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Equilibrium Characteristic Analysis on Network Systems
using Eigenvalue

Masato Y AMAMOTO, Keisaku KUMAHARA

ABSTRACT

During recent decades, according to the extension of the social and economic activities, the systems utilized to
support these human activities and other all kind of ones has been expanding. The network is an essential part of
system to its expansion. The network structure is demanded to fit for display of system functions. In this paper
a method to analyze the relationship between graph structure and equilibrium characteristic of networks are
discussed. The equilibrium characteristic is one of the important factors for networks and depends on the graph
structure of network. As a common model formula applicable to all kind of systems, we introduce a harmonic function
type formula to explain the dynamic behavior of network, and analyze the equilibrium characteritic on networks of
several graph structure. The graph structure is explained using the adjacency matrix. We show that the equilibrium
characteristic depends on the eigenvalues of matrix formed of the adjacency matrix, the degree matrix introduced
from the adjacency matrix and the coefficient of sensitivity. In addition, computer simulations of equilibrium behavior
in cases of network disturbances and continuous fluctuations on sample networks of up to 500 nodes are carried to
verify the results of the analytic studies. Using this relationship, it is possible to evaluate, improve and optimize the
equilibrium characteristic of a network by controlling the graph structure.
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=1 #3757 oESKE, &K BNEEE
. THA KRS & A 1E
75 7 R “ — - - — —
Bk | vy Bk | ®mh | woERS | B8R
64 2 1.96875 1.997664 -1.997664 0.048327 0
- 100 2 1.98 1.999033 -1.999033 0.031104 0
= 256 2 1.99219 1.999851 ~-1.999851 0.012224 0
512 2 1.99609 1.999962 -1.999962 0.006124 0
64 4 3.5 3.758770 -3.758770 0.0 0
100 4 3.6 3.837972 -3.837972 0.0 0
2 IRTTHEF 256 4 3.75 3.931892 -3.931892 0.0 0
400 4 3.8 3.955323 -3.956323 0.0 0
506 4 3.8221 3.964262 -3.964262 0.001518 0
64 6 4.5 4.854102 -4.854102 0.381966 0
125 6 4.8 5.196152 -5.196152 0.0 0
3WTT
e 343 6 5.14286 5.543277 -5.543277 0.0 0
512 6 5.25 5.638156 -5.638156 0.0 0
64 6 6.0 6.0 -6.0 0.0 0
RSP 128 7 7.0 7.0 -7.0 1.0 0
256 8 8.0 8.0 -8.0 0.0 0
512 9 9.0 9.0 ~-9.0 0.0 0
£2 175 (4-D) OEAME. FEHEASD L ORBERERE
N 175 (4-D) EEME R EEARY A
75 T TEAH ) B R 2
Hmax2 Hmin .umaxz/ Umin ker kop k= kOp
64 -0.0024 -3.9975 0.000604 0.5003 0.5 0.9987
- 100 -0.00098 -3.9990 0.000245 0.5001 0.5 0.9995
= 256 -0.00015 -3.9993 0.000038 0.5000 0.5 0.99992
512 -0.00003 -3.99996 0.000008 0.5000 0.5 0.99998
64 -0.1522 -7.6955 0.01978 0.2598 0.2548 0.9612
100 -0.0978 ~7.8042 0.01253 0.2562 0.2530 0.9752
2 RICHET 256 -0.0384 -7.9231 0.00485 0.2524 0.2512 0.9903
400 -0.0246 ~7.9507 0.00309 0.2515 0.2507 0.9938
506 -0.0186 ~7.9610 0.00234 0.2512 0.2506 0.9953
64 -0.5857 | -10.2426 0.05718 01952 | 0.1846 | 0.8918
125 -0.3819 | -10.8541 0.03515 01842 | 01779 | 0.9320
3T T 216 -0.2679 | -11.1961 0.02393 01786 | 0.1744 | 09532
343 -0.1980 | -11.4058 0.01736 01753 | 01723 | 0.9658
512 -0.1522 -11.5432 0.01319 0.1732 0.1710 0.9739
64 -2.0 -12.0 0.16667 0.1666 | 01428 | 0.7142
| 128 -2.0 -14.0 0.14286 01428 | 0.1250 0.75
NAINX 2 —T
256 -2.0 -16.0 0.125 0.125 0.1111 0.7777
512 -2.0 -18.0 0.1111 0.1111 0.1 0.8
(3) WETEHE 2. REHER

ZHE, HEHOZ S 71220 T, T51(A-D) D
EAEEE, FHERB L ORERERE: S ICF
B 2 R LB FHET 5,

BAMSEE., av¥a—7I12kh 2BORERZH
Who

WRATHELTHARD 7S 7O ERT 7%
THHENENORK, KRG, BETHOEFE
EVIRT, ChOo0F— 7 3G L THAKICL S
bOT, EEAY P27 OFEBEERRT A LI
TEROWDY, FEEELROLN-A LD, HEEIC
L) FIHREARLR D . FNIC L) BEETH ORKE
BEPBRLRDLZEDPDNDe NANF 2 —TEEL T
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®3 BEREEERE

75 T HEE k A A comment
0.501 -1.003981 -1.003925
0.5 1.0 0.999981 critical, optimum
B 0.49 1.0 0.999982
512 0.4 1.0 0.999985
0.3 1.0 0.999989
0.2 1.0 0.999992
0.252 -1.006176 1.0
0.2512 1.0 -0.999807 critical
2 IRTTHEF 0.2506 1.0 0.995332 optimum
506 0.25 1.0 0.995343
0.23 1.0 0.995716
0.20 1.0 0.996274
0.1733 -1.000450 1.0
0.1732 1.0 -0.999296 critical
3 RTTHETF 0.173 1.0 -0.996987
512 0.1710 1.0 0.973967 optimum
0.15 1.0 0.977164
0.104 1.0 0.984167
0.1112 -1.001600 1.0
0.1111 1.0 -0.999800 critical
0.11 1.0 -0.989999
. . 0.105 1.0 -0.890000
A \5?;21 7 0.1 1.0 0.800000 optimum
0.089 1.0 0.822000
0.067 1.0 0.866000
0.044 1.0 0.912999
0.022 1.0 0.956000
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1.0 + . o®
© ° e
0.8 + ° o
Al L
+ hypercube 512
0.0 f f f f ; f } } } f f
0.0 0.05 0.1 0.11
k
B4 BEELRE L MAES 2 RKEAE
K4 ERFFEREI S OFHERAT v 7H
H & TEAH | BERM | FERAT Y TH comment
0.5 676282 critical-k
B 512 0.49 51099 min. survey datum
0.25 71116
0.2512 72962 critical-k
2 WItHEF 506 0.2506 7144 min. survey datum, optimum-k
0.2 8504
0.1732 19312 critical-k
3 RITHET 512 0.171 4125 min. survey datum, optimum-k
0.104 11150
0.1111 3230 critical-k
NI 2T 512 0.11 1638 min. su.rvey datum
0.1 1780 optimum-k
0.044 6219
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K5 WHLXDOTHHHEE ZDERMES
% % s | BEEREK | FEOE & (10™/step) comment
0.5 3.812214 0.6625 critical-k
& 512 0.4 3.784467 0.8195
0.2 5.530834 1.1581
0.2512 0.035192 0.0001 critical-k
2 RITHET 506 0.2506 0.024579 0.0005 optimum-%
0.2 0.028334 0.0009
0.1732 0.014919 0.0008 critical~k
3 RTCHE T 512 0.171 0.013102 0.0000 optimum-k
0.104 0.019405 0.0003
0.1111 0.009210 -0.0001 critical-k
. 0.105 0.008838 0.0000
NANRNF 22— 512 :
0.1 0.008838 0.0000 optimum-k
0.044 0.030310 0.0003
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