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Analysis of Effect of an Additional Edge on Eigenvector Centrality of Graph
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Abstract

There are many methods to describe the importance of a node, centrality, in a graph. In this

paper, we focus on the eigenvector centrality. In this paper, an analytical method to estimate the

difference of centrality with an additional edge in a graph is proposed.

analytical method to estimate the centrality, two problems,

In order to validate the

to decide an additional edge that

maximizes the difference of all centralities of all nodes in the graph and to decide an additional edge

that maximizes the centrality of a specific node, are solved using three kinds of random graphs and

the results of the estimated edge and observed edge are compared. Though the estimated centrality

difference is slightly different from the observed real centrality in some cases, it is shown that the

proposed method is effective to estimate the centrality difference with a short running time.
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Table 1. Eigenvector centrality of each node in [Fig. 1]
node 1 2 3 4 5
centrality | 0.15 0.34 0.60 0.50 0.50
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Table 2. Square of eigenvector centrality difference for
each additional edge in [Fig. 1]

additional edge (1,3) | (1,4) | (1,5) (2,4)

difference f 0.08 | 0.05 0.05 0.03
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3.3 Estimation method for total centrality
difference with each additional edge
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3.4 Estimation for centrality difference of
particular node with each additional edge
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3.5 Error analysis
3.34, 344dolA AHg 244 e T FRHY AE

WA Qe

3.5.1 Error of differential equation

(A DozRE T3 (4 2% njie] ejo] o3 o] 27
@1, =l ol el fas. 3, Adne s

o] %<& HHOHUJ (4] 2% 99 ks 20 =

4ol 4L 2u YonE, AL WAL UE &

/\1 (2 6)elA 1,0 tigtk A9k a9 tﬂﬁ}a& —LLAP%*EE A

AT o])\}

-

g

3.5.2 Error of Least Squares problem
(A Dol A @9 rank7} full rankE zH=thd, (2] 4)9 A



Analysis of Effect of an Additional Edge on Eigenvector Centrality of Graph 29

o3k glo] & 4= g7 ¥t ey, 2y = wel

[e) -
Q=A— )= full rankE 284 e A7 EA8LAL, o] H$
AFPgAe YAHd eAE o "k o oA
Y (U7/o) 7 Bk A7 b=—224 | r=rank(Q
i=r+1 at”

upebd], 3 27lg EA4 9 e w1 4= gl WA
M9 A1 2/ Ak, aEE, A ghe Teke B4
A o] AAHo R o Hwo| HEAHS ZrEAE st
= dap) s A o Fel e AN Adic

2 ATt 339 RPN RENS AFA A
AALE A, ABALE A9 3TR R 2
=g Ee A

Erdos®} Rényiel 1
o] = (Bgx)[12], Wattso} Strogatz«] = (WL
g =)[13]e gt} BE 12| k= J¢E 300]1L, ¢A|
o Aee o 2ok g4 gz, oA Al EE 50789 1
ZE AAste] AS AUt oS [F 3] Al =7 F2H)

o

A aE el ALgE TeRlE o) A9 Fl4E Bel F3 9
t}.
Table 3. Graphs of experiments
E graph B graph W graph
E1 E2 B1 B2 W1 W2
r pl' m,= m,= m m
parameter :2p0cy =26.8 | ° Z o v
Sl 9% - -
# of 87 117 | 84 | 114 | 90 | 120
Edges

EaejZ= 7} o X9 A4 &5 pra dAste] AT 19
R o]

Zolth, BT AAHE w20 m, 709 XS o] A
 wto] R AAsks Wi I¥xE AAEE=Y),
AAE J#EE scale-free 1E7} "l WIIZE

small-world A4S 2tal 9l =29 Ho AZEIF m, 9 F
249 gjrolnt. A el wat AGE oA o] AET) vz

Stes Hoigk A4 jJr nHE 24383
3Gl At 371 o Ao mE FHA Wl FAGko|
ofsl7] 93] AAE F7heE A& 2t

o= A% HHAAF o]
o Qe e AR Tk o3 @ A9 ghols
“ BASO] ~2 EAE FA%D TR
3o AW F A BAE TP, 5 4 TR 97
2o Aol 74 BAPEREe AAZ ST G LAY
2|

o
N
9,

N

—
=
S
<

=

LAz A4 ()
Gl s e B4 o(6)sh D) 12
CEREERE

[k 2
r«EI
]
2

fl @
9\1{
rlr
~
il
-
e
K
4N
}11*
o=
~
N
]
:
u
AC)
RO
w

[[—
= Lo
2
oo
SL
R—a
R
o2
R
S ;,3!
il
X,
23
i)
4
¥0
o
=

o
[o
"
2,
i)
of
3
tlo
=)
SE
olr
-3
o
ofl
o]
rlr
)
>

pi
rir
ful
g

AX,,

5
<
IS
o
rir
—~—
s
z
W
)
3
o
ol
10
r_\.\g
[
il
o

i
b

WSS M S A0E 34
A %}%kg 7hx 4%

oZi mlo 2 !.: o

fr 2 o
o)

é—{N-o?.:rEM:E
N

=
E
-
)
iy,
_E
i
fr
_&
-1N
=
%0,
o

Table 4. Results of [problem 1] for each graph

rank
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Table 5. Error for each graph(%)

graph E1 E2 B1 B2 Wi1 w2

Errorp 0.162 0.141 0.033 | 0.040 | 0.179 | 0.153
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Table 6. Probability of [problem 2] solution
graph E1 E2 B1 B2 Wi1 w2

probability 0.969 | 0.992 | 0.997
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