PAI HOC QUOC GIA HA NOI
TRUONG DAl HOC CONG NGHE

PHAM THI TO NGA

PAC TA VA KIEM CHUNG CAC HE THONG THOI GIAN
THU'C SU DUNG UPPAAL

Nganh: Cong nghé thong tin
Chuyén nganh:K§ Thuat Phan Mém

M4 sb: 60480103

TOM TAT LUAN VAN THAC ST CONG NGHE THONG TIN

NGUOI HUONG DAN KHOA HQC: PGS.TS PHAM NGOQC HUNG

Ha Noi — 2017




1. Gioi thiéu

1.1 Pit vén dé

Trong thoi dai ngay nay, cic hé thong c6 yéu té thoi gian va dic biét cac hé théng
thoi gian thuce 1a mot trong nhitng linh vuc nhan dugc rat nhiéu su quan tam cua gioi
khoa hoc néi chung va gidi khoa hoc nghién ctru vé cong nghé noi riéng. That vy, hé
théng thoi gian thyc dugc ung dung rat nhiéu trong doi séng xa hoi, trong san Xuét,
trong y té, trong hang khong vii tru va trong quan sy, gan nhu trong moi linh vuc ta
déu thiy co su gop mit cta nhitng tmg dung trong hé thong thoi gian thuc. Khong chi
gOp mit trong nhiéu linh virc ma sy gop mit cia nd con cd tAm quan trong rat 16n ddi
v6i hé thong. Trong hé thdng thoi gian thic, 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 s& sup d6 hodc s& gy ra hau qua nghiém trong (hé Hard
Real- Time) hoic s& bi suy giam vé chat luong dich vu (hé Soft Real-Time).

Chinh vi tim quan trong cta yéu t6 thdi gian trong hé thong thoi gian thuc nhu vay
nén viéc kiém tra tinh ding din d6i véi hé thong nay 1a rit can thiét. Tuy nhién, viéc
dic ta va kiém ching mot hé théng thoi gian thyc 1la mdt bai toan kho va mot trong
nhitng mbi quan tim 16n hién nay 14 lam thé nao dé dic ta va kiém chimg tw dong cho
cac hé thong thoi gian thyc.

B6 cong cu Uppaal ra doi phan nao dap ung duoc yéu cau do, cong cu ndy giup ta co
thé kiém dinh nhitng hé thong duoc mé hinh héa thanh nhimng hé thong automata thoi
gian voi nhing bién sb nguyén, cdu trac dir liéu, ham nguoi ding va dong bd cac
kénh. V&i viée dic ta va kiém ching mot hé théng thoi gian thyc thi bd cong cu
Uppaal dugc danh gia 1a tot nhit hién nay va duoc st dung rong rai trong cong
nghiép.

1.2 N§i dung nghién ctru ciia ludn vin

Trong luan vin nay tic gia da tap trung tim hiéu vé bo cong cu kiém ching Uppaal, di
sdu vao tim hiéu ngdn ngit dic ta cua Uppaal ciing nhu tim hiéu co ché kiém ching
ctia bd cong cu ndy cho cac hé thdng thoi gian thue. Tir d6 tac gia xy dung mot sd vi
du (cu thé tac gia da xay dung dugc 4 vi du) vé mot s hé théng thoi gian thuc ap
dung vao dic ta va kiém chimng hé thong d6 boi bd cong cu Uppaal.

D6i v6i mdi vi du tac gia gia dinh 1a mot hé thong thoi gian thuc, tién hanh dic ta, mo
hinh héa dudi hé 6-t6-mat thoi gian trén trinh soan thao cua Uppaal sau d6 chay mo
phéng va kiém ching su hoat dong ctia hé théng do.



1.3 Céu triic ctia luin vin

Luén van duoc trinh bay thanh 4 chuong:

Chwong 1: Gidi thi¢u

Chwong 2: Pic td va kiém chirng trong Uppaal

Trinh bay nhimg hiéu biét cua tac gia vé bd cong cu Uppaal ciing nhu cach dic da va
kiém chung trong Uppaal.

Chwong 3: Mpt s6 vi du dp dung

Trinh bay 4 vi du ma tac gia da xay dung dugc vé 4 hé thong thoi gian va tién hanh
dac ta va kiém ching cac h¢ thong d6 qua cong cu Uppaal.

Chuwong 4: Két lugn

2. Tim hiéu vé Upppaal
2.1 B§ céng cu Uppaal

2.1.1 Giéi thiéu vé b cdng cu Uppaal ’

Uppaal 1a mot phan mém dé kiém tra nhitng hé théng thoi gian thuc, dugc
phét trién boi Pai hoc Uppsala va Pai hoc Aalborg. Phin mém duoc tng dung thanh
cdng trong nhitng nghién ciu & nhiéu linh vuc nhu b diéu khién, giao thac truyén
thong hay tng dung multimedia — nhitng linh vuc ma yéu t thoi gian 1a rat quan
trong. Cong cu nay ding dé kiém dinh nhitng hé thong dugc mé hinh héa thanh hé
thong nhitng automat thoi gian vai nhitng bién s6 nguyén, cau trdc di liéu, ham
ngudi dung, va dong bo cac kénh.

2.1.2 Tong quan vé b cdng cu Uppaal

UPPAAL su dung kién tric may tram-may chi ma trong d6 phan chia chuong trinh ra
gom 2 phan: giao dién dd hoa va hé théng kiém tra md hinh. Giao dién db hoa, hay
client, viét bang Java, va server dugc déng goi tiy vao HPH (Linux, Windows,
Solaris). Do c6 kién trac nhu vay nén hai phan cua CT s& két ndi véi nhau qua giao
thire TCP/IP. Ciing c6 phién ban sir dung dong Iénh.

2.1.2.1 Java Client

Y twdng cta chwong trinh 1a mé hinh hoa hé théng 6-t6-mat thai gian sir dung
cong cu do hoa, md phong va kiém ching su hoat dong ciia nd, va cudi cing l1a kiém
tra xem n6 c6 thoa man nhiing tinh chat cho truéc hay khoéng. GUI cua Java client
thuc hién y tuéng ndy bang cach chia nd lam 3 phan: Khung soan thao (Editor), Mo
phong (Simulator) va Kiém chang (Verifier) duoc xép vao cac tab.
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Khung soan thao (KST) hé théng dugc dinh nghia 14 1 tap hop cac 6-t6-mat thoi
gian duoc tién hanh song song goi 1a qua trinh. Qué trinh duoc tao ra tir mot template
dinh truéc. KST chia 1am 2 phan: cira s6 dang cay dé chon céc template, khai bao
khéc nhau va 1 ban v&. Pia diém duogc dan tén. Invariant va edge dan diéu kién guard,
dong bo hay phép gan. So dd cdy bén trai cho phép ta lua chon nhiéu phan thong tin
cua hé thong:

M& phéng (Simulator): M6 phong viéc thuc thi hé thdng mét cach ngau nhién,
(théng qua md phong nay, budc dau ta kiém tra dugc hé thong ¢ van hanh dugc
khong, co6 xung dot gi khong)

Kiém ching (Verifier): Cho phép ta kiém ching tinh thuc hién duoc caa hé théng,
tinh dén duoc cia c4c trang thai trong mo hinh, tinh dung din caa hé thong, kiém tra
mot trang thai nao d6 co bi deadlock khong biang nhitng cau Iénh cu thé theo ngdn
ngir cta Uppaal.

2.1.2.2 Stand-alone Verifier i )

Khi thyc hién nhirng bai todn 16n, kho cé thé lam hét dugce trong GUI Khi d6 ta co
thé dung kiém ching riéng bang dong Iénh bang chuong trinh verifier. N6 cho phép
ta thyuc hién chirc ning twong ty nhu GUI bang cac dong lénh. Cach nay thich hop cho
nhitng may c6 cdu hinh yéu va phai chia sé¢ bo nhé cho nhitng tng dung khéc.

2.2 O-t6-mat thoi gian trong Uppaal
2.2.1 PDinh nghia 6-t6-mat thoi gian

Mot 6-td-mat thoi gian (Time automata-TA) 1a mot tip gom 6 thanh phan (L, lo, C, A,
E, 1).

Trong do:

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

- A tap cac hanh dong

Ee Lx AxB(C)x2°xL : tap cac canh giita cic trang thai
I: L — B(C) : chi dinh bét bién cho céc trang théi.
222 Mo ta O-t6-mat thoi gian trong Uppaal
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O-t6-mat thoi gian thuc 1a mot may hitu han trang théai véi mot tap cac dong hd.
MJdi dong ho 1a mot ham s anh xa vao mot tap s thuc khdng am, né ghi lai thoi
gian trdi qua giita cac su kién. Cac dong hd duoc dong bo hoéa vé mit thoi gian.
Trong UPPAAL, mét hé théng duo ¢ md hinh 1a mang cii a nhitng automat thoi gian
sap Xép son g song. M6 hinh dugc ma rong vai cac bién roi rac bi chan & trang théi.
Nhiing bién nay dugc str dung trong ngén ngir lap trinh: c6 thé doc, ghi va thuc hién
cac phép tinh sé hoc. M6t trang thai cua hé thdng dinh nghia boi vi tri cua cac
automat, gia tri ddng ho va cac bién roi rac. Mdi automat c6 thé thay d6i (khong nén
hiéu 1a sy chuyén tiép) doc lap hay dong bo véi 1 automat khac, dan dén 1 trang théi
khac.

2.3 Pac ta trong Uppaal

Mot hé thdng O-t6-mat thoi gian dugc dic ta trong Uppaal thong qua khung soan thao
va trinh bay dudi dang cac 6-t6-mat thoi gian xép song song, ¢6 thé hoat dong doc 1ap
hodc dong bé vé6i nhau thong qua cac kénh dong bo.

Pé dic ta hé théng 6-t6-mét thoi gian trong Uppaal trén khung soan thao ta can tién
hanh cac budc:

Buwéc 1:Phan tich va nhdn dign cac khuan mdu cé trong hé théng:

Cén xéc dinh trong hé théng c6 nhitng khuan miu ndo, mdi khuan mau s& ¢ng voi
mot qua trinh va duoc biéu dign 1a mot 6-t6-mat thoi gian trong khung soan thao.

Buwéc 2: M6 hinh hda cac khuan méu
Mdi khuan mau can xac dinh ro:

- CO6 nhirng trang thai nao?

- Budc chuyén trang théi ra sao?

- CO6 can truyén tham sb gi khéng? Tir d6 xac dinh cac bién toan cuc va bién
dia phuong trong hé théng.

Buwoc 3: Vé mo hinh:

2.4 Kiém chitng trong Uppaal
2.4.1 Kiém chirng qua md phéng sw hoat dong ciaa h¢ théng

Sau khi bién tap hé théng trong phan soan thao, Uppaal cho phép kiém ching hoat
dong cua hé théng qua chire ning Simulator.
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O chirc nidng nay, budc dau nguoi ding phét hién nhiing 15i trong thiét ké O-t6-mét,
15i m& ngudn. Néu ¢ budc Editor gap céc 16i nay khi chay Simulator may s& béo 15i
va chi rd 16i méc phai qua hop hoi thoai hién trén man hinh ciing nhu dénh dau 13i
trén ban Editor bang chuyén phong chit sang mau d6 va gach chan. Khi d6, ngudi
ding sé& biét 16i & dau va sta 18i. Chi dén khi nao phan bién tap khéng con cac 15i
soan thao thi mai chay dugc Simulator.

Trong qua trinh chay Simulator nguoi ding s& budce dau kiém tra duoc s van hanh
cua hé théng qua sy dich chuyén trang thai duwgc md phong ngau nhién va cac trang
thai cua cac O-td-mét song song theo thoi gian.

O bude nay néu hé thong bi deadlock ciing s& duoc phat hién ra.
2.4.2  Kiém chirng bang dong lénh

Uppaal cho phép ta kiém ching kha niang hoat dong cua 6-t6-mat qua moi trang thai,
tinh an toan, kha ning roi vao trang thai deadlock (khdng chiu chuyén trang thai) boi
chtrc nang Verifier.

Chtre ning nay cho phép kiém chirng qua cac dong Iénh (ngdn ngir C++)
- Kiém chung tinh c6 thé dat dugc (kha nang téi duoc 1 trang théi nhit dinh)
CU phép: E<>¢ (trong do ¢ la cong thirc trang thai)
- Kiém tra tinh an toan (mot diéu gi d6 luon luén ding)

Cu phép: A[] vaEJ]

- Kiém tra tinh liveness cua hé thong (tinh chat nay dam bao mot didu gi do
trudc sau gi cling xay ra)

CU phép: A<> ¢: Chi ra rang ¢ ludn dugc thoa man
@--> : Khi ¢ thoa mén thi y cling thoa man.
- Kiém tra 6-t6-mat c6 roi vao deadlock hay khong

Cu phéap A[] not deadlock

3. Mot sb vi du ap dung
3.1 Heé théng phan loai
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3.1.1 Vi dul. Hg thong phan loai bong theo mau sic. ’
Mot hé thong co dau vao la céc loai bong véi nhieu mau sac khac nhau (demo la 7
mau), cac qua bong lan lugt cho chay qua mot sensor nhan biét mau sic, sensor s&
thdng bao tin higu cho cac cira day tuong tng. Bong s& chay trén mot bang chuyén
V6i van toc dam bao dé di chuyén tir cira nay dén cira ké tiép 1a mot khoang thoi gian
cb dinh va gap dang ctra n6 s& dugc day ra khoi bang chuyén.

Dic td: Mét qua bong ¢6 mawu sdc i khi di qua sensor sé diroc sensor phat hién mau
sac, ldp tiec sensor sé phét tin hiéu téi cira thiz i. qua bong qua sensor sé durot chay
trén bing chuyén Véi toc dé dam bdo dén cira thir | sé mdt diing i*5s. Sau diing i*5s
ké tir khi nhén duwoc tin hiéu tir sensor cia thir i sé ddy ra, qua bong sé bi day xuong
ranh tuong 1ng.

Phan tich va nhdn dién déi twrong trong hé théng

Hé thong c6 1 dén cam ng nhan dién mau sic (Sensor) va 7 cira day (PushDoor (i),
i=1+ 7).

M6 hinh héa cdc déi twong
Poi twong Sensor
- Gdm 2 trang théi: Safe va SeeColor
Safe: trang thai an toan, khi khong c¢6 bong nao di qua.
SeeColor: trang thai nhin thiy bong di qua.
- Chuyén trang thai

Khi c6 mot bong (gan boi mot s6 thir ty trong tng voi mau sic) di qua, sensor phat
hién ra mau va nhé mau do6 (gan y=e) roi chuyén sang trang thai Seecolor. Sau d6
ngay lap tic giri tin hiéu dén cira thir i (i=y) tuong @ng (Iénh push[y]!) va chuyén
sang trang thai Safe.

- O-td-mat Sensor



Safe Seecolor

push(y]

Péi twong PushDoor
- Godm 3 trang théi: Safedoor; Waiter; PushD.
Safedoor: Trang thai chua c6 yéu cau béao ma.
Waiter: Trang thai co nhan duoc yéu cau bdo mé nhung chd dén thoi gian mo.
PushD: day cira.
- Chuyén trang thai:

Khi cira thir i dang & trang thai Safedoor néu nhan duoc 1énh c6 bong mau thir i dang
di tai, 1ap tic chuyén sang trang thai Waiter va ¢ trang thai Waiter d6 dung 5*id+5(s)
va 1ap tic chuyén sang trang thai PushD. Sau dung 1(s) thi tré vé trang thai an toan.

- O-t6-mat PushDoor.

- Khai bao céc template c6 trong hé thong
M0 phong su van hanh ciia hé thong

- M6 phéng su thay ddi trang thai cua cac ddi tuong.
- M0 phong su ddng bo theo thoi gian caa ca doi tuong

Kiém chirng hoat dong cua hé thong
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- Kiém chung tinh c6 thé dat dugc (kha nang téi dugc 1 trang théi nhat dinh)
Cu phép: E<>¢ (trong d6 ¢ la céng thirc trang thai)
E<> Pushdoor(0).PushD: kiém tra xem céc cira c6 dat dugc trang thai PushD hay
khéng

E<>Senor.Seecolor Kién tra xem Sensor c6 chuyén sang trang thai nhin thidy mau
khong va c6 luu lai mau sic 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 ctra khac c6 & trang thai an toan khong (dam bao chi
c6 mot cira dayr a trong mot 1Gc)

- Kiém tra tinh an toan (mét diéu gi d6 ludn ludn dung)
Cu phép: A[] vaEJ]

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

- Kiém tra tinh liveness cua hé thdng (tinh chat nay dam bao mét diéu gi d6 truéc
sau gi cling xay ra)

CU phap: A<> ¢: Chi rarang ¢ ludn dugc thoa man
@-->y : Khi ¢ thoa mén thi w ciing thoa méan.

Pushdoor(0).PushD --> Pushdoor(0).Safedoor. Kiém tra néu cta thir i day thi cua tha
i S& tro vé trang thai an toan

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

3.1.2 Vi du 2. Hg thong phan loai sin pham (san pham dat chat lwgng hay chwa).
Mot hé thong phan loai khoai tay, c6 dau vao la cac cur khoai tay sau khi thu hoach,
cac cu khoai tdy duoci cho qua mot phéu dé chay qua mét sensor kiém tra chat lwong
(kich thuéc, can nang, mau sic), sensor s& thong béo tin hiéu cho cé4c cura diy twong
ng. Cu khoai tay s& chay trén mot bang chuyen véi van tée dam bao dé di chuyén tir
clra nay dén cira ké tiép 1a mot khoang thoi gian ¢ dinh va giap dung cira nd s& dugc
day vao ding ranh phan loai.
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Dic ta: Mot cii khoai tdy khi di qua sensor sé dwoc sensor phat hién chat lirong thong
qua kich thiréc, can nang va mau sdac, Néu dam bdo kich thwdc, Can ngng va mau sdac
tot thi cu khoai d@é dieoc xép hang A va ldp tizc sensor sé phat tin hiéu téi ciza hang A,
con lgi sé xép hang B va duwroc bao tin hiéu dén cia hang B. Cu khoai tay sau khi qua
sensor sé duwoc chay trén bang chuyén gap diing cira mé no sé roi xuong rénh cia
Cira doé va dwoc phan logi.

Phan tich va nhén dign déi twong trong hé théng

Hé théng gom dén cam ung nhan chit luong (Sensor) va 2 cra mo (Adoor va
BDoor), c4c cu khoai duoc xem 1a dbi twong tham gia trong hé théng (Potato).

M6 hinh héa cdc doi twong

Poi twgng Potato
- GOm 4 trang théi Safe, CrossSensor, CrossA, CrossB
Safe: Trang thai khong & trong duong truyén.
CrossSensor: Di qua sensor.
CrossA: Vao rénh A.
CrossB: Vao ranh B.
- Chuyén trang thai

T trang thai safe cu khoai tdy duoc chay qua phdu va dén vi tri caa sensor, bat dau
kich hoat dong hd, reset vé 0. Néu Ia cu khoai dat chét lwong thi béo tin hiéu Good!
Va di dén cira A, nguoc lai, bao tin hiéu Notgood! va di dén cia B. Sau ding 3 gidy
thoét khoi cira va tré vé trang thai an toan (da phan loai).

- O-td-mat Potato

CrossAboor

£sSensor
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Péi twong Sensor
- GOm 2 trang théi: Free, SeeA va SeeB
Free: trang thai an toan
SeeA: trang thai nhin thiy cu khoai dat chat luong loai A.
SeeB: trang thai nhin thay cu khoai dat chét lugng loai B.
- Chuyén trang thai

Khi c6 mét cu khoai di qua, sensor phat hién ra chit lugng nhd vao kich thuéc, can
nang va mau (dugc hiéu nhu cu khoai phét tin hiéu), néu nhan dugc tin hiéu Good!
Thi chuyén sang SeeA, nguoc lai chuyén sang SeeB. Sau d6 ngay 14p tirc giri tin hiéu
dén cira twong ung (OpenAl Hoac OpenB!) va chuyén sang trang thai Free.

- O-t6-mét Sensor

Poi twong ADoor
- Gdm 2 trang théi: Close va Open.
Close: Trang thai chua co yéu cau bdo mo.
Open: Mé ctra
- Chuyén trang thai:

Khi cira dang ¢ trang thai Close néu nhan duoc lénh c6 ca khoai dat chit lwong dang
di toi (OpenA?), 1ap tirc reset dong hd vé 0 va chuyén sang trang thai Open va & trang
thai khoang 3s va sau d6 chuyén sang trang thai Close.

- O-td-méat ADoor.
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Close i Open

B

Péi twong BDoor
- Gdm 2 trang théi: Close va Open.
Close: Trang thai chua co yéu cau bdo mo.
Open: Mé cira
- Chuyén trang thai:

Khi ctra dang & trang thai Close néu nhan dugc lénh cd cu khoai khong dat chit luong
dang di t6i (OpenB?), lap tirc reset ddng hd vé 0 va chuyén sang trang thai Open va ¢
trang thai khoang 3s va sau d6 chuyén sang trang thai Close.

- O-t6-méat BDoor.

Close Open

M6 phéng su van hanh ciia hé théng

- M6 phong su thay doi trang thai cia cac ddi tuong.
- M6 phong sy dong b theo thoi gian cia ca déi tugng

Kiém chitng hoat ddng cia hé théng
- Kiém chung tinh c6 thé dat dugc (kha nang téi duoc 1 trang théi nhat dinh)

CU phép: E<>¢ (trong d6 ¢ la céng thirc trang thai)
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E<>Potato.CrossSensor kiém tra xem mot cu khoai tdy ¢ chuyén sang trang thai
CrossSensor duoc khong.

E<>Potato.CrossADoor or Potato.CrossBDoor: kiém tra xem mot cu khoai hoic 1a
phai ra dugc cira A hoac cira B.

E<>Senor.Seecolor Kién tra xem Sensor c6 chuyén sang trang thai tay c6 qua ctra A
hay ctra B khong.

- Kiém tra tinh an toan (mot diéu gi d6 ludn ludn dung)
Cu phép: A[] vaEJ]
E[]Potato.CrossADoor and Potato.CrossBDoor dam bao mét cu khoai tdy khéng bao
gio qua ca hai cira.

- Kiém tra tinh liveness cua hé thdng (tinh chat nay dam bao mot didu gi do

trude sau gi cling xay ra)
CU phap: A<> ¢: Chi raring ¢ ludn dugc thoa man
@--> : Khi ¢ théa mén thi ¥ ciing thoa man.

Sensor.SeeA-->ADoor.Open: Dam bao néu sensor phat hién 1a 1a ca dat chat lvong A
thi cura A phai mo.
Sensor.SeeB-->BDoor.Open: Pam bao néu sensor phat hién 1a 1a cu dat chat luong B
thi cua B phai mo.

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

3.2 Hé théng diéu khién sir dung viing tai nguyén

3.2.1 Vi du 3. Hé théng diéu khién viéc sir dung chung viing tai nguyén (c6 rang
budc vé thoi gian sir dung nguén tai nguyen)

C6 n qua trinh (demo 14 2) cting ¢6 nhu cau st dung 1 vang tai nguyén, hé théng ¢am

bao viéc diéu khién sao cho tai mot thoi diém chi ¢ mot qua trinh duoc sir dung ving
tai nguyén va cac qué trinh guri yéu cau trudc s& duoc bd tri st dung trudc (gia thiét 1a
cac qué trinh can sir dung ving tai nguyén véi thoi gian khac nhau).
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Dic ta: CO n qua trinh —Process (demo 1a n=2) déu ¢6 nhu cau st dung mot ngudn tai
nguyén — Resource. Khi mét qué trinh ¢6 nhu cau st dung nd sé gui tin hiéu théng
bao cho bo diéu khién, bo didu khién tiép nhan tin hiéu va tién hanh xir 1i tin hiéu do,
néu trong thoi diém d6 ngudn tai nguyén dang ranh nd s& bao lai tin hiéu cho qua
trinh duoc phép sir dung ngudn tai nguyén, néu hién dang c6 qua trinh dang sir dung
no, bo diéu khién sé& luu tha ty cac qué trinh ¢6 nhu cau vao mot hang doi va dén khi
nguon tai nguyén ranh né sé goi qua trinh dau tién ra s dung trudce. Khi qua trinh sir
dung xong vung tai nguyén (mac dinh 1a sau mot khoang thoi gian cho trudce tuong
g véi qua trinh d6) né s& bao lai cho bo diéu khién biét va roi khoi cing tai nguyén.

Yéu cau: Qué trinh ndo ¢6 nhu cau déu dugc b tri sir dung ngudn tai nguyén, khong
c6 su xung dot, dam bao tai mot thoi diém chi c6 mét qua trinh dwgc sir dung.

Phan tich va nhdn dign déi twrong trong hé théng

Hé thdng c6 2 qua trinh (Processl va Process2) va 1 ngudn tai nguyén (Resource).
Céc Process1 va Process2 hoat dong song song, va dugc dong b véi Resource théng
qua céc kénh: bao tin hiéu yéu ciu st dung (appr[i]), dimg (stop[i]), duoc phép st
dung(go[i]) va roi khoi vung tai nguyén (leaveli]).

M hinh héa cac dbi tuong
Poi twong Processl

Puoc truyén tham s 1a thoi gian ma qua trinh nay s& sir dung vang tai nguyén
(delay1), Bién dia phuong 1a ddng hd x

- GOm 5 trang thai: Safe, Appr, Stop, Ready, Using
Safe: Trang thai chua c6 nhu cu st dung ngudn tai nguyeén.
Appr: Dang ki st dung ngudn tai nguyén
Stop: Cho dén luot st dung
Using: str dung nguon tai nguyén
- Chuyén trang théi

Qué trinh 1 ¢ trang thai Safe, néu c6 nhu cau sir dung nguon tai nguyén né s& guri tin
hiéu (appr[0]!) dén bo diéu khién va chuyén sang trang thai Appr, tai day dong ho x
s& duoc gidi han trong 1 khoang thoi gian delayl (la thoi gian ma qua trinh nay sé
dung dé sir dung vung tai nguyén +10s chd tin hiéu). Néu trong vong 10s né nhén
dugc tin hiéu yéu cau dung (stop[0]?) tir bo diéu khién thi lap tiac chuyén sang trang



14

thai Stop, va chd & dé dén khi nhan dwoc tin hiéu cho phép sir 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 c6 tin hiéu (stop[0]) thi n6
chuyén sang trang thai dwoc st dung Using. O trang thai Using ding 5s (thoi gian dé
ra khoi ving tai nguyén) thi bao cho bo diéu khién tin hiéu da st dung xong
(leave[0]!) thi chuyén sang trang thai Safe.

- O-td-mat Processl.

%>=3
Safe @ leave[0] Usm_g
A yems

appr[0]
x=0

Appr
X< :CD|L:

Poi twong Process?

Puoc truyén tham sb 1a thoi gian ma qué trinh ndy s& sir dung ving tai nguyén
(delay?), Bién dia phuwong 1a ddng hd x

- GOm 5 trang thai: Safe, Appr, Stop, Ready, Using
Safe: Trang thai chua c6 nhu cau str dung nguon tai nguyén.
Appr: Dang ki str dung nguon tai nguyén
Stop: Cho dén luot st dung
Using: str dung ngudn tai nguyén
- Chuyén trang thai

Qué trinh 1 ¢ trang thai Safe, néu c6 nhu cau sir dung nguon tai nguyén né sé guri tin
hiéu (appr[1]!) dén bo diéu khién va chuyén sang trang thai Appr, tai day dong ho x
s& duoc gidi han trong 1 khoang thoi gian delayl (la thoi gian ma qua trinh nay sé
dung dé sir dung vuing tai nguyén +10s chd tin hiéu). Néu trong vong 10s né nhén
duoc tin hiéu yéu cau dung (stop[1]?) tir b diéu khién thi lap tac chuyén sang trang
thai Stop, va chd ¢ d6 dén khi nhan duogc tin hiéu cho phép sir dung (go[1]?) thi
chuyén sang trang thai Ready va & do sau 7s s& duoc sir dung ving tai nguyén va
chuyén sang trang thai Using. Néu sau 10s ma khong thiy c6 tin hiéu (stop[1]) thi n6
chuyén sang trang thai dwoc si dung Using. O trang thai Using dng 5s (thoi gian dé
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ra khoi ving tai nguyén) thi bao cho bo diéu khién tin hiéu da st dung xong
(leave[1]!) thi chuyén sang trang thai Safe.

- O-td-mat Processl.

Péi twong Resource

- Khuan miu nay gdm c6 3 trang thai Free, Occ, RS
Free: trang thai ngudn tai nguyén ranh.
Occ: trang thai tiép nhan thong tin dang ki xép hang
RS: Xép hang cho cac qué trinh.

- Chuyén trang théi

Néu ngudn tai nguyén dang & trang thai ranh ma s qua trinh dang c6 nhu cau xir
dung trong hang doi >0 thi goi ra qua trinh dau tién cho xtr dung trudc. Néu khong co
qua trinh ndo trong hang doi, ddng thoi nhan duoc tin hiéu bao c6 nhu cau sir dung thi
xép nd vao hang doi va chuyén sang trang thai Occ. Tir trang thai Occ néu van tiép
tuc nhan duoc tin hiéu ¢ nhu cau sir dung thi xép vao hang doi chuyén qua trang thai
RS- Trang thai Commited khong cho phép tré, dong thoi guri tin hiéu stop! cho qué
trinh d6 rdi 1ap tuc tré vé trang thai Occ. Tir trang thai Occ néu nhan dugc tin hiéu
leave[i]? l4p tuc x6a qua trinh d6 khoi hang doi va chuyén vé trang thai Free.

- O-t6-méat Resource.



len==0 e == front(
apprie]? | leavele]'

engueue(e) | degueue()

appr[e]? stop(tail()]

engueue(e)

- Khai bao céc qua trinh va cac hang dugc st dung trong hé thong
M6 phong sy van hanh cua hé thng

- M0 phong su thay déi trang thai cua cac ddi tuong.
- M0 phong su dong bo theo thoi gian cua cac d6i tuong

Kiém chitng hoat dong cia hé théng
- Kiém chung tinh c6 thé dat dugc (kha nang téi dugc 1 trang thai nhat dinh)
CU phap: E<>¢ (trong do6 ¢ la cong thirc trang thai)

E<> P1.Using kiém tra xem mot qué trinh c6 chuyén sang trang thai Using duoc
khéng.

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

- Kiém tra tinh an toan (mét diéu gi d6 luén ludn dung)
Cu phéap: A[] vaE[]

A[]P1.Using && P2.Using: dam bao tai mot thoi diém chi c6 nhiéu nhat mot qué
trinh dugc sir dung vung tai nguyén (tinh khong xung dot).

AJ[] Resource.list[N] == 0 dam bao khéng ¢6 qua n qua trinh trong hang doi.

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

CU phap: A<> ¢: Chi raring ¢ ludn dugc thoa man
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@--> : Khi ¢ théa mén thi  ciing thoa man.

P1.Appr --> P1.Using: Pam bao mét qua trinh 1 khi ¢6 nhu cau str dung thi s& duoc
str dung.

P2.Appr --> P2.Using

E<> P1.Using and P2.Using: Bam bao 2 qué trinh khac nhau sé khong cung dugc st
dung.

E<> P1.Using and P2.Stop:

E<> P2.Using and P1.Stop: dam bao mét qua trinh dang sir dung thi tat ca cac qua
trinh khac déu trong trang thai phai cho.

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

3.2.2 Vi du 4. Hé thong diéu khién viéc sir dung chung vung tai nguyén (c6 nhiéu
nhém qua trinh c6 rang bugc vé thoi gian sir dung ngudn tai nguyén).

C6 n qua trinh (demo la 4) cung c6 nhu cau sir dung 1 vung tai nguyén, trong do cé
nhiéu nhém qué trinh muén sir dung ving tai nguyén véi thoi gian khac nhau (demo
1a 2 nhém: Nhoém 1 c6 nl qua trinh mudn dung ving tai nguyén trong thoi gian
delay1, nhém 2 ¢ n2 qué trinh mudn sir dung vang tai nguyén véi thoi gian delay?2),
hé thong dam bao viéc diéu khién sao cho tai mot thoi diém chi c6 mot qua trinh dugc
str dung vuing tai nguyén va cac qué trinh giri yéu cau trude sé duoc bd tri sir dung
trudc.

Ddc tda: Co 2 nhdm qué trinh —Process1 va Process2 (vai cac ma qua trinh dugce danh
s6 theo cach: nhém 1 tir 0 dén n1-1; nhém 2 tir n1 dén n2-1) déu c6 nhu cau st dung
mot ngudn tai nguyén — Resource. Khi mot qua trinh ¢é nhu cau sir dung né sé& gui tin
hiéu thong bao cho bo diéu khién, bo diéu khién tiép nhan tin hiéu va tién hanh x i
tin hi¢u do, néu trong thoi diém d6 ngudn tai nguyén dang ranh né s& béo lai tin hiéu
cho qué trinh dugc phép sir dung ngudn tai nguyén, néu hién dang cé qua trinh dang
sir dung né, bo diéu khién s& luu thir tu cac qué trinh ¢6 nhu cau vao mot hang doi va
dén khi ngudn tai nguyén ranh nd s& goi qua trinh dau tién ra sir dung truéc. Khi qua
trinh sir dung xong vung tai nguyén (mac dinh la sau mét khoang thoi gian cho trudc
tuong tNg VGi qué trinh d6) nd s& bao lai cho bo diéu khién biét va roi khoi cung tai
nguyén.
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Yéu cau: Qué trinh nao ¢6 nhu cau déu duoc bd tri sir dung ngudn tai nguyén, khdng
c6 su xung dot, d&am bao tai mot thoi diém chi c6 mot qua trinh duoc sir dung.

Phan tich va nhén dign déi twong trong hé théng

Hé thong co 2 nhém qua trinh Processl va Process2 (trong d6 nhém 1 c6 nl qua
trinh, nhém 2 ¢6 n2 qua trrinh) va 1 ngudn tai nguyén (Resource). C4c Processl va
Process2 hoat dong song song, va dugc dong bo véi Resource thong qua cac kénh:
bao tin hiéu yéu cau st dung (apprl[i] hoic appr2[i]), dung (stopl[i] hoic stop2[i]),
dugc phép st dung(gol[i] hoac go2[i]) va roi khoi vung tai nguyén (leaveli]).

M4 hinh héa cac doi twong
Khai bao bién toan cuc
Péi twong Processl

Duoc truyén tham sé 1a mi qua trinh (danh sb tir 0 d&én n1-1), Bién dia phuong la
ddng ho x

- GOm 5 trang théi: Safe, Appr, Stop, Ready, Using
Safe: Trang thai chua c6 nhu cau str dung ngudn tai nguyeén.
Appr: Dang ki str dung ngudn tai nguyén
Stop: Chd dén luot sir dung
Using: sir dung ngudn tai nguyén
- Chuyén trang théi

Qua trinh 1 & trang thai Safe, néu c6 nhu cau sir dung ngudn tai nguyén nd s& gui tin
hiéu (appr1[i]!) d&én bo didu khién va chuyén sang trang thai Appr, tai day ddng hd x
s& duogc gidi han trong 1 khoang thoi gian delayl(demo la 20) (la thoi gian ma qua
trinh nay s& ding dé sir dung viing tai nguyén +10s cho tin hiéu). Néu trong vong 10s
n6 nhan dugc tin hiéu yéu cau ding (stop1[i]?) tir bo diéu khién thi lap tac chuyén
sang trang théai Stop, va chd & d6 dén khi nhan duogc tin hiéu cho phép sir dung
(go1[i]?) thi chuyén sang trang thai Ready va ¢ d6 sau 7s s& duoc st dung ving tai
nguyén va chuyén sang trang thai Using. Néu sau 10s ma khong thiy c6 tin hiéu
(stop[i]) thi n6 chuyén sang trang thai duoc sir 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 su
dung xong (leave[i]!) thi chuyén sang trang thai Safe.

- O-td-mat Processl.
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stop1[id1]?

Poi twong Process?

Pugc truyén tham s6 1a ma qua trinh (dwgc dénh s6 thar tu tir nl dén n2-1), Bién dia
phuong 1a dong hd x

- GOm 5 trang thai: Safe, Appr, Stop, Ready, Using
Safe: Trang thai chua c6 nhu cau str dung nguon tai nguyén.
Appr: Ding ki str dung nguon tai nguyén
Stop: Cho dén luot st dung
Using: str dung ngudn tai nguyén
- Chuyén trang thai

Qué trinh 1 ¢ trang thai Safe, néu c6 nhu cau sir dung ngudn tai nguyén né s& gui tin
hiéu (appr2[i]!) dén bo didu khién va chuyén sang trang thai Appr, tai day dong ho x
sé duoc gidi han trong 1 khoang thoi gian delayl (demo la 30s, la thoi gian ma qua
trinh ndy s& dung dé sir dung vaing tai nguyén +10s cho tin hidu). Néu trong vong 10s
né nhan duoc tin hiéu yéu cau dirng (stop2[i]?) tir bo didu khién thi lap tic chuyén
sang trang thai Stop, va cho & d6 dén khi nhan dugc tin hiéu cho phép sir dung
(go2[i]?) 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 thiy c6 tin hiéu
(stop2[i]) thi n6 chuyén sang trang thai duoc sir 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 si
dung xong (leave[i]!) thi chuyén sang trang thai Safe.

- O-t6-mat Process?.
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x==3

Safe wvelid2] Using

Ready
x<=15

Péi twong Resource
Khai b&o bién va ham sir dung trong khuan mau

- Khuan miu nay gdm c6 6 trang thai Free, CheckP1, CheckP2, Occ, RS1, RS2
Free: trang thai ngudn tai nguyén ranh.
CheckP1, CheckP2: trang thai kiém tra xem qua trinh xép hang dau tién
la thuoc nhém nao.
Occ: trang théi tiép nhan thong tin dang ki xép hang
RS1, RS2: Xép hang cho cac qué trinh thuéc nhém 1 va nhém 2.

- Chuyén trang thai

Néu ngudn tai nguyén dang & trang thai ranh ma sé qua trinh dang c6 nhu cau xir
dung trong hang doi >0 thi chuyén sang trang théai kiém tra xem qua trinh dau tién
thugc nhdm 1 hay nhom 2, rdi goi ra qua trinh dau tién do cho sir dung trudc va
chuyén sang trang thai Occ. Néu khong c6 qua trinh nao trong hang doi thi chuyén
sang trang théi kiém tra xem tin hiéu bao nhu cau sir dung Ia thuéc nhém 1 hay nhom
2, ddng thoi nhan duoc tin hiéu bdo ¢ nhu cau sir dung thi xép né vao hang doi va
chuyén sang trang thai Occ. Tir trang thai Occ néu van tiép tuc nhan duoc tin hiéu co
nhu cau str dung thi xép vao hang doi chuyén qua trang thai RS1- néu la thugc nhém
1 hodc RS2-néu thudc nhom 2, ddng thoi day 1a trang thai Commited khong cho phép
tré, dong thoi gui tin hiéu stopl[i]! - néu thuoc nhém 1 hoic stop2[i]! - néu thuoc
nhom 2 rdi lap tac trg vé trang thai Occ. Tir 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.



21

- O-t6-mat Resource.

- Khai béo céc qua trinh va cac hang duoc str dung trong hé thong
M6 phong su van hanh cua hé thong

- M0 phong su thay doi trang thai cua cac ddi tuong.
- M® phong su dong bo theo thoi gian cua cac dbi tuong

Kiém chitng hoat ddng cia hé théng
- Kiém chung tinh c6 thé dat dugc (kha nang téi duoc 1 trang thai nhit dinh)
CU phéap: E<>¢ (trong do ¢ la cong thirc trang thai)

E<>Process1(0).Using kiém tra xem mot qué trinh c6 chuyén sang trang thai Using
dugc khong.

E<>Process1(2).Using.

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

- Kiém tra tinh an toan (mét diéu gi d6 luén ludn dung)
Cu phéap: A[] vaE[]

A[]Process1(0).Using && Process2(2).Using: dam bao tai mét thoi diém chi c6 nhiéu
nhat mot qua trinh duoc str dung viing tai nguyén (tinh khéng xung dot).

A[] Resource.list{N1+N2] == 0 dam bao khéng c6 qua n qua trinh trong hang doi.
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- Kiém tra tinh liveness cua hé thong (tinh chat nay dam bao mot diéu gi do
trudc sau gi cling xay ra)

CU phép: A<> ¢: Chi ra rang ¢ ludén dugc thoa man
¢@-->y : Khi ¢ thoa mén thi w ciling thoa mén.

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

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

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

E<>Process1(0).Using and Process2(2).Using: BPam bao 2 qua trinh kh&c nhau sé&
khong cung duoc su dung.

- Kiém tra 6-t6-mat c6 roi vao deadlock hay khong

Cu phéap A[] not deadlock

4. KET LUAN

Ngay nay, véi su phat trién ngay cang manh trong khoa hoc, k§ thuat, quan sy va y té.
Céc hé thdng c6 yéu té thoi gian ngay cang tré nén phé bién va khiang dinh vi tri quan
trong cua né trong moi linh vuc cua doi séng xa hoi. Viéc dac ta va kiém chiang mot
hé thong thoi gian thuc tré nén cap thiét hon bao gid hét va viéc dua cong cu dé dac
ta va kiém chung tu dong cho hé thdng thoi gian thuc 1a mot xu thé tit yéu phu hop
V6i sy phét trién vii bao cua khoa hoc cong nghé.

Cong cu kiém chiing Uppaal véi giao dién than thién, kha nang kiém chimng téi uu
dua trén co so md phong sy van hanh caa hé théng theo thoi gian ciing nhu kiém
ching duoc cac dic tinh quan trong cua hé thong nhu tinh an toan, kha niang dén
dugc, tinh not deadlock théng qua cac dong lénh don gian di khién Uppaal trg thanh
mot cong cu kiém ching tét nhét hién nay doi véi cac hé thong c6 yéu té thoi gian.

Viéc ndm bit va sir dung duoc mot cong cu tét nhu Uppaal c6 ¥ nghia rat quan trong,
hon nira viéc xay dung nén céac hé thong dic trung co gia tri ung dung thuc té, dic ta
va kiém chirng n6 trén céng cu Uppaal 1a mot nhiém vy rat can thiét.
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Téc gia da nghién ctu va xay dung duoc 4 vi du vé hé théng thoi gian gia dinh c6
tinh ung dung trong thuc té (hé thong tu dong phan loai san pham va hé thong diéu
khién viéc str dung chung nguon tai nguyén),van dung dic ta va kiém ching cac hé
thdng d6 bang cong cu Uppaal. Pay 1a nhitng budc diu, céc vi du vé cac hé thong con
kha don gian. Hon nita diém han ché cia cong cu nay la phai md phong duoc ca hé
thdng thoi gian thanh hé 6-t6-mat thoi gian (mat nhiém vu khdng phai l1a dé dang dbi
véi nguoi st dung).

Trong tuong lai, tac gia mong mudn s& ma rong ra cac hé théng phuc tap hon véi cac
rang budc thoi gian chat ché hon, dong thoi tim hiéu dé c6 thé tu dong hoa nhiéu hon
ngay tu khau dac ta.



