MPRA

Munich Personal RePEc Archive

Altruistic Punishment: the Bridge
Leading to the Other Side of the
Evolution

Dai, Darong

School of Business, Nanjing University

1 September 2011

Online at https://mpra.ub.uni-muenchen.de/40512/
MPRA Paper No. 40512, posted 09 Aug 2012 01:46 UTC



HWRT: AAFELRABH
A
(RRURE, R, @PFFER)
AL

E-mail: daidarong998 @ 163.com

Tel: 0086-13270871648

G ASCHEEET SET T BRI, s TRIRZ R, R AN ERR, /£
ORI, IR, CTTE .



IR AHBECRAGH
# A%

8 . ASCLUNGENSEE (PD) AR, fE— &M IREE B R A- %508 (mutation-selection
dynamics), WFFE “E&fE". “WH” MMM =R HS), IEAW RS0 H—, RME “FMHET7 A
fe > Nash #yfi, KRBT IR, Hb e SOyE— R - & #2# (mutation-selection
equilibrium); H =, BUE “&F” EREFEHIER A TR KRR RSN, RS E
TGN, e nr oy mE— sl AT, B “RIMART W DAEIRSSMIZRAE N, B R e
AT NI .

KA [NAEINSEE; AR, RS- G

Altruistic Punishment: the Bridge Leading to the Other Side of
the Evolution

Darong Dai

(School of Business, Nanjing University)

Abstract: In this paper, in order to study the strategic interactions between

“cooperation”, “defection” and “altruistic punishment”, a mutation-selection dynamic,
with the Prisoner's Dilemma as the background, has been established on an embedded
Markov chain, proved the following conclusions: First, the “altruistic punishment”,
even though not a Nash equilibrium, can be the only mutation-selection equilibrium
when the population size goes to infinity; Second, the “cooperation”, even if been
strictly dominated by the defection and altruistic punishment in the matrix game, will
be the unique equilibrium of the evolutionary dynamics as the population size
approaches infinity; that is to say, the altruistic punishment, even in very weak

conditions, can effectively promote the evolution of cooperation.
Key Words: Prisoner's Dilemma; Evolutionary Game Theory; Mutation-Selection
Equilibrium.
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MR AAEBRAGH

8 F: ASCLANAERSE (PD) NE 5, £ 5K RN D IREE B R RAZ- 31 (mutation-selection
dynamics), WFFE “E&fE". “WH”. MMM =R HS), IEAW TSR H—, RME “FMHET” A
fe—> Nash #yfi, AR BTRITN, Hbn] SOy — Rk #28 (mutation-selection
equilibrium); H=, HIE “&4E” EMFERGRR B8 BT S RIMIETT” RSO0 AR
TGN, HAa] Oy E— s &, B CRMRAR ST RTRAEARSSIARAE T, B A Rk g g
AT NI .

KA [NAEINEE; AR, RS-

o)

— 3l

A2 BEE AR AT R AN B TN (AR, D006 20088 3o ) 1 S BN SIS TsAK g s ) e
TG B PR IR e N SRV 7 S R B AR A I 25 J5 R 24 R (R AR A AE o A s i i TR 2 2
2R BARA IR ? 2 RARTTREA R ME—TY), HEIAT LA S . “ABEE” REFEN R
—, “ANBUfZEE HEHE R INGEREE? 7 RIS . b, BAEANRY &
Vst adtis. datt. BuRs. OHEE Bt TELLURRRFAATE NS B AR ER
TEIEAARAANE R R, T2 BRI A XA S AR AR 10 /R ) SR 5 R 1%, AN Bh T34 “ N
KEFEBRF MR E? 7, TR ANLEXY Hardin(1968,1998) 1 1H “ A AR (the
tragedy of the commons)if FE IR Z] 1 B IR A2

KT “Unf 24 |y e INAER ST ? 7 RSB 5%, el B, TR
2R P TS B8 € 3 (folk theorem) (Fudenberg & Maskin,1986;Fudenberg & Maskin,1990;
B6,2005), ZR 1M JC P B 2 18 2% 22 2 W] LU BEAT 25 R )& (related individuals)[f] 1) & /E LA M
TR N A VERF IO JE 7 55—, Sally(2001)42 H 47 [ 17502 (1 1825 A & Binmore(2005)
K N RIBEFE Al “ N4k 5k 387 (Prisoner’s Delight) i) LA 5 [ B N 4k R 355 b O A AR 2, 4R
50y B ol R0 T 7 A AR T3 T OB 1 L AN A 22 S DN PR 85, DN PR 3 2 B R
J& NS 3 ) (self-regarding) T R Al [ (other-regarding) . 442, _F I PIFH SR E T IE L
ARG IR E? 7 K2 N EREE . %=, Fehr & Gichter(2002)5E

WG ON A R



AFHR R, BB % R I MAE(unrelated individuals) g a1 KR R N SEA TR ALE 7T
87 21455 4 R TR AR “ Rt AE ST (altruistic punishment)/7 4 o FEAT A, 19 54T 9 ik
FEE, B AARIE A ERN AT 9, SRTIAEATT AR AT Beid S & VE RN o 7T I SR 75 9
ITREEREE, SERRERBE. Bal? ACEW: “FUbET" & ANJGE H INFER
IS BR A ATL, B NI AR 1) — PR

SR, 1 S A2 [ 2 ) e At 5 7 B 6 (R VRV I 2 ) i J8 510 A B R 515 51
ALY RE, NTR AR A AE T B SR A4 7 A AR 5 SOk 2 5 T[] %5 L ) e FF
(K1, (EEVRATERR SRS . KT RPN, A PR AR S [, 55— sl Al
MBI R 215 2 EANRE(R 2 & 1E#{k: Rand, Ohtsuki & Nowak(2009); Ohtsuki, Iwasa
& Nowak(2009) W ANFIfhET] (s mARMET: costly punishment) FlEA 1R 16 1) HAl
ML, 175 42 B % H 2 (direct reciprocity ) (Taylor & Nowak,2007) 5% /8] 4% H. 2 (indirect reciprocity)
(Nowak & Sigmund,2005;Brandt & Sigmund,2005)f—FE, H, fFEEBEHRHEPER
Rk E (retaliation) H—MIEA; MAERBEEE S, EIES FEEMN (reputation effects)
AR =I5 47 A= AR AR AT AR At 465 570 A0 0 90 B2 2 09 N L 4l I e L O HE SR 2
~. #R1f, Rand, Ohtsuki & Nowak(2009)&3L[) “EHAE”7, “HH”, “FHHAET " =5EK M
HALENAS, UEATE B AL R, R TR T R BRI, AT e AR kA AR
47 N4k ; Ohtsuki,Iwasa & Nowak(2009)ilE B 7E [F] 452 HAENLH] T, RAER/N S X [H
b Rl R AT BLS| A 2R ) 21 (efficient equilibrium), FRAJNLE 8 HENLE] R, X H
W BT R HEMG AN S A 571 17 2 AN BRI 3 Bl (withhold help) . Hauert, Traulsen, Brandt, Nowak
& Sigmund (2007)7E—AMET A LIEZE (PG) BEAIHEN], R R AH IR (stand
aside) [fJE HI, UK BRI AE T AT DR HEA AR AL: MR, b EZR A MER S 5
FIEEE%5 77 (joint endeavour) 125, N MR IRUIR . Fehr & Rockenbach(2003)i it
RS20 R I FE ST A 2 16 T St A ORI, I HIXR I8 S ) 2 4R — A
AT R PR R SO 2P (RS AR 3 BEI 5 S 46 T 4T 9 2 ROR BAG At 19 2 7 A0 A i 52
(altruistic responses). Dreber, Rand, Fudenberg & Nowak(2008)7E 5 43 [N PR 15 18 25 sz iy vh o
W, FBIE T R W S0, (RIS RESE S RFAR I P28 ST, R BIAE B S A AR 5 51 1
R Z AAFAE SR ARG R R, BB KA 2 A 4E 5 (winners don’t punish). Milinski &
Rockenbach(2008) 1A 4 7 11§ #1523 ¥ T- (punishers perish), 3K a8 i 2 ({96 4 @& B LL K e A 22
WM. Wu er al(2009)FF 7 A INAE RS 120 SE IR TESE o, s AR IR § AMUAR T
BINGAE, RifiS 4. Egas & Riedl(2008)fK12 3t il ZE 528 2 Y, (AN 247 f 7 55
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5 ARAR I AR AR /NI FC A AT 2 SRR X 4 8 51 38 7= AR LKA Chigh impact) [RIE B, =57K
FREAE A Bl I A TS B OR R, SR LI ) SEBR ST K- 2 BRI

B AR s AR & S AT LA B AL HorT DU A AE AL : Henrich & Boyd(2001)
FE— NSO AR HiE S8 S A5 4% (payoff-biased transmission) FIE 20 57 i3 1
#%& (conformist transmission) PEFIIAFINLAI (cognitive mechanisms), Zid 4 PR ) 7 57 (i
A 7E & EN B8 (cooperative dilemmas) H 4 & 1E1T N2 F K. Gichter, Renner &
Sefton(2008)38 i 22 4L i RS IG WA, FE ST AT LMRTHAAE KT, 1 KRS,
T35 AT 4215 824 3% . Guzman, Rodriguez-Sickert & Rowthorn(2007)7E &1 [ 515 5
TR NT SRS 5 A 4 SR Sk AR AR, IR B R b 46 5 AT DL RE A1
Sripada(2005) A A & & 11 M 4F B 2 GE A A1 4540 BERIYE (moral norms) 3 LA4ERE. Fehr &
Giichter(2000) 1 24 4 i 25 200 TEHE 2 W 1E S B S CREFIR M I &1 KF, B2 DM Ak G
£ (full cooperation). Fehr & Gichter(2002)3 i 28 3t 18 25 92 56 & I A AE 1 ML 2
(punishment opportunity) FIFELE 2R GEKT, 1 HESLHET (actual punishment)
AR & E/KF. Boyd, Gintis, Bowles & Richerson(2003)ifiid 1 B AT, 765 K
BEfA, BERIERE (group selection) R AT R HER fh 46 111 10784k . Fowler(2005)7E H FE 2
H 828 (voluntary PG) AR HiiE B R 4% 17 nf DA T B R 1% 4 (group selection) T
BRI, ERAETEEHE (folk theorem) WIS T B 5 (AT S #5234k, Flfh
TR T SR HE S LS fHR i RS (payoff-improving strategies) AL, BRI 4E 7 {2 i
EAFEAEE %41 . Brandt, Havert & Sigmund(2003)f)%5 8] A $L 5 2% (spatial PG) #
W5 NAE ST ] DU BE S VR K-F B RIE B2 3R 1. Marlowe er al(2007)H5 SCALZ B 1 2R SE
W UE S ORAEE R R SRR, S E 2 KR4 T . Bernhard, Fehr &
Fischbacher(2006); Bernhard, Fischbacher & Fehr (2006) % = J5 #& §ij {4 2% (the third-party
punishment game) SEEFR ] RA T HAT NI Z FHH B TGI8 B REART, BiEA
H R R RS M ETI1T8) . Fehr & Fischbacher(2004)SZEAIEHE R W KL1H 60 % KI5 =
J7 S RE L R A E RN AT A, R Z, Tt % . Gargner &
West(2004) [R5 HLIE /75 186 51 25 12 52 21K 5 15 5 46 310 4 92 B R B 8§11 4T 30 2 18] 47 78 1E AR
KKFR, WG HES G B2 RE LG ER, A RS BT AR b . Gintis,
Bowles, Boyd & Fehr(2003)1#H7FSKEGIEHE fn, #FNIEFE (inter-group selection) FoVF A
AT, T H A 8 5 R DM BEREA T AR, IF HAEBITE — @ %A, —/NEER
HHEEAWUMZAN—HEEW (self-regarding) HIMAH, HIREHE (strong reciprocity) J&iik
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FasE skms (ESS). BRItz #h, Kosfeld & Ried],2004;Price,2005;Fehr & Rockenbach, 2004;
Clutton-Brock & Parker,1995; Wong, Buston, Munday & Jones, 2007; Smirnov, 2007
Lehmann, Rousset, Roze & Keller,2007 %5 ¥ RFF i 4% £ 7] LU HEA5 F AL W R

H i TR & S S LB e —80E %, RECE N UM, 55—, FF% 3 X3
Hlegalitarian motives ), SCHk Il Fowler, Johnson & Smirnov, 2004; Henrich er al, 2006; Dawes,
Fowler, Johnson, McElreath & Smirnov, 2007; Fehr, Bernhard & Rockenbach, 2008, 4 —,
FFR Z M BNHL (retaliation motives) 25 i 1544 (negative emotions), CHRUI Fehr & Gichter
(2004); Fehr &  Gichter(2002); Fehr &  Fischbacher(2004); Xiao &  Houser(2005);
O’Gorman, Wilson & Miller(2005). 5=, SRIHPTIHMARZS (audience effects), SCHRAN
Kurzban, DeScioli & O’Brien(2007); Milinski & Rockenbach(2007). #5010, &5 if ik P4k
(internalize norms) U1 Gintis(2003). )i, 58 iR 4& 31 15 )5 (44 34t (the neural basis ),
LHEHRA Sanfey et al (2003); Quervain er al(2004); Singer er al(2004a,2004b); Singer et
al(2006); Sanfey(2007).

Gy, VA_EoR B IETH (¥R ST R 122 ) L F- 0 A AR TR SE AR T 45 1 i 46 18, SR R R
(100 T8 2 S 6 K0 RT  [R] Dy S o) SRR SIE B 8 55 2 S T A H P AP SR AN [RI R 4518, DRI AT T B 75

—AME - BURBCERAY . A SR A SO R IR — 8 AT N, R A3 W] LAAS 2135

1, HER N EIEE I, FN, E—@ &M T, FUBE T LA Zob i it&1F
AL, I HX AR RS, Ft, A SO R IE A A B AR
N AR 2 O o

ARG ZHEIS, 5 i R EIA, BRIR TASC RIS A 5 =2
i, DARMASC FZIR I 5 RO IS BE 22 HE i — S8 s a4

T AR > R PR B AR .

= # A
PAEF R ITT 2x2 SRR IEZE:
A B




Horb, a, RoRAT PIMZR T YRS AW, ATIZR AT ay R 455807
KNG A B, AT R RN B Fifg 3 rt, Hapmrbile .

AR B AHREEE, FE %S m AR, HhmeZ (m>2), K
R T HE, FH2 I 2R n W3R0S A IAMAS, FORBHATES n RS . BARH
K SCHR W Imhof & Nowak(2006); Nowak, Sasaki, Taylor & Fudenberg(2004); Ohtsuki &
Nowak(2006)7E & X s AR MBESE (fitmess) B, 25| N—AMMESHw e[0,1] KEE
TR0 B AT (payoff) i HoE A7 B (1 5Tmk,  JF H.40 Ohtsuki, Pacheco & Nowak(2007); Taylor&
Nowak(2007)#ffE 0 < w < 1, EIMBATE%E55i%4 (weak selection) 1ETE T, WHALIHZES)
BMBIAT N o AR SCIEA TR VX b AR 7E 42 T 43 BT S0 £ AT Rl A 5 T M AME 5 = 3 (2
AT, FET LB AS I s A SO SRV B 0, AU B AR 1 R R TR R AR R A B 2 A 1T
[, 43R (the selection intensity) w = 1,BIASCHE L #i%+F (strong selection) %7K K
AL AR Bh A, TR AT SUT IR T ISR (=324 A

i—1 m—i
fi= 1a1+ 1a2
m- m=t Q.D
o 4 +m—l—1a
1t 10 w1 4

AT — [ 5 A BT AT AL, TR — AL Moran 3RSk v i Heah s
(selection dynamics), ZiSFERLE, 18—, A HIUH— M ERIR T HL &R 5 168
17 2 WL LA B 230545 S Creproduction) o AL iR BB TT LR A 4125 25 S (107 M B o
FAEARE, MR LR 2 SO X 225 (learning) S0 Cimitation), % RHT#, H
JEAR Coffspring) H5IREBEME A T A BEHLEFIN — A, 2525 % M A B IR AR,
T U Sl KT R e, 302, BRSO, BIELE 0 n 0T § A A 0 A
WIS n -+ 1 FLACE SRR D0 A G A L 7§+ LA e P
A, Hi—IAMERFIGE A . TR, H4MHLE X, ZRRE, (ERAEIHRRES
M. WS {X,,n > 0} SUF T — 4 A R T (R BE: 550, T £, g, (0<i<m)iThe
BUAE, AT RS E BRSO BN

_ i|f] m—i
i|f[+(m=i)lg| m

Piin



m—i)|g,.| iz
i[ £+ (m—i)|g,[ m

Piii =

Dii = l=pi— P (2.2
Jep| fFomnt f MAHE, R po = P, =1 BURE €07, “m” ZFAWRIE, H

WAL { X, n > O BRI RO M BELIEE L L. 4 x, (1<i <m—1) R AR

n’

TR, BIGHCRE m WA, WA S5

Xi = PiiniXin + Pii%i + PiicaiXi (2.3)

HiRstmhx, =0,x, =1. ¥ (22) RN (2.3) B

=L (xA —xi_,) Q4

e, HERI x, = 0 BIfE

= 1+Z Hk 1 2.5
%UHEJ X :1?%"
' —1
LTI 26
B (2.6) RN (2.5) EI5:
1+ TLI
X, = 2.7
1+ TL1
Ja &k fw AR B s HA]
=TT fk (28)
—Hm 1 f" (2.9)

B4 o (= X ) FERBE I FUAT — /AP0 P M A 30 4 35 P T S50 A (BB, T



s (=1 x,_, ) FoRBER U — NS S0 B 3L B0 430 A F S B 1AM

M (2.6), (2.8), (29) £:

—1
o m—1 j g
Pas = 1+Z_i:1Hk:l7k (2.10)
—1
=1+ T f" (2.11)
Pas T e (2.12)
Ppa |8k

Fok b, NS R —ANBORIESS, W LUE I 2 P07 20 26 e SC—AN A i R 4k R 5
7%, $iis, 5 Rand, Ohtsuki & Nowak(2009)—#, ASCRHMNTE XTTA, AFEHE,
“HAET WM RIR B AE B AL A W IER T W R AR b I, H SRR N e, HP e
b>c>0: “HR” FMER NG ERIUE d I, RIS TR D7 Rl As e, vk

d>0,e>0; 1 “FABEES] " NIRRT EARLE B CRERA o [FF, A HZERJ7&AH

A B, Hha>0H B3>0, #Elt, ATLUE AN 3x3 AR HERE

“1F R At A 1]
H1E b—c, b—c —c—e , d+b —c—03, —a+b
j%b%ﬁ d+b7 —Cc—¢e d_e; d_e d_/87 —x—e

FES | —a+b, —c—0 —a—e, d—03 —a—-f8, —a—4

S )
ATISIE, FRUE 1, 2, 3 4 lRESE “&fE”, “HmR” K “RUMBE”, S50
8 A py (i i =1,2,3) Fom— BRI SN § (/MR —REREF SENE j A4
PR, FEERAEAL A BT A A RS § IR, O HORE 8 SUOGE T 2x2 W ARTZE
HAL 2x2 XIFRILE, AU BRSNS, Hop <R SRR, <A
PRAGEFH 5 RSN 7, A A P R b A 57 SR S BEAL R GE i = AR (absorbing
states) E¢[F]FiAs (homogeneous states), #7441 b = AR A — D = MTE M =T,
WTE =AML AR LA E — MR R, B ZBI AL RESNE (no-mutation dynamics), | 5

SR FEAT PR 18] P USSR AN RSCRS , BIZE B AL R K 22 B 11452 BE 7E = A TR (0



AT, T = ATE R S BRI  L F S E S, WX R, HHIIA—
BN RAEZANE R =AM Z A 2, WUAT DL R B 58 S 25 AL 2 =AM IR 1) ik
AL [K#E (embedded Markov chain), RARIXJE—2kiJi%E (ergodic chain) )[R FFa

i AEAE HME— . H4E Fudenberg & Imhof(2006,2008)F] & X AN~ # #5554 -

1_N(p21 +p31) Py HP3,
P12 1—p (p12 + :032) HP3,
HPs HP3 1_N(p13 +1023>
FEFE 2.3

Hrvp, (i= jii, j=1,2,3) 8 L08T, 0<p<l. ZHEFFEATL, HAME—FFIMA:

72 (v, (wom),v, (pom) vy (pom)) = (0, +n, +n,) " (mampmy)  (213)

y
F

Th = P1aPrs T PraPos + P13Paa
Ty = P3Py + P2Pas + PrPs (214
Ty = PraPs1 T PoP3 + P31P32

e, AT E AR FIAIE T RE SR NI M B2 an R A A5 AR A A
IERE T m T, WS E MR R AE T fe B et A /R AL RO M R, 552 BnT DLIERA 4 R e 2.
EI 2.1 FEa,B,b,c,d, e BBT#HRE TIIEH:

a>b+c+06,8+2c>b,b>c

B>d>ea+d+e>p3,8+e>2d

d—l—c>2e,b>e,d>e,(b—c)(d—e)>(e—|—c)(b—i—d)
BtrtA: limn = limn, =0,limn, >0, B lim v, (pu,m)=1.

WEEH: OLF SR AL

WENa=15,=8,b=4,c=0.5,d =4,e=0.8, HHFF 2.2 7]15:

“1E GE Fil A 1 71

a1k 35, 35 -1.3, 8 8.5, -11

LR 8, -1.3 32, 32 -4, -15.8

F A 7 51 -11, -8.5 -158, -4 23, -23
FEFE 2.4

IREAR, TEZFEREH, “HH” RME— 4% Nash ¥JH1(ESS). JH, EMNAEESERNT
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AR, BT HE— 17 Nash BIH(ESS): 7EUA S 1E SR TR 7 #25, S1F 20
—[¥1™k% Nash ¥JHT(ESS); EA T REFBETT 7155 H, 8oL mE— ™4 Nash 2
i7(ESS). AT, AR B CRIHAR R A Haa X7 iR A, S iAErh B
RGN T3 AR BN RRAS, W) R AETT 7 it m] SO ME— A 1T R, AFERE 2.4 ]
KBRS T2 10 R AT 4, B B S S AT A BB AKX At e B A AR T AN
e MNE B . EHE 2.1 CAREERIZ 7 RS B O ? 7 R
A, T R RS R AR REAS A AU A ARAT TRA IS 2 st b, BRATRT USRI
TEH

EIE 2.2 FEo,B,b,c,d, e BBT#HRE T

b>c>a,2a+03>b
e>b+2d

BitRE: limn, >0,limn, = limn, =0, Bl lim vy, (p,m): 1.
WERH: W% B

WERa=1,=2,b=3,c=2,d =3,e=10, WHHFE 2.2 715

1 GE Fil A 2 77

a1k 1, 1 -12, 6 -4, 2

LR 6, -12 -7, -7 1, -11

F A 7 51 2, -4 11, 1 -3, -3
HkE2.5

Hor “H B RME—TH% Nash BH1ESS). JFH, U EESHERNFHEZS, BT
— ¥/ % Nash S5 (ESS); £ G 1F SAMBAE T 107 REZE, Rl {12 ME— 9745 Nash
¥I#ESS); LA T RS RMAE TR 728, W HOLME— )™ 4% Nash 25 (ESS). 21,
A e AR A i TR S TR, T BRI T i R AR K R E B W, S R
TRZR 0T 5 R AT K T R AE T 45X T iAW) “ AR al BRSO PE— 1 R AZ- 18 4%
ity FFERERE 2.5 AR, XE-AERNRTRESE. BTy, ERENEGT,
A AT RO AT R HE T SR AT SR
Z & #®

ASCHE L S INGE R SR A, I A AT SR, S 37k = SR [A] A AL T 2R h 2



RN 58 E 5, BUAESE 3x3 XIARIGZE ., (X “H IR /ks Nash 2, 7£="> 2x2
T g% (sub-games) FFEAEM—MEFREG “HFMAET " BV Nash BIHT(ESS); 24
MAE— 2 564 T AR ECE T I I, “RARIRTT 7 R M — RS- AR IR
PSR, AR RTINS 10 IX MW, Al &5 R AR5 L B FR(evolutionary
target) M (X SR AL BE G AREAL I —FHAEAL ], BB e rh “HEa 988" M, 4
NIRRT H A AT

Fok, BIAEAE 3x3 XFRIEHZEE H =/ 2x2 T8 (sub-games) 1, “&fE” HARE L™
1% Nash ST I, " SRR R TAIMAR ST, T4 R0 7 i R A I & T H R
PITARCER T B 1 200 T s SR ARz K T AR AR 35T 48 060 75 Bt n (8 A, BAAB A ST H ©
P ARH A BN T RN XI5 A, WISt ARcE & T e 55, “&1F” M)
Y. ZuH, HERERMREZ A IR, mABET “HmAN” A2, “me”
WAKRZH, G1ERA LM (evolutionary advantages). X H, A{EHRKELEN, AD
ARAE AN 25 0] J5 i R Al s 8 R d I AARY S ARG 0 T SRR KA, B e i A K
% MAMEE T BRI SEE R AL, BRAEERERABH, THEERAT. &5F
B, Bt B SR A R AR B R 4 B B AN i A B R

FATHGE, 7SO SRR R (1, 170 e A0 D) S A e P A QAR 3 B S ) B A
855 B il FE 22 R, I bR S5 VR X B S| BE 22 HE KR AR AT AWR ? i B s 20 gs RE AR A A
NS AAF A A, B U AR B A R A O NSRBI DI RE s 1 2282 A T i
{1, (ER ] RE AU RELE AR LS E AL TS i o BRI B e, o e E B, ] FE A
SRR ABLE B AR, IR S P A R A A A

@ M %
PR A: ZETE 2.1 HYIERA
BUEEE BB R 5 SRR
HZET7
R ) i 725 5
H1E b—c, b—c —c—pB3, —a+b
TR —

AMES | —q b, —c—B | —a—8, —a—3
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AR 2.6
g (2.1, A1EE SRR 1EAEE 2 50N:

k

7 (b+B)k—(c+B)m+c—b
m—1
(b+B)k+(a+8)(1-m)

m—1

(2.15

8k

@21 Ya>btctB,b<B+2H, p, >0 1imp, >0, lim 22 =0,

m—o0 p31
WA B (2.15) AIf5:

i (b+B)k—(B+c)m+c—b

g (b+0)k+(B+a)(1—m)

i
8.) _(b+P)(c—a)m+(B+b)(a+B—c+b)
dk [(b+8)k+(5+a)(1—m)[

GiEHa>b+c+ B, MEEHENm>2, HA:

[
i<0
dk

- de 4B e e

g (b+8)+(B+a)(1—m)

HH
fi
d Jk
[mf"‘gk]: —(b+8)e+8)
dm (b4 B)+(B+a)(1—m)]
= 0 < max maxézc+6<l
m kg, a—b
X H

min fi (b—c)m+c—ﬁ—2b

A ]
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a’[mmf"]
SAN T
dm (b—a)(m—1)]
= min mmfk _b—c<0
m |\ kg ) b-a
MmMA4b<B+2ch, BA:
O<mjn[mmf <max[maxf" <1
" kg " kg
M (2.11) 7745
|_Pte
mlf b
=+ T 2—2=%
1_[6+ ]
a—>b
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