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KIEM CHUNG SU TUAN THU VE RANG BUOC THOI GIAN
TRONG CAC UNG DUNG PHAN MEM

TRINH THANH BINH, TRUONG NINH THUAN, NGUYEN VIET HA

Trwong Pai hoc Cong nghé - Pai hoc Quéc Gia Ha Noi

Abstract. Timing constraints play an important role in software development, particularly in real
time, embedded systems. This paper proposes an approach for checking the compliance of execution
of components in an application with their timing constraints. In this approach, timing constraints are
specified by UML Timing Diagrams and Timed Regular Expressions. Aspect Oriented Programming
technology is used to observe the execution of the program and to check if the execution of the
components satisfies their timing constraint specification. We have implemented our approach and
verified this tool with several practical Java components. The initial results promise that our approach
can be applied in verification of real time software.

Tém tat. Rang buoc thoi gian gitra cdc thanh phan déng vai trdo quan trong trong céc hé théng
phan mém dic biét véi cdc hé théng thoi gian thue, hé thdng nhing. Bai bdo nay dé xuit mot
phwong phép kiém chitrng su tuan thi vé rang budc thoi gian thue thi gitta cdc thanh phan phan
meém so véi diic ta st dung 14p trinh hwéng khia canh. Trong dé, rang budc thoi gian gitra cdc thanh
phan dwogc dic td bang biéu db thoi gian ciia UML (Unified Modeling Language) va biéu thitc chinh
quy thoi gian. T cdc ddc td nay ma kiém chitng aspect sé dwogc tw dong sinh ra va dan véi ma
cta céc thanh phan dé tinh thoi gian thie thi tir d6 kiém chitng sir tuan thi so véi dac td. Phuong
phap nay da dwgce thuce nghiém véi nhiéu thanh phan phin mém khic nhau. Két qua thire nghiém
cho thdy phwong phap dugce dé xuat cé thé ¢ thé phat hién dwroce cdc vi pham rang budc thoi gian
gitra cac thanh phan phin mém so véi dic ta.
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1. GIOT THIEU

Phan mém ngdy cang déng vai tro quan trong trong xa hoi hién dai. Ty trong gid tri phan
meém trong céc hé thdng ngdy cang 16n. Tuy nhién, trong nhiéu hé théng, 16i cia phan mém
gdy ra cac hau qua dac biét nghiém trong, khong chi thiét hai vé mat kinh t€ ma con lam ton
that trire tiép sinh mang con ngudi [17], dic biét véi cac phan mém thoi gian thie nhw phan
mém dieu khién hé théng giao thong va thiét bi giao thong.

Trong cong nghiép phan mém, phwong phap chii dao dé ddm bao chat lirong van 1 kiém thik
phan mém bang cac bo dit liéu test (test suite). Tuy nhién, viéc kiem thir & mitc don vi (unit
testing) bang cac bo dit liéu test thwomg chi phat hién dwoc cac 16i vé gid tri dau ra (output),

khong thé phat hién 16i vi pham céc rang buoc thiét ké nhw rang budc vé thoi gian, thit tw
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thue hién gitra cédc thanh phan,... Céc vi pham rang buoc nay sé gay 16i hé thong trong mot
ngir cdnh diic biét khi tich hop nhiéu thanh phan va chay véi mot tap dir lieu ddc biét nao
d6. Khi dé viée xdc dinh chinh xdc vi trf gay 16i sé rat khé khin va lam chi phi sira 16i ting
cao.

Céc phirong phap kiém chitng hinh thitc nhw chirng minh dinh 1y (theorem proving) [13] va
kiém chitng moé hinh (model checking) [11,15,16] da dwoc tng dung thanh cong dé kiém
chiing mo6 hinh diic td phan mém. Cai dit thuc té thudmg chi dwge thire hién sau khi mo
hinh hé théng da dwoc kiém chitng. Tuy nhién, cai dat thwe ma nguon chwong trinh cé thé
vi pham céc rang budc thiét ké. Do dé, phan mém c6 thé van ton tai 16i mac dit thiét ké da
duwgc kiém chitng va tham dinh chi tiét [17].

DE gidi quyét cac van dé nay, ching t6i da dé xudt cdc phirong phap kiém chitng sir tuan
thi cia cai dit so véi thiét ké vao thoi diem thue thi [2,3, 10] stt dung lap trinh hwéng khia
canh (AOP - Aspect-Oriented Programming) [6,8]. V&i AOP, chiing ta c6 thé cai dit cdc mo
dun dac biét goi la aspect. Céac aspect sé dwoc két hop tw dong véi chwong trinh bang bo
bién dich dic biét dé gidm sat sir hoat dong va phat hién vi pham giita chirong trinh va rang
buoc thiét ké trong bude kiém thik.

Phwong phap ki€m chitng rang buoc thoi gian (Timing Constraints - TC) gitta sir cai
dat céc thanh phin phan mém so véi dic td bieu do thoi gian (Timing Diagram - TD) cia
UML dwoc dé xudt trong [2] con nhiéu han ché trong dic td nhw kha nang biéu dién cia TD,
tinh kha chuyén gitta cdc cong cu UML. Hon nira, phwong phap nay ciing chwa kiém chirng
dugce rang buoc thoi gian gitra cdc thanh phan twong tranh. Do dé bai bdo nay chiing t6i md&
rong véi TC dwoc dic td bang biéu thite chinh quy thoi gian (Timed Regular Expressions -
TRE), va kiém chiing rang budc thoi gian gitta cdc thanh phan twong tranh.

Céc phan con lai cia bai bdo duge cau tric nhwr sau. Muc 2 trinh bay mot s nghién ciru
lién quan. Phwong phép kiém chirng rang budc thoi gian gitra cac thanh phan stt dung AOP
dwgce trinh bay trong Muc 3. Muc 4 trinh bay mot s6 két qua thwe nghiém, cudi cung 14 cdc

két luan va hwéng phat trién tiép theo.
2. MOT SO NGHIEN CUU LIEN QUAN

D4 cé mot vai phirong phap dwoe dé xudt dé kiém chiing rang budc thoi gian trong cac
hé théng phan meém.

SACRES [1] 1& mét moi trwomg kiém chiimg cho céc hé théng nhing, cho phép ngudi st
dung dac ta rang buoc thoi gian bang céc biéu do thoi gian dang ki hidu (symbolic timing
diagrams). Céc dac ta thiét ké duwogc dich sang may hiru han trang thai (finite state machine)
dwoc t6i wu va kiém chitng bang mé hinh ki hiéu (symbolic model checking). Tuy nhién

phirong phap nay chi kiém chitng & mitc moé hinh, khong phai & mite cai dit.
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Wegener [18] dé xuat phirong phap dé kiém chiing rang budc thoi gian trong cac hé théng
thoi gian thire dira trén ki thuat kiém thir tién héa (evolutionary testing). Trong d6, vi pham
rang budc thoi gian dwoce dinh nghia 1a dau ra (output) dwoc dwa ra qud nhanh hodc qua
cham so véi dic ta. Do d6, nhiém vu ctia nguoi kiem thir 13 thiét ké cdc dau vao (input) véi
thoi gian thwe hién nhanh nhéat hoiic cham nhat dé phét hién céc vi pham. Viéc thiét ké cac
dau vao dwoc quy vé bai todn téi wu trong tinh todn tién héa dé tuw dong tim dau vao véi
thoi gian thire hién nhanh nhat hosic cham nh&t. Tuy nhién, phirong phap nay chwa kiém
chimg dwoc rang buoc thoi gian gitra cdc thanh phan nhw phwong phap duwoc dé xuét trong
bai bao nay.

Guo va Lee [9] dé xuat phwong phép két hop gitta dac td va kiém chitng rang budc thoi
gian cho cdc hé thong thoi gian thwe. Trong doé, rang budc thoi gian ciing véi yéu cau hé
thong duwoc dic ta va kiem chitng bang moédun TER nets [14]. Giéng nhw [1], phwong phép
nay chi kiém chiing & mitc mo6 hinh, khong phai & mite cai dit.

Trong [7] phwong phap st dung biéu db thoi gian ciia UML dwoce dé xudt dé wée lwrong
thoi gian thire thi trong trirong hop xdu nhat cia cdc thanh phan trong hé thong & thoi diem
thiét ké. Thoi gian thwe thi diroc wée lwrong dira trén bidu d6 ca st dung két hop véi céc
thong tin bé sung vé hanh vi clia ngudi sit dung hé thong trong tirong lai. Phirong phép nay
ciing khong kiém chitng rang budc thoi gian thire thi gitta cdc thanh phan so véi déc ta bang
biéu do thoi gian.

Jin [12] dé xudt mot phwong phap hinh thite dé kiém chiing tinh thit tuw thue hién cia
cac phuong thite (method call sequence - MSC' ) trong chwong trinh Java tuan ty. Phwong
phép nay st dung 6tomét hiru han trang thai dé dic ta giao thirc, cic chirong trinh Java
dwoc bién déi thanh cdc van pham phi ngit canh (context free grammar- CFG) sit dung cong
cu Accent . Ngon ngtr sinh ra bdi 6toméat L(A) duge so sanh véi ngdn ngir sinh ra bdi CFG
L(G), néu L(G) C L(A) thi chwong trinh Java tuan theo ddc ta giao thirc, va ngugce lai. Uu
diém cia phirong phap nay d6 la cdc vi pham cé thé dwoc phat hién sém, tai thoi diém phat
trién hoac bién dich chirong trinh. Do dé sur thuwe thi cia chirong trinh khong bi anh hwdng.

Deline va Fahndrich [14] dé xudt phwong phép kiém chiing vao thoi diém thuwe thi si
tuan thu giita cai dat va dac ta MCS. Phwong phép nay st dung mdy trang thai dé dic ta
MCS. Bic td MCS sau @6 dwoc bién dich sang ma nguon va dan xen véi ma nguon chirong
trinh dé kiém chirmg dong sir tuan thi cta cai dit so véi dic td MCS. Céc ménh dé tien va
hau diéu kién cia cdc phwong thite trong MSC ciing dwoc dic ta va kiém chitng. Tuy nhién,
cac phirong phap nay chiwra kiém chitng rang budc thoi gian gitra cdc thanh phan.

Yoonsik va Perumandla [4,5] mé rong ngon ngir dac ta, va trinh bién dich JML dé bicu
dién giao thitc tirong téc bang bidu thitc chinh quy. Sau dé, biéu thitc chinh quy dwge bién
dich thanh ma thwe thi d€ chay dan xen v&i chwong trinh goc dé kiém chiing swr tuan thu

gitra cai dit so véi dic td giao thire twong tac. Cdc hanh vi cia chwong trinh géc sé khong
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bi thay doi ngoai trir thoi gian va kich thuge. Nhw[12], phwong phép nay chwa kiém chiing

cac rang budc vé thoi gian gitra cdc thanh phan so véi dic ta.

3. PHUONG PHAP KIEM CHUNG RANG BUOC THOT GIAN
GIUA CAI PAT THANH PHAN PHAN MEM SO VOI DAC TA

Gid sir hé thong riit tién tir dong cia may ATM (ATM - Automatic Teller Machine) gom
ba thanh phan khéch hang dwoc biéu dién bang ddi tirong user, bo dieu khien ATM dwoc
biéu dién bang ddi twrong ATM, va thanh phin cudi cling mdy chi ngan hang diroc biéu dién
bang ddi twong Bank. Khi d6, bai todn kiém chitng cdc rang buoc thoi gian thire thi gitta
cac thanh phan cia hé thong ATM dwogc ddc ta nhwr sau, Hinh 1.

1. Thoi gian thue thi cia phwong thite Withdraw (..) dwogce thue hién véi doan thoi
gian d4p g cho phép 1a [a, b1]. Sau do6 lan lwgt dén cédc phuong thire
CheckBalanceAccount (..), CheckBalanceATM(..) va Return(..) duwoc
thye hién véi doan thoi gian cho phép twong tng 14 [as, bo], [as, b3] va [ag, by]. Cudi

cung, phwong thitc GiveMoney (..) dwgc thuce hién véi thoi gian ddp ing la [as, bs).

2. Tong thoi gian thire hién cia cdc phwong thite trén khong dwoc vot qua ngudng @ cho

phép.

3. Céc phwong thitc CheckBalanceATM(..) phai két thic trwée phirong thite
CheckBalanceAccount (..). Hai phwong thirc nay dwoc thiye hién song song véi
nhau.

W Disgram;
Withdra.)
[3.0,]
USER S
CheckBalanedcount.) Giveboney(..) [aghg
[zl
ATM =,
Returni..)
(3.0
BANK 55 CheckBalaneaTh( )
[33b4]
BAMNK S, Y
e et PP

Hinh 1. Bicu d6 thoi gian ciia giao thite rit tién
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Bai bdo dé xudt phirong phip kiém chitng sir tuan thi ve rang buoc thoi gian trong cac

ing dung phan mém nhwr sau, Hinh 2.

1. St dung biéu d6 thoi gian (Timing Diagram-TD) hodc biéu thitc chinh quy thoi gian
( Timed Regular Expression TRE ) dé dac ta rang budc thoi gian (Timing constraint
rC)

2. Ty dong sinh ma aspect tir dac ta TC,

3. Ma aspect sinh ra dwgce tir dong dan vao trude va sau ma thire thi cia moi thanh phan
trong chwong trinh dé kiém chitng dong sw tuan thi véi cac TC. Khi céc chirong trinh
dwoce thire hién thi cdc ma dan xen vao c¢é thé phat hién diroc chinh xéc cdc thanh phan
vi pham véi dac ta TC. Trong khi d6, cdc hanh vi cia chwong trinh, va thoi gian thure

thi cla cdc thanh phan sé khong bi thay doi.

thaa
rmén die ta?

Biic td rang budc
thi gian
7O, TRE

Sinh ma
Ban xen @

& chuong trinh
vt mé kiém chirng

Cai dit
churong trinh

Sira I8i

Wipham
Wt
thiing bao/vet

M kifm chirng Blan xen
aspect

Chumg teinh dure kifm Loai mé aspect M4 chuong trinh ket thic/khdng 161
ching viti ma kiém ching

Hinh 2. Phwong phap kiém chitng su tuan thi vé rang buoc thoi gian

3.1. Pic ta cic rang budc thoi gian

Phan nay sé dinh nghia hinh thitc cdc rang budc thoi gian, sau dé 14 phwrong phap dic ta
cac rang budc nay dua trén biéu dd thoi gian va bicu thite chinh quy thoi gian.
Pinh nghia 1. (Rang budc thoi gian thue thi) Rang budc thoi gian thwe thi cia mot thanh
phan TC 1a doan thoi gian dép ttng cho phép clia né khi diroc thire thi, dwoe bidu dién bang
mot bo hai thanh phan TC = [a, b] trong d6 a,b € N va a < b.

Vi du trong Hinh 1, gid sir a; = 10ms, by = 30ms, va 7 (Withdraw(..)) la thoi gian
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thire thi cia thanh phin Withdraw (..). Khi dé rang budc thoi gian thure thi cia thanh
phéan nay 1a doan thoi gian [10, 30] véi 10ms < 7(Withdraw(..)) < 30ms.

Pinh nghia 2. (Rang budc thoi gian gitta cdc thanh phén tuan tw) Gid st r;, va ¢; lan
lirot 1a thoi diém bat dau va két thiic thire hién cia mot thanh phan T'C;, thoi gian thire thi
ti = c; — 1i, t; € lag, bi], v&ii=1,...n (t; thoa man rang budc thoi gian cia mot thanh phan,
dinh nghia 1). Khi dé rang budc thoi gian gitra cdc thanh phan la tong thoi gian thoi gian
n
thwre thi khong dwoc virot qua cia cdc thanh phan Zti <0 ,v6i0 € N.
i=1
Gid st 7(a) 1a thoi gian thwe thi cia thanh phin «, va tong thoi gian thyc thi cia
céc thanh phan tuan tw Withdraw(..), CheckBalanceAccount(..), Return(..),
GiveMoney (..) khong vuot qua nguong 6 = 55ms. Khi do6 ta c6 rang budc thoi gian gitra
cac thanh phan tuan tw nay nhw sau (Pinh nghia 2).
7 (Withdraw(..)) + 7 (CheckBalanceAccount(..)) + 7 (Return(..)) + 7
(GiveMoney (..)) < 95.

Pinh nghia 3. (Rang buc thoi gian gitra cdc thanh phan twong tranh) Gid st 7(aq),
7(a2), ..., T(ay) 1a thoi gian thue thi twong tmg cia n thanh phan twong tranh aq, as, ...

, . Khi d6 rang budc thoi gian gitta cdc thanh phan nay dwoc dinh nghia nhw sau 7(a;) X
T(aj) véi Me {<, <, >, >, # =} vii,j = 1.n,i # j.

Gid st hai thanh phan CheckBalanceAccount (..) va CheckBalanceATM(..)
dwoc thue hién song song tai ciing mot thoi diém, Hinh 1. V&i rang budce 1a thanh phan
CheckBalanceATM (. .) phaikét thic trirée thanh phain CheckBalanceAccount (..).
Khi d6 ta c¢6 rang budc thoi gian gitra hai thanh phan twong tranh nhw sau (Pinh nghia 3).
7 (CheckBalanceAccount(..)) > 7 (CheckBalanceATM(..)).

3.1.1. Biéu thitc chinh quy thoi gian

Biéu thitc chinh quy thoi gian (Timed Regular Expression -TRE) 1a sw m& rong ciia biéu
thitc chinh quy dé dic ta cic rang buoc thoi gian doc lap véi ma nguon chirong trinh dé sinh

ra ma aspect. Ching t6i dinh nghia nhw sau.

Pinh nghia 4. (Bi¢u thitc chinh quy thoi gian) TRE 1a mot bo ba TRE = jC, M, S;. Trong
ds, C = {cy, o, ..., cp} 12 tap hiru han céc thanh phan, M = {my, ma, ..., m,,} 1& tap hitu han
cac phirong thite, S = {51, 59, ..., sg} 14 tap hitu han cic bidu thitc bidu dién mdi lién hé giira
cac thanh phan duwge dinh nghia nhir sau s 2 c.m[a, b] | s|s | s || s | s* | sT, trong d6, m € M;
a,b € N; c € C;s, 81,87 € S v6id,j={l..k}; s; — s; 1a sy két hop clia hai hodc nhiéu bieu
thite tudin tu; s; | s;: phép hodc; s; || s;: phép song song (cdc phwong thikc trong s; va s; ¢6
thé dwgce thire hién song song); s*: khong ho#ic nhiéu phép lap; sT: mot hoac nhiéu phép lap.

Vi du bicu do thoi gian trong Hinh 1 dwoce biéu dién bang mot biéu thitre chinh quy thoi
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gian TRE:
USER.Withdraw(..)[a1,b1] — (AT M.CheckBalane Account(..)[as, by] —
BAN K .CheckBalaneAT M(..)[as, b3]) — BAN K.Return(..)[a4, bs] — AT M.GiveMoney

(..)[as, bs], trong A6, thanh phan USER.Withdraw (..) dugc thyce hién trude véi rang bude
thoi gian thude doan [aq, b1], sau d6 1a thanh phan ATM.CheckBalaneAccount (..) va
BANK.CheckBalaneATM(..) dwoc thuc hién song song nhau véi rang budc thoi gian lan

lrgt thude cde doan [ag, ba] va [ag, bs]. Tiép theo la cdc thanh phan
BANK.Return(..) va ATM.GiveMoney (..) dugc thire hién tuin tu véi cac rang budc

twong ttng thudc céc doan [aq, by va [as, bs).
3.1.2. Biéu do thoi gian
Biéu d6 thoi gian (Timing Diagram - TD) trong UML2.0 déc td thit tw thuc hién cia

cac phwong thite cling véi rang buoc vé thoi gian. Ching t6i dinh nghia hinh thite nhuw sau.

Pinh nghia 5. (Bi¢u do thoi gian) T'D 1a mot bo sau TD =< S, Sy, C, M, 6, F >. Trong
do, S 1a tap hiru han cdc trang thai, C 1a tap cdc thanh phan, M 1a tap cic phwong thirc.
§ C S x C.Mla,b] — S la ham chuyén trang thai v6i a,b € N va a < b la rang budc thoi
gian. Sy, F' € S lan lwot 13 cdc trang thai dau va két thic.

Hinh 1 biéu dién biéu d6 thoi gian cho mot giao thite rit tién cia hé thong ATM, thit tir

thire hién ctia cdc phwong thite diroc thé hién bang céc cung trong biéu do, trong dé:
o S ={5,51,59,5S5s, F},
e M={Withdraw,CheckBalaneAccount,CheckBalaneATM,Return, GiveMoney},
e C = {USER,ATM,BANK},

e 0 = {So.USER.Withdrawlay, b1] — S1, So.USER.Withdrawlay, b;] — Ss,
S1.AT M .CheckBalane Accountlaz, bs] — So, S3.BAN K.CheckBalane AT M|as, b3] —
Sy, So.BAN K. Returnlag, by] — S1, S1.AT M.GiveMoneylas, bs] — F'}.

3.2. Sinh ma aspect

Ta dinh nghia mét mau dé biéu dién céc aspect dwoc sinh ra tir cdc dac t rang buoc thoi
gian nhir trong Hinh 3. Trong dé, cdc bién dia phwrong diroc dinh nghia dé tinh thoi gian
thire thi cila mo6i phwrong thite khi né diroe thire hién, va tinh tong thoi gian thire hién cia
cac phwong thitc (dong 2, 8, 6, va 7). Pac ta rang buoc thoi gian duéi dang biéu do thoi
gian dwoc két xuat ra tép dang xmi hodc dang txt déi véi bidu thite chinh quy. Trong thirc
nghiém ching t6i da xay dung thuat toan doc tén cédc phwong thirc va rang budc thoi gian
twong tng tir cdc dac ta nay (dong 4 va 5). Céc rang budc thoi gian doc dwoc sé dwoc dua

vao dieu kién dé so sdnh véi thoi gian thue thi (dong 8), va thong bdo cic vi pham néu cé



180 TRINH THANH BINH, TRUONG NINH THUAN, NGUYEN VIET HA

(dong 9). Rang budc thoi gian trong cac dinh nghia 1, 2 va 3 duge dich thanh céc biéu thitc

diéu kién trong aspect mau (dong 8).

Bdng 1. Sinh ma aspect tir cidc dac ta rang buoc thoi gian

import org.aspectj.lang.joinpoint ;
variables
Variables are declared here ;

aspect AspectName{
before() : (execution(* *.%(..))) && !within(AspectName){
1.st=0;
2. Get 11 ; // the current system time ;
}
after() : (execution(* *.*(..)))&& !within(AspectName){
. Get T2 ; // the current system time ;
4. Get method name from XMI flie(task1, task2, ...) ;
5. Get lower and upper bound on timing from XMI file(rl,r2,...);
6. 7 = T2 —71 ; // Calculate the execution time of the method ;
7. st+ = 7 // the execution time of sequential method ;
8.if (&(7,r1,r2,...) = false)// Timing constraint conditions ;
9. Produce violation reports

w

3.3. Pan ma aspect

AspectJ cho phép dan xen ma aspect véi cdc chwong trinh Java & ba mirc khéc nhau mite
ma nguodn, ma bytecode va tai thoi diém nap chwong trinh khi chirong trinh géc chuan bi
duwoc thye hién.

DPan & mitc ma nguon (source code weaving), Aspect] sé nap cédc ma aspect va Java & mitc
ma nguon (.aj va .java), sau d6 thire hién bién dich dé sinh ra ma da dwoc dan xen bytecode,
dang .class. Pan xen & mitc ma bytecode (byte code weaving), Aspect] sé dich lai va sinh ma
dang .class tir cdc cdc ma aspect va Java da dwgce bién dich & dang (.class). Pan xen tai thoi
diém nap chwong trinh (load time weaving), cic ma cilia aspect va Java dang .class diroc cung
cdp cho may 4o Java (JVM). Khi JVM nap chirong trinh dé chay, bo nap 16p ciia AspectJ sé
thire hién dan xen va chay chwong trinh.

Véi viée dan xen & mitc ma bytecode va tai thoi diém nap chirong trinh thi phirong phap
nay c6 thé diroc st dung ma khong yéu cau phai ¢6 ma nguon. Khi thay doi dac td thi méi

phéi phai sinh va bién dich lai ma aspect.
4. THUC NGHIEM

Phwong phép nay da dwoc cai dat thanh mot cong cu kiem ching (TCVG  Timing

Constraint Verification Generator). Pau vao cia cong cu TCVG la cde dic ta rang buoc thoi
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gian cho dwéi dang tép ¢6 phan md rong la txt biu dién biéu thitc chinh quy thoi gian, va
dang xmi biéu dién biéu do thoi gian cia UML. Dau ra la cédc ma kiém chitng aspect cta
Aspect].

Thuwre nghiém dwoc tién hanh véi cédc chwong trinh mo phong cia hé thong ATM, Hinh
1. C4u hinh mdy tinh st dung vi x1t 1y 1500MHz, RAM 512, hé diéu hanh Windows XP. Tir
diic ta rang budc thoi gian cia giao thite nay ching toi st dung cong cu TCVG dé sinh ra
ma aspect va dan véi chiwong trinh ATM mo phéng dé kiém chiimg sur tuan thi ve rang budc
thoi gian trong cdc Pinh nghia 1, 2 va 3. V&i moi thanh phan ching to6i xay dung céc test
ding, sai khac nhau, trong dd, céc test diing thi cic thanh phan dwoc cai dat tuan thid theo

dac ta rang buoc thoi gian va nguoc lai.

Bdng 2. Ca kiém thir diing/sai ciia phwong thite withdraw véi rang buoc
thot gian thue thi [726082, 143658] nano giay

public static long
correctTestWithdraw(long n) {

long max=5000000;

/[Your amount is not greater than

public static long
wrongTestWithdraw(long n){

long max=5000000;

/I Your amount is not greater than

5%)1(1)1(1)2 (()n > max) { 5000000
if (n<=max) return n
n=n—100; else
} return wrongTest(n-100)
returnn; }
}

(a) Ca kiém thii ding (b) Ca kiém thit sai

Bdng 3. Két qua thire nghiém

Thanh phan Rang budc thoi gian SO test |Phat hién
thyc thi (nano seconds)  |dung/sai| ding/sai
Withdraw [10,20], [20,30],..., [90,100]| 25/25 | 25/25
CheckBalanceAccount [10, 20], [20,30]...., [90,100]| 25/25 | 25/25
CheckBalance ATM [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 budc thoi gian cla cac thanh phan tuan ty
Tong thai gian thyc hién ( <) 50,100,150...,500 | 25125 | 25/25
Rang budc thoi gian gitia hai thanh phan tuong tranh
CheckBalanceAccount thoi diém bat dau t 25/25 | 25/25
CheckBalance ATM 5,10, 15,...,50 25/25 | 25/25

Hinh 4 mo6 td mot test ding bén trai va sai bén phai cida thanh phan withdraw véi dac ta
thoi gian ddp timg 1a [726082, 143658] nano giay. Trong thwe nghiém ching toi truyén tham
s6 n bang 6000000, v&i test ding dwoc viet dwdi dang lap thi thoi gian thuwe thi 1a 825524
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nano giay thda man rang budc thoi gian thiye thi trong doan [726082, 143658]. Nguoc lai véi
Test sai durgce viét duwdi dang dé quy thi thoi gian thire thi 14 2111442 nano gidy khong thoa
man rang budc thoi gian thue thi trong doan [726082, 143658].

C4c chwong trinh mo phéng dwroc chay 25 Ian cho moi test ding va sai véi cde dic
ta rang buodc thoi gian thuce thi trong cot 2, Bang 1 (theo Pinh nghia 1), trong d6, rang
budc thoi gian cia cdc thanh phan tuan ty tang dan tir 50ns dén 500ns (theo Pinh nghia
2). Rang budc thoi gian két thic trude/sau gitta hai thanh phan song song (theo Dinh
nghia 3) CheckBalanceAccount va CheckBalanceATM & thoi diém bat dau t va t & &ns, véi
£ =5,10,15,...,50. Két qua thuc nghiém cho thiy phwong phap da phat hién dwoc dud cac
test ding va sai (cot 4, Bdng 3) v6i 25 test ding cdc vi pham vé rang buoc thoi gian dwoc
phat hién chinh xdc, Bang 1.

Qua cdc két qua thue nghiém cho thay:

(i) Céc aspect duge sinh ra ding so véi cac ddc ta rang budc thoi gian va nhat quin gitra
biéu thitc chinh quy thoi gian va bidu do thoi gian.
(ii) Céc aspect khong lam thay doi hanh vi ctia chwong trinh goc. Va

(iii) Pa phat hién duge cdc vi pham rang budc thoi gian gitra cédc thanh phan.

KET LUAN

Nhiéu hé thong an toan-bdo mat 1 cdc hé thong thoi gian thue, trong cdc hé thong nay
rang budc thoi gian khi bi vi pham sé gay ra cdc 16i hé thong. Céc ky thuat truyén thong
nhir m6 phong, kiém thir thiromg chi wée lwong dwroc thoi gian thue thi cia céc thanh phan
hé théng véi mot do tin cay nao do.

DE tang curong sir tin cay vé rang budc thoi gian trong cdc hé thong thoi gian thire. Bai
bdo nay dé xuat mot phwong phap kiém chitng sir tuan thi gitra swr cai dat cia céc thanh
phan phan mém so véi dac ta cdc rang budc thoi gian. Phirong phap nay st dung biéu do
thoi gian (Timing Diagram) ciia UML va biéu thitc chinh quy thoi gian (Timied Regular
Expression) dé dic td cdc rang buoc thoi gian. Céc ma aspect dwgce tir dong sinh ra tir céc
diic ta nay sé dan tu dong véi ma cia cdc thanh phan dé kiém chirng su tuan thi gita st cai
dat cia cdc thanh phin so véi cac dic ta rang buoc thoi gian & thoi diém thue thi.

Phwong phép nay da diroc cai dat thanh mot cong cu kiém chitng va chay thir nghiém véi
ngdn ngir lap trinh Java thong qua mot sé 16p thw vién chuan cia Java véi cdc bo test khac
nhau. Két qua thitr nghiém ban dau cho thdy phwong phap diroc dé xudt hoan toan cé thé
phat hién dwgce vi pham rang buoc thoi gian cia cdc thanh phan so véi ddc tad. Han ché cia
phirong phap nay ciing nhwr cdc phwong phép kiém chitng dong khac 1a phai thire thi chwong
trinh, vi pham rang budc thoi gian chi dwoc phat hién trong burée kiém thik, ma aspect diroc

dan vao sé lam tang kich thuwée cia cdc chwong trinh.
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Trong nhirng nghién ciru tiép theo, ta sé két hop phwong phdp nay véi phwong phép cia

Dymek [7], Joachim [18] dé tir dong xay dung cic ca kiém thir, va két hop véi cadc phiong

phép kiém chitng tinh khéc nhir ki€m chitng mo hinh. Tién téi phét trien mot phirong phap

N ’ ~ N IO N 7z ~ N 7 \ e v
kiem chimg tu dong toan dién tir mitc mo hinh dén mite cai dat.

[1]

[7]

8]

[9]

[10]

TAI LIEU THAM KHAO

Anh Hoang Truong, Thanh Binh Trinh, Dang Van Hung, Viet Ha Nguyen, Nguyen Thi Thu
Trang, and Pham Dinh Hung, Checking interface interaction protocols using Aspect-oriented
programming, SEFM 08: Proceedings of the 2008 Sizth IEEE International Conference on
Software Engineering and Formal Methods IEEE Computer Society, 2008 , pages 382386.

Thanh Binh Trinh, Tuan Anh Do, Ninh Thuan Truong, and Viet Ha Nguyen, Checking the
compliance of timing constraints in software applications, 1st Intern. Conf. on Knowledge
and Systems Engineering (KSE 2009), Hanoi, Vietnam, Oct 14-15, 2009 (p. 220-225).

Colyer and A. Clement, Aspect-oriented programming with AspectJ, IBM Syst. J. 44 (2) (2005)
301-308.

Thanh Binh Trinh, Anh Hoang Truong, and Viet Ha Nguyen, Checking protocol conformance in
component models using Aspect oriented programming, Advances in Computer Science and

Engineering, Actapress, 2009 (pages 150-155).

R. E. Filman, T. Elrad, S. Clarke, and M. Aksit (ed.), Aspect-Oriented Software Development,
Addison-Wesley, Boston, 2005.

A. Benveniste, M. Siegel, L. Holenderski, K. Winkelmann, E. Sefton, E. Rutten, P. Le Guernic,
and T. Gautier, Safety critical embedded systems design: the sacres approach, Formal Tech-
niques in Real-Time and Fault Tolerant systems, FTRTFT98 school, Lyngby, Denmark,
September 1998.

Joachim Wegener and Matthias Grochtmann, Verifying timing constraints of real-time systems

by meansof evolutionary testing, Real-Time Syst. 15 (3) (1998) 275298.

Y. Cheon and A. Perumandla, Specifying and checking method call sequences in JML. In H. R.
Arabnia and H. Reza, editors, Software Engineering Research and Practice, CSREA Press,
2005 (511516).

Y. Cheon and A. Perumandla, Specifying and checking method call sequences of Java programs,

Software Quality Control 15 (1) (2007) 725.

Hui Guo and Woo Jin Lee, Compositional verification of timing constraints for embedded real-
time systems, ACOS07: Proceedings of the 6th Conference on WSEAS International Con-
ference on Applied Computer Science, Stevens Point, Wisconsin, USA, 2007 (570575).



184 TRINH THANH BINH, TRUONG NINH THUAN, NGUYEN VIET HA

[11] Y. Jin, Formal verification of protocol properties of sequential Java programs, COMPSAC
07: Proceedings of the 81st Annual International Computer Software and Applications
Conference - Vol. 1- (COMPSAC 2007), IEEE Computer Society, Washington, DC, USA,
2007 (475482).

[12] Joost-Pieter Katoen: “Concepts, Algorithms, and Tools for Model Checking”, Lecture Notes of
the Course Mechanised Validation of Parallel Systems (1999).

[13] C.B. Jones, Theorem proving and software engineering, Software Engineering Journal 3 (1)
(Jan 1988).

[14] Dariusz Dymek and Leszek Kotulski, Estimation of system workload time characteristic using
uml timing diagrams, FPCOS-RELCOMEX 08: Proceedings of the 2008 Third Interna-
tional Conference on Dependability of Computer Systems DepCoS-RELCOMEX, Wash-
ington, DC, USA, 2008 (914).

[15] Willem Visser, Klaus Havelund, Guillaume Brat, SeungJoon Park and Flavio Lerda: “Model
Checking Programs” (2002).

[16] Paddy Nixon and Lihua Shi, Concurrent semantics for structured design methods, Proceedings
of the First IFIP TC10 International Workshop on Software Engineering for Parallel and
Distributed Systems, London, UK, UK, 1996 (158169).

[17) Gerard J.Holzmann, The SPIN Model Checker Primer and Reference Manual, Addison-
Wesley, 2003.

[18] Ninh Thuan Truong, Thanh Binh Trinh, Viet Ha Nguyen, Coordinated Consensus Analysis of
Multi-agent Systems using Event-B, 7th IEEE Intern. Conf. on Software Engineering and
Formal Method (SEFM 2009), Hanoi, Vietnam, 23-27 November 2009 (201-209).

Nhan bai ngay 3 - 8 - 2010
Nhan lai sau stta ngay 26 - 7 -2010



