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Chuong 1

Gidi thicu

1.1 Dat van dé

Trong quy trinh phét trién phan mém, cic yéu cau chitc ning (functional software
requirements) ctia phan mém la dau vao dé xay dung cac ca kiém thit chitc nang, cic mo
hinh ciu tric (biéu do 16p), cdc md hinh hanh vi (bi¢u dd tuan tu, biéu doé hoat dong)
cho hé théng, v.v. Trong thuc té, cic yéu cau phan mém thudng hay thay doi trong subt
quy trinh phét trién phan mém. Khi cdc yéu cau phan mém thay déi, cic mé hinh va
cac ca kiém thit lién quan phai du’Qc x4y dung va thUC thi lai (kiém thit hoi quy). Vi
vay, nhiing nd lue duge yéu cau dé xéac dinh, bao tri, va thuc thi céc ca kiém thtt khi cac
yéu cau thay doi 13 rat 16n. Béi v6i hoat dong k1em thi phan meém, gidi phap sinh va
thuc thi céc ca kiém thit mot cach tu dong glup tiét kiém rat nhiéu th(n gian va, cac nod
lu’c cling nhu glam duogce s6 lugng céc 161 va cac sai sét trong hoat dong kiém thit phan
meém. Do dé, da co nhiéu nghién citu dé xuat cic glal phap tang tinh ty dong trong phat
trién phan mém ciing nhu hoat dong kiém thit phan mém.

Céc cong trinh nghién ctu vé sinh tu dong cic ca kiém thit chitc ning tit cic ca sit
dung rat da dang, phtic tap v6i v6i nhiéu céch tiép can khac nhau. Trong khuén khé
nghién citu, ludn an nghién ctu phuong phéap kiém thit kiém thit dua trén moé hinh véi
cach tiép cdn mo hinh héa chuyén biét mién dé giadi quyét bai todn sinh tu dong cac
ca kiém thit chitc ning tir cdc ca sit dung. Trong d6 luan &n chi tap trung vao hai pha
chinh trong phuong phap kiém thtt dua trén mo hinh 14 moé hinh héa va sinh tu dong
cac ca kiém thtt, cu thé nhu sau:

(i) Pac tad md hinh ca sit dung di chinh xéc dé sinh tu dong cac ché tdc phan mém
khéac nhau trong d6 c6 sinh cdc ca kiém thi.

(ii) Bai todn sinh tu dong cic ca kiém thit tit cic ca sit dung.

Vi vy, muc tiéu ctia ludn 4n huéng dén tap trung dé zudt hai ngon ngi ddc td chuyén
biét mién cho mién ddc td ca st dung va mién ddc td ca kiém thi va phuong phap
chuyén ty ddng tir cic mé hinh ca st dung viao trong mod hinh ca kiém thi
chttc ning trong cic ngoén ngit mo6 hinh héa chuyén biét mién da dé xuat. Bai todn nay
¢ cac dau vao la cac bicu do ca sit dung trong UML, cdc md ta ca st dung trong ngoén
ngit tu nhién, va cdc md hinh 16p dic ta cdc khai niém mién ctia hé théng.

Déi tugng nghién ctu ctia ludn an 14 k§ thuit kiém thit dua trén mé hinh, ky thuét
xdy dung ngon ngit mo6 hinh héa chuyén biét mién, va phuong phép sinh tu dong céc ca
kiém thit chiic nang tit cic ca st dung. Cu thé, ludn 4n quan tAm dén cac biéu do ca st
dung, cdc md ta ca sit dung, cic mo hinh 16p dac ta cic khai niém mién ctia hé thong,
va cac md ta ca kiém thit chitc nang. Céc md hinh 16p va moé hinh ca sit dung dude xem
xét tai mitc dic t4 yéu cau phan mém va céc ca kiém thit chitc ning duge xem xét xac
dinh tit cdc yéu cau chiic nang ctia phan mém trong tai liéu dic ta yéu cau phan mém.



1.2 Muc tiéu nghién cttu va cac déng gép chinh citia luan an

Muc tiéu cia luan an nay 14 dit ca sit dung vao trong ngit canh ctia quy trinh kiém
thtt dua trén mé6 hinh. Dleu nay cho phep tu dong héa hoat dong kiém thit chitc niang
ma dau vao 1a céc yéu cau chitc nang ctia phan mem.

Thtt nhat, ludn 4n dé xuadt mot phwong phdp ddc td ca s dung véi cdch tiép can mo
hinh héa chuyén biét mién.

Thit hai, ludn 4n dé xuit mot phuong phdp ddc td ca kiém thi.

Thit ba, ludn 4n dé xudt mot phwong phdp chuyén tw dong ti cdc moé hinh ca st dung
trong USL sang mo hinh ddc td ca kiém thi TCSL.

Cudi cung, ludn 4n zdy dung bo cong cu hoé trg USL. Cong cu nay cho phép tich hgp
ca st dung vao trong phuong phap phét trién huéng mé hinh. Dé minh chlmg kha nang
tng dung USL vao trong thuc té, ludn 4n ciing trinh bay céc két qua khi 4p dung USL
cho mot s6 ca stt dung. Ngoai ra, ludn an cling dua ra cidc danh gid, so sdnh phuong
phap dac ta ca st dung va phu’dng phéap sinh céc ca kiém thit v6i cdc nghién cttu khic
lién quan.

Céc két qua nghién ctu trén ciia ludn 4n nham Xay dung mot phuong phép hoan
chinh dé sinh tu dong céc ca kiém thit chitc niing tit cic ca st dung bang phu’dng phap
kiém thtt dua trén mé hinh v6i cach tiép cdn mé hinh héa chuyén biét mién. Tu d6
nghién cttu huéng dén mot phuong phédp hoan chinh cho phép tich hop ca st dung vao
trong phuong phap phat trién huéng mo hinh.

1.3 B0 cuc cua luan an

Luédn 4n bao gom siu chuong. Trong d6, Chuong 1 trinh bay vé cac kién thitc nén
dugce st dung trong luan 4n. Chuong 2 trinh bay mét cach tém tat kién thiic co sd sit
dung trong cic chuong tiép theo. Chuong 3 dé xuat mot ngon ngit dic ta chuyén biét
mién cho mién dic ta cdc ca sit dung tén 1a USL. Chuong 4 trinh bay phuong phap sinh
tu dong cac ca kiém thit chitc nang tit ca sit dung. Cong cu hd trg USL dudc trinh bay
& Chuong 5. Cudi cuing, Chuong 6 két luan va dua ra cdc huéng nghién citu tiép theo
cua luan an.



Chuong 2

Kién thic co sé

2.1 Kiém thit dya trén ca sit dung

Kiém that ( Testing) la mot quy trinh thyc hién mot chu’dng trinh v6i ¥ dinh tim kiém
céc 16i. Kiém thit phan mém bao gom viéc kiém chimg déng cac hanh vi ctia mét chuong
trinh trén mot tap hitu han cic ca kiém thit (test case). Céc ca kiém thit duge lya chon
phtt hop tit cdc mién thuc thi thuong 13 vo han dé c6 duge hanh vi duge mong ddi.

Ca kiém thi (Test case) 1 mot tap clia cdc dit liéu kiém thit (test data), cic didu
kién thuce hién (pre-condition), cac budc kiém thit (test steps), va cic két qua dau ra
mong ddgi (expected output) duge phat trién cho mot kich ban kiém thit (test scenario)
cu thé dé kiém chimg tudn thit mot yéu cau xac dinh. Mot ca kiém thit dinh nghia mot
thit nghiém don 1é sé dude thuc hién dé dat duge muc tiéu kiém thit phan mém cu thé,
chdng han nhu di qua mot dudng thuc thi ctia chuong trinh cu thé hodc kiém chimg
tudn thi mot yéu cau cu thé.

D@ liéu kiém thit (Test data) 1a tap cac gia tri thuc (théa man tiéu chuan bao phit
dit lidu da chon) duge xdc dinh chi 16 1a dau vao dé thuc hién cdc ca kiém thit trong
qué trinh kiém thi.

Kich bin kiém thi (Test scenario) 13 mot ca kiém thit tritu tugng va né thudng
bao gém nhiéu ca kiém thir lién quan nhau. Muc dich ctia kich ban kiém thtt 13 kiém
tra viéc thuc hién chitc nang tit dau dén cudi ctia mot chitc ning phan mém va dam bao
ludng logic dang hoat dong 1a ding. Véi mdi kich ban kiém thit, kiém thit vién cé thé
xéc dinh duge mot hodic nhiéu bo dit liu kiém thit théa méan kich ban kiém thi. Mot
ca kiém thtt 1 su két hop ctia mot kich ban kiém thit véi mot bo dit liéu kiém thit thoa
man kich ban.

Kiém thit dya trén mo hinh (Model-Based Testing - MBT) 1a mot ky thuat
kiém thtt v6i muc dich dé sinh cac ca kiém thit tu dong tit mé hinh ma dic té cdc khia
canh lién quan ctia hanh vi ctia hé théng can kiém thit (System Under Testing - SUT).

Tiéu chudn bao phi (Test coverage criteria) 13 mot tap cic quy tdc ma hudng
dan quyét dinh cac yéu t6 thich hop can duge dé cap dé dugc phi dé tao ra su day da
cho céc ca kiém thit duge thiét ké. Muc dich dé danh gia mic d6 hiéu qué ciia cic ca
kiém thi, do phan trim d6 bao phi ctia dic td hodc chuong trinh ciia cic ca kiém thi
so v6i yéu cau phan mém, thong qua kiém thit dé loai trir sai s6t va ting chat luong
phan mém. Luin 4n trinh bay mot tiéu chi pht kiém thtt ma ludn 4n 4p dung dé sinh
cac ca kiém thit trong Chuong 4.

Tiéu chi phtt dudng hoat déng. Kundu va Samanta da dé xuat mot tiéu chi pht
kiém thit tén 1& phi dudng hoat dong (activity path coverage). Tiéu chi nay muc dich dé
stt dung cho kiém thit ca vong lip va kiém thit dong thai giita cdc hanh dong trong do6
thi hoat dong.

Ca sit dung (use case). Ca sit dung dugc sit dung rong rai nhu 13 mét phuong tién dé
nam bat cic yéu cau chitc ning cia phan mém. Mot ca st dung 14 mot mo ta clia mot
chitc nang st dung cu thé ciia hé thong bdi mot tadc nhan (actor). Mdi ca sit dung mo
ta cdc tuong tac clia tdc nhan véi hé théng dé dat duge mot nhiém vu cu thé (hodc it
nhét cung cAp mot céi gi dé cé gid tri cho ngudi dung). Céc ca sit dung 1a ché tac trung
tam trong phat trién phan mém. Ching dugc sit dung nhu 14 dau vao dé xay dung céc



che tac khac nhau ctia phan mém, nhu cdc md hinh hanh vi, m6 hinh cau trdc, va céc
2 A X
ca kiém th hé thong.

M6 hinh ca st dung (use case model). Mot m6 hinh ca st dung trong UML thudng
duge thé hién bang cic biéu dd ca st dung lién két 1ong 1éo véi cac md td clia cc ca
stt dung trong ngon ngit tu nhién duge trinh bay trong mot mau cé cau tric. Trong dé
cac biéu dd ca sit dung cung cip tong quan vé cac ca stt dung, ngudi diing ciia hé thong
va cdc mbi quan hé gitta cdc ca st dung va ngudi ding. Cdc mo ta clia mdi ca st dung
moé ta cac chudi tuong tac gitta moi trudng va hé théng. Mo ta ca sit dung trong ngon
ngtt tu nhién cho phép ngudi diing cling nhu cic bén tham gia phat trién phan mém dé
dang hiéu dugc dude yéu cau cta hé thoéng.

2.2  Mb hinh héa chuyén biét mién

Ngén ngit chuyén biét mién (Domain-Specific Language - DSL) 1a mot ngdén ngit
chuong trinh ho#ic ngén ngit dic td thuc thi, bang cach tich hop céc khai niém triru
tuong cla tri thitc mién vao trong ngdén ngit dudi dang céc ky hiéu c¢é tinh biéu cdm
cao. DSL tiang mitc do tritu tugng bang cach stt dung cac khéi niém quen thudc véi céc
chuyén gia mién va thudng duge gidi han trong mot mién van dé cu thé nao dé.

Ngoén ngit mé hinh héa chuyén biét mién (Domain-Specific Modeling Language -
DSML) 1a mét ngén ngtt chuyén biét mién cu thé. DSML dugc st dung dé xay dung céc
md hinh dd hoa cho mét hé théng phan mém.

M5 hinh héa chuyén biét mién (Domain-Specific Modelling - DSM) 1a sit dung
DSML dé tao cdc m6 hinh, va sinh ma tit cdc mo6 hinh v4i mét bo sinh ma.

Phét trién huéng md hinh (Model-Driven Development - MDD) 1a m6t mo6 hinh
phat trién ma st dung cdc mé hinh nhu 1 cac ché téc chinh trong céc quy trinh phat
trién phan mém. Thoéng thuong, trong MDD trién khai dudc sinh tu dong hodc ban tu
dong tU cac mo hinh.

2.3 Chuyén d6i m6 hinh

Mot phép chuyén déi moé hinh 13 mot chuong trinh dé tao tu dong cdc md hinh hoic
van ban dau ra tit cdc mo hinh dau vao. Chuyén déi mé hinh c6 ba dang: Chuyén mo
hinh sang m6 hinh (Model to Model - M2M), mé hinh sang van béan (Model to Text -
M2T), va van bén sang md hinh (Text to Model - T2M).

2.4 Ng6n ngit rang budc dbi tugng OCL

Ngon ngit rang budc déi tugng OCL (Object Constraint Language) ra ddi nham muc
dich khic phuc céc han ché cia UML trong viéc biéu dién chinh x4c cdc khia canh chi
tiét ctia mot thiét ké hé thong. OCL dude phat trién lan dau vao niam 1995 béi IBM va
dugc tich hop vao UML nam 1997.

Pau tién, OCL chi dugc st dung nhu la mot ngdén ngt rang budéc cho UML, tuy nhién
pham vi cia n6é da dugec mé rong nhanh chéng va bay gis OCL trg thanh mot thanh
phan quan trong trong bat ky ky nghé hu’dng mo6 hinh MDE (Model Driven Engmeermg)
OCL dugc st dung nhu 1a ngdn ngu’ mac dinh cho trinh dién tat ci cic truy van mo
hinh hoac siéu m6 hinh, thuc hién va dic td yéu cau. OCL ciing thudng duge sit dung
dé trinh dién cac chuyén mo hinh (nhu 13 mot phan ctia cdc md hinh ngudn va mo6 hinh
dich ctia céc luat chuyén mé hinh), cdc luat hop 1é (nhu 1a mét phan ciia dinh nghia ciia
ngdn ngit chuyén biét mién mai), hodc cdc mau sinh ma nguon (nhu mot cach dé mo ta
cidc mau va cac luat sinh).



Chuong 3

Pac ta ca st dung theo huéng mo6 hinh héa
chuyén biét mién

3.1 Gidi thiéu

Ca stt dung 1a mot ché tac ciia phan mém ma duge st dung chil yéu dé ndm bit va
cAu tric cac yéu cau chitc nang ctia phan mém. M6 hinh ca st dung dugc dac ta chi yéu
bang mot biéu do ca st dung va céc mo ta dang viin ban dude cau tric 16ng léo. Loi ich
chinh ciia dic ta ca st dung trong ngdén ngit tu nhién 14 dé dang cho cdc bén lién quan
khoéng cé ki thuat ¢ thé hiéu duge. Tuy nhién, cdc md hinh ca st dung duge trinh bay
trong dang nay thudng chita cdc phan thong tin map md va khong chinh xac. Piéu nay
ngan can cac mo hinh ca st dung dude st dung truc tiép trong céc cach tiép can hudéng
md hinh, nhu mét ngudn chuyén dé cung cip cédc mé hinh ciu tric, cdc md hinh hanh
vi, v& céc ca kiém thit. Trong chuong nay, luin 4n tap trung nghién cttu xay dung mot
ngoén ngit mo6 hinh héa chuyén biét cho mién ! dic ta cdc thong tin dude mé té trong ca
stt dung. Luén 4n khic phuc nhiing han ché da dudc néu & trén trong cdc nghién citu
khac. Cé phap tritu tuong ctia USL dude dinh nghia bang cdch mé rong siéu mé hinh
ctia bic¢u do ca sit dung va bic¢u d6 hoat dong trong UML.

3.2 Xac dinh mién cho ngit canh dic ta ca sit dung

Bang 3.1 14 mot md ta ctia ca sit dung Lend book, mo ta niy cé dinh dang theo cau
tric mau mo ta ca st dung thong thudng. Mot mau mo ta ca st dung thudng gom hai
phan: cdc phan tit thong tin téng quan va mo ta chi tiét ctia cic luong. Phan thong tin
téng quan bao gom: tén ca st dung (use case name), mo ta toém lugc (brief description)
md ta tém ludc vé ca st dung, cidc tdc nhan (actors) md ta cic tdc nhan thuc hién ca
stt dung, tién dieu kién (pre-condition) va hau dieu kién (postcondition) mo ta tien va
hau diéu kién clia ca stt dung, kich hoat (trigger) mé ta su kién kich hoat ca st dung,
va yéu cau ddc biét (special requirement) mod ta cdc yéu cau phi chitc ning clia ca st
dung. Phan thit hai ctia ca st dung 1a théng tin mo ta hai loai ludng: luéng chinh (basic
flow) va céc luong thay thé (alternative flows). Noi dung ludng chinh mo ta cdc budc
thuc hién ca st dung trong diéu kién thong thudng khi ca s dung thuc hién. Mot ca st
dung chi ¢6 duy nhat mot luong chinh. Céc luong thay thé mo ta cdc hanh vi tity chon
ho#ic ngoai 1é ciing nhut cac hanh vi théng thudng khic nhau. Luong chinh va cic luong
thay thé thuong dudc cau tric trong cic bude (steps) hoic cac ludng con (subflows).
Tuy nhién, ching ta cé thé lam min céc ludong dé chi chita mot ludng chinh va mot sé
luong thay thé.

Mdi mot buée trong ca sit dung mé ta mdt hoic nhicu hanh dong dude thuc hién
bdi hé thong hodc tdc nhan. Moi mot bube trong cic luong chita cdc hanh dong dugc
thuc hién baéi hé thong hoac cac tac nhan.

Céc hanh dong dude mo ta trong cic bude c6 thé duge chia thanh chin loai hanh
dong nhu sau:

Actor-Input 1a mot hanh déng clia tdc nhan dé gii dit liéu t6i hé thong.

1. mién cong viéc diic ta ca st dung



Bang 3.1: M6 ta cua ca st dung Lend book

Use case name: Lend Book
Brief description: The Librarian processes a book loan.
Actors: Librarian.
Precondition: The librarian has logged into the system successful.
Postcondition: If the use case successfully ends, the book loan is saved and a complete message is shown.
In the other case, the system displays an error message.
Trigger: The Librarian requests a book-loan process.
Special requirement: There is no special requirement.
Basic flow
1. The Librarian selects the Lend Book function.
. The system shows the Lend-book window, gets the current date and assigns it to the book-loan date.
. The Librarian enters a book copy id.
. The system checks the book copy id. If it is invalid, it goes to step 4a.l
. The Librarian enters a borrower id.
. The system validates the borrower id. If it is invalid, it goes to step 6a.1
. The Librarian clicks the save-book-loan button.
. The system validates the conditions to lend book. If it is invalid, the system goes to step 8a.1
9. The system saves the book loan record, then executing two steps 10 and 11 concurrently.
10. The system shows a complete message.
11. The system prints the borrowing bill.
Alternate flows
E1. request searched book
1. The Librarian selects the search function after step 4a.l.
2. The system executes the extending use case Search book.
4a. The book copy id is invalid
1. The system shows an error message, then going to step 3.
6a. The Borrower id is invalid
1. The system shows an error message, then going to step 5.
8a. The lending condition is invalid
1. The system shows an error message.
2. The system ends the use case.

00O Ut W

Actor-Request 13 hanh dong ctia tdc nhan gt yéu cau t6i hé thong.

System-Display 13 mot hanh dong ctia hé thdng ma hé thong thuc hién cic hoat dong
v6i giao dién ngudi dung.

System-Operation 1a moét hanh dong hé théng dé tham dinh mét yéu cau va dit lidu,
hodc xt Iy va tinh toan di liéu.

System-State 1a hanh dong ciia hé théng dé truy van ho#ic cip nhét cic trang thai
bén trong ciia hé thong.

System-Output 13 hanh dong ctia hé théng dé giii dau ra cho cic tdc nhan.

System-Request 1a hanh dong ciia hé théng dé giti yéu cau téi tdc nhan phu (secondary
actor).

System-Include 13 hanh dong hé théng dé goi mot ca sit dung khic c6 quan hé
«include» vGi ca sit dung.

System-Extend 1a hanh dong ciia hé théng dé goi mot ca st dung khac ¢6 quan hé
«extendy v6i ca st dung.

3.3 Cu phap cua USL

3.3.1 C1 phap tritu tugng ctia USL

Hinh 3.1 thé hién siéu mé hinh ctia USL. Pé ngén gon, luan an chia siéu mé hinh
nay vao bon khéi (a), (b), (c), va (d) va danh nhan s thit tu trén cic khai niém dé chia
khoi. Hinh 3.1-a ¢6 nghia 1a khéi (a)) trinh bay céc khéi niém & mtc trén. Hinh 3.1-b
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trinh bay cédc phan cip khai niém FlowStep. Hinh 3.1-c trinh bay cic phan cap khai
niém ControlNode. Hinh 3.1-d trinh bay céc phan cAp khai niém Action va cich né
dugce lién két v6i FlowStep. Hinh 3.1-e trinh bay khai niém Constraint va cdch né duge
stt dung dé diic ta cdc rang budc ciia Action, InitialNode, FinalNode, vi FlowEdge.

DescriptionInfor UseCase | UCNode[ USLNode ] 4 FlowStep
-useCaseName: Estring R ~ - number: Eint
-description: Estring descyption Sourc arget - description: Estring
- 0..* actors: Estring vary, 0.* U Edge - maxloop: Eint
- scope: Estring .1 FlowEdge |
- levelAbstract: Estring ] [ ControlNode
- trigger: Estring
- preCondition: Estring
- postCondition: Estring BasicFlowEdge AlternateFlowEdge
- specialRequirement: Est | | - Tabel: Estring
(a)
FlowStep Q [ mitialNode ControlNode| | [ FlowEdge &
- number: Eint | uard
- description: Estring AN ue
- maxloop: Eint FinalNode InitialNode O\K
Contraint
3
- actorName: Estring ForkNode |DccisionNodc| | FinalNode | % 1 0.1
| | | lE reAction Postfction
SystemStep 4 ) P
JoinNode [ Action
| - actionName: Estring
(b) (©) (e)
SystemOperation SystemStep Parameter ActorStep
- actorName: EString
® 0. paramﬂ\ 0.* A
Y Output \[/ actions ' 0..* %ons
-displayName: Estring SystemAction Action ActorAction
W1 actionName: Estring
SystemDisplay
-displayName: Estring
-senderName: Estring SystemInclude ActorRequest ActorInput
-useCaseName: Estring -objectName: Estring -displayName: Estring
ate -displayName: Estring

-conceptName: Estring

SystemRequest

SystemExtend

-objectRequest: Estring

- useCaseName: Estring

(@)

Hinh 3.1: Siéu md6 hinh USL.

3.3.2 Cac luat hgp 1€ trén siéu mo hinh ctia USL

Dé dam béo tinh ding din clia cdc mo6 hinh USL tao ra, ludn 4n dinh nghia mot
tap cach luat hop 1é OCL nhu cac han ché trén siéu mo6 hinh ctia USL. Céc luat nay
cho phép kiém chiing lai tinh tinh dén ctia cdc m6 hinh USL khi ngusi mé hinh héa xay
dung ching. Nhing luat nay dugce dinh nghia trong ngt cdnh ctia khai niém UseCase

nhu danh sach duéi day.
Luat 1. M6t m6 hinh USL c¢6 duy nhat mot InitialNode.

Luat 2.
Luat 3.
Luat 4.
di vao.

Luat 5.
Luat 6.
Luat 7.
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Mot moé hinh USL c6 it nhat mdt FinalNode.
Mot m6 hinh USL c¢6 it nhdt mot FlowStep.

Mot InitialNode c6 mdt BasicFlowEdge di ra va khong c6 bat ky FlowEdge

Mot FinalNode c6 mot FlowEdge di vao va khong c6 bat ky FlowEdge di ra.
Mot DecisionNode c6 mot FlowEdge di vao va it nhat hai FlowEdge di ra.

Mot ForkNode c¢6 duy nhit mot FlowEdge di vao va it nhat FlowEdge di ra.



Luit 8. Mot JoinNode c6 it nhat hai FlowEdge di vao va duy nhit mot FlowEdge di
ra.

Luat 9. Mot SystemStep hoiic ActorStep c6 it nhadt mot FlowEdge di vao va chi c6
mot FlowEdge di ra.

Luat 10. Mot mo hinh USL 1a hgp 1é néu cic FlowEdge ma két ndi cidc USLNode clia
mo6 hinh 1& hgp 1€, tic 1a, kiéu va nhan cta cdc FlowEdge duge dinh nghia hgp 1é.

Luat 11. Thuoc tinh number ctia mdi FlowStep trong Basic flow 13 duy nhét.

Luat 12. Thudc tinh number ciia mdi FlowStep trong mét Alternate flow la duy nhat:

3.3.3 Cu phap cu thé ctia USL

Dé gitip nguoi diing c¢é thé tao duge cdc moé hinh USL mot cach truc quan va dé
dang, ludn an de xuat xay dyng cti phép thé cho USL véi cac ky hiéu (notation) nhu
dugce thé hién trong Hinh 3.2.

3.4 Ngtw nghia hinh thic cia mé hinh USL

Phan nay, ludn 4n cung cap ngit nghia hinh thitc cho cdc mé hinh USL. Muc dich
13 dé cung cAp mot ngit nghia thuc thi cho ngén ngit USL bang cach sit dung mét hé
théng chuyén trang thai dudc gan nhan. Ngit nghia thuc thi ctia ngdn ngit USL sé 1a co
s6 1y thuyét dé ludn an xay dung cic thuit toan sinh cic ca kiém thit tu dong tir mo
hinh USL.

Dinh nghia 3.1 (M6 hinh USL) Mét m6 hinh USL ctia mét ca sit dung 1la mot bo
D= (D¢,AE,C,Act,Fe, F,, Ff> vOi:
- D¢ 1a mét biéu dd 16p trinh dién céc khai niém mién ctia hé thong;
- A = AcnodeUAy la tap clia céc nit (USLNode);
- E = EyUE, 1a tap cia cac canh (FlowEdge);
- O = GU{cprevc YU CpostrcU CpreaU Cposta 18 tap cac rang budc (Constraint);
- Act = Act,UActs 13 tap cta hanh dong (Action);
- F, C{AxGxExA} 1a mbi quan hé gitta cac nut, diéu kién gac G, va cdc canh;
- F. C {Cpreax Act X Cposta} 1a cdc quan hé gitta cdc hanh dong véi cdc tién va hau
dieu kién ctia cidc hanh dong;
- Fy C {Nyx Cpostvc} 14 mdi quan hé gitta cac nit két thic (FinalNode) va hau
diéeu kién ctia ca st dung.
Trong doé:
- AcNode = N[UNfUNdUN}UNk, vOi:
+ Ny = {ci} 1a tdp cac nit bat dau (IndtialNode),
+ Nt ={cf1,. .., ¢} 1A tap cde nit két thic (FinalNode),
+ Ng=1{cq1,-..,Can} 14 tap céc nit quyét dinh (DecisionNode),
+ N; ={cj1,..., ¢jn} 12 tap cdc nut ndi (JoinNode),
+ N ={ck1,-.., )} 1a tap cc nit chia (ForkNode).
- Ay = A UA a tap céc bude (FlowStep), khi dé:

+ Ao = {Sa1,---sSan}(Vsq € Ag, 8a = (84, Acg)) 12 tap céc bube clia tdc nhan
(ActorStep),



< UC name: Lend book

< Description: The Librarian processes a book loan

< Precondition: The librarian has logged into the system successful @
Postcondition: If the use case ends successfully, W1

% the book loan is saved and a complete message is [<Actor>[1]: The Librarian selects the Lend Book function

|sl
shown. In the other case, | = #3 actionName[select], objectN[mnulendbook] la1
< Trigger: The Librarian requests a book-loan process b2
< SpecialRequirement: None W
<System>[2]: The system executes the <System>[2]: The system shows the Lend-book window, gets
s14 extending use case Search book. | the current date and assigns it to the book-loan date. s2
al6|<E> Use case[SearchBook] —o actionName[show], objectN[fLendBook] a2
S & actionName[GetCurrentDate], param[IDate] a3
al_5 al_6 El ;_;1 A actionName[assign], param[lDate] a4
El b3
<Actor>[I]: The Librarian clicks the <Actor> 3‘:(1_}1 Librari book id
s13|search-book button after step Sa.1 ctor>[3]: The Librarian enters a book copy i s3
al5] =@ actionName|[click], oName[SearchBb] L% actionName|[enter], param[bcid] as
E1a1_4 \gﬁm
3 Ta al 3 <System>[4]: The System checks the book copy 1d. Tf'it is 4
invalid, it goes to step 4a.1 s
4a _al_2 HE actionName[validate],concept[BookCopy], param[bcid]  [a6
<System>[1]: The system sends an error
s12|message to the Librarian, then it goes to 4a al_l S
al4| 2= actionName[show], param[errmess] i b Sl___i(:;zr::s(i"l;’:((;lfcp(})’p?‘l;ﬂ;:;fzz(g ) gl
- ! | : .beid=]
p4iPost:errmess='Book copy id does not exist' i ," <Actor>[5]: The Librarian enters a borrower id. s5
{
/ | “Le» actionName[enter],param[bid] a7
E Guard: (bcid=") or (BookCopy.alllnstances()-
gZE >exists(b:BookCopy|b.bcid=bcid)=False) b7
6a
iGuard: (bid=") or (Borrower.alllnstances()- i <System>[6]: The System validates the borrower 1d. TT it 1s
g4i>exists(b:Borrower|b.bid=bid)=Fa] jinvalid, it goes to step 6a.1 s6
al_8 \‘ 25 actionName[validate],concept[Borrower], param[bid] a8
<System>[1]: The system sends an error ‘\‘
s15|message to the Librarian, then it goes to step \‘ 6a 8
’D . + al_7 2 l(;uard: Borrower.alllnstances()- i
al7|— actionName[show], param(errmess] b9 _x"’!>exists(b:Borrower\b.bid:bid) ig3
T
p5i . ., 1 [<Actor>[7]: The Librarian clicks the SBookLoan button. |s7
1Post: errmess='Borrower id does not exist' 1 - - - -
i i I 1@ actionName[click], objectN[BSaveBLoan] |39
10
. Guard: BookLoan.allInstances()-> I<tSi'stem>[18(]i ;l;lhe ﬂsy‘item vah‘dtalez lh;colndmons to Tend book. "
8 exists(l:BookLoan| (bid=1.bid) and Y 1115 Invaic, The system goes 10 Step %a.
\
(l.payed=0)) “‘ 2E actionName[validate], concept[BookLoan], param[bid] al0
<System>[T]: The system shows an error
s16|message to the Librarian p Guard: BookLoan.allInstances()-  ig5
D8 4ctionN h >exists(l:BookLoan|bid=l.bid and
a1g|== action ame[show], param[errmess] 1. payed=0)=false

8a J/al_u? !
:

Post: errmess::[he borrower has ipﬁ <System>[9]: The ;ystem saves the book loan record, then s9
c@ i____not returned the loan book' i executing two steps 11 and 12 concurrently
25 actionName[save], concept[BookLoan], param[bLoan] all
11 :Syster.n>[g.1]3: The system prints the b15 4 b13>~ Post: BookLoan.alllnstances()— pl
sii[porrowing ol < exists(b:BookLoan| (b.beid =bcid)
actionName[print], objectR]pinter], 4 (b.bid= bid)and(b 40
al3 "Mparam[bLoan] 14 and (b.bid= bid)and(b.payed=0))
7 <System>[10]: The system shows a complete message s10
Post: p3 b17 2% actionName[show], param[mess] al2
BookLoanReceipt is 16 Ny
printed c5 “~.{Post: mess="book loan p2
b18 save complete'
c7

Hinh 3.2: Dic ta ca st dung Lend Book bang mot mé hinh USL.

+ Ag = {851, 8} (V85 € Ag, 85 = (84, Acs)) 12 tap cdc bude clia hé thong
(SystemStep), trong dé:
e 55 € String la md td clia budc s, va s,
o Acy =< g1, Gan > (Acg C Acty) 1a tap cdc hanh dong clia tdc nhan
(ActorAction) cé thit tu trong s,,
o Acs =< ag1,...,asn > (Acs C Acts) 1a tap cdc hanh dong ctia hé thong
(SystemAction) cé thi tu trong ss,
e actions(s,) = Ac, va actions(ss) = Acs 1a mdt dnh xa tir s, va ss t61 Ac,
va Acs,



° firstAgt(sa) = g1, firstAct(ss) = as1, lastAct(sq) = aqan, va lastAct(ss) =
asn, 1a bon anh xa tlt s, va sg t6i aq1, Gs1, Gan, VA Ggp,
e Actions(D) = UseAf actions(s) = Act.
+ Vsi,s; € Ay, actions(s;)Nactions(s;) = @.
- By ={ep1,- .., epn} la tap cdc canh BasicFlowEdge;
- Eo ={ea1,- .., ean} la tdp cdc canh AlternateFlowEdge;
- G ={ge1,---,9gen} 12 tap céc diéu kién gdc trén cic canh;
- Cpreve 12 tien dieu kién ctia ca sit dung;
- Cpostuc = {pu1 - - - pun} 13 hdu diéu kién ciia ca st dung;
= Cprea = {pets- -, Pen} 12 tap céc tién diéu kién ctia cdc hanh dong;
- Cposta = {Po1s-- -, Pon} 12 tap cdc hau diéu kién clia cdc hanh dong;
- Act, = Acty;UAct,, 1a tip cdc hanh dong ctia tdc nhan, véi:
+ Actg; 1a tadp cdc hanh dong ActorInput,
+ Acty, 1a tap cdc hanh dong ActorRequest;
- Acts = ActsqUActs,UActssUActs,UActs UAct;UActs, 1a tap cdc hanh dong clia heé
théng, véi:
+ Actsg 1a tdp cdc hanh dong SystemDisplay,
Actgp, 1a tap cadc hanh dong SystemOperation,
Actgs 1a tdp cdc hanh dong SystemState,
Actgo 1a tap cdc hanh dong SystemOutput,
Actg 1a tdp cidc hanh dong SystemRequest,
Actg; 1a tAp cdc hanh déng SystemInclude,

+ o+ + o+ o+

Actge 1a tap cdc hanh ddng SystemExtend.
Trén mé hinh D, ludn 4n dinh nghia mo6t s6 ham nhu trong Bang 3.2.
Pinh nghia 3.2 (Thyc thi mé hinh USL) Cho mét m6 hinh USL D = (D¢, A, E, C, Act, F., F., F}),
mot LTS mo té thyue thi cia D 1a mot bd ndm (X(V), P(GXAXP), T, &init, F) trong do:
-V la mdt tap hitu han ciia cdc bién ma kiéu clia né 1 céc kiéu co ban va cac 16p
ciua Dg¢;
Y (V) 1a tap cia céc trang thai (), mdi trang thai 14 mot tAp clia cdc gdn gid tri
t6i tap con cua cac bien trong V;

- P C CpostaUCpostuc 1a tap clia cac rang budc ma la cic hau diéu kién ctia D;

- A= A:nogeUAct 1a tap cia cidc hanh dong;

- G C GUChreycUCprea la tap cac diéu kién gac ciia cdc chuyén;

- Qinit € (V) 1a trang thai bat dau;

F C B(V) 1a tép cic trang thai két thic;

T C S(V)xP(GxAxP)x%(V) 1a mbi quan hé chuyén duge dinh nghia nhu sau:

Mot chuyén ¢ = (a, (g, a,7),o’) € T, hotic kg hieu 1a a 2 o, voi:

+ a € Ala hanh dong dé x4y ra chuyén t,
+ a,a’ € £(V) 1a céc trang thai dau va cudi ciia chuyén ¢ ma o/ théa man r,

+ r € P 1a hau diéu kién sau khi thyc hién hanh dong a, ¢ = defGuard(a) € G
14 diéu kién gic dé thuc thi hanh dong a,
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Khi d6: defGuard(a) dugce dinh nghia nhu sau:

preC(D),if a € Ny.

guardE(e)(e € D.E,target(e) = a),if a € Acnoge \ ;-

N(eeD.E target(e)—a) i5Completed(e)AguardE(e), if a € N;.

= { preC(Ds)ApreA(a)AguardE(e)(e € D.E, target(e) = a),if a € Acts;.
preC(Dx)ApreA(a)AguardE(e)(e € D.E,target(e) = a),if a € Actse.
preA(a)AguardE(e)(s € Ay, target(e) = s),if ((a € Aget)A (a = firsthct(s)).
preA(a)(s € Ay, a € actions(s)), if otherwise

Dinh nghia 3.3 (Cac ham trong LTS) Cho mot LTS L ctia mét mo6 hinh USL D,

mot trang théai hién thoi cta L 14 a, va mot chuyén t = o glaly o € L.T. Luan 4n dinh
nghia cac thuat ngt nhu sau:

- preT(t) = «, postT(t) = , guard(t) = g, postC(t) = r, va act(t) = a.

- eval(g) la gid tri cia rang budc g.

- reachable(a) = {t | preT(¢) = a} 1a tap clia cic chuyén ma bat dau tit .

Bang 3.2: Danh sach cidc ham dugc dinh nghia trong D

Ham Piéu kién Mo ta
firsthAct(c) =¢ ¢ € AcNode Tré ve hanh dong dau tién chia trong
mot ControlNode.
lastAct(c) = ¢ ¢ € AcNode Tra vé hanh dong cudi cing chita trong
mot ControlNode.
source(e) = n, ec B, €A Tra vé mot USLNode nguon ciia mot
n€A4,9€G Flowkdge. - - -
target(e) = ny ’ ’F Tra vée mot USLNode dich clia mot
(ns, g, €,m) € Fe FlowEdge.

guardE(e) = ¢
)

guardE(ng,ng) = ¢

Tra ve dieu kién gac cia mot FlowEdge.

Tra ve dieu kién gac cua canh cb nut
nguon va nat dich truyén vao.

preA(a) = p. a € Actions(D), Tra ve tien dieu kién ctua mdt hanh
(Pe, a,po) € Fe dong.
postA(a) = p, Tra ve hau dieu kién ctia mdt hanh
dong.
preA(c) = True ¢ € (AcNode \ N1) Trd ve tien dieu kién cia mot
ControlNode khong phéi la
InitialNode
postA(c) = True ¢ € (Acnode \ Ny) Tra ve hau dieu kién cta mot

ControlNode khong phai la FinalNode.

postA(c) = True

(XS (AcNode \ Nf)

Tra ve hau dieu kién cta mot
ControlNode khong phai la FinalNode

postC(c) = py

c € Ny, (¢, pu) € Fy

Trad ve hau difu kién cla mot
FinalNode

preC(D) = Cpreuc

Tréa ve tien dieu kién ctia mot md hinh
USL.

e€F,

isCompleted(e) lastAct(target(e)) da hoan
True thanh thuc thi

ec
isCompleted(e) lastAct(target(e))  chua
False hoan thanh thuc thi

Tra vé trang thai hoan thanh ctia mot
canh.
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- firable(a) = {t € reachable(a), eval(guard(t)) = true} 1 tip clia cdc chuyén
ma c6 thé duge kich hoat (fired) tit a.

Pinh nghia 3.4 (Chuyén déng thdi) Cho mét LTS L ctia mdt mo hinh USL D va
trang thai hién tai o ctia. Mot chuyén trang thai dong thsi 7 € L7 14 mot tap ciia cac
chuyén t,ts, ..., t, € firable(a).

Dinh nghia 3.5 (Thyc thi kich ban ca st dung) Cho mot kich ban ca st dung
ctia mot mé hinh USL D bao gom mdt chudi cadc hanh dong (ag, ..., a,_1). Su thuc thi

tn—

cua kich ban nay la mot dudng trong LTS L ctia D: p = ag fa aq LN ay,, khi do

~ gilai|ri

t, = Q41 (VZ =0,.. .,’n*l), ag = L., o € L.F, va t; € L.T.

3.5 Chuyén d6i mo6 hinh USL

USL dugc xay dung dé dac ta chinh xdc céc thanh phan théng tin mo ta vé hanh vi
va cau tric trong ca st dung v6i muc dich tich hgp ca st dung vao trong phuong phap
phét trién huéng mé hinh. Vi vAy, cdc mo hinh ca sit dung trong USL c¢6 thé dugc sit
dung 14 dau vao cho céc bo chuyén d6i moé hinh dé chuyén sang cdc mo hinh ciu tric
nhu biéu dd 16p trong UML, m6 hinh hanh vi nhu biéu do hoat dong va biéu do tuan
tu trong UML, céc ca kiém thit chiic ning mtic hé thdng, va cac tai libu mo té ca st
dung trong ngén ngit tu nhién theo mau. P& minh hoa cho kha ning sinh tu déng sang
cac md hinh va tai liéu khac tit cdic mo6 hinh USL, ludn an da xdy dung mot chuyén
USL2TUCD trong ngdn ngit chuyén mé hinh M2T Acceleo dé chuyén tu dong mot mo
hinh USL sang mot mé té ca st dung 6 dang ngdn ngit tu nhién dua theo mau ( Template
Use Case Description - TUCD).

3.6 K&t chuong

Trong chuong nay, ludn 4n dé xudt mot ngoén ngit mo hinh héa chuyén biét mién tén
la USL dé diic ta chinh x4c céc ca sit dung bang cdc m6 hinh. Pé dat duge muc tiéu
nay, dau tién ludn 4n nghién cttu vé mién dic ta ca st dung va muc dich st dung ciia né
trong quy trinh phét trién phan mém. Ké tiép, ludn an phat trién ci phap tritu tugng
va ¢t phéap cu thé cho ngén ngit, cling nhu dinh nghia mot tap cac luat hop 1é cho ngén
ngit. Ngoai ra, ngit nghia thuc thi cho cdc m6 hinh USL cling duge dinh nghia bang céch
anh xa sang hé théng chuyén trang thai dugc gan nhan. Tiép theo, dé danh gid kha
ning tich hop ngdén ngit USL vao trong phuong phip phét trién phan mém huéng mo
hinh, ludn an thao luin vé céc chuyén mé hinh cé thé duge 4p dung dé sinh tu déng céc
ché tidc phan mém khac nhau tit mé hinh USL. Cudi cung, ludn 4n dédnh gid kha nang
dién t4 ctia ngdn ngit USL véi cac ngdn ngit khac da ton tai.

Két qua nghién cttu trén dugc cong bd tai ky yéu Hoi nghi qubc té lan thtt 8 In-
formation and Communication Technology 2017 (SoICT) (cong trinh khoa hoc s6 (4)),
tap chi International Journal of Computing and Informatics 2018 (Informatica) (cong
trinh khoa hoc s6 (2)), k¥ yéu héi nghi trong nuéc lan thit 9 Fundamental and Applied
Information Technology Research (Fair) (cong trinh khoa hoc s6 (5)).
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Chuong 4

Phuong phap sinh tu déng cac ca kiém thir tir
mo hinh ca s dung

Trong chuong nay, ludn dn dé xuit phuong phép sinh tu dong céc ca kiém thit chitc
nang tit cdc moé hinh ca st dung, phuong phép cé tén la USLTG. Dau tién, ludn 4n dé
xuat xay dung ngdén ngit dic td cic ca kiém chiic ning tén 1a TCSL. Sau dé, phuong
phap USLTG sé doc cdc md hinh USL dic ta cac ca st dung dé sinh tu déng cic ca
kiém thit duge dac ta trong moét mo hinh TCSL. Cu thé, ludn 4n da xay dung ba thuat
toan chinh dé sinh céc kich ban kiém thi, dit liéu kiém thit, va chuyén céc ca kiém thit
vao mot m6 hinh TCSL.

4.1 Giéi thiéu

Trong kiém thit chitc ning, thiét ké céc ca kiém thit thuong duge thuc hién thi cong,
dua vao tai liéu diic td yéu cau phan mém. Tuy nhién, cic yéu cau phan mém thudng
hay thay ddi trong sudt quy trinh phat trién phan mém. Do dé, cic ca kiém thi lién
quan phai duge xay dung lai va duge thuce thi lai. Vi vy, cdc nd luc duge yéu cau dé xac
dinh, béo tri, va thuc thi céc ca kiém thit cho cac ca st dung 1a rat 16n. Viéc dé xuat va
phét trién ki cac thuat kiém thit tu dong trd nén cap thiét. Gidi phap sinh va thuc thi
cac ca kiém thit chitc ning tir cdc ca st dung tu dong sé gitp tiét kiém dugce rat nhiéu
thoi gian va nd luc cling nhu gidm duge s6 lugng céc 16i va céc sai s6t trong hoat dong
kiém thi phan mém. Vi vay, trong chuong nay ludn 4n tdp trung vao nghién ctu va deé
xuat mot ngoén ngit dic té cac ca kiém thit chitc ning va xay dung quy trinh dé sinh tu
dong dudc céc ca kiém thit chitc nang tit moé hinh ca sit dung.

4.2 Téng quan ky thuat dé xuat

Hinh 4.1 biéu dién cdc budc chinh cta cich tiép can USLTG cia ludn én. USLTG
muc dich dé sinh tu ddng cac ca kiém th ti cac ca st dung.

4.3 Ngbén ngit dic ta cac ca kiém thit TCSL

4.3.1 Xaéc dinh mién cho ngit canh dic ta ca kiém thit chitc ning

Theo Raghavendra dé cac ca kiém thit ¢6 thé sinh tu déng duge cac tap lénh thuc
thi kiém thit bang céc cong cu thuc thi kiém thit tu dong, cdc ca kiém thit phai gdm
bén phan théng tin khac nhau 1a: céc bude kiém thit (step), ddi tugng kiém thit ctia médi
bude kiém thit (test object), hanh dong bén trong ciia d6i tugng kiém thit (test action),
va dit liéu kiém thit (test data).
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USL TCSL

Metamodel UML class model (Domain concepts) Metamodel
+ Configuration file

A

A
| <<conform to>>

1
< >>
I USLTG <I conform to
1. Generate use 2. (.}enerate 3. Generate
g 5 case scenarios tes.t input data | TCSL model y
and constraints suites for each
/i\ scenario
H Model ‘: T T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTITTToTTToo TTTTTTTTTTTTTTTTA
‘: use case ! i Legend: 7 Tnput Activity automated :’ YT Activity performed. :
 descriptions | ! by USLTG ---- by the software engineer !
__________ . L7 Output !
Hinh 4.1: Téng quan ciia cach tiép can USLTG.
Bang 4.1: Hai ca kiém thit ciia ca sit dung Lend book
STT Budc Dbi tugng Hanh | np a0 1 | Dit ligu 2
: dong
Librarian selects the
! Lend-book function lendbookF select
2 Librarian enters a book copy id bcid enter “bc_01” “bc_03”
3 Librarian enters a borrower id bid enter o “b_03"
4 Librarian enters a borrower id bid enter “b_02” “b_02”
Librarian clicks the .
o save-book-loan button SaveBLoan click
6 The system save the book loan BookLoan verify a Book loan is recorded
record
the system shows a complete . “Book loan save comple-
7 message verify
message te”
the system prints the . . “Book loan receipt is
8 borrowing bill bBill verify printed”

4.3.2 Dinh nghia siéu moé hinh TCSL

Luan an dé xuat moét ngon ngit TCSL (Test Case Specification Language) dé dic ta
cac ca kiém thit chttc ning mitc. Mot md hinh TCSL v6i muc dich dé nam bat cac thong
tin clia cic ca kiém thit ciia mot hé théng. Mot hé thdng bao gom mot tap céc ca st
dung. Mdi ca st dung bao gom mét hoiic nhiéu snapshot ma nim bit cdc trang thai
bén trong ctia hé théng trude khi thuc hién ca st dung va mot tap céc ca kiém thir ma
dudc tao tit cac kich ban kiém thit két hop véi cac bo dit lieu kiém thit. Cu thé, cac dit
liéu kiém thir ctia mot ca st dung duge xéc dinh dua vao trang thai bén trong ctia hé
théng. Nhitng trang thai nay 1a cic thé hién cia cdc khai niém mién ctia hé théng ma
lién quan t6i ca stt dung. Hinh 4.2 hién thi siéu m6 hinh ctia ngon ngit TCSL ma duge
dinh nghia bang du 4n EMF trong Eclipse.

Luén én cling dinh nghia céc luit hop 1 trén siéu mé hinh TCSL dé tham dinh céc
mo hinh TCSL khi ching dugce tao.

Luat 1: Mot TestScenario c6 it nhat hai Step.

Luat 2: Tat ci cic Step trong mot TestScenario cé cling s6 DataCase nhu nhau.
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CheckPointType InvokeType
-Standard System j ConnectionType DataTupe -include
-DataBase -name: Estring [0..YuseCase -fork -pName: Estring -extend
-BitMap -join -value: EString
-Image d Snapshot 1..1]generatedFro [0..%] TestStep
-Table I—des: Estring N N\ DataCase / dataTuple_[-objectName:Estring
-Text .¥] | UseCase -cid: Ebyte -actionName:EString
—TextAr.ea. . [0..*].objects —name-: E§tring - [0.*]dataCase _
-Accessibility MObject -description: EString CheckPoint
Page -name: EsFrmg \L [0..*]testScenario StepConne'ctlon -type: CheckPomt"I'ype
-XML . -type: Estring -type: ConnectionType -objectName:Estring
TestScenario [0..*]step 1d..*]source -actionName:EString
[1..1}50ur 1. .*]attribs -name:EString ¢ / . ¥]target
MLink MAbtribute -description: EString \ Step InvokeStep
name: String 1] -name: Estring -prec: EString N -step:EByte <} -type: InvokeType
target |-value: Estring -postc: EString -description: EString -ucName:EString

Hinh 4.2: Siéu mo6 hinh cia TCSL

Luat 3: Néu mot hanh dong ma dugde thuc hién & hai TestStep ho#c hai CheckPoint
khac nhau trong mot kich ban kiéem thit TestScenario, thi cdc DataTupe clia cac
DataCase & hai Steps phai ¢6 cung thudc tinh.

Luit 4: Tat ci cic DataCase trong cic Step ciia mot TestScenario dudc sinh ciing
tt mot SnapShot.

4.4 Chuyén d6i mé hinh tir USL sang TCSL

4.4.1 Xac dinh tiéu chi phu

USL dinh nghia cdc khai niém dua trén cAu tric ctia bieu do hoat dong dé dic ta
ludng diéu khién di qua cic bude mo ta trong cac ludng su kién ciia ca sit dung. Vi viy,
Luan 4n st dung tiéu chi phtt duong hoat déong dude dé xuat bdi Kundu va cic cong su
dé sinh cac ca kiém thit tit m6 hinh USL. Cu thé, mot duong USL 13 mot dudng tit nit
bt dau InitialNode t6i mot nit két thic FinalNode ctia md hinh USL. Pudng nay
tuong ng v6i mot dudng hoat dong ctia mot do thi hoat dong.

Pinh nghia 4.1 (Ca kiém thi&t USL) Mot kich ban ca sit dung clia mét moé hinh
USL D ma gom chudi cdc hanh dong (ay, ..., a,). Vi mot tap dit litu dau vao cu thé
thoa man tap céc tien dieu kién thuc hién ctia cdc hanh dong trong kich ban, khi thuc
thi kiém thit tng v6i mot duong trong mot hé théng chuyén trang thai duge gan nhan

LTSLcﬁaD:p:aogalg...gan, Khi d6 ¢, = oj_1 gi\ﬂn a; Vi=1,...,n),

oo = Lo, oop € LLF, va t; € LT.

Két qua ciia ca kiém thit nay 1a "Pass" néu tap tat ca cic hau diéu kién ctia cdc hanh
dong dugc thdéa man trong tat cd cac chuyén, nguge lai ket qua la "Fail".

Dinh nghia 4.2 (Tiéu chi phti duéng USL) Cho P, 1a tdp cic duong USL clia mot
ca stt dung v tit mot md hinh USL, T 1a tap céc ca kiém thit, T dugc goi 13 théa man
tiéu chi pht duwong USL khi vao chi khi Vp; € P,, 3t € T sao cho kich badn tuong tng
v6i t duge thuc hién theo dusng USL p;.

4.4.2  Sinh cac kich ban ca s dung va cac rang budc

USLTG muc dich dé sinh cac kich ban kiém thit ma théa man tiéu chi day di va pha
kiém thtt. Pau tién, USLTG sinh tat cd cdc duong USL theo tiéu chi phii duong USL
tit mot nit bit dau InitialNode t6i mot nit két thic FinalNode trong mdt mé hinh
USL. Cht § rang v6i méi dudng duge sinh, céc dieu kién gic trén mot canh FlowEdge
dugc két hop véi tien didu kién ciia hanh dong tiép theo va chuyén thanh tién diéu kién
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ctia hanh dong nay. M6i dudng duge xem nhu 1a mot kich ban ca st dung. Sau dé, moi
kich bén ca st dung dugc tham lai dé sinh mot kich ban kiém thi

Thuit toan 4.1 GenScenarios

GenScenarios(D)
Input: D is a USL model
Output: paths is a set of constrained use case scenarios returning from D
BEGIN
pt < &; sc + J; x < the InitialNode of D; GenerateScenarios(pt,sc,x);
END.
Procedure GenerateScenarios (pt,sc,x)
prex = the last node in pt; push(pt,x) if z is FinalNode then
‘ sc <— sc U x; paths < paths U sc; exit
end
if z is DecisionNode then
if V e € outGoing(z) was visited then
bf < the BasicFlowEdge in outGoing(x) if 3 bf then GenerateScenarios(pt, sc, targetNode(bf));
else exit ;
else
foreach t in outGoing(z) that was not visited do
‘ ptn < copy objects from pt; scn <— copy objects from sc GenerateScenarios(ptn, scn, targetNode(e))
end
end
else if z is ForkNode then
sc < sc U x; jn < null; allsubSteps + &; allsubpaths <— @ foreach ¢t in outGoing(z) do
subSteps < null; subPaths <+ null;
//subSteps, a set of USLNode sequences,
//subpaths, a set of Action sequences and jn, a JoinNode
VisitSubpath(allsubSteps, allsubPaths, subSteps, subPaths, targetNode(e), jn)
end
/maxLength(allsubSteps) returns the max size of subpaths in allsubSteps
for i=0; i<maxzLength(allsubSteps) do
ptn <— copy objects from pt; scn < copy objects from sc for j=0;j <allsubSteps.size() do
vt < 0 if allsubSteps[j].size()<i then vt=i ;
else vt < random from 0 to allsubSteps]j].size()-1;
ptn < ptn U allsubSteps|j][vt]; scn < scn U allsubpaths[j][vt];
end
GenerateScenarios(ptn,scn,jn)

~

end
end
else if z is FlowStep then
if prex is DecisionNode then
| act < copy the object actions(x)[0] act.setPre(defGuard(guardE(prex, x),act)); sc = sc U act
end
else sc < sc U actions(x)[0] ;
for i=1; i<actions(z).zise() do sc < sc U actions(x)[i] ;
GenerateScenarios(pt, sc, targetNode(outGoing(x)[0]))

end
else sc < sc U x; GenerateScenarios(pt, sc, targetNode(outGoing(x)[0])) ;

End;

4.4.3 Sinh cac bd dir liéu diu vao kiém thi

Ludn an trién khai mot thuat toan sinh tén 13 GenTestInputData nhu duge mo ta
trong Thuét toan 4.2 dé sinh cac bo dit liéu dau vao kiém thit.

4.4.4 Sinh mo6 hinh TCSL

Thuédt toan 4.3 hién thi Thuét todn GenTCSLModel dé chuyén céc kich ban va céc
bé dur liéu da duge sinh vao trong mét mé hinh TCSL.

Hinh 4.3 hién thi mét phan ctia m6é hinh TCSL ciia ca st dung Lend book trong hé
thoéng Library.
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Thuit toan 4.2 GenTestInputData

GenTestInputData(paths, CD, CONF)
Input: paths, a set of use case scenarios;
CD, the class diagram of system domain concept;
CONPF, the configuration file;
Output: TCs, a list of pairs <scenario, EVObjects>;
OMpi, a snapshot before executing the use case.
36 BEGIN
OMpi <+ GenerateSnapshot(CONF);
foreach sc in paths do
37 EV < processScenario(sc); CM < combine from EV and CD;
INVs < A all pre-conditions of actions in sc;
OMTf + OCLSolver(CM, CONF, INVs, OMp);
a + FindFirstStateModifingAction(a, sc); OMp < OMpi;
while (a <>null) and (3 an action affter a that has pre-conditon) do
38 OMp ¢« UpdateOMp(OMp, a) OMp < CombineEnterdInputsOMp(OMp,OMf,a) OMf < OCLSol-
ver(EV, CD, INVs, OMp) a «+ FindFirstStateModifingAction(a, sc);

39 end
40 TCs - TCs U <sc, get Objects of EV from OMf>
41 end
42 END.
Function processScenario(sc)
Output: EV, a class captures test input variables in test steps of a scenario
sc, its OCL expressions was replaced by new variable names.
Create class EV;
create attributes of EV from variables of the use case;
foreach a in sc do

43 if a is ActorAction then processAction(a, EV) ;
44 else if a is SubSenario then
45 foreach sa in a do
46 | if sa is ActorAction then processAction(sa, EV);
47 end
48 end
49 end
50 return EV;
End;

Procedure processAction(a, EV)
ord <+ the iteration order of a in sc if ord >0 then

51 for p in a.getParameter() do

52 if isOutParam(p) then

53 CreateAttributeEV(p,ord, EV); na < a; ReplaceOCL(na,p,ord,"post");
while true do

54 na < next of na if /isEqual(na,a) then ReplaceOCL(na,p,ord,"all");

55 else ReplaceOCL(na,p,ord,"pre"); break;

56 if isFinalNode(na) then break;

57 end

58 end

59 end

60 else

61 for p in a.getParameter() do

62 ‘ if isOutParam(p) then CreateAttributeEV(p,ord, EV);

63 end

64 end

65 End;
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Thuit toan 4.3 GenTCSLModel

GenTCSLModel(lucs)
Input: lucs, a list of use cases of the system
Output: TCSL, a TCSL model
66 BEGIN
Create a TCSL model;
for uc in lucs do

67 paths <— GenScenarios(D of uc);
68 TCs and OMpi < GenTestInputData(paths, CD, CONF);
//TCs is a set of pair<scenario, EVObjects>
//OMDpi is a snapshot of CD Create a snaphhot of uc from OMpi;
for p in TCs do
69 Create a test scenario;
Transform p.scenario[0].pre to the pre-condition of the test scenario;
Transfrom p.scenario[p.scenario.size()-1].post to the postcondition of the test scenario;
a=sce[l];
while a is not FinalNode do
70 if a is Action then MapAction(p,a) ;
71 else if a is ForkNode then
72 Create StepConection CF;
CF.type < fork type; CF.source + Step that was created before a;
Create StepConection CJ; CJ.type < join type; a < next a;
while a is not JoinNode do
73 foreach sa in a do MapAction(p,sa) ;
74 CF.target < CF.taget U the firt step is created from sa;
CJ.source <— CJ.source U the last step is created from sa; a < next a;
75 end
76 ClJ.target < the first step is created after JoinNode;
7 end
78 a < next a;
79 end
80 end
81 end
s2 END.

Procedure MapAction (p, a)
if a is ActorAction then

83 Create TestSteps from a;
for i=0; i<p.eVObjects.size() do Create DataCase from p.eVObjectsli] ;
84 end
85 if a is SystemAction then
86 if a is SystemExtend or SystemInclude then Create InvokeStep from a ;
87 else if a has postCondition then
88 Create checkPoints from a for i=0; i<p.eVObjects.size() do
89 pc < a.post that its input variables is replaced by values in p.eVObjects[i] Create DataCase from
pc
920 end
91 end
92 end

4.5 Téng két chuong

Trong chuong nay, ludn 4n da dé xudt ngén ngit dic té cac ca kiém thit chitc ning
TCSL. Luén 4n ciing da dé xuat phuong phap USLTG dé sinh cac ca kiém thit tit ca
stt dung. Trong d6, cic ca st dung duge dic ta bang cdc mo hinh USL, con cic ca kiém
thit sinh ra duge dic ta bang mot mé hinh TCSL.

Két qua nghién citu trén duge cong bd tai ky yéu Hoi nghi quoc té 1lan thit 10 Know-
ledge and Systems Engineering 2018 (KSE) (cong trinh khoa hoc s6 (3)), va submit vao
tap chi qudc té International Journal of Software Engineering and Knowledge Enginee-
ring (IJSEKE) (ISI-indexed) (cong trinh khoa hoc s6 (1)), k¥ yéu hoi nghi trong nuée
lan thtt 8 Fundamental and Applied Information Technology Research (Fair) (cong trinh
khoa hoc s6 (6)).
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:System

-name = Library|

:UseCase
-name = LendBook :MObject :MAttritbute
-name=b1 -name=bkid
:SnapShot -type=Book -value='b01"
-des='system states.. ceee |— coee
:StepConnection
:TestScenario -source=6; -target=7,8
-name = ... -type=fork
: TestStep :StepConnection
-step =1 -source=g,9
[|-testObject = 'fLendbook' -type=join
-actionName = 'select’
: TestStep :DataCase :DataTupe
-step =2 -case=1 -value=bc Ol
[|-testObject = 'beid'
-actionName = 'enter' :DataCase :DataTupe
-description="enter bcid' -case=2 -value="bc_03"
:TestStep :DataCase :DataTupe
-step =3 -case=1 -value="
[]-testObject = 'bid'
-actionName = 'enter' :DataCase :DataTupe
-description="enter bid' -case=2 -value=b_03"
:TestStep :DataCase :DataTupe
-step =4 -case=1 -value=b_02'
[]-testObject = 'bid'
-actionName = 'enter' :DataCase :DataTupe
-case=2 -value=b_02'
:CheckPoint :DataCase :DataTupe
-step="7 -case=1
|-type=standard -value= 'mess='book
-testObject = 'message’ loan save complete"
:CheckPoint :DataCase :DataTupe
-step =28 -case=2
| -type=standard -value= 'mess='book
-testObject='"BLoanBill' [ loan save complete"
:TestScenario

-name = ...

Hinh 4.3: Mot phan cic ca kiém thit duge sinh duge diic ta trong mo6 hinh TCSL.
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Chuong 5
THUC NGHIEM VA PANH GIA

Trong chuong ndy, ludn an sé cai diat cac cong cu ho trg, dua thém thuc nghiém, va
cac danh gia cho cho ngén ngt USL va phuong phap USLTG.

5.1 Gi6i thiéu

Muc tiéu ctia phuong phap dic ta chinh xac ca sit dung 1a dé c6 thé tich hop céc
md hinh ca st dung vao trong phuong phap phét trién phan mém huéng mé hinh thong
qua céc chuyén mé hinh. Vi viy, mot cong cu cho phép tich hop USL vao trong phuong
phép phét trién phan mém huéng mo hinh gitip hién thue héa cich tiép can USL trong
phat trién phan méem.

5.2 Coéng cu hd trg USL

Hinh 5.1 hién thi cdc thanh phan chinh ctia bo céng cu USL. Bo cong cu USL dugc
x4y dung tit bén thanh phan co ban khac nhau: (1) USL Tool 14 giao dién chinh clia cong
cu ho trg USL, (2) USL Editor dé tao cdc mé hinh USL, (3) USLTG dé sinh tu dong
cic ca kiém thit duge diic ta trong mo hinh TCSL tit cAc md hinh USL, (4) Metamodel
TCSL 1a ¢t phap tritu tuong ctia TCSL cho phép dic ta céc ca kiém thit duge sinh ti
USLTG. Ngoai ra luan 4n ciing trién khai mot chuyén USL2TUCD dé sinh tép viin ban
mo t4 ca sit dung theo mau TUCD.

5.3 Déanh gia

Trong muc nay, ching toi sé dua ra nhitng ddnh gid cho hai dé xuat ctia luin 4n 13
ngoén ngit dic ta ca st dung va phuong phép sinh cic ca kiém thit hé thong tit cic st
dung. Céc dé xuat sé dude so sanh véi cdc cong viee tuong tu dua trén mot sd cac tieu
chi so sanh.

5.3.1 DPanh gia ngén ngx USL

Phan nay trinh bay danh gi4 kha niang dién t& ctia USL, dudc so sanh véi sdu ngon
ngtt khdc: RUCM, UC-B, ADA-M !, MBD-L 2, SiLabReqva RSL. Luén an st dung bén
tiéu chi con ctia kha nang dién ta:

C1. Dién ta dya trén mau ciia cdc mo té ca st dung.

C2. Dién ta dua trén ludng dic¢u khién ctia hanh vi ca sit dung.
C3. Dac ta cac hanh dong.

C4. Dién t4 cdc rang budc ca sit dung.

Bang 5.2 liét ké cac két qua danh giad cho cac tiéu chi & trén. Trong bang, luin 4n
stt dung ba ky tu ‘F’, ‘T", ‘N’ dé ky hiéu phuong phip dic t4 ma dude st dung cho moi

1. ’ADA’ 1a viét tit clia bidu d6 hoat dong hudng tac nhan, M’ 13 phuong phap (method).
2. ‘MBD’ 1 viét tit cfia tén téc gid, ‘L’ 1a ngén ngit (language).
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UML use case, !
class models i

Use case

(2) USL Editor

1) USL Tool
M %% Jcall | EMF Project +

1

:

| y

i T?C) [B] Java project GMF Project
i

Use case II
ds

escriptions

' —  descriptions
I

___________________ Call Tttt
3) USLTG | USL model
! Configuration ﬁle: ) : mode 1
| ar={0.8} Acceleo project ] C\; E
R b:zz‘a’,’b’,’c’} !:"> . pros <":l. '
_______________ i + java module | I;I !
| >Q
'TCSL model (XML 'féfrhé't)":c . (4) TCSL
' '‘Confor
' [l _t_ - MetaModel
1 = H (o]
{ : EMF Project
: !
i::] Input/output data I:> Input flow C_all’ Call another component
Conform
D Component |:> Output flow = 4 I Conform to a metamodel
o

Hinh 5.1: Cac thanh phan chinh ctia cong cu USL

ngodn ngt: ‘F’ ky hiéu cho phuong phap dac té chinh thic (formal specification method),
‘I” ky hiéu cho phuong phap dic ta khong chinh thic (informal specification method),
va ‘N’ ky hiéu cho thong tin khéng duge thdo ludn dac ta.

Bang 5.1: So sdnh kha ning dién t4 gitta cdc ngdn ngit dic ti ca sit dung

Thong tin ca st dung (UC) RUCM |UC-B | ADA-M | MBD-L | SelabReq | RSL | USL
(c1) Théng tin chung I N N F N N F
(c1) Céc luong cta UC I N I F N N | F
(c1) Céc kich ban UC N N N N F F | N
(c2) Céc ludng didu khién I N F F N F | F
(¢2) Céc hanh dong dong thoi N N F N N N | F
(¢3) Céc kieu hanh dong I N N F F F F
(c4) Tien va hau dieu kién cia cic

kich bdn UC ! F N F N I F
(c4) Céc dieu kién géc luong I F I F N I F
(cA4) Tien va hau dieu kién ctia hanh N F N N N N |
dong

5.3.2 Danh gia phuong phap sinh cac ca kiém tht USLTG

Dé so sanh véi cac nghién citu khac, ludn an dua ra bay tiéu chi con dua trén thong
tin clia cic ca kiém thit va ngon ngit dic ta cc ca kiém thit. Bang 5.2 liét ké céic két qua
so sanh trén cac tiéu chi nay. Trong bang nay, ludn an st dung sau ky tu ‘Y’, ‘N’ V’,
‘D’, °’NL’, "M’ dé ky hiéu cac thong tin céc ca kiém thit va ngdn ngit dic ta cc ca kiém
th@t ma da dudce sinh va duge dé xuat bsi mdi phuong phap: Y’ ky hiéu rang thong tin
dugc sinh, ‘N’ ky hiéu rang théng tin khong dude xéc dinh hoidc khong thio luan, 'V’ ky

21



hiéu rang théng tin da xéc dinh 13 gid tri cu thé, ‘D’ ky hiéu rang théng tin da xac dinh
13 céc mo ti chang han nhu cdc mé ta dieu kién, 'NL’ ky hiéu 13 ngdén ngit tu nhién, va
‘M’ k¥ hiéu nhu 14 mot ngon ngit dic td ma duge xdy dung bang ky thuét siéu mé hinh
hoéa. Céc tiéu chi nay dugc thao luan chi tiét nhu dudi day.

Bang 5.2: Su so sanh cic thong tin dude xac dinh va ngdn ngit dic ta kiém thir cla
cac phuong phap

Théng tin ca kiem thi Wang | Sarmiento | Nebut | Boghdady | Tiwari | Gutierrez | Straszak | USLTG
(c1) Kich ban kiém thi Y Y Y Y Y Y Y Y
(c2) Pau vao kiém thi A% N N D N N D \4
(c2) Pau ra mong dgi v N N D N N D A%
(ci’;) Kle}l clia cdc bude N N N N N v v v
kiém th

(cjl) Tén hanh déng va tén N N N N N N N v
doi tugng

(05) Céc hanh dong dong N v N N v N N v
thoi

(c6) Céac moi quan hé véi

céc ca kiém thir khéc N N N N Y N Y
(cT)Negon ngit dac ta ca | \p NL NL NL NL M M M
kiém th

5.4 Két chuong

Trong chuong nay, ludn 4n da xay dung bo cdng cu hd tr¢g USL cho phép tich hop
ca stt dung vao trong phuong phap phét trién huéng mo hinh. Céng cu hd trg bao gom
mot trinh soan thio dé tao cdc mo hinh ca st dung trong ngén ngit dic td USL mot
cach truc quan, céc bd sinh tu dong dé chuyén déi cdc mo hinh USL t6i céc ché téc
khéc nhau trong phat trién phan mém. Ludn an chi yéu tap trung vao xay dung bo sinh
tu dong cac ca kiém thit. Tiép theo, dé minh chimg cho kha ning ap dung ctia phuong
phap va cong cu da dé xuat, ludn 4n trinh bay céc két qua tra vé khi 4p dung phuong
phap USL cho mot vi du trong thuc té. Cudi cling, ludn 4n dua ra cdc ddnh gid cho céc
dé xuat clia luan 4n véi cic phuong phép ciia céc nghién cttu khic trong phuong phap
diic t4 ca st dung va sinh tu dong cac ca kiém thi.

Két qua nghién citu trén 1a mot phan trong céc cong bd tai ky yéu Hoi nghi qudc
té lan thtt 10 Knowledge and Systems Engineering 2018 (KSE) (cong trinh khoa hoc
s6 (3)), hoi nghi qubc té lan thit 8 Information and Communication Technology 2017
(SoICT) (cong trinh khoa hoc s6 (4)), tap chi International Journal of Computing and
Informatics 2018 (Informatica) (cong trinh khoa hoc sb (2)), va submit vao tap chi Int’l
Journal of Software Engineering and Knowledge Engineering (IJSEKE) (ISI-indexed)
(cong trinh khoa hoc s6 (1)).
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Chuong 6

KET LUAN VA HUGNG PHAT TRIEN

6.1 Cac déng gbép cua luan an

Kiém thit phan mém la mot hoat dong quan trong dé dam bao chit luong phan
mém. Hoat dong nay phai dude tién hanh lai khi phan mém thay ddi. Vi vay, tu dong
héa hoat dong kiém thit phan mém gitip ting chat lugng phan mém va lam gidm chi phi
trong phat trién phan mém. Cac ca sit dung thudng dude mé hinh héa bang mé hinh ca
stt dung trong UML va céc md ta ca sit dung trong ngén ngit tu nhién. Vi vay dé giai
quyét bai toan sinh tu dong nay, can phai dic t chinh xdc dude céc ca st dung va céc
ca kiém thit. Sau mot thoi gian nghién ctu va gidi quyét bai todn nay, ludn an da cé
mot sb nhitng déng gép nhat dinh nhu sau.

e D¢ xuat mot ngon ngit USL dé dic ta chinh xdc cac thong tin mo ta trong cac ca
st dung theo huéng tiep cdn mo6 hinh hoéa chuyén biét mién.

e Xay dung ngdn ngit mo6 hinh héa chuyén biét mién TCSL dé dic ta cac ca kiém
thit chitc nang.

e D¢ xuat phuong phap USLTG dé sinh tu dong cac ca kiém thit dude dic ta trong
mot mo hinh TCSL tit cdc md hinh ca sit dung trong USL.

e Xay dung cong cu hd hd trg USL cho phép tich hgp ngon ngit USL da dé xuat vao
trong phuong phép phat trién phan mém huéng mo hinh.

e Déng gép cudi cling ciia luan an 1a minh hoa céc phuong phap dé xuat théng qua
mot s0 ca st dung hoan chinh nhu Lend book, Withdraw. Ngoai ra, ludn an cling
danh gid cidc ngoén ngt va phuong phép sinh kiém thtt da dé xuat véi két qud
clia cac nghién cttu khac dé danh gia kha ning dic td ciia cdc ngdn ngit va khi
ning sinh céc ca kiém thit. Diéu nay phan nio thé hién dudc tinh kha thi cia cac
phuong phap dé xuat.

Céc két qud clia luan 4n da cong bd trong cic cong trinh khoa hoc duge ding tai trén
cac hoi nghi, tap chi chuyén nganh trong nuéc va quoc té c6 phan bién.

6.2 Hudng phat trién

Bué6ce dau, cac phuong phap dé xuat da dat dude mot s6 két qud nhat dinh. Mot s6
huéng nghién citu tiep theo clia ludn an ¢6 thé duge thuc hién la:
1) Dbi véi bai todn xay dung ngdn ngit diic ta ca st dung USL. Can tiép tuc xem xét,
gidi quyet cac van de sau:

- Xay dung thém cho ngén ngit USL can cung cap thém ct phap va cong cu hd
trg soan thao cac mo6 hinh 6 dang van ban gan véi cau tric trong ngén ngr
tu nhién dua trén mau ciia mo ta ca st dung;

- Dua ra giai phap dé kiém tra tinh ding din ctia cdc biéu thitc OCL khi x4y
dung cic rang budc cho cdc mo hinh USL.

2) D6i v6i bai todn sinh kiém thit tu dong tit cdc mo6 hinh USL. Can tiép tuc xem
xét, gidi quyet cac van de sau:
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- Ngon ngit TCSL can cung cip mot ci phap cu thé ciing nhu cong cu soan
thao tric quan cho kiém thit vién dé dang thao tac trén moé hinh.

- USLTG can cap cac thuat toin GenScenarios khic nhau dé sinh cic kich
ban kiém thit dat céc tiéu chi pht kiém thit khac nhau. Trong thuit todn
GenTestInputData, can dé xuat phuong phip dé xdc dinh dudc cic trang
thai méi ctia hé thong dua trén rang buoc hau diéu kién ciia cdc hanh dong
SystemState;

3) Déi v6i bo cong cu USL can bo sung thém céc chitc nang nhu: bo soan thdo cic
m6 hinh USL dang vin ban, kiém tra tinh ding din ctia céc biéu thiic rang budc
OCL trong cdc m6 hinh USL, b6 soan thdo mé hinh TCSL, va cic b sinh ty dong
cac dau ra khac nhau tit mo6 hinh USL.

4) Ngoai ra, ludn 4n sé thuc hién nghién cttu dé xuat va xdy dung cic bo sinh cic
ché tac nay tit cac mo hinh USL.
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