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Impact of ‘Small World' Social Network of Consumers on Pricing Decision in
Duopoly Market

Abstract

Abstract: Noticing the influences of friends on consumers purchasing decisions, the impact of ‘small
world' social network on price competition in a duopoly hotelling model was studied. A multi-agent based
modeling approach was proposed to represent the consumers' decisions, which related to their
connected friends in a social network, as well as the firms' pricing decisions. Simulation results reveal
that the ‘small world' social network has a significant impact on the competing firms' pricing decisions. In
specific, with the increasing number of consumers who are impacted by their friends, or the increasing
likelihood of following friends' decisions, consumers then behave less rational. Both firms benefit from
such bounded rationality and gain profits by raising their selling prices. In addition, one firm may benefit
more than the other due to the network structure of the ‘small world'. As a result, policies of sales effort
investment are also different for the two competitors.
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Abstract: Noticing the influences of friends on consumers purchasing decisions, the impact of ‘small
world’ social network on price competition in a duopoly hotelling model was studied. A multi-agent based
modeling approach was proposed to represent the consumers’ decisions, which related to their connected
friends in a social network, as well as the firms’ pricing decisions. Simulation results reveal that the ‘small
world’ social network has a significant impact on the competing firms’ pricing decisions. In specific, with
the increasing number of consumers who are impacted by their friends, or the increasing likelihood of
following friends’ decisions, consumers then behave less rational. Both firms benefit from such bounded
rationality and gain profits by raising their selling prices. In addition, one firm may benefit more than the
other due to the network structure of the ‘small world’. As a result, policies of sales effort investment are
also different for the two competitors.
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Function HotellingSimulation (c, , ¢; )

01 ( Customer[N], SN ) = BuildSocialNetwork( N );

02 FOR (i=0;1<Nj;i++){

03  Customer[i].x; = randUNIF( 0, 1);

04  IF (o;>=randUNIF( 0,1 ))

05 Customer(i].type = Independent;

06  ELSE Customer([i].type = Social,

07}

08 FOR ( p, = lowBound; p, < upBound; p, += step ){

09 FOR( p, = lowBound; p, < upBound; p, +=
step ){

10 sumAProfit = 0, sumBProfit = 0;

11 FOR (i=0;i<M;i++) {

12 ( AProfit , BProfit ) = simulation();
13 sumAProfit += AProfit;

14 sumBProfit += BProfit;

15 }

16 avgAProfit = sumAProfit / M;
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17 avgBProfit = sumBProfit / M;

18 result () = (avgAProfit,avgBProfit );
19 3

20}

21 (p.*, pp*) = FindGameResult ( result )o
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Function simulation ()

01 potentialCust = N;

02 firstlteration = TRUE;

03 index = 0;

04 WHILE ( potentialCust > 0 ){

05 incomingCust =
min( potential Cust,randEXPO(L) );

06  potentialCust -= incomingCust;

07  FOR (i=0;1i<incomingCust; i ++ ){

08 IF ( Customer[index].type == Independent )

09 Result = Customer[index].InDecision();

10 ELSE Result = Customer.SoDecision();

11 IF ( Result == Supplier-A )
supplierA.SaleOne();

12 ELSE supplierB.SaleOne();

13 index++;

14 3

15  firstlteration = FALSE;
16 }

17 RETURN ( supplierA.Profit , supplierB.Profit ).
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3.2 /Mt 5 AR B BHIE

NSRS, mlE L% 1) /N PR,
FE AL R W ZEAE N 1 Ak 22 52 B ) 4% (1) — > SL )
SRR ER N, ARSI SO I S AR 48 S M
A Pajek 3.14(http://pajek.imfim.si)BEHLA B T —
A~ 10 000 5 R /MR RS . b, 280Nk 3
IR s SN ORI R R s LT g
AT PSR FERR AR R 20(=10%2),

W 2B B /It S 4 5 R T AR E-R
Biti A1, /X 2% (Erdos-Renyi random network)iEAT W 284
TEAE AT LG o 38 4 25 H T /N H S 26 15 BEATL I 2% 11
SRR (h Pajek B A4S 5)).

%3 Pajek BIEE RTINS 0 S50 B
Tab. 3 Network configuration generated by Pajek

24 W
Number of Vertices(7 /i # i) 10 000

Number of Linked Neighbors on each Side of a
Vertex (14 i Hal (R RE0R)
Replacement Probability (17 i FIEMEZ) 0.10

10

Fed NULRII%S S5 BEHLING 0 UGS T L

Tab. 4 Network comparison: Small-world Vs. E-R random

network
SR AR K RROE SN
P 2% (Average Path (Average Clustering
Length) Coefficient)
NS R 2% 43757 0.522°8
E-R FHLIM 4% 3.074 5 0.002 0
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(47 4% X 171) ([lowBound,upBound]) ) 4[0.50,1.50],
LK (step)y 0.05. FIILH T i3 w2y o
H5 ¥, W, =050,a, =0.50 B, LN A
AL G B 18 5E45E (B =0.40,4 =500 ):

P, =1.30,p, =1.10
n, =6758.33,m, =5281.41 (6)
d, =5198.72,d, =4801.28
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SRELE LR T A FIUER RS B 117 4 Sk
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P, =1.00, p, =1.00 IF, B #1113 75 SKFIF A -

n, =6013.33,7, =3 986.67 -

d, =6013.33,d, =3986.67

IEEE R I e (R AH TS B
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FERH R M i PR o X — 25 B i A T S
AT A5 Bl SR 55921,

I H, th 120 Y0 BL45 o n] DATHEAG 4R 7y
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43934 7.802 9 F16.602 5.
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HHRETE(LZR 5), TRARIE: W SRR fE 425k
RIS, 55 1 RIS 2 BRIk B b, i
TR T A( p,(4) > p,(B) YN B i 4 416 19 7
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oA NECEEW . 2 TN B S Br i A4
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ERTE S AR
4.2 Vi EAEB RIS HMT

LE TR S EOER R TR
IR SHOE T, BIBoE BTy by 2
S N=10 000, 7 HEZRE M=120; fENRE A
LR B IR S A 73 0k ¢, = ¢, =0 5 A7 PRI
HRFE IR )N S H =010 AL E
LT 25 f=040; T o6 2 801 2 R EL
Ha, =050 BRI FIFEINSE A =500,
4.2.1 Wi PR B LB

S8 a AR T W htt W #H H RN
IR, o HBORKE R T AT 2 1) e
R RAMGEIN ORI £ 6 4ith TA
il o, (5 NN RS A FIMERN R B RS 3.

Wk 6 froR:

1) Yt s PRI 2 B g ey, gt
RS A FIHER RS B il (17 S U ds #0R Rk 1)
T ES (ST M EAE( p, =1.00, p, =1.00), JF A
T3 M HR AT W 39 5

) W IVATHRIE 8 R S G MME K- E I P e
B EN (p,, py) = (1.00,1.00) , BER G A FI{HER
i B 2B 7, > 7,1, > 7))

3) A rh o1tk 2 B (o, fH)RISE I,
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Tab. 5 Statistical data of consumers in the first two periods
Bk 5K p,(4) > p,(B) p,(4) < p,(B) ﬁ%)ﬁ?ﬁ AT ﬁ%)ﬁ?ﬁ B

R i b I e - i - M A g “AESTEW e E 5 B %% S bR
F1 130 127 126 139 237 285
%2 W 119 123 132 109 285 198
# 6 AF a, { N Hotelling {# g4k H
Tab. 6 Results for varying «_ values
WG T fig (p,,p,) =(1.00,1.00)
Y n on d; d; ., m, m, m,
0.0 1.00 1.00 5064.55 4935.45 5064.55 4935.45 5064.55 4935.45
0.1 1.05 1.05 5136.30 4 863.70 5393.11 5106.88 5140.27 4 859.73
0.2 1.10 1.05 5106.59 489341 5617.25 5 138.08 5347.01 4 652.99
0.3 1.20 1.10 5166.97 4833.03 6200.37 5316.33 5611.75 4 388.25
0.4 1.25 1.10 5157.12 4 842.88 6 446.39 5327.17 5799.02 4200.98
0.5 1.30 1.10 5198.72 4 801.28 6 758.33 5281.41 6013.33 3 986.67
0.6 1.35 1.15 5398.48 4 601.52 7 287.95 5291.74 6 168.63 3831.37
0.7 1.45 1.20 5443.62 4556.38 7 893.24 5467.66 6,351.34 3 648.66
0.8 1.60 1.30 5525.67 447433 8 841.08 5816.62 6 556.84 3444.16
0.9 1.75 1.40 5588.22 4411.78 9 779.39 6176.48 6 706.12 3293.88
1.0 1.80 1.40 5664.77 433523 10 196.60 6069.31 6904.63 3095.37
03] 2R DR ARy 1) 2 SR AR T S HORM LA 2R
oo T2 45 .
10000 7 PR 4 7 P
000 1) 4175 etk e i 2 5 i )
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Fig. 3 Firm profits for varying «,
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3) B A2 T 96 A R LI
M, BENET A RBEN RS B AR AR 22 Ak £
BEHTHG N, X R ILS T8 /N AL 2 KR 2 A 5
eI A N 2 S TP i e e
ELpl i ot SR — 3K
4.2.3 BHWME IR FHHE

B % B 1 4 H8 B A1 S 8 A 8 ST RN
BRI IIHL AT P e AR [ T4
N AN I PR A P Y B R R AR IR T T A A
BT A K, 5 2 T 1 AH LS i ]
FETE DI dek s 0 M B T R B, [

http: // www.china-simulation.com

* 1181 -

https://dc-china-simulation.researchcommons.org/journal/vol29/iss6/3

DOI: 10.16182/j.issn1004731x.joss.201706003



Feng and Ying: Impact of ‘Small World' Social Network of Consumers on Pricing De

%529 %4 6 0] E R Vol. 29 No. 6
2017 46 J Journal of System Simulation Jun., 2017
M AN o 3R 8 gt TR AETE SR 2) A1l g B AEAR (A (EBOR), T
b s 2R 4 2R Wt Z M A TN, BEN R A RRREAE T

MF 8 Bt nT LLE W, MmN B ANENAE ETF. XEEW], B

1) 4l 2 2R AR (A (EBOR), T
D B AR EL R /N, A R ) A7 S s R
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Tab. 7 Results

2T 2 R AR P 2% BUR SRR R TV T A,
B BEAE T 0 2 1) A A LS gl Xl
BT H ik

B,
o

N Hotelling #2545 R
for varying [ values

TP AR (p,,p,) = (1.00,1.00)

S A a - - , x,

0.0 1.0 200 150  6118.83 3881.17 12 237.67 5821.75 7 441.95 2558.05
0.1 0.9 200 150  5759.69 424031 11 519.38 6 360.46 7205.69 279431
0.2 0.8 185 145 571055 428945 10 564.52 6219.70 6 969.36 3030.64
0.3 0.7 1.65 130 554653  4453.47 9151.76 5789.52 6727.87 3272.13
0.4 0.6 145 120  5591.02 440898 8106.97 5290.78 6 493.20 3506.80
0.5 0.5 140 120 548087  4519.13 767321 5422.96 6255.02 3 744.98
0.6 0.4 130 1.10 519872 480128 6 758.33 5281.41 6013.33 3 986.67
0.7 0.3 120  1.10 534447 465553 6413.36 5121.08 5778.64 422136
0.8 0.2 1.15  1.05 508488  4915.12 5847.62 5160.87 5536.95 4 463.05
0.9 0.1 105  1.00  5061.77 493823 5314.86 493823 5304.07 4 695.98
1.0 0.0 100  1.00 506455 493545 5064.55 493545 5 064.55 493545

0V T A DCIbRTE (R AR S RO A R

#* 8 ANFl A {EH T Hotelling 2745 R

Tab. 8 Results

for varying A values

A HI A AR (p,,p,) = (1.00,1.00) (p,.p,)=(1.30,1.10)
P, j2 d, d, z, 7, 7, 7Ty 4 7T
250 135 120 563322 436678 7604.84 5240.14  6037.64 3962.36 7323.18 5251.84
500 130 1.10 519872 480128 675833 528141  6013.33 3 986.67 6 758.33 5281.41
1000 125 1.10 535091 4649.09 6688.64 511400  5968.57 4031.43 6 683.91 5344.38
1500 125 1.10 5289.16 4710.84 661148 518192  5920.28 4079.72 6 602.38 5413.36
2000 125 1.10 523112 4768.88 653891 524576  5867.93 4132.07 6 533.28 5471.84
2500 120 1.10 538839 461161 6466.07 507277  5816.78 4183.22 6 444.03 5547.35
5000 1.15 1.05 512271 487729 589111 5121.15  5570.46 442954 6 064.59 5 868.42
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Tab. 9 Results for varying sales efforts of firm A

HEEH [EER2LN
4 P, », d, d, z, z,
0.00 1.30 1.10 5198.72 4801.28 6 758.33 528141
0.05 1.30 1.15 536747 4 632.53 6977.71 5327.41
0.10 1.30 1.15 5346.13 4 653.87 6 949.97 5351.95
0.15 1.30 1.15 5369.99 4 630.01 6 980.99 5324.51
0.20 1.30 1.15 5341.52 4 658.48 6 943.98 5357.25
0.25 1.30 1.15 5390.41 4 609.59 7 007.54 5301.02
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Tab. 10 Results for varying sales efforts of firm B

HEBHo : ; ; ﬁ%ﬂﬁﬁ . :

P, Py d, d, 7, 7Ty
0.00 1.30 1.10 5198.72 4801.28 6 758.33 5281.41
0.05 1.30 1.15 5337.13 4 662.87 6938.27 5362.29
0.10 1.30 1.15 5294.28 4705.72 6 882.57 5411.57
0.15 1.30 1.15 5291.93 4708.07 6879.51 541427
0.20 1.30 1.15 5287.28 4712.72 6 873.47 5419.62
0.25 1.35 1.20 5284.53 4715.47 7 134.12 5 658.56
0.30 1.35 1.20 5275.83 472417 7 122.36 5669.01
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