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LOI MO DAU

Véi sy phat trién nhanh tot bac cua linh vyc cong nghé thong tin va
truyén thong trén ca cac hé théng phan cimg va phan mém, kha nang xay ra
nhiéu 18i, dic biét 13 cac 13i tinh vi 13 rat cao. Nhimng 15i ndy c6 thé gy ra
nhiing hau qua nghi€ém trong vé tién bac, thoi gian, tham chi cudc séng cua
con ngudi. Nhin chung, mot 18i cang sém dugc phat hién sé cang mat it cong
strc dé stra 151 do.

e Theo thdng ké cia Standish Group (2000) trén 350 cong ty véi
hon 8000 du 4n phan mém c6: 31% dy 4n phan mém bi huy bo
trudc khi duge hoan thanh. Véi céc cong ty 16n, chi c6 khoang
9% tong sO cac du an hoan thanh dung tién d6 va trong ngan
sach du an ( voi cac cong ty nho, ty 1€ nay vao khoang 16%)

e Theo thdng ké cia PCWeek (2001) trén 365 cong ty chuyén cung
cip cac dy an phan mém chuyén nghiép c6: 16% cac dy an la
thanh cong, 53% su dung dugc nhung khong thanh cong hoan
toan, 31% bi huy bo.

e NIST Study (2002): L3i phan mém gay thiét hai wdc tinh 59.5
triéu d6 la cho nén kinh té nuéc My mdi nam chiém 0.6% GDP.

e V¢ tinh nhan tao Ariane-5 vao ngay 4/06/1996 chi sau 36 giay
roi khoi bé phong da bi nd vi 1y do 16i phan mém: nguoi ta di sir
dung 16 bit luu trit s6 nguyén dé luu trit dit liéu kiéu thuc 64 bit
gay thiét hai 500 tri¢u USD...

Trong cac nganh cong nghiép, luén dit ra mot yéu cau phat trién cac
phuong phap luin dé c6 thé ting do tin cdy trong viéc thiét ké va xdy dung
phan mém. Cac phuong phap luin d6 s& cai thién chat lugng va ha gia thanh

cho viéc phat trién mot hé thdng. Thém nira, vé mit 1y thuyét, can phai cung



cAp mot nén tang toan hoc chit ch& va ding din cho viéc thiét ké cac hé thong
thong tin, dé nhimg ngudi xay dung va phat trién phan mém cé thé két hop
giita kinh nghiém thyc tién va 1y thuyét.

Mot cach tiép can truyén théng 1a xay dung hé thong phan mém bang
cach di tir xdy dyng mo hinh. Nhitng mé hinh d6 s& duoc chinh sira cho dén
khi dat dugc dén do tin cay vé tinh chinh xac va dung dan. Cach tiép can nay
¢6 wu diém va chi phi thap hon so véi viéc xay dung hé théng mot cach tryc
tiép. Tuy nhién, nhuoc diém ciia cach tiép can nay 13 sy dinh tinh nhap nhang
trong viéc xay dyng mo hinh.

Cach tiép can thtr hai 12 st dung viéc xac thuc hinh thic (Formal
Verification) bang cich xdy dung mé hinh toan hoc cua hé théng, sir dung
mot ngdn ngir dé dic ta cac thude tinh ctia mot hé thdng. Pong thoi cung cap
cac phuong thirc dé chimg minh mé hinh d6 thoa man cac thudc tinh dé ra.
Khi phuong thirc d6 dugce chirng minh bing 6tdmat, ngudi ta goi 13 xac thuc
tu dong (Automation Verification). Tuy nhién, cac phuong thirc xac thyc do
chua thoa man cac diéu kién can c6 véi mot cong cu ty dong nhu sau:

e (b co so hinh thic dé xady dung duogc cac cong cu cé tinh thuc
thi. Cong cu hodc phuong thic d6 phai dé dang, hiru ich cho
nguoi st dung. Do d6, cac ky hiéu phai rd rang, dé hiéu véi
nguoi st dung, cé giao di¢n than thién.

e (6 kha nang lién két giita cac giai doan trong vong doi phan
mém. D& dang tich hop giira cac pha trong vong doi phan mém

e Tinh 6n dinh cao, nhat 14 v6i nhitng phan mém phirc tap.

e (6 kha ning phét hién 15i va sira 16i

Cach tiép can ther 3: Kiém tra mo hinh (Model Checking) 1a mot
phuong thirc c6 thé dap ung dugc cac yéu cau trén. Cac ki thuat truyén théng

dang duoc sit dung nhu kiém thtr (testing) hoic mé phong (simulation)
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thuong khong ty dong, qua phtc tap hodc chi dua ra két qua timg phan.
Chiing c6 thé tim ra rat nhiéu 16i nhung khong thé tim ra tat ca cac 16i nhat 1a
v6i nhitng phan mém tuong tranh da luéng, phan mém nhing, phan mém thoi
gian thyec, phén mém hudng ddi tuqng...Khéc phuc nhitng nhugc diém do, cac
giai thuat kiém tra mé hinh da cung cép mot cach tiép can toan dién va tu
dong dé phan tich hé thong. Phirong phdp kiém tra mé hinh phan mém la mot
ky thudat tw dong ma: khi cho mot mo hinh hitu han trang thadi cua mot hé
théng va mot thuoc tinh hé théng can thoa man, kiém tra xem hé théng do co
thoa man thuoc tinh dwa ra hay khong?[1]

Vi loi ich to 16n cta kiém tra mo hinh dic biét 1a kiém tra md hinh
phan mém, day trd thanh mot vin dé& néng hdi dang duoc rat nhiéu nguoi
quan tam trén thé gidi. Tuy nhién day 1a mot van dé rat rong, cong va4i tinh
phtrc tap va mé1 mé cua nd nén luan van sé gidi han nghién cuu trong xay
dung giai thuat kiém tra m6 hinh phan mém tdi wu va ¢ bd cuc, ndi dung nhu
sau:

Chwong 1: Téng quan vé kiém tra mo hinh phan mém: giéi thiéu vé dinh
nghia, lich st ra doi va phat trién ctia kiém tra mo hinh phan mém, cac van dé
dang duoc quan tim va can giai quyét xung quanh kiém tra mé hinh phan
mém hién nay.

Chuwong 2: Cac giai thut kiém tra m6 hinh phin mém. Trong chuong nay s&
dé cap dén céac giai thuat kiém tra mo hinh phan mém dang duoc ap dung hién
nay. Tir d6 s& xem xét va dua ra kién trac va giai thuat dé xuat phu hop nhét
giai quyét cac van dé dat ra va cho hiéu ning cao

Chuwong 3: Pé xuit va xay dung giai thuat kiém tra mo hinh phan mém: Dé
cap dén cac kién thirc nén tang nhung rat méi mé nhu hé théng chuyén trang
thai, 16gic thoi gian tuyén tinh, Otdmat Buchi... trén co sd 1y thuyét do, s& dé

xuat xay dung giai thuat kiém tra mé hinh phan mém t6i uu nhat.
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Chwong 4: Xay dung m6 hinh minh hoa: Dya vao giai thuat dé xuét, lya chon
cong cu dé xay dung mé hinh minh hoa. Gidi thiéu ngén ngit PROMELA dé
mo hinh hoé hé thdng va cong cu SPIN dé kiém tra mo hinh phan mém. Pong
thoi dua ra cac vi du vé dé minh hoa co ché hoat dong cua SPIN vd&i cac hé
thdng twong tranh.

Két luan: Té)ng két nhiing gi da dat dugc, dong gop khoa hoc ctua luan van va

huéng mong mudn phat trién trong twong lai ciia dé tai.
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CHUONG I:
TONG QUAN VE KIEM TRA MO HINH PHAN MEM

1.1 LICH SU PHAT TRIEN

Kiém tra mo hinh phan mém da co lich sir phat trién tir kha sém voi
muc dich dat dugc 1a phai ty dong hod qua trinh xac thuc cac hé théng, cho
dén nay da phat trién 1én thanh nhiéu phuong phap luin. Tir nhitng khi bt
dau phat trién theo hudng nay, nguoi ta da xac dinh dugc diéu kién tién quyét
ctia ty dong hod qua trinh xac thuc gdm 2 yéu to: ngir nghia hinh thirc (formal
semantics) va ngon ngir dac ta (specification language). [10]

Trude hét, xac thuc 1a gi? Xac thuc 13 kiém tra tit ca cac hanh vi khi

thuc thi c6 phu hop voi dac ta hay khong?

Dac ta
Specification
(what we want)

Thiét ké Xéc thue
Design Verification

Thue thi
Implement
(what we get)

A 4
A

Hinh 1.1 Mo hinh x4c thyc phin mém
Thoi ky dau tién, khi cac hé thdng thong tin cha yéu 1a cac hé théng vao ra,
mot hé théng tong thé 1a ding dan va chinh xac néu ting phan cua hé théng do
dung va két thuc hay dau ra la dung dan. O thoi ky ddu tién nay, ngit nghia hinh
thirc chinh 1a méi quan hé vao ra, ngon ngit dic ta 1a logic mot ngoi.
Nhitng nim 60 cua thé ky 19, khi cac hé thdng phan hoi (reactive) xuat

hién, cac hé thong nay khong phai chi don thuan 1a dé tinh toan, su két thuc
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c6 thé khong nhu mong doi hoidc dé xay ra hién twong deadlock. Do d6, hé
thong tong thé 1a dung dan va chinh xac néu no thoa mén cac yéu tb: an toan,
phat trién va tin cdy. Ngit nghia hinh thic chinh 1a Otémat, cac hé thong dich
chuyén, ngdn ngit dic ta 1a logic thoi gian.

Cung v6i sy phét trién cia cac loai ngdn ngir 14p trinh theo xu hudng
ngdn ngit ty nhién, ngudi ta cd ging phan tich va dua ra nhimng két ludn mang
tinh thé thirc va lién quan dén thoi gian.

Nhirng nam dau thé ky 20: Logic thoi gian dugc hinh thitc hoa véi cac
thuc thé: always (Iudn ludn), sometimes (d6i khi), until (cho dén khi), since
(tir khi)....theo trat tu thoi gian tir qua kht, hién tai cho dén twong lai.

Nam 1977, Pnueli gioi thiéu viéc st dung logic thoi gian nhu mot ngon
ngir dic ta. Cac cong thirc logic thoi gian duoc thong dich qua cdu truc

Kripke theo mo hinh sau:

Hé thong thoa min cac thudc

Hinh thirc hoa

Mo hinh hoa tir
cong thure thoi gian

Hinh 1.2 Mo hinh logic thoi gian
Trén co s& 1y thuyét trén bao gdbm mé hinh hé théng va logic thoi gian,
tr 46 bit dau hinh thanh y tudng vé viée tu dong hoa qua trinh xac thuc mot
van dé. Bai toan duoc phat biéu nhu sau: Cho mot hé théng M va mot cong
thire thoi gian @, can tim mot giai thuat dé quyét dinh xem liéu hé théng M co

thoa man cong thirc d6 hay khong?
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Vao cubi nhitng nim 70, dau nhimg nim 80 nguoi ta thu nho van dé
kiém tra mot van dé qua cac budc sau:

> Pua ra mot hé théng ching minh dé kiém tra tinh dung dén dung
logic

> Phan ra hé théng M thanh tap cta cac cong thic F

> Chimg minh rang F thoa man ¢ bang cich s dung hé thong
chirng minh

Sau d6, van dé kiém tra mé hinh duoc dua ra gdm cac budc sau:

> Xay dung va luu trit mo hinh hé théng M bang hé thdng trang
thai htru han.

> Kiém tra m6 hinh M c6 thoa mén ¢ hay khong thong qua dinh
nghia.

Tir d6, van dé kiém tra mo hinh duoc dat ra dé giai quyét cac van dé vé
bung nd trang thai vi sb lugng cac trang thai trong mot hé thong gia tang véoi
s6 lwong ham mil.

Cudi nhirng nim 80, dau 90 da c6 nhimng két qua nghién ctru vé van dé
nay:

> Nén (Compress): Biéu dién tip cac trang thai mot cach ngin gon
nhu: Luoc d6 quyét dinh nhi phan (Binary decision diagrams)

» Gian lugc (Reduce): Khong sinh ra nhiing trang thai khong lién
quan.

» Truu tugng (Abstract): Tap hop cac trang thai tuong duong nhu:
biéu dd x4c thuc (verification diagrams), bién ddi cac tién trinh
tuong duong.

Cubi nhimg nim 90, ddu nhirg nim 2000: 4p dung kiém tra mé hinh
trong cac ung dung cong nghiép, nhét 1a thanh cong trong linh vuc xac thuc

phén cung, ti€n phong la cac tdp doan: IBM, Intel, Microsoft, Motorola,
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Samsung, Siement...C6 rat nhiéu cac cong cu thuong mai va phi thuong mai
ap dung kiém tra md hinh nhu: Formal Check, PEP, SMV, SPIN...

Tu nhitng nam 2000 tré lai day, linh vuc kiém tra mé hinh phﬁn mém
rat phat trién va 13 mot chu dé dugc rat nhidu cac ngudi quan tim, va diéu dic
biét & day, cac hé thong dd dugc biéu dién dudi dang hé thdng vo han trang

thai.
1.2 KIEM TRA MO HINH PHAN MEM
1.2.1 Khai niém kiém tra mé hinh

Khdi ni¢gm 1: Kiém tra mo hinh (Model Checking) 1a cac phuong thirc, thuat
toan dé xac thuc do tin cdy va hiéu ning cta cac hé théng may tinh. Cac
phuong thirc nay ddi 14p véi phuong thirc chimg minh 1ap ludn st dung
phuong phép suy dién. [6]
Khdi ni¢m 2: La mot ky thuat ty dong dé xac thuc cac hé théng tuong tranh
hiru han trang thai. [6]
Khdi niém 3: La mot ki thuat tu dong dé xac thue cac thudc tinh, hanh vi cta
mot md hinh ctia mot hé thdng bang cach duyét tit ca cac trang thai ctia hé
thdng do. [6]
Kiém tra mé hinh dugc chia lam 2 loai:

e Kiém tra m6 hinh phéan cimg

e Kiém tra mo hinh phan mém

Trong khudn kho cta luan van, sé chi xét dén kiém tra mo hinh phan mém.
1.2.2 Kiém tra mo6 hinh phan meém

Kiém tra mé hinh phan mém (Software model checking) ¢ hai ¥ nghia chinh:
» Kiém tra mo hinh phén mém véi muc dich chinh 14 kiém thr, xac thuc

xem hé théng c6 thoa mén mot sb thudc tinh, tinh chit nao d6 hay
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khong. Khi d6, hé thong duoc biéu dién dudi dang d6 thi cac trang thai,

goi 1a mé hinh, cic trang thai ndy duoc lién két v4i nhau boi cac bude

chuyén trang thai. Mdi budc chuyén trang thai twong Gmg vi mot bude
ctia chuwong trinh duoc biéu dién bang toan hoc ngit nghia hoic ngén
ngit may. Cac thudc tinh ciia phin mém s& duoc kiém tra bang cach
duyét toan bo db thi.

> Kiém tra mo hinh phan mém con mang y nghia logic tinh toan nham
kiém tra xem hé théng phin mém c6 thé biéu dién dudi dang mot mod
hinh cong thirc logic thoi gian (temporal logic) hay khong? Do do, tu
mo hinh khong chi mang ¥ nghia 1a viéc dac ta hanh vi mét cach triru
tugng ma con 1a biéu dién hanh vi cta hé thong.

Trong kiém tra md hinh phan mém, cac thudc tinh can thoa méan dugc
biéu dién bang logic thoi gian hodc bang cac Otdmat. Sau do, s& thyc hién
phép duyét toan bd khong gian trang thai dé kiém tra xem hé thong co thoa
mén cac tinh chat d6 hay khong, hay 1 mot mé hinh nhu dic ta ciia no hay
khong. Vi vay ngudi ta goi d6 1 kiém tra mo hinh. Khi hé théng va dic ta cua
hé théng duoc mo hinh hoa béng Otdmat hitu han trang thai, hé théng s€ duoc
so sanh v&i ddc ta dé kiém tra xem cac hanh vi cua hé théng c6 phu hop vai
dac ta hay khong.

Do d6, kiém tra mo hinh phﬁn mém con duoc dinh nghia 12 mdt ky
thuat tu dong ma: khi cho mot mo hinh hiru han trang thai ciia mot hé théng
va mot thudc tinh hé thong can thoa man, kiém tra xem hé théng d6 co thoa
man thudc tinh dua ra hay khong?

Dé kiém tra mé hinh phan mém sé phdi qua 3 buéc co bdn sau:
> MO0 hinh ho hé thdng (System Modelling): M6 hinh hod hé thong phan

mém theo phuong phap thu cong hoidc ty dong bang cach phan rd phan



mém bang mot sd trinh bién dich nao d6 dé c6 dugc mot md hinh day
du va chinh xéc.

» Pac ta cac thudc tinh (Properties Specification): St dung mot ngén ngir
nao d6 dé dién ta dic ta hé thong, thong thuong sir dung logic thoi gian
hodc stir dung Otomat.

> Xéc thuc (Verification): Kiém tra tinh phu hop, diing dan giita mo hinh
phan mém va dic ta cia phan mém do.

Céc giai doan cua vi¢e kiém tra mo hinh phén mém duge biéu dién nhu sau

(hinh 1.3):

Thiét

B0 kiém tra mo hinh

Thoa ma

Hinh 1.3 M6 hinh cta kiém tra mé hinh phan mém

Thoa man
Thuoc tinh

Tir chuong trinh ngudn, ta s& md hinh hoa chwong trinh d6. Sau d¢, su
dung bd kiém tra mé hinh dé kiém tra xem mo hinh c6 thoa man thudc tinh dé
ra hay khong. Néu khong vi pham, s& dua ra két luan hé thong thoa mén thudc
tinh. Nguoc lai, néu khong thoa méan thudc tinh do, bo kiém tra mé hinh s& chi

ra nhitng chd 16i va quay lai qua trinh thiét ké, lap trinh.
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Loi ich ciia kiém tra mé hinh phan mém:
> Kiém tra mo hinh phan mém dugc tmg dung trong nhiéu linh vyc:
phan ctmg, phan mém, cic hé thong giao thiic, mang lai loi ich kinh
té cho nhiéu nganh khac nhau, dic biét trong nganh cong nghiép.
> Cho phép xac thuc cac thudc tinh v6i nhitng phan lién quan nhiéu
nhat t&i thudc tinh do, vi vay mot thudc tinh hay diéu kién phic tap
s& dugc chia nho thanh nhiéu phan dé ap dung vao nhanh do thi nao
lién quan dén phan thudc tinh 6 nhat nhim nang cao toc do xur 1y.
» Khi thudc tinh bi vi pham, chuong trinh s& dua ra cac bién dém cua
chuong trinh dé chi ra 16i & trong mo hinh
> Khong giéng nhu kiém thtr 12 luén mong mudn sinh ra cic truong
hop kiém thir & bao gdm nhiéu nhét cac tinh hudng hodc kich ban
c6 thé, kiém tra mo hinh ludn dam bao duyét dugc hét tat ca cac tinh
hudng, hay tit ca cac trang thai cia mo hinh.
Kiém tra mo hinh phé“m mém con ¢6 mdt sd diém han ché sau:
> Kiém tra mo hinh tip trung chu yéu vao huéng diéu khién cac tmg
dung vi vay khong hudng nhiéu vao dit liéu
> Bat cir mot phép kiém tra va xac thuc nao st dung kiém tra mé hinh
chi t6t khi va chi khi mé hinh hoa hé thdng d6 tét. Néu hé théng do
md hinh ho4 khong day du s& xay ra rat nhiéu sai sot khi xac thuc,
hoic dua ra cac 16i sai.
Tuy nhién, kiém tra mé hinh phan mém 1a mot cong cu hiru hiéu dé tim 16i va

c¢6 kha ning tim duoc nhimng 16i tiém tang khac.
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1.3 PHAN LOAI HUONG TIEP CAN KIEM TRA MO HINH PHAN

MEM

C6 2 céch ti€p can kiém tra mo hinh phan mém: ti€p can dong va tiép

can tinh
1.3.1 Cach tiép cin dong

Thuong ap dung v6i nglt nghia dong, va dugc coi nhu san pham cua
cac tién trinh trén Linux. Céc tién trinh duoc két ndi v6i nhau bang cac toan
tir thue thi trén com.objects. Cac toan tir trén com.object 14 nhin thiy dugc,
nguoc lai cic toan tir khac 1a bi an. Khi d6, chi cac toan tir hién mai co thé bi
khoa. Hé thong 13 mét trang thai tong thé ma cdc toan tir tiép theo ctia mdi
tién trinh déu duoc hién. Khong gian trang thai chinh 13 hop cia trang thai

téng thé va duong di giita chung. [7]
1.3.2 Cach tiép cén tinh

Lap giita cac qua trinh: Triru tuong (Abstract) - Kiém tra (Check) — Lam
min (Refine): [7]
» Truru tugng hoa (Abstract): sinh ra mot may triru tuong dua vao
phén tich chuong trinh tinh.
> Kiém tra (Check): Kiém tra mé hinh véi may triru tuong
> Lam min (Refine): Triru tugng hoa cac vét 15i cua code, sau d6 quay

trd lai bude 1.
1.3.4 Két hop giira hai cach tiép cin tinh va dong

Hai céach tiép can tinh va dong nhu vira dé cap co nhimg dic tinh khac
biét nhau nhu sau:

> Y tudng
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o Tiép can tinh: duyét toan bd code dé sinh ra mot méi truong
triru tuong c6 thé phén tich sir dung kiém tra mé hinh

o Tiép can dong: diéu khién thuc thi da tién trinh

» Ngon ngir:

o Tiép can tinh: Khong yéu cau thyc thi nhung ngdn ngir 1a phu
thudc vao chuong trinh

o Tiép can dong: Ngon ngit doc 1ap voi yéu cau thuc thi chuong
trinh

> Luu vét 16i:

o Tiép can tinh: Co thé sinh ra cic vét 15i sai, c6 thé chung
minh duoc sy ding din ciia mo hinh trén 1y thuyét, nhung
chua chirng minh duogc trong thyc hanh

o Tiép can dong: Vét 15i tang theo khdi luong code

Dua vao d6, ngudi ta dé xuat mot cach tiép can két hop giira hai cach tiép can
tinh va dong trong kiém tra mo hinh phan mém dé tan dung dwoc nhiing uu
diém cua cé hai cach tiép can do.
Mo hinh két hop gém cac budc sau: [7]
» Ty dong trién khai giao di¢én cua chuong trinh tor ma nguén cua
chuong trinh.
> Sinh ra céc trinh diéu khién kiém thir (test driver) cho viéc kiém thur
ngau nhién thong qua giao dién & buée 1
> Sinh ra cac kiém thtr ty dong dé thuc thi truc tiép thong qua céc

duong di thay doi ciia chuong trinh.
1.4 KIEM TRA MO HINH PHAN MEM CO PIEN VA HIEN DAI

Quy trinh phat trién phan mém theo mé hinh thac nudc duge biéu dién nhu

sau: [17]
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Khéo sat LR A 1s

- Kiém tra mo hinh
co dién

Phan tich

Thiét ké

Kiém tra mo hinh
-- hién dai

Lap trin

Tﬁ Kiém thir ]7
A\ 4

—[ Bao tri

Hinh 1.4 Kiém tra mo6 hinh phan mém gan véi vong doi phan mém

Phuong phap kiém tra mo hinh ¢ dién dugc xay dung dya trén 3 pha:
phan tich, thiét ké va lap trinh. Sau khi phan tich, thiét ké, nguoi ta s& mo hinh
hoa hé théng, sau d6 str dung cong cu kiém tra mo6 hinh phan mém dé kiém tra
xem hé thong d6 c6 thoa man cac thudc tinh dit ra hay khong? Néu co thoa
maén, s& di dén budc 1ap trinh, néu khong, s& thiét ké lai mo hinh hé thong.
Tuy nhién, phuwong phap kiém tra mo hinh hién dai xdy dung dua trén 2 pha:
1ap trinh va kiém thtr. Sau khi 1ap trinh, tir md ngudn s& x4y dung ra mo hinh
hé théng dudi dang mo hinh trang thai, st dung cong cu kiém tra mo hinh dé
tim ra két luan. Bién phap nay s& thay thé cho viéc kiém thir, vi né s& bao quat
duogc tat ca cac trudng hop.

Trong ca hai phuong phap kiém tra mé hinh c6 dién va hién dai, triru
tuong hoa déu duoc coi 13 mot hoat dong chinh. O phuong phap tiép can cod
dién tir pha thiét ké, phai trtru tugng hoa mdt cach thu cong, sau dé tir mo

hinh xéc thyc triru twgng, nhd k¥ thuat 1am min sé din dén pha thuc thi. O
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phuong phép tiép can hién dai, tir mé hinh xac thuc triru tuwong, dwa vao ki

thuat triru twong hod s& dan dén pha thyc thi.
1.5 KET LUAN CHUONG

V61 muc dich kiém tra mot hé théng duoc mo hinh hoa c6 thoa man
mot thudc tinh cho trude hay khong, linh vuc kiém tra mé hinh phan mém da
tién xa hon kiém thir tu dong vi c6 thé bao quat duoc tit ca cac truong hop
thudc hé théng mot cach ty dong, do d6 1a mdt van dé da va dang rat duoc
quan tdm hién nay. Kiém tra mo hinh phian mém déu phai di qua ba budc do
12 mo hinh hod hé théng, dic ta cac thudc tinh va xac thuc tinh hé théng co
thoa man thudc tinh d6 hay khong. Dé giai quyét timng budc trong cac pha do,
c6 rat nhiéu cac k¥ thuat kiém tra mé hinh phﬁn mém duge dé xuit nham muc

dich t6i uvu hod bai toan duoc trinh bay ¢ chuong 2 tiép theo.
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CHUONG 2:
CAC KY THUAT KIEM TRA MO HINH PHAN MEM

2.1 GIOI THIEU

Kiém tra mo hinh dua trén viéc tao ra mo hinh hiru han cua hé théng va
kiém tra mo hinh dé véi cac thudc tinh dit ra cua phﬁn mém. M6 hinh cua hé
théng dugc biéu dién duéi dang may trang thai hiru han. Sau dé, ta phai tim
cach dé hoan thanh viéc duyét toan bo khong gian trang thai dé kiém tra mo
hinh d6 c¢6 thoa mén véi dic ta hay khong. Pic ta hé thong thuong duoc bicu
dién duéi dang logic thoi gian (temporal logic) hodc Otémat, do d6 s& c6 2
cach tiép can viéc kiém tra mé hinh: d6 1a kiém tra m6 hinh thoi gian va kiém

tra mo hinh theo 1y thuyét 6témat (Hinh 2.1)

KIEM TRA MO HINH

v '

LOGIC THOI GIAN LY THUYET OTOMAT

Hinh 2.1: Céc céch tiép can kiém tra mo hinh phan mém
Kiém tra mo hinh phan mém dang c6 xu hudng rat dang phat trién hién nay

va thong thuong theo cac budc sau:

Chuong . Mo Xac thue Diing
trinh Truu tuwone hinh | md hinh /
nguon triru \S
tugng ai, thong bao

vét 16i

Lam min qua trinh troeu twong

Hinh 2.2 Cac budc co ban trong kiém tra mé hinh phan mém
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e Kiém tra mé hinh tuy chon theo ngon ngit lap trinh bang qu4 trinh triru
tuong tir dong & mirc do ma nguén.

e Truru tugng va dich tu dong dua trén su chuyén dbi sang triru tugng
kiéu méi cho kiém tra mé hinh

e Lam min qua trinh triru tuwong hau hét duoc tu dong.

Vi bat ctr ky thuat kiém tra mo hinh phan mém nao déu phai giai
quyét mot van dé kho khin nhat d6 1a: bung nd khong gian trang thai. Khong
gian trang thai cta viéc kiém tra mo hinh thuong 13 tuyén tinh nhung khong
gian trang thai ctia hé thong lai thuong tang theo ham mil (hoic hon thé nira).
Do d6, thach thirc k¥ thuat cht yéu trong viéc kiém tra moé hinh 1a thiét ké cac
phuong thire va cac ciu trac dit liéu dé giai quyét duoc khong gian trang thai
16n nhu vay. C6 mot sé phuong phap dé co thé tranh su bung nd trang thai,
trong d6 c6 4 phuong phip chinh d6 la: Biéu dién ky hiéu (Symbolic
representation), Duyét nhanh (On the fly), Rut gon (Reduction), Xéc thuc két

ciu (Compositional reasoning) (Hinh 2.3). [2]

CAC KY THUAT KIEM SOAT KHONG GIAN TRANG

Biéu dién Duy¢t Rut gon Xac thye
ki tur nhanh két cau
Rut gon bac Téi thiéu hoa Trtru tugng hoa
tung phan két cau

Hinh 2.3: Cac céch tiép can dé diéu khién sy bung nd khong gian trang thai
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Céc k¥ thuat biéu dién ky hiéu tranh viéc bung nd trang thai bang cach
thé hién hé thong dudi dang chuyén trang thai mot cach hoan toan, st dung
luge dd quyét dinh nhi phan. Vi vy mé hinh cta hé théng duoc biéu dién
bﬁng cac ky hiéu ma khong can su xay dung mot clu trac dit liéu hiéu qua.
K¥ thuat duyét nhanh (On-the-fly) bao gdm viéc xac thuc hé thdng trong khi
sinh ra n6. N6 mo phong moi chudi chuyén trang thai c6 thé co cia hé thong
bang cach duyét do thi theo chiéu sdu ma khong can luu trit cac dich chuyén,
qua trinh tim kiém két thuc sau khi c6 mot 16i bat ky duoc tim ra, gitp ta
khong phai duyét toan bo hé thdng ngay tir ddu. Ky thudt gian luoc
(Reduction) dya trén viéc chuyén d6i van dé xac thuc sang mot van dé tuong
duong nhung véi khong gian trang thai nho hon. Cudi cung, d6 1a k¥ thuét
xac thuc két cau (Compositional Verification) dua trén viéc dinh nghia cac
thudc tinh cuc bd cua cac hé théng con xem c6 thoa min cac tinh chat dé ra
ctia toan bo hé thong. Bang cach nay, khong can phai sinh do thi trang thai

téng thé, vi cac thudc tinh da dugc cac hé théng con kiém tra.
2.2 PHUONG PHAP KY HIEU BIEU DIEN

Phuong phap ky hiéu biéu dién (Symbolic representation) dua trén viéc
st dung hoan toan mo hinh trang thai hitu han dé biéu dién mot hé théng.
Céch biéu dién thong thuong 1a sir dung két hop nhitng ham va toan tir logic
goi 1a Luoc d6 quyét dinh nhi phan theo bac(Ordered Binary Decision
Diagrams — OBDD). Cach biéu dién sir dung OBDD ¢6 3 wu diém chinh: phu
hop v6i nhitng 16p cac ham Boolean 16n, phtt hop vai yéu cau dua ra dam bao
thtr tu cta bién du vao, c6 thé thao tac truc tiép dé hoan thanh tt ca céc toan

tir Boolean co ban mot cach ¢6 hiéu qua. [2]
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Hinh 2.4 : Cay quyét dinh nhi phan theo bic va OBDD cho (a Ab)v(cad) véi
thtr tu a<b<c<d

Mot OBDD twong ty nhu mot cay nhi phan quyét dinh, ngoai trir cAu
tric cta nd 1a mot do thi ban lién théng c6 hudng, khong don thuan 1a mot
cay, va c6 mdt su quy dinh chat ché thu tu xudt hién cta cac bién khi cay
dugc duyét tu géc téi cac 14. Pac biét hon, OBDD biéu dién mot ham logic f
bang cach giam di tir cay quyét dinh thr ty nhi phan mot sé ciu trac lién quan
(Hinh 2.4). Bé lay duoc gia tri thuc twong ung véi mot diy gia tri cla cac
bién trong f, ta phai duyét cay nhi phan quyét dinh tir gdc t&i cac 14. Tai mdi
nut, gia tri cua bién twong ung s& quyét dinh duong di tiép theo: hodc theo con
trai hodc theo con phai néu gia tri ctia cac nhin dugc danh nhan 1a false/true
hodc 0/1. Do d6, cach thé hién nay duoc goi la ky hiéu (symbolic), va giai
thuat kiém tra mé hinh 1am viéc thyc hién thong qua biéu dién ky hiéu dugc
goi la kiém tra md hinh ky hi¢u. Cac gia tri trén cay xuét hién theo th tu bac
tang dan tir gbc t6i cac 14. Mo hinh OBDD dugc tinh giam tir cAy nhi phan
quyét dinh bang cach hop cac nhanh giéng nhau trén cdy thanh mét cay don,
va loai bo bat ky nat ndo cé cac con trai hodc phai 1a gidng nhau. (Hinh 2.4)

OBDD la mdt céu trac dit liéu dé biéu dién ky hi¢u cta cac tap tré nén

thong dung cho viéc kiém tra mo hinh béi vi chiing ¢6 nhimng dic tinh sau:
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> Moi ham Boolean déu 13 duy nhat, biéu dién bang BDD. Néu bit budc
phai chia sé cac nat BDD, su tuong duong gitta hai ham c6 thé duogc
quyét dinh trong mot thoi gian hang sd.

» Cac toan tor Boolean nhu: phu dinh, phép két ndi,...co thé duge thuc
hién timg phan dé giam tinh phirc tap.

> Phép chiéu dugc thuc hién mot cach dé dang, trong truong hop xau

nhat do phuc tap c6 thé 1én t6i ham mii

Mo hinh trang thai hitu han ctia mot hé thdng cé thé biéu dién dudi
dang OBDD nhu trén. Mdi trang thai duoc ma hoa bang mot phép gan céc gia
tri logic cho tap cac bién twong tmg cua hé théng. Qua trinh xir 1y ndy duogc
thuc hién hoan toan trong sudt véi ngudi sit dung bang cac cong cu hd trg
phuong phép ky hiéu biéu dién. Chuyén quan hé c6 thé dién giai bang cac
ham Boolean dud¢i dang hai tap cac bién, mot tap dé ma hoa trang thai hién
thoi, va mot tap dé ma hoa trang thai moi.

Tiép can theo phuwong phéap ky hiéu biéu dién tranh dugc viéc xay dung
biéu d6 trang thai ctia hé thong. Do d6, van dé khong con 1a kich ¢& cua
khong gian trang thai ma chinh 1a kich ¢& cua cach thé hién OBDD. Trong
nhimg truong hop thong thuong né co kha ning xac thuc cac hé thong véi
quy mo 16n nhung khong toan dién trén tat ca khong gian trang thai.

Céc giai thuat dwa OBDD chua thé thay thé hét cac giai thuat khac vi
n6 khong thé hoan thanh t6t trong moi truong hop. Trén thyc té, kich ¢& cua
OBDD chii yéu dwa vao bic cta bién. Van dé & day 1a tim ra bac hodc tht tu
ma tra vé cay tdi thiéu 1a mot bai toan NP dﬁy du. C6 mot sd céc heuristic da
dugc phat trién dé tim ra mot tha tu bién tot néu tht tu do tdn tai. Tuy nhién

co rat nhiéu cac ham Boolean c6 kich ¢& 1a ham mu v&i moi bac cua bién.
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2.3 PHUONG PHAP DUYET NHANH

K¥ thuat duyét nhanh (On the fly) thyc hién bang cich hoan thanh tat
ca cac phép duyét dén tit ca cac trang thai hodc cac chuyén trang thai. Do do,
khong can thiét phai luu trit toan by do thi trang thai cua toan hé thong. Trén
thue té, sy bung nd khong gian trang thai c¢6 thé 1am cho hau hét cac hé thong
kho c6 thé thuc thi dugc. K§ thuat ndy md phong tat ca cac chuyén trang thai
6 thé cta hé théng 6 thé thuc hién duoc. Sau do, st dung giai thuat truyén
théng tim kiém theo chiéu sau dé phan rd, khao sat hé thong dé thyc hién ky
thuat duyét nhanh ma khong phai luu trit cac chuyén trang théi trong qua trinh
tim kiém. K§¥ thuat ndy s& lam giam yéu cau bd nhd khi thyc hién. [2]

Trong lan duyét do thi theo chiéu sau dau tién, duong di hién thoi s&
yéu cau bd nhé nho nhit. Ky thuat phai dap tng duoc yéu cau cua bai toan 1a
giam khéi luong bd nhd yéu cau trong khi van dam bao duyét toan bo cac
trang thai. Mdi trang thai chi duoc luu trit mot 1an khi né duge dén tham. Do
vay, Vi1 cac dd thi phtrc tap, s€ khong thé luu trit duoc tat ca céc trang thai.
C6 rat nhiéu cac bién phap duoc dé nghi dé cd gang dung hoa giira hai chién
luoc trén.

Cong véi viée luu trit dudong di hién thoi, bo nhd dém khong gian trang
thai (state space caching) tao ra mot by dém gém cac trang thai da dugc dén
tham. Ban dau tit ca cac trang thai di dén tham duogc luu trir cho dén khi nd
dién dﬁy bo nhd dém. Khi do, cac trang thai cii s€ dugc thay dan dan béng cac
trang thai moi. Hi€u qué cua viéc st dung bd dém luu trit khong gian trang
thai phu thudc vao kich ¢& ctia bd dém va phu thudc vao ciu tric cua khong
gian trang thai. Mot nhiém vu hét stc phirc tap va khong thé doan trude dé 1a
tim ra cach thiét 1ap mot bo dém t6i wu vi néu khong s& lam tang thoi gian
thue thi cuc nhanh. Nhu trén di trinh bay, thoi gian thuce thi can thiét ting vot

1a do su bung nd gip nhiéu lan cua cac phan trong khong gian trang thai
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khong duoc luu trir. Tan dung t6i da loi ich dat duoc tir viée sir dung bo nhé
dém khong gian trang thai s& tranh viéc bung nd khong gian trang thai va thoi
gian do viéc luu trir nhiéu 1an ciing mot phan giéng nhau.

Pé cung giai quyét van dé bung n6 khong gian trang thai, k¥ thuat nay
con st dung bit trang thai bam (bit state hashing) hodc siéu vét (super trace)
dé thuc hién tim ting phan trén khong gian trang thai (Hinh 2.5). Cac trang
thai da tham dugc luu trit trong mot bang bam H co kich ¢& phu thudc vao bo
nhG con tréng. Véi mdi trang thai s s& st dung mot bit don h(s), khi d6 h 1a
mot ham bam tra vé gia tri cac bit danh du trong H. Néu h(s) = 1 ¢ nghia 13
s da duoc tham. Do d6, s& khong xay ra hién tuong dung d6 vi tim kiém trén
ting phan. Khi thuc hién giai thuat, khong gian trang thai s& duoc bao phu
tang dan déang ké v4i mot diy cac bit trang thai bam.Giai thuat nay két hop
viéc chay song song véi ham bam doc 1ap tinh cho dén khi tat ca cac mirc cia
dd thi déu duoc dat toi. Uu diém cua viée st dung bang bam la tat ca céac
trang thai déu duoc luu trir va dugc tra ctu, tim kiém rat nhanh, tiét kiém

duoc t6i da dung luong bd nho.

0
s oD
Tinh toan dia chi, chi
sO trén bang bam
h-1
Bang bam

Hinh 2.5 Quén ly khong gian trang thai trong k¥ thuat duyét nhanh
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Uu diém cta k¥ thuét xac thuc duyét nhanh 13 né chi tién hanh cho dén
khi c6 mot 161 bi phat hién, trong truong hop do, mot vét 161 (counterexample)
dugc sinh ra dé chi dinh 15i va stra 16i. Thong thuong, 161 tim dugc kha sém
trong qua trinh tim kiém, do d6 tranh dugc viéc phai di tham toan bo do thi.
Mat khac, khi hé théng chay dung, vi¢c tim kiém s& phai dién ra trén toan bd
khong gian trang thai. Vi thé cach tiép can nay dic biét thich hop v6i nhiing

hé thong c6 thé xay ra rat nhiéu 15i.
2.4. PHUONG PHAP RUT GON

Cac k¥ thuat rat gon (Reduction) tap trung vao vi¢c xay dung tirng
phan, hoic triru tuong khong gian trang thai ciia mot chwong trinh, trong khi
phai chimg t6 duoc day du kha ning thoa man cac thudc tinh cta hé théng. Ta

tap trung di sau vao rut gon khong gian trang thai. [2]
2.4.1 Rut gon béc tirng phin

Muc dich: Giam s luong cac két ndi doc 1ap xen vao trong mé hinh

Trong hau hét cac tiép can kiém tra mo hinh, tinh twong tranh duoc mo
hinh hoa bai sy xen nhau, d6 14 van dé chinh cta su bung nd trang thai. Rut
gon bac timg phan (Partial order reduction) duoc dua trén viéc quan sat cac hé
théng twong tranh, hiéu qua tuyét dbi ctia mot tap cac hanh dong thudng doc
lap v6i bac cta ching. Do do, s& tranh su ldng phi phai sinh ra tat ca cac
truong hop xen nhau giira chiing. Mot s6 phuong phap dua trén y tudng nay
da duge dé xuét, béng cach phan ra mét dd thi gian lugce cua hé théng ma van
dam bao dugc cac thudc tinh can dap Gmg.

Phuong thtc rat gon bic timg phan thyc hién mot phép tim kiém lua
chon ctia hé thong khong gian trang thai. Voi mdi trang théi s dén duoc trong
khi tim kiém, ta tinh mot tip con T cta tip cac chuyén trang thai tai s, va khao

sat chi nhitng chuyén trang thai trong T. Phuong phap nay khac voi cach tim
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kiém truyén thong d6 13, & cach tim kiém truyén thong v6i mdi trang thai s,
khao st tat ca cac chuyén trang thai tir s. Hai k¥ thuat chinh nay duoc dé nghi
trong céc tai li€u vé nhan biét tap con cua ching, dugc tinh toan dua trén cac
tap lién tuc va cac tap ngu (sleep sets).

Mot tép lién tuc (persistent set)T véi mot sd cac trang thai s co chira cac
chuyén trang thai tir trang thai s, s& c6 mot sd dic trung sau: voi bat chr
chuyén trang thai nao duogc dén tur trang thai s béng viéc thuc hién loai trir cac
chuyén trang thai khong trong T déu dugc goi 1a cac chuyén trang thai doc 1ap
trong T. Mot trong nhitng k¥ thuat co ban cua tap lién tuc 1a dya trén viéc tinh
toan ctia cac tip cd dinh (stubborn). Trong khi giam su bung n6 khong gian
trang thai cua hé thdng, chi cic chuyén trang thai trong tip cd dinh cia mdi
trang thai dugc lya chon. N6 da chung minh réng su thuc thi cua toan bd cac
chuyén trang thai con lai c6 thé tri hoan khong can két qua cua sy xac thuc co
hi€u qua hay khong. Giai thuat trén duoc tinh todn céc tap cb dinh trong sudt
cac qué trinh duyét khong gian trang thai va dugc thuc hién béi ki thuat duyét
nhanh.

K¥ thuat tap ngu (sleep set) khai thac thong tin vé viéc tim kiém trong
qua khtr. Néu st dung riéng 1é, nd giam s6 luong cac chuyén trang thai duoc
duyét nhung khong giam s6 lugng cac trang thai. Nhu da dé cap, day 1a mot
k¥ thuat rat hiru ich khi cac tap nga dugc két hop voi k¥ thuat bo dém. Trong
qué trinh tim kiém theo chiéu siu trén dd thi caa hé théng, moi trang thai s
tuong Ung voi mot tap ngu, do 1a tip cac chuyén trang théi tai s nhung s&
khong duogc thuc thi tir s. Tap nga cd thé két hop véi tap lién tuc dé giam
khong gian trang thai can duyét. Thuc té, ki thuat tap lién tuc khong thé tranh
cac lua chon cua cac chuyén trang thai doc 1ap trong mot trang thai, cac tap

ngt khong thé tranh dugc cic chuyén trang thai chén 1én nhau.
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Khi két hop voi kiém tra mé hinh, k¥ thuat rat gon timg phan ciing bién
ddi theo thudc tinh can phai xac thuc. N6 thuong trong trudng hop cac ky
thuat rat gon bac tung phﬁn duoc tinh toan, hau hét trong khi tim kiém, nhiing
phan nay ctia cac do thi trang thai 1a thira va co6 thé bo qua.
Vi du:
x:=1]y=1 khoitaox=y=0

Khong rut gon Rut gon céc dich chuyén Rut gon trang thai

Hinh 2.6 Minh hoa phwong phap rat gon bac ting phan
2.4.2 T6i thiéu hoa két cAu

Nhiém vu cua xac thuc hé théng bao gém thiét 1ap mot hé théng S thoa
méan mot s6 thudc tinh f. Goi R 1a ving ngit nghia twong duong voi thudc tinh
f. Do d6, S thoa mén f néu S’ thoa man f, trong d6 S’1a mot may trang thai toi
thiéu sao cho (S, S’) € R. Qua trinh xay dyng S’ tir S duoc goi 1a qua trinh tdi
thiéu hoa. Khi R tuong img véi rng dung cua mot triru tugng cua S, thi S ¢é
chura it trang thai hon S.

K¥ thuat phan tich may trang thai ti thiéu trong tmg véi mot sd cac hé

thong s& tt hon chinh hé thdng d6. RS rang 13, muc tiéu dé tbi thiéu hoa dd
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thi S’ khéng sinh ra db thi ddy du cua hé théng. Toi thiéu hod két cau
(Compositional minimisation) cung cip cac phuong phap dé dat duoc diéu
do.

Gia str mot hé thong duoc mo ta béi mot cdy phan cap. Ti thiéu hod két cau
hoan thanh t6i thiéu hoa trong cac budc, tir mirc thap nhit cho dén muc cao nhit
trong cdy phéan cap. Biéu thirc két ciu cia mdi muc s& dinh nghia nhitng may trang
thai ndo phai dugc két hop dé tao thanh cac may trang thai ciia nhimg hé thong con
tai mirc d6. Két qua 1a mdi két ciu déu duoc t6i thiéu hoa. Mot s6 cac ky hiéu tuong
duong dugc st dung trong cach tiép can nay duoc goi 1a mot su tuong dang voi cac
toan tir trong cac biéu thirc két ciu. Didu nay dam bao cac thanh phan c6 thé tao
thanh mot cach an toan bang cach téi thiéu hoa cac biéu thic.

Trong qué trinh da dugc mo ta & trén, do thi trang thai cho cac hé théng con
trung gian dugc xay dung bang cach phéan tich nhiing tinh hudng co thé. Vi vy,
cach tiép can tbi thiéu hoa két ciu nay co nhitng dic tinh rat phu hop sau:

e K&t hop tir muc thap t&i mirc cao hon ciia cac hé thong: bang cach tao thanh
hanh vi thanh phan, che gidu chi tiét tir hanh vi di twong ma toan bo hé
thong khong can dén, dat tén lai cho cac hanh dong cua cac giao dién trong
cac thanh phan sir dung véi cac ngit canh khac nhau.

e Ky hiéu twong duong: Cac ky hiéu twrong duong thuong dugc dung dé don
gian hod cac hé théng trung gian, phai thoa man viéc bao vé cac thudc tinh
can quan tam va giam duoc khong gian trang thai.

e Giai thuat rat gon: Gidm kich c& cua hé théng con, dé sinh ra cac may trang

thai cang nhanh va nho cang tdt.
2.4.3 Triru twgng hoa

Hau hét cac chién lugc rit gon déu dya trén tmg dung cia mot s6 dang
triru tugng hod hé théng thong qua cac phép phan tich. Trong thyc té t6i thicu

hoa két cAu c6 thé dugc coi nhu mot k§ thuat triru tuong hoa (abstraction). N
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triru twong chi tiét tir hanh vi cta hé théng dua trén mo ta vé ciu trac hé thong
va md ta cac thanh phan cta né twong tac véi nhau nhu thé nao.

Ruat gon cuc bd (Localisation Reduction) 1a mdt qué trinh ty dong,
thudc tinh phu thudc vao k¥ thuat rat gon dugc Kurshan dé nghi . Pay 1a mot
qua trinh dong khi ngdn ngit kiém tra bao gdm cac phuong thirc xac thyuc tu
dong. Ngon ngit bao gdm cac thudc tinh duoc bao vé khi cac tién trinh khac
duogc thém vao mo hinh. Giai thuat duoc khoi tao béng cach troru tugng hoa
hé théng cO chtra chi mot tap con cua céc tién trinh hé théng, sau do sé thuc
hién mét cach dé quy cho dén khi cac bién dém chuong trinh twong tng véi
mot su thuc thi dung cta hé théng. Phép lwa chon cua céc tién trinh bao gom
qué trinh xép xi dua trén mot do thi co huong biéu dién sy phu thudc gitra cac
tién trinh ctia hé thong.

Mot cach tiép can dugc dé xuit boi Bharadwaj va Heitmeyer [6] dé
kiém tra cac thudc tinh bat bién trén mot hé théng da dugc triru tugng hoa.
Nhitng su triru tuong hod nay duge sinh tryc tiép tir dic ta hé théng bang cach
khtr cac bién trang thai khong anh huong dén thudc tinh quan tim. Hé thong
triru tugng chi chira nhirg bién co lién quan dén bao dong cia tip cc bién
xuét hién trong thudc tinh, phu thudc vao mbi quan h¢ gitra cac bién hé théng.

Véi nhitng chuong trinh ¢6 hanh vi phu thudc dir liéu, Clarke dé xuat
thuc hién kiém tra mo hinh dwa trén x4p xi khong gian trang thai ctia chung,
khi d6 khong gian trang thai s& rat 16n (hodc c6 thé 14 vo han). Sy xap xi dya
trén 4nh xa tap trén ddy cac bién cua chuong trinh 1én tdp cic gia tri triru
tuong. Chung dugc xdy dung truc tiép tir chuong trinh ma khong xay dung
dau tién hé théng chuyén trang thai ban dau.

Mot cach tiép can khac dé triru twong hoa bao gém khai thac su d6i
xtng trong hé thong sinh khong gian trang thai va cho viéc kiém tra mé hinh.

Nhin chung, cidc k¥ thuat cho nhiing chuong trinh hanh vi doc lap dir li¢u
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duoc tng dung khong nhiéu trong cac hé théng twong tranh, & d6 tip trung

chu yéu cho sy twong tac gifta cac tién trinh.
2.5.KY THUAT XAC THUC KET CAU

K¥ thuat xac thuc két cau (Compositional verification) khai thac dya
trén sy phan ra mot hé thong phirc tap thanh cac thanh phan don gian hon.
Céc thudc tinh cua cac thanh phan hé théng dugc xac thuc dau tién. Nhitng
thude tinh nay sau d6 dugc hop lai véi nhau dé suy ra cac thudc tinh cia hé
thdng tong thé. R& rang 13, cach tiép can nay khong phai dbi mat v6i khé khan
vé bung nb khong gian trang thai vi nd khong yéu ciu phai xay dung trén
khong gian trang thai cta hé théng. Mot van dé nita d6 1a nhiing trang thai cua
cac hé théng con chi dugc thod man chi khi cac gid dinh dugc dat ra trén moi
truong d6. Mot cach tiép can cho van dé nay 1a st dung giao dién cac tién
trinh dé mo hinh hod méi trudng ciia cac hé thong con. [2]

Mot sd lugng 16n cac nghién ciru déu danh cho xac thuc két cau, dua
lai nhitng hi vong kha quan vé viéc ngan chan sy bung nd khong gian trang
thai. Giai thuat rat gon cuc bo ¢ thé coi nhu mot phuong phap xéac thuc két
ciu don gian vi né s& chimg minh cac thudc tinh ctia hé thong tong thé bang
cach kiém tra xem né c6 thoa man mot sd cac thanh phan ciia hé thong. Thuan
lg1 cua viéce rut gon cuc bo do 1a nd co thé tu dong duoc.

Nhin chung, 6 1a mot nhiém vu phirc tap dé phén rd cac thudc tinh cta
mot hé théng téng thé thanh céc thudc tinh cuc bd cta cac thanh phén cua hé
thdng. Hon nita, no phai ching minh rang sy phan ra d6 1a ding dén, d6 la:
phai thod man céac thudc tinh cuc bd cua cac hé théng con va cac thudc tinh
téng thé cta hé thdng. Cach tiép can nay duoc hd tro boi cac cong cu tu dong
& mirc d6 cao dé dugc s dung mot cach rdng rai boi cac ky su phén mém.

Theo cac két qua nghién ctru, tim ra mot heuristic c6 ich dé quyét dinh su



36

phan i cac thudc tinh cta hé théng tong thé thanh cac thudc tinh cuc bd cua

cac hé thong con 1a mot trong nhitng van dé mé trude tién cua linh vuc nay.
2.6 KET LUAN CHUONG

Dé kiém tra mé hinh phﬁn mém, cic k¥ thuat dua ra déu tuan theo mot
nguyén tic chung d6 13 phai triru trong hoa mé hinh hé théng va thudc tinh hé
théng can thoa man. Sau d6, sir dung bd kiém tra mé hinh dé kiém tra xem hé
thdng c6 thoa mén thudc tinh d6 hay khong. Néu thoa man, dwa ra thong bao
thanh cong, néu khong thoa mén, dua ra cac vét 16i dé thiét ké lai. Diém khéc
nhau co ban giita 4 k§ thuat dé xuat: biéu dién ky hiéu, duyét nhanh, rat gon,
xac thuc két cau d6 1a cach xu 1y dé tranh sy bung nd khong gian trang thai
ctia hé thong. Trong 4 k¥ thuat trén, diéu khién khong gian trang thai hiéu qua
nhat 1a k¥ thudt duyét nhanh (On the fly). Bang cach thirc st dung ham bam
dé luu trir toan bo khong gian trang thai, nhung qué trinh duyét va tim kiém
trang thai lai rat nhanh. Mat khac k¥ thuat duyét nhanh khong yéu cau phai
Iuu trir cac chuyén trang thai, st dung k¥ thuat by nhd cache dé tiét kiém
dung lugng bd nhd, tang tdc d6 tim kiém. D@)ng thoi vo1 viée dua trén cac uu
diém luu trit cua k¥ thuat duyét nhanh, luan van s€ di sau nghién ctru tim ra
giai thuat dé giai quyét bai toan kiém tra mé hinh phan mém sir dung ky thuat

duyét nhanh s& dugc dé cap ¢ chuong 3 tiép theo.
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CHUONG 3:

KY THUAT KIEM TRA MO HINH PHAN MEM SU DUNG

LY THUYET LOGIC THOI GIAN TUYEN TiNH VA

OTOMAT BUCHI

3.1. BAI TOAN KIEM TRA MO HINH PHAN MEM

Bai toan dit ra: Cho mot hé théng chuyén trang thai T va mot thudc tinh f.

Can kiém tra xem hé théng T co6 thoa min thudc tinh f hay khong?

Y twéng giai quyét: [5]

Chuyén d6i hé thdng chuyén trang thai T vé dang Otdmat Buchi, ky
hiéu At
Dic ta thudc tinh f dudi dang Logic thoi gian tuyén tinh (LTL — Linear
Temporal Logic)
Lay phu dinh cta thudc tinh LTL f 1a —f va chuyén —f sang dang
Otomat Buchi A_;
Kiém tra giao cia cac ngdn ngit dugc doan nhan boi Ar va A_;co 1a
rong hay khong, tic 1a:
o LAp)nL(Ap=9
o Néu L(Ar) N L(A_y) # @ ching to hé théng chuyén trang thai T
da vi pham thudc tinh f, dua ra vét 16i.
Chuy:
o L(A1) N L(A_p) = @ néu va chi néu L(A7) < L(A_)
o Cho hai Otdbmat Buchi At va A_g, xady dung tich chdp cua hai
Otomat At x A_¢nhu sau:

L(Arx A¢) = L(A1) N L(A)
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o Sau dd, ta kiém tra ngdn ngir dugc doan nhan boi Otdémat Buchi

At x A_;co bang rdng (empty) hay khong.

3.2. MO HINH HOA HE THONG PHAN MEM

3.2.1 Van dé ditra

Ta ludn mong muon tim dugc cach biéu dien mo hinh phan mém dé dap ting

cac van de¢ dat ra:

< C6 kha ning bicu dién tuong tranh: Lam thé nao dé mo hinh ho4 cac

hé thng trong d6 phép chuyén trang thai c6 thé duoc thyc hién boi cac

tién trinh khac nhau, céc tién trinh twong tranh. Chuyén trang thai co

thé chi 13 mot phép chuyén tai mot thoi diém hodc c6 thé co rat nhiéu

kha ning chuyén trang thai tai mot thoi diém.

% Cac phép chuyén dwoc mé ta ¢ mirc dd nao la thich hop nhat?

M&i phép chuyén dugc mo ta boi mot vai cau 1énh

Mbi phép chuyén dugc mo ta bdi mot phép gén hoac mot xac
dinh chic chan va cu thé

Moi phép chuyén duoc mo ta boi mot cdu 1énh ma may

MB&i phép chuyén duoc mo ta boi mot su thay dbi vat 1y

< Lwa chon md hinh thwe thi: M6 hinh tuyén tinh hay mé hinh phan

nhanh?

MO hinh tuyén tinh: Tap hop tat ca cac phép thuc thi hoan chinh
(con goi 1a vét) ciia hé théng
Mo hinh phan nhanh: Phéan biét cac cach khac nhau tai moi diém

trong khi thuc thi hé théng.

% Cac trang thai hé thong: Str dung cic trang thai toan cuc hay cuc bo

cho cac hé théng twong tranh hodc phan tan?
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= C4c trang thai toan cyc: thé hién miéu ta tic thi cia toan bo hé
théng.

= Cac trang thai cuc bo: Thé hién phép gan cac gia tri cho cac bién
clia mot tién trinh xir 1y don 1é.

Trang thai hé théng: Trang thai dé mé ta hé théng mot cach hinh thirc,
dé cung cap mot sb thong tin tai mot thoi diém bat ky trong qué trinh thyc thi
hé thong.

Trang thai hé thdng sir dung mét trong cac thanh phan sau: cac thyc thé
triru tuong nhu dgi tin hiéu vao (waiting for input) hodc dang chay (running),
gia tri cta cac bién chuong trinh, gia tri cia cic bd dém chwong trinh, ndi
dung cua diy cac thong diép, cac cd tién trinh, thong tin lap lich. ..

Tir d6, yéu cau phai c¢6 nhitng mé hinh toan hoc dé 1am co s¢ dinh
nghia ngit nghia cta logic thoi gian, d6 chinh 1a hé théng danh nhin dich

chuyén (LTS — Label Transition System)
3.2.2. Hé thong danh nhin dich chuyén
3.2.2.1 Cac dinh nghia

Vi muc dich thoa méan cac van dé dit ra nhu trén, ta s& biéu dién céc
hanh vi ctua hé théng bﬁng dd thi hitu han hodc vo han trong d6 cac nut 1a cac
trang thai cua hé¢ théng va cac canh dé biéu thi su dich chuyén trang thai.
Pinh nghia hé thong danh nhin dich chuyén: [1] Hé théng danh nhan dich
chuyén bao g@)m b bbn : K = (S, So, L, &)
trong do:

S: tap cac trang thai

So: tap céc trang thai khoi dau

L: tap cac nhan

—: mot quan h¢ dich chuyén c S xLLxS
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Neéu(s,I,s) € > this€ vietla: s —>s

Dinh nghia phép thuwe thi trong LTS: [1]
Mot phép thuc thi cia LTS (S, Sy, L, =) 1a mdt duong di vo han hoac hiru

han c6 dang:

voi sy € Sova (s, 1;, si+1) € = voi moi i
Chu y:
- Cac trang thai co thé dugc danh nhén béng mot tap cac bién, mdi bién
biéu thi cho mot thudc tinh trang thai.
- Hé¢ théng danh nhan dich chuyén htru han dugc coi nhu 6tomat hiru han
khong c6 nhiing trang thai két thuc.
Dinh nghia duong di trong LTS: [1]

4

& L Is
Néu S S >S,

>....1a mOt phép thuc hién vo han cua T, thi

o = 55,55...€ S dugc goi 1a mot duong di trong T. Tap hop tat ca cac
duong di cua T dugce ky hi¢u Path(T).
Pinh nghia biéu dién day trang thai: [1]
Véimoi k € N, o* biéu thi day céc trang thai tur thu k tré di cua o:
= 8181118140 € S?
3.2.2.2 Ap dung mé hinh hod chwong trinh
e Goi V 1a tap hop cac bién cua chuong trinh. Tap céc trang thai cla
chuong trinh dugc cho boi gia tri ciia V:
S:={s|s:V->N}
e NéuV={vy, ..., vy}, thi s thuong dugc viét la:
[v o s(v),esv, a0 s(v,)]

e Nhing trang thai khoi dau trong Sy co thé duoc khoi tao giatri So < S
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Vidunhu Sy := {so} v&isy(v) :=0véimoiv eV
Céc nhén dich chuyén trong L duogc ky hiéu boi cac phép gan c6 dang:
g — (Vi,...,Vn) == (€1,...,€n)
trong do:
o g € BExp 12 mét biéu thirc logic trén V va N
o n>1lvavéimoiie {l,...n}
o vieV
o ¢ € AExp la mot biéu thtrc toan hoc trén V va N
Cho s € S, s(e) € N va s(g) € B 1an luot biéu thi gia trj cta e va g trong
trang thai s. Do do6, s dugc mo rong thanh:
s: AExp UBExp > NUB
g —> (V1,...,Vn) == (ey,...,e,) thuc hién duoc trong s néu s(g) = true
Tap cac dich chuyén duoc ky hiéu:
- ={(s, ], s’) | 1 thuc hién dugc trong s}

v6is =s[vi a s(e) l1e {l,...n}]val=g—> (v, ..., V) :=(€1,..., €n)

Vi du 1: Phép chia s6 tw nhién

Lap chuong trinh tuan ty tinh két qua y1:= x1/x2 va phan du y2 := x1 mod x2

la:

I: yl :=0;

2: y2 :=x1;

3: while y2 >x2 do
4: yl =yl+1;
5: y2 =y2-x2
6:

end
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Tap cac bién cua chuong trinh: V = {pc, x1, x2, y1, y2} trong d6 pc 1a bién

dém cua chuong trinh (program counter) dé quan 1y cic budc cua chuong

trinh, nhu vi du trén s(pc) € {1,...,6}

Céc trang thai khoi dau: Sp == {s € S | s(pc) =1, s(x2) > 0}

Céc phép chuyén:
L={ M) pc=1
(L) pc=2

(L) pc=3Ay22>x2
() pc=3Ay2<x2
(Is)pc=4
(I) pc =5
Vi du 2: Két hop tinh toin
Lap chuong trinh song song tinh:
(n) _nEn=D*. *(n—k+1)

k) 1%2% %k

// Tt 86

1: x1:=n;

2: whilexl >n-kdo
3: x3:=x3 *xI;

4: xl =x1 -1

5: end

— (pc, y1) = (2, 0),

— (pc, y2) = (3, x1),

—  pc =4,

—  pc =6,

= (pe, y1) == (5, yl+1),
— (pc, y2) :=(3,y2-x2) }

//Mau sb va tong hop két qua
6: x2:=0;

7.  while x2 <k do

8: x2:=x2+1;

9: awaitn-x1 >x2;
10: x3:=x3/x2
11: end

So:={s e S|s(pc) =1, s(pc;) =6, s(n) > s(k) >0, s(x3) =1}

Li={ () po=1
(L) pca=2Axl>n-k
(l) pa=2Ax1<n-k

— (pey, x1) :=(2,n),
— pc =3

— pc =5:
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(l4) pa=3 — (pc, x3) =(4,x3  x1),
(Is) pc=4 — (pc, x1) =(2,x1 1),
(l) pc=6 — (pc, x2) :=(7,0),

(I7) pc,=7Ax2<k — pC; =8,
(I8) pc,=7Ax22>k — pC; =11,
(19 pc.=8 - (pci, x2) =(9,x2+1),
(/10) pc,;=9An-x12>x2 — pc; =10,
(/11) pc, =10 — (pc;, x3) =(7, x3/x2)}

3.3 PAC TA HINH THU'C CAC THUQC TiNH CUA HE THONG

3.3.1.

Vén dé dit ra
Ta d3 biét: Hé thong dugc md hinh hod dudi dang hé théng dich
chuyén trang thai duoc gidi thiéu ¢ trén.

Lam thé nao dé dac ta cac thudc tinh ma hé¢ thong can thoa man?

Phép dic ta d6 phai thoa mén cac diéu kién sau:

Tinh chinh xac: ¢t phap rd rang, ngit nghia chinh xéac, do d6 khong thé
dac ta theo ngdén ngit ty nhién.

Tinh tién loi: dé hiéu, d& sir dung v6i nhitng nguoi nhu: phan tich yéu
cAu, thiét ké hé théng, 1ap trinh vién, kiém thir

Ngén gon: dic ta phai ngin gon, stc tich nhung dé hiéu.

Tinh hiéu qua: c¢6 kha ning kiém tra hé thdng va cac thudc tinh c6 nhat
quén hay khong?

Kha niing dién giai: C6 kha niing dién giai c4c thudc tinh

D& chuyén ddi: c6 thé tu dong sinh code tir dic ta (st dung 1am min

tung budce)
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Nhén thiy, khong c¢6 mot dic ta hinh thire sin c6 nao co thé dap tmg
duoc cac yéu cau trén. Ngudi ta dé xudt st dung logic thoi gian (temporal
logic) thay cho viéc st dung logic tinh dé biéu dién mdi quan hé giira cac

trang thai khac nhau trong qua trinh thyc thi hé thong.
3.3.2. Logic thoi gian

Kiém tra mo hinh thoi gian 1a mo hinh phét trién theo cach tiép can: cac
thudc tinh can dat duoc cua hé thong dugc biéu dién dudi dang ménh dé logic
thoi gian. Logic thoi gian (Temporal Logic) da duoc chimg minh 14 rat hiru
ich cho viéc dac ta cac hé théng tuong tranh, thoi gian thuc, hudng ddi tuong
boi vi n6 ¢o thé mo ta thir tu cua cac sy kién theo tht tu thoi gian ma khong
can phai gii thiéu mot cach rd rang vé thoi gian. Trong logic thoi gian,
khong st dung céc toan tir chi thoi gian qua khir dé xac thuc chuong trinh ma
chi can cac toan tir lién quan dén hién tai va tuong lai.

Mot khung thoi gian (temporal frame) 1a mdt cap (S, R) trong d6 S 1a
tap thoi gian tai nhiéu thoi diém va R 1a mot quan hé trén S lién quan mdi thoi
diém voi bo xtr Iy tirc thi ctia nd. Bao dong phan than cua R, ky hiéu 13 <, biéu
dién tht ty thoi gian: s < t nghia 1a s xay ra trudc t hodc s va t xay ra dong
thoi trong khoang thoi gian giéng nhau. Ngudn gdc ctia quan hé R di nay sinh
ra hai huéng phat trién, hai mé hinh thoi gian va logic: logic thoi gian nhanh

va logic thoi gian tuyén tinh. [2]

3.3.3. Logic thoi gian tuyén tinh (Linear Temporal Logic - LTL)
Cac thu0c tinh cua hé théng thuong duoc chuin hoa dudi dang Logic
thoi gian tuyén tinh (LTL). Bét ctr biéu thirc logic ndo cia trang thai cia mot

hé thdng va cac gia tri twong tmg cta nd duoc goi 13 mot cong thirc trang thai.
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LTL 1a mot dang logic hinh thic dé mé ta mdi quan hé gitra céc trang thai
trong qua trinh thuc thi ctia hé thong.

Trong logic thoi gian tuyén tinh, thoi gian 1a mot tap hop thir tu tuyén
tinh, thuong duoc do bang cac s tu nhién. Trong mot khung tuyén tinh (S,
R), R 12 mdt quan hé ham dé chi dinh mdi thoi diém chi c6 mot phép ké tiép.
Thur ty thoi gian trong LTL dugc st dung 1a ky hi¢u <, vi du cho hai khoang

thoi gian batky s, t € S thi hodc s <t hodc t <s.

Hinh 3.1 : M6 hinh Logic thoi gian tuyén tinh (LTL)
3.3.3.1 Thudc tinh trang thai
Dinh nghia thugc tinh trang thai:
» Cho V la mét tap cac bién cua chuong trinh va S 1a mot tap cac trang
thai cua chuong trinh S:= {s |s: V —> N}
> Tap hop cic phép toan va cac biéu thirc logic trén V va N ky hiéu la:
AExp va BExp dugc dinh nghia nhu sau:
o V,NcAExp
o Néu e, e; € AExp thie; + ey e;- e, e % e; € AExp
o True, False € BExp
o Néu e, e; € AExp thie; < ey e;> ey e;=e; € BExp
o Néu b;, b, € BExp thi b; A by, b; v by, —b; € BExp

Céc phan tir trong BExp con dugc goi 1a cac thudce tinh trang thai.
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» Mot thudce tinh trang thai b € BExp duogc goi 1a hop 1€ trong mdt trang
thai s € S néu s(b) = true ( hoic con goi s thoa b, hodc s 1a trang thai b,
ky hiéu s |= b)

» b € BExp duoc goi la thoa man néu ton tai mot trang thai s € S sao cho

s |= b, b dugc goi 1a mot phép lip thiranéu s [= b véimois € S
3.3.3.2. Cu phap LTL

Cac cong thuc LTL co ban dugc dinh nghia qui nap nhu sau: [1]
» BExp c LTL
> Néu ¢, y € LTL, thi
¢ Ay € LTL (phép hop)
@ vy € LTL (phép tuyén)
— @ € LTL (phép phu dinh)
0 ¢ € LTL (tiép theo- next)
0 @ € LTL (ton tai - eventually)
1@ € LTL (lu6n ludn - always)
¢ Uy e LTL (cho dén khi - until)
Y nghia:
b € BExp duogc biéu dién 1a trang thai dau tién
o dung néu ¢ dung sau trang thai dau tién
0@ ding néu ¢ diing & mot sb trang thai phia trudc nao do
[ ding néu ¢ ding voi moi trang thai phia trude trang thai ndo d6

¢ U y dung néu ¢ s& ding cho dén mot sé diém ma y ding.
3.3.3.3. Ngir nghia ciia LTL

a) Khai quat vé ngir nghia ciia LTL

» Gia str c6 mdt day cac trang thai vo han:
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o= 505;5...€ S¢
> Véimoi k e N, o biéu thi day céc trang thai tur thir k tré di cua o:
o = s SiiSia...€ S? do do, o’ = &
> Cong thirc ¢ € LTL duoc thoa min ¢ diy trang thai o (hay & thoa o;
ki hiéu ¢ |= o) dugc dinh nghia nhu sau:
& |=b néus, |=b
" FoAy néucl=@vact=y
o* |=ovy néuc®|= ¢ hoic 6" |=y
" =—¢ néuc®=¢ (" khong thoa o)
o Fop néuc=o
o =0¢  néutdn taii>k thoa min o'|= o
o |=0e  néuvéimoii>k déu thoa mino'|=¢
o =eUwy néutdntaii>ksaochoo'|=yvac |=¢ véimoik <j<i
» Hai cong thuc ¢, y € LTL dugc goi 1a twong duong ( ki hi¢u: ¢ = y)
néu véimoi o € S”: Gl=¢ néu o=y
> Mot LTS T 1a mot mo hinh cua (hodc thoa) mot cong thirc 9 LTL néu
o |= ¢ voi moi ¢ |= Path(T). Ki hi¢u T |- ¢
Xét mot cach cu thé vé ngir nghia ciia LTL nhu sau:
b) Thudc tinh trang thai (State Properties)
o"|=bnéusc|=b

Vidu:x,y € V, b :=(x=y):

c So S ) S3 S4

X 1 2 3 4 5

y 5 4 3 2 1

b false false true  false false

= c"¥b,6' ¥ b6’ =b
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¢) Toan tir tiép theo o (Next)
o" |= o néu "' |

Vidu:

-

X,y € V, ¢ :=(x=y):

o So S1 S$2 S3
X 1 2 3 4
5 4 3 2
o) false false true  false

= o%£b, &' |= ob, & b

d) To4n tir ton tai O (Eventually)

6" |= O néu tdn tai i > k sao cho &' |= @
Vi du:

x eV, :=(x=2):

o So S1 S2 S3
X 1 2 3 4
o) false true false false

=c" =09, ' =09, 67 Fé O

Twr do6 rut ra:
> Néu 6" |= 09 thi 6" |= 0@ v6i moi i<k
» 00 =0 Vv ol

e) Toan tir luén luon O (Always)

6" |= Opnéuvéimoii>kludncd o' |=¢

Vidu:x e V,p:=(x>2):

S4

false

S4
5

false
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c S0 S1 ) S3 S4

X 1 2 3 4 5

o) false false true true  true
= GO‘# e, G Fﬁ N, o° |= Lo

Tur do rat ra:
> Néuc® |= Op thi ' = Op véimoii>k

» Oo=¢ Aollp

> [1va ¢ 14 hai toan tir di ngau: [p = —0—0
O = —[1—@
f) Toan tir cho dén khi U (Until)
6" |= @ Uy néu ton tai i > k sao cho o' [= y va &' |= ¢ v6i moi k < j <i
Vi du:
x,yeV,o:=x=1),y:=(y=2vy=4):

c S0 S1 ) S3 S4
X 1 2 3 < 5
o) true  false false false false
y 5 4 3 2 1
v false true  false true  false

=>c FeUy,c' FoUy,c’FoUy
Twr do rut ra:
» Op=true U o
> Néu ¢ U y thoa mén thi Oy ciing thoa man
Vi du: Biéu dién tin hiéu dén giao thong dudi dang ct phap LTL
> Tin hiéu dén giao thong duoc chuyén d6i gitta cac mau xanh, vang va

do nhu sau:
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Gia st ky hiéu nhu sau: xanh: gr, vang: ye, do: re
gr —»ye »>re »>gr — ..
Thudc tinh thir nhat: tai mot thoi diém chi c6 mot tin hiéu dén duy nhét,
do do:
@ =1{(gr vye vre) A —(grrye) A —=(gr nre) A =(venre))
> Thudc tinh thir hai: tht ty chuyén mau tin hiéu phai dung, do d6 s& biéu
dién nhu sau:
w.:=/[(gr Uye) v(ye Ure) v (re Ugr))
> Dic ta day du:
grrony
g) Mot s6 phép bién ddi twong dwong

Ta c6 mot sb phép bién ddi twong duong nhur sau:

—f & 0f

—0f & L f.

A fAg) & [fallg

o(fve) < O vig
W(fveg) < [Ofvig
Ol(fAg) < Olfallg
fUuevh < (fUgv(fUh
(frgUh < (fURA(gU)
“(fUg < (CgU(-fa~g

3.3.4 Logic thoi gian nhanh (Branching Temporal Logic - BTL)

Trong LTL, tai mdi thoi diém chi c¢6 chinh xac mot su kién ké tiép.
Trong BTL, tai mdi thoi diém c6 mot hodc nhiéu thoi diém ké tiép (Hinh 3.2),
va duoc biéu dién dudi dang hinh cay. Do d6, LTL 1a mot truong hop dac biét
cua BTL.
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Trong mé hinh thdi gian nhanh, mdi thoi diém t ¢ thé ¢ rat nhiéu kha
nang tuong lai. V&i nhitng kha nang tuong lai twong ung 13 mét duong di
dugce to chie tir t. Do d6, mot duong di biéu dién mot kha ning xay ra trong
tuong lai. Cac toan tir thudng biéu thi hodc 1a “A” nghia 1a v6i moi kha ning
trong twong lai dién ta ludn ludn, chic chin hodc 1a “E” nghia 1a c6 thé ton tai

kha niang twong lai dién ta sy c6 thé, khong chac chan. [3]

Hinh 3.2: M6 hinh cay BTL
Trong khung logic thoi gian nhénh, céac toan tir 1a: G(Generally - thong
thuong), F( Future - tuong lai), X (Next - tiép theo), U (Until - Cho dén khi)
ky hiéu twong ung 13 [, 0, o, U. Tuy nhién, do tinh chit phirc tap mo hinh
BTL it dugc sir dung, cic cong cu kiém tra mo hinh phan mém chu yéu s

dung LTL.
3.4 OTOMAT POAN NHAN CAC XAU VO HAN
3.4.1 Mt s6 khai niém 6témat co dién:
Pinh nghia Otémat hitu han don dinh (Deterministic Finite Automation):
Otémat hitu han don dinh 1a bd naim M = (Z, Q, A, Qy, F) trong do
e X: bang chir vao, la tap hiru han céac ky hiéu.
e Q: mdt tap hitu han cac trang thai, gid st Z N Q =¢
e A: ham chuyén, 1a mot ham 4nh xa tir Q xZ— Q

e Q,c Q latap cac trang thai dau
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F 1a tap hop cac trang thai két thuc = Q

Xau: ddy céc ky hiéu ghép lién voi nhau

Poan nhan xau: Xuat phat tir trang thai dau sau khi doc hét xdu thi

6tomat chuyén dén mot trong nhiing trang thai két thuc.

Biéu dién 6tdmat hitu han bang do thi c6 hudng (so do trang théi, so d6
chuyén)
o Tap cac dinh cua dd thi s& biéu dién cac trang thai va c6 nhan la

tén cua trang thai do

o Trang thai dau:
o Trang thai két thuc:

Vi du: Biéu dién hinh thirc d6i v6i 6tdmat hiru han don dinh

D ab
h

b

Khi d6:

2 ={a, b}

Q= {CIO, d1, 92, Q3}

F = {qs}

A:
Ki hiéu a b

Trang thai 20

Jo qi do
S} JQ2 Jo
92 Js Jo
qQ3 q3 qJs
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Pinh nghia Otomat hiru han khéng don dinh (Nondeterministic Finite
Automaton):

Otomat hitu han khéng don dinh 13 bd 5 phan tt M = (T, Q, A, Q,, F) trong
do:

>, Q, Qo, F: twong tu 6tdmat hiru han don dinh

A: 12 mdt anh xa Q xT— 2°

Khi do:

> ={a, b}

Q= {qo, q1, 92, @3}

F={qs}

A:

Trang thai

Qo {d0.q1} {Qo}
A {Q2} ¢
Q2 {a3} ¢
q3 {a3} {as}

3.4.2 Otéomat Buchi
Pé dic ta hé thong thyuc thi nhu thé nao, ta khong thé chi 4p dung ly
thuyét dtomat cd dién vi 6tdmat cd dién chi doan nhan duoc nhitng xau hiru

han. Giai phap dit ra: dua ra 1y thuyét 6tomat c6 thé doan nhan cac xau vo
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han. Nhu vy, sau khi dic ta cac thudc tinh ctia hé thong bang LTL, ta chuyén
biéu thtc LTL d6 sang dang 6tomat doan nhan x4u vo han goi 1a Otomat
Buchi.

Pinh nghia Otémat Buchi [1]:

Otomat Buchi gdm niam phan tir A = (2, Q, A, Qo, F) trong d6

e X: bang chit vao

Q: mot tap hitu han cac trang thai

A: 13 mot ham anh xa tir Q x2— 22, ham chuyén

Qo < Q 1a tap céc trang thai dau

F = {F,,...,Fi} < 2%1a tap hop cac tip trang thai két thuc (tip cac trang
thai duoc chap nhan)
Otémat Buchi tuong tu nhu Otémat hitu han khong don dinh, chi khac ¢ ky
hiéu F 1a tdp hop céac tap trang thai két thic.
Pinh nghia vé diéu kién dugc doan nhén:
- Mot xau vo han 6 € X" dugce doan nhan néu 6tdmat chuyén dén it nhat
mot trang thai két thiic vo han 1an khi doc xau o dé.
- Ky hiéu 6 = s¢s18,...€ 2" 1a mot tir vo han ciia cac biéu tuong dau vao
- Ky hi¢u p = qoq19z...1a mot day cac trang thai cua A trong d6 qo € Qo
va Qi+ = A(qs, a;)) voi moi i € N; p dugce goi 1a mot duong di trén o
- Ky hiéu Inf(p) := {q € Q sao cho q xuat hién v6 han lan trong &}
- Mot dudng di p trén o duoc goi 1a chap nhan duoc néu véi moi 1 <i <k
ta co:
Inf(p) N F; #¢
nghia Ia tdn tai F; xuat hién mot sb 1an vo han trén p

Vidu I:
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.
u

G

a

L=}

b duoc xuit hién vo han 1an
Vidu 2:
ab

SO

b
a,b dugc xuat hién vo han lan

Vidu 3:

o—aB

Dua vao cac diéu kién trén ta thay:

Néu p; = S0S15,S,S5S,.... thi p; duoc goi 1a dudng di duge doan nhan

Néu ps = $6S1S,S:S5S;.... thi p, duoc goi 1a dudng di duoc doan nhan

Néu ps = S6S1S,S:S:S;... thi p; khong dugc doan nhan

Ngon ngit dwoc dodn nhdn boi 6tomat Buchi: 1a tap cac xau dugc 6toOmat

Buchi doan nhan L(A) < 2"
3.5 CHUYEN POI TU LTL SANG OTOMAT BUCHI
3.5.1 Tong quan

Goi ¢ 1a mot cong thic LTL trén cac biéu thic logic thong thuong AP
(Atomic Proposition)

Tir ¢, sinh mot Otomat Buchi B (trén bang chir vao 1a tap cac tip con cia AP,
ky hi¢u 2*") sao cho L(B) = L(p). Sau do, B phai tiép tuc chuyén sang mot

Otomat Buchi chuan.
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Qua trinh xay dung B kha phirc tap hon nhiéu so véi viéc chuyén tir nhitng
biéu thtrc thong thuong sang 6tdmat hiru han.
Cac buéc chuyén doi:

= Chuyén ¢ sang dang chuan thong thudng.

= Goi Sub() 1a tip cac biéu thirc con cta cong thirc chuan hoa do.

= (Cac trang thai cia b s€ 1a tung cdp tap con cua Sub(p)
3.5.2 Chuén ho4 vé dang LTL chuin

Goi ¢ 1a mot cong thirc LTL trén cac biéu thirc logic thong thudng. Ta
no6i rang ¢ dugc chuan hoa néu va chi néu:

¢ chi chtra cc biéu thirc nguyén td, toan tir logic théng thudng nhu A,
v, —, cac hang sb logic true va false va cdc toan tir thoi gian: o, U, R, va toan
t&r phu dinh — chi xuét hién phia truée cac biéu thirc nguyén té thudc AP.
Chii y: Moi cong thic ¢ déu co6 thé chuyén sang dang chuan tuong Gng ¢
(thoa man L(¢) = L(¢)) str dung cac phép bién ddi tuong duong vi du nhu:
(@1 R 92 ) =—¢1 U -0,
—(¢1 U 2)=—01 R =0,
(@1 A P2) =—=01 V-
—(Q1V ¢2) =—=01 A =P
—(09) =00
¢ =0
3.5.3 Biéu thirc con

Goi ¢ 1a mot biéu thuc LTL. Ta dinh nghia tdp cic biéu thuc con
Sub(o) 14 tap hop nho nhat cua cac biéu thirc LTL c6 chira ¢ va thoa man céc
diéu kién sau:

Néu @, v ¢, € Sub(g) thi @), 9, € Sub()
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Néu @; A ¢, € Sub() thi ¢, 9, € Sub(o)
Néu 0@, € Sub(p) thi ¢, Sub(p)

Néu @, U ¢, € Sub(g) thi @1, ¢, € Sub(p)
néu ¢; R @, € Sub(g) thi ¢y, ¢ € Sub(o)

3.5.4 Chuyén ddi tir LTL sang Otémat Buchi

3.5.4.1 Gidi thudt chuyén déi tiv LTL sang Otémat Buchi

Véi 1 biéu thirc LTL ¢ trén tap cac biéu thic logic théng thuong AP, xay
dung 1 may Buchi B sao cho moi x4u dugc chip nhin béi B déu thoa o.

Ta goi B=(Z, S, A, Sy, F) 1a Otomat Buchi duoc chuyén doi tur cong thirc
¢ VOi:

¥ = 2" 1a bang chir vao va ¢ day chinh 1a tip cac tip con clia AP

So = {init}, Trang thai dau chi gdm 1 trang thai thém vao

S= {init} L(25"® x 25ub(0)

(céc trang thai tiép d6 1a timg cip cac biéu thirc con)

A 13 tip cac luat chuyén trang thai (s, o, t) :s,te S,c € Y,

F: Téap cac trang thai két thiic
Cu thé giai thuat chuyén déi tir LTL sang Otémat Buchi gdm nhiing budc sau:
Bwéc 1: Tim bang chit vao cho Otomat Buchi méi duogc sinh ra, 13 tip cac tap
con cua AP
Budc 2: Bat trang thai Sy = init
Buéc 3: Tim tap cac trang thai S ctia Otomat Buchi
S 1a tap céc trang thai cua B, mdi trang thai s dugc dac trung boi 2 tap Old va
Next 1a cac tip con ciia Sub(o) trong d6 Old chira cac biéu thic dugc thoa boi
1 xau chay dat dén s, Next chira cac biéu thic dugc thoa boi xau chay tur s vé

sSau.
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Hinh 3.3 Tap céc trang thai cua Otdmat Buchi

o Dé dua ra duoc tap cac trang thai S va cac ham chuyén A, ta dinh nghia
ham Expand c6 dang Expand (Old, New, Next)

e (Cac trang thai dugc sinh ra 1 cach dé¢ quy (ham expand(Old, New,
Next)). Gia st hi¢n tai ta c¢6 trang thai s = (Old, Next). Khi do6 tur s s€ co
thé dich chuyén dén céc trang thai dugc sinh ra bdi ham expand(J,
Next, &).

e Ham expand(Old, New, Next) duoc dinh nghia 1 cach dé quy: ban dau
s& goi ham expand(Q, { ¢ }, &). Mdi trang thai s = (Old, Next) dugc
sinh ra ta lai goi tiép ham expand(@, Next, &) dé sinh ra cac ham tiép
theo (céac trang thai khong dugc trung lip). Tai mdi budc dé quy, ham
Expand(Old, New, Next) s& chuyén céc biéu thirc tir New sang Old dé
tiép tuc tinh toan.

e Tir trang thai {init} c6 thé dich chuyén dén cac trang thai dugc sinh ra
boi
expand(<, {o}, D)

Ham Expand:
Truong hop két thic:
Expand (Old, {}, Next) = {(Old, Next)}
Mot s6 truong hop don gian:
Expand (Old, New U {p}, Next) = Expand (Old U {p}, New, Next)
néup € AP va —p ¢ Old
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Expand (Old, New U {—p}, Next) = Expand (Old U {—p}, New, Next)
néup e AP va p ¢ Old

Expand (Old, New U {p}, Next) ={}néup € AP va—p € Old
Expand (Old, New U {—p}, Next) = {}néupe APva p e Old
Expand (Old, New U {true}, Next) = Expand (Old, New, Next)
Expand (Old, New U {false}, Next) = {}
Mot s6 truong hop don gidn khdc:
Expand (Old, New U {o@,}, Next) = Expand (Old U {o@,}, New, Next {¢,})
Expand (Old, New U {@; A ¢,}, Next)
= Expand (Old U{p; A @}, New U{p; A@,},Next)
Truong hop phuc tap: Phép hoac
Expand (Old, New U {@; v ¢,}, Next)
= Expand (Old U {@; v ¢}, New U {¢,}, Next)

v Expand (Old U {@; v @}, New U {@,}, Next)
Poéi véi toan tir Until U, xudt phat tir cong thirc:

P1U@= @2V (1 A0(91Ug))

Do do, ching ta s€ ap dung ham Expand cho toan tir Until nhu sau:
Expand (Old, New U {¢p; U ¢,}, Next)
= Expand (Old U {¢; U ¢}, New U {¢,}, Next)

w Expand (Old U{p; U @}, New U {¢,}, Next)
Twong tu, voi toan tir Release R ta co:

Q1R 2= (91 A 92) V(Q1 A0 (91 R )

Do do:
Expand (Old, New U {¢@; R ¢,}, Next)
= Expand (Old U {¢; R ¢,}, New U {@;, ¢,}, Next)

w Expand (Old U{p; R ¢,}, New U {2}, Next U {¢; R ¢,})
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Bwéc 4: Tim cac chuyén trang thai A
Tt trang thai s = (Old, Next) c6 thé dich chuyén dén trang thai s* = (Old’,
Next”) voi ky hiéu vao o € Y. phai théa man diéu kién sau:
e o phai chura tit ca cac biéu thuc atomic p (p € AP) thudc Old’.
e o khong chira cac biéu thirc atomic p (p € AP) ma —p thudc Old’.
Tir d6 ta xay dung ham chuyén A chinh 13 b (s, o, t)
Budc 5: Tim tap cac trang thai két thiic
Néu Sub(g) chira cic biéu thuc dang @; U ¢, thi F chita cc trang thai s =
(Old, Next) sao cho hoac ¢, € Old hoac ¢, U ¢, ¢ Old.
3.5.4.2. Vidu
a) Vidu1 Xay dung Otomat Buchi cho p
Ta thay p 1 biéu thirc nguyén td, AP = {p}
Budc 1. X =2 = {{}, {p}}.
Budc 2. Sy = {init}
Budc 3. Sinh ra céc trang thai.
e Dau tién, goi ham Expand ({},{¢},{}) tirc goi ham Expand({},{p}, {})
Theo dinh nghia d¢ quy ¢ trén:
Expand(Old, New U {p}, Next} = Expand(Oldu{p}, New, Next)
Ap dung ta c6:
Expand({}, {p}, {}) = Expand({p}, {}, {}) = ({p}, {})
(g voi trudng hop két thuc)
Luc nay B ¢6 2 trang thai s, = (init) va s; = ({p},{}) va su chuyén trang
thai sy — s;.
e Theo luat tir trang thai s = (Old, Next) goi tiép dén ham expand({},
Next, {})
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Do d6, tir trang thai s; = ({p}, {}) (Old = {p} va Next = {}), goi tiép ham

expand({}, {}, {})

Ta c6: Expand({}, {}, {}) = ({}.,{}), s€ sinh ra trang thai s, = ({}, {}) va su

chuyén trang thai s, — s,.

o T trang thai s, = ({}, {}) goi dén ham expand({}, {}, {}) = ({},{}),

khong sinh ra trang thai méi (vi trang thai s* = ({}, {}) da duoc sinh ra).
Budc 4. Tim cac chuyén trang thai

® (sg,0,58)), voio={p} viOld(s;) = {p}

o (s, 0,8 voioc =, {p} viOld(s;) = J nén c khong cd rang budc

nao.
o (s5,0,8)Vvoio=U, {p} viOld(s;) = D nén c khdng c6 rang budc nao.

Do d6, Otémat Buchi cho p dugc biéu dién nhu sau:

e NI E O

b)Vi du 2 Xay dung Otomat Buchi cho p A oq
AP =1p, q;
Bude 1. X =2 = (&, {p}, {a}, {p.a}}
Budc 2. Sy = {s¢} = {init}
Budc 3. Sinh ra céc trang thai.
e Daiu tién, goi ham Expand(D, {p A Xq} , @)

Theo dinh nghia
Expand(Old, Newu {pAaq}, Next) = Expand(Oldu{paq}, NewuU{p, q}, Next)
Do do, Expand(9, {p A Xq} , ©D)

= Expand({p A Xq}, {p, Xq}, D)

= Expand({p A Xq, p}, { Xq}, )

= Expand({p A Xq, p, Xq}, 9, {q})
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vi Expand(Old, New U {Xq}, Next) = Expand(Old U {Xq}, New, Nextu{q})
= ({p A Xq, p, Xq },{q}) (truong hop két thuc)
Nhu vay sinh ra trang thai s; = ({p A Xq, p, Xq },{q}) va su chuyén trang thai
tur sp sang s;.
e Tu trang thai s;, goi ham Expand(J, {q}, D) = expand({q}, D, &) ->
sinh ra trang thai s, = ({q}, &) va su chuyén trang thai s, sang s,.
e Tu trang thai s; = ({q}, &) goi ham expand(J,J,9) sinh ra trang thai
s; = (J,) va su chuyén trang thai s, sang ss.
o Tir trang thai s; = ({}, {}) goi dén ham expand({}, {}, {}) = ({}.{}),
khong sinh ra trang thai maéi (vi trang thai s; = ({}, {}) da dugc sinh ra).
Budc 4. Chuyén trang thai
® (sg,0,81) voic = {p} viOld(s;) = {p A Xq, p, Xq } chtra p thudéc AP.
® (s1,0,s) voio={q} viOld(s,) = {q} chtra q thudc AP.
o (s, 0,83 voi o=, {q}, {p}, {p,q} vi Old(s;) = &, khong chira biéu
thirc nao thudc AP nén khong co6 rang budc gi cho o.
e (s3,0,83) voi o =, {q}, {p}, {p,q} vi Old(s;) = &, khong chira biéu
thirc nao thudc AP nén khong co6 rang budc gi cho o.

Do d6, Otdémat Buchi cho p A oq dugc biéu dién nhu sau:

(pXa, p.Xah. (g F={(a. O F={0.0 1
¢) Vi du 3: Xay dung Otémat Buchi cho pUq
AP ={p, q;

Buée 1. X =2 = {{}, {p}. {q}, {p.q}}
Budc 2. So= {so} = {init}

Budce 3. Sinh ra cac trang thai.

e Daiu tién, goi ham Expand({}, {p U q}, {})
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Theo dinh nghia:
Expand({},{pUqj},{}) = Expand ({pUq},{q},{})VExpand({pUq},{p},{pUq})
Ta co:
Expand ({pUaq}, {q}, {}) = Expand ( {p U q} U {q}, {}, {})
=(ipUq; g}, {})
=({pUq,q}, {})
Expand ({p U q},{p},{pUq}) = Expand ({pUq} U {p}, {}, {pUq})
=({pUq} v {p}, {pUq})
=({pUgq,pj, ipUq})
Do doé:
Expand ({}, {pUq}.{}) =({pUaq,p}, {pUq}) v ({pUaq,q}, {})
Nhu vay sinh ra cac trang thai s; = ({pUq, p}, {pUq}) vas,= ({pUq, q}, {})
va su chuyén trang thai tir sy sang s; va tur sp sang s,
e Tutrang thai s; = ({p U q, p},{pUq}) , goi ham Expand ({},{pUq},{})
(12 bai toan ban dau) s& sinh ra cac trang thai s, va s, va su chuyén trang
thi s; dén s, va s; dén chinh no.
e Tu trang thais, = ({p U q, q}, {}), goi ham Expand ({},{},{}) sinh ra
trang thai s; = ({},{}) va su chuyén trang théi tir s, dén s;
o T trang thai sy = ({}, {}) goi dén ham expand({}, {}, {}) = ({},{}),
khong sinh ra trang thai méi (vi trang thai s; = ({}, {}) da dugc sinh ra).

Budc 4. Chuyén trang théi:

(s0, 0, 81) voi o = {p} vi Old(s;) = {p U q, p } chtra p thuoc AP.

(s0, 0, 82) vOi 6 = {q} vi Old(s;) = {p U q, q} chira q thuoc AP.

(s1, 0, 82) voi o = {q} vi Old(s;) = {p U q, q} chtra q thuoc AP.

(s1, 0, 81) voi o = {p} vi Old(s;) = {p U q, p }chira p thuoc AP.
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e (s, 0,83) voio={}, {q}, {p}, {p,q} vi Old(s3) = {}, khong chira biéu
thirc nao thudc AP nén khong co6 rang budc gi cho o.
e (s3,0,8) voio={}, {q}, {p}, {p,q} vi Old(s;) = {}, khong chira biéu
thirc nao thudc AP nén khong co6 rang budc gi cho o.
Budc 5. Trang thai két thic
Theo dinh nghia tinh trang thai két thiic F, ta thiy F = {{s,,s3}}

Do d6, Otdémat Buchi cho p U q duoc biéu dién nhu sau:

3.6. CHUYEN TU HE THONG CHUYEN TRANG THAI SANG
OTOMAT BUCHI

Cho mot hé thong chuyén trang thai T = (S, Sy, R) bao gom: tap cac biéu thic
nguyén t6 AP va mot ham danh nhan L: S x AP — {True, False}
Otomat Buchi duoc sinh ra bai hé thong chuyén trang thai T c6 ky hiéu 1a
At = (Zr, S1, A1, Sot, Fr) trong do: [14]
- 2 =2""1a bang chit vao va & day chinh 1a tap cac tip con clia AP
- Sor = {init}, Trang thai dau chi gdm 1 trang thai thém vao, init
khong thude S
- Sq={init} U S
- Fr= {init} U S Tat ca c4c trang thai cia At déu la cac trang thai két
thuc
- Arlatap céc luat chuyén trang thai (s, o, s’) :s,t e St, 0 € 2rduoc

tinh nhu sau:
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(s, 0,s) € Arnéu hoidc (s, s ) €R va L(s,0) = true
hodcs=ivas e SyvaL(s,a)=true
Vi du:
Chuyén tir hé thong chuyén trang thi sau sang dang Otémat Buchi:

MBJi trang thai déu dugc danh nhin twong Gmg véi cac biéu thirc diéu kién tai
trang thai do.

Duya vao cach chuyén d6i trén ta xay dung dugc Otdémat Buchi gdm cé:

Ta co:

AP = {p,q}

Zr=2"={{}.{p}.{q}.{p.q}}

So = {init} Thém trang thai init

St=Fr= {{1},{2},{3} {init} }

Ar gdm cac ludt chuyén trang thai sau: ({init},{p,q},{1}), ({1}.{p.q}{1}),
({13.4a},42}), ({2}, {p}»{3}), ({3}.{a}.{2})

Otémat Buchi méi dugce sinh ra nhu sau:
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{p.q}
{p.q}
{a}
@ PR L @

{p}
3.7. TICH CHAP CUA HAI OTOMAT BUCHI

3.7.1 Otomat Buchi din xuit

Pinh nghia Otémat Buchi din xuit:
Otomat Buchi dan xuatgdm nim phan tr A= (Z, S, A, S, F) trong d6 [8]

e X: bang chit vao

S: mdt tap hiru han cac trang thai

A:1a ham chuyén S x A x S

So < S 1a tap cac trang thai dau

F = {F,,...,Fi} < 2° 1a cac tap hop cac tap trang thai két thuc (tip cac
trang thai dugc chap nhén) trong d6 F; S v6i moi 1 < i < k (day chinh
1a diém khac v6i Otomat Buchi thong thuong)

Chu y: Cho Otdmat Buchi dan xuat A, mot duong di r duoc goi la chap nhan

dugc néu va chi néu: v6i moi 1 < i<k, inf(r) N F; = &, tic 1a it nhat mot

trong s cac trang thai trong tap Fi déu duoc thim vo han lan
3.7.2 Nguyén tic thue hién

Cho hai Otémat Buchi A1 = (Z, Sl, A], S()1, F]) va A2 = (Z, Sz, Az, Soz, Fz)
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Tich chap cua hai Otomat Buchi A; x A, = (Z, S,, Ay, Spo, Fy) duoc dinh
nghia nhu sau:

S=S, x5,

So = So1 X Sp2

F = {F, x S5, S; x F,} (Otomat Buchi dan xuit)

A dugc xay dung nhu sau:

((s1, 82), 0, (51, 82)) € Anéu (s, 0,8 ) € Ava(sy, 0,8, ) € A

Do do, ta xay dung duoc

L(A; x Az ) =L(A)) N L(A2)

Vi du:

Tinh tich chap cua 2 6tomat Buchi sau:

{p.q}
{p,q}
%
a (@) (.} D))
@  ADewsr
{p}
Otomat Buchi 1 Otomat Buchi 2

So = So1 x Se2 = (1,1)
S=(1,1),(2,1), 3,1), (4,1), (1,2), (2,2), 3,2), (4,2)
Xay dung cac ham chuyén A theo cong thirc trén, cic trang thai khong t6i

duoc la (1,2), (2,2), (4,1)
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Tim tap trang thai két thic F = {F1 xS,, S; x Fy}

batF,=F, xS, = {(1,1), (2,1), 3,1), (4,1), (1,2), (2,2), (3,2), (4,2)}

loai cac trang thai khong dén duoc, ta co F, = {(1,1), (2,1), (3,1), (3,2), (4,2)}
batF, =S, x F, =(1,2), (2,2), (3,2), (4,2)

loai cac trang thai khong dén duoc, ta c6 F, = {(3,2), (4,2)}

Theo dinh nghia duong di chap nhin dugc cua Otdmat Buchi dan xuét s& phai
di qua mot trong sb cac trang thai cua F, vo han 1an va dong thoi di qua mot
trong s cac trang thai ciia Fy, vo han 1an, do d6: F = {(3,2), (4,2)}

Ta c6 két qua nhu sau:

)
(D)
{p.q}

@ {p.q}

{q}

{p}

L 19} @

{p}

3.8 KIEM TRA TINH RONG CUA NGON NGU PUQC POAN NHAN
BOI OTOMAT BUCHI

Cho mot Otdomat Buchi A = (Z, Q, A, Qq, F), kiém tra xem ngdn ngtr duogc
doan nhan bdi A: L(A) = ?
L(A) # @ néu va chi néu ton tai mot duong di r = q, qi, qo, ...sao cho

* qo € Qo



69

e infrymnF=Jva

e Véimoii> 0, ludn ton tai mot a; € T sao cho (q,a1,qi:1) € A
Noi cach khéc, ngon ngit dugc doan nhan boi Otomat Buchi 1a rdng néu
khong tdn tai mot duong di nao chép nhan dugc. Mot duong di Chép nhan
duoc néu va chi néu ton tai mot trang thai két thuc (trang thai chép nhan
duoc) qe F sao cho:

e qcob thé t6i duoc tir mot trang thai khéi tao thude Qg va

e co thé ty dén dugc chinh n6
Dua vao tiéu chi d6, dé xuit giai thuat kiém tra tinh rdng ctia ngdn ngir duoc
doan nhan bai Otdomat Buchi nhu sau:
Buéc 1: Tim kiém theo chiéu sau lan thi nhat: Tim tat ca nhiing dudng di bat
dau tir trang thai ban dau thudc Q, va két thuc béi trang thai nam trong tap F.
Buoc 2: Tu nhiing trang thai thudc tap F duoc dén tur trang thai khoi tao thudc
Q, d6, tim xem c¢6 ton tai mot duong di nao dén dugc chinh trang thai thudc
tap F d6 khong. Néu ton tai ching t6 L(A) = & . Nguoc lai néu bude 1 hoic
budc 2 khong tim thay két qua thi L(A) = &
Giai thuit kiém tra tinh rdng ciia ngoén ngir dwge doan nhan béi Otomat
Buchi: [5]

Dfs B(s,d) 1a thi tuc tim kiém theo chiéu sau tir trang thai s dén trang
thai d. Trong do, acc(s) = true néu va chi néu s 1a trang thai chap nhan dugc.
Dau tién, qua trinh tim kiém bat dau véi dfs B(so, so)
dfs B(s, d)

{

/* Tim céc dudng di tu s, dén trang thidi két thuc */

add s to visited

push s onto stack

for each successor s’ of s

{
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if s’ not in visited
{
dfs B(s’, d)
}
else if s’ = seed and d = sl

{

report acceptance cycle

stop

}
/* Tim xem tu nhitng trang thai két thuc cua cac dudng di
tim duoc cé dudng dén chinh né hay khéng */
if d = s0 and acc(s)
{
// nhé nat gbc cua 1lan tim kiém thu hai
seed = s
//thuc hién 14n tim kiém thG hai bang cach duyét
xem //c6 dudng di dén nut gbc d6 hay khéng
dfs B(s,S1)
}

pop s from stack

}
Trong trudng hop x4u nhit ta phai duyét toan bo d thi dé dap tng hai 1an tim

kiém theo chiéu sau.
3.9 KET LUAN CHUONG

K¥ thuat kiém tra mo hinh phan mém dé xuat dua trén hai van dé kha
moi mé do 1a: Iy thuyét Otdmat Buchi voi didc tinh c¢6 kha ning doan nhan xau
v6 han va 1y thuyét Logic thoi gian tuyén tinh LTL c¢6 kha ning biéu dién vé
mit thoi gian ddi voi cac thudce tinh ctia hé thdng. Tir d6, dé cap dén rat nhiéu

cac dinh nghia, khai ni¢m, giai thuat xung quanh Otomat Buchi va Logic thoi
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gian tuyén tinh theo trinh tr & moé hinh hoa hé thong, thudc tinh ctia hé
théng, dong thoi giai quyét triét dé bai toan dit ra. Dua vao cac giai thudt dé
Xuét, ta tiép tuc xét dén mot bo kiém tra mo hinh ph?m mém cu thé duoc cai
dit sir dung cac giai thuat dé xuat dé minh hoa tinh ty dong va cac wu diém

cua kiém tra m6 hinh phan mém.
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CHUONG 4: XAY DUNG HE THONG PE KIEM TRA MO
HINH PHAN MEM

4.1 GIOI THIEU VE MO HINH SPIN

SPIN (Simple Promela Interpreter) 1a mot hé théng xac thyc chung, hay mdt
bo kiém tra mé hinh (Model Checker) dé hd trg viéc thiét ké va xac thuc cac hé
théng tuong tranh da luéng, da tién trinh, dic biét 1a cac giao thuc truyén dir liéu.
[13] SPIN sir dung ngdn ngit PROMELA (Protocol Meta Language), s& dugc dé
cap sau, d¢ mo hinh hoa phan mém. SPIN xac thuc cac mo hinh phin mém bang
cach chimg minh tinh dung dén cua cac sy tuong tic giita cac tién trinh va cb ging
triru twong hod dén muc tbi da tir viéc tinh toan tuan tu bén trong. Sy twong tic giita
cac tién trinh duoc dic ta trong SPIN c6 thé 1a theo co ché gdp mat (rendezvous)
nghia la cac tién trinh dén cung mot lac va co thé trao ddi dit liéu truc tiép vO1 nhau,
hodc theo co ché vung dém (buffer) khi hai tién trinh khong gap nhau tai mot thoi
diém, tién trinh dén trudc s& gui goi dir liéu vao mot vung dém dé tién trinh khac
dén 1ay. Téap trung nhiéu cho viéc diéu khién khong dong bo trong phan mém hon 1a
diéu khién dong bd trong phan cimg, SPIN phan biét véi cac phan mém khac trong
Viéc tiép can kiém tra mé hinh, cu thé 13 kiém tra mo hinh phﬁn mém.

La mot cong cu ap dung cac phuong phap hinh thirc, SPIN c6 nhitng dac tinh
co ban nhu sau:

» SPIN la mot cong cu tryc quan, chuong trinh st dung cac ky hiéu dé

thiét ké dac ta rat 16 rang, khong thuc thi chi tiét.

» SPIN la mdt cong cu manh, cac ky hiéu ngén gon, suc tich dé dién

giai cac yéu cau can kiém tra tinh ding dén.

> Cung cap modt phuong phap luan dé thiét 1ap tinh nhéat quan logic

khi thiét ké cac lya chon hodc két hop céac diéu kién can thod man.
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SPIN sir dung cac thiét ké ddc ta phan mém st dung ngdén ngit mo ta
mo hinh hé thong PROMELA va sir dung Logic thoi gian tuyén tinh LTL
chuin dé dic ta cac thudc tinh cin thoa man.

Khong c¢6 cac nguyén tic chung cho cic hé théng phan mém khac
nhau, do d6, ta ludn ¢ ging dic ta phin mém theo mot chuan nao d6. SPIN
sir dung ngdn ngit PROMELA, vi thé ludn yéu cau theo mot sb cac quy tic
hiru han nao d6 dé dién ta rat nhidu cac hanh vi khac nhau. Piéu d6 c6 nghia
1a tAt ca cac thudc tinh can thoa mén cta hé théng déu trd 18n déu phai c6 tinh
hinh thirc v6i cac rang budc vé pham vi van dé, ngudn tai nguyén can thiét dé
tinh toan dé kiém tra mo hinh c6 thé chirng minh duogc thudc tinh do.

TAt ca cac hé théng xac thye, déu c6 cac rang budc vat 1y nhu tap hop
kich thudc bai toan, dung lugng bd nhé va thoi gian chay t6i da ma hé thong
yéu cau. Do d6, ta ludn tim cach dua ra cac chién luoc dé giai quyét van dé

nay.
4.2 CAU TRUC SPIN

Céu tric co ban ciia b kiém tra mé hinh Spin dwoc minh hoa ¢ hinh
4.1. M hinh SPIN duoc bat dau bang viéc dic ta hé thong tuong tranh da
ludng hodc cac giai thuat phan tan dudi dang mo hinh béc cao, sir dung giao
dién dd hoa XSPIN. Sau khi sira cac 13i ct phap, SPIN s¢ thuc hi¢n viéc mod
phong twong tac cho dén khi dat duoc do tin cdy co ban dé thiét ké cac hanh
vi. Budc thr 3, SPIN sinh ra mgt chuwong trinh xac thuc theo giai thuat on-the-
fly tor dac ta muc cao. B xac thyc nay dugc bién dich, vdi su lya chon thoi
gian bién dich hop 1y dé thuc hién giai thuat gian lugc (reduction algorithm).
Néu c6 16i dugc phat hién qua cac bién xac nhan 16i cta chwong trinh
(counterexamples), n6 s& thong bao lai cho bd md phong va kiém tra chi tiét

khi thuc hién va loai bo cac nguyén nhan gay ra 16i.
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Giao dién
SPIN
A

Chuyén ma — Dich va
sang LTAS/ PROlI/IELA cu phap
Thong bao 16i Mo phéng Kiém tra
cu phap tuong tac Xac thuc

A A 4

T6i wu bd kiém
tra mo hinh
A 4
Vét 161 Thuc hién xac

thuc

Hinh 4.1 CAu trc cua bd mé hinh kiém tra SPIN

SPIN 14 cong cu hd tro viéc nhung ngdén ngit C dé cung mo hinh hoa
hé théng. SPIN ¢6 thé xac thuc truc tiép dic ta phan mém & mirc thyc thi, st
dung SPIN nhu a2 mdt trinh diéu khién va mot may logic dé xac thuc cac
thudc tinh thoi gian & mac cao. SPIN hoat dong dya vao phuong thic duyét
nhanh (on the fly), c6 nghia la tranh dugc viéc xay dung lai do thi trang thai
toan cuc nhu 12 mot diéu kién tién quyét dé thyuc hién viée xac thue cac thude
tinh ctia hé thong.

SPIN duoc coi nhu mot hé thong kiém tra mo hinh LTL day du, hd tro
tat ca cac yéu cau can kiém tra tinh ding dén dudi dang logic thoi gian tuyén
tinh LTL déng thot 14 mdt bd xac thuc hi¢u qua véi cac thudce tinh can dam
bao tinh an toan va tinh hoat dong.

Thuoc tinh ma hé théng can phai thod man cé thé duge dic td nhu mot

hé thong hodc mot tién trinh bat bién, dugc biéu dién nhu cac yéu cau logic
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thoi gian tuyén tinh LTL, hodc 1a Otomat buchi hinh thtrc, hoic rong hon ¢
thé 1a cac thudc tinh thong thudng chua duoc dé cap.

SPIN 1a mdt cong cu ho trg dong sy gia tang sb lugng cac tién trinh
hodc sy rat gon sb lugng cac tién trinh st dung k¥ thuat vector trang thai
dong. SPIN ho tro cac qué trinh mo phong dua trén cac viéc ching minh cuc
bo va téng thé, dua trén tim kiém theo chiéu sau dé c6 thé kiém soat duoc
kich c& bai toan 16n c6 hiéu qua. Dé t6i wu hod trong qua trinh xac thuc, SPIN
d3 khai thac k¥ thuat gian lugc tha ty timg phan va luu trit theo kiéu BDD. Bé
xac thuc mot mo hinh phén mém, mé hinh d6 phai & mdt md hinh hinh thirc
duoc xdy dung bang ngdn ngit PROMELA, 13 mot ngdn ngit dau vao cta hé
thdng SPIN.

SPIN c6 thé duge sir dung nhu 1 trong 3 cach co ban sau:

> La mot bo md phong, cho phép cac mau thir nhanh ngiu nhién,
theo chi dan hoic mé phong tuong tac.

» La mot by xac thuc téng thé, co kha nang ching minh mot cach
chit ché tinh ding din so véi yéu cau dic ta ctia nguoi sir dung (
dung 1y thuyét gian luge thr ty timg phan dé t6i wu hod khi tim
kiém).

> La mot hé théng ching minh xap xi ¢ thé ching minh cac mo
hinh hé thdng 16n véi viée bao phu 16n nhat c6 thé khong gian
trang thai.

Cac budce thue hién khi kiém tra mé hinh v&i SPIN duge dién ra nhu sau:
Buée 1: Sir dung ngdn ngit PROMELA dé triru twong hod mé hinh hé thong
Buoc 2: St dung biéu thirc LTL dé biéu dién thudc tinh ma hé théng can thoa
man.

Buoc 3: Chay giai thuat kiém tra m6 hinh SPIN, SPIN s& thuc hién mot cach

tuw dong cac cong viéc sau:
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> Chuyén ngdn ngit PROMELA mo hinh hoa hé thong vé dang
LTS
» Dich va phan tich ct phap LTL
> Ty dong chuyén LTS va LTL sang Otomat Buchi. Sau do, ap
dung céc thuat toan vdi Otdémat Buchi nhu tich chap hai Otomat
Buchi, kiém tra tinh rdng cia Otomat Buchi... dé kiém tra xem
hé théng chuyén trang thai LTS c¢6 thoa man thudc tinh LTL
dugc mo ta hay khong.
Bude 4: Két qua s€ thuoc mdt trong 3 dang sau:
» MO0 hinh thoa man thudc tinh
» MO0 hinh vi pham thudc tinh, dua ra cac counterexample dé ghi
nhan 16i
> Khong du tai nguyén dé giai quyét bai toan, khi do phai xay
dung lai mo6 hinh trir u tugng hon nira
Buoc 5: Duyét lai bude 1 hoac 2 va 1dp lai cac budce tur 3 dén 5 cho dén khi

mo hinh thoa man thudc tinh.
4.3 NGON NGU PROMELA

4.3.1 Gi6i thiéu chung vé Promela

Promela (PROTOCOL/ PROCESS META LANGUAGE) 1a mot ngon
ngir ding dé mo hinh hoa phan mém. Promela cung cdp mot phuong tién dé
triru tuong hoé cac giao thirc dic biét trong cac hé thong phan tan va loai bo
nhirng chi tiét khong twong tac véi cac tién trinh. Qua trinh x4c thuc day du
bao gém viéc thuc hién mot chudi cac budc béng cach xay dung mdé hinh
bang Promela dé ting dan do chi tiét. M&i mo hinh c6 thé xac thuc voi SPIN
dudi nhiéu dang khac nhau ciia moi truong gia dinh (nhu mat cac goi tin, goi

tin bi lap...). [11]
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Cac chuong trinh Promela chtra céac tién trinh (processes), cac kénh
thong tin (message channels) va cac bién (variables). Céac tién trinh chinh 1a
nhirng dbi tugng toan cuc, cac kénh thong tin va cac bién c6 thé duogc khai
bao toan cuc hodc cuc bg trong mot tién trinh. Céc tién trinh dic ta hanh vi,
cac kénh va cac bién tong thé dinh nghia moi truong ma céc tién trinh chay

trén do.
4.3.2 M0 hinh m{t chwong trinh Promela

mtype = {MSG, ACK}; /* Khai bdo kiéu */

chan toS =..
chan toR =.. /* Khai bdo ké&nh */
bool flag; /* Khai bdo bién */

proctype Sender ()
{

} /*Khai bao tién trinh */
init

{

} /* Tién trinh khéi tao (tuy chon) */

4.3.4 Khai bso tién trinh (Process declaration)
Mot tién trinh bao gém tén, danh sach cac tham sd, khai bao cac bién cuc bd
va than tién trinh. [
Vi du:
proctype A (byte state)
{ byte tmp;
(state==1) -> tmp = state; tmp = tmptl; state = tmp
}
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Than cua tién trinh chira mot ddy cac cau l1énh . D& ngan cach giita cac ciu
1énh, Promela st dung diu ; hodc déu - >. Hai ddu hiéu phan cach nay la twong
duong trong d6 trong mot sé truong hop diu - > dé biéu thi mbi quan hé néu...thi
giita hai ciu 1énh. O day vi 1a ddu hiéu ngin cach ma khong phai 1a dau hiéu két
thiic ciu nén & cau Iénh cudi ciing s& khong cé dau ;.

Mot tién trinh duoc thuc hién déng thoi véi tat ca cac tién trinh khéc, voi cac
hanh vi doc 1ap. Cac tién trinh lién két v&i nhau qua vi¢c su dung chung cac bién
toan cuc hodc cac kénh. Mdi tién trinh déu c6 cac trang thai cyc bd riéng nhu bién
trong tién trinh hodc ndi dung cua céc bién cuc bd. Cac tién trinh c6 thé duogc khai

tao bang cach thém tir khod active dang trudc proctype.
4.3.5 Tién trinh khéi tao

Dinh nghia proctype chi 14 khai bao tién trinh, khong phai 13 thuc thi tién
trinh d6. Trong ngdn ngit mo hinh hoa hé thong Promela, chi c6 mot tién trinh dugc
thue thi duoc goi 14 tién trinh khoi tao: init va bit budc phai khai bao cu thé trong
moi dac ta Promela.

Vi du:

init

run A(); run B()/* Hai tién trinh A, B da duoc khai
bao */

}

Cau lénh Run ¢6 thé duoc sir dung & bét ¢t tién trinh nao, khong chi riéng &
tién trinh khéi tao. Céc tién tinh duoc tao ra sau khi gdp cau I¢nh run. Céc tién trinh
c6 thé thuc hién xen k& nhau, khong nhét thiét két thac tién trinh nay moi dén tién
trinh tiép theo. Vi cau 1énh Run, ta c6 thé tao dugc mot sb céc tién trinh copy cua

no.
4.3.6 Khai b4o bién va kiéu

Cac kiéu dir liéu co ban:
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bit turn = 1; [0..1]

bool flag; [0..1]

byte counter; [0..255]
short s; [-21°-1..2"%-1]
int msg; [-232-1..23%-1]

Céc kiéu dit liéu co ban ¢6 gia tri khoi tao ngém dinh bﬁng 0
Dir lidu kiéu mang duoc bat dau danh chi sd tir 0

byte al27];

bit flag[4];
Khai bao kiéu ban ghi

typedef Record

{
short f1;
byte £2;

}

Céc bién c6 thé 13 cac bién toan cyc hodc cac bién cuc bo tuy thudce vao vi tri
khai bao. Néu cac bién duogc khai bao ngoai tat ca cac tién trinh thi d6 1a bién toan
cuc, va néu bién duge khai bao trong tién trinh s& la bién cuc bo.

Gan gia tri cho bién c6 thé ding mot trong 3 cach sau:
» Su dung cau Iénh gan
bb = 1;
> Sir dung khai bao két hop vé6i khoi tao
short s = -1;
» St dung cau 1énh kiém tra diéu kién béng

i* s + 27 == 23;
4.3.7 Cau Iénh trong Promela

Trong Promela khong cé sy phan biét gitra I¢énh diéu kién va cau 1€nh,
tham chi cé cac diéu kién boolean cling c6 theé dugce st dung nhu cac cau 1énh.

Cau lénh c6 thé 1a cau 1énh thi hanh (executable) hoac 1énh bi tam thoi tri
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hoan (blocked) tuy thudc vao trang thai tong thé cua hé théng. Khi diéu kién
dugc thoa man, thi cau 1énh diéu kién chinh 13 1énh thi hanh. Lénh thi hanh 1a
cac Iénh co thé duoc thi hanh ngay 13p ttrc, 1€nh blocked 1a 1énh chua dugc thi
hanh ngay. Cau 1énh gén luén la cau Iénh thi hanh.
Mot biéu thirc logic c6 thé 12 mot cau 1énh thue thi néu no co gia tri khac 0
2 <3 :1uon Ia I¢énh thi hanh
X < 27 chi 14 1énh thi hanh néu gia tri cia x < 27
3+x chilalénh thi hanh néu x khac -3
Mot sb 1énh thuong dung:
> Lénh skip: khong 1am gi ca (does nothing), chi dung dé thay doi bién
dém tién trinh cta tién trinh), luén 13 1énh thi hanh.
> Lénh run: chi 1a 1énh thi hanh néu mot tién trinh méi duoc tao ra, ch y
s6 tién trinh dugc tao ra 1a c6 gi61 han.
> Lénh printf ludn 1 1énh thi hanh, nhung khéng dung dé danh gia trong
sudt qua trinh xac thuc.
int x;
proctype Aap ()
{
int y=1;
skip;
run Noot (); /*La lénh thi hanh néu Noot dugc tao */
xX=2;
x>2 && y==1;
/* Chi thi hanh néu mét sb tién trinh khac lam x>2 */
skip;
}
» Lénh assert (<expr>): luén ludn 1a 1énh thi hanh. Néu <expr> coO gia tri

sai, SPIN s& thoat va ghi nhan mot 16i 13 <expr> da bi vi pham



81

(violated). Cau l€nh assert thuong dugc st dung trong cac md hinh

Promela dé kiém tra xem céac diéu kién c6 dugc thoa man hay khong
4.3.8 Ciu tric atomic

Khi thuc hién, céc tién trinh c6 thé xen k& nhau (cac cdu 1énh cua cac
tién trinh khac nhau c6 thé khong xuét hién cung mot thot diém). Néu sur dung
cAu truc:
atomic {

/*ddy cac lénh */

}

moi 1énh thudc ciu trac nay s€ dugc thuc hién lién tiép ma khong bi xen vao
bdi céc tién trinh khac. Dy cac cau lénh atomic 1a mot cong cu rat quan trong

dé giam do phirc tap khi xac thuc moé hinh.
4.3.9 Céc céu tric diéu khién thwong gip

4.3.9.1 Cau l¢nh diéu kién IF
if
choice; -> stati:.1; stati:.,; stati.s;

choice, -> stat,.;; stat,.,; stat,.s;

choice, -> stat,.1; statn.,; statn.s;

fi;

Néu ludn co it nhat mot choice; (diu kién) duge thoa man, cau lénh IF
s& dugc thyc thi va SPIN khong don dinh s& lya chon mot trong nhimg sb
nhanh d6 dé thi hanh. Néu khong tdn tai mot choice; nao dugc thoa min, cau
1énh if s€ 1a 1énh blocked.
Vi du:



82

if
(n $ 2 !'=0) -> n=1
(n > 0) -> n=n-2
(n $ 3 ==0) -> n=3
else -> skip

fi

Cau lénh else s& 1am cho cau 1énh if ludn 14 1énh thi hanh, vi néu khong
c6 diéu kién nao phia trén thod man, chuong trinh s€ thyc thi cong viéc sau

else.

4.3.9.2 Ciu I¢gnh lgp DO

do
choice; -> stat;.1; stati:.»; stati.s;
choice, -> stat,.;; stat,. ,; stat,. s;
choice, -> stat,.1; statn.,; statn.s;
od;

Vé cdu trac tong quét, ciu 1énh do ciing giébng nhu ciu 1énh if. Tuy
nhién, khéac véi 1énh if, cau Iénh do s€ 1ap céac lya chon cho dén khi gap cau
1énh break dé thoat khoi vong lap.

Vi du:
do
(count != 0) -> :: count = count - 1;
(count == 0) -> break

od;

Bai toan den giao thong, cau Iénh do luon ludn lya chon duge mat diéu kién
tai mot thoi diém, tirc ludn don dinh:

mtype = { RED, YELLOW, GREEN } ;

active proctype TrafficLight () {

byte state = GREEN;
do
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(state == GREEN) -> state = YELLOW;
(state == YELLOW) -> state = RED;
(state == RED) -> state = GREEN;

od;
}

4.3.10 Giao tiép giira cac tién trinh
4.3.10.1 M6 hinh chung

Mo hinh chung cta qua trinh giao tiép gitta bén giri va bén nhan dwgc minh
hoa nhu sau: Bén gui (Sender) s€ gui thong di€p (MSG) cho bén nhan
(Receiver). Sau khi nhan dugc thong di€p, bén nhan s€ guri lai mot tin xéc

thuc dé bén guri biét thong diép co dugc giri dén va chinh xac hay khong.

Sender [~ Receiver

s2r’MSG

/ rRSIACK
r2s?ACK

Trong do:

Sender: bén gir I qua trinh gui
?: qué trinh nhan

Receiver: bén nhan
MSG: thong di¢p
ACK: xac thuc

s2r: bén gtri dén bén nhan
r2s: bén nhan dén bén gui

Hinh 4.2 M5 hinh giao tiép giita hai tién trinh
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Su giao tiép, truyén thong giita cac tién trinh qua cac kénh (channel)
duoc thuc hién bang mét trong hai cach sau: truyén thong diép (message
passing), tirc 1la mdt tién trinh truyén dit liéu dén mot tién trinh khac, hoic
theo co ché bat tay tirc ca hai tién trinh cting thyc hién qua trinh guri va nhan
mot cach dong bo (render vous). Véi ca hai cach ndy, déu duoc khai bao
channel theo cach sau:
chan <name> = [<dim>] of {<ti>,<t,>,..,<t,>}

Trong do:

name: tén cta channel, channel dugc hiéu nhu mot FIFO buffer

dim: sd luong cic phan tir trong channel, trong trudng hop render vous thi
dim=0

<t;>,<t,>,...,<t,>: kiéu cua céac phﬁn tir duoc truyén trén kénh.

Vi du:

chan ¢ = [1] of {bit}
chan toR = [2] of {mtype, bit}
chan line[2] = [1] of {mtype, record}

Giii (Sending) div lidu dén mot kénh: siv dung ky hiéu !

ch ! <expri>, <expry>,.., <expr,>;

Gia tri cua biéu thirc <expr> phai twong trng vaéi kiéu dir liéu cua kénh duge
khai bao

Cau Iénh gui dit li¢u 1a cau 1énh thi hanh néu kénh khong bi tran.

Nhan (Receiving) dit liéu twr kénh: sw dung ky hiéu ?

ch ? <varl>, <var2>,..,<varn>;

ch ? <constl>, <const2>,..,<constn>;
Néu kénh khong rong, dir lidu co thé duoc guri tir kénh thong qua cac phan
doc 1ap cua message dugc luu trit trong danh sach cac bién hodc cac hang, cac

bién va céc hing s6 c6 thé tron 1an véi nhau trong danh sach.
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proctype A(chan gl)
{ chan g2;
qlz?qg2;
gz2'123
}
proctype B(chan gforb)

{ int x;
gforb?x;
printf ("x = %d\n", x)
}
init
{
chan gname = [1] of { chan };
chan gforb = [1] of { int };

run A (gname) ;
run B(gforb);
gname !gforb

}
Gia tri duoc in la 123

4.3.10.2 Giao tiép giita cdc tién trinh kiéu bit tay

Khi s6 lugng phan tir trong channel = 0, céc tién trinh s& giao tiép voi
nhau theo kiéu bat tay (render vous). <dim> ==0 c6 nghia 1a cong channel ¢
thé qua, nhung khong thé luu trit thong diép. Néu tién trinh giri ch! duoc thyuc
hién va néu c6 mot tién trinh nhan ch? twong tng dugc thuc thi dong bo va
két hop voi nhau, vi thé ca 2 qua trinh déu thyc hién. Hai qué trinh d6 sé& bat
tay (hand-shake) hay gip nhau (render vous) va ciing trao doi dit liéu.

Vi du:
chan ch = [0] of {bit, byte};
P mudn thuc hién ch!1, 3+7

Q muon thuc hién ch ? x
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Sau khi giao tiép, x s& nhan gia tri 10
4.4 CU PHAP CUA LTL TRONG SPIN

Pé dién ta cac toan tir logic thoi gian tuyén tinh LTL, SPIN quy udc st dung
nhu sau: [9]

[] Toan tir always [

<> Toén tir ton tai ¢

! Toan tur phu dinh

U Toan tir cho dén khi U

&& Toan tr AND

I Toan tor OR

->  Toan tu suy ra

<-> Todan tir trong duong
Dua vao nhitng ky hiéu d6, SPIN c¢6 thé dién ta cac thudc tinh ma hé thong

can thoa man.
4.5 MINH HOA KIEM TRA MO HiNH PHAN MEM VOI SPIN

Bai toan quan ly tai nguyén ging: Tai mot thoi diém chi co mot tién trinh
duoc st dung tai nguyén ging. Khi mot tién trinh dang st dung tai nguyén
ging, tai nguyén d6 sé bi khoa, sau khi tién trinh d6 s dung xong, tai nguyén
moi duoc giai phong dé tién trinh khac str dung. Nhu vy, can kiém tra xem
tai mot thoi diém, khong dugc hai tién trinh cing st dung mot tai nguyén
gang.

Do d6, thiét ké md hinh ctia bai toan nhu sau:

bit flag;

byte mutex;

proctype P(bit i)
{
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atomic{
flag '= 1;
flag = 1;
}
mutex++;

printf ("SMC:P (%d) has enter section, mutex=
$d\n", 1, mutex) ;

mutex—--;

flag = 0;
}

proctype monitor ()

{
do
::printf ("mutex value is %d\n",mutex); assert (mutex!=2);

od
init

atomic{
run P (0);
run P(1);

run monitor () ;

}

Mo hinh dugc mé ta bang ngdn ngit Promela nhu sau:

St dung bién mutex dé dém s tién trinh sir dung tai nguyén ging, khoi
tao mutex = 0

St dung bién flag dé danh diu tai nguyén ging dang duoc st dung.
Néu flag = 1, tai nguyén ging dang duoc sir dung va cac tién trinh khac khong
vao dugc. Néu flag = 0, tai nguyén ging duoc giai phong, tién trinh c6 thé sir

dung duoc tai nguyén do.
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Pau tién, chuong trinh kiém tra xem bién co c6 khac 1 (hay bang 0) hay
khong. Néu khong dung tic flag =1, tién trinh s& l3p di lap lai kiém tra dé
chd. Néu ding, tirc flag =0, tai nguyén ging dang san sang, khi do tién trinh
c6 thé sir dung tai nguyén gang. Sau d6, dat flag = 1 dé bao tai nguyén ging
dang ban. Hai cong viéc nay phai thuc hién lién tiép, do d6 dit trong tir khoa
atomic. Khi st dung tai nguyén ging, bién mutex dugc ting 1én 1 va thyc
hién cong viéc (gid st 1a cong viéc in ra man hinh ). Sau khi str dung xong tai
nguyén gang, bién mutex duoc giam di 1 va gan lai bién flag = 0.

Tién trinh monitor s& thuc hién 1énh assert trong vong 1ap do dé lién tuc
kiém tra xem mutex c6 khac 2 hay khong, tirc 1a khong thé hai tién trinh cung
st dung chung tai nguyén giang. Néu vi pham tirc mé hinh d khong thoa man
thudc tinh dé ra ctia hé théng. Tién trinh init kich hoat cac tién trinh P(0), P(1)
va monitor().

Tao ra file pan.c, sau d6 hién thi bang trang thai nhu sau:

proctype P
state 3 -> state 4 [A---G] line 6 => ((flag!'=1))

state 4 -> state 5 [--——-G] line 11 => mutex = (mutex+1)
state 5 -> state 6 [----G] line 12 => printf('SMC: P (%d) has
enter section, mutex = %d\n',i,mutex)

state 6 -> state 7 [----G] line 13 => mutex = (mutex-1)
state 7 -> state 8 [----G] line 14 => flag = 0

state 8 -> state 0 [--e-L] line 15 => -end- [(257,9)]

proctype monitor

state 3 -> state 2 [----G] line 19 => printf ('mutex value is
%d\n', mutex)

state 2 -> state 3 [----G] line 20 => assert ((mutex!=2))
proctype init

state 4 -> state 2 [A---1L] line 26 => (run P(0))

state 2 -> state 3 [A---1L] line 28 => (run P (1))

state 3 -> state

(6]
|
|
|
|
=

line 29 => (run monitor())
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state 5 -> state O [-—e-L] line 32 => -—-end- [(257,9)]
Transition Type: A=atomic; D=d step; L=local; G=global

Source-State Labels: p=progress; e=end; a=accept;

Ta c6 thé kiém tra m6 hinh bang viéc chay mot s6 budc hiru han, gia su ta
muon chay mo hinh vé1 s6 bude chay khong qué 20 1an, chuong trinh sé& chi
ra tung budc, tién trinh nao dugc kich hoat va chay cau Iénh nao, gia tri trd vé

bang bao nhiéu, c6 vi pham diéu kién hay khong.

Starting :init: with pid O
0: proc - (:root:) creates proc O (:init:)
Starting P with pid 1

1: proc 0 (:init:) creates proc 1 (P)

1: proc O(:init:)line 26 (state 4) [ (run P(0))]
Starting P with pid 2

2: proc 0 (:init:) creates proc 2 (P)

2: proc O(:init:)line 28 (state 2) [(run P(1))]
Starting monitor with pid 3

3: proc 0 (:init:) creates proc 3 (monitor)
3: proc 0(:init:) line 29 (state 3)

[ (run monitor ())]

4: proc 1 (P) line 6 (state 3) [ ((flag!'=1))]
5: proc 1 (P) line 8 (state 2) [flag = 1]
mutex value is 0

6: proc 3 (monitor) line 19 (state 3)
[printf ('mutex value is %d\\n', mutex) ]

7: proc 3 (monitor) line 20 (state 2)
[assert ((mutex!=2))]

8: proc 3 (monitor) line 22 (state 4) [.(goto)]
mutex value is O

9: proc 3 (monitor) line 19 (state 3)
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[printf ('mutex value is %d\\n',mutex)]

10: proc 1 (P) line 11 (state 4) [mutex = (mutex+1l)]
SMC: P(0) has enter section, mutex = 1
11: proc 1 (P) line 12 (state 5)

[printf ('SMC: P (%d) has enter section, mutex =
$d\\n', i, mutex) ]

12: proc 3 (monitor) line 20 (state 2) [assert((mutex!=2))]

13: proc 1 (P) line 13 (state 6) [mutex = (mutex-1)]
14: proc 1 (P) line 14 (state 7) [flag = 0]

15: proc 2 (P) line o (state 3) [((flag!=1))]

16: proc 2 (P) line 8 (state 2) [flag = 1]

17: proc 3 (monitor) line 22 (state 4) [. (goto)]

mutex value is 0

18: proc 3 (monitor) line 19 (state 3)

[printf ('mutex value is %d\\n',mutex)]

19: proc 3 (monitor) line 20 (state 2) [assert((mutex!=2))]
20: proc 3 (monitor) line 22 (state 4) [. (goto) ]
depth-1limit (-u20 steps) reached

#processes: 4

flag =1

mutex = 0

20: proc 3 (monitor) line 19 (state 3)

20: proc 2 (P) line 11 (state 4)

20: proc 1 (P) line 15 (state 8) <valid end state>

20: proc O (:init:) line 32 (state 5) <valid end state>

4 processes created
Viy, thong qua SPIN dé kiém tra mé hinh ctia bai toan, ta ¢ thé khang
dinh m6 hinh d6 thoa man thudc tinh dé ra d6 1a ludn dam bao tai mot thoi

di€ém chi ¢ nhi€u nhat mot tién trinh dugc st dung tai nguyén gang.
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Vin voi bai toan quan 1y tai nguyén ging, gia st ta thiét ké mo hinh cua hé
théng nhu sau:

bit flag;

byte mutex;

proctype P(bit 1)

{

flag !'= 1;
flag = 1;
mutex++;

printf ("SMC: P (%d) has enter section, mutex =
%$d\n", 1, mutex) ;
flag = 0;

mutex—-;

proctype monitor ()
{
do
::assert (mutex!=2);

od

init

atomic{
run P (0);
run P(1l);

run monitor();
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O mé hinh nay chi khac & mo hinh trudc bang cach thay doi the tu cua hai
cau lénh flag = 0; va mutex--; déng thoi bé di tir khoa atomic cua hai
Iénh flag !'= 1;flag = 1;

Tuy nhién, khi thay ddi vi tri cAu 1énh, s& 1am cho mo hinh cua hé théng Vi
pham ngay thudc tinh dé ra.

Ta c6 bang trang thai cua mé hinh nay nhu sau:

proctype P

state 1 -> state 2 [-——--G] line 6 => ((flag!'=1))

state 2 —> state 3 [-——-G] line 7 => flag =1

state 3 -> state 4 [-——-G] line 8 => mutex = (mutex+1)
state 4 -> state 5 [--=--G] line 9 => printf ('SMC: P (%d)
has enter section, mutex = %d\n',i,mutex)

state 5 -> state 6 [--—-G] line 10 => flag = 0

state 6 —-> state 7 [----G] line 11 => mutex = (mutex-1)
state 7 -> state 0 [-—e-L] line 13 => —-end-[(257,9)]
proctype monitor

state 2 -> state 2 [----G] line 17 =>assert ((mutex!=2))
proctype init

state 4 -> state 2 [A---L1] line 24 => (run P(0))

state 2 -> state 3 [A-—-1] line 26 => (run P (1))

state 3 -> state 5 [----L] line 27 => (run monitor())
state 5 -> state 0 [-—e-L] line 30 => -end-[(257,9)]

Transition Type: A=atomic; D=d step; L=local; G=global

Source-State Labels: p=progress; e=end; a=accept;

Kiém tra mé hinh véi sé buée chay khong vieot qud 1000, dwoc két qua sau:
Starting :init: with pid O

0: proc - (:root:) creates proc 0 (:init:)

//Khdi tao tién trinh init

Starting P with pid 1

l1: proc O (:init:) creates proc 1 (P)
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1: proc 0 (:init:) line 24 (state 4) [ (run P(0))]1]

//Init: Chay tién trinh P(0)

Starting P with pid 2

2: proc 0 (:init:) creates proc 2 (P)

2: proc 0 (:init:) line 26 (state 2) [(run P(1))]

//Init: Chay tién trinh P (1)

Starting monitor with pid 3

3: proc 0 (:init:) creates proc 3 (monitor)

3: proc 0 (:init:) line 27 (state 3) [ (run monitor()) ]

//Init: Chay tién trinh monitor ()

4: proc 3 (monitor) line 17 (state 2) assert ((mutex!=2))]

//Monitor: Kiém tra xem mutex c6é khac 2 hay khéng?

5: proc 2 (P) line 6 (state 1) [((flag!'=1))]

//P(1l) Kiém tra xem flag cé khac 1 hay khéng?

6: proc 3 (monitor) line 20 (state 3) [. (goto)]

7: proc 3 (monitor) line 17 (state 2) assert ((mutex!=2))]

//Monitor: Kiém tra mutex cé khac 2 hay khéng?

8: proc 1 (P) line 6 (state 1) [((flag!=1))]

//P(0): Kiém tra flag cé khdc 1 hay khéng?

9: proc 1 (P) line 7 (state 2) [flag = 1]

//P(0): Néu dung, gan lai flag = 1 dé tién trinh P(1l) su dung

tai nguyén gang

10: proc 1 (P) line 8 (state 3) [mutex = (mutex+l)]

//P(0): T&ng bién mutex 1lén 1

11: proc 3 (monitor) line 20 (state 3) [. (goto)]

//Monitor: Kh&i tao tién trinh monitor

12: proc 3 (monitor) line 17 (state 2) [assert((mutex!=2))]
SMC: P(0) has enter section, mutex =1

//Monitor: Kiém tra xem mutex c6é khac 2 hay khdéng?

13: proc 1 (P) line 9 (state 4)

[printf ('SMC: P (%d) has enter section, mutex =

%$d\\n', 1, mutex) ]
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//P(0): St dung tai nguyén bing lénh printf

14: proc 2 (P) line 7 (state 2) [flag = 1]
//P(l): Flag =1

15: proc 1 (P) line 10 (state 5) [flag = 0]
//P(0): Flag = 0

16: proc 2 (P) line 8 (state 3) [mutex = (mutex+1l)]

//P(1l) : tdng mutex 1lén 1

17: proc 3 (monitor) line 20 (state 3) [. (goto)]
SMC: P(l) has enter section, mutex = 2

//Monitor: mutex = 2

18: proc 2 (P) line 9 (state 4)
[printf ('SMC: P (%d) has enter section, mutex =
$d\\n', i, mutex) ]
spin: line 18 , Error: assertion violated
//Thuc hién 1lénh, kiém tra thly mutex !'= 2 bi vi pham
spin: text of failed assertion: assert ((mutex!=2))
#fprocesses: 4

flag = 0

mutex = 2
Khi bi vi pham diéu kién mutex != 2, chuong trinh s€ dung lai va thong bao
161 “Assertion violated”

M6 hinh SPIN da ty dong tao ra h¢ théng chuyén trang thai cho h¢
théng thong qua ngdn nglt PROMELA, sau d6 tu dong chuyén d6i hé théng
va céc thudc tinh LTL sang dang Otomat Buchi va ap dung céc giai thuat
kiém tra m6 hinh phan mém vdi tat ca cac kha nang co thé cua hé thong. Khi

gip 161 SPIN sé& dimng lai va dua ra ngay vét 16i.
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KET LUAN

Noi dung ctia dd an duoc trinh bay trong bon chuong vé van dé kiém
tra moO hinh phﬁn mém, mot trong nhitng linh vuc rdng va dang con tiép tuc
phat trién manh.

Tém tit ludn vin:

e Giai thich tai sao can phai nghién ctru vé kiém tra mo hinh phan

mém

e Nghién ctru nhirng khai niém vé kiém tra mo hinh, cac dinh nghia da

dang vé kiém tra mo hinh phdn mém, vi tri cua k¥ thuét kiém tra mo
hinh phan mém so véi cic cong nghé khac nhu Testing. Tiép theo
da phan biét dugc cac k¥ thuat kiém tra mo hinh phan mém va gidi
han di sau vao nghién ctru mdt loai k¥ thuat kha thi nhat do 1a theo
kiéu duyét nhanh

e Chuong 3 di nghién ctru va dé xuat mot giai phap chung dé kiém tra

md hinh phan mém. Tl ban phic hoa nay ta nghién ciru cic van dé
can giai quyét khi xay dung hé théng kiém tra mo hinh phan mém.
Luan vin di dé xuat giai thuat kiém tra mo hinh phan mém sir dung
Otomat Buchi c6 thé doan nhan dugc chudi v han va Logic thoi
gian tuyén tinh ¢¢ mo hinh ho4 hé thong ciing nhu cac thudc tinh ma
hé thong can phai thoa man. Luan vin dé cap dén cic van dé Iy
thuyét hinh thirc xung quanh viéc mé hinh hoa hé thdng, thudc tinh
va van dé& mau chdt cua bai toan 1 kiém tra xem hé thng co thoa
man thudc tinh hay khong. Vi du, nglt nghia, ci phdp cua ngdén ngi
logic LTL, Otomat Buchi, hé thong chuyén trang thai LTS, cac phép
chuyén d6i LTL va LTS sang Otdmat Buchi, cac phép tich chap cua

hai Otomat Buchi, kiém tra tinh rong ctia Otomat Buchi v.v.
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e Chuong 4 cuy thé hoa viéc xdy dung hé thong kiém tra mé hinh phan
mém bang cach gidi thiéu mot ngdn ngir chuyén dung dé dic ta mo
hinh hé théng d6 1 ngon ngit PROMELA va hé thong kiém tra mo
hinh SPIN 4p dung cho nhitng hé thdng twong tranh da tién trinh.
Ngon ngit PROMELA 13 mét ngdn ngit don gian va manh c6 thé
dién giai dugc tat ca cac tinh huéng cia mé hinh phan mém va cta
thudc tinh can thoa man. SPIN da giai quyét duoc bai toan dit ra
bang cach st dung giai thuat dé xuét.

e Cudi cung, ludn van da st dung mot vi du minh hoa nho vé viéc ap
dung hé thong SPIN, ngon ngir PROMELA dé lam rd hon cac budc
ctia giai thuat va tinh hiéu qua cua viéc kiém tra mo hinh phan mém.

Dong gop khoa hoc cua ludn vin:

e Luin vin da giai quyét bai toan kiém tra mo hinh phan mém d6 1a: cho
mo hinh cua mot hé théng M va thudc tinh f, can kiém tra xem M ¢6
thoa mén f hay khong? Luan vin di dé cap dén cic hudng ly thuyét
moi mé va ngdy cang duoc quan tm rong rai nhu thuyét Otémat Buchi
dé doan nhan xau vo han va logic thoi gian tuyén tinh dé biéu dién céac
biéu thirc logic c¢6 ¥ nghia ca vé mit thoi gian.

e Lun vin dé xuit ra k¥ thuat kiém tra mé hinh phan mém bing cach
tich hop cac giai thuat tdi uu nhat nhu: mo hinh hoa hé thong bang hé
théng chuyén trang thai LTS, cac giai thudt chuyén do6i gitta LTS sang
Otomat Buchi, chuyén ddi gitra logic thoi gian tuyén tinh LTL sang
Otdomat Buchi, cac gidi thuat lién quan dén Otomat Buchi nhu tinh tich
chap, kiém tra tinh rSng. .. T4t ca céac giai thudt nay da dugc chon loc va
két hop véi nhau dé tao ra mot ky thuat kiém tra mo hinh vira hiéu qua

lai mang tinh thyc thi cao.
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e Lun vin dd gidi thiéu hé thong SPIN dé minh hoa viéc kiém tra mo
hinh phin mém c6 st dung ngdn ngit md hinh hoi hé thong
PROMELA ap dung véi cac phan mém twong tranh da tién trinh. Luan
van d3 gidi thiéu chi tiét ci phap cia PROMELA va cach mé hinh hoa
hé thdng ciing nhu cac thudc tinh cia hé thdng 12 dau vao cho mé hinh
SPIN. Dya vao SPIN ta c6 thé thay dugc bang dich chuyén trang thai
cua hé théng, tung budc chay cua bo kiém tra mo hinh, dung luong bd
nhé can thiét va tong s trang thai ctia hé thong.

e Luan van di giai quyét dugc van dé kiém tra moé hinh phan mém bang
cach tiép can nhiéu hudng 1y thuyét méi dong thoi dua ra cac hudng
phat trién trong twong lai nhiam tdi wu hoa hon nita, hd trg nguoi sir
dung nhiéu van d& hon ddng thoi ting tinh chinh x4c cua viéc mo hinh
hoa hé théng dau vao, diéu dic biét quan trong voi viée kiém tra mo
hinh phan mém.

Huwdng phdt trién tiép theo trong twong lai ciia dé tai:

e Tbi uu hoa hon nita cic bién phap giai quyét khi bung nd khong gian
trang thai

e Kiém tra md hinh phan mém bang cach sir dung dau vao 1a cac biéu dd
trang thai trong UML, ap dung v6i cac phan mém hudng d6i tuong

e Nghién ciru dé kiém tra mo hinh ap dung véi timg tién trinh, cho phép
nguoi str dung c6 thé kiém tra & muc tién trinh hodc thanh phan nho.

e Xay dyng cong cu kiém tra mé hinh phan mém sir dung cac ngon ngir

1ap trinh thong dung dé mé hinh hoa phan mém nhu C, Java. ..
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