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GIOI THIEU

PAT VAN PE

Dic ta va kiém chitng phan mém [a mét trong nhitng phuwong phap kiém tra
cac hé thng liéu co thoa thiét ké hay khdng? Viéc kiém tra hé théng dugc thuc hién
trén nhiéu pha trong quy trinh san xuat phan mém,tir thiét ké,dic ta,viét ma kiém
thir,kiém ching,kiém tra c6 thoa yéu cau ngudi dung (validation).

Trong lap trinh mudn c6 dugc Mot chuwong trinh thi nguoi 1ap trinh khong
thé thanh cong trong 1an chay dau tién va chua thé tt duoc trong lan bién dich dau
tién.Mot chuong trinh ban dau trong c6 vé hoan hao va ludn ding nhung khi dua
vao chay that c6 thé chira nhitng 13i ¢ dau do,khi d6 né s& gay ra nhiing thiét hai vé
thoi gian va tién bac cua chung ta rat nhiéu. Trong qué trinh thiét ké va san xuat
phan cing ciing nhu phan mém,ching ta tén rat nhiéu thoi gian va cong stc trong
viéc thiét ké,d6i khi nhiéu hon ca viéc xay dung ching.

C6 rat nhiéu wng dung ma khi ¢d 13i du 1a nho nhat duge dua vao st dung c6
thé dan dén thiét hai vé nguoi, tai san ciing nhu ton that nang né dén moi
truong.Viéc thiét ké phan mém danh cho céc hé thdng nay 1a vo cung kho khin.

Viéc mot 1ap trinh vién phai lam dé c6 mot san pham phan mém luén 1a phan
tich,1ap trinh,kiémtra lai,kiém thi.Dé viéc kiém chimg duoc nhe nhang va nhanh
chéng, tangsu chinh x4c hon thi ching ta ludn tim kiém céc cdng nghé dé gitp cho
viéc do va SPIN chinh la mét trong cé&c cong cu do.

SPINIa mét cong cu chung dé kiém chimg tinh ding dan cua md hinh phan
mém mot cach chit ché va hau hét 1a tu dong.Ban dau né da duoc viét bai Gerard
J.Holzmann va cong sy trong nhom Unix ctaa cac nganh khoa hoc may tinh Trung
tam nghién ctiu tai Bell Labs vao nhitng nam 80 cua thé ky trudc.SPIN min phi va
tiép tuc phat trién dé bat kip vai su phat trién méi trong linh vuc nay.

Cac hé théng can kiém chung da duoc dic ta bang Promela (Process Meta
Language)sau d6 dung (SPIN-Simple Promela Interpreter) dé kiém chang.Cac tinh
chat can kiém chang dugc biéu dién bang cong thuc cua LTL,ldy phu dinh roi
chuyén sang Biichi Automata.Ngoai viéc kiém chiang md hinh,SPIN ciing c6 thé
hoat dong nhu mot bd mé phong,sau khi thi hanh mot day cac thuc thi caa hé thong
va hién thi vét thi hanh cho ngudi dung.



Noi dung cua khoa luan:

Khoa luan tim hiéu vé& bo kiém ching md hinh SPIN,cac md hinh hé théng
viét bang ngébn ngir promela ma SPIN cd thé hiéu dugc va cac kiém ching mé hinh
bang SPIN.

CAU TRUC KHOA LUAN

Cac phén con lai cua khéa luan ¢6 cu trac nhu sau:

Chwong I: Trinh bay co sd 1y thuyét ctia kiém thar moé hinh, bao gdm cac
khéi niém co ban, cac bude thuc hién, loi ich cua kiém thtr mo hinh va cach thirc
xay dung mo hinh.

Chwong 2: Trinh bay cic khai niém vé ngdn ngit moé hinh Promela, bao
gdm céac dinh nghia co ban vé khai béo bién va kiéu, dinh danh, hing s, biéu
thirc, tién trinh.

Chwong 3: Trinh bay vé bo kiém ching, bao gém gidi thiéu vé cong cu
ISPIN va JSPIN, dung SPIN d¢ kiém ching, gidi thiéu vé LTL.

Chuwong 4: Trinh bay vé cac két qua thuc nghiém cta qué trinh mo ta hé
thdng dén, thiét ké mo hinh hé théng dénbang Promela.

Két ludn: Két qua cua khoa luan da dat dugc va hudng nghién ctru tiép theo.



CHUONG 1:KIEM CHUNG MO HINH

1.1 KIEM CHUNG MO HINH.

Viéc kiém tra chuong trinh c6 théa man véi thiét ké hay khong Ia mét trong
nhitng linh vuc nghién cau chinh cua nganh Céng nghé Phan mém.Pi c6 nhiéu
huéng tiép can nham muc dich dua ra phuong phap tot nhat dé giai quyét bai toan
nay.Kiém thir phan mém 1a phuong phap phd bién nhat nhung ching ta chi cé thé
tim ra 13i trong chwong trinh chir khéng chirmg minh duoc chuong trinh khong con
15i. Mot hudng tiép can nita d6 1a thay vi kiém tra mic m& ngudn thi nguoi ta kiém
tra ngay tir muc thiét ké nhung khi viét ma cho chuong trinh van khong dam bao
duogc 1a chuwong trinh khong con 16i. Trong thoi gian qua d c¢6 nhiéu thanh tuu trong
linh vuc ndy, da c6 nhidu ngdbn ngir va cdng cu dung dé dic ta va kiém ching
chuong trinh.Cdc ngdbn ngir dung trong dic ta thudc tinh hé théng nhu
LTL,CTL,CTL*,Promela,Alloy cung vai cac céng cutwong ng thiSPINda tro gilp
rat tbt dé giai quyét bai toan nay.

Cac phuong phap kiém chang phan mém di bo tro cho mot sb han ché
cua kiém ther. Trong kiém ching phan mém truyén thong chuong trinh dwoc md hinh héa
bang mot dic ta S thé hién bang ngdn ngir L(S).Ban thiét ké hé thdng duoc dic ta
bang ngdn ngir L(A).M& ngudn chuong trinh Pdugc thé hién bang mot ngon ngir lap
trinhL(P) nao d6.Khi kiém chting, md ngudén chuong trinh dugc chuyén sang
mot moé hinhM thé hién bang ngdn ngir L(M) vay:

L(M)c L(A)

Pé kiém tra md ngudn chuong trinh c6 dung vai thiét ké hay khong? Nguoi
ta kiém tra xem L(M) c6 théa man L(A) hay khong? Diéu nay khé chang minh.Do
vay ngudi ta s& tim —L(M) roi kiém tra:

L(A) n—L(M)=&

Néu L(A)n—L(M)=& khang dinh m& ngudn chuong trinh khong cé 15i
truong hop nguoc lai khang dinh c6 16i va c6 thé co lap doan ma cd 15i dé khac
phuc.

Nhung diéu quan trong ¢ day la:L(M)=L(P)?Lamcéach nao dé khang dinh
dugc L(P)=L(M)?Diéu nay rat kho vi qué trinh ndy c6 su tham gia cta con ngudi
(quy trinh ndo c6 nguoi tham gia thi s& cd 16i).



Nhu da dé cap ¢ trén,ban thiét ké chuong trinh dugc thé hién biang ngdn ngit
L(A) va trong thuc té ngudi ta ding logic dé biéu dién va LTL dugc chon dé biéu
dién thiét ké nay.Dé kiém chung chuong trinh ngudi ta chuyén L(A) va L(P) vé
ngdn ngir ma 6tdmat Biichi doan nhan duocbang thuat toan trong.

K§ thuat xac minh hé théng dang dugc 4p dung cho viéc thiét ké cac hé
théng cong nghé thdng tin mot cach dang tin cay. Kiém ching mé hinh chinh la
xem sét phan mém san xuit ra c6 ding yéu cau,hop 1y va dang cac trudng hop ma
phan mém phai dap tng khong. Dé thyuc hién diéu d6 phan mém sé& dugc chay trén
mot s6 hitu han dau vao va duoc thiét ké sin,phan mém c6 16i hay khong s& duoc
dem so sanh voi dit liéu dau ra mong mudn.

Trong giai doan kiém thir viéc chay hét cac truong hop cé thé cocua dit liu
dau vao 1a rat kho va thuong khong thuc hién dugc dan dén do rat cé thé chua
15i.Khong nhiing thé trong giai doan kiém thi 18i phat hién thuong 1a muon din dén
rat khd khéc phuc,tiéu ton vé thoi gian,tién cua.

system
specification

Design Process properties

product or
protofype

bugis) found
gis)

Hinh1.1 So d6 vé viéc kiém chieng hé thong

L]

Verification




Qua trinh kiém chang rit quan trong,n6 gitp ching ta biét duoc mot thiét ké
hay mot san pham phan mém c6 dang,dam bao nhitng tinh chat yéu cau ma duoc
qua trinh dic ta hé thng dua ra khong.

Moi ¢6ng viéc cua qua trinh kiém thir déu dwoc dya trén viéc dic ta hé
théng. Mot 15i s& duoc phét hién khihé thdng khéng thoa man nhitng tinh chat dic
ta cua hé théng va nguoc lai hé théng s& ding khinhiing tinh chat do duoc thoa
man.Vi vay viéc kiém ching gidp phat hién 15i sém.

Viéc kiém chitng mé hinh dua trén co sé cua viec md ta chinh xac nhiing
hanh vi caa hé thong mot cach khdng nhap nhang,diéu nay gidp phat hién ra nhitng
diéu nhap nhang, khong dung va chua hoan thién cua hé théng.

Ki thuat nay gitp kiém ching trong qua trinh thiét ké san pham, né ciing 1a
mot céng cu trong viéc kiém tra nhitng san pham phan mém bat budc khi chay
khong c0 sai sot.

1.2 CACH TIEN HANH

Viéc kiém chimg mé hinh duoc thuc hién bang viéc xac dinh yéu cau cua hé
thdng sau dé ta xay dung md hinh cua hé thdng, tir 46 gitip hiéu duoc cac chic ning
cling nhu hanh vi cta hé thdng.Ta cd thé xay dung mé hinh hé théng bang nhiing
ngon ngtt lap trinh nhu C, Promela hay java...

Sau d6 cong cu kiém ching sé& sinh ra tat ca nhitng trang thai c6 thé co cua
hé théng. Két qua dau ra s& dugc so sanh véi két qua dau vao cua hé thong va kiém
tra chling c6 thoa man hay khdng,néu khdng théa man thi bo kiém chang s& tim ra
trang thai khong thoa man do.
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Modeling

property
specification

Model Checkingf

violated +
counterezample

Hinh1.2 So 6 hoat ddng ciia phwong phap kiém chirng mo hinh

requirements

Formalizing

location

Simulation error

e Cac bwéc thuc hién caa kiém chieng mé hinh.

= Tur dic ta cac chuc nang,yéu cau cua hé thong ta xay dung md
hinh.

»  Tao dau ra tir cac di kién cua bai toan

= So séanh két qua dau ra va két qua thuc té mong muén

= Sira d6i md hinh,tao thém ca kiém thu,dirng kiém thu,danh gia
chat lugng cua phan mém (Néu can).

Kiém chirng mé hinh ciing 12 mot kha ning danh gia phan mém hiéu qua.

e Uu nhuoc diém caa kiém chieng mé hinh.

Trong san xuit va phat trién phan phan mém céng viéc kiém thi 1a khdng thé
thiéu duoc,nhung néu kiém thir bing phuong phap truyén théng thi s& mat rat nhiéu
thoi gian,tién cua... 1am cho phin mém khong dap tng di yéu cdu ma ngudi ding
dua ra.Chinh vi thé kiém chiang mé hinh s& khéac phuc dugc mét s6 nhuge diém dé:

= Do qué trinh sinh ca kiém thi 14 tir déng nén qué trinh kiém thi diroc
rit ngen,dong thoi chdt lwong phan mém dwoc tot hon.

= Tuy chi phi do viéc xay ding mé hinh 1a I6n nhung chi phi dé bao tri
phan mém 1a ton it hon khi hé thong dwoc dira vao hoat dong.

= Trong kiém chizng md hinh céc ca kiém thir diroc tw déng sinh ra nén
16i dwoc phét hién nhiéu hon.

= Loi dwoc phét hién sém sé tang thoi gian gidgi quyét vakhac phuc sie
Do kiém chizng md hinh 1& mét phwong phdp kiém ching tong quéat ap



11

dung duwoc cho mgt pham vi I6n cac iing dung: k7 nghé phan mém,thiét
ké phan cing...

e Bén canh d6 kiém chirng mé hinh ciing c6 nhirng nhwge diém:

= Do phdi xay dizng md hinh hé thong mét céch chi tiét Ién ngudi
kiém thez phdi 1a nhitng ngueoi biét phan tich thiét ké hé thang.

= Do kiém chizng mé hinh dwa trén viéc xay dung md hinh hé
thong,chinh vi vdy nguwoi kiém thit phdi bé thoi gian, tri tué va
tien bac vao viéc xay dung md hinh hé théng.

=  Phwong phdp chii yéu dwoc ap dung nhang #ng dung diéu
khién 1a chinh,n6 khéng phi hep véi nhitng iing dung c6 khdi

dez liéu tang vé tan.
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CHUONG 2:NGON NGU PROMELA

2.1 NGON NGU PROMELA

DESPIN c6 thé hiéu dugc md hinh hé thdng khi ching ta s dung ngén ngi
Promela dé xay dung mé hinh.

Chuong nay chung ta s& biét cach kiém ching tu dong bing céng cu
SPIN.Dé c6 thé 1am viéc dugc véi SPIN ching ta phai xay dung md hinh cua hé
théng bang ngdn ngir Promela.Chwong nay s& lan luot trinh bay nhitng khai niém
co ban vé ngdn ngit md hinh Promela,cong cu SPIN,va giao dién ngudi ding
JSPIN va ISPIN.

2.1.1 CAU TRUC CHUONG TRINH PROMELA
M6t chuong trinh Promela co ban gom:

e Khai bao kiéu.

e Khai b4o bién.

e Khai bao tién trinh.

e [init process].

/I Cac khai béo kiéu va bién
mtype = {MSG,ACK};

chan toS =...

chan toR =...

bool flag;

/I Mgt tién trinh

proctype Sender() {

// Than mgét tién trinh

}
proctype Receiver() {
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/I Tién trinh init
init {

/I Tao mét tién trinh

}

Bién ciing c6 thé duoc khai bao nhu mang,vi du:
int x [10];

Khai bao mot mang 10 s6 nguyén co thé dugc truy cap trong mang Subscript
biéu hién nhu:

x[0] = x[1] + x[2];

Cac mang khong thé duoc liét ké,nén nd phai dugc khoi tao nhu sau:

int x[3];
X[0] = 1;
X[1] = 2;
X[2] = 3;

Mang da chiéu c6 thé duoc dinh nghia gian tiép voi su gitp d& cua cac cau
trdc typedef.

2.1.2 KIEU DU LIEU CO BAN

e Bang 2.1 dit li¢u co ban trong Promela:

Kiéu dit liéu Kich thudc(bits) Dit liéu
Bit,bool 1 0, 1, false,true
Byte 8 0..225
Short 16 -32768...32767
Int 32 224
Unsigned <=32 0..2"-1
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2.1.3TOAN TU CO BAN

Do ngdn ngitPromela gan gidng nhu ngdén ngit C chinh vi thé Promela c6
toan tir trong tu Vi ngbn ngir C.

CAc toan tir co ban trong Promela xép theo thir tu d wu tién giam dan:

Toan tu Tén
0 DAu ngoic don
I Chi sb mang

Lua chon truong

! Phu dinh logic

~ Phan theo bit

++, -- Tang,giam

* 1, % Nhan,chia, modul
<<, >> Dich trai,dich phai
++ - cong,tru
<,<=>>= Cac phép so sanh logic

=== Tuwong duong,khong tuong duong

& Va

N Loal trir bit hoac
| Gop bit hoac
&& Va logic

I Trai hoac logic

= Gan
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2.1. 4 TEN, TEN HANG SO VA BIEU THUC
e Tén
Tén c6 thé 1a mot chix cai,mot ky tu.
e Hing s
Hang sé 1a mot chudi ky tu dai dién cho mot sé nguyén thap phan.Hang sé

tugng trung c6 thé duoc dinh nghia nhu sau:

#defineMAX999

2. 1.5 TIEN TRINH
Mot tién trinh duoc khai b4o bat dau bang mot tir khda proctype va gom co:
e Tén
e Danh séach théng sé chinh

e Khai bao bién cuc bé

Cu phap cia mdt khai bao tién trinh:

proctype name( /* formal parameter list */)

{

/* cac khai bao dia phuwong va cdc lénh */

¥

[* va */ quy dinh gidi han chd thich trong promela

e Tién trinh khéi tao (init)

Tat ca cac chuong trinh Promela déu can mét tién trinh khai tao, né gidng
nhu ham main() trong ngdn ngir C.Viéc thyuc thi mot chuong trinh promela dugc bat
dau tir tién trinh init,

Mot tién trinh init c6 dang:

init { /* Cdc khai bdo dia phwong va cdc biéu thirc.*/ }
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Don gian nhit c6 thé 1a chuong trinh Promela cé dang:

init { skip }

Skip c6 nghia 1a khong c6 biéu thic ndo trong tién trinh init.
2.2 XU LY KENH TRONG PROMELA

2.2.1CU PHAP
Kiéu kénh trong Promela di kém véi hai toan tir guri: 'va nhan:?,duoc khai béo:
Khai bao:

Chanch = [dung luong] of {kieu du lieu 1,...,

kieu du lieu n } ;
C6 2 kiéu kénh trong Promela:
Kénh giri va nhan:duoc khai bao véi dung luong bang 0.
Kénh dém:dugc khai bao véi dung luong 16n hon 0.

Lénh truyén dix lidu trén kénh

Guri:
ten bien kenh ! bieu thuc 1, ...,bieu thuc n
Nhan:
ten bien kenh?bien 1, ...,bien n

Gia tri cua cac biéu thirc c6 kiéu twong tng véi kiéu khi kénh duogc khai bao.

Cac biéu thire tronglénh giri s& duoc tinh toan vagia tri thu dugc sé tro thanh
thong diép truyén trén kénh,lénh nhan duoc thyuc thi sau lénh d6 s& gan cac gia tri
nay cho cac bién cua no.

Mot 1énh nhan chi duoc thuc khi tn tai thong diép dugc gui 1én kénh.
2.2.2 KENH GU VA NHAN.

Kénh guai va nhan (duoc khai bao véi dung luong bang 0) biéu thi rangnoi
giri (tién trinh chira lénh guri) va noi nhan thong diép (tién trinh chira cau Iénh nhan)
truyén di liéu mot cach déng bo.Khi do,tién trinh chira 1énh guri & bi chin cho dén
khi 1énh nhan trong tién trinh nhan dugc thuc thi.
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Néu trong mét tién trinh c6 mot 1énh gui (hay nhan) duoc khai tao ma khéng
cd 1énh nhan (hay giri) nao tuong tng (V& cua kiéu thong diép) thi tién trinh do s& bi
khoa .

2.3. CAC CU PHAP

2. 3. 1 LENH printf()
Cau Iénh prinf
printf (“xau ki tu”,cac bien) ;

trong xau ki tu c6 thé chira cac dinh dang in twong &ng véi cac bién nhu%d

2.3.2 LENH LUA CHON if

if
::bieu thuc logic 1 - lenh 11; lenh 12;..lenh 1n

::bieu thuc logic 2 - lenh 21; lenh 22;..lenh 2n

::bieu thuc logic n - lenh nl; lenh n2;..lenh nn

£fi;

Ngoai ra,biéu thirc logic c6 thé lafalsehodctrue. Chudi Iénh theo sauelsesd
duoc thuc thi néu cac biéu thie logic con lai déu nhan gid tri false.Chudi 1énh theo
sau true ludn ludn duoc chon dé thuc thi.

Chudi lénh theo sau biéu thirc logic c6 thé trong,khi gap chudi lénh
trng,chuong trinh bogqua chuyén sang cau 1énh sau cau 1énh if skipco ¥ nghia twong
duong v6i mot chudi 1énh trong.

2.3.3LENH LAP DO

do
::bieu thuc logic 1 - lenh 11; lenh 12;..lenh 1n
::bieu thuc logic 2 - lenh 21; lenh 22;..lenh 2n

::bieu thuc logic n - lenh nl; lenh n2;..lenh nn
::bieu thuc logic - break

od;
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Cau lénh ifvadothé hién tinh khéng tat dinh cua Promela:néu hai hay nhiéu
biéu thuc logic c6 gia tritrue,chudi 1énh theo sau mét biéu thirc bat ky trong sé do s&
duoc thuc thi.
2.3.4 LENH NHAY GOTO
Gilp nhay dén 1 doan chuong trinh sau mot nhan véi tén nhan dat trude dau
hai cham.
goto:ten nhan;

2. 3.5 LENH define

definela Iénh macro dung dé dinh nghia ky hiéu cho mét biéu thie va duoc
dat odau chuong trinh:

#define length 10

2.4.RUN VA ATOMIC

2.4.1 RUN VA TIEN TRINH INIT()

Run 1a mot cach khac dé khai tao mét tién trinh. Trudce d6 mot tién trinh duoc
khai bao ma khodng c6 tir khda active

proctype P () {

}

run P ();

Véi viéc st dung run ta cothékhai baotat ca cac tién trinh ¢ trong chuong
trinh sau d6 “run” (khoi tao) ching trong mét tién trinh ¢ tén init().

Tién trinh init()ludn 14 tién trinh dau tién duoc khoi tao va do vay ludn
copidbang 0.

proctype P () {

}

proctype Q() {
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init {
run P();
run Q();

}

2.4.2 ATOMIC

Chudi lénh dit trongatomic{}sé duoc thuc hién nhu mot cau Iénh doc lap va
khéng bi chen vao bai mot 1énh nao khac ngoai né. Do vay,str dungatomicgidp
giam sy phuc tap ciia md hinh can kiém chuang.

Vi du 3. 1.Chubi Iénh diing atomic

atomic {

temp = n;

n = temp+l

}

Poan ma trong vi du 3. 1.twong duong véi Iénh n=n+1;

Ta c6 thé sir dung atomic dé két hop cac cau lénh giita cac tién trinh

chan ch = [0] of {int};
active proctype P(){ atomic {A;ch!l;B}}

active proctype Q(){ atomic {ch?l -> C}

Trong vi du trén,sau khi khdi IénhAtrong tién trinhPduoc thyuc thi,dir liéu
kiéu intvoi gia trildugc gui 18n kénhchkiéu gap (cau lénhch!1;duoc thuc hién),tién
trinh Q nhan dix liéu trén kénh va khdi Iénh C duoc thuc thi,khi khdi Iénh Ckét
thiic,viéc thyc thi s& ty dong chuyén vé tién trinhPva thuc thi khéi 1énh B.

Atomicco thé dugcstr dung dé khai tao mot s6 cac tién trinh va dam bao rang
khdng mét tién trinh ndo bat dau chay cho tai khi tat ca c4c tién trinh duoc khoi tao
hét.

Tién trinhinitda duoc khai tao va cé thé chay,mot trong hai tién trinh P,Q c6

thé duoc chay trugc khi tién trinh con lai dugc khai tao,diéu d6 khong c6 loi cho
ching ta. B6 sungatomicsé loai bo dwoc diéu nay:
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proctype P () {

proctype Q() {

}

init {
atomic {
run P();
run Q();

}
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CHUONG 3 BQ KIEM CHUNG MO HINH

3.1 BQ KIEM CHUNG MO HINH SPIN

Dé kiém ching md hinh ching ta cé rat nhiéu cong cu dé kiém chirng nhung
trong db an nay dé kiém ching trén hé twong tranh em sir dung bd kiém chiing
SPIN trén 2 cong cu la JSPIN va ISPIN.

3.1.1GIOI THIEU VE SPIN

SPIN & céng cu ma ngudn ma,phd bién va dugc st dung boi hang ngan
ngudi trén toan cau.No6 duoc sir dung cho viéc xac minh thim dinh cua céc hé théng
phan phdi phan mém.

Tir nam 1980 SPIN duoc phét trién tai Bell Labs cua nhém Unix thudc trung
tam nghién cu Khoa hoc may tinh.Phan mém nay phat trién rong rai tir nim 1991.

Thang 4 nim 2002 SPIN duoc trao giai thuéng phan mém uy tin cho nim
2001 cua ACM.

SPIN cung cap mot gia 1ap cho phép cac nha thiét ké dat duoc két qua phan
hoi tir hé thong mo hinh cua ho.Nhitng két qua phan hoi d6 dong vai tro quan trong
trong sy hiéu biét cua cac nha thiét ké vé hé thong trude khi ho dau tu vao phén tich
chinh thuec.

3.1.2 CONG CU JSPIN

C6 giao dién than thién nguoi diung ctra s6 soan thao chinh véi kha
nangchinh sira va tim kiém 1a don gian.ISPIN 1a cong cu thuan tién dé tiép can voi
SPIN.
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(] Jspin Version 501 =R

File Edit Spin Convert Options Seffings Output SpinSpider Heip ‘LTUormma| ‘

Open Check | Random | Interactive | Guided Weakfalmsﬁﬁ‘sﬂetv ‘v‘ Verify Stop Transjate | Load | LTLngme | | SpinSpider | | Maximize

-l

| CIENEE R
Hinh3.1 Giao di¢n JPIN

e Check

Kiém tra cu phap ngon ngi Promela.

Luon ludn 12 budc dau tién sau khi thay d6i chuong trinh Promela.
e Random

Chay ché dorandom,dé c6 thé kiém tra 16i cua ban than chwong trinh
Promela.

LTL Temporal Logic Formulae

LTL = Ménh d¢ Logic + toan tir diéu khién thoi gian.
Giup chinh stra va bao tri cac cong thuec logic.

Theo thoi gian trong SPIN

e Budc 1:Chay “LTL Property Manager”

e Budc 2:Nhap vao dic tinh thoi gian ma ban mudn tham dinh.Cha y
phai 12 biéu thtc bat bién va tén bang chir thuong.

e Budc 3:Chi ra la c6 hay khong dic tinh thoi gian can giir:

all executions (desired behaviour) hoac no executions (error behaviour)

e Budc 4:Nhap vao mot dinh nghia vi mé ddi véi mdi hang s6 ménh dé
trong cua sé phu “Symbol Definitions”
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e Budc 5:An vao nat “RunVerification” va tiép tuc 4n vao nat “Run”

trong cua s6 “LTLVerification”

3.2.3CONG CU ISPIN
Cong cu ISPIN cé giao dién

model source

os6em | |

BN . g i
T s |

Hinh 3.2 Giao dién ISPIN

e Run Syntax Check
Gidng nhu chirc ning ctia check trong JSPIN
= Kiém tra ci phap ngdn ngir Promela.
= Ludn ludn 1a bude dau tién sau khi thay d6i chuwong trinh Promela.
= Lap thdng sb Verification kiém tra md hinh.
» Pam bao thyc hién an toan va xac minh tinh chat.
Correctness Properties:Safety,Liveness.
Search mode.
A full queue.
Verify an LTL property.

Set advance options.



Simulate / Replay Swam Run s

Safety Storage Mode Search Mode

6 safety 6 exhaustive & depth-first search

¥ + invalid endstates (deadlock) [~ + minimized automata (slow) I¥ + partial order reduction

7 + assettion violations I™ + collapse compression I + bounded context switching

™+ xefus assertions € hash-compact € bitstate/supertrace with bound: 0

Liveness Never Claims I~ + iterstive search for short trail

€ non-progress cycles & do not use a never claim or Kl property € breadth-first search

" acceptance cycles € use claim I+ partal order reduction

I™ enforce weak faimess constraint claim name (opt): 7 report unreachable code

soc et n|

verification result:

Show
Enmor
Trapping

Option

Hinh3.3 Cira so cia Verification

e View SPIN Automaton (FSM View)

€ leader_trace.pml

/* Dolev, Klawe & Rodeh for leader election in unidirectional ri * 1| automata View
**An O(n log n) unidirectional distributed algorithm for extrem Select:

a trace

3 *finding in a circle,' J. of Algs, Vol 3. (1982), pp. 245-260 = p_node e

4 = init

5

6 #define N 5 J* nr of processes (use 5 for demos) *

7 #define| 3 /* node given the smallest number  */

3 #define L 10 I* size of buffer (>=2*N)

9

10 mtype = { one, two, winner };

11 chan g[N] = [L] of { mtype, byte};

12

13 byte nr_leaders = 0,

14

15 notrace |

16 do

17 - q[0]?one, _

18 - q[0]?two, _ - break

19 od;

20 do

21 ~q[0]?two,_

22 = q[0]?winner,_ -> break

23 od

24 3

25

26 proctype node (chan inp,

27 { bit Active = 1, /_\ 3

2 hute nr mavimiim = munimhar nainhhorrR- =

min zoom out

-aleader_trace pml
10 gec—4 -0 pan pan.c
11 Jpan-D | dot >

Hinh 3.4 Ciia so6 chay chirc ning View SPIN Atomaton
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3.2 DUNG SPIN PE KIEM CHUNG

3.2.1 GIA LAP NGAU NHIEN

Trong ché do gia 1ap,SPIN s& bién dich va chay mét chuong trinhPromela,
sau d6 in ra cac trang thai cua chuong trinh.Khoa luan nay em st dung cong cu
JSPIN va ISPIN dé xem xét két qua kiém chirng mot céch truc quan.

Mot chuong trinh bao gém rat nhiéu trang thai va mdi trang thai va mdi trang
thai bao gdm mot bo gom céc gia tri gom cac bién.Mot tinh toan 1a mot chudi cac
trang thai khai tao va tiép tuc vai nhing trang thai xuat hién khi mdi cau lénh dugc
thuc hién.

3. 2. 2 Verify

Assertion 1a cach dongian dé kiém tra chuong trinh.Mot assertion 1a mot
ménh dé dugc dattrongl chuong trinh ma tacho rang ménh dé sé ludn ding tai vi tri
d6. SPIN s& tinh toan cac assertion trong qua trinh tim kiém phan vi du trong khong
gian trang thai cta chuong trinh.

Vi du 3. 1 Nghich d4o céc sd

1 active proctype P() {

2 int value = 123;

3 int reversed;

4 reversed =

5 (value % 10)*100 +

6 (value / 10)%10 + 10 +

7 (value / 100);

8 printf ("value = %d,reversed = %d\n",value,
reversed)

9}

Trong chuong trinh nay ta khai bao céc bién,value va reversed thuoc kiéu
int,bién dau tién dugc khoi tao gia tri ban dau.Gia tri gan cho bién reversed duoc
tinh toan tir gid tri cia bién value sir dung phép chia va phép chia cé du,sau
d6,nhitng gié tri caa bién nay duoc in ra man hinh.Cau lénh printf duoc lay ra tir
ngdn ngir C:Mat xau trong dau ngoac kép,tiép theo d6 1a mot danh sach cac bién,
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danh sach cac bién nay can thoa mén dinh dang duoc ki hiéu trong xau.Dic ta dé in
ra gi tri nguyén %d,va xau cé thé duoc két thic vai ki hiéu bit dau trong dong méi
\n.

Néu chay toan bé md phong ngau nhién cua chuong trinh SPIN s& in ra két qua:
Value = 123, reversed = 321

Trong ISPIN ta chay Verify,két qua khong c6 15i vi pham nao duoc thong
b&o tir chuong trinh.

(SPIN Version 6. 1. 0 -- 4 May 2011)

+ Partial Order Reduction

Full statespace search for:

never claim - (not selected)

assertion violations+

cycle checks- (disabled by -DSAFETY)

invalid end states+

State-vector 20 byte,depth reached 2,errors:0
3 states, stored

0 states,matched

3 transitions (= stored+matched)
0 atomic steps

hash conflicts:0 (resolved)

2. 53%memory usage (Mbyte)
unreached in proctype P

(0 of 3 states)

pan:elapsed time 0. 001 seconds

No errors found -- did you verify all claims?
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Trong vi du 3. 1 ta ciing tim nghich dao cac s6 nhung khi bién value duoc

gan gia tri value =(value % 10)*100 + (value / 10)%10 + 10 +1000(value / 100)do
vay khi in gia tri vulue va reversed khdng thoa man.

Vi du 4. 1 Chuong trinh nghich dao cac sb c6 chua I5i:

active proctype P () {
intvalue = 123;

int reversed;

value =

(value % 10)*100 +

(value / 10)%10 + 10 +1000
(value / 100);

printf ("value = $d, reversed = $d\n",value,

reversed)

}

Khi chay Verify, ISPIN s& dua ra théng bdo 186i vi
pham

verification result:

SPIN -athu

SPIN:thu:7,Error:syntax errorsaw '' (' = 40'
SPIN:thu:10,Error:no runable process

gcc-4 -DMEMLIM=1024 -02 -DXUSAFE -DSAFETY -DNOCLAIM

-—w —O pan pan. cC

pan. c:435:17:error:expected expression before a€’,
ae™ token

3.3 GIOI THIEU VE LTL(Linear Temporal Logic)

Linear Temporal Logic (viét tit LTL) duoc dé xuat bai Amir Pnueli (1941-
2009),mot nha khoa hoc nguoi Israel,la mot loai logic ap dung cho thoi gian,nguoi
ta ¢ thé xay dung cac cong thicc vé twong lai.Vi du:mét didu kién cudi cing s&
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dung hoic mot diéu kién s& ding cho dén khi mot diu kién khac dung, ... LTL 1a
mot phan caa CTL* (mét loai logic c6 thém céc lwong tir va nhanh thoi gian).LTL
dau tién duoc dé xuat dung trong kiém chirng hinh thirc bdi Amir Pnueli ndm 1977.

3.3.1CUPHAP

LTL dugc xay dung tir cc bién ménh dé AP (Atomic Proposition),céc toan
tir logic va cac toan tu thoi gian X,U.

Mot cach hinh thire,céc cong thirc LTL dugc dinh nghia nhu sau:

Néu p 12 mot ménh dé nguyén ti thi p (p € AP) la mot cong thirc LTL.

Néu v va ¢ 1a cac cong thirc LTL thi —y,0 V y,X v va ¢ U yciing 1a cac
cong thac LTL.

pr=truefa| eiAgz |- ¢ [Xolp1 U oy |

X doc 1a NEXT

U doc 1a UNTIL
Trinh ty c4c toan tir nhu sau: Toan tar mot ngdi co do wu tién cao nhat,toan tir -
va toén tor Xc6 do uu tién twong duong nhau.Toan tir U c6 do wu tién hon cac toan
tr A,V,va —.DAau ngodc don “()” ¢o thé loai bo néu khdng gay nham Ian.Toan tir U
c6 d6 wu tién bén phaitac 12 cong thiace, U (9, U @) cd théviét thanhe, U ¢, U
Ps.

Dung céc toan tir —,A du dé biéu dién cac cong thirc trong logic ménh de.

pLVer = a(mpr Ag)

pr— 02 = -1 Vo

propr = (o1 — @) Alp2 — 1)
pr@e2 = (prApa) V (02 A

Ngoai ra,c6 mot s toan tir duoc bd sung nhu F, G.Toén tir F con duoc ky hiéu 1a
Q.todn tr G ky hiéu la O,toan tir X ky hiéu la O.

Toan tir U c6 thé biéu dién duoc céc toadn tir F, G nhu sau:

de def
Gy = trueUep Oy = —0-p
V

a

G doc laGlobally (ludn xay ra)
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F doc Ia Future (cudi cing sé& xay ra)

3.3.2 NGU NGHiA

Cong thirc LTL biéu dién céc tinh chat cia mot chudi hanh dong (path,co thé
goi 1a vét - trace). Piéu nay co nghia 1a mot chudi cac hanh dong c6 thé thoa mot
cong thie LTL hoic khdng.Dé 1ap mot cong thie chinh xac khi chudi hanh dong
thoa man cong thirc LTL ching ta tién hanh nhu sau:

Pau tién,ngir nghiactia cong thic LTL ¢ duoc dinh nghia nhu mot ngdn

2*Pthoa man ,sau do ngir

ngitWords(ep) chira tat ca cac tir v han trén bang chit cai
nghia dugc mo rong dé dién giai toan bo cac trang thai va cac chudi hanh dong cua
mot hé thong dich chuyén.

Pinh nghia(Ngir nghia cta LTL):Cho ¢la mot cong thac LTL trén AP.Tinh

chat logic thoi gian dugc sinh ra bai ¢ 1a
Words(¢) = {ce(29?)°}|c E ¢

O day,quan hé thoa duoc Ela tap con caa(24P)® x LTL Ia quan hé nho nhat
vai thuoc tinh trén bang 1.Ky hiéu E€ (247)? LTL.

o | true

o FE a iff ac Ay (ie, Ag Fa)

o F @eiNg2 iff o=@ and o= 2

o F "¢ iff o

o E Og iff o[l...]=A1A2A3... F¢p

o F @Ups iff 3520.0[j...]F¢2 and ofi...] =1, forall 0<i < j

Ngir nghia LTL (quan hé thoa duoc |= ) cho céc tir v han trén2”"

Gia str a,b 12 hai ménh dé& nguyén tir,bang 2 minh hoa ngir nghia cua céc
phép toan dbi voi cac ménh dé nay.



atomic prop. a

next step Oa

until a U b

eventually (a

always Oa

a

30

&

arbitrary

O

a A —b

O

-l

O

42

O

arbitrary arbitrary arbitrary arbitrary
' ) Yy
TN/ Ry p—y
a1 arbitrary arbitrary arbitrary
M ' [y My
Ny vy vy p—
a A —b a A —b b arbitrary
Y Yy Yy
/ Ny vy Ry
i —lL 43 arbitrary
Y Y Yy
/ Ny J Ry
[0 [0 [0 a
Yy
L J S R

Minh hoa nglt nghia ctia LTL
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CHUONG 4 THUC NGHIEM

4.1 MO HINH MAY TRANG THAI HUU HAN

Maytrangthaihttuhan(Finite State Machine-FSM) hay con goi lamay tudong
trang thai hitu han(FiniteStateAutomaton-FSA) dugc sir dung dé md ta hoat dong
cua nhiéu hé théng trong thuc té,1a4 mot dang mé hinh da trang thai,géom 3 thanh
phan chinh:

e Cac trang thai

e Céc cung chuyén trang thai

e Cac hanh dong (Actions)

e Céch thuc dé chuyén FSM sang mé hinh promela nhu sau:

e Cac budc chuyén trang thai dugc khai béo trong mot kiéu mtype

Tat ca cac théng tin vé chuyén trang thai duoc chuyén dén mot bién message
kiéu kénh nhan thong diép thudc loai mtype trén, sau d6 message sé& giri thong diép
trong tién trinh coltrol() 1a tién trinh diéu khién ciia may hitu han trang thai.

Trang thai ctia may duogc thé hién baibiénstateco gia tri dugc thay doi trong
tién trinhaction(),kénhmessagesé nhan thong diép trong tién trinh action().

MOi khi tién trinh diéu khién coltrol()giri mot thong diép vé su chuyén trang
thai,dwavao thong diép nhan dugc va gia tri hién tai cuastate,state sé¢ dugc gan mot
gié tri mai twong (rng Vi trang thai mai.

Vématang dung,may trang thai hitu handéng vai trd quan trong trong nhiéu
linh vuc nhu céng nghé dién ta,ngdn ngit hoc,khoa hoc may tinh,triét hoc,sinh
hoc,todn hoc,logic hoc... Trong khoa hoc may tinh,may trang thai hitu handugc
sadung rong rai trong viéc mo hinh hoa hoat dong cia phan mém,thiét kéhéthdng
phan cang,trinh bién dich,cng nghé mang,xir Iy ngdn ngir ty nhién ...

4.2 THUC NGHIEM VOI HE THONG PEN

4.2.1 MO TA BAI TOAN

Ap dung cac phuong phap da dé xuat & dugc tim hiéu trong khoa luan cho
bai toan 1a mot hé thong cong tac deén 1a mot dung trong gia dinh.Pau vao cua thiét
bi théng qua 2 ndt bamup va down.Pau ra 1a thong quadén bao hiéu véi 3 mic
sang:tat (off),sang yéu (low),sang manh (high).Hoat dong cua dén duoc thé hienboi
m& hinh may httu han trang thai nhu sau:
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Ul up
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Hinh4.1 M6 hinh cong tic dén
M hinh promela mo ta hoat dong cua dén duoc xay dung nhu sau:mé hinh
promela gdm 2 tién trinh:lamp()vaswitch()(lan luot twong ung véiactive()va
control().Dé théhiéntwong tacgitracdng ticva bong dénhaitién trinh trao ddi thong
tin qua kénh updown nhan va gui thong diép thuoc kiéu
mtype = { up,down }

M®& hinh promela cua cai deén (file lamp. pml):

1 byte state=0;

2 mtype={up,down};

3 chan updown=[0] of {mtype};
4 proctype lamp () {

5 do

6 ::atomic {updown?up->if
7 ::state=0 -> state=1

8 ::state=1->state=2

9 ::state=2->state=2

10 ::else -> skip fi

11 }

12 ::atomic {updown?down->1if
13 ::state=0-> state=0

14 ::state=1->state=0

15 ::state=2->state=1I

16 ::else -> skip fi
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17
18
19
20
21
22
23
24
25
26
27
28
29

30

od

}

proctype switch () {

do
::updown!up;
::updown!down;
od
}
initf{
atomic{
run lamp /() ;
run switch() ;}
}

Trong mé hinh trén gia tri caa biénstatela 0,1,2 1an luot mo ta ba trang thai
cua dén 1a off,low,high.V&i mé hinh nay,trong SPINta chay ché dorandom,dé c6 thé
kiém tra 1i cia ban than chuong trinh Promela. Trong ché d¢ nay,khi tién trinh init
duoc thyc thi,SPIN gia lap hoat dong ciia dén,chudi cac tin hieuupvadownduoc sinh
ra mot cach tly y(nho sy thuc thi tién trinh switch())va tir d6 trang thai cua dénthay
d6i (nho sy thyc thi tién trinhlamp()).Chuong trinh khong c6 15i ¢t phap va SPIN

dirng sau khi dat toi gidi han 250 buéc.
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(= {SpinVersion5.0 =
File Edit Spin Convert Options Settings Output SpinSpider Help ‘LTUormulﬂ‘ ‘
Open ‘ | Check H Random H Interactive H Guided Weak fairmess ‘Sa!etv "‘ | Verify H Stop | ‘ Translate “ Load H LTLllgme‘ ‘Smnﬁmder‘ ‘ Maximize |

- lamp /- |~[411 Tamp 6 values: 12up 0O 1=

1 byte state=0; 1 lamp 6 state =1 0

2 mtype={up,down}; L lamp 8 state -2 1

3 chan updown=[0] of {mtype}; 2 switc 22 updown'up 2

4 proctype Tamp(O{ 1 lamp 6 updown?up 2

5 do 2 switc 22 values: 1'up 2

g ::atomic {updown?up->if 1 lamp 6 values: 1?up 2

7 :istate-0 -» state-1 L lamp 6 state -0 2

g ::State=l->state=2 lProcess Statement state

g ::state=2->state=2 L lamp 7 state =1 0

10 ::else -> skip fi 2 switc 22 updown'up 1

11 1 lamp 6 updown?up 1

12 ::atomic {updown?down->if _| [2 switc 22 values: 1'up 1

13 ::state=0-> state=0 [ [L1amp 6 values: 12up 1

14 ::state=l->state=0 1lamp 6 state =0 1

15 ::state=2->state=1 Llamp 7 state =1 0

16 ::else -> skip i 2 switc 22 updown!up 1

17 1 [l lamp 6 updown?up 1

1g od 2 switc 22 values: 1lup 1

19 L lamp 6 values: 12up 1

20 proctype switch(){ 1 lamp 6 state =1 1

29 o e

22 ::updown'up; depth-Timit (-u250 steps) reached

23 ::updown!down; #processes: 3

24 od 250: proc 2 (switch) lamp:21 (state 3)

2 1 ] [250: proc 1 (lamp) lamp:8 (state 5)

25 init{ 250 proc 0 (:init:) Tamp:30 (state 4) =

27 atomic{ | |:[3 processes created =
run 1ampQ; = =

bin\spin.exe -a lamp ... done!

c:\mingw\bin\gcc.exe -DSAFETY -o pan pan.c ... done!

C:\jspin\jspin-examples\pan -m2000 -X ... done!

bin\spin.exe -g -1 -p -r -s -X -u250 lamp ... done!

Ele o ]slE)E]]e] oo
Hinh 4.2Két qua chay gia Iap mo hinh hé thong dén

4.2.2 KIEM CHUNG MO HINH HE THONG PEN BANG SPIN
4. 2. 2. A KIEM CHUNG MO HINH HE THONG CONG TAC PEN PAP UNG
THUOQC TiNH
Chay gia lap & ché do dandom dé kiém tra chuwong trinh:
M@ ta céc trang thai cua deén:
off:up:low
low:up:high
low:down:off
high:up:high
high:down:low

Sau khi chay gia 1ap & ché do random nhu & phan trén ta can kiém tra tinh
chat ma hé théng can thoa man bang viéc chayverify.Tinh chat can kiém chang
trong truong hop nay la:khi dén & trang thaihigh,can phai qua trang thailowrdi moi
cd thé vé trang thai off.

Biéu thac LTL mo ta tinh chét trén la:

[] !'((state == 2) && (state != 1) U (state ==0))
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(Khdng bao gid xay ra truong hop bién state bang 2 va,né ludn khéac 1 cho
t6i khi n6 bang 0)

Ta thém vao mo hinh promela dinh nghia cac ki hiéu

#define a0 (state = = 0)

#define al (state '=1)

#define a2 (state = = 2)

Biéu thirc LTL dua vao SPIN la:

[1'(a2 && (al U a0))

Khi d6 trongJSPIN ta sir dung chitc nang Translate dé dich tir ngén ngirLTL
sang Promela.

[=] jSpin Version5.0 = & =Sl
File Edit Spin Convert Options Seftings Output SpinSpider Help ‘LTL'ormma‘[] (a2 && (al U 20))
= [ om locomleales] e ° el o | ol oo e i) |
- lamp /- [+[¢jnever { /¥ 1([] '(@2 & (al U a0))) */
1 byte state=0; To_init:
5  mtype={up,down}; if
3 chan updown=[0] of {mtype}: 11 ((a0) & (a2)) -> goto accept_all
2 proctype Tamp(Q){ :: ((al) & (a2)) -> goto TO_S4
5 do i (1) - goto TO_init
g ::atomic {updoun?up->if fi;
7 i:state-0 -> state-1 To_S4:
g ::state-l->state=z if
g ::state-2->state-2 +x ((a0)) -- goto accept_all
10 ::else -> skip fi :: ((al)) -> goto TO_S4
fi;
11 i
13 ::atomic {updoun?down->if | faccept_al1:
13 ::state=0-> state=0 T skip
14 :State=1--state=0 i

15 ::state=2->state=1
12 :ielse — skip i
17 F
15 od

ks
20 Proctype switchO{
do

55 ::updowntup;
55 ::updown!doun;
24 od

T

26 1nit{

27 atomic{ L

run TampQ); =
WDTIgeC. ~USAFETY -0 pall pan.c ... CC.exe: pan.c: No SUCH TTT€ OF GTFecton =

lgcc.exe: no input Files

done !

C:\jspin\jspin-examplesipan -m2000 -X ... done!

Saved Tamp.prp

bin\spin.exe -f "I([] !(a2 & (al U 20)))" ... done!

Saved Tamp.1t1 =

Hinh4.3 JSPIN dich tir LTL sang Promela

Code sau khi JSPIN dich tir LTL sang ngén ngir Promela:
never{/* I([] (a2 && (al U a0))) */

TO init:
If
((a0) && (a2)) -> goto accept all
((al) && (a2)) -> goto TO sS4
(1) -> goto TO init

fi;
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:: ((a0))
1 ((al))

-> goto accept all

-> goto TO S4

accept all:

skip

Sau khi ta Translate dé dich tir ngdn ngir LTL sang Promela ta chay verify,

két qua cho thay khéng c6 |

tra.

~ .

di vi pham do vay hé thdng thoa man tinh chat can kiém

(=] fopin Version 50 T o sl

Elo Edit Spin Comvert Oplions Seftings Output SpinSpider Help [Lrirormua [[1 1 (a2 s& (a1 v a0)) i
Opon | | Chock | Handom | Intoractive | Guidod | Woak faimess (¢ |satety [-][ worty | ston || transiato | Lgad | L7t namo | [ spinspidor| | maximizo |

lamp /- =1 :10, state 9, =

1 byte state-o; 7, state 10,

2 mtype-{up,down}; state 10,

S chan updown-[0] of {mtype}; state 10,

4 proctype lamp(){ , state 10,

5 do . state 21,

A atomic {updown?up->if state 22, '

7 state=0 1 state 22,

& state-l--state=2 state 22, '

a state-2--state=2 state 22, '

10 ::else -» skip fi state 25, “updownzup”

11 state 25, “updown?down”

1z ::atomic {updownzdown-»if :19, state 28, "-end-"

EE 0 6 of 25 states)

14 unreached in proctype switch

b amp:22, state 3, "updowniup

15 ::else -» skip fi lamp:22, state 3, "updow

17 lamp:25, state 6, "

18 od (2 of 6 states)

19 ! unreached in init

35 proctype switch(){ lamp:29, state 2, "Crun switch())"

31 do lamp: 30, state 4, "-end-"

55 ::updown!up; (2 of 4 states)

53 ::updown! doun; unreached in claim never_o

Sa od C:jspinjspin-examplesiamp.1t1:7, state 5, "-end-"

o 3 1 of 5 states)

S5 nit( pan: elapsed time 0.015 seconds

57 atomic{ pan: rate 66.666667 states/second

Sk run lampQ; - -

BT ST ExXE T U TR CEL U AT e =

[saved Tamp.1t1

bin\spin.exe -a -N C:\jspin\jspin-examples\lamp.1t1 lamp ... done

lc:\mingu\bin\gcc.exe -DSAFETY -0 pan pan.c ... gcc.exe: pan.c: No such file or directory

lgcc.exe: no input Tiles

idone

(C:\Ispin\jspin-examplesipan -m2000 X ... done! =

3:59 PM
11/16/2012

Hinh4.4 Két qua kiém tra mé hinh hé thong dén

4.2.2.BKIEM CHUNG MO HINH KHONG PAP UNG THUQC TiNH.

down

up up

down

down
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Hinh4.5 M6 hinh céng tic dén khong ding

M6 ta cé4c trang thai cua dén khong thoa mén dd néu trong phan 5.2.2.a.
Trong md hinh tir trang thai high,cai dén c6 thé chuyén sang trang thai off ma khéng
qua trang thai low.Tép mo ta trang thai cta dén la lamp. txt

off:up:low
low:up:high
low:down:off
high:up:high
high:down:off

Sau khi chay gia lap & ché 6 random nhu & phan trén ta can kiém tra tinh chat
ma hé théng can thoa man bing viéc chayverify. Tinh chat can kiém chang trong
truong hop nay la:khi dén & trang thaihigh,can phai qua trang thailowrdi méi cé thé
vé trang thai off.

Tép lampl. txt cua hé théng dén khong dap tmg duoc thudc tinh:

proctype lamp () {

do
::atomic {updown?up->if
::state=0 -> state=1
::state=1->state=2
::state=2->state=2
::else -> skip fi

}

atomic {updown?down->if
::state=0-> state=0
::state=1->state=0
::state=2->state=0

else -> skip fi
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t
od

}
proctype switch () {

do
: :updown!up;
: :updown!down;
od
}
init{
atomic/{

run lamp ()

run switch () ;}

}

Biéu thuc LTLdua vao SPIN:
[1(a2 && (al U a0))

Khi d6 trong JSPIN ta sir dung chic ning Translate dé dich tir ngdn ngir LTL
sang Promela.Sau do ta chay verity thi chuong trinh sé chay chuwong trinh promle
cua hé thong deén va dong thoi so sanhbiéu thic LTL,két qua cho thay SPIN béo 15i
vi pham,suy ra md hinh dua vao khong thao man tinh chat can kiém tra.
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£/ fSpin Version5.0 o @ ==
File Edit Spin Convert Options Settings Output SpinSpider Help LTLformula |[] !'((state==2) && ((state!=1) U (state==0)))
Open Check Random | Interactive | Guided | Weak faimness [v] [Safety v Verify Stop Translate Load LTLngme | | SpinSpider | | Maximize
chan updown=[0] of {mtype}; ‘:mrmng: never claim + accept Tabels requires -a flag to fully verify
4 proctype Tamp(){ warning: for p.o. reduction to be valid the never claim must be stutter-invariant
5 o (never claims generated from LTL formulae are stutter-invariant)
g ::atomic {updown?up->if —‘jpan:1: end state in claim reached (at depth 24)
7 state=0 -» state=1 pan: wrote Tamp.trail
g ate=1->state=2 (Spin Version 6.0.0 -- 5 December 2010)
g ate=2->state=2 Warning: Search not completed
10 ::else - skip fi + Partial Order Reduction
1} Full statespace search for:
1z ::atomic {updown?doun-»if never claim +
13 ate=0-> state=0 assertion violations  + (if within scope of claim)
14 ate=1-»state=0 cycle checks - (disabled by -DSAFETY)
15 ate=2->state=0 invalid end states - (disabled by never claim)
1 ::else - skip fi State-vector 28 byte, depth reached 24, --- errors: 1 ---
17 b 8 states, stored
1g od = 4 states, matched
19 b 12 transitions (= storedsmatched)
20 Proctype switch(Q{ 7 atomic steps
71 do hash conflicts: 0 (resolved)
27+ :updown'up; 2.195 memory usage (Mbyte)
23 ::updown!doun; pan: elapsed time 0.002 seconds
24 o
% b
26 1nit{
27 atomic{
2g run lamp();
29 run switch();}
El =
DT EpTH-BYE =3 =N CEJSPTIT JSpT=eXamp s Ty T Tanp - domeT A

c:\mingwibin\gcc.exe -DSAFETY -o pan pan.c ... In file included from pan.c:30:
pan.h:83:4: warning: unknown escape sequence '\j'

pan.h:83:4: warning: unknown escape sequence '\j'

pan.h:83:4: warning: unknown escape sequence '\1"

done!

C:\jspin'jspin-examples\pan -m2000 -X ... done!

© Lﬂ\g\ﬂ|ﬂ\@ SR

Hinh4.6 Két qua kiém chitng mé hinh hé thong dén khong théa man

[—| <

4.2.3BANG CHUYEN ATOMATA

@ lamp

~atomic {updown’?up->if
“state=0 -» state=1 Select:
~state=1->state=2 p_lamp
“state=2->state=2 p_switch
“else -> skip fi init

~atomic {updown?down->if
“state=0-> state=0
“state=1->state=0
“state=2->state=1

“else -> skip fi

}

od

}
proctype switch(){
do

“:updownlup;
~updown!down;
od

)

nitf

atomic{

run lamp();
Tun switch();}

May 2011
January 2011

alamp
0 pan pan.c

Hinh4.7 Két qua bang chuyén Atomata
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KET LUAN

> Két qua cuaa khda luan
Db an tim hiéu bo kiém chang mé hinh SPIN, trong d6 cac khai niém vé
kiém ching mé hinh, cac ki thuat kiém chimg. D6 4n di sau vao tim hiéu hé twong
tranh va md hinh héa hé théngbang Promela dong thoi em tim hiéu cach kiém
chang bang céng cu JSPIN va ISPIN. Bé thyc nghiém cac két qua nghién cau
trong d6 4n em d3 xay dung thuc nghiém vé cong tic den.

> Huwdéng nghién ciu tiép theo
Huéng nghién cuau tiép theo caa db an 1a tiép tuc tim hiéu va xay dung SPIN
dé dac ta cac hé thong thoi gian thuc.



41

TAI LIEU THAM KHAO
[1] Spin Model Checker The Primer and Reference Manual.
[2] Software reliability methods.
[3]Bai giang mdn Cong Nghé Phan Mém cua thay Nguyén Vin Vy
[4] http://spinroot.com
[5] Principles_of _model_checking.

[6] Model Cheking cia Edmund M Jr Clarke,Orna Grumberg,Doron A.
Peled.



