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Equilibrium Characteristic Analysis on Network Systems
using Eigenvalue

Masato Yamamoro, 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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Hmax2 + Hmin )

kop® HMZ L TZOMMMDLIZ BT HAd 2 XD &
I ZNER 2R [AXEBIdk =kep? &
E RN

kop= (28)

1+ klimaxo k<k°P® La
o _FLtna?LZ
P TR k0B R (29
=1 —klmin k>k0p®& &

THhoPOR2ART I, k=kpk L72E Z DA
ERAMEE 22 Do LW/NEWITEPHEEEIT I VO
T, REDOBERBE 25 2 &> Skop & iiB AR
Belprz b da,

V. &EJ 7 7 BEDEFE & T
1. #RY 277 7S ERHER

MELIPNEIIBNTYT T TG, ST 2 EA
filf & PEFRFEIC OV TIRRT2 2 & & HEE DR O R

B EHRT T THEED W OPIZDOWTHGEET %,
(1) 79 7
WRHctd 2 79 7HEEIZ U T O D TH L. T
ZIIHAN THRIETH 05, KEEOLT LT 5K
BORESDEER TR L L DR RAZ, TILEFN
OREEXZR 3 127R T,
BIZ7
W TE S OREIE 1 TH DL, Kb Td 5 H M
METAROREIL2 TH 5,
2RTAETFT 7
AMEIE IO 4 THE O RN 2 . JE3338 0 T
DA OTEIOWRENE 3 . K Th AN TEMO R
B4 THDH, HEEHEDOTETIZREEE T 5,
3REEFITZ7
wME ST RO § THE O WEL 3. Lyt ofs
BLOFMIAET 2 THAR T 4 . 4 6 HINFS
DOTEEKRENL 5 . KD TH LN TES ORI 6
Thb, ML, BHSOEMITIEEE T 5,
NAIN¥21—TT57
ETHEADORYDH U CTFORE SIFETESBIC X
NEDbD,
(2) THA%
1 OOEEDTE N UL, 6412 55001842 & § 5,



134 oA ¥ A-fE BOE O [E
x1 M7 7OTESREK, &k w/hEAE
i . TE TR [ A il
yootE | TR — - _ - Py, o
Bk | Py k| m | Metmmd | g
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 RTCHEF 256 4 3.75 3.931892 -3.931892 0.0 0
400 4 3.8 3.955323 -3.955323 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
3 RITHET
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
N 128 7 7.0 7.0 -7.0 1.0 0
NANF 2 —7T
256 8 8.0 8.0 -8.0 0.0 0
512 9 9.0 9.0 -9.0 0.0 0
%2 175 (A-D) OREAME, PR S & OR#EIKERE
1% (4-D [ JEIELRE
Jr— - 1751 ( ) A EXEYS }2
Hmax2 Hmin ﬂmaxz/ Hmin kcr kop k= kOP
64 -0.0024 -3.9975 0.000604 0.5003 0.5 0.9987
5 100 -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 02598 | 0.2548 0.9612
100 -0.0978 | -7.8042 0.01253 02562 | 02530 | 09752
2 WITHEF- 256 -0.0384 | -7.9231 0.00485 02524 | 02512 | 0.9903
400 -0.0246 | -7.9507 0.00309 02515 | 02507 | 0.9938
506 -0.0186 | -7.9610 0.00234 02512 | 02506 | 0.9953
64 -0.5857 -10.2426 0.05718 0.1952 0.1846 0.8918
125 -0.3819 -10.8541 0.03515 0.1842 0.1779 0.9320
3 RTTHE T 216 -0.2679 -11.1961 0.02393 0.1786 0.1744 0.9532
343 -0.1980 -11.4058 0.01736 0.1753 0.1723 0.9658
512 -0.1522 -11.5432 0.01319 0.1732 0.1710 0.9739
64 -2.0 -12.0 0.16667 01666 | 0.1428 | 0.7142
‘ 128 -2.0 -14.0 0.14286 0.1428 | 0.1250 0.75
NANRF 2 =7
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) Heat=iH 2. HEHER

KM, THEBOZ T 7120w T, 751(4-D) D
AW, PHERA B X ORI ERE S & O
M 2 TR M E R T B

BAMEEIE, 302 —212k 0 2BQRE:R A
W5,

MRS ML L THEHD 7T 7O R T — %
ThbZNETNORA. PR, BEITH oA E
EFRVIRT. SNOHOF— 7 i3S THARIZ L S
bOT, WiFERY MU= OPEEEERT A LR
TERWA, P2 O L N=2 b b, HEEIZ
LIRS ) . FIUS L) BT o oK E
HWMEWEL D ZED5hhe N 8Fa—T%2ELY
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®3 WA EAE

77 7Kk k M A comment
0.501 -1.003981 -1.003925
0.5 1.0 0.999981 critical, optimum
bES 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 IRTCHEF- 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 RICHEF 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
X N 0.105 1.0 -0.890000
N \;f; 7 o 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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Dha% 52 %7 — 5 BR Q)AL B R Ly, Lo
>0THY, TOMPRKECEDPLP/NEL 2D, T
207 =5 hbAb L, IENGE 2 RKTTHEF. 3K
THET. NANRF =T 7T TDNHIZKELL R, A
R CNEI NS K %o § b5 P EIXFE CIET
I BB ERRL TS, ELIINANRNF =T
BN PR AL T b,
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IRLZ-EMEAE R D, 2 O FBEIC, B, 2 KkTT
Wt 3T NA3F 2 —TDIEIZ, hvE
S0 PN L 2B 2 L ER LTV D, $72,
C DM ke EkopDEFEATRE LD ZHIE 5T
BLHAVNEL o TWh, & 2 BIF 2 P 2 7R
TNANRF 2 —=TIZOWTR A IZKR L7z B2 1278
L7z OTEE L —F L Twb,
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T hypercube 512
0.0 } } } } } } } } } } }
0.0 0.05 0.1 0.11
k
X4 EEEREEAMRHMES 2 oK A
x4 EBIEVFEIRED S OFEIFA T v 71K
. TEAE | BERE | FEEAT v T comment
0.5 676282 critical-k
SC 512 0.49 51099 min. survey datum
0.25 71116
0.2512 72962 critical-k
2 KITHE T 506 0.2506 7144 min. survey datum, optimum-k
0.2 8504
0.1732 19312 critical-k
3 KTCHE T 512 0.171 4125 min. survey datum, optimum-k
0.104 11150
0.1111 3230 critical-k
PP 512 0.11 1638 min. su.rvey datum
0.1 1780 optimum-k
0.044 6219
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2 FEIC L BEMIEM L 72 & X OB OB X 2 FHIS
o

2. 32— a3 OER
(1) RHRIEFEIRED S5 DEAIRREEIF
VTR ATy THER A IR,

CORPRTL)IZEHE ST 7B WT, EER
AT i SRR O & &P ERT AL 0
DIIFETOAT v TEPIEFIZKE V. TNFA=
1EA= -1 HFEL TV LD T, A= - 10OHEIE
D EL 2w EIZL 25D THD, 2KIEBLV
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Do NANF2—7 75 7 TIRENRNAT v THE
¥ & FHEIC X > TR 7R ER IS S o3 hun
Bbo ERE L TIIERERE L TEFRE O BRD H FR
Lo THELLDEIL—FHLTWEZEN 05,
(2) W5 kT

W Z100H O EfE B L O BIEROME & &
S50 RT . OEDT—FIZL L, BT 71355
BUED ML 75 7 L0 HREL, ZOMEEH, WHT
ERVIEFEREVOT, WHLEZHIELTWE ) B
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K5 5L XOVIHHUE L T ORRME X
K & THAE | BREMREL | CPHsrEL | & (107/step) comment
0.5 3.812214 0.6625 critical-k
H 512 0.4 3.784467 0.8195
0.2 5.530834 1.1581
0.2512 0.035192 0.0001 critical-k
2 RIeHET- 506 0.2506 0.024579 0.0005 optimum-k
0.2 0.028334 0.0009
0.1732 0.014919 0.0008 critical-k
3 RITHETF 512 0.171 0.013102 0.0000 optimum-k
0.104 0.019405 0.0003
0.1111 0.009210 -0.0001 critical-k
A 512 0.105 0.008838 0.0000 :
0.1 0.008838 0.0000 optimum-k
0.044 0.030310 0.0003
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