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MO DAU

Dé tai nay tap trung vao viéc nghién ctru cac dic tinh, mé hinh hoa céc hé thoi
gian thuc xéc suat va kha nang ap dung trong viéc kiém chitng mé hinh nham kiém
chting tu dong céc thugc tinh cua hé thai gian thuc xac suat bang cong cu. Pham vi
nghién ctu cua dé tai bao gdm: (1) nghién ctu céc tinh chat Markov cua céc hé
thdng, cac loai chudi Markov va cac tinh chét caa no; (2) cac hé ty dong thoi gian
thuc X&c Suat va cac phuong phap kiém ching ty dong tinh chat caa hé thoi gian
thuc xac suat; (3) nghién ci cong cu kiém ching mé hinh PRISM va kha ning ap
dung trong viéc kiém chiing cac tinh chat cua hé thoi gian thuc xac suat, (4) Ap
dung nghién ciru trong viéc mé hinh hda giao thirc Alternative Bit Protocol bang hé
thoi gian thuc xac suat va thuc hién cai dit trén cong cu PRISM, thuc hién kiém
chtng tu dong céc tinh chat caa hé thdng bang kha ning kiém chiing cua PRISM.

Chuong 1. TONG QUAN

Pham vi dé tai nham nghién ciru cac tinh chét caa 6 td mat thoi gian thyc xac
suat va thuc hién kiém chung tu dong cac tinh chat d6 bang céng cu. C6 thé phat
biéu bai toan kiém chimg ma dé tai can giai quyét nhu sau: Cho hé théng thoi gian
thue xac suat M. Thuc hién kiém ching tu dong bang céng cu xem M c6 thoa méan
tinh chat P hay khong.

Dé co thé giai quyét bai toan kiém chung ty dong bang cong cu, pham vi nghién
ctru cua dé tai s& tap trung vao céac noi dung chinh bao gom:

1. M& hinh hda hé xéc suat thoi gian thuc bang 6 td mat thoi gian thuc xéac
Suat PTA.

2. Hinh thirc hda cac tinh chat xac suat can kiém chiing bang cay 16 gic tinh
todn xac suat PCTL.

3. Nghién ciru cong cu hd tro cai dat PTA va biéu dién tinh chat dé thuc hién
kiém chtng tu dong.

4. Ap dung véi nghién cau véi giao thic Alternating Bit Protocol: Md hinh
hoa hé giao thuc bang PTA, hinh thic hda cac tinh chat bang PCTL va thyc
hién cai dat hé giao thirc trén cong cu PRISM.

5. B6 sung: M hinh hda va kiém chitng Hé diéu khién tu dong dong/mé gac
tai diém giao duong sat/dudng bo.

Chuong 2. CO SO KHOA HOC CUA BE TAI

Qua trinh c6 tinh chat Markov

Mot qué trinh 1a mot 6 td mat (hay qua trinh, hozc mot chudi trang thai) bat
dau véi mot trong cac trang thai nay va dich chuyén tir trang thai nay sang trang théi
khac. Néu 6 t6 mat dang & trang thai si, sau d6 chuyén sang trang thai sj & budc tiép
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theo véi xac suat dugc biéu dién bang pij, va gia tri nay khéng phu thudc vao cac
trang thai 6 t6 mat truéc khi chuyén sang trang thai hién tai. C4c gia tri X4c suat pij
duoc goi la cac x4c suat chuyén (transition probability). O td mét co thé & trang thai
hién tai, v6i xac suit dugc ghi nhan 1a pii. Viéc phan b xac suat cac trang thai ban
dau duoc dinh nghia boi S. Thong thudng c4c trang thai ban dau dugc xac dinh boi
mot hodc mot sé trang thai, trong d6 néu cac phan bd xac suat chuyén tir trang thai
hién tai sang cac trang thai tiép theo chi phu thudc vao trang thai hién tai thi qua
trinh nhu vay duoc goi 1a ¢ tinh chat Markov, goi ngian gon 1a 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)

1

0,3

: @

0,5
Hinh 1: Markov chain

Pinh nghia xich Markov theoi gian roi rac DTMC
Chudi Markov thoi gian roi rac (gan nhan) D 1a bo (S, So, P, L), trong d6:

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

P:SxS — [0, 1] Ia ma tran xac SUAt, ZS,ESP (s,s") =1, moiSES

L: S — 27 [a mot nhdn ménh dé logic vai gia tri true tai trang thai s.

Mot hanh trinh xuyén qua mot DTMC 1a mot chudi (hitu han hodc vo han) cac
trang thai w =s0 s1 s2 ... v&i P(si, Si+1) > 0 véi moi i > 0.

XAc suit chuyén tir trang thai s sang sj sau n bwéc:
Vi P la ma tran chuyén caa chudi Markov. Gi4 tri thi ij pi(jz) cua ma tran P"

cho biét xac xuét cua chudi Markov, bat dau tai trang thai si, s& & trang théi sj sau n
budc chuyén.

Biéu dién va kiém chirng tinh chat DTMC
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Logic PCTL (Probabilistic CTL) thay thé cac biéu dién dinh lwong cua CTL
VGi C4C t0an tir X4C SUAt Pwp(.) VOi p € [0,1] 1 rang budc xac suat hodc ngudng, va
M € {<, <, >, >}. Cl phéap ctia ménh dé logic ¢ cia PCTL nhu sau:
¢u=truelaldA | ¢|Pup(x)

Trong d6 o 1a cong thirc duong (trang thai tiép theo X¢ hoic ¢1 U d¢2). Y nghia
cuia todn tir Xac suat nhu sau:

S E Puwp () Néu va chi néu Prs{w € Paths | w I o} xp

duoc hiéu 12 xac suit trén cac cung duong o dugc tinh va so sanh véi rang
budc x4c suét, cho gia tri true hodc false. Luu ¥ trong khi P=o (¢1 U ¢2) twong duong
toan tir ton tai.

Giai thuat kiém chiang PCTL thuc hién twong ty nhu CTL trén ¢, bang cach
tim céc tap Sat(¢) thoa man ménh dé logic ¢.

Qua trinh quyét dinh Markov (MDP)
Pinh nghia Qua trinh quyét dinh Markov MDP
Quié trinh quyét dinh Markov (gan nhan) M 1a bo (S, so, Steps, L), trong do:

- S latap hiru han céc trang thai
- 5o la trang thai ban dau

- Steps la mot ham gan mdi trang thai s€S maot tap hop hiru han, khéng rong

Steps(s) cac phan bd xac suit tai S.

L: S — 27 [a mot nhdn ménh dé logic vai gid tri true tai trang thai s.

Viéc thyc thi caa qué trinh quyét dinh Markov thong qua céc thay doi khong
xac dinh va cac lua chon theo xac suét: khi thugc mot trang thai cu thé, hé thong
chon mét cach khong xac dinh mét trong cac phan bd xac suit steps € Steps dbi voi
trang thai dich. Mot hanh trinh © ciia M 1a mot chudi (hitu han hoic v han) céc
trang thai

no pl pn2
So 2381 = S2 —...

Trong do s € S, i € Steps(si) va pi(Si+1) > 0.
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Hinh 2 Minh hpa MDP véi 3 trang thai (s0, s1, s2) va tdp cac phan bé xac sudt Steps (0-5)

Pinh nghia mot lap lich (adversary) cua mot MDP M la mot ham A anh xa
moi hanh trinh hitu han o cua M téi mot phan bd xac suat A(o) trén S sao cho A(o)
c6 gia tri tai trang thai cudi cung cua . Hanh vi cia MDP M véi mét 1ap lich da
chon truéc c6 thé dugc mé ta bang mot xich Markov roi rac DTMC PA, véi céac
trang thai la cac hanh trinh hitu han caa M va xac suat chuyén dugc cho béi phan

b xac suat ciia A: Vi hai hanh trinh hitu han o, ®’, ta c6 PA(w, ©’) = A(m)(s) néu

Al) TR . 2 el R
®’ cd dang o S sva trong cac trudng hop khac thi PA(w, o’) = 0. Vi vay ta ¢ thé

dinh nghia phan b Xac suat PrA trén tap cac hanh trinh Path? cua lap lich A.
Kiém chitng tinh chat trén cac MDP

Logic cay tinh toan xéac suat (PCTL - Probabilistic Computation Tree Logic)
dugc dinh nghia cho MDPs tuong tw DTMC, véi su khac biét la nglr nghia duoc
tham s6 hda boi 16p Adv céc Iap lich va toan tir Xac suat chia cac dinh lugng tudng
minh.

S E AdV P, () néu va chi néu Pri{o € Paths | @ E Adv o} xap vai moi lap
lich A € Adv.

Xich Markov thoi gian lién tuc (CTMC)

Xich Markov DTMC va qua trinh quyét dinh Markov MDP chi ¢6 thé mé hinh
hoa thoi gian roi rac. Xich Markov thoi gian lién tuc cé céc trang thai la roi rac, mot
tham sé thoi gian trén tap Rso, nhung khong cho phép cac lya chon bat dinh. Mdi
qua trinh chuyén doi c6 mot do tré ngau nhién phan b theo cap sé nhan, va mot
cudc dua diéu kién duoc sir dung dé md ta cac dich chuyén trang thai ¢ong thoi kich
hoat.

Pinh nghia xich Markov theoi gian roi rac CTMC
Chudi Markov thoi gian roi rac (gan nhan) C 1a mot bo (S, so, R, L), trong do:

- Slatap hiru han céc trang thai
- 5o la trang thai ban dau



- R:S XS — R la matran toc do.
- L:S — 2”7 [a mot nhan ménh dé logic véi gié tri true tai trang thai s

Viéc phan tich cac xich CTMC thuong dua trén cac trang thai tic thoi tai mot
thoi gian cu thé va céc trang thai ky vong (trang thai cia CTMC trong thoi gian du
I6n). X&c suat tic thoi ms(s’) duoc dinh nghia 13 x4c suat khi bat dau tai s, va ¢ tai
s’ tai thoi diém t. Xac suat ky vong Tts(s’) dugc dinh nghia 13 gia tri liMes(s”).

Chuong 3. KIEM CHUNG TU BONG CAC PTA
3.1 Cac dinh nghia cho PTA
Hé thoi gian xac suat (Timed Probabilistic Systems — TPS?)
Mot hé thoi gian xéac suat (TPS) T 1a bo (S, s0, Act, Steps, lab) trong d6 S 1a

tap céc trang thai (co thé vd han), sO €S Ia trang thai ban dau, Act Ia tap hitu han
cac hanh dong, Steps:S x (Act U Rxo) — Dist(S) 1a ham xac suat chuyén va lab: S

— 2P |3 ham gan nhan.

Mot TPS T bit dau tir trang thai So, va khi dang & s€ S, c6 mot lra chon khdng
xéc dinh trudc giira viéc thuc thi mot hanh dong hozc dé thoi gian trdi qua va khdng
hanh dong gi (letting time pass) a € (Act U Rxo) (la ly do Steps(s,a) dugc dinh
nghia). Sau khi lya chon duoc thuc hién (mot hanh dong hoac cho mot khoang thoi
gian tr6i), trang thai s’ tiép theo duoc chon ngiu nhién theo phan bd xac suat
Steps(s,a). Ta gia thiét tai mdi €S, ludn c6 it nhat mot lwa chon hanh déng hoic
dé thoi gian troi. Mot chudi Markov quyét dinh MDP M 1a trudng hop dac biét cua
TPS khi bo qua yéu té thoi gian trong ham chuyén, vi du ham chuyén s& c6 dang
Stepsm: S x Act — Dist(S).

Mot duong di caa TPS thé hién mot chudi cac hanh dong trén hé théng, gom
ca cac quyét dinh theo xac suat va quyét dinh khong xac dinh.

(aop0)  (a1pl)  (az,p2)
®= So S1 S2

Trong d6 a2 € Rxo va azi+1 € ACt vai i EN.

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

1 Mot s6 tai liéu goi 1a Timed Probabilistic Structures



durw(i) = ZOSj<i/\ajE]R20 (aj)

Mot vi tri cia o 1a cap (i, t) €N x R sao cho t<dur(i+1) - dury(i). Ta goi vi
tri (j, t*) 1a vi tri dtng trudce (i,t), ky hiéu (G, t’) < (i,t), khij<ihoacj=ivat <t.

Dé xac dinh hanh vi caa PTS T, ta sir dung ky hiéu adversary (lap lich), trong
d6 chi bao gom cac lua chon khong xac dinh. Mot cach hinh thirc, mot adversary 1a
mot ham tir tap hitu han cac duong di véi cac s6 chin cac chuyén dich téi cac khoang
thoi gian c6 thé, va tir tap hitu han cac dudng di vai s6 1é cac chuyén dich t6i cac
hanh dong c6 thé thyc thi. Véi mot adversary ¢ dinh o va trang thai s, ta c6 thé
dinh nghia d6 do xac suét Pr{ g trén tap hop Path? s cua cac duong di khong gici
han xuit phat tir s twong tng véi 6. Vi mot bién sé thuc ngau nhién f trén Pathd,
Ky hi¢u E7 (f) la gia tri ky vong cua f theo phan b Pres.

Ta chi gidi han pham vi xem xét vagi cac adversary ¢ thoi gian phéan ky, vi du
ta khong xét viéc thuc thi hanh dong trong d6 thai gian khong thé vuot qua mot gidi
han cu thé, do nhitng rang budc nay khdng phu hop véi mot hé thong thuc té duoc
mo hinh héa. Mét cach hinh thirc, mét adversary o cia mot TPS T ¢6 thoi gian phan
ky néu

Pris({w € Path? ;| vc €N. 3i € N. dure(i) > c}) = 1.

Véi moi trang thai s thuoc T. Ta ky hiéu Advr Ia tap tat ca cac adversary c6
thoi gian phén ky cua T.

Khi thyc hién cac bai toan kiém chiing véi TPS, cac dic tinh ¢ thé dugc xét
va kiém ching dé hon véi c4c ciu trac thuong (reward structrure, con duoc goi 1a
chi phi hay gid).

Céu tric thwéng (reward structrure)

Mot cau triic thuong cua TPS T=(S, s0, Act, Steps, lab) 1a cap r = (s, ract) trong
do6 rs: SR> 1a ham thuong trén trang thai va ract: (SXAct)— R > 1a ham thudng
trén hanh dong.

V&i mot cau triic thudng r = (rs, ract) va hanh dong s, gia tri rs(s) xac dinh téc
do6 (theo thoi gian) ma gia tri thuong tich lily dwoc khi ¢ trang thai s. Mat khac, véi
trang thai s va hanh dong a, gia tri rac(s,a) xac dinh gia tri phan thuéng cé duoc khi

hanh dong a dugc thyc thi tai trang thai s. Mot cach hinh thac, vai duong vo han o

(aO!lJ'O) (al’lll) X 7 N . A B
=So S1 ..., phan thudng tich lily dugc trong qué trinh dich chuyén cua

o tlr trang théi si dén si+1 duoc xéac dinh bai:

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

r(o, i) {



Mot lua chon khac 1 c6 thé biéu dién gid tri giai thuong tai trang thai bang gia
tri giai thuong tai mot thoi diém nhat dinh. Vi du c6 thé ap dung biéu dién nay trong
viéc thé hién s luong ban tin dang nam trong hang doi tai mot thoi diém cu thé.
Khi sir dung céach dién dich nay, gia tri thuong theo hanh dong sé khong duoc xét
toi.

O t6 mat thai gian x4c suit PTA

O td mat thoi gian xac suat (PTA) md hinh hda thoi gian theo cing céch 6 to
mét thoi gian (c6 dién) thuc hién, d6 13 st dung dong hd. Bong hd 1 bién thudc
mién thoi gian thuc khong am, c6 gid tri ting nhu gia trj thoi gian thuc. Trong cac
phan tiép theo, ta gia dinh c6 mét tap cac dong hd X. Mot ham v: X —Rso dugc goi

la mot gia tri ddng hd, va tap cac gia tri ciia cac dong hd 12 RX,. Véi moi vE RY,, t
ERs Vva X < X, goi v+t chi c4c gi tri ddng hod cua X sau t thoi gian ké tir, va
v[X:=0] la tap céc gia tri ddng hd, trong d6 cac ddong hd thude X duge dit vé 0.

Tap céc rang budc thoi gian trén tap X, ky hiéu 1a CC(X), dugc dinh nghia bai
cl phap:

xo=true | x <d|cx|xtc<ytd|=Xx]|xAX

Trong do x, y €X vac, d €N. Mot gié tri thoi gian v thoa man mot rang budc
thoi gian x, ky hiéu vie x, néu thay céc gié tri cua v vao cac bién dong ho tuong g
thi x c6 gid tri true. Tap cac gia tri thoa man mot rang budc thoi gian dugc goi la
mét ving. Céc rang budc thoi gian sé duoc sir dung dé dinh nghia ca phap cac PTA
va str dung trong dic ta cac tinh chat caa PTA.
Dinh nghia

Mot 6 td 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
- 10€L lavi tri ban dau

- X tap hitu han cac d¢ong ho, cé gia tri thuc khéng am.
- Act la tap hiru han cac hanh dong

- inv: L — CC(X) 1a ham diéu kién rang bugc
- enab: L x Act — CC(X) la tap cac diéu kién thuc hién (cac hanh dong)
- prob: L x Act — Dist(2* x L) 1a ham xé&c suét chuyeén.

% L — 2" |a ham gdn nhan, anh xa mdi vi tri v&i mot tap cac ménh dé logic.

Ngir nghia cia PTA
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Cho P = (L, 10, X, Act, inv, enab, prob,%) la mot PTA. Ngir nghia cia PTA
duoc dinh nghia 12 mot TPS (sb trang thai khong gisi han) TPS [P] = (S, s0, Act,
Stepsp, lab) trong do:

- S={(lv) € L x R%o | vi inv(l) } va sO = (10, {XO0}), véi {X0} I trang thai
khoi dau véi tat ca cac ddng hd thude X c6 gia trj 0;
- Voi moi (1,v) € Svaa€ Act U Rso, ta c6 Stepse((l,v),a) = A néu va chi néu:
+ Dich thoi gian: a € Rso, v+t inv(l) vai moi 0<t’<a, va A = p(v+a)
+ Thuc thi hanh dong: a € Act, vie enab(l,a) va véi moi (I,v’) € S:
M17,v") = X {|prob(La)(X,1))| X € 2% A v’ = v[X:=0]}
- Vaimoi (l,v) €Stacdlab (I,v) = Z(l)

Vi duvé PTA

Trong Hinh 3, mot PTA thuc hién md hinh mét giao thirc mang don gian. Cac
budc chuyén la cac dudng néi giita cac trang thai. Phan bd xéac suat duoc thé hién
bang cac dudng ndi xuat phét tir cing Mot noi, va gia tri Xac suat dugc thé hién trén
duong néi. PTA ¢ 2 d6ng hd x va y, duoc bat dau tir gid tri 0. Tai vi tri bat dau, hé
thdng doi téi thiéu 1 don vi thoi gian (thé hién bang diéu kién x>=1 tai dudng ndi
khi thuc thi hanh dong Giri) va ti da 2 don vi thoi gian (thé hién bang diéu kién x
<=2 & y<=25) trudc khi gui mot ban tin. V6i kha nang 0,9; ban tin dwgc nhan thanh
cdng (sang trang thai Hoan tat) va kha nang 0,1 ban tin s& bi mat (sang trang théi
Mat). Néu ban tin bi mat, khi x dat dén 8, PTA trg vé trang thai bit dau dé chuan bj
gui lai ban tin. Hé théng s& chuyén sang trang thai Thét bai khi tong thoi gian tir khi
bat dau vuot qua 20 don vi (nhung khong qua 25), thé hién bang gia tri ¢ong ho y.

GUilai

X:=0 x=8
0.1 > )'(\i'f;
GUi B

0.9

Timeout
Y>=20

That bai Hoan tat
True True

Hinh 3: Minh hoa mot PTA

Cac thuéng cua PTA
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Cac thuong cia PTA P duoc dinh nghia la cap r = (r, ract), trong dé r.: L —
R=o la mot ham gan cho mdi vi tri tbc d6 tich lity phan thuong theo thoi gian tai vi
tri 6, va ract: L X Act —Rx01a mot ham gan phan thuang cho mdi lan thyuc thi hanh
dong tai vi tri d6.

Céu trtc thudng twong &ng trong TPS[P] 1a 1 = (s, rac) trong d6 rs(l,v) = ri(l)
va ract((1,v),a) = ract(l,a) va6i (I,v) € L x R¥5 va a € Act.

M©b hinh hoa véi cac PTA

Cé&c bién roi rac

Viéc ma rong mo hinh hda cac PTA véi cac bién roi rac gilp thuan tién trong
qué trinh md hinh hda cac hé thdng thuc. Ta gidi han viéc mé rong thém cac bién
vao PTA chi cho sé luong hitu han cac bién, va cac bién thuoc mién giéi han. Cac
diéu kién thuc thi cua PTA c6 thé tham chiéu dén céac bién, va gia tri cac bién cd thé
duoc cap nhat trong cac hanh dong.

Sw khdn cap

Khi mé hinh héa hé thoi gian thuc, c6 thé can biéu dién mot hanh dong can
thyec thi tirc thi tai mé trang thai (khdng cho thoi gian tréi qua tai trang thai d6). Do
vay c6 thé mod hinh héa su kién tac thoi trong hé théng gom mét vai hanh dong tac
thi. Mot s6 co ché dé md hinh hoa cac tinh hudng nay da duoc gigi thiéu va cong
bé cho 6 t6 mat thoi gian, nhu trong ngdn ngit mo ta hé thong cua cong cu UPPAAL.
Dudi day 12 mét s6 cach dé biéu dién sy kién khan cap trong PTA:

- Vj tri khdn cdp (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 hd, trong
d6 ddng ho duogc reset khi vao vi tri, va c6 rang buoc gia tri ¢ong ho bang 0 tai
vi tri do.

- Vi tri cam két (committed location): ciing 1a vi tri khéng cho phép thoi gian troi
qua, nhung phai roi khoi vi tri nay ngay khi thanh phan khéc caa hé thong thuc
hién chuyén dich. M6 ta vi tri cam két trong PTA c6 thé thuc 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 dugc dat 1a true va khi PTA roi khoi vi tri cam
két, gi tri atom dit |a false, va moi diéu kién thuc hién cua PTA khac dugc thém
rang budc sao cho atom cd gia tri false.

- Hanh déng khan cap: 1a cach thitc mé hinh hoa cac hanh dong phai duoc chon
ngay khi diéu kién thyc thi thoa man. Viéc biéu dién cac hanh dong khan cap
trong ct phap PTA bing cach thém tap con Act, (cua tap hanh dong Act) dé chi
cac hanh dong khan cp. Su xuat hién cua cac hanh dong khan cap dan dén viéc
diéu chinh lai dinh nghia ctia TPS tuwong @ng. Vi PTA P = (L, 10, y, Act, inv,
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enab, prob, %) véi cac hanh dong khan cip Actu, PTS [P] = (S, sO, Act, Stepsp,
lab) trong do S, s0, lab va StepsP((1,v),a) vdi (l,v) €S va a € Act nhu trong dinh

nghia Ng{r nghia cta PTA, trong khi véi (I,v) €L, t € R»o,ta c6 StepsP((l,v),t) =

w(iv+c) Néu va chi néu:
+ vHt’E inv(l) véimoi 0 <t’ <a

+ Vi moi 0<t’<tvaac<Act, néu v+t’= enab(l,a’) thi a’€Acty

Pt lai dong ho véi gia tri bat kp: Theo dinh nghia cia PTA, cac gia tri dong
hé chi duogc thiét 1ap lai vé 0 khi thuc hién chuyén trang thai theo xé&c suit ngau
nhién. Tuy nhién, trong nhiéu trudng hop lai can thiét 1ap lai gia tri caa cac ddng hd
vé mot s6 nguyén duong. Dé ma rong khai niém PTA, bo sung thém viéc dat lai gia
trj dong hd vé sé nguyén duong bat ky, dinh nghia PTA ciing duoc diéu chinh twong
ung [5].

Tinh phan Ky cua thai gian (time divergence)

Str dung cac khai niém khac nhau dé biéu dién gia tri thoi gian, nhung cac
nghién ctu gan day chi tap trung vao cac muc tiéu ky hiéu 1a Adv[[P]], & nhiing
muc tiéu sao cho gi4 tri biét thoi gian luén vuot qua bat ky gia tri rang bugc nao.

Viéc xay dung va biéu dién cac PTA c6 thé tao ra c4c trang thai trong d6 bién
thoi gian khong thé tién 1én bat ci gid tri ndo, cac trang thai nay dugc goi 1a khoa
thoi gian (timelock) trong cai dit cac 6 t6 mat thoi gian, va duoc coi la 16i trong qué
trinh md hinh hoa hé théng. Cac trang thai bi khda thoi gian cd thé duoc xac dinh
nho qué trinh phan tich md hinh kiém ching, va co thé dugc loai bo khoi mé hinh
bang cach diéu chinh cac rang budc vé thoi gian va cac diéu kién chuyén.

Pic ta tinh chat cho cac PTA (properties specification for PTAS)
Dinh nghia:

CU phép logic md ta tinh chat PTA dugc cho bang céc van pham sau:

¢ = truela|yx|dAd| =] Pag [P]]Riqg [p]
b d = oU%¢|oU¢
p = IFK|CX|F¢

Trong d6 a € AP |a ménh dé nguyén tir, y € CC(x) 1a méot rang budc thoi gian,
toan tir so sénh ™ € {<, <, >, >}, p € QN[0,1], q € Qso, r 12 cau tric thuong va k €
N.

Pay 1a cac ménh dé logic mé rong véi cac toan tir logic x4c suat (P) va cac toan
tir phan thuong (R). Dién giai khdng chinh thic, tinh chat dwoc biéu dién dang P,
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[¥] cho biét xac suat dé cong thuc W 1a dang ludn théa man rang budc q. Tinh
chét biéu dién dang RL, [p] cho biét gia tri ky vong cia ham giai thuéng p trong
c4u tric thudng r théa man rang budc xq.

Dic ta tinh chat cua PTA dugc bo sung thém 2 céng thirc: rang bugc theo thoi
gian (cong thirc c6 dang ¢1 U=¥ ¢2) va khdng rang budc thoi gian (cong thirc ¢d dang
d1 U ¢2). ¢1 U d2co nghia la mot trang thai s théa man ¢2 va moi thoi gian trude do
thi ¢1 duoc thoa man. ¢1 UK ¢z c6 y nghia twong ty, nhung yéu cau su kién ¢z thoa
man phai trude thoi diém k. Mot sb toan tir hitu ich ciing ¢ thé duoc bd sung, bao
gom F ¢ = true U ¢, c6 nghia ¢ s& duoc thoa man, va F=* ¢ = true U ¢ cho biét ¢
s& duoc thoa man trudc thoi diém k. Ta cling c6 G ¢ = —(F —¢), cho biét ¢ ludn
thoa man, va G ¢ = —(F=* —¢) cho biét ¢ duoc thoa man lién tuc dén thoi gian k.

Toan tr giai thuong RL, [p], twong Gng p Véi cac gia tri 1=k tham chiéu dén
gia tri phan thuong tai thoi diém tac thoi k, C<k tham chiéu dén tong phan thuéng
tich liiy dén thoi diém k, va F ¢ tham chiéu dén tong giai thuong tich lity dén khi
dat dén mot trang thai thoa man ¢. Mot cach hinh thic, cac ngit nghia cua logic dugc
dinh nghia nhu sau:

Dinh nghia

Cho P la mot PTA, [P] = (S, sO, Act, Stepsp, lab) Ia mot ngit nghia cta P, var

la cAu tric phan thuong trén [P], twong Gng VGi cau tric phan thuong trén P. Cho

trang thai s=(1,v) €S, quan hé théa mén & duoc dinh nghia quy nap nhu sau:

S E true s ludn ludn ding

SkEa & ac€lab (s)

SEY & VEY

SEOLA P2 S SEOLASE (2

SE = < s—E ¢ (s khdng thoa mén ¢)

S E Pug [¥] & Profp s {@ € Pathp s | o = \W}) xp

Va1 moi ¢ € Adv[P]

S E Ry [p] & Efp s (rew(r, p)) Xq véi moi ¢ € Adv[P]

trong do:

oE pUKd, < ton tai mot vitri (i,t) cua o sao cho ofi) +t =
d2 va dure(i)+t <k va o(i) +t’ E ¢1vd2 V&I moi
vi tri (j,t") trudc (i,t) cia o
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tén tai mot vi tri (i,t) cua o sao cho w(i) +t E
b2 VA (i) + £ & drvaa VGi Moi Vi tri (j,t7) trude
(i,t) cia o

oFE ¢1 U 2 =

Vi du vé céc tinh chat thuong duoc kiém chiing cia PTA c6 dang thuc logic
duoc thé hién nhu sau:

- Ps0g[F™* ackn] — “Xac suat bén gui nhan duoc n ack trong k don vi thoi gian toi
thiéu 12 0.8~

- Trigger — P<0.0001[G=° —deploy] — “Xac suit dé tai khi khdng bung ra trong
vong 20 mili giay chic chan nhé hon 0.0001”

- Pmax = ?[—sent U fail] — “Xac suat t6i da khi 15i xay ra trudc khi ban tin gui
thanh cong 1a bao nhiéu”

- RIme =9 [F end] — “Xéc suat ti da giao thic cO thé hoan tat”

- REY" [C*%] — “Tong murc ning luong tidu thy trong 60 gidy dau tién <q”

Céac phuong phap kiém chtng te dong PTA

Véi bai toan téng quat vé kiém ching céac tinh chat @ cua PTA P, vi du xéac
dinh Sat(®) = {sE€S| sk ® }: tap cac trang thai S cua P thoa man tinh chat P. Hién
d3 c6 nhiéu k§y thuat kiém chimg PTA duoc cong b, va céc ki thuat nay hd trg cac
loai biéu thirc logic khéac nhau. Ta cing xem cac k¥ thuat kiém chitng mé hinh véi
PTA di dugc nghién ciru va cong bé.
- D6 thi mién
- D) thi mién bién
- Phuong phéap dong hd sb
- Phuong phap dat duoc lui
- Triru twgng hda va lam min véi tro choi ngau nhién

Hai ky thuat dau tién néu trén dya trén khai niém Do thi mién, ban dau duoc
xay dung cho viéc danh gia kha ning quyét dinh va mac d6 phac tap cua bai toan
kiém chirng mo hinh hon 14 dé trién khai thuc hién kiém ching. Cac phuong phap
khéc kha hiéu qua trong viéc kiém ching mé hinh cho mét sb loai biéu thic logic
cu thé. Bang 1 thé hién kha nang kiém chang cia cac phwong phap khac nhau véi
cac loai biéu thuc logic.

Bang 1: Tong hop kj thugt kiém chiing va kha nang dp dung

Loai biéu thuc Po thi | Do thi [ Pong | Phuong | Tro
mién | mién | hdosd | phap choi
bién (v6i céc | dat ngau
PTA duoc Iui | nhién
dong)




Bicu thirc don P, [¥] v v v v v
2 , - Dang | Dang

Bieu thirc don Ry, [p] X v v mé mé
Biéu thirc khong chira Dang

v v X v .

RZ4[p] mo
Logic ddy du X X X Dang | Dang

mo mo

Trir phi duwoc néu cu thé cac ngoai 18, ta gia thiét PTA P khong c6 khoa thoi
gian va dugc cau trlc sao cho dam bao thoi gian khéng gidi han.

3.3.1 Phuong phap dong hé sé (digital clock method)

Phuong phap ddng ho sd, trong d6 gidi han cac ngir nghia thoi gian lién tuc
ciia PTA sao cho moi dich chuyén thoi gian ludn c6 gia tri 1a 1 don vi. Do vay céc
gia tri cua dong ho 1a cac s6 nguyén (thay vi so thuc). Tir rang budc nay va gia tri
hang sb cx da biét, 1a gia tri hang s6 I6n nhat ma tat ca cac dong ho phai so sanh
trong P va cac thudc tinh ¢, ta cd thé xay dung mot MDP hitu han trang thai dé biéu
dién PTA.

Phuong phap dong ho sé c6 thé p dung dé kiém chung céac tinh chat dang
Pwp[W] Va Riq[p] ma khong cé chira cac biéu thirc dang Puwp[W¥] va R{4lp] trong
cac biéu dién cong thirc ctia W va p. N6 c6 thé sir dung dé kiém chiing trong cac
trang thai véi cac gia tri dong hd so séanh véi cac sé nguyén. Tinh chinh xac cua
phuong phap dong ho sb ciing dua trén gia thiét P va ¢ 1a dong, theo nghia tat ca ca
cac rang budc rang x<d hoic d<x duogc chira trong mét s6 chian cac phép pha dinh.
Ngoai ra, tat ca cac rang budc thoi gian va diéu kién chuyén cia P duogc gia dinh
khong co lién hé duong chéo, theo nghia cac rang budc rang x+c<y+d khong dugc
chap nhan.

Véi mot gid tri caa dong ho v € NX, ky hiéu vé1 la gia tri ddng ho sao cho
(ved1)(x) = min{v(x) + 1, cx + 1} véi moi x € X. Ngit nghia dong ho cia P va ¢
dugc dinh nghia nhu ngit nghia chuan, ngoai trir giéi han thoi gian chuyén c6 gia tri
1a 1, va mdi gia tri ddng hd x 6 thé tang toi gid tri tdi da cx+1. Mot cach hinh thic,
ngit nghia d6ng ho s cia mot PTA P dong duoc dinh nghia 1a mot MDP hitu han
trang thai Dgt(P, ¢) = (S, (10, 0), Act U {1}, Steps, lab) trong dé:

- S={(lv) eLxNX|vEinv() A (VX € X.v(X) < cx+ 1)}
- Steps((l,v),a) = A néu va chi néu:
+ Dich chuyén thoi gian: a=1, vl & inv(l) va A = p(l, ve1l);
+ Thye thi hanh dong: a € Act, v & inv(l, a) va, véi moi (I’, v’) € S
MD,v) =Z{|prob(La)(X, ") | X € 2X A v’ = v[X:=0] |};
- lab(l,v) = A1) voi moi (1,v) € S.
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S6 luong cac trang thai trong ngit nghia déng hd sé duoc gidi han boi gia tri
|L|.erX(Cx+1).

Viéc kiém chimg cac tinh chat c6 dang Pwp[W¥] va RL,[p] thuc hién truc tiep
trén MDP hru han trang thai. Vai cong thic Pep[W], Viéc tinh todn thyc hién tuong
tw nhu D6 thi mién da néu. Véi cong thic RL,[F ¢] va cau tric thusng r=(rac, )
cia PTA, ta xay dung cau tric thudng méi r'=(r’s, r’act) trong d6 r’s(l,v) = 0,
’act((1,v),1) = re(1) va r’ act((1,v),a) = ract(l,a) vai moi (1,,v) € Sva a € Act. Sau do sur
dung céc giai thuat caa MDP dé tinh gia tri ky vong 16n nhat va nhé nhét cua giai
thuong khi dat dén tap thoa man Sat(¢). Truong hop p = C<k va p = I7%, sir dung
phuong phap gian lugc thudc tinh dé tinh.

3.3.2 Phuong phap dat duoc lui (backward reachability)

Phuong phap dat duoc IUi khdng ap dung cho céc tinh chat c6 dang Riqlpl-
Phuong phap nay dua trén tha tuc tim vi tri tién nhiém, tir tap cac trang thai S°, liét
ké danh sach céc trang théi tir d6 c6 thé dén S’ bang cach dé thoi gian trdi hoac thyuc
thi hanh dong. Tap cac trang thai duoc biéu dién 14 cac trang thai biéu tuong, z = (1,
0), bao gom vi tri | va mét rang budc thoi gian T trén tap X, biéu dién tap cac trang
thai {(I,v) |[vET}.

Truéc hét, thuc thi tha tuc tim vj tri tién nhiém thuc hién tham sé hda cac hanh
dong va cac canh cia PTA. Khi duyét qua céc nhanh, biéu dd vé cac node duoc xay
dung va c4c node tao nén céc trang thai biéu twong, va mdi canh dugc bd sung tur
trang théi biéu tuong z téi trang thai biéu tugng z’ néu z duoc sinh ra tir z” bang thu
tuc tim vi tri tién nhiém. Canh (z, z’) duoc danh nhén twong (ng véi hanh dong
trong canh PTA. CAc trang théi biéu twong duoc sinh ra khéng phai 1a thanh phan
cua khong gian trang thai PTA.

Sau khi viéc duyét thu tuc tim tién nhiém két thic, biéu d6 thu duoc co thé
duoc sir dung dé xay dung nén mot MDP hitu han trang thai. Dé xay dung cac ham
chuyén trang thai xac suat, thdng tin phai dugc téng hop tir nhiéu trang thai biéu
tugng dé c6 thong tin chinh xéac vé cac canh PTA (ing voi mot hanh dong cu thé
cua PTA). Viéc nay thyc hién bang cach tinh cac diém giao cua cac trang thai biéu
tugng c6 it nhat mot canh di ra khoi trang thai cd chung nhan, khi d6 bé sung canh
turong tNg Vao trang thai biéu twong méi tao.

Céch tiép can nhu trén chi 4p dung dugc véi cac thudc tinh dang Pwp[W] trong
d6 x € {<, <}, chang han nhu phép tinh xac sut 16n nhat trong PTA. Véi cac
truong hop x € {=, >}, phuong phap tinh can phai diéu chinh, va chi 4p dung cho
cac PTA thoi gian khong phan ky.
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3.3.3 Lam min triru twong véi tro choi ngau nhién (abstraction refinement with
stochastic games)

Phuong phap lam min triru twong Véi tro choi ngau nhién cé thé kiém ching
cac tinh chat dang Pwp[W] bang céch tinh x4c sut dat dén trang thai nao 6. Phuong
phap nay sir dung khai niém tro choi dya trén triru twong hoa cac dau vao caa MDP
va &p dung céc ky thuat 1am min. Phuong phéap nay c6 thé ap dung vai cac PTA ¢
cac rang buoc khong lién hé duong chéo, do moét trong cac thu tuc thuc hién 1a tham
dd kha ning dat dén phia trudc, va cac thu tuc nay chi co thé thuc hién khi PTA
khong c6 rang budc duong chéo.

Y tuong trién khai 1a xay dung mot MDP triru twong, vé6i dang trd choi hai
nguoi. viéc khai quat hoa MDP dé thé hién c6 hai dang khong xéac dinh khac nhau,
mdi dang dugc diéu khién boi mot ngudi choi khac nhau. Trong phuong phéap nay,
ngudi choi mot diéu khién cac quyét dinh trong MDP triru twong, va ngudi choi hai
diéu khién céc quyét dinh trong MDP ban dau. Mot giai thuat ti uu xac suat trong
trd choi ngau nhién (vi du xac suat toi da ngudi choi 1 dat muc tiéu, trong khi nguoi
choi 2 dang ¢b han ché nd) co thé tao ra cac gisi han duéi va gidi han trén cho xac
suat dat dén cua MDP ban dau.

Co ché lam min triru twong duoc gigi thiéu trong [] cung cap céch thic tao ra
tro choi triru twong ty dong, bang cach duyét qua céac 16p triru twong dén khi gioi
han trén va gii han dudi c6 d6 léch dudi ngudng € xac dinh. K§ thuat nay cé thé
gitip xac dinh xac suat (I6n nhat hodc nho nhat) cia PTA voi trang thai nao do.
Truéc hét, xy dung biéu dd cham t6i cho cac trang thai (reachability graph), dua
trén cac tha tuc duyét cac trang thai tiép theo (c6 thé cham t&i duoc tir trang thai
hién tai) bang cach thuc thi hanh dong hoic dé thoi gian tréi. Tir ddy, mét tro choi
ngau nhién triru tuong da duoc tao ra thdng qua cac trang thai biéu tuong cho dén
khi cac x4c suat can tinh toan dat dén gia tri yéu cau.

3.3.4 So sanh cac phuong phap kiém ching

Vé hiéu suat va kha niang md rong, phuong phap dong ho sé da dugc chiing
minh hoat dong tdt trong thuc té, nhung hiéu nang han ché khi c6 sb lugng 16n cac
dong hd hozc c6 nhidu hang sé xuat hién trong rang budc thoi gian; trong nhiing
tinh huéng nay, cac phuong phap con lai di cho thay hoat dong hiéu qua hon. Cac
k¥ thuat tong hop thong sé ¢d thé sir dung dé giam sb luong cac hang s trong céc
rang budc thoi gian caa céac 16p con cua PTA, va cho cac tinh chét xac suat khdng
c6 rang budc thoi gian. Mot ki thuat khac cling duoc 4p dung dé ting hiéu ning 1a
st dung cai dat biéu tuong (dya trén biéu d6 quyét dinh nhi phan).

Cai dat ban dau cua Phuong phap dat duoc I0i cho thay né tao ra MDP tuong
dbi nho, tuy nhién giai thuat nay c6 chi phi trién khai 16n. Két qua thuc té cua phuong
phap 1am min triru twong véi trd choi ngdu nhién cho thay hiéu niang tét hon ca. Tuy
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nhién, cac phuong an tdi wu sau d6 duoc dua ra cho Phuong phap dat duoc Ui gilp
cai thién hiéu ning dang ké, va cai thién cho phuong phép 1am min triru tuong voi
trd choi ngau nhién trong rat nhiéu trudng hop.

Chuong 4. CONG CU KIEM CHUNG MO HINH PRISM

Tir phién ban 4.0 (Thang 5/2011), cong cu PRISM bt dau hd tro kiém chiing
mo6 hinh PTA, bén canh cac md hinh DTMC, CTMC, MDP di ¢6 trudc do. Tinh
dén thang 9/2016, phién ban PRISM m&i nhat 1a 4.3. Cac phuong phap kiém chang
c4c tinh chét ciia PTA duoc cai dit trong PRISM tir phién ban 4.0 t6i nay 1a phuong
phap ddng ho s, Phuong phap dat duoc Ui va phwong phép triru twong hda vai trd
choi ngau nhién.

M6 hinh héa PTA

PRISM sir dung ngén ngir mé hinh héa dong nhat cho tit ca cac md hinh xéc
suat dugc hd trg, gom ca PTA. Pé hd trg PTA, PRISM tir phién ban 4.0 tro di da bo
sung loai dit liéu méi 1a clock cho céc bién dong hd. Cac bién ddng ho cé thé xuit
hién trong céc biéu thuc 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 thai. Hinh [] 1a vi du doan ma PRISM dung dé
biéu dién PTA tuong tng, trong d6 c6 chta cau trac thuong voi nhan 1a energy,
duoc sir dung dé thé hién tdc do tich liy giai thuong la 2.5 tai trang thai s=0.

Cic ki thuat kiém ching trong PRISM

PRISM phan tich hai 16p tinh chat chinh cua PTA: (1) X&c suat I6n nhat, nho
nhat dé dat toi mot muc tiéu nao do, c6 thé kém rang budc thoi gian (vi du: “xéc
suat I6n nhat cua tai khi khong bung trong vong 0.02 gidy™); va (2) Gia tri ky vong
I6n nhat/nho nhat cua giai thuong tich lity duoc khi dat téi mot muc tiéu ndo do (vi
du: “Ky vong thoi gian téi da dé giao thirc hoan tat”). Hién nay cac phuong phap
kiém chimg ddng hd sé, Phuong phap dat duoc 10i va phuong phap tro choi ngiu
nhién da duoc cai dat, trong d6 phuong thic tro choi ngau nhién 1a ciu hinh mic
dinh caa PRISM cho cac mo hinh PTA.



19

Chuong 5. KIEM CHUNG GIAO THUC ABP BANG PRISM

S: wait ack0
R: received 1

GUi thanh céng GUi thanh céng
AB=0 AB=1

Mat ACK1 J
S: wait ackl Nhan ACK1
R: received 0 thanh céng

Hinh 4: Biéu do6 md ta trgng thai Bén guri, Bén nhdn trong giao thizc ABP

M4t Data0
AB=0

S: wait ackl
R:idle

Nhan ACKO
thanh cong

Time-out Mt ACKO

S: wait ack0
R:idle

M4t Datal
AB=1

Time-out

S:send 1
R:idle

5.1 M0 hinh hda giao thirc bit luan phién bang PTA
M@t sé gia thiét déi véi hé thong
Khong 1am mat tinh tong quét cua viéc thuc hién mé hinh hoéa hé thdng, ta cé
mot s6 gia thiét nhu sau:

- Tin nhin dugc gui tac thoi trén dudng truyén (khong c6 do tré).

- Bén nhan c6 co ché kiém tra dé biét ban tin duoc gui c6 bi hong hay khdng
(chang han duing check sum), va véi cac ban tin hong, bén nhan s& bo qua, khdng
xt 1y gi. Do vay c6 thé coi ban tin bi hong, bi sai léch nhu ban tin bi mat trén
duong truyén, va khi noi ban tin giri &én bén nhan sé& 1a cac ban tin chinh xac tur
nguon guri.

- Phia gui ludn tin twong ban tin da dugc chuyén ti dau kia chinh xéac (va chuyén
sang trang thai cho), du thuc té ban tin c6 thé bi hong, mat trén dudng truyén.
Tuy nhién phia cho ¢ gidi han thoi gian nhan ack teong tng vai mot ban tin da
gui (timeout) dé xac dinh ban tin can truyén lai.

- Phianhan tin twdng ban tin ACK di duoc giri chinh xac toi ngudi giri (va chuyén
sang trang thai nghi), du thuc té c6 thé ban tin d mét, hong.

- Phia nhan khong giri lai hai ban tin giéng nhau lién tuc cho dong Dit liéu ra néu
khong nhan dugc mot ban tin khac ¢ gitra, vi du B s€ khéng guri 2 ban tin Data
ng véi ACK1 lién tiép néu gitra 2 lan gui khdng c6 1 ban tin Data @ng véi
ACKO. Co ché nay gilp dong dit liéu ra khong bi nhan cac ban tin lip do co ché
gii lai.

Str dung cac & t6 mat thoi gian xac suat dé mé hinh mot hé thdng gui tin gom:

- Ngudn dix liéu (O): La ngudn guri va can truyén thong diép sang bén nhan. Théng
diép 1a khoi dir liéu gdm D ban tin (vi du: D = 10), lan luot cac ban tin duoc
chuyén dén Bén giri dé guri sang Bén nhan. Cac ban tin chi duoc gui néu ban tin
trude d6 co két qua 1a Thanh céng. Viéc gai duoc coi 1a Két thic (thanh cong)
néu tat ca cac ban tin duoc guri thanh cdng trong thai gian TIMEOUT cho trudc,
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nguoc lai néu mot trong céc ban tin khdng thanh cong hoic tong thoi gian gui
tin vuot qué gidi han dinh trudc (vi du: TIMEOUT > 100), hé thdng s& ngirng
gui va viéc gui tin 12 that bai.

- Bén gui (S): Bén gui nhan lan luot tirng g6i di liéu vao va giri sang Bén nhan
theo giao thuc ABP. MG&i lan gui tin, c6 mot sb ban tin khong dén dugc Bén
nhan, hoic dén nhung gia trj alternating bit khong khép, goi 1a ban tin khong
thanh cdng. Ti Ié cac ban tin khong thanh céng khi giri dugc thé hién bang tham
s6 LOST_DATA_RATE. Sau khi nhan go6i tin tir Ngudn dir liéu, thoi gian S can
Xt ly va guri tin trong thoi gian 1-2 (1 <= x <= 2). Sau khi gui tin, S sé cho nhan
ACK tir R. Néu sau khoang thoi gian ACK_TIMEOUT dinh trudc (vi du:
ACK_TIMEOUT = 5) khéng nhan dugc ACK thi S s&:

o (i) hoac gui lai ban tin néu sé lan gui lai con nho hon sé6 RETRY cho
trudc,

o (ii) hodc coi viéc gui ban tin 12 that bai va khéng gui lai ban tin d6 nira.

o Khi xac dinh trang théai gii tin 1a Thanh cong hay Thét bai, S c6 khoang
thoi gian nghi 1-2 don vi trudc khi chuyén vé trang thai san sang dé giri
ban tin tiép theo.

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

Tir cac dac ta trén, ta c6 cac thanh phan trao doi ban tin cua hé thong la cac 6
t6 mét thoi gian xac suat, va ca hé thong gom cac PTA duoc biéu dién bang céc biéu
dd chuyén trang thai nhu biéu dién trong Hinh 7, Hinh 8 va Hinh 9 (trinh c4c hinh
nay, gia thiét: TIMEOUT = 100; ACK_TIMEOUT = 5; DATA = 10):



21

0O =0:init

nextData
Z<=100

success

0=4
failed

0=3
finished

Hinh 5: Biéu dé trang thai ciia ngusn gui trong qué trinh truyén tin

S = 5: failed
Xl<=1

S =4:time-out

retry <N

X:=0 X>5
retry ‘=retry + 1

S=0:idle S=1:hasData | X>1 =0 S = 2: waiting
ready for data X<=2 n X<=5
( v ) Send data
X:=0
Lost_ack_rate (LAR)
X>1 S = 3: success
X1<=1

Hinh 6: Biéu do trang thai cua bén giri trong qua trinh truyen tin

Lost_data_rate (LDR)

R=1:
receivedData
Y<=2 Send ack

R =2:send ACK
Y<=2

r=0:idle
(ready for data)

Y>1

Hinh 7: Biéu do trang thai ciia bén nhdn trong qud trinh truyén tin

Céc dic diém xéc dinh truée cua hé théng:
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- X&c suit mét goi tin caa 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;

- Theoi gian time-out caa ca hé théng: TIMEOUT;

- Thoi gian time-out cho nhan ACK_TIMEOUT;

- S lugng ban tin can truyén DATA;

5.2 Cai dat hé truyén tin sir dung giao thirc bit luan phién bang cong cu PRISM

M3 cai dat PTA cua hé truyén tin bang giao thac bit luan phién trong cong cu
PRISM (xem chi tiét trong d¢ tai)

Cac tinh chat cua hé s& duoc kiém chiing véi cac dic diém xac dinh trudc cua hé

théng:

- X&c sut Ion nhat dé hoan thanh viéc truyén dix liéu thanh cong la bao nhiéu?
Pmax = ? [ F “finished”]

- X&c suat 1on nhat khi truyén dit liéu thanh cong trong T thoi gian 1a bao nhiéu?
Pmin=7?[ F <=T “finished”]

- X4c suat 16n nhat bi mat goi tin 1a bao nhiéu?
Pmax = ? [F “lost”]

- X&c suat Ion nhat bi mat g6i tin trong thoi gian T 12 bao nhiéu?
Pmax =? [F <=T “lost”]

5.3 Két qua kiém chimg va cac danh gia
5.3.1 Pmax = ? [F “finished”]
Két qua kiém chiing cia PRISM véi cac tham so:

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.

Hinh 8: Pmax = ? [F "finished"]

Nhan xét:
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o X&c suét guri ban tin thanh cong ting thém khi s6 1an RETRY ting thém,
tuy nhién céc gia tri RETRY >=3 khdng c6 khac biét dang ké, do giGi han
TIMEOUT = 100 cua hé thong.
5.3.2 Pmax =7? [F “lost”]
Két qua kiém chiing cia PRISM véi cac tham sé:
+ LOST_DATA RATE =0.1; LOST _ACK_RATE =0.1; TIMEOUT = 150;
ACK_TIMEOUT =5; RETRY =10..4]; DATA =[10..30]

Biéu d6 két qua kiém chimng duoc ghi nhan tai Hinh 11.

Dafined Constarts

Hinh 9: Pmax = ? [F "lost"]
- Viéc tang s6 luong retry gilp giam nhanh kha ning mat goi tin trong qué trinh
truyén tin.
Str dung phuong thirc kiém chung dat dugc IUi, khi xay duyng MDP, dit liéu Bang 2
ghi nhan kich thuéc cua MDP (s6 lugng trang thai, s6 luong dich chuyén va sb
lwong lya chon cia MDP) déu tang tuyén tinh theo tat ca céc gia tri hang sd.

Bdang 2 Quy md tinh toan khi DATA = 10..30; RETRY = 0..4

SYMBOLIC | MDP MDP MDP

DATA | RETRY | LOCATION | " cyates | STATES | TRANSITIONS | CHOICES
10 0 393 1499 1929 4155 5204
20 0 783 4199 5459 18115 20814
30 0 1173 8099 10589 49875 54824
10 1 731 7313 12093 151531 | 155739
20 1 1461 33874 58409 1696183 | 1714641
30 1 2191 66334 | 115279 3922873 | 3958631
10 2 1069 18160 32082 709856 | 719914
20 2 2139 71076 | 128455 4563017 | 4601332
30 2 3209 | 124946 | 226655 8543937 | 8610992
10 3 1407 33408 60587 1787875 | 1806138
20 3 2817 | 107128 | 197051 7244923 | 7302566
30 3 4227 | 180848 | 333521 12701983 | 12799006
10 4 1745 48799 89680 2894619 | 2921125
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20 4 3495 140549 260890 9565009 9640555
30 4 5245 232299 432100 16235399 | 16359985
Symbolic States Location
50000 1000 .____.___P/_._.——-—"—,:/_'_—'

o

s RETRY=() == RETRY=1

500000
450000
400000
350000
300000
250000
200000
150000
100000
50000
o

et RETRY =0 et RETRY=1

—

10 12 14 16 18 20 22 26 28

RETRY=2 RETRY=3 ==S==RETRY=4

MDP States

—

10 1z 14

16 18 20 2 24 26 28 30

RETRY=2 RETRY=3 s RETRY=%

KET LUAN

Trong pham vi dé tai, giao thirc bit luan phién di cé thé duoc mé hinh hda va kiém
chung dinh Iuwong cé4c tinh chat xac suat 16n nhat. Dé tai c6 thé tiép tuc phat trién va
thuc hién so sanh hiéu nang, kich c& cac MDP khi kiém ching giao thic bit luan

0

I

18000000
16000000
14000000
12000000
10000000
2000000
000000
4000000
2000000
1}

==t RETRY={) == RETRY=1

—t—RETRY=) =—s=mRETRY=1

0 12 1 16 15 0 n F23 % 2 0

RETRY=2 RETRY=3 —s—RETRY=4

MDP Transitions

 —

14 i

10 1z 18 P 2 4 26 P} 30

RETRY=2 RETRY=3 =memRETRY=4

phién bang cac phuong thirc kiém ching khac nhau.
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