBOONCEH-
HSL NPOSPAMHO20 3a0e3neUeHHs; PO3LIAHYMO CHOCIO PO3POOKU MempUK HA OCHOBHI KpUMEPIi KOPEKMHUX MOOYIbHUX MeC-
mis. Pe3ynomamu niomeepoxiceHo Ha 0CHO8I KOHMPOLbOBAHO20 eKCHEPUMEHMY.

IpencraBieHo MOAX0A ONpeseneHus 1e()eKTOB KauecTBa B MOJYJIBHBIX TECTaX C MOMOLIBIO METPHK Ul OOJIerYeH s 1O~
JEep>KKH IPOTPaMMHOTO 00eCTieueH s ; pacCMaTPUBAETCS CIOCO0 pa3pabdOTKH METPHK C MOMOIIBIO onpedeieHus KPUTEPUEB
KOPPEKTHBIX MOJYJIbHBIX TECTOB. Pe3ynbTaThl IEMOHCTPHPYIOTCS] HA OCHOBE KOHTPOJIMPYEMOTO IKCIICPHUMEHTA.

An approach is presented for quality defects detection in unit tests with the help of metrics for software maintenance; method
of developing metrics with the help of the unit tests quality characteristics was discussed. Results are demonstrated on the ba-

sis of controlled experiment.
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Introduction

The success of software organizations depends
on their ability to facilitate continuous improve-
ment of their products in order to reduce cost, ef-
fort, and time-to-market, but also to restrain the
ever increasing complexity and size of software
systems. This increases the need for software or-
ganizations to develop or rework existing systems
with high quality within short periods of time using
automated techniques to support developers, test-
ers, and maintainers during their work.

During software maintenance quality defects
appear, leading to quality degradation. Studies size
the contribution of test code between 33 percent
and 50 percent of the overall system [1], [2]. Unit
test is a test code that uses to evaluate the behav-
ioral characteristics of a program against the ex-
pected product-specific behavior. Unit test code
also can be affected by quality defects. Quality
defect of unit tests is nonconformance of the unit
tests characteristics to unit test design rules. Unit
tests have their own criteria’s and their violations
lead to lack of maintainability.

Our research is concerned with development
of technique for the detection of quality defects in
unit tests for the maintenance of large-scale soft-
ware systems. This approach is based on metrics.
We choose two quality defects described by
Meszaros [4] — Assertion Roulette and Interaction

Tests. After that we define a set of metrics for
these defects in terms of unit test concepts. To
evaluate the technique, we apply empirical analysis
methods to measure the accuracy of the quality
defect detection and it usefulness.

In this work, we focus on the detection of the
quality defects in test environment for OO soft-
ware systems. Microsoft Visual Studio Unit Test
Framework was used as the test environment. The
instruments developed to support decisions of both
managers and software engineers. This support
includes information about where quality defects
should be engaged to reach a specific configuration
of quality goals.

1. Technique of quality defect detection in
unit tests

We propose Assertion Roulette and Interacting
Tests defects to support their detection. Quality
characteristics of these defects were used for their
measuring [3] and described below.

1.1. Test core concepts for quality defect
detection

To avoid different interpretation it was provid-
ed a formal foundation consisting of 10 definitions.
The elementary sets presented in Table 2.1 form
the basis for these definitions
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Table 2.1.
Symbol Entity
tm test method, container for a single test
PIM (m) the set of polymorphically invoked methods of method m
NPI (m1, my) the set of polimorphically method invocation from m; to m;
SIM (m) the set of statistically invoked methods of method m
NSI (m1, my) the set of static method invocation from m; to m;
TEST test code, the set of class that either are test cases or access methods or
attributes of test class cases

1.2. Assertion Roulette

Description: it is hard to tell which of several
assertions within the same test method caused a
test failure. A test fails. Upon examining the output
of the Test Runner, we cannot determine exactly
which assertion failed [4].

Impact on Maintainability Criteria: when a
test fails during an automated Integration Build, it
may be hard to tell exactly which assertion failed.
If the problem cannot be reproduced on a develop-
er’s machine (as may be the case if the problem is
caused by environmental issues) fixing the prob-
lem may be difficult and time-consuming. It has
impact on traceability and understandability.

We’ve developed two metrics to characterize
Assertion Roulette from different aspects:

- Number of assertion statements (NAS)
metric counts the number of assertion statements
(AS) in the test method. AS = {e, a, m}, where e —
expected results, a — actual results, m — assertion
message.

NAS (tm) =|Utm e TESTAS|1 tm € TEST (3)

- Presence of assertion message (PAM) met-
ric counts the percentage of number of assertion
messages per number of assertion statements from
formula (3) and described in formula (4).

AMeS = {AS | m ¢ AS}

PAM (tm) = m#(sx)m tm € TEST (4)

1.3. Interacting Tests

Description: when a test depends on other
tests. There is not enough information to under-
stand the tested functionality [4].

Impact on Maintainability Criteria: This
quality defect makes hard to see the relationship
between the tests. Hence test doesn’t do the role of
tests as documentations and as consequence has
impact on it readability. Also it has direct impact
on test maintainability and isolation criteria in case
when somebody modified or deleted another test
without realizing that this test will impact on the
test run. Chances for this defect increase when
more tests are dependent from each other.

Several metrics were defined to characterize
Interacting Tests from different aspects:

- Test methods invocation (Tinp) metric
counts the number of invocations other test meth-
ods:

Tinp (tm) = |Ugpetest NSI (tm, tm')] +
|Utme TEST NPI (tm, tm”)|,
tm € TEST

- Test method using (Tout) metric counts the
number of invocation test method by other test
methods:

Tout (tm) = ||PIM (tm)| U |SIM(tm)||, tm € TEST
(6).

To summarize results we explain metrics for
Assertion Roulette and Interacting Results defects.
For former quality defect we can identify the test
cases with a large number of assertion methods
with help of AS metrics and determine assertion
methods without message by using PAM.

Test methods with high values of Tinp and
TOut make many invocations between test cases to
satisfy the definition of Interacted Tests defect. We
describe these metrics by using set theory. It helps
us to determine metrics not only with help of in-
formal description, but also with mathematical
expression for more precision and understandabil-
ity. These metrics will be used to automate quality
defect detection in unit tests.

2. Evaluation of defect detection tool

2.1. Experiment design

Since the quality defects detection in unit tests
is still an informational retrieval problem — only a
few detection methods and techniques are known
for a few quality defects. The following studies
were conducted to explore the usefulness and ef-
fectiveness of this technique.

Rationales for investigating these casual ef-
fects are:

e Quality defect detection in unit tests might
be perceived as distracting or interfering with day-
to-day work; hence, the acceptance by and useful-
ness to software developers need to be studied.

e Precision should quantify the number of
detected quality defect in unit tests that are truly
quality defect; hence we should answer “Are de-
tected defects truly quality defects”?

© Marepianu Mi>KHapOHOI HAYKOBO-NIPAKTHYHOT KOH(epeHIIii

acmipaHTiB i cTyAeHTiB «lmkeHepis mporpamHoro 3abe3nedenss 201 1» 25




IHDKEHEPIS [IPOI'PAMHOT'O 3ABE3IIEYEHHSI
Ne2(6) 2011

Research Goal: Evaluate the acceptance of
quality defect detection in unit tests tool by soft-
ware engineers and accuracy of defect detection.

Hypotheses:

H: Technology is accepted by software engi-
neers and they intend to use it.

H, Technology is perceived to increase the
work performance of software engineers

Hs Technology is perceived to decrease the ef-
fort for software engineers.

HsTechnology has positive effect on a soft-
ware engineers attitude toward using it.

Hs Technology is perceived to be easy to use
by software engineers

He Software engineers have no negative emo-
tions regarding the use of technology

Study Form: Controlled experiment

Background: Laboratory experiment with
software developers from Itera Consulting Compa-
ny

Materials: The system for quality defect detec-
tion in unit test.

Subjects: 10 software developers.

Task: Understand and detect quality defects in
unit tests. Manually verify whether a test case indi-
cated by the proposed detector indeed exhibits
quality defect characteristics.

Examined cause: Using quality defect detec-
tion vs. not using it

Independent Factors: Methods vs. system

Dependent Factors: UTAUT factors (ac-
ceptance and use), detected quality defect in unit
tests.

Confounding Factors: Experience factors

Experimental Subjects: the experimental sub-
jects were all developers with at least one year
experience.

Requirement to the experiment was that the
tool must perfectly integrate into the system’s de-
velopment process. We ensured that the developers
were motivated; they got sweets on their lunch.

Experimental materials: during the experi-
ment, the next main materials were provided to the
subjects: a) the quality defects detection in unit
tests tool for defect detection, b) training materials
and literature on quality defect in unit tests, and c)
object-oriented software system that was to be
processed by them.

Analyzed systems: quality defect detection tool
was used by all subjects. They detected Assertion
Message and Interacting Tests quality defects.

Execution of the Experiment: The quality de-
fect detection in unit tests experiment was con-
ducted in one office with the same equipment for
each subject.

The software developers were informed about
the experiment and the execution during 15-minute
presentation.

The goal was to inform the subjects about the
experimental settings and the procedure, infor-
mation about quality defects in unit tests.

As a guideline, the stepwise process was de-
scribed and provided to each developer in order to
perform the following steps for quality defect de-
tection in unit tests:

1) Walk through the system and detect quality
defects in unit tests with help of our tool

2) Choose any 5 test methods with found qual-
ity defects

3) Inspect manually chosen test methods

4) Note your results to the protocol

After the execution phase the subjects were
conducted a debriefing questionnaire, where their
general attitude to system was defined.

2.2. Experimental result

In general, we can abstract the following in-
formation from the correlation and regression
analysis of received results:

o Detection defects in unit tests technology
is perceived to help in programming, to have a low
effort to use, is a good idea, is usable without help,
and isn’t intimidating for software engineers.

e The subject made conclusion that the tech-
nology will helping in programming and will be
accepted as good idea if it has supporting of re-
quired environment. They will intend to use the
system because this technology helps in designing
unit tests.

e Also we define that observation for verify-
ing of quality defect accuracy detection should
attaint agreement between reviewers related to the
test design criteria. Because each of software engi-
neers have their personal opinion about rules of
unit testing design and it is hard to detect how ac-
curately our tool detect defects in unit tests.

e Questionnaire shows us that software en-
gineers are intended to use this tool, but we should
develop metrics for more quality defects. We can
consider this mean of quality defect detection as
effort and time saving. It will be helpfulness for
both manager and software engineer.

e Questionnaire shows us that software en-
gineers are intended to use this tool, but we should
develop metrics for more quality defects. We can
consider this mean of quality defect detection as
effort and time saving. It will be helpfulness for
both manager and software engineer.
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Conclusion

My research was concerned with development
of technique for the detection of quality defects in
unit tests for the maintenance of large-scale soft-
ware systems.

This approach is based on metrics. For re-
search it was chosen two quality defects in unit test
for verifying this approach.

To evaluate it, we apply empirical analysis
methods to measure the accuracy of the quality
defect detection and it usefulness.

In this work metrics for Assertion Roulette and
Interacting tests quality defects were formalized
with the help of set theory to avoid misconception.
It makes description more precise and understand-
able.

The tool for quality defect detection was de-
signed and implemented some functionality. It
helps research the value of this approach by
providing case study.

It was used by software engineers to quality
defect detection in unit tests.

By conducting the experiment, it was states
that instruments developed to support decisions of
both managers and software engineers. It is good
approach to determine quality defects with using
metrics for unit tests design characteristic.

Developed mean of quality defect detection
has a science and practical value. It adds new di-
rection for development and adapting this ap-
proach. It gives the bases for quality defect detec-
tion in unit tests.

Binomocrti npo aBTopis

E-mail: nisson@rambler.ru

E-mail: alexander.nechay@livenau.net

Practical value was evaluated by an experi-
ment. This mean was defined as helpful in writing
and supporting unit tests by software engineers and
managers.

That’s why to advance the research results it
should be established composed metrics that con-
sist of a combination metrics for individual quality
defect in unit tests to improve predictive power. It
should be investigated the interplay between quali-
ty defects and frequently changing test cases to
understand how quality defects emerge and grow.
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IMaBnenko AHacracisi — cryleHTKa 5 Kypcy (akyJbTeTy KOMIT'IOTEpHHX Hayk HaiioHaibHOTO
aBiawiiinoro yHiBepcutery, kadeapa «[HxeHepil nporpamHoro 3abe3nedeHHs». Haykosi inTepecu —
IEKeHepis IPOTrPaMHOTO 3a0€3IEUCHHS, CBOIOLIS TPOTPAMHOTO 3a0e3MeUeHHS.

Heuaii Onexcanap CepriiioBuy — K.T.H., CTapiinii Bukiaaad kapeapu «IHXKeHEpist MPOrpaMHOro
3abe3nedeHHs» (aKyIbTeTy KOMIT IOTepHUX Hayk HamioHaneHOro aBiauiiiHoro yniBepcutery. Hay-
KOBI IHTEpPECH — CTBOPEHHSI IPOrpaMHOro 3a0e3MedYeHHs, apXiTeKTypa NporpaMHOro 3abe3neyeHHs,
€BOJTIOIIISI TIPOTPAMHOTO 3a0e3MeUeHHs, 3BOPOTHA PO3POOKa, MOIYJISAIiS MPOTPAMHOTO 3a0e3MeUeH-
HS, TOCTITHUIBKI METOTH JUUISI EMIIIPUYHOI pO3pOOKH MPOTPpaMHOTo 3a0€3MeYeHHS.
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Po3pobka Bumor po
CKB][l Ha 6asi
craHpaprty ISO 9126

AKICTb TIPOTPAMHOI'O 3ABE3ITIEYEHHA

HauwioHanbHMM
aBiauiuHMM YHiBepcuUuTteT

Kadenpa xomn’rotepHux
iHpopmauinHMX TexHonorin

HaykoBuM KepiBHMK —
XapueHko O.I'., A.T.H.,
npodecop

Posenanymo numants po3pobxu eumoe axocmi 0o cucmem xepyeanna 6azamu oanux(CKB/). Ilpononyemuca uxopucmogy-
samu nioxio, wo 6azyemuvcsa Ha modeni akocmi cmanoapmy 1SO 9126. Y ionosionocmi 00 ybozo nioxoody, umozu KOpUcmy-
sauie 00 saxocmi CKB/I, wo cghopmosani 6 mepminax mooeni AKocmi y GUKOPUCHIANHI, NPOEKMYIOMbCSL HA GUMO2U 308HIUHBOT
AKOCMI OIS AKUX CIMABTIAMBCSL Y GION0GIOHICIb GUMOU SHYMPIULHbOL AKOCMI.

Paccmompen 6onpoc pazpabomku mpeboeanuii kauecmsa K cucmemam ynpaeienus 6azamu oannvix(CKB/]). I[Ipedoracaemcs
UCNONb308aMb NOOX00, KOMOopulil bazupyemcs Ha modenu kavecmsea cmanoapma 1SO 9126. B coomeemcmeuu ¢ smum noo-
X00om, mpebosanust nonvzosameneli k kavecmsy CKB]], komopwsie chopmuposarnsvl 6 mepmuHax mMooenu Kavecmsed 8 UCnolb-
308aHULU, NPOESKMUPYIOMCS. O MPebOBAHUAM GHEUIHe20 Kauecmea OJisi KOMOPbIX OMHOCAMCIL 6 COOMEemcmaue mpebosanus
GHYMPEHHE20 Kauecmad.

The question of development of requirements of quality is considered to control system by the bases of data(CKB]). It is sug-
gested to take approach, which is based on the model of quality of standard of ISO 9126. In accordance with this approach,
requirements of users to quality of CKB/], that the internals formed in terms of model are in the use, designed on the re-
quirements of external quality for which belong in accordance of requirement of internal quality.

Kirouesi ciioBa: CKB/l, sxicTh mporpaMHUX cucTeM, (OPMyBaHHS BUMOT SKOCTi, 0a3a 3HaHb, MOJEII AKOCT1

Beryn

3a0e3neueHHs SKOCTI MPOrpaMHUX CUCTEM
MpHU IX TPOEKTYBaHHI € HAJ3BUYANHO BaXKIMBUM B
JAHWH 4Yac, KOJMM Ha PHHKY MPOTPAMHHX CHCTEM
(ITC) cmocrepiraerscst *KopcTka KOHKypeHwis. Lle
ocobmmBo BaxxmBo it [IC MacoBOro BHUKOpHC-
TaHHS, JI0 SIKUX BiTHOCSATHCS 1 CHCTEMH KepyBaHHS
6azamu manux (CKB/I).

Jnst migTBepAKEHHS 3asBJIICHHX XapaKTepuc-
THUK SIKOCTI MPOBOASATHCS MPOLEAYPU aTecTalli Ta
ceprudikanii. OgHAK BUKOPUCTOBYBAHI TEXHOJIOTI]
crBopeHHst [IC opieHToBaHi i B OCHOBHOMY Ha
3aJI0BOJIeHHS (DYHKIIIOHAIbHUX BHMOT. | Xoda Ha
JIAHWH Yac Bxe po3po0JIeHO TpeTe CiMEeHCTBO cTa-
Haaptis skocti [1C [1], iX BnpoBamkeHHs B Ipak-
THKY WJie Tyxe MmoBiibHO. OCHOBHUMHE NPHYHMHAMU
Takoi CUTYyaIlii € HeIOCTaTHE BUKOPUCTAHHS (op-
MQJIBHUX METOJiB, Ta BIACYTHICTb €(EKTHUBHUX
IHCTPYMEHTAIBHUX 3aCO0IB aBTOMAaTH3aIii TpoIie-
ciB 3a0e3IedeHHs SIKOCTI.

B apxiTekTypi MpoIeciB KHUTTEBOTO ITHKITY
(°K1I) IIC mpencraBieHO 1Ba MPOIECH, SKi CTOCY-
FOTBCSI IKOCTI, 1€

e IligTpumyrounii mporec «3abe3medcHHS
TapaHTii SIKOCTI».

e OpranizauiiHui npouec «ymnpaBiIiHHA SKi-
cTIoN.[2]

[lepmuit 3 mporeciB peami3yeThCsl IIISTXOM
BIIPOBA/KCHHS CTaHIAPTIB SKOCTI 1 BIAMOBITHUX
mporenyp B mpakTuky po3pobku IIC, a apyrwmii
MPOIIEC — YIIPABIIHHA SKICTIO» IIOJIATAE B MOHI-
TOPHUHTY SIKOCTI MPOMIKHOTO Ta KiHIIEBOT'O MPOJY-
kry Ha cramisx XKL [IC. Jlnga uporo HEOoOXigHO
NpeACTaBUTH BUMOTH 3aMoBHHKa A0 skocTi IIC i
BUKOHATH NPOLEAYPU KOMYHIKalii (TpacyBaHHS)
nux Bumor Ha cramii JKII.

st po3poOKM TakuxX MpoueAyp HEOOXiTHO
po3pobutn QopmarnizoBaHi Ta CTaHAAPTH3OBAHI
MOJIEJTi TIPEJICTABICHHS] BUMOT Ta 3alpoNOHYBaTH
nesiki GopManbHi MaTeMaTH4YHI ajJrOPUTMU KOMY-
Hikamii BuMor Ha eramnax JKLI.

i 3amavi MOXXHa BHPIIIATH HAa OCHOBI CTaH-
JIapty 3 sikocti [1] B SKOMy BHU3HAU€HO TPHU TUIH
MoJieNIell SKOCTi: y BUKOPUCTaHHI (eKCIuTyaTamil-
Ha), 30BHIIIHBOI Ta BHYTpilmHboi. [IpencraBuBmm
BHMOT'H SKOCTI 32 UMW MOIEJISIMU M BiIHICIIN 1X
1o BiamoBigHux (a3 XK MokHa peasizyBaTH mpo-
1IEC MOHITOPHHTY SIKOCTI.

AHaJti3 TexHoJI0riii (popMyBaHHS BUMOT

Jns dopmysannus Bumor o I[1C MoxHA BHKO-
pucTOBYBaTH cTaHAApT [3], B IKOMY 3a/laHa CTPY-
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