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Abstract: Continuous-time Markov chains (CT-MCs) is a basic mathematical model, which plays a central role in
stochastic modeling. The reduction problem is one of the important research questions. Bisimulation introduced in
concurrency and computer science is a commonly used tool in reduction. Recently, the scale reductions of CT-MCs and
continuous-time control Markov chains (CT-CMCs) have been investigated based on bisimulations. However, the data
used to construct CT-MCs is often imprecision by reality. To overcome this problem and better reduce CT-MCs,
approximate bisimulations are introduced to study the reduction problem of CT-MC:s. Firstly, giving the definition of e-
bisimulation of CT-MCs, where € € [0, 1], which considers the two states of which behaviors with the difference not
exceeding € as equivalent rather than being the same. For CT-CMCs, the notion of e-forward-backward bisimulation is
introduced to analysis the controllability, which not only considers the successor neighborhoods but also the
predecessor neighborhoods. Then, the algorithms for the maximal e-forward-backward bisimulation which is an
equivalence relation are provided and the maximum controllable quotient set contained in the equivalence relation is
computed. Finally, the quotients of CT-MCs are constructed, which are CT-MCs with fewer states, and the consistency
between the asymptotic stabilities of a CT-CMC and its quotient is obtained. The quotients of CT-CMCs are
constructed, which are CT-CMCs with fewer states, and the consistencies between a CT-CMC and its quotient in
asymptotic stabilities and controllabilities are developed.
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ABL, FHxF HAEAT T [ 2 BRI %1 F] Hennessy-Milner
PEJFE ST, SCHR [34] 45 1 T DT-MCs (1) 55 B AHALR)
VT LR PRI AL, B AR F BN BT A O
B P9 EBAEER), He 207 51 N T B 00 55 Mk o6 T A
L; Fatmi 257 BF%6 TR0 MCs (EFERE B AL Lin
2B F 55 V7 S S B CT-MCs (1174 BRI 1]
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1) 25 i CT-MCs BT el BARADL, B 55 H B A 4k
Ji.

2) T NEMKRMIEA B MM IE CT-
MCs T, SR 5 45 ) CT-MCs 5 H 5§ 2 1) 3 oL
B, T2 CT-MCs 5 H 5 S0 1%, 45 1 CT-
MCs 5 7 2 B A e 1 1 — B0k

3) B R4 H CT-CMCs [ 3 ALl 1) 117 -] 5 A%
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1 WAHIR
11 & 5
Row, (A)HFI[A], ;7 7 7= 5 BE AR E AT FER
(4, §)TC & A, = {611 < i < n}, 6.0 5 56 B
L EE 5], 00 AndEE M 0. PR ngit 2R m &4
&, Rt ENERHMN 1. a] := {§9]a = a;, 6+
a,02 + ... 4a;, 0" a;,...,a;, >0} [{ai,a,,
coant] ={lad, |laz, ..., la.]}-
1.2 CT-MCs il CT-CMCs 5%
RILHERET A, FInMREK CT-MCs, H
ANV RIS AR ZAE (TPM)P(t) € P, Rl
[P(t))i; == Pla(r +1) = 0,|z(1) = 0} }.
&R TPM P (t) BAMER: 1) P(0) = 1,,;2) X THE
BIEBH T, 1, P(T +1) = P(1)P(1); 3) Hot&K 2L
A AR B R ES A R &, m‘”ﬁ}ﬁ(& P(t) = P(0)
=1,, HA52 3L CT-MCs [ #i4 F /i (TRM)Q :
= lim P(t). QM #isehy, BA: 1) [Ql.. < 0.1 <

i <n:2) [Ql, > 0.1< 0,5 <n,i#j:3) Y [Qis
=0,1<j<n.HkATE CT-MCs E‘J*%ﬁj\%fﬁ
ik P(t) =QP(t), XM P(t) = 2 P(0) = 2.
ARA& 2 (t) FIMEE A A & (PDV) Mp(t) € P, A
[p()]; :=P{a(t) =46,}, 1<i<n.
p(t) NN 7 FRH P
{p(t) = 9p(t),
p(0) = po.
Forb: po AVIIRIRZS IBE A 70 A1 ) &, p(t) = p(t;
po) = e2'p,. JEEE| TPM P(t)F1 PDV p(t)HH TRM
QuksE, N ILE T3k, TRM A Q. 8 K/NANnk CT-
MC AT H (A, Q) %, QW] Hi## d F & (TRG)
G:= (V,E)&mw, BV = {i]ll <i<n}, E:={(,
r )< =1 # 0}

FEHFAE UL p(0), w(1), ..., u(t) C A,
HRIIRE N € A, W2 I e (8] F04% 6] 7 51
ULZ G BIIRIR &G ze (8 UL, 8), AR PDV pe(t)
N

[p°(t)]; :=P{a(t; U, z5) = 0.}, 1 < i< n.
MM, AT € X CT-CMCs 1] TPM N Pe(t) := [Py(t),
Pe(t), ..., Pe(t)]) € Prxnm, Hrp

[Pr()]; :==P{a(r +1) =3, |x(r) = &}, u(e) =
e r,T+1t} 1< p<n
R, TRM A Q° = [Q5, Qs, ..., Q] K1 Qe =

lim Pe(t). P<(t) 5 TPM P(¢) BRI, Q05

t—0t

TRM Q [ 4 5 A [F], B
Pe(t) = QoPe(t), Pe(t) = e%'T, = %'
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T 2
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B 2 AR O RE WSk [18,26] & H 22 SCHk.
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N T CT-MCs AR A BI4T A, 1231 29 fif CT-
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AR CT-MCs FIIT BB, AN ELR B
FRBAI P RAS B A 2R 2 MM A%:, TORs 7 EL AR
Pl Lumpabilitym] 1254

EBX1 2A=(A,,Q)MB=(A,, Q)N
P~ CT-MCs, € € [0,1]. FKF— P J0KRARR, C A, %
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e S 1 ATAL, BIEAT N 2T Qx5 yf Qy AN
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HITEOL T, TRy R 65 Ny
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R F— R, T€A,ycA, %
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(S MR CT-MC(A, Q), N CT-
MC(A,, Q). il Fardnl &1, T4 (A4, Q)5
(As, Q) Z I — A e- ELAH.

W2 4E CT-MC(A,, Q). ¥R, Nte-HH
W H N R, CT-MC (A, Q) AR, M=
(1) LT H(A,, Q)5 (As, Q)2 il e- H A

WEH TRy, 2) € T,y — v, fA1ET, =
Yy, 87 2 2, Hir — | <e, (11,7,) €T. X
2 TR S 7, ORI T My € 427, H
1Ry, € 41, 8y — yi, [ — 7| < eH(y, 7)
eT. HEX 1, TH(A,, QL (A Q)ZIAHe-H
. O
2.3 CT-MCs FI¥mERe et

I SE A HOSCHR [26] H CT-MCs #iffa e P
S e X, BT CT-MCs F#T e PE.

X2 ERE N ip, € P, FR CT-MC(A,,
Q)INEFE T po, MMAEXTTAEEp, € P, H

lim P{(p(t; p1) po) > 0} = 1.

il 3 %€ 1 CT-MC(4,, Q), R-AHe-
A A 2 &, CT-MC(A,, Q) A R 7,
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lvp(t;po)| = [P(t;vpo) ],
lp(t;7' Do) = 7" P(t; o) |-
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WEB X TR, € PP, tidn i 4 nl 40
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[ 4] A2, A1 256 B 5 11 EL RO (FR A ALk e i -1
J& HARAL), BF 78 CT-CMCs 2 a7 in) B5L. 8 2%, 45
CT-CMCs P13 ALk i) 57 -] J5 FLAS UL 8 5L, A K A
) B - 1) 5 BN S AR5, I TI CT-
CMCs; 57, BIF 78 T 0 A PR AT s k.

3.1 CT-CMCs HKEAE AR

FE LEIBCRASAT NI, AL R SRRES 7] )58
BIAT R LA S, XA 2 T AT 2R 14T M, A
i T 50 CT-CMCs [ rl M. Ak, R34 H CT-
CMCs FIIE AL A AT -7] Ji5 ELASSARL, BB =% hE 7R Z&5 vl 3
EWIAT R, XERE T I RIRRAS AT N, BEAZERE
FAARUIR S (R R ik 5 2 FAE 55

X3 LA=(4,,4,,9)MB = (45,4,
Q) NH A CT-CMCs, € € [0,1]. Fx— N0 K &
R.C A, x A, N ABZ I8 [ e-f] § -I7 J& B AL,
MR TAEE (z,y) € R., FHZFMARAL:

1) X FEE2"Qur > 0, 1y " Qny > 0,
153 |2 QS ur — vy Qsny| <€, (2',y') € R WTHE
B Q5px” > 0,/ Ey" Qsn'y” > 0, {13 |z Q5"
-y Oy <€ (2",y") € R..

2) S FAEE y " Qcuy > 0, fF{E2"" Qinx > 0,
132" Qs — v Qsny| < e, (¢/,y') € R M THE
By Qsuy” > 0, fFE2" Qsn'a” > 0, {843 2" Q5 pa”
—y'On'y"| <e (2,y") € R..

1 HE 1 AE X3 AT, e-la AT -1 S
BECA) e- BB, [ 2 ANSR, DRtk HL Ry B 5 1) - L ASE
L. FAFAE— A -l AT -0 J5 BRI R AEAF (2, y) €
R, WIFR x fly Ay e-l) /T -] J5 HLARABL. 5 A = B, W
FRR. A CT-CMC A I e- [ Hif - [F] J5 FLASALL.

NT R AR 2, y At 75 2 e- 17 BT -1 5 A
6L, AR SCEE AR R ACL 1) T 170 5 BN T B 5%,
IX g J THIE B8 5% 2R 1A ABA 1) T - 1) J5 EL RS $
LT HLS R

Bzl BEE LKA SHMIN K e- MR-
J& AR

fN: CT-CMC (A, A,,,Q9°), S C A, x A,;

it R, S8 TE ZICR RS H I K e- 1 5 -17]
J& A

Wlthth: Itk RR =0,i>1, R = S, K3
L(8R), A, x A, x A, x A,, = 0, (x,y,2z, 1) —
0, i A L, () = L) () = 0 (5% R () =

R“Z) (M) = @): x,y,z € Ana 1% € Am’ j =1

(z,y)

1) repeat
2) j=J+1

3) foreach (x,y) € R’ do

4)  foreach 2 Q°ux > 0, " Q°uz, > 0 do

5)  foreach 2" Q°ny > 0, y'Q°nz, > 0 do
6)  if 2] Qur—2" QY| <€, (21, 21) ERY,
7 then LG (0 = Lo () U (o)
8) end if

9) if |27 Qpz, —yT Q2| <e, (20, 2,) € RY,
10) then R () = RE%) () U{(2,9)};
11) endif

12)  end for
13) i LG () = 0 or R (1) = 0

14)  then break

15) R+ = Rt

16)  endif

17) end for

18) foreach w; Q°ny > 0, y' Q°nw, > 0 do

19) foreach w!" Q°ux > 0, 2" Q°pw), > 0,

20) if [w} " Q°px — wi Q°ny| < e,
(w),w,) € R?,

2 then LG ()= L4 (n) UL )

22) end if

23) if |27 Q pwy — Yy Qnw,| < e,
(w),w,) € R?,

24)  thenR( (n) =R () U{ (=, v)};

25) end if

26) end for
27)  f LG () = 0 or RGM () = 0

28) then break

29) R+t = Rt

30) else R7M = R (x,y)

31 end for

32) end for

33) until R7*' = R7;

34) return R/t

IR A) ~ SPTR1T) RNE 3 1), A L, T
(z,y) W R FAF 1), DI 18) ~ HBR 32) X B & X
391 2), BHAE L, W (2, y) I 2 54T 2), B H A e-
[e1) Bi- 171 J ELASAL.

HEE1RRNEERE 2a=V,, {[{z €A,
2PQux >0, pe A )HV Nz € A, |z"Qux > 0,
we€ A BARI| < n?, ATLUSEE 6) ~ 508 8).
IR 9) ~2B IR 11) B Al R E 2 £ N O0(m?n?),
IR 5) ~ IR 12) K ] 52 4% B8 O (2am?®n?),
W 4) ~ B TR 17) BB 5] 5 2% BE A O (4a2mPn?).



106 = % 5

xR E41%

FKALHh, IR 18) ~ L IR 31) I (8] B AR FE N
O(4a®>m’n?). IR 3)~ B4R 32) MR A 5T &
Zn?, FI B IR 3) ~ BT 33 M MR E N
O8a’m’n*). HRI EZHn*N L&k, R C R, 1
B ~ BRI EREL2R. 4L, HiL 1K
I [ 52 2% BN O (8a*m?n®).

AL R 1A

WS A{R} o NEVE 1R RS,

1) R CRILj>1.

2) AR IER A, fHi45 k> k"I, 5 RF = R,

3) WINWH L R = RIS/ IEREE, T R 2
KT (A, A, Q°)EETES B KM e- 171 5T -] J5
AR

B D) EVIEALR =0, > 1, 55 3) ik
PR 31) ~ YR 35), o HIRIT C R, 1) f5IE.

2) T CT-CMC & A n MRS M m A, 2
LN RIK, BNk K, BIE R+ = RY.

3) SEAE B RUAAL 2 75 S ) e- 1 BT -7 J5 HL A
X TAEE (2,y) € R, A (x,y) € RN TER
ZTQpux > 0, HIIR 15) ~ SBIR 18) AIAILE,) (1) =
{(z,y)}, HHBIE S ~ B OFAIL 7152, Qny
> 0ffif |2] Qux — 2" Q°ny| <€, (21,2]) € R

el Xt F 2T Quz, > 0, HB R 15) ~ S 1§
18) IR (1) = {(z,y)}, FRHI2BER 5), % 11)
~ IR 15) AIAI, AFAEy" Qnzl > 045 |2 Q iz, —
Yy Q2| <€, (20,2) € RLEX 3 9 1) BT, 2K
Hh, 2) HEAL, BUR LS AE S H K e- ) i - 7] J5 HLASE
1.

N THAIE W RUAALETE S IR K e- T A1 - 17 J5 B
Bl I RAIEYZ:, R RN ELETE S H i e-1n) /T -19] J5
A, HR' C R, W8 5 1) /I, /2 7Er <
LB R =R, WEE 1B R, IBR =R, 5
R'CR =RFJE, R CR, R NEEAESH
(AR K e- 7 /iT- 7] Je AN, O

HI 8 3 AT, BOK e- 10 5 - ) J5 ELASEADLAS Ak —.
T I TSR K e- 1) BT - ) S5 ELRLALL, W7 T A IR
(I E AU, 5 FAER 2,y € A, HIEE— P Ke-
] /7 -] 5 B R, 15 (2, y) € R, MPRAS o0
YA e- ] A -1 J ELARBAY.

3.2 CT-CMCs IR

AATHIIE CT-CMCs HIR. 5T M X /i
PN, AN 50 R I (VY R /IS, O T R 3 /N )
B, 45 AL BT TE 0K RS HONSEN C R A K e- 1)
i -7) J5 ELASAU ) B

B2 OO ITRARSTAEN KRN
Ke-la Hif- 1) J& HAY.

N CT-CMC(A,, A, Q°), S C A, x A,;

Byt £ AE T IUR R SHONEN R RIIK
Ke- 0] Hi -] J5 HAE AL

WG MEP,=0=Q, i>2, Py=(p:,pas - - -,
D)y {piicice WIREE A, KT EM R REMEM
¥, Q=0Rs4m&E. V(P)AIR & P43,
V(Q,) NIFEQ, 4R, | = 1.

1) repeat
2) j=J+1
3 =1

4) foreach 1 <i < V(FP;) do
5 ifi¢ U QIh] then

1<h<i
6) foreach i < k < V(P;) do
7) if there exists z; € {p, |Jpx} such that
8) p.Upi C (R,
9) then Py [I] = p, U pis
10) Qli] = QI U{i, k};
11) break
12)  endif
13) end for
14)  ifQli] =0
15)  then P, [l] = p,
16) Qli) = QU ULi,
17) I=1+1;
18)  endif
19) end if
20)  end for

21) until P, = P;;

22) return P;.

HE X3 TR EgNAEM KRR, EMITLRNE T
MG R BT R M FF. IR 4) ~ 20) EH— ik, Rxt
EWRe & IF TR PP G IF, BB & 2R
Py, Wik fEds, BRIA RS NIE GPER 21)), &5
i E. .

Bk KINERRE PR ~ PR 12) K
[ES I NO(n), IR 6) ~ IR 13) BEZIEH snik,
IR 5) ~ B 19) WA ERE R Z NO(s°n), &
TR 4) ~ YR 20) TR OG22 2063 s IR, WU I
WE 2 ANO(s*n). IV (P,) =5, V(P) <V(P;),
AIEP IR 1) ~ IR 2D B2 sIR. 25 b, FHik 2
HI TR RN O(s*n).

L 5 BRI, U 2 B B
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w6 XTHEVE2 ENXH{RY 0, B

)P CPLj> 1

9) GAEEMH ke, (73 k > kW, P, = Py

3) WML P, = Py, /N IEEEE, W P
KT (A,, A, Q) BELEST NEM LRI K e-
TF4) Hi - 0] J ELASEAD.

NHEF CT-CMCs FIT A € 1 5 a4tk A
S PTERERNMS. 452 1 CT-CMC(A4,, 4,
Q°), M TRz, y € G, 27 HiEy, WHKG C
A HTTRH D C A, x A, AEHRE, ¥
RIFIRT &N D = {D,|i > 1}. 4 D, a2, MK
DoAFERE. « > 1. g R 4R 11t
A AT

B3 OOESMKRD B KRR L.

BN —/N CT-CMC(A,, 4,,, Q°), #hKRD C
A, x A,;

fith: ConSet(D), WEAEEN KR D IH K
CEAES

Vithtk: Hplil = 0,1 > 1; Hpli,j] =0, i > 2,
D' = A, pu, iy NEE Hpli, i1 DG
xi=j=1

1) repeat

2) 1=14+1;

3) Hpli,1] ={z},z € D

4) repeat

5 j=j+1

6) foreach 2’ € py, 1 \Hpl, j]

7) if there exists € H[i, j] such that

8) (xQ°x’) N(z'Q°x) > 0

9) then Hpli,j + 1] = Hp[i, j] U{z'}

10) end if

11)  end for

12) until Hp[i, j 4+ 1] = Hpli, j];

13) D' = D'\Hpli, jl;

14) ConSet(D)=ConSet(D)JH i, j|;

15) until D’ = 0;

16) return ConSet (D).

T xe D, FERFENK[D], h TG HEM
AIEARPIRASER (PR 6) ~ IR 1)), B STED N
R — AR AT 26, AT A5 2 S50 KO — A2 A
AHERI I DR 1) ~ BIR 15) BRI — R3] —
AR AR, BRI ) AR CP IR 15)), fi
Conset(D).

HEIHNBEIRRE PR N EERE

£ZNO(n), HD' = A, 750, IR 6) ~ 5% 10) 1)
BHRIE 4 EEZ R0 M?). HA ] 9) vl 51, Hpli, j]
CHpli,j+1],i=1,7>1, HBH 4) ~ L% 14)
BEEZEH IR, KRS REEZRHOMN). HHE
B13), DB 1S) AT AP 1) ~ B 15) B2 EH
n ik, WA E 2R Z N O(n?), L 2 B A
HIRERNO(nY).

N s TR 3 S A

AR 7 Bk 3 FTf3 B ConSet (D) Ny K[

BB XJTA € ConSet(D), HPHE 6) ~ X 10)
DA R T 2 (1 e LA 3 AT 453K, D IR 4) Fib
B 12) "I AR BRI AT 28, #iConSet (D) N K
AR O

4 DR 0-a] 1 -7 5 B AR AL BT 5 5 10 46 4 28,
ConSet(D) A& E D T iR KT F 4R, T Mk
FConSet(D)#ik CT-CMCs(A,,, A,,, Q°) i (Ax,
An, Q). 4 i = |ConSet(D)|, ¥t F-m Qe etk
CT-CMCs(A,, A,,, Q°) 55 (As, An, Q°) Z A
ZICKRR, {

R.={(2,0)|z € S(6)} C A, x As. (2
S AR K SFIVERE, A

F={nQmflneA,}={Qli>1}.

A =|F|, Q= (05,05, ...,05). & XFil
KAy € L™ (], = 12 HAL M 267, =
5, HyQeoi AT = Q6L 1<i<m, 1<j<m.

A48 H 2, Bt EA, UG —4 7
%=, B 1 ~ 5k 3 WEH T CT-MCs. F i i ¥
CT-MCs 5 H: 7 42 e- 11 - J5 5L AR B0, 32 177 45
O A X 0 P 5 B

W8 4E > CT-CMC(A,, A,., Q°), R.N
Hoe-H R oS 6 &, CT-CMC(A,, A, O°)
9t ConSet(R.) FT i S (197, M= (2) 5 LM RN
(A, A,y Q)5 (A, Ay, Q°) Z IR e~ -1 5 .
H.

EBA X T (z,9) € lée,,u cA,, e A

Y=, H Y1 =Ny, = Y (3)

H Qe ME X, T3 T O = Jin Q°(v°) "y o).

R Q) B x ey, z €y, € (). M, H

x 2 T, [ 13y b, U1, 1 2T Qo pux — @f@cnﬂ\ <

e, (z,,7,) € R.. 2, o, 25 or 3y, 25 7.
[ RE 74, ATE SR — 5 1. O

YE2 KT A ERR A A0k - 1 LA
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POLFRI B K AT 2 R B 403 1) CT-CMICs AT, 5 FLat T
P, D03 AR i 11 - 5 EABE UL ) R IE v 42 i 4R 2 ]
0T 2 1, R T LR IE W 2R rROTR A T s
MIMTA 45 CT-CMCs & AT #51). L B S5 AE T —7
WLEH.
3.3 CT-CMCs KI#mERsE i

I Se 25 B SCHER [26] 1 CT-CMCs [ Fe e
YRR E S, FEE P CT-CMCs [RI%T A E .

X 4 HEREip, € P, CT-CMC(A4,,
A,,, Q°)#T L FTE T po, W RN TAE BARE 4 A7
pi € P, REEBHITIIUL C A,,, (15

lim P{p(t;Us, p:) po > 0} = 1.

WY 4R JECT-CMC(A,, A,,, Q°) A%
% B 1 e-F A6 5 B, (As, A, O°) FHET, ]
SFAEED, € P, t>0,H

[t (V) UL AP | = [PEUL D)), (4)
[p(t; () UL ATDo) ] = | IBEUL Bo)]. (5)
B

]
[np(t, (v) U Y Bo) |-
[FE [p(t; (v) U, vpo) | = [9IP(: UL, Bo)] . O
W10 %5E CT-CMCs (A, A,., Q°)F1(A;,
As, Q°), RAE (A, A, Q)5 (A5, As, OF) 2 1]
AR K e- 11 -1 fig AU, X TAEE Do, Dy € P7, ¢ >
0,f
P{|p(t; (v*)" UL, 7"Bo)| = [7'Po) } =
P{|B(t: U, Bo)] = [P1]}-
W Hp(t (v)"UL Y B | = |7 Do) TR
lyp(t; () U~ Bo) | = 177" Pol
NI
[vp(t; (v°) UL Po) | = [Pol-
H1=K (4) TTHD(E; UL, Po) = Do, I

*x R 414
P{|p(t; (v*)"Us, v Po) | = [7"Bol} <
P{|p(t; U, Bo)| = [P1]}-
[ 2, AT 1§
P{|p(t; (v*)"Us, v Po) | = [7"Bol} >
P{|p(t: UL, Do) = [P1]}-

g5 b Pk
P{|p(t; ()" U, YD) | = V"Dl } =
P{|B(t; U, Po)] = [P }- O

N4 1 CT-CMCs A2 #iiL £ e 1, 24 HAX Y
CT-CMCs [1 5 2 W A€ 1.

EH 2 4% CT-CMC(A,, A,,,Q°%), R.oANH
e- HAE H A%M ¥ R, CT-CMC(A,, A, Q°) A
NI, po € PT. CT-CMC (A, A,,, Q°)#iifaE T
Vo, 24 HALY CT-CMC(Ax, Ay, Q°) i Fa e T
Do-

ER X FAEEp, € P, @ 10 Af Al

lim P{|p(t; (V) U,y P = V"ol = 1,
ALY Jim P{B(GU 5] =Pl } =1, deh s
X 4 F 9, CT-CMC (A, A,,, Q°) #iFaE T+ po
Y HALY CT-CMC(Ay, A, Q°) Wi FaE T-5,. O
3.4 CT-CMCs [ym]#:

A4St th CT-MCs [IHHE ] #s bk i 5 X,
FHET - A1 T - 1 5 AU 58 CT-CMCs [ ] fa .

SE X 5P 45 E CT-CMC(A,, A,,, Q°), Frik
By € A0 WARE 0 LA — 5 1T BE M HTIL AT I, 4n
RIEERSHIFIIUL C A, 413

w?(tgglmp(t;ﬁé,xo)) > 0.

H T CT-CMCs I RAMIRES H 2 e RS 15
L FEASE DL, N 45 Y CT-CMCs [ ] #% M 52 CT-
CMCs P [ AT 4 VE IR 78 43 Db BE 461

EX 6 FKCT-CMC(A,, A,,, Q°) & L—EH
RE PR T P42 0, a0 SR X TAE BORE X (2, 2) € A,
X A, IRE 2 WIRES 2 Lh— 5 7T et i nl k.

EH 3 CT-CMC(A,, A, Q°) NH &K H
124 CT-CMC(As, Ay, O°) AT

EH (=) % CT-CMC(A,,, A,,, Q°) Nal
1. X TAERE po € P™, Row,;(po) >0, 1 < i < n. Xt
Ti, FFEL <4y <n, 1562 =~0, BIfELEp, €
VI po i Row,, (p1) > 0. W TFAERL < j < n, f77E1
< iy < n, 362 = y0'2. XF4,, BN CT-CMC(4,,
A, Q°)VNTTHEM, FRUUFEAEL > 0, UL C A, 113
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Row,, (p(t,Ut,py)) > 0, B A3
Row, (vp(t',Us, p1)) > 0,
Row, (B(t',yUs, vp:)) = Row, (B(t';Us, ) > 0.

(<) % CT-CMC (A, Ay, O°) AT 42 0.
TAEEp, € P, 774 Row,(py) > 0. X T1 < i < n,
FAEL < iy <7, [i390) = 03, FA1ED, = ypo fE13
Row,, (p;) > 0. X FAEEL < j < n, f#E1 < i, < 7,
ffifF~y67 = 62,

5% 1: %51, # 4o, WIHRow,, (vpo) = Row,, (p1)
> 0, 713 CT-CMC (A, Ay, Q°) N H1, BT LA
Fiy, fE4EL > 0, UL C A, i3 Row,, (B(t, UL, B)))
>0, H30 (5) TR, FEE ps € [P, UL Ypo)) | =
[p(t, () UL, po) ) BEFFRow, (p2) > 0.

W% 2: % iy = iy, W H CT-CMC(A;, A, QF)
IR AT 4 B AR I 5 SCRT 0, 2L > 0, UL, (3175
1 py € |p(t, (7)™ UL, po) | > 0 /& Row, (py) >
0.0

4 EHHIHT

AL FE— A T OCHR [18,26] A 5417
p53-Mdm2, ‘& £ & [ i p53 % DNA #5145 [ B 1) 1
A,

B p53-Mdm2 B A 4 ANMEE: T ps3, 4ii
i, 4%, DNA 55, 7 lie e, @, s, 24, F57
SEE T Az, Ay, Ay, Ay, W p53-Mdm2 B A 24 4
R BAEHIZ B Ny, v, FEEHIAE R T RORESH
B E 1 R asrid A M RR, EEH TRy T
PR FE RS i I8 bR i A R LR R . KA il
(AR C R R R . p53-Mdm2 A7 A] 52 SN CT-
CMCM = (Ayy, Ay, Q°), H Ay, RIS EE, AN
AR R, O N AR, HAE B EREME 1
RN,

o2 8. 1 @ ,,
21 2 13
1 7
05 ot
23 1 09 (15
09 (3) 03
02
i 1 0.5 3 :
04 o3 34 1
; 04 071
040
2 03 (4) 09 6
08 B 1
- 05
—. 09 02
(12) \03 05 (8)
B " & |
' 20 ey

Ell CT-CMC(A,,, A,, Q°)i TRG

BV IR AR, = {S;, Au\S.}, H A
CT-CMC IRFEEMRIS, SOAE 1 RS, AL\
SN . S e = 0.95, R EE R, H NS
KR K 0.95-11 i -[7] J5 FLASLALL, 33F 1M 75 21 4% /)
) CT-CMC 7. HEE 1 AR R° = Ry, LK

R' = {{1,5},{2,4,6},{8,10,12, 14,16, 18, 20,
22,24},{3,7,9,11,13,15,17,19, 21,23} },

= {{1,5},{2,4,6},{8,10,12, 14, 16, 18, 20,

22,24},{3,7,9,11,13,15,17,19,21,23}},
HR' = RPN RY, I & 1E Ry NS
KR BIK0.9-1 BT -] J5 FLA 9 RY. f 592 3 7f
FEETE R RSN R R IR TR SN

ConSet(R') =

{{1,5},{2,4,6},{8,16,24}, {10, 14,22},

{12,18,20}, {3,9,17,19, 21,23},

{7,11,13,15}}

1M SCHR [26] HEL B FESE T R R Ry K
eV

R =

{{1},{2}, {4}, {5}, {6}, {8,16,24}, {10, 14,22},
{12,18,20},{3,9,17,19, 21,23},
{7,11,13,15}}

3T ConSet (RN MIE T M, = (4,, Ay, O5)

A MEA B A W fe e YA T 4 #{1,2,4,5,
6} 175 5 101 1 FL s 35 B A i 3 A s 1 A AT s
A, HE T RIERE M, = (A, Ay, Q) F
MUAEH I RS 52 M AR 5 O T A — B, B kT
73, 75 7 P SO R R AR (TR S TR
AW R R AT M 20 R, M ek & T

M, D,
5 & #®

ASCHEF I E A LT CT-MCs #1297 7]
g5 T I B A B R ERDS R, TR
AN IR A AL 1] BT - 1) 5 EASSHRLBEAT T B0

Z . BT R B AR IS T CT-MCs 1R, K5
CT-MCs & Il B AR, HL7E 87 3 £ e 4 7 1 B
A —EUE. 45 ORI R AR I R I, s T
CT-CMCs I, H5 CT-CMCs s& i LB AL, H.
I e s AN R e T A — B

T ¥ % CT-MCs #1 CT-CMCs f 3z bl B4
P I ABA ] -1 5 ELASEADL AT [ i BRAL L AR
R 2 K LA TR B AR s e P CT-
MCs A1 CT-CMCs.
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