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L1 cam doan

To6i xin cam doan luan an "Kiém ching ciac thanh phan Java tuwong tranh"
la cong trinh nghién cttu clia rieng toi. Céac s6 lieu, két qua duge trinh bay trong
luan an la hoan toan trung thirc va chua titng duge cong bo trong bat ki mot cong

trinh nao khéac.

m T6i da trich dan day du cic tai lieu tham khao, cong trinh nghién ctu lien quan
4 trong nude va quoc té. Ngoai trit cac tai lieu tham khao nay, luan 4n hoan
toan la cong viéc cua riéng toi.

» Trong céc cong trinh khoa hoc dudc cong bo trong luan an, toi da thé hien ro
rang va chinh xac déng gop clia cac dong tac gid va nhitng gi do toi da dong
gop.

s Luan an dugc hoan thanh trong thoi gian t6i lam Nghién cttu sinh tai Bo mon
Cong nghé phan mém, Khoa Cong nghé Thong tin, Truong Dai hoc Cong nghe,
Dai hoc Qubc gia Ha Noi.

Tac gia :




Loi cam on

Tru6e hét, toi mudn cdm on dén PGS.TS Nguyén Viet Ha, can bo huéng dan
chinh, nguoi da trice tiép gidng day va huéng dan toi trong sudt thoi gian hoc cao
hoc, thuyc hién luan van thac si va luan an nay. Mot vinh dy 16n cho t6i duge hoc
tap, nghién citu duéi syt huéng dan ctia thay. Toi ciing tran trong cam on PGS.TS
Nguyén Ngoc Binh vi syt huéng dan tan tinh v khoa hoc ctia Thay.

Toi gtii 10i cam on dén TS Truong Ninh Thuan, TS Truong Anh Hoang vi su gitp

~ 2 2 X 2 X A N 2 2. LN 2 2 ~r
dé cia cac Thay cho cac de xuat va cac trao doi trong nghién cttu ctia toi.

To6i bay t6 su cam on dén TS Diang Van Hung, TS Pham Ngoc Hung, TS Vo Dinh
Hiéu, TS Ding Dtic Hanh, Ths T6 Van Khanh, Ths Vii Quang Diing vi sy giup

d6 ctia cac Thay ve cac dong gop rat hitu ich cho luan an.

Toi tran trong cam on Bo mon Cong nghé phan meém, Khoa Cong nghé thong
tin, Phong Dao tao va Ban giam hiéu truong Dai hoc Cong nghé da tao dicu kien

thuan 1gi cho toi trong sudt qua trinh thiyc hién luan an.

Toi cling bay t6 sy cAdm on dén Ban giam hieéu Truong Dai hoc HAi Phong da tao
diéu kien vé thoi gian va tai chinh cho toi thiyc hién luan an nay. Toi mudn cam
on dén cac can bo, gidang vien trong Khoa Toan tin — Truong Dai hoc Hai Phong

da 6 vit dong vien va sat canh bén toi trong qué trinh nghien ctu.

Mot phan ciia nghién citu nay duge thiyc hien trong khuon kho dé tai nghién citu
khoa hoc QGTD 09.02 ctia Dai hoc Qubc gia Ha Noi. Xin cdm on cac trao doi va

trg gitp ciia cac thanh vien de tai.

T6i mudn cam on dén tat cad nhitng ngudi ban cia toi. Nhitng ngusi luon chia sé,
dong vien toi trong nhitng lac khé khan va toi luon ghi nhé diéu d6. Cudi cung,
toi xin bay t6 long biét on vo han ddi véi cha me, vg con va gia dinh da luon tng

ho, gitp dd toi.
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Chuong 1

Mé& dau

1.1 Bbi canh

Phan mém ngay cang déng vai tro quan trong trong xa hoi hien dai [70, 72]. Ty
trong gia tri phan mém trong cac hé thong ngay cang 16n. Tuy nhién, trong nhiéu
hé théng, 16i ctia phan mém gay ra cac hau qua dic biét nghiém trong, khong chi

thiet hai vé mit kinh té ma con c6 thé lam ton thét tryc tiép sinh mang con ngudi.

Dén nay, trong cong nghiép phan mém da c6 nhiéu phuong phap khac nhau duge
dé xudt va phat trién dé giam 16i phan mém tit pha thiét ké dén cai dat. Céc
phuong phap kiém chitng nhu chitng minh dinh 1y (theorem proving) va kiém
chiing mo hinh (model checking) da duge tng dung thanh cong dé kiém ching
mo hinh thiét ké clia phan mém [14, 19, 40]. Trong nhiéu hé thong, cai dat thyc
té thuong chi duge thuyc hién sau khi mo hinh thiét ké da duge kiém ching. Tuy
nhién, cai dit thuc ma ngudn chuong trinh c¢6 thé vi pham céc rang buoc thiét ké
[80]. Do d6, phan mém c6 thé van ton tai 16i mac dit thiét ké clia no da duge kiém

chitng va tham dinh chi tiét.

Cac phuong phap kiém chiing tai thoi diém thyc thi [7, 23, 50] nhu kiém thtt phan

mém bing cac bo dit ligu kiém thit (test suite) thuong chi phat hién duge cac 16i

veé gia tri dau ra (output) nhung khong phat hien duge cac 161 vi pham rang budc

thiét ké. Trong khi d6, mot vi pham rang buoc cé thé gay 16i he théng, dic biet
1



Chuong 1. M¢ dau 2

khi tich hop nhiéu modun thi viéc xac dinh chinh xac vi tri gay 16i sé rat kho khan

va lam chi phi siia 16i tang cao.

Céc phan mém (chuong trinh) tuong tranh gom hai hofic nhiéu tién trinh cong tac
dé cting nhau thie hien mot nhiem vu [12]. Trong d6, mdi tién trinh 1a mot chuong
trinh tuan ty thyc hien mot tap cac cau lenh tuan ty. Cac tién trinh thuong cong
tadc v6i nhau thong qua céc bién chia sé (shared variables) hodc co ché truyen
thong diép (message passing). Lap trinh va kiém chiing cac chuong trinh tuong
tranh thuong kho khian hon so véi cac chuong trinh tuan ti do kha nang thuc hién
clia cac chuong trinh nay. Vi du néu ching ta thyc thi mot chuong trinh tuong
tranh hai lan v6i ctiing mot dau vao nhu nhau thi khong thé bdo dam no sé tra ve

cting mot két qua.

D& ¢6 mot vai phuong phap hinh thic duge dé xuat dé dac ta va kiém chiing céc
chuong trinh tuong tranh nhu Petri nets [68], Actor model [52], 7—calculus [66]
va CSP [55]. Theo d6, nhiéu ngon ngtt lap trinh tuong tranh duge xay dung va
phat trién v6i muc dich nghién cttu va thit nghiem céc phuong phap duge dé xuat
nhu cac ngon ng ActorScript, Pict, XC. Tuy nhién theo Yang [82] va Edmunds
[42] thi hién nay trong cong nghiép phan mém van con thiéu cdc mo hinh dic ta
hinh thitc 4p dung cho cac ngon ngit 1ap trinh hién dai hé trg ho trg tuong tranh

nhu Java.

Cac nghién cttu gan day [26, 42, 49, 82] trong tam vao kiém chiing cic van dé
ve xung dot (interference), tic nghén (deadlock) trong chuong trinh Java tuong
tranh. Tuy nhién cac phuong phap nay chua kiém chiing sut tuong tac (giao thiic
tuong tac) gitta cac tién trinh (thanh phan) tuong tranh nham bao dam tinh nhat
quan cta dit lieu chia sé va dit lieu dau vao-dau ra. Sy tuong tac gitta cac tién
trinh duge dic ta 1a rang buoc vé thit tu thuc hién ctia né. Céc tién trinh phai
tra vé két qua mong mudn sau mot so6 hitu han lan thyc hién, va théa man rang
buoc thoi gian nhu thoi diém bat dau, két thic thie hién ctia cac tién trinh. Do
d6, nhu cau nghién citu va dé xuat cac phuong phap hinh thic dé kiém chitng sy
tuong tac gifta cac tién trinh tuong tranh hoan thién tit pha thiét ké dén cai dat

ngay cang tré lén can thiét.
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1.2 Mot sé nghién citu lién quan

D& c6 mot vai phuong phéap, cong cu dude dé xuat dé dic ta va kiém ching cac
chuong trinh Java tuong tranh. Trong muc nay chung toi trinh bay va danh gia
mot s6 nghién citu lien quan vé6i cac noi dung nghién citu trong luan an. Cac nghién
citu nay dugce chia thanh hai huéng kiém ching thiét ké va kiém ching ma ngon

chuong trinh.

1.2.1 Kiém ching thiét ké

Edmunds [42] dé xuat ngon ngtt dic ta trung gian OCB ( Object-oriented Concurrent-
B-OCB) dé ndi lién gitta dic ta bang Event-B véi sy cai dat ctia cac chuong trinh
huéng doi tugng, tuwong tranh. Ngon ngit dic ta trung gian OCB sé che giau cac
chi tiét vé co ché khoa (locking) va khoi (blocking) trong cac dic ta tuong tranh va
cung cap mot khung nhin ré rang vé tinh nguyén tit clia né stt dung cac meénh de
nguyén tit duge gan nhan (labelled atomic clauses). CaAc ménh dé nguyén tit nay
duge anh xa thanh cac sy kién nguyén tit trong may cia Event-B. Diac ta OCB
sé duge chuyén tur dong sang mo hinh ctia Event-B va ma chuong trinh Java. Céc

chuong trinh Java dugc chuyén ddi sé tuan thi theo diic td OCB ctia né.

Ben Younes va cic tac gia khac [17] dé xuat cac luat dé chuyén doi tir dac ta
bing bi¢u dd hoat dong (Activity Diagram) ciia UML sang dic ta bang Event-B.
Dua vao co ché lam min dan ciia Event-B dé dic ta va kiém ching tu dong su
phan ra ctia cac biéu do hoat dong ctia UML thoéa man cac thudc tinh nhu khoa
chét (deadlock), su cong bang (fairness). Déng goép chinh ctia nghién citu nay 1a
chuyéen déi tit mot dac ta truc quan sang hinh thitc va dya vao cong cu cia nb
dé chitng minh ty dong mot mo hinh théa méan cac thudc tinh ctia né. Tuy nhién
viec chuyen doéi chua duge thuc hien tu dong hoan toan, hon nita nghién citu nay

méi dua ra mot vi du dé minh hoa kha ning chuyen doéi ctia né.

Ball [15] dé& xuat cac mau thiét ké dé dac tad sy tuong téac gitta cic tac tit phan

mém, cac mau thiét ké sau dé duge chuyen doi sang dic ta bing Event-B. Tuy
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nhién, viec chuyén ddi tit mau thiét ké sang diic ta bing Event-B chua dude tu
dong. Giao thiic tuong tac tuong tac duge dic ta lai véi Event-B dya vao mau

thiét ké ctia no.

Yang [82] dé xuat phuong phap két hop gitta cac dac ta hinh thitc véi PROB [62],
CSP [55] va ngon ngit dic ta dya trén trang thai [6] dé dic ta va cai dat cac
chuong trinh Java tuong tranh. Phuong phap nay xay dung tap cac luat chuyén
ddi hinh thiic dé dinh nghia sy tuong tGng giita cac ngon ngit dic td B+CSP va
Java/JCSPRO [82]. Cac téc gia ciing xay dung mot cong cu chuyén ddi cho phép
ngusi sit dung ty dong sinh ma thyce thi Java tur cac dac ta tt B+CSP trong
PROB.

1.2.2 Kiém ching ma ngudn

J-LO (Java Logical Observer) [24] 1a mot cong cu kiém ching sy tuan thi cta
cac chuong trinh Java so véi cac dic ta clia né bang logic thoi gian tuyén tinh
(linear temporal logic). J-LO md rong trinh bién dich AspectBench dé dan cac ma
aspect duge sinh ra vao chuong trinh Java can kiém chitng nham phét hién cac 16i
hat giong (seeded errors). Tuy nhién theo Bodden [25] thi J-LO sé& gay ra chi phi
ve thoi gian thuc thi clia cac chuong trinh can kiém chiing 1a qua 16n, do d6 né

thuong dugce sit dung dé kiém chiing cac chuong trinh Java c6 kich thude nho.

Bodden va Havelund [26] mé& rong ngon ngtt lap trinh huéng khia canh AspectJ
vGi ba phuong thitc méi lock (), unlock () va maybeShate (). Cac phuong thiic nay
cho phép ngudi lap trinh dé dang cai dit cac thuat toan phat hién 161 trong céc
chuong trinh Java tuong tranh. Theo cac tac gia thi phuong phap nay cé thé phat
hién t6t cac 161 tuong tranh vé dit licu (data race), tuy nhién chua phat hien duge

cac 16i lien quan dén tuong tranh khéac nhu khoéa chét.

Jin [58] dé xuat mot phuong phap hinh thite dé kiém chiing tinh sy tuan thi gitta
cai dat ma nguon va dac ta thi ty thyce hien ctia cac phuong thiic (method call
sequence - MCS) trong cac chuong trinh Java tuan ty. Phuong phap nay st dung

automat hitu han trang thai dé dac td MCS, cac chuong trinh Java duge bién doi
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thanh cac van pham phi ngtt canh (contezt free grammar- CFG) st dung cong cu
Accent[81]. Ngon ngtt sinh ra bdi otomat L(A) duge so sanh v6i ngdn ngt sinh
ra béi CFG L(G), néu L(G) C L(A) thi chuong trinh Java tuan thu theo dac ta
MCS. Uu diém ctia phuong phap nay 1a cac vi pham c6 thé duge phét hien sém, tai
thoi diém phat trién hodc bién dich chuong trinh ma khong can chay thit chuong
trinh. Tuy nhién, phuong phép nay chua kiém chiing dude cac chuong trinh tuong
tranh. Hon nita, phuong phap nay ciing phai giai quyét tron ven bai toan bao phii

ngon ngi (language inclusion problem,).

Trong cac phuong phap ve JML [30, 33, 34, 63], MCS phai duge dic ta dudi dang
tien va hau dieu kien duge két hop véi phan than clia cdc phuong thiic trong
chuong trinh nhu céc bat bién ctia vong lap, hay tap céc cau lenh. Cac tien va
hau diéu kien nay duge viét duéi mot dang chuan dé c6 thé bien dich va chay dan
cling v6i chuong trinh nguon. Céc vi pham sé duge phét hién vao thsi diém chay
chuong trinh. Véi cac phuong phap nay thi ngudi lap trinh phai dac ta rai rac ma
kiém tra ¢ nhiéu diém trong chuong trinh. Do dé sé khé kiém soat, khong diac ta

doc lap, tach biét tung dac ta MCS duge.

Trong [41] dé xuat phuong phap sit dung biéu do thoi gian ctia UML dé u6c lugng
thoi gian thyc thi trong trudng hop xau nhat ciia cac thanh phan trong hé théng
tai thoi diém thiét ké. Thoi gian thuc thi duge wée lugng dua tren biéu do ca si
dung két hgp véi cac thong tin bo sung vé hanh vi clia ngudi st dung hé thong
trong tuong lai. Phuong phap nay cé thé dua ra céc uée lugng thiéu chinh xac do
thiéu cac thong tin can thiét nhu kich ¢ dau vao, moi truong thyc thi,...Hon nita
phuong phap nay ciing chua uwée lugng duge rang budc thoi gian gita cac thanh

phan dugc thyc hién tuong tranh véi nhau.

1.3 NOi dung nghién citu

Trong luan an nay, ching toi tap trung nghién cttu va dé xuat cac phuong phap
dé kiém chiing chuong trinh tuong tranh & cac pha thiét ké va cai dit ma nguon

chuong trinh (Hinh 1.1). Tai mic thiét ké, luan an st dung phuong phap hinh
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thitc v6i Event-B dé kiém chitng ban thiét ké ctia chuong trinh tuong tranh nhim
phat hién 16i & miic cao. Chuing t6i tap trung vao cac phuong phéap thiét ké dinh
huéng dén viéc cai diat bang Java hofic cdc ngdn ngit ¢6 tinh ning tuong duong.
Dé phat hién 16i ¢ mtic thap, ching t6i stt dung phuong phéap lap trinh huéng khia
canh va bo cong cu JPF (Java PathFinder) dé kiem ching sy tuan thu gifta sy
cai dit clia cidc chuong trinh Java tuong tranh so véi dic ta thiét ké ctia n6. Cu

the luan an sé tap trung vao nghién ciiu cac van dé sau.

Pic ta yéu cau
M|

v
Ban thiét ké
2 . Phwong phap
Kiem chitng hinh thiec
voi Event-B
% dung
Ban cai dét chwong trinh
Kiém chirng Phurong phap

lap trinh hwong

chwong trinh khia canh, JPF

dung

Hint 1.1 — Kiém chitng miic thiét ké va cai dat chuong trinh.

— St dung phuong phép hinh thiic v6i Event-B dé dic ta va kiém chiing rang buoc
thit ty gitta cdc tién trinh (thanh phan) tuong tranh nham bdo dam tinh nhat
quan ciia dau ra véi cing mot dau vao. Trong do, méi tién trinh duge biéu dién
tuong ing véi mot sy kien, moéi van dé duge dic ta bang mo hinh tritu tugng
biéu dién cac sy kién va mo hinh lam min ctia né dic ta su thuc hién tuong
tranh cua cac sy kién. Sy thuc hién tuong tranh cta cac su kién dua trén ky
thuat dong bo hoa semaphore. Tinh ding dan cia dac ta duge bdo dam thong
qua viéc sinh va chiing minh tu dong cac ménh dé can ching minh.

— Stt dung phuong phap hinh thitc véi Event-B dé dic ta va kiém ching su dong
thuan ctia hé thong da thanh phan tuong tranh. Mot hé théng da thanh phan

duge goi 1a dong thuan néu né phai tra vé két qua mong muoén sau mot sd hitu
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han 1an thiyc hién. V6i bai toan nay, ching toi sé dac t4 mdi thanh phan bang
mot may tritu tugng (abstract machine) tham chiéu dén ngtt canh (context) clia
n6. Cac may tritu tuong va ngit cdnh sau d6 duge két hgp véi nhau theo mot
giao thiic tuong tac xac dinh. Sit dung cong cu hd trg ciia Event-B va JPF kiem
chiing tinh dong thuan ctia hé thong da thanh phan tai mic thiét ké va cai dac
ma nguon chuong trinh.

— Stt dung phuong phap lap trinh huéng khia canh dé kiém ching su tuan thi
gitta thuc thi va dac td tha tu thuc hién (gico thic tuong tdc) cua cac thanh
phan tuong tranh, cac vi pham dudc phét hién trong bude kiem thi, tai thoi
diém thiec thi chuong trinh. V6i nghién citu nay, chiing toi sé stt dung may trang
thai giao thic ctia UML va biéu thic chinh quy dé diic ta giao thic tuong tac.
Cac ma aspect duge tu dong sinh ra tir cac dac ta nay sé dan ty dong v6i ma
clia cac ting dung dé kiém chitng sy tuan thi giita thuc thi va dac ta giao thiic
tuong tac.

— St dung phuong phap lap trinh huéng khia canh dé kiém chiing rang buoc thoi
gian gitta cdc thanh phan tuong tranh. Trong d6, rang budc thdi gian gitta cac
thanh phan duge dic ta bang bicu do thoi gian ctia UML (Unified Modeling
Language) va biéu thitc chinh quy thoi gian. Tit cac dac ta nay ma aspect sé
duge ty dong sinh ra va dan véi ma ciia cac thanh phan dé tinh thoi gian thuyc

thi tit d6 kiém chitng sy tuan thi so véi dic ta.

1.4 Cau trac luan an

Luan 4n gom sau chuong chinh duge cau tric nhu trong Hinh 1.2. Trong do,
Chuong 2 gidi thieu mot s6 kién thitc nén cho cac déng goép ctia luan an trong cac
chuong con lai. Theo cach tiép can kiém chitng ¢ mic mo hinh thiét ké, luan an
da dé xuat hai phuong phap dic ta va kiém chitng su tuong téc gitta cac thanh
phan tuong tranh st dung phuong phap hinh thiic véi Event-B dugc trinh bay

trong cac Chuong 3 va 4.
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Theo cach tiép can kiém chitng tai thoi diém thie thi, luan an dé xuat hai phuong
phap st dung lap trinh huéng khia canh véi AOP dé kiém chiing sit tuan thi giita
chuong trinh va dic ta ciia no, cac két qua duge trinh bay trong cac Chuong 5
va 6. Chuong 5 trinh bay phuong phap kiém chimg su tuan thi gitta su cai dat
cua chuong trinh tuong tranh so véi dac ta giao thic tuong tac ciia né. Chuong 6

trinh bay phuong phap kiém ching cac rang buoc thsi gian giita cac thanh phan

tuan tir va song song trong chuong trinh tuong tranh.

Chwong 2: Kién thire nfan: .
Kieém chirng mé hinh thiet ké,
kiém chirng tai th&i diem thue thi

Chuwong 34; Dic ta va kiém
chirng ban thiét ké chwong trinh
v Event - B

/

AN

Chwong 5,6: Déc ta va kism
chirng ma ngudn chwrong trinh
tai th&i diem thuwre thi véi AOP

v

N

Chwong 3: Rang
buée twrong tranh

_’Chu’cmg 4: Sy déng

thuan coa hé théng

Chuwong 5: Giao
thire twrong tac

|_,| Chuwong 6: Rang

buéc thoi gian

HinH 1.2 — Cau tric luan an.




Chuong 2

Kién thiic co sé

2.1 Kiém ching phan mém

Kiém chiing phan mém (software verification) 1a tap cac nguyén ly, phuong phap
va cong cu dé bao dam tinh ding din clia cdc san pham phan mém. Trong muc
nay ching toi gidi thieu tong quan vé hai phuong phap kiém chitng phan mém
14 céc phuong phap kiém chiing hinh thic va kiém ching tai thoi diém thyc thi

chuong trinh.

2.1.1 Kiém chiing hinh thiic
2.1.1.1 Kiém chiing mo hinh

Phuong phap kiém chiing mo hinh (model checking) duge st dung dé xac dinh
tinh hop lé ctia mot hay nhiéu tinh chat ma ngudi diing quan tam trong mot mo
hinh phan mém cho truée. Cho mo hinh M va thuoc tinh p cho truée, né kiem tra
licu thuoc tinh p c6 théa méan trong mo hinh M hay khong, ky hieu M = p [19].
Vé mat thue thi, kiém ching mo hinh sé duyét qua céc trang thai, cac dudng thuc
thi c6 thé c6 trong mé hinh M dé xac dinh tinh kha thoéa ctia p. Trong do, céc
thuoc tinh duge dic ta bang logic thoi gian LTL hoac CTL [19]. M6 hinh M 1a
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BANG 2.1 — Chitng minh dinh 1y

PlaP27"°aPn
= name

C

mot cau tric Kripke gom bén thanh phan M = (S, Sy, L, R) v6i S 1a mot tap hitu
han cac trang thai, Sy € S la trang thai dau, R C SxS la quan hé chuyén trang
thai, L : § — 247 1a ham gan nhan véi AP 1 tap hitu han cidc ménh dé nguyén

tit duge xay dung tit he thong.

Mot bo kiém chiing mo hinh [16, 56] (model checker) sé kiém tra tat ca cac trang
thai c6 thé c6 ctia mo hinh dé tim ra tat cd cac dudng thyc thi cé thé gay ra 16i.
Do d6 khong gian trang thai thuong 13 vo cting 16n néu khong muén néi 1a vo han.
Vi vay viéc phai duyét qua tat ca cac trang thai la bat kha thi. Dé déi pho véi bai
toan biing n6 khong gian trang thai da c6 mot vai nghien citu lien quan dén céc

ky thuat lam giam khong gian trang thai nhu Abstraction, Slicing [35, 80].

2.1.1.2 Chiing minh dinh 1y

Phuong phap ching minh dinh 1y (theorem proving) [20] st dung cac ki thuat suy
luan dé ching minh tinh ding din ctia mot cong thitc hay tinh kha thoéa ciia mot
cong thiic F' v6i tat cd cdc mo hinh, ky hieu = F. Mot hé chiing minh bao gom
cac luat suy dién c6 dang nhu trong Bang 2.1. Trong d6, P; v6i ¢« = 1..n la tap
cac tien de, C' la tap cac dinh ly. Mot he thong duge goi 1a dung (sound) néu tat

ca cac dinh 1y cia n6 déu dude chitng minh.

Cac phuong phap chiing minh dinh 1y nhu B [5], Event-B [8] da dugc sit dung
thanh cong dé dic ta va kiém ching tinh ding din ctia mo hinh thiét ké phan
meém. Trong Muc 2.4 chiing t6i trinh bay chi tiét vé mot phuong phap chiing minh
dinh 1y véi Event-B, phuong phap nay sé duge sit dung dé kiém ching tinh ding

dan ctia ban thiét ké cac chuong trinh tuong tranh.



Chuong 2. Kién thic co s¢ 11

2.1.2 Kiém chiing tai thoi diém thuc thi

Kiém chiing tai thoi diém thye thi [18] (runtime verification) 1a k¥ thuat két hop
gitta kiem chitng hinh thitc va thyc thi chuong trinh dé phét hién cac 16i ctia he
thong dua trén qua trinh quan sat input/output khi thyc thi chuong trinh. Céc
hanh vi quan sat duge nhu ban ghi ctia cac vét (log of traces) duge theo doi va
kiém tra tinh kha théa v6i dac ta yéu cau he thong. Céc yéu cau cé thé duge dac ta
bang logic thai gian (linear temporal logic), automat,... So véi phuong phap kiém
chiing tinh thi kiém ching tai thoi diém thuc thi duge thuc hién trong khi thuc
thi he thong. Do do, phuong phap nay con duge goi 1a kiem thit bi dong (passive
testing). Kiém chiing tai thoi diém thuc thi nham bao dam sy tuan thi gitta cai
dat he thong phan mém so vé6i dac ta thiét ké ctia n6. Cac 1y do sau duge Iita chon

khi st dung phuong phap kiém ching tai thoi diém thuc thi.

1. Khong thé bao dam tinh ding din giita sy cai dat ciia chuong trinh so véi

dac ta thiét ké ctia no,

2. Nhiéu thong tin chi sin c6 ho#ic thuan tién & thoi diém thuec thi chuong trinh,

3. Céac hanh vi ctia hé théng c6 thé phu thuoc vio mai truong khi no duge thue
thi,

4. V6i cac hé thong an toan va bdo mat cao thi viéc giam sat cac hanh vi hoac
thuoc tinh da duge thit nghiem hodc chung minh bang cic phuong phap tinh

1& can thiét.

2.2 Mot sb van dé trong chuong trinh tuong tranh

Trong cac chuong trinh tuong tranh, c¢6 hai thuoc tinh co ban can phai bao dam
la an toan (safety) va thuc hién duge (liveness) [65, 73]. Thudc tinh an toan béo
ddm chuong trinh luon théa man (luon ding) cac rang budc cia né. Vi du nhu
rang budc vé sy xung dot (interference) gitta céc tién trinh. Thuoc tinh thyc hien
duge bdo dam chuong trinh cubi cling sé thoa man (sé ding) cac rang buoc clia

n6. Vi du nhu tinh dimg ctia cac tién trinh (process termination) va cac tién trinh
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khi muén truy cap vao tai nguyén chia sé (shared resource) thi cudi ciing no sé
truy cap duge. Mot s6 van dé vé tuong tranh lien quan dén hai thudc tinh nay

duge mo ta nhu sau.

Sy xung dot (interference) xay ra khi hai hogic nhiéu tién trinh dong thoi truy
cap mot bién chia sé, trong dé c6 it nhat mot tién trinh ghi vA cac tién trinh
khéc khong c6 co ché 16 rang dé ngan chan sy truy cap dong thoi nay. Khi do
gia tri clia bién chia sé va két qua ctia chuong trinh sé phu thuoc vao sy dan xen
(interleaving) hay thi tu thyc hién clia cac tién trinh. Sy xung dot con duge goi

1a canh tranh dit lieu (data race).

Tac nghén xay ra khi hé théng (chuong trinh) khong thé dap ting dugce bat ky
tin hiéu hodc yéu cau ndo. C6 hai dang tac nghén, dang mot x4y ra khi cac tién
trinh dimg lai va chd dgi 1an nhau, vi du mot tién trinh nam gi® mot khéa ma cac
tién trinh khac mong mudn va ngugce lai. Dang hai xay ra khi mot tién trinh cho
doi mot tién trinh khac khong két thiac. Mot thuoc tinh khac tuong tu nhu khoa
chét khi céc tién trinh lien tuc thay ddi trang thai ctia n6 dé dap tng véi nhitng
thay doi clia cac tién trinh khac ma khong dat duge muc dich cudi ciing. Su doi
(starvation) lien quan dén sy tranh chap tai nguyen, van dé nay xay ra khi mot

tién trinh khong thé truy cap dén cac tai nguyen chia sé.

2.3 Su tuong tranh trong Java

Java 13 ngon ngit 1ap trinh huéng doéi tugng hd trg lap trinh tuong tranh véi co
ché dong bo hoa gitta cic tién trinh, mo6 hinh bo nhé chia sé, mai truong lap trinh
tryc quan va thu vién phong phii v6i nhiéu giao dién lap trinh tuwong tranh khac
nhau. Java dugc biét dén nhu mot ngon ngit lap trinh tuong tranh dude st dung

rong rai trong cong nghiép phan mém.

Sy tuong tranh trong Java [82] dugc thyc hién thong qua co ché giam sat cac
tién trinh, hanh vi ctia tién trinh duge mo ta trong phuong thic run. Sy thyc thi

ctia mot tién trinh 6 thé duge diéu khién bdi céc tién trinh khac thong qua cac
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phuong thiic stop, suspend v resum. Tuy nhién, véi cac hé thong 16n gom nhicu
tién trinh thi stt dung céc phuong thiic nay dé diéu khién sy thuc thi ciia cac tién
trinh 1a khong an toan, do ching ta khé kiém soat tat ca céac tién trinh. Do do,
Java cung cAp mot mo hinh tuong tranh dé giai quyét su dong bo hoa giita cac
tién trinh. Khi nhiéu tién trinh cting mudn truy cap vao dit liéu chia sé trong mot
ving giéi han duge danh dau bang tit khoa synchoronized thi tai mot thai diém
khoa ctia viing xung dot chi cho phép mot tién trinh duge phép truy cap. Mot tién
trinh sé sit dung phuong thitc wait dé chd khi n6é khong thé truy cap vao ving
xung dot ma da bi chiém gi bdi tién trinh khac. Cac tién trinh c6 thé duge danh
thitc bang cidc phuong thiic notify hodc notifyAll. Chién luge giam sat ¢ miic
thap ctia Java khong tranh dugc cic 16i lien quan vé tuong tranh nhu khoéa chét,
xung dot. Trong cac muc tiép theo clia chuong nay, luan an trinh bay mot s6 mo

hinh v& cong cu dé dic ta va kiém chiing cac thanh phan Java tuong tranh.

2.3.1 Mo hinh luu tr@ (JMM-Java Memory Model)

Trong Java, cic tién trinh tuong tac véi nhau thong qua viéc doc ghi dit léu chia

sé. Mo hinh luu trit JMM [46] biéu dién sy tuong tac giita cic tién trinh trong bo

nhé. Trong d6, mdi tién trinh sé goi cac hanh dong sau.

— use doc mot viung nhé (region) trong bo nhé lam viec (working memory),

— assign ghi vao ving nhé da duge doc trong bo nhé lam viéc,

— read bat dau doc dit licu tit bo nhé chinh ctia viing nhd,

— load két thic viec doc dit lieu tit bo nhd chinh ciia viing nhd,

— store bat dau ghi dit liéu tit bo nhé lam viéc vao bo nhd chinh cia viing nhé,

— write két thic viéc ghi dit lieu tit bo nhé lam viée vao bo nhé chinh clia ving
nhd,

— lock lay gia tri trong bo nhé chinh va chuyén giao cho mot tién trinh dang lam
viéc trong bo nhé thong qua cac hanh dong read va load,

— unlock day céc gia tri ciia mot tién trinh dang ldm gi@ trong bo nhé lam viéc

vao bo nhé chinh thong qua cac hanh dong store va write.
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JMM dinh nghia cic luat vé sy tuong tac gitta cic tién trinh va cac hanh vi clia
chuong trinh Java tuong tranh, do dé ngudi lap trinh c6 thé thiét ké va cai dit
chuong trinh mot cach ding dan va phit hop. Tuy nhién va dé tranh tic nghén
(deadlock), canh tranh dit licu (data race) van chua duge gidi quyét trong mo hinh

N

nay.

2.3.2 Ngo6n ng® mod hinh héa cho Java (JML-Java Mode-

ling Language)

JML [64] 12 ngon ngit dac ta hinh thitc cho Java dua trén logic Hoare dé dac ta va
kiém chiing cac tién diéu kién (precondition), hau diéu kien (postcondition) va céc
bat bién (invariant). Dac t4 JML dugc nhing vao ma nguon Java va bat dau bai
ki hieu //@Q< JML specification > hoac /*Q < JML specification > @Qx/ theo sau
14 cac thuoc tinh can dic ta. Mot s6 tit khéa co ban nhu requires, ensures dinh
nghia céc biéu thiec tién diéu kien, hau diéu kien va invariant dinh nghia cac bat
bién. Danh sach 2.1 biéu dién mot dac t& JML véi cac biéu thic tién va hau diéu
kien dé kiem tra trang théai cho phuong thic producer. Céc thuoc tinh duge dic
ta trong JML sé& duge bien dich va thuc thi ciing v6i ma nguon dé kiém chitng sit

thda man né.

//@ requires state == CONSUMER || state == OPEN;
//@ ensures state == PRODUCER;

public void producer () {
/7

DANH SACH 2.1 — Dang dic t& JML cho phuong thic producer.

Hién nay, da c6 nhiéu cong cu duge xay dung va phat trien dé kiém ching ma

Java cuing véi ddc ta JML cta né nhu ESC/Java2 [44], RAC [31].



Chuong 2. Kién thic co s¢ 15

2.3.3 Cong cu kiém chitng ma Java (JPF-Java PathFinder)

Java PathFinder (JPF) [80] 1& mot cong cu kiem chiing cic chuong trinh Java
tuong tranh duéi dang bytecode (Hinh 2.1). JPF dugc st dung mot cach linh hoat
duéi dang giao dién dong lenh hoiic tich hop vao trong cadc moi trudng phét trién
ting dung Java nhu Netbean, Eclipse. JPF 1a mot ting dung Java ma nguon md

cho phép ta cau hinh dé sit dung noé theo cac cach khac nhau v md rong né.

Két qua kiém
* class |::> JPF chirng
Chuwong trinh ﬁ
cén kiém chirng .
* JPF

Céu hinh JPF

Cac thuéc tinh cén kidm chirng

Hint 2.1 — Kiém chiing chuong trinh Java véi JPF.

Céc phién ban hién tai hd trg kiém ching cac thuodc tinh nhu tic nghén (dead-
lock), canh tranh dit liéu (data race) va cac ngoai 1é chua duge xt 1y (unhandled
exceptions). Tuy nhien, JPF ciing cho phép ngudi sit dung mé rong dé kiém chitng
cac thuoc tinh khac dua trén cac giao dien da dugc thiét ké sdn nhu giao dién
property va listener|2|. Giao dién property nhu trong Danh séch 2.2 cho phép
dinh nghia cac thudc tinh can kiém chiing bang cach tao ra cac 16p thuc thi sau do

gan vao do6i tugng search clia JPF bang cach goi jpf.getSearch() .addProperty().

public interface Property extends Printable {
boolean check (Search search, VM vm);

String getErrorMessage ();

DANH SACH 2.2 — Giao dién cta 16p property.

Céc listener cho phép, tuong téc vi md rong viec thuec thi ctia JPF tai thoi diem

chay chuong trinh. JPF cho phép ching ta tao ra cic listener va gin né vao
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thé hien ctia JPF. Khi thuc thi chuong trinh thi moéi khi ¢6 mot sy kién nao dé
xay ra no6 sé bao cho listener biét. Cac sy kién nay bao quat gan nhu toan bo
qué trinh thue thi ctia JPF tit nhitng sy kién ¢ muc thap nhu thyc thi cac chi
thi (instructionEzecuted) cho t6i nhiing sy kién ¢ miic cao nhu khi da hoan thanh
viec tim kiém (searchFinished). Dé tao ra cac listener nay, JPF dua ra hai giao
dien tuong tng véi hai déi tugng nguon clia cac sy kién 13 SearchListener va
VMListener nhu trong Danh séch 2.3 [2]. Hai giao dién nay dua ra cac phuong
thiic ting véi ting sy kién sé bao cho listener biét. SearchListener dugc dung
dé béao cao vé cac su kien dién ra trong sudt qua trinh tim kiém trén khong gian

trang thai con VMListener sé bao cao cac sy kién la cac hoat dong ctia may ao.

public class MyPropertylListener extends PropertylListenerAdapter{

boolean propertyHolds = true;

/% KK KK K K KK K K K K K KK K K K K Property interface KKK KKKk KKK KKKk K )
public boolean check (Search search, VM vm) {
return propertyHolds;
b
public String getErrorMessage () {
return "My property violated " + ...;

}
KKK A KRR KA KRR KAk k k% UMListener interface x ¥ kxxxkxktxx/
public void instructionExecuted (VM vm) {

JVM jvm = (JVM)vm;

Instruction insn = jvm.getLastInstruction();

if (insn instanceof ...) {

propertyHolds = false;

DanNH sAcH 2.3 — Giao dién cta 16p listener.
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2.4 Phuong phap hinh thiuc véi Event-B

Event-B [8] 14 mot phuong phap hinh thitc dya trén 1y thuyét tap hop, ngon ngi
thay thé tong quat va logic vi tit bac mot (first order logic). Event-B bao gom ky
phap, phuong phap va cong cu hd trg qua trinh phét trién phan mém bing cach
lam min (refinement). Qua trinh lam min bat dau bang cach xay dung cac may
tritu tuong sau d6 lam min dan cho dén khi nhan duge mot may thyc thi, tuong
tu nhut ma nguon chuong trinh. Tinh nhat quan clia cdc mo6 hinh duge bao dam

thong qua viéc sinh cac meénh dé can ching minh (proof obligations).

2.4.1 May va Ngit canh

Céc mo6 hinh Event-B [8] duge mo ta bdi hai cau tric co ban 1a May (machine) va
Ngit canh (context). Trong do, May dung dé mo ta phan dong clia mo hinh bao
gom bién, bat bién, dinh 1y va cac sy kién tuong tac v6i moi truong. Ngit canh
mo t& phan tinh ctia mo hinh, chita cac tap hop (set), hing, tien dé va dinh 1.
Mot mo hinh c¢6 thé chi gdm May hodc Ngit canh hoiic su két hop gitta May va
Ngit canh. Mot May c6 thé khong hodc tham chiéu mot vai Ngit canh. Cac May
va Ngit canh ctia mo hinh duge lam min bang cach bd sung cac hing, bién, bat
bién, dinh 1y, su kien. Hinh 2.2 biéu dién cau tric tong quat cia May bén trai va

Ngit canh bén phai.

2.4.2 Su kién

Mo hinh hé thong véi Event-B duge bat dau tir cic sy kién tritu tugng quan st
duge c6 thé xay ra trong hé théng, tit d6 dic ta cac trang thai va hanh vi cla
hé thong ¢ mric tritu tugng cao hon. Mot sy kién e tac dong len (mot danh sdch)

bién trang thai v, véi diéu kien G(v) va hanh dong A(v), sé duge mo ta nhu sau :

e = when G(v) then A(v) end
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< machine_identifier >

refines 5 —
o . < context_identifier >
< machine_identifier >
soos extends
. e . text_identifier_list
< context_identifier_list > sets< contextidentifier list >
variables . e .
. . . . < set_identifier_list >
< wvariable_identifier_list >
. . constants
invariants < constant_identifier_list >
< label >:< predicate > . - -
axioms
theorems < label >:< predicate >
.< label >:< predicate > theorems
variant .
. < label >:< predicate >
< variant >
events
< event_list > end
(b) context
end

(a) machine

Hinm 2.2 — Cau tric tong quat clia may va ngit canh.

Vi thé, khi trang thai v théa man diéu kien G(v) = true, hanh dong A(v) sé dugc
thuc hien. Hinh 2.3 biéu dién cau tric tong quéat ctia mot su kien. Trong do6 :

1. Ménh dé status c6 thé 1a ordinary, convergent (su kién phdi lam tdng gid tr
cdc bién cia né), anticipated (su kién khong dugc lam tang gid tri cdc bién
cla no ),

2. Ménh dé refine hién thi danh sach céc su kién trimu tuong duge lam min,

3. Ménh dé any hién thi cac tham s6 néu co,

4. Menh dé where chita cac dieu kien dé su kien duge kich hoat,

5. Ménh dé with chita cdc tham s6 phai nhan gia tri trd vé clia sy kién triu

tugng tuong tng,

6. Ménh dé then chita cac hanh dong ctia sy kien. Cac hanh dong nay sé dudc

thuce thi khi cac dieu kién ctia su kién dude théa man.

Mot hanh dong c6 thé 1a don dinh (deterministic) hodc khong don dinh (non-
deterministic), cac hanh dong duge thyc hién tuan ty. Dang thong thudng cla
hanh dong don dinh dude bicu dién 1a < variable_identifier >:=< expression >,
vi du actl : x := z+y. Cac hanh dong khong don dinh c¢6 dang :

< wvariable_identifier_list >:|< before_after_predicate > hoac

< wariable_identifier >:€< set_expression >, vi du act : z :€ AU{y}. Bién z



Chuong 2. Kién thiic co 56

19

< event_identifier >

status
{ordinary, convergent, anticipated

refines

< event_identifier_list >
any

< parameter_identifier_list >
where

< label >:< predicate >

with

< label >:< witness >
then

< label >:< action >

end

Hina 2.3 — CAu tric téng quat ctia sy kien.

trong hanh dong act tré thanh thanh vien cia tap AU{y}, cac bién A va y khong

thay ddi.

2.4.3 Phan ra va két hgp

Mot trong nhitng dac trung quan trong ciia Event-B dé 1a kha nang bo sung cac

st kien méi trong qua trinh lam min, tuy nhién khi bd sung céac su kién sé lam

tang do phic tap cta tién trinh lam min do phai x 1y nhiéu sy kién va nhiéu

bién trang thai. Y tudng chinh ctia sy phan ra la phan chia mo hinh M thanh cac

mo hinh con My, ..., M,, cac mo hinh con nay dé dang duge lam min hon so véi

mo hinh ban dau [9, 54]. Sy phan ra ciia mo6 hinh M duge dinh nghia nhu sau

(Hinh 2.4).

1. M ducgc phan ra thanh cac mo hinh con M, ...

2. Cac sy kién ciia M duge phan hoach thanh cac su kién ctia cac mo hinh con,

3. Céac mo hinh con sau dé duge doc lap lam min mot s6 lan MRy, ..., MR,,,
4. Cac mo6 hinh lam min duge két hop lai thanh mo hinh MR,

5. M6 hinh két hop phai bdo dam la dude lam min tiur M.
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decomposition refinement recomposition
M1 — MR1
M — — MR
M, — MR,

HiNH 2.4 — Sty phan ra va két hop.
2.4.4 Sinh ménh dé can ching minh

RODIN [1, 10, 11] (Rigorous Open Development Environment for Complex Sys-
tems) 1a mot bo cong cu ma nguon md dya trén nén Eclipse dé mo hinh va chiing
minh ty dong trong Event-B. Trong luan an nay chung toi st dung bo cong cu
RODIN dé mo hinh, lam min, sinh v ching minh tu dong cac ménh dé can ching

minh dé bao dam tinh ding din clia moé hinh.

RODIN sé kiém tra tinh cac May va Ngit canh dé sinh ra cac ménh dé bing bo
sinh ménh dé can ching minh (Proof Obligation Generator). Vi du mot sy kien
evt c6 dang nhu trong Hinh 2.5, khi d6 luat sinh ménh dé tinh chéat bao toan clia
cac bat bién nhu trong Bang 2.2. Trong d6, s, ¢, v va z lan lugt 1a cac tap hop,
hing va bién ctia May. Tién dé-dinh 1y, bat bién-dinh 1y lan lugt duge biéu dién
biang cac vi tit A(s, c), I(s, ¢, v). Céac diéu kien ctia sy kién dugc biéu dién bing

Vit G(s,c,v,x), BA(s, ¢c,v,z,v") la vi tit trude sau ciia mot sy kién.

< evt >
any z where
G(s, ¢, v, 1)
then
v:| BA(s, ¢, v,z,0)
end

Hing 2.5 — Su kién sinh cac ménh dé chitng minh dé bao toan bat bién.

Céc két qua duge chiing minh mot cach ty dong bang bo ching minh (prover)

hoac ban tu dong thong qua tuong tac véi ngusi dung.
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BANG 2.2 — Luat sinh ménh dé can ching minh dé bao toan bat bién

Axioms and theorems A(s, c)

Invariants and theorems I(s,c,v)

Guards of the event G(s,c,v,x) evt/inv/INV
Before-after predicate of the event | BA(s, ¢, v, z,v")

- R

Modified specific invariant inv(s,c,v)

2.5 Ngon ng@ mo6 hinh héa UML

Ngon ngit mo6 hinh héa théng nhat UML [3, 71] (Unified Modeling Language) 1a
mot chuan ciia to chitc OMG (Object Management Group). UML gdm mot tap
cac ky phap do hoa théng nhat duge st dung rong rai va hiéu qua trong viée dac
ta va thiét ké cac he thong phan mém theo phuong phap huéng doi tugng 27, 45].
M5 hinh héa hé thong bang UML la truyc quan, dé dang xac dinh dudce cac thanh

phan chinh, cau tric tinh ciing nhut cac hanh vi dong ctia hé thong.

UML 2.0 gom mudi ba biéu do duge stt dung dé dic ta cac khia canh khac nhau
ctia hé théng. Trong chuong nay, ching toi gii thieu mot s6 bieu do lien quan

dugc st dung trong cac Chuong 5, 6 ctia luan an.

2.5.1 Biéu d6 tuan tu

Biéu do tuan tu (Sequence Diagram-SD) 1a mot dang biéu do pho bién ctia UML
stt dung dé bicu dién cac phan tit logic ctia hé théng. Mot biéu do tuan tu gom
hai phan chinh, cac truc doc biéu dién cac doi tuong hodc cac tién trinh, cac mii
tén nim ngang biéu dién thit tu trao doi thong diep giita cac dbi tugng mot cach
tuan ty. Hinh 2.6 mo ta mot bi¢u do tuan tit ciia giao thiic rit tién ctia he thong

ATM. Mot s6 quy ude khi biéu dién bang biéu do tuan tu nhu sau.
1. Cac thong diép song song dugc mo ta trong khung Par,

2. Céac biéu thic tién va hau diéu kien phai duge biéu dién trong ciap dau ngoic

H?
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3. Cac biéu tién diéu kieén phai duge théa man trude khi déi tuong chuyén tiép
tir trang thai nay sang trang thai khac,
4. Biéu thitc hau diéu kieén phai théa man khi déi tuong két thic va chuyén

trang thai mai.

Withdraw

USER ATM BANK

Withdraw (Amount) I

Par_|!check BalanceAcount!)

Return( )

I
I

Check_Balance ATM( )

I4 Give_Money(Amount)

I= Return_Card()

HiNH 2.6 — Biéu do tuan tu biéu dién giao thiic rat tién ctia hé thng ATM.

2.5.2 May trang thai giao thic

Biéu do méay trang thai giao thiic (Protocol State Machine-PSM ) 1a mot dang dac
biét ctia bieu do SD duge bo sung vao UML 2.0, PSM dugc stt dung dé dac ta giao
thiic tuong tac hay thi tu thyc hién clia cadc phuong thiic gita cac doi tugng. Vi
du giao thic truy cap mot co sé dit lieu v6i cac phuong thitc Open(. .), Close(..),
Query(..), fetch(..), cancel(..), create(..) vi kill(..) dudc biéu dién bang
bi¢u do PSM trong Hinh 2.7. Tht tu thuc hién ctia cac phuong thic dude bicu
dién bing cac cung trong bicu do. Khi dic td mot giao thic tuong tac bing PSM

chiing ta can tuan thi cac nguyeén ly sau.

1. Céc trang thai c6 thé duge biéu dién bang tén ciia cac su kien, nhung khong
thé biéu dién cac hanh dong vao, ra va cac hanh dong bén trong hoic sy

thyc thi ctia cac hanh dong,
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DBaccessor {protocol}

-

open [/ [successful lagin]

close [

nl
=

[queryStatement <= null] query / [comArea set]

cancel / [comArea cleared]

Crueried ]

close /

fetch / [comArea.recardAvailable]

cancel / [comArea cleared]

Fetching

close /

HiNH 2.7 — May trang thai biéu dién giao thitc tuong tac truy cap co sé dit lieu.

2. Céac phép chuyén trang thai chi thé hién cac phép toan, khong biéu dién cac
hanh dong hoac sy kién,

3. Céac biéu thiic tién va hau diéu kien phai duge biéu dién trong cap dau ngoic
[], vi du [queryStatement <> null] query / [comArea set] (Hinh 2.7),

4. Cac biéu tién diéu kien phai duge théa man trude khi déi tuong chuyén tiép
tir trang thai nay sang trang thai khac. Vi du trong Hinh 2.7 khi tién diéu
kién queryStatement<>null théa méan va ddi tugng & trang thai Opened thi
sé chuyén sang trang thai Queried.

5. Biéu thitc hau diéu kien phai dude thoéa man khi déi tuong két thiic va chuyén

trang thai mai.

2.5.3 Biéu d6 thai gian

Biéu do thai gian (Timing Diagram-TD) 1a mot dang biéu dd méi duge bo sung
vao UML 2.0 dé mo hinh hanh vi clia cac déi tugng cling véi cac rang buoc thoi

gian ctia né. Thong thusng, TD duge st dung dé diic ta rang buoc thoi gian trong
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cac he théng thoi gian thuce, hé théng nhing, tuy nhién né cling c6 thé ding dé

mo hinh cac hé thong nghiep vu khac.

Biéu do thoi gian bicu dién sy thay doi trang thai hodic gia tri clia cac su kieén
theo thoi gian, né ciing biéu dién sit tuong tac gitta cac sy kien thoi gian va rang
buoc thoi gian ctia cac sy kien nay. C6 ba dang biéu do thoi gian la biéu do gia
tri (value lifeline- Hinh 2.8), biéu dd trang thai (state lifeline-Hinh 2.9) va dang
két hop gitta bicu do gia tri va bicu do trang thai (Hinh 2.10). Trong do6 :

1. Biéu do trang thai biéu dién sy thay doi trang thai clia cac su kien theo thoi
gian, truc x biéu dién cac don vi thoi gian, truc y biéu dién danh sach cac

trang thai,

2. Biéu do gia tri biéu dién su thay doi gia tri clia cac su kien theo thoi gian,
truc x biéu dién cac don vi thoi gian, gia tri ctia cac su kien duge hién thi
giita cap duong thing song song nam ngang. Su thay doi ctia cip dudng

thing nay bicu dién su thay doi gia tri clia cac su kien,

3. Biéu do két hop gitta biéu do trang thai va biéu do gia tri, trong dé truc x
biéu dién cac don vi thai gian, cac thong diép c6 thé truyen tit biéu do trang
thai sang biéu do gia tri va ngugc lai tit biéu do gia tri sang bicéu do trang
thai. M&i phép chuyén trang thai hodc su kién c¢6 thé c6 mot su kien duge
dinh nghia, mot rang buoc thoi gian dé su kien phai xay ra va mot doan thoi

gian xac dinh cho moi sy kién.

td State Lifeline

I(— {Ouration Constraint} —)|
= State 1
c |
S State 2
E ctate fTime Constraint}
Ewert
State 4 Ve
f i i i ] ] i i | i

Hint 2.8 — Dang trang théi cia biéu do thoi gian.
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td Yalue Lifeline /

|(_ [Duration Constrairt} _).|

0 X 25 >< 1 ><1III

TMime Constraint} Eweart

TimeLine2

Hint 2.9 — Dang gié tri ctia bicu do thoi gian.
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Hint 2.10 — Biéu do thsi gian dang két hop.

2.6 Lap trinh huéng khia canh

Phuong phap lap trinh huéng khia canh (Aspect-Oriented Programming - AOP) [43,
59, 60] 1a phuong phap lap trinh phat trién trén tu duy tach bigt cic mdi quan
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tam khéc nhau thanh cac modun khac nhau. O day, mot moi quan tam thuong
khong phai 1a mot chiic ning nghiép vu cu thé va cé thé duge déng géi ma la mot
khia canh (thudc tinh) chung ma nhiéu modun phan mém trong cting hé thong
nén c6, vi du nhu Iwu vét thao téac va 16i (error logging). Véi AOP, chiing ta c6 thé
cai dat cdc mdbi quan tam chung cit ngang hé thdng bang cac modun dac biét goi
la khia canh (aspect) thay vi dan tréi ching trén cac modun nghiép vu lién quan.
Cac khia canh sau d6 duge két hgp tu dong véi cdc modun nghiép vu khac bang

qué trinh goi 14 dan (weaving) bang bo bien dich dac biét.

AspectJ [36, 53, 60] 1a mot cong cu AOP cho ngon ngit lap trinh Java. Trinh bién
dich AspectJ sé dan xen chuong trinh Java chinh véi cac khia canh thanh céac tép
ma bytecode chay trén chinh may ao Java. Trong muc nay chung t6i trinh bay
mot s6 khai niem lien quan vé AspectJ dude st dung trong cac chuong 5 va 6 clia

luan an.

2.6.1 Thuc thi cit ngang

Trong AspectJ, qua trinh trinh bién dich thuc thi cac quy tdc dan dé dan két
cac modun cat ngang vao modun nghiép vu chinh duge goi la thyc thi cat ngang
(crosscutting). AspectJ dinh nghia hai loai thyc thi cit ngang 1a thic thi cit ngang
dong va thyc thi cdt ngang tinh : Thuc thi cat ngang dong (dynamic crosscutting)
la viéc dan cac hanh vi méi vao qua trinh thyc thi mot chuong trinh. Trinh bién
dich sé dua vao tap cac quy tac dan dé xac dinh diém dan va chen thém hoic thay
thé ludng thuc thi chuong trinh chinh bang modun cit ngang, tit d6 lam thay doi
hanh vi ctia hé théng. Hau hét viec thyc thi cit ngang trong AspectJ déu 1a thye

thi cit ngang dong.

Thuec thi cat ngang tinh (static crosscutting) l1a qua trinh dan mot sita ddi vao
cau tric tinh ctia 16p, giao dién hay céc khia canh hé thong. Chiic nang chinh ctia
thuc thi cit ngang tinh 1a hd trg cho thuc thi cit ngang dong. Vi du nhu thém
dit lieu va phuong thitc méi vao 16p da c6 nham dinh nghia trang thai va hanh vi

ctia 16p dé dé st dung trong cac hanh vi cit ngang dong. Thuc thi cit ngang tinh
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con duge sit dung nham khai béo céc canh bao va 16i tai thoi diém bién dich cho

nhiéu modun.

Trong AOP, méi khia canh dudc coi la biéu dién clia mot quy téc dan, no chi ra
modun can duge dan, vi trf dan trong modun d6, hanh vi sé dude dan vao thong

~ . ~ 2 - 2 L. , < N ~ N .
qua cac dinh nghia ctia diém noi, huéng cat va ma hanh vi.

2.6.2 Diém nbi

Diém néi (joinpoint) 1a mot diém cé thé xac dinh trong qua trinh thyc thi mot
chuong trinh, diém nay chinh la vi trf ma cac hanh dong thuc thi cit ngang dugc
dan vao. Trong AspectJ c6 mot s6 loai diém ndi dude chia thanh hai loai thuec thi

va, triéu hoi phuong thic sau.

1. Diém ndi thyc thi phuong thitc (method execution joinpoint) : diém nay nam
trén chinh phan than ctia phuong thitc thiyc thi, né gom toan bo cic lenh

nam trong than phuong thiic,

2. Diém néi triéu goi phuong thitc (method call joinpoint) : diem nay nam trén
phan chuong trinh goi phuong thic dang xét, n6 chinh la diém ma phuong

thitc dang xét dugce goi.

2.6.3 Hudng cat

Trong AspectJ, diém néi thuong duge sit dung trong mot huéng cit (pointcut),
mdi huéng cit chita mot nhém céc diém ndi ciing véi ngit canh ciia n6. Ta c6 theé
khai bao huéng cat trong mot khia canh, mot 16p hoac mot giao dién. Gidng nhu
phuong thiic, c6 thé sit dung dinh danh truy cap (public, private) dé gidi han quyén
truy cap dén huéng cit. Cac huéng cit co thé c6 tén hoac khong tén. Cac hudng
cat khong tén, giong nhu cac 16p khong tén, duge dinh nghia tai noi sit dung. Cac
huéng cit duge dit tén thi c6 thé duge tham chiéu tit nhi¢u noi khac. Ct phap khai
bao hudéng cat nhu trong Danh sich 2.4 [61]. Trong d6 access_specifier khai bao

dinh danh truy cap c6 thé la public hoiic private, pointcut_name khai béo tén ciia
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huéng cat, argument_list danh sach cac tham s6, va cudi cuing pointcut_definition

la dinh nghia hudng cat (cdc lénh).

<access_specifier> <pointcut> <pointcut_name >(<argument_list>):

pointcut_definition;

DANH SACH 2.4 — Cau triic cd ban ctia huéng cit.

2.6.4 Ma hanh vi

Ma hanh vi (advice) 1a doan ma dinh nghia hanh vi duge dan vao ma nguon tai
diem diém ndi [53]. Ma hanh vi duge thyc thi trude (before advice), sau (after
advice), hodc xung quanh (around advice) mot diém ndi. Ma hanh vi ¢6 thé dugc
stt dung dé dua ra thong béo trude khi doan ma tai diém néi duge thuc thi luu

vét hoac kiém tra 16i. Trong AspectJ dinh nghia ba loai ma hanh vi sau.
1. M4 hanh vi trude 1a loai ma duge thue thi trude cac diém ndi,
2. M4 hanh vi sau la loai ma duge thuc thi ngay sau cac diém noi,

3. Ma hanh vi xung quanh 1& loai ma manh nhat, n6 bao gom cd ma hanh vi
trude va sau. Ma hanh vi xung quanh cé thé chinh stta doan ma tai diém
n6i, né ¢ thé thay thé, tham chi bé qua su thuc thi ctia diém néi d6. Ma
hanh vi xung quanh phai khai bao gia tri trd vé ciing kic¢u véi kieu tra vé
ctia diém ndi. Trong mé hanh vi xung quanh, sy thuc thi ctia diém néi duge
thé hien thong qua proceed(). Néu trong ma hanh vi khong goi proceed()

thi su thuc thi ctia diém ndi sé bi bé qua.

Danh séch 2.6 biéu dién mot khia canh v6i ma hanh vi truée va sau. Nhu vay diém
n6i va ma hanh vi két hop véi nhau tao nén quy tac thuc thi cit ngang dong :
huéng cit xac dinh cac diém cit can thiét con ma hanh vi cung cap cac hanh dong

sé xay ra tai diem noi do.
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2.6.5 Khia canh

Trong AspectJ, khia canh (aspect) dong vai tro 1a don vi trung tam giéng nhu
16p 1a don vi trung tam ctia Java. N6 1a st két hop ctia huéng ciat, ma hanh vi,
diém ndi va céc dit lieu, phuong thic khac. Mot khia canh thong thuong cé cac
dac diém sau.

1. C6 thé stt dung cac dinh danh pham vi truy cap (public, private, protect) cho
n6. Ngoai ra khia canh con c¢6 thé c6 dinh danh pham vi truy cap “privileged”,
dinh danh nay cho phép khia canh cé thé truy cap dén cac thanh vién rieng
clia cac 16p ma chiing cat ngang,

2. C6 thé khai bao khia canh triru tugng bang tit khéa abstract,

3. Khia canh khong thé duge thé hien héa triec tiép,

4. Khia canh c6 thé ké thita cac 16p va cac khia canh tritu tugng khac, co thé
thuc thi cac giao dien nhung khong thé ké thira tit cac khia canh cu thé
(khong triu tugng),

5. Khia canh ¢6 thé nim trong cac 16p va céc giao dien.

Cau tric co ban cia khia canh nhu trong Danh sach 2.5 [61].

<access_type>[privilege] [static] aspect <aspect_name>
[instantiation]

{

// pointcut

//advice

//attribute/method

}

DANH SACH 2.5 — Céu tric co ban ciia mot khia canh.

Trong d6, access_type dé chi pham vi truy cap (public, private), privilege tit khoa
nay c6 thé cé hodc khong, néu c6 né cho phép khia canh truy cap dude vao cac phan
tii rieng ciia 16p ma ching cat ngang, aspect_name 13 tén khia canh, instantiation
c6 thé c6 hoic khong, xac dinh dang thé hién ctia khia canh (singleton, perthis,

pertarget, percflow, perflowbelow).
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public aspect ProtocolCheck {
public final static int ST_START = O0;
public final static int ST_init = 2;
public int Applet.state = ST_START;
pointcut pc_init (Applet o):target(o)&&call(void init ());

before (Applet o):pc_init(o){

if (!(o.state==ST_START))
log(thisjoinpoint);
}
after (Applet o):pc_init (o) {

o.state = ST_init;

DANH SACH 2.6 — Khia canh v6i ma hanh vi truée va sau dé kiém tra trang

thai khdi tao clia phuong thic init ().

2.7 Két luan

Trong chuong nay ching toi trinh bay tong quan vé mot s6 kién thitc nén duge st
dung cho céc déng gop ctia luan an. Muc 2.1 gidi thieu téng quan vé cac phuong
phéap kiém chiing hinh thiic va kiém chiing tai thoi diém thue thi. Cac két qua ctia
luan an dude trinh bay theo hai huéng tiép can nay. Muc 2.4 gidi thiéu cac thanh
phan co ban ciia ngon ngit dic ta hinh thic v6i Event-B, ngon ngit nay duge si
dung dé diic ta va kiém chiing céc bai toan trong cac Chuong 3 va 4. Muc 2.5, 2.6
gi6i thieu mot s6 biéu do ctia UML, phuong phéap lap trinh huéng khia canh AOP
duge st dung dé dac ta va kiém chiing sit tuan thi ciia chuong trinh so véi dic ta
clia no, cac két qua duge trinh bay trong cac Chuong 5 va 6. Muc 2.2, 2.3 trinh
bay mot sé van dé trong cac chuong trinh Java tuong tranh. Muc 2.3.3 gidi thiéu

bo cong cu JPF dé kiém ching ma Java.



Chuong 3

Rang buéc thi tu gitta cac tién

trinh tuong tranh

3.1 Gi6i thigu

Céc tién trinh (process) trong mot he thong tuong tranh thuong phai duge dong
bo hoa. Sy dong bo hoa gitta cac tién trinh dude phan thanh hai loai cong tac
hosic canh tranh. Mot trong nhiing vi du dién hinh vé su cong téc gitta cac tién
trinh 14 van dé cung cap-tieu thu (producer-consumer) véi hai tién trinh producer
va consumer. Trong d6 tién trinh producer cung cap cac phan ti dit lieu, sau do6

tién trinh consumer sé tiéu thu no.

Cap phéat tai nguyén cho cac tién trinh phai gidi quyét van dé xung dot khi nhicu
tién trinh cting muoén st dung tai nguyén chia sé nhu dit lieu, tép, may in,...Vi
du, tinh nhat quan ctia dit lieu sé bi pha vé néu hai tién trinh doc-ghi ciing cap
nhat chung mot tép tai cting mot thai diém. Danh sach 3.1 biéu dién mot chuong
trinh Java tuong tranh dude cai dat cho van dé cung cap tiéu thu. Trong chuong
trinh nay cac tién trinh khong cong tac véi nhau, vi thé dé phat sinh cac 16i tuong
tranh dit lieu. Do d6 van dé dit ra 1a phai dic ta rang buoc vé thit ti thuce hien
38, 67] (giao thiic tuong tdc) gitta cac tién trinh nham bao dam tinh nhat quan
clia dit lieu chia sé va dit lieu dau vao-dau ra.

31
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class Producer implements Runnable {
public void run() {
while (true) {
Object o = createNewObject ();

push (o) ;

}
class Consumer implements Runnable {
public void run() {
while (true) {
Object o = pop();

doSomethingWith (o) ;

DANH SACH 3.1 — Chuong trinh Java cho van dé cung cap tiéu thu.

Nham phét hién 16i § mic thiét ké, trong chuong nay luan an dé xuat mot cach
tiép can dé dac ta va kiém ching giao thic tuong tac gitta cac tién trinh st dung
phuong phap hinh thiic véi Event-B. Phuong phap duge dé xuat da gidi quyét
duge dic tad cho cdc van dé nhu ving xung dot (critical section), cung cap-tieu
thu (producer-consumer) va doc-ghi d liéu (reader-writer). Cac ddc ta nay sé
duge cai dat (phat sinh) ma cta cac chuong trinh Java tuong tranh hoac tuong

duong. Cac két qua chinh ctia phuong phap duge trinh bay trong [77].
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3.2 Dic ta va kiem ching rang budc thi tu gita

cac tién trinh tuong tranh

3.2.1 Mo ta phuong phap

Ching toi dinh nghia mot hé thong tuwong tranh véi giao thic tuong tac I' nhu

sau.

Dinh nghia 3.1 (Heé théng tuong tranh). Mot hé thong tuong tranh (Concurrent

system-CS ) la mot bo bon CS = (Pc, Br,a,T). Trong dé :

— Pc : tap hitu han cdc tién trinh,

— Br : tap hitu han cac hanh vi c¢é thé trong CS,

— a1 Br — Pc ham gdn moi chiiec nang cia CS ma tién trinh thuc hién hanh vi
do,

~ T : giao thitc tuong tdc ddc td thit ty thuc hién ciia cdc tién trinh. T 2 p | T, p |
L|| p. Véi p € Pe, cic ki hiéu”,” va || lan lugt biéu dién cic tién trinh duoc

thiic hién tuan tu va song song.

Trong Event-B, mot trang thai ctia mo6 hinh duge dinh nghia béi mot tap cic bién
biéu dién cho bat ky mot déi tuong toan hoc nao trong 1y thuyét tap hop. Ngoai
cac dinh nghia vé bién, cac bat bién la cac vi tit duge biéu dién trong logic vi tit
bac mot va ly thuyét tap hop. Su két hop ciia cac bién va bat bién tao thanh trang

thai, mot trang thai cia mo hinh la mot tap truu tugng.

Nhu vay, mot su kien ctia May c6 thé duge biéu dién tritu tuong bang mot quan
hé nhi phan trong tap cac trang thai. Quan hé nay biéu dién su két ndi gita hai
trang thai ké tiép trude va sau khi mot sy kien dude thie hien. Trong ky phap
ctia Event-B mot su kién c¢6 thé dugce chia thanh hai phan 1a diéu kien va hanh
dong. Cac hanh dong clia mot sy kien duge gid thiét 1a thyc hien dong thoi trén

cac bién khac nhau. Céc bién khong duge gan gia tri thi né sé khong thay doi [8].

Cac diéu kién ctia su kién biéu dién diéu kien can va di dé cho mot su kién duoc

kich hoat. Khi mot su kién dudc kich hoat thi su chuyén doi trang thai tuong tng
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sé dugc thuyc hién va ngugc lai. Gia sit ching ta c6 hai sy kién el va e2 duge mo

ta nhu sau :
el = when g1 then a1 end
e2 = when ¢2 then ¢2 end

Néu diéu kien ¢1 dudce théa man thi hanh dong al sé dugce thuce hién, va néu diéu
kien g2 dugc thda man thi a2 sé duge thiie hien. Thong thuong, véi hai dieu kien

gl va g2 sao cho g1Ng2 = @ thi cic sy kien el va e2 sé duge thuc hién tuan ty.

Dé dic giao thitc tuong tac gitta cac tién trinh tuong tranh, trude hét cac tién
trinh nay dude mo ta bang céc sy kién trong mo hinh Event-B. Trong d6 céac dicu
kién ciia cac su kién nay la khong roi nhau dé bao dam cac su kién sé duge thuc
hién tuong tranh v6i nhau theo co ché dan xen. Khi d6 dé dac td thi tu thuc
hién clia cic sit kien nay, ching toi sit dung mot bién lgic déng vai tro nhu bién
semaphore trong chuong trinh tuong tranh nham diéu khién sy thice thi clia céac

su kién.

Ciing v6i co ché lam min trong Event-B, ching toi dé xuat mo hinh téng quat dé
dic ta rang budc vé thit ty gitta cac tién trinh tuong tranh nhu trong Hinh 3.1.
Trong dé, mo hinh khéi tao biéu dién mot may tritu tugng véi cac su kien duge
thuc hién tuong tranh nhau. M6 hinh lam min biéu dién giai phap cho sy thic
hién tuong tranh ctia cac syt kien. M6i tién trinh trong chuong trinh tuong tranh

duge biéu dién bang mot su kien.

T mo hinh tong quat nay, ching toi sé trinh bay giai phap dé dac ta tht tu thuc
hién clia cac sy kien ap dung cho cac van dé vé viung xung dot (critical section
problem), cung cap-tieu thu (producer-consumer problem) tit bo dem di lieu va

doc-ghi (reader-writer problem) di liéu tit bo nhé chia sé (shared memory).

3.2.2 Vung xung dot

Van dé ve ving xung dot (critical section problem) duge mo ta nhu sau. Gia st

mot chuong trinh tuong tranh c6 n tién trinh cing sit dung chung mot vung dit
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Machine sees
> Context
(Concurrent model)
A A
refines extends
Machine sees
| Context
(Decomposition) -
refines extends

Hing 3.1 — Kién tric téng quét ctia dic ta tuong tranh véi Event-B.

machine CriticalSection
init
eventl event2 eventn
when when when

grdl : G1 grdl : G2 grdl : Gn
then then then

actl : CS1 actl : OS2 actl : CS3
end end end

HinH 3.2 — May truy cap vao vung xung dot.

lieu chia sé, mdi tién trinh c6 mot phan doan méa goi la critical section dé truy
cap vao vung dit licu chia sé. Van dé dat ra 1a khi mot tién trinh dang thuce hién
cac lenh trong phan doan ma critical section dé truy cap dit lidu thi phai béo
dam khong mot tién trinh nao khac duge phép thuc hién lenh trong phan doan

critical section cua no.

Khong mat tinh tong quét, ching toi gia thiét thi tu thuc hién ctia cac su kien
tuan theo giao thic I' = [init, ecq, ecy, ec, ..., ec,]. Khi d6 mo hinh lam min cta
van dé vimg xung dot duge biéu dién trong Hinh 3.3. Trong d6 mdi tién trinh duge
biéu dién béi mot su kién tuong tng. Gia st cac dieu kien G1ING2N...NGn # @

dé cac su kien duge thuce hién tuong tranh nhau. Trong moé hinh lam min nay,
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machine CriticalSectionR
refines CriticalSection
invariant

invl : turn € NAT

init
actl : turn =0

eventl event2 eventn
refines eventl refines event2 refines eventn
when when when

grdl : G1 grdl : G2 grdl : Gn

grd2 : turn =0 grd2 : turn =1 grd2 : turn = n—1
then then then

actl : CS1 actl : OS2 actl : CSn

act2 : turn :=1 act2 : turn := 2 act2 : turn :=0
end end end

Hinm 3.3 — May duge lam min dé truy cap vao ving xung dot.

ching toi stt dung k¥ thuat dong bo héa véi bién semaphore turn dé diéu khién
su thuc thi clia cac sy kién theo giao thitc I'. Ban dau sy kién init dude kich hoat,
bién turn dude khdi tao bang 0 dé khich hoat su kién eventl trong giao thiic khi
diéu kien G1 ctia n6 dong thoi duge thoa man. Cac sy kien khac duge ngan chan
khong cho phép thiic hién, sau khi thie hién xong, bién semaphore turn sé thay
doi gia tri dé giai phong ving xung dot va cho phép su kién tiép theo trong giao
thitc duge thyce hien. Muc A.1 ctia Phu luc A trinh bay dac ta cho van dé ving
xung dot véi ba tién trinh duge bicu dién bang cac sy kién evtl, evt2 va evt3 lam

thay doi gia tri clia cac bién z,y va 2.

3.2.3 Cung cap va tiéu thu

Van dé cung cap-tiéu thu (producer-consumer problem) 13 mot vi du dién hinh vé
st dong bo hoa gitta cac tién trinh tuong tranh. Ching toi mo ta van dé nay bdi
hai tién trinh thyc hién theo cac nguyén tac nhu sau (Hinh 3.4).
1. Producer : tao cac phan ti dit liu va day vao bo dém bang phuong thiic
enqueue (), bo dem dugce bicu dién bang mot hang doi véi kich thude hitu

han va ¢6 dinh,
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2. Consumer : 1ay cac phan t1t dit lieu tit hang dgi qua phuong thiic dequeue (),
3. Cac tién trinh dugc thyc hién dong thoi va lap,

4. Thit ty thyc hién clia cac tién trinh tuan theo giao thitic T' = [init, producer ||
consumer, close] tién trinh khdi tao init duge thuc hién trude, sau do cac
tién trinh producer va consumer dugc thiyc hién dong thoi. Tai trang thai
tritu tugng OPENED, cac tién trinh producer va consumer c6 thé thuc hién cac
phuong thiic enqueue () hoiic dequeue () dé bo sung hoiic loai bo cac phan ti
ctia hang dgi. Khi tién trinh producer goi phuong thiic close() dé chuyen
sang trang thai tritu tugng CLOSED thi cac phan tit khac sé khong dude bo

sung hoac loai bd tir hang doi,

5. Céac tién trinh producer va consumer phai bdo dam khong day phan ti dit
liu vao hang doi néu né da day va khong lay dit lieu néu né rong.
[Pre:Q.Full = False]

enguelelQ,x)
[Post: Q.x = True]

OPEMNED CLOSED
init{ Q)

[Pre: Q= True]
dequeuelQ,x)
[Post: Q.x =False]

HiNH 3.4 — Giao thiic tuong tac clia van dé cung cap tieu thu.

Mo hinh khéi tao ctia van dé cung cp-tieu thu duge biéu dién nhu trong Hinh
3.5, trong do cac diéu kien G1NG2 # @ dé bao dam cac sy kién ciia producer va
consumer c6 thé duge thire hien song song. Tai thoi diém ban dau, sy kién khéi tao
init sé duge thuce hien dé dong thoi kich hoat cac su kién producer va consumer,
khi hang dgi da day su kién producer sé kich hoat sy kién close theo giao thric

[' = [init, producer || consumer, close].

Do bo deém dit lieu duge giad thiét 1a hitu han v c6 kich thuéc c¢6 dinh. Ching

toi sit dung co ché dong bo hoa vé6i bién semaphore 1a Count dude khéi tao bang
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machine ProducerConsumer
init
producer consumer
when when
grdl : G1 grdl : G2
then then
actl : produce the database actl : consume the database
end end
close

HiNH 3.5 — M4y triru tugng cho van dé cung cap-tiéu thy.

khong dé biéu dién s6 phan tit ctia bo dem. Bién Count sé ting len mot khi mot
phan tt dit lieu méi duge bo sung vao bo dém va giam khi mot phan ti dit lieu
dugc loai bé tit bo déem. Bién Buffer_Size biéu dién kich thude (s6 phan ti toi da)
clia bo dém, bo dém sé day khi bién semaphore Count bang kich thudc ctia né va
ngude lai rong khi Count bang khong. Khi bo dem da day sy kién Producers sé
kich hoat sy kién close thong qua bién semaphore isClose dé chuyén sang trang
thai trttu tugng CLOSED. M6 hinh lam min duge dac ta nhu trong Hinh 3.6. Muc
A.2 ctia Phuy lyc A trinh bay dic ta cho van dé cung cap-tiéu thu véi hai tién trinh
va bo dem dit lieu duge biéu dién bing mot hang dgi c6 kich thuée hitu han, cb

dinh.

M5 hinh lam min trong Hinh 3.6 chi thuyc hién t6t khi ching ta c6 mot tién trinh
cung cap va mot tién trinh tiéu thu. Trong truong hop c6 nhiéu tién trinh cung cap
dong thoi day cac phan tit dit lieu, hodc nhiéu tién trinh ciing tieu thu dit licu thi
sé gay ra truong hop canh tranh dit lieu (data race) do cac tién trinh cling nhau
doc/ghi du liéu tai mot 6 nhé ciia bo dém & cuing mot thoi diém. Dé giai quyét
van dé nay ching ta can mot co ché loai trit sao cho tai cting mot thoi diém chi
cho phép mot tién trinh producer va mot tién trinh consumer dugde thie hién song
song nhau. Hinh 3.7 dic t4 mo hinh lam min thi hai v6i n tién trinh producer
va m tién trinh consumer dugc thiic hién song song. Trong mo6 hinh lam min nay,
chiing to6i bo sung hai tap hop Producers gom n phan tit va Consumers gom m
phan tit dé bicu dién s6 tién trinh producer va consumer ctia mo hinh. Hai bién

semaphore 1a TurnP va TurnC dudc khéi tao 1a mot s6 ngau nhién thuoc tap
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machine ProducerConsumerR1
refines ProducerConsumer
invariant
invl : Buffer_size € NAT
inv2 : Count € 0.. Buffer_size

init
actl : Count =10

producer consumer
refines producer refines consumer
when when
grdl : G1 grdl : G2
grd2 : Count < Buffer_Size grd2 : Count >0
then then
actl : create d actl : consume d
act2 : Count := Count+1 act2 : Count := Count—1

act3 : if Count = Buffer_Size then end
1sClose = True
end
close
when
grdl : isClose = True
then
actl : G1 := False
act2 : G2 := Fualse
end

HiNH 3.6 — M4y lam min tht nhat cho van dé cung cap-tiéu thu.

Producers va Consumers dé khich hoat cac tién trinh producer va consumer tuong
ting khi cac diéu kién ctia n6 dong thoi duge thoa man. Cac tién trinh khac duge
ngan chin khong cho phép thire hién, sau khi thiyc hién xong cac bién semaphore
sé thay doi gia tri dé giai phéng va cho phép tién trinh khac duge thuc hien. Mo
hinh ldm min nay bao dam tai mot thai diém chi cho phép mot tién trinh producer
va consumer thite hién song song, cac tién trinh con lai duge thic hien dan xen

nhau néu kich thuéc ciia bo dem khac rong va chua day.
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machine ProducerConsumerR2
refines ProducerConsumerl

invariant
init
producerl consumerl
when when
grdl : G1 grdl : G2
grd2 : Count < Buffer_Size grd2 : Count > 0
grd3 : TurnP =1 grd3 : TurnC =1
then then
actl : create d actl : consume d
act2 : Count := Count+1 act2 : Count := Count—1

act3 : TurnP :€ producers \ { TurnP}  act3 : TurnC :€ producers \ { TurnC'}
actd : if Count = Buffer_Size then end
isClose = True

end
producer2 consumer2
when when
grdl : G1 grdl : G2
grd2 : Count < Buffer_Size grd2 : Count > 0
grd3 : TurnP = 2 grd3 : TurnC = 2
then then
actl : create d actl : consume d
act2 : Count := Count+1 act2 : Count := Count—1

act3 : TurnP :€ producers \ { TurnP}  act3 : TurnC :€ producers \ { TurnC'}
actd : if Count = Buffer_Size then end
isClose = True

end
producern consumerm
when when
grdl : G1 grdl : G2
grd2 : Count < Buffer_Size grd2 : Count > 0
grd3 : TurnP =n grd3 : TurnC' =m
then then
actl : create d actl : consume d
act2 : Count := Count+1 act2 : Count := Count—1

act3 : TurnP :€ producers \ { TurnP}  act3 : TurnC :€ producers \ { TurnC'}
actd : if Count = Buffer_Size then end
1sClose = True
end
close
when
grdl : wsClose = True
then
actl : G1 := False
act2 : G2 := False
end

HiNH 3.7 — May lam min thi hai cho van dé cung cap-tieu thu.
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machine ReaderWriter
init
reader writer
when when
grdl : G1 grdl : G2
then then
actl : read the database actl : write the database
end end

HiNH 3.8 — May tritu tugng cho van dé doc-ghi.

3.2.4 Van dé doc-ghi

Chung t6i mo ta van dé doc-ghi (readers-writers problem) bang hai tién trinh hoat
dong theo giao thic duge mo ta nhu sau :
1. Reader : cac tién trinh doc reader can phai loai trit cac tién trinh ghi write,
nhung khong loai trit cac tién trinh doc reader khéc,
2. Writer : cac tién trinh ghi can phai loai trit tat ca cac tién trinh doc reader
va ghi writer khac.
Dé diic ta bai toan nay, ching toi gia thiét méi tién trinh duge biéu dién bang mot
su kién ctia mo hinh khéi tao (Hinh 3.8). Tuong tu nhu mo hinh khdéi tao cia bai
toan cung cap-tieu thu, cac diéu kien duge gia thiét 1a théa man : G1ING2 # @.

dé cac su kien kién ctia né duge thuc hién tuong tranh véi nhau.

Ching toi dac ta cac tién trinh tuong tranh reader-writer nhu trong Hinh 3.9.
Trong dac ta nay bién readers bi¢u dién sb tién trinh reader dugc doc song song
nhau tir c¢o sé dit liu sau khi thyc hién thanh cong su kién StartRead va truée khi
thuc hien su kien EndRead. Tuong tu, bién writers biéu dién sb tién trinh writer
dugc ghi song song vao co s6 dit lieu sau khi thuyc hién xong sy kién Start Write va
trude khi thuc hien sy kien EndWrite. Bién diéu kien OKtoRead dugc sit dung dé
khoéa cac tién trinh doc reader cho dén khi diéu kién ctia né dudce thoéa man cho
phép doc. Tuong tu véi bién diéu kien OKtoWrite duge sit dung dé khoa cac tién

trinh writer cho dén khi diéu kién ctia né duge théa man cho phép ghi write.

Cac bién readers va writers duge ting dan trong su kién startRead va gidm dan

trong su kien endRead. Tai thoi diém ban dau, su kién startRead sé kiém tra biéu
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BANG 3.1 — Két qua chitng minh dic ta rang buoc thit tu gitta cic tién trinh
tuong tranh véi RODIN

Rang buoc Sé su kien S6 Ménh de S6 ménh dé | S6 ménh deé
can chitng minh | da ching minh Con lai
Ving xung dot 4 10 10 0
Cung cap-tieu thu 10 52 36 16
Doc-ghi 10 14 14 0

thie dicu kién xem liéu mot tién trinh sé bi khoa hay khong, tai thoi diém két
thic su kien endRead sé mé khéa mot tién trinh néu biéu thiic diéu kién ctia néd
duge théoa man. Mot tién trinh reader sé bi khéa néu mot vai tién trinh khac dang
ghi write (writers # 0) hodc dang chd dé ghi write. Mot tién trinh ghi write sé bi
khoéa khi va chi khi & tai cing thoi diém ton tai mot vai tién trinh khac dang doc
(readers # 0) hoac ghi (writers # 0) (Hinh 3.9). Muc A.3 ctia Phu luc A trinh bay
diic t& cho van dé doc-ghi v6i hai tién trinh doc va ghi lam thay ddi gia tri ctia

cac bién rd va wt.

3.2.5 Két qua chitng minh

Ching toi da cai dat va diac ta cac van dé ving xung dot, cung cap-tieu thu va
doc-ghi bang cong cu RODIN ctia Event-B, chi tiét ciia diac ta dugc trinh bay
trong phan Phu luc A. Bang 3.1 thong ké két qua ctia viéc sinh va chiing minh tu
dong cac ménh dé can ching minh bang bo chiing minh ctia RODIN. Trong do,
s6 meénh dé can ching minh dude sinh ra tu dong dé bao dam tinh ding din cta

ddc td, mot s6 ménh dé da duge chiing minh tu dong.

V6i van deé viing xung dot va doc-ghi thi tat cd cdc ménh dé can chiing minh duge
sinh ra déu da dugc chitng minh ty dong. V6i van dé cung cap-tieu thu thi cac
meénh dé con lai ¢6 thé duge chiing minh tu dong bang cach lam min mo hinh hoic
chiing minh thu cong bdéi ngudsi sit dung. Hinh 3.10 mo6 ta mot su kién producer
trong mo6 hinh khéi tao bén trai va mo hinh lam min ctia n6é bén phai. Bang 3.2
mo t4 mot meénh dé can chimg minh dé théa man bat bién ctia su kien trong Hinh

3.10 dugc sinh ra va da duge ching minh tu dong. Bang 3.3 mo td mot meénh de
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machine ReaderWriterR
refines ReaderWriter
variables

readers

writers

OKtoRead

OKtoWrite

invariant
invl : readers € NAT
inv2 : writers € NAT
inv3 : OKtoRead € BOOL
invd : OKtoWrite € BOOL

init
actl : readers ;=0
act2 : writers := 0
act3 : OKtoRead := true
actd : OKtoWrite := false

startRead

when
grdl : G1

grd2 : writers # 0

grd3 : OKtoWrite = false

grd4 : OKtoRead = true
then

actl : readers := readers+1

act2 : isRead := true

end
endRead
when
grdl : endOfRead = true
then

actl : readers := readers—1
act2 :if readers = 0

then OKtoWrite := true
endif

end

reader
when
grdl : isRead = true
then
actl : read the database
act2 : endOfRead := true
act3 : OktoRead := false
end

start Write
when
grdl : G2

grd2 : writers # 0Vreaders # 0
grd3 : OKtoWrite = true
grd4 : OKtoRead = false
then
actl : writers := writers+1
act2 : isWrite := true
end
endWrite
when
grdl : endOfWrite = true
then
actl : writers := writers—1
act2 : if OKtoRead = false
then OKtoWrite := true
else OKtoRead := true endif
end

writer

when
grdl : isWrite = true

then
actl : write to the database
act2 : endOfWrite := true

end

HinH 3.9 — M4y lam min cho van dé doc-ghi.
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MACHINE ProducerConsumerl
Event Producer =

any
x
where
grdl : z € dom(Queue)
grd2: ¢g=TRUE
then
actl: Front:= Front+1
act2: Queue(Front) :=x
end

(a) Su kien producer trong mo hinh khéi tao

MACHINE ProducerConsumerR
REFINES ProducerConsumerl
Event Producer2R =

refines Producer

any
x
where
grdl : x € dom(Queue)
grd2: TurnP =1
grd4d: ¢g=TRUE
grd5 : Count < Queue_Size
then
act2: Queue(Front) :=x
act3: Count := Count+1
actd: TurnP :=o0

end

(b) Su kién producer trong mo6 hinh lam min

HinH 3.10 — Dic ta sy kién producer trong mo hinh khéi tao va lam min.

BANG 3.2 — Ménh dé can chitng minh dé béo toan bat bién ciia syt kien Producer
da dugc ching minh ty dong

Fornt € 0.. Queue_Size
Rear € 0..Queue_Size
z € dom(Queue)
TurnP € producer
producer C N1
g=TRUE

Queuve € N - N
Count < Queue_Size
l_

Queue <« {Front — z} € N - N

Producer2R /inv2/INV

can ching minh dugc sinh ra dé théa man bat bién ctia sy kién trong Hinh 3.10 va

chua duge ching minh tir dong bang cong cu RODIN. Ménh dé nay dugc chitng

minh dugc bing cach bd sung them diéu kien Front < Queue_Size. Cac ménh dé

con lai dugce chiing minh tuong tu.
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BANG 3.3 — Ménh dé can chitng minh dé béo toan bat bién ciia syt kien Producer
chua dugc ching minh ty dong

Fornt € 0.. Queue_Size
z € dom(Queue)
g=TRUE Producer/inv2/INV
I_

Front+1 € 0.. Queue_Size

3.3 Két luan

Trong chuong nay ching toi da dé xuat mot phuong phap dé dac ta va kiém ching
rang buodc vé thi tu thyce hién clia cac tién trinh tuong tranh va ap dung cho cac
van dé nhu ving xung dot, doc-ghi dit liéu va cung cap-tieu thu st dung phuong
phap hinh thitc v6i Event-B. Trong phuong phap nay, mdi tién trinh dude biéu
dién tuong tng véi mot s kién, moi van dé dude dac ta bang mo hinh tritu tugng
biéu dién cac su kién va mo hinh lam min ctia né dic ta su thuc hién tuong tranh
clia cac sy kién. Sy thyc hién tuong tranh clia cac sy kién dya trén ki thuat dong
bo héa semaphore. Tinh ding dan ctia dic ta duge bdo ddm thong qua viéc sinh

va chitng minh cac ménh dé can chitng minh.

Phuong phép da dude dé xuat trong chuong nay tuong tu nhu cac phuong phap
clia Edmunds [42], Ben Younes [17] va Ball [15] vé cach tiép can cung st dung
phuong phép hinh thiic véi Event-B. Diém khac nhau la cac phuong phép cia
chiing toi dude ap dung cho bai toan kiém ching rang budc vé thi tu thuc hien
gitta cac tién trinh. Van dé nay déu chua dudce giai quyét béi cac phuong phap noi
trén. Hon nita, v6i phuong phap trong luan an thi mo hinh hé théng duge dac ta
tryc tiép bang Event-B, khong phai xay dung cac dac ta trung gian. Tuy nhién,
phuong phap nay con mot sdé han ché nhu chua ty dong sinh ma chuong trinh
Java tir dac ta, su song song ctia cac su kién trong Event-B dugce thuc hién qua co

ché dan xen.



Chuong 4

Su déng thuan ctia hé théng da
thanh phan

4.1 Giéi thiéu

Véi cac hé thong phan meém da thanh phan, mdi thanh phan thiyc hién mot vai
hanh vi xac dinh. Tap cac thanh phan trao doi thong tin véi nhau theo mot giao
thiic tuong tac (interaction protocol) xac dinh tao nén hanh vi tong thé ciia he
thong. Mot he thong da thanh phan duge goi 1a dong thuan (consensus) néu thit
tu thyc hien ctia cdc thanh phan tuan thi cac luat duge dinh nghia trude (giao
thiic tuong tdc), cac thanh phan phai tra vé két qua mong mudn sau mot s6 hitu

han lan thuc hiéen.

Hien nay da c6 mot vai phuong phap duge dé xuat dé dic ta va kiém ching su
dong thuan cia he théng da thanh phan nhu cac phuong phap Event-B [28, 79],
JML. Danh sach 4.1 [39] biéu dién dic t& JML duge nhiing vio ma Java cho thanh
phan producer clia van dé cung cap tiéu thu duge mo ta trong Chuong 3. Véi
phuong phap dac td bang JML yéu cau ching ta can phai biét ma nguon Java,
sau khi hé théng duge cai dat do d6 ban thiét ké he théng c6 thé chua duge kiém

ching.

public class Producer {

46
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/%@ spec_public rep readonly @+*/ Product[] buf;
/%@ spec_public @*/ int n;
/%@ spec_public peer @*/ Consumer con;
/*¥@ invariant buf != null &6 0 <= n &9 n < buf.length &
@ (\forall int i; 0 <= 4 &8 i < buf.length;
@ bufl[<i] == null [/ bufl[i].owner == this.owner);
@x/
public Producer () {

buf = new /*@ rep readonly @*/ Product [10];

3
/%@ requires con != null &% con.n != n;
@ ensures == \old((n+1) % buf.length);
ex/

public void produce(/#*@ peer @%*/ Product p) {
buf [n] = p;

n = (n+1) % buf.length;

DANH SACH 4.1 — Dac td JML véi ma Java cia 16p Producer.

Trong chuong nay, ching toi dé xuét cac phuong phap kiém chitng sut dong thuan
clia hé thong da thanh phan tit pha thiét ké dén cai dit ma Java tuong tranh hoac

tuong duong. Céc két qua chinh ctia phuong phép dugce trinh bay trong [76, 79].

Dé xuat phuong phap kiém ching su dong thuan ctia hé théng tai mitc thiét ké
st dung phuong phap hinh thic v6i Event-B. Trong phuong phép nay, moi thanh
phan duge diic ta bang mot may tritu tugng (abstract machine) tham chiéu dén
ngtt canh (contert) cia n6. Cac may tritu tugng va ngit canh sau dé duge két
hgp véi nhau theo mot giao thiic tuong tac xac dinh. Stt dung cong cu ho trg cla
Event-B chiing toi chiitng minh tinh dong thuan ctia hé thong da thanh phan nay.
Phuong phap dé xuat duge minh hoa qua mot hé thong da thanh phan thiyce hien

cac phép toan trén tap so nhi phan. .
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Dé xuat phuong phap kiém chiing sut dong thuan ctia hé théng tai mitc ma nguon
Java (bytecode). V6i phuong phéap nay, ching t6i xay dung 16p VMListener trong
JPF dé kiém chiing sy tuan thi giita cai dit so véi dac ta thiét ké ctia né. Phuong

phap dé xuat dudge minh hoa qua mot hé théng cung cap tieu thu.

4.2 Mot sbé dinh nghia va bo dé

Trudce khi trinh bay cac phuong phéap diic ta va kiém ching sy dong thuan ciia heé
théng da thanh phan. Ching t6i gidi thieu mot s6 dinh nghia va bo dé lien quan

sau.

Dinh nghia 4.1 (Su kien hoi tw). ¢ = {¢ = (g, a) | [a]ywsusc}

Mot su kién lap (iterative event) e = (g, a) duge goi la hoi tu (dung) khi va chi
khi diéu kién ¢ duge théa man va tap cac hanh dong a ctia né dude thuc hien
dén khi diéu kién ¢ khong con thoéa man sau mot sd hitu han bude thuce hien. Khi
diéu kién ¢ ctia mot sy kién hoi tu é khong théa man thi chua ching minh duge
tinh dong thuan ctia hé théng da thanh phan (hay tinh chat khong bi tdc nghén -
Deadlock). Do dé, dé chitng minh sy dong thuan clia hé thong ching toi bo sung
mot sy kien mdéi ¢’ = (¢, a’) sao cho diéu kien gVg¢' luon duge théa man véi tap

cac hanh dong a hoac a'.

Bo dé 4.2 (Su kien lay gia tri hoi tu). Néu é = (g, a) thy 3¢’ = (¢, a’) sao cho

gVg' = true

B6 dé 4.2 cho biét khi mot su kien lip dimg thi gia tri tra vé ciia né c6 thé nhan

dugc bang cach bo sung them mot sy kien méi.

Chitng minh. Gia stt e = (g, a) 1a mot su kién hoi tu. Khi d6 theo Dinh nghia 4.1
thi diéu kién ¢ sé khong con théa man sau mot s6 hitu han lan thuyc hién cac hanh
dong a. Do d6, ta c6 thé dinh nghia mot sy kién méi ¢’ = (¢’, a’) véi diéu kien ¢’

= — ¢ de nhan gia tri clia trd vé clia sit kién hoi tu e.O
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Dinh nghia 4.3 (He thong da thanh phan). Mot hé thong da thanh phan (multi-

component system-MCS ) la mot bo bon Mult = (Co, Mact,«,T). Trong dé :

~ Co : tap hitu han cdc thanh phan,

~ Mact : tap hiu han cdc chic ning cé thé trong Mult,

— « : Mact — Co ham gdn moi chiic nang ciia Mact ma thanh phan thuc hién
hanh vi do,

~ T : giao thic thuc hién cia cdc thanh phan dé thuc hién mot cong viéc.

Dinh nghia 4.4 (Sy dong thuan citia hé théng da thanh phan). Gid st E =
{S(e; = (gi,a;)) | i € [1l.n]} biéu dién thi tu thuc hién cia cdc su kién trong mot
hé thong da thanh phan M vdi giao thitc tuong tac T'. M duge goi la dong thudn
khi va chi khi :

1. EET : thit tu thuc hién cia cdc su kién tuan thi giao thic,

2. [S(€)]\ giofaise © tuyén cic ménh dé diéu kién cia tat cd cdc su kién trong

giao thiic khong con théa man sau mot so hiu han lan thuc hién.

Khi phép tuyén céc diéu kién ctia tat ci cac su kien khong thoa méan thi he
thong bi tdc nghén. Do d6, ching t6i dua vao sy kien mdéi e’ = (¢’, a’) sao cho

GV gV...g,Vg dudge théoa man.

Bo dé 4.5 (Su kien 14y gid tri dong thuan). Néu E = S(e;) thy 3¢’ = (¢, a’) sao
cho \/ g;Vg' = true

Bo6 dé 4.5 cho biét khi su tuong tac clia cac su kien la dong thuan thi ching ta
c6 thé nhan duge gia tri tra vé clia né bang cach bd sung them su kien méi. Viec

chitng minh B& dé 4.5 tuong tu nhu ching minh Bo dé 4.2.
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4.3 Phuong phap dic ta va kiem ching ban thiét
ké su dong thuan ctia hé théng da thanh

phan

4.3.1 Dac ta kién tric hé théng

Dé phan tich sy dong thuan clia ciia hé théng da thanh phan, trude hét ching toi
xay dung dic ta he théng véi Event-B, kién tric ctia dic ta duge biéu dién trong
Hinh 4.1. Trong d6, ngt cAnh vA mAy tritu tugng ctia cac thanh phan khac nhau
sé duge két hop thanh ngit canh va méay tritu tuong duy nhat ciia hé thong goi 1

MCS.ctx va MCS.mch.

sees

Componentl.mc Componentl.ctx

sees
Component2.mch

Component2.ctx

composition : : composition

Componentn.mch sees Componentn.ctx

sees
MCS.mch MCS.ctx

HiNH 4.1 — Sy két hgp ctia may tritu tugng va ngit canh.

Su két hop clia cac may va ngit canh trong Event-B da duge dé xuat trong [69]
nhu sau. Gia stt M 14 mo6 hinh két hop ctia hai mo hinh M1 va M2. Danh sach
bién v trong M1 gom tap cac bién hanh dong (action variables) x va bién nhéy
(skip variables) y clia mdi sy kien. Tuong tu, danh siach bién w trong M2 gom
cac bién hanh dong z va cac bién nhay a ctia mdi sy kien. Cac bién hanh dong zz
va bién nhdy ya ciia M dugc dinh nghia tuong ting 1a zz = zNz, ya = yNa vé6i

rzNya = .



Chuong 4. Sy dong thuan ciia hé thong da thanh phan 51

Ngoai ra, ciac ki thuat két hop trong Event-B phai bdo dam tat ci cac hanh vi
ctia mo hinh tritu tuong phai duge bdo toan, vd mo hinh két hgp khong roi vao

cac trang thai sau.

1. Phan ky (Divergence) : xay ra khi c¢6 cac su kieén bi hity bé dan dén hanh vi

ciia hé thong bi hon loan,

2. Tac nghén (Deadlock) : xay ra khi khong c¢6 sy kién nao duge kich hoat.
Trang théi clia hé thong sé khong bao gio thay doi khi bi tac nghén.

Rang buoc thit nhat (khong phan ky) duge bdo ddm bang cach dua vao mot bién
c6 cau tric V (vi du N,< da duge ching minh la mot quan hé cé cau tric). Rang
buoc thit hai (khong tic nghén) duge chiing minh bang cac ménh dé chiing minh,
do cac ménh dé nay duge xay dung tit phép tuyén cac diéu kién ctia sy kién nén
luon luon duge théa man theo cac tinh chat ctia hang va bat bién. Hai rang buoc

nay c6 thé duge ching minh tu dong bing cong cu hd tro ctia Event-B.

Dé tranh nhap nhing, véi cac thanh phan c6 nhiéu chitc niang duge ching toi
phan ra thanh nhiéu mo hinh may, méi chiic ning tuong ting v6i mot mo hinh.
Gia st trong mo hinh phan ra nay, mot may tritu tugng dac ta mot chiic nang
ctia mot thanh phan duge biéu dién bang mot bo bon M; = (vy, Init;, ec;, ee;).
Trong d6, v; 1a danh sach cac bién, Init; 1a su kién khéi tao ctia thanh phan, ee;,
ec; 1a danh sach cac sy kién dac td4 mot chitc ning ctia thanh phan va ee; 1a mot
sit kien duge st dung dé lay két qua tra vé ctia thanh phan (Bo dé 4.2). Gia st
M = (V, Init, ec, ee, eeyr) 1a mot méay két hop biéu dién kha nang clia cac thanh
phan M;, i = 1,...,n. Phu thudc vao giao thiic tuong tac giita cdc thanh phan
chi chita céc sy kién tuan ty hoiic ¢6 cac su kién song song chiing to6i xay dung cac

thanh phan cho may két hgp trong Muc 4.3.2 va Muc 4.3.3.

4.3.2 Giao thic tuan tu

Trong truong hop giao thic chi gdm céc sy kien dude thuc hién tuan ty. Khong

mat tinh tong quat, ching toi gia thiét thit tu thuc hien clia cac sy kien la I' =
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[ecy, eca, ecs, ..., ecy] (Hinh 4.2 biéu dién mot giao thiic tuan tu gom n su kién tuong

tdc vdi nhau bang biéu do tuan ty trong UML).

Component-1:Class Component-2:Class
ec_1
ec_2
ec_n

[ [

Hing 4.2 — Giao thiic tuan tu duge biéu dién bang UML.

Chung t6i dé xuat cac nguyén ly dé xay dung may két hop M trong Event-B nhu

sau

1. V = Uw; : danh sich cac bién ctia may két hgp bao gom cac bién clia cac
may thanh phan,

2. ec = Uec; : may két hop bao gom tat ca cac sy kién ctia may thanh phan,

3. Init = Init; : sy kien khdi tao Init ctia may két hop dude dinh nghia 1a sy
kien khéi tao Init ctia may thanh phan dau tién trong giao thiic,

4. ee = Uee; : may két hop bao gom tat ca cac su kien lay két qua tra vé clia
may thanh phan,

5. eeyr 1a mot sy kien méi duge bo sung vao dé lay két qua cudi ciing ciia qua

trinh tinh toadn trong mo hinh két hop.

Sau khi két hgp, ching toi toi wu lai mo hinh bang cach loai bd cac hing va bién
du thita hodc khong can thiét. Cac nguyen 1y duge dé xuat trén 1a hoan toan ding
dan béi vi cac su kien dude thye hién tuan thi theo giao thitc tuong tac. Sy kien
ec; duge thyc hién truée thong qua dinh nghia sy kién Init clia may két hop, sau
do6 cac su kién tiép theo sé duge thuyc hién thong qua cac hanh dong dugde dinh

nghia trong sy kién lay két qua tra vé ctia sut kién trude do.
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4.3.3 Giao thic song song

Trong truong hgp giao thiic tuong tac co cac su kién duge thuc hién song song véi
nhau. Gia thiét giao thiic clia cdc thanh phan T" hinh thitc héa nhu sau (Hinh 4.3
biéu dién mot giao thiic song song gom n su kién tuong tdc vdi nhau bang biéu do

tuan tu trong UML. ).

r = scenario
(1) e event
2) | Tse sequence
3) | TJe parallel
Component -1 Component - 2
Class Class
l ec_1 l
Par } ec_2
ec_3
ec_n-1 "

[

Hine 4.3 — Giao thiic song song duge biéu dién bang UML.

Trong mo hinh Event-B cac su kién sé dude thuyc hién song song néu diéu kién ctia
n6 dong thoi duge théoa man. Do d6, mot hé thong da thanh phan sé dong thuan
khi méi sy kién trong giao thiic hoi tu (dung) . Tuong tuy nhu giao thitc tuan t,
chung t6i cling bo sung vao may két hop mot sy kien dé nhan két qua tra vé cia

giao thiic khi né. Quéa trinh xay dyng may két hop M trong truong hop nay la su

1. mot sy kien 1a hoi tu néu noé tra vé két qua sau mot s6 hitu han lan thyc hién cac hanh
dong
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két hop gitta giao thitc tuan tu va song song. Phan tuan tu duge thyc hién tuong

tu nhu da trinh bay & trén, phan song song dudc xay dung theo nguyén 1y sau.

1. Tu sy kien tuan tiy dude thuce hién trude do, kich hoat diéu kieén clia tat ca
cac su kién song song dé cho céac su kien nay duge thuc hién tai ciing mot
thoi diém,

2. V6i moi su kién ee; duge thye hién song song. Do cac su kién nay 1a hoi tu
nén ching toi bo sung mot su kién ee;, dé lay két qua tra ve,

3. Bo sung mot su kien eep dé nhan két qua cudi ciing ctia tién trinh song song,

sut kién nay sé dugce kich hoat bdi su kién eeyq,

4. S kien nhan két qui eep c6 nhiem vu kich hoat sy kién tuan ti tiép theo

trong giao thic.

Su hoi tu ctia mdi sy kién va sy tuong téc gitta cac sy kién sé duge ching minh tu

dong bdi cong cu ho trg ciia Event-B.

4.3.4 Heé théng da thanh phan thuyc hién cac phép toan

trén tap s6 nhi phan
4.3.4.1 MBob ta hé théng

Gia stt mot hée thong da thanh phan véi cac thanh phan thyc hién cac phép toan
dich bit BitShift, cong va nhan hai s6 nhi phan Sum, MultiDigit. Trong dé phép
nhan hai s6 nhi phan dugce thic hién twong tuy nhu phép nhan é he dém 10. Gia thiét
hé thong da thanh phan duge xay dung v6i ba phép todn multiplyWithOneDigit
thuoc thanh phan MultiDigit, shiftLeft thudc thanh phan BitShift vi addition
thuoc thanh phan Sum. Véi phép toan dich bit BitShift thi cac bit dude dich sang
trai ho#ic phai. Phép toan dich trai shiftLeft thi mot sé bit sé dugce dich sang trai
va tuong ng 1a cac bit 0 dude chén vao bén phai clia s6 nhi phan bi dich. Vi du
néu ta ap dung phép dich trai mot bit v6i s6 00011011 thi nhan duge két qua 1a
00110110. Toan ti BitShift duge dic ta bang biéu ddo UML nhu trong Hinh 4.4
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<<agent>> BitShift
Role
shiftLeft, shiftRight
<<capability>> shiftLeft <<capability>> shiftRight
Organisation
Input Input
Calculator
binaryNumber, numShift binaryNumber, numsShift
Protocol
Output enter-society, exit-society, compute Output
binaryNumber binaryNumber
Description Description
This capability makes the shift left a This capability makes the shift right a
binary number with numShift bits binary number with numShift bits

HiNH 4.4 — Dac ta phép dich bit trong UML.

Thanh phan Sum dugc st dung dé cong hoac trit cic s6 nhi phan, dau vao cla
thanh phan nay 1a hai s6 nhi phan, dau ra la s6 két qua khi thirc hién phép toan.
Vidu:

00011011
-+ 00110110
01010001

Thanh phan MultiDigit dugc sit dung dé nhan mot sé nhi phan véi mot bit 0

hodc 1. Dau vao 1a mot s6 nhi phan va mot bit 0 hosic 1, dau ra la s6 két qua.

4.3.4.2 Dac ta hé théng véi Event-B

Dé dac ta hé thong da thanh phan trén véi Event B, trude hét ching toi sit dung
tap hop dé biéu dién s6 nhi phan. Tap hop nay 14 mot bo hai thanh phan, mot
phan ding dé biéu dién vi tri ctia cac bit trong s6 nhi phan, phan con lai biéu
dién gia tri ctia cdc bit tuong tng véi vi tri ctia né. Vi du xau nhi phan 00011011

duce dac ta qua tap hop nhu sau :

{8—0,7—0,6—~0,5—1,4—~1,3—0,2— 1,11}

V6i cach biéu dién nay va giao thitc tuong tac :

I' = [multiplyWithOneDigit, shiftLeft, addition], (nhan hai s6 nhi phan dugc biéu
dién bang Thudt todn 4.1). Ching toi dic ta cac thanh phan MultiDigit bang may
tritu tuong MultiDigit.mch biéu dién phan dong ctia hé théng, may tritu tuong

nay tham chiéu ngit cdnh MultiDigit.ctx (xem phu luc B).
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Phép toadn shiftLeft ctia thanh phan BitShift, phép toan addition clia thanh
phan Sum duge trinh bay trong phu luc B. Véi chi y 13 mdi sy kién tuong ting véi
mot phép toan, chiing t6i dinh nghia mot sy kién mdéi [event_name]_result dé lay

gia tri hoi tu (Bo dé 4.2).

Thuat toan 4.1 Nhan hai s6 nhi phan

ar < Multiplication2BinaryNumber(aa,bb)
1: for each i1 < size_bb do
modr <— multiply WithOneDigit(bb[ii], aa)
slr < shiftLeft(modr, i)
cc < addition(slr, cc)
end for
ar <— cc

Duta vao Thuat toan 4.1 va cac nguyen ly duge dé xuat trong Muc 4.3.2, May két
hop clia cac may thanh phan trong hé thong duge biéu dién trong Hinh 4.5(a).
Hinh 4.5(b) biéu dién ngit canh két hop clia cac ngit canh thanh phan. Trong do,
chiing toi bo sung su kien maultiply2 BinaryNumbers dé nhan gia tri tra vé ctia he

théng (Bo dé 4.5).

St thyc hién ctia cac su kién trong may két hop MCS nhu sau. Truée hét, su kién
Init duge thiyce hién. Trong sy kién nay, ching toi khéi tao gia tri cho bién jj := 1
dé kich hoat su thuc hién ctia sy kién multiplyWithOneDigit. Do su kién nay da
duge chiing minh 13 sy kién hoi tu trong may thanh phan MultiDigit nén né thuc
hién dén khi diéu kién jj < size_aa khong con théa man. Tu dé suy ra diéu kien
jj = size_aa + 1 dugc thoa man va do dé sy kién multiplyWithOneDigit_result
dugce kich hoat. Theo dinh nghia ctia méy thanh phan MultiDigit thi diéu kién sé
khong thay doi véi bat ky mot su kien nao.

Tuy nhién, sy kién multiplyWithOneDigit_result trong may MCS.mch bao ham
mot phan clia sif kién Init clla may thanh phan BitShift, nhu dinh nghia trong

nguyén 1y két hop & trén. Dinh nghia nay cho phép kich hoat sy kién shiftLeft,...

Qué trinh nay duoge lap lai dén khi tat ci cac su kién trong giao thitc duge kich
hoat. Néu cac sy kién nay khong hoi tu thi né sé lap vo tan do d6 viéc chiing
minh thuoc tinh khong phan ky bi vi pham. Ngugc lai, néu n6 hoi tu thi tuyén

cac dicu kieén ctia cac su kién lien quan sé khong duge théa man sau mot sd hitu
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machine MCS.mch
sees MCS.ctx
variables

1

Vi

invariant
e NAT
Jjj € NAT

events
INIT
=1
=1
end

multiply2BinaryNumbers
when (i1 = size_bb+1) then

res 1= cc
end
multiply WithOneDigit

when (jj < size_aa) then
pp(dj) = bb(it) * aa(jj)
=+l
end
multiply WithOneDigit_result
when jj = size_aa+1 then

modr := pp
kk := size_pp //activate shiftLeft
end
shiftLeft

when (kk > 0Akk < size_pp) then
if (kk > numShift) then
modr(kk) := modr(kk—numShift)
else if (kk < numshift) then
modr(kk) := 0
end
kk := kk—1
end
shiftLeft_result
when (kk = 0) then
slr := modr
hh :=1 //activate the addition event
end
addition
when (hh < size_ar) then
if (hh = size_arAcarry # 0) then
cc(hh+1) :=1
else
cc(hh) := (cc(hh)+slr(hh)+carry) mod 2
carry := (cc(hh)+slr(hh)+carry) div 2
hh := hh+1
end
end
addition_result
when hh = size_ar+1 then
ar := cc
=1
1 = 11+1
end
end

(a) MCS machine

context MCS.ctx
constants
aa
bb
size_aa
size_bb
size_res
axioms
aa € NAT; — 0..1
bb € NAT; — 0..1
0 < size_aa
0 < size_bb
size_aa < Size_Tres
size_bb < size_res
theorems
ran(aa) # @
ran(bb) # &

end

(b) MCS context

HiNg 4.5 — M&v va neit canh cia hé thone.
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BANG 4.1 — Két qua chiing minh sy dong thuan ctia hé théng da thanh phan

v6i RODIN
Thanh phan | S6 su kién S6 Ménh dé S6 ménh dé | S6 menh de
can chiing minh | da ching minh Con lai
Bitshiftt 4 9 6 3
MultiDigit 3 7 3 4
Sum 4 11 4 7
MSC 10 32 15 17

han buéc thyc hien, tir d6 suy ra dicu kién ctia sy kién multiply2BinaryNumbers
sé luon dugce théa man dan dén cac hanh dong cia sy kién nay duge thyc hien.
Do cac hanh dong nay khong chita bat ky mot bién (variant) nao nén dicu kien
clia sy kién multiply2BinaryNumbers luon thod man. Két qua 1a néu cac ménh deé
can chiing minh ctia may két hgp duge chitng minh thi sy thuyc hién ciia cac su

kién sé hoi tu.

4.3.4.3 Két qua chitng minh

Ching toi da dic ta va cai dat he thong da thanh phan thie hién cac phép toan
trén tap so6 nhi phan bang cong cu RODIN clia Event-B, chi tiét ctia dic ta duge
trinh bay trong phan Phu luc B. Bang 4.1 théng ké két qua ctia viée sinh va chiing
minh ty dong cdc ménh dé can chiing minh bang bo ching minh cia RODIN.
Trong d6, s6 ménh dé can ching minh dudc sinh ra tu dong dé bao dam tinh ding
dan ctia dic ta, mot s6 ménh dé da duge ching minh tu dong. Vi du thanh phan
Bitshiftt duge dac ta bang 4 sy kién sé sinh ra 9 ménh dé can chiing minh, trong
d6 c¢6 6 menh dé da duge chiing minh ty dong bang cong cu, cidc ménh dé con lai
da duge chiing minh thi cong (manual proving). Cac thanh phan khac trong bang

duge mo ta tuong tu.

Hinh 4.6 mo t4 mot sy kien ShiftLeftIf cia thanh phan Bitshift. Bang 4.2 mo ta
mot meénh dé can ching minh dé bdo dam tinh dinh nghia dugc ctia mot hanh
dong (well-definedness of an event Action) trong sy kién ShiftLeftIf dugce sinh ra

va da dugc chiing minh tu dong.
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MACHINE BitShiftmch
SEES BitShiftctx
Event ShiftLeftlf =

when

grdl: kk >0
grd2 : kk > numShift
then
actl: ppr(kk) := ppr(kk—numShift)
act2: kk:=kk—1

end

HiNH 4.6 — Dac ta su kien ShiftLeftIf ctia thanh phan bitshift.

BANG 4.2 — Ménh dé can chitng minh dé bédo dam tinh dinh nghia dugc ctia sy
kién BitShiftLeftIf da duge chitng minh ty dong

kk—numShift > 0
kk—numShift <1
numShift > 0
ppr € N1 — 0..1
kk >0 ShiftLeftIf/act1/WD
kk > numShift

l_

kk—numShift € dom(ppr)

Bang 4.3 mo t4 mot meénh dé can chiing minh duge sinh ra dé théa man bat bién
va chua dude chiing minh tu dong bang cong cu RODIN. Ménh dé nay dugce chiing
minh bang cach bo sung them tién dé kk—numShift € dom(ppr). Két quai ching
minh cho thay hién tai cong cu RODIN chua hd trg chiing minh ty dong hoan
toan, tuy nhién cac ménh dé chua duge ching minh tu dong c6 thé duge ching

minh bang cach bd sung céc tien dé hodc ching minh thii cong.
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BANG 4.3 — Ménh dé can ching minh dé béo toan bat bién ctia su kien Bit-
ShiftLeftlf chwa duge ching minh ty dong

ppr € N1 —0..1
size_pp > 0
numShift > 0
numsShift < size_pp
kk € N ShiftLeftIf /inv4 /INV
kk >0

kk > numShift

l_

ppr < {kk — ppr(kk—numShift)} € N1 — 0..1

4.4 Phuong phap kiém ching su dong thuin cta

hé théng da thanh phan tai mic ma nguoén

4.4.1 M6 ta phuong phap

Phuong phap kiém chiing sy dong thuan ctia hé théng da thanh phan tai mic ma

nguon duge mo ta nhu sau (Hinh 4.7).

— Ban thiét ké he théng da thanh phan dugce dic td bang cac bieu do UML hoic
Event-B,

— Nguoi 1ap trinh cai dat (sinh ma) Java dya trén cac dic ta he thong,

— Sinh mé cho giao dién clia 16p VMListener trong JPF dé kiém chiing sy tuan

thil ctia hé théng da thanh phan so v6i dic ta ciia no.

Piéc ta hé thong
Event-B,UML

Sinh mé

Ma Java

Thue thi
va kiém
chirng

Théng bao
Vi

HiNH 4.7 — Phuong phap kiém chiing sy dong thuan tai mitc méa nguon.
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Gia stt ban thiét ké he thong 13 ding dan, ngudi 1ap trinh sau do6 cai diat ma Java
theo ban thiét ké. Tuy nhién, viéc cai dit ma Java c6 thé phat sinh cac 16i khong
tuan thi theo dac ta thiét ké ctia né. Dé giai quyét van dé nay, ching toi stt dung
bo cong cu JPF dong vai tro nhu mot may ao dé thuec thi cac chuong trinh Java,
16p VMListener dugc thiét ké dé dic ta cac thudc tinh can kiém tra. JPF sé phan

tich tat ca cac duong di c6 thé trong chuong trinh dé tim ra cac vi pham néu cé.

4.4.2 Sinh ma kiém chdng trong JPF

Ching toi dé xuat thuat toan 4.2 dé sinh ma kiém tra cho 16p khuén méau
VMListener trong JPF. Trong d6, cac bién St_Start va St_Final duge st dung
dé danh dau phuong thic khéi tao va phuong thic két thic trong giao thic T
Thuat toan stt dung mot bién State va tir dong sinh ra mot bién trang thai co tien
t6 1a St_ theo sau la tén cac phuong thitc khi né dudce thuc hien. Dé kiém tra thi
tu thue hien trude khi mot phuong thite duge thiye hién thi bién trang thai State
sé duge so sanh véi bién trang thai ctia phuong thitc duge thuyc hién trude do.
Néu n6 khong thoai man thi dimg va thong bao vi pham dic ta, ngudc lai sau khi
thiyc hien xong bién State duge thay doi thanh bién trang thai ctia phuong thiic
da dugce thyc hien. Thuat toan sé ding khi bién State dat duge trang thai dich va

thong bao sy dong thuan ctia hé théng hodc gip trang thai 16i.

4.4.3 Hé théng cung cap tiéu thu

Van dé cung cap-tieu thu (producer-consumer problem) véi giao thiic song song
[' = [init, producer || consumer, close] duge dac té trong Hinh 3.4, Chuong 3. Dya
vao thuat toan 4.2 va giao dién ctia 16p VMListener [4], ching t6i xay dung méa
dé kiém chitng sut tuan thii giita ban cai dat chuong trinh va dic ta ctia n6. Hinh
4.8 mo ta két qua kiém chitng cho hé thdng cung cap tiéu thu véi bo kiém chiing
mo hinh JPF duge thyc thi trén nén Eclipse. Trong do6, tai cot bén phai mo ta
ma chuong trinh Java ciia hé théng. Két qua kiém chiing dude biéu dién trong cac

cot ben trai bao gom cac thong tin vé s6 161 vi pham dic té, vét cta 161 (trace) va



Chuong 4. Sy dong thuan ciia hé thong da thanh phan 62

Thuat toan 4.2 Sinh ma cho 16p VMListener trong JPF

Require: Dic ta hé thong da thanh phan véi giao thitc T’
Ensure: Ma kiém chiing cho VMListener trong JPF
Khéi tao bién trang thai khéi tao va két thic St_Start, St_Final
State = St_Start { Bién State kiém tra thi tit thyc hien theo I' }
while State # St_Final do
for mdi phuong thic khéi tao m thuoc giao thitc I' do
if State! = St_Start then
duing va thong bao vi pham dac ta giao thic
end if
State = St_m
end for
for moi phuong thitc n ¢6 thi ty thyc hién lién sau cdc phuong thitc trong
[ thuodc giao thic I' do
if State == St_Final then
return Sy dong thuan ciia hé thong
else if State ¢ S(I') then
{S(T"”) tap céac trang thai ciia cac phuong thiic lién trude truée phuong
thic n}
ding va thong bao vi pham dac ta giao thiic
end if
State = St_n
{Sau khi thiic xong phuong thitc n thi chuyén sang trang thai n6}
end for
end while

khong gian trang thai dugc duyeét. Ching t6i da thit nghiém véi cac chuong trinh
Java dugc cai dat diung tuan tha theo giao thic I' va sai khong tuan thi theo
giao thite. Két qua cho thay phuong phap nay da phat hien duge cac vi pham clia

chuong trinh so véi dac ta thiét ké ctia no.

4.5 Két luan

Trong chuong nay, luan an da dé xuat cac phuong phap dac ta va kiém chitng sy
dong thuan ctia hé théng da thanh tit mic thiét ké dén cai dit ma nguon chuong

trinh.

Phuong phap kiém ching thiét ké sit dung phuong phap hinh thic v6i Event-B,

modi thanh phan duge dic td bing mAay tritu tuong tham chiéu dén mot ngit canh
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$ystem.out.printin{"Ready (p to produce, ¢ Lo consume):");
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char ch = (char)i:
switchich) {
case 'p': po.produce(): break:
case 'c': pc.consume(); break;

H
i}
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Hint 4.8 — Kiém chitng ma nguon hé théng cung cap-tieu thu véi JPF.

clia n6. Sy tuong tac gitta cac thanh phan duge dic td qua mot giao thic tuong
tac hodc thuat toan xac dinh. Cac giao thiic hosic thuat toan nay sé lam thay doi
trang thai ctia cac sy kien. Cac may thanh phan va ngit canh ciia n6 sau do sé
dugc két hop lai thanh mot dang méy tong quat ctia hé théng. Sau dé ching toi st
dung cong cu ctia Event-B dé hinh thiic va phan tich sy dong thuan ctia hé thong
thong qua may két hgp. Ching to6i da dé xuat cac quy tic dé dic ta giao thic
tuong tac (bao gom giao thic tuan ty va song song). Phuong phap nay dugc minh
hoa thong qua mot hé thong da thanh phan thyc hién cic phép toan trén tap cac
s6 nhi phan. Trong hé théng nay, két qua ctia phép nhan hai s6 nhi phan duge thue
hién qua sy tuong tac gitta cdc thanh phan nhan mot bit multiplyWithOneDigit,
dich trai shiftLeft v cong Sum. Ching t6i da chiing minh sy dong thuan ctia hée

thong da thanh phan nay véi sy ho trg clia cong cu chiing minh RODIN .

Trong phuong phap kiém chiing mitc ma nguon, ching toi mé rong bo cong cu
kiém chiing mo6 hinh JPF dé kiém chiing sut tuan thii gitta ban cai dat ctia chuong
trinh so véi dic ta thiét ké ctia n6. Phuong phap nay sit dung cac bieu do UML
hosic Event-B dé dac td he théng, dua vio cac diac td nay, ching toi sinh ma

cho giao dién ctia 16p VMListener trong JPF dé kiém ching su tuan thi giita ma
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chuong trinh Java va dac ta thiét ké ciia n6. Phuong phap nay da duge minh hoa

qua hé thong cung cap-tiéu thu.

Tuy nhién, cac phuong phap da dé xuat chua duge thie nghiém véi cac hé thong
16n gdom nhiéu thanh phan. Trong tuong lai ching toi sé tiép tuc thit nghiem véi

cac he thong 16n, cai diat cong cu hd trg sinh ma Java tir dic td Event-B.



Chuong 5

Su tuan thu gita thuc thi va dac

ta giao thitc tuong tac

5.1 Gi6i thigu

Trong cac chuong trinh huéng déi tugng, tuong tranh giao thitc tuong tac (interac-
tion protocol) dac ta cac rang budc vé thit tu thyc hieén ctia cac phuong thiic trong
cac 16p hay cac thanh phan phai dudce thda man tai thoi diém thyc thi chuong
trinh. Moi khi giao thitc tuong tac bi vi pham thi c6 thé gay ra cac 16i hé thong.
Tuy nhién, cac giao thitc nay duge dinh nghia an v khong duge kiém tra tai qua
trinh bién dich (Dinh nghia 3.1, Chuong 3).

Hién nay, c6 hai phuong phap kiém chiing tinh [58] va dong (kiem ching tai thoi
diém thuyc thi) [32, 34, 50] dé kiém tra sy tuan thi ctia giao thiic tuong tac. Mbi
phuong phap déu cé cac wu va nhuge diém rieng. Trong dé, cac phuong phap phan
tich tinh thuong t6t hon cac phuong phap dong do céc vi pham dude phat hien
s6m ma khong phai thuyc thi chuwong trinh. Tuy nhién, cac phuong phap dong co
thé phat hien duge cac vi pham giao thiic trong cac chuong trinh tuong tranh ma

cac phuong phap tinh chua thé phat hien duge.

Trong chuong nay, ching toi dé xuat mot cach tiép can kiém chitng dong sy tuong
tac gifta cac thanh phan trong chuong trinh tuong tranh st dung lap trinh huéng
65
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khia canh. Cac vi pham dudc phat hién trong budc kiém thit, tai thoi diém thuc thi

chuong trinh. Céc két qua chinh ctia phuong phap duge trinh bay trong [21, 75, 78].

Cac phan con lai ctia chuong nay ducc cau tric nhu sau. Muc 5.2 gi6i thiéu bai
toan kiém ching su tuong tac gitta cac thanh phan trong chuong trinh tuong tranh.
Muc 5.3 trinh bay phuong phap gidi quyét bai toan st dung AOP. Cac két qua

thie nghiem va két luan duge trinh bay trong Muc 5.4 va 5.5.

5.2 Bai toan kiém chitng su tuan tha giia thuc

thi va dac ta giao thitc tuong tac

Gia stt mot giao thiic tuong tac ciia mot hang dgi tuong tranh (Concurrent Queue
- CQ) v6i bon phuong thiie duge cai dit cho phép goi cuing lic bdi mot luong cung
cap Producer day cic phan tit vao hang dgi, va nhiéu luong Consumer ciing thao
tac v6i cac phan tit trong hang doi (Hinh 3.4, Chuong 3). Tai trang thai tritu tugng
OPENED, cac ludng Consumer c6 thé goi cac phuong thiic enqueue () hodc dequeue ()
dé b6 sung hoic loai bé cac phan tit ciia hang dgi. Khi luong Producer goi phuong
thitc close() dé chuyén sang trang thai tritu tugng CLOSED thi cac phan tit khac
sé khong dugce bo sung hoac loai bd tit hang dgi. Khi d6 bai toan kiém ching su
tuan thu gitta thire thi va dac ta giao thic tuong tac trong cac chuong trinh tuong

tranh duge dac ta4 nhu sau :

1. Thit tu thyc hién cta cac phuong thic trong chuong trinh phai tuan thu
theo cac cung trong Hinh 3.4 13 mot duong di tit trang thai dau dén trang
thai két thic. Trong d6, hai phuong thiic dequeue(Q,x) va enqueue(Q,x) c6
thé duge goi dong thoi béi cac ludong khéac nhau.

2. Khi phuong thiic enqueue (Q,x) dudc thite hién thi tién diéu kieén 1a hang doi
chua day va hau diéu kien 1a x phai duge day vao hang dgi. V6i phuong thiic
dequeue (Q,x) thi tien diéu kién 1a x thuoc hang doi va hau diéu kien 1a x

dugc loai b khéi hang doi.
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Gia sit dic ta thiét ké giao thiic nay la ding dan. Tuy nhién, cai dat ma nguon
chuong trinh c6 thé vi pham céc dic ta thiét ké ciia giao thitc. Thong thudng cac
vi pham nay khé duge phat hién trong bude kiém thit bing cac bo dit lieu dau

vao va dau ra.

5.3 Phuong phap dic ta va kiém ching su tuan
thu gitta thuc thi va dac ta giao thic tuong

tac
5.3.1 Mo ta phuong phap

Chiing toi dé xuat phuong phéap kiém chiing sy tuan thi gitta thiyc thi va dic ta

giao thic tuong tac trong cac chuong trinh tuong tranh nhw sau (Hinh 5.1).

1. Sit dung biéu thitc chinh quy md rong (RE) hodc may trang théi giao thiic
(PSM) dé dic ta giao thiic tuong tac (IPC),

2. Nguoi lap trinh cai dat cac ting dung dya trén cac dac ta IPC,

3. Cac ma aspect sinh ra duge tu dong dan v6i ma cia cac chuong trinh tng

dung dé kiém chiing dong sy tuan thi giita thuc thi va dic ta IPC.

5.3.2 Dac ta giao thic tuong tac

5.3.2.1 Biéu thtc chinh quy mé rong cho biéu dién giao thic tuong

tac

Chiing t6i md rong biéu thiic chinh qui [29] dé biéu dién IPC duge dinh nghia nhu

sau.

Dinh nghia 5.1 (Biéu thiic chinh quy md rong). Regular Ezpression - RE la
mot bo nam RE =< M, O,S, Pre, Post >. Trong do, M = {my, my,...,m,} la

bing chii cdi Sigma gom mot tap hiu han cic phuong thic, O = {0y, 09, ..., 0,}
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Cai dat
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kigm chirng

HiNH 5.1 — So do hoat dong ctia hé thong.

la tap hiu han cdc doi tugng, Pre, Post la tap hitu han cdc tién va hau diéu
kién, S = {s1, 82, ..., $p} la tap han cdc biéu thic biéu dién cdc phuong thic. s &
[PreJo.m[Post] | s = s| s|s | sl s|s|s|(s) Vdime M,se€ S vaoceO.
s — s la sy két hgp ciia hai hodc nhiéu biéu thiic tuan tu, s | s phép hodc, s || s
phép song song, s khong hodc ldp lai nhiéu lan, sT mot hodc ldp lai nhicu lan, (s)

biéu thiic két hop.

Vi duy, giao thiic ctia hang dgi tuong tranh trong Hinh 3.4 duge biéu dién bang
biéu thiic chinh quy md rong sau : init(Q) — ([Q.z = True]dequeve(Q, z)[Q.1 =
False] | [Q.Full = False]enqueue(Q, z)[Q.x = True]) — close(Q).

V6i AOP chiing ta c6 thé sit dung cac ky tu dai dién cho phuong thitc ciing véi
cac tham s6 ctia n6. Trong do6, "*" dai dién cho mot ky tu bat ki va .. dai dién
cho tat ca cac tham sb6. Vi du st*(..) sé dai dién cho cac phuong thic bat dau

bdi hai k¥ tu st, cic tham s6 1a bat ki.

Dua vao dic trung nay, ching toi dé xuat sit dung ky tu dai dién trong cac bicu
thiic chinh quy suy rong dé dic ta giao thic tuong tac. Dé thay cac dac ta nay sé

ngan gon hon so véi cac phuong phap khac nhu trong [33, 37, 58].
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Vi du giao dién ctia 16p BytesMessage trong thu vién J2EE ctia Java c6 khoang
mudi hai phuong thiic doc va ghi ting véi cac kieu dit lieu khac nhau. Giao thiic
tuong tac clia n6 duge dac ta bing biéu thitc chinh quy [33], automat [58] sé dai
hon so véi biéu thitc chinh quy suy rong st dung céc k¥ tu dai dien. Mot phan

cia dac ta cho giao thitc trén bang biéu thitc chinh quy nhu trong Danh sach 5.1.

void acknowledge ():
{
boolean readBoolean () |
byte readByte () |
int readBytes(bytel[]) |
int readBytes(bytel], int) |
char readChar () |
double readDouble () |
float readFloat () |
int readInt () |
long readLong () |
short readShort () |
int readUnsignedByte () |
int readUnsignedShort () |
java.lang.String readUTF ()
I+
:void clearBody ()

DanNH SACH 5.1 — Dac t& RE cho giao thiic cta 16p J2EE.

Dic ta bing bicéu thitc chinh quy suy rong véi cac ky tu dai dien nhu sau.

* ax(Q: {x rx(.D)F*x o x cx().

5.3.2.2 Biéu dd6 PSM cho biéu dién giao thiic tuong tac

Biéu do PSM trong UML2.0 [27, 45] biéu dién thit ty thyc hién clia cac phuong
thiic cling v6i rang budc vé cac menh dé tien va hau dieu kien duge st dung dé

dac ta IPC. Chiing t6i dinh nghia hinh thitc nhu sau :
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Dinh nghia 5.2 (May trang thai giao thiic). Protocol State Machine - PSM la
mot bo bay thanh phan PSM =< 8,5, M, Pre, Post, so, f >. Trong dé, S la tap hiu
han cdc trang thdi, M la tap cdac phuwong thite, Pre, Post la tap cac tién diéu kién
va hau diéu kien. 5 C SxPrex M x Post — S la ham chuyén trang thdi. sy, f € S

lan lugt la cdc trang thdi dau va két thic.

Hinh 3.4 biéu dién biéu do PSM cho giao thiic tuong tac ctia hang doi tuong tranh,
thit tu thuc hién ctia cac phuong thitc duge thé hién bang céc cung trong bicu
do. Trong d6 S = {OPEN, CLOSE}U{sy,f}, Pre = Q.x = True, Q.Full = False,
Post = {Q.x = False, Q.x = True}, M = {init(Q), dequeue(Q, ), enqueue(Q, x),

close(Q)}, § = {so init(Q) — OPEN, OPEN[Q.x = True|dequeue(Q,z)[Q.x =
False] - OPEN, OPEN|[Q.Full = False]enqueue(Q, z)[Q.x = True] — OPEN,

OPEN close(Q) — f}.

5.3.3 Sinh ma aspect

Muc nay trinh bay thuat toan tu dong sinh mé kiém chiing aspect tit dic ta IPC.
V6i dac ta dang PSM chiing toi sinh ra dd thi c6 huéng dé bicu dién IPC bang
thuat toan trong Thuat toan 5.1. Véi dic t& RE md rong dude dua vé dang RE
chuan bing phép bién doéi méi s=[Prejo.m[Post] thanh mot ky tu a € 3 (mot ky tu
thuoc bang chit cdi ciia biéu thitc RE chuan). Tt dang RE chuan ching toi chuyén
sang may trang thai hitu han ( Finite State Machine-FSM) bang thuat toan trong
[51]. M&a aspect sau d6 dugce sinh ra tu dong tit cac dac td& PSM va FSM.

Qua trinh tu dong sinh ma aspect gom ba budce chinh sau. Bude 1 Khéi tao mau

aspect sé dugc sinh ra tur dic ta gao thic tuong tac nhu 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";
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Thuat toan 5.1 Sinh do thi bieu dién IPC tit diac ta PSM

Require: dac ta PSM

Ensure: Do thi G = <V, M> dic ta giao thitc. Trong d6 : V 1a tap cac dinh clia
do thi (duge bicu dién bang tap cac sd nguyén), M 1 tap cac cung cia do thi,
M = {[Pre;|my[Posty], [Pres|my| Posty), ..., [ Pre,|my, | Post,]} 1a tap cac phuong
thiic v6i cac tien va hau diéu kien thuoc giao thic, cic cung ctia do thi dude gan
nhan 1& cac phuong thic thuoe M, cidc dinh duge gan nhan 1a cac s6 nguyen.
Céc cung nay thé hien moi quan hé phu thuoc gitta cac phuong thiic trong IPC.

1. Tao ham song anh u M — {1.. | M |}, | M | lyc lugng cia tap M, céac s6
nguyén nay la tap cac dinh ctia do thi.

2. Tao mot dinh vao va gan nhan bang 0, véi méi m thuoc M, (tap cac dinh vao
clia méy trang thai (o — M) tao mot cung tit dinh vao dén dinh p(m), gan
nhan la [pre,,|m[post,,].

3. V6i moi cung dang m — m' thuoc PSM tao mot nat ti p(m) t6i p(m') va
gan nhan la {pre,, } m'{post,, }.

4. Tao mot dinh két thuc, véi méi m — @ thuodc dinh két thic trong PSM, tao
mot cung tir p(m) t6i dinh két thice vita tao.

DANH SAcH 5.2 — Khdi tao mau aspect.

V6i aspect mau trong Danh sach 5.2, chung toi khai bdo tén ciia aspect 1a ProtocolCheck
va import cac thu vien clia AspectJ dé dan xen ma, xau #CONST# sé dudc thay
thé bang cac trang thai clia méi phuong thiic trong giao thic. Xau # ADVICES#
sé dugc thay thé bang cac diéu kien kiém tra trudc va sau (pointcut) clia phuong
thitc khi n6 duge thuc hién. Phuong thiic log(JoinPoint jp) sé thong bao céc
phuong thitc va vi tri ctia n6 khi vi pham dac ta. Bude 2. Khéi tao mau pointcut

sé dugc sinh ra tiur dac ta gao thiic tuong tac nhu sau.

static String pointcutTemplate =

"\n" +" pointcut pc_#SIG_NM#(#CLS_NM# o):\n"+" target(o)\n"+
" &&call (#SIG#);\n"+" before (#CLS_NM# o) :pc_#SIG_NM#(o){\n"+
" if (!(#PRE_COND#))\n" +" log(thisJoinPoint);\n"+" J}\n"+

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

DANH SACH 5.3 — Khdi tao mau pointcut.
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Trong pointcut mau Danh sach 5.3 xau #SIG_NM# sé dugc thay thé bang tén
ctia mdi phuong thitc trong giao thitc, # CLS_NM# sé dugc thay thé bang tén
clia 16p tuong ting. Xau #PRE_COND# va #POST_COND# sé dugc thay thé

bang cac biéu thitc tién va hau diéu kien.

Budc 3. Céc biéu thic tién va hau diéu kien duge chia lam hai loai. Loai mot kiém
tra thit tur thie hién ciia cac phuong thiic trong giao thitc. Loai hai dac ta cac diéu

kién trude va sau ctia moi phuong thiic phai théa man khi né duge thiye hién.

Budce 3.1. V6i biéu thic tién va hau diéu kien loai mot thi méi phuong thic trong
giao thiic ching toi tir dong sinh ra mot bién trang thai c6 tien t6 1a ST_, theo
sau la tén cac phuong thitc. Méi khi phuong thitc duge thie hién thi bién trang
thai dugc gan bing trang thai ctia phuong thitc d6. Ham sinh biéu thic tién diéu

kién dugce 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 (src.length() > 0) src += "";
src += "o.state==ST_" +getMethodName(s);

3

return src;

DANH SACH 5.4 — Sinh biéu thtc tién va hau diéu kien.

Budce 3.2. Véi cac biéu thiic tién va hau diéu kien loai hai, ching t6i giéi han duge
diic t& dudi dang céc biéu thic logic ciia Java (budc 2 va 3, thuat todan trong Thudt
toan 5.1). Cac biéu thiic nay duge doc truc tiép tit dic td va dua vho pointcut

mau trong budc 2.
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5.3.4 DPan ma aspect

AspectJ cho phép dan xen ma aspect véi cac chuong trinh Java & ba mic khac
nhau : mtic ma ngudn, méa bytecode va tai thoi diém nap chuong trinh khi chuong

trinh goc chuan bi duge thuc hien.

Dan ¢ miic ma nguon, Aspect] sé nap cdc ma aspect va Java ¢ miic ma nguon
(.aj va .java), sau d6 thyc hién bién dich dé sinh ra ma da dugce dan xen bytecode,
dang .class. Dan xen ¢ miic ma bytecode, AspectJ sé dich lai va sinh ma dang
.class tit cac cadc ma aspect va Java da duge bién dich 6 dang ma (.class). Dan xen
tai thai diém nap chuong trinh (load time weaving), cic ma ciia aspect va Java
dang .class duge cung cap cho méay 4o Java (JVM). Khi JVM nap chuong trinh

dé chay, bo nap 16p clia AspectJ sé thuc hién dan ma va chay chuong trinh.

V6i viee dan xen ¢ miic ma bytecode va tai thsi diém nap chuong trinh thi phuong
phap nay cé thé duge sit dung ma khong yéu cau phai c¢6 ma ngudn. Khi thay doi

dic ta thi mdi phai sinh va bién dich lai ma aspect.

5.4 Thuc nghiém

Chiing toi da cai dat phuong phap nay thanh mot cong cu kiem ching PVG
(Protocol Verification Generator - PVG). Dau vao cta cong cu PVG la cac FSM
hodc do thi c6 huéng biéu dién giao thiic tuong tac. Dau ra la cac méa kiém chiing

aspect ctia AspectJ. Chi tiét vé cong cu duge trinh bay trong Phu luc C.

Thitc nghiém duge tién hanh trén 16p StreamBuffer véi ba phuong thiic open(),
read() va close(). Giao thiic tuong tac duge dic tad bang biéu thitc chinh quy
open() — (read() — close()) mo t& phuong thic open() duge thuc hién trude
sau d6 13 mot hodc nhiéu lan goi phuong thiic read(), cudi cing la phuong thiic

close() dudc goi dé gidi phong tai nguyen.

Hinh 5.2 minh hoa mot chuong trinh duge cai dat tuan tha theo dung giao thic

bén trai va sai bén phai (do phuong thic close(..) khong dugc goi). Céc chuong
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trinh tuong tranh nay duge xay dung dé tinh tong céc s6 nguyen trong file. Thuc
hién kiém thtt cac chuong trinh trén véi cac input/output khac nhau, cac két qua
cho thay ca hai chuong trinh déu cho két qua ding nhu nhau. Tuy nhién khi dan
ma cua cac chuong trinh trén véi ma aspect duge sinh ra tit cong cu PVG ching

toi da phat hién dugce vi pham rang budc ctia chuong trinh duge cai dat sai bén

phéi.

public class Mytest extends thread
{
private int num;
public void run() {
try {
InputStream f=new FileInputS-
tream("file.txt"); //open()
int ¢, s=0;
while ((c=f.read())!=-1){
System.out.print((char)c) ;
S=s+cC;
}
f.close() ;
System.out.print(s) ;
catch(Exception e) {
e.printStackTrace() ; }
}

public Mytest (int n) {
super() ;
num=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 FileInputS-
tream("file.txt"); //open()
int ¢, s=0;
while ((c=f.read())!=-1){
System.out.print((char)c) ;
S=s+cC;

//phuong thic f.close() khong duge goi
System.out.print(s) ;
catch(Exception e) {
e.printStackTrace() ; }
}

public Mytest (int n) {
super() ;
num=n;
}
public static void main(String[|args
{
Mytest t1=new Mytest (1);
tl.start();
}
}

(a) Chuong trinh ding

(b) Chuong trinh sai

HiNH 5.2 — Vi du cac chuong trinh dugce cai diat dang va sai.

Bén canh giao thiic nay, ching t6i cling da thi nghiém véi cac giao thic khac
trong [34, 37, 57, 58, 78]. Cac giao thitc nay duge dic ta bang cac RE va PSM.
V6i méi dac ta nay ching toi st dung cong cu PVG dé sinh cac ma aspect ciia
Aspect]J va dan tit dong véi cac chuong trinh Java mo phong dé kiem chiing st
tuan thu gitta sit cai dat déi véi dic ta giao thide. Cac két qua thuc nghiem trong

Bang 5.1.
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BANG 5.1 — Thuyc nghiém kiém ching su tuan thii gitta thuc thi va dac ta giao
thiic tuong tac

Lép (Java) S6 SO test Ty 1é Ty lé gia
p.thic | ding/sai | phat hien(%) | tang thoi gian(%s)
Applet 5 10/20 100 0.915
StreamReader 6 5/15 100 0.923
ReadWrite 4 6/10 100 0.974
Iterator 3 2/3 100 0.533
Stack ) 2/5 100 0.915
LinkedList 9 5/15 100 1.542
ConcurrentQueue 4 3/5 100 0.974
Roster 2 2/2 100 0.323

Trong d6, mdi 16p trong cot 1 bén trai ciia Bang 5.1 tuong ting vé6i s6 cac phuong
thitc ctia giao thiic trong cot 2. Ching t6i xay dung chuong trinh mo phong cho
timg 16p véi s6 cac ca kiém thit dang va sai khac nhau trong cot 3, két qiia phat
hién trong cot 4. V6i cac ca kiém thit dang thi cac 16p dude cai dit tuan thi ding
diic ta giao thitc. Ngugc lai, véi cac ca kiém thit sai thi sé c6 it nhat mot phuong
thitc thye hién khong dang dac ta (cde vi pham vé thit tu thuc hién, tién va hau
dieu kién, zem Hinh 5.2). Céc giao thiic déu duge dic ta dudi ca hai dang RE va
PSM. Céac chuong trinh moé phong trude va sau khi dan ma AspectJ dugce chay
20 lan véi méi lan chay thi s6 ludng duge tang dan tit 1 dén 20 luong. Dé danh
gia thoi gian thyce hién cta cac chuong trinh truée khi dan ma aspect so v6i thoi
gian thuc hién sau khTiL dan ma chung toi tinh ty 1é gia tang thoi gian trung binh

| ts;—tt; |
bing cong thiic 7 = = x100%. Trong do, ts; va tt; lan lugt 1a thoi gian
thire hién ctia chuong trinh trude va sau khi dan ma aspect & lugt chay thi i, n 1a
tong s6 luot chay clia chuong trinh trude va sau khi dan méa. Thoi gian thic hien
clia cac chuong trinh trude va sau khi dan ma dugde tinh bang hiéu clia thoi gian
hién tai ctia hé théong truée khi chuong trinh duge thuyc hién véi thoi gian hien
tai cia hé thong sau khi chuong trinh thite hién xong. Két qua thiyc nghiém trong
Bang 5.1. D6i v6i cac giao thitc mo ta trong cot 1 ctia Bang 5.1 thi két qué thuc

nghiém cho thay :
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1. Céc aspect dugc sinh ra ding so vdi cac dic ta giao thiic, nhat quin gitta

biéu thiic chinh quy vA méy trang théi giao thiic,

2. Cac aspect khong lam thay doi hanh vi ctia chuong trinh gbc ngoai trit thoi

gian chay va kich thudc ctia chuong trinh,

3. Da phat hién dugc cac vi pham tuong tac (thi tu thiuc hién), tién va hau
dieu kién ctia cac phuong thitc duge cai dat ma khong tuan thi theo dic ta
IPC,

4. Thoi gian chay sau khi dan ma aspect sé tang ty lé thuan véi s6 luong trong

chuong trinh va s6 phuong thie dude mo ta trong giao thiic.

5.5 Két luan

Giao thitc tuong tac dic ta cac rang budc ve thit ty thyc hién clia cac phuong
thiic trong cac 16p hoac cac thanh phan phan mém, cac biéu thic tién va hau diéu
kién ctia moi phuong thitc khi né duge thiyce hién. Sy vi pham gitta cai dat va dic
ta giao thitc nay tai thoi diém thuc thi c6 thé gay ra cac 16i he thong. Tuy nhien,
thiét ké giao dién ctia thanh phan phan mém chi dic ta cac rang budc vé kiéu
dit lieu va gia tri trad vé ciia mdi phuong thitc. Hon nita, cac trinh bién dich ciing

khong kiém tra cac rang buoc ciia giao thic nay.

Trong chuong nay, luan an da dé xuat mot phuong phéap kiém chiing sy tuan thi
gitta thie thi va dac ta giao thic tuong tac st dung lap trinh huéng khia canh.
Phuong phap nay st dung may trang thai giao thitc ctia UML va biéu thiic chinh
quy dé dic ta giao thiic tuong tac. Cac méa aspect duge tur dong sinh ra tit cac dic
ta nay sé dan ty dong véi ma clia cac ting dung dé kiem chitng sy tuan thu giita

thue thi va dac ta giao thiic tuong tac.

Chiing t6i da cai dat phuong phap nay thanh mot cong cu kiém chitng va chay
thit nghiém véi ngon ngit 1ap trinh Java thong qua mot sé giao thiic thuyc té. Két
qué thuc nghiem ban dau cho thay phuong phap duge dé xuat c¢é thé phat hien

dugde cac vi pham rang buoc thiét ké clia giao thitc tuong tac trong cac chuong
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trinh tuong tranh. Han ché ctia phuong phap nay ciing nhu cac phuong phap kiém
ching dong khéc la phai thuce thi chuong trinh, vi pham chi duge phat hién trong
buée kiém thit. Hon nita, mé aspect dudge dan vao sé lam tang kich thude va thoi

gian thyc thi ctia cac chuong trinh.

Trong tuong lai, chiing toi sé tiép tuc mé rong phuong phap nay dé kiém chiing cac
bat bién ddi tugng (object invariants), cac rang budce thoi gian (timing constraints),
va cac rang budc khac trong cac chuong trinh tuong tranh. Tién t6i phat trién
moi truong kiem ching hoan thién dya trén lap trinh huéng khia canh dé kiém

chiing sy tuan thu gitta thiét ké véi cai diat ma nguon chuong trinh.



Chuong 6

Rang budc thoi gian gitra cac
thanh phan trong chuong trinh

tuong tranh

Rang buoc thoi gian gitta cdc thanh phan déng vai tro quan trong trong cac heé
thong phan mém dic biéet véi cac he thong thoi gian thiyc, hé thong nhing. Chuong
nay ching to6i dé xuat mot phuong phap kiem chiing sy tuan thi vé rang budc
thoi gian gitta cac thanh phan phan tuong tranh so véi dac ta st dung lap trinh
hudéng khia canh. Trong d6, rang budc thoi gian gitta cac thanh phan duge dac ta
bang biéu do thoi gian cia UML ( Unified Modeling Language) va biéu thiic chinh
quy thoi gian. T cac dac ta nay ma aspect sé duge tir dong sinh ra va dan véi ma
ctia cac thanh phan dé tinh thoi gian thue thi tit dé kiém ching su tuan thi so véi
ddc tid. Phuong phap nay da duge thiyc nghiém véi nhiéu thanh phan phan mém
khac nhau. Két qua thuc nghiem cho thay phuong phap dude dé xuat da phat
hién dugce cac vi pham rang budc thoi gian gitta cac thanh phan phan mém so véi

diic ta. Cac két qua chinh ciia phuong phap nay dugde trinh bay trong [22, 74].

78
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Cac phan con lai ctia chuong nay duge cau tric nhu sau. Muc 6.2 trinh bay bai
toan kiém chitng rang budc thoi gian giita cac thanh phan tuong tranh. Phuong
phép kiém chiing rang budc thoi gian giita cac thanh phan sit dung AOP dugc
trinh bay trong Muc 6.3. Muc 6.4 trinh bay mot s6 két qua thuce nghiém, cudi ciing

la cac két luan va huéng phat trién tiép theo ctia phuong phap duge dé xuat.

6.2 Bai toan kiem ching rang budc thoi gian

gitta cac thanh phan tuong tranh

Gia stt he thong rut tien ty dong cia may ATM (ATM - Automatic Teller Machine)
gom ba thanh phan khach hang duge biéu dién bang déi tugng user, bo diéu khién
ATM dugc biéu dién bang déi tugng ATM va thanh phan cudi cling may chii ngan
hang dudc bicu dién bang déi tuong Bank. Khi do, bai toan kiém ching cac rang
buoc thai gian thie thi gitta cac thanh phan ctia hé théng ATM duge dic ta nhu
sau (Hinh 6.1).

1. Thoi gian thuyc thi cia phuong thiic Withdraw(..) dudc thie hién v6i doan
thoi gian dap tng cho phép 1a [ay, by]. Sau d6 lan lugt dén cac phuong thiic
CheckBalanceAccount(..), CheckBalanceATM(..) va Return(..) dudc thuc
hién v6i doan thoi gian cho phép tuong tng 1a [ag, bsl, [a3, b3] va [ay, bs]. Cubi
cung, phuong thitc GiveMoney(..) dudc thuc hién véi thoi gian dap tng la
[as, bs).

2. Tong thoi gian thuc hién ctia cac phuong thic trén khong duge vot qua
ngudng 6 cho phép.

3. Céc phuong thiic CheckBalanceATM(..) phai két thic trudc phuong thic
CheckBalanceAccount (..). Hai phuong thitc nay duge thyc hién song song

v6i nhau.

Mot cach tong quat mdi sy kien E; duge gan véi doan thoi gian thuc thi [t t,]

voi t;, < t;,. Thit tu thuc hién ctia cac sy kién nay duge dinh nghia nhu sau.
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HiNH 6.1 — Biéu do thoi gian ctia giao thiic rat tién.

Dinh nghia 6.1 (Hai sy kién tuan tw). Hai su kién Ey va By duge thuc hién tuan
tw nhau khi va chi khi ty, > t, hodac t, > to,.

Dinh nghia 6.2 (Hai su kién dan xen). Hai su kén E, va E, dan xen nhau
khi va chi khi ty, € [to,, to,] hay t, € [to,, ta,] hodc nguoc lai to, € [t,, t,] hodc
ty, € [th? t12]

Dinh nghia 6.3 (Hai su kién song song va phti nhau). E; va Ey song song va phi
nhau khi va chi khi ty,, t, € [ta,, ta,] hodc ty, ta, € [t1,, t1,].

Dinh nghia 6.4 (Hai sy kién song song tai cting mot thoi diém). Hai su kien F;

va Fy dugc thiuc hién song song tai cung mot thoi diém khi va chi khi t, = to,.

6.3 Phuong phap dic tia va kiém chidng rang

budc thdoi gian

6.3.1 Mo ta phuong phap

Chiing toi dé xuat phuong phap kiém chiing sy tuan thii vé rang budc thoi gian
trong cac ting dung phan mém nhu sau (Hinh 5.1, Chuong 5).
1. Sit dung biéu do thai gian (Timing Diagram-TD) hodc biéu thiic chinh quy
thoi gian ( Timed Regular Expression — TRE ) dé dac ta rang buoc thoi gian
(Timing constraint ~TC),
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2. Ty dong sinh méa aspect tir dac ta TC,

3. Ma aspect sinh ra duge tyr dong dan vao trude va sau ma thuc thi cia moi
thanh phan trong chuong trinh dé kiém ching dong su tuan thi véi cac TC.
Khi cac chuong trinh duge thyc hién thi cac ma dan xen vio cé thé phat
hién duge chinh xac cac thanh phan vi pham vé6i dic td& TC. Trong khi do,
cac hanh vi clia chuong trinh va thoi gian thuyc thi ctia cac thanh phan sé

khong bi thay doi.

6.3.2 Dac ta rang budc thoi gian

Trong muc nay chung t6i dinh nghia hinh thic cac rang budc thoi gian, sau do 1a
phuong phap dic ta cac rang budc nay dua trén biéu do thoi gian va biéu thic

chinh quy thai gian.

Dinh nghia 6.5 (Rang budc thoi gian thuc thi). Rang buoc thoi gian thuc thi
ctia mot thanh phan TC la doan thoi gian ddp 1ing cho phép cia né khi dugc thuc
thi, duogc biéu dién bang mot bo hai thanh phan TC = [a, b] trong dé a,b € N va

a<b.

Vi du trong Hinh 6.1 gia stt a; = 10ms, by = 30ms va 7 (Withdraw(..)) la thoi gian
thite thi ctia thanh phan Withdraw(..). Khi d6 rang buoc thoi gian thice thi clia

thanh phan nay 1a doan thai gian [10,30] v6i 10ms < 7( Withdraw(..)) < 30ms.

Dinh nghia 6.6 (Rang buoc thoi gian gita cdc thanh phan tuan tu). Gid si r;
va ¢; lan lugt la thoi diém bat dau va két thic thue hién cia mot thanh phan TC;,
thoi gian thuc thi t; = ¢;—ry, t; € [ag, bi], vdi i=1,... ,n (t; théa man rang buoc thoi
gian ctia mot thanh phan, Dinh nghia 6.5). Khi dé rang budc thoi gian gitia cdc
thanh ]zlhdn la tong thoi gian thoi gian thuc thi khong duge vuot qua ciia cdc thanh
phanti <0 ,vdi6ecN.
i=1
Gia stt 7(a) 1a thoi gian thyc thi ctia thanh phan o va tong thoi gian thyc thi

clia cac thanh phan tuan ty Withdraw(. .), CheckBalanceAccount(..), Return(..),
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GiveMoney(..) khong vugt qua nguong ¢ = 55ms. Khi d6 ta c¢6 rang budc thoi
gian gitta cdc thanh phan tuan ty nay nhu sau (Dinh nghia 6.6). T (Withdraw(..))

+ 7(CheckBalanceAccount(..)) + 7(Return(..)) + 7(GiveMoney(..)) < 55.

Dinh nghia 6.7 (Rang budc thoi gian giita cac thanh phan tuong tranh). Gid
st T(an), 7(n), ..., T(ay) la thoi gian thuc thi tuong wng clia n thanh phan tuong
tranh o, 0o, ..., a,. Khi dé rang budc thoi gian gitta cdc thanh phan nay duogc

dinh nghia nhu sau 7(a;) X 7(a;) voi Xe {<, <, >, >, # =} vai,j =1.n,1#j.

Gia st hai thanh phan CheckBalanceAccount(..) vi CheckBalanceATM(..) ducc
thuc hien song song tai cing mot thoi diém (Hinh 6.1). V6i rang bude 1a thanh phan
CheckBalanceATM(..) phai két thic truée thanh phan CheckBalanceAccount(..).
Khi d6 ta c6 rang buoc thoi gian gitta hai thanh phan tuong tranh nhu sau (Djnh

nghia 6.7). T(CheckBalanceAccount(..)) > 7(CheckBalanceATM(..)).

6.3.2.1 Biéu thiic chinh quy thoi gian

Biéu thtic chinh quy thoi gian (Timed Regular Expression -TRE) [13] 1a su mé
rong cua biéu thic chinh quy dé dic td cac rang buoc thoi gian doc lap véi ma

nguon chuong trinh dé sinh ra ma aspect. Ching toi dinh nghia nhu sau.

Dinh nghia 6.8 (Bicu thic chinh quy thoi gian). TRE la mot b ba TRE =
<C, M, S>. Trong dé, C = {c1,ca,...,cn} la tap hitu han cdc thanh phan, M =
{my, mg,...,my} la tap hiu han cic phuong thic, S = {s1, S, ..., s} la tap hiu
han cac biéu thic biéu dién moi lien hé gitta cac thanh phan dudc dinh nghia
nhu sau s = c.omf[a,b] | sos | s| s|s | st. Trong ds, m € M; a,b € N;
ce€ Cys,8,8 €8S wdii,j={1.k};s — s lasukét hop cia hai hodc nhieu biéu
thiic tuan tu; s; o s; : phép hodc; s; || s; : phép song song (cic phuong thiic trong
s; Va4 8; €O thé duoe thuc hién song song); s : khong hodac lap lai nhiéu lan; st :

mot hodc lip lai nhiéu lan.

Vi du biéu do thoi gian trong Hinh 6.1 duge bicu dién bing mot bicu thiic chinh

quy thoi gian TRE sau :
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USER.Withdraw(..)[ay, by] — (ATM.CheckBalaneAccount(..)[az, ba] ||

BANK .CheckBalaneATM(..)[as, bs]) — BANK .Return(..)[ay, bs] = ATM .GiveMoney
(..)[as, bs]. Trong d6, thanh phan USER.Withdraw(..) dugc thic hieén trude véi rang
buoc thoi gian thuoe doan [ay, by, sau d6 1a thanh phan ATM. CheckBalaneAccount (. .)
va BANK.CheckBalaneATM(..) dugc thuyc hién song song nhau véi rang budc thoi
gian 1an lugt thuoc cac doan [ay, bo] va [ag, b3]. Tiép theo 1a cdc thanh phan
BANK.Return(..) va ATM.GiveMoney(..) dudc thiyc hién tuan tu véi cac rang buoc

tuong tng thudc cac doan [ay, by] va [as, bs).

6.3.2.2 Biéu do thsi gian

Biéu do thoi gian (Timing Diagram - TD) trong UML2.0 [27, 45] dic ta thi tu
thic hién ctia cdc phuong thiic cling v6i rang budc vé thoi gian. Ching toi dinh

nghia hinh thic nhu sau :

Dinh nghia 6.9 (Biéu do thoi gian). TD la mot bo sau TD =< S, Sy, C, M, 5, F >.
Trong dé, S la tap hiu han cdc trang thdi, C la tap cdc thanh phan, M la tap cdc
phuong thite. 6 € SxC.M[a,b] — S la ham chuyén trang thdi vdi a,b € N va

a < b la rang buoc thoi gian. Sy, F € S lan luot la cdc trang thdi dav va két thic.

Hinh 6.1 biéu dién biéu do thoi gian cho mot giao thiic rit tién clia he théng ATM,
thit tu thuc hién ctia cac phuong thiic duge thé hien bang cac cung trong biéu do.
Trong do :
- 8§ ={S, 51,5, 55, F},
— M={Withdraw,CheckBalaneAccount,CheckBalaneATM Return, GiveMoney},
~ C = {USER,ATM,BANK},
— 0 = {So. USER. Withdraw|a,, b)] — Sy, So. USER. Withdraw|a,, b] — Ss,
S1.ATM .CheckBalaneAccount|ay, by] — Sz, S3. BANK .CheckBalane ATM [ag, bs] —
Sy, So. BANK . Return|ay, by] — S1, S1.ATM .GiveMoney|as, bs] — F}.
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6.3.3 Sinh ma aspect

Chung toi dinh nghia mot mau dé biéu dién cac aspect duge sinh ra tit cac dic
ta rang buoc thoi gian nhu trong Hinh 6.2. Trong d6, cac bién dia phuong dugc
dinh nghia dé tinh thai gian thuc thi ctia mdi phuong thiic khi né duge thie hien
va tinh tong thoi gian thiyc hién clia cac phuong thiic (dong 2, 3, 6 va 7). Dac ta
rang budc thoi gian dudi dang biéu do thoi gian duge két xuat ra tép dang xmi
hosic dang .txt ddi v6i biéu thic chinh quy. Trong thuc nghiém ching toi da xay
dung thuat toan doc tén cac phuong thitc va rang budc thoi gian tuong tng tu
cac dac td nay (dong 4 va 5, zem phu luc C). Cac rang buoc thoi gian doc duge
sé duge dua vao diéu kién dé so sanh véi thoi gian thyc thi (dong 8) va thong bao
cac vi pham néu c6 (dong 9). Rang budc thoi gian trong cac Dinh nghia 6.5, 6.6

va 6.7 dugc dich thanh cac biéu thitc diéu kién trong aspect mau (dong 8).

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

aspect AspectName{

before() : (execution(* *.*(..))) && !within(AspectName){
1. st =0;
2. Get 71; // the current system time;

after() : (execution(* *.*(..)))&& !'within(AspectName){
3. Get 13; // the current system time;
4. Get method name from XMI flie(taskl, task2,...);
5. Get lower and upper bound on timing from XMI file(rl,r2,...);
6. 7 = 71— ; // Calculate the execution time of the method ;
7. st+ = 7; // the execution time of sequential method ;
8if (&(7,rl,r2,...) = false)// Timing constraint conditions ;
9. Produce violation reports ;

}

HiNH 6.2 — Sinh mé aspect tit cac dac ta rang budc thoi gian.

Aspect sinh ra sé dugc tir dong dan xen véi v6i cac chuong trinh dé kiém ching
st tuan thi vé rang buoc thoi gian gitta cdc thanh phan. Aspect c6 thé duge dan
4 ba mitc khac nhau : mitc ma ngudn, ma bytecode hoic tai thoi diém nap chuong

trinh khi chuong trinh géc chuan bi duge thie hien.
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V6i viee dan xen ¢ mitc ma bytecode va tai thoi diém nap chuong trinh (load time
weaving) thi phuong phap nay c6 thé duge sit dung ma khong yéu cau phai c6 ma
ngudn. Khi thay doi dac ta thi méi phai sinh va bién dich lai ma aspect (xem Muc

5.3.4, Chuong 3).

6.4 Thuc nghiém

Chiing toi da cai dit phuong phap nay va tich hgp véi bo cong cu kiém chiing PVG
(Protocol Verification Generator-Chuong 5). Dau vao ctia cong cu PVG la cac dic
ta rang budc thoi gian cho dudi dang tép c¢6 phan md rong la .txt biéu dién bicu
thitc chinh quy thoi gian va dang .xmi biéu dién biéu do thoi gian ctia UML. Dau
ra 1a cac ma kiém chitng aspect ctia AspectJ. Chi tiét vé cong cu duge trinh bay
trong Phu Iuc C. Thiiec nghiém duge tién hanh véi cac chuong trinh mo phong clia
hé thong ATM, Hinh 6.1. Cau hinh may tinh st dung vi xit Iy 1500MHz, RAM
512, he diéu hanh Windows XP. Tt diic ta rang budc thoi gian clia giao thiic nay
ching toi sit dung cong cu PVG dé sinh ra méa aspect va dan véi chuong trinh
ATM mo6 phéng dé kiém ching sy tuan thii vé rang buoc thoi gian trong céc Dinh
nghia 6.5, 6.6 va 6.7. V6i mdi thanh phan ching toi xay dung cac ca kiém thi
ding, sai khac nhau. Trong d6, cac ca kiém thit ding thi cac thanh phan dugc cai

dat tuan tha theo dac ta rang budc thoi gian va nguge lai.

public static long

correct TestWithdraw(long n){

long max=5000000;

//Your amount is not greater than

public static long
wrongTestWithdraw(long n){

long max=5000000;

//Your amount is not greater than

5000000 5000000
while (n > max) { if (n<=max) return n
n =n—100; else
} return wrongTest(n-100)
return n; )
}

(b) Ca kiém thtt sai

(a) Ca kiém thit ding

HiNH 6.3 — Vi du ca kiém thtt diing va sai ctia phuong thitc withdraw véi rang
buoc thai gian thyc thi [726082, 143658 | nano giay.
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Hinh 6.3 mo td mot ca kiém thit ding beén trai va sai bén phéi ctia thanh phan
withdraw v6i dic ta thoi gian dap tng la [726082, 143658 | nano giay. Trong thuec
nghiém chiing toi truyén tham sé n bang 6000000, véi ca kiém thit ding duge viét
dudi dang lap thi thoi gian thuce thi la 825524 nano giay thoa man rang buoc thaoi
gian thic thi trong doan [726082, 143658 ]. Ngudgc lai v6i ca kiém thit sai dugc
viét dudi dang dé quy thi thoi gian thie thi 1a 2111442 nano giay khong théa man
rang budc thsi gian thuc thi trong doan [726082, 143658 |.

Céc chuong trinh mo phéng duge chay 25 lan cho mdi ca kiém thit ding va sai
v6i cac dac ta rang buoc thoi gian thue thi theo Dinh nghia 6.5 (¢t 2, Bang 6.1).
Trong do6, rang budc thoi gian clia cdc thanh phan tuan ty tang dan ti 50ns dén
500ns (theo Dinh nghia 6.6). Rang budc thoi gian két thic trude/sau giita hai
thanh phan song song CheckBalanceAccount va CheckBalanceATM & thoi diém
bat dau t va ¢ + Ens(theo Dinh nghia 6.7), v6i &€ = 5,10,15,...,50. Két qua thyc
nghiém cho thay phuong phap da phat hieén duge day du céac ca kiém thit ding va
sai (cot 4, Bdng 6.1) v6i 25 ca kiém thit ding cac vi pham vé rang budc thoi gian
duge phat hién chinh xéc (Bang 6.1).

Qua cac két qua thie nghiém cho thay :

1. cac aspect dugc sinh ra ding so véi cac dic tad rang buoc thoi gian, nhat
quén giita bicu thitc chinh quy va biéu do thoi gian,
2. céac aspect khong lam thay doi hanh vi ctia chuong trinh gbc,

3. da phat hien dugc cac vi pham rang buodc thoi gian gitta cac thanh phan.

6.5 Két luan

Trong nhiéu hé thong phan mém, dic biét nhu véi cdc hé thong an toan-bdo mat,
hé thong thoi gian thite thi rang buoc thoi gian khi bi vi pham sé gay ra cac 16i he
thong. Céc k¥ thuat truyen théng nhu mo phoéng, kiém thit thuong chi uée luong
duge thoi gian thuyc thi clia cdc thanh phan hé théng véi mot do tin cay nao do.

D@ cai tién sy tin cay vé rang buoc thoi gian trong céc ting dung phan mém. Trong

chuong nay, luan an dé xuat mot phuong phap kiém ching sy tuan thia gitta su
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BANG 6.1 — Thic nghiém kiém chiing céc rang budc thsi gian

Thanh phan Rang buoc S6 test | Ty le phat
thoi gian (ns) dang/sai | hién (%)
Withdraw [10, 20], [20,30],...,090,100] | 25/25 100
CheckBalanceAccount [10, 20], [20,30],...,[90,100] | 25/25 100
CheckBalance ATM [10, 20], [20,30],...,[90,100] | 25/25 100
Return [10, 20], [20,30],...,[90,100] | 25/25 100
GiveMoney [10, 20], [20,30],...,[90,100] | 25/25 100
Rang buoc thoi gian clia cac thanh phan tuan ty
Tong TG thuc hien ( <) | 50,100,150...,500 | 25/25 | 100
Rang buoc thoi gian giita hai thanh phan tuong tranh
CheckBalanceAccount thoi diem bat dau t 25/25 100
CheckBalance ATM 5, 10, 15,...,50 25/25 100

cai dat clia cdc thanh phan phan mém so véi dic ti cac rang buoc thoi gian.
Phuong phap nay sit dung biéu do thai gian (Timing Diagram) cia UML va biéu
thitc chinh quy thoi gian (Timed Regular Ezpression) dé dic ta cac rang budc thoi
gian. Ma aspect dugc ty dong sinh ra tir cac dac ta nay sé dan ty dong véi ma cua
cac thanh phan dé kiém ching rang buoc thoi gian gitta cac thanh phan, trong do6
c6 cac thanh phan duge thuyc hién song song. Cac vi pham duge phat hién trong
bude kiem thit tich hop hé thong.

Chiing t6i da cai dat phuong phép nay thanh mot cong cu kiém chiing va chay thit
nghiém véi mot s6 ting dung huéng ddi tugng viét trén ngon ngit 1ap trinh Java.
Két qua thit nghiem ban dau cho thay phuong phap duge dé xuat hoan toan co
thé phat hien duge vi pham rang budc thoi gian clia cac thanh phan so véi dic
ta. Han ché ctia phuong phap nay ciing nhu céc phuong phap kiém chiing dong
khac la phai thuc thi chuong trinh, vi pham rang budc thoi gian chi duge phat
hién trong budc kiém thit, ma aspect dugc dan vao sé lam tang thoi gian thuec thi
va kich ¢& ctia chuong trinh duge kiém ching.

Trong tuong lai, chiung toi sé két hop phuong phap nay véi phuong phap cla
Dymek [41] dé tu dong xay dung céc ca kiém thit v két hop véi cdc phuong phap
kiém chiing tinh khac nhu kiém ching moé hinh. Tién téi phat triéen mot phuong

phéap kiém chiing tu dong toan dieén tit miic mo hinh dén mic cai dat.
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Két luan

7.1 Cac déng gop cua luan an

Céc chuong trinh tuwong tranh gom nhiéu tién trinh cong tac véi nhau dé cling
thie hien mot nhiem vu. Su cong tac gitta cac tién trinh thuong dude thuyc hien
thong qua cac bién chia sé hodac co ché truyen thong diep. Thiét ké, cai dat va
kiém chitng cac chuong trinh tuong tranh thuong kho khan hon so véi cac chuong
trinh tuan tu do kha nang thyc hién cia cac chuong trinh nay. Trong luan 4n nay,
chiing toi da déng gép hai két qua chinh trong viec kiém chiing céc chuong trinh
Java tuong tranh tir pha thiét ké dén cai dit ma nguon chuong trinh, két qua cu
thé nhu sau.

1. D& xuat cac phuong phap kiém chiing tinh ding din ciia ban thiét ké céc

chuong trinh tuong tranh st dung phuong phap hinh thic véi Event-B,
2. Dé xuat cac phuong phéap kiém chiing su tuan thi gitta ban cai dit chuong

trinh so v6i mo hinh thiét ké ctia né stt dung phuong phap lap trinh huéng
khia canh.
V6i phuong phap kiém chitng thiét ké, ching toi da dé xuat phuong phap dic ta
va kiém chiing rang budc vé thi tu (giao thic) thuc hién clia cac tién trinh tuong
tranh sit dung phuong phap hinh thitc véi Event-B. Véi kién triic nay moi tién

trinh dugc dic ta bang mot sy kién clia may tritu tuong, rang buoc vé thi tu

38
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gita cac tién trinh dugce diéu khién theo co ché semaphore va lam min dan ctia
cac may tritu tugng. Tinh ding dan ctia dac ta duge bdo ddm bang viéc sinh va
chiing minh tu dong cdc ménh dé can ching minh. Ching t6i da thit nghiem dac
ta va cai dat phuong phap nay cho cac van dé trong chuong trinh tuong tranh nhu
viing xung dot, cung cap-tieu thu va doc ghi dit lieu tit bo nhd chia sé. Phuong
phap dude dé xuat c6 ¥ nghia trong viéc bdo dam tinh ding dan ciia cdc mo hinh
dic ta tuong tranh bang mot phuong phap hinh thiic, qua do6 sinh ra mé ctia cac
chuong trinh Java tuong tranh. Tuy nhién, phuong phap nay con ton tai mot so
van dé chua giai quyét dude nhu sinh ma Java tu dong tit dic ta cltia n6, Event-B
chua hé trg ky phap dé dac ta song song, su tuong tranh clia céc tién trinh duge
thire hien theo co ché dan xen. Hon nita phuong phap nay mdi chi giai quyét duge
mot 16p cac bai toan vé tuong tranh dé 1 diéu khién sy thuc thi ciia céc tién trinh

tuan theo mot giao thitc xac dinh.

V6i cac hé thong phan mém da thanh phan, mdi thanh phan thuyc hién mot vai
hanh vi xac dinh. Tap céc thanh phan trao ddi thong tin vé6i nhau theo mot giao
thic tuong tac (interaction protocol) xéc dinh tao nén hanh vi téng thé ctia hé
thong. Mot he thong da thanh phan duge goi 14 dong thuan (consensus) néu thit
tu thyc hien ctia cdc thanh phan tuan thi cac luat duge dinh nghia trude (giao
thiic twong tdc), cac thanh phan phai tra vé két qua mong mudn sau mot s6 hitu
han lan thuc hien. Ching t6i da dé xuat mot phuong phap dé dic tad va kiém
ching sy dong thuan ctia hé théng da thanh phan sit dung phuong phap hinh
thitc Event-B. Trong phuong phap nay, mdi thanh phan duge dic td bing mot
may tritu tugng (abstract machine) tham chiéu dén ngtt cdnh (context) ctia no.
Cac may tritu tugng va ngit cdnh sau d6 duge két hop véi nhau theo mot giao
thiic tuong tac xac dinh thanh méy va ngit canh tong quat ctia hé thong. Su dong
thuan ctia he thong da thanh phan duge chitng minh tu dong thong qua may va
ngit canh két hop ciia hé théong. Phuong phap dé xuat duge minh hoa qua mot
hé théng da thanh phan thuc hién cac phép toan trén tap sé nhi phan. Dé kiém
chiing su dong thuan ctia hé théng tai mitc ma nguon, ching to6i bd sung phuong
phap kiém ching sy tuan thi gita ban cai dat ctia chuong trinh so véi thiét ké

ctia n6 st dung bo cong cu kiem chitng mo hinh JPF. Phuong phap nay duge thit
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nghiém cho cic chuong trinh Java minh hoa mot hé thong cung cap tieu thu. Két
qué cho thay phuong phap dugce dé xuat c6 thé bdo dam tinh dong thuan cta he
thong da thanh phan tit pha thiét ké dén cai dit ma nguon chuong trinh. Tuy
nhién, phuong phap nay con han ché nhu chua duge thit nghiém véi cac hé théng
da thanh phan c¢6 quy mo 16n, tir dong sinh ma nguon chuong trinh tit dic ta thiét

ké ctia no.

Dé giai quyét bai toan kiém chitng sut tuan thi giita ma thuc thi ctia chuong trinh
so v6i dic ta rang buoc thiét ké clia né, dic biét 1a cac rang buodc vé thi tu thuc
hién cta cac phuong thic (giao thic tuong tic) va rang budc thoi gian trong cac
chuong trinh huéng do6i tuong, tuong tranh. Ching toi da dé xuat hai phuong phap
dong sit dung lap trinh huéng khia canh dé kiém chitng sy tuan thi ciia chuong
trinh so véi dac ta giao thic tuong tac va dac ta rang budc thoi gian ctia n6. Cac
phuong phép nay sit dung méy trang théi giao thitc, bicu do tuan tu ctia UML va
biéu thitc chinh quy dé dic ta cac rang budc. Ma aspect dudce tu dong sinh ra ti
cac dic td nay sé dan tu dong véi ma ciia cac ing dung dé kiém ching su tuan
tht gitta chuong trinh va dic ta ciia nd, cac vi pham duge phat hién tai bude kiém
thit. Véi cac phuong phép kiém chitng dong ching toi da cai dat thanh cong cu
kiém ching PVG va chay thuc nghiem véi mot s6 ting dung viét trén ngon ngi
lap trinh Java. Véi viéc sit dung ngon ngit lap trinh huéng ddi tuong hien dai nhu
Java [47, 48] va ngon ngtt mo6 hinh hoa triic quan UML lam dic ta cho thay gia tri
thie tién clia cac phuong phap duge dé xuat. Han ché clia cac phuong phap nay
ciing nhu cac phuong phéap kiém ching dong khac 1a phai thuce thi chuong trinh,

vi pham rang budc thoi gian chi duge phat hién trong bude kiém thi.

Céc dong gép ciia luan an c6 ¥ nghia trong viéc b sung va hoan thién cac phuong
phap dac ta va kiém ching phan mém tit pha thiét ké dén cai dat ma nguon

chuong trinh.
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7.2 Huéng phat trién

Trong luan an nay, chung toi da dé xuat cac phuong phap va xay dung cong cu
dé dac td va kiém ching céc chuong trinh tuong tranh tit pha thiét ké dén cai
dit chuong trinh. Dé kiém chitng ¢ mic thiét ké ching t6i sit dung phuong phap
hinh thic véi Event-B va lap trinh huéng khia canh v6i AspectJ dé kiém ching
& mic cai dat. Hien tai, cac phuong phap nay duge ap dung dé kiém chiing rang
buoc thoi gian va thit tir thie hién ciia cdc thanh phan tuong tranh. Do do6, trong
tuong lai chiing t6i tiép tuc nghién citu, phét trién va dé xuat cac phuong phép
kiém ching v6i Event-B. Cu thé la xay dung va phat trién cac phuong phap dac
ta va kiem ching cac hé théng song song, hé théng an toan, hé théng phan tng
lai (reactive system). Cai diat cong cu hod trg dac ta song song dé plugin vao bo
cong cu kiém ching ma nguon mé RODIN clia Event-B va tu dong sinh méa Java

tu ddc ta bang Event-B.

Tiép tuc xay dung va md rong cac phuong phap dudc trinh bay trong cac Chuong
5 va 6 dé kiém chiing cac bat bién d6i tugng/16p (object/class invariants) va cac
rang budc khac trong chuong trinh tuong tranh. Tuong ting md rong bo cong cu
kiém ching PVG dé kiém chitng cac rang budc nay va thyc nghiem cho céc he
thong phan meém thuec té, cadc hé thong ma nguon c6 quy mo 16n. Tién t6i hoan
thien moi trudng kiém chiing dua trén lap trinh huéng khia canh dé kiém chiing

sy tuan thu gitta thiét ké véi cai diat ma nguon chuong trinh.
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Phu luc A

Dac ta rang budc thw tu gitta cac
tién trinh tuong tranh

A.1 Van dé vung xung dot

A.1.1 Mo hinh khdéi tao

An Event-B Specification of CriticalSectionl
Creation Date: 14 Nov 2010 @ 09 :46 :38 AM

MACHINE CriticalSectionl
// abstract machine
VARIABLES

X /] X,y,z are variables that access the critical section
y
z
g // guard of all events
INVARIANTS

invli: x €N

inv2: y €N

inv3: z€ N

inv4 : g € BOOL

EVENTS
Initialisation

begin
actl: x:=0
act2: y:=
actd: z:=
actd : g:= TRUE
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end
Event evtl =
when
grdl : g = TRUE
then
actl: x:=x+1
end
Event evt2 =
when
grdl : g = TRUE
then
actl: y:=y+1
end
Event evt3 =
when
grdl : g = TRUE
then
actl: z:=z+1
end
END

A.1.2 M6 hinh lam min

An Event-B Specification of CriticalSectionR
Creation Date: 14 Nov 2010 @ 09 :46 :35 AM

MACHINE CriticalSectionR
// concretemachine

REFINES CriticalSectionl

VARIABLES

X

y

V4

)
Turn  // semaphore variable

INVARIANTS
invli: xeN
inv2: yeN
inv3: z€eN
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inv4 : g € BOOL
invs: Turn € N

EVENTS
Initialisation

begin
actl: x:=
act2: y:=0
act3: z:=
act4d : g:= TRUE
actb: Turn:=0

end

Event evtIR =
refines evtl

when
grdl : g = TRUE
grd2: Turn=20
then
actl: x:=x+1
act2: Turn:=1
end

Event evt2R =
refines evt2

when
grdl : g = TRUE
grd2: Turn=1
then
actl: y:=y+1
act2: Turn:=2
end

Event evt3R =
refines evts

when
grdl : g = TRUE
grd2 : Turn = 2
then
actl: z:=z+1
act2: Turn:=0
end

END
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A.2 VAan dé cung cap tiéu thu

A.2.1 Mo hinh khéi tao

An Event-B Specification of ProducerConsumerl
Creation Date: 16 Mar 2011 @ 07 :07 :26 AM

MACHINE ProducerConsumerl
VARIABLES

Queue
Front
Rear

Queue_Size

g
d

INVARIANTS
invl : Queue € N + N
inv2: Front € o..Queue_Size
inv3: Rear € o..Queue_Size
invd : Queue_Size € N
inv6 : g € BOOL
inv7: d €N

EVENTS
Initialisation

begin
actl: Queue := @
act2: Front :=o
act3: Rear :=1
actd : Queue_Size := 100
actb: g:=TRUFE
act6: d:=o0

end

Event Producer =

any
x

where
grdl : x € dom(Queue)
grd2: g=TRUE

then
actl: Front := Front+1
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act2: Queue(Front) :=x
end
Event Consumer =
when
grdl: ¢g=TRUE
then

act2: d:= Queue(Rear)
actl: Rear := Rear+1

end
END

A.2.2 M6 hinh lam min

An Event-B Specification of ProducerConsumerR
Creation Date: 16 Mar 2011 @ 07 :07 :32 AM

MACHINE ProducerConsumerR
REFINES ProducerConsumerl
VARIABLES

Queue

Queue_Size

Count semaphore variable

g

Front

Rear

d

TurnP

TurnC

consumers

producers
INVARIANTS

invl : Count € o.. Queue_Size
inv2 : Queue € N + N

inv3: Front € o..Queue_Size
inv4 : Rear € o..Queue_Size
inv5 @ Queue_Size € N

inv6 : g € BOOL

inv7: d N

invil : consumers C N,

inv12 : producers C N,

inv13: TurnP € producers
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invi4d : TurnC € consumers
EVENTS

Initialisation
begin
actl: Queue := O
act2: Count :=o0
act3: Front :=o0
actd : Rear =1
actb: g:=TRUFE
act6 : Queue_Size := 100
act7: d:=o
act9: TurnC =1
act10 : producers :=1..100
actll: TurnP =1
actl2: consumers :=1..100

end

Event ProducerlR =
refines Producer

any
T
where

grdl : x € dom(Queue)

grd2: g=TRUE

grd3: Count < Queue_Size
Queue is not full

grds : TurnP =1
then

act2 : Queue(Front) :=x
producer data element
act3: Count := Count+1
act6 : TurnP :€ producers \ {TurnP}

end

Event ConsumerlR =
refines Consumer
when
grdl: ¢g=TRUFE
grd2 : Count > o
Queue is not empty

grd3: TurnC = o
then
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actl :

d := Queue(Rear)

consumer data element

act2:
act3:
actd :
end
Event evtl =
when
grdl :
grd2 :
grd3 :
then
actl:
end
Event evt2 =
when
grdl :
grd2 :
grd3:
then
actl:
end
Event evt3 =
when
grdl :
grd2 :
grd3:
then
actl:
end
Event evt =
when
grdl :
grd2 :
grd3 :
then
actl:
act2:

end

Rear := Rear-+1
Count := Count—1
TurnC =1

g=TRUE
Count < Queue_Size
Front = Queue_Size

Front :==1

g=TRUE
Count < Queue_Size
Front < Queue_Size

Front .= Front+1

g=TRUFE
Count > o
Rear = Queue_Size

Rear =1

g=TRUE
Count > o
Rear = Front

Rear :=1
Front :=o0
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Event evtd =
when
grdl
grd2
then
actl

end

c9g=TRUFE
. Count > o

: Rear := Rear+1

Event Producer2R =
refines Producer

any
x

where

grdl :
grd2 :
grd4 :
grdb :

then

act2:
act3:
actsd :

end

x € dom(Queue)
TurnP =1
g=TRUFE

Count < Queue_Size

Queue(Front) :=x
Count := Count+1
TurnP := o

Event Consumer2R =
refines Consumer

when

grdl

then
actl

end
END

c9g=TRUE
grd2 :
grd3 :

Count > o
TurnC =1

: d = Queue(Rear)
act2:
act3:

Count := Count—1
TurnC := o0

A.3 Van dé doc ghi

A.3.1 Mb6 hinh khéi tao

An Event-B Specification of ReaderWrite
Creation Date: 26 Nov 2010 @ 05 :22 :17 PM
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MACHINE ReaderWrite
VARIABLES

g
rd

wt
INVARIANTS

invl : g € BOOL
inv2: rd € N
inv3: wt € N

EVENTS

Initialisation
begin
actl: g:= TRUE
act2: rd:=0
act3: wt:=0
end
Event reader =
when
grdl : g = TRUE
then
actl: rd :=rd+1
end

Event write =

when
grdl : g =TRUE
then
actl: wt:=wt+1
end
END

A.3.2 M6 hinh lam min

An Event-B Specification of ReaderWriterR
Creation Date: 26 Nov 2010 @ 05 :22 :21 PM

MACHINE ReaderWriterR
REFINES ReaderWrite
VARIABLES

g
wt
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rd

readers
writers
OktoRead
OktoWrite
isRead
isWrite
end0OfRead
endOfWrite

INVARIANTS

invl : g € BOOL

inv2: wt € N

inv3: rd e N

inv4d : readers € N

inv5: writers € N

inv6 : OktoRead € BOOL

inv7 : OktoWrite € BOOL

inv8 : isRead &€ BOOL

inv9 : isWrite € BOOL

inv10 : endOfRead € BOOL

invll : endOfWrite € BOOL

EVENTS
Initialisation

begin
actl: readers :=0
act2: writers =0
act3: OktoRead := TRUE
act4 : OktoWrite := FALSE
actb: g:= TRUE
act6: wt:=0
act7: rd:=0
act8: isRead := FALSE
act9: isWrite := FALSE
actl0 : endOfRead := FALSE
actll: endOfWrite := FALSE

end
Event startRead =
when
grdl : g = TRUE
grd2 : writers # 0
grd3 : OktoWrite = FALSE
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grd4 : OktoRead = TRUE
then
actl: readers := readers+1
act2: isRead := TRUE
end
Event endReadlf =
when

grdl : end0OfRead = TRUE
grd2 : readers > 0

then
actl : readers := readers—1
end
Event endReadFElse =
when

grdl : readers =0
grd2 : end0fRead = TRUE

then
actl : OktoWrite := TRUE
end

Event readerR =
refines reader

when
grdl : isRead = TRUE
grdl : g = TRUE
then
actl: rd :=rd+1
act2 : endOfRead := TRUE
end
Event startWrite =
when
grdl : g = TRUE
grd?2 : readers # OVwriters # 0
grd3 : OktoWrite = TRUE
then
actl: writers :=writers+1
act2: isWrite := TRUE
end

Event endWrite =
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when

grdl : end0fWrite = TRUE
grdl : writers >0

then

actl: writers := writers—1

end
Event endWritelf =
when

grdl : endOfWrite = TRUE
grd2 : OktoRead = FALSE

then
actl: OktoWrite := TRUE
end
Event endWriteElse =
when

grdl : endOfWrite = FALSE
grd2 : OktoRead = TRUE

then
actl : OktoRead := TRUE
end

Event writerR =
refines write

when
grdl : isWrite = TRUE
then

actl: wt :=wt+1
act2: endOfWrite := TRUE

end
END



Phu luc B

Pic ta hé théng da thanh phan
thuc hién cac phép toan nhi phan

B.1 Dac ta phép dich bit

B.1.1 Ng@ canh cua phép dich bit

An Event-B Specification of BitShiftctx
Creation Date: 14 Oct 2010 @ 08 :43 :25 AM

CONTEXT BitShiftctx
CONSTANTS

size_pp
numShift
AXIOMS
axm2 : size_pp >0
axm3 : numShift > 0
axm4 : numShift < size_pp

END

B.1.2 May thuc thi ciia phép dich bit

An Event-B Specification of BitShiftmch
Creation Date: 14 Oct 2010 @ 08 :55 :21 AM

MACHINE BitShiftmch
SEES BitShiftctx
VARIABLES

ppr  //Get temporary results

116
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slr  //Result of the shift left
kk

INVARIANTS

inv4: ppr e Ny - 0..1
inv2: slreN; —0..1
inv3: kk e N

EVENTS

Initialisation
begin
actl: ppr =g
act2: slr =g
act3: kk:= size pp

end
Event ShiftLeft_result =
when
grdl: kk=0
then
actl: slr := ppr
end
Event ShiftLeftlf =
when

grdl: kk >0
grd2 : kk > numShift

then
actl: ppr(kk) := ppr(kk—numShift)
act2: kk:=kk—1
end
Event ShiftLeftElse =
when

grdl: kk >0
grd2 : kk < numShift
then
actl: ppr(kk):=0
act2: kk:=kk—1
end
END
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B.2 Dac ta phép nhan xau nhi phan véi mot bit

B.2.1 Ngit canh cia phép nhan xau nhi phan véi mo6t bit

An Event-B Specification of MultiDigitctx
Creation Date: 13 Oct 2010 @ 10 :44 :57 AM

CONTEXT MultiDigit
CONSTANTS

aa

digit

size_aa

size_modr

AXIOMS
axml: aaeN—0..1
axm?2 : digit € N
axm3 : size_aa > 0
axm4 : size modr > 0

axmb : size_modr > size_aa
THEOREMS

thml : ran(aa) # @
END

B.2.2 May thuc thi cia phép nhan xau nhi phan véi mot
bit

An Event-B Specification of MultiDigitmch
Creation Date: 13 Oct 2010 @ 11 :15 :17 AM

MACHINE MultiDigitMchine
SEES MultiDigitctx
VARIABLES

pp
modr  // Final result
33

INVARIANTS
invl: modr e N; —0..1
inv2: ppeN; —0..1
inv3: jjeN

EVENTS

Initialisation
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begin
actl: modr ;=<
act2: pp:= g

act3: jj:=1
end
Event Multiply WithOneDigit =
when

grdl: jj < size_aa
then
actl: pp(jj) :=digit-aa(jj)
act2: jj:=jj+1
end
Event Multiply WithOneDigit_result =
when
grdl: jj = size_aa+1
then
actl: modr := pp //Get the result
end
END

B.3 Dac ta phép cong xau nhi phan

B.3.1 Ngit canh cua phép cong xau nhi phan

An Event-B Specification of Sumctx

Creation Date: 14 Oct 2010 @ 09 :12 :11 AM

CONTEXT Sumctx
CONSTANTS
aa
bb
size_aa
size_bb
size_ar
AXIOMS
axml: aa€N; —-0..1
axm2: bbe Ny —0..1
axm3 : size_aa > 0
axm4 : size_ bb >0
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axmb : size_aa < size_ar
axm6 : size_bb < size_ar

axm7 : size_ar < size_aa-tsize_bb

THEOREMS

thml : ran(aa) # @
thm2 : ran(bb) # @

END

B.3.2 May thuc thi ciia phép cong hai xau nhi phan

An Event-B Specification of Summch
Creation Date: 14 Oct 2010 @ 09 :12 :04 AM

MACHINE Summch
SEES Sumctx
VARIABLES
cc // Get temprorary result
ar  // Result of the addition operation
carry
hh
INVARIANTS
invli: cceN;y —0..1
inv2: are Ny —-0..1
inv3: hh € N
inv4 : carry € N

EVENTS
Initialisation

begin
actl: cc: =9
act2: ar =g
act3: hh:=1
actd : carry:=0

end
Event AdditionResult =
when
grdl : hh = size ar+1
then

actl: ar :=cc // Get result

end
Event Additionlf =
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when

grdl : hh < size_ ar
grd2 : hh = size arAcarry # 0

then
actl: cc(hh+1):=1
end
Event AdditionFElse =
when

grdl : hh < size_ar
grd2 : hh # size ar/Acarry =0

then
actl: cc(hh) := (aa(hh)+bb(hh)+carry)mod2
act2: carry := (aa(hh)+bb(hh)+carry)/2
act3: hh:=hh+1

end

END

B.4 Pac ta hé théng da thanh phan thuc hién
phép nhan hai xau nhi phan

B.4.1 Ngit canh ctia hé théng da thanh phan thuc hién
phép nhan hai xau nhi phan

An Event-B Specification of Masctx
Creation Date: 14 Oct 2010 @ 11 :39 :32 AM

CONTEXT Masctx
CONSTANTS
aa
bb
size_aa
size_bb
size_res
size_pp
numShift
AXIOMS
axml: aa€e Ny —0..1
axm2 : bbe N; —-0..1
axm3 : size_aa >0
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axm4 : size_bb >0
axmb : size_aa < size_res
axm6 : size_bb < size_res

axm?7 : numShift < size_pp

THEOREMS

thml : ran(aa) # @
thm2 : ran(bb) # &

END

B.4.2 May thuc thi cia hé théng da thanh phan thuc hién
phép nhan hai xau nhi phan

An Event-B Specification of Masmch
Creation Date: 14 Oct 2010 @ 11 :39 :36 AM

MACHINE Masmch
SEES Masctx
VARIABLES
ii
jJ
cc
res
ppr
kk
modr
slr
hh
carry
INVARIANTS
invli: ii e N
inv2: jjeN
inv3: cceN; —-0..1
invd: reseN; —+0..1
invb: ppreN; —0..1
inv6: kk € N
inv7 : modr e N; — 0..1
inv8: slre Ny — 0..1

inv9: hhe N
inv10: carry € N
EVENTS

Initialisation
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begin
actl: ii:=1
act2: jj:=1
actd: slr =g
act4d : kk := size pp
actb: cc:=y
act6: hh:=1
act7: ppr:=9
act8: carry:=0
act9: modr ;= g
actl0: res: =9

end

Event Multiply2BinaryNumbers =
when
grdl : ii = size_bb-+1
then
actl: res:=cc
end
Event Multiply WithOneDigit =
when
grdl: jj < size_aa
then

actl: ppr(jj) :=bb(ii)-aa(jj)

act2: jj:=jj+1

end

Event Multiply WithOneDigit_result =

when
grdl: jj < size_aa+l1
then

actl: modr := ppr
act2: kk := size pp

end
Event ShiftLeftlf =

when

grdl : kk > OAkk < size_pp

grd2 : kk > numShift
then

actl : modr(kk) := modr(kk—numShift)

act2: kk :=kk—1

//Activate shiftLeft
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end
Event ShiftLeftElse =

when
grdl : kk > OAkk < size_pp
grd2 : kk < numShift

then
actl: modr(kk):=0
act2: kk :=kk—1

end
Event ShiftLeftResult =
when
grdl: kk=0
then

actl: slr :=modr
act2: hh:=1 //Activate the addition event
end
Event Additionlf =
when
grdl : hh < size res
grd2 : hh = size_res/Acarry # 0
then
actl: cc(hh+1):=1
end
Event AdditionElse =
when
grdl : hh < size res
grd2 : — (hh = size res/Acarry # 0)
then
actl: cc(hh) := (cc(hh)+slr(hh)+carry)mod2
act2: carry := (cc(hh)+slr(hh)+carry)/2
act3: hh:=hh+1
end
Event AdditionalResult =
when
grdl : hh = size res+1
then
actl: res:=cc
act2: jj:=1
act3: ii:=1ii+1
end
END
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Cong cu sinh ma kiem ching

PVG

C.1 Giéi thiéu

PVG - Protocol Verification Generator 1a bo cong cu sinh méa kiém chiing AspectJ
tit cac dic ta bang biéu do UML hoac biéu thitc chinh quy. M4 kiém ching sau dé
duge dan véi cac chuong trinh Java dé kiém chiing sy tuan thii gitta chuong trinh
va dic ta ctia n6. Hien tai PVG da hd tro kiém ching su tuan thi ctia chuong
trinh so véi dic ta giao thiic tuong tac gitta cac thanh phan (thi tu thuc hién cia
cdc phuong thic trong cdc 16p hodc cdc thanh phan). Hodc rang buoc thai gian
gitta cac thanh phan trong chuong trinh tuong tranh. Trong d6, giao thic tuong
tac dugce dic ta bang may trang thai giao thic, biéu dd tuan tir cia UML hoic
biéu thiic chinh quy mé rong. Rang buoc thai gian duge dic ta bang biéu do thoi

gian ctia UML hoac biéu thtic chinh quy.

125
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B Aspect) Generator g@@

File Help

: Open ¥MI | ‘Write Brifin Protocol | Generate Aspect | Save Aspect

Protacal Aspect]

74 start uGewn

Hing C.1 — Giao dién chinh ctia cong cu sinh mé kiém chiing PVG.

C.2 Huéng dan si¥ dung

C.2.1 Cac yéu cau

Moi truong thuc thi Java JRE phién ban 1.5 hodc cao hon, c¢6 thé Download
tai dia chi http://java.sun.com. Cong cu PVG c6 thé duge Download tai dia
chi : http://www.mediafire.com/7uz9swlu9glOhez7. Dé khéi dong bo cong cu
PVG trong hé diéu hanh Window chi can nhap dap chuot vao file c6 phan mé
rong .jar. Trong Unix, st dung lénh : java —jar PVG.jar. PVG ciing c6 thé dudc
khéi dong bang cach import méa nguon ctia né tit moi trudng phat trién tich
hop IDE ctia NetBeans hay Eclipse (c6 thé Download Netbeans, Eclipse tai dia chi
http://netbeans.org/downloads/, http://www.eclipse.org/downloads/) sau
do6 chay file ProtocolGeneratorApp.java (Hinh C.2). Giao dién chinh ctia cong cu
PVG sau khi khéi dong nhu trong Hinh C.1.


http://java.sun.com
http://www.mediafire.com/?uz9sw1u9gl0hez7
http://netbeans.org/downloads/
http://www.eclipse.org/downloads/
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C.2.2 Cac chiic nang chinh

Phién ban hieén tai ciia cong cu PVG gom bon chiic nang chinh (Hinh C.1).

— Open XMI : Doc dic ta tit cac biéu do UML nhu biéu dd may trang théi giao
thitc, biéu do tuan tu hodc biéu do thoi gian,

— Write protocol : Dic ta tryc tiép giao thiic tuong téc hoac rang buoc thoi
gian bang cac biéu thitc chinh quy trong céc file dang .txt,

— Generate Aspect : Sinh ma aspect tir cac dic ta trén,

— Save Aspect : Luu ma aspect dudi dang cac file c6 phan mad rong 1a *.aj, cac
file nay sé dugc dan véi cac chuong trinh Java dé kiém ching su tuan thi giita

N N - 2 2 z
chuong trinh va dac ta cua no.
® Protocol Verification Generator. - NetBeans IDE 6.5.1
File Edt View Mavigate Source Refactor Run Debug Profle Versioning Tools indow Help

FEHES DE e WTH DB G-

| 4 x[:Files  [:Serv.. |:bin [bin e} ProtocolverificationGeneratorapp java x| =0
=8 ‘Protocol Verification Generator A mm-B- 9% 5‘%| PLe o eE | &
-3 ioul’ce Packages I’ S din
0[] META-INF services . . =Tl
5| ABn.javs bl
" |&] AJmemerator_Sequence.java L .
B AlGenerator, State java package protocolverificationgsnerator;
[ @] AxEn.java
LB coimoriisia % import Urg.j.\:iesktup.appllcat?un.Appllcatlun;
G- potscoverficationgereratar import org.jdesktop.application.SingleFraneipplicacion:
-[E ProtoralverficationGensratorboutBos — . B
" [d ProtocolverficationGeneratorapp java
[E PratocolverificationGeneratoryiew.jave T o AR ciassil Fhe ARvlication.
@ protocolverficationgenerator.resoLrces o ) )
= public class ProtocolVerificationGeneratorApp extends SingleFrameipplication {
[ protocolverificationgenerator.resources,bu
£ | > /
: ProtocolVerificationGeneratorApp.java - Na... 40 x T T At startup create and show the waln frawe of the application.
Members Wiew v *
e-ﬁ, PratacolverificationGeneratorapp : SingleFramesppld | @ Boverride protected void startupi) {
% configurewindowdiindow root) T show(new ProtocolVerificationGeneratorView(this)): @
- (p getApplication() : FrotorolverificationGener startp) 2 W
- main{Stringl] args) TS|
% startupl)
|:Dutput - Protocol_verification_Generator (run-single) ¥ x | Tasks
W | inie: o
— | dep=s-jar:
|compile-single:
|run-single:
L — = &
fe 08085 = a

Protocal Verfication Generator (run-sngle) Taning. ..
74 start DGewn Chinstr., | g8 Ado.. | bin o Hime. B2 - | @WS0L LR s

Hinu C.2 — Khéi dong PVG tit NetBeans.

C.2.3 Huéng dan thuc hién
C.2.3.1 Dac ta giao thic

Gia st mot giao thic tuong tac ctia mot hang doi tuong tranh (Concurrent Queue

- CQ) v6i bon phuong thiic duge cai dit cho phép goi cung lac bdi mot luong
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cung cap Producer day cac phan tit vao hang dgi, va nhiéu ludong Consumer ciing
thao tac v6i cdc phan tit trong hang doi (Hinh 3.4 , Chuong 5). Giao thtic nay
duge dic ta bang may trang thai giao thiic cia UML nhu trong Hinh C.3.

StarUML - ConcurrentQueue. uml

Fle Edt Format Model View Tooks  Help

NSEH& s BeX|wcnEZEE %, :

T s m et E TS || B S AT e e d

Toolbox 1 x| EE ) el | Diagram Explorer nx
e

ponotaton | [2) win 2] main B statechartoiagramt = ] Disgrams

Statechart El | @ [ Class Diagrams

[ select ~ || ® EJ UseCase Diagrams

= | [ Sequence Diagrams

B [ Sequence Diagrams (Role)

otbredihEs e ® E7 Collaboration Disgrams

® InitialState 9 Callaboration Diagrams (Role)

waid enquete{Cueve Q, int x)
@ FinalState &[] Statechart Diagrams
e e p O 3 St

Activity Diagrams
2 ChoicePaint o s
(W) ShallawHistory

(W DeepHistary

OFEMED

3J Synchrorization void dequeus{Queue Qyint =)
& Flow Final

_T Transition
) SelfTransition

void closs(Ques Q) &[] Companent Diagrams
& [ Deployment Diagrams
] CompositeStructure Diagrams

1%

|| |
| Output

[[1:51:51 PM] AddHIn "Pattern AddIn” menw is registered successfuly,
|[1:51:51 PM] Add-In "Rose AddIn" menu is registered successfully.
[[1:51:51 PM] AddHIn "Standard AddIn® menu is registered successfully,

P e

(@[ %

[1:51:51 PM] Add-In "5MT Addin® menu is registered successfully,
[1:51:51 PM] Add-In "Generator AddIn® menu s registered successfuly,
[1:515% PM] C:\Documents and Settings|HMDIDeskiopBinhktUserManual Concurrent Queue.uml Fike reading complete, i
~
B output | 4 Message | B todel Explorer L5 Diagram Explorer

| {UMLStatechartDiaaram) ::Implementation Madel: StateMachine.: StatechartDiagram1

Bk e Bow.  |ASS0LR4@ b

Hina C.3 — Dac ta giao thiic tuong tac ciia hang dgi tuong tranh véi UML.

Hinh C.4 md6 ta mot giao thic tuong tac ciia hang dgi tuong tranh va ma aspect
duge sinh ra. Trong d6, v6i mdi phuong thic duge dac ta trong giao thitc thi ma
aspect dugc sinh ra sé chita mot bién trang thai, va mot pointcut tuong ting. Truée
khi phuong thitc duge thiyc hién thi cac cau lénh trong before(..) ctia pointcut
sé kiém tra cac trang thai va tién diéu kién ma né phai thda man. Sau khi phuong
thitc duge thuc hién xong thi cac cau lénh trong after(..) ciia pointcut sé kiem tra
cac ménh dé hau diéu kién va bién trang thai dudce gan bang trang thai ctia phuong
thitc hién tai. Moi khi ¢6 vi pham vé giao thiic thi cAc ham getSourceLocation()
va getSignature () ctia aspect dugc sinh ra sé thong bao chinh xac vi tri va phuong
thic duge goi gay ra vi pham. Mot trang thai dac biet ST_START cta aspect
dudce sinh ra tuong tng vdi trang thai ctia phuong thite duge thie hien dau tien

trong giao thitc. Khi phuong thiic cudi cing trong giao thic duge thyc hién thi
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trang thai ctia no sé duge gan bing trang thai dic biet nay dé bao dam céac giao

thiic tiép theo duge kiém chiing.

I protocol Verification Generator

File  Help

i Open ¥MI | Write ABn Protocol | Generats Aspect | Save Aspect
Pratocol

START -> void open{Queue Q)

void open(Queue Q) | void engueue (Queue Q.
void open(Queue 0) | void engueus (Queus Q,
void open(Queue Q) | void engueus (Queus Q,

void close(Queue Q) -> FINAL

&
|

Hinu C.4 — Dic ta giao thic cia hang dgi tuong tranh trong textbox bén trai

EEX

Aspect]
public aspect ProtocolChecker .
public final static int STATE START = 0O:
public final static int STATE close Q = STATE_START:
public final static int STATE open Q = Z;
public final static int STATE engueue Q x = 2
public final static int STATE decueus Q x = 2
private int state = STATE START;
public ProtocolChecker ()(
System.out.println(”Aspect instance is created: "+this);
¥
pOInLout pe_open Queus (Queue Q)i args (@) €€ call (vold open(Queue));
hefore (Queus Q): po_open Queue(Q) {
if {!{state==STATE_START))({
System.out.print ["Wrong at: "+thisdoinPointStaticPart.get3ignaturei));
System.out.print (" In file: "+thisJoinPoint3taticPart.getSourcelocation
System.out.printlni” At line: "+thisJoinPointStacicPart.getSourceLocatis
iy
after (Queue Q): pe open Queue(Q) {
state = STATE_open Q:
¥
pointout pe engueus intQueue (Queue ©, int x): args(Q,x) && call (void enqueus
before (Queue Q, int x): po_engueue_intQueue(Q,x) {
if {!{State==3TATE open Q || state==STATE enqueue Q x || sState==3TATE_dequew
System.out.print ("Wrong ac: "+thisdoinPoincStaticPart.getSignature());
System.out.print (" In file: "+thisJoinPointStaticPart.getSourcelocation
System.out.printlni” At line: "+thisJoinPointStaticPart.getSourceLocatis
i8]
after (Queue Q, int %): po_engueue_intQueus{Q,x) {
state = STATE_enqueue_Q x:

~
|
£

e M2 - e [P i e R @ 154

va mé AspectJ dudc sinh ra bén phéi.

C.2.3.2 Luu ma Aspect

Sau khi sinh ma AspectJ tir ddc ta ciia no, chitc nang save cho phép ngusi sit dung

luu lai ma aspect dude sinh ra trong cac file rieng dé dan véi cac chuong trinh

Java can kiém chiing. Céc file nay c6 phan mé rong la *.aj, theo dinh dang ctia

ngon ngi lap trinh huéng khia canh véi AOP (Hinh C.5).

C.2.3.3 Dan ma aspect

AspectJ cho phép dan xen ma aspect v6i cac chuong trinh Java ¢ ba miic khéc

nhau : miic ma nguon, ma bytecode va tai thoi diém nap chuong trinh khi chuong

trinh goc chuan bi duge thuc hien. Dan ¢ mitc ma ngudn, AspectJ sé nap cac ma

aspect va Java ¢ mitc ma nguon (.aj va .java), sau d6 thic hien bién dich dé sinh ra
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= Pratacal Verification Generator,
File Help

© Open¥MI ‘rite ABn Protocal  Generate Aspect |

Protocol aspect]
String SendTo(String str] | String Receive public aspect ProtocolChecker( s
void Socket() -> void Bind() public final static int STATE_START = O:
void Connect(] -»> String SendTo(String st1  public final static int STATE_Shutdown = 1;
String SendTo(String str] | String Receive  public final static int STATE Close = STATE START;
void Connect(] -» String Receive(String s1
START -» void Sockst() . B save @
void Bind({] | void Socket{) -> void Connec  { savein: [ Protocols v #@Ee
void Connect(] -» String Send[String str) o e
void Connect(] -»> String ReceiveFrom(Strii  p Y
wvoid Closei) -3 FINAL e I_:‘:B N
H  MyRerent
W Documents
| =
3 Desktap
y
=
My Documents
_Son
K o
My Computer atis
= ‘-
Filz name: | [ ]
PiyNetwork
i HHERENS | Files of typet [ spsct1File (*.a) v [ cones ]
pOIRLCUE Do BInA[) T CAIl (void DInd(1):
before(]: pc Bind(] {
if [!({State==STATE_Socket)]{
Systew.out.print ("Wrong at: "+thisdoinPoincSraticParc.gecSignature(]):
a all | : i : e @

oo emn 3 Ban .« 2 W Pzso- B2). - Ccibe Me =i 5 @ sisem

Hina C.5 — Luu méa aspect dugc sinh ra.

ma da duge dan xen bytecode, dang .class. Dan xen & mitc ma bytecode, AspectJ
sé dich lai va sinh ma dang .class tit cac cac méa aspect va Java da duge bién dich
¢ dang (.class). Dan xen tai thoi diém nap chuong trinh (load time weaving), céc
mé clia aspect va Java dang .class dugc cung cap cho may do Java (JVM). Khi
JVM nap chuong trinh dé chay, bo nap 16p ctia AspectJ sé thuc hién dan ma va
chay chuong trinh. Vi du dan xen ¢ mtic ma nguon trong eclipse hodc NetBeans

(Hinh C.6) ho#c thuc hién cac cau lénh.

— Yéu cau :
~ Ma nguon : file chuong trinh ngudn (chuong trinh can kiém ching) * java
va file chita ma aspect duge sinh ra dang *.aj.
— Thiét lap moéi truong :
— PATH : <aspectj>/bin
— CLASSPATH : <aspectj>/lib/aspectjrt.jar
— Thuc hién :
— Dich va dan xen :

— ajc ConcurrentQueuel.java ConcurrentQueueA.aj
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Resource - AspGentfsre/AccessQueu

HinH C.6 — Dan xen ma aspect v6i ma Java trong Eclipse.

~ Chay va kiém tra :
— aj ConcurrentQueuelJ hoic,

— java ConcurrentQueuel.

File Edt Sowce Refactor Mavigate Search Project EJADE Run Window Help
4 o HY  B-0-Qim e P A SRS R e [ | [0 Resource | sur >
| [ Project Explarer £3 7 01| B pratocolcrecka | [ aceessQueuejavs 5 =25
B % o 7| 2 public class extends Thread { A
& i agent 35 publie veid run(]{
& 8 e 4 Queus gl =new Queuel();
B Ermors no el prowider For e G Quetie; 02 Snew Quetel]:
B Errorinolabelpr]  Mew b fTnew Queus(): |
= Fr omponent access
APDescription.
SSERHONE  open Type Hisrarchy F4 Thread 17 : =
=| MTPs-Main-Cont =
584 ampGent Shaw In Albshift 3 =
5'9 src Open F3 e ("Thread 17);:
g
5 gl (defaultpsck O WIEh b e ("Thread 17); |
&) Thread 27| ; =
- Copy ik % W =
) ML e Name e
B protocold = =
- 1) Protocold (B Pasts ey component access =
@ 1] Queue.j ¥ Delete Delete i"Thread 2"} : st
E Erornolabelpr & Fenovs o il Rl Z
@ Eror:nolabelpr  Build Path » E_lE_thr;S:JZ i
= nThread 27 :
12 jovolition5.4.3 | source alt+shift+s 3
52 bookTrading '
z ';5 Fi Refactor Alt+ShiFeT e e o
& 5 profile g Import, ., Thread 3"):
1 5T e i e ("Thread 37):
& 13-1 test e ("Thread 3%);
1 Timingverffication | ¥ Refresh Fs Thread 3™, =
prn) __
125 UML2ASECT Reforences »
Declarations 4 i X R EpEEE B 570
[ e @ et L)
-~
Debug As ¥ [5] 2 Java Application alt+shift+, 1 B
Tean >
Compare With ,‘ Run Configurations...
Replace With ’
Restore from Local History, .. -
< | Aspect] Tools »
= FHD: 5
0 B () Acessqu
L LI B | EJADE 13
o start G Praperties Alt+Enter - vis
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