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SANTRAUKA

Programinés jrangos testavimas gali uzimti iki 50% projekto laiko, tad yra
automatizuojamas. Norint generuoti automatinius bliseny testus, reikia turéti testavimo atvejus ir
metoda jvertinti gauty rezultaty teisingumo jvertinimui. Siame darbe yra aprasoma, kaip galima
generuoti automatinius testus taikant UML biiseny model;.

UML biiseny modeliu galima modeliuoti klases dinaminiu pozitiriu, nusakant galimas
objekto biisenas ir peré¢jimus tarp jy. Yra siiiloma, testavimo atvejy generavimui naudoti biiseny
diagramose apraSytus peréjimus ir jy apribojimus, o Siy seky rezultaty jvertinimui taikyti blisenoms
nurodytas sglygas, kurias turi tenkinti objektas esant toje biisenoje.

Tokiu principu buvo suprojektuotas ir realizuotas jrankis, leidziantis generuoti automatinius
testus, kur nereikéty keisti realizuoty klasiy struktiiros, kadangi biiseny salygoms tikrinti biity
naudojama refleksija, o kvie¢iamy metody seky generavimui taikomas Deikstros algoritmas,
leidziantis aplankyti visas busenas ir kelius. Be to, testuojamy metody kvietimui, biity taikoma
ribiniy reikSmiy analizé, kad bty padengiama kuo daugiau kodo ir aptinkama daugiau klaidy.

Taip pat, buvo istirta kiek kodo padengia ir kiek neteisingy programos realizacijy aptinka
tokiu biuidu sugeneruoti testai. Buvo nustatyta, kad tokiu biidu galima padengti net 100 % kodo ir
aptikti visus mutantus, taciau yra svarbu, kad biiseny modelis nusakyty visas galimas sistemos
buisenas ir peréjimus tarp jy.



SUMMARY

Software testing can take up to 50 % of the project time. Thus, testing process is being
automated. In order to generate automatic tests, you need to have test cases and a method to evaluate
results of those test cases. This work describes how is it possible to generate automatic tests using
UML state machine model.

UML state machine model allows to model dynamic behaviour of a class/system, by
defining possible object‘s states and transitions among them. It is being proposed to use transitions
and their constraints for test cases generation and use constraints specified in states for evaluations of
results of test cases.

By using such technique, a tool was designed and realized allowing to generate automatic
tests, where checking of constraints is done by using reflection, which does not require altering of
already created classes, nor revealing of any fields of classes. Also, to generate test cases Deijkstra’s
algorithm is used, which allows visiting all states and transitions. Moreover, boundary value analysis
IS used to generate test data for tested methods invocation, allowing to cover more code and detect
more defects.

Also, this tool and technique was evaluated to check how much code it is possible to cover
and how many incorrect program realizations tests are able to detect. It was determined that there is a
possibility to cover 100 % of code and detect all incorrect program realizations. However, with the
intent to achieve this, it is very important that state chart model would describe all possible system’s
states and transitions.
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TERMINU IR SANTRUMPU ZODYNAS

MDD (angl. Model Driven Development) — modeliu paremtas programavimas
UML (angl. Unified Modeling Language) — vieninga modeliavimo kalba

xml (angl. Extensible Markup Language) — bendros paskirties duomeny struktiiry bei jy turinio
aprasomoji kalba

XMI (angl. XML Metadata Interchange) — formatas skirtas XML meta duomeny keitimuisi

OCL (angl. Object Constraint Language) — kalba, skirta aprasyti taisykléms ir apribojimams, kurie
taikomi UML modelio elementams

JUnit — testavimo karkasas Java programavimo kalbai

Refleksija — galimybé dinamiskai vykdyti klases, kvie¢iant metodus, kintamuosius netiesiogiai, o
pagal pavadinimg. Zemiau pateikiamas Java kodo pavyzdys.

public class Lamp {
public boolean ijungta = false;

public void on() {
ijungta = true;
}

public void off() {
ijungta = false;
}

public static void main(String[] args) throws Exception {
Class<?> clazz = Class.forName("Lamp");
Object o = clazz.newInstance();
Field f = o.getClass().getDeclaredField("ijungta");
f.setAccessible(true);
// ijungta kintamojo reiksmes gavimas ir spausdinimas
System.out.println(f.get(0));
// metodo on iskvietimas
clazz.getMethod("on").invoke(o0);
// ijungta kintamojo reiksmes gavimas ir spausdinimas
System.out.println(f.get(0));
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1. IVADAS

Sis darbas priklauso Magistrantiiros studijy Programy sistemy inZinerijos specializacijai.
Toliau Siame skyriuje bus pateikiama darbo problematika, uzdaviniai ir aptariama darbo struktiira.

1.1. Darbo problematika ir aktualumas

Programinés jrangos kiirimas yra sudétingas procesas, nes programing¢ jrangg yra labai
lengva keisti ir §io proceso rezultatai néra matomi iSkart [1, p. 3]. O testavimas yra viena i§ §io
proceso daliy, kurio metu yra tikrinama sukurtos programinés jrangos kokybé ir atitikimas
reikalavimus. Tad testavimas yra labai svarbi kiirimo proceso dalis, nes dél testavimo metu neaptikty
klaidy, galima sulaukti daug vartotojy nusiskundimy arba net projektas gali zlugti.

Kadangi testavimas gali uzimti iki 50% projekto laiko [2, p. 344], §j procesa stengiamasi
automatizuoti. TacCiau, norint atlikti testavimg, reikia turéti testavimo atvejus ir metoda, rezultaty
teisingumo patikrinimui, o taikant atsitiktinj generavima negalima uztikrinti testy efektyvumo. Tad
yra sitloma taikyti UML biiseny modelj automatiniy testy generavimui, kuris padéty sumazinti
automatiniy testy generavimo kastus ir kurti geresne programing jrangg.

1.2. Darbo tikslas ir uzdaviniai

Sio darbo tikslas yra sukurti ir jvertinti metoda, kuris leisty generuoti automatinius testus
taikant UML buiseny modelj vartotojui turint UML biiseny modelj ir realizuotg klase. Pagrindiniai
uzdaviniai:

1. Sukurti algoritmg parenkantj testavimo sekas taikant UML biiseny modelj

Parinkti metoda, kaip galima parinkti duomenis testy metody kvietimui, taikant ribiniy
reikSmiy analizg

Sukurti metoda, leidziantj aplankyti visas busenas ir kelius

Sukurti metoda, leidziant] jvertinti atlikty testavimo seky rezultaty teisinguma

Ivertinti sugeneruoty automatiniy testy efektyvuma, taikant mutacinj testavima
Nustatyti, kurie parametrai labiausiai jtakoja sugeneruoty testy efektyvuma

N

o 0k w

1.3. Darbo rezultatai ir jy svarba

Sio darbo rezultatas bus metodas, leidZiantis generuoti automatinius testus, taikant UML
biiseny modelj. Sis metodas palengvinty automatiniy testy kiirima, nes biity galima generuoti testus
i§ UML biiseny diagramy, kuriose biity nurodytos galimos sistemos biisenos bei peréjimai tarp juy.
Tokiu biidu generuojant testus biity iSsprgstos 2 problemos: testavimo atvejy parinkimas ir $iy
rezultaty teisingumo jvertinimas. Tokiu biidu, biity galima sutaupyti laiko kuriant automatinius
testus, nes uztekty turéti realizuota klas¢ ir UML buiseny diagrama, kurioje nurodytos sistemos
biisenos bei peré¢jimai tarp juy.

1.4. Darbo struktiira

Sis darbas susideda i§ panaudoty terminy Zodyno, jvado, keturiy pagrindiniy daliy, i$vady,
panaudotos literatiiros sgraso ir priedy:

e Terminy ir santrumpy Zodyne pateikiamos pagrindinés savokos naudotos Siame

darbe.
e ]vade pateikiamos darbo problemos, aktualumas ir §io darbo struktiira.
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Probleminés srities analizés skyriuje yra apzvelgiamas UML buseny modelio
taikymas automatiniy testy generavimui ir aptariami jrankiai skirti automatiniy testy
generavimui naudojant UML biiseny modelj.

Projektingje dalyje yra pateikiami esminiai reikalavimai ir architektiriniai
sprendimai jgalinantys automatiniy testy generavima, taikant UML biiseny modelj.
Sprendimo realizacijos ir testavimo skyriuje pateikiami projektinéje dalyje sukurto
sprendimo realizacijos testavimo rezultatai ir aptariami atlikti patobulinimai.
Eksperimentinio tyrimo skyrelyje pateikiami ir aptariami rezultatai eksperimento,
kurio metu buvo generuojami testai 5 realizuotoms klaséms taikant UML buseny
modelj.

ISvady skyriuje pateikiamos pagrindinés Sio darbo iSvados.

Literaturos skyriuje iSvardinami pagrindiniai Sio darbo Saltiniai.

Prieduose yra pateikiami eksperimento metu naudoti duomenys.
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2. PROBLEMINES SRITIES ANALIZE

Siame skyriuje bus apzvelgiamas UML biiseny modelio taikymas automatiniy testy
generavimui ir aptariami jrankiai skirti automatiniy testy generavimui naudojant UML biiseny
modelj.

2.1. Analizeés tikslas

Programinés jrangos kiirimas yra sudétingas procesas. Jj apsunkina tai, kad projekto
progreso rezultatai nuo pat pradziy yra nematomi iki tam tikros ribos, o pavyzdziui pradéjus statyti
namg — galima iSkart matyti padétus pamatus. Taip pat kitas sunkinantis dalykas yra tai kad
programing jrangg yra lengva keisti, dél ko galima nesunkiai jvelti klaidy, pavyzdziui sistema
neatitinka reikalavimy, dél to projektas uztrunka ilgiau ar net zlunga [1, p. 3].

Norint kurti kuo kokybiSkesng programing jrangg su kuo maziau klaidy, kiirimo procesas
yra planuojamas ir taikomi jvairtis modeliai. Pagal vieng i$ jy - Krioklio modelj programinés jrangos
kiirimo procesas susideda i$ keliy daliy: reikalavimy rinkimo, architektiiros kiirimo, programavimo,
testavimo ir palaikymo [1, p. 6]. Pirmiausia surenkami reikalavimai, tada kuriama sistemos
architektiira. Ja galima aprasyti taikant Unifikuota Modeliavimo kalba (toliau — UML). Sia kalba
galima modeliuoti sistemas tiek statiniu, tiek dinaminiu pozilriu, pavyzdziui klasiy diagramomis,
btuseny diagramomis ir kitomis. Tuomet turint reikalavimus, sistemos modelj ir realizuotg sistemg
galima vykdyti testavima.

Testavimas yra veikla atlieckama norint jvertinti produkto kokybe ir ja pakelti, surandant
defektus ir problemas [3]. Testavimas gali buti rankinis ir automatinis. Rankinis testavimas
atliekamas testuotojo ir uzima daug laiko, o automatinio testavimo metu yra vykdomi automatiniai
testai. Sie testai gali baiti kuriami programuotojy arba generuojami automatiskai.

Vienas i§ budy atlikti testavimg yra Modeliu paremtas testavimas (angl. Model Driven
Testing), kurio metu sistemy modeliai naudojami testavimo atvejy generavimui ir testy rezultaty
jvertinimui. Taciau taip norint generuoti testus, reikia turéti sistemos modelj. Sistema galima
modeliuoti taikant jvairiuos metodus: kuriant baigtinius automatus, biiseny diagramas, Markovo
grandines ar taikant UML kalba [4, pp. 1 - 3].

Kadangi UML leidZia modeliuoti sistemas tiek statiniu, tiek dinaminiu poziiriu, toliau
Siame skyrelyje bus panagrinéta, kaip galima generuoti automatinius testus turint UML biiseny
modelj ir realizuotg sistema.

2.2. Tyrimo objektas, sritis ir problema

Tyrimo objektas yra UML biuseny modelis ir kaip galima jj taikyti automatiniy testy
generavimui.

2.3. Unifikuotos modeliavimo kalbos analizé

UML 2.2 standartas apraso 14 diagramy tipy [5], i§ kuriy 7 apraso informacijg apie sistemos
struktiira:

e Kilasiy — apibudina sistemos objekty tipus ir parodo klasiy atributus bei sarysius tarp ty
klasiy.
¢ Komponenty — apibiidina, sistemos komponentus ir parodo jy priklausomybes.
e Sudedamuyjy struktiiry — leidzia sudalinti klasés vidine struktiirg.
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e ISdéstymo — naudojama atvaizduoti fizinj sistemos iSdéstyma, atskleidZiant kokios reikia
aparatiirinés jrangos, norint, kad veikty sistema.
e Objekty — naudojama atvaizduoti konkreCius sistemos objektus tam tikru laiko

momentu.

e Pakety — nusako j kokias grupes sistema iSskaidyta ir kaip Sios grupés priklauso viena
nuo Kitos.

e Profiliy — naudojama UML meta-modelio lygmenyje ir parodo klasiy stereotipus ir
profilius.

O likusios 7 diagramos nusako veikima:

e Veiklos — naudojamos atvaizduoti procediry, verslo logika ir veiksmy tékme.

e Panaudos diagramos — atvaizduoja sistemos panaudos atvejus ir kas juos naudoja.

e Biiseny diagramos — vaizduoja svarbiausias verslo ar veiklos sistemos biisenas, bei ty
busenos kitimg toje pacioje sistemoje. Ji nusako objekty biisenas ir jy pasikeitimus laike.
Biisenos diagrama zingsnis po zingsnio atvaizduoja verslo ir operatyvinius sistemos
komponenty srautus.

e Saveiky diagramos —apibiidina duomeny cirkuliavima tarp modeliuojamos Sistemos
elementy.

e Bendradarbiavimo diagrama — apibiidina sgveikas tarp objekty ar jy daliy, atvaizduoja
informacijos kombinacijas, paimamas i§ klasiy, seky ir panaudos atvejy diagramy
apibiidinant ir statines struktiiras, ir dinaminius sistemos veiksmus.

e Seky diagramos — parodo, kaip objektai saveikauja vienas su kitu. Sios diagramos
iliustruoja objekty, jy biiseny, veiksmy lygiagrety iSsidéstymg laike bei pranesimus tarp
Ju.

e Laiko diagramos — specifinés diagramos, orientuotos apibtidinti laiko apribojimus [6].

2.3.1. Buseny modelio analizé

Biiseny diagramos naudojamos modeliuoti sistemy veikimg kaip baigtinj automaty. Jos
vaizduoja galimas sistemos bisenas, bei ty busenos kitimg sistemoje. Buseny diagrama yra
orientuoto grafo, kurio virStinés Zymi biisenas, o briaunos — peré¢jimus, grafiné reprezentacija. Tokia
diagrama galima apraSyti visas jmanomas pasirinkto objekto biisenas ir kaip jos keic€iasi jvykus tam
tikriems jvykiams. Siomis diagramomis galima modeliuoti tiek programas, tiek klases.

UML biiseny modelio pagrindiniai elementai yra Sie:

e Bisena (angl. State) — apraso konkreéig objekto busena.
Yra prie§ tai jvykusiy jvykiy ir veiksmy rezultatas.
Biisena turi Siuos elementus:

o Pavadinimg entry / jungti(}
o Atributus do / sviesti)
o Veiksmus ir jvykius vykstancius atéjus, iSeinant ir exit f ispngti()
kitus /18 Sios biisenos

ljungta
{ijungta=true}

Taip pat biiseny diagramoje gali biiti 2 specialios .
biisenos:
o Pradiné — nurodo prading biiseng po objekto
sukiirimo
o Galineé — zymi objekto sunaikinimg ,::é.;]
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e Per¢jimas (angl. Transition) — nusako kada objektas
keicia blisena, t.y. apraso objekto reakcijg j tam tikrg
ivyki. Per¢jimas nusakomas:

o Jvykiu (angl. Event) — nusako jvykj, kuris
aktyvuoja peré¢jimag

o Salyga (angl. Guard) — nusako sglygas, kurios
turi buti tenkinamos, kad peré¢jimas jvykty

o Veiksmu (angl. Effect) — nusako veiksmus
susijusius su objektu

IZjunk [ijungta = falze] / isjungti

Zemiau yra pateikiamas pavyzdys, iliustruojantis sumodeliuota sistema, simuliuojandia
stalinés lempos veikimg statiniu ir dinaminiu poziiiriu, pasitelkus UML klasiy ir buseny diagramas.

Lempa

-ijungta : boclean = falze
-elSuvartojimas : int =10

+ijunigtic}

+igjungtil}

+keistiBusenal busena : boolean )

1 pav. Lempos klasés klasiy diagrama

isjungti}
izjungtil}
ijungti(} Iﬂll
A A
1
|I \Il, ISJUNGTA
keistiBusenal busena ; boolean } [(busena == truej] = -
SVIECIANTI {elSuvartojimas=0,

{elsuvartojimas=40,

jjungta=falze}

ijungta=true}

ijungtil}

keistiBusenal busena : boolean ) [(buzena == falze}]

2 pav. Lempos klasés biisenuy diagrama

1 pav. pateiktoje klasiy diagramoje pateikiama informacija apie lempos klasés laukus ir
metodus, 0 2 pav. pateikiamas lempos klasés bliseny modelis, kuriama demonstruojama kaip klasés
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metodai keicia Sios klasés objekto blisenas. Per¢jimai tarp biiseny nusakomi metodais, kurie keicia
biisenas, o buisenos — klasés laukais, kurie nusako objekto biiseng esant toje biisenoje.

Taip UML buseny diagramomis galima modeliuoti:

e biisenas, kuriose gali biiti objektas ir salygas, kurias turi tenkinti objektas esant toje
busenoje

e jvykius, kuriems jvykus keiciasi objekto biiseng

e salygas, kurios turi biiti tenkinamos, prie§ jvykstant peréjimui

e ir kitus veiksmus kurie vyksta objekto gyvavimo laika, pries ir po salygas bei kitus [7,
pp. 83 - 87].

Turint Siuos duomenis galima generuoti automatinius testus, kur peré¢jimai biity naudojami
testavimo seky generavimui, o biisenos — testavimo seky rezultaty tikrinimui. Kaip tai galima atlikti,
bus aptariama tolimesniuose skyreliuose.

2.4. Automatiniy testy generavimas taikant UML biiseny modelj

Norint generuoti automatinius testus ir apskritai atlikti testavima, reikia turéti testuojamus
atvejus ir metoda patikrinti jvykdyty seky gauty rezultaty teisingumui. Turint testuojamos klasés
UML buseny diagramg galima ja eksportuoti § XMI formato failg. XMI standartas leidZia atvaizduoti
objektus XML formatu [8, pp. 3 - 5]. Tuomet nuskaicius Siame faile aprasytas biisenas ir peréjimus,
galima generuoti testus, kuriuose testavimo atvejai biity generuojami naudojant peréjimus, o jy
pateikiamy rezultaty teisingumas biity tikrinamas naudojant biisenose aprasytas salygas.

Tolimesniuose skyreliuose bus aptariami Sie veiksmai detaliau.
2.4.1. Testavimo atvejy generavimas

Testavimo atvejy generavimas yra sudétingas procesas, nes peréjimy tarp biiseny gali biiti
be galo daug, pavyzdziui 2 pav. pateiktai sistemai galima aprasyti be galo daug keliy, kurie
pavaizduoti zemiau esancioje lenteléje.

Lentelé 1. Galimos testavimo sekos stalinei lempai

Seka Galutiné biisena
ijungti() SVIECIANTI
ijungti() isjungti() ISJUNGTA
ijungti() isjungti() isjungti() ISJUNGTA
ijungti() isjungti() isjungti() ijungti() SVIECIANTI

ijungti keistiBusena(true) SVIECIANTI

Taip pat ne visi keliai gali buti svarbiis, pavyzdziui, jei esant ISJUNGTA biisenoje
kartosime isjungti() metodo kvietimg daug karty i§ to didelés naudos nebus, nes $is metodas tik
pakeicia kintamojo ijungta reik§mg j false.

Vis délto, ziturint | buseny diagramas, kaip ] orientuotus grafus, galima taikyti grafy teorijos
algoritmus ir bandyti generuoti testavimo sekas. Vienas i$ taikytiny algoritmy yra Deikstros [9]
algoritmas, kuris randa trumpiausius kelius tarp 2 virStiniy. Jo sudétingumas yra O(n?), kur n vir§iniy
kiekis. Algoritmas pateikiamas Zemiau.

{
s — pradinés virsiné
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d[l..n] keliy ilgiy masyvas, d[k] trumpiausio kelio nuo virstnés s 1ki vir3ineés k
ilgis
prec[l..n] masyvas parodantis per kurias virStnes keliai eina

}

sum:=infinity

d[i] :=sum; prec[i]:=0; i=1..n.

dls]l:= 0; {d(s,s)=0}

prec[s]:=s;

while ,yra nenudaZytuy virsdniuy"“ do
begin

min:=sum
for i:=1 to n do
if ,vir3iné i1 nenudazZyta“™ and min>d[i]
then
begin
min:=d[1i]; k:= 1i;
end;

if min = sum
then
begin
»~grafas G - nejungusis“;
stop;
end;
else
begin
NudaZome virstne k;
For u virStnes pasiekiamas i3 k
jeili u nenudazyta and d[u] > d[k] + c(k,u)

then
begin
dfu] := d[k] + c(k,u)
prec[u] :=k
end;
end;

end;
end;
end;

Tuomet, taikant §j algoritma ir priskyrus svorius peréjimams (briaunoms) galima generuoti
testavimo sekas, kur biity imama pradiné vir§iiné ir generuojami keliai iki visy kity vir§iiniy.

2.4.2. Testy duomeny generavimas

Vis délto turint testavimo atvejus ir testuojant realizuotg klasg, ne visada visi metodai bus be
parametry, pavyzdziui, 1 pav. pavaizduotoje klaséje norint iSkviesti metoda keistiBusena() reikia
nurodyti loginio tipo kintamajj. Taigi, generuojant automatinius testus reikia nurodyti konkrecias
reik§mes naudojamas testy metody kvietimui. Egzistuoja nemazai biidy tai atlikti, keletas i$ jy:

o Atsitiktinis generavimas, kai generuojamos atsitiktinés reikSmés

e Genetinis programavimas, pvz.. kai stengiamasi rasti optimaly sprendimg i§ keleto
galimy

e Duomeny generavimas analizuojant programos koda

e Generavimas taikant apribojimus

Vis dél to, §] uzdavin] galima palengvinti, nes UML biiseny diagramose galima apraSyti
salygas, kurias tenkinant gali vykti peréjimai tarp biiseny. Nuskaicius Sias vartotojo aprasytas salygas
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bei pritaikius ribiniy reikSmiy analize bei atsitiktin} generavima, galima generuoti testy reikSmes.
Pavyzdziui, turint 3 pav. pavaizduota per¢jimg tarp biiseny SVIECIANTI ir ISJUNGTA, galima
generuoti testavimo sekas, kur metodui bus nurodomos skirtingos reikSmeés.

ISJUNGTA
SLER L keistiBusenal busena : boclean ) [true] felSuvartejimas=0,
{elSuvartojimas=40, ijungta=false}

ijungta=true}

3 pav. Duomeny, metody kvietimui, generavimo pavyzdys

Galima patikrinti, ar esant busenoje ISJUNGTA iskvietus metoda keistiBusena su reikSme
true bus pereita j buseng SVIECIANTI ir jei reikSmé bus lygi false — testuojamas objektas liks
biisenoje ISJUNGTA. PapildZius testavimo atvejy generavimo algoritmg ribiniy reikSmiy analize,
galima generuoti sekas, kur biity ne vien tikrinama ar i§ vienos biisenos pereinama ] kita, bet ir kas
nutinka kai per¢jimo salyga yra netenkinama.

2.4.3. Buseny tikrinimas

JvykdZius testavimo seka, reikia patikrinti gauty rezultaty teisinguma. Si problema kitaip dar
vadinama Orakulo problema. Naudojant UML biiseny modelio diagramas, biisenoms galima aprasyti
apribojimus, kuriuos turi tenkinti objektas esant toje busenoje.

UML biuseny diagramose juos galima nusakyti salygomis, apribojimais ar prielaidomis.
UML specifikacija neapriboja kaip jas reikéty isreiksi, tad norint jas nusakyti galima taikyti:

Natiiralig kalbag
OCL

Java kalbg
Elementy reikSmes

Dazniausiai $ie apribojimai nusakomi tam tikriems elementais kaip jy vaikai arba jy
komentarai. Zemiau pateiktame paveiksliuke, biiseny salygos nusakomos konkreiomis reik§mémis,
nurodant apriboto lauko pavadinimg ir reik§Sme¢. Galima nurodyti int, String, bool, null reik§mes.
Pavyzdziui, busenoje JUNGTA yra nurodyta kad lempos klasés objekto lauko ijungta reik§mé bus
lygu true, o esant bisenoje ISJUNGTA — false. Taip biisenas apribojant elementais ir reik§mémis
galima susieti klasés laukus ir biisenas, be to sumaz¢ja rizika jvelti klaidas nei naudojant nattralia
kalba.
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o )

ISJUNGTA I

slungtl _isjungti()
et {elSuvartojimas=0, F— jungti()
ijungta=falze}
l ijungtic}
SVIECIANTI [ . .. o
_Ajungti(} finalize()
{elSuvartojimas=40, = jungti(y
ijungta=true}
\—J [ finalize(} J
@

4 pav. UML biiseny apribojimy pavyzdys

Tuomet turint tokj modelj, galima nuskaityti biisenas bei jy apribojimus ir refleksijos biidu
patikrinti reikSmes. Refleksijos metu kintamojo reikSmé pasiekiama pagal varda:

Field f = lempa.getClass().getField("ijungta™);
f.setAccessible(true);

Obiject reiksme = f.get(lempa)

2.5. Esamy problemos sprendimo metody analizé

Siuo metu rinkoje komercinio jrankio gebancio generuoti automatinius testus taikant UML
buseny modelj néra, taciau egzistuoja keletas sprendimy aprasanciy, kaip tai galima atlikti. Jie yra:

e ACUTE-J (Automated stateChart Unit Testing Engine for Java)
e CBCDTOOL

2.5.1. Analizuojami metodai

2.5.1.1. ACUTE-]

ACUTE-J (angl. Automated stateChart Unit Testing Engine for Java) apraso kaip galima
generuoti automatinius biiseny testus naudojant biiseny diagramas. Naudojant $j metoda biiseny
diagrama yra nuosekliai konvertuojama j Junit vienety testus, pritaikant grafy teorijg [10]. Jo
veikimas pavaizduotas 5 pav.
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Software | 7 T T T 7T P XSL ;
Development | ! /Rational, ' ' | 4 )
( e XM T XML )
Life Cycle 1 |_Rose ) % Gy 4 State- ;
V[ ome ] ETEEISE G IModel charts| | :
tem 11—+ | Modeling |———— .| Semantic s | Translator| |
glesslm R s Formatter L AP |
= i (Poseidon’y | | :
= I For ' ‘ '
' ses :
: : U_'iL : //‘"\\\\‘ :
| ':::.:A:...:.:::.:.!E ACUTE_J mes“l '
. T £
-‘V,,“ ] : | : £ 1 4
i [ Java Junit (!5 oo ||
Implemented] {1 | Class [||[—{ Testing [«-+— Test ||~ Vsz?t = Ge:;e?;t :
_ System J y ! | Files " |Framework| ; ! IScrip!,s e | [xmL erato
55 N
i i

5 pav. ACUTE-J generatoriaus veikimas

Testy generavimo procesas pradedamas nubraizant buiseny diagrama, jrankiu kuris palaiko
XMI eksportavimg. Tuomet, ji perduodama ACUTE-J jrankiui. Diagrama nuskaitoma, pritaikomas
Kiny pastininko (angl. Chinese postman) algoritmas ir generuojamas testas. Kiny pastininko
algoritmu nustatoma kaip greiCiausiai ir efektyviausiai aplankyti visas bisenas ir kelius. Tai
uztikrina, kad kiekvienas peréjimas ir biisena bty aplankyta.

6 pav. pavaizduota telefono veikimo biiseny diagrama. Tikrinamas kelias yra parodytas ir
pazymétas skaiCiais nuo 1 iki 18.

olugn
Off

plugCut
L

6 pav. Telefono veikimo biiseny diagrama

Tokig diagramg eksportavus ;] XMI formatg ir nurodzius generatoriui, galima generuoti
testa, kur jvykdomos testuojamos sekos ir tikrinamos biisenos, taciau jy tikrinimui turi biiti sukurtas
atskiras kintamasis klaséje, nusakantis biiseng.

1 import junit.framework.*;
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35
36
37
38
39
40
41 }

Phone phoneO0;

import junit.textui.TestRunner;

public class TestPhone extends TestCase {

public TestPhone (String name) { super (name); }

protected void setUp() { phone0 = new Phone(); }

protected void tearUp() { phoneO = null; }

public void testSetState() {

assertTrue (phonel.
phonel.pluglIn();

assertTrue (phonel.
assertTrue (phone0.
phonel.startRing ()
assertTrue (phone0.
assertTrue (phonel.
phone0.contRing () ;
assertTrue (phoneO.
assertTrue (phonel.
phone0.answer () ;

assertTrue (phonel.
assertTrue (phone0.

assertTrue (phonel.

phoneO.startDial ()
assertTrue (phone0.
assertTrue (phone0.
phone0.engaged () ;
assertTrue (phone0.
assertTrue (phone0.
phone0.plugOut () ;

assertTrue (phone0.

offState.equals (phonel.state));

// 1

onState.equals (phonel.state));

idleState.equals (phoneO.state.state));

;o /2

onState.equals (phonel.state));

ringState.equals (phonel.state.state));
// 3

onState.equals (phonel.state));

ringState.equals (phonel.state.state));

// 4

onState.equals (phonel.state));

connectedState.equals (phonel.state.state));

talkState.equals (phone0.state.state.state));

;o // 16

onState.equals (phone0.state));

dialState.equals (phone0.state.state));
// 17

onState.equals (phonel.state)) ;

idleState.equals (phoneO.state.state));
// 18

offState.equals (phonel.state)) ;

public static void main(String[] args) {

TestRunner.run (TestPhone.class) ;

Sio metodo pagrindiniai privalumai:

e Galima naudoti sub-busenas
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e Nereikia nurodyti testuojamy keliy, nes jie generuojami automatiSkai taikant kiny
pastininko algoritma.

Sio metodo triikumai:

e Reikia turéti kintamuosius, kurie nusako objekto buisenas
o Reikia atskleisti klasés kintamuosius

2.5.1.2. CBCDTOOL
Kitas metodas apraso CBCDTool jrankj [11]. Siam jrankiui nurodomos UML biiseny

diagramos, UML klasiy diagramos, peréjimy testy biisenos ir pagalbiniai failai. Sis jrankis naudoja
OCL biuiseny keitimosi validavimui. Jo veikimas parodytas 7 pav.

Operation UML UML Class Transition  Helper
Contract Statecharts Diagram Test Sequence File

y & &L 4

CBCDTool

J

Constraint on test data
for Transition Test Sequence

7 pav. CBCDTool veikimas

Pavyzdziui, nurodoma knygy skolinimo klasiy diagrama pavaizduota 8 pav.. ir biiseny
diagrama 9 pav.

Title
-name : Siing
1 |-renes - Resl Copy
-e=erioe - Fesl -berCods © String
fitles - Set{Tithe] -etEe © enumi ForRent OnHond, ForSale Rented, Soid)
[+ Titiefin rarme : Sring) | ; Sel(Copy]
|t Titie(in rarme - String) - Title [HCopyin be:: Siring)
a4 +checkTitls() : Intsgsr 1.*  |tostCooyin hemods : Sring) - Cooy
” HoetCopies) - SetCoy) HgetStsis() - Sring
ssndOdestending L+ =tCinpy(in hroncie - Siving) | getBiareode| : Sring
Resarvation +Bcc[bp_w,i'1::_amde:31'q] ) HpeiTie]) - Tite
~eservetionh - Stiing cideetPend m{m -San'mm] HgetRental]) E!F;-ua =
gt - erumiPending Outstanding Cancslisd Expired Fuifiled] " | SaOcrerding) - Rrenaten O of) - e
WWSE"HE"W o1 +0etSecond0destPending() - Resenvation HohackCopy() - Integer
+Pssenation]} ) o ) 1 |pstOustanding]) : SetiRssenation) 1 Hretfinr: Rents
“Eﬂ_ﬂﬁﬁﬂ_ WTMBM" esenationo | Sring) : Ressnvation H+ohangelidesPending|in resene : Resanation) Hretmy)
et Tite() - H+petfenttes() : String hoidEspirs()
+getPEron) - Member H+oetSalePrics() - Sing H+e=nosRissenvation()
+oopyfaaiabladin c: Ciopy) HeetForSale()
moe_ng'ﬂ'i;l__l 1 Heell])
+eancsl]) .
+eire | ressnvation
+uifillin r : Rents)

8 pav. Testuojamos sistemos klasés diagrama pateikiama CBCDTool
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cancelRegarsation]) | saifite.
cence Reservation])] not aslf tite resarvation reservation-»exiata]v: Resarvation
-=gxatav:Reaervation|v atate==Panc ng)) v etate=sFanding]]

modd Expire()[ not e=f ttle resaration-=
exlata) v Reaervation|v.atste=wFana ng)|/salf resarvation. sxplre()
FaorRaent -)I"“*- CinHuoid

holdExpire()| self_title_ressrsation

return() [ mot salf tite. reservation-= -=gata) v Reserveton)v atete=FFenc ng)|
axata)vReaarvation|v atete=sFand ing)] !seff reaarvation explref)

aellF orSabed)

return()[aelf_tite_ressrvaton
-=gxata) v Regardation)v.atate=FFena ng)|
‘\I [sef title.oldeatPending. copyAvelleble sef);

rent{r2)
iaslf.reasrvation fulfllli{r2);

9 pav. Klasés Copy biiseny diagrama
Taip pat nurodoma testuojama peré¢jimy seka:
@ForRent@rent(rl)[true]
@Rented@return()[self.title.reservation->exists(v:Reservation|
v.state=#Pending)]/self.title.oldestPending.copyAvailable(c)
@OnHold@holdExpire()[self.title.reservation->exists(v:Reservation|
v.state=#Pending)]/self.reservation.expire()
@OnHold@rent(r2)/self.reservation.fulfill(r2)
@Rented

Siame scenarijuje, yra paskolinama knygos kopija, ir po to prie§ ja grazinant, vél yra
atliekamas uzsakymas. Tada §i rezervacija baigiasi taip jai ir nejvykus, bet pries jai baigiantis yra
atliekama dar viena rezervacija. Si rezervacija nesibaigia, ir knyga yra paskolinama.

ApraSytam scenarijui jrankis sukuria ISM (ISkvietimy sekos medi), pavaizduota 10 pav. I§

jo suminimizuojami peréjimy OCL apribojimai, kurie turi bati i§pildomi, kol vykdoma seka. Siuos
apribojimus gali nuskaityti jrankis ir sugeneruoti testus.
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[s=f stste=sForRant or
saif state=ROnHod]
1)

self.reatirt) ] [eeif title secondOidestPanding.  2.1.1
state==Fending)

[sef tle reservation-= (e2.1.1) 1 gaf.tthechaﬂgaOmmPern-"g_
éae&w:ﬁma-vaoﬂ [ safftitle reservation-»ssiact] 21 ) ' [==if 1t secondOicestPancing)
« Eize=EPending) wReservation|v state=wFanding [ —
JE— . and not{v=eef tite cidestPending) ) m A ; f‘q
| sizms{] yivalals(sslf) 212
(c2) {e2.1) I
2 [eaff.itls. saconzOioestFancing saif fithe. second0idestPanding.
state=+Pendng] beCidestPanding()

22 (c2.1.2)

s ite cidestPending
copyival solesslf)

1 self.retum()

| el it e resaryation->eslect|

[zeff title.secondOidestPanding. 54 4 4

v Resarvation|v state=#Pending stEte=Peanding]
i &nd notjv=seif title. cidestPending)) (e31.1.1) aaif titla chanpeQideatPending
[eefttle remervations >aize] 341 (saif title.sacondCidestPanding)
sefect{v:Resarvation| e23) [ Beif titls reservation-»sslect —
v Btmte==Panding) {Resariation|v. sste=sFendng and s itz oidsetPending.
~azer{] rotiv=aatf iite.cldestPending) - >aizes( copyAvelsbiseslf) 3112

(=3 B a4 e34.14) s tite
o) [ salf title. resarvation-=select| . [seif.title secondOldeatPending. sacondOidestPandng.
w:Resarvation|v.sae==Panding), giEte = #Pending) oeCidestPanding)
-segiza | self ressrvation.axping() (oR492) ==
Ly 4
(c3.1) 4
3 [ zaff title reservation-»ssact 312
(w-Ressrvation|v state=wPanding and o
salf holdExpina() notiv=e=f title o destPending)Fesize=l | mﬁyﬁlﬂeﬁ?gﬂ g
(c31.2) _
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[ Beif title, reasrvation->saiect] Bl reservation. expira()

v:Resarvation|v stste=#Pending) "

-xgze= ]
[satf state=*ForRant or (c32)
saf stEte==0nHod]

(od) a1

saif.rentrd)

[==if reservation. stale
= stznding] aaf resarvation fufiir2)
(o 1)

10 pav. ISkvietimy sekos medis
Sio metodo privalumai:
e Siuo metodu sugeneruoti testai leidzia tikrinti ar teisingai vyksta peréjimai tarp biiseny
Trikumai:
e Reikia turéti ne vien biiseny diagramas, bet ir klasiy diagramas

Sudétinga nurodyti peréjimy bisenas, nes reikia OCL ir testuojamos sistemos
architektiiriniy ir veikimo Ziniy.

2.5.2. ISanalizuoty metody santrauka

Buvo iSanalizuoti ACUTE-J ir CBCDTOOL metody taikymas automatiniy testy
generavimui. Santrauka pateikiama Zemiau esancioje lenteléje.

Lentelé 2. Esamy sprendimy savybiu santrauka

ACUTE-J CBCDTOOL Sitlomas
sprendimas
Visy buseny padengimas | Taip Taip Taip
Visy Saky padengimas Ne visai Taip Taip
Generavimo Nesudétingas Labai sudétingas VidutiniSkas
sudétingumas

Realizuotos klasés lauky

Reikia atskleisti

Nereikia atskleisti

Nereikia atskleisti
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atskleidimas

Duomeny generavimas | Nepalaiko Automatinis Automatinis

Testy seky generavimas | Automatinis Reikia nurodyti sekas Automatinis

2.6. Darbo tikslas, uzdaviniai ir siekiami privalumai

Darbo tikslas yra sukurti sprendimg, leidzianti generuoti automatinius testus, kur bty
aplankomos visos biisenos ir keliai, neatskleidziant klasiy kintamyjy ir automatiSskai generuojant
reikSmes testy metody kvietimui

2.7. Siekiamo sprendimo apibréZimas

Siekiama sukurti sprendima, kuris leisty generuoti automatinius testus, kuriuose testavimo
sekos buty generuojamos taikant UML buiseny modelio peréjimus, duomenys testy metody kvietimui
buty parenkami taikant ribiniy reikSmiy analize apraSytiems apribojimams ir testavimo seky
vykdymo rezultaty teisingumui tikrinti biity taikomos biseny modelyje bisenoms nurodytos sglygos.

2.8. Analizés iSvados

Analizés metu buvo zitirima kaip galima generuoti automatinius testus taikant UML biiseny
modelj. Buvo nustatyta, kad nubraizius testuojamai klasei biiseny diagrama, galima generuoti testus,
kur testy seky generavimui taikomi UML biiseny modelyje nurodyti peréjimai, kurie nusako kokius
metodus reikia kviesti. Testavimo seky generavimui galima taikyti Deikstros algoritmg, kurio
pagalba galima biity aplankyti visas buisenas ir kelius. O testy metody kvietimui reikalingy reikSmiy
generavimui galima taikyti peré¢jimams nurodytus apribojimus, o jvykdyty rezultaty teisingumui,
diagramose biisenoms aprasytas salygas kurias turi tenkinti objektas esant toje buisenoje.
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3. PROJEKTINE DALIS

Sio skyriaus tikslas apra$yti automatiniy biiseny testy generatoriaus, geban¢io generuoti
testus 1§ UML biiseny diagramy ir programinio kodo, projekting dalj. Generatorius buvo realizuotas
kaip Eclipse programavimo aplinkos jskiepis, kuriam nurodzius buseny diagrama, biseny peré¢jimy
failg ir Eclipse projekta, kuriame yra realizuota testuojama klasé, yra generuojami testai. Toliau bus
aprasyti jam iSkelti reikalavimai ir pateiktas architektiiros vaizdas.

3.1. Generatoriaus paskirtis

Vartotojas norédamas sugeneruoti testus realizuotai klasei, turi nubraizyti UML biseny
diagrama, kurioje biiti pavaizduotos klasés biisenos (jas aprasant pavadinimu ir kokios yra kintamyjy
reik§mes esant toje biisenoje) ir kokiais metodais vyksta peréjimai tarp jy. Pavyzdziui, turint lempos
klase, kurioje realizuoti ijungti() ir isjungti() metodai, galima nubraizyti UML buseny diagramg
pavaizduotg Zemiau esan¢iame paveiksliuke.

oni) an)
Lamp | | .'f\".
| W
-jungta : Boolean OFF OH
fiungta=falze} fiuncta=true}
+0N() | x
+off() \_/ oo ]

aff(]

11 pav. Pavyzdinés sistemos modelis

Tuomet tokig diagrama eksportavus | XMI formatg ir aprasius biiseny per¢jimy failg galima
generuoti testus. Biiseny peré¢jimo failo pavyzdys pateikiamas Zemiau.

Lamp
On(), On() ON

On(),o0ff (), OFF

3.2. Panaudos atvejai

Siame skyrelyje isvardinti jskiepio panaudos atvejai.
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Eclipse IDE
saubsystems =]
ASTGPlugin
" lse Cases ___"“'“--.R
Vartotojas Generuoti testus includes _——— —
{UseCase Humber= 1} = -—}_,a-’" sz Cases T
{ Hurodyti diagramas
-
. {UseCase Number= 2}
oA = eincludes
v ~
| Y -
A1 e
[ ™ -~ —
| ! At — #lze Cases T
\ \ «infludes  Hurodyti kelius
sincludes | LY AY {UseCase Murnber= 3}
| _ \
N «mclude»\
' \
Y
L el d
I lugin \
| ! . —__
I L slze Cazes T
o —_— 4 Hurodyti fitrus
l/x"" «lse Cases T {UseCase Mumber= 4}
. Hurodyti taisykles )
{UseCase Number= 5} \
— sllze Casew --'""'-x\
|:' Hurodyti kitus parametrus
’ {UseCase Number= &G}

12 pav. Sistemos panaudojimo atvejuy diagrama
Sio jrankio vartotojo funkcijos:

Generuoti testus — funkcija skirta testy generavimui.

Nurodyti diagramas — skirta nurodyti UML baseny diagramas.

Nurodyti kelius — funkcija nurodyti keliy failus.

Nurodyti filtrus — funkcija skirta nurodyti kokiy klasiy objektai bus konstruojami metody
kvietimui.

Nurodyti taisykles — funkcija skirta nurodyti kokios konkrecios reik§més bus naudojamos
objekty kiirimui ir kvietimui.

Nurodyti kitus parametrus — funkcija skirta nurodyti kur bus saugomi testai ir pan.
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Lentelé 3. PA 1: Generuoti testus

Panaudos atvejis

Generuoti testus D |1

Aktoriai

e Vartotojas

Tikslas

Sugeneruoti testus pagal parinktus nustatymus.

SuZadinimo salyga

Vartotojas pasirenka generuoti testus punktg i§ kontekstinio meniu arba
paspaudzia mygtuka jrankiy juostoje.

Pries sglyga

Vartotojas turi biiti jkeéles projekta, kuriame egzistuoty testuojamos klasés,
metodai ir atributai.

Po salyga

Sugeneruojami testali.

Pagrindinis scenarijus

1. Vartotojas pasirenka projekta, paketa ar klase.

2. Vartotojas iSkviecia testy generavimo vedlj.

3. Vartotojas nurodo biiseny diagramos failg ar failus, spaudzia Next
mygtuka.

4. Vartotojas nurodo kelius, spaudzia Next mygtuka.

5. Vartotojas nurodo filtrus, spaudzia Next mygtuka.

6. Vartotojas nurodo taisykles, spaudzia Next mygtuka.

7. Vartotojas nurodo kitus parametrus, spaudzia Finish mygtuka.

8. Testai sugeneruojami ] nurodyta kataloga.

Alternatyvus
scenarijus

e Parodoma klaida, jei diagramoje apraSyta klas¢ projekte
neegzistuoja.

e Parodoma klaida, jei nurodytas tuscias keliy failas.

e Parodoma klaida, jei nurodyta diagrama tuscia.

Lentelé 4. PA 2: Nurodyti diagramas

Panaudos atvejis

Nurodyti diagramas |ID |2

Aktoriai

e Vartotojas

Tikslas

Nurodyti UML biiseny diagramas, pagal kurias bus generuojamos
biisenos.

SuZadinimo salyga

Vartotojas pasirenka generuoti testus punktg 1§ kontekstinio meniu arba
paspaudzia mygtuka jrankiy juostoje, taip atidarydamas generavimo
vedl].

Pries salyga Turi buti iSkviestas testy generavimo vedlys.
Po salyga Nurodomos diagramos.
Pagrindinis 1. Vartotoj as pas.iren‘kavl‘ projekta, paketa oar klasg.
scenarijus 2. Va}rtotOJas ] 1skv1ef:1a tesj[q generavimo vedl;.

3. Vartotojas nurodo buiseny diagramos failg ar failus.

e Parodoma klaida, jei nurodyta diagrama tuscia.

Altem?_tyVUS e Parodoma klaida, jei diagramoje aprasyta klasé¢ projekte
scenarijus neegzistuoja.
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Lentelé 5. PA 3: Nurodyti kelius

Panaudos atvejis

Nurodyti kelius D |3

Aktoriali

e Vartotojas

Tikslas

Nurodyti kelius ir biisenas kuriy bus tikimasi.

Suzadinimo salyga

Vartotojas turi biti atidargs testy generavimo vedlj, nurodes diagramas.

Pries salyga

Turi bati nurodyta bent viena diagrama.

Po salyga

Nurodytas bent vienas kelias.

Pagrindinis scenarijus

1. Vartotojas pasirenka projekta, paketa ar klasg.
2. Vartotojas iSkviecia testy generavimo vedlj.
3. Vartotojas nurodo biuiseny diagramos failg ar failus, spaudzia Next
mygtuka.

4. Vartotojas nurodo kelius.

Alternatyvus scenarijus

e Parodoma klaida, jei nurodytas tuscias keliy failas.

Lentelé 6. PA 4: Nurodyti filtrus

Panaudos atvejis

Nurodyti filtrus [ID | 4

Aktoriai

e Vartotojas

Tikslas

Nurodyti klasiy, sasajy, abstrak¢iy klasiy ir sarasy filtrus, kurie bus
naudojami objekty konstravimui.

Suzadinimo salyga

Vartotojas turi buti atidares testy generavimo vedlj, nurodes diagramas,
kelius.

Pries salyga Turi biiti parinktos diagramos, keliai.
Po salyga Parinkti filtrai.
1. Vartotojas pasirenka projekta, paketa ar klase.
2. Vartotojas iSkviecia testy generavimo vedl;.
Pagrindinis 3. Vartotojas nurodo biiseny diagramos failg ar failus, spaudzia Next
scenarijus mygtuka.
4.  Vartotojas  nurodo  kelius, spaudzia  Next  mygtuka.
5. Vartotojas nurodo filtrus.
Alternatyvus scenarijus
Lentelé 7. PA 5: Nurodyti taisykles
Panaudos atvejis Nurodyti taisykles [ID |5

Aktoriai

e Vartotojas

Tikslas

Nurodyti taisykles, kokios reikmeés bus imamos generuojant reikSmes
metody kvietimui.

SuZadinimo salyga

Vartotojas turi buti atidares testy generavimo vedlj, nurodes diagramas,
kelius, filtrus.

Pries salyga Turi buti nurodytos diagramos, keliai, filtrai.

Po salyga Nurodytos taisyklés.

Pagrindinis 1. Vartotojas pasirenka projekta, paketa ar klase.
scenarijus 2. Vartotojas iSkviecia testy generavimo vedli.
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3. Vartotojas nurodo biiseny diagramos failg ar failus, spaudzia Next
mygtuka.

4.  Vartotojas  nurodo
5. Vartotojas  nurodo

6. Vartotojas nurodo taisykles.

Next
Next

mygtuka.
mygtuka.

kelius,
filtrus,

spaudzia
spaudzia

Alternatyvus
scenarijus

Lentelé 8. PA 6: Nurodyti Kitus parametrus

Panaudos atvejis

Nurodyti kitus parametrus [ID |6

Aktoriai

e Vartotojas

Tikslas

Parinkti kitus nustatymus, kaip testy generavimo gylis, saugojimo vieta ir
pan.

SuZadinimo salyga

Vartotojas turi buti atidares testy generavimo vedlj, nurodes diagramas,
kelius, filtrus, taisykles.

Pries sglyga Turi buti parinktos diagramos, keliai, filtrai, taisyklés.

Po salyga Parinkti Kiti nustatymai.
1. Vartotojas pasirenka projekta, paketa ar klasg.
2. Vartotojas iSkviecia testy generavimo vedl;.
3. Vartotojas nurodo biiseny diagramos failg ar failus, spaudzia Next

Pagrindinis mygtuka.

scenarijus 4.  Vartotojas  nurodo  kelius, spaudzia  Next  mygtuka.
5. Vartotojas  nurodo  filtrus, spaudzia  Next  mygtuka.
6. Vartotojas nurodo taisykles, spaudzia Next mygtuka.
7. Vartotojas nurodo kitus parametrus.

Alternatyvus

scenarijus

3.3. Reikalavimai

Siame skyrelyje i§vardinti idkelti funkciniai ir nefunkciniai reikalavimai automatiniam testy

generatoriui.

3.3.1.1. Funkciniai

Lentelé 9. FR 1: Testy saugojimo vieta

Reikalavimas 1 | Reikalavimo tipas FR | Ivykis/PA E
Aprasymas LeidZiama nurodyti testy saugojimo vieta.

Pagrindimas Vartotojas gali noréti sugeneruotus testus saugoti atskirai.

Saltinis UZsakovas.

Tikimo kriterijus Testavimo jrankis turi leisti nurodyti testy saugojimo vieta.

UZsakovo tenkinimas 3 UZsakovo nepatenkinimas | 2

Priklausomybés Konfliktai Neéra

Papildoma medziaga

Istorija

Uzregistruotas 2012-03-05
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Lentelé 10. FR 2: Klasiy nagrinéjimo lygis

Reikalavimas 2 | Reikalavimo tipas FR | Ivykis/PA 6

ApraSymas Leidziama nurodyti testy generavimo gyli.

Pagrindimas Vartotojas gali noréti nurodyti gylj iki kol bus naudojamos NULL reikSmés
objekty konstravimui.

Saltinis Uzsakovas.

Tikimo Testavimo jrankis turi leisti nurodyti klasiy paieskos gylj.

Kriterijus

UZsakovo 3 Uzsakovo nepatenkinimas 2

tenkinimas

Priklausomybés Konfliktai Néra

Papildoma

medZiaga

Istorija Uzregistruotas 2012-03-05

Lentelé 11. FR 3: Testy metody priesdélis

Reikalavimas

3 | Reikalavimo tipas | FR | Ivykis/PA

g

ApraSymas Leidziama nurodyti testy metody priesdél;.

Pagrindimas Vartotojas gali noréti nurodyti tam tikrg testy metody priesdél;.
Saltinis Uzsakovas.

Tikimo kriterijus Testavimo jrankis turi leisti nurodyti testy metody priesdélj.
UZsakovo tenkinimas 3 UZsakovo nepatenkinimas | 2

Priklausomybés Konfliktai Neéra

Papildoma medziaga

Istorija

Uzregistruotas 2012-03-05

Lentelé 12. FR 4: Testy klasiy galiinés pavadinimas

Reikalavimas 4 | Reikalavimo tipas FR | Ivykis/PA | 6
AprasSymas LeidZiama nurodyti testy klasiy galiinés pavadinima.

Pagrindimas Vartotojas gali noréti nurodyti tam tikra testy klasiy galtinés pavadinima.
Saltinis UZsakovas.

Tikimo kriterijus

Testavimo jrankis turi leisti nurodyti testy klasiy galting.

Uzsakovo tenkinimas

3 Uzsakovo nepatenkinimas | 2

Priklausomybés

Konfliktai Neéra

Papildoma medZziaga

Istorija

Uzregistruotas 2012-03-05
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Lentelé 13. FR 5: Testu generavimo taisyklés

Reikalavimas | 5 | Reikalavimo tipas FR | Ivykis/PA |5
Aprasymas Leidziama nurodyti testy taisykles.
Pagrindimas | Vartotojas gali noréti nurodyti tam tikras taisykles, kurios bus naudojamos
konkreciy reikSmiy generavimui kvieciant metodus.
Saltinis Uzsakovas.
Tikimo Testavimo jrankis turi leisti nurodyti taisykles.
Kriterijus
UZzsakovo 3 UZsakovo nepatenkinimas 2
tenkinimas
Priklausomy Konfliktai Neéra
bés
Papildoma
medZiaga
Istorija Uzregistruotas 2012-03-05
Lentelé 14. FR 6: Testy filtrai
Reikalavimas | 6 | Reikalavimo tipas FR | Ivykis/PA 4

Aprasymas Leidziama nurodyti testy filtrus.
Pagrindimas Vartotojas gali noréti nurodyti tam tikrus filtrus pvz.: kuriuos konstruktorius
naudoti objekty konstravimui ir pan.
Saltinis Uzsakovas.
Tikimo Testavimo jrankis turi leisti nurodyti filtrus.
Kriterijus
UZzsakovo 3 UZsakovo nepatenkinimas 2
tenkinimas
Priklausomybé Konfliktai Néra
S
Papildoma
medZiaga
Istorija Uzregistruotas 2012-03-05
Lentelé 15. FR 7: Keliy failai
Reikalavimas 7 | Reikalavimo tipas | FR | Ivykis/PA | 3
Aprasymas LeidZiama nurodyti keliy failus.
Pagrindimas Pagal vartotojo parinktus kelius bus kvieCiami metodai ir tikrinamos
biisenos.
Saltinis Uzsakovas.

Tikimo kriterijus

Testavimo jrankis turi leisti nurodyti keliy failus.

UZsakovo 4 Uzsakovo nepatenkinimas | 4
tenkinimas
Priklausomybés Konfliktai Neéra

Papildoma medziaga

Istorija

Uzregistruotas 2012-03-05
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Lentelé 16. FR:8: Diagramy failai

Reikalavimas

8 | Reikalavimo tipas | FR | Ivykis/PA 3

Aprasymas Leidziama nurodyti diagramy failus XMI formatu.
Pagrindimas Vartotojas i$ $iy diagramy generuos testus.
Saltinis Uzsakovas.

Tikimo kriterijus

Testavimo jrankis turi leisti nurodyti diagramy failus XMI formatu.

Uzsakovo tenkinimas 4

UZsakovo nepatenkinimas | 4

Priklausomybés

Konfliktai Néra

Papildoma medziaga

Istorija

Uzregistruotas 2012-03-05

Lentelé 17. FR 9: Suvestiné po generavimo

Reikalavimas

9 | Reikalavimo tipas | FR | Ivykis/PA | 1

Aprasymas Po testy generavimo turi buti parodyta kiek uztruko generavimas ir kokie testai
buvo sugeneruoti.

Pagrindimas Vartotojas gali biiti jdomu kaip pavyko generavimas.

Saltinis Uzsakovas.

Tikimo Testavimo jrankis turi parodyti §ig suvesting po generavimo.

Kriterijus

UZsakovo 3 Uzsakovo nepatenkinimas 1

tenkinimas

Priklausomybés Konfliktai Néra

Papildoma

medZiaga

Istorija Uzregistruotas 2012-03-05

Lentelé 18. FR 10: Testy negeneravimas

Reikalavimas

10 | Reikalavimo tipas FR | Ivykis/PA 1

Aprasymas Testai turi biiti negeneruojami, jei klasé nerealizuota projekte.
Pagrindimas Irankis skirtas generuoti testus tik realizuotoms klaséms.
Saltinis UZsakovas.

Tikimo kriterijus

Testavimo jrankis turi parodyti klaidg, jei bandoma generuoti testus

nerealizuotoms klaséms.

Uzsakovo 3 Uzsakovo nepatenkinimas 1
tenkinimas

Priklausomybés Konfliktai Neéra
Papildoma

medZiaga

Istorija UZzregistruotas 2012-03-05
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3.3.1.2. Nefunkciniai reikalavimai

Lentelé 19. NFR 11: Sasaja

Reikalavimas 11 | Reikalavimo tipas | NFR | Ivykis/PA | 1-6

ApraSymas Paprasta neperkrauta sasaja.

Pagrindimas Vartotojui turi buti paprasta dirbti ir neintuityvi sgsaja neturi apsunkinti jo
darbo.

Saltinis Uzsakovas.

Tikimo kriterijus Sasaja turi biiti intuityvi ir paprasta.

UZzsakovo 3 UZsakovo nepatenkinimas |1
tenkinimas

Priklausomybés Konfliktai Neéra
Papildoma

medZiaga

Istorija UZzregistruotas 2012-03-05

Lentelé 20. NFR 12: Lengvas iSmokimas

Reikalavimas

12 | Reikalavimo tipas NFR | Ivykis/PA | 1-6

ApraSymas Turi biiti lengvai iSmokstama naudotis jskiepiu.
Pagrindimas Vartotojui bty paprasta dirbti ir neapsunkinty jo darbo neintuityvi s3saja.
Saltinis Uzsakovas.

Tikimo kriterijus

Sasaja turi buti intuityvi ir paprasta.

Uzsakovo tenkinimas

3 UZsakovo nepatenkinimas | 1

Priklausomybés

Konfliktai Néra

Papildoma medziaga

Istorija

Uzregistruotas 2012-03-05

Lentelé 21. NFR 13: Generavimo greitis

Reikalavimas

13 | Reikalavimo tipas |NFR | Ivykis/PA | 1-6

AprasSymas Testai turi biiti generuojami kuo jmanoma grei¢iau.
Pagrindimas Vartotojas nelauks 2h kol bus sugeneruoti testai 1 klasei.
Saltinis Uzsakovas.

Tikimo kriterijus

Testai generuojami greitai.

Uzsakovo tenkinimas

3 UZsakovo nepatenkinimas | 1

Priklausomybés

Konfliktai Neéra

Papildoma medZziaga

Istorija

Uzregistruotas 2012-03-05

Lentelé 22. NFR 15: Ple¢iamumas

Reikalavimas

15 | Reikalavimo tipas |NFR [ Ivykis/PA | 1-6

ApraSymas

Sistema turi biiti paprastai taisoma ir ple¢iama.

Pagrindimas

Gali tekti sistema plésti ir pildyti naujomis savybémis.
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Saltinis Uzsakovas.

Tikimo kriterijus Sistema naudoja sgsajas ir abstrakcias klases.
UZsakovo tenkinimas 3 UZsakovo nepatenkinimas | 1
Priklausomybés Konfliktai Neéra
Papildoma medziaga

Istorija Uzregistruotas 2012-03-05

3.4. Architektiira

Siame skyrelyje pateikiamas sukurto jskiepio sistemos architektirinis vaizdas.
3.4.1. Statinis vaizdas

Sistema yra suskirstyta j 6 pagrindinius paketus:

¢ Analyzer (analizavimo)
Generator (generavimo)
Lib (testavimo bibliotekos)
Results (rezultaty)

Ul (vartotojo s3sajos)
Helpers (pagalbinio)

Jie pavaizduoti 13 pav.

ASTG system
|

ui

] g e
analyzer

fenerator

\ ~

T - 7

i
|~5!.' ) _.J"-"”R f
helpers - |«

results

lib

13 pav. Realizuoto jskiepio pakety diagrama
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3.4.1.1. Analyzer paketas

Analyzer — tai paketas atsakingas uz keliy nagringjima, klasiy ir sgrasy parinkima, kurie bus
naudojami testy duomenims. Jam nurodomi analizuojamos klasés, jy buseny seky diagramos,
peréjimy failai ir filtrai, kurie atsakingi uz tai kokios klasés bus naudojamos generuojant reikSmes.
Sio paketo statinis vaizdas pavaizduotas 14 pav.

analyzer
uml
Analyzer
+analyzer) - List=Result= Trausitious\isitor
+wisili fife [ String, resafts [ List=Resalt= ) | void
ParamAnalyzer XIVE Uisitor
#oconstructorSelectionStratedy - MethodChonzer #invariantVistors © Invariantistor [0.*] = new Arraylist=invariantvisitor=(0)
#classChooser : ClassChooser = = = = =
spjetters+uetinvatisntisitors() : List=invatiant'isitor=
«pefters+getConstructor SelectionStrategy() © MethodChooser z=efters+setinvariantVistors( invatiant®istors © List=Invariantvistar= ] : woid
«setiers+setConstructor SelectionStrategy( constructorSelectionStrategy | MethodChooser 1 void +wisili fife [ String, resufts [ List=Resalt= ) | void

spetters+getClassChooser) . ClassChooser
sactter-+esetClassChooser classChooser © ClassChooser ) void
+analyze( results | List=Resnlt= ) vold

invariants
mappers ‘ InvarigutVisitor -C:-l
NbthodsUBpper ‘+wslf{s D &Sigte, e D Element, name [ Siring, type © Steing ) void |

#methodsChooser  MethodChoozer
#oonstructorSelectionStrategy : MethodChooser

snEfiers+yetConstructor SelectionStrateny() | MethodChooser

wsetiers+setConstructor SelectionStrategyl constructorSelectionStrategy © MethodChooser ) void
agetters+gethethodSelectionStrategy() | MethodChooser

sacter+setMethodSelectionStrategy methodSelectionStratedy | MethodChooser ) waid
+choasel pr | IlavaProfect, results © List=Resuit= ) vold

choosers

ClassClooser

+choosel pes | List=iTme= ) 2 T

14 pav. Analyzer paketas

3.4.1.2. Generator paketas

Generator — tai paketas skirtas testy ir jy kvie¢iamy metody reikSmiy generavimui. Jo
vaizdas pateiktas 15 pav.
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generator

Gefarator
#rules : Rule [0..*] = new ArrayList=Rule=(0){readCnly |
#enumChooser | EnumcChooser = new EnumcChooserimpl() rules
#gTestClazsMame : String = "Test"
soetters +getRules() : List=Rule= Rufe
spetters+getEnumChooser() | EnumChaoszer #enum'alueChooser | EnumChooser = newy EnumChooserimpl)
w=etterz+setEnumChooser] enumChooser : EnumChooser 3 woid
+addRulel rule : Rule ) waicd +generatel seq | TestSequence, b o nt ) D Siring
+generatel resits - List=Resuit= ) : void wpetters +getEnumialueChooser() | EnumChooser
#oenerateSetUpl ro Result 1 String wzefters+setEnumiaiueChooser] enumiyalueChooser | EnumcChooser 1. woid

#genersteTearDown(l : String

#oenersteObil r: Result ) : String

|

choosers

EnumChooser

+chaoosel e [ ITipe ) - String

15 pav. Generator paketas

3.4.1.3. Ul paketas

Siame pakete apragytos klasés atvaizduojanéios vartotojo sasaja.

ui
generator analyzer
GeneratorOptionsPage AnalyzersettingsPage
#shell : Shel N
“ruleTakle : ATETable fShE"-TSQS"_ A
-enumsTable : ATGTable ~gloansssTaabE ATGTaab\Z
sconstruciors+GeneratorOptionsPagel. selection : 1Selection, shell: Shel ) ~mapTable | ATGTable
jErogasgég;?;&%z‘::;?.ogﬁfﬂli?)g.Ee)nld soonstructors+AnalyzerSettingsPagel selection : 1Selection, shel @ Shell )
~cresteElement oridData  GridDsts, container : Composite ) woid fg?gﬁ?ég?&:’;&%’:g’;‘?rgmggzﬁgﬁ(\imd
f;g:;g%ﬂ:ﬁ;:&?i%ﬂd Bl IS ) W) -createElementl gridData ; GridData, container |§3|:|m;:u:|s'rh3 7 woid
-updateStatus) message : String ) : void f;g:’ofé%i:g;g:g:ziroi dsmes'“”a'yze”mp' D vt
-updsteStatus( message : String ) @ woid
GenerateStatesTestsWizard
-filesPage : FilezPage
-seftingsPage | AnalyzerSettingsPace
-rules : GeneratorCptionsPage -
- Statestnalyzerlmpl FilesPage
- : StatesTesteGenerator #zhel - Shell
+zelection : 1Selection ~transFile ; String = null
#shell: Shel ~umlFile : String = rll
soonstructors+GenerateStatesTestswizard] = : Shell ) ~projectName : String = nul
4 ~t: Result [0.%]
+acidPages() © void ~UmiF : boolean = false
+performFinishi)  boolean = F - hool '_1 i
sdavaElement:z-cdoFinish monitor : IProgresskonitor ) : void{Javasnnotations = "@Suppressiarnings"unused")" - ran_sd.F ?JU e‘an —_afs;a
+nit( workbench : Workbench, selection : IStructuredSelection ) @ void p.":'_]e iy UE’ t?:an - ﬁse
~dit : String = "o emp!
zoonstructors+FilesPagel selection : 13election, shel : Shell )
+configure! analyzer | Statestnalyzerimpl ) woid
sconstructors+FilesPage()
+cresteControl( parent : Composite ) woid
-cresteElement] gridData @ GridData, container @ Composite ) vaidd
-dialogChanged() ; void
-updateStatus message ; String 10 void

16 pav. Ul paketas
3.4.1.4. Lib paketas

Sis paketas apraso klases reikalingas objekty biiseny ir jy salygy apradymui.



fevariant

#name ; String
#value - Object

sietters+gethlamel) - String
wzefters+sethamel name ; String 1 woid
syetters+getvaluel) | Object
szetters+zetWaluel value | Chiect 1 woid
ggetters +is0R 0 | Offect ) - boolean
+print() ; woid

lib

State

¥rame ; String = null
Rinvwariants | Invariant [0.%] = new ArrayList=invariant=( 2 readOnly

soonstructor:+Statel name © String

spelters +isState ORy o - Ofject ) - boolean
apetters+getinvariants) : List=Invariant=
soetters+gethlamel)  String

+addinvariant( i ; Invariant 1 woid

+RKEint() ; woid

+oString() ;- String

17 pav. Lib paketas

3.4.1.5. Helpers paketas

Siame pakete saugomos pagalbinés klasés.

helpers

ValuesHelper

-instance : “aluesHelper = newy WaluesHelper{readCnly

-walues : String [0..%] = neww Hashiap=String String=(00{readOnly |

soonstructors-valuesHelper(l
zojefters+getinstancel | YaluesHelper
woetters+getvalues() . Map==5tring, String=

Helper

+LEWEL : it = F{readCnly
+HMHERITARMCELEYEL : int = 3{resdCnl
+TESTEDOBEJMAME : String = "test"{readCnly
+TESTMETHOD : String = "test™{readCnly
+TESTCLASSKAME : String = "Test"{readCnly
-DIFFFOLDER : boolean = true{readCnly
-FOLDER : Siring = "tests"{readCnly

+DEBUG : boolean = Boolean. TRLE

+arint msd @ String 0 void
+orint wehat © String, mee - Stringg 7 void

+findtdethods( methods © List=IMethod=, tmphdilame . String ) - List=IMethod=

zojetters+getAliethodsinTypel type - IType ) - List=lMethod=

wijetters+getConstructorst type : (Type 7 : List=Method=

zjetters+gethethodsl tyoe @ IType level @ int 3 0 List=IMethod=

sojetters-gethethodlist] methods : List=IMethod= tmp : Type, parent : Type ) woid

znetiers+izPrimitivel typebame © String 7 © boolean

zojetter s +getimplementationsl type - Type ) : List=Types=

+HindTypes( name : String 7 @ List=ITypes=
+yenerateRandomi name : String 1 : String

+checkParamsl values : Map=String, String=, bk : StringBuilder, params : List=Param= e : EnumChooser ] : woid

+checkParam( values : hMap=String, String=, b © StringBuilder, p . Param, last ;. boolean, e - EnumiChooser 7 woid

+yeneratel res : Result, testhlame : String, result - String 1 woid

+zavel pack : [PackageFragment, name : String, contents © String 3 woid

zlavaElement-+formatCodel source . String 1 @ StringfJavasnnotations = "@@SuppressivWarnings"unchecked™ "

18 pav. Helpers paketas

3.4.1.6. Results paketas

Siame pakete apraSytos klasés testuojamy klasiy, metody ir biiseny apradymui, kurias
naudoja Analyzer ir Generator paketai tarpusavio bendradarbiavimui.
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Param

#name : String

#igPrimitive : boolean = falze

#dim : int = 1

#ype  Type

#ishull : hoolean = false

#isEnum : boolean = false

#value © String

#children : Param [0..*] = new ArrayList=Param=(0)readOnly |
~defauttConstructar @ bodlean = falze

wconstructors+Param)

sconstructors+Param name : String, dim : int )
soonstructors+Param name : String, value : String )
woonstructors+Param name : String, po boolean )
snonstructors+Param names : String )
egetters+getType) : IType

wsefters+zetTypel type © [Type 1 woid
zgetters+isEnum() . boolean

wsefters+zetEnuml isEnum : hoolean 1 void
wsefters+zethlamel name © String 1 : woid
wsefters+zetPrimitivel isPrimitive : boolean ) © woid
zgetters+getilame) - String

zoetters+uetDim) - int

gaetters+setDiml dim ; int 3 void
zoetters+isPrimitivel) ; boolean
zoetters+uetChildren() ; List=Param=

+addChild( p: Param ) void
zzetters+eetUseDefautt(l ; woid
zoetters+isUsebefault) ; boolesn

+print() ; woid

aaetters+setMulll) © vaoid

wpetters+HasMull() : boolean

+HoString() : String

snetters+getvalue) | String

results

Reasuft

#Fname : String ="

#ype : [Type

#zhaortMame @ String

FpackageMame : String

#zequences : TestSeqguence [0.%] = new ArrayList=TestSequence=(0){readCOnly
#Foconstructor : Methodinfo = neswy Methodinfagnully

«petters+getConstructor() : Methodinfo
wpetters+getTypel) : IType

wzetters+setTypel type © [Type 3 waid
«petters+getPackagetame) | String
wzetters+setPackagetlamel packageMame : String 1 woid
«petters+getShortiamer) © String
wzefterz+zetShorthamel shorthame @ String 1 void
sietterz+getSequences() : List=TestSequence=
soetterz+getMamen) : String

+addSequencel seq : TestZequence 1 woid
+prirdi) ; voicd

szefterz+setConstructor] o ; Methodinfo 3 ; woid
+HoString() : String

TestSequence

#name : String = null
#callzdhethacds : Methodinfo [0..%] = new ArrayList=tethodinfos=(0)read Only

sconstructors+TestSequencel name : String 1
anetter s +getMamel) | String

saetters+aetMamel name @ String ) woid
arjetter s +getCallechethods() « List=tethocdinfo=
+acddhethodl i Methodinfo ) vaoid

+printi) : woid

+HoString) : String

Methodinfo

#classz | String

#Fuzediethod @ IMethood

#Fname : String

#Fpatams | Param [0..*] = new ArrayList=Pararm={0)

wconstructors +Methodinforl name : String )
«petters+getParams) : List=Param=
wzetters+aetParamsl params : List=Param= ) : waid
«petters+getlzediethod() : IMethod
wzetters+eetlsediethod] usedhethod : IMethod 3 - woid
wpetters+gethamer) : String

wzetters+eethamel name : String 7 void
soetters+isvoid() ; boolean

+prirti) ; voidd

+oString(l: String

19 pav. Results paketas

3.4.2. Dinaminis sistemos vaizdas

Siame skyriuje pateikiamos sistemos veiklos ir biiseny diagramos nusakancios pagrindinius

iskiepio veikimo principus.

3.4.2.1. Iskiepio veiklos diagramos

20 pav. pavaizduotas bendras sistemos veikimas. 21 pav. — detalizuotas duomeny analizés

procesas, 0 22 pav. — testy generavimo procesas.
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Choose

Choose
classes diagrams
= Generate tests
R vze data from anahyzed
eTn?e?afion data : Tests
3 th generation '
Show
Ii message
»\_):7 about finished
generation
Choose other
params Choose paths

20 pav. Testy generavimo schema

Are there any unanalyzed diagrams left?

[falze] —
®

N

. ...[true]

Get next
diagram

Are there any path files for this diagram’?

[falze]

- e

[true]

Generate
states
Are there any path files left?
[falze] b N

.

'..[.true]

Get next path
file

Generate paths

21 pav. Duomeny analizavimo schema



Are there any data left ungenerated?

[falze] —

::3)

TTtrue]

Get next
analyzer result

Generate test

S Save test

22 pav. Testy klasiy generavimo schema

3.4.2.2. Iskiepio buseny diagramos

Testy generavimg apraso 23 pav. Egzistuoja 6 nuoseklios biisenos. Neparinkus klasiy faily,

negalima parinkti diagramy, neparinkus jy negalima nurodyti keliy ir pan.

Clazzes are Select disgrams Diagrams are
selected selected
Select clazses
. Generate Tests are
Data is analyzed — — = generated
Select paths
Analyze
O
Other params Select ather params Path files are
are selected selected

23 pav. Testu generavimo biiseny diagrama
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4. SPRENDIMO REALIZACIJA IR TESTAVIMAS

Siame skyrelyje bus aptarta kaip buvo realizuotas ir kaip atitinka reikalavimus sukurtas
sprendimas apraSytas 3 skyrelyje. Be to yra aptariami atlikti patobulinimai.

4.1. Sprendimo realizacijos ir veikimo apraSas

Sprendimas buvo realizuotas pagal 3-iame skyrelyje nurodytus reikalavimus. Vartotojas
turéjo turéti UML buseny modelio diagrama, per¢jimy faila, bei realizuota klas¢ norédamas
generuoti testus. Realizuoto jskiepio metrikos pateikiamos Zemiau esancioje lenteléje.

Lentelé 23. Realizuoto jskiepio metrikos

Metrika ReikS§mé
Bendras kodo eiluciy kiekis (LOC) 3569
Kodo eiluciy kiekis (MLOC) 2133
Pakety kiekis 34
Klasiy kiekis 60
Metody kiekis 273

4.2. Testavimo modelis, duomenys, rezultatai
Sukurto jskiepio metu testavimo buvo tikrinama ar nurodytai diagramai:
e sugeneruojami teisingi per¢jimai
e teisingai sugeneruojamos biisenos

e testai veikia.

Iskiepiui buvo nurodyta Zemiau pateikiama diagrama.
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CableDisconnected | changeBulb( b: Bulb ) : void
{cableConnected=falze,

isLit=falze,
lightLesel=0,
povweer=0%
disconnectPowerCakle() © vaid connectPovwerCablel cable | Cable ) void
CableConnected
Lit
(.,——— OFF touchi) : void
changeBulbl b : Bulb ) void o) {cableConnected=true, LitLevell
izLit=falze, {cableConnected=true,
lightLewvel=0, isLit=true,
power=0% lightLevel=1,
poweer=10}
touchi) ; waid
Litl evel3
{cahleConnected=true,
i=Lit=true,
lightLesvel=3,
poswer=40}
touch) : waid
T . LitLevel2
touchi) : void {cableConnected=true,
isLit=true,
lightLevel=2,
changeBulb( b Bulb 1 : void power=20}

24 pav. Iskiepio tyrimui naudota diagrama

4.2.1. Peréjimy generavimas

Buvo tikrinama kaip jskiepis sugeneruoja peré¢jimus tarp buseny i$ vartotojo pateikto
peréjimy failo.

Failo pavyzdys:
org.testing.lamp.TableLamp
CableDisconnected
connectPowerCable (), touch () LitLevell
connectPowerCable () [OFF], touch () [LitLevell], changeBulb () OFF

Sistema turéjo sugeneruoti 3 testy metodus, kuriuose kvieté metodus nurodytus faile. Tiek
testy ir buvo sugeneruota. O $iy sugeneruoti testai pateikiami Zemiau esancioje lentel¢je.

Lentelé 24. Iskiepio sugeneruotos sekos testuojamai klasei

Seka Sugeneruotas testas

CableDisconnected @Test
public void
testSTR_CableDisconnectedl1() {
assertTrue("Check
CableDisconnected state",
states.get("CableDisconnected").isStat
eOK(test));
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Seka Sugeneruotas testas

connectPowerCable(),touch() LitLevell @Test
public void testSTR_LitLevell5() {
test.connectPowerCable(new
org.testing.lamp.cables.Power220Cable(
-1542495731));
test.touch();
assertTrue("Check LitLevell
state",

states.get("LitLevell").isStateOK(test

))s
}
connectPowerCable()[OFF],touch()[LitLevell],c @Test
hangeBulb() OFF public void testSTR_OFF4() {

test.connectPowerCable(new

org.testing.lamp.cables.Power220Cable(
-1784213145));

assertTrue("Check OFF state",
states.get("OFF").isStateOK(test));

test.touch();

assertTrue("Check LitLevell
state",

states.get("LitLevell").isStateOK(test
))s
test.changeBulb(new
org.testing.lamp.bulbs.HalogenBulb(
new
java.lang.String(), 395629368, 1039236263,
17.206364896941505));
assertTrue("Check OFF state",
states.get("OFF").isStateOK(test));

}

Taigi, jskiepis teisingai sugeneravo sekas.
4.2.2. Biiseny generavimas

Tiriant jskiepj taip pat buvo patikrinta ar jis teisingai sugeneruoja biiseny sgrasus. Jam buvo
nurodyta 24 pav. pavaizduota diagrama. [skiepis sugeneravo 5 blisenas, nevertinant sudétiniy biiseny.
Salygos buvo nurodytos teisingai. Viena i$ sugeneruoty buiseny pateikiama Zemiau.

{
State s = new StateImpl("CableDisconnected");
s.addInvariant(new InvariantImpl("isCableConnected", "false"));
s.addInvariant(new InvariantImpl("isLit", "false"));
s.addInvariant(new InvariantImpl("usedPowerInW", "0"));
s.addInvariant(new InvariantImpl("lightLevel", "0"));
states.put("CableDisconnected”, s);

}

4.2.3. Testy tikrinimas
Biiseny tikrinimo metu, buvo paleistas sugeneruotas testas, patikrinant ar teisingai

aptinkamos biisenos, tuomet pakei¢iamos biiseny sglygos ir tikrinama ar testai tai aptinka. Testai
s¢kmingai aptikdavo pasikeitusias biseny sglygas.
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4.3. Atlikti patobulinimai
Pries atliekant eksperimentg buvo tobulinamos Sios dalys:

e Biiseny per¢jimy nuskaitymas
e Testavimo keliy parinkimas
¢ ReikSmiy naudojamy testy metody generavimas

Toliau atlikti patobulinimai bus aptariami detaliau.
4.3.1. Biiseny peréjimy nuskaitymas

Buvo nuspresta patobulinti testavimo keliy parinkima, kad sekos biity parenkamos
automatiSkai. Tam atlikti, reikéjo papildyti testavimo bibliotekos ir analizatoriaus paketus, kad bty
nuskaitomi ir iSsaugomi peré¢jimai tarp biuseny. Analizatoriaus pakete buvo sukurta nauja klasé
nuskaitanti biisenas ir per¢jimus tarp jy, o testavimo bibliotekoje pridétos naujos klasés aprasancios
peréjima tarp biseny. Sis pakeitimas atvaizduotas Zemiau esanéiame paveiksliuke.

lib

ElementWithlnvariants

#invariants : Invariant [0..*] = new ArrayList=lnvariant=(0}readOnly}

+addinvariant( i : Invariant ) : void

[

State Transition
#name ; String = "null" #from ; State
#ransitions : Transition [0..*] = new ArrayList<Transition={0}readOnly} #to ; State
#id : String #name : String

= #weight : double = 0.0
agetters+getTransitions()
«getters+getid() : String «getters+getWeight() : double
agetters+setid( id ; String ) ; void azetters+setWeight{ weight ; double ) ; void
aconstructors+State( name ; String ) xgetters+getFrom() ; State
natructors+State( name : String, id : String ) agetters+getTol) | State

+isStateOK( o : Object ) : boolean agetters+getName() : String
getters+getinvariants() «constructors+Transition( from : State, to : State, name : String )
«gefters+getiame() : String +toString() : String

+print(} : void
+toString() : String

[

Statelmpl

Transitionlmpl

wconstructers+Statelmpl{ name : String )

wconstructors+Statelmpl{ name : String, id : String )

wgetters+isStateOK( o : Object ) : boolean

wJavaElements+equalz( obj : Object ) : boolean{JavaAnnetations = "@0Override"}

aconstructors+Transtionimpl{ from : State, to : State, name : String )
sconstructors+Transitionimpl(}

25 pav. Papildytas testavimo bibliotekos paketas

4.3.2. Testavimo keliy automatinis parinkimas

Iki Sio pakeitimo, vartotojai turédavo patys nurodyti norimas testavimo sekas tekstiniame
faile, nurodant testuojamos klasés varda, kvie¢iamus metodus ir kokiy biiseny tikisi :

// nurodoma testuojama klasé

org.testing.demo.Lamp

// nurodomi kvieciami metodai ir galinés bUsenos kuriy tikimasi
on(),off(),on ON

off () OFF

48



Taciau taikant tokj formatg galima netyCia jvelti klaidy — nurodoma ne ta klasé,
praleidziamas kablelis ir panasiai. Tode¢l buvo nuspresta nuskaityti biiseny per¢jimus i§ diagramos ir
parinkti testavimo kelius taikant grafy teorijos algoritmus, bei ribin¢ analize. Taciau galimybé
nurodyti testavimo kelius buvo palikta.

Norint automatiskai parinkti kelius, buvo pritaikyta JGrapht biblioteka. Ji buvo pasirinkta,
nes palaiko orientuotus, svorinius grafus, be to jau turi aprasytg Deikstros algoritmo realizacija, su
kuriuo bus atlickamas eksperimentas. Sis algoritmas randa trumpiausia kelia tarp dviejy virsiiniy. Jo
sudétingumas yra O(n?).

Testavimo sekoms generuoti buvo tikrinami peré¢jimai tarp jy. Realizuotas testavimo seky
generavimo algoritmas pavaizduotas Zemiau esan¢iame paveiksliuke.

!

Randama — -
pradiné biisena L -, pradine sl bisena

Generuoti
pradinés
bisenos

tikrinimo seka

Aryra
nepatikrinty

W biseny? [Me] —
(@)

[Taip]

Imti kitg biseng is ” " =
sarago L - parinkta galine s1 biisena

Rasti trumpiausia kelig nuo
pradinés iki parinktos L - naujas peréjimuy sgrasas nuo s0 iki 51 bisenos

bisenos
Aryra F
neperfidréty l
peréjimy iE
=1 Imti ki = =
blzenos? peréjimqtt% iz ESDSIFLaS PEreia) Sqrasas
=1 bisenos ST EEE L
C .
W
Surasti | kokig
blsenaveda [—= badsenaf
peréjimas
[Taip] l Ne]
Generuoti seka ar
ergjimas - i i
naujas papildytas peréjimuy tenkinancia P tqui Generuoti seka = naugﬂ;ﬁpgg;liﬁsﬂg:;ijlfmu
saragas su bdsenaf i apribojima apribojimy?
. p Generuoti seka
nasios papildrae peréimu | ‘retenkinandi
apribojimo
Saugoti
sugeneruotas
sekas is
pergjimuy
=3raguy

26 pav. Testavimo seky parinkimo veiklos diagrama

Visy pirma yra nustatoma pradiné biisena, tuomet imama kiekviena galima sistemos biisena
ir generuojamos kelias iki parinktos buisenos. Tada tikrinama j kur galima pereiti i§ §ios biisenos ir
kokias salygas reikia tenkinti norint pereiti j Sig biiseng. Papildomai generuojamos sekos, kur biity
tikrinama kas nutinka kai peréjimo salyga netenkinama. Taip padengiamos visos blisenos ir peré¢jimai

tarp ju.
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Taip pat norint kuo efektyviau taikyti Deikstros algoritma, reikéty suteikti peréjimams
svorius. Norint atlikti §ig uzduoti, iskiepis buvo papildytas klasémis, kurios randa kiek karty metodas
yra kvieCiamas programoje ir §j skaiciy priskiria per¢jimui. Taip pat buvo realizuota klase, kuri taip
pat suranda, kiek karty metodas kvieCiamas projekte, taCiau priskiria §j svorj apskaiCiuota pagal
formulg 1/(n+1), kur n yra karty skai¢ius. Sioje formuléje yra pridedamas 1, nes metodas gali biti ir
visai nekvietiamas, tuomet jo n reikimé yra lygi 0, o dalyba i§ 0 negalima. Siomis klasémis buvo
papildytas analizatoriaus paketas. Realizuoto paketo struktira pateikiama zemiau esanCiame
paveiksliuke.

weights

WeightCalculator

+azzigneights( res : List=Reszult= } : void
wgetters+getMame() : String

[

InvertedOccurencesCountWeightCalculator OeccurencesCountWeightCalculator
«JavaElements+assignWeights( res : List=Result=} : void wlavaElements+assignWeightz( res : List=Result= ) : void
wJavaElements «getters+getMame() : String wJavaElements zgetters+getMame() : String

27 pav. Analizatoriaus Weights paketo struktiira

Toliau bus pademonstruotas seky generavimas. Iskiepiui buvo nurodyta diagrama
pateikiama Zemiau.

. h

isjungti’y

izjungti(}
ijungtil} |"A"

N i

ISJUNGTA
keistiBusenal busena : boolean ) [(busena == truej] {elSuvartojimas=0
SVIECIANTI ijungta=false}
{elsuvartojimas=40,

ijungta=true} —
. ijungtil’}y

keiztiBusenal busena : boolean ) [(buzena == falze}]

28 pav. Testavimo seku generavimas

Nuskai¢ius biisenas ir per¢jimus, skaiCiuojant kiek karty metodai kvieCiami kode,
per¢jimams buvo priskirti svoriai pavaizduoti Zemiau esancioje lentel¢je.
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Lentelé 25. Priskirti buiseny peréjimy svoriai

IS biisenos: I biisena: Metodas: Peréjimo svoris:
ISJUNGTA ISJUNGTA isjungti 5.0
ISJUNGTA SVIECIANTI ijungti 12.0
ISJUNGTA SVIECIANTI keistiBusena 6.0
SVIECIANTI SVIECIANTI ijungti 12.0
SVIECIANTI ISJUNGTA isjungti 5.0
SVIECIANTI ISJUNGTA keistiBusena 6.0

Tuomet, tokiai sistemai bus sugeneruoti keliai pateikiami zemiau esancioje lenteléje.

Lentelé 26. Parinktos testavimo sekos

Seka Galiné biisena
ISJUNGTA
ISjungti ISJUNGTA
ljungti SVIECIANTI
keistiBusena() // salyga turi biiti tenkinama SVIECIANTI
keistiBusena()// salyga turi biiti netenkinama ISJUNGTA
ijungti SVIECIANTI
ijungti
ijungti ISJUNGTA
i§jungti
ijungti ISJUNGTA
keistiBusena() //salyga turi buti tenkinama
ljungti SVIECIANTI
keistiBusena()// salyga turi biiti netenkinama

4.3.3. ReikSmiy generavimas

Testy generavimas yra sudétingas uzdavinys, ypac kai objekty kiirimui ir metody kvietimui
reikalingos reikSmés. Tokiy duomeny generavimas gali buti daug laiko sunaudojantis ir sunkus
uzdavinys. Galimi jvairis duomeny generavimo variantai — atsitiktiniy reikSmiy generavimas,
konstanty naudojimas, ribiniy reik§miy metodas ir panasiai, taciau vis dél to reikéty atrinkti tik tas
reik§mes, kurioms esant padengiama kuo daugiau kodo. Siai problemai spresti buvo pasirinkta
ribiniy reikSmiy analiz¢, kai yra nuskaitomi peré¢jimy apribojimai.

Pavyzdziui, 28 pav. pavaizduotoje diagramoje yra pateikiami apribojimai keistiBusena()
metodams. Kaip galima matyti, kad esant biisenoje SVIECIANTI, norint pereiti j biiseng ISSJUNGTA
ir kviec¢iant metoda keistBusena(), peréjimas jvyks tik tada, kai jo parametras busena bus lygus true.
Tuomet generuojant reikSmes testy metodams, galima imti true ir false reikSmes, be to taip buvo
papildytos testavimo sekos, kur tikrinama ar teisingai vyksta peréjimai tarp biiseny, kai Sios sglygos
netenkinamos. Zemiau esancioje lenteléje pavaizduotos sugeneruotos sekos ir metody reik§més 28
pav. esanciai diagramai.
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Lentelé 27. Testavimo sekos taikant ribines reikSmes

Seka Galiné biisena
ISJUNGTA

Isjungti() ISJUNGTA
ljungti() SVIECIANTI
keistiBusena(true) SVIECIANTI
keistiBusena(false) ISJUNGTA
ijungti() SVIECIANTI
ijungti()
ijungti() ISJUNGTA
iSjungti()
ijungti() ISJUNGTA
keistiBusena(false)
ijungti() SVIECIANTI
keistiBusena(true)

Norint nuskaityti metody apribojimus ir generuoti sekas, buvo papildyti XMLVisitorimpl
klas¢, testavimo bibliotekos paketas (pakeitimas matomas 25 pav.) ir testy generavimo taisyklé
StateRule. Metody apribojimams galima tikrinti tokias reik§mes ir apribojimus:

Skaiiams: >=, >, <, <=, ==, |=
Loginio tipo kintamiesiems:
Tekstui: ==, I=
Objektams: ==, != (tik null reik§méms)

52



5. EKSPERIMENTINIS TYRIMAS

Siame skyriuje pateikiami eksperimento rezultatai, kur buvo tiriami sugeneruoti testai,

taikant UML biiseny diagramas.

5.1. Eksperimento planas

Eksperimentas buvo atliekamas su 5 klasémis. Kickvienai klasei buvo vykdomas toks

scenarijus:
1. Generuojami testai, taikant Deikstros algoritma, kai peréjimams priskiriamas svoris lygus
metody kvietimo karty skaiciui ir yra taikomi peréjimy apribojimai.
2. Pamatuojami kiek testuojamos klasés padengia sugeneruoti testai
3. Sugeneruojami mutantai.
4. Tikrinama kiek klaidy sugeneruoti testai aptinka mutantuose.

5.2. Testuojamos klasés

Testai buvo generuojami tokioms klaséms:

Lempos klasei
Bankomato klasei
CheckLogic klasei
Txt2Pdf klasei
Kalkuliatoriaus klasei.

Toliau pateikiami jy apraSymai.

5.2.1. Lempos klasé

Si klasé simuliuoja stalinés lempos veikima. Jos klasiy ir biiseny diagramos pateikiamos

Zemiau esanciuose paveiksliukuose.

Lempa

-ijungta : boolean = false
-elSuvartojimas : int=10

+ijungti(y
+igjungti()
+keistiBuzenal busena . boclean )

29 pav. Klasés simuliuojanc¢ios lempos veikima klasés diagrama
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isjungti}

isjungti()

ijungti) I."f\".I
A
[

ISJUNGTA
SVIECIANTI {elSuvartojimas=0,

keistiBusenal busena : boolean ) [true]

ijungta=false}
{elSuvartejimas=40,

ilungta=true}

ijlungtif}

keistiBusenal busena : boolean ) [falze]

30 pav. Klasés simuliuojancios lempos veikima biiseny diagrama
Sios klasés metrikos pateikiamos Zemiau esancioje lenteléje.

Lentelé 28. Klasés simuliuojancios lempos veikima metrikos

Metrika ReikSmé

LOC (kodo eiluciy kiekis) 19

MLOC (metody kodo eiluciy kiekis)

NOF (klasés lauky kiekis)

NOM (metody kiekis)

AlWIN|O

WMC (ciklomatinis sudétingumas)

Lentelé 29. Klasés simuliuojancios klasés veikimg biiseny apribojimai

Biisena Apribojimai

SVIECIANTI (_9_|Suvart_01|mas =40
ijungta = true

ISJUNGTA _e_ISuvart_oumas =0
ijungta = false

5.2.2. Bankomato klasé

Si klasé simuliuoja bankomato veikima.

AtmMachine

-availableBal : double =0
-userLoggedin : boolean = false
-izCardinserted : boolean = falze

+enterPing pin : int } ; void

+logout() : void

+addFunds( addSelection : int ) : void
+withdraw( withdraw Selection : int } ; void
+insertCard{ number : int, balance : int ) : void

31 pav. Bankomato klasés diagrama
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legout() : void

IDLE

CARD_INSERTED

insertCard( number : int, balance : int } ; veid [(number == 1000} && (balance == 0)]

logout(} : void

enterPin{ pin : int ) ; void [(pin == 1000}]

logout() : void (
USER_LOGGED

peithdraw [ withdraw Selection : int } : void [(withdrawSelection == 3]

addFunds( addSelection : int ) ; veid [(addSelection == 3]

addFunds( addSelection : int ) : void [{addSelection == 1]]

DEPOSITING20 ADDINGFUNDS20
T withdraw( withdrawSelection - int } : void [(withdrawSelection == 1}]
32 pav. Bankomato klasés biiseny diagrama
Lentelé 30. Bankomato klasés metrikos

Metrika Reik§mé

LOC (kodo eiluciy kiekis) 48

MLOC (metody kodo eiluciy kiekis) 32

NOF (klasés lauky kiekis) 3

NOM (metody Kiekis) 5

WMC (ciklomatinis sudétingumas) 20

Lentelé 31. Bankomato klasés biiseny apribojimai

Biisena Apribojimai
userLoggedIn == false
IDLE isCardlInserted == false

availableBal ==

CARD_INSERTED

userLoggedIn == false
isCardinserted == true
availableBal >=0

USER_LOGGED

userLoggedIn == true
isCardInserted == true
availableBal >=0

userLoggedIn == true

ADDINGFUNDS20 isCardInserted == true
availableBal >=0
userLoggedIn == true

DEPOSITING20 isCardlInserted == true

availableBal >=0
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5.2.3. CheckLogic klasé

Si klasé apdoroja jvykius ir tikrina ar galima atlikti failo saugojima.

CheckLogic

+Unchecked : int = M{readOnhv}

+Checked : int = 1{readOnkv}

+SaveOnlylfErrorFree : int = 2{readOnb}

+SavehllowedAlways - int = 3readCOnlvi

+

UNKNOWN STATE

- int = HreadOnhy}

+evsave : int = MreadOnlv}

+evCheckOk : int = 1{readOnh’

+eviachineModified : int = 2{readCnh:

+evCheckError : int = 3{read0nhv}

+evAllowSaveAlways : int = 4readOnly:

+CHECKLOGIC NO MSG . int = S{readOnhvi

#m_initialized : boclean = false
~stateVar : int
~stateVarSaveOnlylfErrorFree : int

awconstructers+CheckLogic()y
+resetHistorySaveOnlyIfErrorFreel) : void
+initialize() : void
#checklogicChangeToState( state : int } - void
#checklogicChangeToStateSaveOnlylfErrorFreel state : int ) ; void
+processEvent( msg : int ) : int

33 pav. CheckLogic klasés diagrama

| Initial |

initialize() : void

processEvent( msg:int ) : int [[msg == 0)]

processEvent( msg :int ) : int [[msg == 3)]

processEvent( msg : int ) @ int [(msg == 1) && (m=sg = 4]]

| Checked

resetHistorySaveOnlylfErrorFree() : void

processEvent( msg :int ) : int [[msg == 4]

(r

Unchecked J;::)

prpcesgEvent( meg :int ) int [[msg == 3) && (msg = 4) && (msg = 1)]

processEvent( msg :int ) : int [(msg == 4)]

resetHistorySaveOnlylfErrorFree() : void

| saveAllowedAlways i .

34 pav. CheckLogic klasés biiseny diagrama

Lentelé 32. CheckLogic klasés metrikos

Metrika

Reik§mé

LOC (kodo eiluciy kiekis)

82

MLOC (metody kodo eiluciy kiekis)

53

NOF (klasés lauky kiekis)

3

NOM (metody kiekis)

6

WMC (ciklomatinis sudétingumas)

19
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Lentelé 33. CheckLogic klasés biiseny apribojimai

Biisena Apribojimai

Initial m_initialized == false

SaveAllowedAlways stateVar ==

Unchecked stateVarS_al/eOnIyIfErrorFree ==
stateVar ==

Checked stateVarS_al/eOnIyIfErrorFree ==
stateVar ==

5.2.4. Txt2Pdf

Si klasé kuria PDF failg i3 teksto.

Txt2Pdf

~document : Document = null
~destFile : String = null
~format : String = "A4

~par : int =12

~fontzize : int = 11

~gize :int =10

wconstructors+Txt2Pd ()

+execute( line : String, destFile : String, orientation : String ) : void

35 pav. Txt2Pdf klasés diagrama

execute( ling : String, destFile : String, orientation : String ) : void [{line '= nully && (destFile '= null} && (orientation '= null}]

exepute( ling : String, destFile : String, orientation : String ) : void [{line != null) && (destFile '= null) && (orientation == "PORTRAIT™)] .| DocumentGenerated |

[ DocumenthotGenerated | execute( line : String, destFile : String, orientation : String ) : void [{ling == null} § (destFile == null}]

executel line : String, destFile : String, orientation : String ) : void [(line = nully && (destFile = null) && (orientation == "LANDSCAPE™)]

36 pav. Txt2Pdf klasés biiseny diagrama

Lentelé 34. Txt2Pdf klasés metrikos

Metrika ReikSmé
LOC (kodo eiluciy kiekis) 75
MLOC (metody kodo eiluciy kiekis) 39
NOF (klasés lauky kiekis) 4
NOM (metody kiekis) 6
WMC (ciklomatinis sudétingumas) 10
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Lentelé 35. Txt2Pdf klasés biiseny apribojimai

Biisena Apribojimai
format ==, A4«
document !=null

DocumentGenerated d_estF_|I_e = null
size==10
fontsize == 11
par == 12
format ==, A4«
document == null

DocumentNotGenerated d_estF_|I_e == null
size==10
fontsize == 11
par == 12

5.2.5. Kalkuliatorius

Si klasé simuliuoja kalkuliatoriy ir leidzia vartotojui atlikti matematinius veiksmus ir
pateikia rezultatus.

Calculator

~MAX_INPUT_LENGTH : int = 20{readOnly}
~[NPUT_MODE : int = MreadCnly}
~RESULT_MODE : int = 1{readCnh}
~ERROR_MODE : int = 2{readOnh}
~displayMode : int

~clearOnMextDigit . boclean

~lasthumber : double

~lastOperator : String

~digplayString : String =™

zconstructors+Calculator()
+checkaction(i: int ) void
wzetters~setDisplayString( & : String ) : void
wietters~getDisplayString() : String
~addDigitToDisplay( digit : int ) ; void
~addDecimalPoint() : void
~processSignChange) © void

~clearAll() : veoid

~clearExisting(} : void
xgetters~getNumberinDisplay() : double
~processOperator] op : String J ; void
~processEguals() | void
~processlastOperator() : double
~dizplayResulti result : double ) : void
~digplayError( errorMessage : String ) : void
+main{ args : String™[” } : void

37 pav. Kalkuliatoriaus klasés diagrama
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clearAll) ; void

clearal(} : woid

clearAll() : void

Initial g:} clearAll) - void

.
checkaction(i:int ) : void [{i 5= 18)]

| Error | checkaction( i:int ) : void [{i<=9)]

checkAction( i:int ) : veid [(i==10)]

heckaction(i:int ) : woid [(i <= 9]

checkAction( i:int ) : woid [(i==11]]

DigitVisible __D

checpaction(i:int ) : void [(i<=9)] —
__D clearExisting() : void

[ —

)checkﬁxc‘tiun[ izint ) woid [(i == 13) && (i<= 16)]

cherks ctinn i~ int ) - void [(i== 12)]
checkAction( i int ) @ yoid [(i==17]]
checkAction( i:int ) woid [(i==18}]

checkAction i:int } : woid [(i==]19}]

‘ ResultVisible

T

(.
(N
\

checkAction( i:int ) : void [(i == 10)]

38 pav. Kalkuliatoriaus biiseny diagrama

Lentelé 36. Kalkuliatoriaus klasés metrikos

Metrika ReikS§mé
LOC (kodo eiluciy kiekis) 258
MLOC (metody kodo eiluciy kiekis) 207
NOF (klasés lauky kiekis) 10
NOM (metody kiekis) 18
WMC (ciklomatinis sudétingumas) 75

Lentelé 37. Kalkuliatoriaus klasés biiseny apribojimai

Biisena Apribojimai
displayString !'= null
DigitVisible lastOperator = null

displayMode =2

displayString !'= null

. lastOperator = null
ResultVisible displayMode 1= 2
clearOnNextDigit == true

displayString ==,,0%
Initial lastOperator = null
displayMode ==
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clearOnNextDigit == true

displayMode ==

Error displayString != null

5.3. Mutacinis testavimas

Mutavimas — yra klaidomis paremta strategija, kuri matuoja testavimo
kokybe/pakankamumg tikrinant ar testas gali aptikti tam tikras klaidas. Pavyzdziui, testuojamoje
sistemoje sudéties operatorius pakei¢iamas j atimties ir pan. [12]. Tad kiekvienas mutantas yra
neteisinga programos realizacija, kurig testai turéty aptikti.

Toks testy testavimas buvo atlickamas naudojant Jumble jrankj. Sis jrankis mutuoja klases ir
vykdo testus. Vienu metu yra jvykdoma viena mutacija. Tokiu budu yra tikrinamas testy
efektyvumas. Jei mutantai neaptinkami, vadinasi testai néra efektyviis arba pakankami. Sis jrankis
yra gali mutuoti Sias operacijas:

e Salygos sakinius — pavyzdZiui, salyga x >y, pakei¢iama j !(x >y)
e Dvejetainius aritmetinius operatorius:
o +1—ir atvirk§ciai
* 1/ 1r atvirksciai
%1*
& 1| ir atvirksciai
A 1 &
<<]>>ir atvirkSciai
o >>>j<<
e Padidinimo/Pamazinimo Vvienetu operatorius — pavyzdziui i++ pakei¢iama j i--
e Konstantas — jos yra pakei¢iamos j reikSme¢,, jumble “arba,  jumble
e Grazinamas reikSmes — jei pvz.: metodas grazina paprasto tipo reikSmes kaip int, double,
boolean ir pan. Sias reikSmes galima pakeisti t.y. vietoj ne nulinés reik§més grazinti O ir pan.
e Sakojimosi sakinius — $iuos sakinius Jumble jrankis gali mutuoti sukeidiant $akas vietomis
[13].

o O O O O

(13

5.4. Eksperimento rezultatai

1. Klasés simuliuojancios lempos veikimag rezultatai testavimo rezultatai pateikiami Zemiau
esanCioje lenteléje, kurioje galima matyti, kad buvo padengta 100 % kodo ir aptikti visi 7
mutantai.
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Lentelé 38. Lempos klasés testavimo rezultatai

Metrika ReikS§mé
LOC (kodo eiluciy kiekis) 82
MLOC (metody kodo eiluciy kiekis) 28
NOM (metody kiekis) 10
WMC (testo klasés ciklomatinis sudétingumas) 10
Kodo padengimas, % 100
Sugeneruota mutanty 7
Aptikta mutanty, % 100

2. Lentel¢ 39 atvaizduoja bankomato klasés testavimo rezultatus. Buvo aptikta tik 45 %

mutanty.
Lentelé 39. Bankomato klasés testavimo rezultatai

Metrika Reik§mé

LOC (Sugeneruota kodo eiluciy) 174

MLOC (metody kodo eiluciy kiekis) 72

NOM (metody kiekis) 18

WMC (Testo klases ciklomatinis sudétingumas) 18

Kodo padengimas, % 85,6

Sugeneruota mutanty 32

Aptikta mutanty, % 45

3. CheckLogic klasés testavimo rezultatai yra pateikiami Zzemiau esancioje lenteléje. Joje galima

matyti, kad buvo aptikta 75 % mutanty.

Lentelé 40. CheckLogic klasés testavimo rezultatai

Metrika Reik§mé
LOC (Sugeneruota kodo eiluciy) 155
MLOC (metody kodo eiluciy kiekis) 66
NOM (metody kiekis) 18
WMC (Testo klases ciklomatinis sudétingumas) 18
Kodo padengimas, % 83,8
Sugeneruota mutanty 40
Aptikta mutanty, % 75
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4. PDF klasés testavimo rezultatai yra pateikiami zemiau esancioje lentel¢je. Joje galima matyti,
kad buvo aptikta 42 % mutanty.

Lentelé 41. Txt2Pdf klasés testavimo rezultatai

Metrika Reik§mé
LOC (Sugeneruota kodo eiluciy) 89
MLOC (metody kodo eiluciy kiekis) 28
NOM (metody kiekis) 11
WMC (Testo klasés ciklomatinis sudétingumas) 11
Kodo padengimas, % 96,4
Sugeneruota mutanty 14
Aptikta mutanty, % 42

5. Kalkuliatoriaus klasés testavimo rezultatai yra pateikiami zemiau esancioje lentel¢je. Joje
galima matyti, kad buvo aptikta 32 % mutanty.

Lentelé 42. Kalkuliatoriaus klasés testavimo rezultatai

Metrika Reik§mé
LOC (Sugeneruota kodo eiluciy) 216
MLOC (metody kodo eiluciy kiekis) 95
NOM (metody kiekis) 30
WMC (Testo klasés ciklomatinis sudétingumas) 29
Kodo padengimas, % 65,5
Sugeneruota mutanty 113
Aptikta mutanty, % 32

Gavus auksciau esancius eksperimento rezultatus, buvo paskaiciuoti papildomai tokie
iSvestiniai parametrai:

1 busenai tenkantis per¢jimy kiekis

1 bisenai tenkantis saglygy kiekis

1 biisenos salygai tenkantis klasés lauky kiekis
1 peréjimui tenkantis klasés sudétingumas
Vidutinis biisenai tenkantis per¢jimy kiekis

Tuomet, paskaiCiavus Siuos parametrus buvo paskaiCiuota parametry koreliacija, norint
nustatyti kurie parametrai labiausiai susij¢ su aptikty mutanty ir padengtomis kodo eilutémis.
Koreliacijai paskai¢iuoti naudotus duomenis galima rasti pirmame priede, o koreliacijos matricg
galima rasti antrame priede.

Atlikus iSmatuoty parametry koreliacijos analize, buvo nustatyta, kad aptikty mutanty
procentinj kiekj labiausiai jtakoja vienam buseny diagramos peréjimui tenkantis klasés
sudétingumas. Tai atvaizduota Zemiau esan¢iame paveiksliuke. Taigi, norint, kad generuojami testai
biity kuo efektyvesni, reikety, kad diagramoje bty kuo daugiau per¢jimy, kurie aprasyty testuojamos
klasés galimus kelius, t.y. vienas peréjimas nusakyty vieng galimg saglyga.
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WMC vienam peréjimui

Mutanty aptikimas

= Peréjimui tenkantis WMC == Aptikta mutanty, %
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Taip pat buvo istirta kas labiausiai jtakoja kodo procentinj padengima. IS koreliacijos
matricos buvo nustatyta, kad labiausiai procentinis kodo padengimas teigiamai koreliuoja su biisenos
salygai tenkanciu klasés lauky skai¢iumi ir testuojamos klasés sudétingumu.
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Taip pat, kaip galima matyti zemiau esanCiame paveiksliuke, generuojant testus taikant
buseny modelj ir norint kuo didesnio kodo padengimo, reikéty, kad kiekviena biisena nusakyty visus
galimus klasés laukus tuo metu.

Kodo procentinis padengimas

1,6 120
1,4
& / - 100
2 /
2 1,2 / —~—
= - 80
b \
‘5 0,8 60
o0
= \
0,6
: \ - 40
2
g 04 —
= - 20
© 0,2
0 0

= B{isenos salygai tenkantis NOF Kodo padengimas, %

Kodo padengimas, %

41 pav. Kodo procentinis padengimas

5.5. Sprendimo taikymo rekomendacijos

UML biiseny diagramas galima taikyti testuoti toms klaséms, kuriy biisenas galima nusakyti
klasés laukais, tai yra, kur klasés lauky kiekis > 0. Taip pat, norint, kad testai aptikty kuo daugiau
klaidy, jei testuojamoje klaséje yra metody, kuriems reikia konkre€iy reikSmiy kvietimui, reikia
nurodyti kvie¢iamiems metodams kuo daugiau apribojimy.
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6. REZULTATU APIBENDRINIMAS IR ISVADOS

Siame darbe buvo aptarta kaip galima generuoti vienety testus klaséms taikant UML biiseny
diagramas. Buvo pasitilytas ir iStirtas metodas leidziantis generuoti biiseny testus, kur testavimo seky
generavimui naudojama UML biiseny modelio per¢jimai, o $iy seky rezultaty teisingumo tikrinimui
— biisenose nurodytos salygos, kurias turi tenkinti testuojamas objektas esant Sioje biisenoje.

Tokio metodo pagrindinis privalumas tas, kad norint generuoti testus nereikia atskleisti
realizuoty klasiy lauky, nes biiseny sglygy tikrinimui naudojama refleksija. Be to testavimo sekos yra
parenkamos automatiskai taikant Deikstros algoritma ir ribiniy reikSmiy analize, kas leidzia pasiekti
didesnj kodo padengima, nes yra aplankomos visos biisenos ir visi peré¢jimai tarp jy.

Taip pat buvo istirtas ir patobulintas suprojektuotas jrankis, gebantis generuoti automatinius
testus taikant UML biiseny modelj. Eksperimento metu buvo tiriamos 5 klasés, kurios skyrési savo
sudétingumu ir buseny diagramy aprasymo pilnumu. Joms buvo generuojami testai ir tikrinama, kiek
kodo yra padengiama ir kiek mutanty Sie testai aptinka. Buvo pasiektas net 100% klasiy kodo ir
mutanty aptikimas, taciau eksperimento metu nustatyta, kad norint padidinti kodo padengimg ir
mutanty aptikima, reikia, kad UML buseny diagramose buty nusakytos visos sistemos blisenos
taikant visus galimus testuojamos klasés laukus, o per¢jimams taip pat reikia nurodyti kiek jmanoma
tikslesnius apribojimus.
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8. PRIEDAI

8.1. priedas. Eksperimento rezultaty duomenys taikyti koreliacijai skaiciuoti

Lempa |CheckLogic| ATM PDF Kalkuliatorius
Aptikta mutanty, % 100 75 45 42 32
Aptikta mutanty, kiekis 7 30 14,4 5,88 36,16
Kodo padengimas, eilutémis 19 68,716 41,088 72,3 168,99
Kodo padengimas, % 100 83,8 85,6 96,4 65,5
LOC (kodo eiluciu kiekis) 19 82 48 75 258
MLOC (metody kodo eiluciy kiekis) 9 53 32 39 207
NOF (klasés lauky kiekis) 2 3 3 4 10
NOM (metody kiekis) 3 6 5 6 18
WMC (ciklomatinis sudétingumas) 4 19 20 10 75
LOC (testy kodo eiluciy kiekis) 82 155 174 89 216
MLOC (testy metody kodo eiludiy kiekis) 28 66 72 28 95
NOM (testy metody Kkiekis) 10 18 18 11 30
WMC (testo klasés ciklomatinis 10 18 18 11 29
sudétingumas)
Sugeneruota mutanty 7 40 32 14 113
Skirtingy metody naudojamy diagramoje 3 3 5 1 3
kiekis
Peréjimy kiekis 6 9 10 4 17
Peréjimy kiekis su salygomis 2 6 6 4 12
Biiseny kiekis 2 4 5 2 4
Busenuy sglygu kiekis 4 5 12 12 13
Biisenai tenkantis sglygy Kiekis 2 1,25 2,4 6 3,25
Biisenos salygai tenkantis NOF 1 0,416667 0,8 15 0,325
Peré¢jimui tenkantis WMC 0,666667 | 2,111111 2 2,5 4,411764706
Vid. biisenai tenkantis peréjimy kiekis 3 2,25 2 2 4,25
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TEST DATA GENERATION FOR COMPLEX DATA TYPES USING
IMPRECISE MODEL CONSTRAINTS AND CONSTRAINT SOLVING
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! Kaunas University of Technology, Department of Software Engineering,
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2 Singleton Labs, Studenty st. 65-307, LT-3000, Kaunas, Lithuania

Abstract. Number of software applications is growing rapidly, as well as their importance and complexity. The
need of quality assurance of these applications is increasing. Testing is one of the key processes to ensure the quality
of software in general and web services or object-oriented applications in particularly. In order to test large and
complex systems, test automation methods are needed, which evaluate whether the software is working properly.
The main goal is to improve effectiveness of object-oriented applications testing by creating an automated test data
generation method for complex data structures.

This paper presents a test data generation method by adhering to software under test static model and its model
constraints. The method provides an algorithm that allows generating test data for complex data structures, by
analysing software under test model, its constraints and using constraint solving techniques for building
corresponding test data objects and theirs hierarchies. The presented method is exemplified by simple case studies as

well as a large I++ protocol implementing web service project.

1. Introduction

In a typical software development organization, the
cost of providing assurance that the program will
perform satisfactorily within the expected deployment
environments via appropriate debugging, testing, and
verification activities can take from 50 to 75 percent
of the total development cost [1][?]. Many of these
activities can be automated, reducing their cost,
increasing system quality, reducing the time to market
and the maintenance costs.

The aim of this paper is to present the automated test
data generation method for complex data structures.
Object-oriented applications manipulate with various
object hierarchies. Those applications in most cases
operate with complex data structures, which in most
cases are presented as objects aggregating or
composing other objects. Traditional test data
generation methods mainly generate tests for software
unit under test (or parts of it) that use simple data
structures, such as integers, floats, strings, arrays and
pointers. However, these methods are unable

generating meaningful or at least usable test data for
unit testing of object oriented programs.

Most of real-world applications are composed of units
working with complex data types as arguments. A test
data generator generates input values for the selected
method depending on the parameter type. For
example, if the parameter is of type signed short int
(in C++), the tests generator will generate a value
from the interval starting with —32,768 and ending
with 32,767. If the parameter is of type signed short
int, the generation algorithm is straightforward — the
generated value has to be selected from the allowed
range (the range is determined by software under test
implementation programming language and parameter
type). However, there are more complicated types and
one of them is a string. The parameter of type string
can be any length, but usually is limited by software
under test programming implementation language,
addressable memory space. The generation based on
the values selection from allowed intervals algorithm
is suitable for generating values for types which are
built-in into programming language. The usual types
are: integer, float, long, double, short, byte, char and
string. Real-world software implementations use
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complex types in most cases. The complex types are:
arrays, lists, classes, interfaces, and structures.

The wusual value generation algorithm for the
parameter of type array or list is trivial. Generation for
class or structure types is more complicated and
requires a data flattening technique [2]. The parameter
of a complex type is converted into a set of parameters
which are of simple types.

The challenge comes when test data generation is
applied for complex types and hierarchical class
structures, as illustrated in the example in Figure 1.

Person

AN

Employee Subcontractor Intern

0.1 1.*
0.* 1

WorkHistory Contract

+agreed_payment : float

PaymentsCalculator

+calculatePayment(in person : Person, in periodStart : Date, in periodEnd : Date) : double

Figure 1. Class structure with various relations.

The question is how to generate test data for method
calculatePayment. Random values will not always fit
since the implicit condition periodStart < periodEnd
needs to be satisfied. Moreover, most of generators
would use null value for person object as its type is an
abstract class. Another case is the Subcontractor
object, which wouldn’t make sense without the
relation to the Contract class.

This paper proposes solution to these problems by
applying type flattening strategy, generating values for
primitive types and filtering out those values, which
do not match model constraints. Besides, it provides
test data generation algorithm, evaluation, describes
data generation end condition and the means for test
data quantity reduction.

2. Problem statement

Figure 2 gives an example of the class Triangle, which
is a part of the 3D renderer software. The class
Triangle contains three attributes: a, b and c. Each
attribute represents the triangle edge length and is of a
float type. There also is the class Rasterizer with the
method render. The method accepts two input
parameters: the triangle and the texture and returns the
array of Pixel objects. The triangle class is a complex

type.

Triangle Pixel
3 float -x : float
-b : float vy :lloat N Color
-c : float 2 : float AN
-color : Color o T byte
~J-g:byte
N b
~ " b : byte
N L -a : byte
\\ Va
N 7/
N 7/

N 7
A4

Rasterizer

+render(in triangle : Triangle, in texture) : Pixel

Figure 2. The 3d renderer software class diagram.

The tests generator cannot generate input values for
the parameter triangle. To overcome this, the type
flattening could be performed, method Render could
be transformed into the one which accepts 4
parameters: triangle_a, triangle_b, triangle_c and tex.
But this approach could have removed the meaning of
a triangle.

The generator can generate invalid triangle objects. If
the generator can understand the triangle object, it
could adhere to some constraints, like: triangle edges
have to be positive values, the sum of two edges
lengths cannot be larger than the length of the
remaining edge. In this case, the test generator just
sees three float parameters and can generate any
values, thus making some invalid triangles. This is
similar to a possibility to generate an invalid float
value and pass it as a parameter value to a method
under test. But this situation is not possible with
simple types; the programming language syntax will
not allow this to happen. But there is no means in
programming language syntax to overcome a similar
situation with complex types.

The main issues addressed in this paper are the
following:

1. How to deal with complex data types and
generate valid values at the same time. After
the type flattening, the test generator could
generate a larger amount of invalid objects
than an amount of valid ones. For example, if
the random generator [3] is used for
generating test data for testing Render
method, it will generate a large amount of
invalid triangles and just a few valid ones.

2. How to solve such cases, when the type of an
input value is defined by interface or abstract
class. In most cases test data generators can
provide empty (null) value [4].

3. Test data generation driven by static

model constraints

If the test generator is aware of model constraints
associated with complex types it can generate only the
valid test data. The test generator can differentiate
between correct and invalid objects of complex types
(for performing boundary value testing) and a required
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amount of valid objects of complex types. In this case
the generator could create test data for parameters of
complex types which is the same as test data for
parameters of simple types.

For example the class Triangle has the OCL [5]
constraints presented in the Figure 3.

1. context Triangle
2 inv: a > 0
3. inv: b > 0
4. inv: ¢ > 0
5 inv: a + b > ¢
6 inv: a + ¢ > b
7 inv: b + ¢ > a

Figure 3. OCL constraints for the complex type Triangle in
the Renderer software.

Table 1. OCL constraints for the complex type Triangle
fields in the Renderer software.

No. a b c Valid | Constraint
1. 3 4 5 true
2. 1 1 1 true

A th
3 1 ’ 3 false Invalidates the 5

OCL line.
Invalidates the 2™
4, 0 1 2 false OCL line.
Invalidates the 77
5. 34 130 | 3 false OCL line.
6. 10 | 10 | 14 true
7. 12 | 12 | 20 true
Invalidates the 6"
8 12 | 24 | 12 | false OCL line.
Invalidates the 3™
9. 1 -1 1 false OCL line.

Invalidates the 2", 3™

100111 0 -5 | false o 4% ocL lines.

The OCL constraints for the Triangle class define that
attributes a, b and c have to be positive values (2-4
lines). The OCL constraints also define what a correct
rectangle is. Each edge length of the triangle has to be
smaller than the sum of the other remaining two edge
lengths (5-7 lines). The generated values for Render
method are presented in the Table 1.

If the constraints are not used during tests generation,
all ten test data sets could be suitable for testing the
Render method. But only the 4 test data sets are valid
out of 10. In this case too many values are testing the
boundary conditions. The constraints for triangle class
reduce an available set of input values: the constraint
on the 2™ line reduces the set by half, the constraint
on the 3" line reduces the remaining set by other half,
and the constraint on the 4™ line reduced the
remaining set by other half as well. All those reduced
halves could be replaced by 1-2 boundary values only.
This could reduce tests generation time, memory
consumption and storage requirements for storing
generated tests.

3.1. Generation algorithm

The proposed test data generation algorithm uses a
complex type flattening strategy, generates values for
simple types, assembles complex types from simple
types and filters out unnecessary generated values,
which do not match model constraints.

The test data generation algorithm for generating test
data for single class method is presented in the Figure
4,

Input: The Method M which accepts a set
of parameters
Pi (i=0;n).
Parameter types Ti (i=0;n) for
each parameter Pi.
OCL constraints PC for the method M
(pre-conditions)
Output: A set of generated values Vi (i=0;n)
for each parameter Pi.

While there are methods parameters left do
Get parameter type Ti
value = determine the parameter type
and generate the value for Pi, Ti.
If (Vi do not match PC conditions) then
Return to the step 3.
else
add value to the set V.
Select next parameter Pi
(go to the step 1.)

O 0 Jo Ul WN -

Figure 4. The test data generation algorithm for a class
method.

For clarity, the test data generation algorithm is
separated into several parts. The test data algorithm
takes a method description (extracted from a code or a
model) as an input. The generator extracts all method
parameters and their types and generates a test value
for each parameter. After the test value is generated
for a parameter, the generator checks if the value
matches OCL pre-condition and if not, it is rejected
and a new one is generated. The process continues
until a generated value matches OCL pre-conditions or
the time limit for generating value is exceeded or
generated invalid values count is exceeded, which is a
safeguard for terminating infinitive generation. The
generation is repeated for all method parameters. The
generated test values for each parameter are assembled
into a test data set, which in turn is stored for later
usage or executed on software under test.

The test data generator uses several different test data
generation algorithms. The algorithm has to be
selected based on the parameter type. The algorithm
selection is presented in the Figure 5.

Input: The parameter P
The parameter P type T
Output: The generated value V for the
parameter P of the type T

1. If the T is a simple type then

2. V = generate simple value (T)

3. If the T is an array then

4. V = generate an array of values of
the type T

5. If T is complex type then

6. V = generate the value for the complex
type T

7. If P is pointer of type T then
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8. If generation number is even then

9. V = generate the array of values
of type T
10. Else
11. V = generate the value of type T and
12. create pointer to it

Figure 5. The Test generation algorithm selection based on
the parameter type.

The test generator checks parameter type and selects
the suitable generation algorithm. The algorithm is
applied for such types as a simple type, a complex
type and an array. When the parameter is of the
pointer type in one case the generation algorithm for
an array is used, in other case the generation algorithm
for a parameter of the type, which the pointer refers to
is used. Selected algorithm is different each time in
order to generate data for both cases.

The test data generation for a parameter of a simple
type is trivial and is presented in the Figure 6.

Input: The parameter type T
Output: The generated value V

1. Select the float value from the
interval [0;1]

2. Scale the selected value to the interval
allowed by the T range.

3. V = scaled value.

Figure 6. Test data generation for a parameter of a simple
type.

The test generator has to generate a value from the
interval [0; 1]. The normal distribution generation can
be used. Then the generator determines the allowed
values range for parameter type and scales the
generated value to match it. For example if parameter
is of the integer type, the allowed values range is [-
32768; 32767]. For example, generator will select a
value 0.1. The value 0.1 is scaled and it becomes -
26214 (-26214 = (32767 — (-32768)) * 0.1 + -32768).
If parameter is of the char type (Unicode, 16-bit), it is
actually an integer value with-in a range [0; 65535].
The value generation is the same as for the integer
type parameter.

The test data generation for a parameter of an array
type is presented in the Figure 7. The generator selects
a length for an array. Then it executes the test data
generation algorithm for each array value. The
generated value is checked if it matches OCL
constraints. If the generated value does not match, it is
generated again. The value generation algorithm is
executed until all array elements are generated.

Input: The parameter type T
Output: The generated array V of elements
of the type T

Select array length L
i=0
While i < L do
generate the value for the type T
add generated value to the array V
5. check if element match OCL
constraints for it.
6. If does not match then

DSw N

7. go to the step 3.
i=1i+1

Figure 7. Test data generation for a parameter of an array
type.

The test data generation algorithm is used for
generating values for parameters of a string type. Due
to the nature of the string, which is just an abstraction
of an array of character elements, the array generation
algorithm is used. By execution the value generation
algorithm for each array element, the generator can
generate test data for parameters which are of the
array type, where the array is composed of complex
type elements.

When the generation algorithms for simple types,
array types, and pointer types are present, the test data
generation algorithm can be defined for complex
types. The test data generation for the parameter of the
complex type is presented in the Figure 8.

The test data generation algorithm for complex types
reuses the algorithms for selecting generation
algorithm, generating test data for simple, pointer and
array type parameters. The test data generation
algorithm for complex types takes as an input
parameter type and OCL invariant constraints for that
type. The OCL constraints are used to ensure that the
correct object is constructed. The algorithm performs
type flattening. At the first step, the empty object of
parameter type is constructed. At this step the OCL
constraints are not checked, because they obviously
would be invalidated.

Input: The parameter type T (class name)
The list of the class T invariants
INVi (i=0;n)

Output: The generated object V of the type T

1. Select implementing type for the class V.
2. Construct the empty class object V
3. For each class field Fi (i=0;n) do
4 Get field type Ti
5 Generate the value for the field Fi

of the type T

6. For each the class invariant INV]
(j=0;n) do
7. Check if the generated value
satisfies INVj
8. If the value does not match then
9. go to the step 4.
10. assign the generated value to

the class object V field Fi
11. For each class invariant INVJ (j=0;n)
12. which defines relations between
attributes do

13. Check if the generated value satisfies
INV

14. If value does not match then

15. go to the step 2.

Figure 8. Test data generation for parameter of
class/structure type.

The generator extracts all attributes defined in the
class and executes the test data generation algorithm
selection and value generation algorithm for each
attribute. I the attribute is of the complex type, it
executes the same algorithm for value generation of
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the complex type, but in this case the other type is
passed as an input to the algorithm. Then the value for
the attribute is generated, it is checked against OCL
invariants. If the value satisfies all OCL invariants
(defined for a class type and relevant to the attribute)
the value is assigned to the object attribute. At this
step only invariants are checked which do not define
relations between attributes (for example, inv: a <b +
¢ is not checked at this step, only inv: a > 0 is
checked). If value does not match OCL invariants, the
new value is generated. The generation is repeated
until the correct value is selected or time out is
reached (to avoid deadlock conditions). This
generation process is repeated for all object attributes.
When all attributes are generated, OCL invariants are
once again evaluated. In this case, the invariants
which define relations between attributes are
evaluated (these invariants cannot be checked in the
first phase, because not all attributes have defined
values). If the OCL invariants are not satisfied the
whole generated object is discarded and a new one is
generated. Test data generation algorithm is provided
in the Figure 9.

3.2. Inheritance and interface handling
Test data generation for complex object types gets
more complicated when the argument has a type of its
parent. The object-oriented inheritance principle
prevents generator from directly selecting required
class and building its object. The software under test
model could contain a set of classes that extend the
argument class for which generator has to generate an
object. If the type is a regular class (not an interface or
an abstract class), the simplest case would be just to
create object of required class and assign values for its
fields.

select next
method parameter

class/struct

select object
implementing type

scale the value to the
allowed range

match inv
constraints

values generated
or all attribute;
Yes
all attributes matcl
class inv constraints
No
ge te
matches pre
onstrain

reset all attributes
T values
Yes
values generated fo
all parameters

Figure 9. Test data generation algorithm for method
parameters of complex types.

More general solution is to find all classes in the
model that directly or indirectly inherits class T (some
parameter type). Then all classes that inherit type T
are identified, the generator can choose any of them
and instantiate the object. The next test case could
take the same or the other class. The coverage criteria
could also be extended by measuring what subset of
possible classes was used for tests. In some cases, the
list of classes, that inherit T class, could be empty.
When such situation is encountered, test generator can
build a stub class adhering to model constraints.
Constraints, that are valid for the base class, should be
valid and for the stub class now.

The situation with interface could be handled in the
same manner: finding implementing classes, selecting
one of them or building a stub, as it is illustrated in
Figure 10. Adhering to the model constraints it is
possible to build the more intelligent stub.
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object type

. class
interface

Abstract class

Find implementing Find extending ) ;
classes in model classes (| build class object 1)
Y
. Select one Generate attribute
implementing Select one class [—
values
class

‘ End

Cosntruct stub
class

Figure 10. Object type selection and its generation.

The stub could randomly extend any of classes that
extend class T or implements interface. The generator
implements missing methods by providing empty
method bodies, and after such object is stubbed and
generated, the OCL constraints are checked to verify if
the object is correct, if it’s not the object and its stub
are discarded and the algorithm is repeated again — a
new abstract class or a new class created as a stub with
an implemented interface.

Inheritance and interface handling for test generation
includes the following steps:

1. Find objects having a type of abstract class or
interface;

2. Detect a set of extending or implementing
classes;

3. Select a class from inheritance hierarchy to
use in object creation using random selection
algorithm and having a higher priority for
classes, which were not used in previous test
data sets. This would increase the generated
tests code coverage;

4. Create complex type object and attribute
values.

3.3. Test data generation end condition
The test generator has to overcome one critical
problem — the object generation has to be completed
in a finite amount of time. For deciding when to
terminate test generation, test generation algorithm has
to adhere to two problems:
e Generation of one test data set (object
hierarchy for one parameter is fully
generated);

e All test data sets generation.

Obijects hierarchies can contain circular references, for
example, when object A points to B, and B points to A
(Such structure could be created adhering the

composite design pattern [6]). The generator can
endlessly generate object hierarchy in this case, as it
follows the composition, and aggregation links in the
model. To overcome this issue, the generator
constructs the class composition graph and searches
for loops in it. First of all, the loop is traversed only
once, and for the next loop iteration the terminating
values (null) are selected instead of building another
set of objects.

R Select field <

)

Find loop for a
class (find upper
class object in
hierarchy)

Is there a loop

o For all complex fields
v recursively repeat alg.

Create class
object

v
Assign null or discovered
object
(usually for bi-direction child
parent relation)

Y

Generate class
simple type fields

Y

Decrease depth
count

depth coun Generate values
P trued for all complex
>0 .
field types

false
v

Assign null values
for class/struct
type fields

v

end

A,

Figure 11. Object hierarchy generation and loops handling.

In other cases, the object hierarchy could be too deep.
To handle this situation the generator can be
parameterized with maximum depth value, thus
limiting generation time. For example generation
depth of 1 means that values for a class with fields of
simple type would be generated and fields of complex
types would have assigned null values. The depth of 2
would mean that all values of class fields would be
generated, and recursively algorithm would be
invoked for all fields that are of complex types, but for
those fields the objects would be constructed as for
depth 1 — simple field would get values, complex ones
would get terminating (null) value. The summarized
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hierarchy depth and loops handling in test data
generation algorithm is presented in the Figure 11.
The whole tests generation usually stops when the
generator has generated a specific amount of test data.
The tester specifies the needed amount of tests. The
generator produces the required amount of tests and
terminates. After the generation the usual testing
procedure occurs: the generated tests are executed, the
code coverage is measured, and bugs are detected or
not. When the tester has generated a certain amount of
tests and bugs have not been found, the tester has to
end testing assuming that the software under test is
defect free or has to device that another set of tests has
to be generated. The tester has to make choice: end
testing or generate more tests and continue testing.
The tester usually uses code coverage metric as a
source for decision making on ending or continuing
testing procedure. Based on the code coverage, the
tests running time or the project schedule constraints,
the tester decides when to end testing. The automatic
test generator has no any influence on deciding when
to end the tests generation.
The proposed test cases generation method uses the
feedback driven test cases generation strategy. The
test generator generates a test data set, executes the
software unit under test with the generated test data
set, evaluates the testing result and testing metrics and
decides if an additional set of test data is needed. The
tests generator uses the testing oracle (OCL
constraints) as a means to evaluate if more tests are
needed. The test generator has two different cases to
evaluate:

e  When the bug is found;

e  When bug is not found.
When the bug is found, there is no point in generating
more unit tests and executing them. The bug has been
already found in the class method under test, and the
tests generator can work on testing other class
methods and other classes.
When there are no bugs detected the test generation
could continue indefinitely. The proposed test
generator uses the test pass accuracy coefficient and
coverage as a stop condition. The test generation ends
when one of the following conditions is met:

e The defined coverage is achieved;

e The coverage does not change after the

subsequent tests generation.

For example the tests generator has generated 1000
test cases and executed them. After the execution the
code coverage is 78%, and the required coverage is
90%. Additional 1000 tests cases were generated and
executed, but the coverage still remains at 78%. This
situation could mean that there are unreachable
branches in the software under test. If after some more
tests cases generation and execution iterations, the
coverage does not increase, the testing is stopped.
These cases are reported as warnings for possible
unreachable parts of code. The tests ending condition
decision is presented in the Figure 12.
The tests generator generates some test cases and
executes them. If the bug has been found, the testing
ends. If the bug has not been found, the code coverage
is measured. If the selected coverage level has been

achieved, the tests generation and execution ends. If
the coverage has not been achieved, the time out value
is checked. In this context, time out value means, if
the code coverage level has not been changed after
additional tests generation and execution, the testing
has to be terminated.

Generate test

Execute test

Yes

Found a bug

heCoverage >= than
selected sufficient
coverage?

Figure 12. The tests generation end decision algorithm.

The coverage criterion can be selected freely by tester
and could be one of the following [7, 8]:

e All-branches;

e  All-operators;

e All-code lines;

e The percentage of possible input values

exercised;

e Model coverage.
When using OCL constraints for filtering input values,
the possible input values amount can be reduced. The
tester can select an input values generation function
(for example, uniform distribution). Based on the
generation function, the software under test could be
tested with the most important values from the filtered
interval. The tests generation will continue until the
selected percentage of possible input values are
exercised. For example, if test input values are
generated using normal distributions, all possible
input values are generated with the same probability.
If the tester chooses to generated values based on
normal distribution, the majority of input values will
be generated closely to average (most typical) value.
The tester can also select after what amount of
subsequent test cases generation and execution testing
should be stopped when the coverage level is not
increasing anymore. For example, the tester can select
that after 10000 additional test cases were generated
and executed and the coverage has not increased, the
testing should stop then.
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Besides the regular coverage criteria, the test
generator method uses the model coverage criteria —
the test generator tries to use as much as possible data
model classes while generating test data. For example,
if software method under test has 10 classes
implementing interface, the 100% coverage means
that at least 10 test data sets were generated there each
class was used and its object was generated.

3.4. Constraint solving technique

While generating values for a class fields the
backtracking [9] constraints solving algorithm is used.
Test generator orders fields by their dependences and
generates initial value for least dependences having
field and checks if it matches model constraints. If it
does, the value is accepted and the algorithm proceeds
to the next field. If the value does not match, generator
backtracks and selects new value repeating the process
again. The backtracking steps are presented in the
Figure 9 (the back steps that follow on negative OCL
validation and calls object values reset or just single
value regeneration).

4. Related work

4.1. Random test data generation

The simplest test data generation is random test data
generation. Test data are created by selecting input
values randomly [3] for software under test methods
and checking if generator has reached the defined
coverage criterion. In this case test data contain mostly
meaningless data (from software domain perspective).
The authors are proposing modifications to random
generation technique by employing feedback analysis
from tests execution [10, 11]. Tests are executed and
the coverage is calculated after each test execution.
Based on the coverage level the decision is made if
next random values have to be generated.

The advantage of this approach is that the generation
algorithm is quite simple and easy to implement. The
drawback of this approach is that the generation is a
time consuming process, especially when the software
unit under test is quite complex.

4.2. Path based tests generation

During the software under test unit analysis, its
control flow chart is created. Based on graph theory
methods the test inputs are generated, selected inputs
drive the software execution by some paths. The main
part of a generator is an input data selection which
would force the code to be executed into the selected
code branch. To achieve this, the constraints solving
techniques [12], the relaxation method are used [13].
These methods select initial values and based on the
software execution feedback perform input values
tuning. Unfortunately these approaches only work
with values inside the unit under test which are of a
simple type (float, integer, etc..) and are not capable to
handle units which are calling other methods,
functions and/or operates with variables of complex
types (arrays, pointers, data structures, etc..). Authors

have proposed some methods for tests generator when
software uses pointers [14], calls procedures and/or
functions [15, 16]. Tests generation, for software
which uses complex data types, authors are proposing
to employ data transformation into equivalent data
types, for which existing generation methods are used
[17, 18]. The advantage of path based tests generation
is the possibility to generate the minimal needed tests
data set which would satisfy the selected coverage
criterion. Also during code analysis the unreachable
paths of code could be detected and marked as failures
[19]. The disadvantage of path based test generation
algorithms is that they are quite complex and not
always guarantee a full code coverage.

The tests generation is based on the data gathered
during software unit execution instead of data
collected during code static analysis. The software
unit is executed with some input data and during its
execution runtime parameters are observed: executed
paths, executed branches, executed operators. Based
on observations the new additional input data are
generated in order to drive execution by selected
control flow path [8]. Authors are proposing various
methods for improving code coverage by tests, such as
the chaining approach [8], the program slicing by
diving software unit into separate branches [20]. The
main drawback of these approaches is that the
execution of software has to be performed, which
requires the preparation of the whole software
infrastructure (environment) - that could not be
performed automatically. The advantage is the fast
tests generation.

4.3. Search-based software testing

The genetic algorithms can be adapted for tests
generation [21-24]. The initial set of tests cases is
created, after that tests are executed and theirs
efficiency is measured by adhering the selected
coverage criterion. During the next iteration child tests
are generated by selecting better performing tests and
killing less successful tests. Using this approach tests
are created which achieve the selected coverage
criterion with less test data or with less testing time.
The advantage of these approaches is that tests
generation is fast, the drawback — there is no
guarantee that the defined tests generation goal will be
reached at all.

4.4. Model-based generation

Tests can be generated when the implementation of
software under test is still not present. Tests are
generated using software models. Formal and informal
models can be used as a source for tests generation. It
is also possible to generate tests directly from
requirements specification, but that case the models
are needed anyways, these models could be
transformed from requirements specification, even
from the textual ones [25]. During the tests generation
using formal specifications the black box methods can
be used, such as boundary values analysis and average
values analysis. Model based tests generation is
increasingly becoming more and more important due
to the emergence of the model driven engineering [26]
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and the model driven development [27] approaches
based software development methods.

Formal specifications, expressed in the Z notation [28]
and others [29], strictly define the software
functionality. Based on the software formal
specification it is possible to generate tests for that
software. The formal specifications allow generating
not only test data but can also provide an oracle which
would be able to determine if software works correctly
with given test data. Due to the fact that formal
specifications are used for defining critical systems
and real time systems, their testing can be alleviated
by generated tests from formal specifications [30].
The disadvantage of such tests creation is that creating
formal specifications is expensive and only a few
projects are developed using such strategy.

The Unified Modelling Language (UML) [31] is semi-
formal modelling language. These informal models
have some features which could be handy during tests
generation. These models are called tests-ready
models [32]. They are usually extended to some extent
in order to be suitable for tests generation, For
example, UML has testing profile [33], or an Object
Constraint Language (OCL) [5] model besides UML
models could be used for tests generation. Informal
models are actively used for testing software
developed using product lines approach [32].

Tests generated using software models usually try to
examine such cases as: missing action, incorrect data
manipulation by overrunning buffers, incorrect data
manipulation between class boundaries, incorrect code
logic, incorrect timing and synchronization, incorrect
program code sequence execution.

During software based on models testing, it is possible
to transform models into graphs, such as state graphs.
For example, UML diagrams, such as state or
sequence can be used for tests generation by
transforming them into graphs. For created graphs the
usual test generation technigques can be used, the same
techniques as for testing software when its code is
available [34]. Authors are also proposing to
transform models from one language into other ones.
Target languages are more suitable for tests
generation, for example, the UML models are
transformed into SAL models and SAL models are
used to generate tests [35].

Authors have proposed Jartege tool and a method for
random generation of unit tests for Java classes
defined in JML (Java Modelling Language) [36]. JML
allows writing invariants for Java classes and pre and
post-conditions for operations. JML specifications are
used as a test oracle and for the elimination of
irrelevant test cases. Test cases are generated
randomly. Proposed method constructs test data using
constructors and methods calls for setting state.

4.5. Combined techniques

It is possible to mix code based and model based tests
generation methods together. It is not always possible
to have the full specification of software under test. In
order to test this software the mix of code based tests
generation and model based test generation methods
can be used. The authors have proposed the path

finding tool [37]. Data structures are generated from a
description of method preconditions. The generalized
symbolic execution is applied to the code of the
precondition. Test inputs are found by solving the
constraints in the path condition. This method gives
full coverage of the input structures in the
preconditions. Then the code of a system under test is
available it is executed symbolically. A number of
paths are extracted from the method. An input
structure and a path condition define a set of
constraints that the input values should satisfy in order
to execute the path. Infeasible structures are
eliminated during input generation.

There are also methods for combining both techniques
together [19]. Test data is generated based on code
based generation techniques, software is executed with
generated test data and it is checked if software has
entered the undefined state in the model, or has
exceeded restrictions for its variables values [38].
Based on code and specification it is possible to verify
if code paths executed during testing are defined in the
model and allow to check if software has not changed
its state to the undefined in the model or has
performed illegal transition from one state to another
one, thus violating specification [19].

5. Test data quantity reduction

The possible input values count depends on the
programming language used for the implemented
software under test. But the usual possible amount
values count is similar to many programming
languages. If the class method takes only one
parameter of integer type, there are already
4294967295 possible input values. If the method
accepts two of integer input parameters the possible
amount of input values has to be 4294967295 *
4294967295. If the class method takes, for example, a
complex type parameter, the possible amount of inputs
can be calculated by using the formula (1):

Cypes When _simple _type
fpv(type) =4 - 1
pu(type) [ | fov(attr,), otherwise @
i=1

here, fpv(type) — the amount of possible input values for the
type “type”; Cype — the amount of possible input values for
the simple type “type”, selected from the Table 2; attr; — the
type of the attribute which is a part of the “type” type.

The formula flattens the complex type and multiplies
all the possible input values count for each attribute
type. For example, if there is the complex type
Vector4D, which is composed of 4 attributes: x, v, z,
and w (each attribute is of a float type), the possible
input values count is calculated:

fpv(Vector 4D) = (fpv( float))* =3,4-10%* )
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Table 2. The possible input values count for some basic
types

No | Type Possible input values count
1. | Integer | 2% = 4294967296
2. | Float 2% = 4294967296
3. | Double [ 2% =18446744073709551616
4. | Long 2% = 18446744073709551616
5. | Char 28 = 256
6. | Byte 28 = 256
7. | Vector3 | 28%7°=
d 79228162514264337593543950336
8. | Triangle | 2°23=
79228162514264337593543950336

Thus, even for a method which accepts only one input
parameter of quite not very complex type, the possible
input values count is quite big. The amount of possible
input values for a method which accepts n input
parameters can be calculated using the 3rd formula:

Tpp=]] fov(p;) ©)
i=1

here, Tpp — the total possible input values count for a
method of n input parameters; p; — the i-th input parameter
type; n — the number of input parameters for the method.

Using OCL constraints the possible input values count
could be reduced. The reduction level depends on the
OCL constraints precision levels. The possible input
values could be calculated using the 4th formula when
OCL constraints are available.

Tpp'=] T fov(p;)-cr, )

here, Tpp’ — the total possible input values count for a
method of n input parameters; p; — the i-th input parameter
type; n — the number of input parameters for the method; cr;
— the reduction level of input values for the i-th parameter.

The reduction level depends on the OCL constraints
associated with the method parameter precision level.
If the constraints are precise, only a few values are
used (boundary values), if the constraints are not
available — there is no reduction at all. The reduction
level can be within bounds:

O<ecry <=1 (5)

The cr; value of 1 means that there is no reduction at
all (thus there is no OCL constraints restricting a
method input parameter). The value 0 zero could mean
that all possible input values are eliminated, but this
case is not possible (because at least one boundary
value has to be used). The cr; value could be
calculated using the 7-th formula, which uses the a;
value, calculated using the 6-th formula:

4w 05 ©
- i-1
i12
here, a — the precision level for a class field/method result
value; n — the number “>”, “<”, “>=" “<=" gperators.

{ La >1-cb
G = (N

1-a, +cb,otherwise

here, ¢; — the input values reduction level; a; — the precision
level calculated using the 6-th formula; cb — the percentage
of input values allocated for boundary values (usually 0,01,
and cb > 0).

The amount of how many times the possible input
values count can be reduced can be calculated by
dividing the amount of possible input values count
calculated without using OCL constraints by the value
calculated using the OCL constraints (the 8-th
formula).

fov(p,)
e 1

TP ﬁfpv(pi)'cri ﬁcri
i pl

®)

The reduction level depends only on the available
OCL constraints and their precision levels. If there is
no OCL constraints the cr; values are 1, and r = 1. The
possible input values count is not reduced in this case.
The reduction level can be calculated for the example
system presented in the Figure 2, which also has OCL
constraints presented in the Figure 3.

Tpp — 232 . 232 . 232 — 7'9 '1028 (10)
cr, =cr, =cr, =1-0,75+0,01=0,26 (11)
Tpp'=2%.0.26-2%.0.26-2%.0.26 ~1,3-107 (12)

1

[ =——
0.26°

~56.8 (13)

In the 7™ formula the cb value was selected as 1%.
The one percent of possible input values is allocated
for boundary values. The OCL constraints precision
level is 0.75. The reduction values are the same for all
parameters — 0.26. After the calculation with all values
included, the reduction is 56.8. This means that by
adding 6 OCL constraints into the class Triangle, the
possible input values count is reduced by 56.8 times.

6. Metrics

This paper presents the theoretical model of test data
generation using model constraints. A model of
InspectionPlan class is analysed, which is a part of 1++
DMS data model. However, the algorithm does not
use coverage calculation or other metrics at the
moment. Further studies and the subsequent
publication will include experimental method
evaluation using the following metrics:
1. Code coverage;
2. Path coverage;
3. Model coverage and evaluation of the
amount of existing classes and interfaces,
which were used from the model.
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The following section provides the method evaluation
including an example model and OCL constraints.

7. Evaluation

The test generation method was assessed at testing a
commercial application. The application under test
was implemented using Java programming language
as an xml web service. The application was an
implementation of a quality parameters exchange
protocol. The quality exchange protocol (I++) was
developed by majority of European automakers. The
protocol (and an application itself) is designed to
allow transferring selected automobile quality
parameters from CAD (Computer Aided Design)
application to factory production software for
measuring the selected quality parameters. The
application was providing a simple interface: just a set
of several methods in one class for loading,
transforming and storing quality parameters data. The
complexity lays in the methods parameters; each
function takes as an input and returns a result of a
complex data structure. The data structure is
composed of about 129 different classes and several
hundreds of objects of those types interconnected
between each other. Figure 13 presents a fragment of
I++ DMS [39] data model. The subset of measurement
plan is presented in the figure, which models the
whole measurement plan (InspectionPlan class) for
one part of the car, and defines a set of possible
features, that could be measured on the car body. The
possible features have types (in this fragment the
angle and surface point features are visible). The angle
feature is presented as the IPE_Angle class and uses a
composite design pattern [6], it aggregates any other
two features (specifying the angle between the
selected two features). The surface point feature
(defined by IPE_SurfacePoint) only contains the
coordinates in 3D space. Each feature contains
nominal values (defined by IPE classes and their
attributes) and allowed manufacturing deviations,
tolerances that specify in what range the manufactured
part features could fall. For example, a surface point
feature position can vary in some interval by X, y, and
z axis; the angle features’ angle value can vary in
three intervals parallel to x, y, and z axis. The nominal
and tolerance values are joined by QC object (quality
control) that connects IPE extending objects and
relevant  Tolerance  extending  objects. The
InspectionPlan object in turn aggregates all the QC
objects, thus containing the full measurement plan for
one part of the car. The static model by itself does not
contain information what objects could be aggregated
by QC object. For example, if QC aggregates
IPE_SurfacePoint object, it is not allowed for it to
aggregate Tol AxisAngle or its’ child classes, at that
would not make sense in measurement plan. To
overcome this issue, the model is enhanced by using
OCL model constraints. For this small mode fragment
the OCL constraints are presented in the Figure 14

1 InspectionPlan IPE_Angle

angle : float
1
%
Tolerance " 1PE IPE_SurfacePoint
41] ac “position : Vector3D

Tol_Size Tol_AxisAngle

Tol_Axi Tol_Axi Tol_Axi
1 Vector3D
1 [ float
Ly : float

-2 : float
IntervalToleranceCriteria

¢

-upper : float
|-lower : float

Figure 13. The fragment of I++ DMS data model

The model defines, that InspectionPlan object
composes all the IPE, Tolerance, and QC objects, and
each QC object only aggregates Tolerance and IPE
objects from the InspectionPlan lists. This constraint is
presented in 2-3 lines. This constraint states that every
object referenced by QC object, must be contained in
InspectionPlan objects lists. The other complex
relation is modelled in the 3™ line. That constraint
states that if QC aggregates IPE_Angle object, it also
is required to aggregate 3 Tolerances objects:
Tol_AxisAngleX, Tol_AxisAngleY, and
Tol_AxisAngleZ. As well IPE_angle is not allowed to
aggregate itself (line 5), it cannot measure angle
between itself and some other features, and as well it
has to reference two different features. The similar
situation is for IPE_SurfacePoint object: if QC
aggregates this object, it also have to aggregate
Tol_AxisPosX, Tol_AxisPosY, Tol_AxisPosZ (not
visible on a diagram snippet) objects (line 7). Another
constraint defines that for angle features the nominal
value has to be within tolerance bounds (lines 15-21).
The final constraint (lines 23 - 25) defines that
features name (IPE.name) has to match certain regular
expression — name is four number strings that does not
start with 0.

1. context InspectionPlan

2. inv invariant InspectionPlanl:
3. gc->forAll(gc : QC |
gc.ipe.oclIsTypeOf (IPE_Angle) = true

implies gc.tolerances.length = 3 and
gc.tolerances[0] .oclIsTypeOf (Tol AxisAngleX)
= true and
gc.tolerances[1].0oclIsTypeOf (Tol AxisAngleY)
= true and
gc.tolerances[2] .oclIsTypeOf (Tol AxisAnglez)
= true)

4. inv invariant InspectionPlan2:

5. gc->select (gc : QC |
gc.ipe.oclIsTypeOf (IPE Angle) = false)

6. inv invariant InspectionPlan3:

7. gc->forAll(gc : QC |

gc.ipe.oclIsTypeOf (IPE_SurfacePoint) = true

implies gc.tolerances.length = 3 and

gc.tolerances[0] .oclIsTypeOf (Tol AxisPosX) =

true and

gc.tolerances[1l].oclIsTypeOf (Tol AxisPosY) =

true and B

gc.tolerances[2] .oclIsTypeOf (Tol AxisPosZ)

true)

8.

9. context QC

10. inv invariant QCI:

11. ipe->forAll (ipe: IPE |
parent.ipe.contains (ipe))
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12. inv invariant QCCheckTolerances:

13. tolerances->forAll (tolerances:
Tolerance |
parent.tolerances.contains (tolerances))

14.

15. context TolAngle

16. inv invariant TolAnglel:

17. value.upper > value.lower

18. inv invariant TolAngleZ2:

19. value.upper <= parent.ipe.angle

20. dinv invariant TolAngle3:

21. value.lower >= parent.ipe.angle

22.

23. context IPE

24. inv invariant IPE:

25. name.regExpMatch (' [1-9]1[0-9]1{3}")

Figure 14. OCL constraints fragment for I1++ DMS data
model

The tests data were generated for one single method
“storeProductStructure” in the class IppWebService.
This method allows exchanging quality data between
the car manufactured and their suppliers. This method
accepts just several parameters: inspectionPlan, and
sender.

The sender parameter is a simple one: just the
application name and the user of calling web service
method. The inspection plan is more complex, it is the
root object (presented in the Figure 13), that
aggregates all other objects, visible in the diagram and
presents measurement plan for one car part. The
Figure 14 shows related model constraints for I++
DMS model, presented as OCL. OCL constraints for
all objects are written manually using Eclipse with
OCL plugin and placed in a separate single file.

The test generator has analysed the model and
constructed several test data sets, presented in the
Figure 15 as an object diagram.

The generator starts from the root object and
constructs InspectionPlan object. This object is
supposed to compose several QC objects. To satisfy
this requirement generator chooses random QC list
size (2), and generates QC objects in the loop. The
first QC objected is supposed to aggregate one IPE
object. To satisfy this requirement test data generator
randomly picks one of the classes that extend IPE
class (in this case it is IPE_Angle).

IP1 : InspectionPlan

]

c1:Qqc €2:QC  f

I |
TX : Tol_AxisAngleX Al:IPE_Angle
I langle : float = 35

— |
TZ : Tol_AxisAngleZ |
SP2 : IPE_SurfacePoint

| position : Vector3D

TY : Tol_AxisAngleY

SP1 : IPE_SurfacePoint

position : Vector3D

IC : IntervalToleranceCriteria

upper : float = 38
lower : float = 34

Figure 15. Generated inspection plan object structure for 1
test data set

Then test generator repeats test data generation
algorithm and builds IPE_Angle. While generating the
IPE_Angle object, the arbitrary value is selected for
the angle field, as well as two additional objects has to
be created that the IPE_Anlge aggregates. Those two
object types were randomly selected from classes that
extend the IPE class, and the test data generation
algorithm is performed for them again. As the last
IPE_SurfacePoint objects are terminating nodes, the
test data algorithm returns back and generates
remaining Tolerance objects that are required by QC
object. As the QC now aggregates the IPE_Angle
object, the OCL constraints allows only generating 3
tolerance objects of Tol_AxisAngleX.
Tol_AxisAngleY, and Tol_AxisAngleZ types, thus
again repeating test data generation algorithm for
those objects. As each Tol AxisX,Y,Z objects
aggregate  InternalToleranceCriteria  object, the
generator has to generate those objects as well. As
generator generates InternalToleranceCriteria objects,
it builds random object and checks if upper and lower
values match constraints (navigating through model
till the IPE_Angle object and checking if upper and
lower values match the IPE_Angle.angle field value).
If upper and lower values are incorrect, generator
discards them and selects new ones. As
IntervalToleranceCriteria  objects are build, the
generator retreats back to inspectionPlan objects and
generates remaining QC objects using the same
approach, but in this case it can pick other random
IPE_Types, for example IPE_SurfacePoint and build
different objects sub-hierarchy. Then InspectionPlan
object is generated, the test data for
storelnspectionPlan  method is completed and
generated data structure creation is printed as JUnit
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[40] statements and calls for the storelnspectionPlan
method are generated. The test data generator can also
classify the generated object hierarchies to the ones
that are valid (matches all model constraints) and the
ones that are invalid (do not match constraints). It’s
expected for unit test to fail with invalid data, and
succeed with valid ones. Thus it serves as an
approximate test oracle.

8. Conclusions and future work

The OCL constraints can be used for filtering test
data. Using the OCL constraints a large amount of
meaningless values is filtered out from the generated
test data. The more meaningless test data is removed,
the faster tests can be executed. The invariant and pre-
condition OCL constraints can be used for filtering the
generated test data. The pre-condition OCL constraints
filter which test data could be passed to the software
under test. The invariant constraints can be used to
ensure that only the valid objects of complex types
could be passed to the software under test.

Using the defined algorithm incorrectly constructed
objects of complex types could be detected early and
not used for testing. The constructed complex object is
checked against invariant constraints, if it is not valid
one, the tests generator could discard, or use as the
boundary value in tests. By knowing which object is
valid and which one is not, the generator can limit the
amount of tests data, which use unnecessary boundary
values. Even for trivial sample the test data amount
can be reduced 50 times;

The use of a feedback driven tests generation
technique prevents from test indefinite test generation
and execution. When the bug is detected the tests
generation and execution finishes. When bugs are not
found, the tests generation and execution continues
until the selected coverage a criterion is reached. After
generation and execution of some tests, the coverage
change is measured, if it is not changing the testing
ends. This happens when the code contains
unreachable branches;

We have presented the theoretical model of test data
generation using model constraints. The future work
includes improving and evaluating test data generation
method by using other constraints solving algorithms
instead of simple backtracking one, as well as
evaluation method fitness by using testing full I++
DMS service and measuring selected coverage
achievement fitness.
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Programinés jrangos apimtis, svarba ir sudétingumas
sparéiai auga. Siy programy kokybés uztikrinimo
poreikis didéja. Siekiant patikrinti dideliy ir sudétingy
sistemy veikima, reikalingi testavimo automatizavimo
metodai, padedantys jvertinti ar programa veikia
tinkamai ir atitinka specifikacija. Pagrindinis tikslas
yra sukurti efektyvy automatizuotg testiniy duomeny
generavimo metoda, naudojant sudétingas duomeny
struktiiras.

Siame straipsnyje pateikiamas testiniy duomeny
generavimo metodas sudétingoms duomeny
struktliroms, atsizvelgiant j testuojamos programinés
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jrangos modelj, klasiy rySius ir pateiktus apribojimus,
pritaikant apribojimy sprendimo metodus ir jy pagalba
konstruojant atitinkamus testiniy duomeny objektus ir
ju hierarchijas. Pateiktas metodas iliustruojamas
paprastu ir didelio projekto realizuojancio I++
protokolo ziniatinklio servisg pavyzdziais.
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