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Small World Model
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Bio-Chemical Nets
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Metabolic Pathways
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Food Web
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Optimal Topology
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4. Robust, Yet Vulnerable
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Effect of the Hub Immunization
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Avalanche Dynamics
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Simulation Results
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5. Geographical constraints
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5. Geographical constraints
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Effect of Triangles
EE30YA 7V (KEOKED ZAY) DFE

BT

k_ 2
(21)>

SNE VNS L2 Tgt > q., W

47% 7/1/0%??“17 VA LRI L0 HEgs !
L.Huang et al., Europhys.Lett. 72(1), 2005.

BITARZEREEDE B LA 20 BRI EERL 22 D #T R BH, 24 May. 2006 — p.33/49



3&7<%

| —

\\\‘:‘r.]’

),

Wireless Communication

DY AT N P2P, 7 Ry Zi@ER Y
ZiE LB Ry N U — T S

I<

)
% )

IRILXF—HE Hk5H
TPV HERR R 2 A R
Pz, )RR
75 <

E‘Q : «
ELIJ-'X-'

mill

_/"Ii:‘ ﬂﬁi% %%b\,
U > T REFEDI TR

BRTA R R BT 2090 R SRR OB R, 24 May. 2006 — p.34/49



Geographical SF networks

—AEISNTZH DR b BRI AR

Random Apollonian: 7 > # A& R L7= =AFN
[ZH ) — REFAL, £ 2 b&TEAICHES
(A DHEE)

Delaunay-like SF: %7/ — R&HLL & LTed Db
N TR LETE Z2 9 (KiREEY > 7 O3

Delaunay Triangulation: xff & E#{EL £l T

1st diagonal flip 2nd diagonal flip
BNARZERFRE B LR BIG R OH R, 24 May. 2006 - p.35/49



Voronol and Delaunay

EHITWERESIZT 7 A9 A & L 7- B HEmE
| g

—l

Dual Graph

S e

DT IZII 7172 BV MEE
w/ A OR, s/ NNEEH, t-spannar 72 £

BITARZEREEDE B LA 70 BRI EERL 22 D #T R BH, 24 May. 2006 — p.36/49



Topological Structure

K
]

&
a
|

5

L

A

e ———

7

¥

RA+NN(one)

ARR L I BITANTHIA X T
NBAGTAAD X5 7B/ 25 B 2RIZAH

Y.Hayashi and J.Matsukubo, Physical Review E 73, 066113, 2006.

BRTA KRR BT 20 50 R IR BEER 0BT &, 24 May. 2006 — p.37/49
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Vulnerability
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6. Backbone of Super-highways
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Shortcut Effect

l,
O 0%
0.9?%VV + 3%
WV 0
0.8f 20 V. 5%
< e W A T%
n 0.7 A v o 10%
© o v
N v 20%
‘»n 0.6 A
b + O v v 30%
= 0.5- v
T A
o < v
(0]
g 04
03t T A v
0.2 ¢
2 v
+
A
o) ¢
0.1 + v
o A o
0 XX Y e adal, A Y oY A oV Y V¥V VoV VAV VAV VYoV ey
. . 0 0.2 0.4 0.6 0.8 1
Fraction f of attacks Fraction f of attacks

(a) DT (b) RA

10% FEEE OB TARAEEIZ . H /N7 K O RG FHE
DT: 0.3 — 0.5, RA or DLSF: 0.03 — 0.3 2 @,
JOE e S e o !

AR ZRFRE B TR BIGHCERI 2 OFT R, 24 May. 2006 — p.44/49



[. Summary

REDLL DXy b — 7 IZIET DK ;
NS TRt & TR & oA

BRTA KRR BT 2090 R SRR £ OB R, 24 May. 2006 — p.45/49



/. Summary

HEDLL DXy MU —7 2581 5 K
% Al

NS

TH SR

B2 B CTHE

L7 LI LA 25

R LIS ¢ T X LEIZIIEEE, but, T

W | 2 I MEgs
— T L AEE

e

[ E

R 7R N T S0 DA ]

BRTA KRR BT 2090 R SRR £ OB R, 24 May. 2006 — p.45/49



/. Summary

HEDLL DXy MU —7 2581 5 K
NS p R b T RIS

Bl 70 U BE C B AR i I A S

R LIS ¢ T X LEIZIIEEE, but, T
WEIZ I NEHs

— T )V AT E R R 7 N T DN )

R EOBIEEEIC LD 0 A — R EIZx)
T4 Rt 7 ) o 7 iR 0 B 2 B

BRTA KRR BT 2090 R SRR £ OB R, 24 May. 2006 — p.45/49



/. Summary

HEDLL OFRy N — 7 (2@ 58
NS TR b T RE ST

Bl 70 U BE C B AR i I A S

RS EHHS L T X LAEEIZIIEREE, but, N
WEZ I eSS

— T 4 VAR T S 7N T S DA )

R EOBIEESEIC X A A — NigE Iz %)
T2 FETRY 7 ) v 78RV B 2 BHEIR

HER IR & éﬁi/\ﬁ'ﬁ EoggiEib L, g —
N7y MIZ K AER

/.1

BRTA KRR BT 2090 R SRR £ OB R, 24 May. 2006 — p.45/49



/. Summary

HEDLL DRy T — 7 (2 H@m 5 H
NS et b T REFE T

B 70 R C B A B L A 2

R LIS ¢ T X NI IIEEE, but, T
W I3 e

— T IV R ZIXH SR 72 N TS DA )
R EOBIEEEIC LD 0 A — R EIZx)
4+ A R 72 U v 78R 0 B 2 BHAEGR

HER IR & EmiAﬁ'lﬁ EoggiEib L, g —
N7y MIZ K AER

/.1

LD ERWRy NT—7 ORGFHFEHEOMIALZ B L T!

BRTA KRR BT 2090 R IR BRSO BT R, 24 May. 2006 — p.45/49



Thanks
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Al. Geographical SF Nets

Modulated BA:
Hf,; ~ /{@ x [, Step 0 step1

(a) BA dd new node

ran d . p OS i ti O n initial NO nodes with m links ) .n

of node < <,

SFon lattices: sy
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Space-filling: .
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A2. Planarity and Shortness

class planarity of net shortness of links
Modulated BA X O
Manna’02, - crossing links | with disadvantaged
Xulvi-Brunet’02 (not prohibited) long-range links
SF on lattices X JAN
ben-Avraham’03, cross of regular 3 long shortcuts
Warren’02 links and shortcuts from hubs
Space-filling O YA\
Apollonian nets. by subdivision 3 long-range links
Doye’05, Zhou’04 | of a selected region | in narrow triangles
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A3. Efficient Routing

Planar triangulation: reasonable math. abstraction of
ad hoc net. (each triangle forms a service region)

Moreover, a
online routing algorithm has been developed for

networks on triangulation.

Destination
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