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11. Tom tat cac két qua moi cia TUAN AN ..o.o.ovovevieeeeeeeeeeeeeeeeeeeee e

Dé xuit mot quy trinh sinh dir liéu kiém thir tir biéu d6 tuan ty UML 2.0 va céc
rang bugc OCL. Biéu d6 tuan ty UML 2.0 duogc ap dung cho tt ca mudi hai toan tir, co
cAu tric phtc tap, cac khdi léng ghép nhau. Qua trinh sinh dir liéu kiém thur tu dong duoc
ap dung cho cac bién sb va céu trac dong. Cac kich ban va dir li¢u kiém thir duge sinh ra
6 thé chuyén thu cong thanh cac doan ma kiém thur (test script) va thuc hién ty dong dua
trén cac cong cu kiém thur. Cong cu da dugc cai dat thyc thi voi cac hé théng cu thé va
dua ra cac két qua dé minh ching tinh hiéu qua va chinh xac ctia phuwong phéap dé xuét.
Céc két qua thuc nghiém chi ra rang phuong phap dé xuit sinh ra dit liéu kiém thir c6 4o
bao phu va kha nang tim 13i t6t hon phuwong phap da c6 trong hau hét cac truong hop.



Dé xuat mot phuong phap sinh dir liéu kiém thir tw dong tir cac biéu dd tuan ty
UML 2.0 va biéu dd 16p trong truong hop vong lap va cac ing dung tuong tranh. Phuong
phap sinh ra céc kich ban kiém thtr ¢6 thé tranh dugc su bung nd cac kich ban kiém thir
va cac 161 twong tranh cta hé thong co6 thé duoc tim thdy. Hon nita, diém méi ctia phuong
phap 1a sinh dit liéu kiém thir trong kiém thir vong 1ap. Phuong phép nay hd tro cac tiéu
chuin bao phu twong tranh khac nhau va c6 thé kiém thtr cac 16i lién quan dén khoa chét
va dé)ng bd. Céac thuc nghiém chi ra kha ning tim 15i cta cac kich ban kiém thtr do tot
hon so v&i phuong thirc kiém thir khac trong nhiéu truong hop, ching to tinh hiéu qua va

do tin cay cua phuong phap dua ra vé mit thuc nghiém.

Pé xuit mot phuong phap cai tién viéc sinh dit liéu kiém thir tu dong tur cac biéu
dd tuan ty UML 2.0 va biéu dd 16p voi cac rang budc chudi. P6 thi dong diéu khién 1a
dau vao, thuat todn dua ra sinh cac kich ban kiém thir dé tranh bung nd cac duong dan
kiém thtr trong trudng hop khong co diém chia sé dit liéu giita ludng song song trong cac
mg dung. Vi cac kich ban kiém thir sinh ra d6 va mét tap cac rang budc chudi cung céac
biéu thirc tai vung bién cua cac bién duge chuyén ddi thanh dinh dang dau vao cta bod
giai Z3-str. So sénh vdi cac tiép can hién tai cua Z3-str, lun an dua ra quy tac giam,
phuong phap dé quy cho toan tir search, replaceAll va mé rong cac quy tic tién xir 1y cho
céc toan tir charAt, lastindexOf, trim, startsWith va endsWith. Cac két qua thuc nghiém
chi ra rang cac dir liéu kiém thir sinh ra thoa méin tiéu chuan bao phu bién va cac ca kiém

thir c6 d6 bao phii cao hon mét sé phuong phap hién tai.

12. Kha ning (mg dung trong thyc tién: Két qua trong luan 4n co thé ing dung vao dic ta
va kiém thir cac hé théng c6 tinh tuong tranh, kiém thur vong 1ap va sinh tu dong dir licu
kiém thtr v6i cac kiéu dit 1iéu sd, cAu tric dong va cac rang budc chudi.

13. Nhirng huéng nghién ctru tiép theo: Nghién ciru kha ning chuan hoa céac ca kiém thir
duoc sinh ra dé ¢ thé thuc hién tu dong trong hé théng thuc; tiép tuc phat trién phuong
phap sinh ty dong dir liéu kiém thir tir cac biéu d6 UML khac hoic két hop vai cac bicu
dd khac nhau dé dat d6 bao phu tét hon; nghién ciru xac dinh céc kich ban kiém thi sinh
ra kha khi hodc khong kha thi ma khong can dir liéu kiém thir dau vao.
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11. Summary of the new findings of the thesis:

Proposing a process for generating test data from the UML 2.0 sequence diagram
and OCL. The UML 2.0 sequence diagram can be applied to all twelve operators, with
complex structures, nested blocks, interleaving of operators. The automated generation of
test data is applied to numeric kinds of data and different dynamic structures in
constraints. Test scenarios and test data can be manually converted into test scripts and
then automatically executed based on automation testing tools. A support tool has been
implemented and applied for several typical systems in order to show the correctness and

effectiveness of the proposed method. The empirical results indicate that the proposed



method generates test data with better coverage and detects more errors than some

current methods in most cases.

Proposing a method for automatically generating test data from UML 2.0
sequence diagrams and class diagrams in case of loops and concurrent applications. The
method for generating test scenarios can also avoid the explosion of test scenarios and
detects concurrency errors in systems. Furthermore, the new point of the method is the
generation of test data in testing loops. This method supports different concurrent
coverage criteria and can test for deadlock-related and synchronous errors. The
experiments show that the probability of finding errors in these test scenarios are better
than other test methods in many cases, demonstrating the effectiveness and reliability of

the proposed method experimentally.

Proposing a method for improving the automated test data generation from UML
2.0 sequence diagrams and class diagrams with string constraints. The algorithm takes
control flow graphs as inputs, then proposes a test scenarios generation to avoid the
explosion of test paths with the absence of data sharing points between parallel threads in
applications. With those generated test scenarios, a set of string constraints and the
boundaries of variables are transformed into the input format of Z3 — str solver.
Compared with the current approach of the Z3-str, the dissertation proposes reduced
rules, recursive methods for search, replaceAll operators and extends the preprocessor
rules for the charAt, lastindexOf, trim, startsWith and endsWith operators. Experimental
results indicate that the test data generated satisfies the boundary coverage criteria and
the higher coverage of test case can be found when comparing with some current existing

methods.

12. Practical applicability, if any: The results in the thesis can be applied to the
specification and testing of systems with concurrency, loop testing and automatic test
data generation for numerical data types, dynamic structures and string constraints.

13. Further research directions, if any: Study the ability to standardize test cases
generated to be performed automatically in the real system; continue to develop methods
for automatically generating test data from other UML diagrams or incorporating
different diagrams for better coverage; Research determines whether test scenarios are
feasible or unfeasible without test data.
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