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§5.1 ETIREHEVREIST

He TR TR R R T SRR WIR AR 25 R R . 2 TR S 0 M R A
BT CTL R, — P RARIEF RS T RETRRPRESHER. 4 CTL AXMERS
AR R —REAL, BANTAT AT H A AR PR A R XA AR

§5.1.1 KREWSHEE

T {-, VI MR SR R A 1R ) e e 4R, BT R IR X M BB IR A5 1. 1 T {EX, EG, EU}
MR CTL BISHFH 2%, WINTHZEX BT,
4% AP LW Kripke 5% (S, R, I, L) fl—4 CTL AR ¢ , Zir sk EZEEEZR D
P37 L H18 L(s) BEBNE s HREM ¢ TAK,
BEFHSREEEWE ¢ W TFARCEHHHREDT. B2 HHAGEMREEETE o BITH
PUFTEAL.
(1) FHo=pHp w8, WG s, pRETE Ls) CERAERREE, TRITH.
(2)F o=-wo, MIEFEDs, & eod L(s), MK ¢ A Ls) .
(3)EH =90V, WM s, Heoe L(s) B 1 € L(s), MK wo MMA L(s) .
(4)% ¢ =EXgo, WX s, FHELEHRF R(s,t) H oo € L(t), MK o A L(s) .
(5) % o=E(pUp1), N
Sa ) XA s, e € Ls), WUHF o BN L(s) .
5b ) XA s, HAETE ¢ 15 R(s,t) Hpe L(t), H o€ L(s), N¥ o IIA L(s) .
5c ) X (5b) HE L AEEk.
6 ) % »=EGpy, N
6a ) T S = {s|po € L(s)}.
6b ) & (S, R) WRHTFE (S R) WIETURERSEWTUSES S, FHXEH
seS”, B o MmN L(s) .
( 6c ) MEA se S, HFTEEH R(s,t) H o€ L(t) , WK o A L(s) .
(6d) EHE (6c) HE L NEZAL.
RIERMTTUEERECEIT ALY L REBREWVHRESEEWHE o, B
M,skEe MHNY ¢el(s).
MEe  HSHMY ¢eNyerLls).
§5.1.2 FFSIEEUEGNEIE
o RS AERSE S ERE L, FEREHHE M AREWPRE L, 3
TN, —PNAXFTUEEREEX MR REREHWES. P RAWHEENIREL
X, MERREMIDRE S TEXMAXIREBREES. FHo BRI py R4 SRR A
CTL AW A D) s 20 DA K i 8 A B R R RS R G F T N 2 5.
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sy 1l

L o(V) HHBEmBARESE V HTENMEEHAXWES, & V yARES, N
VI ORRRES, BT v eV BHMYveV .,

Definition 5.1 4 — /A& 4 AP, —A~ AP L& FFHA R —Awia
(V,R,0©,N)

APV AGAEETES, RAVUV L&AK, O AV L&A X, N:AP - (V) #H AP
BV X KE V) duest,

REREHBRE v, . v RE. —NRERESH n A (a1,...,a0) FTon. (a1,...,an) E ¢
MR ggpn =1

RGRESHES N {0,1}" . EBXLERE R(@1, ..., zn, 7, ..., 7)) BE. RAWWIHIRSES
B Oy, ..,z,) RE. W AP ={p1,....px} . TR pi BPIREH N(p:) RiE.

h2:3e
WA s—s" RARTFIEN s 5 o' B2, B (s,s') E R . 5988 (V.R,O,N) Liy—2%
B AR SR {0, 1} LR —ATIF S

508152...

HAXIHMERE i >0, si—sit1 .

—p—

B1T
FHERAL (V. R, 0,N) LR —UEiTREF SR LASE —REHE 0 1—K .
#S1RE5 Kripke £

HBEMFSGHAE (V,R,O,N) . BHEXNT AP = {p1,...pe} EH Kripke 458 M =
<87A7]7 L> ﬁl:':l SvAvij %X;ZH—F:

S ={(a1,...,an) | a; € {0,1}}

A ={((a1,...,an), (d},...;a,)) | (a1, ..., an,a}, ...;al,) E R(V,V")}
I={(a,...,an)) | (a1,...,a,) E O}

L((a1,...,an)) ={p; € AP | (a1,...,a,) E N(pi)}

Kripke &#) 55188

237 Kripke 2548 M = (S, A, 1, L) . FATATLUKE S 5. & S H <2" PR, WALIH
n A x1, e KFER. S FHYEE I DRI H s(i-1) .

A (a1, ..., an) TR x1, ..,z BUERT n JCH. WiZ n TEHFR s(a1-2"+ -+ an—1-2+ay) .

=N w1, e, EMARFTR MRS, BIWHEZEARXW 21,z BIER n TTHBES.

REWFEA R R ES —FETTUAARXER. BANTIIHE 0 AFEE, 04 21,2,
A (a1, ..., an,adl,...;al) TR 21, oy Tn, 2, ooy 2l BAERY 2n JTH. WZ 2n TTHFER (s(ar - 2" +
e apo1 24 ap),s(a@) 2"+ -4 al,_-2+al)) €A,

— 2y, 2, 2l ERIARFR—NEBES, BIHEZARY a,...,an,d),...,d,
IRAERY 2n STTHBIEES .
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XTSRRI L: S — 247, BATEX N : AP - 25 IIF: s € N(p) 4HALY pe L(s) .
ML AT N AR RGERR P RS T R RS A R S, BT N(p) 2— PR
SEE, Np) TUH—IM2{ER.

R AP = {p1,...,pr} LB Kripke 58 M = (S, A, I, L) iZBBN Y TR (V. R, O, N) ,
HA V.R,O,N ET:

V ={a1,...,an}

(@1, .y anyal,...,al) E RV, V") B HAY (s(ai,...,an), s(d),...,al,)) € A

(a1, ...,a,) = © 24 HALY s(aq,...,a,) €1

Np:)=0; HO; EXWT: (a1,....an) E O; B HALY p; € L(s(ay,...,an))

HSRERE

— (V,R,0,N) R RGIEETE R — T FEEAX, BRI Kripke 254 M
AW R — B EAR,
FEX v = (0 VL) . EXEE ex: (V) — (V) 1T

7 7
ex(p) = 3xh .l (R(X1, ooy T, Ty ooy ) A @l 7070T)

A [lal] #AWER ¢ WARERES, B2 6 FFLHE—DARK ¢ 78 M FRHRERE -
JHIL.

(1) ¢ = pi BT, M {lql] = N(pi)

(2) ¢ 7& —qo , M {[q)] = —[[go0]]

B) g awVa, M {[q)] = [[ao]] V [[a1]]

(4) ¢ /& EXqo W ([q]] = ex([[go0]])

(5) ¢ /& EGqo , M ([q]] = vZ.([[g0]] A ex(2))

(6) ¢ & E(qUq1) , M ([g]) = pZ.([[a:]] V ([[q0]] A ex(2)))

BATH

MEe HAME 60— (]

§5.1.3 —ITiREE
Definition 5.2 4 —4 X2 £4 V. —AV L&) AR XAE (BDD) & —AwI L

(N,no, E, L)

AP NAFeHES;, E:N—->NXxN AR EBLGREHE, & En)=0,n"), WK
(n,n'y Andy0&, (nn')And§18; ng ABGAEEE; L:N—->VU{0,1} A 56945
F ¥, HBR Ln)e{0,1} THMHZ E(N) BHLX.

HF=TREKE (OBDD)

HE—NV EBENHEF v, nam, Bl <ao <<z, A <0 H oz, <1, —
DZIJCHRE (N, no, E, L) BHFW, 4HAY E(a) = (b,c) M L(a) < L(b) H L(a) < L(c) .

#EV E—MARK . ZAKXTUA—MEF 0K E (N, no, E, L) /R, HAmEum
T.
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1. N ={no}, L(ng) = 1, L' (no) = .

2. MEFE ne N H E(n) MEEX,

# L(n) =z, WFE N FEMPFENFE AR /0" BHA E(n) = (n/,n") .
Bi<m, WA L) = L") =z () = (L), L(0) = (L)L,

FHi=m, WL L) =L1)=L(n)), L") =L{")=(Ln)),, .

FHPN ARG, MENH XM 7 oo R B R,
BEHEF_TTA%E (ROBDD)

VI L#yiE Ry OBDD ByZ5M AR /MEY T —NEAER, BREZTIARTS. oK ELH
ERpSWIUR I

u Ml v BT, L(u) = L(v), NEFHFXHEANTA.
u fll v AEHFE, E(u) = E(v) H L(u) = L(v) , TEHXFHAT .
ufll v REMFTE, E() = (a,a), WMER v &, BEEM v 8938 (3K no) #5% a

FETUARTR A A LA AL 13 B 2R e AL B A5 2 B SR B AR M B 1R B 7 ek . %
PN AREFIH, WEMNMERAF oK EERMN. HRFEATF TR ERRA
KHEMEEGHAE. H—PARXAKER, MiZAXE ROBDD K HA—475 (i Ay & Hix
M REER 1. H—PARAKRR, MiZARE ROBDD K HA—4 75 fi iy & Bzt
HEMER O .

TEHF

A HEF X ROBDD By R /INEAR KIS, X1 — L8 [W] 81, AS[R] #9748 fHE 7 B = 4E 9 ROBDD
IR /N DX ) P Y

w"e=\V_L 1(562z 1 ATy;) . SHEREBHET 21,23, ... Tan—1, T2, T4, ..., Z2n . M| ¢ # ROBDD
TEECH 2" B REHET 11,20, ., 00 . W o B ROBDD TS ECK 2(n+1) . BTF
W EAEHE & NP ME I, AT H B A RE TR — B 2R .

AR _TURREFHIREL

—MAXTTUERE— M REE, FE—DEF IR BN T — M i R R

i Fln Fm F R SOEREITE N FEE. & X mi((ao,a1) =a; . Al EL FRBERUT
PR BB E SRR E -

# L(mo(E(n))) #x H L(m(E(n) #a M E'(n) = E(n)
# L(mo(E(n))) = M 7o (E' (n)) = m;(E(m0(E(n))))
# L(m(E(n))) = M 71(E'(n)) = i (E(m(E(n))))
A foppp (21, ..., xn) TR EATIREEL f (21, ..., n) RMVHHF ZICREKEL & foppp (21, ..., 20) =
(N,ng, E,LY Haoy < - <z, I
foepp (0,12, ...,x,) = (N, nj), E', L") HH
N' & mo(E(no)) FIIXM I RMES; ni=m0(E(no)); E' =FE|y; L =Ly,
fopp (X1, iy 2i—1,0, 101, 1) = (N’ ng, E', L") HAR
N’ J&H no it E), FIBAMIIE T EWES; E=El|nv ;s L'=Lln .
foepp (1,2, ...,x,) = (N',nj), E', L") H
N' & m(E(no)) FIIAMIIE RS no=m(E(no)); E =FE|y; L =Ly,
foepp (w1, .oy wiz1, 1, i1, 20) = (N, ng, B/, L'y Hr
N it no it L RSB A, B = Bl s L = Ll .
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BilHE
B f,b,c J& OBDD . & n & OBDD WTisi. H top(f) 03F f WITIR. H L(f) A

L(top(f)) . A f = (n,b,c) R top(f) =n H E(n) = (top(b), top(c)) . # f N OBDD HH L
AR H/DN CRATRD) BIR (5. T flomo A flom1 BISREMNTT:

# [ RN, W flamo = f

#L(f)=2 H f=(n50,51), M fla=o = s0

# L(f) #x B f=(n,50,51) , W flazo = (1, 50|2=0, 51]2=0)
# RN, W flomy = f

# L(f) == H f=(n,50,51) , W flo=1 =51

L) #x H f=0,50,51), W flo=i = (0, S0l=1, 81]z=1)

BATVE yryn- 3z f = g1 yn-(flamo V fla=1) . OBDD EAyEGET LK HAthiz 5 i
T.

OBDD LHEE
Fs=n,s,s)VHLs)=aeV, s, s, s" BRNRRHK (~zAs )V (zAS"), 8ls=0, S|z=1 .
# L(s)=08% L(s) =1, WA 0 1 BEERRIXT .
B8 AT A LB & OBDD LiEs, #% o N Jtig84F, f Ml g & OBDD HH:
AR BN RFF D) Bk (M50, M fog WAEZMT:
Fr fF g BRI, W fog=L(f)oL(g)
# L(f)=L(g) =z M fog= (-2 A (flz=00© glz=0) V (2 A (flz=1 0 gle=1))
A a=L(f) <Llg W fog= (2 A(fla=oo9) V(A (fls=1°9))
# L(f)>L(g)=y MW fog=((—yA(fogly=0) V(yA(fogly=1))

R ZICEHEA AV, —, . —JoEHE - FU EATH — 28, B —p < (p — false)
HP R4 R R g A0 0 f1 1 M EHR. AKX oo Al o1 BEFMAITLIRE 00 - o1 B
ROBDD J&& 4 1 > H|Wr.

BiAH =0 SR

2 TR a1, wn . M ex(p) =322l (R(Z,2') AT ) .

T ex(p) ) ROBDD TREMITHRIANN &, SFF- SRR it SRR ERIE. BTN
MAENAH, R AERIFEER TERIMITFAR., EBRER Rz, o) TTRERE—HARXMH
BB GBL, LA 20 3106 5 T i o AT A
D ER

W R(z,2') = Ri(Z,2') V-V Ry (Z,2') .

AT EERX . (p(2) v g(2)) = Fop(x) V Iz.q(x)) HFL ROBDD gyit5. HATH

3! (R(Z, ) A @Sy = 3zl (Ry(Z, ) A @2 )V -V 3! (R (T, ) A 2
EWKRFR

¥ R(z,2') = Ri(Z,2') A+ A Ry (Z,27) .

#r v ATE p(z) FHHBL, BATE 3z.(p(z) A ¢(z)) = p(z) A 3w.q(2)) . AT xR ik
ROBDD M3, AHERN, & Ro(z,2') = @il ar . M

.2l (R(Z,2") A cpiij:j:jiii) = 3.2 (Ro(Z,2') A+ A R (Z,2")
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BATHF 21, 2, Pk DAMRTE du, o di, K Ro, oo, Ry S8k DA ZE T4
Di,.. Dy o WRXMTHA 1<i<j<k, d; PRERALE D; EF%FJE, i

3zt ..l (Ro(Z,2') A -+ A Ry (Z,2") = 3dy.(D1 A 3da.(Da A -+ A 3dg.(Dy) -+ +))

Hp d; FoR & PARBSIZE, D Fox D FAXKEH. X TRENAXES {Ro, ..., R}
MARES {21, ... 2.}, BOTTLMKIEARBARERTS du,....de 81 Dy, ..., Dy o JFU_ LA
RLZASNRH d; BN Dy BB

§5.2 ETHRESTEVEEIST

BT HARR AT Hh R RO R S AR B A IR AR I R B R B TR R
RriliE T PLTL M. — RS AR ARSI AR R E. — PRS0 H
Br, MERREN A ETHREX AKX, & M= (S A,1,L) & AP L##35 Kripke
45K, ¢ J& AP iy PLTL AR,

M=o 5 B [[M]] S [[o]]

§5.2.1 Kripke Z&4)5 Biichi Hzh#l
W M= (S,A,IL)J& AP L#Itr'5 Kripke 2544, & X

E:2AP
A ={(s,a,5") | (s,8') € A,a = L(s)}
F=S5

2 Ay = (5,80 LF) . W [[Ap]] = [[M] .

Bt Av N AP 1 Kripke 2585 M = (S, A, I, L) B3 RZf Biichi [ 31#1.

§5.2.2 fREESTIFEE

1 Kripke Z5#4 1 PLTL 23 20 A] LASE SO0 BLHY Buichi [ ShAL. AR I ]85 w] 44k
HBAHILHE S A& KR A IHRIES RGN ZER NS, H A, RaRa ¢ XM
B Biichi 3L, —MAEWRL M WHE—1 AP L F2EAX ¢, B

Mi=¢

M) < [Tl

B[] (A7)« \ [lel]) = 0

B (M0 [[=e]] = 0

A (A N [[A-g]] = 0

B A N A, WIS N, BRI ML B ShHLAEZS M.

WREMREEFEEE

R TR I, FAVE AR A R AR IR . AR = AR Ak, IR AR
B L —PITR, "W A=, ¢ A=K, X=1AE2HEE push(q,W) |
pop(W) . top(W) . ilZtHm []. % Bichi H3WL (X,5,A,1,F) , HiEF&ENZATU
MAUTREAR. B2 Al = {s|3a € X.(q,a,5) € A} 2§ ¢ WA RIRIRERES . %k H
PR ERN R E R R AL L.
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start()
{
W=A=B=[]
for each s € I, if (s ¢ A) { push(s,A); push(s,W); dfsl(s); pop(W); }
report(“empty”);
}
dfsl(q)
{
for each s € A(q), if (s ¢ A) { push(s,A); push(s,W); dfsl(s); pop(W); }
if (¢ € F) { push(s,B); dfs2(s); }
}
dfs2(q)
{
for each s € A(q), { if (s € W) report(“nonemp”); if (s ¢ B) { push(s,B); dfs2(s); } }
}

G —A Buchi H 3L, FILIRE “nonemp” Y HAUHIZH IIWLATET 2. A ETIL
HPR SRR RBOHX T R G MARLAER.
HSREAS N IRIE

e — A RAEB RGN —4 PLTL tEFHE. i TR ACRI NS, Rk —
ABFFASC & RS Kripke Z5#), 5 Ay N A, RENZHFILTTLTE A, BEFTE
BITEOL T, HE Av BT Ay N Ay o —FAFIB R R RTEMRIE R SRR & R iR 1
B RGUIRESEE, LW BRI AG A FILREIMRIY, Dokl B X HotR A5tk
—H R, FIERNAEHAE Ay N A, BENZ, HHRB] KWL An N A, BIE1T
BATIRH, Ab—EFENSEM An RIHE.

BELENSRFIEL

PSR TCIT AR m M ' BB SF R M BT OCY A E P R R L TR IF 7 A1 0 = g < i1 <
Qg <M O=jo<ji1<jo<-- H/{IEEL>0,

L(ﬂ-lk) = L(ﬂ—ik-i-l) == L(ﬂ—ik+1—1) = L(W;k) = L(ﬂ—_;k"rl) == L(Wé‘k+1—1)
— AR ¢ BB AN Y HOCSIMEE RSN « f 1,
TEeerEp

AHE O FHFHY PLTL AXMEGILH PLTL x . BEGH AR R AR,

WERIEMER N ¢ € PLTL-x H ¢ TR RIEGH AP | BRRAKWESITHES
@,@ ™= 50...Si{5;{4+15i42--- ﬂ:ﬂ 7T/ = 80...Si82+18i+2... o

R L(Si) NAP = L(Si-i-l) NAP H L(S;Jrl) NAP = L(siy2) N AP, M| = ': © U HAY Y
™ e, HEXTRIERGRGHE ¢, RITTUAREE .

i IR 249 By 2R RARYE — SO R 26 1, FE ) ASAALRL I A £ ] Pl Se 2K UL 7 X
FERPIRZS B AR AL B " R AT
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§5.3 PRIFAREUSI

PR FASLARLAG I Y T2 22 R 2 X 2 A g AR APR ], A SRAE S 5 I i B AR AR B A It
REHE— ARG E, WIZITEA B RE,

X—T A ARE LA E NNF 5, A AW ARXAE NNF X, WA 5H
FM e~y NNF 5,
§5.3.1 CTL Az HYPRFREAST

255 AP LBy Kripke 45#) M = (S, R, I, L), M Hy k FER, fRiFR k AL My, = (S, Py, I, L)
Heh P M P RER E+1 WERIES. W re P . XFERBRIRIRA b R, & X

|m|=2 |r|—1

rs(m) = \/ \/ T = T;

=0 j=i+1
CTL AR BIPRFIEN
NNF #ify CTL A= ¢ BIBRFIE L My, s = o & X TF:

My, s=p #p=T,8pec AP Hpec L(s)

Mg, s = —p # My, s p

My, s E@eVY & My,s o B My, s

My, sE oAy #H Mp,skE @ H My, s =

Mp,sl=Ap  ZHXTHA P HUL s AREHER 7 MyrlEe
Mi,s = Ep  ZHIFAE P, HUL s AREHBRE m: MyorEe

My, mE Xop FE>1H Mg,m =

My, 7 = Gy # ors(m) H Vi <k, Mg, 7 E

My, 7 = Fop i <k, Mg,m E e

My, mE Uy 3 i <k, My,m = HVj<i,Mp,m E¢

My, 7 Ry 3 Vi <k, 3 Vj <i, My, m; o W My, m =, B3 Vi < kMg, 7 [~ o W rs(m)

PRFFIE XY ERg RIS &%
®ITH
M,s = o B HACYHFLE k> 0 7% My, s F o .
REX My, = o B EATY
MEE sel, MyskEo.

#®ATH
M E o BHCUTFE k> 0 5% My = o .
FRAREUE M E A
LM M MR ¢ RABEGIEIEMT:

1) k=0

2) & My = BOL, WM E o, BIRER

3) BIFAE s 515 My, s = - BOL, W M W, HEER
)

(
(
(
W k=k+1, EF (2)
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ER: XEM o RERHHFEMM CTL AW NNF JEX, B 8RR IE T 305 —E /8

2 LIRS IEF AR,

§5.3.2 PLTL AR HIPRFEREN

XF PLTL , #ATWSRERGFE—TEfTHEa WA, XMT ke, RINFELIE
XAHARR AR RS A A T REE B D22 i B — 138, XRRFRS — KR, U
MTCTT AR, X

3, k) = { :L+1 EEZZ
PLTL AXHKIFRFIEX
FEX My, m =L o W
My, 7 =}, p #Hp=T,8pec AP H pe L(m)

My, 7 =}, —p A My, p

My, m =L o Ny H My, b=, ¢ B My, 7 =L ¢

My, 7= o VY & Mi,m = @ B My, =),

My,m L X % My,m =300

My, =8 Go # Vi€ {min(i,n),...,k}, Mg, 7 = ¢

My, 7 L oUy % 3 € {min(i,n),....k}, My, 7 =} ¢ H
i<j—Vme{i.,j—1}, My,mE"™ ¢ H
i>j—-Vme{n,..j— 1.k}, Mi,,m EI ¢

EX My, 7 =1 o HMBR, &L R(m,, m—1) AKE,
NNF J=fJ LTL A o BIRRFE X My, 7 = ¢ & LT

My, 7= o BHOCHTFTE ne {-1,0,....k}, #15 R(m,m) H M, mED ¢

PR FIE N HY IERgEFIE & 14
®ITH

Ire M,mgel.(M,ml=p) YHANMTFE L >0, Ine My,mel.(My,mE ).

5E X
My = o BHACYARFIESR T 1 W © € Py R My, 7 = —p .
BATH
M BHALY VE>0, My =@
RSB A H %

HATE M b o MIXTETE @ > 0, Miswi = o . X (M, @) BISERBIE ct(M, o) /NI
RELh LSRR ko XHARfT M AT o, SERBUE ct(M, ) FF7E. HMHEATE

M E o B HAYX k= ct(M,p), M, Ep .
GEREL M, o m>ct(M, ), PRFBEMFLEMT:
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1
2
3
4

k%@‘uM%¢ PR R
=m, WMEe, FIEGER
=k+1, [HF (2)

Mﬁﬁn

(1) k
(2)
3)
(4) k

T My [ o BIRERFE SGHRZ S FEN SRS HRR b B2 7 15 My, 7 -p .
e BB A REB IEFRHARTG m > ct(M, ») , BT APEBTIRIE T 305 — & REA & LA 3RAS
IEFER.

§5.4 A

AR AR RABEILL Kripke £50 2R, FFARRBRI AT LR, —King, A°F
AT UFIRSESBHARTESH AR, TMRSESTTAARXETR. WA UK AT
PETT LA FIRRIR Y HHA SRR
XTHEAXNESHBHATHE

B NRES {p1, o0t . —DIBITIH RS AT ALY M &S 0, 2217 TR 2
Pi .
XTAEAX—THESHEE AT

HBREARXZITHES {(01,91), - (0nsn)} o —DBITHER T A TS HACY XA 0,
&LﬁW%M%&*@E%ME%,MﬁﬁﬁﬁﬁﬁﬁﬁﬁEwaﬁﬁ%&¥ﬁ%m?%?
RNREE {1 V), s (mon V Un) } IS,
XTHREAX—TTHE SR AT

HBREARXZITHES {(01,91), ) (0nsn)} o —DBATHERIRA Y HACY XA 0,

iﬁ@%M%&*ﬂ%@mﬂ%E%,MEV&*F@&*%EMQ

X THIEFE B AT
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