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2011). £ ATl A= Multi-Armed Bandit (MAB)
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qe G HdERS AT W] AFES AR March (1991) A Az} dxsic) gae] 38
HAFE zold 4 FElEo] v yiote d8 3t =
Tab. 4-12 &4 Z3E Qo8 AHE HolFa, oA FAo AYgrrt molA|A|RE 1 oA F
Fig. 4-12 7483 33 dioke] o & 24 A EYEo] =& Yok X7Idof sl H|go] #
B o] WSS HolFEth WA A Adye] W Agit), meba HA dERe &89 o] T
sl AEd, eI A-RSE 8o gigky =] AloloA AAHr) oE B9 FHEITL
T7F ASTE FEYIGTE =odE ¢ 5 dith AL dieke] 7k 3091 Ayl elAE, 4 2
ol THEIE AAW Ate] Aol wt Fidt Fo] 7P B Oioks MEEHE Greedy T7EE ©
g0 F7keka, dioke] 7k Ao 4 yok Alo] o] FolAFLE (087904 024207 oA
< e Aol AiAeE 9 FYsiAY] HiEo=E 3, FAAEE 0986014 0.98= =ity o] 7
At 4= 9ok o= F4 FHE] /M =2 dikks 2UlEe
Jelslre] A gA-g8 38 AvRd, = Aol HaA FARLLETL EolA= AETF o]
@A g 2 ggo] ole} gEAly) ggo] Y SHAl molA|A] gkt wEba] g o] 271 H
S o]FE= AHo] Aol HS & F Utk ol A o] Hr}, aelE Eetal B 5 =
Tab. 4-1. Summary of Analysis Results
TAE} S TAa T3t TFHEY} =2
oot gk =2y 4 NonGreedy 28 4 NonGreedy 28 F4 NonGreedy

FoaE se e Geed g a5 e Gredv ar Ase Geed

1 464 098 0879 0.020 60.1 0915 0901 0.023 795 0674 0915 0.025

2 476 0987 0711 0.023 638 0909 0.763 0.029 920 0615 0820 0.032

3 41 0987 0552 0.024 627 0914 0622 0.034 9%.3 0602 0717 0.039

0 4 402 0988 0432 0.024 578 0926 0493 0.036 949 0623 0614 0.045

5 362 0988 0344 0.024 521 0938 0393 0.035 9.3 0662 0517 0.048

6 336 0988 0.287 0.023 480 0947 0324 0.035 842 0711 0434 0.060

7 310 0988 0.242 0.023 444 094 0272 0.034 782 0752 0366 0.061

it 0987 0492 0.023 0929 0538 0.032 0663 0.626 0.041

1 412  09% 0837 0.017 835 0.820 0922 0.022 1423 0202 0933 0.022

2 413 0997 0.731 0.019 97 0802 0836 0.032 1662 0071 0.887 0.032

3 393 0997 0591 0.020 %O 0808 0.734 0.041 1764 0038 0835 0.043

10 4 364 098 0484 0.020 22 081 0628 0.048 1799 0058 0.772 0.064

5 343 0998 0411 0.020 894 082 0541 0.053 1794 0092 0.713 0.066

6 320 0998 0.356 0.020 838 08719 0463 0.04 1775 0158 0648 0.077

7 301 0998 0.316 0.020 799 0897 0405 0.056 1736 0227 0587 0.086
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Optimal Exploration—Exploitation Strategies in
Reinforcement Learning for Online Banner
Advertising: The Impact of Word-of-Mouth Effects

Bumsoo Kim#, Gun Jea Yu**, Joonkyum Leex#x
ABSTRACT

One of the most important decisions for managers in the online banner advertising industry, is to
choose the best banner alternative for exposure to customers. Since it is difficult to know the click
probability of each banner alternative in advance, managers must experiment with multiple
alternatives, estimate the click probability of each alternative based on customer clicks, and find the
optimal alternative. In this reinforcement learning process, the main decision problem is to find the
optimal balance between the level of exploitation strategy that utilizes the accumulated estimated
click probability information and exploration strategy that tries new alternatives to find potentially
better options. In this study we analyze the impact of word-of-mouth effects and the number of
alternatives on the optimal exploration—-exploitation strategies. More specifically, we focus on the
word-of-mouth effect, where the click—-through rate of the banner increases as customers promote
the related product to those around them after clicking the exposed banner, and add it to the overall
reinforcement learning process. We analyze our problem by employing the Multi-Armed Bandit
model, and the analysis results show that the larger the word-of-mouth effect and the fewer the
number of banner alternatives, the higher the optimal exploration level of advertising reinforcement
learning. We find that as the probability of customers clicking on the banner increases due to the
word-of-mouth effect, the value of the previously accumulated estimated click-through rate
knowledge decreases, and therefore the value of exploring new alternatives increases. Additionally,
when the number of advertising alternatives is small, a larger increase in the optimal exploration
level was observed as the magnitude of the word-of-mouth effect increased. This study provides
meaningful academic and managerial implications at a time when online word-of-mouth and its
impact on society and business is becoming more important.

Keywords: On-line banner advertising, reinforcement learning, exploration-exploitation,
word-of-mouth eflect, Simulation
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