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Unity Oyun Motoru Ile Makine Ogrenmesi

Match-3 oyunlarina olan 1lg1

* Bu oyunlara olan ilgi buyuk oldugu i¢in surekli
yeni bolumler olusturmak ve bu bolumleri test
etmek onemli.

* Her bolumu farkli kullanici gruplarina oynatmak
cok maaliyetli olacagi icin bu problemi yapay
zeka kullanarak cozmeyi hedefliyoruz.
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Populer match 3 oyunlan
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Kullandigimiz arayiiz

Moves
Left
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Unity Oyun Motoru Ile Makine Ogrenmesi

Reinforcement 1¢in kullandigimiz 6dillendirme sistemi

« Kotu model
* If(match)
« AddReward(0.5) - iyi model
* |[f(move)
« AddReward(-0.25) If(.m,f;glziward(ﬂ
e If(move)
* Orta model - AddReward(-0.5)
+ If(match) « If(moveLeft<=allmoves/2)
« AddReward(1) « AddReward(1)
* |[f(move)
 AddReward(-0.5)
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Donanim Mimarisi

» Kullandigimiz bilgisayarlar
 Intel Core I7-13700HX
e RTX 4080
 32GB ram
 Windows 11

e Macbook Pro M1 Pro
e 16 GB ram
e MacOS Ventura

e Unity Oyun Motoru
* C#
* Unity ML-Agents



Unity Oyun Motoru Ile Makine Ogrenmesi

Uygulamanin / Sistemin Gelistiriimesi

Bu calismada olusturulan yapay zeka modeli;
e Uc farkl: seviye icin olusturuldu ve egitildi.

* Bu seviyeler 1statistiksel olarak test edildi.
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Kolay seviye

Human_Bad ML_Bad ' T-Test Human & ML Bad
Human_Bad_Moves Human_Bad_Score ML_Bad_Moves ML_Bad_Score - Move ‘ 0.831
4 19200 5 20100
4 16400 3 15800
5 10700 5 11200
9 10300 4 19100
3 10200 3 10700
5 17700 6 18600
5 11400 5 11700
7 11100 5 11200
7 10500 11 5700
11 7500 5 17600
1 9700 9 10300
1 7600 11 8200
5 10200 1" 1120
3 10700 9 10100
8 11200 11 12700
8 16900 6 19300
6 10800 11 1010
7 12200 9 14100
4 10000 8 10500
4 11200 4 11600
1 9200 9 11000
8 12100 9 14000
10 10200 5 10500
5 11600 4 21200
Aritmetik ortalama: 6.708 11608.333 7.000 12388.750
Geometrik ortalama: 6.190 11292.243 6.427 10384.822

» Kot model ve kotii oyuncu 9
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Kolay seviye

'~ Human_Mid  ML_Mid ' T-Test Human & ML Mid
Human_Mid_Moves Human_Mid_Score ML_Mid_Moves ML_Mid_Score Move 0.599
4 21700 3 22800
3 16000 3 22600
3 20100 6 12700
4 17000 5 16500
2 11300 5 11900
4 10100 4 10500
5 12800 4 11000
3 11000 2 10500
7 11500 6 10400
6 10200 6 10300
4 18700 2 22400
4 17000 4 13700
6 20500 3 10200
5 14900 6 16500
4 18400 5 10400
2 10400 5 13700
5 18700 5 25900
6 14200 6 11700
4 11600 5 10300
8 13100 5 10600
4 24500 5 24400
5 10200 5 11700
4 10700 6 10700
3 10000 4 11300
Aritmetik ortalama: 4.375 14775.000 4.583 14279.167
Geometrik ortalama: 4.140 14195.499 4.382 13524.609

* Orta model ve orta oyuncu E
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Kolay seviye

Human_Good \ ML_Good | | T-Test Human & ML Good
Human_Good_Moves Human_Good_Moves ML_Good_Moves ML_Good_Score Move 0.874
3 20300 2 12800
3 12500 4 10900
4 24400 4 33300
2 12200 3 12100
4 12900 4 11000
4 11600 4 17700
4 11400 2 20400
3 16000 4 21900
5 11200 3 10800
2 10100 4 12100
4 18000 4 18300
4 14200 2 12400
3 16200 3 14100
5 11400 4 18000
4 12200 5 10400
3 20800 3 13500
2 10200 4 11800
4 14100 3 19800
3 22500 4 12000
6 11200 4 11600
4 12600 4 13200
3 16800 4 28000
4 24600 3 12100
2 20000 4 12900
Aritmetik ortalama: 3.542 15308.333 3.542 15462.500
Geometrik ortalama: 3.395 14710.469 3.445 14659.051

» Iyi model ve iyi oyuncu 1
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Kolay seviye

T-Test Human & ML Bad Human & ML Mid Human & ML Good
Move 0.831 0.599 0.874

T-Test ML Bad/Mid ML Mid/Good Human Bad/Mid | Human Mid/Good
Move 0.0002098817887 0.000381728788 0.0002661368236 0.01356756644

e T-test 12
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Orta seviye

Human_Bad ML_Bad T-Test Human & ML Bad
Human_Bad_Moves Human_Bad_Score ML_Bad_Moves ML_Bad_Score Move 0.051
10 5100 10 5200
11 5900 11 6200
8 5100 8 5300
9 5200 10 5200
I 5000 T 5200
7 6700 10 5800
8 5100 13 4800
13 4700 9 5200
6 5800 8 6000
8 5300 11 5100
8 5000 10 5000
5 5100 10 5100
8 5100 8 5100
6 5200 8 5200
9 5000 10 5000
9 5300 7 6200
9 5100 13 4100
6 5800 9 5900
7 5200 9 5000
10 5100 8 5500
7 5200 12 5700
13 4800 8 5900
9 5300 8 5700
7 5900 9 5700
Aritmetik ortalama: 8.333 5291.667 9.417 5379.167
Geometrik ortalama: 8.109 5275.697 9.278 5356.935

* Koti model ve kotu oyuncu 13
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Orta seviye

Human_Mid ~ ML_Mid ~ T-Test Human & ML Mid
Human_Mid_Moves Human_Mid_Score ML_Mid_Moves ML_Mid_Score Move 0.029
6 5300 5 5100
8 6800 12 7000
7 5200 10 5200
6 5700 8 5100
6 5100 1 5000
5 6200 6 5700
9 6100 6 6300
7 5700 10 5100
8 5100 6 5500
8 5700 10 5300
5 5100 9 5100
7 5100 12 5100
6 5300 5 5200
5 6800 10 7700
6 6900 i 5400
7 7100 6 7000
4 7000 10 5100
9 5100 8 5200
7 6100 8 5100
6 6400 7 5500
5 6300 3 6700
6 6700 3 5200
7 5700 6 6100
4 6500 8 5300
Aritmetik ortalama: 6.417 5958.333 7.750 5625.000
Geometrik ortalama: 6.271 5918.846 7.286 5580.927

* Orta model ve orta oyuncu 14
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Orta seviye

Human_Good ML_Good | T-Test Human & ML Good
Human_Good_Moves Human_Good_Moves ML_Good_Moves ML_Good_Score Move 0.923

4 5200 2 10500
5 5800 5 5100

6 6800 4 5500

3 6700 5 5500

7 5100 4 5900

3 5500 5 5700

5 6700 3 5200

4 5600 5 5500

5 5100 6 6200

6 5900 6 6500

4 5500 5 6200

8 7200 4 5100

5 6200 6 6100

6 5100 6 5100

6 5800 7 5200

5 6400 7 5800

3 6600 3 5000

7 5500 2 5000

4 5700 6 5000

6 5100 4 5400

3 7800 6 6500

5 5800 7 5000

6 6000 3 7500

3 5500 7

Aritmetik ortalama: 4.958 5941.667 4.917 5847.826
Geometrik ortalama: 4.754 5901.607 4.635 5758.102

e Iyi model ve iyi oyuncu 15
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Orta seviye

T-Test Human & ML Bad Human & ML Mid Human & ML Good
Move 0.051 0.029 0.923

T-Test ML Bad/Mid ML Mid/Good Human Bad/Mid Human Mid/Good
Move 0.005328352696 0.00001482610859 0.000200819214 0.0003929633871

e T-test 10
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lleri seviye

' Human_Bad .~ ML_Bad T-Test Human & ML Bad
Human_Bad_Moves Human_Bad_Score ML_Bad_Moves ML_Bad_Score Move 0.790
31 18600 31 15400
31 17000 31 16400
28 20800 28 21400
31 11000 31 15000
26 20700 27 21400
31 17600 31 19300
31 13200 31 14500
29 21200 25 21500
25 22300 24 21500
26 20600 31 14200
28 20000 31 17600
25 20800 25 20200
31 15200 31 14300
31 17200 28 20100
20 20800 28 20100
26 21600 23 20000
28 20600 27 21200
26 20200 30 20400
31 14100 20 20200
26 20800 31 16800
28 20000 25 20000
25 21000 31 16100
31 18800 31 18900
31 17400 31 12600
Aritmetik ortalama: 28.167 18812.500 28.417 18295.833
Geometrik ortalama: 28.007 18555.640 28.223 18072.281

* Kot model ve kotii oyuncu 17
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lleri seviye

| Human_Mid | ML_Mid | T-Test Human & ML Mid
Human_Mid_Moves Human_Mid_Score ML_Mid_Moves ML_Mid_Score Move 0.486
25 20200 31 17000
21 21800 21 20100
28 20400 31 13700
31 19600 21 22500
27 21200 31 15100
24 21600 28 22000
25 21800 31 19300
23 20600 21 22400
25 21200 18 20200
23 21000 22 20400
28 20100 18 20100
24 22600 20 20100
24 21400 27 20100
20 20200 23 20000
26 21400 31 18500
22 22800 31 16800
23 21600 22 20100
24 20800 18 20200
18 26800 31 16700
24 21500 28 21100
26 20800 31 18500
20 21600 22 20900
23 24000 31 18900
28 21200 21 20000
Aritmetik ortalama: 24.250 21508.333 25.375 19362.500
Geometrik ortalama: 24,076 21463.752 24.861 19234.958

* Orta model ve orta oyuncu 18
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lleri seviye

Human_Good | ML_Good T-Test Human & ML Good
Human_Good_Moves Human_Good_Moves ML_Good_Moves ML_Good_Score Move 0.520
20 21200 22 20000
22 20400 29 20900
18 20800 26 20900
24 20200 29 20000
23 20800 27 20500
19 20400 22 23000
20 21400 22 25000
19 20200 18 23000
19 23200 22 24000
12 20400 21 24500
20 22100 26 24000
17 26800 18 22000
23 20400 12 20500
18 22200 13 20000
20 21000 10 21800
24 20800 24 22000
20 21600 29 20800
19 22600 12 27200
23 21800 1" 23100
22 21000 10 25800
18 22400 26 20100
23 20200 28 25500
16 27500 29 23400
22 21800 18 20300
Aritmetik ortalama: 20.042 21716.667 21.000 22429.167
Geometrik ortalama: 19.827 21646.650 19.809 22334.626

* Iyi model ve iyi oyuncu 19
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lleri seviye

T-Test Human & ML Bad Human & ML Mid Human & ML Good
Move 0.790 0.486 0.520

T.Test MLBad/Mid ML Mid/Good  Human Bad/Mid Human Mid/Good
Move 0.01280003635 0.02068127547 0.00004704841512 0.000006962584307

e T-test 20
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lyi model icin grafikler
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lyi model icin grafikler

Losses

Policy Loss Value Loss
tag: Losses/Policy Loss tag: Losses/Value Loss
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lyi model icin grafikler

Environment

Cumulative Reward
tag: Environment/Cumulative Reward

Episode Length
tag: Environment/Episode Length
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Sonu¢ ve degerlendirme

* Yapay zeka modeli ve insan arasinda istatistiksel

olarak anlamli fark gozlemlenmemigtir.

* Yapay zeka modelinin yeni bolumlerin testinde

kullanilabilecegi gozlemlenmistir.
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Tesekkiir Ederiz

Sorulariniz ?
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