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Constructing a Social Contact Network based on Cellphone
Call Records and Analysis of its Scale-free Property

Jinho Lee

Department of Management Science, Korea Naval Academy

We consider a human contact social network that has connections through cellphone addresses. To construct
such a social network, we use real call records provided by a large carrier, and connect to each other if there
exists a call record between any two cellphone users. Due to its huge amount of data, we down-sample it in a
way that the smallest-degree nodes are removed, in turn, from the network. For a moderate size of the networks
we show that the degree distribution of the network follows a power-law distribution via linear regression
analysis, implying the so-called scale-free property. We finally suggest some alternative measures to analyze a

social network.
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Table 1. Number of monthly distinct calls in 2009.

number of distinct number of distinct call
Month i o Month : o
call pairs(million) pairs(million)
12 313 6 29.1
11 28.8 5 29.2
10 30.7 4 28.5
9 30.0 3 28.0
8 28.5 2 25.7
7 29.8 1 26.1
Average 28.8
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Table 2. Contact networks with different cumulation periods

| i | ot | o |
G 13,748,461 31,272,417 4.5 2,125
Gy 17,137,361 59,329,219 6.9 4,980
Gg 19,622,089 92,556,677 9.4 8,849
Gy 21,649,040 123,109,834 11.4 12,047
G, 22,931,058 148,721,984 13.0 15,343
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Table 3. Largest component size of contact networks with

different cumulation periods

G Number Component size % of Component size
of nodes to number of nodes

G, | 13,748,461 13,683,151 99.52%

Gy | 17,137,361 17,123,988 99.92%

Gy | 19,622,089 19,615,666 99.96%

Gy | 21,649,040 21,644,618 99.97%

Gy, | 22,931,058 22,927,621 99.98%

Table 4. Connected contact networks after taking the largest

components
4 Eu:;zzrs Number of arcs Aoy o
G, 13,683,151 31,231,085 4.6 2,125
G, 17,123,988 59,321,217 6.9 4,980
Gy 19,615,666 92,552,929 9.4 8,849
G, 21,644,618 123,107,251 114 12,047
Gy, 22,927,621 148,719,957 13.0 15,343
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G, min degree Number of nodes Number of arcs Doy Ay ax
10 909 9,581 21.0 134
G, 15 92 1,257 2713 69
20 56 752 26.8 60
10 92,114 870,566 18.9 538
G, 15 3,217 55,900 34.7 452
20 1,036 22,479 434 361
10 2,732,757 30,647,776 22.4 6,013
G 15 18,179 335,825 36.9 906
20 5,637 140,890 49.9 799
10 4,494,438 57,083,008 254 9,777
G, 15 1,410,772 21,543,029 30.5 6,209
20 12,409 324,567 52.3 1,083
10 5,857,785 80,670,365 27.5 13,422
G, 15 2,529,342 42,085,201 332 10,200
20 24,167 615,209 50.9 3,266




Constructing a Social Contact Network based on Cellphone Call Records and Analysis of its Scale-free Property 5

1[71*17”41 =T

4. A9 Y| EY 9] Scale-free A

A 27 A Degree’t 22 =T EHE a4 02 A A= ¥
B e MEH S Fote] AR oRYEYAY AV E &
d AT B Aol A olgA FAEVEYAT T A

°o|g
H< AWy Ao EAS FAL A=A E Avnad

.

UEH] 29 944 EA S Awsta vlas] 27] 93)A o
g G Aoy A X (Measure) & 4 &3 & 5 Atk &
5 A4 WEY IS 2 gy vMEY] I Uit EALS &
ofR7] Y Y2 oL e SAX TR AHaty] o
O g g s Aotk o gt BHE FAA MEYZ
£ B4stet W FEHAA AHEEHL e thEHA A4
2]+ Barbasi and Albert(1999)7} 78 2|3t Scale-free W] EH F.9]

. Scale-free2] 54 < 7HA & W EY AR st YHS

&3t ZHA F Degreed BEE Q8= Zlo|t). Barbasi
and Albert(1999)-2 Scale-free VI E$ I+ Degree®] X7} 7
A5 W2 (Power law)®] FEHE B2+ VES A B9

(a) (]
03 02
T.
025 f---
T_ DigfEbe s s
Dz.JfI..... lt‘
= pasfhel = gl
T o ¥4 o ‘f+¢+
L3 1l
0 20 4 80 80 100 0 20 40 & 80 100
k k
(c) (d)
(1 02

—— 1-core
—a—S5—com
- —— 10-core

|
[t —+— 15-core

Pik)

+ -1 —=— Z0-core

3
0 20 40 B0 8O0 100 0 20 40 80 B0 100
k k

Figure 1. Degree Distributions after obtaining the minimum degree
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Table 6. Regression analysis results of contact networks for

minimum degree nodes

Network | minimum degree (£ error) R?

i 2.36(20.050) 0.958

5 2.82(£0.038) 0.978

G, 10 3.30(20.080) 0.970

15 2.33(£0.121) 0.917

20 1.95(£0.173) 0.815

I 1.81(£0.042) 0.984

5 2.14(0014) | 0.999

G, 10 2.55:0019) | 0.998

15 2.45(£0.066) 0.980

20 2.46(x0.114) 0.941

| 1.75(£0.046) 0.981

5 2.06(x0.011) 0.999

G, 10 2.36(20.009) 0.999

15 2.72(0.016) 0.999

20 2.29(£0.061) 0.980

I 1.72(£0.049) 0.977

5 2.01(x0.013) 0.999

a, 10 2.28(20.008) 0.999

15 2.54(£0.009) 0.999

20 2.36(£0.040) 0.988
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