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Most researches in
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that beats a human o an player has different skill. An

Artificial Intelligence witi1 mul players to become bored of
the game because it 15 1~ 2 ume, new players may find the
game too difficult. C# ®.g the game altogether. This
thesis presents a r Ss unit production to adjust
appropriate game diffi: \Ases the open-source real-time
strategy engine, Spring. core functions are generated

automatically to obtain f 35S 4 G ( Mic scripting and top culling. Our

adjustment, unlike other res

' _.e- .n!'

witnin a playing session instead of
between sessions. The re -"'" - i2a session can be adjusted to suit
players’ abilities wi's = pt of the game. This thesis

also proposes 4 tec .. o ﬁ"'- and top culling so that rules

with unit production

results shows ﬁi ugliﬁ ﬂm ’_fj ﬁctable rules in a script
according to gﬁ erage game time and
closer to 50:50 wun/lose ratio comgared to using the original dypamic script and the

= FRIANN U ART1INER Y

‘ . be used to their fullest potentia®fo produce even matches. The
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2.1.8 Temporal Difference Learning
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Algorithm1 : Scrg

1: ClearScript()
2: sumweights =
3: for i=0 to rulec
4: sumweights = -
5: end for
6: {Repeated roulettj
7 for i=0 to scriptsize- =
8: try = 0; lineadded = fal
9: while try < maxtrl b -,
10: j=0; sung==
11: fraction ' V _
12: while selec I <00
13: sum = sum + rule[j].weight
14:
: ANETnEninens
16:
17:
i ammmfuum'mmaa
19: end while
20: lineadded = InsertinScript(rule[selected].line)
21: try = try+1
22: end while
23: end for

24: Finish Script()

U7 2.5 masshegasaIld [12]
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anLaan

3. activated liAudasInzAuaasingiugnidan

3UN 25 useIITMIRRgAAAIU Waridu InsertinScript  YinnviLia
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Al gorithm 2 : Wei ght Adjustnent

active =0
for i=0 to rulecount-1 do
If rule[i].activated then
active = active+1
end if
end for

© N hRwNR

end if

10: nonactive = rulecount -
11: adjustment = Calcula
12: compensation = -

13: remainder =0

14: Credit assignrm;

15: for i=0 to rulece

16: if rule[i].activate”,

17:

18: else

19:

20: end if

21: if rulefil.weight < r_
22: remainder = remaln
23: rule[i].weight = mi
24; else if rulgis<

25: remaindig 4

26: ruIe[i].weigl j = Moy
27: end if

28: end for,

29:

return (no updates are needed.)

if active<=0 or active>=rulecount then

- — minweight)

)

D.str.ﬂumﬂﬂmw BN

chi mnﬁfﬂWﬁﬂtnag

(2
1 d a

1‘%\1’1%’3’% 6 0L eI T AN

)Y

PINVBINURINUNUIN 3 3T Ao
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P.E. Win/Lose
Methods - avg lose games %
Fix 1 rule +305. 4} 2133.66 64/136 32/68
Change Winc, Wyec 1125.%* | 3609.72 133/67 66.5/33.5
7-minute increment 197 7 216 10452 1283.85 3077.65 123/7 61.1/38.5
Change number of riles| 2923, 309 o 1 1427 69 4074.74 87/113 43.5/56.5
Mix ) 406 119 0 oK. gﬁﬁws 80/120 40/60

K| T ﬁ%‘Ff%“i‘ﬁﬁﬁ”ﬁ?”ﬁﬁﬁ‘ﬁ“"”‘“‘“e

Time (s) Win/Lose
Methods avg min max avg win avg lose games %
Fix 1 rule 2493.89 243 8676 1616.27 2926.14 66/134 33/67
Change Winc, Wdec 1215.00 291 7914 856.08 3727.44 175/25 87.5/12.5
7-minute increment 2627.60 261 9705 1790.27 3993.75 124/76 62/38
Change number of rules| 3573.78 381 18333 1767.51 4855.15 83/117 41.5/58.5
Mix 3365.00 357 14004 1691.09 4390.94 76/124 38/62
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P.E. Time (s) Win/Lose
Methods avg min max avg win avg lose games %
Fix 1 rule 1545.32 195 5484 1452.14 1556.83 22/178 11/89
Change Wine , W gec 1709.81 204 5550 1128.04 2105.80 81/119 40.5/59.5
7-minute increment 1887.65 201 6126 1368.18 2137.76 65/135 32.5/67.5
Change number of rules | 2114.52 252 8292 1209.82 2933.06 95/105 47.5/52.5
Mix 1919.49 210 6630 1336.67 2187.50 63/137 31.5/68.5

a ] a ad o X dl
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V2)

P.E.
Methods

Fix 1 rule

Change Winc» Wdec

7-minute increment

Change number of rules

Mix

gﬂ‘ﬁ 4.7 WaN137

P.E.
Methods

Fix 1 rule

Change Winc, Wyec

| Win/Lose
4 avg win avg lose games %
'598.00 2255.11 55/145 27.5/72.5
'1.62 3205.00 134/66 67/33
703 3008.31 135/65 67.5/32.5
2 3266.81 120/80 60/40
4 3086.86 134/66 67/33

7-minute increment

Change number of rules

Mix

bAufl 1 (SmaliDivide)

Eﬂﬁ 4.8 NAAT=

Win/Lose
avg lose games %
3463.27 155/45 77.5/22.5
2 2482.13 152/48 76/24
| 345,98 5410.09 189/11 94.5/5.5
W8 78.04 3675.07 113/87 56.5/43.5
| 4081.74 3430.42 164/36 82/18

UNWN 2 (Barren)

f A
- e
P.E. 1| AT :y’ Win/Lose
Methods avg min max avg win avg lose games %
Fix 1 rule 4723 477 3366 | 446295 | 482291 | 57/143 | 28.5/715
Change Winc, Wae S5E87.07Y| ¢ e ¥4y .00 | 79/121 | 39.5/60.5
7-minute incremel §93.7 3 5.8 3f 7%1.38 118/82 59/41
Change number of q]es 6672.87 | 765 49302 | 530851 | 8242.61 107/93 | 53.5/46.5
5467.19 663¢" 40398 220.79 6426.8&; 87/113 43.5/56.5
m‘].]“(l 4.9 Nﬂﬂ’]iﬂ@@ﬂﬂ]‘ﬂq gﬂ%%‘ﬂu q I Tsue N 3 (Tomb Stone Desert

V2)




43

P.E. Time (s) Win/Lose
Methods avg min max avg win avg lose games %
Fix 1 rule 1168.23 447 2562 1175.77 1163.41 78/122 39/61
Change Winc, Waec 1261.38 405 2625 1258.71 1265.07 116/84 58/42
7-minute increment 1271.09 471 2892 1318.83 1202.38 118/82 59/41
Change number of rules| 1377.35 507 3588 1385.07 1370.07 97/103 48.5/51.5
Mix 1220.19 492 3177 1283.72 1171.27 87/113 43.5/56.5

d ] a { o £ d -
U7 4.10 namnesasg Ty sfusgiaiadn - RAI luuauil 1 (SmaliDivide)

P.E. Time (s) Win/Lose
Methods avg ' avg win avg lose games %
Fix 1 rule 1505.72 1599.13 1477.02 47/153 23.5/76.5
Change Win, Weec 1693.85 g 1950.30 1522.88 80/120 40/60
7-minute increment 1323.00 122/78 61/39
Change number of rules 1659.89 96/104 48/52
Mix 1264.07 82/118 41/59

P.E.
Methods

Fix 1 rule

Change Winc, Wyec

7-minute increment

Change number of rules

Mix

UM 4.12 amInaaaalunseimn L 2/
P ; it T O

Win/Lose
avg lose games %
1168.51 49/151 24.5/75.5
1339.25 73/127 36.5/63.5
1216.51 71/129 35.5/64.5
1548.16 90/110 45/55
1096.80 65/135 32.5/67.5

RAI luLLNuﬁ 3 (Tomb Stone Desert

\7
PE. [ | Win/Lose
Types Js/g avg lose games %
E323 vs E323 74147 147 4 737.65 744.85 94/106 47/53
E323 vs AAl 8376 | 74 73R 1 AL 4.00 199/1 99.5/0.5
E323 vs RAl \ 5 3 1 35 1 200/0 100/0
AAlvs AAI i 184 0g™ D 3434 81.00" [V 1884.10 | 66/134 33/67
AAlvs RAI % 877.71 357 ¢ 1587 75171 898.22 28/172 14/86
RAIVS 7 42" | 1263 [w3s08 | 77118 | 112/88 56/44
RAIvs 17 1 Y4 1 '914 110/90 55/45
9

U7 4.13 namnesasgdygrUsfnsinasey - dlygnueisinasen luuaui 1

(SmallDivide)
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P.E. Time (s) Win/Lose
Types avg min max avg win avg lose games %
E323 vs E323 980.52 180 6603 988.72 976.92 61/139 30.5/69.5
E323 vs AAI 715.50 339 1488 715.50 - 200/0 100/0
E323 vs RA 710.60 414 1896 710.60 - 200/0 100/0
AAlvs AA| 2028.24 315 4962 1935.91 2073.72 66/134 33/67
AAlvs RAI 1255.76 321 3426 1030.85 1436.08 89/111 44.5/55.5
RAIvs RAI 1188.83 492 3582 1287.04 1116.23 85/115 42.5/57.5
RAl vs AAl 1237.82 369 2793 1437.81 1109.95 78/122 39/61

U 4.14 wamnasasdiyynlszfivgnesey - ddyyszfvinasay losmuh 2

P.E. Win/Lose
Types avg lose games %
E323 vs E323 1491.62 103/97 51.5/48.5
E323 vs AAI - 200/0 100/0
E323 vs RAI - 200/0 100/0
AAl vs AAI 1627.99 78/122 39/61
AAl vs RAI 1159.90 140/60 70/30
RAIl vs RAI 1041.58 102/98 51/49
RAI vs AAI 1146.08 57/143 28.5/71.5
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