ISSN 1598-0170 (Print)
ISSN 2287-1136 (Online)
http://www.jksii.or kr

aAZTe e A vEYT THAFAA BY delE”

A Closeness Centrality Analysis Algorithm for Workflow-supported Social
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ABSTRACT

This paper proposes a closeness centrality analysis algorithm for workflow-supported social networks that represent the collaborative
relationships among the performers who are involved in a specific workflow model. The proposed algorithm uses the social network
analysis fechnigues, particularly closeness centrality equations, o analyze the closeness centrality of the workflow-supported social
network. Additionally, through an example we try to verify the accuracy and appropriateness of the proposed algorithm.
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Inpt An ICN I' = (§emk,LO) Output A
Workflow-supported Social Network, = (o, x, S E)
Begin Procedure

For (vae A) Do /* o =0, Uo, ¥/

Add all members of (e, (a)) To o,(each member of
7(6(0,(0))))

Add all members of ﬂ'c(ep(éo(a))) To o, (each member
of 7 (e,(a)))

FAx=x,Ux, "/

Add all pairs of (a.0), YoE WC(EF(())) To x,(each
member of = (e,(,(c))))

Add all pairs of (a.0) Vo< 7e,(6,() To x,
(each member of (e, (a)))

Rof
End Procedure

(3% 3) WSSN 274 elE
(Figure 3) WSSN discovery algorithm
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Input A Workflow-supported Social Network, = (o, x,
S B
Output A Binary Nondirected SocioMatrix, Z[NN], where
N is the number elements in the set of C performers.
Begin Procedure
Initialize all entries of ZINN] To 0

For (Yo € C) Do

/* Set the Incoming Relations to Z[NN] */

Set 1 To entries of Z[o, each member of ¢,(0)];

/* Set the Outgoing Relations to ZINN] */

Set 1 To entries of Z[o, each member of o,(0)];

Rof
End Procedure

(a7 4) o|Zl Zt FUEM SocioMatrix A L112|E
(Figure 4) binary nondirected sociomatrix generation
algorithm
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Global A Binary Nondirected SocioMatrix, Z[N,N]
Global A Set of Individuals, C
Global A Set of Traversed Individuals, T

Procedure Name: iCcMeasurement
Input A Binary Nondirected SocioMatrix, Z[N,N]

Output Individual Closeness Centralities, Cp(0,), .. ,C4(0,)

Local A Distance Matrix, Depth[N,N]
Begin Procedure
For (‘Jof =C)

For (Yo, = C o, #0;)

Depth(o;, 0,) « 1;

Switch (Z[o;, o,])

case 1: /* 0,907t UROE HS . ¥/
Golo) — Clo) + Depthlo,, o)

bredc
case (0: /* 0,2t 0,7} HIZ CIZE[A| YSE2 ¥
T—o;

Depth(o,, o,) « iDistance(o,, o,);
Colo,) « Colo) + Depth(o, o)
brea

Rof

Rof

1
Retum

1
Colog) "7 " Celo, )"
End Procedure

Procedure Name: iDistance
Input The source individual, o,, and the destination
individual, o,
Output The shortest distance between o, and o,
Local A Set of Distance Values, depthN]
Local A Set of Direct-tied Individuals, D
Begin Procedure
Initialize (depth(o, ), .. depthlo,)) « N,
D« @;
T—TU{o}k
For (Yo, =C)
¥ (Zlo,, 0] =1)D « D U{g}k
Rof
For (Yo, = D)
¥ (o, 0,1 =1)
depth(o;) < L
depth(o,) « depth(o,) + L
Retum depth(o,);
Fi
Rof
For("'o:-E D a o, & T)
depth(o,) « iDistance(o,, o,) + L
D+<D - {0k
Rof
Return Minimumidepth(o,). ... .depth(o,, )
/* mZ DO| & LiEIH=0|CE +/
End Procedure

(T8 b) THlcte| ZHSHY Y L12F

(Figure 5) Individual Closeness Centrality analysis algorithm

Co(N)=(g— 1) «» [C(V)]
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Global A Set of Individuals, C
Procedure Name: iCcStdMeasurement
INPUT individual Closeness Centralities, C,.(0,), .. ,Co(0,)
OUTPUT Standardized Closeness Centralities, C2(o,), ... ,
CSto,)
Begin Procedure

For (o, €C)

Cel0,) « (CD X Culoy);

Rof

Return C%(o,), .. ,CS(0,);
End Procedure

(0% 6) Yest=El Jhelcte| ZEEAMM BN da|H
(Figure 6) standardized closeness centrality analysis
algorithm

0% 2HFNAS AAY el 2YFAY AFTE
g pasgon EAYY. %, 1% 2954 7o
A AAYe) FAAZ Aole] 2HFHA WAL Fol
we

>

A CANT)E AFue M 2 AAd
43S el 2, CA(V,)E 1 9 9 Aelg
etk 18 2HFAA A5 HY

&
!

i)
ofN
o>

o o
9

o rlo “l

ooz Aoy
e heli|

M
3]
o
oAUy
o S 1S

N
o
&
A

82



AIEZ? M HEYD ZFEIAMY M LI2|E
¥ TAHTAA 7Y ¢aEES YEpith 2 =7 $4& Adch
S ALY ZHTAA B g EET o
dutste RIS THTAAG A gxEES 1§ 2 4.3 ZHFAN BN d02E HE
ASAA B duEE 2okskh
o] Aol M= oAl 39kt WSSN H ALY S-S (O
Global A Set of Individuals, C & 8)9] 23 ICN 7|t A Z2 9o Hegdon
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On . . = - = =
OUTPUT Group Closness Centrality ¢, SocioMatrix"§ 4 7 o] & &-83 B& FYAE7E S AT
Begin Procedure THEE Ak 28AE dEE AYs, 2HFA
e ey e 4 g TAES A AR 2UFUY, Quste
G <= Gy + ( ( Maimum(CE) - C3(0,) ) / div ); M ZHEAA, 15 SHEAA pES 73
/- Maximume g o] FIizte HreibiCt +/ (18 8)2) WSSNell (18 49 ¢1eES FEA7
Rt ¢ W D) A% & oA g PR SocioMatriot &
End Procedure HH T (& 1)9] SocioMatrixg (18 5) €1 EEe] 949
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(Figure 8) ICN-based workflow model(left), Workflow-supported social network model
(right)
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(Z 1) old #

YT Socio (), 22| HE(D)

(Table 1) Binary nondirected socio matrix(left), closeness-distance matrix(right)

2l P p2|p3]ra|ps|ps|r7]ps|rpo 2P p2|p3|pPafrs|pe]|p7]pe|po
P1 0 0 1 1 1 0 0 0 1 P1 0 2 1 1 1 2 2 2 1
P2 0 0 1 iy 1 0 0 0 1 P2 2. 0 1 1 il4 2. 2 2. 1
P3 1 il 0 0 0 1 il il 0 P3 il ke 0 2 2 il 1 il 2
P4 i il 0 0 0 i1 il 1 0 P4 1 il 2 0 2 1 1 1 2
P5 1 il 0 0 0 1 1 1 [¢] P5 1 il 2 2 0 1 i1 1 2
P6 0 0 i il i 0 0 0 il P6 2 2 1 1 1t 0 2 2 1
P7 0 0 ilt il ilt 0 0 0 il P7 2 2 i i L 2 0 2 s
P8 0 0 gl il gl 0 0 0 il P8 2. 2 1 1 1 2. 2 0 1
P9 1 1 0 0 0 1 1 1 [¢] P9 1 1 2 2 2 1 1 1 0
(£ 2) 2EHSE M 20t 82 Z 3 ¥ d(Reference)

(Table 2) Closeness centrality analysis results table

c ° P1 P2 P2 P4 P35 P6 P7 pg PO

Co(Np) | /12 | /12 | /11| 1/11 | /11| 1/12 | /12 | 1/12 | /11

CE(NI) 06666 | 0.6666 | 0.7272 | 0.7272 | 0.7272 | 0.6666 | 0.6666 | 0.6666 | 0.7272

0.0606 | 0.0606 o 0 0 0.0606 | 0.0606 | 0.0606 0

0.0812
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