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LOI CAM DOAN

T6i xin cam doan ddy 1a cong trinh nghién ctu do t6i tim hiéu,
nghién ctiu, tham khao va téng hop tir cc tai liéu nghién ctru trude day
va lam theo huéng dan cia ngudi huéng dan khoa hoc. Phan néi dung
dong gop cua luan van do toi thuc hién.

Céc s6 lieu, két qua néu trong luan vin 1a trung thue va chua ting
duoc ai cdng bd trong bat ky cong trinh ndo khéc, cac noi dung duogc
trich dan da c6 tham chiéu day du.

Tbi xin chiu hoan toan trach nhiém vé 101 cam doan ctia minh. Néu
o diéu gi sai trai, to1 xin chiu moi hinh thuc ky luat theo quy dinh cua

nha trudng.

Tac gia

Nguyén Pwc Tho



LOlI CAM ON
Dau tién tdi xin gui 1oi cam on sau sic téi thay TS.Dang Vin
Hung, B6 mon Ky thuat Phan mém, Khoa Céng nghé Théng tin,
Truong Pai hoc Céng nghé, Pai hoc Québc gia Ha Noi, ngudi da dinh
huéng dé tai va tan tinh hudng dan, chi bao cho téi trong sudt qua trinh

thue hién luan van tot nghiép nay.

Téi ciing xin tran trong cam on cac thay c6 trong Khoa Cong nghé
Théng tin, Trudng Pai hoc Cong nghé, Pai hoc Quéc Gia Ha Noi da
tan tinh giang day, huéng dan nghién ctu khoa hoc cho t6i trong suét
thoi gian theo hoc tai truong ciling nhu trong qua trinh 1am luan van nay.

Xin cam on cac anh, chi, em va cac ban hoc vién bé mén K¥ thuat
Phan mém, nhirng ngudi da giup da, dong vién tinh than va chia sé kinh
nghiém quy bau gitp t6i vugt qua cac kho khin, vuéng mac dé co thé
hoan thanh luan van nay.

Mic du di ¢ gang, nhung t6i tin chac luan van cua tdi con nhiéu
thiéu s6t va c6 rat nhiéu noi dung cé thé hoan thién tét hon. Toi rat
mong nhan duoc nhitng y kién danh gia, phé binh va gdp ¥ cta cac thay
cd, anh chi va cac ban.

Tran trong,

Tac gia

Nguyén Puc Tho
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MO PAU

Trong nhitng ndm gan day, di c6 nhiéu nghién ciu vé cac phuong phap
kiém chang md hinh nham kiém tra thudc tinh caa cac hé théng, cac giao
thire ty dong hoac ap dung dé sinh cac bo kich ban kiém thir nham kiém tra
thugc tinh cua cac hé thong. Viéc kiém ching mé hinh doi hoi céc hé théng
can duoc mo hinh hda va biéu dién trén cac khong gian trang thai, voi nhiéu
k¥ thuat mé hinh héa khac nhau da dwgc nghién ctu va trién khai, ap dung
trong thuc té. Viéc biéu dién cac hé théng dugc thuc hién boi cac 6 td mat,
va cac hanh dong trén céac hé thong duoc biéu dién bai cac chuyén dich trang
thai trong (ng trén 6 td mét, trong khi cac thugc tinh can kiém chimg dugc
biéu dién bai cac ménh dé logic. Kiém ching mé hinh xac suat 1a dang mo
rong cua kiém chizng mé hinh, nham biéu dién va kiém chiing céc tinh chat
cua hé thong trong d6 viéc chuyén trang thai caa hé théng xay ra ¢ yéu tb
X4cC suat, theo d6 viéc chuyén tir mot trang thai sang mot hoic nhiéu trang
thai khéc theo phan bo xac suét.

O td mat thoi gian xac suat (PTA) 1a khai niem mé rong cua O té mat
thoi gian, bo sung thém phan bo xac suat roi rac, va co thé ap dung dé md
hinh héa cac giao thirc ¢ yéu té ngau nhién, cac hé thong c6 kha niang chiu
15i cling nhu ¢6 thé &p dung dé mé hinh héa hé théng trong nhiéu linh vuc
khac nhu kinh té, k§ thuat, sinh hoc, .v.v.

Pé tai nay tap trung vao viéc nghién ciru cac dic tinh, mé hinh hoa céac
hé thoi gian thuc xéac suat va kha nang ap dung trong viéc kiém ching mo
hinh nham kiém chting tu dong cac thudc tinh cua hé thoi gian thuc xac suat
bang cdng cu. Pham vi nghién ciu cua dé tai bao gom: (1) nghién cau cac
tinh chat Markov cua céc hé théng, cac loai chudi Markov va céc tinh chat
cua no; (2) cac hé tu dong thoi gian thuc xac suat va cac phuong phap kiém
ching tu dong tinh chat ciia hé thoi gian thuc xéac suat; (3) nghién cir cong
cu kiém chting mé hinh PRISM va kha ning 4p dung trong viéc kiém chang
c4c tinh chat cia hé thoi gian thuc xac suat, (4) Ap dung nghién ciu trong
viéc md hinh hoa giao thic Alternative Bit Protocol bang hé thoi gian thuc
X4C SUat va thuc hién cai dat trén cong cu PRISM, thuc hién kiém chang tu
dong céc tinh chat caa hé théng bing kha niang kiém ching caa PRISM.



Chuong 1. TONG QUAN

Hoat d6ng ciia mot hé théng may tinh, ciing nhu cua bat ky mot hé thong
nao trong cac linh vuc khac nhu sinh hoc, héa hoc, vat 1y, ... déu la chuyén
d6i gitta cac trang thai khac nhau caa hé thong. Nha toan hoc ngudi Nga
Andrei Andreevich Markov (1856-1922) di nghién cttu mét loai phan bo xac
suit quan trong trong khong gian trang thai, dit nén tang cho mot I6p cac bai
toan, mé hinh chuyén trang thai dugc goi chung la khdng gian trang théi
Markov, hoic cac qué trinh c6 tinh chat Markov (Markov properties). Cac
qué trinh c6 tinh chat Markov dugc ap dung rong rai trong cac nghién ciru co
ban vé hé théng may tinh, co ché 1am viéc cua cac 6 td mat, hoic viéc mo
hinh hoa cac hé thong trong cac linh vuc khiac nhu sinh hoc, kinh té, giao
thong.

Dé bo sung thém gid tri thoi gian, ciing nhu cac rang budc thoi gian dbi
VGi viéc chuyeén gitra cac trang thai trong thoi gian thuc, cac nghién cau bo
sung sau nay da hoan thién cac mé hinh biéu dién cac 6 td mat thoi gian, thuc
hién bai [1] véi céc gia thiét dong hd thai gian chinh xac tuyét ddi va céc
hoat dong xay ra ngay tirc thi (do tré bang 0 tuyét doi). Cac yéu t6 xac suat
dugc nghién ciru va bo sung trong biéu dién 6 t6 mat thoi gian, mé rong thanh
m6 hinh biéu dién 6 td mat thoi gian xac suat, dugc dinh nghia bang cac phan
bd thoi gian roi rac va cac lya chon ngau nhién cho cac nhanh trong 6 t6 mat
thoi gian. M@ hinh biéu dién 6 td mat thoi gian xac suat gilp ¢ thé mé hinh
hoa cac hé thong ngoai doi thyc, sir dung cac cong cu kiém ching dé kiém
chang cac dic tinh cua cac hé dugc biéu dién.

Pham vi dé tai nham nghién ctru cac tinh chét cua 6 t6 mat thoi gian thuc
X4c suat va thuc hién kiém chting tuy dong céac tinh chat d6 bang céng cu. Co
thé phét biéu bai toan kiém chung ma dé tai can giai quyét nhu sau: Cho hé
thdng thoi gian thuc xéac suat M. Thuc hién kiém ching tu dong bang cong
cu xem M c6 thoa méan tinh chat P hay khéng.

Pé c6 thé giai quyét bai toan kiém chiing tu dong bang céng cy, pham
vi nghién ciru ctia dé tai sé tap trung vao cac noi dung chinh bao gom:

1. M& hinh héa hé xac suat thoi gian thuc bang 6 td mét thoi gian thuc
XAc suat PTA.,

2. Hinh thic hoa cac tinh chat xac suat can kiém chiing bang cay 16 gic
tinh todn x&c suat PCTL.

3. Nghién ciru c6ng cu hd tro cai dat PTA va biéu din tinh chat dé thuc
hién kiém chung tu dong.
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4. Ap dung véi nghién cau véi giao thac Alternating Bit Protocol: Mo
hinh héa hé giao thic bang PTA, hinh thic héa céc tinh chét biang
PCTL va thuc hién cai dat hé giao thuc trén cdng cu PRISM.

CAu tric trinh bay cua dé tai gdm sau phan chinh. Phan dau 1 gigi thiéu
téng quan vé dé tai, phan hai 1a co so khoa hoc cua dé tai, néu céc biéu dién
va tinh chat céc qué trinh Markov. Phan ba trinh bay viéc kiém ching tu dong
cac 0 td mat thoi gian thuc x&c suat, gom céc cl phap va ngit nghia cac PTA,
dac ta tinh chat cho PTA va cac phuong phap kiém ching tu dong dbi véi
PTA. Phan bén giéi thiéu cong cu kiém chitng md hinh PRISM, 1a céng cu
c6 kha nang kiém ching tu dong cac tinh chat caa cac hé md hinh hda khac
nhau trong d6 ¢6 PTA. Phin nam trinh bay mét trudng hop ap dung PTA dé
md hinh héa hé giao thuc Alternating Bit Protocol va hinh thirc hda céc tinh
chat caa ABP, cai dit bang cong cu PRISM va kiém ching tu dong céc tinh
chat cua ABP. Phan cudi cung 1a phan két luan, d& xuat cac huéng nghién
clru mé rong cua deé tai.
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Chuong 2. CO SO KHOA HOC CUA BE TAI

2.1

Gii thiéu chung vé chudi Markov

Chudi Markov (Markov chain hay Markov process) la mot qua trinh
ngau nhién véi cac dic tinh Markov. Thuat ngir “chudi Markov” (hay “xich
Markov”, “qua trinh Markov™) danh dé chi trinh tu cac bién ngau nhién ma
mét tién trinh trai qua, véi dic tinh Markov dugc dinh nghia 12 kha ning xuét
hién cua cac bién ngau nhién tiép theo chi phu thudc vao bién hién tai (tao
thanh 1 chudi). Khi ap dung trong khong gian trang thai, né cé thé dugc ding
dé mo ta cac hé thdng co cac chudi trang théi lién két véi nhau, va nhitng
bién d6i sang trang théi tiép theo chi phu thudc trang thai hién tai cua hé
thong.

Qua trinh c6 tinh chat Markov

Mot quéa trinh 1a mot 6 td mat (hay qua trinh, hoic mot chudi trang thai)
bat dau vai mot trong céc trang thai nay va dich chuyén tir trang thai nay sang
trang thai khac. Néu 6 t6 mat dang & trang thai si, sau 6 chuyén sang trang
thai sj & budc tiép theo véi xac suat duoc biéu dién bang pij, va gia tri nay
khdng phu thudc vao cac trang thai 6 to mat trude khi chuyén sang trang théi
hién tai. Cac gia tri xac suat pij dugc goi la cac xac suat chuyén (transition
probability). O td mat c6 thé & trang théi hién tai, véi xac suat dugc ghi nhan
la pii. Viéc phan bd xé&c suat c4c trang thai ban dau duoc dinh nghia boi S.
Thong thuong cac trang thai ban dau dugce xac dinh boi mot hoic mot sb
trang thai, trong d6 néu cac phan bb xac suat chuyén tir trang thai hién tai
sang céc trang thai tiép theo chi phu thudc vao trang thai hién tai thi qua trinh
nhu vay duoc goi la c6 tinh chat Markov, goi ngén gon la Qua trinh Markov.

Pn+1 = Pr(Sn+1 = X | S1 = X1, S2 = X2, ..., Sn = Xn) = Pr(Sn+1 = X | Sn = Xn)

Xich Markov thoi gian roi rac (DTMC)
Dinh nghia

Hinh 2.1 1a minh hoa cho mét xich Markov (hay mot chudi Markov)
don gian, vai 3 trang thai s0, s1, s2 va x4c suat chuyén giita cac trang thai thé
hién trén cac duong ndi gitra c4c trang thai.

DTMC la qué trinh bién ddi trang théi roi rac, thuan nhat theo thoi gian.
Khai niém thuan nhat theo thoi gian dugc hiéu la xac suat pj chuyén trang
thai tir si sang sj ciia chudi Markov la gid tri khong phu thuoc thoi gian. Noi
cach khac tai moi thoi diém duoc xét, gié tri xac suat pij khong thay doi.
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Hinh 2.1: Markov chain

Khai niém tap khong gian trang thai trong chudi Markov khong duoc
théng nhét vé pham vi gidi han trong cac tai liéu khac nhau, khéng gian trang
thai co thé dung dé biéu dién qua trinh xay ra vai bat ky dang bién d6i nao,
do vay c6 thé 1a khéng gian hiru han hoac vo han, dém duoc hoic khong dém
dugc. Tuy nhién, phan 16n cac tng dung chudi Markov chi st dung tap khong
gian trang thai hitu han, hoac tap khdng gian trang thai vo han dém duoc, c6
cac dic diém phan tich thong ké don gian hon.

Vector Xac suat

Vector xac suat véi r thanh phan 1a mot vector dong véi cac gia tri khong
am, va tong céac gia tri 1a 1. Goi u la vector x4c suat biéu dién trang thai ban
dau cua chudi Markov, khi d6 thanh phan tha i caa u biéu thi xac suat chudi
Markov sé& bit dau & trang thai si.

Ma tran xac suat (con goi la ma tran chuyén — transition matrix)

Gia tri pij cho biét xac suat chuyén tir trang théi i sang trang thai j. Do
X4c suat 1a gi tri khéng am, va hé sé phai chuyén dén mat trang thai nao do,
ta co:

pij >0, i,j>0; Y py=1,  i=0,1,..r

Ma tran P kich thudc r x r gom céc phan tir pjj 1a ma tran chuyén cua
chudi Markov c6 r+1 trang thai.
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Poo Poir .. Por
Pio P11 .. P12
Pro Dr1 - Dir

Chudi Markov hép thu (absorbing Markov chain)

Mot trang thai si cua chudi Markov duoc goi I trang thai hap thu
(absorbing) néu chudi khdng thé thoat ra khoi trang thai d6 (pii = 1). Mot
chudi Markov 1a hap thu néu n6 cé it nhat mét trang thai hap thy, va tir mot
trang thai bat ky né cd thé chuyén vé trang thai hap thu (cé thé qua nhiéu
buéc). Trong mot chudi Markov hap thy, mét trang thai khdng phai 1a trang
thai hap thu duoc goi 1a trang thai trung gian hay trang thai chuyén (transient
state).

Dang chuan ciia ma tran chuyén (canonical form)

Xét mot chudi Markov hap thu bat ky. Panh sé lai cac trang thai dé cac
trang thai trung gian ding trudc. Gia sir ¢6 r trang thai hap thu va t trang théi
trung gian, ma tran chuyén sé& c6 dang chuan nhu sau:

TR. / Q| R

P p—
ADBS. 0 I

Trong d6 | 1a ma tran don vi r-r, 0 12 ma tran O cho c4c X4c suat chuyén
r-t, R 1a ma tran chuyén t-r (khac 0) va Q la ma tran chuyén t-t. Trong dang
nay, t trang thai dau tién Ia trang thai trung gian, va r trang thai cudi cing la
trang thai hap thy. TR thé hién cac dong/cot tng véi trang thai trung gian
(gom t dong/cat), ABS thé hién cac dong/cot (ing véi trang thai hap thu (gom
r dong/cot).

Ma tran co sé N (fundamental matrix)

Véi mot chudi Markov hap thu véi ma tran chuyén P, ma tran nghich
dao cua I-Q: N = (1-Q)* duoc goi la ma tran co s cua P. Gia tri njj cua N
cho biét con s6 ky vong ma chudi Markov s& & trang thai trung gian sj néu
Xuit phat tir trang thai trung gian si.

Chudi Markov lién thong (ergodic chain)
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Mot chudi Markov duogc goi 1a lién théng néu nd c6 thé chuyén sang
moi trang thai tir bat ky trang thai ndo (khdng nhat thiét phai trong 1 lan
chuyén).

Trong nhiéu sach, chudi Markov nhu vay con duoc goi la chudi Markov
tbi gian (irreducible chains)

Thai gian chu ky caa trang théi

Néu mot chudi Markov lién théng xuat phat tir trang théi si, sé luot
chuyén ky vong dé dat dén trang thai sj 1an dau tién duoc goi la thoi gian 1an
dau tién di tir si dén sj. Gia tri nay duoc biéu dién bai mij. Theo quy wéc mij
= 0. Néu mot chudi Markov lién théng xuat phét tir trang thai si, s6 luot
chuyén ky vong cua chudi dén khi quay vé si lan dau tién dugc goi la thoi
gian chu ky cho trang thai si. Biéu dién gia tri nay la ri.

Chubi Markov déu (regular Markov chain)

Mot chudi Markov dugc goi 1a chudi déu (regular) néu ton tai gia tri mi
ctia ma tran chuyén 1a ma tran chi bao gom cac phan tir duong.

NGi cach khac, véi mot gia tri n nao do, c6 thé di chuyeén tir bat ky trang
thai nao sang bat ky trang thai bat ky khac sau dung n budc. C6 thé thay tir
dinh nghia, moi chudi Markov déu la chudi Markov lién théng. Tuy nhién
mot chudi Markov lién théng khong nhat thiét 1a chudi Markov déu.

DPinh nghia xich Markov thei gian roi rac DTMC

Theo [10], Chudi Markov thoi gian roi rac (gan nhan) D 1a bo (S, so, P,
L), trong do:

S la tap hiru han céc trang théi
So la trang thai ban dau

- P:SxS — [0, 1] la ma tran xéc suat, Y.

vesP (5,5 =1,moisES

- L: S — 2" |]a mot nhan ménh d¢é logic vai gid tri true tai trang thai s.

Mot hanh trinh xuyén qua mot DTMC 1a mot chudi (hitu han hoac vé
han) cac trang thai w =s0 sl s2 ... vdi P(Si, Si+1) > 0 véi moi i > 0.

Mot xich Markov thai gian roi rac chi chap nhan cac lya chon theo xéac
suat, khac biét co ban véi quyét dinh lya chon bat dinh (nondeterministic
choice): tan suat duoc chon cua cac canh xac suat dugc xac dinh boi Xac suat
cua canh do, trong khi vai céc lya chon bt dinh dwgc thyc hién bai mai
truong va c6 thé tu do lya chon canh bat ky. Trong DTMC khong c¢6 khai
niém vé thoi gian thuc, mac du 1y luan vé thoi gian roi rac ¢6 thé thyc hién
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thong qua céc bién trang théi theo ddi thoi gian va viéc dém sé bude chuyén
trang thai.

X&c suit chuyén tir trang thai si sang sj sau n bwéc:

Véi P 1a ma tran chuyén cua chudi Markov. Gia tri thir ij pl.(jz) cua ma
tran P" cho biét x4c xuat cua chudi Markov, bit dau tai trang thai si, s& ¢ trang
thai sj sau n budc chuyén.

Tinh chit caa xich Markov déu

Cho P 1a ma tran chuyén cua mot xich Markov déu. Khi d6, n — oo, ma
tran ham mii P" s& tién dan t&i ma tran gigi han W véi moi dong déu c6 ciing
gia tri vector w. Vector w 12 ma tran duong tuyét d6i (moi gia tri cua w déu
la s6 dwong, va tong cac gia tri 1a 1)

Tinh chat hdi tu cia ma tran déu
Cho P 1a ma tran chuyén déu, voéi

W = lim P"

n—-oo

Véi w la vector dong caa W, va c la vector cot véi cac gia tri 1a 1. Khi
do:
a) WP =w, va moi vector dong v véi VP = v chira cac gia tri boi s6 cua w.
b) Pc = c, va moi vector cot x sao cho Px = x 1a bo sé cua ¢

Vector w duoc goi 1a vector dong ¢ dinh cia ma tran P. Vector ¢ dugc
goi la vector cot ¢6 dinh cua ma tran P.
Pinh Iy vé tinh chat hoi tu

Cho P 1a ma tran chuyén cua mot chudi déu va v 1a mot vector xac suat
bat ky, khi do:

limv(P)" =w

n—oo

Véi w 1a vector dong ¢ dinh cua P, 1a vector xac dinh duy nht.

Nhu vay, ta bat dau chudi Markov véi xac suit ban dau v, va gia tri
vector xac suat vP" cho biét kha ning chudi Markov tai cac trang thai khac
nhau sau n budc chuyén. Dinh 1y vé tinh chat hoi tu cho thay, véi mot chudi
Markov néi chung, xac suat cua chudi & trang théi sj dat gan gié tri w;.

Tir tinh chat néu trén cho ta thiy y nghia mai cua vector w. Gia thiét
vector ban dau cho thay s cd kha ning w 13 vector ban dau véi Xac suat wi
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v6i moi i. Nhu vay xac suat chudi & trang thai bat ky sau n dich chuyén dugc
xac dinh béi wP" = w, va gidng nhau véi moi buéc chuyén. Phuong phép bat
dau nay cung cap cho ta mot chudi dugc goi 13 “6n dinh”. Thuc té 1a w 12
vector xac xuat duy nhat thoa man wP = w cho thay ta phai c6 mot vector
X4cC Suat ban dau nhu trén dé c6 mot chudi 6n dinh.
Tinh chat duy nhat cia vector dong c¢é dinh trong chudi lién thong

Véi mot xich Markov lién thdng, chi c6 mot vector xac suat duy nhat w
thoa man wP = w va w la vector vai tat ca cac phan tir duong. Bat ky vector
dong nao théa man vP = v déu 1a boi sb cua w. Bat ky vector cot x théa man
Px = x phai 1a vector hang so.
Thoi gian chu Ky (mean recurrence time) caa xich lién thong

Vi xich Markov lién théng, thoi gian chu Ky cua trang thai si la ri =
1/wi, v&i wi 1a gid tri thir i cua vector xac suat ¢ dinh cia ma tran chuyén.

Tur cong thie c6 thé thay, vai mot xich Markov déu, moi phan tir cua
vector xac suat ¢4 dinh w déu 1a sé duong.
S6 buéc chuyén cia chudi hap thu

Goi ti 12 s6 budc ky vong trugc khi & t6 mat bi hap thu khi nd xuét phét
tur trang thai si, va t la vector cot vai gia tri thir i la ti. Khi do

t = Nc,

trong d6 ¢ 1a mot vector cot véi tat ca gia tri bang 1.
Xac suit hap thu tai trang thai hap thu

Go bij 1a x4c suat cua 6 td mat bi hap thy tai trang thai hap thu sj khi n6
Xuat phat tir trang thai trung gian si. Goi B 1a ma tran véi cac gia trj bij. Khi
d6 B 1a mot ma tran chuyén t-r, va

B =NR,

Trong d6 N 1a ma tran co s va R 1a ma tran trong biéu din dang chuan
ctia ma tran chuyén.
Biéu dién va kiém ching tinh chat DTMC

Logic PCTL (Probabilistic CTL) thay thé cac biéu dién dinh luong cua
CTL Véi cac toan tir X4c Suat Pwy(.) V6i p € [0,1] 14 rang budc xac suat hoac
ngudng, va M € {<, <, >, >}. Cl phap cia ménh dé logic ¢ cia PCTL nhu
sau:

¢u=truelaldAd|—¢|Pup(x)
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Trong d6 o la cdng thuc duong (trang théi tiép theo X¢ hodc ¢1 U ¢2).
Y nghia cua toan tir XaC SUat nhur sau:

S E Pwp (<) Néu va chi néu Pr{w € Paths | w E o} »p

dugc hiéu 1 xac suat trén cac cung duong o« duoc tinh va so séanh voi
rang budc xac suét, cho gia trj true hoic false. Luu ¥ trong khi P=o (¢1 U ¢2)
tuong duong toan tir ton tai.

Giai thuat kiém chung PCTL thuc hién twong tu nhu CTL trén ¢, b'ﬁlng
cach tim céc tap Sat(¢) thoa man ménh dé logic ¢.

Quaé trinh quyét dinh Markov (MDP)

Dé mo hinh hda cac hé thdng trong thuc té, bén canh cac yéu t6 ngau
nhién con cé phan ra quyét dinh cua nguoi diéu khién. Qua trinh quyét dinh
Markov (Markov Decision Process - MDP) 14 nén tang toan hoc cho viéc mé
hinh hoa cac hé chuyén trang thai véi cac tinh hudng nhu vay.

Pinh nghia Qua trinh quyét dinh Markov MDP

Theo [10], Qué& trinh quyét dinh Markov (gan nhan) M 1a bo (S, so,

Steps, L), trong do:

- S latap hiru han céc trang thai

- o la trang thai ban dau

- Steps 1a mot ham gan mai trang thai s€S mot tap hop hitu han, khong
réng Steps(s) cac phan bo xac suat tai S.

- L: S — 27 |]a mot nhan ménh d¢é logic vai gid tri true tai trang thai s.

Viéc thuc thi cua qua trinh quyét dinh Markov thong qua cac thay doi
khong xac dinh va c4c lva chon theo xéc suat: khi thuoc mot trang théi cu
thé, hé thong chon mot cach khong xac dinh mot trong cac phan bo xac suat
steps € Steps d6i vai trang thai dich. Mot hanh trinh © cia M 1a mot chudi
(htru han hoac vé han) cac trang thai

pno pul pu2
So > S1 = S2 —...

Trong do si € S, i € Steps(si) va pi(Si+1) > 0.
Viéc lra chon trang théi tiép theo quyét dinh bai phan bd xac suat cua
steps, va lya chon steps tai mdi trang thai chi phu thuoc trang thai dé ma

khong phu thudc vao cdc qué trinh va cac trang thai da qua, do vay qua trinh
quyét dinh Markov MDP ciing c6 tinh chat Markov.
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Hinh 2.2 Minh hoa MDP véi 3 trang thai (s0, s1, s2) va tdp cac phan bo xac suat

Steps (0-5)

Hinh 2.2 minh hoa mét MDP don gian véi tap S gém 3 trang thai s, s1,
s2, trong d6 s0 13 trang thai ban dau, tap cac phan bd xac suat trong S gom 6
steps. Tai mdi budc dich chuyén cia MDP, mét steps bat ky dugc chon, va
MDP s& chuyén sang trang thai tiép theo theo phan bd xac suat trong steps
da chon.

Pinh nghia moét 1ap lich (adversary) caa mot MDP M la mot ham A anh
Xa moi hanh trinh hitu han © ctia M téi mot phan bé xéac suat A(w) trén S sao
cho A(®) 6 gia tri tai trang thai cudi cling ctia w. Hanh vi cia MDP M véi
mét 1ap lich da chon trudc c6 thé dugc md ta bang mot xich Markov roi rac
DTMC PA, véi céc trang thai a cac hanh trinh hitu han cua M va xac suat

chuyén dugc cho boi phan bo xac suat cia A: Vi hai hanh trinh hitu han o,

, ) s A(w) N , \
®’, ta c6 PA(w, ®) = A(0)(s) Néu ®’ c6 dang @ — s va trong cac trudng

hop khéc thi PA(o, ©’) = 0. Vi vay ta cd thé dinh nghia phan bd xac suat Pr
trén tap cac hanh trinh PathZ cua lap lich A.

Céc phat biéu xac suat lién quan téi MDP thuong bao gom cac gia tri
dinh luong trén cac 1ap lich cia MDP, nhu tinh xac suét 16n nhat hodc xac
suit nho nhét dé quan sat dugc mot sy kién trong tap cac lap lich.

Kiém chirng tinh chat trén cac MDP

Logic cay tinh toan xac suat (PCTL - Probabilistic Computation Tree
Logic) dugc dinh nghia cho MDPs tuong tw DTMC, véi sy khac biét la ngir
nghia duoc tham sb hoa bai 16p Adv céc 1ap lich va toan tir xac suat chia cac
dinh Iugng tuong minh.
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s E AdV Pw, () néu va chi néu Pra{m € Path”s | o & Adv &} xp voi
moi lap lich A € Adv

Xich Markov thoi gian lién tuc (CTMC)

Xich Markov DTMC va qua trinh quyét dinh Markov MDP chi c6 thé
mo hinh hdéa thoi gian roi rac. Xich Markov thoi gian lién tuc co cac trang
thai 12 roi rac, mot tham sé thoi gian trén tap Rso, nhung khong cho phép cac
lya chon bat dinh. M&i qua trinh chuyén ddi c6 mét do tré ngau nhién phan
bé theo cap s6 nhan, va mot cudce dua didu kién dugc st dung dé mo ta cac
dich chuyén trang thai ¢éng thoi kich hoat.

DPinh nghia xich Markov thei gian roi rac CTMC

Theo [10], Chudi Markov thoi gian roi rac (gan nhan) C 1a mot bo (S,
So, R, L), trong do:

S la tap htru han céc trang thai
So la trang thai ban dau

- R:S xS — R la matran téc do.
- L:S — 227 Ja mot nhan ménh dé logic véi gid tri true tai trang thai s

E(s) = Yses R(s,s”) biéu dién xac suat thyc hién mot chuyén dich tir s
trong t don vi thoi gian bang 1 — e ® Trong truong hop R(s,s’) > 0 voi
nhiéu hon mét trang thai s, c6 mot cudc dua cac diéu kién chuyén dich tir s
dén cac s> dé chon chuyén dich s& duogc thuc hién. Do vay P(s,s’) biéu dién
X4&C suat chuyén s dén s’ trong mot budc chuyén bang vai xac suat cac do tré
cta viéc chuyén s dén s’ sao cho do tré ndy két thuc trude cac do tré dén cac
s’ khac.

Mot hanh trinh trong CTMC 1a mot chudi khdng rong sotosatiSato. .. trong
d6 R(si, Si+1) >0 va ti € Rxo Voi moi i > 0. Gia tri tj biéu dién d6 dai thoi gian
tai trang thai si.

Viéc phan tich cac xich CTMC thuong dua trén céc trang thai tac thoi
tai mot thoi gian cu thé va cac trang thai ky vong (trang thai caa CTMC trong
thoi gian di 16n). X4&c suét tic thdi ms«(s’) duge dinh nghia 13 xac suat khi
bat dau tai s, va & tai s’ tai thoi diém t. Xac suat ky vong ms(s’) duoc dinh
nghia la gia tri limieTtsi(s”).
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Chuong 3. KIEM CHUNG TU BONG CAC PTA

M6t ham phan bd xac suat roi rac trén tap dém duoc Q 13 ham w:Q—
[0,1] voi Xgeou(q) = 1.

V6i ham p:Q—R>0, dinh nghia Support(n)={q€Q | u(q) > 0}

Véi tap dém duoc Q bat ky, Dist(Q) la tap cac ham u:Q—[0,1] sao cho
Support(p) 13 mot tap dém duogc, va p gidi han trong Support(y) 13 phan bd
x&c suat. Vi g€ Q duoc goi 1a mot diém phan bé tai q. Goi AP 1a tap cac
ménh d& nguyén tu, ta gia st c&c ménh dé nay cb dinh trong suét tai liéu luan
van.
3.1 Céc dinh nghia cho PTA
Cau truc thoi gian xac suat (Timed Probabilistic Systems — TPS?)
Mot cau tric thoi gian xac suat (TPS, con goi & hé thoi gian xac suat) T
la bo (S, s0, Act, Steps, lab) trong d6 S 1a tap cac trang thai (c6 thé vo han),
sO €S Ia trang thai ban dau, Act 1a tap hitu han cac hanh dong, Steps:S x

(Act U Rxp) — Dist(S) 12 ham xac sut chuyén va lab: S — 24" 13 ham gan

nhan.

Mot TPS T bt dau tir trang thai So, va khi dang & SE€ S, ¢6 mot lua chon
khong xac dinh trude gitra viéc thuc thi mot hanh dong hoic dé thai gian troi
qua va khong hanh dong gi (letting time pass) a € (Act U Rx) (la ly do

Steps(s,a) dugc dinh nghia). Sau khi Iya chon duoc thuc hién (mot hanh dong
hodc cho mot khoang thoi gian trdi), trang thai s’ tiép theo duoc chon ngiu

nhién theo phan bo xéc suat Steps(s,a). Ta gia thiét tai mdi €S, ludn ¢4 it

nhat mét lya chon hanh déng hoac dé thai gian troi. Mot chudi Markov quyét
dinh MDP M 1a truong hop dic biét caa TPS khi bo qua yéu t6 thoi gian

trong ham chuyén, vi du ham chuyén s& c6 dang Stepsm: S x Act — Dist(S).

Mot dudng di ctia TPS thé hién mot chudi cac hanh dong trén hé thong,
gom ca cac quyét dinh theo xéc suét va quyét dinh khong xac dinh.

(ao,p0)  (alpl)  (az,p2)
W= So S1 S2

1 Mot s6 tai liéu goi 1a Timed Probabilistic Structures
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Trong d6 a2 € R va azi+1 € Act vai i €N.

Ky hiéu o(i) 1a trang thai si thir (i+1) cua o va tong liy ké thoi gian dén
trang thai w(i) dugc xac dinh boi

durw(i) = z:05]'<i/\a]' €R=0 (aj)

Mot vi tri cua o 1a cap (i, t) €N x R sao cho t<dure(i+1) - dure(i).
Ta goi vi tri (j, t”) 1a vi tri dirng trudc (i,t), Ky hiéu (§, t”) < (i,t), khi j <ihoac
j=ivat <t.

Dé xac dinh hanh vi cua PTS T, ta sir dung ky hiéu adversary (lap lich),
trong d6 chi bao gom cac lra chon khéng xac dinh. Mot cach hinh thic, mot
adversary 1a mot ham tir tap hitu han cac dudng di vdi cac s chan cac chuyén
dich t&i cac khoang thoi gian c6 thé, va tir tap hitu han cac dudng di véi sb
I& cac chuyén dich téi cac hanh dong c6 thé thuc thi. Vi mot adversary ¢
dinh o va trang thai s, ta c6 thé dinh nghia d6 do xac suat Pr7 s trén tap hop
Path? ¢ cua cac duong di khong gisi han Xuat phat tir s tuong ang vai o. Voi
mot bién s6 thuc ngau nhién f trén Path{ ¢, ky hi¢u EZ ((f) 1a gia tri ky vong
cua f theo phan bo Prf,.

Ta chi gi¢i han pham vi xem xét vgi cac adversary cé thoi gian phén ky,
vi du ta khdng xét viéc thuc thi hanh dong trong d6 thoi gian khong thé vuot
qua mot giGi han cu thé, do nhitng rang budc nay khéng phi hop véi mét he
théng thuc té duoc md hinh hdéa. Mot céch hinh thic, mot adversary o caa
moét TPS T ¢6 thoi gian phan ky néu

Pr{s({w € Path? ;| vc €N. 3i € N. dur,(i) > c}) = 1.

Véi moi trang théi s thuoc T. Ta ky hiéu Advr 1a tap tat ca cac adversary
6 thoi gian phan ky caa T.

Khi thuc hién cac bai toan kiém chang vaéi TPS, cac dic tinh c6 thé duoc
xét va kiém chiing d& hon véi cac cau tric thuong (reward structrure, con
dugc goi la chi phi hay gia).

Céu tric thwéng (reward structrure)

M6t cau tric thuong caa TPS T=(S, s0, Act, Steps, lab) la cap r = (rs,
ract) trong do rs: S—Rx>p 1a ham thuong trén trang thai va ract: (SXACt)— R >0
l1a ham thudng trén hanh dong.

V6i mot ciu triic thudng r = (rs, ract) va hanh dong s, gia tri rs(s) xac
dinh toc d6 (theo thoi gian) ma gia tri thuong tich liy dugc khi & trang théi
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s. Mat khac, vai trang thai s va hanh dong a, gia tri rac(s,a) xac dinh gia tri
phan thudng c6 duoc khi hanh dong a dugc thyc thi tai trang thai s. Mot cach

. i s s o (ao,u0)  (alpl) N , , N
hinh thac, véi duong vo han o = So St ..., phan thudng tich liy

dugc trong qué trinh dich chuyén cua o tir trang thai si dén si+1 duoc xac
dinh bai:

rs(s;)).a; nu a; € Ryo(twong dwong i mod 2 = 0)
Tace (S;,a;) trong cac trueong hop khac.

r(m, 1)< {

Mot lra chon khéc 12 c6 thé biéu dién gia tri giai thuong tai trang thai
bang gi4 tri giai thuong tai mot thoi diém nhat dinh. Vi du c6 thé ap dung
biéu dién nay trong viéc thé hién sb lugng ban tin dang nam trong hang doi
tai mot thoi diém cu thé. Khi sir dung cach dién dich nay, gia trj thuong theo
hanh dong sé khong dugc xét toi.
mat thoi gian xac suat PTA

O t6 mat thoi gian xéac suat (PTA) md hinh hoa thoi gian theo cling cach
6 td mat thoi gian (co dién) thuc hién, d6 13 st dung dong ho. Bong hé 1a
bién thudc mién thai gian thuc khdng am, ¢6 gia tri ting nhu gia tri thoi gian
thue. Trong céc phan tiép theo, ta gia dinh c6 mot tap cac dong hd X. Mot
ham v: X —Rso duoc goi 1a mot gia tri ddng hd, va tap cac gia tri caa cac
dong ho 1a RE,. V&i moi vERY,, tER: va X < X, goi v+t chi cac gia tri
d6ng ho cua X sau t thoi gian ké tir, va v[X:=0] la tap cac gia tri dong ho,
trong d6 cac dong hd thude X duge dat vé 0.

Tap cac rang budc thoi gian trén tap X, ky hiéu la CC(X), duoc dinh
nghia boi cl phép:

xio=true | x <d|cx|xtc<y+d|—=x|xAX

Trong d6 x, y €X va ¢, d €N. Mot gia tri thoi gian v théa man mot
rang budc thoi gian y, ky hiéu vie x, néu thay céc gia tri caa v vao céc bién
d6ng hoé twong ng thi x 6 gia tri true. Tap cac gié tri thoa man maot rang
budc thoi gian duoc goi la mot vung. Cac rang budc thoi gian sé duoc sur
dung dé dinh nghia ca phép cac PTA va sir dung trong dic ta cac tinh chat
cua PTA.

Dinh nghia

Mot & t6 mat thoi gian xac suat (PTA) T 1a mot bo (L, 10, X, Act, inv,

enab, prob, &), trong do:

- L latap hiru han cac vi tri
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- 10€L Iavi tri ban dau

- X tap hitu han cac dong hd, cé gia trj thuc khéng am.
- Act la tap htru han cac hanh dong

- inv: L — CC(X) 1a ham diéu kién rang budc

- enab: L x Act — CC(X) la tap cac diéu kién thuc hién (cac hanh dong)

- prob: L x Act — Dist(2% x L) la ham xac suat chuyén.

- % L — 2”° 1a ham gin nhan, 4nh xa mdi vi tri voi mot tap cac ménh dé
logic.

Mot trang thai trong PTA la mot cap (I,v) € L x R¥x sao cho v & inv
(). Trong trang thai (I,v) bat ky, hoac mot khoang thoi gian teRso troi qua,
hodac mot hanh dong ac Act dugc thuc thi. Khi lua chon la thoi gian, gia tri t
phai dam bao rang budc inv(l) dugc thoa mén lién tuc trong khoang t thoi
gian. Trang thai cia PTA sau qué trinh chuyén nay sé 1a (1, v+t), va dé don
gian, co thé ky hiéu trang thai nay 1a (1,v) + t. Trong truong hop lua chon mot
hanh dong dugc thuc hién, hanh dong a duoc chon chi khi n6 théa mén diéu
kién thuc hién, cu thé 1a diéu kién enab(l, a) thoa man tai thoi diém v. Khi
mot hanh déng a duoc chon, mot tip cac ddng hd dugc reset va céc vi tri tiép
theo s& duoc chon ngau nhién theo phan bo xéac suat prob(l,a). Ta goi mdi
thanh phan (X, 1) (2xL).

Ta gia sit PTA ludn chuyén dén céc trang thai thoa man tiéu chuan, tac
véi mdi trang thai (1,v) va mot hanh dong a sao cho v thda mén enab(l,a), moi
canh (X, I’) e edges(l,a) s& cho két qua chuyén dén mot trang thai hop 18, tirc
v[X:=0] E inv(l"). Pé thoa man diéu kién trén, mdi budc chuyén PTA can
kiém tra cac rang budc cua vi tri méi thoa man diéu kién chuyén caa (I,v)
hién tai.

Ngir nghia cia PTA

Cho P = (L, 10, X, Act, inv, enab, prob,%) la mot PTA. Ngit nghia cua
PTA dugc dinh nghia 1a mot TPS (s6 trang thai khong giéi han) TPS [P] =
(S, sO, Act, Stepsp, lab) trong do:

- S={(l,v) € LxR%x|vE inv(l) } vas0 = (10, {X0}), véi {X0} la trang
thai khoi dau vai tat ca cac dong ho thuoc X co gia tri 0;
- Vé6i moi (I,v) € SvaaEAct U R, ta co Stepsp((l,v),a) = A néu va chi

néu:
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+ Dich thoi gian: a € Rso, v+t’ = inv(l) véi moi 0<t’<a, va A = p(,v+a)
+ Thuc thi hanh dong: a € Act, vie enab(l,a) va vai moi (I’,v’) € S:
AMI’,v") = X {|prob(La)(X,l)| X € 2% A v’ = v[X:=0]}

- Vi moi (I,v) €S tacé lab (I,v) = #(I)

Viduvé PTA

Trong Hinh 3.1, mot PTA thuc hién md hinh mét giao thic mang don
gian. Cac budc chuyén 1 cac duong ndi gitta cac trang thai. Phan bd xéc suat
dugc thé hién bang cac duong ndi xuat phat tir cing mot noi, va gia tri Xac
suit dugc thé hién trén duong ndi. PTA c6 2 dong hd x va y, duoc bat dau tir
gia tri 0. Tai vi tri bat dau, hé théng doi tdi thiéu 1 don vi thoi gian (thé hién
bang diéu kién x>=1 tai duong néi khi thuc thi hanh dong Gui) va téi da 2
don vi thoi gian (thé hién bang diéu Kién x <=2 & y<=25) trudc khi gai mot
ban tin. V&i kha nang 0,9; ban tin dugc nhan thanh céng (sang trang thai
Hoan tat) va kha ning 0,1 ban tin s& bi mat (sang trang thai Mat). Néu ban
tin bi mat, khi x dat dén 8, PTA tré vé trang thai bat d¢au dé chuan bi gui lai
ban tin. Hé théng s& chuyén sang trang thai That bai khi tong thoi gian tir khi
bat dau vuot qua 20 don vi (nhung khong qua 25), thé hién bang gié tri dong
hoy.

GUilai
X:= x=8

Bat dau
X<=2 & y <=25

0.1
GUi

0.9

Hoan tat
True

That bai
True

Hinh 3.1: Minh hoa mot PTA
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Cac thudong cua PTA
Céc thuong cua PTA P duoc dinh nghia la cap r = (., ract), trong do r.:

L —R=o la mot ham géan cho mdi vi tri toc do tich lity phan thuong theo thoi

gian tai vi tri 6, va ract: L X Act —Rso 1a mot ham géan phan thuang cho mai
lan thyc thi hanh dong tai vi tri d6.

Céu trac thudng twong wng trong TPS[P] 1a r = (rs, ract) trong d6 rs(l,v)
=r(l) va ract((I,v),a) = ract(l,a) vai (I,v) € L x R%x va a € Act.

M©& hinh hoa véi cac PTA

Cé4c bién roi rac

Viéc mé rong md hinh hda cac PTA véi céc bién roi rac gitp thuan tién
trong qué trinh md hinh hda cac hé théng thuc. Ta gigi han viéc mé rong
thém céac bién vao PTA chi cho sb lugng hitu han céc bién, va céc bién thuoc
mién gigi han. Cac diéu kién thuc thi cua PTA c6 thé tham chiéu dén cac
bién, va gia tri cac bién cd thé dugc cap nhat trong cac hanh dong.

Sw khdn cdp

Khi mé hinh hda hé thai gian thuc, ¢6 thé can biéu dién mot hanh dong
can thyc thi tac thi tai mo trang thai (khéng cho thoi gian troi qua tai trang
thai d6). Do vay c6 thé md hinh hoa su kién tic thoi trong hé théng gom mot
vai hanh dong tac thi. Mot s co ché ¢ mé hinh héa céc tinh hubng nay da
duogc gigi thiéu va céng bd cho 6 t6 méat thoi gian, nhu trong ngdn ngir Mo ta
hé thdng cia cdng cu UPPAAL. Duéi day 1a mot sb cach dé biéu dién sy kién
khan cap trong PTA:

- Vj tri khan cap (urgency): 1a vi tri trong d6 khong cho phép thoi gian troi
qua. C6 thé biéu dién vi tri khan cap trong PTA bang cach thém mot dong
ho, trong d6 ddng ho dugc reset khi vao vi tri, va co rang budc gia tri dong
hd bang 0 tai vi tri do.

- Vj tri cam két (committed location): ciing 1a vi tri khéng cho phép thoi
gian trdi qua, nhung phai roi khéi vi tri nay ngay khi thanh phan khéc cua
hé thdng thuc hién chuyén dich. M6 ta vi tri cam két trong PTA c6 thé
thue hién bang cach thém bién logic nguyén tir atom va xay dung PTA
song song. Khi PTA chuyén vao vi tri cam két, gia tri atom duoc dit 1a
true va khi PTA roi khoi vi tri cam két, gia tri atom dat 12 false, va moi
diéu kién thuc hién ctia PTA khac duoc thém rang budc sao cho atom cé
gia tri false.
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- Hanh déng khan cap: 1a cach thirc m6 hinh hoa cac hanh doéng phai duoc
chon ngay khi diéu kién thuc thi thoa man. Viéc biéu dién cac hanh dong
khan cap trong cu phap PTA bang cach thém tap con Act, (cua tap hanh
dong Act) dé chi cac hanh dong khan cap. Su xuat hién cta cac hanh dong
khan cap dan dén viéc diéu chinh lai dinh nghia cua TPS tuong tng. V4i
PTA P = (L, 10, %, Act, inv, enab, prob,%) véi cac hanh dong khan cap
Acty, PTS [P] = (S, sO, Act, Stepsp, lab) trong d6 S, s0O, lab va

StepsP((l,v),a) vai (I,v) €S va a € Act nhu trong dinh nghia Ngr nghia

cua PTA, trong khi véi (1,v) €L, t € Rso, ta ¢d StepsP((I,v),t) = p(iv+) néu
va chi néu:
+v+Ht’Einv(l) véimoi 0 <t’ <a

+V&i moi 0<t’<tvaac<Act, néuv+t’E enab(l,a’) thi a’ €Act,

Pt lai dong hé véi gid tri bat ky: Theo dinh nghia ctia PTA, céc gi tri
ddng hé chi duoc thiét 1ap lai vé 0 khi thuc hién chuyén trang thai theo xac
suat ngau nhién. Tuy nhién, trong nhiéu truong hop lai can thiét Iap lai gié tri
cta cac dong hd vé mot sé nguyén duong. Dé mé rong khai niém PTA, b
sung thém viéc dat lai gia tri dong hd vé sé nguyén duong bat Ky, dinh nghia
PTA ciing duoc diéu chinh twong tng [5].

PTA voi kha nang dit lai dong ho bat ky s& chuyén thanh PTA chuan
V6i gidi han gié tri reset caa déng hd 1a 0. Tuy nhién, khi thuc hién kiém
ching ty dong céc thudc tinh cua PTA, sb lugng mau kiém ching (va khdng
gian trang thai) cd thé ting theo ham mii, gay kho khan cho viéc mé hinh hoa
va kiém chiing. Do vay céc giai thuat kiém ching mé hinh ludn duoc phét
trién voi kha nang dit cac dong ho vé gia tri bat ky.
Tinh phan ky cuaa thoi gian (time divergence)

M6t van dé quan trong lién quan dén viéc kiém ching cua cac mé hinh
ctia cac hé thong thoi gian thuc véi d6 1a tinh phén tan caa thoi gian, theo d6
gia tri thoi gian c6 gié tri luon ting téi vo han. Viéc biéu dién cac hanh vi
nhu vay khéng pht hop véi cac hé théng thuc té, va do dé cac ki thuat kiém
ching duoc st dung phai c6 kha niang dé boé qua hanh vi nhu vay trong khi
phan tich mé hinh.

Str dung cac khéi niém khac nhau dé biéu dién gi4 tri thoi gian, nhung
cac nghién ctiru gan day chi tap trung vao cac muc tiéu ky hiéu 1a Adv[[P]],
la nhitng muc tiéu sao cho gia trj biét thoi gian luon vuot qua bat ky gié tri
rang budc nao.
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Viéc xay dung va biéu dién cac PTA cd thé tao ra cac trang thai trong
d6 bién thoi gian khdng thé tién 18n bat ctr gia tri ndo, cé4c trang thai nay duoc
goi la khéda thoi gian (timelock) trong cai dat cac 6 t& mat thoi gian, va dugc
coi 1a 13i trong qua trinh md hinh hda hé théng. Céc trang thai bi khoa thoi
gian c6 thé duoc xac dinh nho qua trinh phan tich md hinh kiém chang, va
cd thé duoc loai bo khoi md hinh bang cach diéu chinh cac rang budc vé thoi
gian va cac diéu kién chuyén.

Dic ta tinh chat cho cac PTA (properties specification for PTAS)

Trong phan nay, dé tai trinh bay logic thoi gian mé ta bang ngén ngit
dic ta chinh thic cac tinh chat dinh luong cua PTA. Duya trén co so cay logic
tinh toan xéac suat PCTL, v&i PCTL 1a phan mé rong xac suat cua logic CTL
da duoc dé xuét cho cac dic ta tinh chat cho ca chudi Markov xac dinh MDP
va chudi Markov thoi gian roi rac. Cac biéu dién logic dugc bo sung thém
c4c toan tir cho cac phan thudng, theo cuing cach biéu dién logic trong MDP,
va dugc sir dung trong cac mé hinh kiém chang xéac suit PRISM.

Dinh nghia:

CU phép logic md ta tinh chat PTA dugc cho bang cac vin pham sau:

¢ = truelalyx| oA d| =] Pug [¥]] R [P]
¥ = oUx¢|loUG
p = IF|C*|F¢

Trong d6 a€ AP 1a ménh dé nguyén tir, y € CC(y) la mot rang budc
thoi gian, toan tir so sdnh x € {<, <, >, >}, p € QN[0,1], q € Qo r 12 cAu
tric thuong va k € N.

Pay 1a cdc ménh dé logic mo rong véi cac toan tir logic xac suat (P) va
c4c toan tir phan thuong (R). Dién giai khdng chinh thirc, tinh chat duoc biéu
dién dang P,,, [¥] cho biét x4c suat d¢ cong thirc W 1a diing ludn théa man
rang budc »q. Tinh chat biéu dién dang R, [p] cho biét gia tri ky vong cua
ham giai thuéng p trong ciu tric thudng r thoa man rang budc .

Céc cbng thuc trong logic ludn la cdng thic tai trang thai. Cac céng thac
nay dugc tinh toan trén cac trang thai cua PTA P (hay chinh xac hon 1a trén
c4c trang thai cua TPS [P] biéu dién ngit nghia ctia PTA P). Véi trang thai s
va cdng thic ¢, ta viét sk ¢ dé biéu dién ¢ duoc thoa man tai trang théi s.
Ngir phap cua logic ciing bao gdm cdng thic trén duong ¥ va toan tir giai
thuang (p), duoc xuat hién nhu tap con cia c4c toan tir P va R.
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Dic ta tinh chat cia PTA duoc bd sung thém 2 cdng thic: rang budc
theo thoi gian (cong thirc ¢d dang ¢1 U=¥ ¢2) va khéng rang buoc thoi gian
(cong thirc co dang ¢1 U ¢2). ¢1 U ¢2 cod nghia 1a mdt trang thai s thoéa mén
d2 va moi thai gian triede d6 thi 1 dugc théa man. ¢1 U ¢2 c6 ¥ nghia twong
tu, nhung yéu cau su Kién ¢ thoa man phai trude thoi diém k. Mot sb toan
tir hitu ich ciing c¢6 thé duoc bd sung, bao gdm F ¢ = true U ¢, co nghia ¢ S&
dugc théa man, va F=* ¢ = true U ¢ cho biét ¢ s& duoc théa man trudc thoi
diém k. Ta ciing ¢6 G ¢ = —(F —d), cho biét ¢ ludn thoa man, va G* ¢ =
—(F=* —¢) cho biét ¢ dugc thoa man lién tuc dén thai gian k.

Toan tir gidi thuong Ry, [p], twong (ing p Vi cac gia tri I=k tham chiéu
dén gia tri phan thuong tai thoi diém tac thoi k, C<k tham chiéu dén tong
phan thudng tich lity dén thoi diém k, va F ¢ tham chiéu dén tong giai thuong
tich liiy dén khi dat dén mot trang thai thoa man ¢. Mot cach hinh thuc, céc
ngilr nghia cua logic dugc dinh nghia nhu sau:

Pinh nghia

Cho P la mot PTA, [P] = (S, s0O, Act, Stepsp, lab) 1a mot ngir nghia cua

P, var 1a cau tric phan thuong trén [P], twong tng véi cau tric phan thuéng

trén P. Cho trang thai s=(I,v) €S, quan hé théa médn & dugc dinh nghia quy

nap nhu sau:
S E true s ludn ludn dung
SEa < a€lab(s)
SEY & VEY
sE 0L A ¢2 & sEGLASE §2
SE - & s—E ¢ (s khong thoa mén ¢)
S E Pug [V] & Profps {o € Pathfp s | © E\W}) xp
véi moi o € Adv[P]
S E Ry [p] & Efps (rew(r, p)) xq véi moi 6 € Adv[P]
trong do:

oE o1 U ¢ & ton tai mot vi tri (i,t) cua o sao cho w(i)
+tE d2vadury(i)+t <kva () +t’ E
d1vd2 voi moi vi tri (§,t°) trudc (i,t) caa
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(O]

oF ¢ U 2 & t6n tai mot vi tri (i,t) cua o sao cho w(i)
+tE g2 va o(i) +t* E dp1vd2 VG moi vi
tri (j,t”) truac (i,t) cua o
M6t sb vi du vé cac tinh chat thuong duoc kiém ching caa PTA c6 dang
thic logic dugc thé hién nhu sau:

- Ps0g[F™* ackn] — “Xac suat bén gui nhan dugc n ack trong k don vi thoi
gian toi thiéu 14 0.8”
- Trigger — P<0.000:[G2 —deploy] — “Xac suat dé tai khi khéng bung ra
trong vong 20 mili gidy chic chan nhé hon 0.0001”
- Pmax = ?[—sent U fail] — “Xac suét tdi da khi 15i xay ra truéc khi ban tin
gui thanh cong 1a bao nhiéu”
- Rtme =9 [F end] — “Xac suat t6i da giao thirc c6 thé hoan tat”
- REY" [C*%] — “Tong mirc ndng luong tiéu thu trong 60 gidy dau tién <q”
Gian lwoc cac thugc tinh
Ta cing xét cach thirc thuc hién gian lugc cac thudc tinh nham giam
murc d6 phic tap ciia cac biéu thire logic dé kiém ching trong cac cong thic
don gian hon trén cac PTA m¢ rong. Xét thudc tinh c6 giai han thoi gian Pep
[d1 U= 2] trén PTA P. Néu mé rong P bang cach thém vao dong ho z, khi
d6 mot trang thai (1,v) thuoc P thoa man cong thic Pup [¢1 U= ¢2] néu va chi
néu trang thai (1,v’) cia PTA md rong ¢d v’(x) = v(x) voi moi dong hd x cua
P va v’(z) = 0 thda man Pup [p1 U= ¢2]. Vi thudc tinh khdng gisi han thoi
gian Pwp [¢1 U ¢2], ta c6 thé chinh sira PTA sao cho khi dat dén mot trang
thai khong thoa man ¢1, chi cac budc chuyén toi cac trang thai khong thoa
man dugc thuc hién, khi d6 mot trang thai trong PTA thoa man Pep [¢1 U ¢2]
néu va chi néu trang thai cia PTA méi thoa man Puwp [F d2].

Tiép theo, ta ciing xem Xét cach thirc 1am giam muc d6 phuc tap cua
kiém chtng dang P=p [F=* ¢] thanh cong thirc dang P<i-p [F @exec], do Viéc xé&c
dinh gia tri xac suat 16n nhat trong nhiéu trudng hop d& thuc hién hon viéc
tinh x4c suat nhé nhat. Ta mé rong P bang cach thém dong ho z va thay doi
sao cho cac trang thai thoa man ¢ bat budc phai thuc hién cac phép chuyén
t6i trang thai khdng thoa man, va trong moi trang théi khac, ta bo sung thém
trang thai mai khéng thoa mén ¢, exceeded, dugc thuc hién khi z>k. Do do
P-p [F* ¢] 1a dting trong trang thai dwoc mo ta ban dau néu va chi néu céac
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trang thai twrong tng cua PTA mé rong véi z=0 phai thoa man P<ip [F exec],
trong do aexec Chi dung tai vi tri exceeded.

Cubi cung, ta cing xem xét cac phuong phap dé giam céc thudc tinh

dang R%, [C™] hodc RL, [17] vé dang RL, [F ¢]. Trong ca hai truong hop,
ta bd sung thém dong hd z vao PTA P. Véi RL, [C™], chi can kiém tra RL,,,
[F (z=K)] trén PTA mé rong. Véi RL, [17], ta bo sung thém diéu kién z<k
Vvao tat ca céc rang budc va chuyén ching téi cac vi tri khéng thoa man va
thém budc z=K vao tat ca cac vi tri trong khi thay doi cac diéu kién thyc hién
chuyén sao cho né khdng kich hoat viéc chuyén khi z=k. Khi d6 chi can kiém
chung tinh chat RZ, [F adone]-

Céc phuong phap kiém ching ty dong PTA

Vi bai toan tong quat vé kiém chiing cac tinh chat @ cua PTA P, vi du

xac dinh Sat(®) = {s€ S| sk ® }: tap cac trang thai S cua P théa méan tinh

chat P. Hién da c6 nhiéu ky thuat kiém chimg PTA duoc cong bd, va cac ki
thuat nay hd tro cac loai biéu thuc logic khac nhau. Ta cling xem cac k§ thuat
kiém chttng mé hinh véi PTA da dugc nghién ciru va cong bé.

Do thi mién

D6 thi mién bién

Phuong phap dong ho s6

Phuong phap dat duoc IUi

Triru twong hoa va lam min véi tro choi ngau nhién

Hai ky thuat dau tién néu trén dya trén khai niém D6 thi mién, ban dau

dugc xay dung cho viéc danh gia kha ning quyét dinh va mic do phuc tap
cua bai toan kiém chimg mo hinh hon 1a dé trién khai thyc hién kiém ching.
Céc phuong phap khac khé hiéu qua trong viéc kiém chizng mé hinh cho mot
s6 loai biéu thirc logic cu thé. Bang 3.1 thé hién kha nang kiém chang cua
cac phuong phap khac nhau véi cac loai biéu thirc logic, chi tiét dugc néu
trong tai licu [3].

Bang 3.1 : Quy mé tinh toan khi DATA = 10..30; RETRY =0..4

Loai biéu thuc Po thi | Po thi | Pong | Phuong | Trd
mién | mién | hdsd | phap choi
bién (v6i cac | dat ngau
PTA duoc Ui | nhién
dong)
Bicu thire don B, [¥] v v v v v
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2 , Dang Dang
T
Bieu thirc don R, [p] X v v mé mé
Bicu thic khdng chtra Dang
v v X v .
RZ,[p] mo
Logic diy da X X X bang | Dang
méo méo

Trir phi duoc néu cu thé cac ngoai Ié, ta gia thiét PTA P khong cd khéa
thoi gian va duoc cu trdc sao cho dam bao thoi gian khéng gigi han.

3.3.1 Xay dung do thi mién (region graph contruction)

Do thi mién cho mot PTA duoc xay dung dua trén viéc xay dung 6 to
mét thoi gian truyén thong. K§ thuat nay cung cap mot phuong phap kiém
ching md hinh cho cac ménh dé logic khdng chira ménh deé logic R%, [p].
Do thi mién cua mot PTA P va cong thic ¢ c6 dang mot MDP hitu han trang
thai, trong d6 cac trang thai la cac vung dang (I, o), vai | 1a vi tri va o la mét
l6p tuong duong véi cac gia tri dong ho theo cong thire tuong duong nhu
dinh nghia phia dudi. Cho ¢ la gié tri hang sé Ion nhat ma moi dong ho cua
P phai so sanh trong cac rang budc thoi gian caa P va ¢. Khi d6 cac gia tri
d6ng ho v va v’ 1a twong duong khi va chi khi chling théa man cac diéu kién
sau:

- Vi moi x € X, thoa mén hoac v(x) > ¢ va v’(x) > ¢, hoac v(x) va v’(x)
c6 gia tri phan nguyén bang nhau.

- Véimoi x, x’ € X, hodc v(x) - v(x') > cvav'(x) - vV(x)>c, hodc v(x) -
v(x") va v'(x) - v'(x’) c6 gia tri phan nguyén bang nhau.

Trong d6 hai bién q, q’€R=o €0 gia tri phan nguyén bang nhau khi |q|
=1q'] valql—q=0néuvachinéulqg’'] -q =0. Luuy la cac gia tri dong
hd tuong duong s& cling thoa man cac rang budc thoi gian trong PTA. Tap
c4c viing can cho D6 thi mién, ky hiéu R, 1a tap cac ving (I, o) sao cho ton
tai v € a sao cho v E inv(l). Kich thuéc cta R bi gigi han boi gia tri
IL|. (2¢c 4+ 2)(X1+D? (theo tai lieu tham khao sb 23 trong [3], néu tai muc
Region graph contruction).

Mot vang (1, o) € R ¢d thé c6 diém thoi gian ké nhiém, duoc dinh nghia
nhu sau. Néu v+t € o vi moi v € a va t € Rxo , khi d6 diém thoi gian ké
nhiém cua (1, «) 1a chinh (1, o). Nguoc lai, ton tai mot ving duy nhat (1, ) #
(1, @) sao cho t6n tai v € a va t € R>p sao cho v+t € B va v+t” € a U B V6i
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moi 0 < t* < t. Ngoai ra, ta c6 v+t’ & inv(l) véi moi < t’ <t thi (I, B) 1a ké
nhiém thoi gian cua (1, a), nguoc lai (1, o) khong c6 ké nhiém thoi gian.

Db thi mién cho P va ¢ 1a mot MDP Reg(P, ¢) = (R, (10, [0], Act U {t},
Steps, lab), trong d6 véi mdi (I, o) € Rvaa € Act U {t}, ta c6 Steps((l, a), a)
= A néu va chi néu mot trong cac kha niang sau xay ra:

- Dijch chuyén thoi gian: a = t, A = pg, p) va (I, B) 12 ké nhiém thoi gian cua
(I @)
- Thuc hién hanh dong: a € Act, ton tai v € a v&i v i enab(l, a) va, véi moi
(I’, B) € R:
AL, B) =X {|prob(La)(X,]) | X € 2X A B = o[ X:=0]};
va lab(l, a) = L(I) v&i moi (I, a) € R.

Viéc kiém ching mé hinh caa Reg(P, ¢) thuc hién theo phwong phap dé
quy, trong d6 tinh tirng biéu thirc thanh phan ¢’ cua ¢ va tinh Sat(¢”). Pé don
gian, ta gia thiét P c6 thoi gian phan ky. Xac dinh céc trang thai thoa mén cac
ménh d& nguyén tir, cac rang budc thoi gian hoic cac lién hé logic va cac
thudc tinh rang budc thoi gian duoc thuc hién bang cach gian lugc céc thudc
tinh nhu va tao cac PTA mé rong. Xét cac cong thic dang Pup[d1 U $2]. Néu
tap cac trang thai thoa mén ¢1 va ¢2 da duogc tinh va cac vung tuong ung
Reg[P, ¢) vdi cac tap nay dugc gan nhan al, a2, khi d6 cac trang thai thudc
[P] thoa mén Pwp[d1 U $2] don gian la nhirng trang thai thudc cac vung tuong
ung vai cac trang thai trong MDP Reg[P, ¢] ma thoa man Pwp[al U a2].

Nhu vay D6 thi mién tao ra giai thuat cho kiém chirng md hinh PTA thoi
gian phan ky, véi cac biéu thic khdng chua céc toan tir dang Riq4[]. Giai
thuat c6 thoi gian thuc hién theo ham mi, do viéc kiém chang cac tinh chét
dang Pwp[al U a2] trén cac MDP c6 dang da thuc, va kich thudc caa PO thi
mién Reg[P, ¢] 1a ham mii theo kich thuéc cua P (kich thuéc cua P 1a tong
s6 vj tri va dong hd, kich thudc cua ma hda nhi phan cac hang sé trong cac
rang budc va diéu kién chuyén, va kich thudc ciia md hoa cac x4c suat chuyén
khi biéu dién dudi dang ti s6 caa cac sb nguyén).

3.3.2 Do thi mién bién (boundary region graph)

Phuong phéap xay dung D6 thi mién nhu trén khong hiéu qua khi kiém
ching céc tinh chét c6 chira phan thuong. Cu thé, vai mot vang (I, o), gia tri
IE;',’s”i"(p) va Ep** (p) ndi chung khong thugc cuing mét trang théi s € (1, a).
Ta mo ta ngan ngon viéc tong quat hda B thi mién, goi 12 B thi mién bién,
la mot MDP hitu han trang thai véi cu trac thudng trong d6 ta co thé quyét
dinh xem liéu mot trang thai s ciia mot PTA ¢ thé thoa man bieu thiee R [F
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], voi pham vi gigi han bai toan la khdng cé biéu thic logic chta trong
RL,,[.] va gisi han cac gia tri cua o 13 [<, =]. Véi cac tinh chat RL,,[C<K] va
RL4[17], phuong phap gian luoc c6 thé sir dung véi cac pham vi giéi han
tuong tu.

Tu tudng cua phuong phap Do thi mién bién [ céc hanh vi tdi vu (twong
ing Véi gia tri giai thuong 16n nhat hoic nho nhat) twong (ng véi cac tinh
hudng chuyén dich cia PTA khi cac 16p gia tri twong duong ciia ddng hd c6
it nhat mot gia tri 1a s6 nguyén, hodc gan véi gidi han cua gia tri dong ho.
Ngoai ra, gia tri giéi han chinh xac cua cac dong hd duoc xac dinh bai gia tri
ctia dong ho tai trang thai s, va phai duoc thé hién trong D6 thi mién bién.
Cau triic cua c4c giai thuong trong Do thi mién bién ciing duoc thira ké truc
tiép tir cac cau trdc giai thuong cua PTA. Tur D6 thi mién bién (1a mot MDP
hitu han trang thai), ta c6 thé tinh toan céc gia tri 16n nhat hoac nho nhat caa
c4c giai thudng tich lily trong tap muc tiéu xac dinh. Ta c0 thé tinh cac gia tri
E;7 (F ¢) va ER7°* (F ¢) va tir d6 quyét dinh xem s c6 thoa man R, [F ¢]
hay khong.

3.3.3 Phuong phap dong ho sb (digital clock method)

Céc phuong phap D thi mién khong duoc cai dit trong céc ¢ng dung
thuc té do kich thudc mién khdng gian qua Ion. Pa c6 nhiéu ki thuat kiém
chang PTA duoc phét trién. Ta xét phuong phap dong ho sb, trong d6 gidi
han cac ngit nghia thoi gian lién tuc ctia PTA sao cho moi dich chuyén thoi
gian ludn c6 gié tri 1a 1 don vi. Do vy céc gia tri cua dong ho 1a cac sb
nguyén (thay vi s thyc). Tir rang budc nay va gia tri hang sé cx da biét, la
gia tri hang sé 16n nhat ma tat ca cac dong ho phai so sanh trong P va céc
thudc tinh ¢, ta c6 thé xay dung mot MDP hiru han trang thai dé biéu dién
PTA.

Phuong phap dong ho sé co thé &p dung dé kiém chang céc tinh chat
dang Pwp[¥] va RL,[p] ma khdng c6 chta cac bieu thac dang Pup[¥] va
RL,,[p] trong cac biéu dién cong thic ciia W va p. N6 6 the sir dung dé kiem
chang trong cac trang thai véi cac gia tri dong hd so sanh véi cac sb nguyén.
Tinh chinh xac cua phuong phap ddng hd s6 ciing dua trén gia thiét P va ¢ 1a
dong, theo nghia tat ca ca cac rang budc rang x<d hoic d<x dugc chta trong
mét s6 chan cac phép phu dinh. Ngoai ra, tit ca cac rang budc thoi gian va
diéu kién chuyén caa P dugc gia dinh khdng c6 lién hé duong chéo, theo
nghia cac rang budc rang x+c<y+d khong dugc chip nhan.

Véi mot gid tri caa dong ho v € NX, ky hiéu véb1 1a gia tri dong ho sao
cho (véd1)(x) = min{v(x) + 1, cx + 1} v&i moi x € X. Ngir nghia dong ho cua
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P va ¢ duoc dinh nghia nhu ngit nghia chuan, ngoai trir gi¢i han thoi gian
chuyén c6 gia tri 1a 1, va mdi gia tri ddng hd x c6 thé tang toi gia tri toi da
cx+1. Mot cach hinh thic, ngit nghia dong ho sé cua mot PTA P dong duoc
dinh nghia 1a mdt MDP httu han trang thai Dgt(P, ¢) = (S, (10, 0), Act U {13},
Steps, lab) trong doé:

- S={(llv) eLxNX|vEinv(D) A (VXEX.v(X) <cx+ 1)}
- Steps((I,v),a) = A néu va chi néu:
+ Dich chuyén thoi gian: a=1, vé1 & inv(l) va A = p(l, v1l);
+ Thuc thi hanh dong: a € Act, v E inv(l, a) va, véi moi (I’, v’) € S
MD,v?) =Z{|prob(l,a)(X, I’) | X € 2X A v’ =v[X:=0] |};
- lab(l,v) = A1) véi moi (1,v) € S.

S6 luong cac trang thai trong ngir nghia dong ho s6 duoc gidi han boi
glé tri |L|.Hx€X(Cx+1).

Viéc kiém chiing cac tinh chat ¢ dang Pwp[W¥] va RL, [p] thuc hién truc
tiép trén MDP hitu han trang thai. Vi cong thic Puwp[¥], Viéc tinh toan thuc
hién twong tu nhu D6 thi mién da néu. Véi cong thic RY,,[F ¢] va cau tric
thuong r=(rac, L) cua PTA, ta xay dung cau trdc thudng moi r'=(r’s, r’act)
trong do6 r’s(1,v) = 0, r’act((1,v),1) = re(l) va r’ act((1,v),a) = ract(l,a) véi moi (1,,v)
€ S va a € Act. Sau d6 st dung céc giai thuat cia MDP dé tinh gié tri ky
vong I6n nhat va nho nhat cua giai thuong khi dat dén tap théa man Sat(¢).
Truong hop p = C<kva p = I7¥, sir dung phuong phép gian lugc thudc tinh dé
tinh.

3.3.4 Phuong phap dat dugc i (backward reachability)

Phuong phép dat duoc I0i khdng 4p dung cho céc tinh chat c6 dang
R{4[p]. Phuong phap nay dwa trén thu tuc tim vi tri tién nhiém, tir tap cac
trang thai S’, liét ké danh sach cac trang thai tir d6 c6 thé dén S’ bing céch
dé thoi gian tri hoic thuc thi hanh dong. Tap cé4c trang thai duoc biéu dién
la c4c trang thai biéu tuong, z = (1, ), bao gom vj tri | va mét rang budc thoi
gian  trén tap X, biéu dién tap céc trang thai {(I,v) | v E T}

Truéc hét, thuc thi tha tuc tim vi tri tién nhiém thyuc hién tham s héa
cac hanh dong va cac canh cia PTA. Khi duyét qua cac nhanh, biéu db vé
cac node duoc xay dung va cac node tao nén céc trang thai biéu tuong, va
mdi canh dugc bd sung tir trang thai biéu tuong z téi trang thai biéu tuong z°
néu z duoc sinh ra tir z’ bang thu tuc tim vi tri tién nhiém. Canh (z, z°) duoc
danh nhin twong ng va&i hanh dong trong canh PTA. Céc trang thai biéu
tugng dugc sinh ra khong phai 1a thanh phan cua khong gian trang thai PTA.
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Sau khi viéc duyét tha tuc tim tién nhiém két thic, biéu dd thu dugc co
thé duogc sir dung dé xay dung nén mot MDP hitu han trang thai. Bé xay dung
cac ham chuyén trang thai xéac suat, thdng tin phai dugc tong hop tir nhiéu
trang thai biéu tuong dé c6 thong tin chinh xac vé cac canh PTA (ang Vvoi
mot hanh dong cu thé caa PTA). Viéc nay thuc hién bang cach tinh cac diém
giao cua cac trang thai biéu trong cd it nhat mot canh di ra khoi trang thai cé
chung nhan, khi d6 b6 sung canh twong tng vao trang thai biéu tuong moi
tao.

Céch tiép can nhu trén chi ap dung duoc vai cac thudc tinh dang Pup[W]
trong d6 4 € {<, <}, chang han nhu phép tinh xac suat 16n nhat trong PTA.
Véi cac truong hop < € {=, >}, phuong phéap tinh can phai diéu chinh, va
chi 4p dung cho cac PTA thoi gian khdng phan ky. Chi tiét trong tai liéu tham
khao [6].

3.3.5 Lam min triru twong voi tro choi ngau nhién (abstraction refinement with
stochastic games)

Phuong phap l1am min triru twong Véi trd choi ngau nhién c6 thé kiém
chang cac tinh chat dang Pwp[W¥] bang céach tinh xac suét dat dén trang thai
nao do. Phuong phap nay sir dung khai niém tro choi dya trén triru tugng hda
céc dau vao ciia MDP va &p dung céc ki thuat [am min. Phuong phap nay c6
thé 4p dung véi cac PTA c6 céc rang budc khong lién hé duong chéo, do mot
trong cac thi tuc thyc hién 13 thim do kha ning dat dén phia trude, va cac
thu tuc ndy chi c6 thé thuc hién khi PTA khong c6 rang budc dudng chéo.

Y tuong trién khai 1a xay dung mot MDP triru tuong, véi dang tro choi
hai nguoi. viéc khai quat hoa MDP dé thé hién c6 hai dang khong xac dinh
khac nhau, mdi dang duoc diéu khién bai mot nguoi choi khac nhau. Trong
phuong phap nay, ngudi choi mot diéu khién cac quyét dinh trong MDP triru
tugng, va ngudi choi hai diéu khién cac quyét dinh trong MDP ban dau. Mot
giai thuat téi wu xac suét trong trd choi ngu nhién (vi du xac suat tbi da
ngudi choi 1 dat muyc tiéu, trong khi nguoi choi 2 dang ¢ han ché né) c6 thé
tao ra cac gi¢i han dudi va gidi han trén cho xac suat dat ¢én caa MDP ban
dau.

Co ché 1am min triru tuong duoc gisi thiéu trong [9] cung cap cach thie
tao ra tro choi triru twong tu dong, bang cach duyét qua cac 16p triru twong
dén khi gi6i han trén va giGi han dudi c6 do léch dudi ngudng € xac dinh. Ky
thuat nay c6 thé giup xac dinh xéc suat (I6n nhat hodc nho nhat) cua PTA véi
trang thai nao d6. Trudc hét, xay dung biéu do cham téi cho cac trang théi
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(reachability graph), dua trén céc thu tuc duyét céc trang thai tiép theo (c6
thé cham t&i duogc tir trang thai hién tai) bang cach thuc thi hanh dong hoic
dé thoi gian troi. Tir day, mot tro choi ngau nhién triru tuong da duoc tao ra
théng qua céc trang thai biéu twong cho dén khi cac xac suat can tinh toan
dat dén gia tri yéu cau.

3.3.6 So sanh cac phuong phap kiém chang

Phan nay tom tat viéc trién khai tng dung trong thyc té cac phuong phap
kiém ching mé hinh néu trén. Vé kha nang 4p dung, hién chi c6 phuong phap
d6ng ho sb 1a cé thé tinh toan gia tri giai thudng, nhung chi &p dung cho cac
PTA khéng chtra rang budc duong chéo va ap dung véi cac rang budc dong.
Phuong phap triru teong hoa véi tro choi ngau nhién chi c6 thé ap dung voi
cac PTA khoéng chua rang budc duong chéo, va Phuong phap dat dugc Ui
doi hoi viéc hiéu chinh (twong dbi nhiéu) dé tinh toan xac suat nho nhat.

V& hiéu suit va kha ning mo rong, phuong phap dong hd sé da duoc
chang minh hoat dong tét trong thuc té, nhung hiéu nang han ché khi c6 sb
luong 16n cac dong hd hodc ¢é nhiéu hang sé xuat hién trong rang budc thoi
gian; trong nhitng tinh hudng nay, cac phwong phap con lai di cho thay hoat
d6ng hiéu qua hon. Cac ky thuat tong hop théng sé nhu trong [3] ¢6 thé s
dung dé giam s luong cac hang s trong cac rang budc thoi gian caa cac 16p
con cua PTA, va cho céc tinh chat xac suat khdng c6 rang budc thoi gian.
Mot ky thuat khac ciing duoc &p dung dé tang hiéu nang 1a sir dung cai dat
biéu twong (dua trén biéu do quyét dinh nhi phan). Cai dit ban dau cua
Phuong phap dat dugc IUi cho thay nd tao ra MDP tuong d6i nho, tuy nhién
giai thuat nay cd chi phi trién khai l6n. Két qua thuc té ciia phuong phéap lam
min triru tuong Vvéi trd choi ngiu nhién cho thay hiéu ning tot hon ca. Tuy
nhién, cac phuong an tdi wu sau d6 dugc dua ra cho Phuong phap dat dugc
lUi gidp cai thién hiéu ning dang ké, va cai thién cho phuong phap lam min
triru twong Vi trd choi ngau nhién trong rat nhiéu truong hop.

3.3.7 Cac cai dat thuc té va cong cu hd tro

Véi su quan tam téi viéc kiém chang céc hé thoi gian thuc xac suat ngay
cang ting trong thoi gian gan day, da c6 mot sé phan mém khac nhau di duoc
phét trién. Cong cu kiém chiang md hinh xé&c suat PRISM [11], xuat phat tir
cdng cu kiém chiing xac suat xich Markov va MDP, hién d3 hd tro md hinh
PTA vdi cac phuong phap kiém ching dong hd s, Phuong phap dat duoc
IUi va phuong phap triru twgng hoéa dung tro choi ngau nhién. Cong cu thir
hai 1a MCPTA, &p dung phuong phap dong ho sé dé dich tir tap mot tap con
cuia ngbn ngir md hinh hda Modest tryuc tiép sang ngdn ngir PRISM.
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Fortuna la mot cong cu tap trung vao PTAs ma rong vai cac chi phi
(dugc goi 1a cac phan thuong trong mot s6 tai liéu nghién ciru va trong tai
lieu luan van nay). N6 trién khai giai thuat tinh xac suat 16n nhat dé dat téi
mét dich trong khi tinh lity ké céc giai thuong trong pham vi mot ngudng
dinh trude. Do day la giai thuat tong quét hoa tir Phuong phap dat duoc Ui,
viéc tinh todn xéac suit dat t6i 16n nhat ciing duoc hd tro. Mot s6 phuong an
t6i wru cho giai thuat ban dau da duoc cai dat. Cudi cung, céng cu noi tiéng
kiém ching 6 té mét thoi gian UPPAAL da c6 ban mo rong UPPAAL PRO,
bang cach phan tach dan dan cac khéng gian trang théi, xay dung va giai
quyét cac MDP hitu han theo timg budc.

Cong cu kiém chang mé hinh PRISM
Giai thiéu cong cu PRISM

PRISM 1a mot bo cong cu kiém tra md hinh xac suat, céng cu dé mo
hinh hda va phan tich hé théng thé hién hanh vi ngau nhién hoic xac suat
chinh quy, di duoc sir dung dé phan tich cac hé thong tir nhiéu linh vuc tng
dung khac nhau, bao gdbm ca giao thuc truyén thong da phuong tién, thuat
toan phan phdi ngau nhién, cac giao thirc bao mat, céc hé théng sinh hoc va
nhiéu loai khéc.

PRISM c6 thé xay dyng va phan tich cac dang caa md hinh xac suat,
bao gom DTMC, CTMC, MDP, va PTA.

Ngoai ra, PRISM c6 thé bd sung cac phan mé rong dé kiém chiing céc
mo hinh nay véi bo dac tinh chi phi / lgi ich, duoc goi chung la giai thuong
(tir khda str dung trong PRISM la reward — giai thuong).

Céac md hinh dugc mo ta bang ngdn ngir PRISM, 1a ngdn ngir dua trén
trang thai don gian. PRISM cung cip hd trg cho viéc phan tich ty dong cua
mot loat cac dic tinh dinh lwong cta cac mé hinh nay, vi du "XAac suit cua
mét that bai gay ra hé théng dé dong cira trong vong 4 gio 1a gi?", "Xac suat
xay ra truong hop xau nhat cua giao thic bi ngat do 15i, trén tat ca cac cau
hinh ban dau c6 thé?", "Kich thudc du kién cia hang doi tin nhan sau 30 phut
1a bao nhiéu?", hoac "Du kién thoi gian thuc hién va cham dut cac thuat toan
trong trudng hop xau nhat? ",

Cac ngdn ngit duoc str dung dé dic ta thuoc tinh két hop logic PCTL,
CSL, LTL va PCTL*, ciing nhu mé rong cho thong sé ky thuat dinh luong
VA C4C cau trdc giai thuong.

PRISM la su két hop gitra c4u tric di liéu mang tinh biéu twong va cac
thuat toan, dwa trén BDDs (Binary Dicision Diagram - Biéu dd Quyét dinh
nhi phan) va MTBDDs (Multi-Terminal Binary Dicision Diagram). N6 cling
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bao gém mét co cau md phong cac su kién roi rac, cung cap cong cu hd tro
cho viéc kiém tra md hinh théng ké va uéc lwong gan ding, va trién khai cac
ki thuat phan tich khac nhau, chang han nhu dinh lwong tinh triru twong va
tinh giam d6i xtng.

PRISM I bo c6ng cu min phi ma ngudn mé, lwu hanh theo gidy phép
General Public License (GPL).

3.4.2 Sir dung PRISM kiém chiing cac tinh chat cia PTA

Tt phién ban 4.0 (Thang 5/2011), cong cu PRISM bét dau hd trg kiém
chirng moé hinh PTA, bén canh cac m6 hinh DTMC, CTMC, MDP da ¢6 truéc
d6. Tinh dén thang 9/2016, phién ban PRISM méi nhat 1a 4.3. Cac phuong
phap kiém chiing céc tinh chat cua PTA duoc cai dat trong PRISM tir phién
ban 4.0 t&i nay 1a phuwong phap ddng hd s6, Phuong phap dat duoc 10i va
phuong phap triru twong hda véi tro choi ngau nhién.

M6 hinh héa PTA

PRISM sir dung ngdn ngit mé hinh héa dong nhat cho tat ca cac mé hinh
X4c suat duoc hd tro, gom ca PTA. Bé hd trg PTA, PRISM tir phién ban 4.0
tré di da bo sung loai dir liéu mai 1a clock cho cac bién dong ho. Cac bién
ddng hd co thé xuét hién trong cac biéu thirc diéu kién, trong cac vé trai cua
lénh, va co thé dugc reset nhu cac bién thong thuong khac. Tir khéa méi
invariant duoc bo sung dé biéu dién cang rang budc thoi gian tai trang théi.
Hinh [] 1a vi du doan ma PRISM dung dé biéu dién PTA tuong tng, trong d6
c6 chtra ciu triic thudng véi nhan 1a energy, duoc sir dung dé thé hién tée do
tich 10y giai thuong la 2.5 tai trang thai s=0.

Cic ki thuat kiém chieng trong PRISM

PRISM phan tich hai 16p tinh chat chinh caa PTA: (1) Xac suat I6n nhat,
nho nhat dé dat téi mot muyc tidu nao do, co thé kém rang budc thoi gian (vi
du: “xéac suét 16n nhat cta tai khi khong bung trong vong 0.02 giay™); va (2)
Gia tri ky vong 16n nhat/nho nhat cua giai thuong tich lily duoc khi dat t6i
mot muc tiéu nao d6 (vi du: “Ky vong thoi gian ti da dé giao thirc hoan tat™).
Hién nay cac phuong phap kiém ching dong hd s6, Phuong phéap dat dugc
IUi va phuong phép trd choi ngiu nhién da duoc cai dit, trong d6 phuong
thire trd choi ngau nhién 1a cau hinh mac dinh cia PRISM cho cac mé hinh
PTA.
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Chuong 4. KIEM CHUNG MOT SO PTA BANG PRISM
4.1 Kiém chang giao thirc ABP
4.1.1 Gidi thiéu giao thuc bit luan phién

Giao thtrc bit luan phién (ABP) la giao thirc mang don gian hoat dong
tai tang data link dé thyc hién truyén lai cac ban tin bi mat hoic bj 15i. ABP
duogc st dung nhiéu trong cac tinh hudng test, md phong va kiém chang logic
hoat dong cua cac hé thong dong thoi. DU mé ta giao thuc 1a kha don gian,
ABP c6 nhiéu thugc tinh dé giai quyét cac ly thuyét vé hé thong ddng thoi.

C6 thé minh hoa giao thac ABP bang Hinh 4.1, c6 4 thanh phan: Bén
gui A, bén nhan B, Kénh AB truyén dit liéu tr A dén B va kénh BA truyén
dit liéu tr B dén A. Dt liéu vao duoc nhan tir hé thdng ngoai guri dén A, va
khi B nhan duoc dit liéu, dir liéu sé duoc ghi vao dong Dir liéu ra, cling 1a hé
théng bén ngoai.

Hinh 4.1: C4c thanh phan cia mot hé thuc thi giao thiac bit luan phién

Kénh: AB

DU liéu ra—»

Kénh: BA

Ban tin gui tir A dén B gom phan dit liéu va phan Alternating Bit véi do
dai 1 bit. B ciing c6 hai gia tri bao nhan (ACK) gui lai cho A: ACKO va
ACK1.

Khi cd ban tin tir dong Dix liéu vao guri dén A, A thyuc hién doc ban tin
va bd sung thém Alternating Bit roi giri vao kénh AB. Gia tri Alternating Bit
chi thay ddi gitra 0 va 1, twong &ng Véi cac gia tri ACK1 va ACKO tir bén
nhan. Sau khi gui ban tin Data 0, A sé cho nhan ACK1 trudc khi guri Datal.
Néu qua thoi gian Time-out ma khdng nhan duoc ACK 1, A sé& guri lai Data
0 va cho. Qua trinh gui lai ban tin cua A cir tiép tuc cho dén khi A nhan dugc
ACK1 tir kénh BA hoic time-out xay ra di vai viéc gui tin. Khi da nhan
ACK pht hop (vd: ACK1), A thyc hién dao bit cua Alternating Bit va gan
vao ban tin tiép theo dé truyén sang B.
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Time-out Time-out

Bén glri: A [ \
Data 1

(mat) T ‘

D ACK 1 D 1 ACK D T
ata 0 AC| ata CK O ata OACK 1
l (mat)

|

Data0 ACK1

Bén nhan: B

Hinh 5.2: Hoat dong cua Bén gtri/Bén nhan trong ABP

Khi B nhan ban tin Data O tir kénh AB, B kiém tra gia tri Alternating
Bit. Gia tri Alternating Bit khp vai gia tri noi tai caa B, ban tin nhan duoc
coi 1a hop Ié va gui ra dong Dix liéu ra, dong thoi gui ban tin bao nhan cho A
qua kénh B, va dao gia tri sequence number dé cho nhan ban tin tiép theo.
Khi nhan duoc ban tin Data 0, B s& giri ACK1 va A s& guri ban tin Data 1 tiép
theo.

Kénh BA va kénh BA

Cac kénh duoc st dung dé guri ban tin hoic ACK tir A dén B va nguoc
lai. Khi ban tin truyén trén kénh, ban tin ¢ thé bi mat, hoic bi hong trong
qua trinh truyén.

Giao thirc dugc bat dau bang cach giri 1 ban tin gia bat ky Alternating
Bit = 0 (Data 0) va ACK 1. Ban tin dau tién c6 Alternating Bit = 1 1a ban tin
thue sy duogc truyén

Giao thirc dugc bat dau bang cach giri 1 ban tin gia bat ky Alternating
Bit = 0 (Data 0) va ACK 1. Ban tin dau tién c6 Alternating Bit = 1 1a ban tin
thuc su duoc truyeén.

Xt ly time-out: mdi khi chd ACK, néu time-out xay ra A s& gui lai ban
tin. A chi gui lai cac ban tin dugc giri gan nhat néu né chua nhan duoc ACK
tuong ang, va viéc giri lai chi thuc hién sau thoi gian time-out nhat dinh. Gia
tri time-out phai du Ién dé tang hiéu qua xir ly cua A va B.

Biéu do chuyén trang thai cia hé chi gdm Bén gtri, Bén nhan (chua gom
c4c rang budc thoi gian) duoc biéu dién nhu trong Hinh 4.3.
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Mat Data0
AB=0

( Time-out

S: wait ackl
R:idle

S: wait ack0
R: received 1

Nhan ACKO
thanh cong

M3t ACKO

GUri thanh cong GUi thanh cong
AB=0 AB=1

S: wait ack0
R:idle

Mat ACK1 Time-out

S: wait ackl
R: received 0

Nhan ACK1
thanh cong

Mat Datal
AB=1

Hinh 6.3: Biéu ¢6 md ta trang thai Bén giri, Bén nhan

4.1.2 M6 hinh hoa giao thuc ABP bang PTA
M@t so gia thiét doi véi hé thong
Khong 1am mat tinh tong quat cua viéc thuc hién mé hinh héa hé théng,
ta c6 mot s6 gia thiét nhu sau:

- Tin nhin duoc gui tuc thoi trén dudng truyén (khong cé do tré).

- Bén nhan c6 co ché kiém tra dé biét ban tin duoc giri ¢6 bi hong hay
khong (chang han ding check sum), va véi cac ban tin hong, bén nhan s&
bo qua, khong xtr Iy gi. Do vay cd thé coi ban tin bi hong, bi sai léch nhu
ban tin bi mat trén dudng truyén, va khi noéi ban tin giri dén bén nhan s&
la c&c ban tin chinh xéc tir nguon gi.

- Phia giri lubn tin twong ban tin da dugc chuyén téi dau kia chinh xac (va
chuyén sang trang thai cho), du thyuc té ban tin ¢ thé bi hong, mat trén
duong truyén. Tuy nhién phia chd ¢6 gisi han thoi gian nhan ack tuong
ing véi mot ban tin da giri (timeout) dé xac dinh ban tin can truyén lai.

- Phia nhan tin twong ban tin ACK da duogc gtri chinh x&c té1 nguoi guri (va
chuyén sang trang thai nghi), du thuc té c6 thé ban tin ¢a mat, hong.

- Phia nhan khéng gt lai hai ban tin gidng nhau lién tuc cho dong D liéu
ra néu khong nhan dugc mot ban tin khac ¢ gitra, vi du B s& khong giri 2
ban tin Data ung véi ACK1 lién tiép néu giira 2 lan giri khong c6 1 ban
tin Data tng vi ACKO. Co ché nay gilp dong dit lidu ra khdng bi nhan
cac ban tin lap do co ché gui lai.



42

Str dung cac 6 td mat thoi gian xac suat ¢& mé hinh mét hé thong guri tin

gom:

Ngudn di liéu (O): La ngudn giri va can truyén thong diép sang bén nhan.
Thong diép la khéi dir lieu gdm D ban tin (vi du: D = 10), lan luot cac
ban tin dwoc chuyén dén Bén giri dé giri sang Bén nhan. Cac ban tin chi
duoc gui néu ban tin trude d6 co két qua 1a Thanh cong. Viéc gui duoc
coi a Két thdc (thanh cdng) néu tat ca cac ban tin duoc g thanh coéng
trong thoi gian TIMEOUT cho trude, nguoc lai néu mot trong cac ban tin
khong thanh céng hoic tong thai gian guri tin vuot qué gidi han dinh trude
(vi du: TIMEOUT > 100), hé thdng s& nging giri va viéc guri tin 1a that
bai.

Bén gui (S): Bén gui nhan lan luot tirng goi dit liéu vao va giri sang Bén
nhan theo giao thic ABP. Mi lan gui tin, c6 mot s6 ban tin khong dén
dugc Bén nhan, hoiac dén nhung gia trj alternating bit khdng khép, goi 1a
ban tin khéng thanh cong. Ti Ié c&c ban tin khdng thanh céng khi gui duoc
thé hién bang tham sé6 LOST_DATA_RATE. Sau khi nhan goi tin tir
Nguén dir liéu, thoi gian S can xu Iy va gui tin trong thoi gian 1-2 (1 <=
x <= 2). Sau khi gui tin, S s& chd nhan ACK tir R. Néu sau khoang thoi
gian ACK_TIMEOUT dinh truéc (vi du: ACK_TIMEOUT = 5) khong
nhan duoc ACK thi S sé:

o (i) hodc gui lai ban tin néu so lan gai lai con nho hon s6 RETRY
cho trudc;

o (i) hodc coi viéc gui ban tin 1a that bai va khéng gui lai ban tin d6
nira.

o Khi xac dinh trang thai gui tin 1a Thanh cong hay That bai, S c6
khoang thoi gian nghi 1-2 don vi truéc khi chuyén vé trang théi
san sang dé guri ban tin tiép theo.

Bén nhan (R): Mdi khi nhan duoc ban tin tir Bén guri, Bén nhan mat 1 dén
2 don vi thoi gian dé xu ly ban tin (1 <=y <=2), sau d6 chuyén sang trang
thai giri ACK vé bén nhan. Viéc giri ACK ciing mat 1-2 don vi thoi gian.
Sau khi da giri ACK, R chuyén vé trang thai nghi dé san sang nhan ban
tin tiép theo. Khi R giri ACK, c6 mét ty 1¢ nhat dinh ban tin s& mat trén
duong truyén hoac bi sai léch khi dén dich. Ti 18 nay duogc thé hién bai
tham s6 LOST_ACK_RATE.

Tir cac dc ta trén, ta o cac thanh phan trao ddi ban tin cua hé thong l1a

cac 0 t6 mat thoi gian xac suat, va ca hé théng gom cac PTA duoc biéu dién
bang cac biéu d6 chuyén trang thai nhu biéu dién trong Hinh 4.4, Hinh 4.5



43

va Hinh 4.6 (trong biéu dién cac hinh nay, gia thiét: TIMEOUT = 100;
ACK_TIMEOUT = 5; DATA = 10):

0=1
nextData
Z<=100

newdata

success

failed

0=3
finished

Hinh 7.4: Biéu d6 trang thai caa Ngudn gui trong qué trinh truyén tin
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S = 5: failed
X1<=1

X>1

S=0:idle
(ready for data)

S = 2: waiting
X<=5

Lost_ack_rate (LAR)

Hinh 8.5: Biéu d6 trang thai cua Bén guri trong qua trinh truyén tin

Lost_data_rate (LDR)

Y>1

R=1:
receivedData
Y<=2

r=0:idle
(ready for data)

R =2:send ACK

Y= Y<=2

Send ack

Y>1

Hinh 9.6: Biéu d6 trang thai caa Bén nhan trong qua trinh truyén tin

Céc dic diém xac dinh trudc cua hé thong:

- X&c suat mat gai tin cua duong truyén: LOST_DATA_RATE;

- X&c suat mat ban tin ack cua duong truyén: LOST_ACK_RATE;
-S4 lan retry cia mot goi: RETRY;

- Thoi gian time-out cua ca hé théng: TIMEOUT;

- Thoi gian time-out cho nhan ACK_TIMEOUT;

- S6 luong ban tin can truyén DATA,

4.2 Cai dat hé truyén tin ABP bang cong cu PRISM

M3 cai dat PTA cua hé truyén tin bang giao thirc bit luan phién trong
cong cu PRISM nhu sau:
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Bang 1.1 : Cai dat hé thuc thi ABP trong PRISM

/l PTA model checking for Alternating Bit Protocol

I/l Coding for the Thesis: Automatic Verification for probability timed
automata

// Author: Nguyen Duc Tho

Il Year: 2016

/I Intructor: Dang Van Hung

/I Assumption: the signal send instantaneous over channel.

Il This code is written for BACKWARD REACHABILITY, and need
some modification for other checking engines

/l Digital clock: can not accept strict comparation for clock variable,
I.e X > 1 is unacceptable.

pta

const double LOST_DATA RATE;
const double LOST_ACK_RATE;
const int RETRY: //so lan retry can thuc hien
const int DATA,; // so ban tin can gui tu nguon du lieu den dich
const int TIMEQUT; // thoi gian gui khong qua 100
const int ACK_TIMEOQUT = 5; //thoi gian cho toi da cua Sender de
nhan ack
module sender
s:[0..5] init O;
/1 0: idle (ready for data)
//'1: has data
/I 2: data sent, waiting
Il 3: get ack, message sent success
Il 4: time-out, urgency location
/I'5: message lost
x: clock;
retries:[0..RETRY] init O;
invariant
(s=1=>x<=2)&
(s=2=>x<=ACK TIMEOUT +1) &
(s=3=>x<=2)&
(s=4=>x=0)&
(s=5=>x<=2)
endinvariant
[newdata] (s=0) -> (s'=1) & (X' =0) & (retries' = 0);
[transmit_data] (s=1) & (x> 1) -> (s' = 2);
[transmit_ack] (s =2) & (x > 1) -> (1 - LOST_ACK_RATE):
(s'=3) & (x'=0) + LOST_ACK_RATE: (s' =5);
[success] (s=3) & (x>1) ->(s'=0) & (X' =0);
[timeout] (s =2) & (X > ACK_TIMEOUT) ->(s'=4) & (X' =
0);
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[retry] (s = 4) & (retries < RETRY) > (s'=1) & (X = 0) &
(retries' = retries + 1);

[msg_lost] (s = 4) & (retries = RETRY) -> (s' = 5);

[lost] (s =5) & (x> 1) -> (s' = 0);
endmodule

module receiver
r: [0..2] init O;
/1 0: idle, ready for data
/I 1: received data
/I 2: send ack
y: clock;
invariant
r=1=>y<=2)&
(r=2=>y<=2)
endinvariant
[transmit_data] (r = 0) -> (1 - LOST_DATA_RATE): (r' = 1)
& (y'=0) + LOST_DATA_RATE: (r'=r);
Qr=1)&(Yy>1)->(=2)&(y=0);
[transmit_ack] (r=2) & (y > 1) -> (r' = 0);
endmodule

module datasource

ds:[0..5] init O;

/1 0: init

I/l 1: nextData

/I 2: waiting for sender to send message

/I 3: success, urgent location

Il 4: failed

/'5: finished

z: clock;

z1: clock:

data:[0..DATA];

invariant
(ds=1=>z<=TIMEOUT+1) &
(ds=2=>z<=TIMEOUT+1) &
(ds=3=>2z1=0)&
(ds=4=>21<=2)&
(ds=5=>2z1<=2)&
(ds=0=>z1<=2)

endinvariant

[](ds=0) & (z1>1)->(ds'=1) & (z' =0) & (data' = DATA);

//gui ban tin xuong sender

[newdata] (ds = 1) -> (ds' = 2) & (data’ = data - 1);

[ltrang thai gui tin thanh cong

[success] (ds = 2) -> (ds' = 3) & (z1' = 0);

//gui thanh cong het cac ban tin
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[]1 (ds = 3) & (data = 0) -> (ds' = 5) & (z1' = 0);
/Ivan con ban tin, chuyen ban tin tiep theo
[] (ds =3) & (data > 0) -> (ds' = 1);
/Imat 1 ban tin nao day
[lost] (ds =2) -> (ds'=4) & (z1' = 0);
/ltime out
[I(ds=1]|ds=2) & (z> TIMEOUT) -> (ds' = 4) & (z1' = 0);
/I change to init, for next data
/[](ds=4]|ds=5) & (z1>0)-> (ds'=0);
endmodule
label "finished" = ds = 5;
label "failed" = ds = 4;
label "lost" =s = 5;

Cac tinh chat cua hé s& duoc kiém ching voi cac dic diém xac dinh trudc
cua hé thng:
- Xa&c suat 16n nhat dé hoan thanh viéc truyén dir liéu thanh cong la bao
nhiéu?
Pmax = ? [ F “finished”]
- Xac suét 16n nhat khi truyén di liéu thanh cong trong T thoi gian 12 bao
nhiéu?
Pmin =7 [ F <=T “finished”]
- Xé&c suat 1én nhat bi mat g6i tin 1a bao nhiéu?
Pmax = ? [F “lost”]
- Xé&c suat Ién nhat bi mat goi tin trong thoi gian T 1a bao nhiéu?
Pmax = ? [F <=T “lost”]
4.2.1 Két qua kiém chimg va cac danh gia
4.2.1.1 Pmax = ? [F “finished”’]

Két qua kiém chiing caa PRISM véi cac tham sé:
+LOST _DATA_RATE =0.1;

+ LOST_ACK_RATE = 0.05:

+ RETRY =1.4

+ DATA =10..24

Biéu d6 két qua kiém chung dugc ghi nhan tai hinh 10.
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PRISM 4.3.1

Ele Edit Model Properties Simulstor Log Options

COCEGEE]

I
n/Dropbox/Prism/abp_v1.petl

Properties list: fhomajthon:

Property [ Defined Constants [Progre..] status [ Method|
Pmax=7 [ F ‘finished” ] |LOST_DATA RATE=0.1,LOST_ACK RATE=0.05,RETRY=1:1:4,DATA=10:1:25,TIMEOUT=100 Done _Verific..

Maximum probability

1 11 12 13 14 15 16 17 18 18 20 21 22 23 24 25
DATA

Hinh 10.7: Pmax = ? [F "finished"]
Nhan xét:

o Xa&c suat gui ban tin thanh cong ting thém khi so l1an RETRY ting
thém, tuy nhién céc gia tri RETRY >=3 khdng c6 khac biét dang
ké, do gigi han TIMEOUT = 100 cua hé théng.

4.2.1.2 Pmax=7?[F “lost”]
Két qua kiém chitng caa PRISM véi cac tham sé:
+LOST_DATA RATE =0.1;
+LOST_ACK_RATE = 0.1;
+ TIMEOUT = 150;
+ ACK_TIMEOUT =5;
+ RETRY = [0..4]
+ DATA = [10..30]
Biéu d6 két qua kiém ching duoc ghi nhan tai Hinh 11.
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Property

Defined Constants

[ Progress.

Method

Pmax=

7 [ F “lost” |

RETRY—0:1:4,DATA=10:2:30, TIMEOUT-150 I

Mavimum probability

[ Graph 1

1.05
1.00
0.95
0.90
0.85
0.80
0.75 |
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30 |
0.25
0.20
0.15
0.10 |
0.05
0.00

15 16

17 18 19 20

DATA

21 22 23

24 25 26 27

29 30 31

Hinh 11.8: Pmax = ? [F "lost"]

- Viéc tang s6 lugng retry giGp giam nhanh kha nang mat goi tin trong qué
trinh truyén tin.

Str dung phuong thic kiém ching dat dwoc 1Ui, khi xay dung MDP, dit liéu
Bang 3 ghi nhan kich thuéc cia MDP (s6 luong trang théi, sé luong dich
chuyén va sé luong lua chon cia MDP) déu ting tuyén tinh theo tat ca cac
gia tri hang sd.

Bang 2.2 : Quy mé tinh toan khi DATA = 10..30; RETRY =0..4

SYMBOLIC | MDP MDP MDP

DATA | RETRY | LOCATION | “oraTEs | STATES | TRANSITIONS | CHOICES
10 0 393 1499 1929 4155 5204
12 0 471 1943 2507 5907 7238
14 0 549 2435 3149 8115 9752
16 0 627 2975 3855 10843 12810
18 0 705 3563 4625 14155 16476
20 0 783 4199 5459 18115 20814
22 0 861 4883 6357 22787 25888
24 0 939 5615 7319 28235 31762
26 0 1017 6395 8345 34523 38500
28 0 1095 7223 9435 41715 46166
30 0 1173 8099 10589 49875 54824
10 1 731 7313 12093 151531 | 155739
12 1 877 11106 18644 300176 | 306444
14 1 1023 15727 26671 524385 | 533145
16 1 1169 21176 36174 839710 | 851394
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18 1 1315 27387 47042 1250853 | 1265854
20 1 1461 33874 58409 1696183 | 1714641
22 1 1607 40366 69783 2141521 | 2163439
24 1 1753 46858 81157 2586859 | 2612237
26 1 1899 53350 92531 3032197 | 3061035
28 1 2045 59842 103905 3477535 | 3509833
30 1 2191 66334 115279 3922873 | 3958631
10 2 1069 18160 32082 709856 719914
12 2 1283 28012 49965 1382508 | 1397847
14 2 1497 38754 69535 2174465 | 2195536
16 2 1711 49528 89175 2970649 | 2997468
18 2 1925 60302 108815 3766833 | 3799400
20 2 2139 71076 128455 4563017 | 4601332
22 2 2353 81850 148095 5359201 | 5403264
24 2 2567 92624 167735 6155385 | 6205196
26 2 2781 103398 187375 6951569 | 7007128
28 2 2995 114172 207015 7747753 | 7809060
30 2 3209 124946 226655 8543937 | 8610992
10 3 1407 33408 60587 1787875 | 1806138
12 3 1689 48152 87875 2879275 | 2905414
14 3 1971 62896 115169 3970687 | 4004702
16 3 2253 77640 142463 5062099 | 5103990
18 3 2535 92384 169757 6153511 | 6203278
20 3 2817 107128 197051 7244923 | 7302566
22 3 3099 121872 224345 8336335 | 8401854
24 3 3381 136616 251639 9427747 | 9501142
26 3 3663 151360 278933 10519159 | 10600430
28 3 3945 166104 306227 11610571 | 11699718
30 3 4227 180848 333521 12701983 | 12799006
10 4 1745 48799 89680 2894619 | 2921125
12 4 2095 67149 123922 4228697 | 4265011
14 4 2445 85499 158164 5562775 | 5608897
16 4 2795 103849 192406 6896853 | 6952783
18 4 3145 122199 226648 8230931 | 8296669
20 4 3495 140549 260890 9565009 | 9640555
22 4 3845 158899 295132 10899087 | 10984441
24 4 4195 177249 329374 12233165 | 12328327
26 4 4545 195599 363616 13567243 | 13672213
28 4 4895 213949 397858 14901321 | 15016099
30 4 5245 232299 432100 16235399 | 16359985




o1

Symbolic States Location
250000 5000
200000 =
4000
150000
3000
100000
2000
- / 1000 %
1] o
10 12 14 16 18 20 2 2 2% 28 30 1o 1z » & 8 Zﬂ = 2% % = 0
s RETRY =0 S RETRY =1 s RETRY =2 RETRY=3 —RETRY =4 e RETRY =) s RETRY=1 it RETRY=2 RETRY=3  estemmRETRY=4
MDP Transitions
MDP States 15000000
500000 16000000
50000 14000000
400000
250000 12000000
200000 10000000
250000 2000000
200000 5000000
150000 4000000
100000
so000 M 2000000 /
0 i
0w 1@ 14 1§ 18 20 2 4 26 228 0 12 14 1§ 18 W 2 M =® 28 D
s RETRY =0 st RETRY=1 s RETRY =2 RETRY=3 =msemRETRY=4 s RETRY =) s RETRY=1 s RETRY=2 RETRY=3 weemsRETRY=4
MDP Choices
18000000
15000000
14000000
12000000
10000000
2000000
£000000
4000000
2000000 /
0
W 12z 1% 1\ 18 20 2 4 26 8 30
e RETRY =) smRETRY=] st RETRY=2 RETRY=2 == RETRY=4

M® hinh héa hé don gian, chi bao gdm phan giri va phan nhan.

Graph 12

1.0

0.9

0.8
207
]
206
8
5 ~-lost_rate_ack=0.05
£ 0.5 = lost_rate_ack=0.1
g = lost_rate_ack=0.15
% 0.4 = lost_rate_ack=0.2
z

0.3
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0.1
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lost_rate_data

Hinh 12.9: Pmax =? [F <=T “success”] theo lost_rate_data (T=10)
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¢ B ____ e —————
_ @ 0 Property Details

wd
[45]
14

st

Property:
Pmax=? [ F=<=T "success" ]

Defined constants:
lost_rate_data=0.2,lost_rate_ack=0.2,n_retry=10, T=10

Method:
Werification

Result (maximum probability):
0.8704000000000001

~ oA

Hinh 13.10: Pmax = ? [F <= T "success"]

10 15 20 25 30 35 40 45 50 55 60 65 7.0 75 80 B85 60 95 100
n_retry

Hinh 14.11: Pmax = ?[F “success”] thay doi theo s lan retry

4.3 Hé diéu khién tu dong duong ngang

Phan nay s& sir dung cdng cu PRISM dé kiém ching tu dong cac tinh chat
Xéc suat cua hé diéu khién ty dong dudng ngang, 1a vi du duoc dé cap trong
[7] va bd sung thém céc yéu td xac sut tai cac thanh phan diéu khién. Nhic
lai vé vi du duoc néu trong [7], theo 6 hé gom 3 thanh phan: TRAIN, GATE
va CONTROLLER.

4.3.1 Mb hinh héa bang PTA

Hé théng duoc biéu dién bang cac module 6 t6 mét twong ung véi TRAIN,
GATE, CONTROLLER.
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vao
(x>2)?

st2
ra

Hinh 15.12: TRAIN

O t6 mét thé hién mé hinh doan tau TRAIN nhu Hinh 4.12. T4p céc su kién
cua 0 to mat 1a {dén, vao, ra, thodt, nghi}. Poan tau bat dau tir trang thai st0.
Sy kién nghi (id T) thé hién khong c6 tau, hodc doan tau khong can vao gac
chan. Khi c6 doan tau dén gan gac chan, cam bién chuyén dong sé bao tin
hiéu “dén” cho bo diéu khién, va khi doan tau roi xa gac chan, tin hiéu “thoat”
cling duoc giri téi bo diéu khién. Cac su kién “vao” va “ra” thé hién viéc doan
tau tién vao va di ra khoi gac chin. Poan tau phai gui tin hiéu “dén” it nhat 2
phut trude khi vao gac chin, do vay do tré tdi thiéu gitra trang thai “vao” va
“dén” 1a 2 don vi thoi gian. Ngoai ra, doan tau mat khong quéa 5 phut dé vuot
qua gac chan, do vay thoi gian tir khi gui tin hiéu “dén” va “thoat” khong qua
5 phdt.

O t6 mat md hinh b diéu khién CONTROLLER nhu Hinh 4.13. Tap céc su
kién hanh dong bao gom {dén, ha, thoét, nang, nghi}, CONTROLLER bat
dau tir trang thai sc0. Khi nhan tin hiéu “dén” tir sensor, CONTROLLER thuc
hién guri 1énh “ha” dén GATE, thoi gian thuc hién 1énh khong qua 1 phut.
Khi nhan tin hiéu “thoat”, no tiép tuc giri Iénh “nang” dén GATE.



54

? dén -
z:=0 -
1 ha
z=1
? thoat
p— sc2

Hinh 16.13: CONTROLLER

Id g

ha
0
Mé&
(y>1)&(y<2)?
? nang
y:=0

Hinh 17.14: GATE

O t6 mat mo hinh gac chin GATE nhu Hinh 4.14. Tap cac su kién hanh dong
bao gom {ha, nang, dong, md, nghi}, GATE bat dau tir trang thai sg0. Khi
nhan lénh “ha” tir CONTROLLER, GATE thuc hién chuyén déng chin trong
vong 1 phat, va chuyén sang trang thai déng. Khi nhan lénh “nang”, GATE
mat 1 dén 2 phut d& ma chian va chuyén sang trang thai ma. Khi khdng c6
Iénh tr CONTROLLER, GATE 6 nguyén trang thai “dong” hoac “mo” dang
co.

- Tinh chat an toan cua dudng ngang: Pudng ngang chi an toan khi GATE
d3 dong trude khi tau di qua, va chi mo khi tau di di qua han.

- Tinh chat dam bao luu thong: Puong ngang dat muc tiéu dam bao luu
thong khi thoi gian dong chan khong qué 10 pht.

Hinh 4.15 va Hinh 4.16 1a c4c 0 t6 mat biéu dién céc tinh chit an toan va tinh
chat ¢am bao luu thong ctia duong ngang.
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~vao, ~chan

) chén, ~
» S

Hinh 18.15: Trang thai an toan du"ong ngang

~ chan

(x<10) ?
%chan x:=0
0, (x<10)?

Hinh 19.16: Bam bao tinh luu thong

B sung yéu td xac suat trong dudng ngang: Trong thuc té hoat dong véi mot
hé nhu duong ngang, ¢ Xac suat xay ra 1di dbi voi cac thanh phan trong
duong ngang. Viéc md hinh hoa hé diéu khién duong ngang trong dé tai sé
quan tam téi cac yéu té xac suit sau:

- Xé&c suét 15i khong giri tin hiéu “dén” cua sensor cho CONTROLLER,
biéu dién bang SFR (sensor failed rate) trong cai dit.

- Xac suat 13i thyc hién 1énh caa CONTROLLER, biéu dién bang tham sé
CFR (controller failed rate) trong cai dat.

- Xéc suat hong cua GATE khi nhan Iénh tir CONTROLLER, biéu dién
bang tham s6 GFR (gate failed rate) trong cai dat.

Hé diéu khién duong ngang c6 day di cac tinh chat xac suat va thoi gian, do

vay 1a vi du day du vé PTA va c6 thé dung PRISM dé mé hinh hoa va kiém

chang cac tinh chat xac suat cua hé.

C4c tinh chét ¢ thé kiém chang:

- Xé&c suat gay ra tac nghén giao théng, khi GATE ¢ trang thai dong qua
thoi gian cho phép, Pmax = ? [F “jam”]

- Xa&c suit dam bao an toan cho dudng ngang, tirc khi tau vao duong ngang
thi GATE dang ¢ trang thai dong, Pmax = ? [F “safe”]
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4.3.2 Caidattrong PRISM
M3 cai dat trong PRISM cua hé diéu khién duong ngang nhu sau:

Bang 3.3 : Cai dat hé diéu khién dwrong ngang trong PRISM

/l Mo phong lai vi du gac chan cua trong bai Timed Automata

/l Tac gia: Nguyen Duc Tho

// Giao vien huong dan: Dang Van Hung

I/l Version: 1

/I Verification engine: stochastic game and backward reachability (tested,
ok)

pta

const double SFR; //sensor failed rate, for sending sigal to controller
const double CFR; // controller failed rate, for sending command to gate
const double GFR; //gate failed rate, unable to execute command to
change gate state

/lconstint N =5;

module train
st:[0..3] init O;
/10 : ko co tau
//1 : tau vua den
/12 > tau vua vao gac
/13 - tau vua roi khoi gac

x: clock;
invariant
(st=2=>x<=5)
endinvariant
[approach] (st =0) -> (st'= 1) & (X' =0); // tau den
[in] (st=1) & (x > 2) -> (st' = 2); // tau vao gac chan
[out] (st=2) & (x > 4) -> (st' = 3); //roi khoi gac chan
[exit] (st = 3) -> true; // thoat
endmodule

module controller
sc:[0..3] init O;
/1 0: ko co tau, idle
/I 1: nhan tin hieu tau vua den
/I 2: Vua gui lenh ha gac
/I 3: Nhan tin hieu tau vua thoat
z: clock;
/linvariant
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Il (sc=3=>2z<1)
/lendinvariant
[approach] (sc = 0) -> (1-SFR): (sc' = 1) & (z' = 0) + SFR: (z'= 0);
[lower] (sc=1) & (z< 1) ->(sC' = 2);
[exit] (sc = 2) -> (1-SFR): (s¢'=3) & (z' =0) + SFR: (sc' = 2);
[raise] (sc =3) & (z< 1) -> (sc' = 0);

Il [raise] (sc=3) & (z=1) -> (sc' = 0);

endmodule

module gate
sg:[0..3] init O;
//0: khong co tau, gac mo
//1: vua nhan lenh Ha tu controller
//2: Da thuc hien chan gac, gac dong
//3: Da nhan lenh nang gac tu controller
//4: Gac tau mo thanh cong, ket thuc qua trinh tau di qua

jam: bool init false;

y: clock;

[lower] (sg =0) -> (1-CFR): (sg'=1) & (y'=0) + CFR: (y' = 0);//
nhan lenh ha chan

[down] (sg=1) & (y<1)->(1-GFR): (sg'=2) + GFR: (sg' = 1);
//chan duoc ha xuong trong thoi gian <1

[raise] (sg = 2) -> (1-CFR):(sg' = 3) & (y' = 0) & (jam' = false) +
CFR: (sg' = 2) & (jam' = true); //nhan lenh nang chan, xac suat loi
Controller ko gui dc lenh

[up] (sg=3) & (y<2) & (y>1) -> (1-GFR): (sg' = 0) + GFR: (sg'
= 3) & (Jam' = true); //chan dc nang trong thoi gian 1<y<2
endmodule

label "danger" = ((st = 2) & (sg = 1) = true);

label "safe” = ((st = 2) & (sg = 2) = true);

label "jam™ = jam = true;

label "success" = (jam = false) & ((st = 2) & (sg = 2) = true);

4.3.3 Két qua kiém chang
SFR, CFR =0.01, 0.03, 0.07, 0.10
“Success’:
- Taudiqua
- Khéng gay tic duong
“Safe”:
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- Tau di qua gdac thi gac phai dang dong
‘Gj am,’:

- Géc chan bi 151, khong nang 1én duogc (15i gate hodc ko nhan tin hiéu
nang tur controller)

4.3.3.1 Kiém chitng Pmax = ?[F “success’’]

Eile Edt Model Properties Simwlator Log Options

Lo G 3 I 3 [
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Frosw
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Hinh 20.17: Kiém chting Pmax = ? [F "success"]

4.3.3.2 Kiém chitng Pmax = ?[F “safe”’]

st: homathofDrs mirailroadvl.petl

Status Method |
Verfication

Verfication

100
TS |- — = —
Comstaris osoll T - =

Name Type. Value o.8s || - * — =
0.80 1|

0.70 ||
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0.60 ||
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0.50
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0.40 |
0.3s
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0.25 1
0.20{
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0.05 {|
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Running expenement _done

el Jall ]
Hinh 21.18: Kiém chang Pmax = ? [F "safe"]
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4.3.3.3 Kiém chitng Pmax = ?[F “jam”’]

Eie Edit Hodel properies Simulaior Log Optians
R E E
Properties lit: vl petl
Prosarties
& pmaxet 1 “danger |
R Pmaee | F ]

Pran=? | 7 “aat
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Dsfned Constants Statws [ Mathod
[5FA=0.01:0.03.0.09995895999995999, Done Verfication

Gragh 1 |

0100 L

0.085 T i
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0.090 | -
ame | Type value ooen
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Labals

il | sopeees " Gamia | |

Hinh 22.19: Kiém chtrng Pmax = ? [F "jam"]
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KET LUAN

Viéc kiém chiing tu dong cac hé théng véi yéu té xac suat co nhiéu ap dung
trong cac tinh hubng thuc té, va 1a mot linh vuc nghién ciru méi. Cong cu
PRISM kiém ching cac PTA méi ¢6 kha ning hd tro kiém ching han ché
cac dac tinh xéac suat cua hé thong, bao gom céc tinh chat xé4c suat biéu dién
dang PTCTL khéng chtra biéu thirc R. M6t phan giéi han do sé lwong trang
thai cac MDP duoc xay dung bing nd tuyén tinh ddng thoi theo tat ca cac gia
tri hang sé duoc rang budc trong hé mé hinh hoa. Cac nghién ctu ly thuyét
vé kha ning kiém ching céc tinh chat xéac suat cia PTA van dang dugc tién
hanh nham muc dich cai dit cac céng cu kiém chang te dong (nhu PRISM).

Trong pham vi dé tai, giao thuc bit luan phién di c6 thé dugc mo hinh hoa va
kiém chtmg dinh lwong céc tinh chat x4c suat 16n nhat. Dé tai co thé tiép tuc
phat trién va thuc hién so sanh hiéu niang, kich c& cac MDP khi kiém chting
giao thuc bit luan phién bang cac phuong thirc kiém chitng khac nhau.
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