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18 N R P A 25 5 1 e 3 AT 3 TR 4 A A S R LA ek D T A 2 A AR 1 R
fs AR P AE B WAL, I AE B C A2 R 2 P50 4 5 2= AH 4 D0 30 4 45 3R 15 0
AR . WCER A RN 2-4 FroR . G0 SR A A A AR A BEDOUM] G O L A TR A AR AR A Al
WO A R FEAE R AR A EWE 7 WCR A2 HE £ 4 n) ik £F IR A AR 2 2 il B 2 Y
PR, fead ok, O WA FIIE X T YR FE . PRI SR s R o ANAT N R R S — B

R 2-4 PhATEIER Y AR BE

H - N
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4
ey (1.1) (0,0)
WA (0,0) (1.1)

4. nH G1EZE (public goods game. @R PGG)

INIEEZRE—F 2 AR, BRiEA N NMeh AS 5% 80 R AN A — e 5
WG %E 4 T DLE R AT EHE R SR A LT &P (GE) . W] UAEAGE RO .
Zd iz EZ G AR S E— EMEL RGBS AL & 0B A A S 53RN )R
PN, P ABRBAFREER. AL TEHREZ, P AR HN S 2 . iR A 5
NEBBEFERE A A O 1Y 288 5% 4 ) 3 R R 25 4R 15 B K. (H & B Jay b AR 1T Il 3 45 18 42
(free rider) (ISR, Bl AN AW REWS AU 25 . L BEE M R P A S EFEA A K 451
MR A J b AFA AT S 4 0 A Ja b ANEB A AT IR 25 .

Bz 3 NS m—A5 5 BN NERA PG % 4 100 oo, Hrp, AR/ A 4,
T4 5 0 oo L0 H G OA . TR % 60 Jo; M oy X300 H A5 O+ 2 Al 4 ¥E
T4 100 o, IPANILNK FHEA 160 Jo. 4% F 2k 160 el fE A 330 JT . 77 1453 i
3 W .4 N ANE S 110 T, /e WA 210 . 4 A 150 Ju. WA 110 Jo., wlLLEHA
PN B KR 28 B/ - 10 B A B /N AR 2 e K B8 42 2 ey v AR 2 e R AR 1) 1 0T

5. FER8{#HZE (hawk dove game)

JE RS T 2R S F AT X DT P A A [R] B9 0 B S I S T A DX 8 i A B RS A R A
fe o T B IXUIR 8 aE, BRAR S UG 5 AN AR G . g et Y R O 2R IR s A
O E X T AR E R AR 4. R, S0 B8 R i & 30 & P k47 95 S) oL & — B AT 3 H rp—
HZ BEO s AET- A B e ER 70 5l 0 — 25 24 18 ARG [A] i 2 20 6 Py i I8 22 4 31 i 45
TFE B Y6 M RS AN 22520 X FE T i i A2 2, T RS AV I 45 42 0 9 M Hag Rl it 2 3 7 &9
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O RS 1SR 2 O 9 [R) — Aol R AR A TS 4 R o 8 o 1) SR W 5 2 A TR RS )z T AR
A A7 A S PR R FEBR . B Maynard Smith AR 4 9 F 35 49 19 ~J 1% B 42
A TR A TR . B FEZE A G I R TE R 3 T LA 44

2.3 R{HIYE

2.3.1 @it R a4

TETHZRE AP d5e ) 2 RO RO S e AN 8 . XA R B T SR 1 2R A7 s 119 A e AR
A AEBERZS B B —AJa i NAR A X Hofth s v AT sh Y IER #U  JF e ag M k173 . BIF
AR LR AR IR SR B L .

EX 2.4 R IEIN, (A),($)) 89881 ¥ 4 (a Nash equilibrium of a strategic
game) 2 —AMTH UL o EAa  RRA . EHE—ANBHFAIEN A
(ﬂ—*s sﬂ: )f>~f (H_*fsﬂi) . Rd_ﬁﬁﬁ Qa; & Ai

DCRE X @ b — g A Y T e A A X P — AN SR A L 2 H At A s b
N IR T8 o " B A N @ A HABAT 3 7 AR A5 R T Hak $E o BT RIS R .
B 5 2 At s T AT 8l s o A A B S B A AT 8, g T A BRI
bR EIE N 2R 2 DR e — D9 33 . {H 42 . Daskalakis 58 ANUE# T 48 £ 2 i 2 NP
(A F 4 . A 2 3l H NN 1Y NP-5E 4 0] 8, 1 J& PPAD-5¢ 42 M) 8 ( polynomial parity
argument for directed graphs, fajfg PPAD) .

T X E X EHRAARER ., SMEE oo, €A E X B (a_) HJRHP N i 1
G a—; FIEAETTEIES

B (a_;)= {a; € Ai:(aira;)=1(a-a' )}, MMHELS € A,
LAE AL B AR R N i Wl e, A I 2 — M1l & o T
ai € Bi(a’), XEFHiEN

XA E CARERIE AR T COR— @ H B0 —Fh FHR N H 8700 Oy . B e it B a4
T N e R L PR SR G 5 F 8 — T & o W M2 i€ NJAH o € B (a)).
1 PR B SR, WS 2 2830 il il HA I N TS RFNE (@l ) ien I I N[ T7 2

TS MEZEAR R T — RIS I . X S R AR H A 5L 7E B 1 2R B AN R
Fr NI HEA R NCE WA RefT3h . (B2, B IR B A — 20K B A B A A 7R o
SAE X SO AR AE A R 24 R Rk ] WAy .

Bl 2.1 [NFEREE.

— T B P R BEAC B o I BB A R A IR A0 SR AR AL i 6 7 AN 4
it RORE g FR] 1 47 L T 0 7 K g FR] 10 47 5 an 2R 9 N3 38 43k DK X g FDm 5 4F . T &, M
N R B B AR LR A AR I XE L B . 50, Gn SR W N AR 43t 6 fe A A1), H g HDR 3
NH ., TREIFIEERENE 2-6 i,
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BN JR o AR O EAR B . (HoRiR Hoh — N A, 75— MR 4 48 i A J2 A
AL X 2R A ME— A AT 21 (R L 1D o IABE IR 85 S R 1 A A B9 e R e 43 0 AN & AR AR 1) B
e £, Wl U, IR B A R 2 -5 A e A ) 4 A7 76 A — U

Bl2.2 ZEEiE.

Ko E S A B TAR AN R R, DA [ A A R I R 98 — N Y
i R JEAZ A 5 0 — RN BCAE AP AL A . 9 E R R 2000 {256 ICH T 44 iR
WEWZES o, HUR—TTEE, 75— ¥ F  BEN— T WS A [0 K, f5
fi N — oo Y4 19— J7 W Al 58 M B 302 19 — 7 35835 B A IR &R 19 W & . B2 O 10 000 42
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KA 3] T 2R E e A 2 1

B12.3 EHHE.

W A — Sk K M — Sk /N B B B — Sk A — Al RHEE L A9 22 L Al el R RN S 1R
N RN S —k . H— MBI SA 10 AR R B e gt Z AT 2 4~ H
DL B AN FE AR T TR FE . 2 RFE SR R RZ 2 9 AL NERZ B 1 A~ B 5 o [A] B
B KIEIZ T AL NEIZ 3 AL s 25 /N Se 8 RS IZ 6 A~ B, /N JE iz 4 S B
25 MR S G I ER A 5 B S s R aT Ak 2-8 FTR .
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XA 7 1] DL S B, RAE S 4%, /IS B 0 PE R S5 R s KA e AT /NI 18 I dnc itk
PR . B JCIR RS e PRI J2 AT - /NG B I A TR IS A 2 55 o . WAt 15k, Joie andar, /)y
WA R SRS, EXREMTE AL RO By 10 08 856 2 34 . B O AN 3 109 38 AR ik i 7 3% 119
A AT DI 4 AP RS . B DL AT XA A R (RO N E )

Bl2.4 SLA1HZE,

AP 258 NS — /NGRS A A A ) X T AR Lk,
AT BE 10 13500, XA E SCA S E B R N BN AR 2 SR — g 2 R E TR
T B 45 2% 0 R TJ6 95 K ISR AU #PaR 1k W 4 Bl ss o 0, FLPEZRE [ WL 3% 2-9,

R 29 ABEFTFREITER

sk + 2. h
G i il
H S 17

*-{J-I-IEE oo, =D lO ] 10
Bk 10,10 0,0

RN L S H KA B 15 28] XA WA A 2, B CrpiE LR 1) B GRIE, i) .

2.3.2 MHHENFEENE

AR K PR AIRRE AN B RIG THR AR A AN A Y . PR 9 g A 294 4R 5 AR 2 1Y 2%
FE 8 2 58k T 4 e 28 4518 v dge fap ) —Fp

S RA P EH ., B, WRE — e a5 ie Bo R I8 2 o SR Y8 A
25 1A P A B2 . R, 38 B A AR AR 1 R T PR 2 S — R e RS i A
— 31y, 20, — IS TSR B A A A A A B 5T T LA 25 W g K A P J i oS B
b AR 30 2 A AN HTE B 9T A AR XU

NT PR AENT G ARALZWEHITIIHE o KRN (€ N,
a; €B;(a’,) ., Wt Bla)=XenB:(a_;) K LEMERE B, A—>A., A 0] LLfE HH 5 L
mEIEX o €Ba”), AahEEMAET T B FaORMFAEEIE P EFE—"T1E o™
/£ a”€Bla™),

5112 2. 1(Kakutani I AZEEES) 4 X AR —AELFE. A XX 2 —A
Al F 2 H R,
o AT A 2€EX,EE f()IETHD,
c SOBBRARGRE. AR |2, | Foly, | A Ay, € f(x) ez, >,
Vo ys A vE (1)),
MAAFLEZ EXHL € (),

Rk 2.1 RBIWHENAD(Z))ZEPA (€N # 2.
EPAN I ELSAARKETRH—ANAETESLFE, FLBTFXLEZ A
(1) #2849
(2) £ A, L ag,
0] %14 3 A — A A3 B,
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E B, 3Tt B(a) =XienB: (a—) FKEX B: A—>A GXH B, J2R™H N i Wi =N e
B, SME—iENHT=Z BELZNHZEN, N B, (a-)AFE , XH T =, 78 A WM,
BTl B Ca—;) A& iy s RN = %20, L B AR K. XA, ] Kakutani 2 # B
B —ABh 5L ARAR A Bl 57 A 2 TR 1 98 - 35 1 ]

B AN RAE T — S A P T 0 S L T 0 — A i — AP T
DA R Lk — (R P R 3 P T A 4 o 7 36 3 o A A R AT
g 0 WL R 5 RSB 45 T 4 3 i AT B B 45 R 1 2% 1

2.3.3 TEREFHEZE

R F— AT RS 1 BE 9 A £ 4, A AE — BB g (19 195 2% 26 10 HERE 0% X0 129 1887 1 4 174 Al
BEPE I, — R o 28 Y 1Y T 38 S8 X RE Y, A XM T oAy B ey o N AT A D 2 2 T A
A= SR B b o I P N1 A e SN SR S Rl | R

EMX 2,5 RBIFF{1.2}.(A;). ())& #3E F 69 (strictly competitive) » 2o 3R 3
EF—a€C A %HKJGAs%_aEIhs%.EL'{ig &Egac

— AR SE IR B LY T (zero sum) {27, RN AT R wy Bm Rt A1 1Y
Wir kB2 =Z  H w B mH A 2 WG CRWE w+ w.=0.

X F SRt N i AR AR AR B TC IR A R B 217 3 R i N 5 AR 0t 9 il Al 483 O ) Rl
HE R AU AT s 1 JEAl ERE£EXT b B C ek 1947 30, WR b N 7 B9 4T 3l & e K /MEAT 3 (max
minimizes) . 5 2 Ul B A0 X T — A~ BA A B8 09 7 4% 2 B IRk UL . — XT3 2 g AT
vy 5 HACH A m b NfT sl 2w Rs/MetTsh. XS RA S Wy ERAE T
— M ANBRR S ST R R ZF B R . S X —45e a0 d b W 2 e
— > B N AT B Y AR 3 S 1R Y B A B 7 A R — SO IX — SR A5 . AR AR AR BE
IR AT RO X SRR R AR A e R B R Y

EX 2.6 4212} . (A) (u) A= NTREFREHE, Taha " CAZATAL
MR R Z DT, R Ah
min 4 (I* ay)% 1’1;;1‘1 Uq (.I"s:y*)* E'J-ﬁ'ﬁ-ﬁ v E A]

€A, 2
R y €A ARTFA2HR KR DTS . XA
min us (rsy )= I‘ninug(r;y)» STETR y € A,

1‘€Al 1EA]

) 5 Z X Ja Fh N 7 SR e Ko /IMEAT sl & e K /ME R N 7 BE S R IEZR 15 19 52
SE9 Tah. xRN R e Kis/MEAT 2 B T A max, miny wy (s y) AR X Ja)
N 2 K e R/ MEAT B DL T R max, min, u, (x.y) .

B SCHL Oy 7T R BE R N 1 B9 45 5C F S BRI wa Bs I HAKR — i
P we=—w . FHBGHIREN, AN 2 XA KRB/ MMOESFER TR A1 SRR i
/N KABAE.

513 2.2 A{1.2} (A (u D A—NEPREEFRBEEE. AL A

max min u, (r,y)=-—min max u; (x,y)
yEA, €A, yEA, €A,
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—F Mz yEAMBRT FlAMmax minu, (x.y) H BAL S E 2T B A minmaxu, (x,y) .

yEA, xEA, yEA, €A,

IE B s XA BREL £ A min(— f(2)) =max f ()l argmin, (— f(z) ) =argmax, (f(z)).
MM A 8 — y€ Ay, A — minuy(xsy) = max (—uy (xsy)) = max u;(xys y) . X FE,

TE€A, €A, €A,

max minu, (x,y) = —min[minu, (r,y)]= —minmaxu;, (x.y);FH HH: vy € A, & 1] &l

yEA, z€EA, yEA, €A, yEA, z€A,
max minuz (s y) IE 24 HACY B2 ) min max u, (. y) B ]
yEA, x€EA, yEA, z€A,

2.3.4 BERBMMTHE

TR 5 oA W% 499 - 357 iy ABE 32 4 a5 T T o 0 b 19 2 19 2 RS A AR AR I 3R vh s A
F14) 355 26 T AN T 2 T s 52 M 23 R0 0 ] 7

— AW TR E N — D =TCH(NL (A, (=) - X B, RPN w2 R =,
HE LTEATIHEE T A= XenvA: Lo TEART P BV R AR 2 #5802 3F 5 1Y . 1X R 50
e BRI AR TT R I — DA R b A TAE A B B 00 4 ¢ R 10 TE 408
., BEMNTHAFEZZEHEW IR EBEFEDNRF P AN IR G L R 2 von Neumann 1
Morgenstern FYBR X FF A 4 & R0 AT 3 —pREN w, . AR WIHEBE(E KRR R, HIK, AR
T G T ORI AH EAE AR AR R — A = I (N (ALY s Cu)) B ASTE T K a8 SR 3 i 1
IRV XX — i€ Nww,: A>REZB—PMWEBEMEMRETRP AN XFA LA EFFE
B IR EC R REL . AN FATTRE X 5L 45 0 A Y ] R A SR IR 12

L G=(N,(A), () E—TXFERRIEHEIE . H AA) KRER A BB R0 1 JF
HF ACAD B — DI R N R A — DR A I (mixed strategy) . BERHP AN WIES
SRS 2 7 FEALAE . AR W EFR A — DT E N — AR B (pure strategy) . Xf
F—ARE X FIoECAX) () ER M € X MHEFEIEH B0 190 LEE XNl
€ X MMMES HP,0(x) >0, BEKREH—1 X (a)enETESGA EH—PTHEE
S1 AT

BMAEMN G IRA W 7 — DRI RN G IREY B A ZEFE RSN R AT
HESEME G PIRAERKBES AA).

EN 2.7 FeIFEIF(N,(A),(u;)) 8R4 E (mixed extension) & iX F — /> R ok 14
FEANLAAD) s (UD ) sAADZ A, EBESHELS,F AU, : X;enA(A)>R¥E U, T X
FTALHa I RORHTFHAMBMARLFNa€ XjenAA) (XA, F A FR, N

U;(a)= > ([]a; (@)U ().

e A JEN

HEEEN R UM EZELEN ., W2 IHMEERGRBAHG o« mP A i BT
RAHEME B M Y, L EAE—2€ [0, 1].AU: (a—i AR+ (1=2)Y:) =AU, (a—i:8)+
(1—2)U;(a—;»Y), R EBFE . EHE— A NEREET T —REREHEAR

Ui (a)= Za,—(aj)Ui(a_ﬂe(a:—))

ac A
XH L ela) g N i FIREIR &R/ B o €A IR 1,
R E R T B IR F A
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EX 2.8 — AR RS K AHHH) (mixed strategy Nash equilibrium) &
IR RET A M.

BiEa” € XjenAAD & G=(N.(A) . (u)) I — 1R A K W& 90 11 35 7 . % 39 i v 54>
Jatp N i RS R o AR R 1 S — Do X E T 2B, Ao A Al
AAD I —DFERWE T UATIIHE et G B —PWHH, RZ AE aie G I)—4
WA A I A wAE o PR PERT N A APt sz ERIATR A R T N 0 3RA5 RY
AT E T ela ) P AER AT TRRH A ela )2 G IR G KB .

— ARG IR N A R S B IR S R I E SN — 1 F 8. FEAHHE
ENEWEE, X TRPARAARZS DT Z0H — RS RGN 21,

Al 2,2 AEAT A PR IR — N A R H B B
W, 2 G=(N,(A),(u))E— TR HEZE, I HXNE—"RP AN 2 m, HES A,
JC R MAEL. 1E:l‘fﬂlﬁ-|.%:(]*]1'«'..‘*f)k'«'“I.*j)?n)%%;&rﬁﬁﬁ}*Aﬂgiﬁp%ﬁimﬁﬁﬁ ACA)  H

BTG ke pe=0 B S pe = 1 (py R i A b Al S W O RE) . 35K A i) 4 4

FoEdRas AR R . BEARTEARE R B SO R e R IR A B A R T ATE G RS TR
R SAT R BN At B 2 BRI 2 M AR 2L R . XA, G IR & 97 R 2 an i Br A 1Y
R []

FHEE RS T AR — AR EE AR, BT R AR A A

513 2.3 4 G=(N,(AD () A—AABREEIER, L0 €XienAADH G
— RS ER I S AR ST AN FPAEN e BFE LG AEANE L% Z o,
4 AR BB .

iE . SERUETE o FHEPAE DT EANE oL RN . 155 H U AE o P Y
AT, R N AT N o, 1) — AN SR S AT Bl R RS M ROk B LS A s I o R
Xt a2 B A B .

RIGBER —IRA R o R BRI A& T o X a2, R4, T U 4t
L, HEEDH - ol FE LTS —E e o T8 LT sh 005 & 0 AT B I A
i o X FIrA TS o 2 B N .

MITA AEAE T — A s i A3 85 1R A R 0 5 v i & A7 sh &R 08 3% Jas b N = Az [e) R
1) A O

2.5 ZIHAHEZE,

B FR g W SRR 5 R R HE A REZ ANl b B S A HE A Z Rl e & . AR A
RNZRFENT 0 0] LUA A o6 i ARt 45, sl fan il %5 0 TAE . TARES 2 ST — o AR
o AR g, R AT IR R B E A LA T ww™>g) . Ze30 A e W B W 22 )7 1 o A5 1 1ok
B E AR A . KA A — BB h(BE 0<<h<{g) . (A IR 5K 2 75 1% B %%
J1 TR S F T 0T DA 2 5 A W88 8 (BN 38 0 3 o (o™ , [A) I 78 4G 2 ob 0 2% S0 A0 38N Ay
Bt 0 LT T %A AR, TR R A 2R I 2-10 iR .



28 HXMERUITE—RE T EEERH

x2-10 ZEFERENEEER

HIEA |
o 45 ER e
fom A

HUﬁﬁk 03 h TL) 3]

TAE w—gyv—w—h W gV W

MR B E PIREUOS R AMEH WrZ IR A 2R g 2 SO M . Sefboe A
far P A LR o M TAERIBER A 1 — o R B AR ARy v, WA A& 9=
1 —yo T o 1 £E 500 120 2

—hr+ (v—w—h)(l —x)=—wr + (v—w) (1l —x)
2 J35: x=h/w,
My 1939 486 0] 9% 15 A2
w(l—y)= (w—g)y +(w—g) U —y)
itz 538 y=g/w,

ST REM TIRW B RS HE L A EEARCEE A fay o 09 8%, & o
R N S AR N B T8 <o, DA FE 70 1] 20 HL T AR i BB A 5 LU, LR IR ARG £ 2 T, A il 2 22
A A1 R AL/ B R AN T2 3 (1 v 0 7 S T = e )1 =/ N B 29 D
i WO s AR O AR BT 58 o 1 S M B9 2% FH AR o 3t 22 SR AT 8 b ol 58 40 3N 1Y
A A 1 18 55 7 4 425 T 06 A R 55 555

2.4 BIEEZ

2.4.1 AIEBIZFHEEBE

M — Ty B RO B B 1 2R I8 SO0 b iR B Jm e AR AR 5 E — A — RO B &R L IR
fife B D X N Y ST 5 X6 T 3 A S U] A8 i O3 18] 947 70 Be 35 A AT AT PR )

EN 2.9 — /24 I AFB B4 35 (coalitional game with transferable payoff) €L 3% .

O —AMABREESEN (BFALESE);

Q¥ NENERZTES (—AMEFEA)EXEADAERK 0(S) (S 14 (worth)) FBIK £ 89—
A E v,

R EEANEREE S, S8 o(S) R AE S R b1 AR 8o Bl 19 4=l A, BV BRTE S RE A% >R B
RETah S S LG [a] Fr A nl fE#Y o (S) 7 fid

FEATT ABRENT GRS AT 56 B8 SOATHR B G 2 R A& Frfi e ARVERE N i ZE D5
N BE—# R 2T R EN S —Z2 . XA BRI T T A R AR N BB K
e LY .

EN2.10 —ANTHIAFEAEEIN, 0 2BRBEY, R NGEF/N~551(S,,

T/l

k
LSEQ.‘-‘Q\.SJ&} ﬁjﬁ T}(.N);...);’ E‘L’(\S,&)n
k=1
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XS IPESR R — e EEREE SNT=CWEBE ST A(SUT) =
o(S) +o(T),

2.4.2 %

12 AL S i 2 25 19 REVAE 2 DL T R B B TS A g A 2 i P 2 2 9 VAR R IR I S
AFNE XGRS ER . EEBEIE T, — S5 R e 1Y AR A 8K BE 9% e 2
ARG — R H A WL DA B A A 45 28 . R T — A al 56 B SO B B 1 2 ok U L PR 5 B T
1) 25 1 S K AN RE AR AT — 1 ok G g 03 IR ST Z M SR . 40 78 2k T 1 5 At ik SR PR A i
W IR T XS R A R AR NIER.

AN =D R ST R 2R . XE — LA S (2)iey IUE—HRH S. 2
x(S)= Z o W 2(S) =0(S) @ — LB /. (), e sa=— 1 S 473245 Iv] & (S-feasible
payoff ve;or) JUFR—A N-0] 170 S A45] 10 5~ — ] 47 3245 40 & (feasible payoff profile),

EX 2,11 T IAAKRBIFTF (N, AL TATIATRE (1), csELS T TEKXR
BRI IES Ay, >, KBS o S-TTIMAEHE(y,)icse.

— RIS O s e — X B S A (S <= (S W17 TG
(x);e sHIEEG . LA AZIE— D RS L MEATF X RGN SZATH G S B & A AN 1Y

T gs e B R T e R TT R ] A B Al S BE B 1 2 v B AR TE L O HL R T %
T HE &

Bl 2.6 3 AZE({H3E (three-player majority game) . € 3 PN A n] 3815 1 A7 %
S AT AT A2 A S T58 3 N T3l k15 e € [0, 1] AT ] ok — >0k 57 K
> N AT — o s . DR XA IE B A M R 3R P U N={1.2.3} . v(N) =
1HE[S =200 v(S)=a. I HXMTH i €ENAHo(|il)=0, XA EIAIE R XL
TG (ysas s ) BES T TFE A o(N)=1 X3RN RPN S H v(S) =a, H

BRI 22 LS 0

B12.7 —SCEREEBA AT A A9 5 AR AT] R B — X AR RE S B — 1y . B X AR

JERYBR IR (N o) X HL,
(1S]
2

SL=1 w6 pag

: 7 | S| AL

v(S)= 9

2
mﬁmw%mamwmzm@E%—Miﬁma{;mggﬁm%uwgs%%ﬁﬁwg
I el O

2.4.3 ZHIEZHE

BAEF HH— P ERE IR RAR S B 5. oy — PR EAFR G E X, Frid
XEE— DRI N— A FXREMROFERMFSTH. Ad T E XEINAZFAR
A — TR, B LLEE S th— A B BAR R 261
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A CERMABRES SHME—BH S RS L /R4EEH S 9 a5 80 & 1 | S | 4 JK [ %3
] L 25
(o), — 1. %1€ S
0, 75
M 1sERVERS W IEm &, [0,1 JBEUE (As) se cre— M AUEUE , an B x40 /A

i LTI AR A AIE 1. D As s = 1y, TERH—DHIF. A2 IN|I=3, Ba. #

SeC
'S :2.,mll,15=%,-7r'$mu,ﬁ5=o A9 805 (As) J& — B BCEU 5 2 | ST=1 WAs =1, 5 N
As =0 WIBUE (As) WM A8 . TR (N o) f& F 5 19 (balanced) , Ul 5 X 55 A~ - 1y £ &%
%A Zﬂsv(S)% v(N),

SecC

KRS — B W T AR A 1 BB [a] . At 2 20 AE B A H il 76 19
A EPRE BT . N T EAE AsHB A IRl N ER SR S J& TR sh i B 1Y B A B 0t A8 35X A I
[H] FR A e A AR S TG Y AR B B b B B 7 2 34 Aso (S) o FEIX A il B b L BRI
H 1 1 2 A 2 — A K TF m b AR e BE ) ol A7 25 . OF H . — AR R A L i SRR
28 R A=A 2 F o(ND SIS ] 47 B[R] 43 Bl

T 4518 85 F58 Bondareva-shapley 78 #iL7-8

Rl 2.3 —ATHBSIAEAFFERA - EEH S LS CLFH,
k8 AN N—P BRI, 5a. 2 2 MIN. o EP =13 TH 5,
j{Fﬂ@(ﬂs)sec j’:f_‘/i\*qz‘f%*ﬂﬁ[ﬁ%o ﬁﬁﬁﬁ ZASU(S)Q ZASI(S): ZIEZAS —

S5&C s5eC iEN ies
ZL- = o(N), FrLI{(N.v) J& M,
iEN

MTER (N o) & T 09 . IR 4B A - BUBUR (As) se ol 1% ZASU(S)> v(N) . H

5€C
M (v o (N)+e)€ RIVIT e > 0) R F M,
(y € RWNIHFL, = D1, u(S) )X HX A SE CHAs =00 RNEREBRE, T

s5eC

Iy = Z;{S lss A (As) sec A& — -l A% IF H ZASU(S)> o(N) T 47 B i

7
SeC S5eC
EHA —TAEFM T (aysa) € RYX RGN T AHEAR TR y MrFe >0FA
(ansa)*y =0 > (ay-.a)* (Iy.v(N)+¢e)

Ko (s o (N FERZ T A «<<0,

MIEL x=an/(—a) . HAQs.o(SHXFTA SE C REAEHEM T AT, B LK 2230 19 A 55
XA x(S)=a+ 1s=v(S) . HHAGHIMWAFRXAG v(N) =1y, =a(N), G x M E—1ITHR
FAET A L 15 3] o(N) =2 (N) G B TE (N o) I I — D AT A []

2.4.4 EZAEBIMNHNEEBE

{E— /N0l RERS S TR P gE p AN S DL —4E Y — DB 0 (S) B 3 AR A Y L
filp B . 0 (S) S —A 0] AR i 7E S B9 R 03 (8] #4740 B 19 24 . BRAE AR 98 — A B — M 1Y
WE & 7 H i B AN BR A 45 3 B2 A [ € ST T A s i B BN ERER S 2 DL — MM E
EE REG VS N ERIER,
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EX 2,12 —ARTHMS IAAKRAWIT 0L,

o —ANAMEL N (BHFPAHESL);

o —NELH X (BREL);

o AN N#WHHFE—FZTZFES (—NMEKRIDOB—ANMESV(S)SX 8§ R E V;

e WHENEPAIENA—/INX LéYiniF£ i=,.

EE— AR TR N o T S — P — BB IR (N, XV, (=) en) 1
AR X=RV., X HITHKHESHV(S)= {JTERN; ZII-:'U(S)} HEH LA JEN/S, A

i€ S

r;=0c=;y HHMN Y2, =y EXFEKRT AR ATHRBHEFESEMAHKREES
1 — TG,

— M B W R A% e SO X AT 5688 SO AT I ZR B ) e S H AR

EMX 2,13 BFEAWMEIN V. X (Z)ien)WHEAH cEVINIE L5 TE. ARG
ERBSFBRNSTAIESHy =, x 1 yEV(S),

T Al R ST R B B B0 A 25 T . — R R i gR i 2 AR = n . X B FRATTA TS

X4 A

2.4.5 Shapley &
E—NEEH o HrL /R N @ N AR B 8RR B e T X R B « Py Tk . & Xom, (7) =
o(z )—t{{ }},zer,wﬁwzw@rmﬁmmuﬂcp TRER i 25 o P HAATE R

MERE . H o k=) AN Hﬁﬁﬂkﬁ%?—’fgiﬂlﬁiﬁﬁﬁﬂ%ﬁmﬂﬁE&‘:’Uﬁﬂ X L ANHETR]

FRHRE o, (NAE R (N o) SVETZE T R A @ B S 19 % 43 Bl R S ASBE AR HIE Zm (N)=

v(N) Shapley WG ENIE . RN i E(Nmﬂﬁ%?ﬂﬁﬁﬂ?ﬂﬁ%@ﬂ%ﬁﬁ/n%iﬁ{mRTmiﬁl
93 1934 Fr oT ek ok B AR S RECE N TS A it s (N . FRé; (N,
v) N (N,v)HZE T 1) Shapley (B, F 2T W™ E X .

ENX 2.14 —/(N,v)&4E1H 349 Shapley A2 — 5B O=($1sdasrspn) s £ T,

b: (N.v)= ; (I —1){\{(;\1— DY, o

£ X 2. 14 W Shapley (H AR EZ R HA LG ME., XN FHENH A ZEX A0
Shapley 1155 & E R Ao ECR 2 06 LA R 4 3,

N EIJZ¢ (N o) =o(N) , A BR80T #5305 5 i TCTR 2%

Y =Y 0 PAS: :r’:J:fJEP)\z(EUJ:.'IEF'J\)RﬂIHHfﬂi’J%f@( BIX} cCENm () =0,
2 H Bt g (Nsv)=0

= e AT AR AR, ﬁﬂ%lﬂl“’l‘*ﬁﬁ(\f o) (N, 5EME, RERd AN i, 40 H e,
NG AT A E LR TN, TANZEREARFTAE A4 (Nsv)=¢, (N0, BIFRIEIF AL
87

Y A B 22 XTI ESAETE IR (N ) 5 (N0 o 8 XHFFIEREL v+0" N (vt ) (o) =
v(7)+o (o) Hip o BAREEE . B2 KA (€N (Nsvtv )=¢,(N.v)+¢(N,).
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MEAE TAFESERZEN 2 © WA EHRN, AR AAEX 4 42 B 1 §T
. FEEEITECTTIE.

Shapley HEH . 7 7EME— Y Shapley {8 [A] B 5 123X 4 2B, BFDLEX 4 >0 21 O LAl 7Y
AAVETEZEAEZE RE 0 7 SR ME— 1) T8 . R4, BRiE & 1E ) Shapley {E7E B I 3 an{a] 2 i
We o T LA AR -55 B IR O AT U .

FIERA- o IE P N L el BRI O ERS A (1), (1.2} ,{1.3}.{1,2,3}., &
ANBEBER AT DI B B ok, R N 1 XX 4 BB A PR BT ER N my ({1)) =
v({1}) —ov($)=03m; ({1.2})= v({1.2}) —v({2}))=p;m ({1,3})= v({1.,3})—v({3})=
pimi ({1,2,3))=v({1,2,3}) —v({2.3})=2p, B HEHH — P & A i 2 5t fig o
P22 B oT ek B9 TR . S e 1 BB M SR Al 5 2 7 W 8 — R R R AR RO SR O —
MNEMAEE ., o] AR TS T AN DA R RO A — Bl MmN 1 A S SR
T AR A NG . s Nk A BRI Ry 31 =6 B, RPI(1,2.3).(1,3.2) .,
(2.1,3),(2,3,1),(3.1,2)F(3.2,1) . 45 N Y BUMIR AR F& B 5 HE R DU B e J 3t A s [] 1)
N B REM AN &4l GetEaRAR [R], F2 B0, Ry i A1 RESB &5 IOk B (1) i 15 B

A 1.5 2 Wjﬁ'ﬂﬁﬁ’?,Eﬁiﬂﬁi‘ﬂ%%%%;éﬁﬁiﬂiﬁé{l.,2}H’EJ‘I’EEJB HA S 3 MUY & A= HE

1

L T2 B (1,2, 3) B

%%%ﬁﬂmﬂmhmmﬁﬁﬂﬁ%5@%Wﬁﬁﬁﬁwﬁ
Rﬁ%4ﬁ%6ﬁﬂ%ﬁﬁhﬁiﬁ$%%oML%ETﬁﬁﬂﬁhﬁ$MEmﬁ%lﬁ?

AR T T KB BB LBBR TR 1 (0) = o X0+ X pt oy X 2p= p BB o
AT R Shapley (. B R T334 B TR0 A — R, 0 F— A (N o) W25 .
Rttt A i DL R e« ok (T DA NTIEDY e Ny N At g
M. (lel— 1)1 REHSBUAE § 2 60 R R AHER AR (N 2] )t R HS B £ 2 R
et A SRR SR PRI SR AT Bl oy > DN D o,

N!
25—~ 5 Shapley {H B9 61+
B 2.8 THAR-57 LAY Shapley {H.
f#. N 1 1Y Shapley [HETCE K. h po AN 2.3 XFFR. H Shapley {H 5.
X B PR N 2 e A as sl BB A 4 A (2} {1.2}.{2.3}.{1.2,3) . fthX] 4 Ff

LR TRRAE B0 00 p.0. po HRHRAE S 2. 14,4 FRIE L1 BEAG E 53 90 2 s

2 BFRLL A 2 8 Shapley (24 ¢, (0) = o5 X 050X po o X 02X p=p/2, K HE

WA-57 81310 Shapley (HN ¢=(p.p/2.p/2), FE 3|, v(n) =2p,Shapley {H ) i il B
JERAME — R A5 5 —2F . A N AT AR B4 T A Shapley {H /&
p/ N,

INGS

R 7S N5 N Z R AR5 ) £ oh 2 ), Jmy o N BIr gk A7 O A7 e 45 5 1 T 3R 8 1R iz
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I B B R R B 5 T 3R AT i 38

o (A8 A AENE) FrA X R TEZR AR A — Dt BB st NI T S 8RS
e B AN Y L IF B 8 o ON B9 R 4 56 Z8 0 72 22 19 ALY 1Y

o TEAFTENAT Y8 ™48 e G 2R b . — A AT sh 2 g AT ¥ Y HAN Y 5147 3h 88 A2
Ri/MEATBN .

o GRA RN 26 FAEYE) B— A RIEIEEA — 1R 5 SUE 294 1 21

s —NMEARAGE—TARMEIFNIES KW B E Y B8 R/h AT
TE RIS T AT R T E R 1.

o A — DA FER AT AR A AR AR A3 4 2 AU B A 1Y

o I 2 V- o1 sk P o 9 ME—{H )& Shapley {H..

 Shapley {HJ&ME—i £ SYM.DUM F1 ADD 7> # it {4 .

ZZ B

1]
[2]

[3]
[4]

5]

6]

L7]
L8]

(1B « BT RAR. RS — G 5404, T80, 3. Jbon . i E 2 5 R L 2001,

von Neumann J, Morgenstern (). Theory of games and economic behavior. Princeton, NJ: Princeton

University Press, 1944,

Savage L]. The foundations of statistics. 2nd ed. New York: Dover Publications, 1972,

Zermelo E. On an application of set theory to the theory of the game of chess., Translated in Schwalbe
and Walker, 1913. 133-136.

Kakutani S. A generalization of Brouwer’'s fixed point theorem. Duke Math. J.., 1941, 8(3):
457-459.

Kats A, Thisse JF. Unilaterally competitive games. Int'l Journal of Game Theory, 1992, 21,
291-299.

Shapley LS. On balanced sets and cores. Naval Research Logistics Quarterly, 1967, 14. 453-460.
Shapley LS. A value for n-person games. In: Kuhn HW, Tucker AW, eds. Contributions to the
Theory of Games, volume ||l » Annals of Mathematical Studies. Princeton., NJ: Princeton University
Press. 1953, 28: 307-317.
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3.1 #ER

G IR e 2 TE R 2 58 & B (perfect rationality) B 4514
ST IR S A ) . SR . 7R B A A, SR Z IR T B A 0 B
Bi O H SR CE SR P ZR 52 L T AN BEASCHE 7 4 PR A 8 B L IR Y
PR 2 A Jm R Y (bounded) . 5 1% ¢ 1 2% # e A [A] , T {0 79 2% 392 JF
AR5 A EEEHIErN . “APRE M (bounded rationality)” 1 #
e RMASRE « PI5 (H. A, Simon) 76 ffF 58 P& 5 [7] 81 B £ H3 2R 1Y Al
A REPER T HANFRE BN E 5 N7 KRR T ook
WS, 7 A4 T A BRI E DR e, AIRMMEERN T
PEAIEE 58 2 HEVE Z 8] B L AE — 2 PR T A9 3. AN B9 A R BAE P A4
T HAE B0 & 28 A0 E P DL RN B9 BRI R RE I I PR 1 5 E 1Y
A0 19 2R 1 U TR e 43 B PN 2l A8 T A i B 0 A 45 5 R R 1 — i
(77 N [ B R L o0/ L O = o P T T S L 5l PN B O o 8 2
e — i B 25 1Y K Al

WAL TR 18 (evolutionary game theory) 2 I T X 4= &8 8L 1 fi#
K. B4y e i B AR B EELE] R 5 AL 22 S ALH] 5] A SR
WE =Y . MRS E & B e s rh 2z iz i A Y) e XN A
FIJE 7R - 22z 2000 T R g B g AR, A 2% A W 58 4 i Ak A
R L35 S e A PR o BC LA SR P B9 h K R & eSS . i 1961 4R
Lewontin JF B4 1 FIT 3 10 5 16 169 8 A8 BF 52 26 25 1) Y | 2 9y 2
Smith I Price fff FHZE 8 K B AW AL IS . TN . O4F
Prre Aty sl b g A vl GE B A BE RS, e AT 4T 3l st % Ak N D GE 1Y
QTR A Y SO 3 0 >k KR . BB I ) EE R BE ) . F )
Bt s O FEZEXT T AMGAL e 2R e IR 2 1 e 10 L B RY L i 2 B HIL AY
Z 58 HORAGE R oA, BEAp e h R MR = 58 & BN 1
A s T ZE A S — PR . T JC PR #2247 19 s © 7 31 & 17 19 7
7o, A A R & AR R 7E (mutation) , BRG] GE ik 5 2 J8 25 10 0 7%
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H Y B A R I, TR BOCH A A i, 2T LA AR, 1973 4, Smith #l Price 45 & 42 ¥ #E 12
Mz SRS 2 1 G Ah 1 2R 8 iy Ak A 24 46 A8 AL AE & R - (evolutionarily stable

strategy, fa #R ESS)P, X br & & WAL R 8 IE A . 1978 4F, Taylor Ml Jonker 7£ % %5
SR A IR R R T A 1 3R e P R AR B s A =
dynamics)® . A=Y E KRG AE AT B B AU R A% Ge TR0 v SO ek B0 A o A= 3
N PR X (fitness function) 5] A% 72 HL ) B A% Ge 09 49 11 35 o6 $ 8 T A0 A2 8 Y3 4 DA S 5
A E PEHIL ) A8 52 ) & s AR, il i XA S 1 3R e A0 — R A oiE L T AL T IR HIS 2 WP
WO & R 5e % . Bl AE AL I 2R 10 X% e 2R 18 1Y ¥ 8 L &8 BF 7 5 i A5 25 AR Wy e A ny LA
e A T gtz B & B o vb ik — 2B 43 1 A 2R 0 % B B 1 DA vt A A2 R 34 1 A e 30| Bl
PILRS E A7 DI g P 10 2 i) 8 sh A Y e e DR BEAIL ) AR 2 2] S BB L 5 L 4, 2 5% o7
Z AV iz AR 125 08 g B At 23 2T 15 L R ﬁﬁJJﬁiﬁiﬁﬂTﬂfiﬂ’J ALPSESVYSE ¥ N8 Bu)
L ALEUE T4 Als H it B R E B Al A 2 5% 2 ) — > b T B ORI
I A R L R 8 B 2 T B — A B

WAL IR S G R A A B EREAE LA T 3 AN O HEME & b ) I ) A [e]

(1) RKEEHI N R FEALGE P gRIe T A A 15 E (19 o I 23 8] AN A 1 2R s Jor 4 ] A
A K R s (] ﬁﬁﬁi%?ﬁﬂiﬂ-,-”“*PIKEI’J"BEH%FH%Wﬂﬁ?ﬁﬂi(phenmyp{a)ﬂéﬁx_Jﬁc
BT W A Mg 23 1], MR AE AR R LA SE () R I RY I Rl B2 7= A 28 4%, ;X BE S8R g T S
FoA AR AE T2 4 r o5 P50 34 L B8 7 (fitness) 1 R /N 38 4, AN A A4 3 07 158 ] DAl i G
IERAMOE §intiR e EJﬂigJ:JH@?LTPL%*E%}E&H’J%‘E@@%ETﬁﬁEﬂJﬁ

(2) ¥ AR A RS R 2 i AL PR g th A A &, B S 4 R 3R
W RGN AT X DDA OC . T A RS i TR W 2 48 7E — D R RE Cpopulation) w25 Bl A 19 44K
AR 1 5 el SR o i AATE AT /0N 1) 58 7 SR e AR AN BE A A2 T Rl AR 9 0 s U] 2 FE s 5 AT O
AR E R . — AR R — i 2 — D 3 L (H R BRI AN 2 A A A
Fo 5 S

(3) MAFHEAE TN BRAN[R] AR 28 LPRZE b AR Z TR AH B AE T — UK, 350 55 AH R /Y
WFZREEAEM ., mMEBEAEIED DR BEYL T AR IR 2 2R kAW H
P A 320 A [R] X6 = B A R AR /DN o ok B 1 28 L1 2R 98 th AN R Y IC A2 R0 . X b BE AL AR AR
{14 B Al 7 KL 0] ) 2% 7R O e X 245 1 45 380 o ) 295 b 1 A TR R A5 3 R Y B 5

H TSGR e L 3 A SCHEMEE b N R i AN ], 6 1k 175 25 10 0 i 25 10 DR o 0
BT T sh A AL pY A

3.2 BhIEEEM

3.2.1 BEUBZEHNEREW

T A0 T2 2 O T A B B PR A R A T PR i 52 19 2 v Bl s I A A ) i B . T AR TR R A
R Z5H) F 2 3 AR A . P RE | 1 27 HE 2R 0 Jd fE HL 1

(1) Fh i

FRRE & AL R A 2R 38 5 FRE B 250 T K 0 A BRI PR A R R, A AR Y O g
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Yok B Rl — R mg 4 . AN 22 B AH B 58 4, 170 PO B 5 4 1 1A 22 18] 114 78 4k 26 B M Ok

(2) FEFEHESE

PR HE R 3= BLAR AN IR T IR A 45 A AR . 19 2 445 4 0 o ml 19 R A A8 S s o 4 8 RS 1l
TR Y | A RS ASE R O I o TR R R A, TR RN 32 S IR B R AP R A, Ak 1
ZR SRR E MR G5 A AR N AT . 5 2 SR AN [R] 9 02 AN AR 114 3 % AN it i o
PEBEBEAT 10 L il R AL s ML S . A EE T E SRS SR RN A
P 2 DA EE B BIL 5 5 1 A 1A PR 18 R A T R A A R A IR

25 SRR vh 1) SO ok B ke Al Dby o O R R B, R R AR W AL PR A% O 2
FHOR A R L R0 B RE 7 . 3 7 3 o B0 m e 40 SR 5538 1 B3 i S e &R . AR Wt Ab
3, L 38 IV pRBCT 2 SO HE RS B N 2 19 . T AR A 2 40 U T A AT P 5 N R PR RN Y
SCVUNAF ST AR AU 5 o SR W 1) 338 NS AN SRR T B AR T2 R A4S 1 SAN L A B T A R
(127 2 B 1 AR IR] ) 22 B AR L 38 R SO ek BIOAS BE 1T B b 55 (] T3 07 1 eR B, B A 2
o 4 S )RR A R AL Dl R RR B, {HJE L N T IR A BT 34 22 T Ak 1 2 R R R T 0
AN T ZE AN 25 R 3 N

(3) AL L

AL P B A AIE . B (selection) FIZEAF . £ I8 GRS R 15 5 i AT 1y
o WEAE LRk T 22 (1 AR SR 1T 98 788 S S AR LLBE AL Y 3 A ] 1 1A 1 5 s (T
HE & AE 8 AR A5 1 S AT 1Y W, o] BB AR 1S B AT SR g ) o A LU e $R 1T 5, 2748 J& — Ff
AWrES 1 7 R G A REAE A Tk L B R —Fh 2 ) SR ) L B S
IV B I v N0 IO N = N i L S i N o S T o R i R i B B i )
JIHIL LAY A A B A B — A B AR Y I 2 BEAIL I 0 A AR 2k PR G b 1 g
fR A

GAE FE IR BI RV a0 R LA FRE . O LLS 55 BRI 58X 4, o B 3h 25 A B Ak 3o 72 L 1
BERE AR M Ar] 38 31 DL K an el 35 21 H A A0 X — R A s O BEAR 10 3 Ak BE A 18£8 o #2848 1
e OLRHARBERE T oRMWIT N EA —EHHE,

3.2.2 THhEEZE

2T (population games) 7 Y & 72 W 2 10 B9 22 4k - PRI X T AR ZE R SR8
KA AR TR Z b, —8ims . MEEmEIEa s 3 30 AP B g ol 17
1) WA (— A SCFFIR A HE W) LA B A A 5 g 1% 53 5 o g sl SRR A0, BB & T UL R
Bk .

(1) AMAREAT BREEME 9 BB AR H BN N—>oo;

(2) Fr A AR AR & 55 1Y HLAA A A [) i 05 4 50 B o BRI 5508 B A S TR B8 e e
AN TRBAS J53 Sy [ Jo 19 20 (HE X BR T ZE 5

(3) TER— BB CGFe) MR b, A DL 35 55 19 48 25 i AT b 55 HAth A (AR B % O FR T3
i 1 — P P AR S T — A2 P RS AR DL S8 AR 3R FE AL B X (GHE R PRI 2R 5 15
FH 5% 1 4 58 P 2468 i — o e 1] A6 A B 2

(4) SR A e, o B T A A D 2 B a1 O Rt B B DU AT DL T — A R
I 10 7 357 i ) o
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(5) JrA A~ PREE A AR [) 19 58 8 o s

(6) AR Ny gic A, Wl e v, Hoagt S I AR H /. 60,

FERPRETZE b, th BE LB X i B2 R 5 s | BE AL SR ML 55 i 5 [k (9 8 8l o mT LA 1
MJTIRIE R . X — M B, R RE 2R B 50 O e — i 6 11 24 37 19 5 A T 2R B

L b X 28 T A 1Y 2% 1R A B s AT DLAEA BRIFDIR 2572 & b UL AR 1 222 AT b Ji P A
FEH B S

3.2.3 E#EIS

i b 1 ZR AR AR DA J0 0, Vi Ak sl AL AR 15 . BRI SR A R R e Y T BT R B X S PR Y
(o] AL, 5 58 Y 0 VAN R A9 sh AL . A sl Ty AL AT DL g D 3% S AR R R TR AL L Al ] LA
Oy R E PEASL R RN BRE ML AY |, FE X 243 28 AR 4 B S 1 L o] DUE Ak K AN TR 9 5
LI

TE 2 W20 H R4 1 B 5% die 22 1 3% B2 Ak 3l ) ML O 52 ) 2 sl A8 12 58 8 B0 U]
Taylor Fl Jonker £ 1978 4F 15 U4 R 1 B AL A Yy b AL BERY vp BoA K R M A . 52 il & 3
SR N 25 MG FEMBEP AN IE K R o, /o, 518 W Z 22 BUIE L -

i% = fi— J?
Horp, o 2 R FHOR WS @ 09 AN RTE RN EE b i 7 i LB, R RIS 0 (R B, AR 1 7 2
BEEE s 0= (o1 5025 500 s pr: ZN:-/NZL 3 O JE R AR Y AR G R ] SRR A
P AR R ZR L WA B Bl AL N ¢ (B2 (A ), L R EE
1938 N T 0 5 R N p o« Ap A& P2 0 A 0 B =03 R
oi = pi((Ap)i —p+ Ap)

2 2E B FR S A B RS X BB X (Taylor form) .

TEA R BB 2R A1 8 5 52 ) A B 25 22 20l v LR an R I 2

A .(AP)i_P'AP
R e Ap

12 2 FR A A g 12 5k 25 BT 2 2 (Maynard Smith form) .

ih B R G0 SRE ) U I AN 4 S SR L BV X T4 S SR 1 AT (1= 0) = 0. T8
S TFHATEZL 120, (1) =0, WHSE. 5 1% 2D &R B A . ILAh S % B 2
25 I WIE N i S T | AW B AR E T 1 BB Y sh A 7 3L

3.2.4 HUIBEERRE

EAL T RIS 1 — A% O A — A FiiE b R WS B B R e TR & . F2 58 BRI
“ (6] I 2 A HRR L A2 W) BT AL AN S — I IS TR AR | 1T — 1 5 A A Y ) e T A AT K
2% RS B AT o AR R AR R FHF 2Z 1] T2 A 0 AH X SF i FURR E O e [R) . — T
1, [ b 24 6 398 E 45 FH b (B 5 0 SR G PO i B B R iU A id ks g — O il . L
A X FENE . e UL B 19 R 2 BUE WS AT B U A AR S AR E . X
— i b — A a1 AR B AR R 25 A iR U — T IR S P B AT E A AR E i

A AR O I A ME & e W J2 i Smith Ml Price T 1973 4F 75 X FR Fh B 9 2% () of 55 42
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R AT, X —AN G5 58 1 TR W, A S o R A R 22 B0 A AR BE 4 1% 4 8 TR I IS L RE B8 IR AR (e
FHAS [R5 8% 14 7N 18 28 28 BEAR B9 AR IR 43X A 25 58 O W& ot J2& 3 AL R 8 R g, FRRE AN R
2 7% [E 1Y S AL AR E R B AU s i AR P i R A2 Bt AR = M 2 KA 2
B E o T8 A BRI AE A A8 A o R v 2 S O 3R I L TR L L A L S A U 4 E|
1) o i 38 5 A e T A RS TR G . R U A AR E TR BR % 8 AR PR PR (invasion barrier)
() ABE A& . T Al RS TR W (BB AE 28 78 A 38 3l S0 5 L B AR 3k B AR B B 19 16 B0 T A AT BE K1
RALFANNR . 7RIS, AR B X — & 5 S0 b 1) T2 3l 0 A 0 A AT 4T G K
KL, B — A A 7 A& o M — DA 200 ST A BB AE T — A 3 BT 48 11 O Mg b B A
— N E R RO,

EX 3 ICEHIRERM) KN FOGFRERZ AR RS s &
TR R R e R R s AR E R M AT R sAsT A

(1) E(s" +s" )=E(sss™ ). &

(2) E(s™ss" )=E(sss™ ) AL E(s" y5) =E(s,5),
AP E(x,y) AT R%E r BF| Rk y B9 HE .,

MR E SR LU 281 QO BE 288 (20 B A% 2 A8 CO W FR S P A8 8 AT 33 15 . AT
{7 i 2 A5 1 (1) 1Y 78 A RS RE S W FR A ik 78 f6 2 7€ SR M (strong ESS) . AR — A~ L £ 2 ok
I s 20 A 2 767 TR e AL AN e ™ A 90 25 18 SR TR 2 I A 0 JE 2R A (2) o SRR C2) B X
TAN A A AT (L) [ J AU RS g oA WS, 0 238 2 728 S g 368 381 322 e s R WAL 4 55 172 R g 18 31 B Al
fui — RS TR 212 A W 188 3] 5 718 TR ek 1) WAL ik 00 0™ A DC T 8 A R g B B BY A . AT AT
AN Z5F COABR i 2 25 F (2) 19 AL AR R WS-t A O 55 T AL R 2 R g (weak ESS)

EAL R E RN B LU — SRR . BT, AR RS A OB T i e . B S AT
P 18— RE AR i S RO BE & R AR B A AT R A5 1Y . FE L EEAR O T Al DA B /Y A
P v B A W o T A AR E TR s LUK, T AR E R — i i N I L e 2 AN AR
o A RS TR S ) A 2 1Y — Tl

3.3 WBELIBEE

i H NN B AVEAT M2 A BN A Ccos) MAMBAT . A 1E A AT — 2 g A 4 X
ol AR AR AT T e 98U AN S AE 8 AN o ZEAT AR ARG 4 A O e S EE T . 1%
HRAIC 45 UK 3 o A A7 1 S D) B A Al 2 19 B VR AT o & 8 s W 4 108 BT o 58 2 BUR
MR IrA NIRRT AT N e A SRR SO S/ At S IR B R, 3
JETIRAE H AR A Pk JE Nt h ) I AA A E SRR . W B A F & i AL R fe [l &
Vi 7 BE RS E 2 5 X B B GO ME DL BE 1Y . 5 A 09 78 P 55 A8 4 5 19 ML A v Ak T 3R
WF 5% 19 B B IR HT A ) . 2006 4 I K2 Nowak ZUFZ1E Science F AR XL RGE T
PEHESErTZHT 5 FPPLE] . JEZ %k £ (kin selection) . B 4% H 2 (direct reciprocity) . [H] 4% H.
H (indirect reciprocity) . M 4% H B (network reciprocity) Ffl & % £ (group selection) , 4l
&l 3-1 fr7w
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Indirect reciprocity
Kin selection Direct reciprocity . .
%
1 r v :

(a) FEGER (b) HEEHE (c) [Al#H E

L

-_—

Network reciprocity

ﬁ Group selection

(d) P& B (e) FHAIERE
B 3-1 5 MEidt S~ ELHS

W] 28 AL T ZR S B F 1992 4F Nowark 1 May $#f 235 [H1 4544 5| A AL 2R, il s, —
MR B A FEZA T T 3 DNER . MFEBERY AR R 28 Fn B g AL . i R A
AU o o s AR A T AR TR BAE A T7 2 AR 454 A T MR Z IR R &R L R E T
AN THEZE B9 9 L 5 B R U] U] i 1 A AR A ) R 9 2 e T B A ) Bl AR TE A

HEj iy W2 e et o7 L2 4EPAELL T 3 05 . QR —F S M ZE A [ i M 2%
45 ¥ R AL R XE 5 VEAT 0 B9 520 5 QAMARTT O FE I 5 AR OG22 45 40 A — € 1Y 53 38 L ) R
AR AT B AL AL s A BRI 2% S AR B Ak . TS AR B DL D L I 2% AL T
W EEMNFTTE. S1EWMER(f.  frequency of cooperators) . INFRSVER& LB, & H R TEHT
G P EAE KSR FE bR B S48 R gl S VR R s B9 AR 1 Ee ]

) 265 i A 1725 11— F T AR A

(1) 7 &y Bsf 22 AH [] 49 ABE 2500 99 288 vh (1 AR 3 BE M B A (i = O BUF e (s; = D) 5

(2) AT BR R R0 5 2L 2 J AN A 47 P28 JF 3 S AATT A9 R e (AR 5 H T A <P
JE AR TR AU 43 2 FD

(3) AMARYE IR — G HE R v (<) 2 2] BB 59 — AN AN AR Y O g

(1) AEEELERCOMPEG) . HERGERIRE.

K T FNAE 5 & FEPLESE Y L IF H 8 8 4E  % JE FEVLIIY (random sequential) #£47
1. S W 1) B 8T B A A 32 o Cs, <=5, ) A Z2 R A [ i € SCT7 20 de i DL i ST =002 9 oK
PR ZC (Fermi function) .

;) = 1
! 1 +exp [B(u; — ;)]

X L, B 2 AF B 2 R 0 MR RS L L BR R 28 P9 JiF (intensity of selection) . 24 f—0 B} .7 L)
0.5 HYBERIRIFH AR NG, LA 0.5 RUBERELS j AYSR MG ; 24 g>oo i, A T 56 2 BA% L B
HA Bu, > uF i AT 7 BRES  24 p=>0 B BVt o <Za, i 1523 DL — & WML R B 45
j ORI .

w(s; <



40 HXMERUITE—RE T EEERH

J3— A H B E OOy 2N ARz B 3 T e o R 4%

Uy — U;

Ak =
X H L E >0k Sk PRI T R ERL N T INERE . A=T—S, X THRHEMIE . A=T—
P, TAs B R A A=R—S.

ASTa] T DA b R o e 7 =0 a8 A — FieR 00 0 s 1 5 B 5
il S W& B0 8 7 3T AN AR B 2 2T RO 5 10 RN

3.3.1 BESMNE LR ENEZ

7E Nowak Fl May 5| A %S [MI 454 2Z J5 . W) 0 5 19 0 26 45 # 4 v A R0 9 2% 180, 5
BEBIF 5T e I I 268 45 4 1) 5 | A 81 BT BE A8 fie E S F A A (H W R B A RE BB B R L K
B AR AR T SEREAT . BEE E 22 M BT 5T 10 2% 8 DL Tohr BE I 28 4 P 7 20 55 1
P ZAFAEIX — BN K B W 28 15 10 19 2 v 1) IO 28 25 g o ey KL ) 28 7 Jré 3] 1 S A R 2% I

i A P % L B R 2R AL TR ST i R Y . e S M B E W ST A EE
i 72 5 R R A AT B AR R SR AR T B AR [R) B A 1 B 4R SR A 2 1 S IR e A LA
A7 5 | FRCE B N S B A R R L R an & 3-2 s, K] 3-2 R Y 2
el 2l e AN S BN R R Rt R (o D T i 3 B NS I ST I O = B o (BT
P iy s fa) gk A Wl L% 0 g3 S P AN w8 e 24T 8] Cenduring, fi] B8 END) A1 47 5K 1Y)
(expanding, Al FK EXP) . fE& EEAACH 2] F n iy . SR M gl HF iz b . FER
A /TR 1 G V3 et 4 2R R e 1) AT SRR A B AR AR, IR T BOE A s AR D R 3, Ak
TR RAG A GAEE WG A AR T A MAR R L TR K, XS5
LBl S T JE B (irst-down-then-rise) "HU L R J& it & M 45 B H 1) 35 A hn s .

w (s < 85) =

best-take-over, 7FiX

-l

R A

sRePEI P ssasy
eI IO
I T EE RS LS
XX IR R SR X
LRI E R R 2L
LA LA S8 2 22X
[T T T E R E R TS
S bbb parsnsess
b ba b b eees b
LR
LI E R R -2 L
EE X T E R E T SRS
T

—

END¥Z HEXP. &1F& BRI

T RAR FF I AAR

$33333333 333t isisasss
1888888884 288888888 E
1888885048 4 :
L & A S S LS :4&& :1:4 :
13- secror N T Deersiteess b4
+ END EXP :

P :

B 32 BT BN ELEER
qE R A, R RED

H F John B I 2% P A7 AE 1Y 5 B 5 5 PE . Santos 1 Pacheco B 3% Ff 5% 151 A 31 3 4L #1
Wb B T R RS LI, A T — 20 SR E X M SR B 19 52 ), Santos 58 AN N 2%
1SR s S T 17O e 5T A Al 3-3 Fras . AT AR A IR S5 LS HE T 2R R AE RE 3R 3
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PR R XTEE T 4 B[R] 28 A 38 R 19 55 00 B I 52 ) . 58 4 I 4% (complete) | BE 70 0 2 15
14146 19 bR BE W 4% (single-scale) 3 T FE AL 3% 34 1) JCbr B W 48 F1 3L BA A 8Y 11 JC bR
X 2% .

100%

Complete _ ' Single-scale

|50%

0%

(b) HLPRIE P26

Scale-free Scale-free
random j - @ Barabasi-Albert

100%

50%

0%

(o) ETHEVLEDITCRREMLS  (d) BT BAKE A TEHRE ) 2%
B 3-3 M&EF RN R m

WF 5% 235 S 5 7 o S IO D90 445 L[] o IR 285 B 725 50 44356 1 L X R B 42 15 % ) W A 1o 3 A5 750 O
K. M 3-3 AT LLE B, W28 1) S i P H AL T A2 48 A5V Tl B A 1 PL i . B 3 A S o 4 O
At 83 AR EAJIRER G A B9 TE AL R AT Y 52 .

TE PR B2 X 28 RO R BE I 268 vh 7 3 P gR A B T, I 2% v i) 5 PR K iR 5 31 1 AR 1
()4 e o[RS JRRE 280 sl Y L 422 FH 0% BB 08 40T I 285 A R 52 B8 R AN 1 A4 3 54 s
SEMEFr S MEAZ RIE R ERECRA XK.

o DX 45 4 P A At 22 I 28 v 35 3k A7 A6 1 5 B2 1 o L 45 44, HEX A A T AR 1) 22 it A 31 F
58, WHINA X TEFE M TR T B 322 B % AP E S M Bl Chen 58 AT T 41
DX 45 4 1) Jo b B 0 286 %6 1 Ak 1 52 e -1 2 P 8% o P SR s 4 3% 5 1 D R AR . RO
5 R Bon L TR XG5 P AEAE L JOhR B 265 19 g B8 S R R A B SR 51 . X R x5
YRR NE B 278 ER FEAL P 2% Fk X /28 14 %F AR 58 i e A A B0, 72 A 3 Fh B 42 1 iR
AL o Ak F S [l 4 X B AR 3 0T BB AN S B A0 19 17 Al AT DG 32 38 oo 4k DX ) 79 32 42 40 B
SHE. X T AMEE B A RBARME R IIE B BEA W & SRS TSR L Mtk
DX PN ¥ 014 3 42 %% 1 B8 A A“r’lféEl%fiﬂ]ﬁﬂiﬂ’]_fﬁﬁ%ﬂﬁlﬂ?imﬁﬂ**&f’ﬁﬁ%ﬁﬁl_
Wang 55 AW 58 T J5 3B 41 X A1 4= Jm 4 X 97 77 19 2 it X &5 1
Mg s —‘/i\”ﬁ.lzW%ﬁﬂ@ﬁﬁ@ﬂﬂi\?ﬁtﬁﬁﬁ*fﬁﬂ{/ﬁ%ﬁﬁ"ﬁ](metaphor),ﬁ*jﬁﬁfg;{’f’iﬁgéﬁ
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Fa L s B T — > 2 2N 38 5 3R (multilevel public goods game, fFF MPGG) ., X
AN AL DB H R 8 R A X &R Y 55 8 0 308 AL X Z (0] i s i AR B S e HE 5 F . iX
Fh L G2 10 ) D R A T XN B Y S5 A AT AT RE 2 5 B0E VR & 19 20 9% i A X [R] ) s A A 25
g afEa AR — B MM S Bt k. B DL Edrss nl LB 2 & 2, 2 004 4 AH 0L Y #F
LW 2%, T EATE R EE M R AR Rl 2 R AR W A R p 25 R0 . 7 BA 1 X 451 i 4k
AE R 25 s A HO AR Chub) o FRu AN AR Z T8 Y 4% 12 00 A AE T Ak v 4 0 J 20 M 6

TEFEAE 25 b TR AN ] MR AT R S AN [R] . X B PR B9 AS [B]HL # FR ol
Z A4 (diversity) . Santo 58 NG| A T MRS 28 . XM 2 HEEERRE N EZS 55940 3
it TR 0 OSSRk i S LA A A ZE g sy . Shi S AR THER ZRE M. XA £
FEFE PRI AE /4 26 8098 0 A B 704 R 52 TRBEC . 115 D %5 AT T4
2 A 1 R 1R A S B RS K007 36 4 1 17 76 R 5 B0 .
I A TEH © 5 7 A B A, BT A o FEoft S8 o 0 A A % B
B E SCH

'S krz
A =
STy
<
pe
A =2
SR F o

X o 2 &S E e R DL AR XS BR A B9 40 A . A0 o= 0, D) iRy JEE 0T 5 s AT B2 4K
T RL A0SR <0 IR B0 R S A Sz o AR X FR AT H AR 19 5 1 S5 Jo W 0 A A DR o o
F - FE A R T R E NS EEE  WRE TAETR.

520 7 Ginfluence) /F w28 W 2% v AN R 19 3 22 g +k 25 J& PE Ll 3 80 2 — B O g i
BEHCTFIIEE ) . X FhEE I RERS (MR T 25 5y 418 I O 1Y 0K W8 A% 3B 25 A AN, BV 52 i )
18R 1Y) o % 5 25 5 i HO A TS AR A )5 . Szolnoki Fl Pere 5| A T 52 Mo 1 A 1 2% 2 7~ 52 M) 558
RELOL AR ¢ T K R AR R A A 5 i e P S I — A IR Aw <
1A w, > w;, + Aw. MAESCERL 21 ] AR o AP AL . A A G2 i) ) AN F1 B AL
(TR FAA) o Du 35 AW SCT —Fh 55 88 A0 OC 19 52 w122 v BE B0 SRR 4 8 5 i
H o H—DAR Y T H A WS I At 2 DAFC R J& v 4% B2 ) o /%) i I 25 28 3 S R AT
U5 o IXHE R 50 AN A S AT 5 22 (L 23 O SRR T . A SCRR (23 T, S — MK
AT S TR B At AR 40 HE 3R UL @B S rh e B — A IR AT BT o XS ME R A Y 5
e 3 73X 26 B FE A A o Bl o5 B9 Fe 9 e g o 2R G W0 B P 3 AT IR 4 B8R A AR 1 52 i g
S, DL B X Se i od v A B RS2 i o B9 g S, MR AR SZ I ) B Z2 R B AR 2E T A
ol I S e (Sl B

HABTE XA 2206 VE , Lo s 25 O 288 5 A DT IR 2 R0 AR IR S AR iR A N 4%
25 K v Y 52 el L A5 AT 52

3.3.2 MK LR EHIEZR

AL S TE [ IR T S At &b AN (] 126 B IR S — R AR 1 b 5 NMA I 22 |
AT R LR 2 A 784k . R oF B A2 TR A6 4 o 3 O & 9 R g B R aE H
B3 LR

S~

-l




£3IF BEUEZE 43

ASPR R % I OC FR 1Y ey A % B 2% 19 S AR KA EE R R, AR 4 % i 2R AR XS AR AU
s e 19 77 20, Heym AL A0 = 22 n] 43 Sy 3 28 . (DAMKHE 3% 371 1Y ok &% 28 AU, 8 FH 1 BR 3% 4% Cactive
linking) ™25 1y %2 14 A8 2Rl 1) 28 s D) W 78 301, a0 & 3-4 iz s O 5 W& EOGH 9 3% 32 114 U1 W A R
A T AH S AR BB S i R A AR D) B 5 R WA R iE L 2 5 5 R I AR i — A 4
ST S TN E 3-4(b) s s OB ARG 2 A AT BR T OR B S R AR Z (R Y
&3 VA  HAh 3 i P U)W an & 3-4 (o) BT .

(a) (b) (c)

B 3-4 K& ILREALH N 5%
BEeRREGEE  BARRERE AQNFREMERNL, & 6HRRHEE g

WA P A 2 3T o A A1 30 5 2R B 2 A — 36 ) 28 S 1 00 7 410 1 300 ok
B2 DR 2 A0 KR TR L APl T A 8 A T 9 L 2 % T A P e
R0 WA WA AR . Zimmerman 28 A BF 5T T A VD0 157 2 0 55 /N 2 I 00 1
B AR STRR AT WA E]  D-D S A RO SR N X BT D-D LI A
A 2 e R )T B 1 AR R S8 2 3 4R JL A A PR B <7 B O B2 . T 7E Santos % AR H G
R AR P X T — A ey AR AR IR 4 i AT R Y A X
VO AW . TRVREHE , j 02 i TR ) 1 77 2 36 V7 il Kb, 000 W 25 1E . 0 3R 3 400 0 2% i
SR TR ey 24 R IEOIR 75 I L 5 3 2 3 4 T 01 0 S Bh AL T T8 7 9 B
G T IR S T I A A e R W R 0 A T AR T £
RRE B 548 W IS5 46 00 0 RS [, o, 2 SR IS A1 ) L EE o, 92 % 3 3 T R

J *sz—siiéﬂ—ﬂ)%j/i‘ﬁﬂ”flfﬂ FROERI AR . W—0 B o 2% 30 SR R T 0, 45 728 i 25 45

. BEE W ORISR 3 1 HH R K. W R TR E 1Y BE S . & 1E & BE 15 5 i
FIH K M a5 F 1Y S5 PRk Bl ek
(A R A I L T8 A A Y I 245 19 S o i 52 B A9 A o 55 4 22 ) 9% v O 465 1) 1) A X0
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W& 8 . Pacheco 8 AHEH T “96 K % 42 Cactive linking) " HLHIM . 8 Z ML E S, K ]
1)k R VL —& R 9 H BA Ay B (ife-time) . 2430 8K 3% 32 HL i 79 30 2R 10 K T 5% 0%
B 19 00 3 B 2 5 | A WAL i R R e A AR L AN AL Ak PR 55 1 2 A A S P U 1 2 L T ME TR AR AL K
TREZE, HEit—L M, van Segbroeck 58 AN 7516 BRI Z WL H S 51 A T AR D Wi 1 %
Yo v 1 W LLAR W & 18 2 U1 W A A 3. 110 y—0 B9 44 WA 1] T i 20 1) Iy 3%
. SEEEE R R X RS AL B E D 7 S Z R VR B TR A R S E K. Fu fFEA
B 58 e ] 5 A % 2 s 20007 e [R] #ES7 , i B 07 S AR o] LA g7 i VI i o0, BV B 516 &
B SV U W 5 15 BCE 2 (B] A i O BE AL T A SR S G R SRR AR — R
% B S 481 5 R 3 300 T R A 3 1 e G A A B 28 1 S AR K Bt . A TERFIRSE BT
AR T8O B Al 2 19 52 ) 45 31 1 ST

bR T A T 1R 0 O S BN R DR 2 8 PR AR T % R R R B
BN R, TR, 5 E (reputation) & MR —Fd WL AR Z A S E k. MR
75 5 S e T MR TE AT A P s b SRR RE BE . Nowak S5 A AE 1998 4F 5l 78 M 2% 1 16 17 2%
Hfifi T “EN 4 43 (image score) ” YA Ok S A 44 11 7 25000 0 Fu 88 A 3% 30 0 32 AL i o
SIAT A EPUE] X BB 30 10 75 25 10 € LS ED 203 B9 8 SCHRIBY 0 A4S R 47 % i R 3
I A VT T 5 2B JE P AR BRI I 42 T HRE R p, 55 HAR T v A 5 d s Y 1 R B S
A, BE DR 1 — p, NI 2% vh Bl AL 08 96 AR 8 S o i 422 . T Ak A il I 2% 1) 3R R EE 7
mEREs M, RANSHENREE, RERN T EEENIAEE R EIENSIES.
A SER AR TR SAEW BN IE ALE . S LT R E R E P AE A
A2 M 25 31 Ak B9 AN ] 7 1 A5 25T . b0 A A 0 4 S B 0 e LA A A a2 2% g R HE A
AL PR (B S R E L AR DA B IR RN

Wang %5 ANWF5T 172451828 F 5T 1 2 Cexpectation) B AT B HLHIS2 . X B,
SO TRDARX H A A B FEAR A i AR R, R — R R R R R I sl S
R e T A AR W O A 2 DT AR AR L [R) sh S Al AN AR S . P L R
AN RE 8 ¥ il i R R i B AR e TRFARR AR RE S . SCER A R A B E K A
e e Al e 25 1 DXCTH] S B AT 0 3 8 1 e B A0 B 25 ) B AR K o XA e U0 A9 B9 28 X (] S
B b T A B KO L e A AR R Y 25 B R 24 Y S .

Zhong 55 A AEZE 01 B PLE P 5] A TIEAE Cirust) P X —#E 4. Szolnoki 55 A 5T
TR W B R MO ) iR AL AL S AL S ] 3-4 (o) B s YRR — 2 mAE AT R 5 — T
YRS v DU 58 B2 AN R B AS BT A AR R 2 0 A B 224 28 56 R 1918 B0« B 2 25 A 4R n 2y b ok
H R W% A% 3 2 A S PR I At 39 BE s 25l i Sopr R g S AR s R R O A . Ak, W
FNAGE T UL FE LA 2 W — A~ i 20 7 = A 59— AN AR SO A N E T IR L B
DENVLG REWE L S ERV M — IR 15 2 1 SCUE 5T 09 SCFF . B A A0 R 39 52 e Al
A A 1 2 VA B T SEUEEgE

3.3.3 HEKR#BMMNKZ ERENLEZE

FEBLSEAE S s A0 AR BB SE 22 05 1l RV &R IR 2 R B b 2 AR B =
Z AL AR — A NAE T AL S 2% iRk 55 1) i AR B AT M N 2 %R 7 4y 5
21 JE T AR AR . bl e A 2 BUE#E L QQ B . B0 4 THUE r9 A8 L 2=
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T HMEER R BB NEAR R QQ &K ., Ak, ik a] G [7] iF 7 IR W L &N
AW LinkedIn 5453 W28 ik 55 . DA, B S 4t 25 A A (6] B9 B AR B0 A8 ) 2% 22 ] S 25 AH B
RER M B RN . 31X S5 I AH BOHR FR A BE A R A8 I 4% 55 00 Bl T R 4% 1Y ) 2% (networks
of networks)”, Ul 3-5 fr/Rt8

K
SORRKEL
A‘SLEE{%_‘?L«

B35 RZEAIRL

TE I SZ T g 0 265 8w AR e A B R Y . B8 H R IA AN FIE 23X B R 2% 1 — M & L (B2
—Se i fLIE R E . WZS TR %42 2= /DA WA 2 RS . A 3% (connetivity , 5 B — ] 2%
(1 3% A ARL . 18] 3-5 SR (3% 4 3R s ) AT (dependency . XT3 53 28 U A8 SRR OC 19 2 42 .
&l 3-5 Hp A €8 o) B

T 3K 9 e 26 TR ) (R 2% (] 3 422 v M 0% 2 VR 5 52 g 753 38 1 WS AT B8 2200 1 L 3X
T ] 28 0, 8% Bk b A B K AT ) 2% (interdependent network) . AH B < i X 2% 1% 25 #2251 J2&
2003 4 9 H 28 H R ZE KA RIFRHEM, mixF bt T —A b iy 2 807 Uk
8 T2 P L T R O ) — S R ) R SR AR 1T X S G R T e Y AR A N B0 R A
JCiE % L R AT A R R A DN TTIFS 1 B8 RS 11 L 0 71 A 2 A5 g e 1 R B i 5t
BN A FECT KA EA L WK 3-6 Fran, 2010 45, Buldyrev 8 ATE Nature I B IR K3

(b)
B 3-6 BAMNAKERBEHPNREKEIIE



46 HXMERUITE—RE TEE5ERH

T WA AR X 24 R v A SCREDT R T — A 1T B R B D) 4% 2 B O R AR L Z]
] 1 AH AR Y 26 2 B 2R A R L BT R B P 2% 3 Gl S CA ) B Rl e S (R
e — N AREL WA TR . Z R RIFHRG T 2 8K AH B O X B S 2 T R

&l 3-6 Hr R R HOE SRR L S R A B s 5 R T s S T 4 A Y
A E O R EE R B A s, o, B 3-6Ca) F R A HL T 4 G — 1 H o A A (L T |
) £T 48,71 ) 5 BCHO/T T 12 i 1Y LK P AR 55 s 19 o CHb &I AT B 07 &% B R 206877 ) R AL
“ﬂb%’i?ﬁﬂ’]ﬁﬁ%ﬂ”‘ﬁ%—?ﬁﬂﬁﬁmﬁm SO H K e R CHl BT A B g R s

. & 3-6 (b)) FIr7is 1Y 3 28 57 2% 24 1Y H 3K ) 13 15(ﬂﬂf‘zlﬁj:ﬁlﬁéﬁtﬂ@ﬂ@ﬁﬁﬁ)ffﬁﬁ{

ﬁ?l,%?ﬁﬂfﬂ I L R R (M R ZL A A . L B s AT RN E — 2
R R AR L T AL, AnA] 3—6(c)ﬁm,£5‘§ﬁﬁtﬂﬁﬁﬂ7’3 G B ET A ) S BRI
TEATHY B AR R Gl [ A 7 RI2% 1 21467 i) BT

FH AR X 28 BF 58 19 2% 8, ORI e 1 W 28 Vi Ak T B A0F 5 9 [ . AH B HOR R 2% vh 1Y)
2% 1) A AR O R o MOIE 20 BT DL 43 S A e i A S 340 T M2 el AR 7 28 B R 20 . H
2 52 W) AR B9 R0 L 52 Wi 5 I B 58I DL R (] BsF 52 e A% FH R0 o2 % BB . B i RE B K TR 2% 1 Y
AL 2R O BF 5T R 28 25 K DL A% N 48 S . Wang 55 AT T FH B AR 6 R £ 114 4 o e A
PRSI ok 801 52 el i AR X BR AR 17 0 5 B P A O 28 A8 0t 1) 5 i AN — RE S L BRI
TEMZE A 2% B rfod Bz 9402 7 RO O 2= 38 o 40 80T eR R Gk

u; = am; + (1 —a)my
uy = (1 —a)my +am;
X, 7 Ml s 3RS R H RS RS o T 7R S I 2 22 DI 25 2 R ) A 22
SOG4 S A B 33 A B AR DX 2 114 AR 1 AE X BR B2 e RE A B AR R R S A VEKF L BT
M2 S AERSE 2 K- R — 28 S E K2 G . SAEXT PR s ZUAS ], Wang 55
N E SCT I 268 X6 B 10 40 e 25
u; = (1 —a—Byr; +alm) + Plmy)

X ik AE— A TP W RR S E T — g TR X AN AR RS S () R ) )
Oy G A BT SR TE T I AR o B TR Rl X X BR SR SO pR RS A B AR S D)
2% H B (interdependent network reciprocity) H &Z Myl . 05 AH B Y-S 4E & B R BE 1E
A X 2% w0 R BJE B  IR A S VETR BRI R St A2 R LU S — M B RIS 2 . 5 —J7 M .
AN R R G VR A R PRI B D0 A e — 4> R 2% v S A & TSR IE il o5 — 4> R 25 v iy
AAEE BRI B P 23X B X 28 5 5 A9 BL & 7E A I 25l 2 58 ek 5. an & 3-7
FT 7 <

&l 3-7Ca) ~ & 3-7(d) B i — W2 i) S AR AL, B 3-7(e) ~ & 3-7(h) &7~ 1Y 42 73
— MM aEEL, EARREES AOERRTRE . VIR .&A6 D6 EEN/N
R 3-7C) I 3-7(e) i, Bl 3-7(a) MKl 3-7(e) & B ZE T MG VE# H R A b —
4 0 v LA AR B AR N 26 B AL &R B AE AR IRV R & A B 2

Wang 55 AAFIE T W26 [a) 1) fe OO AR B S . ZEAB AT A BE A vp, U E8 0 SR RE 8 5
oy — 28 v X N B A A 8 7 3% 4% X B A1 SRR O 2R AN IR (distinguished) o 78 H A
(135 FH 52 3] 55— 4% T % B MR ) 0w, =7 Famy s 0<<e<<1, V&AW [a]4K I8 % 42 SR FR



£3IEF RUEBR 47

(a) (b) (©) (d)
(e) () (2) (h)

B 37 MHEMRPMEZEHE

M FLAA Cordinary) s AT B9 880FH W) AS 52 55 — I 28 199 52 W) o 30X e A R R 45 380 1Y S Jo 2
FECT ARIRAY NG G B X P 152y RO B X BB RS e T R A A M A L
B R 5 R A VR HP 0 T i A0 SR 2 1 i R ) 11, 3 AL Y R B A . B AR HT R
7E A 0 285 1 7 30 T 38 o OB 0% ZAH B SCFF . 2 A I 4% 19 AR Ak T rb S AR AR RS
2R NS EAKNY, W& 3-8 i, X —MMREEK[41 W TAEPIRAEH., Ed
235 S 0F AN [R) 1) 5 W B AL Can 2% R K] | best-take-over #E I FT EY A7 K U ) | ) 268 25 f4) (4 58
RERFCH 0 B M2 Fn B A 5 A R B0 = M T M 25 ) . LA R 18 28 A5 AU Cln [A] B TR 355 1
FEMEHE T FH B A &

Szolnoki 1 Perc fEAH B A OC 5 71 A SIS g 558 ML b o B — 4~ B 28 vh 1 4~ 4 7
B S L O s 2 A7 3 FLAE 3 — A I 28 v 1 6) R A 1A 1) O A R B s e R AE — AN )
25 b MR B A SRR

— wf
W (s: 5j ) = 1+ exp [(‘8?1'3:_ L ) ]

XM, M, SRR A RO w0 2L — ARG R A A R A e, 1T
LAH & BBAfA 2 A ol LA E " B4 ) JR R R B A A . S 45 SR R B 3X el A 190 24 22 ] 3
R E A — Mg L ER B e R P SRR . X —BRA R
TE AR AR ™ 4% o 0 2 L AL -5 AH SR BRAT O B AT B2 TR A9 PR ]

Santos S5 ANAFFE 1 AH A ) 265 b 52 7 85 T 265 S s A 45 19 8 Ji A5 5 R D0 o 5 A 13
ezt AMERKBER p 722G N EE R (1— p) W48 [A] 1 4 0 X R 3047 SR g #2405, JF
H AR5 EVEAT iR R AR — 02 NFE R BEEEE . o — N R THHERZE . LR 4
BN HEE p BYIE KPS R4 0 s 2GS AR K R BGE AR . A A G R 85 19 38 1Y R0 4%
BV el o 17 oA W £ R0 265 4% 326 19 18 R AR /Nt RE A 1 3 b fie k322 0 4% vh & 1 A9 T B 5 1T A2 5 HE 1
FERI M 25 /NI (1 — p) B2 BRAF R 28 i S 1 .




48 WG R UATE—REE  FEAS5EH

1.0
0.8

0.2
0.6 0.4
0.4 0.6
0.2 0.8
0.0 1.0

02 04 06 08 1.0 0.2 04 06 08 1.0
p

(a) A~ [ SR By BRI s VC o] 285 M B KA 5 A

10.

0.2 04 06 08 1.0

1.0
0.8 0.8
0.6 0.6
0.4 0.4

0.2 0.2

0.0 0.0

02 04 06 038
p

(mKﬁ%%ﬁ%ﬂﬁ%ﬁﬂ?ﬁﬁﬁ%ﬁﬁﬁm%%ﬁﬁ
B 3-8 RRESEET ROL M4 10 B AR E A B )

1.0

INGS

AR 2 FERY A M IR A SREE R IR Z Ja AT A T AR A SCRIR . B
28 7 AT A Al RO R AR R A, B 5 T AL T SR AR RY i S5 A R R TR L E ] B B S LA
E{ﬁk%%%lﬂ%ﬁ—%n RIG A T AR E AN A —— R AT ZE . AR T 2 M 4% 1
0 78 AL T T (3l 2 R 4% b A 78 A0 19 0 MR ELAROR [ 2% E a9 fE 1 380X 3 N2 A 45 1 M 4%
AL TR 31 19 e LA Rl AR R 1Y 12 TAE

23 Nk

[1] Lewontin RC. Evolution and the theory of games. Journal of Theoretical Biology, 1961, 1(3):
382-403.

[2] Smith JM. Price G. The logic of animal conflict. Nature. 1973, 246, 15.

[ 3] Taylor PD, Jonker LB. Evolutionary stable strategies and game dynamics. Mathematical Biosciences
1978, 40(1) . 145-156.

(4] RbcE. ®REME, LOE. M4 EEIE. J2edE R, 2008, 38(6): 794-804.

[5] Nowak MA. Five rules for the evolution of cooperation. Science, 2006, 314(5805); 1560-1563.

[6] Nowak MA, May RM., Evolutionary games and spatial chaos. Nature, 1992, 359(6398): 826-829,

| 7] Hauert C, Doebeli M. Spatial structure often inhibits the evolution of cooperation in the snow-drift
game. Nature, 2004, 428(6983): 643-646.




18]

9]

[10]

[11]

[12]

[13]

14 ]

15

16 ]

117

18]

[19]

[20]

[21]

[22]

[23]

[24 ]

[25]

[ 26
[27]

[ 28]

£3IF BEUEE 49

Amaral LAN. Scala A. Barthelemy M. et al. Classes of small-world networks. Proceedings of the
National Academy of Sciences, 2000, 97(21): 11149-11152,
Ohtsuki H, Hauert C, Lieberman E. et a/. A simple rule for the evolution of cooperation on graphs
and social networks., Nature, 2006, 441(7092): 502-505,
Newman ME, Girvan M. Finding and evaluating community structure in networks. Physical Review
E, 2004, 69(2). 026113.
Wang Z. Kokubo S. Tanimoto J. et al. Insight into the so-called spatial reciprocity. Physical
Review E, 2013, 88(4); 042145,
Santos FC, Pacheco JM, Lenaerts T. Evolutionary dynamics of social dilemmas in structured
heterogeneous populations. Proceedings of the National Academy of Sciences of the United States of
America, 2006, 103(9) . 3490-3494,
Chen X, Fu F. Wang L. Prisoner’s dilemma on community networks. Physica A: Statistical
Mechanics and Its Applications, 2007, 378(2): 512-518. http://dx. doi. org/http://dx. doi. org/
10. 1016/j. physa. 2006, 12. 024,
Wu]J, Hou Y. Jiao L. et al. Community structure inhibits cooperation in the spatial prisoner’s
dilemma. Physica A: Statistical Mechanics and Its Applications, 2014, 412: 169-179.
Wang ], Wu B, Ho DW, e al. Evolution of cooperation in multilevel public goods games with
community structures. EPL (Europhysics Letters), 2011, 93(5): 58001.
Lozano S, Arenas A, Sanchez A. Mesoscopic structure conditions the emergence of cooperation on
social networks. PLoS One. 2008, 3(4): e1892.
Santos FC, Santos MD. Pacheco JM. Social diversity promotes the emergence of cooperation in
public goods games. Nature, 2008, 454(7201): 213-216, http://dx. doi. org/10. 1038/ nature06940,
Shi D-M. Zhuang Y. Wang B-H. Group diversity promotes cooperation in the spatial public goods
game, EPL(Europhysics Letters), 2010, 90(5): 58003,
Du W-B. Cao X-B. Hu M-B. et al. Asymmetric cost in snowdrift game on scale-free networks. EPL
(Europhysics Letters), 2009, 87(6): 60004,
Szolnoki A, Perc M. Coevolution of teaching activity promotes cooperation. New Journal of Physics.,
2008. 10(4) . 043036.
Zhu C-J, Sun SW, Wang L, ezal. Promotion of cooperation due to diversity of players in the spatial
public goods game with increasing neighborhood size. Physica A: Statistical Mechanics and Its
Applications, 2014, 406, 145-154.
Du W-B, Cao X-B. Zhao L, et al. Evolutionary games on scale-free networks with a preferential
selection mechanism., Physica A: Statistical Mechanics and Its Applications, 2009, 388 (20):
4509-4514.
Wu T. Fu F. Dou P. et al. Social influence promotes cooperation in the public goods game. Physica
A Statistical Mechanics and Its Applications., 2014, 413. 86-93.
Wang Z., Zhu X, Arenzon J]. Cooperation and age structure in spatial games. Physical Review E.,
2012, 85C1): 011149,
Pacheco JM., Traulsen A, Nowak MA. Coevolution of strategy and structure in complex networks
with dynamical linking. Physical Review Letters, 2006, 97(25): 258103.
Perc M. Szolnoki A. Coevolutionary games—a mini review. BioSystems. 2010, 99(2): 109-125.
Zimmermann MG, Eguiluz VM. San Miguel M. Coevolution of dynamical states and interactions in
dynamic networks. Physical Review E. 2004, 69(6): 065102,
van Segbroeck S, Santos FC, Lenaerts T, et al. Reacting differently to adverse ties promotes

cooperation in social networks. Physical Review Letters, 2009. 102(5); 058105,



50

[29]

30

[31]

32

133

[ 34

|36

137

38

[39]

40

[41]

[42]

HXMERUITE—RE FEEERH

Fu F. Wu T. Wang L. Partner switching stabilizes cooperation in coevolutionary prisoner’s
dilemma. Physical Review E, 2009, 79(3): 036101,

Nowak MA. Sigmund K. Evolution of indirect reciprocity by image scoring. Nature. 1998,
393(6685): 573-577.

Fu F, Hauert C, Nowak MA, ef al. Reputation-based partner choice promotes cooperation in social
networks. Physical Review E. 2008, 78(2): 026117,

Wang X, Wu T, Wang .. Do not aim too high nor too low: moderate expectation-based group
formation promotes public cooperation on networks. Physica A: Statistical Mechanics and Its
Applications, 2014, 410(0): 259-267. http://dx. doi. org/http://dx. doi. org/10. 1016/j. physa.
2014. 05. 048.

Zhong W, Abbass HA. Bender A, et al. Mixed strategy and coevolution dynamics in social
networks., Physica A: Statistical Mechanics and Its Applications. 2011, 390(2): 410-417.

Szolnoki A, Perec M, Danku Z. Making new connections towards cooperation in the prisoner’s
dilemma game. EPL(Europhysics Letters), 2008, 84(5); 50007.

Wu B, Zhou D, Fu F. etal. Evolution of cooperation on stochastic dynamical networks. PLoS One,
2010, 5(6): el 1187,

Quill E. When networks network: once studied solo. systems display surprising behavior when they
interact. Science News, 2012. 182(6); 18-25.

Buldyrev SV. Parshani R. Paul G. et al. Catastrophic cascade of failures in interdependent
networks. Nature, 2010, 464(7291): 1025-1028.

Wang Z, Szolnoki A, Perc M. Evolution of public cooperation on interdependent networks: the
impact of biased utility functions. EPL(Europhysics Letters), 2012, 97(4): 48001.

Wang Z. Szolnoki A, Perc M. Optimal interdependence between networks for the evolution of
cooperation, Scientific Reports., 2013, 3.

Wang Z. Szolnoki A, Perc M. Interdependent network reciprocity in evolutionary games. Scientific
Reports, 2013, 3.

Santos M. Dorogovtsev S, Mendes J. Biased imitation in coupled evolutionary games in
interdependent networks. Scientific Reports, 2014, 4,

Szolnoki A. Perc M. Information sharing promotes prosocial behaviour., New Journal of Physics,
2013, 15(5): 053010.



B4E

R EF

4.1 MR

Rl L SIS N E DR BN SN S E N SR N D R ) 3
XS AR P B S A R A AT Y S O R S B H i AR IR
B, M P e W R X S E B T HOX a0 S8 A R % R E At )] m
2 [a] o 3 S84 B B an Xy 2 e i T B SR AT AR e L el B L AR L AR AE
25 i X R E B A2 B U e T P AL S B AR AT T AR ATT Y A
AT K o Ty —J7 1 P A A AR A [E] A2 TE R I A 2 T AN Y AR Y
FULRNCTING g 26NN =i I S BT & e all S 2 el D Rl T R SR S S R o il |
LAGr N2 . SARAT MR S AR T A (R & AT ) .

SE AT ARA U H AL, W SEEE
5t — o AR Dy Ho A A 42 B35 B scE AR B RS B i o H e
A EE IR ARG W i (B 2080 v wk . AR AR GE A s 42 . N BE IR 45 45 7Y
FIA AL o TR A R0 g 43 00l FH A0 58 W0 I 28 BRI A2 B .l TR AR
A MR . S5 1E(Cooperate, C) f11F it (Defect, D), fFHZEH 29 H
AN Y O W AR S AR B Al AT AR BE 2R AT e R, i b AT #R 75 B
i, WA 215 2GS P S METh — P EEES . — T EF A
T ACE AR E S E MR G T, ma/EEHES S, HHIEEN
PE R B AL, T>P>R>S, i fE2 3t i 38 b — Al AN A [R] i 22 17
[EZE . B G E 1R AL A e 2 B Bl B3 20 55 i o Bl s A
AT AT BEAS . Pt s 7 3 W A R A R vp s |y 1 ol AR A B9 IR R L
afEE S  GIEE AT,

i Ak 1 2R AR 7Y SRy fF 58 4 & IR B (social dilemma)™ W) & 1 7= 4
FAERE et 7o FH B AR HESE . 75 S AL 1 2R i A 55 b X T4 6] A9 1
& AT AT T A [ i SR B HL I R fe 2R S E a4 Horp &
H20 5 M RHESEMPLES . A M Nowak 58 A 42 1 23 ] [ 95 2
J& A5 R AT B 5T 2 ) O . ol b . Bl T AR T 3R Cevolutionary
graph theory) AW 5¢ BA 45 1 19 25 4> K 19 3 A L il 92 1 B B AE



52 HXMERUITE—RE FEE5ERH

WIS AR Z TRLAF AR 1) ) 268 235 40 A8 & AR 1 A sk 7 b iy i FE AR 40, T, AN W]
5 S MY B P 2545 B 1 RS A0 R D) R 2% B HIL X 25 L IO A R R 45 SR L N 2 RE 250 B IE LY
) 268 R 22 75 5 TG B ) 28 178U, ) 2% 118) 155 A I DNt o0 A o)

R T 28R A 25 A 1 52 0 Y28 B s S AL B e 5| T AR WS84 I G . I 28 45 40 1Y
ALK FEJE PR %E £ (preferential attachment) HLHIS . AR AR HE A P 56 2 57 ] B
o i MA S R W2 GE . Pacheco 55 AV T & BRIE % (active linking) AL . 75 1%
AL P AR AR A AL 2 B PIL I 43 At A 2 A [8] 1 3 38 5 22 3t ST By O 0% 4% . AT Y 2
WO AT W7 A 2 S DL AL 5 DR B i 15 0 T 19 3 A A0 23 R I A A 4 i IX 2 S B E 26
AR TS A AR XTI B SR . Fu 58 AW T N Bk R B 2 T — Fp 3L i 4k
RS TSR SR R R ATT Y R S B SO T O S ARk R . R SR SR s
I W T O IR S R g AT SIS 45 R o R B RE (S R4Sy . ARt
— 2 1 T P ) O AR Y R e ) I Y b 2 S R R R AR E e At R 2R T A E R
ORI H A EZEME I ERE ., XBE,FENE X5 Nowak Hl Sigmund fr 45 Hi 1 “ B[l
%1 (image scoring) "M B LR . BR T (8 IA Bt PR 358 45 8 BF 5 0 G 52 B A 2% L o 1
TS RY I B FH R AF 5T I 248 1 ) B A2 BRI SR MG 1k . Zhang 58 AP IE T AL SRR G T
— PP ILTAEPLE] . FEIZHLE] AR A AT] B AR R ARG 7 L O A 4 R R e AT <P
JEAR ARG 2 0 i, AT A B, i L T Ak P RE 98 4% b RN e S A A9 . Li A
Shen "™ 58 1 A ] W24 F 19 AEHEAM 2> 2 m 2% . e A AT i 5 20 v, A (R AR 41 e 75 2 T )
g A AT 1 3 42 O 2R N EE AR JE Cout-neighbor) ™ #% ) — A 5 8 04 fir A 48 & . 3l a5 HE A P
O3 AL S TR BRE b B A8 I 420G AR AIL I R L AR HEAL 2 L R R B P A SRR B A

I AF e 4132 9 265 i 55 11 %5 o RN e Dt 98 N 264 25 3 ) 2 At 22 ) 2% Y T A 2 43 1T =
(RO RS 775 = G €08 vl L 8 AN DRIV S = Vi 3 s S L E o i Py R E S
o I A P4 Gt — B AR B &S L BR T P B 22 BT Bl AT R i 4 G R R AR AR
. ARFGIAT AR B% 5 X 2% 245 4 3 3 A0 09 P06 4 b 4t 38 18 AL 75 2% (social evolutionary
game, f&FR SEG) FRLARINERR B 5541 5 W 5 1) s A i % . 7e st 28 Ak i gE vh, B A 4K
1% E % 2 a8 a0 K v B A 280 R 119 R % RT3 A 58 G 2R SR 3 | S At ) 2 A 250 R K B

EE

4.2 BERDA

AT R TR A 2 A T A 19 SR AR R AE 28 T LA

FEAL A AL T 3R b BRSNS A P QU L BV IO AR T & . BTy ¢
CF L B o R b BB AL L B R 1 3R A BE A 28O 9 A WS B A B A R IR B A AL A R AR
il

4.2.1 EHAREE

E X 4. 1332 7E 18 ZE (social evolutionary game)) ARG IR T R T AL —AF




F4E HIRMLER 53

1<i<n, <<} AAMRB R R(DOEITZRNMEAORZE  AFPRAO X LIRS
MR A R U ANRGZEA BEE R AN FRTHE,

ENX 4. 2(F A (utility)) AAZELEEP AR R AZRBEEDSEHRT T M
st F P EAIFK B Z fe,

SO ZA R B CTE A B TS HA AR SR T AR M 138 . A o 4 5 He A
JTI A 118 SR e R AN W 23 B O]

E X 4.3(F%Z (reputation)) AR EAIF I, MRE) 522 HBNMERTHATH R
W1 % 69V F 38 A ST e S AVEAT R R

kP N OR I SRR Y S W o == s a7 N I £ 75 ' S-S N S T BU RS N = Dk e M % N € VA
FE32R AFF BT SRR S IR IOAL 3 R AR R B3t H B B b i A 38 3 555 . AE ¢ I 20, AR
(1 75 2 ] LUE S 4E 8
R.(t)=0oR,(t — 1)+ AR, ()
HoA AR () 3R Z ¢ Y75 E I IE .o 27 E RIC LR .

4.2.2 EBEEZE

fBise At 22 W 26 v i AR S AR B H B AARY AT 7R 5 H Al A R R 47 17 2% 52 B H oG TE
H B RO . RIS BTk 58 28 435 ) 19 B L Atb AT B = 4 Jap 4 J50 1T A0 L PR it R 2K B3
AT T Ak I3 11 Jey B A5 S L B A AT A0 208 FE 19 S RN AR Y A AR JE T S (E AL

WK i R N, . TR WML EFEE (C.D), g C RGBT N, K
W 114 AR AE 28 B P 2 A5 Y — 5 A (B2 BE 08 (e oM AR (el & B 2O RS I sS L mg D
R ARG AEAT A AT AR B B9 R TE 28 B AN AT AT AT A L At o B AL R AR Ol 5 .
WK ZE B A B ] 4 2 . P 38 B RTRE 22 B . I 9 A8 A PR O R A8 L, e 45 3C HL
Ko HETE WA 2Z 18] ] i AL G RIS S 780 6 R R 2 | 55 M TR R A D A 1 g A AT B s
A B 45 28 B AETE Z2 R R AN A4S Z 18], I AT DLl A 2 3 ot T3 AT B e
L AN RO 2 H S 5 00 i A TR I AR &z =2 A, B

u; = ZA,;;

JEN,

Hi N & S50 HIENES . A, i S5 Fias ks,
4.2.3 BEFHLFI

SR AL S 20 B At L e 22 ¢ BEBLIE B — AR T BT RAE . TEAE IS
2 SRR MESR AT 2 R A5 S (A H nT DGR A H B Ak 19 2% 19 Jar il A5 8. DR 3 1 M 2%
Z5AE AN AR U B RE T 19 JR BR 1, AR SCB B A 1R 78 1E A7 B8 38 19 A0 ek 308 A X 2 A4 1 BiR il
E'&i%ﬂﬁ%ﬁﬂﬂ@)ﬁ:%ﬁﬂéﬁlﬂiqj .

X HEL L ABBE A A 1 S s BRI I [R) R o, 5 4138 50 R R B AG I R R e, A TR] W =2, /7,
EPEH%E%EHTIEUR FIREAZ O AR BRI ] RUBE 22 LM . 2 9l vp AN A R AT SR I At 4K A

R BT AR A U AR 1 — JrW'iJﬂTE?&EHEE?éﬁD PRI L+ 52 I AR BE B 19 0 5%

1+W



54 HXMERUITE—RE T EE5ERH

RBEEEREE W RGO 3E K, BeAh KIS A [R] 19 3755 L FH B &, A8 B — T AL B 22 oh SRR
EAE = HEAT AL AY B

1. 1T AR EF AN

AR ¢ BRE B H A B At % R — o i MO R L T R e RS TR . B LAY O
I A A7 R A0 R B

(1) 24122 R 4% p AN 1Y JE 02 2 20 19 HAS BE I 8] % A= 28 ALy, AN 7 4K Fermi pR &30
SE OBE AL A 5 A S mg

w (s < 5;) = 1

N 1 +exp[B(u: —uj)]
Hodp, g FRtafyig s Bl ARBL)7 oAl MR R, 3 g0 B K 7n 8 m LB .
1M1 24 B—>co ) W] 26 7~ # [m) i 2 PR AR .

(2) 245538 W28 vh AR 1Y BE 0 A S S 1 . MR @ R an R R BT AR 5 aY SRR .

Uy — U;

T ax
HP s d e i d W d P EERORBTBAS X F INGE R BT 3ED=T — S,

(3) A & BT oA Mg i o A A L 208 s A4S b A o e R 9 e G A4 5 i e T Y
AW . ANTE] T DL PR R DL RS oA AR RO 322 R D S Wy S 1A A5 RN

w(s; < 5;)=

2. HEZXRZEFHFAN

HT A 52 0 288 235 1) RIS AR 3R BCA 2 B8 0 Y BIR i) A 1A L RE 2R A At AT B Ak 20 85 1) Jmy i A
SRV | S5 R [= S N = 8 sl R e X e R M NP VR B SN A R o o O R £ N D
QI8 A A Y LB JE A AR

AR ¢ Bk P AT A1 AT 5% AR BE T I L LK 8 R PRAT PR R A . =SB AL 28 S R
MBI EA AR A& .

(1) BESLHT AL S R R AN A ¢ DHLJR) B8 B0 35 N R A 41 38 56 &8 19 A v DL R p , 42
B R B TR e R 5 A D9 BOAK AR 75 DU LAABE SR 1 — p, BEHL I £EA £ AF 98T BOAK 1

(2) HBWr B ALK AR A N E A BIFE3 IR o AL p 4 5 (007 25 T I 3k
PR IR S5 b A9FE ST R A

4.3 RKBEHRZITRDBEDN

A TSR ] R 28 26 7n #1228 X 28 HT P 2Z TE] i A 22 06 R 4% v 9 7 st (1) 6oR
MR P, XA R, MR A RA R R, B i AR E (IN-
neighbors) 1t 2B & (OUT-neighbors) . AR MK § 2K i fFFEFEZE K FRe ;W 5 I
IABIE s [ Z i j BHSBIE . NI ¢ BOASRIE G NP R  ISRIEEE . df .d2 5l i
A BEFNH o s @« A SRR Z I B IR 2L, diJ& i W VB & ¢ A JERNE BEZ AT,

22 AL T IR 2 AE AU [ M 248 EiffTH9.G= (V. E.I;U.R). V &4 [a] [ 2% iy 4>
AL E SRR A28 R AR T RN DRI 52 5AT N AR IR 22 AT 0 5 AR Fir >k H




F4E HIRMLER 55

15 S W AT 5 s U A 10 00 B 08 5 R PRI 78 25 o R

AR5 T e 52 0 4 9 S P 5 3 5 R U U 3 0 Al O AR £ RS o
A8 LR S8 L, 3 HEL DA R 5 450 5 19 9 5 0 56 o O A2 20 2
4.3.1 AARETHEEEE

0 24 o 1 5 40 406 R R SR80 S0 790 9 DAL A0 2 M 15 7 A A0 U i
WEZE BRI 26 2 L e

u;,; — HITMH

JEN, ’
Ho D ANGE ¢ BIRBJESE s Flls J&ANAR ¢ R 5 3 e FH ) S s M J& o 1 7 {8 1 R0 2 7 i i)
BT 1Y 2 X 2 WA 5
1 0
M= [{'} 0)

MR BS VER) ABRNTER RS R= 1,10 2 —J7 & 4F . o0 — J5 & B, 35 Bog ik As
1<<b<.2,

4.3.2 BXETAHAKBERE

90 244 P 03 P 5 A 1 0 R 4 it G R AT A S AR T L S R — A A S 1
G B LA F1 A e LA A0S T LI T A AT 2 46 W L R 2 5 LT A
1 0 A 0 2 R

M GRS R BT 0 TR CRLAT ¢ R A S D 45 0 F 7 37
e

pP = rath
pe = r(?ﬂ: — 1)b—¢
Horp pf R AR SRR IS C B B9IER 5 pP W 7R AR FTE ORI DB IER 508 3R
INTE LN S G FRZE TP R S AR RS C B9 R ECH 5 r RS BE AR A9 BN ] 5 ¢ 3R 78 2K B
S VEAT NI RO 0 WZE S AT M IRBERO A £ . IKH WWIKE b=c.c=1.
AT RO A 5 2 5 R A 2 b TR AR i gs Z M ROoR AT .
u;, = pi + Z P

i€’
T84 — A I 2] 22 0T O 2SS A AR R e
(R;(t)=o0oR;(t — 1)+ AR (1)

C
mn;

AR; (t)= sm(z—di)
Hrr,ni 2 WEBIE P RECEEFR G C B MARECH »sinO BREUE N T R0 s B RK R .
4.3.3 EHULH

R SR LR AL 22 G AR BT AL A BEAS KL AE 4. 2.3 WE S d . X HVEXA
) ¥ 6% 119 37 e e AT BAR B9 L




56 HXMERUITE—RE FEEEH

1. REEEH M

AR 7 HEAT S BRI At DG RS R g AR A e KRR AR IR
Y R S

J = arg maxiu; > u;|
reaf

2. HRXEZEFHFAM

AR T FEAT A1 AZ 5 AR BTN L A AL 2R p, $ g R B T U] 30 5 A DA CHG A QI8 T R A 48
JE )RR E PR FER A AR AR ] HFHZEIALR KRR,
j = arg max {R,(t)>R;(t)}

N Uge a0 APNCEi3 UAD
0 A 2R (1 — p, ) Bl ML Hl DA A 208 J8 s 208 i () HH 2B F e B R A 4 A R R AN A 7 2k
SEAEXF LRI RIS AN 2 R WAt 0 o K O 2 O £ A
#1228 K AR .
j = arg mait{R; (t)<<R; (1)}

1€ Nf

4.3.4 HE&ZRZH

AT W 25 H A 7 5 I R A8 ERURE A B AR R B LSS R . BT IR I R 45 R T 3
FER d =4 [BEHL /A 2%, P 2% 1 AR BB = 10%, DLUAH [R] 09 485 3R Bl AL 2 o & 1 % 80

25 1) VR LEB] £ AE — 5 B[R] PN 3 B AR /N B, TN Ay I 246 3 3800 A X6 £ e IR 2
75 ), v Ak 0 0 A () BT R R AR X AR KL He i 2 X 10° 3R 5 T FRAT 10° WL & 1E & He Bl £ X
YA, R T UNBEAL A FR B e, AR A5 SRR 10 YOS SR AS R TR mE A
W S f=0. 01, Wi H LA R IMBE RN p, =0. 01, B I Z I A T8 o=1.

10{?; e IOU“ < —
[ Q ] [
a |
@10‘1; 1107 3-
[ fl"\-"ﬁ' ] ;Es'\ [
; - A
¥ = |
1072 107
10° 10" 10? 10° 10* 10° 10! 10? 10° 10*
d X
(a) PGG (b) PDG

El4-1 ET PGGH PDGHELUMENRINE S
ZHRE . N=1000, W=0.2, p,=0.2, r=3.2 FAILMHEZE ,p=1.2 FINEREBZE, RFERME, 1=2X10°

kT 2 0 A 17 2 A Y A R B R ML AR Y AR 5T T AL B2 R 4% 25 R LS AT O O
gy EE A . B 4-1 AP o0 5] R T IAL G PR A R R 2 3 ot TR BT A A R 4% 1 3R



F4E HIREMEZR 57

BUE 434 . X B 1 #1238 A M ZR A 28U (1 SR A7 0 3 ik 5 52 ¢ & 3 [m] 3 Ak 19 30 0 PIL I 7E
— EFERE T ] DU A A A2 N 4% b 18 358 43 3 5 i AR Y

&l 4-2 W g 7 1 3 A A ) 3 A0 i) A [a] i5F 220 B RS UEL . S T RE S IR S B R s 15 TR
52 X B A /DR (n=100) . &l 4-2(a) ~ & 4-2 () B 7n 1Y 02 e 5 6 28 K 4t
22 W 245 i AL R S A L B 4-2(d) ~ - 4-2CD ) 8 R T AGE TR 38 1R T Ak 32 I 4% 3 Ak 19 IR
AMAE ., M st K rha] DA 3, Rl A 00 R AT e 2 30 1 2R R AL B TR S B R
0 286 85 %5 15 D[] Joz 35 Ak Oh 5 Jo o OB o0 3 1 R RE BN

- w A
& ::

(e) r=1000 () =20 000

B 4-2 EdE
FiTE R PGG, FITHE 2 PDG, A& ihae, HaEmikea, P MRe KNSk e A3 E
B PR MEERHEAN S, S8i%E. N=100, W=0.8, p,=0.8, r=3.2 TAFHEFE,b=1.2
F [ R 5% 1 25

ST T L SRZEE 0 3 5 T RS T A DR 7 26 0BG D R R 3 S8 1 o A 7
B0 - T E ) . 0T 5 I R A (30 A 7 T S 2L MR 5 A
e

W 2 AR S VR AR S 1 s Al 5 VR e ] £ a8 47 v . AR 4-3 () TP AR — A B/
19 X I (r<<1. 8, W=20. 06)flif3 S /EME AEFFIMIH 2K . 24 »=>2. 6 B, B ffi W<20. 06, 5 1E
58R F=H . AESVE AT DIAAF Y DX 3k B, vl DL 28 21 ) 28 vp i) A AR K S BE W B9 384 s Dk /)
X Fh B0 42 5 A HE A 1 2 36 % 1 2 vk 22 OC & HE T 0 S 4 A L 9 A BELAS VR AR S A L HE
INE R SRR R L 40 285G 2 0t e B0 1R S L BRI R SR . &) 4-3 (o) s . iz + B
NS 01,2 W S EE L WIlE W Ry BG i/ . (6] i WA A8 8 S VR XE LA A7 19 X Jk (b=
1.48,W<C0.06), 4 b=>1.48 H W=>0. 06 B}, 54E & BENS 4E 5, B JE A0 LL 5 B & I A o ¥
T B W' Y 5 B € R [ N R A N OB @ B 0 el T e R (B g 1 4 1 24 B S
T 7 2 e i [ R A AR R A B PR B B R S R s B T XA VR I BELASAE L BRIt mT LA S 3 2
H T A28 R IA )P 230, BASE H e e 3 H 2B & .



58 XM R U E—RE A5 E6

0.70

0.65

0.55

0.50

¥

(b) PGG

0 . 0 {
10 12 14 16 18 20 10 12 14 16 18 20

b b
(¢) PDG (d) PDG
4-3 FEHHENBRENEEEZHLHH
PGG: ()P EEHLBRE G WK R, p, =0.8, () P EEHFLHR (G p) BIEE,.W =0.2; PDG.
(OFEEZHLHREGW BERE,p, =0.8,(DFEEHEREG.pOBERE . W=0.2

1.0
0.75

0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35

0.8

0.6
Q

0.4

0.2

5 W G AR R BLAE AN [R) | 3 T 5 254038 0 & a8 1Y p, U X 5 A B 0 24 Y
gniE 4-3(b) FE 4-3Cd Fron . 78 AE N IR BRI Qv A R IR AEF LSS R 45 = A T
BZMACH. . o3 5 1R AY B B R RO R - X W 25 h 19 5 PR 7K B e AR L =4
r WIS S VEE B o A AE i 4-3Ca) FE 4-3(b) JIrzs . A BE PR S5 A 3 1) 55 B il 2% o DU
XiF 9 2% B S A KA B AR, BEE 5 FROA 2K O RSN, S /E 22 15 XE RLZE 557 . an A 4-3 (o)
FIP 4-3Cd) JIrs . FE A8 H0 Y A B9 R RSN R, S AR oy pe e . XM B R AR A Al
FA T 2 89 O LR AR T A2 B U e 8 A R A A 1 A R 1 I 29 TR SR AE AR T R . A
J 3 0 SR AE P A B R T ) i TGRS AR O LA ZE 5 0] 245 A A I AN 5 BR

INGS

ARFES AT AL T AL 19 27 A RS 1 e AR HE R B AR L 32 0 245 v i A 3 78 22 T 3 5 P Y
B, AE— AL AR T ZE AR RO A A W AR AR I Y 7 . BT IR G AL
HESL T A RAT D R e BT AL AC Ok AR R A SL AL LS . X HE 1 R A v A 19 2% 1 R AR
L 3E W 28 22 B 3 B T ORS00 5, B P  52 BRI 22 B IA i PR 5 1 3 A R g ) R
AR T T 5 L i 2 3 o 1R 2 A R U T R iR B 5 L, 3 o R T R 1R 2T 5 R ) A 5 T R 1 3R



F4E HIRMLER 59

0 ETR)0 FT B E 2 1 W2 T L 2 S B 52 T 4 ) SR R E 43 A 2 3 01
FRAMAE TR 450 0 R B I 4 2 Pk A BEL RS, 7425 19368 0 22 £ 41
A Bk . A A5 A2 1 o B BRI 0K 2 S 5 4 4 0 1 70 95 2 1 o
S50 5 R K A AR L A 5

ZZ B

1]
[2]

L3

L4]

[5]

6]

L7]

L8]

9]

10

[11]

[12]

[13]

14 ]

Dawes RM. Social dilemmas. Annual Review of Psychology, 1980, 31(1): 169-193.
Kollock P. Social dilemmas: the anatomy of cooperation. Annual Review of Sociology. 1998:
183-214.
Nowak MA. Five rules for the evolution of cooperation. Science, 2006, 314(5805): 1560-1563.
Nowak MA., May RM. Evolutionary games and spatial chaos. Nature, 1992, 359(6398): 826-829.
Barabasi A-L, Albert R. Emergence of scaling in random networks. Science., 1999, 286(5439): 509-
512.
Albert R, Barabasi A-L. Statistical mechanics of complex networks. Reviews of Modern Physics,
2002, 74(C1) . 47,
Pacheco JM. Traulsen A. Nowak MA. Coevolution of strategy and structure in complex networks
with dynamical linking. Physical Review Letters, 2006, 97(25) . 258103.
Fu F, Wu T, Wang L. Partner switching stabilizes cooperation in coevolutionary prisoner’s dilemma.
Physical Review E, 2009, 79(3): 036101,
Zhang C, Zhang J, Xie G, et al. Coevolving agent strategies and network topology for the public
goods games. The European Physical Journal B, 2011, 80(2) . 217-222.
Nowak MA, Sigmund K. Evolution of indirect reciprocity by image scoring. Nature, 1998. 393(6685) :
573-577.
Fu F, Hauert C, Nowak MA, et al. Reputation-based partner choice promotes cooperation in social
networks. Physical Review E. 2008, 78(2): 026117,
LLi Y. Shen B. The coevolution of partner switching and strategy updating in non-excludable public
goods game. Physica A: Statistical Mechanics and Its Applications, 2013, 392(20): 4956-4965.
Leskovec J. Backstrom L, Kumar R, et al. Microscopic evolution of social networks. In: Proc. of
the 14th ACM SIGKDD Int’l Conf. on Knowledge Discovery and Data Mining. 2008. 462-470.
Santos FC, Pacheco JM, Lenaerts T. Cooperation prevails when individuals adjust their social ties.
PLoS Computational Biology, 2006, 2(10): el40.
Szabo G, Toke C. Evolutionary prisoner’s dilemma game on a square lattice. Physical Review E,

1998, 58(1): 69,






. 0900 -

Y — P 4% 1) AL 28 P g AL T B

oy — w0 g (Bl BT A A2 ) 4 R L Ak | 192 R0 Je AR 1 2 25 A AH OQ AR L & Y 1 I ) A1 32 ]
25 AT FE AL S AL T IR Y . 708 0 1 5 — 3l 0 (19 R Al 1 35 72 B — R0 295 (19 58 R 245 73
Pt R ARY T RS it FH 8] o B A5 A 22 2 TP AR B A% 1 B9 T AL TR (R B AT O AR Y T
it & R UL S S B AT 5

o 5 T Z A AR B AL FR AL T R A 7 I RS . S g A R 4%
1 SR F D A5 S A A S5 A X T 5 B A% 1% 00 52 e, E 1 52 o 2 T 0 4% 50 4% R BE 0 19 S o 4
WAL AR, RIE B AL 6 19— SRR A, iz B A o P S S5 AR # e 1 LA
fEIR eI 0 S BOPE R AT A . BEJR A 41 T 52 o fn EAL B A AL (TCSIS) Jeiz AR AL 1Y £ € P 40
B » B — 25 3R AR B A B[R] R R0 265 1 s A AR X T 3 S PR AR SR SR 92 . dJE A AL
A2 T AR A B S AR U S 20 4% 1 A [R] 25 4% 3% W1 R A% 48 2 ARy AL R b 1T T A

gE— AL AESE 6 EiITiet M b E BT A S M A g nydmfe. Hititierhsg ™
26 P SRS BAT AR50 28 i a3 e T AN R R R 2w T A 5 &R B R O 2 9 g R AL
ACTHACTEZE o 2 i 1 {5 B 00 54T 0 AR B A AT Ny 5 4 A2 I 265 45 /) T A 1 AH B 52 i 0 A

Bt — A, 5 7 A AL S PSS BRI TE AL BT R0 L B T AR IR S A IR A T D
A2 T 45 AL S R 265 BE AR 9 DA 95 B 8 1 2 oh R TR ZR (R B A SRR AR A O i iz T Tk
AMAR P E BB AT 8 BRI E 3 % 35 B A B B 1B IR 1E Facebook B4l 5 EEAT
Bk o i 3 0 45 H A A L 3 8 A R A B e 19 D7 2, 2 S B AR A L e 7 A
AT o A SRR R LA B R . B Ja DN B M 25 P R TR JE SE Py )i, Ak T
g A AR B8t — s VR A A I R Y L AT 5E 24k 2 R 25 Z TR) 6 F P SR 1
FERY e o #e o [RIE 25t FH P OQ T B R MR 2 LA Bk 32 ) 4% 19 T A BE MR 2+ ) LA ik 4k 32 Y
26 P AL 38 W 268 il 55 b RO TR) 0 A






BSE

P 2% 45 #4 3 {5 B 45 18 1Y 52 I

A M2 F(E BALRE R 2 N K2 | 2R 175wl . BE AL 5
R AL E N EA WA EE BN ENE, 2 RAR
Z JHIAEGE R AN B A B WAL AL 376 (5 500 R 28 P i SR IE S
110 R AL 376 1 2 W 28 19 A a5 A, DL R AR 8 A% 1 1Y 25 0L A
Bi. bh S8R AT BRI 0 H 52 B S AR ik 55 B 42 1k 19 15
S IEX I EE (U0 Facebook M) News Feed) 52 M, 31X JLA™J7 1] & #1328
W 26 h (5 S AL % 0 SC B D 28, AN 3 [a] g T (E BAL #E S i AT o
S5, 55— T AR Mg b A JUEUE BRI BT R AL R . X e (E B
Z[E] IF AN 58 2 A A A B ST 1Y AH B A BEfE B Z M A R RER R &R
XROCHR S R al LU ik BB RS . rilg ik JCHR R &R L 218 IR LA B
Z [B] B8 T WA AR FH YOG 2% 5 1 £ DG BE G 28 ) & 45 I e Z (Rl A7 A2
vo P E I YOG R . A5 TRy G HK OC R e AT A% #  fk A7 o 5 B 2
AR WY . SR, A 3SR BAG 1 TAE LA AR A 58 1R
— {5 S AL R A 2L AN BB H ok a7 B 9 R SR AT 5 OQ BR AR L A 1% 4R
R, MR ER R B AR /G LL B — {5 B H# A 5 B o8 5 S0 iy T 5
AN FEAE A R 48 L — T 1T, [R] — B (8] 9 AR 8 32 1A 7= A 1 A S (5 B
[ B 7 R0 268 A 4% . T P 5 5 28 4 i 1 ) X 2 5 S {5 S i AT 28 AL A
o35 JE U AR B A% 4 5 o3 — 7 1, B — B 18] BN UFE € IR ™
A2 AR OGS U2 L JE e e R 48 v AL R 0T AH B 3a 4 AT P AR 26 5 4 S
A R AR ) e | 70010 0 2 e 2 P S N A I NI 711 5 Sl ol T 2
P TN G5 XF B A% 17 AL 1Y 52 e, 8] i 5 sa PR A S B9 A% 5 T A
BL .

5.1 ISREBSNBEH

HFIE s a2 tE o H T8 T B A [A] 465 48 19 ) 2% B
R HA gl 2. BRI R 2% BE AL X 2% L/t BE 2% ) ) Scale-Free ¥
ZEMEA T A Fh a5 4 . FoAr 0 I R 2% 19 0 5 g b AR )



64 HXMERUITE—RE T EE5ERH

— B SRR A 3] 0 KL D] ) 28 LS 157 B A ZR RO OR L B R AR A s B ATL I 2% 19 340 o o B A B AL
P R AR R RO/ Y R AR R e s /I T ) 25 5 B D B A Ak AT g5, HL R AR R R
M- R Ae 858 . Sacle-Free P45 485 ¥ A& BE H HBLAE (scale) B IYSFE A . 25 € — 1> Scale-
Free W%, Joie iz M 28 19 1 a0 fa] B8 hm, 2o i B2 40 A B 02 B N2 /Y, By LA RR O
Scale-Free M %% .

TEIE XA Bl JLFP 28 Z /i . 5 Jeds 1 RE L E 09 00 A0 L 3 R AL R AR 3 A2 1 8
DAYV S

EE5ESH BXGE—DTA NDW AWML GORT 490 T A M 45 238 19 52 TG
] B 285) AR TE — 1 5k WEER R Nk, . fE8UE EEFE T 5 Z A BN NG, B
fi P(R)FE Y A2 - IR BEPLPR 5 — A 17 5 HLRE O & AE R

EHEE BXSGE—T5A NPT ANMNE G E S d; MAEZE WS Flj Z [
ELERUE BTN A Z A R A R E . R4 M4 G /Y-F YR 4e Lo DL i
B

b= N(N2— D) ;d"f
THRERY R BESE-NTTANDITEANMNEG M TIEE-TTRE
W RN N b s IXANKE A B TEX b, DABJEZ 0], PG F B ZAFAE kb (k,—1)/2 5%
B, DEFRRIX kAREEZ 8 5L PR A R0 W) S8 PR e -5 B B KA/ HE i UER T ix
MIRERY. A WRERLGTHR AT
_ 2E,
ki (ki — 1)

D] 28 o) - 157 5 AR 2 B ) i A 0 i) SR AE R B RS (L B
Z C.

N

('1
-1

C

5.1.1 ELAIN 2% Fh P 45 14

/Hd
=

1. 200 pog 2%

FORL ) [0 245 Sk i KL D 3 43 1) 0 265, B DL A R 00 ) 4% RT3 S LR 3

(D) REREME R MEs B GRS HA A W A% 58, B DLz R N 4% BA i
R SR ZR BV B d i S 13 e i A HLAH S Ol 1

(2) AR S G R B s S M Bl (19 & A9 s 2 WA B 1 — 4 KLU 9 241K
X 2% .

(3) BARPIZE TRz Es A — o s BRIz s o g 35 S 5 Az
LT T

2. FEHLM 4

55RO 0 25 5¢ 4 AN [a) 1Y BEAIL 0 4% 119 3 i 4 B A 52 2 U BEALYE . ER BEHL M 245 {8 &
— b SR 0 BE AL 25, AT o AR 2D R A



FO5E MNEEFHINEEFENDMW 65

(1) e r=4 N AR 55,

(2) NP mm R L™ N(N—1)/2 ik, DR p0<<p<<D) X&EHEIA
1) i€ 17 i

ML= A BENL I 28 B pN(N—1)/2 %kill. H73E. 249 p=0 B, 4 i8I 28 A5 88 &
N ASPUSE YT B2 p=1 B, J& — > 58 42 1% 4% 1 0 0] R 2%

3. /MR

RN R 25 B 20 R I SRR FR 8. M BEPL N 28 BoA Bk i X pgie . /NI 53 X 4% \) LA [+
A EL A 3 P AP R FMERAE o 33X Fh 4% 1 Uk B Watts 1 Strogatz 76 1998 4F B,

4. WS /M 57 N 2%

WS st S ) 2% w] DL oo a0 R A B8 e A

(1) Fa 3 — A~ AR 1 R0 00 o] 245

(2) KFF bR B0 2% v il 4 — 25301 Carb) S LIRS p 80T 3% 2 3 o A — S BE AL Pk 3k
[I"JW”U‘”":I(»:)*EUﬂﬁﬁ'ﬁﬁiﬂ(w&)aﬁﬂﬁfﬁfiﬂ(a c)o,

M p=0 B AL MEEAIIRE TR P25 524 p=1 B} Z M4 F1 5. 1. 1. 2 35 A BE ML N 2% B
ARG 2 p€ (0. 01,0, DB Z MK H ARG 19 /0 FRRAE . 8RR 4L
ER AU R S a Y

5. NW /it 57 X 2%

1E WS /N5 28 A pl i ad B rp , 28 BB ME R RE S ik IR Gh M EE iR S R 2L
AT IR Z%) . T o0& . Newman Fll Wartts®I X WS /N 7 2% (1% A= plg 5532 fc T 40 730 B
2 IERR S NW /N FE R 2%

(1) ¥4 3&E — A PR KLU R 2%, i R 2% ) KB — /)y

(2) XFF W &% vh BT B A 30 S50 IAER p(0<<p<<1) F5 3% 21X 26 5 %,

ER Y p=0 WF, 7= A 09 P28 AT R J& TR B0 ) 2% 5 25 p=1 B, 7= A 09 2 58 4 iE 15 1Y
FOU 2% 52 p (HAR /NG R B E = A B R PE S WS B 4% JL-F — 3L,

6. Scale-Free M %&

v A B BEAIL R 2 5 /N T R 2% B R B 0 A KR IR AN A . BE A 1Y B K E
HBRALE =k V3B (U5 . BA AR 5 BE (R0 ) 15 ':TJHEETT?ﬁn@D {2 B Y
R 22 W0 2% HLJE %) o A 1R A 5 0 A1 I HL X Rh 0 A B9 B[ AR IE 5 28 19 KON A &R L
VIFRH: N Scale-Free W 4%,

AL ANt o BE AL 26 55 /N 5 R 28 1) R /INAS 2 Bl G IR el 22 o (HE L 7 T 48 X 55 R 2%
9 U 2 Bl B RIS 0 A o A R 2 A 3 o A v SR i A B9 R ) T 2 0% 4 R
BT T AL

SCHR LA JE R T fi iR o Fh B 2 1 R 2% . X A I 28 g B A BA Scale-Free W 4%, H ™

E AR

(1) A3 — A~ EA mo D1 iR 58 47 38 BEI R 265 . BRI — S B9 39 53 %1 A



66 HXMERUITE—RE FEE5ERH

2 MY R 28 P B m A A (1<m=—m, )
(2) BRI T EEEZCAN m WA dREP TG E AT
FE B BER kBB T 5 &1 22
ki

N
5

TV T Z2 /D5 19 1 i IR 77 A 1) X 285 1) J5E 3 A1 120 e ] 5 1) 90 A
P(k)~ 2m°k*

5.1.2 #HINEHHXE R EENF

I 268 0 435 R4 X A5 S A% 7 A =8 52 e 2 {5 B #E i — M F ot A . B A Ke TAF
ST T A [R] 10 0 28 0 $ 5 25 46 %) {5 B AL 15 10 52 e 80 L B I s 8 TR 45 700 (/N T B I 1100
PLER A I 28 1 2 R g5 4 I 248 1120 Ak X 4 ) 286 130 ) R JHC Al 218 80 11 I 2%, o B A R Bl AL i
BESHA MY SE . Huang 58 AW 115 B B A # X OB 25 0 19 [ 2% th A% 5% 19 3l )
FREPENS . JE RS FulLiu M1 Wang #5817 2 UCKR M4 h 945 BARREDS . 78 X M W 4%
AT e B, 9046 BT 32 e 1Y SRR P B9 L B AHE BT RURE A FE IR R . VL5t
ERMFE TR S EZEN A LR A R RNY BEEE . PR ER K22/ Fan f
Li 88 ANBFFE T B IR Y o AT A& B B IR i1 I 2% 5 AT B I i) /) 530 2550 07 I s B8
fik o EHL G RE o A U 2 A phosr i BB A R R B AR A . Volchenkov 88 A & B, 7
JC AR BE I 28 v S AT 04 4 0O 4 050 0 A A AR R U S L e SCER 1o ) B PR R
“FHY Lit A1 Zhou F527 38 A B0 . 24 ) 26 19 RUBE 388 20 3 T L BE AL X 285 A1 Bl AT 00 () 2% B e {3 37t
fF B AT . 7BV 8 A P Ge 98 0 of 76 A0 W 25 44 v g A S84 5 AL PR g 2R
s, BRI ABATT N /N T A 2 5 BT A RO E B YR, i AE SCERL 17 b, Karsai #il
Barabasi 3¢ A\ & 3, S E /M FEE5 1 W 25 BA 506 1) B A2 (B AE X R R 26 v (R B9 U
Mk 1. ] &3, fe /NI AR 28 vh A BAR 36 09 0 22 3= 28 th ACE 5 #h Fh 45 4 19 A B¢
RV RE ZAT Mg, B 2 W58 TAEERAUN 1 T A [R] i 9 Fh &5
P XHE BAR W0 52w /E . (B 22 Je BE n) . {5 BB B 09 57 1k DL B AL 7515 509 X 28 P 19 4F
k57 M ERZNE B EOEE 2 CHEZWAEM . M5 TAEJLT A % IE R X
O

5.1.3 FERERAN—BHERE

1. RBILGRIA

p =

—

Ou 5 Jin 5 AP EE T 3 T W 28 37145 16 8 1 09 5 Jo7 P 100 4% 452 84 O T BT 48 119 — B0
AR 1) 84 120 SCHRARE H AR RL) o TN O S o 1 119 5 5 5 BT WS 2 AN [] O A% 38 17
Rk . XRS5 B R A T A E L BA AN Z R EE ) . 5 R R i) . (5 AL &
FE /N TH 500 286 B8R0 5805 T =24 S o 1k A o B 15 A% 5 £ I DTL X 25 B8 i 3
A 3 X P R T M A A 1R e T A AR R HE T 0 R B PR AT AR
ZB R R A7 5 W3k 5-1 Fios .



FO5E MNEEUWINEEFENDZMW 67

*x51 FSikkA

(s & X
Qs TR KIER T

Q: T RO T
node; — PR

Qi MAT S 7B ARG RE S

1 WL 5z e a3 [E U A R

n; TR 1 I AR

2. AREEN

SCHRL19 e Twitter W28 AT T —Se o0 AE# 80 B4 P 5 B2 )
(Elc DAL BRE B A RE S A —FE ) . KRB S . el s h AEE Rk P L3
G RBE 0T T BV TP AR — 8 WY ME 38 255 e CHL BUBG o) e — A4 i e 18 ok R iy
G . HIZCHR I SOE L A — BB R R M2 P i B — P A B — 50—
e KIEE D Qe = 1. B RATE B — 128 s AR A HE 1 25 M B2 0% 5 — 8 B i 1
o B XL Enode; Snode; . W Rnode 454 T — A5 H B A node, 2= 11 3 3%
A5 B snode, K/ANK q; BITEE JTCE80E - Blnode; Frn iZ SN Z A HEWEERE ., B
IR Lq AR T 2SR WAL #& e J1 (Monode; Blnode;) . X FiE 71 5 X XF &8 & 19 56 & 2 1E A
K AR AR AE R A 3 s T B

3. W EBENHNRRIENEE

1% T K s N—"> minode; UL JE Bn; 4> RBJE (node; snode; s+ wnode; VIR L. 250

— Mg B SRA NOZ B A A LR RE T iz fe J1ie Ak g . B EALE KA LK E R
W AL Rt R R 10 A M L RE K L (o5 L7 R RE K PO 25 59 6 0 7L
DX 2Z [] DU A% 9 PR XEES> . SCHRL 21 14t A a2 TR) o 8 1) 208 F A 88 CRP AL ) 4 A0 vl A R
Mt P R Z (B Y SRR . B HE L G AR B B DS AR R BE ) B R TG R B Y
X2 | A ae 1. B, nl LLik g, 5 P finode; « node; Z 18] 19 3 [7] 4 2 208 He 1] ¢
Z B

/s
qij, — J (5-1)

2115,
RTIT . ELHE G 20 A — B . (BRI 2 ] B 3K 45 A BOR 0. B £ =0 3 RS
BB HLIR 4 50 LY . TS e SR B 3 2% 300 010 £ B 0 R R WA 0 £ 0
v TE B A LAl . T LB SR G e R 80 9 2 B R A 1Y 7 LB 3 i
Be IS 43K S A BUNPERERE ST . T TR — A 280 B> 0) R T A4 5t B
1
<+ 1,

qij, = 2 (5-2)

i X n; _l_ 2](.5}-
f r—1




68 HXMERUITE—RE T EE5ERH

Horpon, Romnode I RSB, 5 BRI BAEXS T AR 13, HAZ FE BE ) AR, il g, 1
6. 2% B AT LA 28 i 3% b 5 ok . A0 2R B AR W gy R T f 5 HEBCHBURS BVAS [R] 1Y f 5
E%%&%Eﬁ&iﬂ@%ﬁo ﬁﬁ%fl Bﬁfj‘ﬁﬁqrqgﬁfuXﬁﬁ@*ﬁﬁﬁ’rﬁﬁ?*ﬁﬁﬁﬂgﬂ?ﬁm

0 4 B 9 A S — B 0 S 29 %5 T, BB, B AR 453 PR3 24 8 B/

RAE SRS . %A A — A TR — 25, Fie B AT f, D) g5 = 1tk
BT LR A A A0 T 03 A A B Al 5 A R LR
4. I I 5 2 A

JH P [ 2% 0 5 LA A0 422 ik, 308 2 38 I3 ] P 8 i (s B g A ) Al ik 5 S W
o iR AL PR R A2 R P 5 A B A s 24 O PRt 3 2 [R] 2% {7 U8 22 i 1) 5 e 44 IR AE
Q; b . AN TR A, E M AR GE E S R e, Bl H AR A

Q: = Eq;’jk (5-3)

Xk 245 i B 4L 4k 175 BRS fEnode;, . EXPRIUE T X FARMT —4 7. Qi EIR
Yok 1, [AEE, 42 1R i ag R e e =X
P, = tanh(a X Q%) (5-4)

EZ LT . QEP AP RA MARERIERR . XE— PR EME ., W2,
R/ Q; H & AR /N AL FE AL 2, 1 M QAR KRBt , A e i AR RIHE R, 28 o« RE(F R
AW mATRE R FEEWEAEE. R - MMEEASFRET I AEQAZIFL T,
AL B MR 0T K BB AT A5 B B A% B A AE SR 0 RS S N A S PR (P B
MEUE) . BMETEAR Y o BUE T B 28 AL A7 0 it — 200y . BRAE o #1503 K ak
Aat/he tanh BREUGRE T BERBUEGZ A 0 5 1 Z 4],

FHMERAERZE G, B S LT LEGI FREAEN S ., FRMRKEERT
T2 T RN — > B G G e A R T P s N S B 2 A ik 555 B2 0
K. tanh PRERIEEER Y EUETE 0~1 Z[H] .,

5. Wikt

S T BRLRS TR AR PR 1Y) 2 B0 AN AT 35 9 1Y L SIS I FH 9 A 4% AT A 7R Y L DL B AR L
AL

- SHIEF

FESLE o BBUEVE FE 6~9.8 ABUER FE /& 0. 1~1. FeExX Se{H Ay X 18] Bl N . 1%
FRAI ] DS B A [6) (9% 3817 0 . AR Iz Y 5 28 0 A% 4 B AL & Y 3 5 A — 8, 40
SIR AL fHJZATS R AT LUAE FAG 6 B8 b i B9 6 2118 R 8 IE 2 B0 T & JEDS 2 . 723
B 26,27 Jrp VR 42 A% 36 B (E 29 25 T W 45 7 2 JE AU @I %00, A6 i 5 22 21 /9 R 25 13

BRL10 Jrh, R8-S 29 BEiE o K HAR N 6. %1@%&?%*&%%7‘(?%%Jﬁlﬂﬁﬁﬁ%fﬁﬂ%ﬂlﬁl

25 LT Fr A 0 ﬁﬁ%f@‘%’ﬂﬂ%%»’h?%ﬁﬂ“ Ar B BOR R LR R O R A8 4% 2 M 45 EAR /N



FOE MNEEHWINEEFENDMW 69

W) —f o X, Ao FBUERE 6~9, B B4l T 0 BUR R, H— 1A% 1 KRk

5] (= B HAL BB GO MER Y P = tank [K—} W =6, WA P=tank (%]%0. 1651.

Bl AT T . FFLL @ GBEHHAE 6~ 20, % a KT 0 I, JEAGHE W 22 1 35 31 0 4 o
TP B A 0 55« 7 5 Rl 0 12 B0 80 6 v 4 4 290 S5 M o 15 98 0 S . ECOK L B 1 R (8
0. 1~1 Z 8] . M B FE O 10~1 22081, 5 K =6 M HG . A 12 (8 AT DL AR 6 b 42 o) 5 ok

B
P 1Y 5 555

 BHBEFERE

S5 B A 2 B e SCRR [ 2 [P AR S, B M E A E N N AR
R 28 BI AR5 5 5 HGE Y K A1 S AZE(K=6, N=10000), #RJ5 %12 00 [ 2% rp (1)
B — 5 PAT Rl A B . X TR — R (e ) S IZ N VIR o #E4TEE , B RIHER o YL@
JE R AZNHATEE . R B E W FELCE R A o AT R I ab 3B E I ac (IR a-c
E T G X —2) . p MBI E T 5 A2 M 28 i 28 Y . o R, A= Bl Y I 26 B0
HARPLE., 2 o€ (0,0, 01) B, A= B M 28 52 B 45 5 25 o€ [0, 01,0, 1], A2 Bl 52 /)
2 25 o€ (0. 1.1 J0F A Rl J2& B BIL R 2% 228

o FRILER 0]

2 FoARR AT R . D e — G B RHE, B e e E WX K5
BOR 5 A R e B . WRIZ R WE & T X SREE A ERNREREGE R 2
XAER. i, ZAGFEEMEHT L. HIRAHN T EAEEHBXFGEL. C&EH T
A AL PRIE AT A ASS E R PRSI R . BRI S . &% IrA WA Qi fE
ARSI E N 0, FEVLIEEE — T AE MRl i S E B L/ 45 E n <P
. MFRETIRAE 2. —-PRAG RPN Y ESEH A C WL SR EE T B A
Q (A G-2) A G-3)) ARG MM AL G- =4 — PR RREACER K. YK
O D=R i R EUSN NN 7 RE P u R - N S E G e RR T R E O SN R sl = sk 3 & N
i I 2 B 3 5 (5 S AL 16 (B LB AN [ X 248 b AR 755 B0 1 sS850 .

6. XWSHiL

r

X
[‘_—l
1]

AR R AR B 48 Y SEES L e S S A R . X T AR U RN R R R 4% (LA o
{H X)) R —1 o 58 WS B HEFT 1000 WM 7 5286 . F i 1 R 45 R L 1 2 X
1000 K 5256 1 Y3 1H .

(1) BEF ) 268 B8 3 5 15 B AL 1

B et 5 e AN R S o PE s 55 19 52 e 1, BE AR N 2% B S S R BAL #E . AR e PR ok
[ an & 5-1Ca) (& 5-1(b) (3=0. 9.0. D) 7R . LiE o« BYPUE anfa] 22 4k . ih 2k 19 &% i a5 33
HIRAEREDLIN 2% | (o€ (0. 1,1 ) . X B A 5 o0 P bE 368 i s e, B AL IR0 2% b /)N 1 5 P90 2%
B a5 B AL

177 24 5 o AR 55 B9 i e, A&l 5-1Ce) L 5-1(d) fran A5 B7E /N 5 4% A% & 0 3 [
B (e [0.01,0.1]),1X 5 3CHRL10, 23 A5 I 7 — 2N .

ZH o 0] VU] SRR E . Y o IR/ AL E BARAE 1 2 o HUETR KT,



/70 HXMERUITE—RE FEE5ERH

?000 T T T T T TT1T11 T T T T T TT1T11 T T T T 111 SOOD

—— =0
——a=T

6000 | = =8 1 7000}

saae|l

L=l it Ll by

5000 -
I

£ I
b 4000

=
%z 3000

2000

1000 -

107!
Bl dLYEp ML p
() =09 (b)f=0.7

10°

i
BEALE p BEMLE p
©) =02 d)B=0.1

B51 EFDNESHIMepHXERE, HMESEHE K=6,N=10000,
SLI8 45 B EY 1000 Ye i a7 SES Y S 94E

HAZ KRR EAR) . R8BS 88 alor e, 58 1 AL #k iR A BE o it f3 KK EL
KN AW AR B2 B A /1 R 8CE oiR k. flan. & 5-1(d fras . 24 a=9 i, B
S AE LI R 2% F AR BB 2 T 400 L BB AL

(2) v an ey 52 i {5 2 A% 17

2 Rk 8 B 5E o, T B SRAE T S ST AN AT e 5 B AE A [R) 2R Y 1 I 4% AR 3R 1Y

Gni 5-2 Fras s 3 o (E 0 E 5 L BEE 5 BT A9 sk (8 AN 0. 1~0. 9) /] B 9 245 55 R
W0 245 | 1% 7% OR B 32 230 A . 31X FR I R /NI S R 2% 1 L S VR S AR R ROCR 2 AR
(0, S o B g, /)N T BT P 296 119 1% 47 8 52 31 PR 4]

YT EEALM 25105 (o 223D 1 BURF 0 o 7 B AE IZ K M 45 A% 376 F 0A X B M,
P S T 1 i 55 ) 1 BEAIL ) 2% 0 35 IR IR 1Y 2

(3) 7 oA X6 A% 4 ik JE LA B A% 4 Jo 303 1) 52 Wi

EETEE MAZ 378 35 B L R A7 I8, 9 A i Jol 300 A A B R A 5 S Jo 1 X (5 B A% R O 2 T

WA TR T o SOIH 2R A A JR U Dy R OCRESDL A9 28 B (R i fR

E!nEI‘-JT??%E@EJE%-’B}—*ﬂ%fﬁ?ﬁ%ﬁ:ﬁﬂ-ﬁ'ﬁ%‘,ﬁ%ﬂ[%%ﬂﬂfﬁﬁ



FOE MNEEFUINEEFENDMW /1

cooe
=I=l=l=
SO =] b = T

sy

S
S
{% o

T2 10t 10
BEALPEp BEDLPEp
(c)a=8 da=9

B 52 FEEDTAHNEEBYIMPPHNLR, HMSEHE K=6.N=10000,
SCESZE B EY 1000 & dd <7 SL 6 a9 ¥ {E

ZER AU, 2 5 0 PR AR 55 00 e, 45 B 7E /N T A 2% 1 A AL R AR

SR . ANl 5-3(a) T 7 . AR S B MR I st B AR T 5 BAA R . H A E K T4 G
B A E . AESEha 3 0] DU RE R . 24 (5 BN — 5 A 5215 AT 9 i A28 4% 38 1T R 1) sl %
ATV BT Z2 ) sk ) 25 D o e AL R 2 4505

SR, FF 3504 UL 21 S5 5 M ok B AL 9 2% () 52 ey, a0 & 5-3(b) s X F AR EN £ 4 B
B AR 0 BE L K A i J5] 3 LT A0 2 — AR 1Y L 33X 0d B L 55 5 6F FrEATL ) 28 JL-F- Y& A 52 ) .

(4) 58T

e (A R B i — B E B R T A L A58 . B O SR ANV R R B (E B g
TAEE T /W ENEN, 5B, MR G BAA K& . 2R, X TR (o
P T 1 BB S BT ENT L FRA . XML TEFEZGLFILMEE.
BN ARERME  GH R I A ANESH T EREES P, B F—XF 4B E A
a 56, EMEFARMAX, IBA 25 BAEAR G® 0 B 2% 4000 I AE RERE J11R 25 15 B AR ME
X SRR 2. AR, 2 S BTEAR 55 B I L X SR iR R RE 1 5 HoAh i AH 25 JE L,
BT ARG - A 2 36 . R MG NS AR B, £, fE AR il 3 B /E A




72 HXMERUITE—RE T EE5ERH

350 . . . . . . 500
/‘Il a—p=0.2 450 | [\ o 02
300 - = p=0.1| | o po
» | || —&—f=0.7 400 | +£g%
' —0.9
=250 | | -
2
52 i
g 200
% ol
=N}
| 100}
I |
50 |
(RS = = o ole o $—g ' o—=0—" ' ' —— g
50 100 150 200 250 300 350 10 20 30 40 0 60
Steps
(a) p=0.1[)/ M FL 24 (b) p=1.009FH M 2%

Bs53 B F$ERDTIAHE., HMSHE «a=8,K=6,N= 10000,
SCO6 25 BB EY 1000 X dh a7 SR Ay B {E

2 5 JRUPEAR 5 B9 B A, /0Nt B R 25 3 i AE A e BUR IR o B9 0 A IR AN ES 2 i X T BE L
W28 . f 5 1900 A A By it HO 288 2] B A4S R0 iz (B A UK

7. B

TEIZ— SR AL TR 5T T BE AL R 2465 A/ T 5 2, D Ao [ 2 B0 5 (R B AR . 420 T
— G S S MR A9 AL R Y R AR R AL B PR AT TS . SRR AR A R 19 S v g
T R R A RS AR . 2 5 B AR S g B N TR R 4 10 15 8 A% 4k 52 BIAR Ky
T A% 4 0970 [ AR 7, I 0 BEBIL R 245 19 1% 1% Y [ R B, i HL , B8 A S B R sk A5 B A /D
T 5 0 2% A% A 3 B8 A8 4% A H AR R A0 AE 4 1 2 55 B AR 5 A B4R L 15 BT R AE /)
TS 2% F Y 2 S B 4 1Y R T B AL 28 55 R0 9 2%, i 5 SCRR[ 10, 23 IRy &5 —3K.

SR S BUPEXS T REML M 4% 7 B 2, (e B, S B E IR B A g, B9 B Tz R
HARBOR T £ o EREPLR & ) = AR5 W AL S W G Z E) gy R o 78RR D Hie
W w1 Xl . X B E T X T EEML M 2510 5 - f BREIFBeA XKk, B BLL 3 AR X T
SERVNEE SRR L RTAIE AR

SR B A AR 22 IR 2 AR nl LASZ i B A% & . H AT, X T8 B Ryt s e g . il
NN R Heflf — 255 BRI 2 a Rk d B R 2] 1T ooREA . & iz
R BRI N S8 (52 M, X AR R MR e B 2 B ARG, Kk H
S i — S BOR 10 e O Y 5 55 L AB O IR 28— A e 2 S T Bk s Y O VA . A e
g 3 Ao S Jor P A i e, B DL R RS Y O )

5.2 ZPRMHESRBEE

5.2.1 #Lid
b 2k 50 4 (O W4T AATTI 6 2 37 0 K 35 S T 30 B 38 P % B2 7 2 1 K i £



FOE MNESFUINEEFENDZMW /3

SIS W - CIE S I8 o i =B U i ST R =5 N o 1 e N G 2 = TN PR (TR 2 S = g =R |
L RE AL RE U5 75 B AT 0 4 s 35 AN 4 6 R 2% AR BALHE . 24— 5f5 BAEME HERk
AL & 75 AT LU o oy — 2538 P 09 AR BRI %5 B & 48, 5055 38 o P [R] /9 7F 8 R A
ZAE B REZEENHNERN T LR a6l A 15 2o ie#% .8 4wk £ 5
K Aw B B[R] 5 A2 8] 79 05 DL K PR B s Bk 2] B 1, 8 2 AR e E S, AR
5% M 25 B R AL 175 i UL, DUER R AR B 3L [ 4% 3 sF i KL LA S A% 7 2ok F2 vh 25 Bl IR %10 52
Mo/ FH o 38 2 X5 B AL 1 3 B R S48 5 e MR AR B AL H A R n9 HL L D A5 Bl AT 48
HF P AE BAR RSO A A ek . AT LL R LA A T S 3 E B PR B AL HE Y
PLI

o AWM PRGBS aEE

o ML RERALIETIRE;

o W RMNEESTEBRN —MER. L2 Fieitfr.

Xof ) 285 v (1 AR L KR AIE B 02 52 i) A {5 8L AR R AS L FRATTRE DN LA LS DA 434t

o ARG W 25 1) 0 F a5 A XHE B AL R/ 2 A 52 M QAT 5 0

o LSRRI UG AR R T R BN AL R S S A 52 AR 5

o WZE R R AR R T R TR SR N 7 o A S e A AT 5 e

o PILK S AR 1 AE B A X SE 2 AT B AE BT & AT B ] R dRe 2% ) 2% 4% BRI A A ]

B,

5.2.2 =HERFBRHEERE

ARG e PAE(R DAL HE AL ICSIS, BRI P fURS B RAZIHEALTE BIRES
(susceptble) , /R N S &4k A G EAPIRE RN Las BHEEE B AVIRE KRN 1. ¥
GRS R R % b r RS R N R AL AT S SRS S 8k mfE R A T iRfe k. [FE A
fERE R 22 R R 24T SAE LR R E R A ER —i 2] (55 B e R4+
&4 PR 915 AR e A2 e . P 2R B[R] AE [A] — M 28 A% 4 . A B 18] 77 78 HCH
KA R AR ST, AL R R 5 %5 18 A Z MM AR O AR . B R AR e i
e — P AXS BEPLAY AL L [ N — KBRS 52 S0 b RS ek . RS H PR X .
R B AL fR I nT LU L — A SR nl R BEAL 72 . A IR S sh & 22t i A vl L
A 5-4 BRI R

B 5-4 ICSISIKAHEE



74 HXMERUITRE—RE T EE5ERH

Bl 5-4 thL, 3 F B IR R R B A B B WG HE R, KR — > RAEREIR AT 5979y A% 3
R AUE B e O FE B L AL R Rz A E S A BB BRI ARG R . o M
oy 53 N R R NHE R A B35 TS R, Bl A I TR] Y 3G 0, A 2 8 AR 7 0 1 1R R
it AR 2 AR B S A2 a1 52 ) g 2 Bl s TRLAA BT BEAIG 0 A 75 1 HA 2R (R 21 5%
Wi WA A% T R XA M ARAERRIRAS . 000 0,57 TR G B M A Fifs 52880 B 19 AH
HEZW T .0, 80K W R RE B B WG] 38 KL GBI HE(E B S A 197 SRS ol o 1% 4k
ERER B, Rz, [FH,

5.2.2.1 ERBEHEXTEHBE

o

R T R B T AL RS R4 T S IR O AE L X L IR A — A E— 1 E X
TR MK A .
(1) S RAGFEATAT I B 55 ¢ B 20 78 P 28 v 1) 8
(2) Ta(o): AB4% A G BB 5 ¢ B 207 P 2% v 1) B i
(3) I(o): A&4% B A5 B AT 55 ¢ B Z0 A 4 o () 6 &t
(4) OCk) : 1 BALHE 1Y R 45 1) 25 ¥4 1) JBE 43 A pREK 5
(5) pri: MEERE DA — N ZUEEREE RS A R,
(6) pr.i: MR i D AT —ZI2E#HER B B3,
(7) poi: PIZEHREE @ AN 5T — I 28 RAGRE S B AHER
(8) ay: M i.; AN T IIEREEN cay =1 XM P EEAER. LZ . a; =0K R
PR T L RIS T
PR SR AR P ST R,
(D) Bi: (FEAMEHER.L: (FE B IIEHER;
(2) ar: [RE AMBGER 0 [5E B BB
(3) 00: fFE A MEARE.0, . (58 B IEALE.
T AARSME AT RS
(1) siCo): ¢ W27 5 FRE R R H BRE
(2) st () : ¢ B2 T RCRENERHEFEE A
(3) s1, ()2 ¢ W Z 7 7 fORE NEREEE B
(4) pir™ G+ F—0FZ0 ¢ W MALREE B A 58 WK E B ARG A(S SURE A HEER
pia™ls (t4+1) . F—mFZ] ¢ 15 S MAEHEE B A REB B GRS S B %,
piaTa (e+1) F—BFZ0 0 WA R RS B A PRIRE R
(5) pir 7 (t+1): F—MZ i WA MRS B 572 2 E 3| R AL 75 B ARSI,
pir I t+1) . F—mFZ] ¢ 95 S ML S B RSB BF I NERHEGEE A 1R,
ple~ s (¢+1) . T—mZ]: A ARFHLREE R B fREEE,

5.2.2.2 =3 ICSIS & 7

FIT 18 7 S0 B 2 DA FE A I 28 2 1] 25 4 i FE > ICSIS {7 BAZ R F2 A, 2% 1 A5 1
SRR E 1 BRI 20 AR AL B RS R 25 TR A RS R B Y e . S L Ta () W I (2)



FO5E MNEEUINEEFENDZMW 75

I3 RN ¢ BE 20 25 R S AR XS B B R . Cstast, o5t )T RN — AT SR B
ZVBPIRZS X 8 A4~ W 2% A

N

S(t) = Zsi(z)

N

TROESDITNG (5-5)

t=0
N

I5(0) = > st (1)

i=10

MR - 123 Bie  ICSIS 5 BAZ iR B AT LU 7R s (5-6) BBl o T R 4

’d_b - I,q(f) - o IB(f)

a0 PSP OT RS0
Jjdla Ia(2) . Ia(2) B Ip(t)

T N 0 R O LS O R O TS PT0 R
dIp Ig (1) < Ig (1) N Ia(t)

R T R Y T a3 R e YT Eay AT R PY T Ry TS R

H T Cseost, o5t )T J2BEALZAE &, A

(p. (1) = EGH ()

pr, (1) = EGsi, (1)) (5-7)
P, () = EGi, (1)

WU RT LA ek V- 59 37 e A B AR A0 R 22 50, A xC(5-8) .

iy = Bibei Dyashiy +0upr Doagpig — 0 i D a Py — @by

i = Bobui Dashiy + 01 Daghiy —Oupr i 2 aghr,; —espri (5-8)
jﬂs.f = a1P1,.i T @2 Pr,.i — PP Z%P i B2 2“:‘;‘]) Iyei

HIH— L& 1F A

A

M

b +.i‘_'f‘4-i +}-’IH.£ =1 (5-9)
W= (5-8) mI LA faj &

f:’lﬂ,f — 181(1 — PIA,:' _ PIH,:') ZﬂiijIA,j +§2fJIH,f Zﬂfjﬁ'lﬂ o 91 PIA,:' Zﬂfjﬁfﬁ,; —ﬂlprﬁ.f
f:’IH.i - .82 (1— PIA.:' _ pIH.E) Zﬂfjﬁ’fﬁ,; + 6’1 PIA.:' ZU:‘JHH,; _ 6?2 PIH.:' EﬂijIA o ﬂszIH,:‘
(5-10)

5.2.2.3 M ICSIS =&

5.2.2.2 T NZ WA BER L — 4> 48 22 25 (5 5 A% 4k AR 28 AABE 3 A Y i o DA 0L
FEE » BIVTE — A~ i g — B 20 IR 2 5 A 9 R R AT 01 58 A9 0, 75 25 RS2 i) 5 1 DRSS
AR R Z A AL B9 RO, 22 AR A 483 B —BE , — 1 IR S L 5 9 52 i [ 3R LA
HoAG B A AL 878 R (AT LAy 22 1 s XHE B R e N B2 5 B A9 13 R G S A iz (5 B Y



/76 HXMERUITE—RE FEE5ERH

PF BEFCAZ 1 =R ) DL S HA 2R RS B4, M 0 5 B SRR 5, AR R
55 5 JRE O] 2 5 el A% 4 1) PR IR (201 238 38 B A 32 o 1 BR BE 7 4+ 28 X 4% mp AR B H
FH P A 22 RN 43 55 10 305 BRFR B o B 3% BRI A ] BB A4 396 15 5L L 1 0 B B0 A B 4 ) P A 41 28 ™)
U R BCR EREZ T LA B A e 2y . WAERWIEE A m LY E v,
TEF 12 5 18] | 8 A% 7 B0 A ip A 25 T GX A TR 2R L 75 1118 23 T8) X A% 17 R 19 52 il I 6 2 42 3]
AT S TERI R — M RRER . prap, 10,10 X T LR A0 R A 55 0 35 2
— & PRI, B PR 2% 5 4 PR AR BTE N 48 AL #5776 — o I R0, X 28 R0 0 5 52 m [A] 7
Ax.

M AT EAE R A GRS I AT SA —E MR AREEE A,
2 hA(G-11).

N
pr (t+1) = yi.pf(1—;91 Ha,;jw}a(r)] (5-11)
[ 2R 2 S B IE TS A R B B AR IRER AZHE(E B B RN
N
pr (t+1) = yi.pf(1—;92 Ha,;}-'vfﬂ(f)) (5-12)

A R R B E T AR R A MEE B AR IR AR AL — E MR
4% Hrp AL — 28 BUE B X AP g 00 T % I8 AL — 28 BUE B2 i 5| 0 b Rz k1
R AL FE LR ZR 5 F BT

compare(A; pr, (£) .2 pr. (2))
AR 2532 W 71 BB R 45 B 28 B O %7 1Y B — B ZDIR s

2 19 RUIRES N B AL RS SR IR 20 2 LR R, 35 f % RS 1L k5 2 AR
2 B —IRZESA Al e [l 2L RS, 2908 31X S i B N %0 — A e ZE Y e A O A (LS AP
AR X PP G, gt o B i) [a) A7 88 N\ 25 73 55 B0 00 28 53 B2 9 2R 74 Dt PR DR O i W 48 40 5
) MRS SR T gt ML T s TSR I 2R B B AT kI e — D 2O (H A T RE
— A AR (P AR X R IR AT & B R E R an) & Bl <5 . B
)58 Z2 AL R 5 DR A A SCTE) VIR A0Z 0 KOIAF A X B — A=, B EE 2099 m J8 22 ol R
T RATATIRZS AU 5, DU T BE 98 P UM% #1238 YR B, [ i 3% JE 3 — AN fd AR 2 A%
HARE N A RFEL ABFTReEERE R B 0 4 B AYROGERTE B2 T — 15 B 288 IR 4%
TEESRIERERGEE BIORE . EEFE . EKRHN
(pir T (t+ 1) = v praipr,i (1) + poi ()

Lpla=in (f 4 1) = %“ pr(1— TT U= biayst,) ) oy (0 (5-13)
piaTA(t+ 1) = pri— v praypr,,i (D)

Compare(pia™ , pia™s | pla=™la ) (M3 f K& 1Y S0 O IR .
[, X F i #6155 B2RBR W S A
(pis™(t+1) = v;. prazpr, i (1) =+ poi (1)

Lo by (1= TLA — Guaysiy) ) 1y (0 (5-14)

\_IJEH_'IH (t+1) = [J;H_:- — Ui. f*’fﬂzfa’fﬂ,f(i)

pirTla(t+1) =

A




B5E WNEHEHTEEEENTT 77
Compare(pie™, pis~"a , pis™ s ) MR KA NiZTT JUF — B 2R
CRE , FE GO RY 0 2 = (5-15) Fr s

' A= Bipagsi) )= A (1= [ = Bprassi,)) ] poi —aipr,.
— (1=l a—=bpassi)) o+ (1= 1L A —bpaysi))pr,.
1bne = [(1— 1] —Bepsayst,) )~ A (1 1] —Bipsassty)) ] poi — @by

—(1- 1] Q—b,paysi> )ory + (1 1] A —bpaysi) )i,
Psi T P1,.i T Pryi = 1

(5-15)
oo oA HiAt SA B 19 & an b A ik LAy A, o [B] — I 21— 15 e BE [R] A 42 0 2 i A~ 28 Y
Hof %o B2 RUAE B i U R .
Al —’_Ag — 1 (5_16)
Ho, RIGEMEE T SAMWERET L HEHEMARERGEENHRS N, Bk, A
2 (5-16) A LLfaj 4k A P22 e iy e 20 an =X (5-17) filr s
E}J;A,t- — [(1— H(l—ﬁlpfaijs;ﬂ ) Ag(l— H(l B pras; s; ))](l—pfﬂ_,——p;rf)
—a1pr,i (1 — 1] a — Prpraist,) );;;A_,- + (1 — 1] a — Oy prayst,) )p;ﬁ_,—
}J[H_i — [(] — H(] _ﬁngfaijJ}H))_)q (1 - H(1 —ﬁljjfagﬁﬂ))](l _IJIA_I' _pr-f>
—azpr i — (1 — H(l — ﬁgiﬂfﬂﬁf{'ﬂ))fjfﬁlf — (] — H(l —‘811);&&3”}_14 ) )jJ;A,,-
(5-17)

5.2.3 RHEMUEFREARAREREESN

A1 38 1o A 19 X TCSIS {5 BAA R B dE T8 @ &0t . BB AR E ot
o A2 T H B A9 HE r] R B AT Routh-Hurwitz & 3, 2R J5 #E H i 2 ICSIS {5 B R AR 2
1) 251

AT B I ASE 1 45 R G2 B s E HIEBR 5 - — Boad i 0 7 DUS e 5 01 &2 21 J7 ok 119
S A R S B W VE B bR (R B 2 m oA A0 AR R S RE K & B it R Y S R AL IR 4
PRIZFR G e T e i A P hiH K T8 RE A REK & 3] 7 R 19 - 67 R 28, /e i fh 2= 72 45 5 <, |
PRIZR G IEAATEN . RGMITEE T — o R G &0 . —Fh & /e B ESOE SR R 19 e 22
e A —E W IRBE N R A et e B T X R E v [ A 2 E s 1 oy —Fo Kyt [l
FoE X RIS OO 86 19 I 22 7T MR K H RGEAIRRE . A FrifTignd 1ICSIS BA 1 e e 7
e — >4 Jmy B RS e PR R

5.2.3.1 Routh-Hurwitz &IF

fEE il R e , Routh-Hurwitz £2 € PR H P8 2 2k PR 3F i 42 58 1l &R 58 58 € 1 78 41
M. Routh MR FE K BB « 29487 « 57 W 7E 1876 4 i —Fh A 2y is 15
B H AW e R R E 20X T A iR 2 B A R . fEE AR PTE R - B4
25 4% 1895 A= 42 VR 22 10 =X i R BB AE — 407 M v GX A7 5 Ja Sk 24 0 ik 4 2576 1) , 230
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e Aa & 1Y 29 HAV 0 4E 25080 B 1 1 B 0 A7 9 202 1R Y . A D7 15 2 S5 30y . Routh
KPRt 7 — A A R O TR B A 22 AT s SN AR TR, m — A 2 I L
Routh-Hurwitz frife , WIFRIZ 2 W00 4 25 2 5K, 2R R g2 B R e Ok T iz R 4E i
53 5 R YRR AR 22 T XA AR o e ik 22 101 A0 4 vl AR T s 0 S8 B Sl O A B2 0 W iZ R 4t

REE.
5.2.3.2 BEMHH

) 2% 35 B4 i R4 R 20K b T A . Rt

dS()
dt

<dIA(r)
dt

dlz(¢)
dz

0

= 0 (5-18)

7546 (5-6) F=(5-18) , 15 2

(— BiORIS I () — BOR)S(O (1) +arIa(t) +aylpg(t) =0

—a1 [ (0) — ORI [A (D Ip(t) + B/ ORIS(OIAN() + 0,0 Ig()I,(t) =0 (5-19)

—aIg(t) — 0,0k Ig () I4(2) + OIS I5(2) + 0,0k [4(t)Ig(t) = O
BT B= (S Ia s Ip) " R B AT RIS 3] By = (1,0,00™ & b i J7 #2411 — i

W By = (1,0,0)" j&& ICSIS {5 B AL f& B 1) — 47 50, 38 25 2 )5, B 48 (5 S A% 76 s T

— B A

EFES. 1 SR, <18, F#% B,=(1,0,0)0T2AB#iiBE M,

A

iE 9
20 (5-19) I HE AT AR [
— ROk, — RO I — B BOL)S + o —BO)S + a
J = RO, —a; — 0,0k 5+ ZO)S 0,00k 1,
! P OCk) Ip 0,0(k) 15 —a, — 0,0k I, +3,00)S |
(5-20)

e 05 Bo=(1,0,00T4b . J(By) A
0 — ROk ta; — ROk +a;

J(By) =0 —a; +0OGk) 0,0(k) (5-21)
0 0,0 (k) —ay + 3 0Ok)
TR B 1Y R ik 22 30 Xk
A k2 kAt k= 0 (5-22)
X521 g 23 A K an F
A ROk fa  — RO ta
[ JQAI —B) | = |0 A—a; +50O) 0 =0 (5-23)
0 0 A—ay + ROGk)
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RS}
A —ar + O A —ar + BOR)) = 0 (5-24)
it
b = a1 e — BOG) — RO
1k = (a7 — L1Ok)) (ay — 0(k)) (5-25)
by = 0
Ay
RD:‘BI@UQ)<L ﬁRD:‘QE@(k)<1
a az
T L)
ky >0
sky >0 (5-26)
by = 0
R4 Routh-Hurwitz 2 P HE , Bo & Fae 55 ]

‘81 | ﬁz 1 £
S N YOk - g M ARG T RS ARE A S1RE B Ay 0.0 T ¥

1

ER 4 1A (LA AR sy B s B s i A 18 B

SAE P2 PALHE L e 2838 B — AN HE 1 @Héﬁﬁ%f Bl Fa e A BRI R S e B
SCER AR g

5.2.4 ZHEEBEBREE

5 TCSIS R RY v W 268 1) 4 F 45 4 LA K i A 2 1 38 55 DR 3% AR A 3 A I 268 IR 28 4 A 1Y
B 52 0 N Bl g X 2B 52 e X 19 22 4k B B AU Z B 28 R i S Kk
A AR A A 6 AN ) 5 e PR 9 o B TCSTS A8 B 1 4% 36 oo #2 W 88 4% 3% o 72 2k iy
W28 RS0 . AR B AL ik B vl LR AR & — SR a] o #2 L i IAE B4 S 56 v, o
A VE 2 BEALIS T L B ADL 45 R 5 S HGH 3 22 YRS 56 45 R E K (19 25 L 31X B B RE A A5 Hb sk f 7
F B Bt BIL 235 2R A S0 45 R 7 A B 52

AT AN ICSIS A AU {F BAL R ad B O 500k, i 58 3 FE s B4 5 ml LUKIGE , X T X
25 P B RS T R N — 2D R AR 52 30 B9 52 i [ 3 A WP DA Rk ) oR S L URT LA AR 0
(5 2 AT 7 — 0 i BB e 4 DA Jese 7 s b — I 2R A 1 S g ALl . ICSIS
o Y R T X AT S AL 0 A 1 — S DU, 5 33K 8 R U 17 P ) A% 47 o A A AR DA S 5 R i
A% 4% 1o 75 vh B I 2] P 28 IR A 1Y 1 L

ERE MG R P AR ES R AEFE DS B — 02 S0 A IR IR AA
A AR S AE AL T — AR A 7S AL i I A B 3 A5 0 AN [a] 19 o 1 1 3 0l A0 28 AN Tal IR 28 19 7 s 19 22
it FE 5

(1) 24795 GRS R AL (5 DRI — 2 RS2 A B a0 3¢ 5-2 i .
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K52 XEBEERSTAMNTHM
Rule 5.1 doWithCaseSus(G graph)

1. Input: G graph

2.  Output: stateEventually

3. for j=-i+1 to maxnodenum do

4. if adjMatrix(i,j) =true then //adjMatrix represents adjacent metrix

d. if v,. state=infectByOne then

6. infectedByOne-+-+  //count the adjacent nodes with preading msgA
7. else if vj. state=1infectByTwo then

8. infectedByTwo—+-+ //count the adjacent nodes with preading msgB
9. if infectedByOne >0 and infectedByTwo=0 then //only receive info. Type A

10. onlyTypeOne()

11. else if infectedByOne=0 and infectedByTwo =0 then //only receive inf. Type B

12. onlyTypeTwo()

13. else if infectedByOne =0 and infectedByTwo =0 then //receive two type

[
e

twoTypes()

9 05 ] BETE 5 — B ZI 4R WO BT AT 3 B IR 2R S8 O s A nl e H i ) 5t — 28
RUE B AR S UL — 5 ML AL 175 L 10 A ] RE (8] i 422 Wi 32 W 2645 8 I8 408 X — 35 19 1% % nl
REPEHEAT Ve A e g, B4R 4o~ Ab#E

O 4 B EEE A B ARBE RN 402 5-3 Frows

x53 HEWEER AAERN

Rule 5. 1.1 onlyTypeOne(G graph)

Input: G graph

Output: refreshed graph
pia < v;. frequant * (1— (1 — [3)nfectedbyone )
Prand < random(0.,1)

if Prand < Pia then

Ia. add(S. delect(vi))

1

2

3

4, v;. state=infecteByOne
5

6 vi. infectlevell = pia

@ HAHEZWREE B Iy, BRI A0 3% 5-4 s

x54 REWERE BRLEMRN
Rule 5.1.2 onlyTypeTwo(G graph)

Input: G graph
Output: refreshed graph
pi < Vv;. frequant * (1— (1 B)i“'““e"'”“’““)
Prand < Tandom(0, 1)
if prna=—pmi then
v;. state=infecteByTwo
I. add(S. delect(wvi))

vi. infectlevell = pyp

O N o= W N
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@ g [A] B 2 W 2 W 26 A5 BV, ws Z AT AN BOA AR 2, X P 2 B (R B A9 1% 1% ] ek E
TEeR, [R5 B8 AR B 5|y BB I 2% 5-5 Fras .

R 5-5 WEBI[E AR R R AN

Rule 5.1.3 twoTypes(G graph)

Input: G graph
Qutput: refreshed graph

pia < v;. frequant * (1— (] — [3)nfectedByOne )

2. pm<v;. frequant * (1— (] — ) nfectedByTwo)
3. Prand < random(0,1)

4. if pia = Prana ANd P <= Prana then

o. v;. state<—infecteByOne

6. Ia. add(S. delect(vi))

7. v;. infectlevell <—pj,

8. else if pia << Prang AN P~ Prana then
9. v;. state<-infecteByTwo

10. Ig. add(S. delect(vi))

11.  v;. infectlevel2=<—p

12. else if pja = prana aNd pig > Prana then
13. if pia* Ay = pr* A then

14, v;. state< infecteByOne

15. I,. add(S. delect(wvi))

16. vi. infectlevell< pja

17.  else

18, v;. state<—infecteByTwo

19, I, add(S. delect(vi))

20, v;. infectlevel2<pp

(2) 77 K AAPIRE L/ A 5 B 297 5 — R 18 T R MR & FL i/ RS
[ B 38 A — € BB 3R 45 0 1 {7 8 OO = ELIRHE B LI 4N 3% 5-6 Pl ais .

K56 EFEEBEBEATERSAHIEHM

Rule 5.2 doWithCasela(G graph)

Input: G graph

Output: newState

1. for j<-1+1 to maxnodenum do //find msgB adjacent nodes
2 if adjMatrix(i,j)=true and v,. state=infectByTwo then
3. infecteTwoNum-+-+

4, ps<v;. frequant * @, * v;, infectlevell

5. P i_z % (1— (10, )nfectedByTwoy % o frequant
1

(3) HHAPRE WL RHE LS B, IR AL S 555 (2) iy 26 L B R ¥ 1k 1
H XM AE T % FE AN [A] 9 < 42 AR AS . BAR B9 R AL AL a0 5% 5-7 Fir s
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K57 FBEEEBTAERSLAEMN

Rule 5.3 doWithCaselb(G graph)

Input: G graph

Output: newState

1. for j<-i+1 to maxnodenum do //find msgA adjacent nodes

2. if adjMatrix(i.j) =true and vj. state=infectByOne then
3 infecteOneNum—+-+

4. p,<v;. frequant * a; * v;. infectlevel2

5. pn= (1— 0, )infectedByOne y % o frequant

6. pip<v;.infectlevel2— p,

7. p<compare(p,.pia »Pm;)

8. newState< Changestate(i,p)

ME&
T4l

2~ 5-7, T EHH AR T

T RURZS 1) — 28 BRI, 5
R AR L S5 B AL R AR RE Ak 5-

i 7o 3 S8R o 7BE A A% 7 A
8 s,

*5-8 BIERUEE

Hi* 5.1 ICSIS simulation()

Input: G=(V.E)
QOutput. spreading process
Begin:

l. S« . <.z~ J,
2. for each v;EV

a) v;. state< susctptabl{:g

//init the state sets
//init the graph to spreading
S. add(vi)
b) vi. frequant<-random(0.1)
3. Ia=< (selectNodeFrom(V.,indexs)),S. delete (v gexs )
state spread type A information
4. Ig=<(selectNodeFrom(V.,indexs)).S. delete(vi,gexs )

//select some nodes from V. value them with

//the same as 3

5. loop=<-0

6. While true do //start iteration
loop—+—+

7. for i<-0 to maxnodenum do //maxnodenum denotes numbers of nodes in G. V

8. Switch v;, state

9. Case susceptable:

10. doWithCaseSus()

11. Case infectByone;

12, doWithCasela()

13. Case infectByTwo

14, doWithCaselb()

15.if 5. len>1Ig. len or I5. len<<lg. len then

16. return(loop, S,1, 1)

End spreading process
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5.2.5 MBAHINEHITREFIERE B LB

£ 1CSIS {7 B AL 7B AY v, 7 R 285 B AU R0 AR 5 A5 A0 T3 1o AR 90 e I 446 1) 9 1 &5 F4) R AE
O (k) s I 265 7 s 1) 5 7 A pR 500, B2 70 I 245 b (1) BEATL 190 2% 58 O A 8 A2 TE A 0 A o T IS A JEE 1Y
02 2 M R B Y 2 o A I S R o0 . T IS5 90 SN AE 1Y 22 57, 4% [ 45 4 B R B O 208
M R R PEAF AR 22 5 N — 2k, W RDRES I i S A R E SRS A 27, AT
A8 o X AN [R] 9 52 2% 0 265 0 D &40 A o i) R o 53 4004 3 o e PR s 3 HS B R IR 245 90 D X oL 1Y
LA FRFOE A0 B A DA T AIF 2 ) 268 4 4 IS 435 18 R A% 9 o 2 19 52 Wi

5.2.5.1 /MEFERKEEEL

/N 2% (small-world networks) 888U F 2 A= 5l 3052 tH 7019 N Br 9 28 5 41 22 N 2% 19
S o (O 11T S 1 Lk S 5 g e e =N T O R b T B SR | o ST S eyl 141 A A 1 7 4 = W
m SRR RE [RIEE, AN 48R S — AT LT R 0 4 i) R B 4% . Bl 2 D ZBE L BE
ARSI R 2% b AR K R S AR Pem b . T S E S B g AR KT 2 logN BY 75
A B 2z M R B T ANt F Y REAE . SR . WS /iR W 48 (Watts-Strogatz small
world networks) [ABf RILH T/MERF S REWEVE. A B0 M85 80H WS /b
5 P 2% 32 X 4% i A LA an 3k 5-9 ol

® 59 PpEFRHRWERE
Hi% 5.2 WSNetwork(Graph, reconEdges, recon_p)

W : WIHICE Gy . graph
e P 3 3% A i1 %X : reconEdges
PEFE % A HE R s recon_p
s DR ZE B wsGraph
. wsGraph = graph //init the wsgraph
. For each cur_node in wsGraph do
For 1:=0 to reconEdges do
Link(cur node, node(i1)) //link every k neiberough nodes
. For each cur_node in wsGraph do
For 1:=0 to reconEdges do
Randp:= getRandom()
If randp<<recon_p then

o o =1 O N = W I

e
(:I -

deLLink(cur node,node(i))

newNode:=getNodeFromUnLinked(unlink(cur_node))

.
—

Link(cur node, newNode)

AT BRI SE B b, 2% 1 B T S R N =4000, BF IR EE 193 5L reconEdges =
100 . A YR H 3% (I ME 2R K recon_p=0. 6. Y WS /N FE R 2% b 587y 5 B B0 ml DA % i
BCh G 1) Y 14 8 0 A . AR D B e RO T s WU 2% Y T s R A i B 55
T 7S

N B 0 2% 1 B 3 A 5 R DL EE E S EC H b B BB IE S e . fE LA EE ) WS /il
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200
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)
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50F |

0 500 1000 1500 2000 2500 3000 3500 4000
FEL

B 5-5 WS/MhEFRMEEE S

PR 45 E AT LU ICSIS {7 B R A AL ER IS b R B2 B 2l k& ERE AKX
A 5 AN IRATHY B I 8] J5 BEAIL A W 2% vh Z2 PR A% 3 . RIS 56 1Y 25 1R € sk 5-10 o .
X510 MERENE LEIEBIBRYPFMHFRE
Z W BEMH

bR AfRRER B

i B B 4% B,

AR ABRBERE

{5 B B it 5% o,
i A X B lEUL R 6,
i 5 B XF A BHULHE 6,
fH58 AR5 ),
fi B B W51 71 A,
i B A B & A B ] ¢ 0
58 B E AR 2, g

e

ERSR R Ed FE BRMERTHEEA W A& dEdD . FE B
FHRMEME AT R EEERRELE A LR XA BER B B2 0 T W55 & BRI
fFE B e om A5 1R S A e, o A8 55 19 . R 4% 9 7045 78 X 22 Aok 21 A
2AE . $Z R 3R 5-10 PR m4% 3% B 2 0 e BLUUE B AE WS /B I 45 1 0 1% 4k 1
i 2R B AL A B B a5 AT g B i 3% 2 B AR AL A KR 57 1 A% 4 B ) 235 3R )
1% 1 i A v B R AT R 25 BT A 1 SRS U ZE AR AN &l 5-6 B,

HTFEE BRmERTHEEA MMRE, I AERACEE FEE BREBEGE[REL A, FE
HIEURTE A E R S B iR 2 # S I MEs. (58 B IR R AREE A M
el A AR A IREE E G AR 5B B I in 2 AL 7% ARPRE IS A THEE A
WLk . AR, B 5% kA w5 S }‘H?ﬁ A MR R T —A R BIRAS U AL 7% T 1h
Ja A AE — 1> 4 Jmy A {8 R 5 08 B AR
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IEACHT (8]
B 5-6 EEEFELREMERST

5.2.5.2 BA ZTirEMKEEHEELL

D) 2% 35 3 A 12 T 0 A 1Y X 265 B Ry ok BE X 4% (scale-free network) , BV A
P, cC k™
Horp ke Fon M2 A b DB R BVEERC N ke W SRS PR T RERCN £ 1Y
ME; JOhR B 2% b LSl Ry T (2<Ty=<<3) . TOAR B 4% 11 Sl AR A R D% v ) R 40 Y
A SRR HART AEE . B A /N A SAEE 2 AR A E . X LEgE SR
H 25 1 N 248 v A Y R 3 4 0 T SRR O BT R e T A AR A A5 DT b EE I 28 X A A il B
A 9 KA K SZ B T . A8 7E T80 6 P ] P o SOk AR X P 8 55 . Albert-Laszlo Barabasi il
Réka Albert 78 1999 Ay — 18 3 82 17— R i B &2 2% I 4% T im J3 R 1k B9 B 48, ny
£ BA £ (Barabasi-Albert model) . BA Y a] L F >k A1 40014 22 B0 52 A= 05 w1 I 4% ) 4 .
AR T Ak
(1) VF 22 B 52 P 285 5 AN Wi 47 R RIAS W 1 17 R A9
(2) 3B Y77 PRI I 2% f B8 {0 ) - 2 422 30 B 22 % 422 1) 1 b
AT L B AL BA BOEMEH — D AR E R 2% BA BRI A BB LR 5-11 Fiw
]9 28 M B5 B o 710 50 BY 58 42 0 2 90 & L BRI msmo DT Y 1% 4% .
*x5-11 BA MEWEHEZE
Hi% 5.3 BANetwork(Graph, startNum. newLinks).
BN : WIHIEE G, : graph
U 28 19 KA : startNum

BEU A W 2% 1938 1% 328X . newLinks
. BA M4 E baGraph

1. baGraph=start_graph //init the bagraph
2.  pvec=1{}.nodevex={}

3.  For each cur node in start node do

4

For 1:=0 to startNum do
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5 Link(cur_node, node(i)) //construct complete graph
6 nodevec. add(cur_node)

7. Do

8 newNode:=createNode()

9 For idx:=0 to nodevec. len do

10, pvec| idx | =nodevec| idx |. degree/totaldegree
11. For j:=0 to newLinks do

12. Randp:=getRandomn()

13. For k:=0 to nodevec. len do

14. p:=p-+pveclj]

15. if randp<<p then

16. Link(newNode, nodevec[j])

17. nodevec. add(newNode)

18. totaldegree:= totaldegree+2 * newlinks

19. When nodevec. len<_N

FEAS T AR AL S 56 v BA R 25 (19 1) 2 v ke i 1) 19 s B0BE A mo = 50, B3 BT N AY 32 122 2K

wom =40, M4 8 f 80y N=4000, Wiz BA JCAREE R 28 19 1 508 o0 A 52—/ o
A BARRY EE A dn &l 5-7 i .

180

160

Ii.-lﬂ""

140
120 -

£ 100 |-
I
i 80 L™
60 L
40 -

20 | :"i-

0 WM-M

50 100 150 200 250 300 350

& 5-7 BAWMLKZESTH

5 BA Johr & 28 1 55— A LS 50 H B A0 BA N 2% 19 1 5B o A S R 1 A
fii . TEIZM 4 b B TICSIS AR AL R #2825 5. 2.5, 1 T iy WS /B 2% | i 4% %
o BE AT 0E b, W ) A2 SE B Y AR OE S 5. 2.5, 1 RV E — 3, W3k 5-10 Fiw,
FEAMGE BWERERSHEERN 0.5 5 0. 6, MARAGEEMNKERA N 0. 1.FEAL
FE B BBEUCE BN 0.4 5 0.6, 5 15l k0.4 5 0.6, [FE AL HMEE
TEW 2% I D208 77 A8 3% Ak 5 NMEREME FEE B IR EMZ Fi4#. 58 B YR
BRTHEEAM®RE. ke emBEIFLE BEERMH EZEEFE A L.
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5.2.5.1 WARAI TG R FE B AUIH r58 A i9fefk. MBS 2EE T FEE
A B fEHE . R A] LU 21, R 45 AR R RR S, i T 4888 2 5 00 A ih A5 B A9 A 5 M 4%
FEE ST A A R e 5 2 P G 218 1R AR [ B R AR AR OGN SR 2% 5 T bR JEE R 45 T Y
BEAT AT AR R4 BA W 45 9 A% SR USSR 202 B AR A9 WE 7 1 2 wiy if 42 21 A9 2% 1R B e L 781
S 4000 B BA M 4% EAR BB S5 R a0 5-8 Frow .
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1E{CHT 8]
B 5-8 BAMKEEELABHEIEMNEZRESELH

FE BIE#aiMa L HAEE A Mk, T bsa s FE A Z# L%y a s M
P RER T s A5 B B PR #E  f5 B A AL R T 5 sz B L (5 5 B f9 1% 4k 2
#rE (s B A LR TR E M RE I EE . w5 BB %8 B — 4 3 S Y

5.2.5.3 MEAIEHNERBIEZMASLEIR

£ ICSIS B AY i, W 28 I F 0 235 10 A6 b 0 8 AR ¥ 2 A0 M @, Jeik e WA BE 1
KRE A3 AT 340 S A MR AR TR v 1 QR R L AR 7 5 B IR A L 2 Al e A8 42 R A X I ) 51
BB A 5T A K R RECCR A

k: = ag”
SBHEHE P — R AP FAJC R o W9 i i AR 8. I LU Mk 28 ik ) 246 ¥ 40 25 48 7
ICSIS B g B EE .y T/ 5 45 19 52 00 A 52 1E 285 00 A 1T JC A JBE R 465 52 0 A 52
TR AT 8 1 28 S5 A AF AR AR R AR DX, /0N HHE 50 P 298 o g A4 4 e ) 119 - 247 e e g AR AR L
1EANFE 22 27 HR A 7S BE 23 ) B S B i 0 1Y, /)T 5 I 2 SR B 1 Ak 2 0 2% 19 /N ik B 800z L /D
0 285 v A JRE R A 245 T TG AR R 245 v ) R A A O A Y 2 80T S A
R AR D X AE A P2 R S P B AR K B R N AR (R B R L A TP B &
HEE . W E TR A WS /NS 2 AT BA Jobs B W 4% G B LS 6 45 R b Bon L7 B
B 1E WS /G [ 28 v AL il 0 5 5 A B30 ROR BT AE BA JCAR EE R 2% b AN {CPR T HL 3%
£ WSU/NMIER P2 5 R B MdfEE A BT 3 AN AR ], 1if BA MZ5rh (55 B
MRS A AR Z 2 T 5 BT AL [E] 5 40l 58 8 -, WS /Ml B &8 {5 2 B 5¢
SLEETHEEA MWER. Wi BA THREMET FE BHUEHERERBTEZFEFEA W
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L JF R M. 0 R 3/4 B 1/4, XA Y45 RAR 25 B e B R0 3 A L /N T 230 Y
250 RS TR ARG o O R AR RO, MR B B AR e AR PR &= AE  [R]  )8 l
P 2 Y a5 ] ﬂ-’h%ﬁ teE e NmfE S B AEE sl 8 A AL 4k i 2 BN 5 M X 5
BA JCAREE M 4% . 5 s [l B s e . oW S A A) . [R5 (8] 1Y % 4 A 88 5 ). Y
I EE B 7E BA M2 ih A2 J& I XE B A Ifl’J O A RN L O A L S e R DL 2
BEANTE Bt 5 A BA M8 el DIARAE

5.2.6 FEREAXMHNERNZESEGERERNII

AR 2 B XHE L AT ] S [ DR AR 9T JE AR B A X A 1 A R B R ) fnli'ivz
At I a5 6F P RS B AL 7 R 52 e 35 Z ok A AR R 4R pr, L pr, ZHEMIPIRE. FE
VE MG A s S E AP RPE THE R A ELEME PG RER R X2 B IiJJ
IR AL RE AT L W 28 v 25 1 SRR S i % S AR 5 8 B KA sE B 4FE A 1915k
o RN 5 B B &, N{E B A BAR RO BT, XA, RS B 3[R AR R 2%
A% 49 1 L 4 Bsf ) L U L (R B B AE M2 rh F WAL R B 2% s S AR RS A &
HARXHE B A Wi 5 A& A F2 BE B A [ M A AR KA R, A5 TCSIS A5 7Y SRk B 58 X Fl B 42
BV SE B0 AL 7 S 80 E N3 5-10 Frn 5 E A ML REE N 0. 5.5 5 B ML HEFE R 0.6,
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7T E R TR T . TR IOTE R B AR U0 A XK 945 AR L 3 28 4 AR H
KA A XK o . AEX KRR, — P EA B RS A48 bR )d Newman 58 A 42 1Y
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KK MALX . RN A — A X iy P T 3 R %8R T A E A R T, T
FET &G RN AENE, S8 T CART 7E X EA ) 8RRk 00 #1238 W 45 i i = 52
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HE—MME R LM J= (V. E;LAT) JHH [ V]=n  El=m. FEZLLHNEY
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— R Hb L IFAS G BT A B R g SR AR A AR A AT Y . AR AT B A RS R s 4 A Y
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2SMEI2ZEN, S, St a, BREREE RS [H . AEAR SRR TRz 2R/ EREMA
8= QiDL N (W15 o SO TN £ I P s P = I 5y B B Tl o = o = R R b T TR S L L R (A I €1
WA G2 78 R A 5L A MR RE S AR A O 1Y s 7 5 % 23 [A) B3 O 2l R o
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ENXT.6FEPE) L —AAZAZELELMET HKELEE {55005, B R A
HHH e REAE—NREBEBCTH A RE TN EZAIT LT mAET A T o) Rk MK
WM ViesiHsr+5i€Sinsy €SivMui (s—ivsi)=ui (s—issi) o
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7.3.3 Bi#iBHEHENITE
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{7 B H I N UG B A ok 5 B B 5 AN RV i AH LR . BH 2 b, £k fag ok # T L)
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— B3 304 25 B A B M 4%, R IE MR gl i AT o 29— DR ek Be kAT 54 ik, b
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Algorithm 7,1 Reduction of the original interaction network.

1: procedure REIN(Z, Agim » At)

2 for all ec E do

3 if AT(e)=<"At then

4 td[ ]=Topic_Distri(e,I'(e))
5 tdmax = Max(td[ ])

6 if tdy.<<Ag;, then

7
8
9

Delete e
end if

else
10 Delete e
11, end if
12:  end for
13:  for all vE V do
14, if Degree(v) = =0 then
15 Delete v
16 end if
17:  end for
18: I=1I

19:end procedure

B 7-2 A% EHWEKAEE &

(2) B MME a; B —DE ARG B BRI 1E . X B AT A SR g s, o
R BRX A5 B A8 B R 0 SAR A

(3) 2B . ME a; N—1EIMA MG B AR PR — R A G B K
X, NS Y SR B s, TP AR BR B I AR X ME B 28 BRI AR TR I A B 8 A BV 3X R
AT 28 B REAR I35 bR A

(4) AMATE: MR o RFFMLAY RIS s, AT,

HH T Ja) 3B 15 iy S S A AE 1Y 238 3 JRy #0811 R DR A S AL T s AR . SR
AR YA ) T S EE AN B 7-3 Fran . TEIRGE T A SR TE A S B AR A I AT TS B A
R RIS e A s B . B IMARIS A —A [ E BY A5 [H] XA SR g A IETJH%/“PF@T
Z 5 Wi B . BB AD L B PR HUET 2 i AR A BRI A iR LR B RN (T
313X ’lﬁlfz‘«f]f’ﬁﬂéﬁ{ﬁﬁpﬁlﬂﬁ < [A] Ff Y A W T 0 R A A Y X T &R

WAE e —BF 25 MR, B e PR B T 38l deg'ree(z)%fbmx-,-g'rnup(f)%Eﬁffﬁmfﬁ AL

HEAR, 18w ) S TR] 52 2% BEHCER T g, GO MRS R 2= B, R HEa, RS . g, iY55 1 T o] DIAE

O(degree()) W] N 5E TR, g IS 2 Tl Z L “‘J M s; ‘ n] PLAZIE K Z 2 ;T;o H
jEn s€s, J€ group (s)
HAE MR M AR 1 group (s) s BAERE—BHENIE 9 1 T Z —HT* S n] PAARTIE

jE group(s) 2}”

— TG AE [ E ISR N TR SE R, R, g Y5 2 Tt a] DLAE [ 58 1 B[R] N 58 5. 3X
B, — RS 0] LIAE O(degree () B8] N SE T EAL o 320 X FImAEE a. REEZ, — 5,
g i A s X TR R o HEIE EPH@E@ AT 22 A o, W ZZ B s BB BR — 14
W NZ = s P IIN— A5 R, B2, BT & 24 02 OCsi |« | Zi—s:| < degree(i)).
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Algorithm 7,2 Compute local equilibria,

1: procedure CLE(Z)

2. for all vE V' do

3 Initialize v’s strategy space according to its observed topics z
4, Initialize v’s strategy s= &

D end for

6 repeat

7. a; = Random_Select(V")

8: u; = Cale_Utility(a;)

9, u; = MinValue

10; op; = Null

11, for all op€ {join, quit,switch} do
12, uep = Calc_Ultility(a;,op)

13: if u/<u,, then

14, Uj = Up

15; opi = op

16, end if

17, end for

18 if u;<Zu/ then

19, Update s; with op

20, else

21 a; does nothing

22 end if

23 until No agent can benefit itself by changing its strategies

24 ;end procedure

B 7-3 1tEFEIHE

7.3.4 EWERS

AR SO RS A B AN IEHETT A N Facebook I oREEN B8 & k1T
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PRI RE B E . & FIA s X F ARSI EAE R GG B EREARMMERE LA H B E M m ., AW
1) Tk A8 50 R i A8 A L) B 2 = O [ — 17 5 28 B M 28 A A R A 80s B 4% . o T %
UK T A A L) R i Rt R S B A R R A2 L R % Y e R L G R R A,
FKMANE ZHE B L H ., XEESE— AR S PR AR Y B 2Pk
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{5 228 BRER I TR 01 5G9 2 3R BB SE A5 AH [R5 @ T 52 5 5% 09 A T JF A S X
BEAATIe R BAR N 2 . WE RO B B VG S 4.6.8.10,13.16.,20 Fl 3, 111} Asim 15 . 1Y 715 [
H0.6~0.95, 25K 2 0. 05,

N T B UEAS SCT7 ¥ WA RBUVE R LS R A 8] 19 7 v AT R FESE B . R R OGE B B T
JE At X IE W 2R 7 I (community formation game, fijFR CFG)P fl LDA-Word J7 #:1%8

(1) CFG kg —M AT 45 i 5 ik e M2 g5 i it B T 45 s 2. 07
o — M EE T IR Y T I WA U7 A R RBECKR A

(2) LDA-Word J7i%Je— 8t R 5 TN AR ik, E AR KIET AFE E XN E
A ARUPE X 5 AT 4 0 A8 B N ALY T s ) 3 Ay ) —FE X

3 b v Bt FH AR [R) B9 A5 5 22 1 268 A D i Ak BUMNE B2 B fER . AN CFG I
LDA-Word PIFhJ7 1% A 3CT5 200 H pro 200 H BA 20y sh S R (5 Bo3e A, B2
AKIAR B3 A R BB, W vl AT 3 Fh i Sk Ut . W1 IR f A AR B 3C
04 285 S A 1) A8 o (EL I AR SCO5 3 A8 S8 B R A7 R3] N A P £ I 2% LU G b XF LE T ik /. i T g
AT 3 7 i AR G5 R AE [A] — ROBE T 247 H A 48 3 R 7 i i 1R 301 45 R A A 2058 B M 4%
Lty TR, (EARE R CFG J5 MR SO AR 2 A B AL L DA b 3 9 b 7 3 19 465
RYEPJEEAS HisfT 10 WIFH 4R B 092 FEAIRBEALTE R 52 .
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fiE s NI ZDE 7 AR S . (H2 B0 ] P Refk A 5 BAK R 96 € . A B 45
MAEHEE TR E R . ot B 2%

8.2.2 FARBEEEZFEIAX

ME 81 nf LI AW P EE % ol DL 3 A2 57 iy Br Be: 20 dE >k 4E (data
collection) . ] P LA 15 (modeling) A1 H 36 I (adaptive) . Horpr B g % 4 oy Br e 4 R v]
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KE2EHRA A RIE(HE, F8)
A AE| [ BRI .
) (58 (o) e s

A

i
K

\E/
i R P RHE

() (s ) (e ) (o) (o

E 82 HENHAFPFIEERERE

%
4
o

e 2 1y P i 2 088 FE B A 19 P s AR AE v P B — S S5 S B ds i DA A e fi . &R
i K B B BORHE M BUE 85 B Z 1056 1 Br B, it e S Buis e #6050, P B B B AR O Bl
HEIEE S 2 BB, ik BB B R A 0 P it ol ik 2 2 B A S AL A AT DLBR R Y ) i
TR RN TITEE B0 FH P 28R A G A P AR . AR B B, P R Y S e R Tt A
AMmifeEIRY . H 38N BB S BAR L FHAACAE P f i A A 3 o BRSO P R AR
1t A LA B A 4R P AR AE

Horp A P AR A 2 2] B B, mT DUEE T AN [ 200 P s s B8040 15 R AR B A A = 2 O
2. B AL DL T T B s ok H A . 22X Wi Cexplicit feedback) #1 fa 20 & 15t Cimplicit
feedback)™ ') | i =0 Rt & 48 B AL 0] FH P 19 48R ML 4 L /o R P A & CRHB B
A TR SR AR T P S Y o SRR BRI R AR I TR 2 A B aC R e
PR FH P B0 S AT o N AZ HAT O AR B B U B BE 5K N B AH R IE 48 U X 52
7%, EEXE P s m R R A5t L B R A 3 2R Ak ) ik s A UL (classification) M1 LAY
¥ 2] (model learning)“"* Flif ¥} 2% 2] (corpus learning) .

TR TT T8 F RIS T R AR X AR A7 53 28 M a2 o 26 0 5 AR 406 P I =015
SATER R 5t 8 P B W o S B BAR — AR E . Lakiotaki 558 A i 2% 2 B S 5 Y
SRR A Z E O R X P R B AT RO THERE RS, Iglesiast A
s PR S AT UL il — R A a7 el dg 2 o BRI A DLy 83— 2R 26 ) trie BY 7 280, % H]
P T T P A S mUE M E R E s P RCR B . R R T TR R B R
PEAIG  H P o A A A e B R, 5 28 R R A 1 20 2 o i HLAS B2 3h A8 1 L Jo i3 v el 72

F 7R 2 o] B ] — e E AR G A AR, e an Bl SO, 2 2] SO 38, 514 3 8 7 8
FURFE . Rossignol 88 NN 1 2% 2] P SCAS I B T 23k 1945 B, 38t — Fb & T 40 2 DLt
37 B9 FH P R 3 A A R R d RS B R 2 2 S 800, & S e L H A5 R 2 B AT DL R 2 )
FAO0F U0 NS R 0l T8 R s s R 1 0 o BB A ) N T B AR A A A R R AR P A
M UE BT H 3 N 2 A B B ERA EE . E 4 s R R B B, TR A A v HORE T
— S G R ST SRR Sk 2D o B T B AR AN AR AP ER T R L AR X 2y > H i S A S5

TRk 2 2 g i LR R P RS AT 0 7 i L 38 o 4 B A B 4 09 o R I DA RO P s R Y
SEAR B R S AE M P RREIE . Abel 28 AP R JF BCE BHE OpenCalais. £ % Twitter
P B AR S OISR RN 38, DL A i B ] P RA M B R RS 5 3. Gao AN R



£ 8F BMLGHE /R M S 159

tH GeniUS AAL ) FH Ah#fS #4190 U268 3 46 FH P e ik, mT LAl ) 9 W7 S e K <0 Jal ) 8 22
TR . FHe T MR iR ek A 1Y o~ T B S AL Rl g i R E R L T ORI S . (HoE . —
B R R VN 25 2 6 E 00 A 7™ B B A0 SR AN DA R Y TR B AN RETR A PR IR S
R B LT R e 4 AR R

8.2.3 HAPRPHIERIEAAI

XFF P B FRIE R 7 20l H A 4 28080, T AR 2 (vector based) ™" iy ik
77 3L T A 48 (bag of words) P 193348 77 20 L 3L T W 2% 2544 (network based) 18 3634 77 L)
T2 3 F AR Contology based) 22 [ F R I =X,

[ HE bR 25 30 H R R AR B RFAE LI e A 38w LG R i XA Y . Ak T hRAE
) FH P Rk AR gl 2 ) P AR B DO R B FR Tk m m B AR s . X T REAGEE
P FR AR PR RS 0T DA B AR I NG o FREUE R P oy
ol LUl o 40 28 A2 SF AT EAn% . XM 7 20 5 S8, OF BoAT 35 0 A, 76 B P SRk A
FRAIE 7T B — A A AR 7 3, A0 Carmagnola 28 APSUBE P g4 A B8R F bR 2 36
N FEHA XS A HEE R HER Y E A e PEME T . B T B3 P Rk B 27 LA A el LA
$if FH PR IE A — 282 4k L Fb st P 4R 8% L Lia 1) TAE P il age J& PR 5% 28 Bl ageRange
JEME . JE T ) AR R ) FH P R AR A 2R B R L (8 R Y B A/ ANGE T T — S SRR
AR AE T 28R GHE B2 T R WA RERIB I G SR Z B KR

Ta) AR A A H AR IE S AL AR AR & b i — b gy BB . A TP B R BHE L R
Il g — S8 SCAS KA L A TR] A8 B R nT DUAT A K AR P RRIE . Schwarzkopf 58 AP HE 2 2]
B 0 P A 2 DA ) 4208 SCFF i o Ik W 1) 42058 Y — 0l O P PR B ey Y R A T 3. ia) 48
R 38 7 U B A S M B BE VR Ty BN ARG B8 T B 1A L 2 ja) (Y Y . X 7E 15
i i) P 38 H AR R E SRR A AR TR S PR ] g — ORI 2K

HE T R 28 3R 1) 5 OB P R R 0 1l — P il SO 2%, Horp T U R B i R s
IR OR FR . AHRE T im] S Y, 5 1 R 268 45 4 1) 36 ik Ty AN (SO FH O B ] 26 s FH P %k
M TTT 3 B 22 SO S 3 T LA S0 A R HE 3, B SR B 8 P R IR YT B — R P

AR Contology ) ae: AT 27 Ul A 28 0 SR B R o 33 A& 48 — M AR 72 19 R G4k i BE A
U HAR TR B 2 J5 A58 8 R AR BE AT 18 B9 R DA D AR 18 S L S A X 2 Y B
PR IA . H T A ARTE X R E SO0 G KRR 5 A B B E L nT i I | nT SEVE SRR
SRS B B AR N TR A L X SR P BB R AT A L LB R AR Gl i B AR RE ) A
T, ARt ZE K a2 E B @A AR 77 X3 . Razmerita 58 APY JER T
— k3 FH A 2 T AR FH P R AT L A e R TR B 2R e n] LU R Gk T P Y
fiE . Skillen 58 A" &I LAAS R BRAR FH P SCA SRR, 70 7 P 47 28 DA SCAS B3 i 2 72 L JF o
JAA P AR BRI G P sh Sk, 28R 2OB 4 IE M L MR L AR A X A A

8.3 EFAhRFEEENNZTZHEFRIEER

P 24 AP T 56 3R 1 135 600 08 L8 A 1) T 35 B A 1 Bt A
4325 A0 P 7 B 5 8 2 PP R 2 T R I, TR 11122
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115150 S HE ST P A0 6 L SET L 18 0 S T B ] 3 5 T 0 5 0 0
O+ DA R 7 280808 A 1 ] AL . DA [] R 2 ] 24 B8 1 T 2 S 2 R TR P AR G R P B S o
fIE AL 7Y (temporal user model based on knowledge base.fajfg TUMK) , 1Z 8 (1) 5= F2 5 F2

K an & 8-3 i .

~
)

/——\

@ T(k+1) T(k+2)

N

T=2)| | T(k=1)

.

ingGIE: -—
B 8-3 H IR AEEERE~6E

nE 8-1 flrzn M P P KRB Rt . 4 R AS [R) 28 80 i) B s . 25 B T 38 7 5 22 > T P 4y

. FEASE] b RS AR P S B ERT IR b, Bl A B — Be A [ ) P RRAE . LR B XA
Hz’é@ﬁﬁmﬁ S TE TR O, RS RS T P RRIE, 45 H?meﬁﬂﬁ ER7N ORI
FAIE

8.3.1 ETERXRRGHERPIFMIER

KA IE TAEUEM P 9 i 20 R 53 76 > A e 55 vh 2 4 AR 3 G B /E T . Shepstone
S N B0 P AR AR B SR T L S R L I i T REALE L T
Kau 5 AP &3 FE LW W3 30 AR E K L™ R W o F R e e T W &
HE RN 40 &, 18U mE E S I RPZE AN E B . ASCHRRIE(E B (demographical) #1
X FFAEAE B (community) . A SCFFIEAR B 3 L5000 PR 01 H BEA B S5 5F 1k, i A IX
FAEF X H P KRR L ERRFEGSHWEFIEER .

B P w, BN SCFFIE R R N d B e G it Fr A rl RE M A7k X (8] &, HE S = 4E =5 [6] D,
X R — A P ws R — A2 2SR ) & DL X P R A B RRAE L 0T DUAR 4 L BOHE R
BB G . Fean FH P AR RS Cage) Al H B AV B (location) , 1 Hoyz Ak A 4F i X 8] (age range)ﬂl
Ho B X 6] (local _range) , X FI&A LW A TEOANENN S EFHE., BT A SCHE, H
FRRIE AT LR 7R i T IE .

.FD(H): {d] *dz s"'sdﬁ} (8_1)
it 5 9 3l il 55 P 7 it o 22 800ty R FH P A G AR A& P T LS A A i L B
H 4 RO P B2 W S AR R — S P A A MEBR E T P 2 B RERY N . jCEIE:IEE
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N 1 £ e A RS SN SR O e e S Al 1 1 R e £ - O e VA s A v 2 4 g AR T
FH P A X B R ik . A2 X B G2 P ACR I P R &R
Pﬂ.-;;(u): {Hlsi»fz s'”sﬂm} (8_2)

8.3.2 ETRARGHARISMIERE

P B R s SR o AR B e gl A P R PR FEZEZNEE . HP R
WA G N SN T N T N R L ok 11 D R U R (B S (T SR Il e a1 = W S B W B .
MTCES YV 30 H A BE BT AL 75 2R H e A0 s % o B A 10 ) = 3R . P R U
WAL KRBT DL A2 . SCAR ZEEE (text content) FIAT A ZEEHE (behavior content), 3C
AR B B R A P B0 — S80SO D Sk L BE A ] P A A A8 2% 1 U T B TE 2 4%
PEYY 3]V SR SCAR 8588 5 i FH P 5 8 LR B e S AT R B TR O AT o SR

FH P SCAS B0 e il D 4 28 W 24 v i SCAS S 808, L 5 (19 o 6 A P A AR T 21 i
(i AL i X LA B L i W 09 7 3 02 8 SCA B Ak ol T8 e K BE i dml 4 Asa 5, (B 1) 4 4 AR i ol
PR RS ) L, — 7 T ) A2 A5 AR i 2 ) SCAS v (1 3a) 1 52 S, B A9 SCAS “ the big bang”, 7a] 42
F Y P A A S 3 NPT Bdn] R iA 75 L 5 “bang big the” 58 & AR [R] 55— J7 1 , ia] A& F B G
12 B ] S, AR “football” il “soccer” i 5¢ A AN [l I HE & . DA i e b3l [l 38t , F AT A1 FH b
Al TE AR R AR R T A B SR S R T — AR R A TR A — AR SR HE
Jogs e SRy — A B R REE JE T R — A SRR 2 JE A IS (R BB X N Z2 Rt . B
— WA Z A R R SR LLTC n) ] B N 2% 5544 s

B P RSERTRT CARGFEER RN T=(T, Ty T,) i BN SCART, K e
HIN L E =eres e, Lhe, WM EATHEN ¢, BN SCART, & LS P 51 AH Wl ol Km
Ci=cica  cmo WA SRR N FNE E b T AT 55 5 A 22 78 T e X g 1% SR Y 43 Fk 13 IE 2
oS HE MNC ERS R P (E.O s USSR o A S pr i 45 . IR, Fel ] 0 i) 42
HH 3 T ABE s B e A R R T SR i g TR AN O TE AR A S S R SR A A, 3 1 AR
S5 LR T — IR A

T mae it AR a0 & 8-4 s A B H /R vl Rk — D52 8 ) 8 &2 1k,
B R ARE 2N N — R RR AR FROE Z (B i BE B AR S 2 RIS BO O &R . XAE L FEAE I — A A)
R AWM SRR M., Wi, PCE.C) Al DL RS /R0 RIERIE R N

P(E,.C)= P(E|C)X P(C)= HP(E,- i )X PCe; |€imq cimp*® 1) (8-3)
i=1

Start End

. L L.

E 84 HPFLEFIRIRTIAERE
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P (erle) = oo (8-4)

PJ(i} ff—lﬂ}—zi}—a)
\I(C 1('—g£'—3)

Ho, Pe e, ) RBRATERE o, TR e, BILBIBEER W (e ue) BT Me, X REE S o, 1AL,
W e) & e T AREZ M, P(eileim) T MHEE comy RIS o I FEAE 32, ] LU A H
HARE P AL S Z B AL R K TR . N(cicioicimacims ) BARMEE ¢ivcimi vcima voims JIT A [
R I A ) B

(] R 3 o G0 SR A S AARAE Sy ep [RS8 AE Dy i o TR A BR Oy ik T SR G AR D)
P(E,C) 75— R T AU

P(('f ‘i'g_l Ci—2 Ci—3 ) — (8_5)

P(E.C)= P(C|E)X P(E)= HP({:}- le; )X Ple; leieiz rer) (8-6)
i—1
}](Q‘Ei)zzpié?;3¥) (8-7)

1M(€,-Ef' i—1 €i—2 €;—3 )

N(e e, zei3)
:H\EF'-:P(::}|e:-)Eﬁiﬁifiﬂ{]@fﬁmﬁqjmflﬁﬂHSW'J W Ce;sc;) K e, 5 I BE & ¢, B AR
H W Ce) N SARXT N T A S EZ M, Pleilei—1ei—s e ) RN AR Z 0] Y 5L FEME 2
N(eei—1ei—2ei—3) NN e; veim1 veimz eis T I [R] XF I HE & 19 B0 &

g B REAL AT LLgs Y — R SR 5 A S bR T — R A A Y L JF ol R R SR o B,
’fjﬁ’{'ti+%—éL%ijﬁlﬂjfﬁrﬁx

P(Ef‘ﬁi—lﬁ'i—zﬁj—g): (8_8)

P(E;C): aHP(ef e, ) X P(¢; [ Ci1Cis®tocy) —J—‘BHP(E{ | e; )X Pe; e 1eistrer)
i=1 i=1

(8-9)
%?*ﬁ’“'ﬁiﬁiﬁ*ﬁt—'ﬁﬂtmﬂé ARE S ) YRS AE M P R . AN [R] T 1 ] 48 R
AW G At A AU, s P R B O 4 B RE L FUARRAE ] AR IR

Fr(u)= {c1:w1+sCo:Wz """ sCp Wy | (8-10)

XF TP AT R 2888008 A R P oG B 300 o W R] DI O P B iz 2 i o IR A

B RN N e AETH PR T, B — 0 AR B T — 28 L L AN eBay B T A R i R 43l 36

2 YouTube A8 R 43y 17 28 sl G P w A Sdiad 7= Leysex s oee e, | G201
BRI i X R 2E I C ey ) A5 B 7= i B J& H 28 L K512 26 37 J FH PV FRAE S 40 R s

FA(”): {C1 11 0o s 90y Cp 1y ) (8-11)

8.3.3 HE%EMTEEE FHAPSITEERE

T el NN Y F 7 S (| NN N S D €158 S VAR E 955 DR S (TR S | ARTID A B (1l SV
R TE R AE

F(u) = Fp(u)U Fo(u)U Fr(u)U Fa(u) (8-12)
SR, FH P 268 Bl B B 22 A i Z2AE i Fe i S e S R X MR B s T .EES
Py o - A RS % B R e AL ke R R P R T R — D R % I (] B fe B, P R AR B S
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[ 0 728 P B A 5 B0 A g B TA] 309 ER 5 A <08 B R 9 P AR R R . R R
P A 0 61 145 65— BESCHR S o P 32 6 P 56 20 e
] F) ERF ] 22 23 0T AR IR 2 o A T AN

w(t)= Mus-t)= (u.c°) (8-13)

Fu)= Zm(.t)XP(u,z‘) (8-14)

FH P 804G o3 A0 B AN 509k ﬁfk% g3 B Z 800 P Bos e . JF Ho i T
AT BB 4E B2 FH P 25008 R 2= 28 45 55 RS i - Al B = B Bk (Bl PARRIE 2S5 A X BLA]
DAz 8] E A E B P S 28006 30 B AR FT P AR AR P 45 i R 5% A 5000 il i 1) et . 1
XF H AR ] RO S 205 Bk R 1 H S AR = 8 A AR P AR O 4 58 80

XF T3 0E B4 R a3 6] m) i, 0-1 B E(E B . e e . o] DUE 32 R 0-1 45 R 1153 A
UL an SR AR [  ARABURE SR 1, A5 U 05 X6 4% BE RUFRAE AR L+ BU 4R 47 3% ot BV ¥ L oK
JH B 30 ROV AR ARLJEE 9 8 [ Bl A DL RE B i 1. LTSRS vl DLAR v dis, o X T
i AFE B i O R BVEE o] LR FH M 2 7 P rp du e 8 1 30 2501 D AELRLRE . b 2 e L A
ARLAE R 5 ] AR 3 (] e A RSO A AR 3k [R) Al 22, AR PR B e . 3R B
BT AR My dis, o X T B 20 B i A7 8 E B HA5 B3R W An & ) i, nl LLR M9 &
Jaccard 3 Cosine T+ H & H T H S A AE, Hit 5B el DLUFR M dis; . X ik

— B T A RS TR 45 R Dis=dis, +dis, +dis; .

(B ml LASH H A AP AR P I 2080 ] Dby it 4 IR0 . NS [a] 48 (S)
FIR (6] 24 B2 CT) Bl 5 A RLARAE L A 0 JH P B R AE 6 7m o SR ] 4 B 28 00 A T H 3 AU
Hrp R AN

1 e{ 2“_—1.023' [(S_E)__ZP(S_F?;::_FT}+(T:.;;T ] }
2T Og afpm
Hop, us S 0 R n 23 M) R S O B o AHARLBE 552 K 5 per S H BRBS T0] 5 05 F1 0 0 AR H5 3155 1) Jid F 2
FEJEHE . NIRRT A p= 0, BIVISER] 2 5 R0 25 8] 48 8 A AF A QHRYE . R4 % T H s
P B BRI TE] AR R O

w(S:T)= (8-15)

n T
Fust)= D) D w(SsT)YX F(uist;) (8-16)

i=1 j=1

8.4 PSP RIS LD

8.4.1 LWHIEESHRPRPEREA X

T B R R AR A R L SR B 0 o S A 52 R 4% Facebook P £ 48 Al TH
2% eBay P BIE FE47 59250 .t T 0 P AR A B 2 B X6F 504 1 P 508 2o A o R e AE ARy
L ERXT ST lynne F lowell, #E47 I P A1 BERRAE A4S &5 07 1 09 N 1 . 33 5 4~
F1HE Facebook 1 eBay XA MK 7 B 5 HEAEM. BT H P B E5h . 8K
LTUEHPAE 2014 42 1 H~2014 48 6 A B O s B =k 8-1 i,
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*81 RAPHEESE

Facebook eBay
HEE RS AL oy
lynne 8143 316 128
lowell 3955 2973 76

FHXFRAE B P 2E s B Je o 4 AN EFEXE P #EAT R AR A, R )] a2 HH P B X SUAS 2R
i 5 2R FH 2 T 0 TR 2 B 0 O 325 01 25 10 U R I AR 1 60 FH P ) ) 4 58 )t ] P AR Ak T Ak
AU 25 (0 P R R AR e R s I 5 L S A5 R 4R B AH DL P AR L ik B @l A ARURR AR AT DL A
3 5T A Y P RRAE

AR IER B . B ?E?J)T:H‘HJJJ—'T Facebook M1 eBay H iy %F 1iF 25 [8] o) &, H
Facebook f X F 18 />4 &, ¥+ % 41 45 (id., about, age range, birthday, context,
education. email, gender, hometown. languages, link. locale. location, name. quotes.
relationship_status, religion, work); 1Ml eBay L& 6 4~ 0] A 4 B, 4> 51 /& ( UserlD,
AboutMePage. Email. RegistrationAddress. RegistrationDate, Status), H /&8 =LRFIE 2L
i EZ i 3 A1) BE 2 Ak B Rl a7 b BdE U2 Al S R R g 3 A %R
PRz A B SFE 2. L an FH P A 18 Cage) M B AL & (location) 55 . ¥ H: i 4k Wl 4F #3 X 8] Cage
range) B [X [A] (location_range) ; £ ¥ @l & 25 AH L& s mb &, b W0 4E & Fn A H L, 48— il
B B TN 5 T dpe H 1Y (] e 1 O - 3 (D, BR T P B 2 YR T P B e A —
TE S TC R W TE— SO YR P A e T e S S Ay . X — 28 s B A TAE (work) , 4 2R
ANFETE B0 LA S 26 7R 5 1T L an 48 % o I ) TS 2 2036 7S o 6T P B e 41 X 37 e P 9 4
TR P e B, HoiF A B & 3 K, lynne I PP A 8 & 316 4>, lowell F U &
2973 1~

Xf T B XSO ZE L [l Freebase FRJER I Hr &0 dE . Freebase J& —A> i oo &4 41 1%
1 R SAERRE RS T W28 55 IR A0 41 X B on srmk O Z0dE . # 2 2015 47, Freebase L%
K 47543 893 A~ El, 2919496 429 AR, M Freebase 5% ) H P SCARBUIE Rk L 8 >R H
SAR 5L SR E — R R 2 2 P R AE . AR SOCR = o630, B

P(E.C)= HP((; e )X P(e;|erreis e )~ HP((; e )X P(e;lereis) (8-17)

Hrp, X ;=1 i}, EC P (e; ey e 2 )=PC(ey), 4 3—2 H]L HU P (e, le_ie_ » ) =P (e |f’1)
— 2 Hh , 38 m] LA H LDA[E”E&-;’-7%&@\.LPK[ZE]Enﬂ&ﬂﬂfﬁH:*ﬁ?‘ifjfﬁﬂfh*ﬁ*ﬁtt
ST AR, AR A F, BT E AR R
fer QAT o B it AR P AT b ABRSH P AT N AR S R R BV P A AT o, P 8
D B 27 it o (I EAS 9 G i 7 4 45 P i - Hrp OBICR WIACEE . X (8-17) Fl .
TERET 4 BB AL 9 JE b, Jo i) DT ] & 32 0 % ) 44 3 2% Je ] P R ik . AR [E] L
ol B X RO R R P s e e s R] B ] 4 (A 45 3 A A h'bf)ﬁiﬁ']ﬂ‘%—ﬂiﬁ'%ﬁ“ﬁ
I FRAE . ARG A Jaccard THEH P A Z IR, HatH A=A s

~ Fu(t) 1 Fu(2) .
Ju(tist; )= Fu(t)UFa(t)) (8-18)

Fort, F, (o) 8 R AR B ) Bk, PO P o 92
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fEZ5 8] b fg i 4R R A, O T IR ER TR (B i R 4 5 28 R 4 BE R AF AE B SG
2L BMBE =0, X T HERIE ¢ HERH P w, Hod 235 [0 ps = 0, B (8] por = ¢ o AN B30 523 14
B Mos Ml op . LXK A H0—10]F[0—10¢ ] Hrp &R 25 0. 1. [A1RE B B4 P
b =X s i B g+ A R4 JAEARSZEG h  BE R OGHE 4 A Oy 1 T P R AE E A, IR SR AT LD IS [R]
BE FANTE . TEVEMRRUE B 8 Fy (5 P R 2 2T 0 HE T

8.4.2 KWHERSHM

X T SCARBYE BE AR . >k ] LDA 1 CPK J7 3E4E T Lk Fy AR R PR FE AR, A0l 8-5
AN o ANEEES % E Al LUE . TUMK ZCRE T B A K s i fdf 1 AbAR B B9 CPK U7 i
FIE L LDA kBT . LDA BN —Fh AR WE 27 2 J7 i HRE M Ial F SO 2 2] 28, 52
1) A 52 el AR K, T HL T v B A 3m) SO TR R AR B LATE AR 45 31— SR 4a] 4 T 3 R H AR A &
SCH IR . CPK e 38 i i8R 2 24 2, ] UL B 3R] 9 358 & S, (B JE i A IR B3R T
1A 53R 2Z [8] /Y o< BK OC & . Fr DL ROSR BB TE — E 12 B b B O P AR H 2 o R ME W 2 A
TUMK MM E EHEHRZE & L HAROR A SR E 2 H LDA HER) 30% . fEE=15 B, &K
RRBNRAL . L CPK A% 17% .

0.7

0.6

0.5

0.4

5 10 15 20 30 40 50 70 100
k

B85 ANERETAFIAERE

INGS

AR T 1 5 150 4% R0 9 60 26 o i 5 5 2 B I K BT T M 0 A 4 A L O
i A 7 26 P00 500 S BT B0 07 3 L B 4 £ 05 MR 48 ) S5 BiE

B0 A T PR R 40 W A B R B, o R 8 ST R 4 A
SO B0 A DA A B0 s S T L0l 4y SO 5 KO8 AT B . xR A g
AR SRR R B HF 587 2 o B A SO G 008 3 5o K A0 B0 2 A6 DL BS54
SR MR WL T B R G S A 6 B RS L T L A e 7 % T T I £
B ) 4 e R 4R T S 5 5 A e — AR D L o 2 T A
HAE
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FER AR T P 80ls 2 > i kil b, 32 8 TP R AR A9 I A B2 RE . Oy 1 o 20 P R AR B
[N 6] 5 7 B0 R AE A B (6 248 52, 85 P 80k # 6] T1 00 5 Dk 1 e R J50408 4 1 ) R, A 5[]
eI R PP BB T LA . DI 1% ) 4 B 2 850 50 4 R 45
e A H b P RFAE

e, T TUMK, R ESE Facebook 7 48 JE IT @A~ 2], 1 X 9256 45 R it 47 7
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FE o 0 5 ot [0 265 Bl 7 DC JE AT LA 2080 i B - SCHR Tl . B S PR, S Joit IR0 248 T P DG i s fik 2R
AR 22 H )l (1) /i S MU ZL AR, A A 57 o I 2505 Bt AT P i At . IR AR 2
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0 5 Jo [ 265 7 DG ARG TR N 2 2T LA T R BT S o ) 2% T S R A ) A L S B R &%
A= DRy il i nl DL~ 3 28 JC W B9 DL IE Cunsupervised matching)M 3 A W B 1) T
fit (supervised matching)™™ DL J& 4t F i 25 JUAR 19 PT i (game-theoretic matching)'™ .

G Wa B VE EC AR H P 78 v Jon 9 26 b 4 A ALY S X B s AR ik o B s R RHABLAY F
2 HTE PR o B B B R A AR G K O & . NI, RS T 0 B A DL EC BT DL R
W 2E i Tl CFFE (semantic based) F13E T 25 9 F#1E (graph based) , F&F & X Jc W B
UC 5 32 0 7 9 8 N SRR I 1) A LR 8, BRE B, 158 BH B mT BB 2[R — 4~ H . Buccafurrit!
WEIH P 5460 AR R 80 AL WE FR . Carmagnolat™ ZEd T 48 7 A4S N %R0 I7
FERFAS [R] 1 PN A 3 A (6] A9 A, 2 T e 28 B INASORI 55 ik 4 A5 )& T [8] — AR, SRmT . A
[F) 19 7E 2R A K P B0k P 25 25 SR AR K. L A 22 N 2% 75 B2 ] P S5 AR PR B A 2 s 2 5
N2 )R, HE AN eBay, I AN 22 ] 7 S X 2645 B 3 sl ik A T3 e a8 192
M ITETCEN . HE T g5 A Y oo W B DG O T e o At A2 N 2% b i P B ROR &R
PRFEAAS AT LA P 5 A 56 22 435 #4560 6 A K P 9 A BURR 2 . Bartunov™ ik B
FUUF A O R AE K 7 DR BE b ke 09 B EAE T L Ok B AX A s PR AE T2 T P iR @ PR Y DT
BT ¥ . W B Ve le Oy i 55 o AU P S sCRRAE , o+ SR i AR A B4, & T3 . SR
TEZ B M 25 vh P B U R (R B EE B NAAAE e an P 3 A AU 2 A7 7 Tt ag M)
25 b, N Z 800G O R O AN TS H s G P IS A NAF B H R Bl R O T
i 5 B 22 Sl e R oK, BB IR BC T 5 1R 22 R K fie e » S P& b Z ), - 258
SR (1116 R Na Ay NI (= 1) W, Y A R UMY LT e s R R Y 1 3 (A

AWE =TI bR TR P B SRR B 2 1% g a2 P B, P [
— I ] 7 e Jox O 285 1% 26 B AT A 38 1 A R AR VE B30 QB 5 PRI e T L) 3K 2 i 5 sz 15 DL
Al S ik P, TSR PCHD F 2 T link prediction 95T, 11X B N 7 D sB 17 2
) FURRIE S IR R AR AR RL A FH P AT g . Backstrom™ & H — Fh BE LT E 19 B 2R 2 B
AR AT . Tang™ $2 1 TranFG 5 H8Y , 20860 B il 5 b 0+ 28 190 248 B8 A B 2
)RR AT DL A5 1 g e P DT EC A RS . AH B TR MR e ] W A A AT Re g A B R
I ER R . Peled ™ & T —Fp A W B 2= 2 B9k pr DL BC 5 6 R uE B B K 4 1) &
HE . AR AN SE B 1945 Bl oy ) Ty v i e A . X ™ I B L 254 FH P A 2 R R AT S RS
PE AT LA R0 e o e B8 A DT AC . —J7 1 . AH BT P S8 SRR AE L I 268 rp J P 1Y B R A 2
R AR S EE LR/ s 53— 5 s P a3 22, i AURRAE b E SRS O H
Fo = s it B Rk BE B AR . AR 20 HY By 2 L T W B A ) 1Y D B 7 B T S 2 2] DT
BCRE I L 55 2R B A i S e K B A Bl e — A P E B K P Z (A AH
LU LEE T . AT RE 25 S B2 B - i B K

I JUAE K BEE IR I IR A ST . — S5 Z R Rk v i SR 2 e & . 4
Y BE L 1 R AR 1 S 2% K P DE i R, Kong™ 4K 3 1 28 8 58 2 P 1 Stable
Matching B3 52 11 5 Br M 25 K P DL OB  . ASTe) T W B M W B 2 A Ak g iR
2 0] A R K P S SR — KRR Z2 A K P RSSO L g o T DR EC R 9 B ARV . [
(RS I S Tl I LT - R = =1 Y=
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10.3 L AR2MLE5iHEE M EIBYRE F K XEX DA

10.3.1 AR KRARHEUEITERE

FH P I P B AR AL 158 RT DIk T 2 Fh AR B R I 20 2% T i) BB SR g 22 IR g L 2%
B ] X 3 M T s

LEER T SN R A O I o a1 I [ 6 I S e a2 (D W O N S T W D
Levenshtein & 1H58 ] 7 — 28 g Py AR BE . LE a0 PP BEFR . Levenshtein B0 &, 3FR G
PR E IR R AT R A — N R L ) — A s B D G SRR AR R SRR
T AR Al A AT AN ER F4F . Levenshtein A] RU3H5 W A4S 5245 2Z 18] 09 AH AU AR B2, £ )t
TR WK 5 2Z [ AHARURR BE 2 XN F s

WD:]._

d]ev(Hl -:Hg)

max(len(u,) .len(u, ))
HA ,di, (u; su;) 7~ Levenshtein fHE
FREE . A P RRAE, LA P ] HEAE (PR AL B SRR R 2 AR R OB Y
IEfR B . X S fE BT LA G B ERERE TR — DMK, o T X SEFRAIE
{5 B RS H 2= T SO E WA K-S AU R T Lan sk 10-1 F1k 10-2 s

F10-1 ETHPAEINNEUETE

(1)

Gender Male Female Others
Male 1 1 0

Female 1 1 0

Others 0 0 1

x10-2 ETHPERXEMMEAMNEITE

Age_range 10~20 20~30 30~40 40~50 50~ 60
10~20 ] 0.5 0 0.5 1
20~ 30 0.5 1 0.5 0 0.5
30~40 0 0.5 1 0.5 0
40~50 0.5 0 0.5 1 0.5
50~ 60 1 0.5 0 0.5 1

ol R E . PR AR EE A SRR S T LU P D s AT
(o FH R PR B 728 i R ) i . (H O TR AR L P %8R () 2 Rl RESE = AN ]  H 0 B
FTFRA M AR R ANV EPR R . IR nT DS B I 2546 X5 P Rk AT R R AR R
FHIIZR 5 ZTHR P S 2Z 8] AL .

10.3.2 BPRMKPRIEEHE
BT — A28 T A ] 3 R S WG F P 2 i 0 A B8 L A 45 36 T 1 20 3 8 5 DG i 4
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I gk A 5 5 N 45 K P DT BE Y 4 o, B — 6F — 1 DCfC S 00, 452 1 P e P DS g AL e, D
% 10-3 s,

®10-3 BREMNEKSEAEE X

Algorithm 10. 1: Account stable matching.

Input: two disjoint agents N* and N®
Similarity between agents S;
Output: stable matching agent pairs.
begin
pairs= (J
repeat
exists free n in N* and nj in N*
if ni*’s most preference is nf and nf’s most preference is nj :
Remove ng s preference to ni in B
Remove ng’s preference to nf in A
put {mn}.n}} into pairs

end

fERE—UGER T NS A PEEVLIESE— 1 Snd &% S50 B &G h R A
H’Jﬁiﬁiﬂ o 8 P i A B e B — A BRI P RS T R g AR ) e e e s B T AR
s gind IR AN IX — R U AR e VLY s A5 D] AN S AR 1 A R AR BE Ik 4, 1 B4R
TUV’%”

ﬁ%ﬂﬂ%ﬁuFB/%%ﬁ

i 1 ol RE . TR — UGE U R b WRAF A — X S B 3 ok IR AR T
VIAEA BR 2B AT 58 B2

iE s R — R A Y RO R Ok . BRSO — A RS PR E 1 R R
T st B AL P R ] B ALY 5 s 2 Jn 2 I, S ond ) > S} sl %:J:J:
REIEAT LB .S (0] )=S0 ) LA S S(nf oniy=S i ny) A .S nf) >
S(nf yny) IX 55 xind Jen ] e AHARLAY SO G . R 33005 T DLAE A R 26 5E i []

ik 2. RRErE. AR MBE—4J5 [ JF da it R g R 2 — Ui .

ik ¥ RIS R E AT E W AR AE— XTT/F“%” {non? ), ﬁ'ﬁn‘fﬁﬁﬁn} . % T i 1]
it e BT ndon EARET Jﬂ?unrﬁm ﬁﬁrm R S 8 S 5

gn P A E T sn? B e A VL BC T VRN Al 5 Sn LR, R
s 55 fin? DEREC, Bing > H?I; JZ uLb'j{?i' *?‘IB}TV;\LUEEE*DXF: Fir ISR R B ATt
B —A ﬂ.mfrﬁél%%ﬁ%ﬁ’ Y . ]

Y51 3. ME— ﬁ ARBIRVIA GO, BRe s h— P ME— DL RO 45 2R .

ik B AR —UGEATHR P o MR AT — B U) A RE AR S e e s O AH AL &5 2R . IR
WAFAE— X 5 o nP YT DA A S 5. T ANTE B Ui i £ . BERFE P 0] DL 10 19 5K
ent M S(nf ond Y=Sn vn?) X 5 fin &0 Snl AR S E. Hik. NEE
12 IR — s YIS R AR A ME— 11 . []
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10.3.3 HRKRPXBERFELG 45 H

ARSI >R F H 32 1Y) Facebook #1 eBay H] P &dE . 7F Facebook H1, i Pl HHE 1R 2~
MG E T L P oprofile &M XTFE 1Y . Br T H P profile {5 B 4h, Facebook H 7 ifs A W B
A EANNEE . TAE eBay W P WKW o Jm 38 0 28 32 09 it 18 13 I BE SE K Y
FOwtid sk .l DAOSCSE % P i 3K 7 s il 5k .

BAs LR E ] 507 4> Facebook AN AMF B W PR X 28 H 1 7E eBay LA K S . IF
AR LR R, XS H,58. 060 B YER P41 94 % I R P XA Bl 5
eBay 55 2 el Wy, Ui B 52 56 i & ds 2 AR TERY . 76 7 Facebook &ds v . ok 4
| 239 772 KB AP AE 2014 4E 1 H~2014 4 6 A 28],

[F)BE BRI P AE eBay Hh A4 Iy sz R B2 51 31 658 YK K47 o8 . W& 10-3 fras .
PO SEAT AT a KRR AT & SE R EdE . AKTE eBay B0 2807 XK = @ 5 36 28,

10% -

¢

s ° ¢

10" | e ' %

L .

I e - »

s ° .
.e on [
(T T X »
e 00 0 WENOBDS ¢ & @ .

IUD 1 I R B R R R a— 1 I R R R B

10° 10! 102 10° 10*

B 10-3 eBay BT AT

AT 55 R DE FC B AR R METR R OE M BOATERE . Kb HERR R A U T R

R— len(UCDrrect )
Acc e (U o ) (2)
;-H*\:I:Fl *UCnrrectE%D[;Ea_-lEﬁm ﬂ@fﬂpﬁﬁUTma]z@ﬁJ%\n{]ﬂ:‘lpﬁn

A3 M e R iR 07 2 T K 5 DR FEC L OR5 £ H 0 O vk 5 oA 7 50 AT FU AR He R T AL 4G

o L ERILEC T A CUAM) IR0 EY i B, R o 58 A bl A - 5 kR B ok 17
DT C , PRt A1 P ik 44 o0l LA 8% L b 27 o 54 B R O O W B Y DE BC A 50 5

o AW RYICEL R (SAM)  F 7 By s3] Sk 3l 48k ) 5 0T A AU R — AN H P R
fiE o H & P %8R ) ok B 4 T35 P AHARLEE S i i e 2 A1) B DG C i
HEAT OCHR R 2 2 IR B P oy s AT R 2l ml i . A IR R R 7 R TR AR R
7~ (corpus based) F13EFF1TR FEME 21k 22 78 (knowledge based) . It DA 7E AN YR S BK 55
5 i A PR R T

o BT REIAMIK S ICHE(HAM)  7E 5840 A 0 5 2 fE A0 B =X e 1k 1 2 il
b ARSI YT R AR DT EC AR A R DR EC K 7 o [ AR B P Jy 58 4 Ak mT DLl 5 2 T
A 4¢ K 7R (corpus based) 13 T HR EME &1L (knowledge based) 7= 1 J7 i
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S 36 v 4 i) 3 FH A [a] 50 A 508 i 5 L G b B — 2 B8 7 34 0 G A 4y L — a8 FHAE VI
R85 S oy — 88 AR IR s o s 32 SA04E 3 R 2R RN EE . P WR AR L P ] R g,
(7B P 2GR ), 0 R — i IS BRI L A A [R] Y SR e K S AL L T g T BB ad
ALE R F o, pHy . AEHFXEIZEL0.1 ] A 1,840, 01 08 BE A Wi 15 i LA 3K
WU L 45 A

1 HLE G IR AR 10-4 Fros . o] DUE T VB R ml LA 3] — 8 R 38, X FE
T P & A8 ALY profile 15 B o & 7 1Y 1 38 25 Bl 20 ds & 722 KA By IR, et A
o K W EE & & B profile attribute ALY Pk 2 NI RRARH P AR ER) X0 BE . A A
B 1) 2 2 3l s AR P P S2 AT R R DT R P K 5 T LA DT BE R 2 =2 8 S R L AR P T
AT N R DIA SOB R RS RS . H L, I G B 2 i AR o W . i HAM 153
25 KB WAL TR R RGE AR  HAT R AE R S A SO Y AU R BV AR T 5 DG P o R op, il
HH P D5 247 8 PR FF one-to-one I PR i o] DL &4 b DC FE Y P K5

R 10-4  [E 7R M 4% MK S IT A 5 % 14 Be

size=5H0 size= 100 size= 200 size= 300 size=5H00

UAM 0. 46 0. 37 0. 38 0. 37 0.35
SAMC(corpus-based interest vector) 0. 50 0. 38 0. 41 0. 38 0. 36
SAM(knowledge-based interest vector) 0. 55 0. 38 0,42 0. 39 0. 38
HAMC (corpus-based interest vector) 0.70 0. 43 0. 44 0. 44 0.41
HAM (knowledge-based interest vector) 0. 65 0. 45 0. 46 0. 46 0.42

TES 2 5B H 3 P profile attribute (PA) di FHANZ i8] 48 6 7n FH 7 2%k, DL S fii
FHAE 8 b Ak 1 T A B 00 FH P R A R 48 58 FH P D - L S 25 R 4N 3k 10-5 firas . T LA
. profile A LA 20 1547 = DC G , {H & 115545 2R ] fig 2 R 208 00 15 22 A i B, 3 &
FLoe N N B E B2 AR R 22, P Rk b e R O P AR X AR e . P 2%
A ] a A P A AR AR, FEE R UGB s A8 K. (B CO F KN Bl 2504k 09 55 i =% R
I 3 3 B DN O A B 22 AR S 10 45 R B L P X B ORI PR e e G [R] S
A REE B A AR L AL P D 2 AT M RO B B AE T corpus J7 i RN 4 R JEE
Al DL R 6 P AT S AT g S, RT DL S g b e Ak P D 4

Fx10-5 ETARBEBEN = RWMNLE K-S LB EM6E

size=50 size=100 size=200 size=300 si1ze=500

Profile attributes 0.55 0.40 0.42 0.41 0. 36
Corpus-Based interest vector 0. 05 0.0 0.02 0.03 0.04
Knowledge-Based interest vector 0.0 0.01 0,02 0. 04 0.05
Profile attributes+ Corpus-Based interest vector 0. 70 0.43 0. 44 0. 44 0.41

Profile attributes + Knowledge-Based interest
0. 65 0.45 0. 46 0. 46 0.42

vector
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10. 4 55 REXFUN SERY 4T

o 9 B T RS 0w G P At 52 2R AR Ak R P i 2 1 O i . i AE b — T
TR T % S o ) 28 Kk 5 gE AT DL IC . A9y 38 T i m A A 9% L Al L 3% T DTG 9 Kk P DL R R
FH A FH P 428 26 e ik 19 T 00 7 3 L 4 i S 55 DG BRI i 3 e AT S IO 1 . AS T Y
AR 9814 A 10, 3 19 Y Facebook #11 eBay %4 .

EARSIES b FHSP J ik 5AUACR - P D5 247 a9 HIST J7 ik DL R P 432 ™)
25 A5 B RE R 43 i MF J7 kAT X b o J5 P RR 7 SR 2 At B o WAT I O7 vk . BRIk Z Ah.
N T R IR sh el ik T T POPU AR X HE T %

ME 10-4 F1E 10-5 0 DLE L 3E T 30T 00 i 7y 32 . 76— @ 7208 B o] DUAg 3] — /4~ e
FHE MR T eBay BEARBREE P W SE 75 5 5 88 240, F A Clothings o5 B0 JH 9% 11
13. 08 %0 o 3 th 2 S AR A A0 o AL % 0 1 ) D 1A

0.5

B roru

" HIST

B Fusor

03r

HERRE

0.2r

0.1

2 5 8 13 18 25 33
k

B 10-4 AEEEMTEERE

0 5 10 15 ) 20 25 30 35

B 10-5 A[EEAH NDCG 14 & &~

HeFH P Py BAT TN L TE R BRSO R HACRAR R 4 X AT PUR I Oy P =
W S B 28 30 9 ) i 5 H 2 & B AR ORI HSCR AR 22 . HC R IR F 26 T 7 D 247 o
37 AN BED R FH P B A D 4 19 JBL - AN B 25 FH P i R 223208 2R 7Y i Ko i SR AL 2
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I KT O HK L RlE P AR AR A R 4% BB AR L AN ACRT DUAE 7E P 5 0 B9 7 e T EL
W BERSTE B e SRR R BUR B, IE 40 ME J7EE7E b B AR R ROR B —FE . s
3 itk AR AT LA R Bl 5 22 Pl RF AR B0 L AHLAS BE T 40 7% JE 4 — A ik e 10 1O 56 FH O 3%

R TFAS T 5 Y Rl 5 BORE A ) A8 RF IR 1 O L AN [R) T B 0 i (MF) 85 P AR+ 52
W 26 b 1 4 R 0 R 28 9T A AN [R) 5 5 AR BEOX P2 Ik L iR 45 5 1 TP /O s s AT o B
KA BEPLELE PR A3 — 1AL WIE A — @8 E XEHR

INEGS

A g S 4% P I P DS fE 7 e CHAMD |, 31 ) B B DT BC 8 I P 450 AF 42 0 1 2%
LA I ) VR A

B G 3 S R 4 K P DG A o VR DR ) U S (] R 2 TR e R Y AR DL
BAEVPL TR I . ARTE#E A link prediction [a] 8, £ %8 T B A i 351§ one-to-one
1 VC e, Bl A — Ik P HORE DT fid — A, iz B0 A DL R HE 8 42 link prediction H K BB AL W
i) 5

HE T 1 2R B0k AR DT FE 09 R . B S B P TR 5 B R 4% T B RRAE L 2 HY S T IR 4% Dk
D B R BE 807 vk A R AR AR EE AR S K P 22 R B9 IR A R B . PTRE 45 M R e DT B Rk L ik
] DT i 5 o 9 26 I P, I Y DR e B 86 19 3 Ntk . nl i3k e P A e — | [A] B 45 1
TR ) B8 E I FL R

T3 E L B 52 Facebook Ml eBay FH P &l . X A 2 09 A 2t . AN e s
KN DL P R A 7 2 HAM B fie ok m T HA R e 0l a2 25 £=50 i), ik
P VTP AETR B T DLGR 3] 70 %0, LkANE ik 140 B T X He ok 807 i B X P RRAIF B AR
77 320, 25 AN [R) AL T A DS BC e B2 L o] DU Y 56 7 00 2R A 09 FH P FR AR 2R T T 3 25 2R
WRNFE A ZEE /N . IF B e TE 52 2 50 4% K 7 DT fE S L 7R RS 5 T K
2% W P i T i o, Gk 1R A R DC S I P i A 32 4% A B TR B bR P AE T B R 2%
fiw -

ZZ N ER

| 1] Buccafurri F, et al. Discovering links among social networks. In: Machine Learning and Knowledge
Discovery in Databases. Berlin. Heidelberg: Springer-Verlag., 2012, 467-482,

| 2] Carmagnola F, Cena F. User identification for cross-system personalisation. Information Sciences,
2009, 179C1): 16-32.

| 3] Bartunov S, et al. Joint link-attribute user identity resolution in online social networks. In: Proc. of
the 6th Int’l Conf. on Knowledge Discovery and Data Mining, Workshop on Social Network Mining
and Analysis. ACM, 2012.

| 4] Backstrom L, Leskovec J. Supervised random walks: predicting and recommending links in social
networks. In: Proc. of the 4th ACM Int’l Conf. on Web Search and Data Mining, ACM. 2011.

|51 Tang J, Lou T, Kleinberg J. Inferring social ties across heterogenous networks. In: Proc. of the 5th
ACM Int’l Conf. on Web Search and Data Mining. ACM, 2012,
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RICEFFMB 2T ITA

AR B 3 B 4 T T 2R RN e Ak T IR O A B o b 5T R TR
145 Gambittl | Trade Network Game Laboratory* | GAMUTY! Hi
Flock, 1, Flock A 5 4E#F i it A& . 1 T #k 22 AL 1 2% 09 31 535 0
Pr. At g AL g A e i B B B R iz B R T R

11.1 Gambit

Gambit s&—24 H T4 IRAES/E IR THR A 2 T2 AL, B 3
TR Richard McKelvey 7 20 22 80 4L & 57 . Gambit H
L FES o # e O EBDE F . H T3 B X Cextensive) 3 3 1 =X 1 35 49
LHAMWES s @ —Har2 17 TH T 7528 £ 35 iy A0 5 At 74
FEf# (solution concept) ;3 ) — 2 I T 77 fitf 19 3CAF A& 2R 1 2% 58 B 11
TH,

Gambit ¥R ] BASIC 5 5 528 . 1990 4FZ 47 . 7€ Bruce Bell
A M CiHES ES IR 1991 R F &, A5 4 0. 13,
1994 4F , Gambit 3875 T L E K A A& &2 (NSF) R 5T ). 7£ NSF
PR . Gambit fif] C+ +E 5, ml il ] wxWidgets J&E ., ETE 5
Al IS F 5% . 1994 SF B K, A5 N 0. 94 1Y Gambit & Af ,
1999 4F 0. 96 AR A& 1 . 2002 4F 0. 97 A& i .

fE 2000 =" H bfy » Gambit Y& EELEPLEW D Trm. O EIE
FEm A&, DLE G R4 22 Bt N A B R, 0 H & ) 2R e
Gambit ¥ E B AR 1= 2. @ Gambit WH AR EM,
H B2 Gambit g X AMEHE R 4742 1 . M Gambit 13 45 . Python
API WA Gambit f—F43 .

Gambit E A U1 F ¥ 5

(1) ZHAXMBEFEEIEFR T Gambit 19— K48 S 2 KB 5,
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B LETEZMEER S T . Windows, 28 Unix RS (ELFEF Linux) #1 Mac OS X, E/JE
Fm gt 7RG X R IAEE”, LA B o] A4k H ] T 2 A R RN A 9T SR B R A9 5
P T S O T BUN 3B T R D [ 2 vl I = Ay [ DR T R B LE T e W L L R
R, oA rh/ N IR RIS IR A B i g R g nl Ak 25 R s . BB R il & T 90 2= HEgE
TSR A AR A ] T TSR D AR A

&l 11-1 B~ 172 Gambit J5 s g iy 5 mm B0 2 2y U, & 11-2 W& A
M Gambit 81 8 bR i R TR N B R 58 59 28 11 22 47 5578 ]

File Edit View For Tools He

¢ 8RR =& OH H S

“Z0ecaEa &
$9 & Chance

& & rlayer i

& & Player 2

B 11-1 Gambit BT HEm

1 Gambit - Untitled S

File Edit View rmnt Tools Help

EeEE 88 9¢ & =& % HE a8

1

| 3 3
2 10

Payoff: 5. 0000

w| One equiﬂbrium by |r|:|gEt tracirrg in strategic game

I:I|l:2|2:l|2:2]
0. 0000 1.0000 0.0000 1.0000

11-2 Gambit BFEFE T EWH I E o =~FI(NERE)

(2) HFIFEA S a2 THE Gambit B EDE R idE H T 50 B b /N B 3R X
RAIEZE 53 W o 2 5 B4 A ] Gambit $& 4809 46 #2252 . 9 1 P o 2@ R0 508 ()
P REIHRBE I ik BT LAfE A Gambit $& 4t A9 fiy & 17 E AT AR 12 55 80 - Gambit 5 98 47 i
fe. Gambit $& (19 Frg AT & U 52 #Y w17 SR L ST A o AR J2 ml G &Y
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(3) PIRVEMBEIRAENE  Gambit T B0 IS SCAIE 200 SO SO =0, LUE T 25
FEBAEMINT TR N ., XA 72000 PUEZY B Gambit 1988 7, Fo A0 52 388 (19 2 16
HRINE A E S S TR S A Bk B0E A e A S BRI PR A A AR AR B
BT HIE T 25 55 .

BEAh . Gambit 38 77 76 40 F Jo BRAE

(1 HidEi I TARMZE BT A BREEIE 8= 454, a3k 46 1 2% 5 3 0 72 7 2 vl
1. P, Gambit a] 732 8 T RN b . RN, S FREFEANZ AR A BRI, 15 37 b iy
Jay e N AT RE R T E 2617 3l B0F Jay b N B 3 2238, W) Dk i AT E 7 2

(2) HEMFAESEMZE  Gambit SCTE T 1280 S vl DLW 20 5 th P28 B0, Jf B
Jay i N Al Al Sz i 4T3 . Gambit o0 8 T2 A9 H a0t B 58 38 A AT Y946, DL A R B AY A 5%
W& a0 AL B G S B 324855 (quantal response equilibrium) . 24 Hij - Gambit A $& AT fi] 3% 21
| N W BT 30 IR E (N Lt

(3) JCVETRE ML 7 A KA EE T —SUhE e i 9 A 2 487 1 530 52 2% 5 9 sl 475 9K LR
i R o PRI A — BB S 00 v T SR 1) A8 ) B[R] 5 2 E 23 B TR A MBI G T R g
Ui IR 7 7 5 7 2 Gambit iz 17 AR A I [a] > o 58 Mg i A ) T2 . Gl 7E S ER oA PR 7
FORAEHX FFIE . — B 7 O FH B IS A SRk TSR e i, s — b O =00& i T 2 A
HA RAFREPER g A

11.2 TNGLab

Trade Network Game Laboratory(TNGLab) J&—H T 2 i 33 58 T 1938 5 W
I T A T B, %R T B David McFadzean # Leigh Tesfatsion 58 AfE 2001
SFEH %A% .8 T Trade Network Game(TNG) 1 SimBioSys, TNG & —ZH W5 E+5 € 111
PRSI T 38 5 5 CGRR LV S2 K A R Z 18] 0% 58 BAE Y 52 5 M 2808 il S5 i nd T B,
TNG filE Ay T Fr i VT B S A0k e /2R 2, B & B W] i HEFRS L B> 22 5 % L Rl i e
HESEAT 22 2y CRAEAK PR L ) o DL B An] A5 38 By 3¢ B WP A7 sl ORI e ) o B E i b U0, £
TNG 1, G 52 BRAE 7y 2 v it B2 8 3k T 2 22 W5 i) S BB A R e Fe el i 4 752 7 Ak 1. TNG
JEFE T SimBioSys 2R Al CH++ 328 » SimBioSys A& —> F i i AL 0 B CHHHESE

TNGLab HA#EHALFI A] 97 & P UL S ig i 2 T AR BB P i, ol T s 17
TNG 255 I T8 M 205 . TNGLab 8] LIS A2 By W45 |35 5 32 28RN 28 45 i 19 o 8% 28
M R A T R L 38 e R 2% 0 i R] AR AR R A R L T DL 3R AR SR i A S T S I PR RE

TNGLab &% 78X ACE Z5zh i #Fs mi JF & . ACE XJ 2 5 B8 A7 1 50 5
FEXT A Ea HEAAMAEA T RG . ACE &R T T NEARE RN A E N RGBT, F
BRTELFEN SR P I ZMMA ., H . SimBioSys & M David McFadzean F 1995 4F 3
T CH+IF R E SR AR vzt H av 2 o0 1 35 gt B A P R v AL AP i a9 B a6 0 58 B AR EE 1Y
LA 7 50 . LT ACE T & 1) TNG & H L. Tesfation F 1995 4 iy - A& 0¥ 1 #2 57 1
f Y, SR W 55 52 5 ) 245 (1) T2 ol A i Ak o 7

TNG 1405 ) WM 2% b 549 3K 52 X7 T 3 22 5. 192 il 5 Ak

(1) TNG 3 B AR A B> I [R] 5 2548 38 29 A7 I N AR AR S M7 S L 2R, 5 &
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Ge R Bt gy 7 R E. TNG 258 5% 17 0 52 9 B8 n] 17 4 PR il OF 2% 18 25 ¥y — B0k
TNG e — i 12 27 72t 28 5 WU IR $ 38 52 &) 3 5 AT S B

(2) TNG a2 5 35 e 5t A2 B AT A A EEA WA B AT M LI 2 oK. BT A
R pR S TH Y L 3 HL32 55 WO W [a] 8 3 A2 HAT Ry R B H H 4 21

(3) TNG b 72 i B3 AE AR 2S5 X075 i B SR EEHE T 1 T P g o 1 AS 2 3 7R K
(32 sh L. X R 3SR E 35 4 6 SR8 TNG 38 5 X7 i 58 07 10 47 Sk 30 0] DL A 4 435 2
Fk N s 5EAT R . B TNG 28 5 87 U [R]3EE 4E .

(4) HEERG R & A TNG 17 816 sh X 06 22 &) B s € , JF BT & 512
WS I [B] 2R AT 28 B 3. TNG Fr$f A a9 37 & 46 bl i (6] 22 46 1 & & 19 & 2 oL T 35 5%
ML i 35 3% A R #E

TNGLab B LB EE— B 4 BIR RS AHEZEA R, HEZREEM I 11-3 Fiw.

TNG Lab

TNG/COM

TNG/SimBioSys

SimBioSys class framework

B 11-3 TNGLab #EZ24E 44

TNGLab 2 A W JIE )2 /2 SimBioSys BHESE A — M F H A B BA A 18 D
RE AL C1EF THAL., SimBioSys JEHE 2L SC B — /S5 TH AL 0O 3 17 38 1k 0 B A
L = RGN BEAR Sh A B I A T8 AT BARSCE 77 AT 8 . HEZR 208 oo QB 2R YT
Je kA A R H .

45 2 2 TNG/SimBioSys #2fft9" Fe s, LI & 51 5 M 48 128 CTNG) i 4 th iU 171
FL . TNG/SimBioSys 523 —~ 58 809 b #2 )7 . ol LLAS 36 [ o 45 ] (H g sk =
— DA B AR . B S BN A SO A A s B R AR S kb SO R AR D B A AR

%5 3 2N TNG/COM J2 il i Sl 2 A0 4% 11 se 05 B D1 fg - i A &0 R e o 47 8 {5 15
Hil o AR R 5] A —AN0] DL B AS B a0 09 SRR T R Ak 4 R B Y, By L
TNG/COM 2T — A8 . ZAEZEAR P ZE M. FiZZ R F & . W TNGLab £ X i
B Windows 51 2 48 » T LA IX Fl R 6 2 0T LU 3Z 19

o5 4 2 TNGLab S23 n] 94k BB P 5w i) 45 B AL, 0 52 800] DL o 36 9 i Bf
Feha A W n] DL A SCHE R SR T PR AR AR B, BIF 5T N B3 AT LA sl s ot ol 04k ) R A AR
AT VR R G 4L O Hl it — A 30 A B R A — ) B P s ] DL 0 5 a0 A 1) D 5 AR 4
S AR . SCI G B AR LSS R o 45 R s A DA RASIE 2, [R) s P 3R I8 s A A 258
G RE 19 05 B 45 S AUE U RS IE X 2 B ok

11.3 GAMUT

GAMUT J2&—~H DA 3 18 28 B8 B 2 00 138 A2 ek . B B T 3H # K27 1 Eugene
Nudelman % ATE 2004 4E# ., GAMUT L& £ 35 35 PR RIS, v] DL 20 52 31
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e . I B A [R) 280 aT L RE AL R TSR A A B AT Y OB AR R R
GAMUT {258 Fiz 1 Java i 5 LB M X RAUHEZR . ZHER FEAA T 4 DR,
g s RO R IS B 4 AN E . GAMUT B8R ry it B 28 T 245 2 H P
e it — > DU 33X 4 35050 HE 20K 4 348 BAR R 9 2R 28 B O HE ZR 4544

GAMUT fE N — & 1 Z5F B M) a4 4 o R 4l R HE AR OC 1 2% 98 SOk 2w 1345 45 i AL AR &2
R IR 28 5 800 A JF H gt S — e EE B B AR RN vT 37 Ji 19 214 A 28 ke 52 3L 48 2 12 s AR
A . TR S T 1 KA YR RRAR KRR BE b Bk T 38k as A7 i) 19 SS90 o A i 0 25
HRBFEEEIE AR R E LT E, GAMUT 761288 LA Kt 53 YURL 24 0T 58 o
g — oA k5 T A

GAMUT FEZ 4 Games FA Bl #x AR 4 1F . Games BRI A [E AV AE — M PE IR 2L
BRI Z B R R N ZR S M b A7 7 28 L i L AN TR PR 2R 26 B Z B B O &R . Games 197328
PLIH A GAMUT 1R A4 pli s 32 ik IR A B FRIE Rk, B B SCPr iz . B Rir
Bt R S B AH B AR A RS . 1R GAMUT J-9% 47 18 it 19 25 A il o B 4% 4k i 28
R GAMUT ¢ A4 iU i# 3846 & P RE AL £ 58 & ok b AT it — P I 3R A i, GAMUT [a]
YR EAN L XNELSTIE .GAMUT $5) 5 SR AE E S .

GAMUT [ Games #HF P el % 35 JEn[ SCHLAY 2R IS Y, 35 A g oo 7% 7 S8 A HAR AL
R B AR PN 3R 2R R A AR e BAR [ b 5o e LB O R T 2 5 R GRS
H5HE NI HIREL, R ARG a2 55 A kIR . Outputter 4 7 25 K iz 3%
AT G bt 38 1o 2 0 SR AT A

e s B BT X RO T IR A2 5 T LAKLBE 3 2 . — S8R &l L A U BE R P 4
B A5 A PR S [E] NN BE & i AR SR AR AS , O L3 3 0 26 & BB 08 AF RlUAT: frr 208 28 1Y) 9 2 5% %
XRESWNENES. I — ARG A GHNAREF 5ZX N, WE %
ST A A DT I BEAL ™ AR TR R g AR R e & e TR AR E LS . R ZESXN T
R B EG NARZ RIE S B AX DL JoE7E A BRI ] P A BGX AN TEFRAEAS L 3%
SR R P WA BERR N IR A il . SR RIS VIR A G LA S AR il O 01 2 1 2R A i
AU ET B . PR R A A 1 B bl S — M RERS AR R T e — PR AL 5 nY B PR 2R
Z 5% 1 IR I 1 DR 2R A il A ol iy PR R0k 22 e AN S R SR g Wi A3 AH oG . Jl o
i S0 BT BT R RE A R A PR TS LA A . R HURE 08 SRR Al
B 1 B0 45 78 R Ml DR SR A P Y AR Tl R, A g L — D B R LB TR
1155 WA TP 2 U7 BE WY BAFAEZE L ol LUSR 0 b 52 30 38 28 364 05 1) T2 3 2 it

GAMUT i 4= sl a% 3 B8 [ F ek 8% . Graph #1 Function P A4 £F DL A B 46 2 2
A ST 2R . R ORI ] ) G B s £ . nT AR Bl o Outputter #E47E 2, AR IE T
FEAEZR ) 2§ el . GAMUT T2 SCFF R E AL 55 . GAMUT B A 38 K1 2 Ok BALH
FH P AT AR B 445 5 10 TR 26 B 30 [ L BROA 2 BO(E A A B 2 A o ) o 9 A e o P
Bl o3 i LA S FEALAE S AR mT Lt AT A sh AL B . st ¥ e B P AR S Bk, B A 5 ST 2
AR SR . HA A A SO R il TR IR B2 AR & A DOYE 2R e As o PR IEAE i
G HAY IR L 3k B A 2 R A DLk e ML A A 3 55 (] AL,

TR A GAMUT, 8241 %) al 72 TH B ML A7 6 1 8 UL R B PR 26 Y, X
FEAS & R ] B BRI R L A G a9 e Ron W R O7 i B0 BB T7 i R s L X HE X
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REFEFERE G R E . GAMUT e HEBRr T HA LIRS 585 Ba s A 17 g 2R 8L
R VU gR 2B A, GAMUT J A ZOR IR T7 ik 0 DL E TE XA A4 . GAMUT 34
Z ML RN 2R J7 i vl DL e B B8 Jm Al 3R a8 e o TR 28 A0 . AR 408 AH 7 Ay i 2 R 0 A g
71 Al F R R ARG IR IR . R AR R4 5 Y0 [k 3 DN B AR /DN I 3l — e O B R B
MR 29 2 585 NSO BN MR 268 . ir A iR 2R R nl A2 I8 AL R 56
N AT B gD

11.4 Flock

3 T 25 0 o LA A A M 0 — S 0 o T AT R 2
A B 3 L S W 5 O 2R T 1 R A RO A R A P O TR 2 L O T /A
LA ) 55 0 T 9 758 T 040 45 SR8 B o 30 500 037 2 A 05 398 A K ik 7 42 19 7 7 0 2
VR BT OB O LA TSRO L B R {75 e 93— 5 bR P A R S T

o A A2 A T R AR E T SRR o A OB A B T BRI S U SR R . AEE L
iz B TR R AR s i — A TAE B . 45 Br 5 A9 4E 52 8 6 18 35

R B 9208 25 R b i Flock 1l H3k75 .
11.4.1 EARZEH

A 5 T H ARG AT 55 50 i 51 K Ik 55 i B AL 55 115 worker FIF &5 R Mk 55 3 4
FEAR G g S AT 55 F R B A HAT 55 41 il O A LB A AT S5 AT R AT 55 4
FAL SR FUT 55 5 R E A 5 P FRIpaepi b, HILAR )RR R ZE & 11-4 i,

Al 11-5 WG T 05 J T2 E & TAERAE .

(1) M P& E AT EZHOF & 3T 55 24005 HAT 55 0 i 0 &R 55

(2) 15 BHAT: 55 0 51 Mk 55 W 3005 AT 55 0, LR 22 AT 55 19 1) 8] 85 0 05 AT 55 £ 47 b
ic S8 I FE 05 FAT 55 44— UM 57 A FT /A 8 — A FAT 55 47 40 it O A 14T 55 F 4 BA 3

(3) BHE 1 BEit5 worker 25 NI . & & ) BAT 55 53 51 KR 55 72 1 A R 41 &K 1) F
1% . WRFERD L TFAL S WiZ worker K5 — A FAL 55 JF #4705 BHiH 5. M i%
worker 58 7 H AR B A HAT 55 45 R 55 38 38 05 HoaH B 45 A 3 o) 0 HAT: 55 40 it o &
AR 55 3R Bl F4E 55 58 iR 5 5

(4) HF—F BEAL S W IrE 1455 56 e P ) 0 BAT 55 45 2R R 55 A i) e 2 09 0 &

ZER
RS X 2% T R DRI FEAT TRAN T 4

11.4.1.1 FEESHBHERE

5 BAT: 55 00 8 o1 e M 55 & — A R 55 it 72 L 5 32 22 Dy e 2 432 52 0 P 2 38 19 45 JAT: 55 %
15 FAT 55 AT AL 55 o0 SR T ¥ 0 i 2 )5 W) AT 55 0 &k 205 B AL 55 1H5H worker # 47 R
(NN =R A

TE BAT: 55 51 41 7 i 55 W fdi ] libevent Fll memcached P4~ JF i %

(1) libevent J&— 4% & 24 19 3L T 35 44 9K 3l 14 51 P BE 19 O U X 4% 6 & A ) BT 55 O
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fiy
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il
1%
E

e o 2 = 0|
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I o328 O

B 11-4 (HEILEDEERER

o &R S5 P E B FANET B AL 55 TS worker P2 A 19 A
(2) memcached J&— N TEBE Y 7046 X N AE X B S 7 R 58 . © AR BHAT 55 0 it o IR
% EE T A7 BAL 55 i 2 )5 0 AT 55 A S .

1. TEESEEERER

{5 FAT 55 fif s A B i) 3 22 D) e SR WO P $R 3 U5 AT 55 L B A T R 2R AU e | T AL
il 152 L 25 B R S RO D R T R S SR R )

(1) MR UCE . TR 26 B A9 B8 & M 38 2 B0 BE W O 28 28 B 40 5 [N
{iE IR 58 1 2% T HE T BT B RE 1 3% (UM R 198 LA e 22 36 i 1 38 55

(2) LB E - T A SR 7 SN B B AR R O T A R ICE . DL R R S 8K
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-

ity cmml

i+ Eworker ETFITHERESER
AL .

F - .

e BT —F‘-ﬂ' ﬁf,a—"’f . Tt o ,_-f
L TS (HE T N
i
{h BAT S0 A RS H“"“mx — ,;—*""f HEESZERRS
s iR worker 7
WETFES Nt T
. HEFItHEER
e
it Bworker

B11-5 (HEILREHEHAE

(135 . 0 o s B R 7 UG Fermi BN B8 47 5 FLI) | Best-take-over #L 0 55 ;

(3) FEAZ M ZE VL E . T #2848 A 2 B0 1 i, AN 285 28 Y 7 s 8P B O R
A ] 55 5

(4) FEARZEUE . T30 5 Bz B0 2 B0 8 an i 57 05 J OO0, O 2R L
KRR JE IR B W0 S VR 5

(5) B AR 4t T D B 5o B i i 09 (N 24 28 AU {5 E R &L A Sy
D5 HOEL BN B F1E 55 worker 257 .

2. hWEESH BN XIER

2215 BAL 55 SR BB B 2 ) U5 BAT 55 5238 A5 HAL 55 00l or i, 5 BAT 55
I3 M 5 A A BAR 95 1 FAT: 55 2 RO v BB BT 55 g AT P i A 2 ) L w0y 5 1 AT 55 BASL

E A G AT 55 P ALy B AT 55 A2 P O

() 5 HAL 55 Ui . AR 982 8009 B2 B R D5 BAT 55 P70 il nl Sz 45 19 74 55 . e,
=75 58 7 B W W) ) s X AN [R) 1 o, AR R AT D BT 7605 BAT 55 PR i L AR 4l p, 09 U X
8] AU 25 KT w5 2 A7 05 B 19 p, [ #9150 56 BUT: 55 97 i 5

2) i ETAEFEW . I EESFRZIa A8l s T 0f E TS e AREHEE
KROS5 AL 55 b A7 B i, Al @ 4 1 AT 55 BA S

3. FEFESITE worker

Ui B 7455 1157 worker J& dEATAR AL HT 5 00 L br AT &8 7 B & — ML Y HERE
I sy 2 ) 45 BAT 55 408 01 K AR 55 #e AT CE M L 5€ WUR 3 Z )5 48 ] 452 52 45 BAT 55 00 i o R
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Mz 55 Bt 0 % 09 0 H AT 55

AER o EE W AT H AL 55 AT A il B 5 1 2% 58 B EOF L L K35 0E R4 Ji
RSP T T I

(1) FEZRACH. . R E IR 2R A M8 TR RO

(2) B AL . AR 38 5 HL R B9 i, 508 B AR IR B RN (B0 AN AR O 2R 19 B B 84

(3) EIHRVEE . MY 2 2835 B, AR Bl I 28 25 0, A 175 2% 22 10 58 8 AL ] 42 138 40 B Fn
PerEZS 8], IR R IR B )% igraph. igraph 4&— 8 H T & 4% W 2& 0 8r 19 JF U5 2%
Ptk T R E a0 E A M TR A B VE DI RE L T nlRE N 28 Y 2= 22 R A% XL 40 GraphML | Pajek
Fhe . BT 17— LR 4% A R I R B B BE L W0 Moran i RS

() 5 HAtRas Rhm i . 05 TR 4 R 200 B4 R Mz 55 . a0 £, Bt i 1) 7Y SR 1
LS fo M 48 55 10 SO 55 e B 1 4

R A B HOFT AL S5 5 R s A2 e e R 3 T R EE Y R . 9 A KE s
H AT 55 SR Ab BT , o] Gl o sl SN0 B AL 551155 worker iz 47 80E 19 77 247 W A0 B

11.4.1.2 hEZERERS

U7 A5 R M 55 R 2L BE05 EA R I B A7t B it o i 5 .2 BLSF D RE . B & i1 MongoDB
B RN — 21 T 5 A BT 20

1. EEERIC2ER

155 45 AL A B 4 145 R 80 s 1 A7 it A1 B 2 e . B MongoDB 4z J 1 S
e R . D E 45 R EE FE 0 MW 2E, —JS 205 HAL 55 il 5k & 0d K& B ph 57 1R Y
oAb B R EEEUHE 55 A i 7F MongoDB g e b s — 28 & 05 B o 72 vp 2 00 7 B
S B R L o 2% 5 ke 550 dE 45

2. FRERETEL

1155 45 0 52 PR HR I 2 - AN MongoDB £ 415 J22 R &5 5 SCF v s OB R 17 4831 41
A 2l 28 DD RE N —H T BHa ., M T R EEH python 155 5 . il i3 P8 ] matlab
J&EF1 matplotlib JEFHATEIE LT W 245 Bl 22 1 55 an 18] 11-6 19 22 il 8 i 98 ) matplotlib FE 1Y

11.4.2 T1ERIETRDG

AT TR A A AL B T B A TAR AR
P B T B R AR RS R A e h AT I B Y E ARG W F

(1) 247 & : Linux &40 . A N Debian 7.0;

(2) i ) H U8 3k K2 R E . curl v7. 38. 0. libevent v2. 0-5, memcached v1. 4. 21,
memcacheq v0. 1, 1,igraph v0, 7. 1,MongoDB v2. 4, 10, python v2. 7. 9, matplotlib v1. 4, 3,

A7 B SR 4 F R A v i 2 ol T2 R A 0 B A A2 A T 2 AR Y U AR AT () Fil L Y
2% kAT I .

i H T ETAERAEME 11-5 frow.
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() 1=1000 (f) £=20 000
B RERBIEER4.3.4

(1) $252 105 HAT: 55

B 5 BT 55 o it oy K IR S5 42 28 05 AT 55 . il gd Linux &, 4 curl LA http B
W POST J5 ik m) {5 B0 i o3 e MR 55 W 45 04T 55 # W i) g 11 8669 48 22 1ff EAT: 55 S A 6 2
B 11-7 B . 2581555 S F54T 55 A e 240 I 28 FH O 2 800 T 2R A R Al R S 4
BT HLEAH SRS

B 11-7 BEXhEAES

(2) 15 BAE 55 0 v &

15 BAT 55 43 i 4y R M BN 1Y curl & 2609 heep PR A9 088 11 )5 . B 5 0 B8 0 o 47 1#
B RIS HAL 55 ARS8, R )a R B U BAT 55 I A 56 2 80 O JAT: 55 #E AT 00 il L A2
SRR A B AT 5 TN . U BT 55 S BA SR O 0 R S L AL T 5 S I
RS HP5 B FAL 55 T8 worker Al L 55 ¥ AT R ETIRE . Bl 11-8 Wiy & 5 BT
55 o1 1 K M 55 A WY curl 4838 B9 HAT: 55 A OCIH (R 2 .

() i EFEFITH

i H AL 5 11 worker & — NS iR FEARE B AE S shiy & S ) 05 BAT 55 70 7 % ik
5% W) worker Wi %% H & 1547 ST M . 8 3h 5 iUR AL T4 55 = WORAS . 15 5 0 g >
K MR 55 5 Wi B AT 55 351 BA S AR 2 M B s o A TFAT 55 25 RPIRZS 1 worker {8 1] 34545
HTEAL 55 #e47 05 Bt sl 11-9, A5 K455 it 5 worker 56 il 1L 55 0 it R AT,
kUi RE R AR BDHERIRS . ARG 05 B4 R R R A7 AE MongoDB

(L RS RFMHS 2

UF B AL 55 115 worker 145 2 BUM ST R A7 /£ MongoDB &4 i, &l 11-10 BoR
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SES5510N
8 server lListening
eceive from ip= 127

NeWw sessi10n

Content-Length: 400

T

ntent vpe: application/X—\i

CMD=montecar Lo&FREQ=100&PARAS={"
|

, average_timestep”: 1000}, "ne

multiple’ no multiple*

2}, "update_mechanism'

g ", '

“cooper_ratio":
rbytes=460
) 466 :‘:-['-r'j_.,- len=468
succeed
len=460, | =(MD=mont e
Timestep :
"k": 4,
" {"max":
"step": 0.2)
"ps": @.

B 11-8 (hEETSHF WA

t 4 (L [y '

atior {"timestep”: ‘'sample_timestep”:1000, "average

"type": “random", “"nvert™: 1800, "k": 4, “"directed": "directed’

'game"" : 't
gy'': {"type":
call monteca
times: &, r:
start simulat
timestamp: 1431265

Func games: malin

il Wi

type": "paqg”, “i 1.4 )}, "upgate_mec
“ferm1", "beta": ¢ } "Link": {"pr"

LK &

NC Ogames: malin
games: Maln
games: malin
gamES: mMaln
C games: malin . Step: GODDY
games: main phas step: 70008
gamés: maln phaseé, sSTep! Bobdo
nc games: malin se, step: 90000
games: maln phase, step: 100009

done.

10 Ubjectlol " S54ad9s56e455 6840300067 1
steps™ : 100000, "sample step” @ 10000,
| . 1.4 LTS

]

iple! false D" 1

1, "cooper ratio” '
id’ ObjectId("S55412c556e95527clT/cBAT]
Steps” @ 100000, "sample step” @ 18908,
iple” : false, "b" : 1.4, "c" & 1, "w"
cooper _ratlo” 8.5

Ubject Idl 554 T6H0 1T ebe

steps" : 100000, “si

iple' false, "b"

1 (1]

1 (1]

CoopeEr ratio”
Objectlal(™554A1T6]ed 5715118 7Ta4H]
Steps™ @ 100000, "Sample step™ 1R,

iple” : false, “b"

']

“"tooper ratlo

.

i Obiectlal™s’
ime_steps” : 100000,
multiple’ false, *

ma" : 1, "“cooper

B 11-10 MongDB # F MM HE FEFHICH
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This XML file does not appear to have any style information associated with it The document tree is shown below.

—<graphmi xsi:schemalocation="htipc//graphmi.graphdrawing org/xmins hitp:/fgraphmi graphdrawing.org/xmins/1.0/graphml.sd ">
<= Credted by igraph >
—<graph id="G" edgedefault="directed™>
<pode Id="nl"> </node=
<pode Id="n1"> </node>
<node Id="n2"> </node>
<node id="n3"> </node>
<node ld="nd"> </node>
<pode ld="n%"> </node-
<node ld="nb"> </node=
<node Id="nT"> </node>
<node ld="n8"> </node>
<pode ld="n"> </node:=
<node ld="n10"> </node:
<node Id="n11"> </node >
onode Id="n12"> </node>
<node Id="n13"> </node>
<node ld="n14"> </node >
«node Id="n15"> </node>
<pode Id="n16"> </node >
<node Id="n17"> </node>
<node Id="n18"> < node >
«node ld="n19"> </node >
<node Id="n20"> </node >
<node Id="n2 1> </node>
<pode Id="n2i" </node>
<node id="n23"> </node>
<pode ld="n24"> </node »
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