—t

www.kjdb.org

RS 2017,35(14)

SCIENCE & TECHNOLOGY REVIEW

gt 1R TR B 25 1) Ji
— IR MRS Je R

ik, HERE, XE
P E R TR R AR AR R AT, bR 102413

RE

SZ—RENEZEREBSINANESLL, W ERMEHEXPREIIE BEME T

I KHATIEE, SRR SRIIESHE

HHE—H DS RN, B4 T 82 MR 3RS Bolizmann-Gibbs 5 . JESE4E S, 5 M & R SR & th 2 BAY =
Ro MAARFERRTMEKNFLES TIREMNENFEERZBANEREXR, BRATEXAMERRLNGIRERETHHES.

XKER SREMKEICEE,; 3L EGL

S PO HE A 2 7 19 40 60 AR AR h 7 [El ) B 2% 5K Clausius
1, 2833 Boltzmann 1 Gibbs 25 1) & & , A 22 G HY
FEY PR " AT S0 IR AN BE R A% AL VR DD
PR R e A R — Pl B, L2 SO R Ge g it o A 34 ) M
B —Fh B, R B3 IR A RRE R R . NSRS
FHE R MERA T EOR AR ) B L REOR, R
SRR B R, RZ MRS A 7w . H— 18
HeFR G S — MR E LN Boltzmann—Gibbs 1 (BGS ) :

BGS = —kBiP(i)ln PG)  (BSEARS) (1)
BGS=-k,[,PInPdl"  (%LE55%) (2)

I L 2 —A 5%
iP(i) =1 (3)

Horp PO JE RGN i D HOWIR S B3R | ky J& Boltzmann
o AR 8 H R k=1,

1948 4F , Claude E Shannon (F4&) 4 Lk S22
PORHE S B2 h T MF BT R F R IR ME BR BN
FERE . ERIT (D), FRAE B4 (Shannon’s entropy ) & L4

S==> .P(6)InP(G) (4)
o P(G) R A5 25 3 pR A, AR EIGE 2 WIS,
BN A LA, T g B AR 20 S5 a7 B Y BT TR AL
IO AN T AR, B ZITfFIR, HAA S PRI Q=1-P, % B
fRIREEBREEAT ) JET:, RIS —AME IR BT k1S

FIE BRI A IE(E, $=0;2) AR, BIXTFR T P=0.5;3)
BN, S(1,0)=0, Bl P=0 5% P=1 & & IR, iS5 B0 0;
4) WAATE, 24 P=0.5 I, SE K 1T HL.S A& PR E R g, W%
SLFUR, AR FIFEL T8 20 20T B 0w IR Y HE 200
— B2 — R B B R T S, R R T,
U S R S, Rk, NG BRI AERE &
LA B AT LA RS B RME , o] IR —AN i it (5 B0 A
FARAARAE , UL T DS IOR X F— D E R ARG NA )T E
o IR LA Y, AN SR RN AT 2 R G A T R
TAREAI] A5 2 R G IR AL BB

1988 4 Tsallis 51 A T HE] 14 SP, 72

S,==1 lq{l —;[P(i)]"} (5)

K g WFHESEL, Y gL B, S, fERT L BGS Wi

FETFARMIFR AL G — IR & A IS HESRS ) %
HEZR Y R ELHIO AR F5E T IRBR T B 2R 45 14 BGS FldE
JUHERE S, SR A AR OE R T T IR 24 4 1
25 AR P A I 45 O S TR A EE AR TR R, AT
JE R A 2 P45 1 A 2 PR FAIE T B Al AN B A AL

1 G—REMEERERR

Shy At R DR U A R ) 285 3] I AL I 285 1) % AR L 1998 4F
Watts Fl Strogatz & 1 7/MEFEARL, HEAE LN, 1) Witk
HRIU R4 RIS Ry 1A B NASTT AR i 4R R
AW, AT SR RS B K AR SAHE . 2) FEL

AS B H1:2017-05-11;15= B £7:2017-07-11

VEH RN ZK, BIAF R, BE R 7 e A B Ze Mk 2265 B R, & -F 15 44: liyongd01@163.com; 7 44 & GAAZVERH ), FF 0 R, AF 0 77 o) g W A+ 3 B L 5

A, 8454 :£jq96@126.com
TR FAK, F 4R, R R i
7857.2017.14.007

B 24 0

B 56

B2 A% 8 4RI FHIECFIR, 2017, 35(14): 56-62; doi: 10.3981/j.issn.1000—



—t

#HE S 2017,35(14)

www.kjdb.org

Tl LIMESR P BEAL A 025 1) 1 430 SR 42, Rl B R %
FIFRFIE , BlE LR P RS, EE 3 3 RS2,
KLU P26 (P=0) /R4 (0< P < 1) FIBEHL I 45 (P=1) .
F I 2 B0 7N T A D) 286 [ e 5L /D ) S 22 [ A 4 B8 AR 1Y)

1999 4, Barabiasi Al Albert $2 H T JCHx 0 25 45 44) 1 19
Pl A ML, B AP e 42 o 4 HR ORI I AT 9 05,
BT RS S O A JE Hedh BOR M 1 s A (B 5
& )o BA ThRIEBRIEART N 1) K, W15 (mo)
AN A5 ARSI ] ] B A 1A A5, ELB T A 5 R 4
CA M m AT SHE, 2) RFeER, B S S0 AR
T AR R IR T a5 B s, D

_ R
Hi_ zk, (6)

AR IRPARMEN , Z80:d ¢ 285 HE I AT KUBCA N=t+mo

l ‘ S
TECA me FLELAR T () TG R R 25

FE/MEFRTE R BRI 5 &, RJE I T REME 2%
D) 2 A5 A8, A 55 TCASURITJINASUASE 2 25 7 DA 118 Rk o) 6% i AL A
R 2850 B R IR Z2 B8R PRI s 18, 1 SCREAILE:
B TE e e e X (U, AR RS & —
A ARG S | 0 A B AL 0 1 2 RR A T
e, BN IAF 2 R AE 5 3, 2 M T I I AR 2 245 B B
ST B S PR I 4 o Ay T 2 o S P 2 AT ST 4L
TR —IR A 4 S HELS | T 20 S0 3 1A 0 2 M RN B L
PEGE— IR A WA ALALE], 75 & A SR FE 2 B
FARB VLA A R 22 B bR M 4515 1

Gi—IRA ML HISHELR S| A 4 MR A H, i 3R]
B A G — HIR AU (HUHPM) K 48— 1R & R 45 45
A (LUHNM) FIR 48— 1R A 2 MG KA (UHVSG) . B 12
G —IR A 45 B 3 MBI DK o 24534 B b K iR B A

B1 Z—RENKEILINMEREBIUR NG ERERTERE
Fig. 1 lllustrations of three theoritical models in the unified hybrid network model and their growth

1.1 HUHPM &3

HUHPM B8 3= 22 0 1 50 iR ICAL BA I 28 155 50 Fn i Ay
VFZA BN AT LU AL A A2 | 7E X IS I 254
RIS | B E PR JELAR, BIVAE 52 2% 0 265 fg 48 K mp e P
PR A B 2 , DA SCaE A5 38 3K — K28 1 JCAURTA AL
%, NI, B HUHPM E G — IR A& 45 BRISHE L 19 55— il
FEA e LA IR E dr fs il 2 PR A 7 =K

_DprA
dr= RPA (7)

U, DPA J 1 7 P 3% 4% S BT 4 (determinatic preference at-
tachment) , RPA > B AL 3% 4% 5 B 4% (random preference at-
tachment) , DPA€[0,+], RPA€[0,+%], dre[0,+%0], HUHPM {97
Loy ez 1

D) Mo fERRm 2] g R g 2 A A (mo )T
KL EZ S5 B A I a] ) B b, 54 1A BE S m Y R (m<
mo) , IFHG m SRR W 25 vh C S AFTE R m AR A9 A5,
m SN R B DL IR A T .

2) IRGER. B A S A R R RERARIR S
AT AT AR 45 8 B SR A T dr 8 TR A 1 R IR

F MG S L e TR MG 25 . (1) B PERR AR
Jralo HEERTHEE A R4 BE Y 5 R R NIEA T HE R < k>
Feo>+ k> >k, FEXTRT m A B KW 8 BB 2 (2) BL
B3, vT LU AT — R 25 A R g AL R R X
A HUHPM B AT ] AL A

W 2 AL P BT A L dr JEME— RO S5, ST RGBT
S M ARG A, T E AR e Y R e R,
Wi B IR AR A8 B BT 5 A e 2 A I 488 B (K e i) 32
) MR A R AZ 5
1.2 LUHNM &3

N 7% RS M S AL X R B i 1 7 = AN
A 5T 42 S WS Bt 5 I 45 JF B P A e B2 7 s 2R
Btk RS RENL M3, 0 2 i e M e, R 8 1
“Befm R, A R AL T RE R T X, 5 PRSI AR SE
AT . BUSEHE FE L rh AL R S 1 R 2K SR AT
FEZFNRA T2, BN, 7656 % P b 22 [0 1 538 [ £ P, G T
VI AT BE () % 25 H A L 2 43— A i 2R (B REAIL ) , o i i —
St I KSR (RIEEAR ) | AR B8 ST B 18 2 3 R 400 3 436 O e B

57



—t

www.kjdb.org

RS 2017,35(14)

SCIENCE & TECHNOLOGY REVIEW

LRI (RPSERETT o BEAR /N T s b A 73 4 ), 5k
FRAE SEBRASIHARBUIR A1 4E . IXFE, N h P TE Z MR & 1%
=0, eI 8 HUHPM #E) 21 LUHNMAE M55 2 2K, 2
HI HUHPM "GRG e dr BOR S 12 UAR G L I A MR G
FEAE R 5 2 )2 2 MR G L, — N EBEVLIR & L gr, 2 SO
_ —RBENLME R E(GRA)

& LR B B (RA) 8)
AR PR A el S X
10 WSSO 11P) "

T M R R IR DA)
BAITH K Z N : DA=HPA+DPA , RA=GRA+RPA , 2+ fde[0,1],

grel0,1]6
LUHNM [ 458 5 HUHPM 2500, AR R % 18T 3
MEA L (dr.gr fd) o

D) K, FEREe 2 B Rg b e A D (ne ) 1Y
SELUS RSB RIRIRE  BE 1ABE R m 805 (msme ), I
B3 m Sl 7 FE B 26 L S AFAE B m NS R 9 05, m 2%
R PR RRIR A A T

2) IRAHER . MAEMIZE BT 2T W1 S T,
BRI AL GO RGO T (k) L 1 etk IR
B b dr B YT R, i e B AL A A o PR 4 X TR AL
P72, L gr 1Y R4 I BA BEARYEAL, [R)IEDL (1-gr) B9
e B ER AN s X T8 e P 457 =X, # BREE R R/
B W 2 rh AT SONK B NHET , DA fd 1) HE R BT m A
e R S, UL (1=fd) 1 FER R RE TG m A fe /NG 9 0,
U
1.3 UHVSG&#

VFZ RIS  ATB ST S 2 i i A8 A s FE AN
— 3, 1 LRI B BERT B AR o 8] G2 F T I T T B D %
o TR TAERT ) B, W] REA AR 2 AR RIS T L i , e g R
SRR R BE HT TG A AN B /AR 2 5 i ELBE L A
YR, 0 28 IR LA AN TG, P Y B AR 3 £ X
T TR A A8 S, B 5 M) D 2 322 422 1) 43 A, I HL AT g e
ZER o R4 RN 4 SEBR IS KA R i 2 R AR RIS S
LUHNM #t— 9" 76 UHVSG, 1E 45 3 J2 W, Hodie K A4F 5
JE L TERRA L dr TR 2 )2 R B 2 MR A H (fd ogr) 3R L,
M 3R L5 AR R A thog h

= B PR R B 255 (DVG)
REATL AR S K P E(RVG)
4, m=DVG+RVG,
WA AR 7 N — N
m(t)=p()[N ()] (11)
o me) Ay ¢ B2 X 45 0845 85 R H2 300885 p(e) Ry I 246 v
TR FE MR N(e) A ¢ B 2 R4 v S 588, m()<IV (1) ; 0<p
(=<1 ;o N HFEEL, MK o A [FMELITT 43 A IEH (o= 0) i
(0<a< 1)FIEBME (=) FHIE .

(10)

UHVSG H.3%% & 4 MR A e (dr o gr fd vg) , 1 LUHNM
FALE , BB s B B O R R 5

1) ¥, FERae 2 B ZRgh e A D (me ) 19
S FE LU B 1A DR B ¢, B8 1A BE R m() 19 8, 9F
WX m(r) 25 10 T B 25 2L A7 AE B m(e) AR A L

2) IREE . UAE ML R B A G R T,
PEBERERY T A ST Sy 2% IR LUHNM (3% 42 5
K7,

ARG — IR A P2 FES AR L 28 A BA— I 45 4T T
Z )2 UGB 250 IR T 500 5 A b s B R R 202 P
5 SHIERFR A A —E

2 G—RANMFERPHSRAILHERMEER
21 BEdreyZi

IR A P45 BRI HESR FLES — S HUHPM Hh A B 845
SR G dr, R B SEA T80 0 PR REOE RBEHLIE AR 2 Fh RO
e , AU B) T TOAREEREME 0T ELUER B0 R O BR A
dr (R4 HA AR 5 I BUENE | B Log(dr) XGRS 0, dr=1/1
SRR EE O HLR 4 )/ M SRR B, 5 TEA BA
FAUE WAk X 4% (BBV ) S5 A7 L ¢, HUHPM HA fie fi 73
BEAR IR B LA I IR R AL C, dr A ) T35 0 9 265 Jrg 8
1k,

I 5T 45 SR R B, 7 Jo AL HUHPM- BA £E A | Y
HUHPM-BBV # R JEBEE dr B3N8, Ko e 5
JIE, PG)H EE /A 268 o BGS FI S, 05 1R4A L (dr fd .gr) i
K, WE 2 Fos , P28 HLRE N=3000., 1812 (a) & BGS Jiilt dr
Fly (AR LRI 5 R I, 1 2 (b) S X AR dr B S, 7l g 16 2
(&, 0] LATE 3] [ 58 S50 g (EI, S, BE dr A8 0 i R, 00 46
ANEE) B AR . BCSTH SIRA H (dr fd gr, o) 8]
FETES NS 24 I DG 3R TERA S (7 2 IF, i fd 38, 405 o A
LRPEAEAb .

£ HUHPM B BE i X 25, 161 2 25 H BGS RN S, Ji &R it
FIRA L de BT FRAG o PR R BIR A EL dr B I B 1
) 245 1K Ao i R o PR PR S B O 2, I 4511
$05 R BEAS T s/, X 48 4 F N Ak R T B I 45, 350 e
AT LA R 2 A P R

FEJCA HUHPM-BA £ G A HUHPM-BBV B A v 4
FBBEL v B3 I/ o BEBHXT T HUHPM W45 1% W 25 7
WG R — DI RS, IR G L dr T REE
ANHEIA o 24 dr=0/1 BRHZ 25 dr i EL A Bk, X R R SE TR
BLE BT R T
22 FEfdK grEiZ{k

Gi—IR A MBS HELL A 28 —FF i A LUHNM 4878 T
BGS 51R A Lo fd TN gr AR ALIC R, K 3 iR . FEFf L
PG FERE, FEAR fd (BT, BGS Mt A TR A L gr 38 1
TR, W4 A T o (HJEAE dr=1/1 15T, BEAL
Pk S8 e P J1 8, BGS W BRI 2Rk



—t

R S4R 2017,35(14) www.kjdb.org &

2.3 HEEEEHHIENL HAE AT LATETCHR B 3415 SF RN SE SRR A 2 (A AH B 718
1R G ML B HESL A 2 =R UHVSG #HXF R | JR4ER T3NS AR PE R B S IR B 16 o Z 1] 19 5

ZRASHUAE AR A, 5 R AR, SRR S P L, | AR RS

A Tob ST B 0 28 PP A 22 T PR e LR AT el B T {EARRTE M, BGS W5 TR A T S A8 AR 2 o Z 6] A7 1

— T MR IIX RN BRREMG PRFEIRG | EARER, WK AR AR R

0.35 50

<« dr=1/1999
25
L * dr=1
o aof © o
« 8 2
025} s o
s0p © X & pgmt
@20y - * N S @
Q e = * he ¥ ee 4 Zgﬁ
* —
0.15f 20F g 2 o+ tile E dr=19/1
~ v o O* .+ <@ w dr—=199/1
q a Y ¢ os A dr=1999/1
0.10 2 a &4 X$
10 o gy g%
0.05 - & S ss g
. 0 ? X X xxx
Qo 102 100 10° 10° 10 ] 10°
dr q
(a) BGSH5 drifgigit %< & (b) [ drit S, #0 g% &

E2 BGSTSHERAL (drfd.gr)ZEHXER
Fig. 2 Relationships between entropy(BGS, S,) and hybrid ratios(dr.fd. gr)

(a) dr=1/999 (b) dr=1/1 (c) dr=999/1

B3 BGSHKSRALL fdfl gri% % (0=0.5)
Fig. 3 Relationships between BGS and ratios(fd, gr)

BGS

(a) dr=1/9 (b) dr=1/1 (c) dr=9/1
El4 BGSHERALRTEEH aZ BHXR
Fig. 4 Relationships between BGS and «

59 Il



—t

www.kjdb.org

##% S 2017,35(14)

SCIENCE & TECHNOLOGY REVIEW

2.4 BGSKEMEEAL (dr.fd.gr,c) ZEHT
& 5 45 5 BGS bt 4 1NIRA L (dr fd gr, o) 284k, BAT]
ZIRIAFAE N 22 B O &, BRI T 4 MR A HE I DEIE TS

DU, U e P o 2 Rk B 1 B AR L R A, 5
Kl 4 iR AL

dr=1/2

B 5 BGSHSR&LL(dr.fd.gr,x) Z ERIXER
Fig. 5 Curves of relations among BGS and ratios(adr, fd, gr, o)

3 FrHRLZEEIN

U SR A S B AT /N R AR B
WS SRR BA BSR4 4T3 R AR 9 —FBLE . b
i 9 245 B AR TSGR PR B 51, BA B
U R AR e LSS 53 A A S A R R A R AR KR
o THE, EARMBHRL ARG I R REAR By S AR
PR e ST i S SR s R Ky 23k A
109 T B A T4 F I ) AL S MBI PRy
WA Ay 225 B G I 4y — A TR B AT — AR R
G A M s A P AT R R T EAE . 124 KRR 4
R g I 4 AR A [ 201 A L, S 1 2 ALY BA T
BREE R4 i AL BBY W4, Hory #6805 1 y
AT RA BTG AT 345 1509 53R 3 Hamilton
B2 RO 3R L 38 Y484 ) 24 1 4 M I B 3 3 P I
e, 5 R I 24 R G M A P ) Liouville J5 75
ot BT SRR 2R £ B th PR A 2
o £ 1 1 P A BB,y PR3 I 2 1 P e 1 5 2
PR Fy AL
31 BRI TRENNERREES T

AL AR GE T R L A g g 1M
UG H PG), HWGEHA {(G))(i=1,2,7+,r) LT
Ho{()} o AEFHRS PG FR(4) ) Shannon 1 S HUH

1B (R A BRI S
()= % (C)P(C), i=1.2,+-r, AY P(G)=1  (12)
TXCREAR A AL P 170 350 FT F 49385 1) Lagrange 712 MbRIfESE

T 45 1 BE 73 11 P(6)
P(G)= e_;(c) (13)
A, H(G) M4 ) Hamilton F, =X (14) 45 1Y, 6. 3501 %]
ORE A SR B, 2 (VR s, 2= e " =e,
H(G)=Y 0.x(C) (14)
I RGN F(G) SR T B, FFTOK
N Hamiltonian 4%k

A (_, oF _ oF
dt ,( PiapL qtaqu (15)

%@ﬁnaﬂﬁﬁkﬁﬁﬁﬁ%ww@LwF@%ﬂo
WAL 1602 Hamilton (99 BHEE L1 01, & [7l R 8601 X By
A, PS8 PR SR g o R ST p
SRS , HX ) Hamilton 72

. _0H , oF . __0H _oF
T TR o
b T DA S T N 2% R G2 1Y Liouville 77 4

%ﬂéigg'JQJ o
[, A5 B BE A3 P(k) B X 45 2 A
i‘”;(tk) =LP(k)+f (ky) (18)
PRI, 753 BE 3 A A
P(k)=e"[[e" f (k,y)di] (19)

32 ENHSMRXE
VD9 — SV 5 G — TR I 45 BRAE P 2 — B A 1



—t

#HE S 2017,35(14)

www.kjdb.org

HUHPM B4 BRI J5 12 i FH 31 Barabasi Fil Albertr £ H 19 J0hR
i BA #% % F1 Alain Barat, Barthelemy F1 Vespignani $% i 9
BBV, M i 45 5] HUHPM-BA 2% F1 HUHPM-BBV M 4%, #i
P BB S5 2R, 33X 2L 2% 1) B2 73 A1 B P~k B,
&y E— MR A H dr B RREL, SRS F(dn) 5y R &R

F(dr)h'—— Y (20)

2y+4y* -6

A SR T SR S — TR A ) 4% BHEE A — 30 il A AR
HUHPM 177 325 5 SR sh 34 F(dr), W) o] 2530 %6 17 1)y, S22 R
SR NG — IR A W 4 FLIE LR SE — SRy vk W5 T
HUHPM-BA Fl HUHPM-BBV %, Hor F o] 23551t IR A He dr

Y5 DL RS 5 T HUHPM-BA

ydr)=—2 A (21)
exp(d—C)
Ve
*F HUHPM-BBV
4 +8$,4 +A,
dr)’
exp T
y(dr)= 511 (22)

52 RIS AT L, DA SR y(dr) MBS TE S 2Z AT
BHLE A —2
3.3 FFEMERTHEREH Yy ZE—RXE

HR A Boltzmann—Gibbs 48 7 X (1) , A2 LA A 5 A *f
Gibbs 1 1 545, /)

ds _ ol
S k,[,PIn npEmdl (23)

Z 8|
or _Z(aqap dq, apj (24

3
—=—k fPlnPZ(aq " aq,ap Jd]“
(25)
LS AT USRS A

ds 337’77;{“4%2 2 (26)

dt Ty-3+2y°

SEREILE 6, My > 15y < -3 Wk S (NS ON E

16 7 L 7E E R T X y < =3, POk~ ki
§<m#%yﬁ¢wiﬁ%ﬁﬁﬁﬁﬁ%¢*,HH%K
KTy > 1, 3y B4, dg
., 5T R AR Eixxoiéﬁmxmﬁﬁﬁ
y> U BET AN 95 >0 , 30y = HoU e A 2
T I YRR y < =2 X BT S5 <0 , 37 1 4141

7<y<1

SCIENCE & TECHNOLOGY REVIEW

AR T 8 DA S U 2R N ) S R

MRy AU 5Ly < - 3 I, S M it
BT AL
das
dar
1007
&
0 —— ¥
0 25 5.0
-
-100~

H6 WE D 5y MER (k5

Fig. 6 Relationship between %and y (k=5)

4 g

ABFFE R FHG B e T 5 — R4 W4 B
b 3 R S AR AL 48R T XS SRS LB S I R
JS2 I T 98 2 DO 248 F) 3 ot A X4 1) T BB M 5 AR B 24
BT T I 24 B9 725 15 TR 3 0 24 F) TRk 15 262 1) ) B B
%%ﬁﬁﬂimﬁ%n%aﬁwm—A%#EMTn%
{1952 2tk 2 B R HC BRHILAR) , St — AT A 2 I 45 11 1
e e DI TN T

Bl A LB A AE AT R K IE T K P HAG A A B

5% 3 (References)

[1] B8, BRE N5 —FBigtt Fo ). B, 2 9. [ i
PESCH AL, 1987: 30-40.

Howard T, Rifkin J. Entropy: A new world view|[M]. Lii Ming, Yuan
Zhou, trans. Shanghai: Shanghai Translation Publishing House,1987:
30-40.

[2] Tsallis C, Brigatti E. Nonextensive statistical mechanics: A brief intro-
duction[]]. Continuum Mechanics and Thermodynamics, 2004, 16(3):
223-235.

[3] Tsallis C, Baldovin F, Cerbino R, et al. Introduction to nonextensive sta-
tistical mechanics and thermodynamics[J]. Arxiv Preprint Cond- mat,
2003: 0309093.

[4] Wilk G, Wlodarczyk Z. Nonextensive information entropy for stochastic
networks[J]. Acta Physica Polonica B, 2004, 35(2): 871-880.

[5] Fr 5, /AN FBER, . I THHT S R —— MR (L)
[J]. PrEeEIER, 2007, 27(3): 239-343.

Fang Jinqing, Wang Xiaofan, Zheng Zhigang, et al. New interdisciplin-
ary science: Network science(I)[J]. Progress in Physics, 2007, 27(3):



—t

2,

www.kjdb.org

##% S 2017,35(14)

SCIENCE & TECHNOLOGY REVIEW

239-343.

[6] T §ii, /ML, FBAEN, &5, — I THB A Rb A —— R B2 (T)
[J]. YRzt e, 2007, 27(4): 361-448.
Fang Jinqing, Wang Xiaofan, Zheng Zhigang, et al. New interdisciplin-
ary science: Network science(Il)[J]. Progress in Physics, 2007, 27(4):
361-448.

(7] 227K, J7 B, XUtk . RGE— IR AR v (i AR 2R B A2
HEA[D). B SR, 2007, 25(11): 23-29.
Li Yong, Fang Jinqing, Liu Qiang. New features of assortativity charac-
teristic transition in Large Harmonious Unifying Networks Model[J]. Sci-
ence & Technology Review, 2007, 25(11): 23-29.

(8] J7 Hi i . 25 B Il R AR R L5 AL (M. bt T AR T AL
2008: 139-168.
Fang Jinqing. Steering halo—chaos and exploring network science[M].
Beijing: China Atomic Energy Press, 2008: 139-168.

[9] i, A5k . MZERL g — IR A BB A T ORI ).
“FHEIE, 2008, 38(6): 663-678.
Fang Jinqing, Li Yong. Advences in Unified Hybrid Theoretical Model
of network science[J|. Advances in Mechanics, 2008, 38(6): 663-678.

[10] Fang J Q, Li Y. Transition features from Simplicity— universality to

complexity—diversification under the UHNM~-VSG[J]. Communications

in Theoretical Physics. 2010, 53(2): 389-398

(1] Jr 8 . Z2 2RI AR E P i T S S5 )], BRI, 2017,
35(14): 33-41.

Fang Jinqing. Some problems and thinking on the exploration of multi-
layer super network[J]. Science & Technology Review, 2017, 35(14):
33-41.

[12] X8, J7 8 . 427K . 500 SR Al m R 25 1)) BHE 4, 2017,
35(14): 42-49.

Liu Qiang, Fang Jinging, Li Yong. China’s Top 500 enterprises High—
Tech Supernetwork[J]. Science & Technology Review, 2017, 35(14):
42-49.

[13] Li Yong, Fang Jinqing, Bi Qiao, et al. Entropy characteristic on harmo-
nious unifying hybrid preferential networks[J]. Entropy, 2007, 9(2): 73—
82.

[14] Li Yong, Fang Jinqing, Liu Qiang. Relationship between entropy and
hybrid ratios for unified hybrid network with variable speed growth[J].
Journal of Shanghai Normal University, 2016, 45(3): 298-304.

[15] 54%, DBl . A4S R ST BT M. JEst: JERUR AR
#t, 2011: 86-109.

Bi Qiao, Fang Jinging. Network science and statistical physics|M]. Bei-
jing: Bejing University Press, 2011: 86—109.

An entropy approach to complexity of networks generated with the
unified hybrid network model: Complexity of complex systems

LI Yong, FANG Jinging, LIU Qiang

Department of Nuclear Technology Application, China Institute of Atomic Energy, Beijing, 102413, China

Abstract Four hybrid ratios are introduced into the unified hybrid network model. They are more in line with the randomness, the
uncertainty and the variable growing in the real world network. This paper discusses three types of entropy of complex networks: the
Boltzmann—Gibbs entropy (BGS), the extensive entropy Sq, and the open network entropy, as well as the relationship between the entropy
and the hybrid ratios. From the essence of entropy, the function expression between the changing entropy of the network and the power—law
of the scale—free network is revealed. Also the characteristics of the evolution mechanism and the complexity of the network are expounded.
Keywords unified hybrid network theory models; three types of entropy; hybrid ratios
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