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LOI CAM DOAN

T6i xin cam doan luan van tét nghiép véi dé tai “Pic ta va kiém chieng cac hé
thong thoi gian thuc sir dung Uppaal” nay 1a cong trinh nghién ciu caa riéng
t6i dudi sy huéng dan cua PGS.TS Pham Ngoc Hung. Cac két qua toi trinh bay
trong luan van 13 hoan toan trung thuc va chua ting dugc cong b trong bét cir
cong trinh nao khac.

To6i da trich ddn day du cac tai lieu tham khao, cac cong trinh nghién ctu lién
quan ¢ trong nudc va qudc té trong phan tai liéu tham khao. Ngoai trir céc tai lidu
tham khao nay, luan van nay hoan toan la cong viéc cua riéng toi.

Néu c6 bat ctr phat hién nao vé sy gian 1an sao chép tai liéu, cong trinh nghién
ctru cua tac gia khac ma khong ghi rd trong phan tai liéu tham khao, tdi xin chiu
hoan toan trach nhiém vé két qua luan vin caa minh.

Ha ngi, thang 10 nam 2017

Hoc vién

Pham Thi Té Nga
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LOI CAM ON

T6i xin bay t6 10ng cam on chan thanh va sau sic nhat dén PGS.TS Pham Ngoc
Hlng vi su hudng dan va chi bao tan tinh cling véi nhitng dinh huéng, nhitng 1oi
khuyén, nhiing kién thic vo ciing quy gia cua Thay trong qué trinh t6i theo hoc
cling nhu lam ludn van.

T6i xin duwgc gui 161 cam on toi cac Thay Co trong khoa Cong nghé thdng tin -
truong Pai hoc Cong Nghé- Pai hoc Qudc gia Ha Noi di trang bi cho t6i nhiing
Kién thirc quy bau trong qué trinh t6i theo hoc tai khoa. Pay ciing chinh 1a tién dé
dé m co6 duoc nhitng kién thac can thiét dé hoan thién luan van nay.
T6i xin duoc giri 10i cam on téi cac Thay C6 gido clng cac anh chi em ban bé
dang theo hoc tai bo mén Cong nghé Phan mém da rat tan tinh chi bao va tao
diéu kién tot nhat dé toi dugc lam viéc trén bo mon véi day du trang thiét bi can
thiét dé t6i c6 thé hoan thién tét nhat luan van nay.
T6i cling xin duoc giri 101 cam on chan thanh dén lanh dao va cac anh chi em
déng nghiép tai truong Pai hoc Pai Nam noi téi dang cong tac cling nhu gia
dinh, ban b¢, nguoi than da giup d& tdi ca vé vat chat 1an tinh than dé t6i hoan
thanh duoc luan van nay.
Mic du da rat ¢6 gang nhung luan van chiac chian khong tranh khoi nhiing thiéu
s6t, tdi rat mong nhan duogc nhitng Y kién danh gia va phé binh tir phia cac Thay
C6 dé luan van duoc hoan thién hon.
T&i xin chan thanh cam on!

Ha ngi, thang 11 nam 2017

Hoc vién

Pham Thi T6 Nga
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CHUONG 1. GIOI THIEU
1.1 D3t van dé

Trong thoi dai ngdy nay, cac hé thong c6 yéu t6 thoi gian va dic biét cac hé
théng thot gian thuc 14 mdt trong nhitng linh vuc nhan duogc rat nhiéu sy quan
tam cia gioi khoa hoc noéi chung va giéi khoa hoc nghién ciru vé cong nghé noéi
riéng. That vay, hé thong thoi gian thuc duoc ing dung rit nhiéu trong doi séng
x4 hoi, trong san xudt, trong y té, trong hang khong vil try va trong quin su, gan
nhu trong moi linh vuc ta déu thay c6 sy gop mit ctia nhitng tng dung trong hé
thdng thoi gian thuc. Khong chi gop mit trong nhiéu linh vuc ma sy gop mit cia
n6 con cd tim quan trong rat 16n dbi véi hé théng. Trong hé thong thoi gian thuc,
cac cong véc va cac tac vu can phai hoan thanh trong mot khoang thoi gian cho
phép (deadline), néu khong dap ung duoc yéu cau thoi gian thi hé thong sé sup
d6 hodc s& giy ra hiu qua nghiém trong (hé thoi gian thuc cting: Hard Real-
Time) hodc s& bi suy giam vé chat luong dich vu (hé thoi gian thuc mém: Soft
Real-Time) [6, 9].

Chinh vi tAm quan trong ctia yéu to thoi gian trong hé thong thoi gian thuc nhu
vay nén viéc kiém tra tinh ding dan dbi voi hé thong nay 1a rat can thiét. Viéc
kiém tra tinh ding dén cua mot hé théng ¢6 thé duoc thue hién & khau kiém thu
va kiém chimg. Tuy nhién, véi nhiing hé théng ¢ rang budc vé thoi gian ciing
nhu tam quan trong cua hé théng ma viéc kiém thur khong kiém tra dugc hét ma
cha yéu tap chung ¢ khau kiém chimg [10]. Viéc kiém chimg tinh ding dén cta
hé thong nham kiém tra xem hé théng c6 van hanh dung nhu yéu cau khong,
mudn vay can phai c6 md phong su van hanh ctia hé thong, can c6 budc kiém tra
quy trinh van hanh d6 c6 dam bao cac tinh chat co ban cia mot hé thong nhu:
tinh dén duoc ciia mot trang thai, tinh an toan, tinh lién tuc theo thoi gian (khéng
bi dimng — not deadlock) [10, 11]. Mudn lam duoc diéu d6 can phai c6 mot bd
cong cu co thé mo ta dugce sy van hanh cta hé théng, qua d6 mo phdéng dugc su
van hanh d6 va tir d6 kiém tra dugc su van hanh dé c6 thda man cac yéu cau cua
hé théng hay khong. Pay thuc sy 1a mbi quan tdm 16n dbi voi van dé kiém chimg
noi riéng va cong nghé phan mém noi chung.

Hién nay c0 rat nhiéu bo cong cu cho phép kiém chung ty dong cac hé théng
phan mém c6 yéu té thoi gian nhu: SPIN, LTSmin, mCRL2, MRMC, PAT,
TAPAL, DREAM, ROMEO, UPPAAL ... Trong d6 b cong cu Uppaal thé hién
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nhirng tinh nang manh ma nhirng b cong cu khac khong c6 nhu vi¢c moé phong
duoc su van hanh cta hé théng thoi gian thuc va kiém chuing sy van hanh boi cac
hé thdng cau 1énh rit don gian. Cong cu nay gitp ta cd thé kiém ching nhitng hé
théng dugc mé hinh héa thanh nhitng hé thong 6-t6-mat thoi gian véi nhing
bién sé nguyén, ciu trac dir liéu, ham ngudi dung va dong bo cac kénh. Vi viée
dic ta va kiém chung mdt hé théng thoi gian thuc thi bd cong cu Uppaal duoc
danh gia 1a t6t nhat hién nay va duoc st dung rong rii trong cong nghiép. Nhung
bén canh d6 viéc str dung bd cong cu Uppaal trong kiém ching hé thong co yéu
t thoi gian cling doi héi nguoi st dung c6 trinh do nhét dinh trong viéc dac ta h¢
thong dudi dang cac 6-t6-mat thoi gian cling nhu diéu khién sy van hanh va
tuong tac gitta cac 6-tomat do thdng qua mot ngdn ngir 1ap trinh [7, 8].

1.2 Muc tiéu va pham vi ciia dé tai
Trong luan vin nay tic gia di tap trung tim hiéu vé bo cong cu kiém ching
Uppaal, di sau vao tim hiéu ngon ngit dic ta ctia Uppaal, tim hiéu cach dic ta mot
hé thong phan mém dudi dang cac 6-t6-mat thoi gian va diéu khién sy van hanh
ctia hé thong thong qua ngdn ngi 1ap trinh C++, ciing nhu tim hiéu co ché kiém
chtng ctia bd cong cu nay cho cac hé thong thoi gian thuc. Tur d6 tac gia xay
dung mot s6 vi du (cu thé tac gia di xay dung duoc 4 vi du) vé mot s6 hé thong
thot gian thuc &p dung vao dac ta va kiém chimg h¢ théng do boi bd cong cu
Uppaal.
Pbi voi mdi vi du tac gia gia dinh 1a mot hé thong thoi gian thuc, tién hanh dic
ta, mo hinh hoa dudi hé 6-t6-mat thoi gian trén trinh soan thao ctia Uppaal sau do
chay mo6 phdong va kiém chirng su hoat dong cua hé¢ théng do.

1.3 Cau truc cia luin van

Phan con lai cta luan vin dugc trinh bay thanh ba chuong: O chuong 2, tac gia
trinh bay nhimng co so 1i thuyét can thiét cho viéc nghién ctru dé tai. Sang chuong
3, tac gia néu nhitng hiéu biét cua tac gia vé bo cong cu Uppaal ciing nhu cach
dic ¢a mot hé théng phan mém dudi dang cac 6-t6-mat thoi gian va phuong phap
md phong va kiém chung trong Uppaal. Chuong 4, tac gia trinh bay mot sé vi du
ap dung ma tac gia da xay dung dugc sau khi tim hiéu vé bo cong cu Uppaal.
Chuong nay tac gia trinh bay bon vi du ma tac gia da xay dung duoc vé bon hé
thong thoi gian va tién hanh dic ta va kiém chimg cac hé thong d6 qua cong cu
Uppaal. Cudi cung 12 phan két luan, ¢ day tac gia tom tat nhitng cong viéc ma tac
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gid da lam dugc trong luan van cling nhu dua ra nhitng han ché va huéng mé
rong tiép theo cua dé tai.
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CHUONG 2. COSO LY THUYET
2.1Pic ta hé thong

Dua trén nhiing yéu cau doi véi viée st dung hé théng dé dua ra céc dic ta cho hé
thong. Mubn dic ta tét hé théng thi nguoi dac ta can hiéu rd ngudn gbc, cac dang
thong tin can cung cip cho hé théng hoat dong, can nim duoc hé théng s& phai
giai quyét nhiing van dé gi, nhiing két qua can phai c6 khi van hanh hé thong 14 gi.
Xac dinh dugc mdi quan h¢ gitra cai vao va cai ra cho qua trinh hoat dong cua h¢
théng. Cac dic ta chi tiét hé théng nham phuc vu cho vi¢c xay dung va trac
nghiém vé hé théng dé kiém tra xem nhirng nhiém vu da dat ra cho hé théng co
hoan tat duoc hay khong [5].

Viéc str dung ngdn ngit tu nhién dé dic ta hé thong din dén rat nhidu bat tién
trong d6 nhitn bat tién tiéu biéu c6 thé ké dén nhu: Viéc nham 1an do cach hiéu
cac khai niém khac nhau giira hai bén; Pic ta yéu cau ngdn ngit ty nhién qua mém
déo do d6 mot van dé co thé dugc mé ta bang qua nhiéu cach khac nhau; Cac yéu
cau khong duoc phan hoach tét, kho tim cac mdi quan hé Do vay ngudi ta thuong
dung céac thay thé khac dé dic ta cac yéu cau nhu: Dic ta bang ngdn ngit tu nhién
c6 céu truc; dic ta bang ngdn ngir mo ta thiét ké, gidng ngdn ngit 1ap trinh nhung
cO muc triru tugng cao hon; Pac ta béng ngdn ngir dac ta yéu cau; Pic ta bﬁng ghi
chép graphic; Dac ta toan hoc,..

Dic ta hé thong c6 thé chia thanh hai loai: dic ta phi hinh thic (ngdn ngit tu
nhién) va dic ta hinh thirc (dya trén kién trac toan hoc).

Dac ta phi hinh thac: Dac ta phi hinh thire 1a dac ta st dung ngdén ngit tu nhién.
Nhu da trinh bay & trén, dac ta theo hinh thic nay cé thé khong duoc chat ché
nhung nhiéu ngudi c6 thé dé dang tiép can va c6 thé dung dé trao ddi voi nhau dé
lam chinh xac héa cac diém chua rd, chua thong nhat giita cac bén phét trién hé
thong.

Dac ta hinh thac: Pac ta hinh thic 1a dac ta ma & do cac tu ngit, ca phap, ngir
nghia dugc dinh nghia hinh thirc dya vao toan hoc. Pac ta hinh thic co thé coi la
mot phan cua hoat dong dic ta phan mém. Véi hinh thirc dic ta ndy cac dic ta yéu
cau duoc phan tich mét cach chi tiét, cac mo ta triru tugng cua cac chirc nang
chuong trinh c6 thé duoc tao ra dé lam rd yéu cau.
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Dbi v6i nhitn hé thong twong ddi phuc tap, ¢ hai hudng tiép can dic ta hinh thirc
dé phat trién cac hé thong d6 1a: Hudng tiép can dai sd, hé théng duge mo ta dudi
dang cac toan tir va cac quan hé va hudng tiép cin mo hinh, mé hinh hé thng
dugce ciu tric st dung céc thuc thé toan hoc nhu 1a céc tap hop va céc thu tu.

Viéc st dung dac ta hinh thuc dé dic ta mot hé théng mang lai nhiéu thuan loi.
Thir nhat dic ta hinh thitc cho phép chung ta thiy va hiéu dugc ban chét bén trong
clia cac yéu cau, ddy chinh 13 cach tot nhat dé lam giam cac 161, cac thiéu sot c6
thé xdy ra ngay tu budc dau va giap cho cong viéc thiét ké duoc thuan loi. Tha
hai do sir dung suy ludn toan hoc cho vi¢c dac ta nén co thé dva vao cac cong cu
toan hoc khi phan tich va diéu ndy lam ting thém tinh chic chan va tinh day du
cua hé théng va cudi cung viéc dac ta hinh thirc mét hé théng dem lai mot cach
thire cho viée kiém tra hé théng do mot cach thuan tién.

Viéc dic ta mot hé thong can dam bao nhiing nguyén tic: Phan tach chirc ning voi
cai dat; dac ta hé thong hudng tién trinh; dic ta hé thong phai 14 mot moé hinh nhan
thirc; dam bao dac ta mo ta duoc su van hanh cua hé théng; khi dic ta phai tinh
toan dén kha ning khong diy di do méi trudng phic tap va cudi cung viée dic ta
phai cuc bd va long 1éo dé thuan tién cho viéc thay doi phat sinh.

2.2Kiém chirng hé thong phin mém

Kiém ching hé théng phén mém thyuc hién viéc xac minh mot thiét ké hay mdt san
phém phén mém théa min nhirng nhitng thudc tinh dugc néu ra trong dic ta cua hé
théng [5]. Pac ta hé théng trd thanh co s& ctia moi hoat dong kiém chimg. Mot
thiéu sot s& duoc phat hién khi hé thdng khéng thoa min mot trong cac thudc tinh
d3 duoc dic ta. Hé thong duoc xac minh 13 dung khi nd thda man tat ca cac thudce
tinh ma no6 da duogc dic ta. Quy trinh kiém chimg hé thdng dugc thé hién thong qua
so d6 (xem hinh 2.1)

Phwong phdp hinh thirc: Viéc ap dung céac k¥ thuat todn hoc vao dac td va phan
tich hé thong tir d6 xay dung mo hinh hé thong gitp ta xdy dung duoc nhiing
phuong phap kiém ching hé théng dwa trén mé hinh.

Model checking: Phuong phap kiém tra ching dua trén moé hinh, kém theo d6 1a
cac phan mém tu dong hoa cac budc kiém chimg khac nhau. Co s& cua phuong
phép kiém tra mo hinh 13 cac hanh vi cta hé théng dugc mé ta mot cach rd rang
khong bi nhap nhang, day ciing chinh 13 diém mau chét gitp phat hién nhiing diém
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mau thuan, chua hoan thién trong dac ta phi hinh thirc cta hé théng. Viéc st dung
phuong phap kiém tra mo hinh dic biét quan trong dbi véi cac hé thong

can c6 tinh toan ven cao, gép phan dam bdo rang qué trinh phat trién h¢ thong s¢€

Dic diém ki thuat cia
hé théng
(system specification)

Qua trinh thiét
ké

(Necinn Praress)

Cic tinh chét

(properties)

San pham hoic
nguyén miu
(product or prototype)

Tim théy 16
(bug(s) found))

A

o Kiém chitng
(Verification)

Khong tim thay I8i nao
(no bugs found)

Hinh 2.1 So do viéc kiém chitng hé théng [5]

khéng c6 16i. Phuong phap nay dic biét hiéu qua tai giai doan diu cia qua trinh
phat

trién do 1a & cac murc yéu cau va dic ta hé théng, nhung bén canh d6 né cling dugc
sir dung cho mdt qua trinh phat trién hoan chinh cia mot hé thong.

Hoat dong ctia phuong phap kiém tra mé hinh duoc thé hién trong so dd hoat dong
ciia phuong phap kiém tra mo hinh (xem hinh 2.2). Theo d6 dé kiém chtng hé
théng ta xudt phat tur yéu cau hé théng ta dac ta hinh thuc hé théng, biéu dién cac
thudc tinh can kiém tra cau hé théng. Cliing v6i d6 ta mo hinh hoa hé thong, khi d6
bd cong cu kiém chiig s€ sinh ra tat ca cac trang thai ctua hé théng va kiém tra hé
thong c6 thda méan céac thudc tinh can kiém tra hay khong, néu khong cong cu sé chi
ra vi tri dan dén 16i do.


https://vi.wikipedia.org/wiki/Y%C3%AAu_c%E1%BA%A7u_(k%E1%BB%B9_thu%E1%BA%ADt)
https://vi.wikipedia.org/w/index.php?title=%C4%90%E1%BA%B7c_t%E1%BA%A3&action=edit&redlink=1

Yéu céu
(Requirements)

Hinh thirc hda
(Formalizing)

Thugc tinh cin kiém
ching
(Property specification)

Hé théng

(System)

M®é hinh hoa
(Modeling)

Mo hinh h¢ théng
(System model)

Kiém ching
mo hinh
(System checking)

4

Thoéa méan
(satisfied)

A 4

Khéng théa +
Phan vi du
(Violated +

counterexample)

Mé phéng
(Simulation)

Vi tri
16i
(Locati

Hinh 2.2 So d6 hoat déng ciia phwrong phdp kiém tra md hinh [5]

2.3 O-t6-mat thai gian

Mot 6-t6-mét thoi gian (Time automata-TA) 12 mot tap gdm sau thanh phan (L, I-

o, C, A, B, 1)[1,2,5, 12], trong do:

- L: tap cac trang thai
- lo: trang thai ban dau
- C:tap cac dong hd

- A tap cac hanh dong

- EeLxAxB(C)x2°xL :tap cac canh gitra cac trang thai
- 1:L—B(C) : chi dinh bat bién cho cac trang thai.

e V& mat ngir nghia:

Mot 6-t6-mat thoi gian dwoc hiéu nhu mot hé dich chuyén duoc gan nhan

<S,s,,—>, trong do:



- ScLxR latap cac trang thai.

- 5o=(lo,uo) 1a trang thai ban dau.

- 5 Sx{IR,, AA}xS la sy truyén trang thai c6 quan hé nhu sau:

- (Lu+d)néu 0<d'<d=u+d'el(l) .

- (’,u’) néu coe=(l,a,g,r,’)eE sa0 cho ueg,u'=[r—>0u va u'el(l) ma
deR,,u+d anh xa mdi dong hd x trong C dén gia tri u(x)+d, va [r — OJu biéu thi
gia tri ddng hd, mdi gia tri trén dong hé 1a r=0 va u néu u thuoc C\r.

e MOot mang 6-t-mat thoi gian bao gom nhiéu cac 6-t6-mat thanh phan dugc
bicu dién nhu sau [1, 2, 5, 12, 14]:

Cho A :(Li, 1°, C, A E, h)- trong d6 1<i<n , mot vecto trang thai 1=(1,,1,,...1,) ,
It /11 Ki hiéu cua véc to trang thai nay la trang thai 1’; thay thé cho trang thai I;.
Ngit nghia dugc dinh nghia nhu moét hé chuyén dich <s,s,,—> trong d6
S =(I,l,,...1,)xR® 12 tap cac trang théi, so=(lo,uo) Ia trang thai ban dau, va —SxS
c6 quan hé truyén nhu sau:

- (i,u)—>(i,u+d)véi Ogd'gd,u+d'el(i)

- (i,u)—>(i[l'i/|i],u') VoI |, —2r 1" st,ueg,u'=[r—0Ju Va u'el(l)

- (Lu)> (i) vei ETENE va ELIENT

stueg;g;u'=[rur—>0Ju vauel()
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CHUONG 3. PAC TA VA KIEM CHUNG TRONG UPPAAL
3.1B9 cbng cu Uppaal
3.1.1 Giéi thiéu vé bd cong cu Uppaal

Uppaal 1a mot phan mém dé kiém chang nhiing hé théng thoi gian thuc, duoc
phét trién boi Pai hoc Uppsala va Pai hoc Aalborg [4]. Phan mém duogc tng
dung thanh céng trong nhitng nghién cu ¢ nhiéu linh vyc nhu bo diéu khién,
giao thirc truyén thong hay wng dung multimedia — nhitg linh vuc ma yéu tb thoi
gian 14 rat quan trong. Cong cu nay dung dé kiém dinh nhitng hé théng duoc mo
hinh hoéa thanh hé théng nhitng automat thoi gian véi nhitng bién sé nguyén, cau
trdc dit liéu, ham nguoi ding, va dong bo cac kénh [7, 8.

Phién ban dau tién cia Uppaal ra doi vao 1995. Ké tir @6 phan mém da phat trién
khong ngimg dé theo kip véi nhiing tién bo vé cau tric dir liéu, giam bac hé
théng, ban phan phdi caa Uppaal, hd tro tinh nang toi thiéu hoa chi phi, hd tro
UML. Ban phéat hanh chinh thac hién nay 1a 4.0.12. N6 hd trg Java va c6 phan
kiém chung duoc viét bang ngbn ngir C++. Cho dén nay, bd cong cu Uppaal
duoc xem 1a bo cong cu kiém chang tu dong tét nhat hién nay, dugc sir dung
rong rai trong cong nghiép [13].

Cai dat Uppaal kha don gian, ta chi can tai zip-file Uppaal phat hanh chinh thic
hién nay (ban 4.0.12) vé may (luu ¥ 1a may da cai dit Java va C++). Bé cai dit,
giai nén zip-file, khi d6 sé& tao thu muc uppaal-4.0.12 ¢ chira it nhat céac tap tin
uppaal, uppaal.jar, vathuw muc lib, bin-Linux, Win32-bin, lib, va demo. Cé&c bin-
thu muyc tat ca can cd cac verifyta hai tap tin (exe). Va may chua (exe). cong
v6i mot s tap b sung, tly thudc vao nén tang. Cac thu muc demo-nén chira mot
s6 demo file v&i xml va hau t6.. q.

Luu y rang UPPAAL s& khong chay ma khéng c6 Java 2 cai dat trén may chu hé
thong. Java 2 cho SunOS, Windows95/98/Me/NT/2000/XP, va Linux c6 thé duoc
download tur http://java.sun.com. Cac phién ban hién tai cuaa UPPAAL hién
khong c6 phién ban hd trg, n6 chay trén mai truong Java (JRE), can phai st dung
phién ban gan day nhat sin sang cho nén tang dang str dung. Dé chay trén cac hé
théng Windows 95/98/ME/NT/2000/XP m¢ tap tin uppaal.jar da tai vé [7, 8, 16].

3.1.2 Téng quan vé b cong cu Uppaal

UPPAAL st dung kién trdc may tram-may chu ma trong d6 phan chia chuong
trinh ra gom hai phan: giao dién d6 hoa va hé thong kiém tra mé hinh [1]. Giao
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dién dd hoa, hay client, viét bing Java, va server duoc déng géi tiiy vao hé diéu
hanh (Linux, Windows, Solaris). Do c6 kién tric nhu vay nén hai phan caa
chuong trinh s& két ndi véi nhau qua giao thie TCP/IP [7].

3.1.2.1 Java Client

Y tuwéng cua chuong trinh 13 mo hinh hoa hé thdng 6-t6-mét thoi gian sur dung
cdng cu dd hoa, md phong va kiém chiing su hoat dong cua nd, va cudi cung 1a
kiém tra xem nd c6 théa man nhitng tinh chat cho trudc hay khdng. Giao dién dd
hoa - GUI (graphical user interface) cua Java client thuc hién y twong nay bang
cach chia thanh 3 phan: Khung soan thao (Editor), M& phong (Simulator) va
Kiém chimg (Verifier) dugc xép vao cac thanh cong cu (Tab). Cu thé cac phan c6
cac chic nang nhu sau [7, 16]:

e Khung soan thao

Khung soan thao cta hé thong dugce dinh nghia 13 mot tap hop céc 6-t6-mat thoi
gian duoc tién hanh song song goi 1a qué trinh. Qua trinh dwoc tao ra tir mot
khudn mau (template) dinh truéc.

9 D/Nga/Tailieuhoctap/Automat/Tai lieu/uppaal-4.0.13/demo/train-gate xmi - UPPAAL = )
File Edit View Tools Options Help
[
Lalee|{@--ms
Editor | Smulator | Verfier
Drag out

# Dedarations
S Train
i) Gate
“- @ System dedarations

e & &Ll % g B 7 e g S

§ L 5 e = bl & 007

Hinh 3.1. Man hinh khung sogn thdo cua Uppaal.
Khung soan thao duoc chia lam hai phan: phan cta s6 dang cay dé chon cac
template, khai bdo khac nhau va phan con lai 1a ban vé dé vé& cac 6-t6-mét thoi
gian ¢ng véi ting khuén mau. Thuc hién soan thao mot hé théng vé mat ban chat
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1a ta dang viét chuong trinh (code) cho hé théng d6 bang cong cu Uppaal. Viéc
code nay dugc thyuc hién trong hai phan [7]. (xem hinh 3.1)

Véi so dd cay bén trai man hinh cho phép ta lwa chon biéu dién nhiéu phan théng
tin cua hé thong, trong d6 tinh niang Global Declaration cho phép ta khai bao bién
toan cuc, dong hd, kénh dong bo va hang, tinh nang Template declaration dé c6
khai b&o bién, kénh va hang cuc bo. Tinh ning Process Assignment tir Template
ta tao ra cac qua trinh, khi gan qué trinh cac Template s& duoc gan vai cac bién
kém theo. Tinh nang System Definition cho phép khai bao danh sach nhirng qué
trinh trong hé thdng [7]. Vi phan dd hoa bén phai cho phép ta vé cac 6-td-mat
thoi gian cho ting qua trinh, tai day ta biéu didn céc trang thai cua cac qua trinh
va cac budc chuyén trang thai. Sy van hanh caa céc 6-t6-mat nay con phu thuoc
vao nhiing khai bao ma ta da khai bao trong Template declaration ¢ bén tréi
[71I8].

e M0 phong (Simulator): Chirc nang md phong cho phép mé phong viéc
thue thi hé théng mot cach ngau nhién, déng thoi thong qua md phong nay, budc
dau ta cd thé kiém tra duoc hé thong c6 van hanh dugc khong, co xung dot gi
khong.

1% D/Nga/Tail /Tai lieu/uppaal-4.0.1 g I - UPPAAL = X
File Edit View Tools Options Help

Dallaaad[[{a-me

eri

Enabled Transitions

a
=
stop[tai(]: Gate —> Tran(1) 2] [sa
a

Simulation Trace

@ppr[4]: Train(4) > Gate

(safe, Safe, Safe, Appr, Appr, Safe, -)
stop[tail(]: Gate > Train(4)

(safe, Safe, Safe, Appr, Stop, Safe, Occ)
\appr[2]: Train(2) ~> Gate

(safe, safe, Appr, Appr, Stop, Safe, )
istop[tail)]: Gate —> Train(2)

(safe, safe, Stop, Appr, Stop, Safe, Occ)
Train(3)

(Safe, Safe, Stop, Cross, Stop, Safe, Occ)
iappr[1]: Train(1) > Gate

(Safe, Apor, Stop, Cross, Stop, Safe, 3 -

Trace File:
8

Train(0) Train{1) Traim2) Train(3) Train{d) Train4) Gate

ElEL R ool = el L LT
Hinh 3.2. Man hinh khung mé phéng cdc buéc chuyén trang thai cia cac qua
trinh ciia hé thong Train-Gate trong Uppaal.
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Trong tinh ning mod phong ndy cong cu cho phép ta kiém tra cac budc chuyén
trang thai ctia cac qua trinh cling nhu buéc chuyén cua hé théng theo thoi gian [7,
8] (xem hinh 3.2; 3.3).

1%, Dy/Nga/Taili A fTai lieu/uppaal-4.0.1 in-gatexml - UPPAAL =
File Edit View Tools Options Help

RalesaRa-~-e

[ Drag out ] Drag out ] E
ate dotl0] = 3 Train(0) Train(1) Train(2) =
Enabled Transitians (Gate.dist{1] = 4 o3
stop[tai(]: Gate > Train(1) | [Gatedist[z] =2 safe Cross safe eave{)! Cross
Gatelist[z] = 1 ? N 9 <=5 % j% =

Train{0) Train{1y Train{2) Train(3) Traini4) Train) Gate

Safe Safe Safe Safe Safe
c

[Train(2).x in [0,25] apprle]
(et [ Reet ] e o
Simuation Trace [Train(4).xin [0,25] Anpr

[Train(s).x »= 10

lappr[4]): Train(4) —» Gate hreain@).x = Train(s).x appiia)
(5afe, Safe, Safe, Appr, Appr, Safe, ) [Train(2).x - Train(4).x in [-
Istop[tail(]: Gate —> Train(4) | [Train(3).x - Train(0).x <= Appr

[Train(3).x - Train(2).x in [-
(Safe, Safe, Safe, Appr, Stop, Safe, Occ) Hrain(é).x <= Tran(@).x
jappr{2]: Train(2) --> Gate [Train(4).x - Train(3).x in []
(Safe, Safe, Appr, Appr, Stop, Safe, -) Stop
istop[tail(]]: Gate —> Train(2) a appiz] L
(5afe, Safe, Stop, Appr, Stop, Safe, Occ)

Appr

[Train(3)
(Safe, Safe, Stop, Cross, Stop, Safe, Occ) op [tail(]

a 1]: Train(1) —>> Gate

(,Appr, Su, Cross, Stop, Safe, - Slop
Trace File:

e = ) =

Co oo [ am | s

Y Apir J_ -%]L
Slow |

= &'ﬁ Q & % 7

Hinh 3.3. Man hinh khung mé phéng cdc buéc chuyén cia hé thong theo thoi
gian Train-Gate trong Uppaal.

n
ol
o

e Kiem ching (Verifier):
9, Dy/Nga/Taili A [Tai lieu/uppaal-4.0.1 in-gate xmi - UPPAAL =

RaEa e {ase

Qverview

E<> Gate.Occ [+]
E<> Train{0).Cross [#]
E<> Train(l).Cross [+]
E<> Traia{0).Cross and Train(l).Stop [+]
0
0
%]

E<> Train(0).Cross and (forall (i : id t) i != 0 imply Train(i).Stop)

R[] forall (i : id t) forall (j : id_tr) Train(i).Cress sz Train(j).Cress imply i = 3

Query

Comment

=====Validation Properties’

Status
[Established direct connection to local server.

(Academic) UPPAAL version 4.0.14 (rev. 5615), May 2014 —server.
Disconnected,

[Established direct connection to local server.

[(Academic) UPPAAL version 4.0.14 (rev. 5615), May 2014 — server.

Ol vJF g7 SEIT i
Hinh 3.4. Man hinh khung kiém chiing cia hé thang Train-Gate
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Chtc nang kiém huang cho phép ta kiém ching tinh thuc hién duoc caa hé thong,
tinh dén dugc cua céc trang thai trong mé hinh, tinh dang dan caa hé théng, kiém
chting hé théng cé bi deadlock khdng bang nhitng cau Iénh cu thé theo ngdn ngit
ctia Uppaal, nhitng cau Iénh nay duoc viét theo cli phap caa TCTL. Man hinh cua
phan kiém chimg duoc chia thanh ba ving: Overview cho phép hién thi cac cau
lénh d4 g6 khi kiém ching; Query cho phép gb cau lénh; Comment cho phép ghi
chd thich cho cau Iénh kiém chting va Status hién thi két qua caa kiém ching [7,
8, 16]. (xem hinh 3.4)

Dé hd trg cho céc thao tac trén, Java client thiét ké giao dién kha than thién gidng
nhu man hinh soan thao cia Microsoft Word khién cho viéc viét chuong trinh
trong Uppaal tro nén dé dang hon.

Trén cuing ctia man hinh 1a thanh thyc don (Menu) bao gdm céc thanh phan: File;
Edit; View; Tools; Option; Help. Trong mdi thanh phan nay cho phép thuc hién
cac thao tac cu thé sau:

e Menu File dugc biéu dién ¢ tan clng bén trai caa thanh menu, chi yéu duoc sir
dung dé mé va luu lai (mdt phan cua) mé ta hé théng hay chi tiét ky thuat yéu
cau duoc tao ra trong UPPAAL. Cac muc ¢6 san la:

- New System (hé thong méi): tao mot hé théng moi

- Open System (mé hé thong): tai mot hé thong da co tir tap tin, cac yéu cau
dic diém k¥ thuat twong tmg (nghia 13 cung mot tén tap tin, nhung véi cac hau td
.q) duoc nap vao xac minh, néu no ton tai.

- Save System (Luu hé théng): hé thong luu trong trinh soan thao cho tap tin.

- Save System As (luu hé théng vao dia chi cu thé): luu hé thdng trong trinh
soan thao mot tap tin chi dinh.

- Import Template: Mét cira s6 hop thoai s& duoc hién thi cho phép mot tap
hop cac sin cac mau dé duoc nhap vao.

- Export Template: Hién tai mau & dinh dang tap tin Encapsulated Postscript.

- New Queries: dic ta yéu cau bién tap véi mot tap tin tréng.

- Open Queries (mé cau hoi): Tai mot bo hién co cua céc chi tiét ky thuat yéu
cau tir tap tin.

- Save Queries(luu cau hoi): Dé luu thong sd ki thuat yéu cau trong bién tap
cac tap tin.
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- Save Queries As(luu truy van theo): Chi tiét ky thuat yéu cau trong trinh
soan thao dé mot tén file dugc chi dinh.

- Exit (thoat):

e Menu Edit. Cac thanh phan menu edit cung cadp mot tap hop cac Iénh duogc hd
trg trong trinh soan thao hé thong. Muc nay bao gdom cac chirc ning 1a: Hoan tac
(Undo), 1am lai (Redo), Cat (Cut), Sao chép (Copy), Dan (Paste), X6a (Delete),
Cheén khudn mau (Insert Template), X6a khuén mau (Remove Template).

e Menu View. C4c thanh phan Menu View dugc sir dung dé sira doi su xuat hién
cta hé thdng hién dang dugc hién thi trong hé théng bién tap. Muc nay gom céc
chtrc nang cy thé sau:

- Zoom: hién thi mot menu phu véi zoom gié tri ¢ dinh, zoom dé phil hop Véi
phéng to trong, trén, hoic dé kich thudc binh thuong. Mot sy thay doi trong gia
tri zoom anh huéng dén cac mau trinh bién tap hoic cac qua trinh trong gia lap
(néu mét trong nhitng cdng cu duoc kich hoat).

- Labels:hién thi mot menu phu ma tir d6 ta c6 thé chon nhitng loai nhan s& duoc
hién thi trong viing v&. Ngay ca khi an, tat ca cac nhan co thé dugc nhin thay
trong tooltip cia dia diém va goc canh.

- Show Grid: ludi v& duoc hién thi khi mat hang nay duoc kiém tra.

- Snap to Grid: 1am cho cac ddi tugng ban vé mai (nhu dia diém, nhan) sip xép
cho luéi dién snap. Kich thuéc cua lugi snap co lién quan dén kich thuéc cua
ludi V¢,
O day ta cha y rang céc tiy chon Grid Snap dé c6 thé su dung ngay ca khi ludi
ban vé& khong dugc hién thi.

- Reload Simulator: Tac pham caa hé théng hién dang duoc nap vao trinh soan
thao, dé gia 1ap va xac minh céc.

- Processes: hién thi mot cira s6 hop thoai cho an va hién cac quy trinh trong bang
diéu khién qua trinh caa md phong nay.

- Variables: hién thi mot ctra s6 hop thoai cho an va hién thi céc bién trong bang
cac bién ctia md phong nay.

- Full DBM: hién thi tat ca cac han ché trén dong hd trong bang cac bién cua mo
phong nay. Néu khong dugc chon mot sb luong ti thiéu cac kho khan s& dugc
hién thi.
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e Menu Tool (cdng cu): Céc thanh phan Menu Tool chira mét bo cong cu hitu
ich trong hé thdng soan thao, thanh phan nay gdm céc chirc ning cu thé sau:

- Check syntax (Kiém tra ct phap): kiém tra néu tim thay bat ky 15i nao déu dugc
canh béo va liét ké & phan dudi cua khu vuc vé caa hé thong bién tap.

- Convert syntax (Chuyén d6i ci phap): hd trg trong mét hé théng phd hop voi
cac ¢t phap duoc str dung trong UPPAAL 3.4 dén cl phap hién hanh.

- Align to Grid: 1am cho tit ca cac ddi tuong hién ¢ cia mau hién tai hién thi
trén ludi.

e Menu option: Céc thanh phan Menu Option gom cac menu tly chon cac thiét
lap dé kiém soét kiém tra mo hinh, bao gom:

- Search Order

- State Space Reduction

- State Space Representation

- Diagnostic Trace

- Extrapolation

- Hash table size

- Reuse

e Menu help: Danh sé&ch trg gilp c6 hai muc, tro gilp mé ra mot cira so riéng
biét hién thi cac trang tro giup (Help...F1), v mé ra mot cira s6 hién thi sé phién
ban va thong tin vé ban quyén cua UPPAAL (About Uppaal)

Trong man hinh giao dién caa Uppaal ciing ¢ thiét ké cac thanh céng cu (Tool
Bar), Thanh cong cu cua Uppaal dugc thiét ké nim ngay duéi thanh thyc don
(Menu file). Thanh céng cu dugc chia thanh ba nhom trong d6 hai nhém tan cung
bén trai cung cap truy cap nhanh vao mot so céc trinh don dugc sir dung cac muc
thudng xuy@n nhat, nhdm bén phai chira cac c¢éng cu chinh stra. Nhom dau tién
chira cac nat sau day: New, Open Project, va Save. Nhiing tinh nang nay duoc
mé ta cu thé trong menu File. Nhdm tha hai chta cac nat sau day: Phong to dé
Fit, Zoom In, va Zoom Out. Tinh ning nay duoc mo ta trong phan menu View .
Nhoém tht ba bao gom céc ¢ong cu duoc sir dung trong trinh soan thao dé chon
va di chuyén céc yéu té caa mot automaton, va dé thém dja diém, cac canh va
nhan. Tinh ning nay duoc md ta ki hon trong phan thuc hién thao tac vé 6-td-mat
thoi gian [6, 7, 15].
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3.1.2.2 Stand-alone Verifier

Khi thuc hién nhitng bai toan Ion, khd c6 thé 1am hét dugc trong GUI. Khi d6 ta
c6 thé dung kiém chiing riéng bang dong Iénh bang chuong trinh verifier. N6 cho
phép ta thuc hién chic ning twong tu nhu GUI bang cac dong lénh. Cach nay
thich hop cho nhitng may c6 cau hinh yéu va phai chia sé¢ bo nhd cho nhitng ung
dung khac [7, 8, 13].

3.2 Mang O-t6-mat thoi gian trong Uppaal
3.2.1 O-t6-mat theoi gian trong Uppaall

O-t6-mét thoi gian thuc 1a mot may hitu han trang thai voi mot tap cac dong ho.
Mdi d¢6ng hd 13 mot ham sé anh xa vao mot tap sé thuc khoéng am, né ghi lai thoi
gian troi qua gitra cac su kién. Cac dong ho duoc dong bo hda vé mat thoi gian.
Trong UPPAAL, mét hé thdng duoc md hinh 1a mang cua nhitng automat thoi
gian sap xép song song. M6 hinh dugc md rong véi cac bién roi rac bi chan ¢
trang thai. Nhiing bién nay duoc sir dung trong ngdn ngi lap trinh: c6 thé doc,
ghi va thuc hién cac phép tinh s6 hoc. Mt trang thai cua hé thong dinh nghia boi
vi tri cua cac automat, gia tri dong hd va céc bién roi rac. Mai automat c6 thé
thay d6i (khong nén hiéu l1a sy chuyén tiép) doc lap hay dong bo vai mot automat
khac, dan dén mat trang thai khac [5, 7, 8, 13].

O-t6-mét thoi gian trong Uppaal dugc mo rong véi cac tinh ning cu thé sau:

- Templates Automat c6 thé dugc khai bao vai tap nhitng tham sé nhan moi
kiéu gia tri (int, char..). Nhitng tham sé nay thay thé cho ddi s6 trong khai béo
qua trinh,

- Constants khai béo la const name value. Hang khong thé thay doi va phai c6
gia tri 12 sé nguyén.

- Bounded Integer Variables bién nguyén bi chin, duoc khai béo 1a int[min,
max] name, min va max la can trén va dudi. Guard, invariant va assignment co
thé dién ta boi cac bién nay. Néu vi pham cac can thi s& dan tai trang thai khong
ton tai. Néu khong c6 can thi mac dinh 1a tir -2768 dén 32768.

- Binary synchronisation kénh khai b4o Ia chan c. Mt canh dan nhén c! dong
bo véi nhan khéac 1a ¢?. Cap dong bo chon ngau nhién néu c6 nhiéu kha nang két
hop xay ra.
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- Broadcast Channel khai bao la broadcast chan c. Trong broadcast
synchronisation mot nguoi gui ¢! co thé dong bd véi s6 lugng tly Y cac ngudi
nhan c?

- Urgent Synchronisation kénh dugc khai bao khi thém vao khai bao kénh cu
phap urgent. Néu c6 kénh c6 nhan urgent thi s& khong c6 tré khi ddng bo chuyén
tiép.

- Urgent Location twong dwong véi mot ddng hd thém x vé miat ngir nghia,
reset & moi canh dén va c6 bat bién. Do 6, thoi gian khong duoc thay d6i khi hé
théng dang & Urgent location.

- Committed Location diéu kién con chat ché hon urgent. Mot trang thai 1a
committed néu moi location trong trang thai d6 1a committed.

- Arrays dung dugc cho dong hd, kénh, hang va bién nguyén.

Initialisers dung dé khai tao bién nguyén va mang caa no.

Record types khai bao véi struct nhu trong C.

Custom types tuong tu nhu typedef trong C

- User functions c6 thé khai bao toan cuc hay dia phuong trong cac templates.
Céch sur dung tuong ty nhu C nhung khong cé con tro.

- Expressions trong Uppaal quy dinh pham vi cta dong hdé va cac bién
nguyén. Expression dugc diing voi cac nhan sau: Select mét danh sach dién dat
name : type trong d6 name 1a tén bién va type 1a kiéu bién. Nhiing bién nay chi
c6 thé truy nhap khi & canh tuong (ng va nhan gié tri khong dinh truéc trong
kiéu cua n6; Guard dién dat thoa man nhimg diéu kién sau: khéng hiéu tng phu ,
tra vé dang boolean, chi lién quan dén dong ho, bién nguyén va hang, chénh léch
gitra cac doéng hd chi so sanh véi dién ta nguyén; Synchronisation dién ta bang
Expression! hay Expression? hay nhan trong. Biéu dién nay phai khong cé hiéu
ng phuy, danh gia kénh, chi dén sé nguyén, hang hoic céc kénh; Update danh
sach ngan cach boi dau phay voi hiéu ang phu, chi c¢d thé chi dén dong ho, bién
nguyén va hang, c6 thé goi duoc ham; Invariant théa man nhiing diéu kién sau:
khong hiéu tng phu, chi dong ho, bién nguyén va hang 1 lién quan.

3.2.2 M6 hinh mang cac 6-t6-mat thai gian trong Uppaal

Mét mang cac 6-t6-mat thoi gian 1a mot sy ghép ndi song song ctia mot tap cac
6-t6-mét thoi gian (duoc goi 1a cac tién trinh). Viéc ghép ndi giita cac tién trinh
trong mang théng qua giao tiép dong bo va khdng déng bo: Giao tiép dong bo gitra
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c4c tién trinh thdng qua viéc bt tay dong bo giira ching st dung kénh dong bo;
Giao tiép bat dong bo dugc thuc hién béi cac bién chia sé.

Pé mo hinh hda viéc dong bo giita cac tién trinh, Uppaal dé xuat bang ki hiéu hanh
dong bao gom céc ki hiéu hanh dong dau vao ki hiéu 1a a? va dau ra, ki hiéu la a!
va cac hanh dong bén trong biéu dién bai ki hiéu phan biét 7.

) study

off /()\ press!
O W
‘(>10 ‘ S /
ST ( press? press! press!
P ' ; x:=0 y:=0
\ ; \ %
dim Cb press? ielle

x<=10
press?

/’ i

bright é o relax

Hinh 3.5 Mang céc 6-t6-mét thoi gian cuia hé thong diéu khién den

Pé minh hoa cho viéc ghép ndi céc tién trinh trong Uppaal ta xét mot mang 6-t0-
mét thoi gian caa md hinh mot hé thdng diéu khién dén gdm cdng tac bat dén phu
thuoc thoi gian (bén trai) va nguoi ding (bén phai). Nguoi ding va cong tac giao
tiép v4i nhau str dung nhan press (nhan). Nguoi dung c6 thé nhan cong tac (press!)
va cdng tic doi duoc nhan (press?). O-t6-mat tich, tac 1a 6 td mat mo ta hé thong
duoc két hop (xem hinh 3.6)

Ngir nghia cua cAc mang dugc cho bai mot 0-t6-maét thoi gian don theo khia canh
cac hé dich chuyén. Mot trang thai caa mang 1a mot bo (l,u) véi | 1a véc to cac vi
tri hién tai caa mang, va u la mot phép gan gia tri dong ho théng thuong theo dinh
nghia. Mot mang cd thé thuc hién hai kiéu dich chuyén 1a dich chuyén tai chd
(delay) va céac dich chuyén roi rac. Luat cho dich chuyén tai chd (gitr nguyén vi tri)
1a twong tu Voi trudng hop 6 t6 mat don 1& vai bat bién ciia mot véc to vi tri 1a giao
ctia cac bat bién cua céc tién trinh.
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bright, study
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x<=10 y:=0 A x>0 yi=0 y:=0
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x>10 v>10 o
y:=0 x:=0

N~ off.relax

y:=0
Hinh 3.6 O-td-mét tich cia 6-t6-mat cong tac den va nguwoi dung (hinh 3.5)

3.3 Pbic ta trong Uppaal

Viéc dic ta hé thdng thoi gian thuc trong Uppaal 1a mot dic ta hinh thac. Trong
cong cu Uppaal mot hé théng ¢ yéu té thoi gian duoc md hinh héa thanh mot
mang 6-t6-mat thoi gian gdm cac 6-t6-mat thoi gian xép song song co thé hoat
dong doc 1ap hoiac dong bo voi nhau qua cac kénh ddng bé.

Viéc biéu didn mot mang 6-td-mét thoi gian trong Uppaal dugc thuc hién théng
qua khung soan thao. Cac mé ta cia md hinh bao gom ba phan: khai bao cuc bo va
toan cuc; cac khudn mau 6-t6-mat va dinh nghia hé thong. Bé biéu dién mang 6-to-
mét thoi gian trong Uppaal trén khung soan thao ta can tién hanh cac budc sau [3,
8, 10, 12]:

Buwéc 1:Phan tich va nhdn dién cac khuén mdu cé trong hé théng: Can xac dinh
trong hé thdng c6 nhitng khudn mau ndo, mdi khudn mau s& tng véi mot qué trinh
va duoc biéu dién 1a mot 6-t6-mat thoi gian trong khung soan thao.

Buéc 2: MO hinh hoa cac khudn mau: Mdi khudn mau can xac dinh rd: C6 nhitng
trang thai nao? Budc chuyén trang thai ra sao? C6 can truyén tham sé gi khong?
Tir d6 xac dinh céc bién toan cuc va bién dia phuong trong hé théng.
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File Edit View Tools Optiens Help
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Project
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Hinh 3.7 Man hinh thé hién viéc diing nit Add location vé cac trang thai

Buéc 3: Vé 6-td-mat thoi gian: Dé vé céc 6-t6-mat thoi gian trong Uppaal ta can
tién hanh nhu sau:

V& nat: M3i nat thé hién mot trang thai trong 6-t6-mat. Dé vé nit ta ding
chudt nhap vao biéu tegng Add location trén thanh cong cu (xem hinh v&), sau d6
nhap chudt vao vi tri mudn vé trong khung v&, mdi lan nhap chuét ta dugc mot
nat. (xem hinh 3.7)

Pé khai bao cho nut d6 ta nhap dup chudt vao vj tri cua nut, khi dé trén man

T UPPAAL = =
File Edit View Tools Options Help

La@|a & e (R@ e

Editor | Simulator | verifi

nnnnnnnnn

g 1m2am [
. 11/12/2016

Hinh 3.8 Man hinh ding chize nang Edit dé khai béo cho nut:
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hinh hién ra mot hop hoi thoai cho phép ta khai bao cac dic tinh cua nat gom:
Tén trang thai (Name); diéu kién cua bién-ddng ho (Invariant). Trang thai cua
nit, & day cac trang thai duoc dé& xuat gdm: trang thai Instant; trang thai Urgent:
tuong duong véi 1dong ho thém, reset & moi canh dén va co bét bién (thoi gian
tai U 12 ko trdi); Trang thai Committed: Diéu kién chat ch& hon Urgent, khong
cho phép tré, giir nguyén & trang thai tiép theo hoic 1 Commited khac (xem hinh
3.8).

- V& canh: MJi canh trong 6-t6-mét thoi gian trinh bay trong Uppaal thé hién
mot qué trinh cua 6-td-mat thoi gian d6. Dé vé& mot canh ta nhip chudt vao biéu
tuong Add Edge trén thanh cong cu, sau d6 trén khung vé& chon dém dau va cudi
cuia canh bang cach nhap chudt vao nut twong ang (xem hinh 3.9).

5 UPPAAL =] e
File Edit View Tools Options Help
r
ha®E e e e | %@
E Simulator | verifier Add Edge
Name: Template | Edges can also be added by pressing
the middle mouse button on locations.
L Project
- ® Declarations
R Yo
- @ System dedlar:

T e e GTEE LAl
Hinh 3.9 Man hinh dung Iénh Add Edge

Pé khai bao cac diéu kién cho mot canh nao do6, ta nhap dap chudt vao vi tri cua
canh, khi d6 trén man hinh hién ra hop hoi thoai va cho phép ta khai bao cac dac
tinh caa canh gém céac danh muc sau: Select cho phép khai béo danh sach bién c6
thé truy nhap khi ¢ canh tuong tmg. Dé khai béo trong muc nay ta sir dung kiéu
khai b4o 12 name : type trong d6 name 1a tén bién; type kiéu bién; Guard cho
phep
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G UPPAAL = b
File Vi

Edit View Tools Options Help
Dalaaa|f@-—e
Editor Verifier

Simulator if

Sync:

e ol clo s T
Hinh 3.10 Man hinh dung chize ndng Edit Edge dé khai béo cho canh

ta khai bao diéu kién can thoa man (diéu kién cua dong ho, bién nguyén, hang; tra
vé dang boolean); Synchronisation cho phép ta khai b&o tin hiéu nhan va gui
(ddng bo gitra cac 6-td-mat) dang Expression! (gui); Expression? (nhan); Update
cho phép ta khai bao gi4 tri caa dong hd; bién nguyén; hang khi thuc hién chuyén
trang thai. (xem hinh 3.10)

3.4 Kiém chieng trong Uppaal

Sau khi md ta mot hé théng thoi gian thue dudi dang mé hinh mang 6-t6-mat thoi
gian, cong cu Uppaal cho phép mé phong va xac minh md hinh. K§ thuat kiém
chtng trong Uppaal dugc thyc hién bang phuong phap kiém tra mo hinh, trong d6
dé kiém chang mot tinh chit nao d6 cua hé théng bang cach duyét trong mé hinh
tat ca cac trang thai ma trong thoi gian chay hé thong co thé roi vao trang thai do.
3.4.1 M0 phéng sw hoat déng cia hé théng

Sau khi bién tap hé thong trong phan soan thao, Uppaal cho phép kiém chiing
hoat dong cua hé théng qua chic nang Simulator [7, 8, 13, 16].

O chuc ning nay, budc dau nguoi ding phat hién nhitng 15i trong thiét ké O-to-
mét, 16i ma ngudn. Néu & budc Editor gap cac 18i nay khi chay Simulator may s&
bao 15i va chi rd 15i mac phai qua hop hoi thoai hién trén man hinh ciing nhu
danh dau 15i trén ban Editor bang chuyén phéng chir sang mau dé va gach chan.
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Khi @6, ngudi ding s& biét 16i & dau va swra 16i. Chi dén khi nao phan bién tap
khong con céc 16i soan thao thi moi chay duoc Simulator [4, 7].

Trong qué trinh chay Simulator ngudi ding s& budc dau kiém tra duoc sy van
hanh cia hé thong qua su dich chuyén trang thai duoc mé phong ngau nhién va
c4c trang théai cua cac O-td-mat song song theo thoi gian [4, 7, 8]. O buéc nay
néu hé thdng bi deadlock ciing s& duoc phat hién ra sau khi chay thtr cac budc,
néu bi deadlock qua trinh s& bi dirng va khong chuyén sang budc ké tiép dugc.

3.4.2 Kiém ching bang dong Iénh

Uppaal cho phép ta kiém ching kha ning hoat dong cuia 6-t6-mat qua moi trang
thai boi chic niang Verifier . Chirc ning nay cho phép ta kiém ching cac tinh
nang cua hé thong théng qua cac dong lénh (ngdn ngit C++) [4, 8, 9, 10, 13, 15]
nhu: Tinh c6 thé dat duoc; Tinh an toan; Tinh séng; Kha ning roi vao trang thai
deadlock (khong chiu chuyén trang théi).

Chtc ning kiém chimg trong Uppaal duoc thiét ké dé kiém tra mot tap con
cuaa cong thiac TCTL (Time Computation Tree Logic) cho cdc mang cac 6-t0-mat
thoi gian. Cac cau Iénh dé kiém ching c6 cau triic nhu sau

Alle — dam bao rang ¢ luén luén ding

E[Jo — ddm bdo rang ¢ luén cé thé dat dieoc

E<>¢— Kiém tra tinh dat dwoc cua trang thdi ¢

A <> @ — dam bdo ¢ truedc sau gi ciing sé xay ra

@ ——> w —dam bao ¢ xay ra thi trudc sau gi y cling s€ xay ra.

Véi ¢, w 1a cac cac thuoc tinh cuc bd ma cé thé duoc kiém tra mot cach cuc
bo tai mot trang thai. Hé dich chuyén trang thai cua mot mang cé thé duoc mé ra
trong mot cay vo han chtra cac trang thai va cac dich chuyén. Cac ngit nghia cua
cac cong thuc dugce dinh nghia trén cdy nay. O day cac ky tu A va E duoc st
dung dé dinh luong trén cac duong dan: Ki ty A (tit ca - All) duoc sir dung dé
biéu dién rang thudc tinh duoc dua ra can duoc gitr trén tat ca cac duong di trén
cay trong khi d6 E (tdn tai — Exist) biéu dién rang c6 it nhat mot duong di trén
cay ma thuc tinh giit (hold). Trong khi d6 ky hiéu [] va <> duoc sir dung dé dinh
luong trén cac trang thai trong duong di: Ki hiéu [] biéu dién rang tat ca cac trang
thai trén dudng di thoa thudc tinh, trong khi ki hidu <> dé chi rang c6 it nhat mot
trang thai trén duong thoa thudc tinh, cu thé cac tinh chat caa hé théng duoc kiém
chung trong Uppaal va ca phap duoc cho nhu sau:
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Kiém chang tinh c6 thé dat duoc (kha ning t6i duoc 1 trang thai nhat dinh). Bé
kiém chimg tinh ning nay ta dung cl phap: E<>¢ (trong d6 ¢ 1a cong thic trang
thai).

Vi du: Trong hé théng Train-Gate, dé kiém chung tinh dat dwgc cua céc trang
thai ta c6 thé ding cac cau lénh nhu: E<> Gate.Occ dé kiém tra xem bo diéu
khién c6 dat dugc trang thai Occ khéng (c6 thé nhan va luu duoc id cua céc tau
dén hay ko); E<> Trainl.cross dé kiém tra xem Trainl c¢6 qua dugc cau hay ko;
E<> Trainl.cross and Train2.Stop dé kiém xem Trainl c6 vuot qua cau khi
Train2 dang dung hay ko; E<> TrainO.cross and (forall (i:id_t) i'=0 imply
Train(i).stop) dé kiém tra xem Train0 c6 vuot cau Khi tat ca cac tau khac dang
dung khong.

- Kiémtratinh an toan (mot diéu gi d6 ludn ludn dung). Bé kiém tra tinh ning
nay trong Uppaal ta dung cu phap: A[] va E[].

Vi du: Trong hé théng Train-Gate, dé kiém chimg tinh ning nay ta c6 thé dung
cac cau Iénh nhu: A[] Gate.list(N)==0 dé chic chin rang khong bao gid c6 N tau
trong hang doi; A[] forall(i:id_t) forall(j:id_t) Train(i).cross and Train(j).cross
imply i==j dé chac chin rang hai tau khac nhau khong bao gio ciing qua cau tai
cung maot thoi diém.

- Kiém tra tinh liveness cua hé thng (tinh chat nay dam bao mot diéu gi d6
trudc sau gi cling xay ra). Pé kiém chung tinh ning nay cua hé théng trong
Uppaal ta dung cu phap: A<> ¢: Chi ra rang mét tinh chat ¢ luén duoc thoa
man; cu phap @-->y : chi ra rang khi ¢ théa man thi v ciing thoa man.

Vi du: Trong hé thong Train-Gate, dé kiém chung tinh ning nay cho hé thdng ta
c6 thé ding cac cau lénh nhu: Train(0). Appr-->Train(0).Cross dé dam bao tau 0
tién vao thi tau 0 s& duoc qua cau.

- Kiém tra 6-t6-mat c6 roi vao deadlock hay khong. D¢ kiém chung tinh ning
nay cua hé thng trong Uppaal ta str dung ct phap A[] not deadlock.
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Dé sir dung chirc ning kiém ching trong Uppaal ta chon muc Verifier, khi d6
fai ppaal-4.0.1: iin-gatexm| - UPPAAL

19 Dv/Nga/Tailieuhoc!
File Edit View Tools Options Help

LaEaeefeawse

Editor | Simulator | Verifier

Ec> Train(0).Cross ‘ ‘
E<> Train(l).Cross 4
E<> Train(0).Cross and (forall (i : id t) i '= 0 imply Train(i).Stop) =

[+]
[
[
E<> Train(0).Cross and Train(l).Stop Q | [ remowe
[+
[+
o

A[] forall (i : id_t) forall (3 : id_t) Train(i).Cross sz Train(3).Cross imply i == 3
Query
E<> Gate.Occ

Comment

Gate can receive (and store in queue) msg's from approaching trains

Status

[Estabished direct connection to local server.
version 4.0.13 (rev. 4577), September 2010 —-server.
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111272016

Hinh 3.11 Man hinh thé hién chize nang kiém chiing

trén man hinh sé& hién ra ba viing chitc nang gom: Overview (hién ra cac cau lénh
kiém chang); Query (vung soan thao cau Iénh); Coment (chd thich ndi dung caa
cau lénh). Thao tac thuc hién trong phan nay ta tién hanh nhu sau: Soan cl phap
can kiém tra trong Query va bdm Check khi d6 cu phap vira dugc kiém tra hién ra
trong Overview; Chu thich ndi dung coment trong hop coment (néu can). Ldc nay
két qua s& hién ra trong hop status. Néu mot cd phap kiém tra 1a thoéa man thi
trong ststus s& cho két luan mau xanh, néu khong thoa man thi cho mau do, con
khong xac dinh duoc thi cho mau vang (xem hinh 3.11).
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CHUONG 4. AP DUNG PAC TA VA KIEM CHUNG MOQT SO
HE THONG THOI GIAN THUC BANG CONG CU UPPAAL

Dé tim hiéu cach dic ta va kiém chang trong Uppaal, tac gia da tién hanh xay dung
mét s6 vi du nham thong qua d6 tac gia hiéu rd hon vé cach biéu dién mot hé thdng
phan mém duéi dang cac 6-td-mat thoi gian c6 lién hé véi nhau qua cac kénh, hiéu
duoc su van hanh cua hé thdng va tir d6 kiém chtmg cac tinh nang cta hé thong.

Trong chuong nay tac gia dua ra bon vi du dé minh hoa cho hai loai hé théng phan
mém, mdi hé théng tac gia dua ra hai vi du 6 thé hiéu nhu hai phién ban khac nhau
cta hé théng do.

4.1Hé thong phan loai

Pay la mot hé théng gia dinh ma tac gia dua ra nham tim hiéu cach biéu dién dic ta
hé théng qua céc 6-t6-mat thoi gian ciing nhu cach kiém ching su van hanh caa hé
théng va cac tinh ning cua hé thong. Véi hé thong nay tac gia dua ra hai vi du nhu
hai phién ban khac nhau cua hé théng.

4.1.1 Vi dul. Hé thong phan loai bong theo mau sic (Hé théng Bong7mau).

Mot hé thdng c6 dau vao 1 céac loai bong véi nhidu mau sic khac nhau (demo
la 7 mau), cac qua bong lan luot cho chay qua mot sensor nhan biét mau sac,
sensor sé& théng bao tin hiéu cho cé4c cira day tuwong (ng. Bong s& chay trén mot
bang chuyén véi van toc dam bao dé di chuyén tir cira nay dén cua ké tiép 1a mot
khoang thoi gian ¢b dinh va gip dung ctra n6 sé duoc day ra khoi bang chuyén.
Pac ta: Mét qua bong 6 mau sac i (gan mai mau boi mét ma mau i - i=17 ) khi
di qua sensor sé dwoc sensor phat hién mau sdc, lap tic sensor sé phat tin hiéu toi
cua thir I twong 1ng. qud bong qua sensor sé dirgC chay trén bing chuyén Vi téc
dé dam bdo dén cira thir | sé mdt diing i*5s. Sau diing i*5s ké tir khi nhdn duoc tin
hiéu tir sensor cura thir i sé day ra, qua bong sé bi ddy xudng rdanh twong ing.

Pé tién hanh kiém chang sy van hanh caa hé théng trén qua Uppaal ta lan luot
thuc hién cac budc sau:

Buwéc 1. Phan tich va nhdn dién déi twong trong hé thong: Dya vao dic ta cua hé
théng thi co thé chia hé thdng thanh hai hé khudn mau (Template) lién hé nhau qua
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mau sic cua qua bong. Cu thé 1a: Hé 1 ¢6 1 mat cam ¢ng nhan dién mau sac
(Sensor); Hé 2 gém 7 cira day (PushDoor(i), i=1+ 7).
Buréc 2: Soan thao (thiét ké hé thdng dudi dang cac 6-td-mat thoi gian)
Trong phan nay ta tao ra hai khuén mau gém Sensor va Pushdoor.

Khai b&o bién toan cuc: véi gia dinh mé hinh phan loai bay mau sic khac nhau,
mdi mau béng s& duoc ma hoda boi mot sé nguyén dé nhan dién dong bo nén
trong phan nay ta khai bao bién toan cuc (trong muc dedaraions) nhu sau:

const int N = 7;//Sé lwong mau béng, trong vi du ndy demo 1a c6 7 mau
typedef int[O,N-1] id_t;// ma héa mau sdac cia qud bong

chan appr[N], push[N];// Kénh dong bg giiza 2 hé template

Phan tich va thiét ké khuén mau Sensor:

Dbi véi khudbn mau nay ton tai hai trang thai 1a : Safe (trang thai an toan, khi
khong c6 bong nao di qua) va SeeColor (nhin thay bong di qua). Mdi trang thai
s& thé hién boi mot nat trén 6-td-mat.

Ban dau khi chua c6 bong di qua, Sensor sé & trang thai Safe. Khi c6 mot bong
(gan bai mot sé thtr tu trong Gng véi mau sic) di qua, sensor phat hién ra mau va
nhé mau d6 (gan y=chi s6 mau twong wng) roi chuyén sang trang thai Seecolor.
Sau d6 ngay 1ap tic gui tin hiéu dén cta tha i (i=y) twong tng (Iénh push[y]!) va
chuyén vé trang théi Safe.

y=e

Safe @ (:) Seecolor

pushly]

Hinh 4.1 O-td-mét Sensorcua hé thong Bong7mau
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O-t6-mét Sensor: Trong muc soan thao ta tién hanh v& 6-t6-mat cho khudn mau
nay. Cu thé ta v& hai nut Safe va Seecolor dé thé hién hai trang thai cua khuén
mau: Tir Safe dén Seecolor v& mot canh thé hién budc chuyén trang thai (gan e 1a
chi s mau va bién y dé nhé mau sic ma Sensor nhin thay); Tir Seecolor dén Safe
v& mot canh thé hién budc chuyén trang thai, dong thoi & budce nay duoc ddng bo
véi 6-t6-mat Pushdoor qua kénh push bang cach bao Iénh push[y] dén cta ra cua
mau c6 gan nhan y. (xem hinh 4.1)

Phan tich va thiét ké hé khuén mau Pushdoor

Mot khuén trong hé nay cé 3 trang thai: Trang thai chua c6 yéu cau bao mo
(Safedoor); Trang thai c6 nhan duoc yéu cau b4o mo nhung cho dén thoi gian mo
(Waiter); Trang thai day ctra (PushD). Mdi trang thai nay sé dugc thé hién bang
mot nat trén 6-t6-mat thoi gian.

Dic ta cia khudn mau: Khi ctra thtr i dang & trang thai Safedoor néu nhan duoc
lénh ¢6 bong mau thir i dang di t6i, 1ap tic chuyén sang trang thai Waiter va &
trang thai Waiter d6 dang 5*id+5 gidy va lap tac chuyén sang trang thai PushD.
Sau dtng 1 gidy thi tro vé trang théi an toan.

O-t6-mat PushDoor (xem hinh 4.2):

Safedoor

PushD
w==1

Hinh 4.2 O-td-méat PushDoor cia hé théng Bong7mau
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- Khai bao céc template cd trong hé thdng: Trong System declaration ta tién
hanh khai bao: system Sensor, Pushdoor;

Buéc 3. M6 phang sw vdn hanh cua hé théng: Sau khi dd soan thao xong trong
editor, néu khéng co 15i soan thao, chiic nang Simulation cho phép ta mé phong
su van hanh cua hé théng. Cu thé chtic ning nay cho phép ta mé phong theo hai
cach sau:

- M0 phong sy thay dbi trang thai cua cac d6i twgng, man hinh chirc ning mo
phong cho ta thdy 1d cac budc chuyén trang thai cia cac qua trinh theo thoi gian
(xem hinh 4.3).

15, DN T ppaal-40.1 mi - UPPAAL = |
File Edit View Tools Options Help
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Hinh 4.3 Man hinh chitc ndng mé phéng Simulation cia hé theng Bong7mau

- M6 phong sy dong bo theo thoi gian cua cac ddi tuong, ngodi viéc mo
phong trén thi trén man hinh chirc nang moé phong con cho ta theo dodi duoc su
van hanh cua ca hé théng theo thoi gian cua cac 6-t6-mat song song va sy tac
dong gitra cac 6-t0- mat thong qua cac kénh da cai dat (xem hinh 4.4).

Buéc 4. Kiém chiing hoat dgng cua hé thong: Chirc nang Verifier cho phép ta
kiém chiing céc tinh chat cua hé théng théng qua cac cau Iénh, cu thé nhu:

- Kiém chuang tinh c6 thé dat duoc (kha nang t6i duoc 1 trang thai nhat dinh).
Pé kiém chang tinh chét nay ta sir dung cl phap: E<>¢ (trong d6 ¢ 1a trang thai
ma ta can kiém tra cua mot qua trinh cu thé).
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Hinh 4.4 Man hinh chitc ndng mé phéng Simulation cia hé théng Bong7mau
Trong vi du nay ta kiém chimg tinh dat duoc cta cac trang thai nhu sau:

E<> Pushdoor(0).PushD: kiém tra xem cac ctra c6 dat dugc trang thai PushD hay
khong. Tuong tu ta kiém tra duoc cho cac cta con lai: E<> Pushdoor(1).PushD;
E<> Pushdoor(2).PushD; E<> Pushdoor(3).PushD; E<> Pushdoor(4).PushD;
E<> Pushdoor(5).PushD; E<> Pushdoor(6).PushD.

E<>Senor.Seecolor Kién tra xem Sensor c6 chuyén sang trang thai nhin thay
mau khong va c6 luu lai mau sac vira nhin khong.

E<> Pushdoor(0).PushD and (forall (i:id_t) i!=0 imply Pushdoor(i).Safedoor):
Kiém tra xem khi mot cira day thi cac cira khac c6 & trang thai an toan khong
(dam bao chi c6 mot cira dyr a trong mot 10c)

- Kiém tra tinh an toan (mot diéu gi d6 ludn ludén diung). Bé kiém ching tinh
chat nay ta st dung ct phap: A[] va E[]

A[] forall(i:id_t) forall(j:id_t) Pushdoor(i).PushD and Pushdoor(j).PushD imply
i==j. Tinh chat 2 ctra khac nhau khong bao gio cung day.

- Kiém tra tinh liveness cua hé thong (tinh chat nay dam bao mot diéu gi d6
trude sau gi cling xay ra). Bé kiém ching tinh chat nay ta sir dung cl phap: A<>
@: voi muc dich chi ra rang ¢ ludn dugc thoa man va ci phap ¢-->y dé dam bao
rang khi ¢ théa man thi v ciing théa man.
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Trong vi du ndy ta tién hanh kiém chtng tinh chét nay cua hé théng bang cac cau
Iénh sau:

Pushdoor(0).PushD --> Pushdoor(0).Safedoor. Kiém tra néu cira thtr i day thi cira
thir i s& tro vé trang théi an toan. Tuong tu cho c4c ctra con lai:

Pushdoor(1).PushD-->Pushdoor(1).Safedoor;
Pushdoor(2).PushD-->Pushdoor(2).Safedoor;
Pushdoor(3).PushD-->Pushdoor(3).Safedoor;
Pushdoor(4).PushD-->Pushdoor(4).Safedoor

Pushdoor(5).PushD --> Pushdoor(5).Safedoor
Pushdoor(6).PushD --> Pushdoor(6).Safedoor

Eé, D:/Nga/Tailieuhoctap/Automat/Tai liew/uppaal-4.0.13/Nga/BongTmauversion3.xml - UPPAAL (=B S
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m

Hinh 4.5 Man hinh chitc ndng kiém chiing Verifier cia hé thong Bong7mau

- Kiém chting 8-t6-mat c6 roi vao deadlock hay khong. Bé kiém ching tinh
chat nay ta ding cu phap: A[] not deadlock (xem hinh 4.5).
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4.1.2 Vi du 2. Hé théng phan loai san pham (san pham dat chat lweng hay
chua).

Tuong tu nhu vi du 1, ta xét mot hé thdng phan loai khoai tay, c6 dau vao I cac
cu khoai tay sau khi thu hoach, cac ca khoai tdy dugc cho qua mot phéu dé chay
qua mot sensor kiém tra chat luong (kich thudc, can ning, mau Sic), sensor s&
thdng bao tin hiéu cho cac cta day twong ung. Cu khoai tdy s& chay trén mot
bang chuyén véi van toc dam bao dé di chuyén tir cira nay dén cira ké tiép 1a mot
khoang thoi gian ¢é dinh va gap dung cira n6 sé dugc day vao dung rinh phan
loai.

Dac ta: Mét cu khoai tay khi di qua sensor sé duoc sensor phat hién chat luong
théng qua kich thwéc, cAn ngng va mau sac, Néu dam bdo kich thieéc, can nang
VA Mau sdc tot thi cu khoai dé dwoc xép hang A va lIdp tirc sensor sé phét tin hiéu
téi cira hang A, con lai sé xép hang B va dwoc bao tin hiéu dén cia hang B. Cu
khoai tay sau khi qua sensor sé dioc chay trén bang chuyén gdp diing cira mo né
sé roi xuong ranh cua cita dé va dwoc phan logi.

Pé kiém chiing su van hanh caa hé théng nay bang céng cu Uppaal ta tién hanh
cac budc sau:

Buéc 1. Phan tich va nhdn dién déi tirong trong hé thang

Hé théng gom dén cam tng chat luong (Sensor) va 2 ctira md (ADoor va BDoor),
cac cu khoai duoc xem 1a dbi twong tham gia trong hé théng (Potato).

Buréc 2. Soan thao (thiét ké hé thong dui dang cac 6-t6-mat thoi gian)

Trudc hét ta xay dung cac khudn mau twong Gng véi cac ddi tuong da phan tich ¢
trén. Tiép dén trong phan khai béo bién toan cuc, ta khai b4o cac kénh dong bo
trong hé thong trong Declarations nhu sau:

chan Astyle, Bstyle, OpenA, OpenB, cross;

Sau d6 tién hanh vé 8-td-mat cho ting khuén mau. Cu thé véi ting khubn mau ta
phan tich va thiét ké nhu sau:

- Véi khudn mau Potato:

Truéc hét, phan tich nhitng trang thai cia khuén mau nay ta thay khudn mau c6
bdn trang thai bao gom Safe, CrossSensor, CrossA, CrossB. Trong d6 trang théi
Safe 14 trang thai khong ¢ trong dudng truyén; trang thai CrossSensor trang thai
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di qua sensor; trang thai CrossA trang thai di vao ranh A; trang thai CrossB la
trang thai di vao rénh B.

Tiép dén ta phan tich budc chuyén trang théi trong khuén mau. Tir trang thai safe
ct khoai tay dugc chay qua phéu va dén vi tri ciia sensor, bat dau kich hoat dong
ho, reset vé 0. Néu Ia cu khoai dat chit luong thi bao tin hiéu Good! Va di dén
ctra A, nguoc lai, béo tin hiéu Notgood! va di dén cua B. Sau ding 3 gidy thoat
khoi cira va tro vé trang thai an toan (da phan loai).

Cubi cuing tién hanh vé 6-t6-mét Potato (xem hinh 4.6)

CrossADoor

Hinh 4.6 O-td-mat Potato cuia hé thong Potato

- V6i khudén mau Sensor: khudén mau nady gém ba trang thai: Free, SeeA va
SeeB. Trong d0, trang thai Free la trang thai an toan; trang thai SeeA la trang thai
phat hién cu khoai dat chat luong loai A; trang thai SeeB 1a trang thai phat hién
cu khoai dat chét luong loai B.

Viéc thuc hién chuyén trang thai cia khudn mau nay dugc mo ta nhu sau: Khi co
mét cu khoai di qua, sensor phat hién ra chat luong nhd vao kich thuée, can nang
va mau (duoc hiéu nhu cu khoai phat tin hiéu), néu nhan dugc tin hiéu Good! Thi
chuyén sang SeeA, nguoc lai chuyén sang SeeB. Sau d6 ngay 1ap tac guri tin hiéu
dén cira twong tng (OpenAl Hozic OpenB!) va chuyén sang trang thai Free.
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Hinh 4.7 O-t6-mat Sensor

V& 6-t6-mat Sensor dya trén phan tich rang thai va buoc chuyén trang thai ¢ trén
(xem hinh 4.7)

- Khudn mau ADoor: khuén mau nay gom hai trang thai la Close va Open,
trong d6 trang thai Close 14 trang thai chwa c6 yéu cau bdo ma; trang thai Open la
trang thai mo cua.

Viéc thuc hién chuyén trang thai dugc md ta nhu sau: Khi cira dang & trang thai
Close néu nhan duoc lénh c6 ci khoai dat chat luong dang di tgi (OpenA?), lap
tic reset dong hd vé 0 va chuyén sang trang thai Open va & trang thai khoang 3s
va sau d6 chuyén sang trang thai Close.

Theo phan tich trang thai va chuyén trang thai nhu trén ta tién hanh vé 6-td-mat
ADoor nhu sau (xem hinh 4.8).

Close R Open
'._'|_""_'| 3 h ] .

x=0

Hinh 4.8 O-t6-méat Adoor cua hé thang Potato
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- Khudn miau BDoor: khuén miu nay gom hai trang théai 1a Close va Open,
trong d6 trang thai Close 1 trang thai chwa c6 yéu cau bdo ma; trang thai Open la
trang thai mo cua.

Viéc thuc hién chuyén trang thai dugc md ta nhu sau: Khi cira dang & trang thai
Close néu nhan duoc Iénh c6 cu khoai dat chat luong dang di toi (OpenB?), lap
tic reset dong hd vé 0 va chuyén sang trang thai Open va & trang thai khoang 3s
va sau d6 chuyén sang trang thai Close.

Theo phan tich trang thai va chuyén trang thai nhu trén ta tién hanh vé 6-td-mat
BDoor nhu sau (xem hinh 4.9).

Close Open
O OpenB? }/5
= x=0 p
A -
Cross
b A
¥=0

Hinh 4.9 O-t6-méat Bdoor cuia hé thong Potato
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Sau khi da thiét ké xong cac template ta tién hanh khai bao cac template c6 trong
hé théng trong System declaration:

System Potato, Sensor, ADoor, Bdoor
Buéc 3. Md phang su van hanh cia hé thang: Tuong tu nhu trong vi du 1, sau
khi d3 soan thao xong hé théng ma khdng c6 15i thi cong cu cho phép ta chay md
phong hé théng dudi hai hinh thac 1a: M6 phong su thay d6i trang thai cua cac
dbi twong (xem hinh 4.10)

Va md phong su ddng bo theo thdi gian cua cac doi twong (xem hinh 4.11).

5, D/Nga/Tailieuhoctap/Automat/Tai liew/uppaal-40.13/Nga/Phanioaibong moixmi - UPPAAI
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Hinh 4.11 Man hinh chize nang mé phong Simulation cia hé thong Potato
Buéc 4. Kiém ching cac tinh chdt cua hé thong: Chire nang Verifier cho phép ta
kiém chang cac tinh chat cua hé théng, cu thé nhu:

- Kiém chuang tinh c6 thé dat duoc (kha nang t6i duoc 1 trang thai nhat dinh).
Pé kiém ching tinh chat ndy ta sir dung céc cau lénh sau:
E<>Potato.CrossSensor kiém tra xem mot cu khoai tay c6 chuyén sang trang théi
CrossSensor dugc khong.

E<>Potato.CrossADoor or Potato.CrossBDoor dé kiém tra xem mét ca khoai
hoac la phai ra duoc cira A hoic cira B.
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E<>Senor.SeeA hoic E<>Sensor.SeeB dé kiém tra xem Sensor ¢ chuyén sang
trang thai phét hién ra cu khoai tay dat loai A hay dat loai B khong.

- Kiém chting tinh an toan (mét diéu gi d6 ludn ludn ding). Bé kiém ching
tinh chat nay cua hé thng ta sir dung cti phap sau:

E[]Potato.CrossADoor and Potato.CrossBDoor dam bao mot cu khoai tay khong
bao gio qua ca hai cua.

- Kiém tra tinh liveness cua hé thong (tinh chat nay dam bao mot diéu gi d6
trude sau gi ciing xay ra). Bé kiém ching tinh chat nay caa hé thong ta sir dung
cu phap sau:

Sensor.SeeA-->ADoor.Open: Dam bao néu sensor phat hién 1a 1a cu dat chat
luong A thi cira A phai mo.

Sensor.SeeB-->BDoor.Open: Pam bao néu sensor phéat hién 1a 1a ca dat chét
lugng B thi ctra B phai mo.

- Kiém tra 6-t6-mét c6 roi vao deadlock hay khong, ta sir dung cl phap:
A[] not deadlock

4.2 Hé thong diéu khién sir dung ving tai nguyén

Duya trén md hinh Train-Gate [6][15], trong bai toan nay thoi gian dé di qua cau
cta cac tau mac dinh 1a nhu nhau. Tac gia da dé xuat mé hinh hé théng diéu
khién viing tai nguyén c6 mé rong veé thoi gian st dung ving tai nguyén chung 1a
khac nhau cho cc qué trinh. Cu thé tac gia dé xuat hai vi du twong tng véi hai
mo hinh, trong d6 vi du thir nhat tac gia dé xuat 1a mé hinh gém hai qua trinh (c6
thé m& rong ra nhiéu qua trinh) cung c6 nhu cau sir dung mot ving tai nguyén
chung va thoi gian dé s dung ving tai nguyén d6 & hai qua trinh 1a khac nhau, ¢
vi du thir hai tac gia dé xuat co nhiéu qué trinh cuing tham gia st dung chung mot
vung tai nguyén nhung cac qua trinh d6 chia thanh hai nhém (c6 thé mé rong
thanh nhiéu nhém qua trinh) véi thoi gian st dung ving tai nguyén & hai nhém la
khac nhau.

4.2.1 Vi du 3. Hé théng diéu khién viéc sir dung chung ving tai nguyén
Process ResourceV1 (cé rang budc vé thoi gian sir dung nguén tai nguyén).

C6 n qué trinh (demo 1a 2) cuing ¢6 nhu cau st dung 1 viing tai nguyén, hé théng
dam bao viéc diéu khién sao cho tai mot thoi diém chi c6 mot qua trinh duoc sir
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dung ving tai nguyén va cac qua trinh giri yéu cau trude s& dugc bd tri st dung
trudc (gia thiét 1a cac qua trinh can st dung viing tai nguyén véi thoi gian khac
nhau).

Dic ta: CO n qua trinh —Process (demo 1a n=2) déu ¢ nhu cau st dung mot
ngudn tai nguyén — Resource. Khi mét qué trinh c6 nhu cau sir dung no sé& giri tin
hiéu thdng bao cho bd diéu khién, bo diéu khién tiép nhan tin hiéu va tién hanh
xt I tin hiéu @0, néu trong thoi diém d6 ngudn tai nguyén dang ranh né sé bao lai
tin hiéu cho qua trinh dwgc phép sir dung ngudn tai nguyén, néu hién dang c6 qua
trinh dang str dung no, bo diéu khién s& luu thir ty cac qua trinh ¢d nhu cau vao
mot hang doi va dén khi ngudn tai nguyén ranh nd s& goi qua trinh dau tién ra sir
dung trudc. Khi qué trinh sir dung xong vung tai nguyén (mac dinh la sau mot
khoang thoi gian cho trude twong Gng voi qué trinh d6) nd s& béo lai cho b diéu
khién biét va roi khoi cling tai nguyén.

Yéu cau: Qua trinh ndo ¢ nhu cau déu dugc bd tri sir dung ngudn tai nguyén,
khdng ¢ su xung dot, dam bao tai mot thoi diém chi c6 mét qua trinh dugc St
dung.

Pé tién hanh kiém chiing cho hé théng nay bang céng cu Uppaal, tac gia da thuc
hién cac budc sau:

Buéc 1. Phan tich va nhdn dién déi tirong trong hé thong

Hé théng c6 hai quéa trinh (Processl va Process2) va mot ngudn tai nguyén
(Resource). C4c Process1 va Process2 hoat dong song song, va duoc dong bo véi
Resource théng qua cac kénh: bao tin hiéu yéu cau sir dung (appr[i]), dung
(stop[i]), dugc phép st dung(go[i]) va roi khoi vung tai nguyén (leave[i]).

Bu6c 2. Soan thao va mé hinh héa cdc doi tuwong

Trong ving soan thao tao cac khuén miu cé trong hé théng gédm Processl,
Process2 va Resource. Tién hanh khai bao bién toan cuc trong Declaration nhu
sau:

const int N = 2; Il # Process
typedef int[O,N-1] id_t; / M& qua trinh
chan appr[N], stop[N], leave[N]; //cac tin hiéu dong bé gia cac mod hinh

urgent chan go[N]; // khdng cé tré khi dong bé chuyén tiép
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Tiép theo d6 ta tién hanh soan thao cho cac khudn mau co trong hé théng. Véi
khuén mau Processl, khudn mau nay duoc truyén tham sé 1a thoi gian ma qué
trinh nay s& sir dung vung tai nguyén (delayl). Bién dia phuong duoc khai bao
cho khudn mau nayla dong hd x. Khuén mau nay c6 niam trang thai: Safe, Appr,
Stop, Ready, Using. Trong d6: Safe 1a trang thai chua c6 nhu cau st dung nguon
tai nguyén; Appr la trang thai dang ki st dung ngudn tai nguyén; Stop la trang
thai chd dén luot st dung; Using: st dung ngudn tai nguyén. Buéc chuyén trang
thai ciia khubn mau nay duoc thé hién nhu sau: Process1 & trang thai Safe, néu c6
nhu cau str dung ngudn tai nguyén né sé& giri tin hiéu (appr[0]!) dén bo diéu khién
va chuyén sang trang thai Appr, tai day déng ho x s& duoc gidi han trong khoang
thoi gian delayl (Ia thoi gian ma qua trinh nay s& dung dé st dung ving tai
nguyén +10s cho tin hiéu). Néu trong vong 10s nd nhan duoc tin hiéu yéu cau
dirng (stop[0]?) tir bo diéu khién thi 1ap tic chuyén sang trang thai Stop, va chod ¢
d6 dén khi nhan duoc tin hiéu cho phép st dung (go[0]?) thi chuyén sang trang
thai Ready va & d6 sau 7s s& dugc sir dung ving tai nguyén va chuyén sang trang
thai Using. Néu sau 10s ma khong thay cd tin hiéu (stop[0]) thi né chuyén sang
trang thai duoc str dung Using. O trang thai Using dtng 5s (thoi gian dé ra khoi
viing tai nguyén) thi bao cho bd diéu khién tin hiéu da st dung xong (leave[0]!)
thi chuyén sang trang thai Safe. Dya trén phan tich c4c trang thai va budc chuyén
trang thai trén, 6-td-mat caa Processl duoc thiét ké nhu sau (xem hinh 4.12).

Safe = Using
©H ] >c:-=1=:;uule;j¢ 1
appr{0]
x=0
x=D.
Appr Read
w==20 ¥==15

Stop

Hinh 4.12 O-t6-mét cuia Processi trong hé thang Process ResourceV1
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Khuén miu Process2 dugc truyén tham sb 1a thoi gian ma qua trinh nay s& s
dung ving tai nguyén (delay?2). Bién dia phuwong duogc khai bao trong khudn mau
nay 1a ddng hd x. Khudn miu gom nim trang théi: Safe; Appr; Stop; Ready;
Using. Trong d6: Safe 1a trang thai chua c6 nhu cau sir dung ngudn tai nguyén;
Appr 12 trang thai dang ki st dung ngudn tai nguyén; Stop la trang thai cho dén
luot sir dung vung tai nguyén; Using |a trang thai sir dung ngudn tai nguyén. Cac
budc chuyén trang thai cia khudn miu nay dugc thiét ké nhu sau: Process 2 &
trang thai Safe, néu c¢6 nhu cau s dung ngudn tai nguyén nd s& gui tin hiéu
(appr[1]!) d&én bo diéu khién va chuyén sang trang thai Appr, tai day ddng ho x s&
duoc gigi han trong khoang thoi gian delay2 (la thoi gian ma qua trinh nay sé
dung dé sir dung ving tai nguyén +10s cho tin hiéu). Néu trong vong 10s nd
nhan duogc tin hiéu yéu cau dung (stop[1]?) tir bo diéu khién thi 1ap tac chuyén
sang trang thai Stop, va chd & d6 dén khi nhan duogc tin hiéu cho phép sur dung
(go[1]?) thi chuyén sang trang thai Ready va ¢ d6 sau 7s s& dugc st dung ving
tai nguyén va chuyén sang trang thai Using. Néu sau 10s ma khong thay cé tin
hiéu (stop[1]) thi n6 chuyén sang trang thai duoc st dung Using. O trang thai
Using dung 5s (thoi gian dé ra khoi ving tai nguyén) thi bao cho bo diéu khién
tin hiéu da sir dung xong (leave[1]!) thi chuyén sang trang thai Safe. Dua trén
phan tich trang thai va cac budc chuyén trang thai trén, 6-t6-mét cho Process2
duoc thiét ké nhu sau (xem hinh 4.13).
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Safe eave[1] Using

Q{ BAVE (’) x==delay2

M

Ready
x==15

Stop

Hinh 4.13  O-t6-mat Process2 trong hé thong Process ResourceV1
Khubén mau Resource dugc khai bao bién va ham sé st dung trong khudn mau
nhu sau:

id_t list[N+1];
int[O,N] len;
/[ Put an element at the end of the queue

void enqueue(id_t element)

{

list[len++] = element;
}
/l Remove the front element of the queue
void dequeue()
{
inti=0;

len -=1;
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while (i < len)
{
list[i] = list[i + 1];
1++;
}
list[i] = O;
}

/l Returns the front element of the queue
id_t front()

{
return list[0];

}

// Returns the last element of the queue
id_t tail()
{

return list[len - 1];

Khubn mau nay gom c6 ba trang thai 1a Free; Occ; RS. Trong d6: Free Ia trang
thai nguon tai nguyén ranh; Occ la trang thai tiép nhan thong tin dang ki xép hang
va RS 14 trang thai xép hang cho cac qua trinh (trang thai 13 trang thai
Committed). Cac budc chuyén trang thai cia khudn mau nay duoc dién ta nhu
sau: Néu ngudn tai nguyén dang & trang thai ranh ma sé qua trinh dang c6 nhu
cau xur dung trong hang doi 16n hon khong thi goi ra qué trinh dau tién cho su
dung trudc. Néu khong ¢ qué trinh ndo trong hang doi, ddng thoi nhan duoc tin
hiéu béo c6 nhu cau st dung thi xép né vao hang doi va chuyén sang trang thai
Occ. Tir trang thai Occ néu
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Free

¢ O

M
"

len =0 len ==10 e == front()
goffront()] appre]? leave[e]?

engueuele) | degueue()

N ) )
< Oce

apprle]? stop[tail()]

engueueie)

iz
RS

Hinh 4.14 O-td-mét Resource trong hé thong Process ResourceV1
van tiép tuc nhan duoc tin hiéu tir qua trinh khac ¢ nhu cau sir dung thi xép qua
trinh d6 vao hang doi chuyén qua trang thai RS- Trang thai Commited khong cho
phép tré, dong thoi giri tin hiéu stop! cho qua trinh d6 roi 1ap tac tré vé trang théi
Occ. Tur trang thai Occ néu nhan duoc tin hiéu leave[i]? 1ap tic x6a qua trinh d6
khoi hang doi va chuyén vé trang thai Free. Dua vao phan tich trang thai va cac
budc chuyén trang thai, 6-t6-mat Resource duoc thiét ké nhu sau (xem hinh
4.14).
- Khai béo cé4c qué trinh va cac hang duogc sir dung trong hé thong trong muc
System declaration nhu sau:
const int delay1=20; // thoi gian qué trinh 1 s dung vung tai nguyén;
const int delay2=30;// thoi gian qua trinh 1 s dung vung tai nguyén;
P1=Processl(delayl);
P2=Process2(delay?);
system P1, P2, Resource;

Buéc 3. Md phéng sw van hanh cua hé thong

Khi két thac budc 2 ma khdng cd 13i thi hé théng cho phép chay md phong su
van hanh caa hé thdng duéi hai hinh thirc khéc nhau 1 thay ddi trang thai cta cac
dbi twgng va mo phong su dong bo theo thai gian cua cac d6i twong (xem hinh
4.15)
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5, D:/Nga/Tailieuhoctap/Automat/Tai lieu/uppaal-4.0.13/Luan van/Process ResourceVLxml - UPPAAL = e |
File Edit View Tools Options Help

Oa@E e e [§a o

P2

Enabled Transitions

golfront{)]: Resource —> P2 .

Resource

]
BehoRm

Simulation Trace

(Safe, Safe, Free)
lappr[0]: P1 —> Resource
(ppr, Safe, Occ)

/zppr[1]: P2 > Resource
(Apor, Appr, RS}
Istop[tai(]: Resource ~»P2
(Appr, Stop, Occ)

P1

(Using, Stop, Occ)

leave[0]: P1 > Resource

Trace File:

Hinh 4.15 Man hinh mé phdng s vdn hanh cia hé thong Process ResourceV1
Bueéc 4. Kiém chiing hoat dgng cuia hé théng.

Chtic ning Verifier ciia Uppaal cho phép kiém chiing cac tinh chat caa hé théng
théng qua cac cau lénh cu thé nhu:

- Kiém chting tinh c6 thé dat duoc (kha ning toi duoc 1 trang thai nhat dinh)

E<> P1.Using kiém tra xem qué trinh 1 c6 chuyén sang trang thai Using duoc
khong. Tuong tu cho qua trinh 2, ta st dung cau Iénh: E<> P2.Using.

E<> Resource.Occ kiém tra xem qué trinh Resource ¢6 chuyén sang trang thai
Occ duogc khong.

- Kiém chuang tinh an toan (mot diéu gi d6 luon ludn ding)

A[]P1.Using && P2.Using: dam bao tai mot thoi diém chi ¢ nhiéu nhat mot qua
trinh dugc st dung vung tai nguyén (tinh khong xung dot).

A[] Resource.list{N] == 0 dam bao khdng c6 qué n qua trinh trong hang doi.

- Kiém tra tinh liveness cua hé thng (tinh chat nay dam bao mot diéu gi d6
trede sau gi cling xay ra)

P1.Appr --> P1.Using: Pam bao mot qua trinh 1 khi c6 nhu cau sir dung thi sé

duoc st dung. Tuong tu cho qua trinh 2 ta s dung cau lénh: P2.Appr -->
P2.Using
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E<> P1.Using and P2.Using: Bam bao 2 qué trinh khac nhau sé khéng cung duoc
su dung. Hoac cau lénh: E<> P1.Using and P2.Stop hay E<> P2.Using and
P1.Stop dé dam bao mot qué trinh dang sir dung thi tat ca cac qua trinh khac déu
trong trang thai phai cho.

- Kiém chiing 6-td-mat c6 roi vao deadlock hay khéng ta sir dung ct phép
A[] not deadlock.

4.2.2 Vi du 4. Hé théng diéu khién viéc sit dung chung ving tai nguyén
Process Resource V2(c6 nhiéu nhém qué trinh c6 rang bugc vé thoi gian sir
dung nguén tai nguyén).

Vi du nay 1a mé rong cua vi du 3, ta gia thiét 1a 10c nay hé théng cé n qua
trinh (demo 1a 4) cuiing ¢6 nhu cau sir dung chung Mot ving tai nguyén, trong doé
c¢6 nhiéu nhém qua trinh mudn st dung ving tai nguyén véi thoi gian khac nhau
(demo 1a 2 nhém: Nhoém 1 ¢6 N1 qué trinh muon ding ving tai nguyén trong
thoi gian delayl, nhém 2 c6 N2 qua trinh mudn st dung ving tai nguyén véi thoi
gian delay?2), hé théng dam bao viéc diéu khién sao cho tai mot thoi diém chi co
mot qua trinh dugc str dung viing tai nguyén va cac qua trinh gui yéu cau trudc sé
duoc b tri sir dung trudc.

Dic ta: Hé théng c6 2 nhém qué trinh  Process1 va Process2 (Voi cac ma qua
trinh duoc danh s6 theo cach: nhom 1 tir 0 dén N1-1; nhdm 2 tir N1 dén N2-1)
déu cé nhu cau st dung mét ngudn tai nguyén Resource. Khi mot qué trinh ¢é
nhu cau st dung né s& gui tin hiéu théng bao cho bo diéu khién, bo diéu khién
tiép nhan tin hiéu va tién hanh xu Ii tin hiéu dé, néu trong thoi diém d6 ngudn tai
nguyén dang ranh n6 s& béao lai tin hiéu cho qua trinh dugc phép sir dung nguoén
tai nguyén, néu hién dang co qua trinh dang sir dung no, bo diéu khién sé luu thir
tu cac qua trinh ¢ nhu cau vao mot hang doi va dén khi ngudn tai nguyén ranh
né s& goi qua trinh dau tién ra sir dung trudc. Khi qua trinh st dung xong ving tai
nguyén (mac dinh 1a sau mét khoang thoi gian cho trudce twong g vaéi qua trinh
d6) no s& béo lai cho bo diéu khién biét va roi khoi cling tai nguyén.

Yéu cau: Qua trinh ndo ¢ nhu cau déu dugc bd tri sir dung nguon tai nguyeén,
khong c6 su xung dot, dam bao tai mot thoi diém chi c6 mot qua trinh duoc sur
dung.

Phan tich va nhgn dién déi tweng trong hé thong
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Hé théng c6 2 nhém qua trinh Process1 va Process2 (trong d6 nhém 1 c¢6 N1 qué
trinh, nhdm 2 c6 N2 qué trrinh) va 1 ngudn tai nguyén (Resource). C4c Processl
va Process2 hoat dong song song, va duoc dong bo voi Resource thdng qua céc
kénh: béo tin hiéu y&u cau sir dung (apprl[i] hoac appr2[i]), ding (stopl[i] hoic
stop2[i]), dugc phép su dung(gol[i] hoac go2[i]) va roi khoi vung tai nguyén
(leaveli]).

M6 hinh héa cac di twong

Khai bo bién toan cuc

const int N1 = 2; Il # Processl

const int N2 = 2; Il # Process2

typedef int[O,N1-1] id_t1; // M& qua trinh

typedef int[N1,N1+N2-1] id_t2; // Ma qua trinh

typedef int[0,N1+N2-1] id_t3;

chan apprl[N1], stopl[N1], leave[N1+N2], appr2[N1+N2], stop2[N1+N2];
/Icac tin hiéu dong bé giga cac mo hinh

urgent chan go1[N1],go2[N1+N2]; // khong cé tré khi dong bé chuyén tiép
Khuon mau Processl

Puoc truyén tham sé 12 md qua trinh (danh s tir 0 dén N1-1), bién dja phuong 1a
doéng ho x. Qua trinh ndy gom nam trang thai: Safe; Appr; Stop; Ready; Using
trong d6: Safe 13 trang thai chua c6 nhu cau sir dung ngudn tai nguyén; Appr la
trang thai dang ki sir dung nguoén tai nguyén; Stop la trang thai chd dén luot sir
dung; Using I trang thai st dung ngudn tai nguyén.

Cac budc chuyén trang thai caa qua trinh nay duoc dién ta nhu sau: Processl ¢
trang thai Safe, néu c6 nhu cau s dung ngudn tai nguyén nd s& gui tin hiéu
(appri[i]!) dén bo diéu khién va chuyén sang trang thai Appr, tai day dong ho x
sé duoc gidi han trong khoang thoi gian delayl(demo la 20) (la thoi gian ma qua
trinh nay sé dung dé sur dung viing tai nguyén +10s cho tin hiéu). Néu trong vong
10s n6 nhan dugc tin hiéu yéu cau ding (stopl[i]?) tir bo diéu khién thi 1ap tac
chuyén sang trang thai Stop, va cho ¢ d6 dén khi nhan duoc tin hiéu cho phép st
dung (go1[i]?) thi chuyén sang trang thai Ready va ¢ dé sau 7s s& duogc st dung
viing tai nguyén va chuyén sang trang thai Using. Néu sau 10s ma khéng thay c6



47

tin hiéu (stop1[i]) thi né chuyén sang trang thai duoc st dung Using. O trang thai
Using dung 5s (thoi gian dé ra khoi viing tai nguyén) thi bao cho bo diéu khién
tin hiéu da sir dung xong (leave[i]!) thi chuyén sang trang théi Safe.

Safe - Using
@1‘ 1 ¥e=5
appri1fid1]
x=0
x:D.
Appr Ready
¥==20 ¥==15

gol[id1]?
x=0

Stop

Hinh 4.16 O-t6-mat Processl cua hé thang Process-Resource V2
Dya vao phan tich trang thai va cac budc chuyén trang thai 6-t6-mét Processl
duoc thiét ké nhu sau (xem hinh 4.16):

Khudn mau Process2

Puoc truyén tham sb 1a ma qua trinh (dugc danh s thir ty tir N1 dén N2-1), bién
dia phuong 1a dong hd x. Khuén mau nay gdom 5 trang théi: Safe; Appr; Stop;
Ready; Using trong d6: Safe 1a trang thai chua c6 nhu cau s dung nguodn tai
nguyén; Appr la trang thai dang ki sir dung nguon tai nguyén; Stop la trang thai
cho dén luot sir dung; Using la trang thai sir dung nguon tai nguyén.

Cac budc chuyén trang thai cua khudn mau dugc dién ta nhu sau: Process2 &
trang thai Safe, néu c6 nhu cau s dung ngudn tai nguyén nd s& gui tin hiéu
(appr2[i]!) dén bo diéu khién va chuyén sang trang thai Appr, tai day ddng ho x
s€ duoc gidi han trong khoang thoi gian delay2 (demo la 30s, la thoi gian ma qua
trinh nay s& dung dé sir dung viing tai nguy@n +10s cho tin hiéu). Néu trong vong
10s n6 nhan dugc tin hiéu yéu cau ding (stop2[i]?) tir bo diéu khién thi 1ap tac
chuyén sang trang thai Stop, va cho ¢ d6 dén khi nhan duoc tin hiéu cho phép st
dung (go2[i]?) thi chuyén sang trang thai Ready va & dé sau 7s s& dugc st dung
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viing tai nguyén va chuyén sang trang thai Using. Néu sau 10s ma khéng thiy c6
tin hiéu (stop2[i]) thi né chuyén sang trang thai duoc st dung Using. O trang thai
Using dang 5s (thoi gian dé ra khoi viing tai nguyén) thi béo cho bo diéu khién
tin hiéu da sir dung xong (leave[i]!) va chuyén sang trang thai Safe.

Vé6i phan tich trang thai va cac budc chuyén trang thai nhu trén, 6-td-mat
Process2 duoc thiét ké nhu sau (xem hinh 4.17):

Stop

Hinh 4.17 O-td6-mét Process?2 cua hé théng Process-Resource V2
Khubn miu Resource
Khubn mau nay duoc khai b4o bién va ham nhu sau:
id_t3 listfN1+N2+1];
int[O,N1+N2] len;
// Put an element at the end of the queue
void enqueue(id_t3 element)

{

list[len++] = element;

}

// Remove the front element of the queue

void dequeue()
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{
inti=0;
len -=1;
while (i < len)
{
list[i] = list[i + 1];
I++;
}
list[i] = 0;
}

Il Returns the front element of the queue
id_t3 front()

{
return list[0];

}

Il Returns the last element of the queue
id_t3 tail()
{

return list[len - 1];

Khudn mau nay gom co sau trang thai: Free; CheckP1; CheckP2; Occ; RS1;
RS2 trong d6: Free 14 trang thai ngudn tai nguyén ranh; CheckP1, CheckP2 Ia cac
trang thai kiém tra xem qué trinh xép hang dau tién 1a thudéc nhém nao; Occ la
trang théi tiép nhan thong tin dang ki xép hang; RS1, RS2 la cac trang thai xép
hang cho cac qua trinh thuoc nhém 1 va nhom 2.

Cac budc chuyén trang thai duoc dién ta nhu sau: Néu ngudn tai nguyén dang &
trang thai ranh ma sb qué trinh dang c6 nhu cau xir dung trong hang doi 16n hon
khong thi chuyén sang trang théai kiém tra xem qua trinh dau tién thuoc nhém 1



50

hay nhoém 2, rdi goi ra qua trinh dau tién d6 cho st dung trude va chuyén sang
trang thai Occ. Néu khong c6 qué trinh nao trong hang doi thi chuyén sang trang
thai kiém tra xem tin hiéu béo nhu cau st dung la thudc nhém 1 hay nhém 2,
ddng thoi nhan duoc tin hiéu bao c6 nhu cau st dung thi xép nd vao hang doi va
chuyén sang trang thai Occ. Tur trang thai Occ néu van tiép tuc nhan duoc tin
hiéu c6 nhu cau st dung thi xép vao hang doi chuyén qua trang thai RS1- néu la
thudc nhom 1 hodc RS2-néu thudc nhom 2, déng thoi dy 1a trang thai Commited
khong cho phép tré, dong thoi gui tin hiéu stopl[i]! - néu thuéc nhoém 1 hoic
stop2[i]! - néu thuéc nhom 2 roi 1ap tic tro vé trang thai Occ. Tir trang thai Occ
néu nhan duogc tin hiéu leave[i]? 1ap tac xéa qua trinh d6 khoi hang doi va
chuyén vé trang théi Free

O-t6-mat Resource duoc thiét ké nhu sau (xem hinh 4.18):

Free

e<NT1
appri[e]?
enqueue(g)

e>=N1 ——frrm
appr2[e]? e==front()

engueue(e) leave[e]?

front j==M1

go2[front()] degueue()

stop1[tail(]

Hinh 4.18 O-t6-mat Resource cua hé thang Process Resource V2

Viéc khai béo cac qua trinh va cac hang sir dung trong hé thong nay duoc thuc
hién bang cau lénh sau: system Process1, Process2, Resource;

M6 phéng su van hanh caa hé théng
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- M0 phong su thay doi trang théi cua cac dbi tuong (xem hinh 4.19).

3 DAN

File Edit View Tools Optiens Help
Ral e e {a o
- Smulator | verifier

| Drag out ) Drag out
[Resource list[0] = 3
[Resource list[1] =0
Process2(3) »| |resourcelist[2) =0
‘2ppr 1[0]: Process 1(0) Resource list[3] = 0
Fesource fist
Resource len = 1
Process1(0).x »=0
Frocessi(1).x >= 0
Process2(2).x >=10
Process2(3).xin [0,30]
Process1(0).x = Process1(1).
JProcess1(1).x = Process2(2).
Simulation Trace Process2(2).x = Process1(0).

[(Safe, Safe, safe, safe, Free) Process2(3).x <= Process1(0)
Resource

\(safe, safe, safe, safe, ChecdP2)
jappr2[3]: Process2(3) —> Resource

(safe, Safe, Safe, Appr, Occ)

4.0.13\Nga\Dre anhxml - UPPAAL =

Enabled Transitions

I

Resource

dequeue()

Trace Fle:

sip

b

— O @ & e ] V. e

Hinh 4.19 Man hinh md phdng sw vdn hanh cia hé thong Process ResourceV2

Slow Fast P r—T— Process1{0) Process1(1) Process2(2) Process2(3) Resource
T

- M0 phong su dong b theo thoi gian cua cac ddi twong (xem hinh 4.20)

1 DiNga\Tail ppaal-4.0.13\Nga\Didc anh.ml - UPPAAL =
File Edit View Tools Options Help

Da@ e {ase
simulator | verifier

[ Drag out i Drag out | e cavelll! o ing ‘ e 1 Uing ‘ T /‘T’ ‘ -
—— Resource.lstlo] = L Q Qn.s ©<—}$ Rl ) ) i
abled Transitions .
Resourcelist{1] = 0 Processi0) Processi(1) Process?2) Process?(3) Resource
Resource st - 2 p
Resurcelistf3] =0 =
Resource.len = 3
Process1(0).x »= 3
Process1(1).x >= 3
2| [Process2x »=0
Process2(3).x >=3
Process 1(0).x - Process1(1).x
Process1(1).x - Process2(3).x
Simulation Trace Process2(2).x - Process2(3).x [appr]
7] [Process2(a).x - Processi).x o]
/appr 1[0]: Process 1(0) > Resource =
(A, Stop, Safe, Apor, RS
(Appr, Stop per, RS1) Anpr (Rs1)
stop1[tail()]: Reseurce > Process 1(2) E
stopt tailg)
(Stop, Stop, Safe, Appr, Occ)
Pr 2(3]
rocess2(3) i o
((Stop, Stop, Safe, Using, Occ)
‘appr2[2]: Process2(2) —» Resource 2epriidl
(Stop, Stop, Appr, Using, RS2)
({Stop, Stop, Appr g, R52) . oo
stop2[tail 0]: Resource —> Process2(2)
(Stop, Stop, Stop, Using, Occ) stop tailg)
leave[3): Process2(3) ~> Resource
3 (3) e
[sing)
appziz
Stow stop2ftailg]

Hinh 4.20 Man hinh mé phéng sw vdn hanh trong hé thong Process ResourceV2
Kiém chitng hoat ddng ca hé théng
- Kiém chiing tinh c6 thé dat duoc (kha ning toi duoc 1 trang thai nhat dinh)

Cu phép: E<>¢ (trong d6 ¢ la cong thuc trang thai) y
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E<>Process1(0).Using kiém tra xem mot qua trinh c6 chuyén sang trang thai
Using dugc khong.
E<>Process1(2).Using.

E<> Resource.Occ: kiém tra xem mét qué trinh c6 chuyén sang trang thai Occ
duoc khong?

- Kiém tra tinh an toan (mot diéu gi d6 luon ludn ding)
Cu phép: A[] vaE[]

A[]Process1(0).Using && Process2(2).Using: dam bao tai mot thoi diém chi c6
nhiéu nhat mot qué trinh duoc sir dung ving tai nguyén (tinh khong xung dot).

A[] Resource.listfN1+N2] == 0 dam bao khdng cé qua n qua trinh trong hang
doi.

- Kiém tra tinh liveness cua hé thong (tinh chat nay dam bao mot diéu gi d6
trude sau gi cling xay ra)

CU phép: A<> @: Chi ra rang ¢ luon duoc thoa man
@-->y . Khi ¢ thoa man thi y cling théa man.

Process1(0).Appr --> Process1(0).Using: Bam bao mét qué trinh 1 khi ¢6 nhu
cau st dung thi s& dugc sir dung.

Process2(2).Appr --> Process2(2).Using

E<>Process1(0).Using imply Process2(3).Stop: dam bao mot qua trinh dang st
dung thi tat ca cac quéa trinh khac déu trong trang théi phai cho.

E<>Process1(0).Using and Process2(2).Using: Dam bao 2 qué trinh khac nhau s¢&
khong cung duoc st dung.

- Kiém tra 6-t6-mat c6 roi vao deadlock hay khong
Cu phép A[] not deadlock
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KET LUAN

Ngay nay, véi su phat trién ngay cang manh trong khoa hoc, k§ thuat, quan su va
y té. Cac hé théng co yéu té thoi gian ngay cang tro nén pho bién va khang dinh
vi tri quan trong cua nd trong moi linh vuc cua doi sdng xa hoi. Viéc dic ta va
kiém chitng mot hé thdng thai gian thuc tro nén cap thiét hon bao gid hét va viéc
dua cong cu dé dic ta va kiém chiing tu dong cho hé thdng thoi gian thuc 12 mot
xu thé tat yéu phd hop vai su phét trién vii bio cua khoa hoc cong nghé.

Cong cu kiém chiing Uppaal véi giao dién than thién, kha nang kiém chung toi
uu dya trén co s6 md phong su van hanh cua hé théng theo thoi gian ciing nhu
kiém ching duoc cac dic tinh quan trong cua hé thong nhu tinh an toan, kha
ning dén duoc, tinh not deadlock théng qua cac dong lénh don gian da khién
Uppaal tra thanh mot cong cu kiém ching tét nhat hién nay doi voi cac hé thong
c6 yéu té thoi gian.

Viéc nam bat va sir dung duoc mot cong cu tot nhu Uppaal cd ¥ nghia rat quan
trong, hon nita viéc xay dung nén cac hé thong dic trung cé gia tri ung dung thuc
té, dac ta va kiém chang né trén cong cu Uppaal 1a mot nhiém vy rat can thiét,

Téc gia da tim hiéu va sir dung thanh thao bo cdng cu kiém ching Uppaal dong
thoi nghién ciu va xay dung duoc 4 vi du vé hé théng thoi gian gia dinh cd tinh
g dung trong thuc té (hé thdng tu dong phan loai san pham va hé théng diéu
khién viéc sir dung chung nguon tai nguyén),van dung dic ta va kiém chiing cac
hé thdng d6 bang cong cu Uppaal. Pay 1a nhimg budc dau, cac vi du vé cac hé
thong con kha don gian. Hon nita diém han ché cta cong cu nay la phai md
phong dugc c& hé thdng thoi gian thanh hé 6-t6-mat thoi gian (mét nhiém vu
khong phai 1a dé dang ddi véi nguoi st dung).

Trong twong lai, tac gia mong mudn s& mé rong ra dac ta va kiém ching cho céc
hé théng phirc tap hon véi cac rang budc thoi gian chat ché hon, déng thoi tim
hiéu dé c6 thé ty dong hda nhiéu hon ngay tir khau dic ta.
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