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Characteristic comparison of SF network models
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2 School of knowledge science, Japan Advanced Institute of Science and Technology,
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Abstract: Previous research in physics and computer science reveals that real-world networks have common
characteristics in spite of many different kinds of networks. For example, Internet, the World Wide Web, and
power grid, and E-mail, and others, these networks with power-law degree distribution are called Scale-Free(SF)
network. In this paper, based on computer simulations, we compare characteristics of SF networks. In particular,
we consider several characteristics of these network structures constructed by local rules, such as threshold and

duplication.
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BRI, LOVHETHS.
L, _—Zd,], L:%ig @)
i=1

l#j

ERT, NIFEAHTHD.

r OFHFERITLLI TS .

VT AR TR
THS i D75 AR v AR C, B 2 TS
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degree k
(b) f=3

B L o) ~x?, flxm) = ()2 CAERE L 1= A A

P(k), VEIRE A<k, V¥ 7 T A2 ) v TERE<C>.

N = 5000 TV, 100 B O EEFEROFHETT o v
%,

1. AT R (p(x) ~ x7)

s L C r
p=2| 11.5564 3.2944 0.0451 -0.0036
p=3| 5.9667 4.6638 0.0051 -0.0065

#2. RFEH(R) ~ x7)

WEOA | PR | E s 5 % 4 )

B v TRE
p=2 2.0039 -0.0006 -0.0062
p=3 2.9044 0.3219 0.1302
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LEVMEET LV CTEERZ &1L, NFF TR
WISE S DY, SF Ry N — 27 AR TE
HIRTHD.

# 3. RITRER(L & VWEET V)

BRSNS L ¢ 4
7.5369 1.9917 0.5147 -0.4789

K4 NFEH(LESWVEET L)

WHGAR | FRIREEARRE | W7 Z A2 ) T
PRk

2.0245 -0.8522 -1.6033
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(b) ¥ T 2 H Y v T IEE<C>
4 2. p(x) ~ %, fix,x) = Gxtx-z(N)] CER LIZF > b
U — 2 OWRESA P(k), VAR EMEB<k,> FH7 Z
A H Y TRE<C>. N=5000, z(N)=10 T{TV>, 100
[E] D FERRFEROFHETT 1y M 5.

TR o THR
123870

duplication

/

new node

RO TRE
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3. BEHEME

random select

4. gene duplication model[5]
WIZ, ZUNTEORB T 7L LT, Yoo
DBEEEAELZ Y ANT-SF xRy b U — 7 BT
TIVERBITT 5.
ZOETNATE, FHIARDOY > 713, BEfFIH
FREING T 2 DRI L T THIR O BEEETH AL
wohs (V7 ol5). ZOEGHELZIT D
Z LT, BFEAOELRIGERZFHEETIC
SF*y N — U iELERTED.
7Y, HERIEIC L - T SFREENESIND
D2 H LRy MU —7 AT BIFET UL,
T OB DB UTZTHE RN T LR LTV D
e H3 @ <, - THBIERD Y > 7 OEERIT,
NTRBIENLT < A2 D, T K 0 SRR,
BRI O TP AR TE 2. gene duplication
model DM GHAEZ X 3 12~ 7.
gene duplication model D %z HIEITLL FIZHE D .
(1) BEFTEHAREDN S 7 & MZTHRZERINL T,
BEEEET 5.

(2) MERSTHHOBETY 7 ZHIRT 5.

(3) MR a THHITHA L HAE L TR W THR &
T 5. dE NIIKFT 28 e=pIN ThH 5.

Xy NU—2 % EOFETER LR, 156
NI Pk, FEEIRE A HBI<k,>, 157
T AL TRB<C>ER 4R L, TSR T
£S5, 61T, £S5 ORI, FHREEL 20
[EIFHE L 72 FAME T, oo fEiE 100 FIFHR L 723
B TR

BE Y 7 HIRfER A KE L2 &R
N ELEBEINT HEA N H DH(FE 6). 72771,
SEOV I ab—va URERNDIE, BELY v
BAIER aDEAIZ X 2 BT Db lieinoTe.
BDEZ TR E, BETLHLENRDD.

gene duplication model CEE /2 Z &%, LR
BINOWMERZ RO LS, SF 2y hT—I 1
EEAERTEDLZLTHD.
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10'¢ 7 6. 5% (gene duplication model)
§ W | SRS | P 5
S L I S DR
107 ; = 5%
: 1] 5=05,/=05| 22546 | 03049 | -0.8136
r I 1 6=0.6,4=0.5| 2.5093 -0.2005 -0.5041
P(k) ;42 STE— — —
® 107 1 1t 1F 107 5=05,4=06] 22950 [ 02995 | -0.8039
[ 5 degree k 1 6=0.6,3=0.6 | 2.5043 -0.2505 -0.6400
r 10
10‘3-—<C> 10:3 i
18-5 E ] 5. Coupled duplication-divergence model[6]
r (o]
I 130131211"1:221];03 4 BTl gene duplication model Z BT L7273,
-4 R i o . p oy PRI .
10100 Lol i I ARETIE, BIOAERTIEIC L DEGET NV ERBIT
degree k T 5. ZOETIVTHE, #HE (Duplication), FEHL
(@) 6=0.5, =05 (Divergence), F C.H A.{F H (Self-interaction) D =
100; i DODOENEE B D MERITHE > TIT 5. gene
i duplication model & MEVMZE, XV JFHATHIZIRE
r o
107k i Licxy NU—2WNT, BIEEZFATLTVDHAT
% 5. Coupled duplication-divergence model D5
o sl el BEZK 5 12T
PO 107 100 100 1 10773 ]
' , degree k 1 Coupled duplication-divergence model D J%& 7
10 N Py
cos 107 L, LLFOL—IZiE .
10%E%” s . ‘ X
L : : (1) BEGFEAREND, 704 DCTHAZBHRL,
I 1301011021](03 85 HF % 9477 % (Duplication).
4 egree
10 T e ' g, T, FHERE T o H LITE C
r Lol L o7 (2) e q, T, FHTEA L 7 U X AR LTTH
degree k

(b) §=0.6, f=0.5
4. gene duplication model TAER L7zRy hU—7
DYWL P(k), ARG EEE<k,> ¥ T A2
v IRE<C>. 5=0.5,0.6, £=0.5, N=3000 TIT\",
100 B D EBRAERDOFHETT vy T 2.

# 5. fiEATHE B (gene duplication model)
PR EC| L C r
0=0.5, 8.7633 4.1688 [ 0.0038 | -0.1446
B=0.5
0=0.6, 5.3819 4.9563 ( 0.0023 | -0.1002
B=0.5
0=0.5, 8.8927 4.1570 { 0.0042 | -0.1306
B=0.6
0=10.6, 5.2216 4.9989 [ 0.0025 | -0.0818
B=0.6

R 7 85 9 % (Self-interaction).

(3) FEH 1-q, T, 7 ¥ DTER L I2THR BT
Uo7 EHBUCBIMLIEESY v 7 ot
b7 v NI —ARKERL, HIKRT D
(Divergence). g, DIEN LT 5L, VoD
BRI T 5.

Xy U= % EOIETHERLIZHER, 155
Mo RIS AT P(k), IR GBI <k,>, 72
TALY CTRE<C>EENENXKG6,7, 81T L,
fREMTRE R 2R 7, 8 ITRT. R T OFERIE, FH#E
BERAE 20 [IGHE L 72 FME T, Lo fEiZ 100 [
FHAE L7 FE TR T
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FERq  self-in

duplication

T

random select

FEZE]-q, div el‘genci:* .

5. HE#ERME

qv=0.5, qe=0.3
. qv=0.5,qe=0.5 =
0.1+ o ; a g
o @ EDD
@ DUE
= oot c D‘“ng%
o . %,
. %
P
0.001 Yy
0.0001
1 10 100
degree k

6. coupled duplication model T L 72k E /3 AR
P(k). N=3000, ¢,=0.5, ¢,=03,0.4,0.5 T{T\, 100
EOERFEROFIETT 7y T 5.

100
"qv=0.1, qe=0.4" =«
"qv=0.5, qe=0.4" =@
A
g 10 s
T}‘I : i e 3 .:un umnwwé@fn
o000, & O
W°¢W¢@@§@%o s
o 1% ¢
o
B
1
1 10 100

degree k

7. coupled duplication model TA K L 7= - 355E &4

Bi<k,>. N=3000, ¢,=0.1,0.3,0.5,0.7, ¢,=0.4 T{T\>,

100 [FIOEERFEROFEIfETT v > b5 5.

"qv=0.3, qe=0.3" =«

a "qv=0.3, qe=0.5" =
e a
0.1 A
A
Q
v
0.01
°
e [a]
0.001
1 10 100
degree k

8. coupled duplication model CAR% L7227 7 A
&Y v TR E<C>. N=3000, ¢,=03, ¢,=0.3,0.4,0.5
TITV, 100 [FIOEERAEROFEETT v v 845,

7. fRATHE B (coupled duplication model)

PEJREL L C R

q,=0.1, | 2.7463 | 11.2201 | 0.0578 | -0.2156

q.=0.3

q,=0.1, | 3.9487 8.5536 | 0.0707 | -0.1701

q.=04

q,=0.1, | 7.0366 5.1959 | 0.0812 | -0.1721
9. = 0.5

q,=0.3,| 3.0671 | 12.1785| 0.1450 | -0.0749

q.=0.3

q,=0.3,| 4.5105 7.7910 | 0.1800 | -0.0430

q.=04

q,=0.3,| 8.0686 5.4336 | 0.1953 | -0.0415
9. = 0.5

q,=0.5,| 3.4491 | 124917 | 0.2107 | 0.0295

q.=0.3

q,=0.5,| 5.2521 7.9568 | 0.2529 | 0.0533

q.=04

q,=0.5,| 9.6612 5.5706 | 0.2612 | 0.0365
9. = 0.5

q,=0.7,| 3.9258 | 11.2955| 0.2559 | 0.1189

q.=0.3

q,=0.7, | 6.1327 7.8411 | 0.3007 | 0.1163

q.=04

q,=0.7,| 11.8411 | 5.0735 | 0.2945 | 0.0889

q.=0.5
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q, DEINT Y 525V o 7488 C 3L, q,
DM CEERIER L 23D T B85 5 (R
7). PHREGHBE S T 7, EERE A B L
DOFEFRL Y, q, OB TVEEREAHE R <k, >7%, A
FABEZ & IEMBICZ LT (X 7, £ 8). oA
ANFEHIE, ¢,= 0.1 LSO & x, g, OHINTHE
M LTWB(FE 8). 7 T ALY o TR~ F
FREOE, X T-1.0 (UM% B S (55 8).

72 8. ~FF5#(coupled duplication model)

WRESAT | IR | B T

AR | A XD v
7R
q,=0.1,¢,=03 | 3.0798 | -0.2620 | -0.9531
q,=0.1,q,=04 | 3.0085 | -0.2049 | -1.0485
q,=0.1,4,=05 | 3.0277 | -0.2044 | -1.0028
¢,=03,¢.=03 | 4.0506 |-0.0706 | -1.1018
4.-03,9.-04 | 35074 | -0.0116 | -1.0418
4.-03,4.-05 | 3.0392 | 0.0388 | -0.9028
4,=05,9.—03 | 44756 | 0.0818 | -1.1082
7.-05,9.—04 | 40153 | 0.1361 | -1.0778
4.-05,4.—05 | 34508 | 0.1695 | -0.9516
¢,=0.7,9,=03 | 47095 | 02012 | -1.2098
4.-0.7,4.—04 | 40589 | 02516 | -1.0058
4.-07,4.-05 | 35001 | 03015 | -0.9496

_ new potential edge
potential edge
. / new link
A new

new potential edge
random select

9. connecting nearest-neighbor model (2175 U
THHE ORI, HER u TRT vl o PR
ROV 712702, HH 1u THRHMIT v &
DB U 72TH R &S T 5 (new link). [AIRFIZART

Ty Ty VB AR S 415 (new potential edge).

6. connecting nearest-neighbor model[6]

ZOTTTI, FBTEAN T 2 MT#ER L
TTAR CHRE L TR T 5. 20 L EBHRLCTE
SO BEEETA AL &R TE R & ORI, HiE§ 2 Al RE
PEREL D, DFE D BEMICE X TAGEOAGEIE
I ATRKEE] IZ72 5. connecting nearest-neighbor
model D U > 7 DR A K 9 1ZRT

connecting nearest-neighbor model D il & k1L,
LR DN —AZHED .

(1) = 1w THMIERZBINL, 727 AI0E
R TZTER EERE 2. JBIRTE R DO BEEETA AL
EHHEREDRZRT vy Ly Tl
LT, EEDU 7 EERNRET 5.

Q) MRUTRT YLDy VNnbT U H AT
AR L, EBEOY I IIET D,

Xy bV =2 % EOTETERLIHER, 55
NI RB A P(h), “FEIRE G HBE<k,>, 27
T ALY TRRE<C>EENERH 10, 11, 1212
RL, ETRER A2 9,10 17T, £ 9 OFEHRIT,
PR R 20 [EIEHR L7 AT, ool
100 [EIFHEL U 7 FAfE TR g

SRS AR BE <k, >N EMBEATH D SF Ry U
— 7 AR TE % Z & )Y connecting nearest-
neighbor model DR TH 5 (X 11). FEIFEEHH
B DT FEEIT 0.6 ITUTVWMEZ B (32 10). F8
7T ALY TR OSSR o (IZBD
57-0.6 ([ZUTVMEZ HL S (2 10). u 2SEEINT 25 &
77 ALY o TREBCLEINT 5 (& 9).
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u
u

nn
ooo
N
O+<¢

0.1

# 9. TS B (nearest-neighbor model)

PRI L c R
u=03]| 2.86006 9.2244 | 0.1834 | 0.3190
u=05| 3.9925 7.4651 | 0.2789 | 0.2794
u=07| 6.65% 5.9951 | 0.3675 | 0.1888

P(k)

0.01

0.001

0.0001
1

degree k
10.
5347 P(k). N=3000, u=0.3,0.5,0.7 TIF\>, 100 [[
DFEBRAEROVHETT 7y M 5.

connecting nearest-neighbor model CAE ik L 72K

100

<k_nn>
N
o

degree k

11.
BkEAMBE<k,>. N=3000, u=0.3,0.5,0.7 TFT\>, 100
Bl OFEBRFEROFHHE Ty T 5.

connecting nearest-neighbor model CAEf% L 72

0.1

<C>

0.01

1 10 100
degree k

12.
¥jo o282 o 7EH<C>. N=3000, u=03,0.5 0.7
100 FIOEERFEFROFHETT vy b5,

connecting nearest-neighbor model T4k L 72

TH,

7 10. 5§ M (nearest-neighbor model)

WEAT |PESRE A A | 7 F A &
VTR
u=03] 3.3164 0.5042 -0.5990
u=05] 2.6091 0.5600 -0.6023
u=0.7{ 22001 0.6318 -0.5819
7. BPHYIiC

AFETIE, BFTA = LNCERL, WO
D SF*y hU—TARET VAR L. SE
A LTE-EFTALSMC S, 2 DSF Fy U —
JETADEREINTWS., BUE, Z0XH7%
SF v U —27 ORBHFESCE A —L T o
JVADILENZHRTT D, MR e U—a7e s e
ZEATONTREY, T L 725 ET LV OFRHY
OHFITHEETHD.

BE IR
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