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khi cacdic ta nayda duoc kiém ching. Tuy nhién, cadat
(chuong trinh) throng khdng & sinh ra tr dac ta nén no co

processeghé van cé bi mac du thét ké cia ndda duoc kiém ching
regulara dung [16].
expressions or protocol state machines in UML 0@ a

Dé giai quyét cac \an dé nay, ching téda dé xuat mot

generates aspect code to weave with the programs thu'O'ng phap Kim ching sr tuan thi cia caidat so \oi

runtime verification. The aspect code will monitiire

dic ta vao thvi diém thuc thi [1,10]. Plvong phap nay c6

execution of the program and check the conformanct%é kiém ching duoc sr nhit quan gira chrong trinh Java

between the programs and their specifications. We

implemented the approach as a tool for generatisigeat

Va dac ta giao thic trong tac @a nd, cac vi pdm duoc
phét hén trong lréc kiém thir.
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l. GIOl THI EU

Phin mém ngay cangléng vai tro quan ¢ng trong xa
hoi hién dai. Ty trong gia ti phin mém trong cac &théng
ngay cangdn. Tuy nhién, trong nbu h thong, bi cia
phan mém gay ra cac 4u qua dac biét nghiém tong,
khéng ch vé mat kinh # ma con ¢ con ngroi [16], dic
biét 1a cac pn mém diéu khién hg thong va thét bi giao
théng.

Céac phrong phap Km ching hinh thic nhr ching
minh dinh 1y [8] va kém ching md hinh [6, 7§ta dat dugc
thanh cong ndt dinh trong kém ching dac t phan mém.

Bai bao nay, chung téi énrong cac nghiéniaw trong
[1,10] dé kiém ching sr tuan thi giira caidat va diac t
giao thic trong tac trong cachuong trinhda luong sr
dung #p trinh hrong khia anh (Aspect-Oriented
Programming - AOP[5]. Trong [10] chdng téda sr dung
may trmng thai giao tfrc (Protocol State Machine — PSM
cia UML 2.0dé dac ta giao thic twong tac. Véc sr dung
biéu d6 PSM dé dic ta giao thic twong tac cauu diém la
truc quan. Tuy nhién, cacdai dd nay con nhiu han ché
nhu kha nang béu dién, va s khong trong thich gira cac
cobng @ cia UML khi xuit cac béu do nay sangtinh chng
XMI. Do d6, ching téida mo rong biu thic chinh quy
(Regular Expression - RE¢é dic ta giao thic twong tac.
Ma aspectduoc tu dong sinh ra cacdic ta nay € dan



véi chuong trinhdé kiém ching sr tudn thi caa né so i
dac ta giao thrc twong tac.

CAc phan con hi caa bai baoduoc ciu tric nhr sau.
Muc Il giéi thiéu mot sd kién thic ao ban vé AOP. Muc
Il thao luan Mot s nghién @u lién quan. Mc IV trinh
bay cac phong phapdic t giao thic twong tac ing may
trang thai giao thic, béu thic chinh quy rd rong va
phuong phap Km ching sr tuén thi gitia chrong trinh va
dic ta. Muc V chi ra mot sb két qua thuc nghém. Céac Kt
luan va hrong phat trén tiép theoduoc trinh bay trong
Muc VI.

ll. L AP TRINH HUONG KHIA C ANH

Phrong phap 4p trinh hrong khia anh (Aspect-
Oriented Programming - AOH5,11] la phrong phép 4p
trinh phéat tén trén tr duy tach bt cac ndi quan tdm
khac nhau thanh cac wén khac nhauO day, mdt méi
guan tam throng khbng phi la mbt chirc ning nghép wu
cu thé va co tit duoc dong gbi ma la it khia @anh thugc
tinh) chung ma nku méiun ptin mém trong cung &
thong nén coé, vi d nhu luu Vét thao tac vadi (error
logging).

Véi AOP, chiing ta c6 thcai dit cac ndi quan tam
chung @&t ngang k théng king cac médun dic biét goi &
aspect thay vi danairchung trén cac mdun nghép w
lién quan. CAc aspect sdd duoc két hop tr dong Wi cac
madun nghép wu khac ling qua trinh gi 1a dan (veaving
bang b bién dch dac biét.

AspectJ [3] la rait cdbng @ AOP cho ngdn nigylap trinh
Java. Trinh bién idh Aspect] & dan xen chong trinh
Java chinh &i cac aspect thanh c&ptma bytecode cly
trén chinh mayio Java.

ll. M QT SO NGHIEN CUU LIEN QUAN

Pa c6 ndt vai phrong phapduoc dé xuat dé kiém
chirng ar tuan thi gitra thec thi vadic ta giao thirc twong
tacduoc dé xuat.

Jin[15] dé xuat mot phuong phap hinh tinc dé kiém
chiing tinh sr tuan thi gitra caidat ma ngén vadac t tha
tu thuc hién aia cac phrong thrc (Method Call Sequence -
MCS trong cac chong trinh Java #n tr. Phrong phép
nay sr dung automat fiu han trang thaidé dac ta MCS,
cac clrong trinh Javatuoc bién d6i thanh cac sn pham
phi ngr canh (Context Free Grammar- CHGsr dung
céng @ Accent. Ngodn ngr sinh ra i 6tdmatL(A) dugc so
sanh i ngdbn ng sinh ra ki CFG L(G), néu LG) O L(A) thi
chuong trinh Java tuan ththeodic ta MCS. Uu diém cia
phuong phap nay la cac vi pm co tié dugc phat hén
som, tai thoi diém phat trén haic bién dch chrong trinh
ma khdng &n chay thir chuong trinh. Tuy nhién, pfong
phap nay cha kiém ching duoc cac clrong trinh da
lubng. Hon nira, phrong phap nay ing phii giai quyét
tron ven bai toan bao phngdn ng (Language Inclusion
Problen).

Trong cac phong phéap ¢ JML[9,13,14], MCS phi
duoc dac ta dudi dang tién va Hu diédu kién duoc két hop
v6i phan than @a cac plrong thic trong clvong trinh nhr
cac kit bién cia vong #ip, hay ép cac caudnh. Céac #n
va hiu diéu kién nayduoc viét dusi mot dang chuin dé cé
thé bién dch va cly dan cung i chuong trinh ngédn.
CAc vi plam s duoc phat hén vao thvi diém chay chuong
trinh. Vi cac phrong phéap nay thi ngi 1ap trinh phi
dac ta rai rac ma kém tra & nhiéu diém trong chrong
trinh. Dod6 s kho kiém soét, khéngtic t doc lap, tach
biét tirng dac ta MCS duoc.

Yoonsik va Perumandla [14]dmong ngdn n@ dac ta
va trinh bién gth JML dé biéu dién MCS king biu thic
chinh quy. Cac Bu thic chinh quy naydugc bién dch
thanh ma thc thi vadan xen wi ma ngwn aia chrong
trinh goc dé kiém ching sr tuan thi gitra caidat so \6i
dic ta MSC. Céac hanh vita chuong trinh gc $ khdng b
thaydéi ngaai trir thoi gian thrc thi va kich thrac.

Deline va Fahndrich [12}é xu4t phrong phap km
chiing vao thi diém thyc thi r tuan thi gitra caidat va

! http://accent.compilertools.net/Accent.html



dic ta MCS. Phrong phap nayis dung may tang thaidé

Khi d6 bai toan Km ching sr tuan thi giia thuc thi

dac ta MCS. bac ta MCS saudo duoc bién dch sang ma va dac ta giao thic twrong tac trong cac along trinhda

ngwn va dan xen ¥i ma ngwn chrong trinh dé kiém
chirng dong sr tuén thi caa caidat so Wi dac ta MCS. Céac
ménh dé tién va Hu diéu kién aia cac phong thic trong
MSC ding dugc dac ta va kiém ching.

Céc plwong phap néi tréméu chra kiém ching duogc
cac chrong trinhda lwng, giao tiic dugc kiém ching
don thuan chi 1a thr ty thyc hién dia cac phong thic.
Trong bai bao nay chiing té xuat mot cach tép cin moi
trong viéc kiém ching sr nhit quan gira caidat so \i
thiét ké ¢ thoi diém thyc thi. Trongdd cac plrong thic
trong giao tiic cé thé duoc thuc hién song song & nhau
va phii thoa man cac #nh dé tién va Hu diéu kien.

IV. PHUONG PHAP KIEM CHUNG SU TUAN THU
GIUA THI_TC THI VA DPAC TA GIAO THUC
TUONG TAC

Gia sir mot giao thirc twong tac da mjt hangdei tuong
tranh Concurrent Queue - OQai bdn phrong thirc dugc
cai dat cho phép g cung lic i mot ludng cung ép
Producer ddy cac pln tir vao hangdoi, va nhéu ludng
Consumer cling thao tac di cac phn tr trong hangdoi (
Hinh 1). Tai trang thai tiru twong OPENED, Cac lbng
Consumer €O thé goi cac phrong thic enqueue() haic
dequeue() dé bd sung hac loai bo cac phn tir cia hang
doi. Khi ludng Producer goi phuong thic close() dé chuyén
sang tang thai tiru tugng CLOSED thi cac phn tir khac §
khéngduogc bd sung hac loai bo tir hangdoi.

[Pre:Q.Full = False]
enaueue(O.x) [Post: O.x = Truel

OPENED

[Pre: Q.x = True]
dequeue(Qx) [Post: Qx =

Caleal

close(Q)

Anan(M\

Hinh 1. Giao thirc twong tac aia hangdei twong
tranh.

ludng dugc dic ta nhu sau:

1. Tha tu thuc hién cia cac phong thrc trong clrong
trinh phai tuan thi theo céac cung trong Hinh 1 &M
duong di tir trang thai dau dén trang thai Kt thac.
Trong do, hai phlrong thic dequeue(Qx) va
enqueue(Qx) €O thé dugc goi dong thyi boi cac Ibng
khac nhau.

2. Khi phuong thrc enqueue(Qx) dugc thuc hién thi tién
diéu kién 1a hangdoi chua day va Hu diéu kién la x
phai duoc didy vao hangdoi. Voi phuong thic
dequeue(Qx) thi tién didu kién lax thupc hangdoi va
hau diéu kién lax dugc loai bo khoi hangdoi.

Gia sir dac ta thiét ké giao thic nay lading dan. Tuy
nhién, caidat ma ngén chrong trinh c6 th vi pham cac
dic ta thiét ké cua giao thkc. Thong thrdng cac vi pam
nay khoduoc phéat hén trong rge kiém thir bang cac b
dir liéu dau vao vadau ra.

Do d6 chang téida dé xuat phuong phap kim ching
sy tuén th gitra thec thi vadac ta giao thic twong tac
trong cac chong trinhda lubng nhr sau (Hinh 2).

1. Su dung biéu thic chinh quy na rong (RE) hac may
trang thai giao thrc (PSM)dé dic ta giao thic trong
tac (IP),

2. Nguoi lap trinh caidat cacung ding dra trén caaiic
ta IP,

3. Tu dong sinh cac ma aspeat ¢tacdic ta IP,

4. Céc ma aspect sinh targc ty dong dan Wi ma aia
cac chrong trinhing ding dé kiém ching dong sar
tuan thi gitra thrc thi vadac ta IP.

Két qua thuc nghém trong Mic V cho thiy khi cac
chuong trinhduoc thre hién thi cac matan xen vao cé th
phat hén duoc chinh xac vtri cia cac vi pam réu c6 dia
chuong trinh \6i dac ta IP. Trong khido, cac hanh viia



chuong trinh @c $ khéng b thay d6i ngaai trir thoi gian
thuc hién va kich tlréc aia chrong trinh.

Caidat

bacta | gt Chuong trinh
(PSM, RE)
v
v | Bién dich |
B0 sinh ma

l \ 4
Ma& aspect » Dban xen ma

v

Chay kiém thi
va phat hgn 15i

Hinh 2. So @6 hoat dong cia hé théng.
1. Pic ta giao thirc twong tac
1.1. Biéu thiéc chinh quy mi réng cho biéu dién giao
thirc twong tac

RE duoc mo rong dé biéu dién IP doc lap voi ma
ngwn dé sinh ra ma aspedtroc ching toidinh ngha nhr
sau.

Pinh nghia 1 (Biéu théc chinh quy my réng).
Regular Expression - RE 1agtbd nim RE = <M, O, S, Pre,
Post>. Trongdo,

1. M = {mym,..my} l& bing chr céi Sigma §m mot tap
hiru han cac plrong thrc,
O = {01,02...0p} & tAp hitu han cé&cddi tuong,
Pre, Post 1& tp hiru han céc tén va Hu diéu kién,
S = {sys2..s¢ 1& tAp han céc béu thiac biéu dién cac
phuong thic,

5. s:= [PreJo.m[Post]|s->s|s|s| s|s |s'|s*|(s). Trongdd: m O M,
sOS VAo OO.s-s la ar két hop cia hai h@c nhiéu

biéu thac tuan tu, sls: phép héc, s|is: phép song song, .

s khéng hac nhiéu phép #p, s*: mot hoic nhiéu phép
lap, (s): biéu thic két hop.

Vidu RE:
[pa]o1.m10[q1] - ([p2102.M20)[q2]|[P3]03.M30[q3]) "~ (01.M1()]j0a.Ma4()
~[pslos.ms0lqs] biéu dién mot IP. Trongdd, réu tién diéu
kién p; dugc thoa man thi phiong thrc o1.mi() dugc thuc
hién tregc va thha man Ku didu kién qi, saudo 1a ot
hoic nhiéu lan threc hién phrong thic o.mz() hoic os.ms()
VGi CAc tén didu kién p,, ps va hiu didu kién qu, qs. Tiép
theo la cac plong thic o1.mi() va osma() dugc thuc hién
song song. Gii cling laos.ms() v6i cacdiéu kién 1a ps va
as.

1.2. Biéu @6 PSM cho béu dién giao thirc twong tac

Biéu d6 PSM trong UML2.0 kiu dién thir tu thuc hién
cia cac phong thic cung Wi rang bwc vé cac nénh dé
tién va Hu diéu kién duoc ar dung dé dac ta IP. Chang toi
dinh ngha hinh tlkc nhr sau:

Pinh nghia 2 (May trang thai giao thirc). Protocol
State Machine - PSM l1adhbo bay thanh pln Psm = <s;
o; M; Pre; Post; so;f>. Trongdo, s la #p hiru han cac tang
thai, M 1a tip cac plrong thic, Pre, Post 1a tip cac tén diéu
kién va Hu diéu kién. o O SxPrexMxPost—S |a ham chugn
trang théi.sof0S 1an luot & c&c tang thaidau va Kt thic.

{PSM Diagram} (Pl (P3]
Ma(..) [Q4] Mx(..) [Q7]
[P1]
o ’ [Ps]

Ms(..) [Qs]

[P3]
Ma(..) [Qs]

[Pe]
Me(..) [Qe]

Hinh 3. Biéu d6 PSM cho nét giao thirc twong tac.
Hinh 3 béu dién biéu d6 PSM cho mt IP, thi tu thuc
hién aia cac phong thic duoc thé hién bing cac cung
trong béu do. Trongdo:
o S={1,2,34}0{sof},
Pre={P1..P7};Post={Q1.Q7EM={M1..M7},
0={s0P1M1Q1 - 1;1P2M2Q2 - 2;...;3P7M7Q7 - f; 4PsMsQ¢ — f}.



2. Sinh ma aspect

Muc nay trinh bay thit toan tr dong sinh ma Kim
chirng aspectit dac @ IP. Vé6i dac ta dang PSM chung toi
sinh radé thi c6 hrong dé biéu dién IP king thifit toan
trong Bang 1. \6i dic ta RE mo rong duoc dua e dang
RE chudin bing phép kn d6i mdi s=[PreJo.m[Post] thanh
mot ky tu a0z (Mgt ky tr thugc bang chi cai aia biéu thirc
RE chuin). Tir dang RE chén chdng t6i chugn sang may
trang thai hiru han (Finite State Machine-FS)vbing thuft
toan trong [2]. Ma aspect sad dugc sinh ra ¢ dong tr
cacdac ta PSM va FSM.

Bang 1. Sinhdd thi biéu dién IP tir diic ta PSM

Piu vao: dic ta PSM

Piu ra: Do thi G = <v, M> dac ta giao thic. Trongdo:

« Vvlatp cacdinh aiadd thi (duoc biéu dién bang tp cac
sb nguyén,

« M la ®p cac cung wa do6 thi, M=
{[Pres]m;[Posty],[Pre;Jm,[Post,],.., [Pre.Jma[Post.]} la #p céac
phuong thrc véi cac tén va Hu didu kién thusc giao
thuec,

« Céc cung sa dd thi dugc gan nhan la cac pbng thic
thuoc M, cacdinh dugc gan nhan 1a cadsguyén. Cac
cung nay th hien mdi quan & phu thudc gitta cac
phuong thrc trong IP.

1. Tao ham song anp: M - {1.|M},M| luc lugng aia ép
M, Cac $ nguyén nay laap cacdinh aiad thi.

2. Tao mot dinh vao va gan nharabg 0, Wi méi m thude
M, (tdp cacdinh vao @éa may tang thai( - M) tao
mot cung fr dinh vao dén dinh p(m), gan nhan la
[premImpostm].

3. Véi mdi cung dingm — m' thupc PSM 4o mdt nlt u(m)
toi p(m’) va gan nhan lgre,}m'{posty}.

4. Tao mot dinh Két thic, Wi mdi m - © thwc dinh két
thdc trong PSM,ab mdt cung tr p(m) toi dinh két thic
vua ko.

Qua trinh & dong sinh ma aspecbm ba hréc chinh sau.

Bwéc 1. Khoi tao miu aspect &dugc sinh ra i dic t
gao thirc trong tac nhr sau.
static final String aspectTemplate =
"import org.aspectj.lang.JoinPoint\n" +
"public aspect ProtocolCheck {\n" + "#CONSTS#\n" +
"#ADVICES#\n\n" + " void log(JoinPoint jp); \n";

Trong aspect &u trén Xau#CONST#" 8 duoc thay thé
bang cac tang thai éa mdi phuong thic trong giao thc.
XAu “# ADVICES# & dugc thay tk bing cacdiéu kién
kiém tra tréc va sau gointcu) cia phrong thic khi né
dugc thuc hién. Phrong thrc log(JoinPoint jp)sé théng bao
céc phrong thrc va \ tri caa né khi vi plam dac ta.

Bwéc 2. Khoi tao mau pointcut 8 duoc sinh ra i dac
ta gao thirc twong tac nlr sau.

static String pointcutTemplate =

"\n" +" pointcut pc_#SIG_NM##CLS_NM# o0):\n"+" target(o)\n"+
" &&call(#SIG#H)\n"+" before(#CLS_NM#
0):pc_#SIG_NM#(o){\n" +

" if (I(#PRE_COND#)\n" +" log(thisJoinPoint);\n"+" \n"+

" after(#CLS_NM# o):pc_#SIG_NM#(0) {\n"+" o.state =
ST_#SIG_NM#\n"+"#POST_COND# "+" \n";

Trong pointcut rAu trén xau#sic_NM#” 5 dugc thay
thé bang tén @a ndi phuong thic trong giao thc, “#
CLS_NM# & dugc thay tié bing tén @a lop twong ung.
XAu “#PRE_COND#’ VA "#POST_COND#S3 duoc thay tié
bang cac béu thirc tién va Hu diéu kien.

Bwéc 3. Cac béu thac tién va Hu diéu kién duoc chia
lam hai lai. Loai mot kiém tra thr tu thuc hién cia céc
phuong thrc trong giao thc. Laai hai dic ta cacdiéu kién
truéc va sau éa nmdi phuong thic phai thoa man khi n6
duoc thuc hién.

Bwéc 3.1.V6i biéu thrc tién va Hiu diéu kién loai mot
thi moi phuong thic trong giao thic ching toi & dong
sinh ra nét bién trang thai c6 #n t6 1a ST_, theo sau la tén
cac phrong thic. Mdi khi phuong thic duoc thuc hign thi
bién trang thaiduoc gan king tang thai @a phrong thic
d6. Ham sinh HWiu thic tién diéu kién dugc cai dat nhu
sau.

static String genCondition( Entry<String, Set<String>> e,
Set<String> entrySigs) {
String src = "";



if (entrySigs.contains(e.getKey()))
src += "o.state==ST_START";
for (String s: e.getValue()){
if (s.equals("START")) continue;
if (srclength() > 0) src +="";
src += "o.state==ST_" +getMethodName(s);

}

return src;
}

Bwéc 3.2.V6i cac béu thirc tien va Hu diéu kién loai
hai, ching tdi @i han dugc dic t dudi dang cac biu
thac logic aia Java ludc 2 va 3, thit toan trong Bng
2). Céac btu thac nayduoc doc truc tiép tir dic ta vadua
vao pointcut riu trong lrée 2.

3. Pan ma aspect

Aspect] cho phégan xen ma aspectivcac chrong
trinh Javad ba mic khac nhau: #c ma ngdén, ma
bytecode vaai thoi diém map chrong trinh khi clrong
trinh gbc chuin bi duoc thuc hién.

Pand mirc ma ngdn, Aspect] &nap cac ma aspect va

Javaé mirc ma ngén (.aj va .java),saudé thuc hién bién
dich dé sinh ra maia duoc dan xen bytecode adg .class
ban xendé mic ma bytecode, Aspectd dich ki va sinh
ma chng .classtir cAc cAc ma aspect yavada duoc bién
dich & dang (clas9. Pan xen 4i thoi diém map chrong
trinh (oad time weaving cac ma ¢a aspect va Javarmg
.classduoc cung ép cho mayao Java JVM). Khi JVM
nap chrong trinhdé chay, b nap 16p cia AspectJss thuc
hién dan ma va chy chuong trinh.

Vi viéc dan xend micc ma bytecode vaitthoi diém
nap chrong trinh thi plrong phap nay c6 éhduoc ar
dung ma khéng yéuao phii c6 ma ngan. Khi thay doi
dac ta thi mdi phai sinh va bién gth lai ma aspect.

V. THUC NGHIEM

Chadng téida caidat phuong phap nay thanh ¢hcong
cu kiém ching PVG Protocol Verification Generator -
PVG). Pau vao @a céng a PVG la cac FSM hax do thi
c6 hréng béu dién giao thirc twong tac.Dau ra la cac ma
kiém ching aspectita AspectJ.

Thuc nghém duoc tién hanh tréndp StreamBuffer Voi
ba phrong thrc open(), read() va close(). Giao thirc twong
tac duoc dic ta bing biéu thac chinh quyopen()->(read()*-
>close() MO ta phuong thirc open() dugc thuc hién truéc sau
d6 1a mdt haac nhidu lan goi phuong thic read(), cubi cung
la phrong thic close() duoc goi dé giai phong tai nguyén.

Bang 2 minh lpa mbt chuong trinhdugc cai dat tuan
thu theo dang giao tikc bén trai va sai bén fh(do
phuong thic close(..) khdngiuoc goi). Cac clrong trinh
da lwng nayduoc xay ding dé tinh Hng cac 6 nguyén
trong file. Thuc hién kiém thir cac clrong trinh trén i
cac input/output khac nhau, céét lqua cho thiy ca hai
chuong trinhdéu cho Kt qua ding nhr nhau. Tuy nhién
khi dan ma @a cac chrong trinh trén @i ma aspectiugc
sinh ra tr cbng @ PVG chung t6ida phat hén dugc vi
pham rang bdc cia chrong trinh dugc cai dat sai bén

phai.

Bang 2— Chrong trinh dwgc caidat ding — sai

public class Mytest extends

Thread

{

private int num;

public void run() {
try {

InputStream f =
FileInputStream(“file.txt");
//open()

int ¢, s=0;

while ((c=f.read())!=-1){

new

System.out.print((char)c)
S=S+C;
}
f.close();
System.out.print(s);
}catch(Exception e) {
e.printStackTrace(); }
}
public Mytest (int n)
{
super();
nums=n;
}
public static void main(String([]
args) {
Mytest t1=new Mytest (1);
tl.start();

]

public class Mytest extends Thread
{
private int num;
public void run() {
try {
InputStream f = new
FileInputStream("file.txt"); //open()
int ¢, s=0;
while ((c=f.read())!=-1){
System.out.print((char)c)
S=S+C;
}
// phuong thic f.close() khong
dugc goi
System.out.print(s);
}catch(Exception e) {
e.printStackTrace(); }
}
public Mytest (int n) {
super();
nums=n;
}
public static void main(Stringl[] args)
{
Mytest t1=new Mytest (1);
tl.start();
}
}




Bén anh giao tlirc nay, chang téiing da thr nghém
véi cac giao tkc khac trong [1,4,12,13,15]. Cac giadth
nay duoc dic ta bang cac RE va PSM. &f mdi dic ta nay
ching téi & dung céng @ PVG dé sinh cac ma aspeci@
AspectJ vadan r dong Wi cac chrong trinh Java mo
phong dé kiém ching sr tudn thi gitra sr cai dat déi voi
dic ta giao thic. Cac Kt qua thuc nghém trong Bing 3.

Trong d6, mbi I6p trong &t 1 bén trai aa Bang 3
tuong (g Wi sd cac plvong thic aia giao thic trong Gt
2. Chung téi xay d@ng chrong trinh mé phng cho trng
l6p Vi sb cac ca im thir ding va sai khac nhau trongtc
3, két qua phat hén trong &t 4. V6i cac ca kém thir ding
thi cac bp dugc caidat tuan thi ding dac ta giao thrc.
Nguoc lai, voi cac ca kém thi sai thi § c6 it nkt mot
phuong thic thre hién khéngdang dic ta (cac vi plam \é
thr ty thuec hién, tién va hiu diéu kién). Céac giao thc déu
dugc dac ta dudi ca hai ching RE va PSM.

Cac chrong trinh md phng trdc va sau khidan ma
AspectJdugc chay 20 Bn véi mdi 1an chay thi $5 ludng
dugc taing din tr 1 dén 20 Iwng. Bé danh gia thi gian
thuc hién aia cac chrong trinh tude khi dan mé aspect so
vai thoi gian thrc hién sau khidan ma chung téi tinty tlé
gia ting thyi gian trung binh fing cong tiic sau:

Trong do, ts va tt lan luot la thoi gian thrc hién cua
chuong trinh tdc va sau khitan ma aspeat luot chay
thir i, n 1a Hng $ luot chay cua chrong trinh tréc va sau
khi dan ma. Thi gian thrc hién aia cac chong trinh
trugc va sau khitan madugc tinh ding hiéu cia thyi gian
hién tai cua he thong trwdc khi chrong trinh duoc thuc
hién voi thoi gian hén tai caa hg thong sau khi chong
trinh thrc hién xong. Kt qua thuc nghém trong Bing 3.

Déi véi cac giao tirc mo & trong @t 1, Bang 3 thi Kt
qua thuc nghém cho thy: (i) cac aspeatugc sinh rading
S0 Wi cacdic ta giao thic, nhit quan gira béu thac chinh

guy va may tang thai giao thc, (ii) cac aspect khéng lam

thay d6i hanh vi @a chrong trinh @c ngai trir thoi gian
chay va kich thréc aia chrong trinh, (iii) da phat hén
dugc cac vi pam twong tac thi tie thyc hién), tién va Hu
diéu kién cia cac phrong thrc dugc caidat ma khéng tuan
tha theodac ta IP, (iv) thoi gian chy sau khidan ma
aspect & tang t Ié thuan v6i sb ludng trong clrong trinh
va $ phuong thic dugc mé & trong giao tlic.

Bang 3- Két qua thuc nghiém

[@)) —_ —_ )
5. 38| 28 | SEE
Lop (java) | €2 | 22| 52 | 2o
| B3 | £33 | »E S
\EB o [AIS] s [}
Applet 5 10/20| 10/20 0.915
StreamReader 6 5/15 5/1% 0.92B
ReadWrite 4 6/10 6/10 0.974
Iterator 3 2/3 2/3 0.533
Stack 5 2/5 2/5 0.915
LinkedList 9 5/15 5/15 1.542
ConcurrentQueue 4 3/5 3/5 0.974
Roster 2 2/2 2/2 0.323
VI. KET LUAN

Giao thic trong tacdic ta cac rang béc vé thi tu thuc
hién aia cac plong thrc trong cac dp haic cac thanh
phdn phin mém, cac béu thac tién va Hu didu kien caa
mbi phuong thic khi ndduoc thuc hién. Sr vi pham giira
cai dat vadac ta giao thrc nay ti thoi diém thuc thi co thé
gay ra cacdi hé thong. Tuy nhién, kit ké giao dén aia
thanh pln phin mém chi dac ta cac rang boc vé kiéu dir
liéu va gia ti tra vé caa mbdi phuong thrc. Hon niia, cac
trinh bién dch ding khéng kém tra cac rang e oia
giao thrc nay.

Trong bai béo nay, chlng ta& dé xuat mot phuong
phap kém ching sr tuan thi gitia thrc thi vadic ta giao
thirc twong tac & dung lap trinh hréng khia anh. Plwong
phap nay & dung may tang thai giao thc cia UML va
biéu thirc chinh quydé dac ta giao thic twong tac. CaAc ma
aspectduoc tw dong sinh rat cdcdic ta nay € dan ur
dong wi ma aia cacung ding dé kiém ching sr tuan thi
gitra thrc thi vadac ta giao thic twong tac.
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