J. Soc. Korea Ind. Syst. Eng Vol. 42, No. 4 : 3948, December 2019
https://doi.org/10.11627/jkise.2019.42.4.039

ISSN : 2005-0461(print)
ISSN : 2287-7975(online)

A Study on Resolving Prisoner's Dilemma Using

Incentives and Penalties

Jinho Lee*

Department of National Defense Management, Korea Naval Academy

QAIElE U IES A3t 2|5]
ejjop sfa woto]] det A
o] A '
S Abebetal =7 o ot

This paper considers the Prisoner’s Dilemma Game in which there exists a dilemma that the best response is that both players
are to confess, but doing not confess can give a higher gain to the both players in a social perspective. To resolve such a
dilemma in the game, an incentive model to encourage to confess and a penalty model for being imposed when not confessing
are introduced, respectively. Then, the conditions are characterized under which incentive or penalty involved in the game’s payoffs
can make the game rational without a dilemma on both the personal and social perspectives, by taking the payoff values as
variables with the incentive and penalty factors. Furthermore, it turns out that the resulting values of incentive and penalty are
inversely proportional to each other, and thus, obtaining one of these amounts can provide the other. Simple examples are shown
to interpret the theoretical verifications of our models, and randomly generated data based simulation results investigate the tendency
of incentive and penalty and the resulting game values for a variety of instances. These results can provide a framework on
resolving the dilemma by artificially putting incentive or penalty, although it is careful to apply more generalized real world games.
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<Table 1> Payoff Matrix of Prisoner’s Dilemma

B
Don’t Confess Confess
A Don’t Confess 2, 2 -17, 0
Confess 0, -17 -9, 9
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<Table 2> Variables in the Payoff Matrix

B
Don’t Confess Confess
Don’t Confess x, T v, 2
A Confess Z, v Y, Y
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{Table 5> Incentives and Penalties According to the Conditions
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<Table 6> Dilemma Resolving Results using Incentives and Penalties

Jinho Lee

Condition (9) (z>y>v>=x)
Random generation Incentive model Penalty model
Sample
2y > vtz " ~ ~ . ; ~ P
z y v z B @ 2ay vtaz 2z I3 2y fv+z 20z
1 -1 -7 -12 -15 N Y 0.92 -12.18 | -12.87 -30 1.08 -14 -14.60 | -34.00
2 -2 -8 -12 -13 N Y 0.86 -12.96 | -13.62 -26 1.17 -16 -16.60 | -31.63
3 -1 -8 -10 -15 N Y 0.67 -9.92 | -10.62 -30 1.50 -16 -16.50 | -46.50
4 -1 -8 -11 -15 N Y 0.73 -10.88 | -11.68 -30 1.36 -16 -16.55 | -42.41
5 -1 -6 -9 -16 N Y 0.82 -9.24 -9.77 -32 1.22 -12 -12.45 | -40.71
6 -1 -7 -10 -16 N Y 0.77 -10.08 | -10.72 -32 1.30 -14 -14.50 | -43.20
7 2 -8 -11 -13 N Y 0.79 -11.84 | -12.48 -26 1.27 -16 -16.55 | -34.39
8 2 -8 -9 -15 N Y 0.64 944 | -10.18 -30 1.56 -16 -16.45 | -48.17
9 -1 -6 -10 -14 N Y 0.91 -10.32 | -10.86 -28 1.10 -12 -12.50 | -32.20
10 -1 -7 -11 -13 N Y 0.85 -10.86 | -11.80 -26 1.18 -14 -14.55 | -32.03
Avg. -1.3 -7.3 -10.5 -14.5 - - 0.796 | -10.81 | -11.46 -29 1.27 -146 | -15.13 | -38.52
Condition (10) (z >y >z >v)
Random generation Incentive model Penalty model
Sample
. 2y > vtz * i - . g% Bt B
z y T v vtz 2| >0 2 @ 2ay v+ az 2z I3 2y Buv+z 28z
1 -4 -8 -9 -15 Y N 0.75 -11.20 | -17.80 -18 1.33 -16 -24.75 | -24.90
2 2 -8 -9 -13 N Y 0.93 -14.08 | -14.76 -18 1.08 -16 -16.65 | -20.28
3 -1 -8 -10 -13 N Y 0.87 -13.12 | -13.82 -20 1.15 -16 -16.65 | -24.08
4 -4 -7 -9 -16 Y N 0.50 -6.30 | -17.80 -18 2.00 -14 -36.80 | -36.90
5 -3 -7 -9 -16 Y N 0.67 -8.68 | -17.86 -18 1.50 -14 -27.80 | -27.90
6 -1 -8 -9 -14 N Y 0.93 -14.08 | -14.88 -18 1.07 -16 -16.70 | -20.19
7 -3 -8 -9 -16 Y N 0.67 -9.92 | -17.86 -18 1.50 -16 -27.80 | -27.90
8 -1 -8 -12 -13 N Y 0.87 -13.12 | -13.82 24 1.15 -16 -16.65 | -28.89
9 -4 -7 -9 -15 Y N 0.75 -9.80 | -17.80 -18 1.33 -14 2475 | -24.90
10 -1 -8 -10 -14 N Y 0.93 -14.08 | -14.88 -20 1.07 -16 -16.70 | -22.43
Avg. 2.4 -7.7 -9.5 -14.5 - - 0.787 | -11.44 | -16.13 -19 1.32 -154 | -22.53 | -25.84
Condition (11) (y> 2>z >v)
Random generation Incentive model Penalty model
Sample
) . i 2y > v+ z N ~ L~ " N 5
y z x v I @ 2ay v+ az 2z I3 2y Bu+z 28z
1 -4 -6 -9 -15 Y N 0.50 -3.60 | -17.70 -18 2.00 -8 -14.20 | -36.90
2 -3 -6 -9 -13 Y N 0.83 -4.68 | -17.68 -18 1.20 -6 -9.75 | -22.50
3 -1 -6 -10 -16 Y N 0.67 -1.24 | -19.72 -20 1.50 -2 -7.55 | -31.00
4 -4 -7 -9 -13 Y N 0.71 -5.28 | -17.62 -18 1.40 -8 -12.80 | -26.10
5 -4 -7 -9 -14 Y N 0.58 424 | -17.71 -18 1.75 -8 -14.20 | -32.40
6 -4 -5 -10 -16 Y N 0.80 -6.00 | -19.75 -20 1.25 -8 -10.20 | -26.00
7 -1 -8 -10 -14 Y N 0.75 -1.40 | -19.60 -20 1.33 -2 -9.38 | -27.67
8 -3 -5 -9 -15 Y N 0.60 -3.30 | -17.75 -18 1.67 -6 -10.15 | -30.90
9 -3 -7 -9 -16 Y N 0.29 -1.44 | -17.68 -18 3.50 -6 -17.65 | -63.90
10 2 -6 -10 -16 Y N 0.67 -248 | -19.72 -20 1.50 -4 -9.10 | -31.00
Avg. -2.9 -6.3 -9.4 -14.8 - - 0.640 -3.37 | -1849 | -18.8 1.71 -5.8 -11.50 | -32.84
& =a*—0.05, 3 = F*+0.05.
5 = A48T & 4709
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