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Genetic Algorithm for Number Collecting Maze Game

Sangwook Lee
Professor, Department of Game Software Engineering, Mokwon University
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Abstract The Number Collecting Maze game involves players navigating a grid-shaped maze to collect
specific numbers. The Number Collecting Maze game has been applied in educational and puzzle design
fields to enhance mathematical and cognitive abilities, and has also served as a benchmark problem for
testing the performance of algorithms such as greedy algorithms, beam search, and Chokudai search.
This paper proposes a design method for applying genetic algorithms to the Number Collecting Maze
game. We present a solution representation for applying genetic algorithms to the Number Collecting
Maze game and present design methods for genetic operations such as crossover, mutation, and
selection. The genetic algorithm, employing simple genetic operators, outperform the greedy algorithm
but underperform the beam search and Chokudai search algorithms, which are specialized for the
Number Collecting Maze game. To improve this, we design genetic algorithm enhancement techniques
such as initialization mixed with greedy individuals, selection strategy mixed with elite strategy and
tournament strategy, and adaptive mutation that has high mutation probability in the early stage of
search and low mutation probability in the late stage of search. When applied to a number-collecting
game, the proposed reinforced genetic algorithm shows superior performance compared to the beam
search and Chokudai search algorithms.

Key Words : Number Collecting Maze Game, Beam Search, Genetic Algorithms, Repair Operator,
Algorithm Enhancement
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1. M2

A+ B 07| "]Z&(Number Collecting Maze) AY
2 AR (Grid-based) W|EU T £29] 3ol A
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(Table 1) Game rule

Description

* Eam record scores until the end of the

Player Objectives
game

Number of players * 1 person

Player action timing ¢ Once per tum

Actions that the player can|* Each turn, move the character 1 space
perform up, down, left, or right.

Game End Conditions |* Reach a set number of tumns

¢ The character's initial location is random

* The character gains points for the
location he or she moves to, and the
points for that location are deleted

etc

2.3.2 AY S o
AYe] FHo] & 134 23, A
a9 13} Zota 7R,

n2o] 27] AJHI7t

416|113
@] 2
715|166

[Fig. 1] Initial state of game

Fu 2 AP | $5 440 HHARAL
o, 2 13 29 2= AdelM A

dig BolFa glrt. I9 13 19

3 Ao] =Zsld OL} a9 18 —4—o—¢ &
2 olFstHAl 38E, 1Y 2t -5} &0
olE3EA 108S 9_4%@:}% Zbg HolFal 9lrk

75|66 715|616 75|66
Score: 0 Score: 2 Score: 3

416] .13 416] .3
S = W[
7(5|61]6 715|616

Score: 3 Score: 3

[Fig. 2] Example #1 of game with 4 turn
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4 ge tal ]
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Score: 10 Score: 10

[Fig. 3] Example #2 of game with 4 turn
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3.2.3 MEH(Selection)

Ae DAL =2 A2 71 A7 o wol §4]
SHes sk 3goltt. 318 A€ (roulette wheel), &
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R
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[Fig. 4] Chromosome representation
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H

37HA] B WY F 1), 2= B7F 250l s,
HE RS B AL B8 ST fle, 332 &9
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Right, Down

AN
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L~ Left, Down, Up

w
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\

Right, Left, Up, Down

[Fig. 5] Restrictions of player movement

/| Tournament Selection |%
! \—1—‘ |
1 |
! |
! |

One-Point Crossover '

1

i
1

|

I
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[Fig. 6] Simple GA flowchart
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{Table 2) Comparison results of three repair methods
(10 x 10 problem)

i GA 11 GA R GA B
5 32 32 32
10 69.5 69.6 69.5
15 1043 103.9 103.9
20 135.8 131.2 133.4
25 165.3 161.4 164.6
30 193.5 192.1 194
35 222.2 220.2 2274
40 255.3 248.2 251.7
45 278 276.7 279.7
50 304.1 296.4 300.9

{Table 3> Comparison results of three repair methods
(20 x 20 problem)

i GA M1 GA 2 GAI3
5 40 40 40
10 755 756 748
15 105.5 104.7 104.1
20 1346 1233 1356
25 1695 1658 1643
30 2083 2026 199.7
35 2364 227.9 2336
40 267 2685 266.9
45 206.7 295.6 295.6
50 3284 326.9 3283

{Table 4> Comparison results of three repair methods
(30 x 30 problem)

i GA M GAR2 GA 3
5 37.8 3856 388
10 69.8 69.6 703
15 1029 1013 1016
20 136 136.7 1371
2% 1689 167.7 1685
30 203 199.1 202.1
35 2351 229 2326
40 2654 2611 264.2
45 2081 293 295.5
50 3304 3281 326

QAR B4 HokE HaslshEA 578 5
2ol Aoz A,

o =3,
Y5}7]

3.56.3 GA_r1 vs (RS, GS, BS, CS)

WA oA 7P 45 A5S el GA_r1d =
A moy] mE AYL fIgt 712 daEERS, GS,
BS, C)#9] 452 Hlwsty] 91sf BSS] ® YHl= 5,
H] Zlol= 7HA Zdel= dAstar, €S9l ¥ YHl= 3, §
Zlol= Al dolz 7RIt £ 5, # 6, # 7 37HA
=719 A wollA AT 5 vl 23S HEaL
9tk QA AR} oA R 7 A7) Ao Me AP
104 HhEslo] Rt ke AN AW A3}, v
GA(GA_r1)2 T&H Ps AERS) L HE AA(GY)
fy] &35k 458 | 1,]_ )] EHH(Bs) 4l % 3r}o]
RAY(CS) ofy] P55 HolZE,

d

;

(Table 5) GA_r1 vs (RS, GS, BS, CS)
(10 x 10 problem)

Lenath of | a1 RS Gs BS cs
5 32 17.7 32 32 32
10 695 | 265 63 70 7
15 1043 | 429 99 99 103
20 135.8 445 124 128 132
25 1653 | 56.1 128 186 161
30 1935 | 744 | 128 189 | 194
3 222 | 807 | 128 26 | 230
40 2553 | 868 | 128 256 | 259
45 278 100.8 128 273 273
50 3041 | 1128 | 128 208 | 301

(Table 6) Comparison results of three repair methods
(20 x 20 problem)

Lenath of | Gan | s Gs BS cs
5 2 184 | 40 37 2
10 75.5 26.7 76 76 76
15 105.5 40.8 1m m m
20 134.6 49.8 140 140 140
25 169.5 57.1 172 172 177
30 203.3 70.9 202 210 215
35 236.4 74.3 229 248 250
40 267 92.3 256 276 283
45 2967 | 996 | 284 | 208 | 309
50 328.4 112.7 313 334 338
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(Table 7> Comparison results of three repair methods
(30 x 30 problem)

tetoth of 1 aan | s Gs BS cs
5 378 20.9 35 37 39
10 69.8 32.4 67 68 70
15 102.9 42.2 99 104 104
20 136 50.1 131 141 141
25 168.9 60.8 156 167 167
30 208 | 709 | 194 | 204 | 204
35 235.1 82.1 215 233 236
40 265.4 971 244 269 269
45 298.1 98.3 271 306 306
50 330.4 110.6 298 316 340
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[Fig. 7] Enhanced GA flowchart
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(Table 8) Performance of Enhanced GA
(10 x 10 problem)

II‘:(;?:QU:T Enhanced GA Best Performance Before
5 32 32 (GS, BS, C9)
10 70 70 (S, CS)
15 105.2 104.3 (GA_r)
20 1374 135.8 (GA_r1)
25 165.6 165.3 (GA_r1)
30 19 194 (CS)

35 232.5 230 (CS)
40 260.4 259 (CS)
45 284.7 273 (CS)
50 308 304.1 (GA_r1)

(Table 9) Performance of Enhanced GA
(20 x 20 problem)

%:QSEUQI Enhanced GA Best Performance Before
5 40 40 (GA_r1, GS, CS)
10 76 76 (GS, BS, CS)
15 1 111 (GS, BS, C9)
20 140 140 (GS, BS, C9)
25 1793 177 (CS)

30 2175 215 (CS)
35 253.8 250 (CS)
40 2883 283 (C9S)
45 307.3 309 (CS)
50 241.9 338 (CS)

(Table 10) Performance of Enhanced GA
(30 x 30 problem)

I__en_g_ih o Enhanced GA Best Performance Before

individual
5 39 39 (C9)
10 70 70 (CS)
15 104 104 (BS, C9)
20 145.7 141 (BS, CS)
25 17.2 168.9 (GA_r1)
30 206.3 204 (BS, CS)
35 2345 236 (CS)
40 270.2 269 (CS)
45 304.7 306 (CS)
50 3425 340 (CS)
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