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https://www.msi.co.jp/splus/learning/spatial/frame.html
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M.T.Gastner and M.E.J.Newman, EPJB 49, 2004
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Typical Spatial Net Constructions

Step 0 Step 1 Step 2

a) BA Add new node
@ Initial NO nodes with m-links New m-links

<‘<‘

Saturated node

Preferential attachment

Assign a degree k Connect to neighbors

in the radius r = A k"2

(c) RAN ; [ ;[

Initial triangulation Add a new node Connect to its closest 3 nodes
inside a chosen triangle

Y .Hayashi, IPSJ Journal 47(3), 2006
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2. FEBENFAIEBIEBAET I
EIEBAEF MBI ) —K jOEREER: N; o< d;“pop! k]

S.5.Manna et al., PRE 66, 026118/066114, 2002, PRE 68, 026104, 2003, New J. of
Phy. 9(30) 2007.
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3. BATER R R

A A

B C B ¢ o]
(a) Random Apollonian Net (b) Random Pseurdofractal SF Net

Mapping from links a-i
—

to nodes A-I

(c) From a random Sierpinski gasket to the correspondig Sierpinski Net

S.N.Dorogovtsev et al., PRE 65, 066122, 2002, Z.Zhang et al., EPJB 65, 2008
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Random Appolonian Network

HIZIZHZ 7 2 & LOERY, TOHNICH . —R 28000 T, #H/ —K
LEIENAZMEOE ) —R 2D VI TDHI L% KT,

Initial triangulation Add a new node ) Connect to its closest 3 nodes
inside a chosen triangle
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n(k+1,N +1) = —n(k, N) + <1—"+1> n(k + 1, N)
N N
P(k) ~ n(k, N)/N % fx AL CHFRL 7=,
N+ N
k(P(k+1) — P(k)) + +/v SP(k+1)=0
WS, kIZDWTEGEILLL 72185 HFER
dP
kg = —7rRaP

& BEAMIETIRS &, P(k) ~ k=% {HL | yga = (Na + N)/N ~ 3,

Na = Npg + 2N.
T.Zhou, G.Yan, and B.-H.Wang, PRE 71, 046141, 2005
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http://aozoragakuen.sakura.ne.jp/taiwa/taiwaNch03/enteiri/node2.html

4. mE bl & B HEEE L (Optimal Traffic Tree)
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https://www.yunabe.jp/docs/lagrange_multiplier.html

B/INAR ~ BRI

INTG A=K pv>0TkY —fffk

f=> bl

p=0,v=1EEHMEICEDRNAR,
p=1/2,v=1/2 OTT,
p=1,v=0 BEAFOEDORDOAE F/MEI B2 BRI R N

M.Barthélemy, and A.Flammini, J. of Stat. Mech. L0702, 2006
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https://arxiv.org/pdf/physics/0601203.pdf
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M.T.Gastner, and M.E.J.Newman, PRE 74, 2006
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.058701

5. VAIKIZ & B K

o FRERIZMHU D sl THIKIZ &
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dw;i
% = f(Qy) — wj
Q = Wu'(p;” pi)
ij
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A.Tero et al., Science 327, 439, 2010
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https://www.kinokuniya.co.jp/f/dsg-01-9784314011099

Initial Configuration: UDG

N 10 —a

0.9 N, 104 1
N =107 - R |

0.8 . 7

Connectivity Ratio
o
(6]

S B
0O 05 1 15 2 25 3
Transmission Range A

— & DAREFIPH N O fEHREIE: Unit Disk Graph
LU dj <ANNgBHIE, ) —R ik jldkEs
= (REW R A ITHED 7 i D MR

Y.Hayashi, and Y.Meguro, Physica A 391, 872-879, 2011

Unit disk graph
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Network Genetration Methods

WA & 28T R =0.1N7 /8w b 2 848 IO FRAEHEIZ S
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Link Survival & U GreedyRouting TV > 7 e & /37w b @B L 726 &
AIEI: w; — wy + 1
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ZOEAEHE T = 3 x 10% [ THEY K

du<dy <dy

Modified Rule 2
(Self-avoiding)
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Modification: Adding Shortcuts

FEAEM: D WD 12
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From Organizational Theory

(DROYE = Ay N A& B ko k|
RS A aiiEEsslg) 0N T v A

1997 EDT A ¥V RKBIZH T D N I X OIS IR, 55 k5
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http://www.nttpub.co.jp/search/books/detail/100001726
http://ec.nikkeibp.co.jp/item/books/P46470.html

Quantitative Analysises

Shortcut Effect:
Internet AS, Delaunay Tri., Apollonian SF :

Y.Hayashi, and J.Matsukubo, Improvement of the robustness

on geographical networks by adding shortcuts, Physica A,
380, 2007.

Y.Hayashi, Necessary Backbone of Super-highways for

Transport on Geographical Complex Networks, Advances in
Complex Systems 12(1), 2009.

Multi-Scale Quatered Net :
Y.Hayashi, Evolutionary Construction of Geographical

Networks with Nearly Optimal Robustness and Efficient
Routing Properties, Physica A 388, 2009.
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Simulation Results
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Robustness against Failures

Ya—h~Av b & 5 GE

14 . 4 :
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Fraction f of failures Fraction f of failures
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Robustness against Attacks
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Average Path-Length: SW Property
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6. HODNENZ & 5 H SRR

BRI 7 B EE
@
—p >
(a) triangle (b) square
(c) triomino chair tiling (d) sphinx tiling
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Multi-Scale Quartered Net

BRAD 2 MERTHEZ 122G, [ AR O Y2 ET H SR
b BEZ ) — N BB AT

BITBE 2

ki = 2, ko = 4(Tri) or 3(Squ), k3 = 6(Tri) or 4(Squ).
80km PU/5% 160 x 160 (= &L 72 500m PUTFDEA » ¥ 212 A
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Good Properties of MSQ Nets

o 3 BRI —R DA THKI 1LNT AN

TR0 BT RN A T
o ERED./ —K MM w2 EHIMRDOMHDIENFEEE K (t-spanner, t = 2)
o ATIEMDAIE B HIN—T « > 7 HV#E A

Y.Hayashi, Physica A 388, 991, 2009, PRE 82, 016108, 2010.
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http://epubs.siam.org/doi/pdf/10.1137/S0097539700369387

Generalized MSQ Nets

FPHIETTIEING | £ DHIROD L x L DMk il T b 2 MR THEIRU 72
(RAFD) Hiz 53H]

(a) Initial square

(b) chosen face (c) subdivision

Y.Hayashi, T.Komaki, Y.Ide, T.Machida, and N.Konno, Physica A 392, 2013
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Random Walks with Splitting

X' xy'Z2nHILUTxxy < NAALE X, y) D5 (x,y) ICBH)

/
T Y
! y/ O
T S Yy o @
> » »
Y v~y o o
Y
xr
0 -z oz z’
Division of Rectangle Directional random Walk

H) BRI (X —x)xy, xx (Y —y), X =x)x(y —y) D3 DOEHE
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Universality

@ Generalized-MSQ v b : HOHBIZR ESIE CADH 3 E]) 26 K
FilE (FEE AT O #E)) 12—k

o TOMEMBNMD, METHEME T fR%E EH
= [E#F ETHR AT S RFDELAE Ffifi

o FE—FRIT /NS 2 FHIREET G-MSQ v b EDFELAIIL ¥ 1 TR
(FREIE i)

e s

Science 318(11), 742-743, 2007

Y.Hayashi, Chapter 4, In " Networks -Emerging Topics in Computer Science,”
A.Rezazadeh, L.Momeni, and |.Bilogrevic(Eds), iConcept Press, 2012
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Biological Foraging
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G.M.Viswanathan et al. Nature 401, 911, 1999, M.C.Santos et al. PRE 72, 046143,

2005.
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Inhomogeneous Adaptive Search
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Pk BRI O @E(E A : DTN

Delay/Disruption-Tolerant Network L —F > 2/

o
L (e

rhi!]xl < Agricultural Application Rail Surveilance e
i -

Low Altitude Radar
e T ;
Yy
‘»yvv | PORTABLE
g W' SYSTEM

(L) http://www.conceptdraw.com/examples/vehicular-network,
(R) https://www.rt.com/usa/185128-drone-nasa-robot-highway
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BT I 74 v 7 TIRERLS, REMRD BB CIERIAT — &2 xikz
“5/ N s 5?470>><~/Jz-—~/711)—(MFS)%%&M% AT —
vV

Routes Stochastic Deterministic
for moving decision (one- or multi-)
Interactions Synchronous Asynchronous

for data trans. || by encounters by node-relaying
of agents with temporal store

J.J.P.C.Rodrigues(Eds), Advences in DTNs, Woodhead Pub., 2015, E.Shah, Int. J. of
Com. Theo. and Eng. 3(4), 2011, W.Zhao et al., INFOCOM, 2005.
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Y.Hayashi, IEEE Xplore D|g|tal Library FoCAS 2015
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http://www.gaia.h.kyoto-u.ac.jp/~fractal/

