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LOI MO DAU

X4 hoi phat trién, cong nghé thong tin ngdy cang giir vi tri quan trong trong
doi sbng va ky thuat. N6 giup cho cic nha quan 1y kinh doanh, thwong mai ,quan
doi,cac hoat dong cia con nguoi trong nhiéu linh vuc dem lai hiéu qua cao. Pac biét
van dé vé diéu khién da hd tro con nguoi déc luc trong viéc diéu khién tu dong. Viéc
xay dung cac phan mém nhu viy doi hoi phan mém thuc thi phai c6 d6 chinh xac cao
dic biét 13 ludn co cac rang budc lién quan dén thoi gian. Hién nay c6 rat nhiéu cac
nghién ctru ciing nhu cac phan mém hd trg cho viée thiét ké hé thong thoi gian thuc
dugc tng dung trong nhiéu linh vuc khac nhau vi du nhu: hé théng diéu khién khong
Iwu, diéu khién tau bién, cac hé thong 6 t6, may bay, tau hoa... Co nhiéu cac cong cu
khac nhau tir 1y thuyét dén thuc nghiém dé lam viéc nay, tuy nhién, ddi vdi cac hé
thong thoi gian 14 mot cong cu 1y thuyét duoc rat nhiéu nguoi ding véi phan mém trg

ddc ta Uppaal.
Do an trinh bay trong ba chuong véi ndi dung mdi chuong nhu sau:

Chuong 1: Tim hiéu vé Model checking va 1y thuyét hé thoi gian thuc (Real

timed system).
Chuong 2 : Tim hiéu vé 1y thuyét Otomat thoi gian (Timed automata)

Chuong 3 : Thr nghiém dic ta hé théng véi cong cu Uppaal.



CHUONG 1:
TIM HIEU VE MODEL CHECKING VA LY THUYET VE
HE THOI GIAN THUC

1.1 POI NET VE MO HINH KIEM TRA (MODEL CHECKING) TRONG
CONG NGHE PHAN MEM

Trong linh vyuc khoa hoc may tinh logic, logic c¢6 théa man duogc cu tric nhit
dinh.Model checking dé cap dén cac van dé sau day: Cho mot mo hinh cua mot hé
thong, kiém tra ty dong moé hinh ndy xem c6 dap tmg mot sd dic diém k¥ thuat da cho
hay khong. Théng thudng, mot trong nhitng hé théng c6 trong tim 13 phan cimg hoic
cac hé thong phan mém thi dic diém ky thuat yéu cau vé safety (an toan) khong thé
vang mit cia deadlocks va cac trang thai quan trong twong ty ma co6 thé gdy ra hé
théng sup db. bé giai quyét nhu mot van dé cua thuat toan, ca hai mo hinh caa hé
théng va dic diém ky thuat duoc xay dyng & mot sé ngon ngit toan hoc chinh xac. Bé
két thac véan dé nay, n6 dugc xay dung nhu la mgt nhiém vu trong cu thé 1a dé kiém tra
xem c6 thoa man cong thirc dat két qua yéu cau khong. Mot van dé kiém tra don gian
mo hinh 13 13 di kiém tra xac minh xem liéu mot cong thirc trong ménh d& logic co

thda méan duoc cau tric nhét dinh.

Model checking 1a mdt k¥ thuat trong viéc kiém dinh cac hé théng hiru han
trang thai dong thoi nhu cac thiét ké mach tuan tu va cac giao thirc giao tiép. N6 ¢o
mot sb 1oi ich trén céc tiép can truyén thong d6 1a dya trén cac mo phong, kiém tra,
suy dién, 1ap luan. Mdt cach cu thé, Model Checking la mot ki thuat tu dong hoan toan
nhanh,néu & phan thiét ké co chira 16i Model Checking s& san sinh ra mot phan vi du

ma co theé dugce st dung dé xac dinh ra nguén gdc cua 161.

Thach thirc chinh trong Model checking 14 gidi quyét bai toan bung nd cac trang
thai bai toan ndy xay ra trong hé thong v6i nhiéu thanh phan twong tac voi nhau hoic
cac hé théng voi cac cAu trac dit liéu co thé gid dinh rat nhidu dit liéu khac nhau.
Trong truong hop nhu vy sd cac trang thai toan cyuc c¢6 thé 13 rat 1én. Cac nha nghién
clru d3 c6 nhitng bude tién dang ké trong viée giai cic bai toan nay trong nhitng nim

gan day.


http://translate.googleusercontent.com/translate_c?hl=vi&ie=UTF-8&sl=en&tl=vi&u=http://en.wikipedia.org/wiki/Logic_in_computer_science&prev=_t&rurl=translate.google.com.vn&usg=ALkJrhiGKSnECF9g4g78zaCAGoW8f47qMA
http://translate.googleusercontent.com/translate_c?hl=vi&ie=UTF-8&sl=en&tl=vi&u=http://en.wikipedia.org/wiki/Deadlock&prev=_t&rurl=translate.google.com.vn&usg=ALkJrhib3ITWuUppU7es2qwkDmrrvvI4PQ
http://translate.googleusercontent.com/translate_c?hl=vi&ie=UTF-8&sl=en&tl=vi&u=http://en.wikipedia.org/wiki/Crash_%28computing%29&prev=_t&rurl=translate.google.com.vn&usg=ALkJrhjFz7NH3BbUWbAKiZg5t3kdltVvbg

1.1.1 Céc yéu ciu ciia md hinh h¢ thong

_ Safety (an toan): Hé thong s& khong phat sinh 156i (some thing bad will never

happen).

_ Liveness: Thudc tinh ndy dam bao rang thudc tinh tdt nhit dinh s& xay

ra.(something “good” will happen but we don’t know when)
1.2 GIOI THIEU VE HE THOI GIAN THUC
1.2.1 Khai niém

Trong céc tai lidu ciing nhu trong thuc té, khai niém thoi gian thuc va hé théng
thoi gian thyc khong phai luc nao cling dugc hiéu mot cach thong nhat. Nhidu nguoi
cho rang hé thong thoi gian thyc 1a mot hé thong phai 1am viéc véi yéu cau thoi gian
rat nhanh. Vi du cac hé théng diéu khién tay may, diéu khién dong co.... Lai c6 ngudi
cho rang thoi gian thuc 13 thoi gian tuyét d6i, hé thong thoi gian thyc 1a mot hé thong
c¢6 kha ning 1am viéc v6i thoi gian tuyét dbi theo gio phit gidy ngay thang. Vay ching

ta nén hiéu thé nao 1a hé théng thoi gian thyc?

Hé théng thoi gian thuc (RTS — Real Time System) 1a mot hé thong ma tinh
dung din cta né khong chi phu thudc vao cac két qua logic né tao ra ma con phu thude

vao cac thoi diém cac két qua dugc tao ra.

Nhu vay, h¢ théng thot gian thyc 1a mot hé théng ma su hoat dong tin cay ctua
no6 chi phu thude vao su chinh xac cua két qua ma con phu thudc vao thoi diém dua ra

két qua. Hé thong c6 16i khi yéu ciu vé thoi gian khong dugc thoa man.

Hé théng thot gian thuc dugce thiét ké nham tra 101 lai cac yéu td kich thich phat

sinh tir cac thiét bi phan clng.

Trong thyc té, cac yéu td kich thich xay ra trong thoi gian rat ngan vao khoang
vai mili gidy, thoi gian ma hé thng tra 10i lai yéu t kich thich d6 tot nhat vao khoang
dudi mdt gidy, khoang thoi gian dé xir 1y mot sy kién nhu vay dugc goi 1a dealtime,

dealtime duoc xac dinh boi thoi gian bat dau va thoi gian hoan tit cong viéc.

Trong RTS ciing can quan tim xem nhitng cong viéc thoi gian thuc c6 tuin
hoan hay khéng. Ddi vé6i real-time duoc hiéu cong viée tuan hoan dealtime 4n dinh

theo ting chu ki xac dinh, dbi véi cong viéc khong tuan hoan dealtime xac dinh vao
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luc bat dau cong viéc. Cac bién cd kich hoat cong viéc khong tuan hoan thuong dua

trén k¥ thuat xir Iy ngit cta hé thdng phan ctng.

Mot hé thong realtime duoc hiéu 1a mot hé théng lam viée vai cac sy kién tirc
thoi (realtime). Tuy nhién khong phai moi hé théng déu ¢ thé thuc hién dugc nhitng
qui dinh tirc thoi hay dap tra lai sy kién mot cach tirc thoi nhu chiing ta mong muén.
Khi bit tay xay dung cac ing dung phin mém chung ta luén mong mudn thoi gian tré
dé dua ra mot 1énh hay mot quyét dinh 1a nhé nhat, hay khi xay dung cac ing dung
phan ctng ching ta lai mudn thoi gian dua ra mot tin hiéu dap tra mot sy kién 1a phai
gan nhu tirc thoi, nhung su thue khong duge nhu vy vi cac hé thdng dap ung su kién
bao gid cling c6 mot thoi gian tré nhat dinh. Khai niém “hé théng thot gian thuc”,o
day hiéu ngam nhu mot hé thong dap ung su kién voi mot thoi gian tré chap nhan
dugc hay noéi cach khac, hé thoi gian thuc 1a hé théng cO cac rang budc vé thoi gian

d6i voi cac hanh dong cia hé thong.
1.2.2 Pic diém ciia hé thong thoi gian thuc

Tinh bi dong: hé théng phai phan tng véi cac su kién xuat hién vao céac thoi
diém thuong khong biét truge. Vi du: Su vuot ngudng cua mdt gia tri do, sy thay doi

trang thai ctia mot thiét bi qua trinh phai ddn dén cac phan tng trong bd diéu khién.

Tinh nhanh nhay: Hé thong phai xtr Iy thong tin mot cach nhanh chéng dé cé
thé dua ra két qua phan tng mot cach kip thoi. Tuy tinh nhanh nhay 1a mét dic diém
tiéu biéu nhung mot hé théng c6 tinh ning thoi gian thuc khong nhat thiét phai c6 dap
mg that nhanh ma quan trong hon 13 phai c6 phan ung kip thoi ddi voi cac yéu cu,
tac dong bén ngoai.

Tinh dong thoi: hé théng phai c6 kha niang phan tng va xir Iy déng thoi nhiéu
su kién dién ra. C6 thé cung mot luc bd diéu khién dugc yéu cau thuc hién nhiéu vong
diéu chinh, gidm sat ngudng gia tri nhiéu dau vao, canh gidi trang thai lam viéc cua
mot sé dong co.

Tinh tién dinh: Dy doan duoc thoi gian phan tng tiéu biéu, thdi gian phan tng
chdm nhét ciing nhu trinh ty dua ra cac phan tng. Néu mot bo diéu khién phai xir Iy

déng thoi nhidu nhiém vu ta phai tham gia quyét dinh duoc vé trinh tu thuc hién cac



cong viéc va danh gia dugc thoi gian xir Iy moi cong viée. Nhu vay ngudi st dung méi

¢6 co s dé danh gia vé kha ning dap tmg tinh thoi gian thue cua hé thong
1.2.3 Ciu tao hé thoi gian thuc

RTS c6 ciu tao tir cac thanh td chinh sau:

Pong ho thoi gian thyc: cung cap thong tin thoi gian thyc.

Bo diéu khién ngit: quan 1y cac bién ¢ khong theo chu ky.

Bo dinh biéu: quan 1y cac quy trinh thuc hién.

Bo quan 1y tai nguyén: cung cp cac tai nguyén mdy tinh.

B diéu khién thyc hién: khoi dong céc tién trinh.

Céc thanh t6 trén c6 thé duoc phan dinh 1a thanh t6 ciing hay mém tuy thudc
vao hé thong va y nghia sir dung. Thong thuong, cac RTS duoc két hgp vao phan cing
c6 kha nang tot hon so voi hé théng phan mém cé kha ning twong tmg va tranh duoc

chi phi qua dat cho viéc t6i uvu hoa phan mém.

Hé thdng thoi gian thyc 13 hé théng c6 rang budc vé thoi gian, tuy nhién néu
thoi gian rang budc nay bi vi pham (thoi gian tra 101 vugt qué gidi han cho phép) hé

thng van tiép tuc hoat dong binh thudng, tac hai khong dang ké.
1.2.4 H¢ diéu hanh thoi gian thuc

Cac h¢ théng thong thuong nham muc tiéu: tinh chinh xac,nang luc thuc hién
trung binh & muc co thé chép nhan dugc, trong khi d6 cac hé théng thoi gian thuc, mot
sb tiéu chi duoc dé cao, tinh chinh x4c, tinh kip thoi, hoat dong phai c6 tinh nhat quan.
Hé diéu hanh hé thoi gian thuc cling ¢6 cac chirc ning gidng cac hé diéu hanh thong
thuong, diém khac 1a hé diéu hanh thoi gian thuc phai c¢6 cac dic diém thoa man cac

tiéu chi cta hé thong thoi gian thuec.

Yéu cau duoc dit ra véi mot hé diéu hanh thoi gian thuc 13 kha ning du doan
trude. Yéu cau thir hai 1a c6 thé nhan biét va diéu khién tat ca cac thanh phan hé thong
trong cac hé diéu hanh truyén thong phan 16n phan cing va hé thong 14 an hoic triru
tugng dbi voi ngudi stir dung hodc cac nha thiét ké tmg dung. Tuy nhién ngudi sir dung

cac h¢ di€u hanh thoi gian thyc phai truy cap va diéu khién dugce cac hanh vi cua cac



thanh phan hé thong dé dam bao tinh tién doan duge. Yéu cau thir ba 1a hé diéu hanh
thoi gian thuc nén 1a hé théng ma, nghia 13 hé thdng dinh nghia mét tip cac co ché

mém déo, pht hop chtr khong tap trung vao chién lugc cu thé.
1.2.5 Visao chon hé thoi gian thuc

C6 thé noi tat ca cac hé thong diéu khién 13 hé thoi gian thuc. Nguoc lai mot s6
16n cac hé thdéng thoi gian thyc 1a cac hé thong diéu khién, khong hé théng didu khién
nao co thé hoat dong binh thuong néu nhu nd khong dap tmg dugc cac yéu cau vé thoi

gian.

Hé thong thoi gian thuc duoc (mg dung phd bién trong rat nhidu linh vyc nhu
thuong mai, quan doi, y té, gia o duc, co so ha ting... va ngdy nay dang phat trién

manh m¢& ma mot so linh vuc ti€u bicu:
> Céc hé thong phuong tién nhu : 6 t6, xe dién ngdm, may bay, tau hoa.....

>  Céc hé thong diéu khién giao thong: diéu khién khong luu, diéu khién

tau bién. ..

Dudéi day 1a mot s6 vi du:

Hoat dong cia mot deén dién cd mot nut bat tat (dugc mo ta trong hinh 1).
Nguyén tic hoat dong.

+ Ban dau dén tit ngudi dung 4n vao nit mot an thi dén sang mo (dim)

+ Sau d6: néu nguoi dung an vao nut thém mot an nira thi dén sdng han 1én

(bright), néu nguoi ding 4n vao nit 2 an lién tiép thi dén tat (off).

+ Khi dén dang & ché do sang (bright) ngudi dung chi can 4n vao nat mot lanthi

deén sé tat.

push
/7 push
N | off | | — -.'fhm | puT Pnghli

push
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Hinh 1. M6 hinh dén don gian

Nhung mét diéu dang luu ¥ & ddy 1a dén hoat dong van con nhip nhing khong
16 rang khong dua ra mot qui dinh cu thé bat nit trong khoang thoi gian nhu thé nao

thi dén sang mo, dén sang han va den tat.
dong ho thoit gian thyc hoat dong cua no la:
+ Ban dau deén tat nguoi dung an vao nut mot cai dén chuyén sang sdng mo

+ Sau d6 nguoi dung an nut giit trong khoang thoi gian nho hon 2 gidy thi dén

sang néu ma an nut giit trong khoang thoi gian 16n hon hodc bang 2 gidy thi dén tit.

+ Sau khi dén sang lén(bright) ma ngudi ding an vao nat mot cai thi dén ciing

tit tr& vé trang thai ban dau.

push

Hinh 2. M6 hinh dén Kkhi c6 thém rang budc
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CHUONG 2:
LY THUYET VE OTOMAT THOI GIAN

2.1 PINH NGHIA OTOMAT THOI GIAN

Mot otomat thoi gian (timed automata-TA) 1a mot tap gém 6 thanh phén (L, I
C, A E ], trong do:

L 1a tap cac trang thai (locations)

loeL 1a trang thai ban dau
C 1a tap cac dong hod
A 13 tap cac hanh dong (actions)

~ E e LxAxB(C)x2°x L 1a mot tap c4c canh giita cac trang thai véi mot hanh

dong, mot rang bude 1a bod déng hd phai dugc Reset vé 0.
- 1:L — B(C) chi dinh bét bién cho cac trang thai.
2.2 KHAINIEM VE OTOMAT THOI GIAN

Otomat thoi gian thyc 18 mot may hiru han trang thai véi mot tap cac d@)ng ho.
Mdi déng ho 12 mot ham sd anh xa vao mot tap sb thue khong am, nd ghi lai thoi gian

troi qua gitra cac su kién. Cac dong ho dugc dong bd hoa vé mat thoi gian.

Ching ta xét mot vi du ctia bo diéu khién tu dong trong viéc mo va dong céng
tai chd giao nhau cta duong sat. Hé thong bao gdm 3 thanh phan: tau (TRAIN), cong
(GATE), va bo diéu khién ( CONTROLLER).

2.2.1 Mb ta cach dich chuyén cac trang thai timg thanh phan cia TRAIN,
GATE, CONTROLLER nhu sau:

o M6 td m6 hinh TRAIN (tau):
+ Tap cac hanh dong 1 A = {approach, exit, in, out, id;} trang thai bt dau 14 s,
+ Véi L 1a tap cac vi tri sg € L 1a vi tri ban dau

+ C la tap ddong ho C = x
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+ E 12 mot rang budc dong hd phai reset vé 0

~ +1:L — B(C) chi dinh bt bién cho céc trang thai.

Tai vi tri ban dau s, v6i hanh dong idr dé thoi gian tréi qua trong lc tu chua

di vao toi cong. Tau truyén dén bo diéu khién (controller) v6i 2 hanh dong 1a tiép can

(approach) va thoat (exit) khi tau di vao vi tri s; bo diéu khién véi hanh dong tiép can

(approach) dong hd thoi gian duogc reset = 0 trong khoang thoi gian ma x>2 tau sé di

ti€p vao dén vi tri s, sau do tau ra khéi vi tri s, ngay sang luon vi tri sz lic nay néu

dé)ng hd thoi gian ma chay voi x<5 thi bd diéu khién nhan dugc 1énh cho tau thoat va

dong ho duoc reset vé 0.

idT
approach
(&)
x:=0
exit in
(x=B)? (x=2)7

@‘ 5,
out

Hinh 3. Mé hinh TRAIN
% Mo ta md hinh GATE (cong)
+ Tap cac hanh dong la A = {lower, down, raise, up}.
+ V&i L 1a tap cac vi tri so € L 13 vi tri ban dau
+Clatap donghd C =y

+ E 12 mot rang budc dong ho phai reset vé 0

- +1:L — B(C) chi dinh bét bién cho cac trang thi.

Tai vi tri so 13 trang thai ban dau cong (GATE) chwa nhan tin hiéu tir b diéu

khién véi hanh dong idg khi d6 mot dong ho thoi gian y reset y =0 IGc nay tau chuyén

sang trang thai s; cong nhan dugc tin hiéu tir b diéu khién véi hanh dong 1a ha xudng

(lower) ,tai s; ndy ma dong ho trong khoang thoi gian y < 1 bd diéu khién s& phat tin
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hiéu cho tau di xuéng (down) dong thoi khi ndy cong s& chuyén sang vi tri s, .Tai vi tri
s, ndy cong ¢ trang thai idg nén bd diéu khién s& reset ngay dong hd thoi gian y = 0 lai,
dé cho cong tiép tuc nhén tin hidu v6i hanh dong kéo 1én (raise) va chuyén sang vi tri
ss, trong khoang thoi gian 1<y<2 thi tau duwoc di 1én va cbng lai duoc quay vé trang

thai ban dau s, voi hanh dong idg,

1riG
lower
—(&)
y:=0
up down
(y=1) r(y<2)7? (y<l)?
Y=
raise
id

Hinh 4. Mé hinh GATE
% M0 hinh mo ta bd diéu khién(CONTROLLER).
+ Tap cac hanh dong la A = {approach, exit, raise, lower, idc}
+ Vi L 1a tap cac vi tri sg € L 1a vi tri ban dau
+Clatap donghd C=z

+ E 12 mot rang budc ddng hd phai reset vé 0
~ +1:L — B(C) chi dinh bat bién cho cac trang thai.

Tai vi tri sq 14 trang thai ban dau bo dicu khién (CONTROLLER) vé6i hanh dong
ide khi d6 n6 thiét 1ap mot dong hd z = 0 bo diéu khién chuyén sang trang thai sy, & vi
tri s; ndy ma trong khoang thoi gian z = 1gdp hanh dong ha xuéng tir cong GATE
(lower) thi bd diéu khién chuyén sang trang thai s, tai ddy dong hd duogc thiét 1ap lai z
= 0 va gap hanh dong exit la cho tau dugc thoéat va bo dicu khién chuyén sang trang
thai s; khi ma dong hd thoi gian chay trong khoang gia tri z <1bo diéu khién gip hanh
dong kéo 1én ctia cong GATE sau luc d6 bo diéu khién s& quay tré vé vi tri ban dau s,

v6i hanh dong idc.
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<Trﬁx} approach

z:=0
raise lower
(z<l)? (z=1)7
z:=0
- 52
exit

Hinh 5. M6 hinh CONTROLLER
2.2.2 Pinh nghia 2 (ngir nghia ciia TA)

* Cho (L, lp, C, A, E, I) 1a mot Otomat thoi gian. Ngit nghia ctia TA dugc
dinh nghia nhu mot hé dich chuyén dugc gan nhan < S,sg,— >, trong d6 Sc L xR la
tap céac trang thai, so = (lo,Up) 12 trang thai ban dau, —S x {IR- oA A} x S 14 sy truyén

c6 quan h¢ nhu sau :
— (lu+d)ynéu,0<d’<d=u+d eIl

— (Iyu' )néucoe=(l,a,9,r, ") e Esaochou eg,u’=[r—0]u,vau’ el
() mad € Ry, U + d anh xa mdi dong hd x trong C dén gia tri u (x) + d, va[r — 0] u

biéu thi gia tri dong ho ,mdi gia tri trén dong hd 13 r =0 va u néu u thuéc C\ r

Mot mang Otomat 1a mot Otomat bao gém nhiéu cac Otomat thanh ph?ln duoc

biéu dién nhu sau: Cho o#; = (L, IiO,C, A Ei )
Trong d6 1< i< n, mdt vector trang thai 1= (I, ...,l,)
Céc trang thai bat bién I(1) =I(I;) ,va ....1(1,)

[[I; /7] ki hiéu vector trang thai nay la trang thai /’;thay thé cho trang thai I;
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2.2.3 Pinh nghia ciia mét mang otomat thoi gian (Semantics of a Network of

Timed Automata)

oi= (L, I% C, AE; ;) 1a mot Otomat thoi gian. Trong d6 10 = (I,°...,1,") 14
cac vector trang thai. Ngit nghia dugc dinh nghia nhu mot hé chuyén dich < S,s9,— >,
trong d6 S = (Ly X ...x Ly) x R® 1a tép cac trang thai, so= (lp, Uo) 14 trang thai ban dau,

va — S X S co quan hé truyén nhu sau :

>  (Lu—-(lu+d) véio<d <d u+del(l)

> (I, u) — (1 [I)/ 1], w) voi | —2 I stueg, u=[r—0luvauw
el(l)

> (Lbu— AU/, 5],0) véili— Dyval —gi o1 stue(giva
gy, w=[riur —0]vaw el(l)

Mot vi du cho mang otomat thoi gian:

press?
bright
idle
press? press!
press? o
press’
(a)bén di¢n (b) Nguoi dung

Hinh 6. Vi du vé dén dién don gian
Hinh 6. Cho thdy mo hinh mot otomat thoi gian 1a mot dén don gian.

(Lamp.off,y=0) —(Lamp.off, y=3) —(Lamp.low, y=0) —(Lamp.low, y=3)
—(Lamp.low, y=0) —(Lamp.low, y=0.5) —(Lamp.bright, y=0.5) —(Lamp.bright,
y=1000).....
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CHUONG 3:
THU NGHIEM PAC TA HE THONG VOI CONG CU UPPAAL

3.1 GIOI THIEU

UPPAAL 13 mot mdi trudng tich hop cho cidc md hinh, mé phong va kiém tra
hé thdng thoi gian thyc cing phat trién boi co ban nghién ctru khoa hoc may tinh tai
dai hoc Aalborg & Pan Mach va cuc cong nghé thong tin tai dai hoc Uppsala & Thuy
Pién. D6 1a thich hop cho cac hé théng c6 thé duge mo hinh nhu mét tip hop cac qui
trinh phi x4c dinh véi co cau kiém soat hiru han va c6 gi tri thuc té dong ho, giao tiép
thong qua cac kénh hodc chia sé cic bién. Linh vuc tng dung dién hinh bao gdm diéu
khién thoi gian thyc va giao thirc truyén thong noi riéng nhitng noi ma cac khia canh

ctia thoi gian rat quan trong.

UPPAAL la mdt moi truong tich hop cho cac mé hinh, xac nhan va xac minh
ctia hé thong thoi gian thyec mé hinh nhu mang ludi ctia automata hen gid, mé rong véi

cac loai dit liéu (s6 nguyén, mang, vv...).
3.1.1 Phat hanh

Vi¢c phat hanh chinh thirc hién nay UPPAAL 4.0.1 (ngay 11 thiang 2 nam
2010) viéc phat hanh 4.0 1a két qua cta phat trién thém va nhiéu tinh ning méi va cai
tién duogc gioi thidu. Dé hd trg cac mo hinh tao ra trong phién ban truéc cua UPPAAL,
phién ban 4.0 c6 thé chuyén ddi cac mo hinh cii nhét truc tiép tir cac GUI cach khac no
c6 thé chay trong ché do twong thich bang cach xac dinh UPPAAL — OLD —
SYNTAX bién mdi truong tir ngdy 26/02/2008. Phan phdi mot ban chup phat trién sap
t61 UPPAAL 4.2 su phat trién phién ban hién tai 1a 4.1.2 anh chup duoc phat hanh
ngay 11/09/20009.

3.1.2 Cai dit

Dé cai dit, giai nén zip-file. Diéu nay sé tao thu muc uppaal-4.0.7 c6 chua it
nhat cac tap tin uppaal, uppaal jar, vathu muc lib, bin-Linux, Win32-bin, lib, va demo.

Céc bin-thu muc tit ca can c6 cac verifyta hai tap tin (exe). Va may chu (exe). cong
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voi mot so tap bod sung, tuy thude vao nén tang. Cac thu muc demo-nén chira mét so

demo file v&i xml va hau t6.. g.

Luu y rang UPPAAL sé& khong chay ma khong ¢ Java 2 cai dat trén may chi
hé théng. Java 2 cho SunOS, Windows95/98/Me/NT/2000/XP, va Linux cé thé duoc

download tir http://java.sun.com.

Cac phién ban hién tai cia UPPAAL hién khong c6 phién ban hd trg, né chay
trén moi trudng Java (JRE). Ban can phai st dung phién ban gan day nhit sin sang
cho nén tang cua ban. Kha ning tuong thich cic van dé v6i Windows Vista da duoc
bao c4o, tuy nhién nd dang tin rang nhitng van dé 1a do JRE nay. Xin vui long kiém tra
xem lai han sir dung JRE méi nhat cho Windows Vista trudc khi bao cao bat ky van dé

v6i Uppaal chay trén Windows Vista.

Dé chay trén cac hé thdng Linux UPPAAL chay kich ban c6 tén 13 'uppaal'. Dé
chay trén cac hé thong Windows 95/98/ME/NT/2000/XP nhan dap chudt vao tap tin

uppaal.jar.
3.1.3 UPPAAL tr¢ gilp
Cong cu UPPAAL bao gdm ba phan chinh:
~ Mot giao dién ngudi ding d6 hoa (GUI)
- Mot may chu xac dinh
- Mot cong cu dong 1€nh

Céc giao dién dugc st dung cho mo hinh, m6é phong va xac minh. DPdi voi ca
hai m6 phdong va xac minh giao dién st dung may chu xdc minh. Trong mo6 phong nay
may chu duoc sit dung dé tinh toan cac trang thai ké tiép nhau.

3.1.4 Mb hinh hé thong EDITOR (Bién tip)

Céc bién tap vién hé théng duoc su dung dé tao va chinh stra hé théng dé duoc
phan tich. Mot mo ta hé théng duoc xac dinh bai mot tap cac qui trinh mau (c6 thé véi
céc td khai cuc bo) khai bao toan cuc, hé thong dugc dinh nghia trong phan nay gitp ta
md ta , va noi dé dat khai bao. 1am thé nao dé su dung khung bén trai cia trinh bién

tap, duoc goi la cay chuyén hudng, lam thé nao d€ vé automata vdi bién tap vién.

18



Ngbn ngit mo ta hé thong dugc st dung trong UPPAAL dugc md ta trong cac ngdn

nglr tham khao.

3.1.5 SIMULATOR (Mb phéng)

Mo phéng 1a mét coéng cu xac nhan cho phép kiém tra viéc hanh quyét c6 thé
ning dong ctia mot hé thong trong thiét ké ban dau (hodc mé hinh) giai doan. Trong ¥
nghia nay, n6 cung cip c6 nghia 1a khong ton kém phat hién 13i trudce khi kiém tra x4c
minh cta mé hinh, gia 14p nay ciing duoc sir dung dé hinh dung, hanh quyét (ttc 1a

dau vét biéu tuong).
3.1.6 VERIFIER (X&c minh)

Xéac minh 12 dé kiém tra xem hé théng c6 an toan hay khdng. Trong phin nay
gitip chuing ta mo ta lam thé nao dé sir dung cac cong cu, lam thé nao dé chi dinh va
x4c minh yéu cau. Cac yéu cdu dic diém ky thuat ngdén ngit va xac minh lua chon

dugce mé ta trong cac phan riéng biét.
3.1.7 M0 ta hé thong

Mot md hinh hé théng trong UPPAAL bao gom mdt mang ludi cac qui trinh
mod ta nhu 1a mé rong theo thoi gian automata , cac mo ta ciia mo hinh bao gom ba

phén: khai bao cuc bd va toan cuc, cac mau otomat va dinh nghia h¢ théng .
3.1.8 TEMPLATES (Céac méiu)

UPPAAL cung cdp mot ngdn ngit phong phu dé xac dinh cic mau trong cic
hinh thic mé rong theo thoi gian. Trai nguoc véi otomat cb dién, otomat trong
UPPAAL c6 thé sir dung mot ngdn ngit biéu thirc dé kiém tra va cap nhap dong ho,
cac bién, cac loai hd so, goi nguoi dung dinh nghia chic ning ning v.v....Cac miu
otomat bao gdm: dia diém va cic canh. Mot mau ciing c6 thé c6 khai bao cac bién cuc

b va bién toan cuc.
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I e [T me{m: e e cermid
\.________‘_/

+  Templates may be parameterised:

int v; const min; const max

\\\\\\}n:jﬂ,x] e; const id

+ Templates are instantiated to form
processes:

P:= E(1,1,5):
Q= ‘E‘—':jf':r‘q);

Dirag cut a ;|
e | Irangabe
- Globd declaralions Teaind:=Teain|=l, 9|; Trainl:=Train (el 1) ;
=% Tan Traind:=Train|el, 4]; T N - b
-ew Declaiglions Oaene: <Tneueue fel) 2 TrainZ:=Traini(sl, 2);
=5 Gate '
= 4 IFtGueus

11

Hinh 6. Vi du vé miu
3.1.9 Tham s

Cac mau va chirc ning dugc parameterised. Ct phéap cho céc tham sé duogc xac
dinh boi ngir phap cho tham s6:

Tham s6 :: = [ tham s6 (', Cac thong s6 ) *]

Tham s6 :: = loai [' & '] ID ArrayDecl*

Danh sach tham s6 khong duogc két thuc bai dau «;”

>

Chu y: théng s6 mang phai dugc bit dau = 1 ddu “&” duoc thong qua tham

chiéu.
Cac vi du:
P (d6ng hd &x, bool bit)
Q (dong hd & x, ddng hd &y, int i1$i2, chan chan $a, $b)

Qui trinh miu Q c6 6 tham sb: 2 ddng hd, 2 bién nguyén (v6i pham vi mic

dinh) va 2 kénh

- Kbhai bao
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£ C/Documents and Settings, Kim/Desktop /upp ani-3.4.7/demae fErain-gate.soml - IPPABL i [=1 7}
Fle  Templskzs V=g Quedies Oplicns Help
RBamae ak @ - - _
il
System Editer | Simalar | Veiifer | i
Clrag cut | IE N
4§ raingate * For moce detsils shout thisz sxample, === N
el 5 bl d=claralions # Thuconatlc Verirication of Real-Tiwe Cownunicating Systews by Conscrainc Solving”,
-8 Tiak * by Wanyg Fi, Paul Pettersaon and Mats Daniels. In Proceedings of the 7th International
[+ Gt * Ponferenc= oo Formal Description Techniques, pages 223-238, Worth-Holland. 1994,
5L IrtGusus ay
& Puocess assignmerts
& Spslem defivition const M 5f £4 ¥ trains + L
Louio, el Constants
chan appr, stop, oo, leawe: )
chan empty, nokempty, hd, add, rem; BoundEd |nteger5
| rain-gats .
--a Global declarafions elodk xz Channels
= Tt Clocks
™
=
A rangate ©[0,0] List[N], 1 i
® Gioba declraion: FoElEAL LSO e, Arrays
=51 Tiain
® Declaations
5 Bt Templates
= B IntGueys
IENNETY -\ I Processes
-
- Tealnl:=Trait|el, 17
® Spzlem defivition '[':m.nZ::Tl:m.n|=1: 2|: Systems
Tealnd:=Tralu|el, 3|2
Teaitndi -Tratnlel, 407 ”-I
= HD;‘:; i agsten
* aens Treinl, TrainZ, Train3, Traind,
& Piocess assignments
Gace, Queue;
Ll vsierm drsivilion

Hinh 7. Vi du vé khai bao

Khai bdo (cho mgt mau) va c6 thé chura cac khai bao cua dong hd, s6 nguyén,

cac kénh, mang, hd so, va cac loai. Ca phap 12 mé ta bang ngit phap cho cac khai béo:
khai béo:: = (VariableDecl | TypeDecl | Chtrc nang | ChanPriority ) *
VariableDecl:: = Loai VariablelD (,' VariableIlD) * ;'
VariablelD:: = ID ArrayDecl * ['=" Initialiser]
Initialiser:: = Expression
| "(Initialiser (', 'Initialiser) *") '
TypeDecls:: = 'typedef' ID * Loai ArrayDecl (', ID ArrayDecl *) * ;'
Cacvidu
constinta=1;
bool b [8], ¢ [4];

o inta[2][3]1=((1,2 3),(4,5,6)),

e chand; // mot kénh d
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e chane;// motkénh e

. struct (int a; bool b;) s1 = (2, true);
e« metaint

int a;
int b;
Khai béo kiéu

Céc tir khoa typedef duoc sir dung dé dit tén cac kiéu
Vidu
Khai béo S ghi c6 chira mot sé nguyén a, b boolean mot va dong hd mot c:
typedef struct
(

int a;

bool b;

ddng ho c;
)S;

3.1.10 Cac dong 1énh (Command Line)

UPPAAL c6 thé duoc thuc hién tur dong 1énh béng cach sur dung cac 1énh sau

day trén unix :
uppaal [ OPTION ] ... [ FILENAME ]

Trén ctra so, cac 1énh sau day co6 thé dugc st dung (vi dy, bang cach su dung

"Run "trong Start Menu) :
java- jar \ duong dan \ uppaal.jar [ OPTION ] ... [ FILENAME ]

day 1a duong dan diy du dén uppaaljar file (nd cling can thiét dé xac dinh

duong dan day du dén java thuc thi).
Céc tuy chon tén tap tin dé cap dén mot méd hinh duoc nap luc khoi dong.
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Céc tuy chon dong 1énh c6 san la:
- antialias ngay | off

(Mac dinh trén)

engineName <filename>

Tén cuia may chu xac minh (mac dinh 1a may chu trén Unix va server.exe trén

Windows) s€ dugc sir dung béi cac GUI.
enginePath <path>

DPuong din dén may chil x4c minh (vi dy nhu bin - Win32 ) dé duoc st dung

bo1 cac GUL
3.1.11 Help
Hién thi mot ban tom tit cac tuy chon.
serverHost <name>
serverPort <no>
splashScreen ngay | off
V6 hiéu hoa hodc cho phép man hinh giat.
exportToEPS templateName
Pua ra mau dé dit tén EPS .
psColors ngay | off
3.1.12 vé

Bén phai ctua hé théng trinh soan thao dugc s dung dé vé& automata. Hién tai
c6 bdn cong cu v& ¢ tén Chon, Noi, Bién, va DPinh dai dién boi cac ndt trong thanh

cong cu .
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Hinh 8. Cac cong cu dé vé& automata

Chon cong cu duoc st dung dé chon , di chuyén, chinh stra va xo6a. Cac yéu tb
c6 thé duoc chon béng cach nhép vao chung, cac yéu td ¢6 thé duoc thém hodc loai bo
khéi vung lga chon bﬁng cach gitt phim diéu khién, viéc lwa chon c6 thé duoc di
chuyén bang cach kéo chudt. N6 ¢ thé thay doi nguon va dich ciia mot canh bang
cach di chuyén con chudt dé bat dau hodc két thuc ctia mot canh cho dén khi mot vong
tron nhé xuat hién. Kéo vong tron nay dén mot vi tri méi dé thay d6i ma nguén hoac

muc tiéu cia cac mép .

~ Add location: duoc str dung dé thém vi tri mdi. Pon gian chi can bim vao véi
nat chudt tréi dé thém mot vi tri méi.
~ Add edge: cong cu v& canh dugc st dung dé thém canh méi giita cac vi tri. Bit
dau canh bang cach nhéap vao vi tri dau.
~ Add nail : Céng cu duogc sir dung dé gin nhdn méi cho mot canh. Pon gian chi
can click va kéo bat ctr noi nao trén mot canh dé thém vao va dit mot nhin maoi.
boi vé6i nguoi dung voi ba nat chudt , nit chudt gitra co thé duogc dung dé tao ra
moi. trinh soan thao s€ tu dong chon cong cu chinh xéc: Nhép chudt vao mot chd tréng

tao ra mot vi1 tri méi , cach bam vao mot vi tri tao ra mdt canh moi.
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3.1.13 Thanh cong cu (Tool Bar)

Thanh coéng cu 1a binh thuong ndm ngay dudi thanh trinh don nhung c6 thé
duoc di chuyén (bé‘lng cach st dung con chudt) dén vi tri khac hodc tham chi dén mot
cira s6 riéng bi¢t. Thanh cong cu duoc chia thanh ba nhém. Hai nhém tan cung bén trai
cung cip truy cap nhanh vao mot s6 cac trinh don dugc sir dung cic muc thuong
xuyén nhat. Nhom bén phai chira cic cong cu chinh stra.

Nhém dau tién chira cac nut sau day: New, Open Project, va Save. Nhitng tinh
nang nay duoc mo ta trong menu File phan.

Nhoém thir hai chira cac nat sau day: Phong to dé Fit, Zoom In, va Zoom Out.
Tinh ning nay duoc mo ta trong phan menu View .

Nhom thir ba bao g6m cac cong cu dugc st dung trong trinh soan thao dé chon

va di chuyén cac yéu té ctia mot automaton, va dé thém dia diém, cac canh va nhan.

Tinh ning nay dugc mo ta trong phan vé trén .

3.1.13.1 Menu File

Hinh 9. Céc thanh phan menu file

Trinh don tin cing bén trdi ctia thanh menu 1a menu file. N6 chil yéu dugc sir
dung dé mé& va luu lai (mot phan ctia) mo ta hé théng hay chi tiét ki thuat yéu cau

duoc tao ra trong UPPAAL. Cac muc co san la:
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New System (hé thong méi): tao mot hé théng méi

Open System ( mé hé thong): tai mot hé théng da co tir tép tin. Cac yéu ciu
dic diém k¥ thuat twong tng (nghia 13 cing mot tén tap tin, nhung voi cac hau

té. Q) duoc nap vao xac minh, néu no ton tai.
Save System (luu hé thdng): hé thong luu trong trinh soan thao cho tap tin.

Save System As (lwu hé théng nhu): luu hé thong trong trinh soan thao mot

tap tin chi dinh.

Import Template:Mot cira ) hop thoai s€ duogc hién thi cho phép mot tap hop

cac san cac mau dé duoc nhap khau.
Export Template: Hién tai mau & dinh dang tap tin Encapsulated Postscript.
New Queries: dic ta yéu cau bién tap vi mot tap tin tréng.

Open Queries (M& cau héi): tai mot bd hién c6 cua cac chi tiét ky thuat yéu

cau tir tap tin.

Save Queries(luu cAu héi): dé luu thong s6 ki thuat yéu cau trong bién tap cac

tap tin.

Save Queries As(luu truy van theo): chi tiét ki thuat yéu cau trong trinh soan

thao dé mét tén file duoc chi dinh.

Exit (thoat): UPPAAL.
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3.1.13.2Menu Edit
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Hinh 10. Cac thanh phan menu edit

Céc menu Edit cung cép mot tp hop cac 1énh duoc hd tro trong trinh soan thao

hé théng. Cac mit hang 1a:

Undo

- Redo

- Cut

- Copy

- Paste

- Delete

- Insert Template

- Remove Template
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3.1.13.3Menu View

Hinh 11. Cac thanh phin menu view

- Trinh don xem dugc st dung dé stra do1 sy xuat hi¢n cua hé thong hién dang

duoc hién thi trong hé théng bién tap.

~ Zoom: hién thi mdt menu phu v&i zoom gia tri ¢d dinh, zoom dé phu hop véi
phong to trong, trén, hodc dé kich thudc binh thuong. Mot sy thay doi trong gia
trj zoom anh hudéng dén cac mau trinh bién tip hodc cac qua trinh trong gia 1ap

(néu mot trong nhitng cong cu duoc kich hoat).

_ Labels:hién thi mdt menu phy ma tir d6 ta c¢6 thé chon nhitng loai nhan s& dugc
hién thi trong viing v&. Ngay ca khi an, tat ca cac nhan c6 thé duoc nhin thiy
trong tooltip cia dia diém va goc canh.

~ Show Grid: 1u6i v& duoc hién thi khi mit hang nay duoc kiém tra.

~ Snap to Grid: lam cho cac ddi twong ban v& méi (nhu dia diém, nhén) sap xép
cho luéi dién snap. Kich thudc cua ludi snap c6 lién quan dén kich thuée cua
ludi vE.

- Luwu y: cac tiy chon Grid Snap d@é co thé str dung ngay ca khi luéi ban vé
khong dugc hién thi.

- Reload Simulator: Tac pham cua hé thong hién dang dugc nap vao trinh soan
thao, dé gia 1ap va xac minh céc.
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- Processes: hién thi mot cira sb hop thoai cho 4n va hién cac quy trinh trong
bang diéu khién qué trinh ctia mé phong nay.

~ Variables: hién thi mot cira s6 hop thoai cho an va hién thi cac bién trong bang
cac bién cua méd phong nay.

~ Full DBM: hién thi tt ca cac han ché trén dong ho trong bang cac bién ctia mo
phong nay. Néu khong duoc chon mot sd lugng tdi thiéu cac kho khin s& duoc

hién thi.

3.1.13.4Menu Tool (cong cu)

Hinh 12. Cac thanh phan menu tool

Trinh don céc cong cu chira mot bd cong cu hitu ich trong hé thong edtior . Cac
mat hang la:

« Check syntax (Kiém tra ct phap): kiém tra néu tim thdy bét ky 16i ndo déu
duoc canh bao va liét ké & phén dudi cua khu vuc vé cua hé théng bién tap.

«  Convert syntax (Chuyén doi cu phap): hd trg trong mot hé théng phu hop
v6i cac ca phap duoc sir dung trong UPPAAL 3.4 dén ca phap hién hanh.

« Align to Grid: 1am cho tat ca cac dbi twong hién c6 ctia miu hién tai hién

thi trén luoi.
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3.1.13.5Menu option

SR

L
Y Pararerers:
L]
’

Hinh 13. Cac thanh phian menu option
Céac menu tlly chon cac thiét 1ap dé kiém soét kiém tra mo hinh. Bao gom:
Search Order
State Space Reduction
State Space Representation
Diagnostic Trace
Extrapolation

Hash table size

v Vv Vv VvV VY VY V

Reuse
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3.1.13.6 Menu help

e B® pew Dok Qptons !
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{ Depg oot J§ e [Pt P arsatare
- Froisct

® Declwations

Y i

® Trstew dece wons

Hinh 14. Cac thanh phian menu help

Thuc don giup c6 hai muc: trg giup md ra mot cura ) riéng bi¢t hién thi cac
trang tro gitp, va vé ma mod ra mot ctra so hién thi sé phién ban va thong tin vé ban
quyén cia UPPAAL. Bao gom:

Help ... F1

About Uppaal
3.2 VIiDUPAC TA MO HINH TRAIN — GATE BANG UPPAAL

Y tuéng dang sau cong cu nay 1a dé 1am moé hinh mot hé thdng voi timed
automata st dung bién tap dd hoa, dua theo do dé lam cho no hoat dong nhu dinh
truge, va cubi cung dé x4c minh rﬁng no ding voi maot tap cac dac tinh. Giao dién dd
hoa cuia Java da uuClient phan 4nh y tuong nay va duoc chia thanh 3 phan chinh: bién

tap, md phong va su xac minh, co thé truy cap thong qua 3 tab.

31



L] E:/fuppaal-4.1. 2fuppaal-4. 1. 2/demo/train-gate.xanl - UPPAAL
File Edit Wiew Tools Options Help

Ba@ 9¢ @a’e R

Ed l’l Simulator | Yerifier
[ Draqg out ]: Marnes Parameters: |cc-nst id_tid
) Project
@ Declarations
)
‘E‘; iaake

o d System declarations

apprid]

x=0
K==7
x=0
Appr Start
x==20 x==15

¥x<=10

stop[id]?

A

Hinh 15.Vi du vé Train-Automata ciia Train-Gate.

Nt Select dd duoc kich hoat trén thanh cong cu. Trong ché do nay nguoi ta cd
thé di chuyén dia diém va cac canh, hodc chinh sira cic nhan (label). Cac ché d6 khac
dé thém vao cac dia diém, cac canh, va dinh cta céc canh (dugc goi 1a nail). Vi tri méi
s& khong c6 tén mic dinh. 2 trudng vin ban cho phép ngudi dung dit tén mau va cac
tham sb cta nd. Meo nhé: nat chudt gitra 1a mot cach tat dé thém cac yéu t6 méi, tirc 1a
nhan né trén cic mién, mot vi tri hodc canh cho biét thém mot vi tri méi, canh, hodc

nail tuong ing.

Trinh bién tap (The Editor): Mot hé théng dugc dinh nghia nhu 1a mét mang

clia timed-automata , duoc goi 1 tién trinh ciia cong cu, duoc xép song song. Mot tién
trinh dugc hién thi trong thuc té tir mot tham sé mau. Trinh bién tap dugc chia thanh 2
phan: mot khung cay dé truy cdp vao cac mau khac va sy cong bd, va mot mién vé /
soan thao van ban. Hinh 15 cho thiy trinh bién tap cung véi vi du vé Train-Gate &
trong phén 4. Céc vi tri da dugc danh tén va khong thay ddi, con cac canh thi duoc

danh tén v&i mot dicu kién an toan, dong bo, va sy phan cong.
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Cay & phia bén trai cho phép truy cip dén cac bd phan hé khac ciia hé théng mo

ta nhu sau:

Global declaration (su khai bao toan cuc): chira cac bién toan cuc kiéu

7
A

interger (s6 nguyén), dong ho, cac kénh dong bg, va cac hang so.

Templates (Cac mau): Train, Gate va IntQueue 1a cac tham sb khac nhau cua

4
A

timed-automata. Mgt mau co6 thé c6 cac bién cuc bd, cac kénh va cac hang so.

S it
File Templates Yiew Queries Options Help

Enabled Transitions
rinLs
{Train24.app1!, Gate.lapprd)

| Next | Reset |

stnnl_won Trace
RSO S, ST SO0, FIee SHIaunT

Queue.d)

&uop, Safe, Stop, Stop, Free, Starg

(Quene. 7.notemptyl, Gate, L.notempty?

&top, Sate, Stop, Stap, -, Stary

(Gare Z.hdl Queue.6.hi%)

Stop, Safe, Stop, Stap, Send, Start)

(Gate.fLgot, Tla.!ll.ti.w?}

Start, Safe 5top, Stop, Occ 5ta

(Trainl.5)

(Cross, Safe, Stop, Stog, Oce, Starh)

Trace File: |

Prev Next Replay

COpen Save Random
&

L _
3 I T
Slaw Fast it

Hinh 16. Khung nhin ciia tab mé phéng cho vi du vé Train-Gate.

Gatwe Queue

l1st]lery =ti

7 ene<+
nmem gyl = Q.Bj_'__

teresd L‘/:‘;\ \\. ‘Z/

5,

elwlinfo]

nd het

el

e

Traink Tran2 Traind Traind Gate Gusue

»
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System Editor | Simulator | Werifiar |

Drag out : Fid
1 train-gate | * For more details about This example, soe
-0 A ¢ thutomatic Veritication of Peal-Time Communicating Systems by Constraint Solving®,
[} Ciobal declararions A 7 by Wamg ¥i, Paul Pectersson and Hacs Danmiels. In Proceedings of the 7th International
& & Train A ¥ Conference on Formal Description Technigues, pages 223-238, North-Holland, 1994,
[ peclarations
L Cate i
) %Im@ueue Jeconst W =H A # trains + L
. AinTo.N] ET;
[ Declarations :fchan zppr, stop, oo, leave;
DF‘mcess assignments i chan empty, notenpty, hd, add, rem;
D Systern definition ;
[Ttrain-gate Jelock 'H
[} Global declarations :
2 5 Train
D Declarations :
& 5 Imaueus AAntro Nl Tisth. Ten, i
D Declarations :
& 5 Cate : Trainl:=Trzindel, L);
& 5 Intueue A Train2:=Train{el, 2);
DDecIaraﬂu:uns | Train3:=Train(el, 31;
. ATrarnd:=Trainiel, 4);
D Process assigniments 3 QUEUE:-II‘T‘:QUEUE{E]};
B Frocess aszignments a svsien
3
[ Swstern cefinition : Trainl, Trainz, Train3, Traind,
: Late, Queus;

Hinh 17. Sw khac nhau giira khai bao toan cuc va khai bao cuc bd trong vi du vé

Train-Gate.

Ching ta dua mdt vai &nh man hinh (screenshoot) cua cong cu dé thé hi¢n su

khai bao mot cach xuc tich.

Process Assignments (Cac tién trinh dugc phan cong): Mau dugc hién thi vao

cac qua trinh. Phan phéan cong tién trinh chira sy khai bao trong nhitng truong hop nay.

System definition (Pinh nghi hé théng): Mot danh sach cac tién trinh ctia hé
théng.

C phap dugc str dung trong cac nhan va cac khai bao 1a trong phan tro gitp
hé théng cua cong cu. Su khai bdo cuc bo va khai bao toan cuc dugc thé hién trong
Hinh 17 Cu phap d6 hoa duoc truc tiép dua vao tir nhitng mé ta cua timed-automata
trong phan 2.

The Simulator (Su mé phong): Sy md phong co thé duge diung theo 3 cach:
Nguoi dung c6 thé chay hé thdng bang tay (ttrc 13 khong ty dong) va chon kiéu chuyén
d6i dé thi hanh. Ché d6 ngiu nhién c6 thé duoc bat dé cho hé théng chay riéng, hoic

ngudi dung c6 thé 1am theo su chi dan (luu lai hodc nhép tir cac xdc minh) dé biét 1am
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thé nao dé mot ché do nao d6 c6 thé truy cap dugc. Hinh 10 thé hién sy moé phong. N6

dugc chia thanh 4 phan:

The control part (Phén diéu khién): dugc dung dé chon va kich hoat su chuyén

do6i, 1am theo chi dan, va bat ché do mé phong ngan nhién.

The variable view: thé hién gid tri cua cac bién kiéu integer (s nguyén) va
dé)ng hd. UPPAAL khong thé hién ché do cu thé véi cac gia tri thuc té cho déng hd.
Boi c6 vo van nhitng ché do nhu thé nén thay vao d6, UAPPAAL da hién thi mot tap
cc ché dd cu thé duoc biét dén nhu 1a cac ché do tuong trung. Tat ca cac ché d6 cu
thé & trong ché do twong trung nay chia sé cung mot vi tri vector va cing mét gia tri
cho cac bién riéng r&. Céac gia tri kha thi ciia dong hd dugc md ta bai mot tap cic rang
budc. Pong hd duge cong nhan trong ché d twong trung chinh xé4c 1a thoéa mén tat ca

cac rang budc (diéu kién).
3.2.1 M6 ta Train Gate

Vi du vé Train Gate dugc mé ta trong Uppaal: hé thong diéu khién tau hoa
trong viéc truy cdp va giao cit gilta cac tau. Hé thong dinh nghia nhu mot s tau ,
trong vi du c6 4 tau va 1 bd diéu khién. Mot tau khong thé dimg tirc thoi va khoi dong
lai trong cting mot thoi gian. Do d6 c6 mot s6 rang budc vé thoi gian trén tau trude khi
vao cau, 1 tau s& giri mot tin hiéu appr! Sau d6 né ctr c6 10 don vi thoi gian dé nhan 1
tin hiéu dimg diéu nay cho phép né dimg mét cach an toan trude khi vao cau. Sau 10
don vi thoi gian nd can nhiéu hon 10 don vi thoi gian dé di dén cau néu né khong
muén dirng. Néu 1 tau bi dimg lai n6 sé& 1ay lai tién trinh cta no6 khi b diéu khién giri

1 tin hiéu go cho no sau khi tau dang trudce ro1 khdi cau va da gui 1 tin hiéu leave.
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Appreaching.  Can be stopped.  Cannot be stopped in Crossing

stop! to train?

) time. ' i !
trainl _.;lu, ! flﬂa D . a3 . |
| : | | |
i (stopping) . . .
|| train2 ! ! !
1 . 1 1 1
! (stopped) 1 ! !
d train3 | i
1 1
i i i —
! ! ! [Cuutruller |
——
i i traind | | .C-“\_
| |
1 1

Ls

trainl :appr!

Hinh 18. Vi du Train - Gate

3.2.2 M0 hinh trong Upaal
M0 hinh Train Gate c6 3 mau: Train, Gate, Int Queue.

— Mau Train: c6 5 trang thai Safe, appr, stop, start, cross. Trang thai khdi tao 1a
safe nd thé hién 13 tau vin chua t6i cAu. Trang thai ndy khong cé cac rang budc bat
bién ndo nén tau co thé dimg & trang thai nay bat ki vao lic thoi gian nao. Khi 1 tau
dén phai déng bo voi bo diéu khién. Cong viée nay duoc thuc hién boi kénh dong bod
appr. Bo diéu khién c6 mot tin hiéu appr bién dong hd x dugc reset va cac bién tham
s6 e dugc thiét 1ap dinh danh cho tau, bién nay dugc sir dung boi 1 hang doi queue va
bo diéu khién s& biét tau nao duoc tiép tuc, tau nao s€ dung...vi tri rang bude bat bién
x<=20 c6 hi€u qua Ia trang thai nay phai dugc dung trong vong 20 don vi thoi gian, 2

dich chuyén ra ngoai dugc chan boi rang bude x<=10 hodc x>=10.
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(stopping)

| I
trainl ! E
(stopped) i
[t
(restarting) !

traind:leave!

| Controller J
{\\.

zo! to traind

Hinh 19. MAu Train.

Hai rang budc tra vé 2 ving trude khi vao cau c6 thé bi dimg hodc c6 thé khong
bi dimg. Tai thoi diém chinh x4c 1a 10 ca dich chuyén nay déu dugc bat nd cho phép
chung ta chon céc diéu khién bat ki tinh hudng nao néu nhu chi ¢6 1 tau. Néu nhu tau
khong duoc dimng x<10 thi dich chuyén t6i trang thai stop duoc thuc hién nguoc lai thi
tau s& di dén trang thai cross. Khi dich chuyén dén trang thai stop ciing duoc chin bai
diéu kién e==id va dugc dong bo v6i kénh stop? Khi bo diéu khién quyét dinh dimg 1

tau no6 s€ quyet dinh tau nao va dong bd vai stop!

O trang thai stop khong c6 rang budc bat bién: 1tau c6 thé ding vo thoi han
ddng bo go? chin e==id dam bao rang dung tau duoc khoi dong lai. Cac mé hinh héa
& day, chung ta gia sir rang tau c6 thé nhan go? dong bd tham chi khi n6 khong dimng

hoan toan diéu nay s& dua ra mot su khoi dong khong don dinh.

Trang thai start ¢6 rang budc bat bién x<=15 va dich chuyén di ra c6 rang budc
x>=7. Piéu nay tau duoc khoi dong lai va tién vao ving giao cét trong khoang thoi

gian 7<x<15 don vi thoi gian.

Trang thai cross twong tu nhu start theo cach thirc né s& mat 3 dén 5 don vi thoi

gian sau khi vao.

- Mau Gate: Bg diéu khién Gate trong hinh dong bo véi quéu va cac tau. Mot
s6 trang thai cia né khong c6 tén dién hinh 13 cac trang thai trung chuyén an toan duogc
danh gi4 1a c. Bo diéu khién dugc bat dau ¢ Freelaf cau duoc 16i & day kiém tra hang
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doi xem rong hay khong. Néu hang doi rong bo diéu khién s& doi 1 tau tién t6i (trang
thai tiép theo) v6i mot dong bd appr? Khi mot tau tién téi né duoc thém vao trong
hang doi véi dong bo add. Néu hang doi khong rdng thi tau dau tién trén hang doi

(dugc doc bdi hd!) dugce khéi dong lai voi déng bo go!

notempty? = rem?
@ ) "=Free |

empty”

hd! 9 (; J
appr?
| addl

stop!

Hinh 20. Miu Gate

Trang thai Occ bd diéu khién doi tau dang chay roi khoi cu (leave) néu nhu c6
tau khac dang t61 (appr?) chung sé bi dirng (stop?) va dugc thém vao hang doi (add!)
khi ma mot tau roi khoi tau bo didu khién s& bo nd khoi hang doi véi dong bd rem?

- Mau hang doi Queue: Queue trong hinh 15 c6 1 trang thai start khi ma no
dang doi kénh tir bo didu khién. Trang thai shiftdow duoc st dung dé tinh toan 1 dich
chuyén hang doi (n6 can thiét khi phan tir dau bo di) cdi mau nay sir dung mot mang

s6 nguyén nhu 1 hang doi FIFO.
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list[len]:-=e,

7
notempty! add? len+

len=0

empty!
len==0

rem! len=—=1

len==1 list[1] =0.1:=10
len--,
1=

Shiftdown

f_. .__:I

1< len list[1]:=list[++1].
i_

Hinh 21. Mu hang d¢i Queue
3.2.3 X&ac minh

Chung ta kiém tra cac thudc tinh don gian nhu reachability,safety,liveness va dé
tranh deadlock. Cac thudc tinh dén duoc reachability don gian kiém tra xem 1 trang

thai duoc dua ra 1a dén duoc:
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KET LUAN

Do an di di tim hiéu Iy thuyét vé Model Checking, hé théng thoi gian thuc. Dé
dic ta cac hé thong thdi gian thuc, cac nha thiét ké phin mém thudng st dung otomat
thoi gian v6i cong cu hd tro Uppaal. Trén co sé d6,d6 4an da tim hiéu vé Iy thuyét
otomat thoi gian: cac khai ni€m, cac vi du hé thoi gian thuc ¢6 thém rang budc vé thoi
gian. Pong thoi da tim hiéu vé cong cu Uppaal trong viée dic ta otomat thoi gian va

trinh bay chuong trinh thir nghiém ctia Uppaal (M0 ta bai toan Train - Gate).

D06 an budc dau lam quen voi viée dac ta va kiém chung hé thoi gian thyec.
Trong thot gian ti€p theo em s€ di tim hiéu sau hon vé cac ki thuat khac lién quan.

Pong thoi em sé& tim hiéu ki hon vé cong cu Model Checking rat hiéu qua 1a Uppaal.
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