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Tém tit. Rang bic thoi gian giFa cac thanh pin @ong vai trd quan wng trong
cac I¢ thang phin mém dac biét Véi cac ke theng thvi gian thec, k¢ thong nhang. Bai
b&o naydé xuit mgt phiong phap kim ching sr tuan thi vé rang buc thvi gian thec thi
giiza cac thanh pén phin mém so Vi dac ta s dung ldp trinh hedng khia enh. Trong
d6, rang buc thyi gian gira cac thanh plin duwoc dic ta bang biéu do thoi gian cia
UML (Unified Modeling Language) vadui thizc chinh quy thi gian. Tir cacddc td nay
ma kiém ching aspect&duroc tir dong sinh ra vaZan Wi ma a:a cac thanh pén @ tinh
thoi gian thec thi tr d6 kiém ching s¢ tudn thi so i ddc ta. Phrong phap nayia duoc
thiec nghem 6i nhiéu thanh pkin phin mém khac nhau. & qua thec nghém cho tlay
phirong phapduoc d@é xudt co thé co thé phat hén diroc cac vi plam rang bic thoi gian
gizza cac thanh ptin phin mém so i daic 1.

Tir khéa: Kiém ching md hinh, l#u thizc chinh quy thi gian, biéu do thoi gian,
aspect, AspectJ, UML.
1. Gioi thieu

Phan mém ngay canglong vai tro quan ¢ng trong xa hi hién dai. Ty trong gla tr
phan mem trong cac & théng ngay cangdn. Tuy nhién, trong nbu hé thong, bi cua
phAn mém gay ra cac4u qua ddc biet nghieém tong, khong chthict hai vé mat kinh 1§
ma con lamdn thit truc tiép sinh mang con ngoi [17], dic biét véi cac plin mém thoi
gian thrc nhr phin mém diéu khién hé théng giao théng va thi bi giao thong.

Trong cdng ngltip pran mém, phrong phap ch dao dé dam bao chit luong Van l1a
kiém thir prin mém bang cac B dit liéu test(test suitg. Tuy nhién, vic kiém thir & mic
don vi (unit testing bang cac b dir liéu testthuong ch phéat hén duoc céc bi vé gia ti
dau ra putpu), khdng tié phat hén I5i vi pham céc rang bic thiét ké nhu rang bidc vé
thoi gian, thr tu thuc hién giira cac thanh gin,... Cac vi pam rang bdc nay & gay bi
hé théng trong ndt ngir canh dac biét khi tich lyp nhéu thanh phn va chy véi mot tap
dir liéu dic biet naodd. Khi do viéc xacdinh chinh xac wtri gay bi s& rit khé khin va
lam chi phi &a Ibi tang cao.

Céac phrong phap Km ching hinh tlitc nhr ching minh dinh ly (theorem
proving[13] va qkiém chrng mo hinh ifodel checkingl1,15,16]da dwoc ¢tng ding
thanh congié kiém ching mé hinhdac ta phan méem. Caidat thuc t¢ thuong ch dugc
thuq hién sau khi moé h[nh tthdng da dugc kiém Qng. Tuy nhi{en, qaﬁat thl_rg: rpé
ngwn chrong trinh ¢6 th vi pham cac rang bac thiet ke. Do do, prain mem c6 e van
ton tai 16i mac du thét ké da duoc kiem ching va tlAm dinh chi tét [17].



Dé giai quyét cac vin dé nay, ching tdida dé xuit cac phrong phap kKdm ching sr
tuan thi cua caidat so Wi thiét ké vao thvi diém thuce thi[2,3,10] & dung lp trinh hrong
khia @anh (AOP - Aspect-Oriented Programmini$,8]. Vi AOP, chiing ta c6 thcaidat
cac médun dic biét goi 14 aspect . Cacaspect 8 duoc két hop tr dong wi chuong
trinh king B bién dch dac biét dé giam sat s hoat dong va phéat Kin vi pram giira
chuong trinh va rang bic thiét ké trong hroc kiém thir.

Phrong phap Kdm ching rang bac thoi gian (Timing Constraints - TCyjiita sr cai
dat cac thanh pin phin mém so 6i dic ta biéu db thoi gian (Timing Diagram - TD caa
UML duoc dé xuit trong[2] con nhiu han ché trongdic ta nhe kha nang biéu dién cia
TD, tinh kh chuyén gitta cac congwc UML. Hon nita, phrong phap naying chra kiém
chang duoc rang béc thoi gian gita cac thanh pgim trong tranh. Dodd bai béo nay
chang tdi né rong wi TC dugc dac t bang béu thrc chinh quy thi gian (Timed
Regular Expressions - TREya kém ching rang bac thoi gian gita cac thanh pgim
tuong tranh.

Céc plan con hi cua bai baatugc ciu tric nhr sau. Mic 2 trinh bay rot sd nghién
ctru lién quan. Pirong phap Kdm ching rang bac thoi gian gita cac thanh gin s dung
AOP dugc trinh bay trong Mc 3. Muc 4 trinh bay it b két qua thuc nghém, cwbi cling
la cac Kt luan va hréng phat trén tiép theo.

2. Mt s6 nghién aru lién quan

ba co6 ndt vai phrong phapduoc dé xuat dé kiém ching rang bac thoi gian trong
céc I thong pHan mém.

SACRES[1] la mt méi trrong kiém ching cho céac & théng nhiang, cho phép
nguodi st dung dic t rang bwc thoi gian king cac bdu dd thoi gian ding ki héu
(symbolic timing diagrams Cacdic ta thiét ké dugc dich sang may fu han trang thai
(finite state machinedugc i uvu va kém chrng king mé hinh ki Hiu (symbolicmodel
checking. Tuy nhién phong phap nay dhkiém ching & miac mé hinh, khéng g &
muc caidit.

Wegenef18] dé& xuat phuong phapdé kiém ching rang bac thoi gian trong cac &
thdng thyi gian thrc dwra trén k thuat kiém thir tién hoa évolutionary testing Trongdé,
vi pham rang bdc thoi gian duoc dinh ngha ladau ra putpu) duoc dua ra qué nhanh
hoic qua cm so \i dic ta. Do dé, nhém wu caa ngroi kiém thir 14 thiét ké cacdau vao
(input) véi thoi gian thre hién nhanh nfit haic chim nhit dé phat hén cac vi plam. Viéc
thiét ké cacdau vaodugc quy & bai toan éi uu trong tinh toan & hoadé tu dong tim
dau vao Wi thoi gian thrc hién nhanh nfit haic chim nhit. Tuy nhién, plrong phap nay
chua kiém ching dugc rang bdc thoi gian gita cac thanh gim nhr pheong phapduoc
dé xuat trong bai bao nay.

Guo va Lee[9]de xuit pheong phap kt hop gitta dac ta va kiém chrng rang bac
thoi gian cho cac &thdng thyi gian thre. Trongdo, rang bac thoi gian cung i yéu du
hé thdng duoc dic t va kiém ching bing maiun TER nets[14]. Ging nhr [1], phrong
phap nay chkiém ching ¢ mic mé hinh, khéng pi & muc caidit.

Trong [7] phrong phap 8 dung biéu do thoi gian cia UML duoc @& xudt dé woc
luong thyi gian thrc thi trong torong hop Xdu nhit cia cac thanh gim trong 1 théng &
thoi diém thiét ké. Thoi gian thre thi duoc uéc lwong dra trén béu d6 ca st dung két hop
véi cac thong tin b sung & hanh vi @a ngroi sir dung ke thdng trong trong lai. Plrong



phéap nay @ing khdng kém ching rang bac thoi gian thre thi giira cAc thanh gin so \6i
dic ta bang biéu db thoi gian.

Jin[12] & xuit mot phuong phap hinh tic dé kiém ching tnh thr tu thuc hién
cia cac phrong thic (Method Call Sequence - MSQrong chrong trinhJavatuan tu.
Phrong phap nayts dung 6tdmat fu han trang thaidé dic t giao thic, cac clrong
trinh Javaduoc bién ddi thanh cac #n pham phi ngdt canh (context free grammar- CPG
sir dung céng @ Accent. Ngon ngr sinh ra i 6tdmatL(A) duoc so séanh & ngdn ngds
sinh ra i CFG L(G) , néu L(G) OL(A) thi chrong trinh Java tuan thedic ta giao
thire, va ngroc lai. Uu diém aia phrong phap nayé 1a cac vi pam c6 tié duoc phéat
hién ssm, tai thoi diém phat trén haic bién dch chrong trinh. Dodé sr thuc thi cia
chuong trinh khéng banh hrong.

Deline va Fahndrich [143¢ xuat pheong phap Km ching vao thi diém thuc thi
su tuan thi gitra caidat vadac ta MCS. Phrong phap naylsdung may tang thaidé dac
ta MCS. Pic ta MCS saud6 duoc bién dch sang ma ngun vadan xen ¥i ma ngén
chuong trinhdé kiém ching dong sr tuan thi caa caidit so Wi dac ta MCS. Cac ranh
dé tién va Hu diéu kién aia cac plong thic trong MSC @éng duoc dic ta va kiém
chang. Tuy nhién, cac pfong phap nay aka kiém ching rang bac thoi gian gira cac
thanh pln.

Yoonsik va Perumandla [4,5]dong ngdn ng dic ta, va trinh bién gth JML dé
biéu dién giao thrc twong tac King béu thac chinh quy. Sawdo, biéu thrc chinh quy
duoc bién dch thanh ma tic thi dé chay dan xen wi chuong trinh @c dé kiém ching sr
tuan thi gitra caidat so Wi dac ta giao thic twong tac. Cac hanh viia chrong trinh gc
s3 khéng b thayddi ngoai trir thoi gian va kich tirgc. Nhr [12], phrong phap nay aka
kiém ching céac rang bic vé thoi gian gita cac thanh gim so i dic t.

3. Ph}mng‘phép kiém chieng rang budc thoei gian giira cai dat thanh
phan phan mem so wi dac ta

Gia s hé thong ruat tén tr dong aia may ATM ATM - Automatic Teller Machine
gom ba thanh pin khach hangtugc biéu dién king déi tuong user, bo diéu khién
ATM duoc biéu dién hing dbi twong ATM va thanh pin cui ciing may ch ngan hang
duoc biéu dién bang ddi tuong Bank. Khi d6, bai toan Kim ching cac rang bic thoi
gian thrc thi gira cac thanh pgim aia k¢ thdng ATM duoc dic ta nhe sau, Hinh 1.

1. Thoi gian thrc thi aia phrong thrc Withdraw(..) dugc thuc hién voi doan thoi
gian dap ung cho phép la [gb]. Sau d6 lan luot dén cac plong thic
CheckBalanceAccount(..) , CheckBalanceATM(..) va Return(..)
duoc thuc hién v6i doan thoi gian cho phéputong tng la [&, by, [as, bs] va [a, by
Cubi cung, plrong thic GiveMoney(..)  duoc thuc hién véi thoi gian dapung la
[as, bs).

2. Tbng thyi gian thrc hién caa cac plrong thre trén khéngtuoc vot qua ngrdng 6 cho
phép.

3. Céc phrong thic CheckBalanceATM(..) phai két thic tusc phrong thrc
CheckBalanceAccount(..). Hai phrong thrc nay duogc thuc hién song song
véi nhau.

! http://accent.compilertools.net/Accent.html
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_Hinh 1. Biéu d6 thoi gian cia giao thirc rt ti én.
Chung téidé xuit pheong phap Kim ching sr tuan th vé rang biéc thoi gian

trong caaig ding pHin mém nhr sau, Hinh 2.

1. Sir dung biu db thoi gian (Timing Diagram-TD) haic biéu thic chinh quy thi
gian (Timed Regular ExpressionFRE) dé dic ta rang béc thoi gian (Timing
constraint -TQ,

Tu dong sinh maspectir diac ta TC,

Ma aspectsinh raduoc tu dong dan vao teéc va sau ma tre thi aia mdi thanh
phan trong chrong trinh & kiém ching dong sr tuan thi véi cac TC. Khi céc
chuong trinhduoc thuc hién thi cdc maian xen vao c6 thphat hén dugc chinh
X&c cac thanh gim vi pram véi dac ta TC. Trong khid6, cac hanh viia chrong
trinh, va thvi gian thrc thi aia cac thanh gin & khéng b thayddi.
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Hinh 2. Phwong phéap kiém chieng sr tuan tha vé rang bugc thoi gian.

3.1.Dic ta cac rang buhc thoi gian

Trong muc nay chang tédinh ngha hinh thirc cac rang bac thoi gian, saudo la

phuong phapdic ta cAc rang béc nay dra trén béu d6 thoi gian va béu thic chinh quy
thoi gian.



binh nghia 1 (Rang bu oc th&i gian th wc thi). Rang budc thoi gian thuc
thi cia mét thanh phan TC la doan th&i gian dap trng cho phép cua né khi dwoc
thwec thi, dwoc biéu dién bang moét bo hai thanh phan TC=[a btrong do
a,bd Nwa a< L.

Vi du trong Hinh 1 gi sit =10ms, k= 30ms, va(Withdraw(..)) la thoi gian
thuc thi aia thanh pan Withdraw(..) . Khi d6 rang béc thoi gian thrc thi aia thanh
phan nay ladoan thoi gian [10,30] Wi 10ms < t(Withdraw(..)) < 30ms.

Dinh nghia 2 (Rang bu éc th&i gian gi tra cac thanh ph an tuan tw). Gia
st 1, va ¢ lan lwot 1a thei diém bat d4u va két thic thwe hién ca mét thanh phan
TC;, thoi gian thwe thi = ¢ —r;, t O [a;, by, v&i i=1,...,n (t théa mé&n rang budc
th&i gian ciia mét thanh phan, dinh nghia 1). Khi d6 rang budc th&i gian gitra cac
thanh phan 1a tdng th&i gian thdi gian thwce thi khdng dwoc vwot qua cla cac
thanh phan Yt < 6, véi 60N .

i=1

Gia s 1( a) la thoi gian thre thi oaa thanh phn a, va bng thyi gian thrc thi cia
cac thanh pin tun tr Withdraw(..), CheckBalanceAccount(..),
Return(..) , GiveMoney(..) khdng wot qua ngdng 8 = 55ms . Khi do6 ta co
rang bwc thoi gian gita cac thanh gin tuin tr nay nhr sau ¢linh ngha 2).

T(Withdraw(..)) + 1(CheckBalanceAccount(..)) + T(Return(..))
+ 1 (GiveMoney(..)) < 55.

Dinh ngh ia 3 (Rang bu dc th &i gian gi tra cac thanh ph an twong tranh) .
Gia st 1(01), 1(ay),..., T(ay) 1a thdi gian thwe thi twong &ng cda n thanh phan
twong tranh da, ds,..., o, Khi d6 rang budc thdi gian gitba cac thanh phan nay
dwoc dinh nghia nhw sau:

7(a)0r(a)) voi ©0{<,<,>2,=,#}vai,j=1ln,i#]j.

Gia sr hai thanh  phn  CheckBalanceAccount(..) va
CheckBalanceATM(..) _ duoc thuc hién song songat cUng ndt thoi diem, Hinh‘l.
Véi rang buwc la thanh pin CheckBalanceATM(..)  phai két thic trde thanh phn

CheckBalanceAccount(..). Khi d6 ta c6 rang bac thoi gian gira hai thanh pin
tuong tranh nlr sau inh ngha 3).
1(CheckBalanceAccount(..)) > 1(CheckBalanceATM(..)).

3.1.1. Béu thirc chinh quy thoi gian
Biéu thac chinh quy thi gian (Timed Regular Expression -TRE ar mo rong aia
biéu thirc chinh quydé dac t cac rang béc thoi gian doc lap véi ma ngwn chrong trinh
dé sinh ra maaspect . Chang tdidinh nghia nhr sau.
Pinh ngh ia 4 (Biéu th(rc chinh quy th &i gian). TRE la mét bd ba TRE =
<C, M, S>. Trong do,
- C={cu,Cy,...,Cn} 1a tAp hivu han céc thanh phan,
- M={my,m,,....mpy} la tap hiru han cac phwong thirc,
- S ={s1,S,,...,S¢} la tap hiru han cac biéu thirc biéu dién méi lién hé gitra
cac thanh phan dwoc dinh nghia nhw sau:



s:=cn{af] 44 ¢ §'s
- Trongd6:mOM;a bON;cOC;s, s, s;0Svoii,j={1k};si-sjlasw

két hop cla hai hoac nhiéu biéu thire tudn tw; sifs;: phép hoac; sills;: phép
song song (cac phwong thdc trong s; va s; c6 thé duwoc thuc hién song
song); s*: khdng hoac nhiéu phép lap; s*: mét hodc nhiéu phép lap.
Vi du biéu @6 thoi gian trong Hinh Kuoc biéu dién king mot biéu thiac chinh quy
thoi gian TRE

USER.Withdraw(..)[a b,] - (ATM.CheckBalaneAccount(..)[a , D,
] IBANK.CheckBalaneATM(. )[a b,]) - BANK.Return(..)[a b,] -ATM.G
iveMoney(..)[a . b.] . Trong do, thanh phn USER.Withdraw(. ) dugc thuc

higén traoc voi rang ‘buc thyi gian thuwc doan [a, b,], saudo la thanh phn ATM.
CheckBalaneAccount(..) va BANK.CheckBalaneATM(..) duoc thuc hién
song song nhaudv rang béc thoi gian n luot thupc cacdoan [a, b,Jvala,b .. Tiép
theo la cac thanh Ah BANK.Return(..)  vaATM.GiveMoney(..) dugc thuc hién
tuin tr v6i cac rang béic twongung thubc cacdoan [a, b,] vala, b,].

3.1.2. BEu d6 thoi gian

Biéu do thoi gian (Timing Diagram - TI) trong UML2.0d3c ta tha tu thuc hién
cia cac phrong thrc cung i rang bwc V& thoi gian. Chung téidinh nghia hinh thirc
nhu sau:

Dinh nghia 5 (Biéu dd th&i gian). TD 1a mét bd sau TD = <S,S,, C,M o,
F>. Trong d6, S 1a tap hiru han céac trang thai, C 1a tap cac thanh phan, M Ia tap
cac phwong thirc. 0 0 SxC.M[a,b] — S la ham chuyén trang thai vé&i a, b O N va
a < b la rang budc thei gian. Sp, F O S 1an lwot 1a cAc trang thai dau va két thac.
Hinh 1 béu dién biéu dd thoi gian cho nét giao thrc rat tén aia ke théng ATM,
ther tu thuc hién aia cac plrong thic duoc thé hién bing cac cung trong &i d6. Trong
doé:
- S={S,S,S,S, F},
- M= {Wlthdraw CheckBaIaneAccount CheckBalaneATM,Retur n,
GiveMoneys},
- C={USER,ATM,BANK},
- 0={So.USERWithdraw ., -S;;S ,.USER.Withdraw ., -S,
S,.ATM.CheckBalaneAccount -S,;S ,.BANK.CheckBalaneATM

[a2,b2] 21 3 . [

g — S0 ,.BANK.Return ., —-S, S .ATM.GiveMoney .., -F}
3.2. Sinh ma aspect

Chung téidinh nghia mbt mau dé biéu dién cacaspect duoc sinh rar cacdic t
rang bwc thoi gian nhr trong Bang 1. Trongdo, cac bén dia phrong duoc dinh nghia dé
tinh thyi gian thrc thi aia mbi phuong thrc khi ndduoc thuc hién, va tinh éng thyi gian
thuc hién aia cac plrong thrc (dong 2, 3, 6, va)7bic ta rang béc thoi gian drdi dang
biéu d6 thoi gian duoc két xuit ra €p dangxmi haic cangtxt dbi véi biéu thic chinh
quy. Trong tlrc nghém chung tdida xay drng thuit toAndoc tén cac phong thrc va
rang bwc thoi gian trong tng tir cacdac ta nay @dong 4 va h Cac rang béc thoi gian
doc dugc & duoc dua vaodiéu kién dé so sanh &i thoi gian thrc thi (dong 9§, va thong
b&o cac vi pm réu c6 @ong 9. Rang bac thoi gian trong caalinh ngha 1, 2 va 3
dugc dich thanh céac Bu thirc didu kién trongaspect mau (dong §.



Bang 1. Sinh ma aspectit cacdac ta rang bugc thai gian

IMPOIT Org.aspect).lang.JoiNpoint,
varl_ables
Variables are declared here;

aspect AspectName{before():(execution(* *.*(..)))&&
Iwithin(AspectName){
1.st=0;
2. Get +1;// the current system time;
Yafter():(execution(* *.*(..)))&& !within(AspectNam e)
3. Get «2;// the current system time;
4. Get method name from flie(taskl, task2, ...);

5. Get lower and upper bound on timing from file( rl, r2,...);

6. « = «2—¢1;//Calculate the execution time of th e method;
7. st += ¢;//the execution time of sequentia | method;

8. if («(+, r1, r2, ...)=false)//Checking timing constraint

conditions;

9. Violation report;

3.3.Pban ma aspect

Aspect cho phépdan xen méaspect Vvéi cac chrong trinhJava & ba mic
khac Qhau mc ma ngon, mabytecode va i thoi diém map chrong trinh khi clrong
trinh goc chuin bi dugc thuc hign.

DPand mirc ma ngén (source code weavifgAspect) s3 nap CAC maaspect va
Java & muc ma ngon (aj va.ava ), saudo thec hién bién dch dé sinh ra mata
duoc dan xenbytecode , dang. class . ban xendé mic mabytecode (byte code
weaving, AspectJ < dich ki va sinh ma ang class tir cac cAc ma aspect va Jaéa
duoc bién dch ¢ dang (class ). Pan xen 4i thoi diém rap chrong trinh (load time
weaving, cAc ma géaaspect vaJava dang class duoc cung ép cho méyo Java
(JVM). Khi IVM nap chrong trinhdé chay, bd nap I6p caa Aspect] S8 thuc hién dan
xen va chy chuong trinh.

Véi viéc dan xend mac mabytecode va ti thoi diém nap chrong trinh thi
phuong phap nay cé thduoc sr dung ma khéng yéuae phii c6 ma ngdn. Khi thaydbi
dac ta thi moi phai phai sinh va bién gth lai maaspect .

4. Thyc nghiém

Chuang tdida caidat phwong phap nay thanh éh cong @ kiém ching (TCVG —
Timing Constraint Verification Generatorau vao @a céng a TCVG la cacdic t&
rang buwc thoi gian cho aéi dang €p c6 pln mo rong latxt  biéu dién biéu thic chinh
quy thyi gian, va dngxmi biéu dién biéu db thoi gian dia UML. Pau ra la cac ma Em
changaspect cuaAspect] .

Thuc nghém dugc tién hanh vi cac chrong trinh md phng aia ke théng ATM,
Hinh 1. Giu hinh may tinhisdung vi xir Iy 1500MHz, RAM 512, & diéu hanh Windows
XP. Tu dac ta rang bwc thoi gian aia giao thirc nay chung téits dung cong @ TCVG
dé sinh ra méaspect vadan Wi chuong trinh ATM mé plng dé kiém ching sr tuan
tha vé rang bidc thoi gian trong cadinh nghia 1, 2 va 3. \¥i mdi thanh plan chang toi
xay ding cactest ding, sai khac nhau. Trond, cactest dung thi cac thanh ph
duogc caidat tuan thi theodic ta rang buc thoi gian va ngroc lai.



Bang 2. Ca kiém thir dlng/sai dia phwong thirc withdraw véi rang bugc thoi gian
thwc thi [726082, 143658 hano giay

public static |ong public static long
correctTestWithdraw( | ong n){ wrongTestWithdraw( | ong n){
| ong max=5000000; | ong max=5000000;
/IYour amount is not greater /I Your amount is not greater
than 5000000 than 5000000
whi | e(n>max){ i f (n<=max) returnn;
n=n-100; el se
} return w ongTest (n-100);
returnn; }
}

Bang 2 mo 4 mot test  dlng bén trai va sai bén gitcua thanh phn withdraw
véi dac ta thoi gian ddpung la [726082, 143658 ] nano giay. Trongdmghém chang
t6i truyén tham & n hing 6000000, &i test dungduoc viét dudi dang kip thi thyi gian
thuc thi la 825524nano gidy tha man rang bic thoi gian thrc thi trongdoan [726082,
143658 ]. Ngoc lai voi Test saiduoc viét dusi dang dé quy thi thyi gian thrc thi la
2111442 nano giay khdng tta man rang kic thoi gian thrc thi trongdoan [726082,
143658 ].

Céc chrong trinh mé phng dugc chay 25 Bn cho ndi test  dling va sai i cac
dac ta rang bwc thoi gian thrc thi trong ét 2, Bang 3 (theodinh ngha 1). Trongdé,
rang bwc thyi gian dia cac thanh pgim tuin tr ting din tir 50ns én 500ns (thedlinh
nghia 2). Rang bic thoi gian Kt thic twéc/sau gira hai thanh pdn song song (theo
dinh ngha 3) CheckBalanceAccount  va CheckBalanceATM ¢ thoi diém bit
dau t va t+ &ns, Wi & = 5,10,15,...,50. Bt qua thuc nghém cho thy phrong phapda
phat hén duoc du cactest dung va sai (6t 4, Bang 3) Wi 25test  ddng cac vi phm
vé rang béc thoi giandugc phéat hén chinh xéac, Bng 3.

Bang 3. Két qua thwe nghiém

Thanh plin Rang buéc thoi gian thr thi (nano | SH test Phat h¢n
seconds) dung/sai dung/sai
Withdraw [10, 20], [20,30],..., [90,100] 25/25 25/25
CheckBalanceAccount [10, 20], [20,30],..., [90,100] 25/25 25/25
CheckBalanceATM [10, 20], [20,30],..., [90,100] 25/25 25/25
Return [10, 20], [20,30],..., [90,100] 25/25 25/25
GiveMoney [10, 20], [20,30],..., [90,100] 25/25 25/25
Rang bujc thdi gian cia cac thanh pHin tuin tw
Tdng thoi gian thre hign (<) | 50,100,150...,500 | 25/25 | 2525
Rang bujc thoi gian giira hai thanh phin twong tranh
CheckBalanceAccount thoi diém hiat dau t 25/25 25/25
CheckBalanceATM 5, 10, 15,..., 50 25/25 25/25

Qua céc &t qua thuc nghém cho thiy: (i) cAcaspectduoc sinh rading so i cac
dic ta rang bwc thoi gian va nlit quan gira biéu thac chinh quy thi gian va béu db
thoi gian (i) cacaspectkhdng lam thayddi hanh vi @a chrong trinh dc va (iii) da phat
hién duoc cac vi plam rang bdc thoi gian gita cac thanh gin.

6. Két luan

Nhiéu hé théng an toan-fo mit 14 cac & théng thyi gian thrc, trong céc & théng
nay rang béic thoi gian khi ki vi pham s gay ra cacdi hé thong. Cac K thuat truyen



théng nhr md prong, kiém thir thuong cH woc lwong duoc thoi gian thrc thi cia cac
thanh pln hé thong Vi mot do tin ciy naodo.

Pé ting arong sr tin ciy vé rang bwc thoi gian trong cac &ithbng thoi gian thrc.
Bai b&o naydé xuit mot phuong phap Km ching sr tuan thi gitra sr cai dat caa cac
thanh plAn phin mém so i dic ta cac rang béc thoi gian. Phrong ph&p nayis dung
biéu d6 thoi gian (Timing Diagram) caa UML va béu thrc chinh quy thi gian (Timied
Regular Expressionié dic ta cacrangbudc thoi gian. Cac maspectduoc tr dong sinh
ra tr cacdic t nay € dan tr dong wi ma aia cac thanh gim d&é kiém ching sr tuan thi
gitta sr caidat cua cac thanh pim so i cAcdic ta rang bwc thoi giané thoi diém thuec
thi.

Chung t6ida caidat phuong phap nay thanh ¢hcong @ kiém ching va chy thi
nghiém véi ngdn ng 1ap trinh Javathdng qua rat sb 1op the vién chuin caa Javavéi
cac Iy testkhac nhau. Kt qua thir nghiém bandau cho thy phuong phapduoc dé xuat
hoan toan c6 thphat hén dugc vi pram rang béc thoi gian dia cac thanh gim so \6i
dic ta. Han ch caa phrong phap nayimng nhr cac phrong phap km ching dong khac
la phai thuc thi chrong trinh, v pham rang bdc thoi gian ch duoc phat hén trong lréc
kiém thir, maaspectduoc dan vao & lam ting kich thrge oia cac chrong trinh.

Trong tong lai, chang téi & két hop phrong phap nay & phuong phap ¢a Dymek
[18], DymeK7] dé tu dong xay dmg cac ca Kim thi, va It hop wi cac phrong phap
kiém ching tnh khac nikr kiém ching md hinh. Tn toi phéat trén mot phuong phéap
kiém ching tr dong toan dén tir mic mé hinhdén mac caidat.

Tai liéu tham khao

[1] Benveniste A, et.al. Safety critical embedded systdesign: the sacres approach-dmmal
Techniques in Real-Time and Fault Tolerant systefERTFT'98 school, Lyngby,
Denmark, September 1998.

[2] Binh T, et.al. Checking the Compliance of TimingrStraints in Software Applications,
Conf. on Knowledge and Systems Engineetitanoi, Vietnam, 2009.

[3] Binh T, et.al. Checking protocol-conformance in pament models using Aspect oriented
programming. In Advances in Computer Science and Engineeripgges 150-155.
Actapress, 2009.

[4] Cheon Y and Perumandla A. Specifying and checkieghod call sequences in JML. In
Software Engineering Research and Practjgages 511-516. CSREA Press, 2005.

[5] Cheon Y and Perumandla A. Specifying and checkireghod call sequences of Java
programsSoftware Quality Controll5(1):7-25, 2007.

[6] Colyer and Clement. Aspect-oriented programmindwispectJIBM Syst. J.44(2):301—-
308, 2005.

[7] Dymek D and Kotulski L. Estimation of system worktbtime characteristic using uml
timing diagrams. InProceedings of the 2008 Third International Confex@ on
Dependability of Computer Systemsages 9-14, Washington, DC, USA, 2008. IEEE
Computer Saociety.

[8] Filman R, et.alAspect-Oriented Software Developmeéddison-Wesley, Boston, 2005.



[9] Guo H and Jin W. Compositional verification of timgi constraints for embedded real-time
systems. InProceedings of the 6th Conference on WSEAS Inten@t Conference on
Applied Computer Sciencpages 570-575, USA, 2007.

[10] Hoang A, et.al. Checking interface interaction pools using Aspect-oriented
programming. IrProceedings of the 2008 Sixth IEEE Internationahfecence on Software
Engineering and Formal Methodsages 382—-386. IEEE Computer Society, 2008.

[11] Holzmann G.The SPIN Model Checker Primer and Reference Manddlison-Wesley,
2003.

[12] Jin Y. Formal verification of protocol propertied sequential Java programs. In
Proceedings of the 31st Annual International CorapuSoftware and Applications
Conferencepages 475-482, Washington, DC, USA, 2007.

[13] Jones, C.B. Theorem proving and software engingesioftware Engineering Journal
Digital Object Identifier Jan 1988.

[14] Nixon P and Shi L. Concurrent semantics for stmextudesign methods. FProceedings
of the First IFIP TC10 International Workshop onft8@re Engineering for Parallel and
Distributed Systempages 158—-169, London, UK, UK, 1996.

[15] Pieter J.Concepts, Algorithms, and Tools for Model Checkibgcture Notes of the
Course Mechanised Validation of Parallel Systeh®99.

[16] Thuan N, Binh T and Ha V. Coordinated Consensuslydisaof Multi-agent Systems
using Event-B,Conf. on Software Engineering and Formal Methdtanoi, Vietnam,
November 2009.

[17] Visser W, et.al, Model Checking Progranigth IEEE International Conference on
Automated Software Engineerirzp00.

[18] Wegener J and Grochtmann M. Verifying timing coaistts of real-time systems by
meansof evolutionary testinBeal-Time Syst275—-298, 1998.



