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Trustworthy Dynamic Access Control Scheme Based on Game Theory

ZHOU You-Sheng'?, JU Zhen', ZUO Xiang-Jian', LIU Yuan-Ni'

'(School of Cyber Security and Information Law, Chongqing University of Posts and Telecommunications, Chongging 400065, China)
*(School of Computer Science and Technology, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract: Access control technology is a security mechanism for managing users’ access to resources, which can effectively prevent
unauthorized access and resource leakage. In the digital age, how to balance the relationship between information circulation and privacy
protection via effective access control technology and ensure the safe and orderly flow of data elements has become a problem to be
urgently addressed at present. However, the existing access control technology still has problems such as insufficient integration with trust
evaluation, lack of dynamic adjustment capabilities, and difficulty in precise authorization in the research on domain data sharing scenarios.
To this end, a trustworthy dynamic access control model scheme based on game theory is proposed, which integrates a three-layer
collaborative mechanism of “trustworthy evaluation, dynamic adjustment, and access decision”. Firstly, based on the attribute weight
algorithm, a multi-factor trustworthy prediction model is designed to calculate the trust probability of the access subject. Secondly, from
the perspective of long-term stability, an evolutionary game dynamic adjustment model between the access subject and the object is built
to periodically and dynamically adjust the reward and punishment incentive mechanism and access authorization threshold, thereby

achieving the adaptive optimization of access control. Finally, based on Bayesian game theory, an incomplete information real-time
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decision-making model is built, and access control decisions are made based on the mixed strategy Nash equilibrium, with the trust degree
updated by the equilibrium state feedback. The results of simulation experiments and sensitivity analysis verify that the proposed scheme
can effectively improve the access control accuracy and achieve dynamic adjustment of access control strategies and accurate authorization.

Key words: access control; evolutionary game; Bayesian game; reliable prediction; reward and punishment incentive mechanism
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A48 B9 A 42 B 1 (1) | 3295 i #54) (discretionary access control, DAC): 17 ] % U5 JT A 2 A4 X5 & 4y
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I T 1A PR i ] S AE . (4% il g it (3) 2T M e M (RBAC): 83T A Bk I P SR, B
TR AN [F) £t B FL 56 R, B0 B MR (L PR B A SR BT PR P AT 9 0. BRI, A G il s R R B e L
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SRR I A R AR A R i) B OO, 2R T A A S S SR M S INE (KP-ABE) FN%5 SR g 438 N2 (CP-
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TR0 B SRS BB A RELE, SR DT FE A B2 (I 00T, B TR SIERE 7 (AN nfe] 4t g e ek 3 1) 1)
PO G 3 B T S5 A4 R A AR, N T 5e 4 5 AR IR AR IO R AR AL T s B SRR RS K vk
. IR A RS 3 K43P (1) B YEMZEIR (cooperative game theory), AIF 5t 6 BR i #4250 25 43 E; (2) 3F
E/E1H 2518 (non-cooperative game theory), 73 HT MR F B L SIS 3 55 (3) 1AL 182818 (evolutionary game theory,
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MR 2 58 . 500 LR s R B G (1) 2538 T2 R Yk 4k, a0 e 8N (A (1 SR kB ok B
S H) wi fe KA (2) THARSERG: 2 5 F RT3 T &, A FREIE 2 S BN R RS R 3) Wk R ik
EAREREHE T HSS5ENR G K. RIEAIEZE (strategic game) P LUH L F =0 AR ER: G =
<NAS Yiews {uidiey > Fo1,

o N={1,2,....n} RS HN IiFK) WEE;

o S, ’Z 5 NiWIRMEES (FrE T BE M 5% 1 ),

® u; =5 x8,%...x8, > R &S5 N i WS R4, RRERKAS s TS 5N i .

HME 4 (strategy profile) SE T £ 5 & B &R B AR, 10 5= (51,5,...,5,), HH 5, €S,

TEX AP FESEE R IR, — NS LG 5 = (50, 53,...,80) AT L B4 YUY A2 5
HHE 57 X HANS 5 H BTG 5%, = (55,0, 801,80 ys - 0o 80) TS RSB, Bl Vie N, Vs, €S, u(st,s7,) 2 ui(si, s*,)-
Hh, s RS 5% i 9F§$1@Fﬁﬁﬁ5%miﬁ@1%ﬁ%.
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A B AR IR T ) — R, 82 5 H RN Tk T R MBS 5EH N CRER, 23
Z: 5% TAEAE S N BEAT SRS, 30 5 i B MR 25 4 Db s DL o307 S0 ke T %o =47 .

EX 3. AeaE BT Ll DL U7 iR

e ZHEEL N={1,2,...,n}.

PSS iA§5%‘ iA— PRI ES S,
. Wﬁ)ﬁl%liﬁr HNSE5F i H —NWHEERE u,: Sx0 - R, B 0 RoRFTA T REMREE S
KT AN HE i A —NRETHE 0, RS 53E i v ReA R Ta KL

. {u/\ BN HE i N HMhS 5FH RGN RRES pio-16), BonTErbeH 5258 o, FIRTHR T, %t HAh
Z5#H K7 o, WL ARl

o ULt ghtt 354 (Bayesian Nash equilibrium, BNE): 5:1~2 53 i [{1550% s¢ fE45 € HA 2 5 MR A C
MRTEE T, SRR RS HE (51, 55,...,50) B H S B G, EEATEAE BIEREE T, Wit et gyt
I EAT Y.
222 ALHEZER

AL SRR ZR 0 5 AR A B 14 22 S4Bk, A 50 3 4 o SR 1R B A T AT AR . UL R i sE T & 4
ﬁtpﬁé% 5H AN, BB NS 58 BEH RE, 20 BRI &R & RS I8 B R L

225 ML, BeBE B TE R SR 2 R, S 58 TR R G IR BRI S AN — B A e A SR, (E R i 7R
?ﬁ%ﬂ“ﬁqﬁﬁfﬁﬁméf"ﬁ%‘E’(’J%Wﬁ*ﬁ%fﬂﬁ, TE 5 S8R Pl A TR AR SRR B 3%, SRR ) S iias. AL IR I I AL
T EWE (ESS) KT T 5 5 4 HElg L IR B 2514

TE X 4. {EILFEE TR (evolutionarily stable strategy, ESS): 7R AL 25 7, LA E SRIE BEM A MAKR A, B
B RARA AR SRR AR BAKTG &, & 50 a, W 2 u(a,,a,) > u(a;,a,), Vi # e 3L 2 u(a,,a,) = ula;,a,) W, u(a,,a;) >
u(a;,a;),Vi # e, WKW a, NEALFRE K, KA ua,,a) Ton 2K a, BF) a, 1T, a, FIES.

3 mESIHEHE SIS FE R

BIAS U 10 325 1 {3 A8 o 5 T {2000 1) T {5 Bl A 1 s A A 8 P A 0 2L BTS2, MK B s R T e S 7
FAEEH R, T8I BT ) AR EZRAT A, SEILX T Il 45 i B AS TR BRI G R LR SR . AR 1545 B iR T 2R 1) 3 X
TR RN 28 R 2L
3.1 EEEBEN

ETHARMSIET MG R S5 E2SE . K2 E . IS RERI R 2 4 04 < PA,UT > 58 L.
H, PRGNS 5 2300 P = {Subject, Object}, 7 BIJ& U 17 FARFAVS 0 Z4K. A A& ZR 0S5 8], 43 X B 15
I = AR RN A ) AT 38 SR, Uiy 1) 3 4k 1 SRS 25 8] A = {Normal, Malicious}, & 1E % U i (Normal) Fl3% & 1 17
(Malicious), 17 1] 214 (1) S W& 2= [|] A, = {Allow, Deny}, BL& S0VFT7 ] (Allow) FI4E 4415 1] (Deny). T 21255 5%
A7 [E]: T = (T, Ty}, FEM 7 E T B 70 A0 2 AL AR, T = {Credible, Incredible} /& U5 18] 32 44 1 25284 43 [A],
(EREEIE RS (Credlble) FUAE]{Z E 4% (Incredible), T & V7 0] 2R 2B 25 A]. U 2 ZRBERL AU 3 s &R, R v il
TR EARIIRE U = {us, uo) HLB, us = (ES™, ESVP, ESMA ESMP EINA ELND pLMA plMDy 3 ] 3= 44 (I 2 bR
B, up =1 Eg“,EgND,EgMA,EgMD,EgNA,EIONDEgMA,EgMD} &7 ) 5 A (IR B pR A, IR R BOR T g 2 5 5 2K
RUFN NG 4.

FEFEE U i P I T TR B o AR R0 2 5 3 9 17 ) AR AN U7 190 25440, U5 35040 4 FIR ¥ AT e SR s, 740K
U ) {l, X7 SREMG SeF3 A, 5 L0447 D S 1 SR b Ak, i 1) 2 AN R 24 i () 2 A B A S, (B T
A2 8] T MEZR A3, MMM AN 52 5615 B S R K AFeE ML, IS 58 IR, K07 0 4R /0



Bl R TFHF R TEHETFEN TR 7

FEPIMEZE 3 A AR A0 5 A, R f U7 ) 2440 5 U7 ) 2 A4 R s A TR 2R ABE 28 e ok 1] 5 Jol O B A2 R BBURE B, 52 5
BBURAE AN R GRS MY, ShAS TR LR AN IR B S, N SR A, RS S e el e T
G R, (RS HITE X 7 SRS, AR 17 1) v SRR SK LWL AL, AR 76 4 A I A TR AR Y, Sl Vi 5 SR I
T ST G- S8 T SR A, SR AT FE S AS R

3.2 BEE/E

B 1: 1 FR S 53 AT 10 25 RFI U7 10 24, 20 I R SRS Dy (I U5 ), U 1)}, AR A R SR
{FVEYT ), R4 1] ). 27 3538 3Rk B 5 F 38 fe KAk, AN KT8 XS 77 i SR, 157 A4 b ¥ 77 s SR 9. 70
TR AR BR BT, AR R T AR WA A LA TR I, & PR AT T R G SRS = AR S M R (Y 2L

RS 2: Ui 1) AR 1EF Ui 1) RGN AR U 1, AR RS T BN R, 5 5 1E 5 Vs i) 1 SR A 4 25 7= = 3
KLy, VM BARARYE RGIET B, FIAME R Bk (0 < k< 1) X5 i AR EAT #0240 05 1) 3 AR Bl 3% i 5 )
RYUHIFRIFHIMNYLE L, (BB Z T AR R RS RET B %R T A BRI 4, 5 3k 22 5
TE I B R B AT M.

BB 3: V5 Il AR SR IE 8 U ) I 3RS I, ARG R, ; # iR 46 1E 8 Ui R 15 R & 2 BE T B, IR
RGUE TIAAME RO U7 ) E AR BEAT AN, MR AR ARV T 7R 272 B RUR L, 2 BETT B,; R BRI
STV IR 18 SR AT 3R A3 225 R, LA B U n) 25 R SEAT (M.

BRI 4: B 2 AMB R 3 BT U5 il A WS F P, 27 8 A= R (5 A P, U 1 i 7 SO AAb b B RUA C,
BT AR B R C; RN, MR35 R G U5 iR BRI ES B, MEARETFE Ty X HEWAE 2 3T &, K
0<y <1,y 2 3R SR % PR A 26 17 2 A 1.

B S5: BARTSE T P58 Ui il EARMWAE ISBY, U5 0 RN WUE B RN p, ARSI IS
1 — p; WS BV 10 5 A S B 1E 4 U i S FRIARRZE A x,, IR R R U 1) SRME FOI R ZE N 1 — xy 5 AFIBUE T AiE B IE
WY SRS IR RN xy, SR RV M) SRS IME RN 1 — xy; BAR“ VP VT R SRS MR R A y, S BEFH 2815 1)
HIMER A 1 —y. A p,x,x0,y € [0, 1], YRR TR ¢ (B 5L

BB 6: 3BTV 1) 42 YL 2 3R 10 38 A HH PR = AR IR 25 S 40, T AL 2R Bh A TR SR R AR 4 — A R AR
BEAT SHUCE R, BT S AE BRI 58 AL, SIS 38 SR AL T 2R e AR B T B IR 1) AR
Xof IR AL 2 ) S A 2 R B, Sl TR 2R A 5 B R B, AR R U I 28 1 3, SEILARL B BN A 4 AL

BRA Cy Wi 1 2B R & B LUK L35RT 0. 2 TG 1w (S Zha U i # hil B 3 g g &
HHER 1 PR,

R ISR

155 X 5 B

c FEAR I AS T R AR B B A By RGBT IR LR SME
I Y 1R 2R T U7 1R R SR AT Ui By G BT 1R R K A A
I Ui ] AT RV I R SR AR A M L Yy 1) A4 PR T Tl AR 4 R 4 2k
I3 U 7 AR S IE 5 IR A 2l Ly T A AR R R IR R R
R B BT IR AR K 2 k Y In] AR AN i) 25 4k 2 18] M R 1
Ry BB 1R AR K 2R Y FEWAE L BT T

3.3 EFUEERERE

MR LR B R R SRR S 4, R i SRR A A, P T IR U 1) S AR ) 2 PR AN [ SR L 5 T i
T 0L B2 U7 1A 72 TSR AR R AW s JE R AN R 2 s,

AL SR A BB A E R Y B SR 0 ST L AT 20 35 1 15 I SR A B AL, SIS
(¥ B IE R PEAL. 19 2 P AR TR T i A BR A A 2 A AR WAL R A, 03 19 3 7 M -5 T U R A B, A8 7 1]
PR R B, SR FE 3 S AE HESR AL



8 BB oo e b g e

®2 IR R R

L iy 1] Z A
v FAFT (y) A (1-y)
o L +Ry —L1+Ry +kB;
) IEH I (x1) L+R, —(1+k)By
AEHP (p) I+ - B, —(1+k)B
RV (1-x1) LB R, + kB
o —C+11 +R; — (1 - x2)yB; —C-Li+Ry+kBy—(1-x2)yBy
- EH VI (x) L+Ry—C -(1+k)B,-C
TEER P (1-p) — —C+11+1— B —(1-x2)yB ~C=(1+0Bi = (1-x)yBi
E"Lﬁ]‘]](l x2) -Ly—-B,-C Ry +kB—-C

4 ETHEZFRHTEINSHEEREEGE

Bl St A B Uy 1) 42 i A 28 A AR e 2237 55 rh SRS AR S ) S, A R TR (0 TS BhAS U il P AR A,
A 5T B PRI U MR BB . 2810 LA AS AT TS A, A 3 T F AR R (1) S8 H R R AT A
4.1 1RBZEH

AR SCHRE 3 T 2R 1 AT S BhAS U il 3 R AY, fEILAT XACML 2244 B ath b, fla 56 Jg P 10 o 1] 4%
FAR ST T A G258, 78 U A St 537 5 T SR B U i 36 A (R 4IDREFE 3 &S AL A D 52 38 o A5 AT T T
b 1) SEAA A AT B2 s KU A B U, Sl v A 2 20 A, DA T ) S0 20 2 R 2 2 AUl WL 1) R0 7 1 32 B
S 45 AT A TR 5 U5 il AT e LSRR, A4 U il 26 25 A 2 I (R AR 52 A {5 S I 2R AR Y, S o B e i+ 38 187 55 42 AL
R AP A8 S 10 42 S R B, ST IR AR B2 2 25 B A 3l T 2 43 A 4 SR I 3 S s A R AR AB AT FE, 5 S 1) 4R it
2% RSCAEAE G011 XACML HEZEERAli b In NS AE TN AL (TPM) FHEZEEEA (game model), H i # 25 B 4y
T R ph SRS (GDM) FHVE AL 1 25 5 25 8 SRR (GDRMY). T8 44 18 25 2 245 1 HA8E 700 47 555 2 245 383 U 1 42 ol ik
T v P S AR BBATL R0 452 AL R0 A, 18 28 e SRS 2R3 5 18 29 40 T A8 U7 I 2 1) e 5. R T 2R R (R RT A5 B AS U 1)
PR SRR ] 2 TR,

- (2) NAR i (3) PAT Uy I ot S
Vi i W Q —
1 N s, Vi

Q: ) [>J>S\ $Z>‘Z>
oD (2)57) 78‘%%%
peed v v
AR il
g 2.4) Iz $ TPM
r i AAR j@g & &
)% i ] 1.1 3 ’ St N
e E Ytk f;faﬁﬁ (> ég&g\o e
11 M) N
(12) i L (2.4.2) 75if] PDP (\2 4.4) i
7 [ 2 PAP (2.6) Vi ] PIP
S (2.4.3) MR }f‘i?ﬁuy%ﬁﬁ (24, 5) W 7
a ézm%'?ﬁ Game model 5
EEE § GDRM  f------==---- > GDM -(2%5%)3%}7;%{? ki€

_________________________________________________________

B2 BT IRIR A R 3h A5 U I F il A R 2 A
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4.2 1EBIRIZ

AR SCHRH 12 TR0 1 Bh A U7 () 42 i AS 20 38 1o v 1) o 1k % Y T 5 5 Sl B e S S Il e U I o, AR 2
T4 32 3 e 45 I BURI AT I B

o HERI B

(1) JBHEAUE (attribute authority, AA) HLAUSCEEFIE B [n) 2 B BLAL U il £ R R AR I JE V(S 2, IF 1m0 SRms
HILN (PAP) KX ERMBMHEELHLBEX A,

(2) PAP A4 VEAS S8 B U7 I 45 SRS, B R SR G I B PR A A k.

(3) TR A AT GDRM LA [ 52 A 1 58 B 25 40 P S0, 3048 S AL 58 Fr i BURE, JRH S
BAZRETE PAP H.

o PATH B

(1) V7 1) EARFE H R A2 15 1935 3R NAR (native access request) 13 B 17 18] 2K IR, SEBE AT 55 (PEP) £248 15 il
TR I N XACML 18 3X.

(2) PEP [f] AA KR, SREUR DT FIE R AAR J&, % AAR Bk 2 50 YL /5 (PDP) HEATRZBLITEAS.

(3) PEP [f] TPM KIE(SATIFAL1E R, TPM @i sRBS (5 2 & PIP & J7 o5 B BTG R R, S8t B HE
BRSERT B A EAT VPG E, FF K 1% 4 PDP.

(4) PDP [5] PAP 27 1] 45 SR, PAP K4ifiid GDRM 55 i (10 242 78 ] - R AR R {845 L Bl 4% % PDP.

(5) PDP @i PIP SRHLAEJ& 25 1 1 il 425 1145 .

(6) PDP #%{5 5. & 1% % GDM, GDM R ¥z 17 ] B R X SLUT f #)  WS 2 S0 0, S8 I 3 o0 vk S i AT 2, 9 J
TR45 R A PDP.

(7) PDP 0% GDM Js it 45 SRR BUBIE, il H U I 45l ok 58 (R vr/4E 48).

(8) PDP 4t 3k 45 % 1545 PEP, PEP AR 45 S A4 T HH R 1 il 42 1l b 5.

(9) ARG TEHTU7 ) FARAF A E AT 7] 77 50 4504l

5 ETHEEREAEZSTIEHEHRE LI

AT ST R RS ShAS U AR O7 &, B @ AT E TR . A SR Eh S R AR R AR e A
RIEZR U FEBIRY, T i n] A5 VP - Bh A PR - 1) g 5 = E BRI, AT SL B AT E S =37 % AR E 2h& H
I& R I 2 .

5.1 FAIETUAREY

S U 1) 928 RS B R B AT AR VSRR SR — 4R B IO . B = S A R SR 1 R, A SRR T — AR E N EAT
TRAS TR SR VPAk U 10 A R RS B i B T B KBS O RE SR, SR 2 R R L5V Uy 12, 8T 15 B LR 8
A EE Y500 % R R TR, AT U1 G500 1) 32 AR B AT 2R idE— D (B AT 2R o B e, s & DU sl ig,
VHEAENEZR 5 U5 i) A5 MIAT e &, M BE BT U 1) 2445 AT 1 s Bt .

5.1.1 AE

TE ] (5 TR Y rpr | A ER 73 T e 5 M AR 2R ) T A e P AN T v A . AR B I K U SR U, 85 A 15
RS R R R S, SRE VT AL & 4 B2 0 S, O & Al 4E FEACE IS, v VT IR E AR S AR,

TEH 7 INELT-3 (ordered weighted averaging, OWA) 5.7 1, M EFIE W = (w....,w,) T LSBT LERE
BUE, I\ w, B w, B LGB T FRAR, 2% 01 45 FE 1) 3B BV AR UGB IR, Yager™ 2 7 HiAN 5 OWA HF IR E
5 W I AN SCRFIE R . 5 1 AMRRIE RS SR SR A AT B B 1l B 1 7, 38 SUM:

orness(W) = ﬁ Z (n—Dw; @)
=1

e, w,e[0.1], B2 Y o= 1. AR E S dispW) == > wiInw, FAEH 1 ATLRE, W=(1,0....,0), B
i=1 i=1
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orness = 1; MRELEF ARG —NILEN, W=(0,0,..., 1), W orness = 0; 24 E 5] 534 B, W=(%,% ----- —),
BERT orness = 0.5. 55 2 MHIEE £ 2 F G B2 E SRS HEIEE, € UN:

disp(W) = — Z w;Inw; 3)

i=1

1
HrA, 0<disp(W)<lnn. YFENEHE (0i=...=w;=...=w, = ;) i, SERUZIARCK, B disp(W) = Inn.

i BT R MR I S AL A0 ormessW) = = > (- =0 B Y w0, = 1 F IR

KAk disp(W) = - Zwilnwi i i, e 3 A B ) SR AR F i 1 I e
E(‘/V,Al,/lz) = —Zwilnwi +Al ﬁi(ﬂ—l)w, —a]'i'/lz(gwi - 1] (4)

i=

A5
e, = * = e+ I, = 0, = o T o
wil(n=Da+1=-nw 1" =((n-Da)"'[(n- Da-nw, +1] (6)
(n—Da-nyw, +1
= a1 -nwr )

(n—-Da+1-nw,

A LGEITE AT (5)~(7) Bl TS TS 2 5 D4 IR 28 AR, 150 1) 2 IR (5 AT E R
512 fEEEITHE

TPM it £ R A5 Bt U7 10 F AR B, L86% EU5 in FARM LU RE R Muivi gk £
5 2 UL B AN 1] AR IR SRS D, JRIR (SRR O BT B A e & B E. TPM 2 N5 B A5l T,
For, Hii= 1,2, 0. I ERMGEEETEARAT = Zl (wi- 1), o w; N i NRRE, 1 N5 i NHE
FHRUEAGAE, T € [0,1]. BTEL, Ui i) FAGR (5 FAIMEEA T, R AR (S FAIMEN 1 - T A% &R
BT E O =R,

o WEMEA T, F T DM IR, A5G BV RAT OV AE ARSI, T A I S F AR

o YT IFRSE T, 207 19 AR5 i B3 s b, 244 Fo e IE 1 5 i f0 o5 BE. S 7 1) AR A AE < 37 134T
N, B V5 I SRR L AP i), B T, = SEVFIEH U5 100 RBU 5 8] AR A& 75 SR ICEL.

o A T B HRFETVIMAT NN RGN, fEE TR il )3 — (b AL BN 75 2 1 3o P
T;, B Ty = H%.

o IP VLA FIARER T,: K5 I [A) P9 TP B4 (017 ) OB (5 bh, Ty = 2% TP B2 17 19 IR B A0 1) VB

o M NIOHEREFAE Ts: FoAB P P8R Gont U in) 2 AR RS ARPPAN, 38 SOk [34] B 720 2 BT S 4T
PSRl N BRI HERR (S AT AR

o HFTMIIRBE ) 2 40RTE Ty: FE T RIS Sei M B 5 A tH N 2 AR, JF B i drvE A b 2.
513 fFAREEEH

TECNT 1) EAREATE T AT, B 1 RR & SRS AN AT 31 40 A, T LAAS H S [E) 28 2 (v 1] =8 f e < 1
HUT I IIEER. SRS, R DU A e B, TSR R U 1) B S AR TR U 1) AR ATE AR BOREER T, AT SR AT
FEFE. it ek i S R, RS A S RN A, “IEH U B8 B, Hidh, w5 BARIER PA) = p, IS
TR GEAE T IE % Ui 1071 2 - R PEH V5 | W {E) = P(B|A) = x,, SIS EARSAF T 1B % Ui 1710 & M- %
POEH Vi M| ARFE) = P(B|-A) = x,, AR A7 1] EARRIEAEE T = P(A) = p.

CIER VIR I AR BT

P(B) = P(BIA)XP(A) + P(B|~A)xP(=A) = x,p+ x2(1 = p) @®)
FRFE DU i B, SR BT 1) AR S 3 (S AR 77
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P(BIA)<P(A) xip

P(B) xip+x(1-p)

WA (9) AR P(ATAE F2 48 155 U 1) 1B V0 1) E A8 RS AT 77, SEBUE AT FE N 3h A 500
5.2 SENHEZERISEEER (GDRM)

AL IR AT EEARA (GDRM) B 75 7005 1] 32 25 040 X 452 A5 10 48 AN 22 A8 R AL ) 1) 3 A5 R . A B 1
HZRE, MK E A IR, BiRS 5% BA A REE, K05 A A SRR A0 A Ve 0 46 1F 5 0 s bR 2 45
A, MIBEYT 1) 32 B A IR A 7 1) 4 sV A R AR R U il 3o 2 2 AR 5 57 S, 2R A 5 ) S0 B Ui 2
B, B 2 A 7 FR RN A RS R SR 4 BT, B0 TR R 52 A ) (1 P 22 S IR L A, AT SIS T 7 () 42 o] SIS (10 38 o
PEARAL.

521 JHALTERER

FEAG BRERPE AT, D7 1] 32 (A SR B R (I U5 ), B R I}, LR IR MR (x, 1 — x); U M AR SR A
{FVFUT I, FELEVT 1)}, FHLIRIEIE MR N (v, 1 —y). TEAN R ZRIY B, BU7 1 SR B S A 24T i AN [, SRmS A 26 2>
HRA X T IR 0 2 SO LA T 42, (M3 2 5 3 SRR [ B AR Ak SR AL TR (R Rt ] 3 BT, s & 183E
i B 2 AR 25 4 B S s 41

P(ATE AR IE# Vi ) = P(AIB) = ©

B3 TRl A R

FE SN AU a2 ) 1 5 g 25 S BB RE B ik b, 57 il B AR SR M R 40 A EL A 4%, GDRML [RJUAL 25 4 B
W 3 .

3 BRSNS s HE R

il Vil
s
R () SRATI (1)
i I+ Ry —x2(1- p)(C+ (1 - x2)yBy) "Ly + Ry +kBy —xa(1— pXC +(1-x2)yB1)
HTH () I +Ry— xa(1 - p)C —(1+K)By — x(1 - p)C
o I+~ By —x2(1— pXC +(1-x2)yB1) ~(T+0)B1 —xa(1-p)C + (1 x2)yB)
AR -2 —Ly- By~ xa(1-p)C Ry +kBy — x2(1 = p)C

D) Vil £k S Pl e
Yy ia) A4 S R H Ui 0] iU ol A
Us, =yX[[i + R, — (1 = p)(C + (1 = x)yB) ]+ (1 =y)X[-L, + R, + kB, — x,(1 = p)(C + (1 = x,)yB))]
=—L,+R, +kB, —x;(1 = p)(C+ (1 —x,)yB,) + yX(I, + L, —kB,) (10)
Py i) F A S gE R 5 0] iU el A
Us, =yx[li + 5, = B, = x:(1 = p)(C+ (1 = x)yB)] + (1 = y)X[-(1 + k) B, — x>(1 — p)(C + (1 — x2)yB1)]
=—(14+k)B, —x,(1 = p)(C+ (1 = x,)yB,) +yx(I, + I, + kB,) (11)

VU5 1) A S RIS 75 SR F) P e e
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Us = xUg, +(1-x)Us, (12)
2) Vi i &4k O T35 3k
Ui A A O M FR A vrvr ) I as e
Uop, = xX[Is+ Ry — x,(1 = p)C1 + (1 = x)X[~Ly = B, = x,(1 = p)C = =L, = B, = xo(1 = p)C + xx(I + Ry + L, + B,).
Tj 0] AR O e HE 4877 9] R 5
Up, = xX[~(1 +k)B, — x5(1 = p)C1+ (1 = x)X[R, + kB, — x,(1 = p)C]| = R, + kB, — x,(1 = p)C + xx[=kB, — (1 + k)B, — R,].
7 1) %544 O K HUIR A S0 1P 20 2 e
Uy =yUo, +(1=y)Uo, (13)
522 HEHIBETTE
IRIESNZS 7 R IR B, W S 5 3 i R 5 S I A4S 28 e o B T A2, T2 SR i B 2R I T 1 . Fh it
AT, i 18] ARFN B ARALE U a4 @é’ﬂcfﬁ FE B A R IE A

Fs(x) = — = x(Us, = Us) = x(1 = x)(Us, = Us,)
—x(l X)X[ L1+R1+sz+(1+k)B|+y(L|—Iz—k(B]JrBz))] (14)
0()’)— —)’(Uol Ua):y(l =(Uo, —Uy,)
_y(l VX[-Ly =Ry — By — kB, + x(I; + Ly + 2R, + kB, + 2B, + kB,)] (15)

EHIZIZETIE (14). (15) ZIHE T V518 4k S MK 0 125 a) #2861 b i SEmg sh A Ak, 20541 (14) F1 (15)

R0, T M={,)0<x<1,0<y< 1} HALTH AL 5 DI S, 75 AHEAEE0,0) v Ex(0,1)+ E5(1,0) <
L,+R,+ B, +kB, —L,+R,+kB,+(1+k)B TN
" , Ry 3

T LA L, +2R, +kB, + 2B, + kB, —L,+L+kB, +B,)
L, +R,+ B, +kB, - L,+R,+ B, +kB,

| i 2 R e sy
1ZISLM‘Eﬁ%(13+L2+2R2+k15e1+232+sz’ I3+L2+2R2+kBl+232+sz)ﬁE1WH§{EI%WlEﬂ,%E\lﬁlﬂ}ﬂﬁltﬂg

Ny “Li+R +kB,+(1+k)B = —Li+R +kB,+(1+k)B)\ ., - .. TN PPN
g (TR B (B, otk G OB s (0, 4 .

Hx=x I, BH Fo(y) = 0, AAERZ RSOV U7 10 SO R BUBER y, B EABIEALR SRS, — B x kA&
%, B R AR, 2 x> 10 I, y = 1R IR E SRS, 2 x < x I, y = 0 BRI AR E Hems, anlsd 4
PR [RIEL, 2y =yt I, B Fs(x) = 0, YRR AR I U5 7SS A 1 UBE = x, B IR B A A e KA. — B
y KRS, B R AR, Sy > v I, x = 1AV B AR IR RE BRI 2 x < x I, x = 0 D9 I AR B 1L
T 7€ SRS, W1Ja SCIEL S . BRI, S99 5 Es(ae,y*) R s 1 42 ] 18 5 R SRS R v 1) R SR RMEL (this , tho), 245 1]
FARIERE T VT 1) R I U thy, HLAARIESE VRV ) (R 0 BH the I, TR PSRRI 7] PDP ik
CTRVFVT ) B RS N 2, U A 24 i B e SR 7.

dy dy dy
dt dt dt

E, (1, Es(x',y), H£H0o<x,y <1, x

0
y

0 1 y 0 1 y
(a) x=x* (b) x>x* (c) x<x*

4 ) F A SRS A UBE R ()AL A2
52.3  FaE SIS s o H

AT FLE R A R GRS T3 R IR A AL R ) i BB B, P T30 38 A% G A0 17 s BT AT RS AIE. A5 = 1 Zh &
ARG, I @ HE T AR R R M R GURAR R E L. 0TS Fo(x) R Fo(y) KT x Ay (K0 34, w49 2384
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ZRBNAS R B R AT L AR R, B Rn A=K (16) Fros:
O0Fs(x) OFs(x)

Ox Oy
J= (16)
OFo(y)  0Fo(y)
ox ady
HH,
Fe
9 (;Ex) =(1-2x)%[-L,+R,+ kB, + (1 +k)B, +y(L, — I, —k(B, + By))]
OFSC) _ (1 xpx(Ly— I, ~ KBy + By)
i an
OFo(y)
a— = y(l —y)X(Ig +L2 + 2R2 +kBl + 232 +sz)
X
@ =(1-2y)X[-Ly, =R, — B, — kB, + x(I3+ L, + 2R, + kB, + 2B, + kB, ]
y
. a af
dt det drt
1
/V/_’\ 0
X
0 '1 X 0 1 X
(a) y=r* (b) y=y* (©) y<r*

K5 i 2 e S e U 36 (1 AL g A2

R FH 2 R 5 R A T T B, S W7 5 1) 3 25 5 R A P9 B 418 sk 2 75 R AL B A (ESS). Bk =it
o3 pt AR R HE VT B A R, GBI R AR 2 AT VR R G0 )= B AR . A AT A PR T LU PR R A A S A e A B, RIAT
F3 Det(J) > 0+ ¥ Tr(J) < 0, WLE %I 5008 ESS; 4 BT A ReAEH 1 5233 9 1IE 4L, BIAT 513X Det(J) > 0+ 2
Tr(J) > 0, WHZ BT 23 A3 A AR08 1 N BRI A 5 R E I 32 30E 1A B (BN 0), BPAT 513 Det(J) <0+ 2
Tr(J) = 0 BUAHAE, W% 5 R G042 a9 BL 234, GDRM F & 35481 £ 1 HE AT B 46 BEAT 371 X Det(J) FHIZE
Tr(J) 1% 4 fii7s.

*K 4 HEATLLAEFEATF 2R Det(J) FIIZE Tr(J)

Bt A Det(.J) Tr(J)

El(0,0) (—Ll+R1+sz+(1+k)Bl)X[—(L2+R2+Bz+kBl)] —LI—L2+R1—R2+(k—l)Bz+Bl
EQ(O,]) (R1+B1—12)><(L2+R2+Bz+k31) R|+R2+L2—12+Bz+(l+k)31
E3(1,0) [—(—Ll+R1+k32+(1+k)Bl)]><(l3+R2+(1+k)B2) I3+L1—R1+R2+—Bl—kBl+Bz
E4(1,1) [=(R1 +B1 - D)X[-3 + Ra + (1 + k) By)] Iy—I3—Ry—Ry— By —By—kB
Es(x*,y*)  =x"(1=x")(Ly =2 —k(By + B2))*y"(1 =y*)(I3+ Ly + 2Ry + kB1 + 2B + kB3) 0
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Vi i) AR A R, = (1 + ACSRXCSR,_; — AFRRXFRR,_, + AARXAR,_)%R; .
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AEL R Sh 7 9300 A 265305 2 MU R 2 2 A, FRe SE BB E R — & 337 1) e 5 HRobf =2 4k 1) 22 FE AR
53 HFRGER
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R ARWAE G o SR AL 2 A

i 1k UEESLS
Rl RAH O) Wi (1 —y)
s —C+11+R1—(1—x2)yBl —C—L1+R1+sz—(1—x2)yB1
IEHVTF (x2) L+Ry—C ~(1+k)By~C
s —C+11+12—B]—(1—x2)yB| —C—(1+k)B|—(1—JC2))/B]
ARV (1= x) ~L-By~C Ry +kB) —C
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R, FARCIEH VT AR R T U7 07 B2 (AE T, QR U5 MU B AR UV, AR IR AR T 1B
72 L O LTI N 5 vl % 2 RN RN 877 = 7 TRl L [ T NTRT N 23 vk | VA 9 LT O N N vk
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