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ABSTRACT

This study attempts to explore the design factors for action computer games. There
are two issues in this study: (1) identifying design features for action games that
would appeal to game players during buying process, rather than play process. (2)
presenting an approach to solve the trade-off decision problem efficiently for game
design.

The first issue aims to identify deSign features.for action games that would appeal to
game players during buying process. Sixteen: frequent-buyers of computer games
identified 39 design features:that appeal to players during buying process by
contrasting different versions of Pacmantgames. Twenty-eight versions of Pacman
were then evaluated in terms of the identified design features by 45 participants (27
male and 18 female college students ) . Qnet2000 neural network software was used to
determine the relative importance of these design features. The results indicated that
the top 10 most important design features could account for more than 50% of
“perceived fun” among these 39 design features. The feature of avatar is important to
game players during buying process, yet not revealed in previous play process
oriented studies. Moreover, six design factors underlying the 39 features were
identified through factor analysis. These factors included “novelty and powerfulness”,
“appealing presentation”, “interactivity”, “challenging”, “sense of control”, and
“rewarding” and could account for 54% of total variance. Among these six factors,
appealing presentation has not been emphasized by play process oriented research.
Implications of the findings were discussed.

The second issue aims to present an integrated approach to solve the trade-off
decision problem efficiently for game design. In a time-to-market environment,
designers may not be able to incorporate all the design features with the best
performance in a computer game. For each feature, there are several levels of



implementation, which is corresponded to different levels of benefit as well as cost.
Therefore, a trade-off decision for determining appropriate levels of implementation is
very important, yet has been rarely studied in literature. This issue presents an
approach to solve this trade-off selection problem. This approach applies the neural
network technique and develops a genetic algorithm to optimize the design of
computer games. By this study, a near-optimal design alternative can be identified in a
timely fashion. In this study, five design features included “opponent is competitive”,
“sound effect varies with events”, “sound effect is varying”, “beginning levels are
easy” and *“final levels are difficult” and could be required up to the best
implementation level. Then, computer game designers can properly allocate design

resources in different design features of a game.

Keywords: computer game, buying process, optimization, ANN, GA
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1> §Fla 2 ki d (REAVFREFEITH)E 3 R nf

Mo A2 A RapHL R -

23 BiF i Ry
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T S e O R E R AR R R B 050 (Vellido
etal.,1999); @ A TR EE BT Ak L e AP RS Y 5 P
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FIREAY S5 4 B 45058 973 A(Wong; Bodnovich & Selvi,1997; Wong, Lai

& Lam, 2000; Nouali & Blache, 2004) > $>*3R m 5 > 5EAY S ppe e

SR R L) R Y

232 AFFE &

10 ¥ 2F 5 rE %7 (deterministic) s 5 B i 1 2 E o A FF E 2
Bt Al B i R B R RIS RN AREHER - Bk
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KT T - AEFARGAL I AFT ER - FRARB T AL
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2 i AR R ] R i ddieck A o A WeniB A M
(roulette wheel selection) » %% & 3%{(tournament selection) % 3] 3% - #73}
iﬁ«’faijﬁi"éﬁéﬁigﬁxiﬁw POagiERTR e > Rt i T e
=¥ A BRTefE o Fl G %ﬁ%?ﬁ?fﬁi i 4 T B A5
Ad L BA DTN o Afechiffe B S BIf s FE IS

SR E R o ) R RSB E S P BT S E R

A

P AT R ERT ERRE 3 R85 )

R %% % 842 (Michalewicz, 1992; Thede, 2004) -

B 35 F1 5% fR BTN AR AT AT R 40F %
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AAFREEFOfE TEZAREF LT EGEM AR ATIFRY
2o L T AR B A B) 2.2 19T o

fARFIFRE 2 el f0E S N TR o RpEe ET
A mL(Goldberg & Deb, 1989; Alfoneca, 1991; Michalewicz, 1992;

Forrest, 1996; Thede, 2004) :

LoATIFE 2 240 S BBkl K pEY > & 25k b
VAR TR SE el A TR R LE A

2. ATFLFE 2 R 2 B EnsBE o Tl RO E R
% f# (global optimal) » FF'pF7r ¥ % 4. % » % & & i f# (local

optimal)srofe jw » & & K FIF 5 2 4~ gk o

Yot

3. AR EE AR P REIEATR A G FRATH

g

5 e

1y

(Gl4c B 37 fcA EF ) FI v i L84 8 i B S
#c o
4 AFIFEZR T PBIRDUIEEE S 5 o R P ELET P

Fa g (4 1 B AF -

Tk

dU PV B R mAiR ARk E A4 I A



A

FE R - B AR R T ST RHEEF R A
W2 fRE R W AR LA 30 dod SRR ATAWERE A (bl4e 1
i B FE(Liao, 2003) ) £ ¢ SRR e 2 pE AR (Blde D b S
#4 K (Kim & Shin, 2000) ~ = % # 4 i* (Mannino & Koushik, 2000) ~
#-E 23] (Wu, Hsiung & Hsu, 2005) ~ 2L 2 3¢ % $5-7% (Shin & Lee, 2002) )

AR YR AR AFFEZARTF B o

233 R ERBAAFIFEZ 2L HEEL BT

LA G epn i AR Bk e S TR LE A -
B g R AT o do W s 1R R ot (Bldo S E ekt
(Marcelin,2004) ~ &4 1 = 7| 4 f2(Mok; Kwong & Lau, 2001; Shi, Lou, Lu
& Zhang, 2003; Qiu & Li, 2004) -~z % v 1 %] 42 (Su, Kao & Tarng, 2004)
)@ E R/ F (4o 2 g 42(Li, Wu & Pang, 2005) ~ CIM
Pt > 12 (Lee, Lee, Lee, Choi, & Lee, 2001) ~ & &+ F 337 H E %
(Yuan & Chen, 2001; Kuo & Chen, 2004) ~ 7 3 < ¢ * 32 % % (Matia &
Sanz-Bobi, 2005) ~ % i 35 #cdt & (Kim & Han, 2000)~ % 5 38 fz (Shin &
Han, 2000; \Versace, Bhatt, Hinds & Shiffer, 2004) ~ 7 * =% &2 %] 4
(Chen & Huang, 2003) ~ = # j& fs (Kim & Han, 2003) % ) 38 &_» ¥ fvyt

AR R L st AR S KRB e o
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24¢%?ﬁ$%

SFE M2 F A N R RO A R A IR R AN A
(play process)si7 & & Ji tadf ot » EI= R 7 SN = B R
oo P2 BT ATE R N T RAFDER o oB T A HER
(design process)®. & it R 35 > P o A B A A SRR S A TR E 2

FARE P o PIW RAAFE O~ R RTE -

FERELLPHE S FARENT T RREFFY o

LT MY AR ) h &R IR 231 3R 72 R 3K # ik

N
fuy:2
B
2
B>
Tk
i
N
™.
)
_‘,z#‘
€§
\\Q;E‘_
e
= i
=)

Bk 2N SR g2 2L 2 X &
_Erlz—"%:ﬁ_‘ir/oa‘_: }'@’H’Vl ’ F“',L:%\

5
[
ey
b
o
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$2% R THYER | PEBRFEN TR

AEIFEATHE A R R RS R R BT R RIS

BB R T E o 2RI S BRI THAR FEZ BIIE ¥ - IR

Lt TRER B2 Y R IR PR IER P R ¥ S R
"—‘i)’é' ?\:}:%‘J-«ingiﬁ’ﬁﬁ :%H-ﬁ—ﬁ lk}_o f;: = ]I%b_g; EIIJ {%Eﬁ‘ﬁ}'& :l!‘ E’i’»’)“—,}: E‘J'J}'ji‘g(@ f:y
Eﬁ;"éxﬁ\‘o R R A T =

e RN IR N N Y

A%

54 -

31 FHEFH

BRI R R T3 - B E RN PR TR T 0 T
FRWERE RSN TR E SRRy AR RHRERIR Y
VIR DRRY GEAT ) U BRI E TR T Rk e Rt

% e

AR R RS B RAH o Y BT T TR & R )

"% 1945 ESA 2001-2003 & gl 8 b3

)
»/LAF

7= 2_ - (Interactive Digital Software



Association, 2002; 2003a; Entertainment Software Association, 2004) - j*
R @ 'ﬁ B ¥ =ene A % 1% F 7= (Interactive Digital

Software Association, 2003b) -

hd FFIe? o AFTF L PacMan 32 (ifdk— ) Bk F AL o
PacMan ¥5% § - 37 5 = # T 3o fic k8 > 327 3= p £ Namco = # % E
Ak fs02F 5 % B A PacMan i %8 4p %442 71 (Crawford, 1982; Rollings &
Adams, 2003) - x4t % £ 3] PacMan #c#8 A A= st g iy > BB F LR
F I ARG T PGE £ AT R FACH ] F e R -
AFETARMD A X #* 28467 Bl H PacMan 7 3= (fitdks )

= Namco = @ f gk R3] sowE 27 #8% £ 4] PacMan & e o izt

TR YV Gt XP ks PR

AT 5 - RO R % ik T A, P o

R e o SRR EER FE A R E
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LI
RS T R S S S WLt

¥ M-F A (frequent buyers) » # # & % 8 4 - {345 International Data

Corp.ifd & » F 2o A ! T3 142 P edTR I BIFHZ S
¥ AL§ % (Rahmat, 2001) « 447 3 R g AR 2 5 0 F p§ & oif
Al o

2. B{THEAR
A TR AR g S IR RN R B B i

FAAT A G BHS

K- LR RREY R RA 0 28 BRI 2

o
1) MR ¥ BA Y - B LSRR GIR TR S 28 BT
(2) MY REEFmROER L =B R (3 4 #FI3=;2

A EELA T AEIR) A WAL 28 BRI o
(3) %16 BRLE i A MT 0 0 e BT 8

(round-up) > #-pt 28 BRI=TH o 5 T4F2e T H 3 T3

2
v

i

=
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HFZ ARG S R R LI IRaR T Pl

(1) b T4z B T 243 | i 9 > LR - BT
It > ﬁja;\:— £ o
(2) fj*ufr - HRImORATG PR FEATRE R T
i F R R I I ak Y B o
3) LRhEFARKT =R ERL L IH 7 IR
B i o
AT TR 8203 BimypaT s b enp 5] 0 £5 7
RALE ;ﬁ Trfit- 2l g dFm el d > LGRS E B gkt
Fice MR RS 1 AR B8R E T EE, ¢ o R3lm

FLNT R A (A= )

33T LRy PP HE R

KFEG %2 FEED 451 i 30 9 R IR M 0 A TUEE R

L

3

CEATIPHE RN AP R RAEH PR 28 BT IR
Pe¥t g R 45 R ELFS AT R F 2P e

718 m % 4 21 27 =9 4 o HF iR AT A1t o



2

- R
F

P BRI IRAER - & REHET F 1R K

AR R R E LN T B A A WL o

% -

DR L BRI AR AR AR o R LMY K

R A s S

Heen T 43k & (implementation level) -

HA=
(1)

PR R RS R RARR 2 Tl o
GEESEER v T T F e RS T S i

28 B > 7 if £ Fiztaw ftp":‘% 2 & +7 (Gefen, Straub &

]

Boudreau, 2000).- E&gxggﬁl r»RETET AT
FoORELA ST RAL Lot & E AT HGiE
A &g, (Hecht-Nielsen, 1989) 17 3 #i iz 2% 3+ 32 ik
AR F IR 2 B rZb B o MBI &

PREA FAApHE S E DT R T A $9(28 B R
=)o fpA St ¥ - T %% 2 2 (Demuth & Beale,
1996; Jordan & Bishop, 1996) > H 1 & g4 > 7 L F_%* 3N
A ClRAE 2 g~ S R AN o R

oy kB RPN BT Ly o FREREST R
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(2)

(3)

Peoos RE ] BT aH L ZERMEM GT £ 4
By R BCE B ~ RECOM T o AT G 28 B &
¢ 21 e ka2 LM R 0 T % ¥ T e kSR

24
PR TR o

W

FreaE- v 40 BREkLA Y 39 BRI
K %«ﬂi%p R T LI BRHPINETI
DR AECNIE LY SRR UL S S

AR AR SR B K 508 Qnet2000 (Vesta
Services Inc.;2004) K48 5 &2k - pcip 3 R K 4=

AR E R AL PO G LAY R E - B

» F]F mﬁﬁtm ’ ‘f’\{

¢

BALS S E N DR Aok

BARR A AT T AP & R o R
R e e) SR L R e
MB % 21 wdcdy 0 & - 2#dpt 39 B FE (R
V) - BN TS (RARRER ) £4E -
Bl en® - gy~ FlF 0 2 AR B8 R G B

BEG M) P FEQ@A) B BEQ L) B ARKE

IS

R 18 ﬂpwhﬁ#gmﬁﬁr}fﬁg Rk H = R ﬁ.glﬂr,;#olj?



4 21 e dcdh o Fpt B - f]}@?l)\ F+ o5 F 63 T[%ﬁs?]:", [

L 63 x@;ﬂiﬁ]kz _ﬁ_hﬂﬁvﬁpﬁﬁlMﬁm;}Lﬂ R

= 3 (rootsumsquares)# if » > R E AR % & T3 fhs?l »

Fl+ i 1 F] S LA AR L o BRKR R A KR F]F D

fe ATE > PRI 5 ApHE R (ST R)T A
R

Hhe T 0=
R +..+ Ry

ESater 2

A EZ PR AN Y - R TR D 0 39 Bk AR 1Y

=
£
-\
't
N
%?
E&
-l
‘_.
|
s
o
$4
s
I
@Y

P LR BRALS (6 0 BF HRATiIE 2B
FH#HLman=2 8% RX W F T E&ks 1260 £ (28 B T kst
#7445 RER F )0 fI* SPSS #rHfie 7 F] % 4 47 (factor analysis)

A F AU A $hF]SF FB~E (principal axis factors method) » & 12 &
% & # ph (Varimax Rotation) & & b e gl = 2 > 1 EFag ) 3 e kst

2

S|

7]

-20-



35 F#EES
35.1AFHE & k3 Filc

A% 1% PacMan & (T4 T 325 484 - B EP(F 39 B TREE
WA P o R TR RENT R P e WY R R AH T R TR
ARYTE & 2o 3 A KA B R AR TR E 50%:0 10 3R e &

31) 7 M -

Bt & i el DERVEE DM o TR el e
LR S L E G SRPE AR o @ T RS K Rt
BB TS Y o TR MBI B T - Koo BFRVK P R
Crawford i Rouse w3+ 3k @ IRV a2 p 3 7 F ey
{ f » (involvement) ** ¥ g% ¢ (Rouse, 2001) - & Rollings £

Morris(2004)» 3% 5 25a% #& F gh | 1 i (dramatic effect) v 34 & 7

B E R ERED A b R R L B AR
SRR RS fehft o Bl G g2

i
SR Rk Sl PR TR AR - A SRR NI
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# 3.1 4p “i’r??/g’%fiﬁ 7 10 203K 3 F i
Iy RHTRR | AR TR
2r 2L
Rt %) (%)

YR8 &0 & Rl it (Scenario is dramatic) 8.23 8.23
§ ¢ ik XA A 4 (Ch ’s style i

2E) W (Character’s style is 6.78 15.01
similar to mine)
¥+ & T (Opponent is competitive) 6.42 21.43
IR A Rl i
P55 ¥ (T3 B (Character looks like a real 531 26.74
person)
PeEL eng Bae 2 g & (Weapons are powerful) 5.14 31.88
g SR % % i8R (Beginning levels areeasy) 4.63 36.51
FIRA B vk —‘F% #hi-3=(More than one 438 40.89
player can participate)
(s 53 3 % 17 F & (Final levels are'difficult) 3.69 44.58
5 »c& pF % v (Sound effect is varying) 3.22 47.80
":y 7“}/ F ﬁ;- /i :/ );», /:; S d ff t -
s 2k F R E 2 e 4 (Sound effect varies 3.06 50.86

with events)

39 W% ,—J?U% 10 B erﬂh % 5,% 11 &8E), RMS. 0.018674 > Correlation:

0.99461 -

)‘Ik{?, B G b FAR N & (Y B B 4 B

R R LA LR CE TR Bl AUEc AL R R

-31-
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S HE LY X AR - B

LR S r%i@%"yi&ﬁ* LR ARELR
cudf 4 B de (T HIT R F LR R chc X o i BB e
FLFT - ROWRE A

S e 'Ef’r}“«j‘ RO I E e M ek 3 i

-l

§_# gz - (Malone & Lepper, 1987; Carroll & Thomas, 1988; Rouse
2001; Pagulayan et al., 2003) -

TSk & & B iFm B

SE L EES S I
BB ETR e Rl

& BB T B

404

=

ZAHET Y F R
B ok g Rk

Wi B OECIRAT s e PacMan &

5 B h s
& & 1L ‘qj’&j’q.xfr B —’3

B EROERAAeE 2 P 35 LRE R g
a ﬁ}ﬂ"rs f2 & «hE § B (Rouse, 2001; Rollings & Adams; 2003
Wood et al., 2004) -

L
f‘ﬂ
E
]
(N
A&

+4

;ﬁ_ﬁ(’ ;E,'u)I}Kﬁ)ﬂ‘
SR RN SR L EAR T
RACK & FEPL L - Rodp 4 s 157

% (Bates, 2001) -
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FAFER R R RSN LB A N E Rl
R TS ER A fiu, o | B 4B TR 0 &
HHY FRATIE 2 J’I&@%i"féﬁﬁﬂﬁ*\‘%’?ﬁ@iﬁﬁﬁfﬁ% T IV g
B @ HER H wrwrg I ALK 4 fjf‘u? VUG PREFRY 0 AR 1S m PR
FELRAESI S A REME S B BERIEIF I - R
HIRIRE F L BN g 2558 (easy to start but hard to

master) (Neal, 1990; Dennis, 2002; Rollings & Adams, 2003; Salen &

Zimmeman, 2004) -

- LR PEREAA PSR G e SRR
RRELT ¥ hB R LG SR RT R RS

:f_'u-%

e cH AR T IRIE A A PRI S A P AR B E E A iR

2

Seo IR YE AN ) F o AV AT e ZE< AR R I

Bk P FeE IR LT T APRE GRS & o Ry

% A 24 %4% (Salen & Zimmeman, 2004) -

FLERPERPAEL T H ok YR o AR g
PAGRRAER FRI- SR8 S LR PERERL TR F
FEORL L REA RGNS B RFROT EF AP LR
FHED G EPag e RREE B angr 2 > 0 b A Bavfe 4 4%
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TRV B RNAL e LT K BRA B A A L B S E

RA Rt 0 FRNERG e F i Y F AL B Y R

\rm

"

R ImL a2 g Wood % 4 (2004)i 5§ R L

=
>‘I\v

=3
o
_E;l!r"
b
\_,
An'S
\_

ARG AR X2 - A Marks (2001)¢ 3 E
TR R IR L A F o F g ok A2 R RIIIRE o

PR B BT SRR« T g AR 1 RN ATE I R dhg ay

352 K FlE gy

She
gy
e

F1* & A 472 18 B9 BRRGEE AL T A AT A 647 1T AT
g1 2 ¢ 4 M (novelty and powerfulness) ; ~ " = 31 &0 & 3 (appealing
presentation) ;~" 3 # |+ (interactivity) |~ $* ¥ g (challenging) |~ " 441
R (sense of control) | ¥ r;*.fltﬁé(rewarding)J (£ 3.2) iz BEF

# ¥ 2R SA% R B R -

FomTATR S L NS P 2 R FR PRV BT MR
w14 BT Y T A2 B &R Kk F7H & (novel scenario) -
4 % E A AR & R (vivid visual presentation) £ sp 4 3 & 1 B

(capability-enhancer) o #7# shlf & FEE I FERL ~ 5 2 B AR i 1y



%

3.2 FlF A Ar#TiF 2K Fl R

Design | Factor 1 | Factor 2 | Factor 3 | Factor 4 |Factor 5|Factor 6
Features| (Novelty and | (Appealing |(Interactivity) | (Challenging)| (Sense of |(Rewarding)
powerfulness)| presentation) control)
DF5 770
DF4 751
DF10 739
DF11 722
DF8 671
DF2 657
DF15 647
DF16 632
DF7 .609
DF3 .601
DF1 567
DF9 553
DF12 477
DF6 466
DF18 768
DF21 764
DF17 752
DF20 734
DF19 725
DF23 .698
DF22 .638
DF38 .842
DF39 .696
DF32 626
DF26 558
DF33 544
DF14 720
DF13 681
DF29 448
DF31 381
DF30 346
DF28 302




% 32 (§)

DF24 .686

DF27 .638

DF25 .585

DF34 428

DF36 791
DF37 540
DF35 422
%

Variance 30.851 8.958 5.213 4.025 2.837 2.243
explained

Factor Extraction Method: Principal Axis Factors; Factor Rotation Method: Varimax Rotation
Kaiser-Meyer-Olkin measure of sampling adequacy=0.919
Bartlett’s test of sphericity: p=0.000, %*=30586.161

SRR R 3 AR R A
SR E R e 2 AR B A PR RS i

SRR R eIy -F P EEE RS S &

i g U A P E R e R § - KR L 4 eniE
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BY M AT s BN R F B R 583§

S et e R TR
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i E T e BoA LG hf s (helpful information) ~ i fis s~ 3%

Z_(adaptable input setting) ~ jbri& % & (progressive difficulty) 2 2%k :¢
# 12 (play continuity) - F * G F 34k B AR edn T &2 TRE L ATOF
oo i M xR RSN T AR 4 4K R R
IR 3p mi%ﬂifrfé*« FHER EEF - R ERRE BN T - & nw’j‘u
§ LTI SRV I A SN AR RSP U B R S
*

EATH 4038 (7 25N o

B TRORE ) 2 g R AT 6B 0 i 6 K
¢ s Tz BEEA F 4 T pecrdt = (compatible opponent) ~ - cas K
i# & (fast pace) ¥ &9 eheFpk ¥ 4o(effortful play) - § 4 7 fe chff = 3 o1
LAt frft Mg £ 04 SR R & AR AL H
Wl AT R R AR Rl KR Y 4 b e R

PR TR TR RATY S R

IR 2RP TR TRV EAT 4B 4 Bk
AR = BRI PEA e far g # (free choice) ~ #TH gL HjE B
(new skill acquisition) ¥ % g '?1‘ T_& i £ R (player-defined
competitiveness) o "< #7£x 3E $ 4p mj\l"}u F %N iﬂﬂ VEREREMF

SFHLR o @ P ATHAL T Mk - M R R Y i 4 T

-37-



PUH{ G R T LR ER RS S i A R AR

A R o

R rﬂf"/ﬁﬁ 2K FF e RNy 3B 23 BT

Y %’%’3’53 fa i ks s\;ﬁ,mﬂ' # (cumulative achievement) ~ s %
ﬁ%@v(thual token) 7 = )]+ 337 (recognition of achievement) o = )*I*um
LER mf]&»{fﬂ%—‘ﬁ Flenm v LR AR o m R SR F 2 {395
PRt hil 7 5ok @ ;&)T} 1}1[—\#”&!’34-,,,: B GEEE hLF

B i BT TR LB o

353 FE&iHHm

AR e TR AR Y RSIRF B T R R R
HBERFFF o 2 AR - 2R % 2mndi® AT 39 B4
Ve b 39 B  FMT IR L (avatan) T ELE
Mo E - BARE ER O Bl U FE AENEARL e B

e o AfZE o ¥ a i o s f ok F]S B P

FEEH TSN BRI PR R F R ESR o R
- % o



W30 BRI HAGLIFES 6 BRFE - % ¢

ﬂh
mw
-

+ 42 & 4 14 (novelty and powerfulness) ~Fex 31 ek 3 (appealing
presentation) ;~" 3 # |+ (interactivity) ,~" $* ¥ g (challenging) ;~"
(sense of control) | 2 rﬁ%/ﬁv (rewarding) ;- fiz> B FF ¢ T e
51 e % IR (appealing presentation) ;| fiE2 hH B A7 ¢ 4 AR
ﬂ°%*%ﬁiﬁ%ﬁﬁ?%ﬁﬁﬁﬁ’“&WﬁimJE%ﬂ%&

&

\w

£ o

=y

R AR

Jreh

FEas Pl Ry Bl AnnR R R P
PERFFTRALET LRV EY e BRI EFRIY |

R EERTER ©

PR T HIRFT IR TG ABELER 5 - T EHNY R
/t’mr?g‘% EﬁiJ'—;{’ rl’?‘fﬂ“ﬁﬁiJ FE g ”fs ZI = s s Gl L
PRFITIRE T B PR P E R AL TR D e 0 B D A

jj ¢

._\\

FRap ¥ E R dF R e A Y AT

z?ﬂ

TR R

L
hu"

2, ViR ET  ROE R X2 R IRE

3
E

i

Tradl 4 i

@¢

gw»gi%ﬁiﬁ*’ﬁe‘épu“b R AL BACTIRE
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AFHHTIRL R T EMNEA R AR EDIE > LE LB G XK

(selection problem) » » A& % ~ cnfg F Z A p P2 - B

-E.t.%
b
\_.
d

W
~
|

il

(w

it

c+Hy
ik
N

TR

=
|

=9
o
M‘\
s«s}i

B

-

7

Bro T B A AR T o8-8 5 39 BANTR L £ 3 AF

SR TMAUBF SR F - BRPPHEERLSERT LT A

RS
~

BUARAKE G g R gA o R R A AR 47
LR AL N2 ARG BB AP PRELIT § 6B

PR FREATEREVRFELGHE S BT T e 0T

AFBEBEN-BARSBEIZEY oo - BARE IR
Gk FEL R o AR e A A g e (artificial neural
network, ANN)# & F];% & ;2 (genetic algorithm, GA) i :E # % 3+
o Hd L EH SRR £ kiE2 g k2 TREH= | &

R )5 A R EUR S A R kG T enfy SURRIRIE A i 1 et

&
P
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PR RHOSEFHEN L TR G, ? B RRE T e
Gids (FA| R IRk 5 39 BAPEA B LEFTIRAPLE LT
—%?%%ijﬁif%¥3%4°ipi”@§;_
L*ﬁavzrﬁs

[X;‘j], 1S]S39 %

%00 iR 2 Mk
ek PooREE o @ F

IR 0 Pl yd o
-E': v yiE[l, 5] °

AR SRR Rogl-ae S - S b I Ty e

¥ oY
*§={x| x=[x], x;€[0, 5],xjeZ+,1£j<39}j\z\’1‘ » 7R

TR RS
(Design Space, S) - @ [ Q4%

-4

3 J_F'&ﬂT" %\T_I'f:?YZ{)/|yER
%z B (Fun Space, Y)

ﬂ z_ B et pt S i (mapping function) o &4k ch¥tp

WG RRERH > he MY TSR SRR



i ~ K \K‘a_’%*“‘é;,r;ii’ﬁg?]:",é; ° ﬁjg?])xégéﬁi— G EhiN A& - 2t s
F R E a@?]ﬂ'./é] F- BEEL AR R R o )*I‘u
AARF RSP 25 - %3 & 4 QReRE7IE N H F

REFIRGERE o @ — B LD igA SRR ST G andi fp K 3

SN AEPIRL A GRREE AT REENART TS
P2 E- R R R FEIRORRE SRR MR 7 j@y:

G(x)% i -
4.3 B iF it 3 2K 3 enfd ﬁ{:}‘!";t‘l’

AR HEH N & N RIRRT GRS - B

K3 &R > VAN e T

Minimize Tv(})=ﬁf(xj)

Subject to:
xeS (4-1)
y=G(x) (4-2)
Y= PF min (4-3)

-43-



I8P 2 PR EA T DB RTEEF (T,) e d
o)A SRR BRI A R B TS TR
FERFPER VN (G-D)E TR AR ZES P EER
o UFIN (4R AR E FSEFRy B FZ A SR B o ik o

UL (4-3) 4 7 TE B S R IR S i Y

’?;T i‘f‘ﬁﬁ’s’l %’ .‘]b'\PFmin °

DR T FL P Bl S gmN A&, H P N
FRF B ED A m R AR AR d BT
oo g B BRI AN =39) - A R (m = 6)FF

2L e

BEEN

—\

E B R % (675223x10%) S pER T R T B
BIpF o 2 R RfE ot ARFR NI ATIFE 2 1 e

SRS BE LR o fondandy Pl- it Eo i it ¥ o

AARE B E TS &

Ao AR A F B2 AT B R R R &2 B AT o ey

TR FE S Bche T ot o B TR ARACR] 2.2 o

py
I
I~
L
A
5
e
e
Nlud
TR
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24 ¢ %8 (Chromosome representation) : & - 2z (F - &K H:E
BRI e Ex (B2 s R M)REH o N BREHK Gz
BAF)TES o F - BRFFHG om fEERAKE -

A= 452% % (Initial population) : 4=45%% P0) " A 2 M 2%
R - WA RPE S B - AT x hiE S A o
[0,5] enw ¥ @ “gip A 24 o

it S B (Fitness function) @ %% =< }]%iféi‘ i (Chen & Huang,
2003; Marcelin, 2004) - & &g fls 5o fcF(x) LA™ o £ 4
i R RE 0 2R S BT () 4 R S ) 58 (penalty term) 0 i {7 T(x)
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3041 & - LI EHAEBR LB FHALERT

% Rk 0 1 2 3 4 5
DF1 0 10 30 50 70 90
DF2 0 10 20 40 80 160
DF3 0 10 30 90 190 330
DF4 0 10 20 40 80 160
DF5 0 10 20 30 40 50
DF6 0 5 6 10 12 15
DF7 0 5 7 8 9 10
DF8 0 5 10 15 18 20
DF9 0 5 7 10 12 20
DF10 0 10 20 30 40 50
DF11 0 10 30 60 90 120
DF12 0 10 20 40 80 160
DF13 0 10 12 20 22 24
DF14 0 10 20 40 80 160
DF15 0 10 20 30 40 50
DF16 0 10 20 40 80 120
DF17 0 10 20 40 80 100
DF18 0 10 20 40 60 80
DF19 0 5 7 19 20 25
DF20 0 5 7 8 9 10
DF21 0 5 7 10 15 20
DF22 0 10 20 30 40 50
DF23 0 5 7 10 12 14
DF24 0 5 8 10 12 20
DE25 0 5 6 10 12 15
DF26 0 10 20 40 60 80
DEF27 0 10 20 30 40 50
DF28 0 10 12 15 18 20
DF29 0 5 8 10 15 20
DF30 0 5 8 10 12 15
DF31 0 10 12 15 18 20
DE32 0 10 12 15 18 20
DE33 0 10 20 30 40 50
DF34 0 5 15 25 35 45
DF35 0 5 10 15 20 25
DF36 0 5 10 15 20 25
DF37 0 10 20 40 60 80
DE38 0 5 10 15 20 25
DF39 0 10 20 30 40 50
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‘= : 28 T PacMan R B H 50 F 7T F

PacMan % 3= & 4 BRFiFaP
Mac-Man Master Key
Alezy Ablaze Space
Pacman Paul Neave
Mango Quest Mango Quest
GJ Pacman GJ Games
Money Mania AXYSOFT
Eatman Relax Games Ltd.
Deep Pac Deep Digital Space
Pac-Guy Astral Entertainment

Amazin’ SPISPOPD

Hamumu Software

Pac-Guy2, Part3:Pacula’s Curse

Astral Entertainment

Pac Bomber

Alawar Entertainment

Pac Mania Il Alawar-Entertainment
Capman Jani Immonen

Pac Mania 2D+ Alawar Entertainment
Gubble Actual Entertainment
Pac Doom Alex Abscom
Pac-Guy?2 Astral Entertainment
Pacman Aldo Vargas

Pac World Johannes Wallroth
Billy The Kid Hordcore Processing
Skull-Man Skullbyte

Processor man Ari Feldman

GJ Pacman Amazement GJ Games

Win Pac 2 Tyler Dauwalder
Maniac Maze Xtreme Games LLC
Squark Soleau Software Inc.

Pac Mania

Alawar Entertainment
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e =

PTRLR AR 53R pun () § Rk P Bk

® P F K

DF1:

PeEN a2 Fpsk (Scenario is unpredictable)

DF2:

PREN & pF Y % 1 (Scenario is varying)

DF3:

PHE R e Bk gl it (Scenario is dramatic)

DF4:

¥R #747 (Scene is creative)

DF5:

¥% i & (Scene is looking-real)

DF6:

P ¢ 422 % (Sceneits colorful)

DF7:

H-$ 48 2 (Scene is complex)

DFS8:

5B P F %1 (Sceneis varying)

DF9:

¥-F & 3% T g (Scene transmits smoothly)

DF10:

¥k & 4 3747 (Character is creative)

DF11:

?5Ek & 4 #5 ivig 2 (Character looks like a real person)

DF12:

& ¢ chh $ %Y A~ & (Character’s style is similar to mine)

DF13:

¥+ /§ 2 (Opponent is competitive)

DF14:

¥+ g2 3p 4L (Opponent is unpredictable)

DF15:

Yo\ ey B e 2 afr,fﬁ (Weapons are creative)

DF16:

Yepheng  BAe it g T (Weapons are powerful)
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ez ()

DF17:

¥ %% &3 F (Background music suits the scene)

DF18:

B 5 2§ gi- (Background music is varying)

DF19:

# & % 3 £ 8 (Music tempo suits the plot)

ol

DF20:

sk FORE 2 4 (Sound effect varies with events)

oy

DF21:

»z & 2 & F % (Sound effect suits the event)

oy

DF22:

4 »c& K 49 ~ # (Sound effect is loud enough)

DF23:

5 »x & Py %14 (Sound effect is varying)

DF24:

M+ 3R v p 7:E48 (Level difficulty is flexible to choose)

DF25:

=+ — B ¥ 7 37473 (New skillsare acquired at every level)

DF26:

BE -+ L& 7 3 4o’ (Level difficulty increases progressively)

DF27:

v upthki (Levels can be skipped)

DF28:

BEp AR % % @K (Beginning levels are easy)

DF29:

Au A E %% 4~ (Final levels are difficult)

DF30:

YRRk iE B K 494 (Pace is fast enough)

DF31: 5%

ki B pF ¥ s (Pace is varying)

DF32:

24
ﬁi%] %% % % 3 (Input device is easy to control)

DF33:

¥ L #5% B (Game can be saved for continuity)

-72-




ez ()

DF34: v & i 12 b endgpt 4 i ¥= (More than one player can

participate)

DF35: # & 3 4 # {74 (High score board can be viewed)

DF36: 235k & ¥ 2 % # (Game scores can be accumulated)

DF37:

il

& m B (Virtual token can be won)

DF38: 255k ds o B /2 (Instruction is clear)

DF39: T pr g sz d { #7 (Real-time information is updated)
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g R FRIAHTREREAF IR
it PHTRR | BHTRR

(%) (%)
DF3: 5% i & 5y 1 8.23 8.23
DF12: & ¢ ehp f& faifss & 4 6.78 15.01
DF13: %< § 3 6.42 21.43
DF11: 5k & & 6 (vig B 5.31 26.74
DF16: ¥5k chit Be 2§ 2 5.14 31.88
DF28: B g S0 7 % i M 4.63 36.51
DF34: ¥ a5 11+ %k 5 i

4.38 40.89

inIe

DF29: 1582 %2 F3F A 3.69 44.58
DF23: 3 »c& i % 1 3.22 47.80
DF20: % »c& & B i o 4 3.06 50.86
DF25: & - B ¥ {7 F|ATHLI7 2.84 53.70
DF10: &gk & ¢ 740 2.72 56.42
DF15: 3% chs B e i 2747 2.59 59.01
DF4: 3 #7148 2.55 61.56
DF24: M+t v™ p FiEH 2.48 64.04
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DF32: # » %5 % » 47 2.35 66.39
DF36: 218 A 7 11 % ## 2.29 68.68
DF21: <& &£ F ¢ 2.20 70.88
DF8: &% pF ¥ % 1t 2.18 73.06
DF30; ¥%pki# & B 453 1 2.17 75.23
DF2: 25k & pr i % 1 2.12 77.35
DF14: $++ g 354 2.06 79.41
DF7: 3-8 4f 3¢ 2.03 81.44
DF5: 38 i E 1.95 83.39
DF33: ¥ 14 5 4% 5 B 1.74 85.13
DF6: 38 ¢ 42 ¢ % 1.71 86.84
DF35: ¥ 2. % A (7 % 1.58 88.42
DF39: #pF g { 47 1.50 89.92
DF31: 25p%ig & Py 2o % 1.43 91.35
DF9: 3§ &4 = g 1.41 92.76
DF19: 3 #& % 3 &5 1.30 94.06
DF27: + 12 p+hd 1.24 95.30
DF1: 258 & g g 0.97 96.27
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g (§)

DF37: ¥ j& % B 5t f - 0.95 97.22
DF26: B + ¥t /& 1% 03 4o 0.85 98.07
DF17: % 83 &% 235§ 0.69 98.76
DF38: #5pk 4y 7 P A 0.59 99.35
DF22: % »c® %43+ # 0.39 99.74
DF18: # B 5 &p¥ %1 0.26 100.00

R PROUHE L A AT B T BPN (39-10-1) (R BT B B - Ay
9B EAk 10 B agk ﬁi%l Mk 1&g ) RMS:0.018674 > Correlation:
0.99461 -
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