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d 
'lI'V1'V1 1 

o 
'lI'V1't.11 

, ," 
1 'Wiflilr.nJ'W[;1~1 (;1 Lrim n'IJ ~~ [;1.n ru"Yl'l!'el~ ~LL ':l fL Vi'el rl':l1l-l,J'WL Vi'lir'WiJ n 1 ~LU (;1 nrJ 1'l LL~ ~m~ • 
I II I I " 

LL~'li'WVl~'l ~nl1'lU'liJ'tl [;1~1 m~Llil1ry L~'IJ L[;1Vl~~n ~':lrJ L(;1rJ",ti'l1 'W'l!'el~ ~LL':l fL ",~hir'Wfifil'el Lnl-l 

rl'ell-lvh L[;1'elf ~1~iJm~~ [;JJ'W1'elth'l ~'el Lti'el'l L~'el1 t\'11'W~'elmnL"1l'li''W1 'W[;1~1 (;1 L(;1rJ1 'Wn~l-l"lJ'el'l Lnl-l • 
" , 

rl'ell-lvh L[;1'elfir'W lh~IJl'VlLnl-lVlrl1~'l1~~'lJrl':l1l-lV.rJl-l'elrJ1'l~'l LL~~iJ'tl[;1nmnIil1ru L~'IJ L[;1~'ll-l1 n fil'el " ..." 

rl':l1l-l~1l-l1~~ 1 'Wmn~'ell-l ~'eln'IJ~~'IJ'IJ~'WL[;1'elfLil[;1 L~'el~'el'l~'IJ Lnl-l~ L~'W 1 'W~~'IJ'IJ'el'el'W1~'Wl~ 

Lnl-l'el'el'W1mr'W'elnlil1 nlil~4' (;1'elrJ1 'Wn~l-l Lnl-l~iJ'tl [;1n mnlil1ru L~'lJL[;1~'l LL~':l U'liJ [;1~1 (;1~ 
ClJ iii Q,I ClJ 

n~l-l ~ L~'WLtI'W~1'W':l'Wl-l1 n ~'l,r'WLd'el1~ L~'l L 'I1'Wn'l ~ nrJJl1Yi'Vl1'lfi~nlil"lJ'el'l'l1'W';'j4' rJ ~1'WLnl-l'el'el'W 1~~ . " . 
~~1l-l1~~ Ln (;1~'W1~ ~'l1~iJ LL 'W':l ~ (;1~Iil~1.J~'lJ1.J~'l",1-'el~ [;JJ'W 1 ~~'IJ'IJ Ln l-l'el'el'W 1~ ~~1.jf'elrJ1 'Wiflillil,J'W 1 'W . " . 
"'~1rJ 1 ~1'W ~':lrJn'W L"l1'W1'W~1'W~~'IJ'lJLil[;1L';'jfrlLL~~~~'IJ'lJifryry11.J~~~h"l'! 

" , 
~1'Wifryry11.J~~~h"l'! (Artificial Intelligence) Jl1rJ1'WLnl-lir'W Lnl-l'el'el'W1~~VliJ"lJ1rJ 

L(;1rJ LU (;11 t\''lJ1m 1LLn'IJ rl rl~~':l11.J1 'Wiflillil ,J'W1il ~ L u'W",irn 1 'W~1 'Wn1 ~'el'el n LL'IJ'lJif ru ru 11.J ~~~'rt~ 
q q Q,I cv dJI 

, ," 
1.J~~~'IJ n 1 ~ru1 'Wn1 ~~ [;JJ'W 1 ~~~'IJ ~':l ~~ rl~"lJ'el'l ~ L~'W ~'l1.jfif ru ru11.J~~~'rt~Vl'elrJ'IJ'WVi'W ~1'W"lJ'el'l 

ClJ 01 01 dJI ClJ cUI 

n{) Ln ru"Yl (Rule Base) L(;1rJ vl1'l1 'W[;11l-l n {) Ln ru"Yl~ ~'el'el mL'IJ'lJ1~':l1 'l ~1.J LL'IJ'lJB hJ1~iJ 

rl':l1l-l~1l-l1 ~~ 1 'Wm~~rJ'W¥",1-'el~ [;JJ'W11il (;1!l'el'W~'el11il Ln (;1~'W 1~ LL~'elrJ1'l1(;1 ~'lvl11 t\' ~ L~'W~1l-l 1 ~~~ ". " 
" 1il~-W1" (;1!l'el'W"lJ'el'lifry ry11.J~~~'rt!l-l11-if1 t\' Ln (;11.J~~LrJ'l!'Wl~ rl':l1l-lm n 1 'WLnl-lir'Wlil ~l-l11il1 n rl':l1l-l 

LL~'l LLn i'l'Vl1'l i1'l n 1 rJ LL~ ~Yi ~'l LIill-l ~"lJ'el'l ~ [;1~LtI'W",~ n L ti'el'l1il1 n ~':l ~ ~ rl ~~ L~'WLL~~ ~rl'W'el11il iJ 
" " 

rlru~l-l'IJ~'Vl1'li1'l mrJ LL[;1n ~1'l n'Wl-l1 n ~'l,r'W';'jfi~~1rJ~~ (;11 'Wm~4' (;1 ~ [;1~1 t\'Yf1'Vl1rJ ~ L~'W1~'elrJ1'l 
q iii 'lJ 'U 

L"'l-l1~~l-l rifil'elm~vl11 t\'~ [;1~~1'l"l!v.(;1n'WiJ rlru~l-l'IJ~'Vl1'lh'l mrJ LL[;1n ~1'l n'Wti'WL'el'l LL~~1irn';'j4'rJ " . 
'Vl1'l ~1'Wifry ry11.J~~~'rtj L"l1'W Johannes U. Herrmann [7] 1~-W1 L~'W'elLL'W':l ~ (;1 m~~ [;JJ'W1~~'IJ'IJ 

if ry ry11.J~~~'rt~1 'WLnl-l'el'el'W1~~LL'IJ'IJ~ L~'W~1'W':l'Wl-l1 n (Massively Multiplayer Online Role

Playing Game - MMORPG) [;11l-lrl':l1l-lml-l1~~l-l"ll'fl'l~n'rtru~Lnl-l ~'l1.J~~n'el'IJ~':lrJ W:J1l-l 

~'fl Lti'el'l"lJ'el'l~~'IJ'IJ Lnl-l m~iJ1.Jljil-l~'Wfi~~"'~1'lif ry ry11.J~~~'rtin'IJ ~ L~'W bb~ ~'Vl~Yi m n ~"lJ'el'l ~~'IJ'IJ 
LL~':lri[;11l-l LL~~~~[;1Lnl-lu'lhj'el1Iil-W1 b'Vl rlv.rlif ryry11.J~~~'rtil-l11.jf'l1'W'elrJ1'l b~l-l~ b", ~~'Vl1'l ~ ~~ [;1 
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LmJtJ'l 'W'tl1"'1,J1U'lJ 'lJlth:;~~!~11-n'elUl'l L~~~~'kI'tl1"'1 LiJ'kIL ~ n:;~ (;ll"'l :;ufu I'l,;) 1~'U'C'l1 (;) Lfl'kl1U 

VI1 1"'ej\~'kIh]~1~lHl L'tl1"l!'kI:;1~LL'C'l:;Lfl (;)rl,;)l~ Li~'el'w\,hrJ L~ n L~'kILn~1u1 'kI~~ (;) ~(;lJ'~uful'l,;) 1~ 'kI 
'lJ , 'lJ 

" , 
rl,;)l~ LL~'l LLni'llJ'kIVil1~m n~l n L~J'l:;eJ L~'kI~ LL ~'l LLni'l"'l:;~l~lJ'bl L'tl1"l!'kI:;~ (;lJ'1~'elUl'l~lrJ (;)lrJ 

'lJ 'lJ 

LL~ ~1 ~ (;lJ''''I:;U fu I'l,;) 1~'U'C'l1 (;) LL~,;) n (;l1~ 1 'kI'lJ ru:;~ eJ L~'kI~ L~'kII'l,;) 'C'l :;rlJ'rei'el'klLL'el n'tl1"'1 L~'kI1~m n~'kI 
'lJ 'lJ ,., , 

Ll1'el'l "'I 1 n ~ (;lJ'lJ'kI'U'C'll (;)"'I'kILfl'kl1U n1 J'~ I'l,;) 'C'l:; rlJ'eJ L~'kILL(;] 'C'l :;rl'kliJ rl,;)l ~ ~1 ~ 1 J'bl LL'C'l:; rl,;)l~ LL ~'l LLni'l 
'lJ 'lJ 

, ." 

-rl ';) rJ L VI ~ 'el ~ L ~ 'kI L tl 'kI LL'kI ';) R (;) 1 VI ~ ~ tll ~ 'kI1"'1 J':; U U U ClJ ClJ 1 U J':; ~ ~! LL U U -W n 1 ~ 'l L tl 'kI ~ ~ 'el 'l n 1 J' 
, " , 

Ll1'el'l "'I 1 n 1 'kIn1 n~'kILn~'el'el'kl1'C'll1lJ'kI ~1 eJ L~'kI1~lJ(;) flU L Yl'el'klL .jh~ 1 L~'kILn ~ 1 'kIL ';) 'C'l1 L~m fl'kl n ~'el'l 
'lJ 

" " 
fl'l,;) 'C'l flU n1 J'~1 fl (;)n1J'~rJ'kI!'lJ'el'lU 'lJ 'lJ1UJ':; ~~!lJ'kI 1~ L Vli1'el'klU ClJ ClJ lth:; ~~!~1-n Ltl'kl~ (;]'el feD'l 

~1 Ltl'kl~'el'l J':;~ (;)J':;~'l1~1 "'iJ rl,;)l~'U'C'll (;)~ 1 n Lfl'kl1U"'I'kIeJ L~'kI1~ ~ 1~1 J'bl L'tl1"l!'kI:; 1~ 'rjfin1 J'~Vil1 '" 
'lJ 

n1J'~rJ'kI!~l~l J'bl ~1 LD'kI1u1~'elrh'l1~iJ; (;)~1 fl (;) LL'C'l:;tJ'l1 "'rl,;)l~ ~~"'I1'l~ L VI~ 1 :;~~ flU L'C'l n 1 'kILn~ 

;'liJ rl,;)l~ (;]'elLti'el'l~ n ~,;)rJ 1 'kIU"'I"'I1J'kIu'l1~iJ Ln~1(;)~,Jl J':;UU~VllrJ~11-n1~'elUl'l~~UnU LL(;]iJ 
, 'lJ 

, ., 
n1 J',J 1 J':;UU~ rl ~ 1 rJ rl ~'l flU J':;UU ~ Vll rJ ~ l1-n1 'kiLn ~'el'el'kl1'C'l11 fl 'kI~ 1 n ~ 'kI L(;) rJ "'I:; L ~'kI1~"'I1 n Ln ~ 

AIKA Online [17] ;'leJL~'kI~1~1J'm~'eln~~1'l~VllrJ~1-rl,;)rJ~lJU~'kI'kI1'k1n1n~'kI1~ Ltl'kl~'kI LL(;] 
'lJ , 

., 
'rj'VI rJ lD ~ 'kI fi'U1Ju-w"'l:;Vi 1 n1 J' ~ n ~1 ~'kIrlt) 1 'VI (;) 'C'l 'el'l LL'C'l:;,J 1 L~'kI'el ~ 'kI LLUU 1'k1 n1 J'~ W-J 'kIl 

U'lJ 'lJ 1 U J':; ~~! ~ 1 VI fu J':;U U ~Vll rJ 1'k1 Ln ~'el'el'kl1'C'l11 L(;) rJ 'ell ~rJ' (;) rei 'el 'kI'lJ 'el'l U 'lJ 'lJ 1 U J':; ~ ~J1 'kI 

U"'I"'I1J'kIfii'el rl,;)1~~1~1n11 'kIn1J'~ W-J'kI1V11'el ~rJ'kIn~~l fl (;) LL'C'l:;"'I (;)LL~'l'lJ'el'lJ':;UU Ln~'el'el'kl1'C'l11 ~'el 
, 'lJ ' 

n1 J'~L'C'l n 1 'kI Ln ~ iJ rl ';) 1 ~ (;] 'el L ti'el'l (Persistent) ~ 1 U fu U N U ru ru 1 U J':; ~ ~~ ~ 1 VI fu 1-n1 'kI Ln ~ 
q 61 61 cI.9 

'el'el'kl1'C'l11 L(;)rJ"'I:;,Jl'V1 ~~ D~'kI(;l'el'kl'rjfi L:n'l~'kI~ n J'J'~ ~lU J':;~ n I'l~ h'lU 'lJ 'lJ lU J':; ~~! e.J 'C'l ~ ~ fi~1~ 
"'I:;Ltl'kl~'kILLUU n1J'~~l'lU 'lJ 'lJ1UJ':;~~!~1V1fu Ln~'el'el'kl1'C'l11 L(;)rJ'VI (;)'C'l'el'l flUJ':;UU Ln~"'I1'l 
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ury ryIUJ':;~'ft!~"l\~fuJ':;uU~~lrJ1 'WLm.J~~I~IJ'tl C~m4LL~:;j;]'elU~'W'el'l ~'el ~ L~'W1 'W L~ n L~ij'el'W 

1Ol1'1U'WJ':;UU Ln~'el'el'W 1~,r 

1.3.1 uli'Wj;]'el'WL~'1~'W~mJ'~~11-n 'Wn1J''el'el nLLUUJ':;uuu ry ryIUJ':;~'ft!~IOl:;H1 'WLn~ 
J':;UU'el'el'W 1~,r 

1.3.2 ul';)fin1J'~UIL~'W'el1'W'II'W';)~rJ~IH'VH')~'el'lU'WLn~ Ragnarok Online ~'Jm:;uu 

L~f~ L'J'elf~I~'el'l 

~1~IJ'tlUI m'elU n1J'vll'11'W~I'WU ry ryIUJ':;~'ft!~UI L~'W'el1ue 1uH' LiJ'W'V11'1 L~'el n 1 'Wn1 J' 

'el'el n LLUU LL 'W'J Ln~u'WJ':;uu'el'el'W1~,r~ ~'el'l n1 J'b 'lXil rt'Jl~ ~~1Ol1'1~1 n~'W 1~'elt.h'l iluJ':;~'V1fiJlI'V'l 
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>-

.col 
tJ'VI'VI 2 

l;:. ...... ~ -... 
2.1.1 "lI'UIW!l'U'lfiL'1I~'Vi' .. lfln"i"i)J (Genetic Algorithms) • 

" i'W(;l'Bki'ljh~\li'W~mJ'~ [4J l~iJnln~m~'W'Bbt1lrJ John Henry Holland [18J 

"lfinlJ'ijl~LLJ'\I~~n~'W"nnVl~M!J 'survival of the fittest' "ll'B\I Charles Darwin bt1lrJ~\I~'LhLUU 

nlJ'''l.r (;J,J'W1 nlJ'1 'W~\liJ~"l (;l L"l1'W nlJ'~1rJVl'Bt1li'WfimJ'~hJ~i'Wr;l'B hl nlJ'~1 LVI~1, nlJ'fl t1l L~'Bn , '" , 

(;l1~fiJ'J'~"l!1 ~, LL~:::nlJ'~~~i'WlfL~'B 1'-" Ln t1li'WfinJ'J'~ LLuu1 mJ LtI'W~'W ;\I"lfinl nLFfD ruVl1"'l::: " ., 
" LL~ t1l\l'Bu1 'WJ'tJ "11 'B\I bfilJ' b~ b"l1~ 1 'Wnnn~'W~1'W"'l:::LtI'W~ (;l1\1 "11 'B\I ~1 ~1'W~'B\lVl1'B"l! t1l"ll'B\I ~'") L~"ll 

'U q,J ,jJI d.9 q 

nI J'1 "1It)\tJ~rJ'W (Crossover) LtI'W"lfi nlJ'~\I (;l1 ~ nlJ'h~ LtJ~ rJ'W bfilJ' b~ b"Jj~"ll'B\I 

~\liJi'l(;l ~\lJ'tJ~ 2.1 ~\I M LLVl'WbfilJ'b~b"Jj~"1I'B\lvi'B LL~::: F LLVl'WbfilJ'b~b"Jj~"lJ'B\lLL~ bt1lrJ C1 LL~::: C2 
'" , , " 

~'B bfilJ' b~ b"l1~"1I'B\I~ n~1~"'l1 n nI J' 1"11~ LtJ~rJ'W bt1lrJ bfil J' b~ b"Jj~ 1 'Wi'W(;l'B'Wi'WfimJ'~ 1 'W\l1'W"lr.rrJ"'l::: LtI'W '" , 

'B1fLJ'tJ (Array) "1I'B\I;r'B~~ LL~:::nlJ'l"ll~ LtJ~rJ'W"'l:::v'h bt1lrJ LL~n LtJ~rJ'W;r'B~~ 1 'W~1 LLVlk!\I L~m fl'W"lJ'B\I 
'" '" " , 

'B1 fLJ'tJ"1I'B\I bfilJ' b~ b"l1~i\l ~'B\I bt1lrJ1 'W\l1 'W"l r.r rJ"'l :::1-n nI J'1 "lJ ~ L tJ~ rJ 'WLLUU 2 "'l t1l ~ t1l (Two-Point , 

nlm~1rJi'Wfi (Mutation) LtI'W"lfinlJ'~\I(;l1~nlm~1rJi'Wfit'W~\liJ~"l(;l ;\lLtI'W , , 

nlJ'~ t1lL~rJ'W1tJ"1I'B\I bfilJ'b~b"Jj~;\lm"'l"'l:::Ln t1l~'Wl~ 'W~'W(;l'B'Wnlm1J'LLt.l\l L"Jj~~ ~\lJ'tJ~ 2.3 bt1lrJ (;l1~ 
'" 

fiJ'J'~"l!1 ~,r'W'B1"'l Ln t1l ~~ m:::Vlu1~"'l1 n;:\I~, ~1nfiliJ, 1'");:~ Vl1'B Ln t1l~'WJl1rJ1~ nI J'fil'")U fil~"ll'B\I , 

J':::UUJli'J ~~ fl'W bt1lrJ ~~"'l1 n nI J'n ~1 rJi'Wfi"'l :::v'h 1 '-" Ln t1l fil'") 1 ~VI~ 1 nVi ~ 1 rJ~'W ;\11 'W\l1'W"lr.rrJ"'l::: '" , , 

rl1V1'Wt1l1 ""iJt'BnI~1 'Wnlm~1rJi'Wfi"lJ'B\I;r'B~~ 1 'WLLr;l~:::~1 LLVlk!\I 5% bt1lrJ L~'B Ln t1lnlm~1rJi'Wfi~ , '" , 
" ", 

;r'B~~ ~1 LLVlk!\I'W'WJ':::uU"'l:::v'h nlJ'~~ ~1"ll'B\I;r'B~~ ru ~1 LL VI k!\I 'W'W 1 mJ bt1lrJ ~1"ll'B\I;r'B~ ~~ ~ ~ 1'-""'l::: 
IlJ iii qJ 'lJ q 
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~ ~ ~ 

i'WIPl'el'WL:n..:l~'Wfi m'~~'"l :;l'ji'WIPl'el'W 1 'Wm ~Yi 1..:l1'W~..:l tJ , 

2) ~~~1~~1~L~~1:;~~t~~'"l:;L;'eln~~:;'1n~~1'"l1n~1~~1~L~~1:;~~ 

(Fitness score) 1'Wm~Yl~~'el1.J~~~~..:lrH''W~1~1~~1~L~~1:;~~ (Fitness function) 

M 

0- F 

C1 

C2 
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o 0 

1 

No .... 1 DNA ..... ne. Mlu .... d DNA a.qu.nc. 



000 000 
J1 

000 000 
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-ntl ~"ntl'!'1\J(;ltl'W~fh:n'!~'Wn mn.J ~tl ~1l.J 1 J'bl IStJ 'Wrt~m.h'! [;]tl L titl'! LC;) tJ Lil'Wm J' 
q 'IJ 

" 
IStJ'Wrt,jyj ~tll.J rl'W L 'Wn ~ l.J,j J'::;"l! 1 m~ 1'W'l'Wl.J 1 n 'Wtl n'~ 1 n-w~'! L ~l.J 1::;~ l.J rlU m J'Yl l'!l'WLLUU"lI'Wl'W 

'IJ q 

, " 
LL~::;~'!4' c;)mJ'rlU ~1 ~'l LL,jJ'~l'W'l'Wl.Jl n 1~ [15] ~'!'!l'W~i'ltJ1oWyj'Wfi'UuU-WLil'Wmmnif '1!~1 m J' 

,j fUyjl n5j L(;ltlf~ ~ 1 tJ yj 1 n5j L(;ltl fyj ~tll.J rl'W ~'! n1 J'L-if-ff''W(;l tl'Wi'll '!~'Wn nJ'J'l.JL 'W n 1 J',j fu 
q 

" , 
yjlJ'l5j L(;ltlf,r'W~1l.J1J'bl H"JJltJ,jJ'::;~li'l (Neural Network) Hi'L"ll'Wrl'W LL[;]L 'W~l'WLnl.JhHJ ~~'!l'WYl 

" " ~'W~'Wi c;) L 1il'W '!l'W~i'ltJ1oWyj'Wfi'tluu-W~'!Iil::;,Jli'W(;ltl'W~fi L:n'!~'WnmJ'l.Jl.J1L-n 'Wmmnif ru~l 
q ~ 

" ~ ~ 2.1 .2 LmJLL'1n'lJ1'1'elFl'el'el'lJ ~~'lJ (Ragnarok Online) 

Ragnarok Online [12] LiJ'WLnl.Jtltl'W1~'W1'WJ'::;UU~L~'W~1'W'l'Wl.Jln (Massively 

Multiplayer Online Role-Playing Game) ~~~'W1Lc;)tJU1-';i'l GRAVITY Co., Ltd ~'!LUC;)~'lAf'! 
I I '" '" 

LLJ'nYl Lm~~L~ 'WtJ'WYl 31 ~'!~1 Al.J 2545 Lt1tl~l Lnl.JIil::;~Yi'W~l'Wlill n ~l'Wl'W'Wtlfi'l Lil'WLnl.J1~fu 
.a 

A'lll.JoWtJl.Jlill nvY'l L~ n ~ mJ'LU c;) L:nf~ L'ltlfl 'W 14 ,j J'::;L i'l P1 Lc;)mu c;) L ~ L~'W~,jJ'::; Li'l P1 ~ #'1 LP1~ LiJ'W 

,jJ'::;Li'lP1~l~C;)L'WL~tl'W5jbl'WltJ'W 2550 LL~::;~~L~'WvY'lL~nl.Jln~'! 25 ~l'WA'W ~L~'WIil::;~'ll.JUi'lUli'l 
q q qJ " 

'i:::'l..I'l..I111!J"l'lJLn~ 

1) J'::;~U~'l~::;AJ' (Level) ~'l~::;AJ'JlltJL'WLnl.JIil::;~1l.J1J'bl~::;~l.J~1,jJ'::;~ummr 

1~1il'W~'!~ rh~'Wc;) nlil ::;1~fu mJ'L~l.J J'::;~U"lItl'! ~'l~::;AJ' ~'l ~ ::;AJ'~1~ L~tl'WJ'::;~UIil ::;1~fu LL~l.Jl.Jl 

~l~f1JL~l.J~l~bl1'WJllyj (Status) ~1tll1nM::; (Skill) L~tl~~'Wl~'l~::;AJ' ~,!,jJ'::;~1JmJ'ru'"l::;1~ 
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., ., ., 
~:;~lJYi'W~l'W"lJ'tl'II~"'J~:;~~ (Base Level) LL~:; ~:;~lJ'tl1~'Yi"1l'tl'l(;]'J~:;m (Job Level) l1'l'nn1~Hl 

I II 'I' 

L~'tl'W1il1 m:;~lJYi'Wtj1'W"lJ'tl'l (;]'J~ :;~~ ~ L~'W1il :;H1LL~~ ~lV1¥lJ LYl~ ~1~ bI1Wl1'Yi ~'l~1~1 ~m~'tlnVl 
oJ " 

Iil:;~ OO-J'W1~ (llWl1'Yi ~11c;) n1~ LL~ :;Vl1 n 1~ L~'tl'W~:; ~lJ"lJ'tl'l'tl1~'Yi nlil :;1~¥lJ LL~ ~~ 1V1¥lJ~ OO-J'W 1 

11 m~t:;"lJ'tl'l (;]'J~:;~~ tc;)tJ~:;~mr'l~'tl'l hJ~'Wr;\'tl n'W 

~1~ bI1'WJl1'Yi"lJ'tl'l (;]'J~:;m (Status) Jl1tJ1 'WLn~lil:;mJ'l ~1~ bI1'WJl1'Yi'tl'tl n dJ'W 6 

., 
2) ~'J1~~'tl'l1'J (Agility - AGI) lil:;iJi:J~1,x(;]'J~:;~~iJm1~L~'J1'Wn1~~tlil~~'l~'W 

"'" 'i' ""'~ """,J' 
LL~:;~l~l~(lVl~lJVI~nn1~ blil~ j;J bC;)C;)"lJ'W 

3) ~'J1~~1'W1'1! (Dexterity - DEX) lil:;iJi:J~1,x(;]'J~:;~~~1~1~(ltlil~~1~'tltJ1'l 
, oJ' ~"",~" aJ' 

LL~'Wm"lJ'W LL~:;~l~l~(l b"lf'VlnM:; bC;)~'JC;)L~'J"1I'W 

4) ~&it1'1!'1!1 (Intelligence - INT) lil:;iJi:J~1,x(;]'J~:;~~iJ'Yi~'ltlil~~L'J'Vl~'Wj;Jf 

J' "'I 'I " ... ...: J' ... ~I •• 1 " ~ ~ " ... 
~'l"lJ'W LLj;J~ b'Wn1~ b"lf'VlnM:;~'l~C;)L'Yi~"1I'W LL~:;'tl(;]nn1~l"i'Wl"i"lJ'tl'lLL(;l~ b'Wn1~ b"lf'VlnM:; 
" \J q 'lJ 

a J' 
~'J c;) L~'J"lJ'W 

5) 'Yi~'l~~(;] (Vitality - VIT) lil:;iJi:J~1,x(;]'J~:;~~iJ'Yi~'l~~(;]~'l~C;)~ln~'W 'Yi~'l 
" q 

}1'" J' ... ~ •. 1 ........,. a J' 
lJ'tl'l n'W~l n"lJ'W LL~:;'tl (;]~1 n1~l"i'Wl"i'Yi ~'l"lf'J (;]~'J (;l L~'J"lJ'W 

" 
6) t"lf~ (Luck - LUK) Y]11,x(;]'J~:;~~~1~1~(ltlil~~~n'(;l~1r1'1!"1I'tl'l~(;]~1~~ltJ 

J' .4 1'J' cv "' .. 11 cv I q "'" - q 
"lJ'W (Critical Hit) ''If'llil:; ~"lJ'WnlJ'Yi~'llJ'tl'l n'W"1I'tl'l ~ltJ ~ (;]~ LL~:;~ i:J ~ 1 VI (;]'J~ :;~~~ m1~ 

" 
LU'W hJ1~~Iil:;VI~lJVI~ n n 1~ tlil~ ~tc;)tJ hJ ~lij'l ~'l ~1 ~'J1 ~ mJ'WtJ 11 'Wn 1 ~ t Iil ~ ~"lJ'tl'l~ n ~1 tJ 

., 
1 'Wn1~~h'l (;]'J~:;~~~¥'l LLm ~ L~'W1il:;1~¥lJ ~1~ bI1'WJl1'Yi~1'W'J'W 30 LL~~ t(;ltJlil:; 

" 
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': r 
./ LU 

-> 

Hf'fl1,)fi~L"'llJ~Hi1:w~::;tJ::;ln~ L-rltJ fltJ ~1-'fl UtJ Li1tJ~tJ L~tJm"'llJ~~1lJ1~t;l~"'l::;L"'llJ~bb~')t;l'fltJ 
• 'IJ 'IJ 

, , " 
'fl'flmh'HYl'fl~~m~mn1~t;lnL"'llJ~n~1J Lb~,)~'lL"'llJ~~n,",¥'l bb(Mh~n~1tJ~1lJ1~t;lL"'llJ~~::;tJ::;ln~ 

'IJ 

b,)'VllJtJ[;lfL tJn1 ~ L"'llJ ~ L~tJL tJn1~Lojf;1 mj'::;"'l::;~'fl'l'fl1 ~tJ b'J~1L tJn1n[;l1tJlJ~ ~'fllJ bb~"'l ::;~1lJ1:i't;l 

L"'llJ ~'flth'l:i'tJbbN"'l1m::;tJ::;ln~ L tJYl b~tJ') ntJ LL~L tJn1~~'fl~'fl1"'l~1 btltJ~'fl'liJ '"'tJ,",'fltJ ~lJ ntJL '" 
• 'IJ' 
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, , " 
~,r'lJ~t.!t.!mit.!~'JUl1 mt:;'Vl1--l L 'J'Vla.Jt.!1'l f Vl1 1 "" mit.!~1a.J 1 J'bl (;]~ ~~~ 1 U LL~ :;i:hJJ':;~'Vl fiJl1~ a.J1 n;t.! 

q III qJ CU 

'el1;!ViL ULn~ 

Jl1U'tt.!Lna.JlOj:;ijn1mtJ--lm~~"lJ~--l~'J~:;~J'~~mut.! 39 m~~ Ll?lmia.J~t.!~'J~:;~~ 

~L~t.!IOj:;ijm~~mJn~1?l (Novice) LI?lUtJI'lLt.!a.J~ L~~1~L~~t.!~:;~'lJm~~~'J~:;mlOjt.!~--l~:;~'lJ 10 
~ ~ 

" " 1Oj:;~1a.J1~m~~nViIOj:;LtJ~Ut.!LUt.!m~~-nt.!LLm 1~LL~:;~:;~'lJ~1~~IOj:;n~'lJ LUt.! 1 LI?lU LLtJ--l~~ n LUt.! 6 

I II I '" I 

~1a.J1~mtJ~Ut.!m~~LUt.!-nt.! 2 LL~:; 31~1'l1a.J~1~'lJ ~--lm~~-nt.! 2 1Oj:;~1a.J1~m~~mtJ~ut.!1~ 2 
tI I " I 

~1~~ LL(;]~1~~-nt.! 3 IOj:;LtJ~Ut.!LI?lU~1?l1'l1a.J~1~~-nt.! 2 ~--l1'l1~1--lVi 2.1 

Swordman , Thief Merchant 

Knight Crusader Assassin Rogue Blacksmith Alchemist 

Paladin Lord Knight 

I 

I 
I i 

Master Smith Assassin Biochemist 
Stalker 

(Whitesmith) (Creator) Cross 

Mage Archer Acolyte 

Wizard 
i 

Sage Hunter Dancer/Bard Priest Monk 

_cc_. _____ ".c_+ _______ .. __ c c_ _ .... __ .. __ .... _ ._ ..... i.... _ 

I 

I Gypsy/Minstrel 

! (Clown) (Professor) 

Scholar 
High Wizard Sniper High Priest Champion 

I 

1... .. 



Extended Classes: 

! 
... J 

Ninja 

N/A 

12 

Gunslinger 

N/A N/A 

L~1tJ1 U'l1U~{rJ~iOl:::2J'I,j~:::L~uhJ~ n'l~~ h'ltl ru ru1,j~:::~Mfl(?1rJ'Vl (?1~'el'l n'IJ ~'"J 
q 00'01 .... 

I '" 11 I 

~:::fO)~Ylih,jLL'IJ'lJn'l~(;]'el~ 4 ~,jLL'IJ'IJ m~yj~U~nuvi''I 6 m~yj ~'ILI.(;]~:::'el1~yjiOl:::~~nMru:::n'ln'i'iu 
~ ~ ~ d 

2) ~ (Magician) LlIu0onl.'"J'Vl~U[;lfi:iOl~~ ~ yj~'I~~[;l LI.~:::yj~'IU'el'lnU~~1 

LI.(;]~1~1~tl L iOl~ ~Hl'elth'l~uLLN ~'"JrJ L'"J'Vl~U[;lf~ ~'el'l n'l~1.'"J~11 Un'l~~rJ n lonvi' nM::: , 

4) vi'el~l'l (Merchant) 1.1IU~(;]'el~~'"JrJn'l~LiOl~~~:::rJ:::,j~:::~(?1 ~yj~'I~~[;l I.I.~::: yj~'I 

U'el'lnu ~'"J~ n'lyj~'I LiOl~ ~ ~'elU;r1'1 ~1 ~ fO)'"J1~~1~1~tll Un'l~(;]'el~(?1rJ~'"J~ ~'elrJ n~1m~yj~U I.I.(;]iOl::: 
" 

5) LiOl~ (Thief) LlIU~ (;]'el~ ~'"JrJn'l~LiOl~ ~~:::rJ:::,j~:::~ (?1 ~ fO)'"J1~~'"J (?11.~'"J 1 Un'l~LiOl~ ~ 

I.L~:::fO)'"J1~~1~1~tl1 Un'l~~~'IJ~~ n~'I 
" , 

6) t1n'IJ'"J"l!l~2J (Acolyte) 1.1IueJ1onl.'"J'Vl~U[;lf~t1'IJ~uu ~vi'nM:::~1n~1rJYliOl:::lon " , 
~ , 

'lhm~~'elyj'"Jn~'el'l I.-nu YlU-Wyj~'I~[;l 1.1Iu~u I.I.(;]iOl:::~fO)'"J1~~1~1~tl1 Un'l~(;]'el~~1 
" " 

~tJtJni4~ (Party) • 

~'elU~ L[;l'elfLL~:::l~f'IJ ~1,j~:::~'IJ n'l~ru~1 ~1,j ~:::~'IJ n'l ~ru,rUiOl:::LLiJ'Il ~ I.Lri~ ~ 1~ nJl1rJl un'i'i ~ , 
II '" 11 '" I 

'eltJ 1'1 L vl 1 L Yl rJ~ n u vi''Itl~ ~ 1~ n L ~'i'i 1t1U~'el'l'eltJJl 1rJ 1 u~ UYl L~rJ '"J nu LL(;] {f 1~::: ~'IJ"1I'el'l ~ '"J ~::: fO)~ 1 u 
" 

n~~ (;]1'1nULnUn~1 1 0 ~:::~'IJ;ul,j ~:::'IJ'lJiOl:::LL1j'l ~1,j~:::~'IJ n'l~ru1 ~ LLri ~~1~ n 12J L vl1 nULL(;]iOl::: 

{~LLtl'l ~1,j~:::~'IJ n'l ~ru[;l1~,j n ~L~rJ ~~{ ~ n'l ~~'elU~ L[;l'elfiOl::: l~f'IJ ~1 ,j~:::~'IJ n'l ~ru1,j 
OJ 
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2.2.1 P. Spronck U~~FlCU~ [1] 

1~'I11L~'W'elLVl~\l~~'el~1 mTi'l'l1'W LLUu1~'W1ijn (Dynamic Scripting) ~ 

~1~1nl'l11~1HnumT!StJ'Wl~'el'l'l1'1J'1J1ih:::~MjLLuuhJnmT~'JU'"J~U'WT:::UU'el'el'W1~'W1~'eltl1'1 

T'J~L~'JLL~:::nih:::~VlfiIl1~ L~t1Vl~~'elUntJLn~ NEVERWINTER NIGHTS LL~:::ih:::~u 

m1~~1 L~'"l ~'JtI ~ L1J'WmTVl ~~'elU~~1 n ~'eltl LL~ LVim'l1 ru ru1UT:::~M{~1~fuL-if LU'WI°l ~'el~ nu ~ 
qJ 6'00' dS ClJ IlJ ClJ 

L~t1 mTi'l'l1'WLLUu1~'W1ij nd'"l:::C~~ ~'W'"l1n mT~n niJ m TVi1'11'WLnuH LL~:::n 
" ", 

~'1 n-n'W~'J'I'I11~'tJn~'el'l n 1 TL~'el n LL~ ~ :::niJ'el'el n~ 1L-if L~t1'111~'tJn"ll'el'l~'1 n-n'W'"l::: LU~t1 'WLLU~'1 L~t1 

Yi'"l1Tru1 ~'"l1 n e.J~ mTVi1'11'WL 'W"ll ru:::'!'W LL~'J~'1 n-n'W'"l::: L~'el n niJ~ 1UT:::n'elU n'WLU'W~1 i'lL ~~ 1?l1~ 
>or", 

~r;n'WmTru'W'W 1 

mTi'l'l1'WLLUu1~'W1~ nd~ 1~1T(l\j1 ~1L-if nUT:::uu Ln~'el'el'W 1~'W1~~ L ti'el'l'"l1 n ~ 
'" 

" L~'W~ 1'W'J'W~1 n~1~1T(l-rl'JtI n'W~~1'1 niJ mTVi1'11'WLU'el'l ~'W1 'IX LLriT:::uu1~ LU'W'eltl1'1 ~ LL~i'ellqj~ 
~ ~ I ~ I 

~'el'l n.fl'tJ'W'"l:::1~'"l1 n ~ L~'WL'Vh'tJ'W ;'1i1Vi'li'el ~ LL~:::i'el L~t1 i'el ~~'el ~~ ~'W1~1~1T(ll!'WL'"l1~~1 #I'J 
~ '" '" 

~:::~ T'"l :::1~Vi1'el::: h~hj 'Yl~1 ~'el'el n 1u L ~ T1 :::'eltl 1'1il'eltl #I'J ~ :::~T'"l::: L~ t1'WLLUU ~'W~ L~'WLU'W~'WLLUU 



14 

'" , 
'"l:;LLlPl n ~1'1 nl.J'Il'WIjVltl1Uvfl.lfill Yh:;~'WrullPlL "" ~'J 1:'1:; flJ'~Il-J1 nll:'l~'1 ~ ~ 1:'I~'11:1 n 1rJ1 L ~ n:;ijih~tJ 

q ~ " 

2.2.2 J. H. Seu U'i~Fltu~ [2] 

1 rJ1u 1 L~'W~'11'W1j~ tJ~ Ltl'Wn'l J'~II:'1~'1 J',j LLlJlJ~1j lPl LVi tJl-J L'W Ln l-J~~'W 1m!" t~tJL "" 
" 

1rJ1 LLVl'W~J':;l.Jl.Jif '1d '1dl,jJ':;~'rjJLLl.Jl.J Rule-based ~L.if~~i'J 1,j ~'1L 'W~l-Jl-J~'1"lJ~'1 ~~m~'W~ 1 

J':;l.Jl.Jif '1d '1dl,jJ':;~~i~Hn'W t~1tJi'J 1,j~~I'1 fl'Jll-J~1 L '"lL "" LLn ~ L~'W t~tJij n'l J'LLiJ'I,j J':; LJlVl"lJ~'1~1j lPl 

LVitJl-J~~mu'W 3 ,jJ':;LJlVl1rJ1LLn ~1.J1tnfl'ei'W~1.J~ 1, 2 LLI:'I:; 3 t~tJ'ei'W~1.J~~'1n~I'"l:;Lu'W~1.J1tnfl 
" "" 

algorithm) ,jJ':;n~l.JrJ1'JtJn'lJ'1~~1 n'lJ'Vll:'Il.JVlll LLI:'I:;n'lJ'~~~ ~'11rJ1 e-JI:'I n'lJ'Vl ~1:'1~'1~1j lPl LVitJl-J1rJ1ij 

n'l J'L,j ~ tJ'WLL,jI:'l'l1,j'"l1 n ~ m'W:; ~l-J ~'W 1rJ1 

J':;l.Jl.JL mJ~ W3~tJul L~'W~'"l:;y'h L "" ~ L~'WL~i'j~'W1rJ1 L~'WLnl-JL VI~mJ lPll:'I~ ~ L'J 1:'11 ~'1 
" " " , '" 

tll '"l:;~ ~1'1 e-J 1:'1 ~~ fiVi ~ n ~ 1 L 'W'I1 'W1j ~ mJ'W1rJ1ij n'l J'n 1 VI 'W~ ~ 1:11 'W:;"lJ ~'1~1j lPl LVi tJ l-J LL~ 1:'1:; ~'J 
, '" 

,jJ':;n~l.J rJ1'JtJ~~'1~ lPl ~~'1 t'"ll-J~ LLI:'I:;fl'Jll-J L~'J ~'1'"lln n'lJ'Hi'WlPl~'WVll'1~'WfimJ'l-J'"l:;L "" e-JI:'IL 'Wn'lJ' 
q 

~1.J1tlll"l'ei'W~1.J~'1 n~IL 'WL'Jl:'ll~ 1:1 n ~11rJ1 LLI:'I:;1rJ1 e-J I:'I~ J',j~~ nl-J 1~1 n'l J''Vl 1 L"li'W~'"l:;ij ~ I:'IL ""~IlI'J:; 
~ ~ ~ q 

~ ~ Q ,q ~J' 
"lJ~'1 J':;l.Jl.J'WL 'J flI'W b 'WLnl-Jl-J fl'J 1l-J ~ l-J'"l J''1l-J 1 n tJ'I"lJ 'W 

'11'WIj~tJ'lJ'fl'l J. H. Seu LLI:'I:;flru:;LL~~'1L""L~'W~I.rr'WlPl~'Wljfh~'1~'WfimJ'l-J~1l-J1J'1:1 
q 

Ull-J1L.if1 'Wn'lJ'~ oo.J'Wl~ ~ ~mJ'l-J"lJ~'1 ~'JI:'I:;flJ'L 'WLnl-J1rJ1'"l1'1 LL~~1 LU'Wn'lJ'~ oo.J'Wl~~ ~mJ'l-J LLI:'I:;~1 

fl'Jll-J LL~'1 LLni'l"lJ~'1 ~ lPlJ'~Il-J n~l-J t~tJ,jn flI'"ll n n'lnJ'I L~tJ'J"lJ~'1 ~ L~'W rhij ~ L~'WL.jfll-J1 L~tJ'J.jf~'1 
qJ q q ClJ ClJ 

I I '" I I 

G-l-J L~'WVl1~ ~ij ~'JI:'I:;flJ'J':;~l.J ~1'"l:; Lm"lf'W:;1rJ1 'W~ n'"ll nllJ':;l.Jl.JUL'J flI11Vi L,j~ tJ'WLL,jI:'l'lmJ lPll:'I~ ~ L'J 1:'11 
" " 
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2.2.3 Francisco Gallego LL~:;Fltu:; [6J 

1~~ 1 L~ 'Wtl~fi n1 ~~ OO-J'W 111 ru ru l1h:; ~M:;fL~ ~ tl'W~ 'W ~tJ1(?1 tJ n 1 ~ l-n' ~:;lJlJ Ln ~ 
QI 01 JJI q 

I II '" , 

tltl'W1~'tILLlJlJ ~ L'Ci'W~l'W'J'W~l n ;'11 'W'Il'W~~tJ1r'W1~~h'l~:;lJlJ'Vl (?1~tllJ~'Wl 'W~tl Mad University 

~'1 ~ 1~ 1 ~() ~'1'Vl:; LUtJ'W Ltl L iOl'W~LL~:;eJ L~ 'WLL~:;~ ~1'1 iloU Ln ~ LL lJlJ~l tJ 1~ b(?1 tJ'Il 'W~ ~ tJ~'W~1~ LL~ (?1'1 ., 

L'Ci 'WiOl:;Yi tJ 1 tJ 1 ~ iOl :;vi11 ~ ~'J ~ :;l"wi:J tll n1 nh tJ h tJ LLN ~'WiOl'W ~'1 (;]1 tJ LL~:;1I ru ru l1h:; ~~:;fiOl:; 
~ ~ OJ) 

'" 'I I I 

YitJ1tJ1~ ~tJ'W~(?1tJl-n'i''W(;]tl'W'Vll'1~'WDn ~~~ L Yltl e.J ~ ~tJ lViiOl :;fn~l eJ L'Ci'W;'1 LU'WeJlhtJ 1 ~VlltJ ;'1tJ1 
'\.I q '\.I '\.I 

." , 
iOl :;i:JYi 1 nil L(;]tl f 'Wtl niOll nil1l ru rul1h:; ~~:;fVi LU'WLL Yi'VltT iJ'I~ 1 ~1 ~() L1tJ'W~iOll n.jj'tl~ ~"lltl'l LL Yi'Vl tTVi 

01 ... dS '\.I qJ 

, ., 
LU'W~ L'Ci'WiOl1'11min ~'JtJ ;'1YilJ~l'vh 1 ~m~~tJ'W!i:J ~ rul11Yi ~~'W ~'J~:;I"WiOl :;i:JYi ~ ~ m~~1n~ L~tJ'I 

nlJ~L~'W~LU'W~'4~~ln;'W~tltJ 1 

'11'W~ ~ tJ ~ n ~ 1 'J ~ 1~ YlllJ 'W ~:;lJlJ Ln ~ tl tl 'W 1~ 'tILL lJlJ eJ L'Ci 'W~ 1 'W'J 'W~ 1 n LL~ :;1-n' ., 
'" I II I iI 

i''W(;]tl'W~fi L;'1~'WDm~~ LLf;\YlllJ'W~:;lJlJ'Vl (?1~tllJVi~ ~l'1~'WLtl'l;'1191'J Ln~ 1 'W~:;lJlJ'Vl (?1~tllJ'I1'WLu'WLn~ • 

., , 

~'J'W'Il'W~'VltJ1oUYi'Wfi'UulJili:Jrr (;] m.h:;~'1 rfViiOl:;'Vl (?1~tllJ nlJ~:;lJlJ Ln ~tltl'W 1~'tILLlJlJ • , , ., 
eJ L'Ci'W~l'W'J'W~l nVii:J m n'Ci'Wtlr11 'WVltl'l (;] ~1 (?1tlr11'1 LL VliOl1-'1 ~'1 L~tl nViiOl :;Yll m ~'Vl (?1~tl'l~'WLU'WLLlJlJ ., ., 

1 VI 2Jb(?1tJl-n' Ln~~i:J l"1'WoUtJ~ L'Ci'Wl 'W(;]~1 (?1 Ln~iOl1'1 L ~tll ~~ 19l'Jtlr11'1 n 1~1-n''11'WLL~:; e.J ~ m ~'Vl (?1~tl'l 

L~tJ'J nlJ m~~tJ'W!Yi ~ ~n~~~~1-nL 'WLn~~i:Jl 'WVltl'l (;]~1 (?1 (;]1~ l"1'Jl~ LU'WiOl1'1 

2.2.4 Tae Bok Yoon LL~:;Fltu:; [8J 

1~~1 L~'Wtl~:;lJlJ1I ru rul1h:;~~:;f~lV1flJ Ln~~ll. 'U~~~'el,:jtJ Fl Fl~Y1'V1;j,:j (First 
... QI dJJ ~ II 

Person Shooting Game) L(?1tJ m~1-n' ~'Wtil 19l (?1~'WliOl LL~:;~ L(;]'Vl LL~'l!:n'W L(;)tJl 'W'Il'W';j~tJ9 :;LnlJ 

.jj'tl~ ~~fi L'Ci'W"lltl'l eJ L'Ci 'WiOl 1 n~ L(;]'Vl LL~'l!:n'Wl 'W~U LLlJlJ ~'W1i1 19l (?1~'WliOl LL~'J~l.jj'tl~~~1~~lUflJU~'1 
cu '\.I '\.I ClJ q 

~'W1i1 ~ (?1~'W19"lltl'l1l '1! C1J1U~:;~M~1(;)tJVll n ~'1"lltl'l ~'W til L~~i:J l"1'Jl~ In ~ L~tJ'I nlJ ~'1~ LnlJ.jJ'fl~ ~ t~ 

iOll n eJ L'Ci'WniOl :;Yll n l~LU~tJ'W~'1t!'W(;]l ~.jj'tl~ ~~1~iOl l n eJ L'Ci'W ~'1 e.J~ nl ~'Vl (?1 ~ tl'l~iOl :;vi11 'IX ., .,., 

11 C1J ~l.J1U~:;~M!~l~l~()UflJ LU~tJ'WYi ~ ~ m~~ mn'Ci'W 1 'W~:;VI~ 1'1 m n'Ci'W L(;)tJ~'1~ nMru:;mn'Ci'W 
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" , 
f01 ¥ -l Vi ~ b ~ '-I (;J 1 U 'VI ~ -l n 1 ~ b ~ '-I "'l ~ 1 "" ~ b ~ '-11"" f01 ~ bb'-l '-I f01 '.l1 ~ U 1 n bb ~ ~ f01 '.l1 ~ 't.!1 ~ '-11 "'l "lI 'fl-l 

~ ~ 

, " u ru ru1,j~~~'Mfl. '-In1~"r'lI?1~'fl-l bmuu bViuurluU ru ru1,j~~~'M~Vi~~uu bn~l'J1 ""~-l bb(;] bbm LI?1U ~~ 
Q,I Q,I d.I 01 01 os 

, 
'VI~-l [8] 

Game-agent of initial transitioo rues Game-agent of learned transition rUes 

Game Data Satisfaction 
Game Data 

Satisfactim 

Players ( 0-100) ( 0-100) 
Game Death Degree Degree Game Death Degree Degree 

progress number of of progress number of of 
time(sec.) of times difficulty enjoyment time(sec.) of times difficulty enjoyment 

Player 1 184 5 55 65 272 7 80 85 
Player 2 130 5 60 70 172 5 90 90 
Player 3 205 4 65 60 402 4 100 100 
Player 4 271 9 55 45 22 1 5 70 98 
Player 5 328 7 60 50 196 6 60 95 
Player 6 253 8 70 60 265 9 80 95 
Player 7 266 7 50 70 287 6 90 85 
Player 8 204 6 40 45 13 1 2 70 90 
Player 9 200 5 50 55 26 1 6 40 80 
Player 10 133 2 60 50 205 3 80 85 
Player 11 182 4 70 65 184 7 90 90 
Player 12 234 5 55 50 290 5 70 70 
Player 13 178 6 65 30 22 1 7 80 60 
Player 14 278 5 40 50 324 6 80 80 
Player 15 213 4 30 70 334 7 90 85 

Avg. 217.3 5.5 55 .0 55.7 25 1.0 5.7 78.0 85.9 

" " 
Vi ~ ~m~~"lI'fl-l ~b~'-IbVh,r'-l '-I'fl n"'l 1 ni1n1~Hf~ b(;J"r'l bb~"Jj;'-IbU'-l'VI~ n1 '-In1~~¥1-l L,jnbm~"lI'fl-l 

, " , 
-l1'-1~~uVin~1'.l~1,r'-l12J~1~1~tl Hi' n1~~~~ ~~1'-1~ n'Mru~"lI'fl-l ~'.l~~f01n ~'fl1 "" Lill?1Vi ~ ~ m~~1 mJ 

1~ Vi~ ~ m~~1 '-I-l1'-1~~U~'-I"'l~bn 1?1"'l1 nVi ~ ~ m~~"lI'fl-lU'k! b1J1,j~~~'M!~~ ~'-I~~~ ~~1'-1rlu.jf'fll;l~ 
" i.I I " I 

"lI'fl-l ~ L~'-ILVh,r'-l LL(;J n (;]1-l rlU-l1'-1~"r'lu1'WVi'-lfi'Uuui1Vil~-w 1i'-l(;J'fl'-l~fi"r'l1-l~'-Ifj n n~ L .jf1~ 11-if L ~'fl 
~ q 
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2.2.5 Nicholas Cole LL~~Flr;u~ [9] 

1~,J1i'WlW~'W'Vl1'1~'tJnm'~~~1tJ~:;tJ n (;l1-if rlUU'el'Vl~1~fu Ln~ Counter Strike ~'1 , , 
!'I ""'it _... . """" <f" 
LlJ'WLn~!I.:J 'U~~~'eH\JFlFl~'VI\11'U.:J (First Person Shooting Game) "lJ'el~fl'Yi1~1~L(;l'el~"lJ'el'l 

• • 'lJ 

~~i~·tJ[;]'"l:;C1m-ih~tr~1tX'elrl1'W~tJtl"1~t~t"1!~ LLfl:;H~'elumn~'W"lJ'el'lLn~Lij'WL':lfl1 5 'W1~ Lij'W 1 i'W 
.. 'lJ .. 

m~fjrjOO-J'W1m~ t~)tJmn~'W'"l:;~1 L~'W1tJ'elrl1'11?1'el L~'el'l 50 ~'elU ~flm~'Vl~fl'el'l LL~~'11 tXL"''W~1~1 

1"1':l1~ L~~1 :;~~"lJ'el'ltJ~:;"1!1 m'1 'W~:;uu1~ L ~~~'W'elrl1'11?1'el L ~'el'l1 'WLLl?1fl :;fjrj OO-J'W1 m ~ LLfl:;1 'W~'elU~ 
50 '"l:;~ 1"1':l1~'tlfl1 ~ L~tJU L Vl1U'el'Vl (;l1~~ ~ L~tJ':l"ll1 ru1~ttJnLm'~H ~'1~ ~tJ1~~1i'W(;l'el'WL~'1 

'lJ ~ , 

I " " " 

m ~tJ fu 'Yi 1 n ij L(;l'el f'Yi ~ ~ m~~1~~ ~'1'11 'Wfj~ tJ ~'W lJ ~ 'el1~ ~ 1 L ij 'W~'W LL UU n 1~,J 1-n 'W (;l 'el 'W L ~'1 

~'W~m'~~~11-if'l1'W~ 1"1~1tJ 1"1~'1rlufj'Vlm~'Yi'Wfi'tluu~ 
LL~'11'Wfj~tJ"jJ'el'l Nicholas Cole LLfl:;l"1ru:;'"l:;dJ'Wm~,J1i'W(;l'el'W'Vl1'1~'Wnm'~~~1 , 

L~tJ'I LL~~1'W':l'WL~'W~1~fu L~'el1-if1 'Wmn~'W~'elU 1?1'el1tJ L vh,!'W 

~':l'Wfj'Vl tJ1~'Yi'Wfi'tlUU~Lij'Wn1~,J 1 ~1 tJ fu1-if rlU~:;UU Ln ~'el'el'W1fl~LLUU ~ L~ 'W 
'lJ 

rl'WLLI?1'elrl 1'11~ LLI?1 Ln ~'el'el'W1fl~LLUU ~ L~'W~ 1'W':l'W~ 1 n'!'W 'W'el n'"l1 n n1 ~1"1':l1 ~ ~ 1 ~ 1 ~C1~ ~ L~ 'W .. .. 
" ~1 ~1 ~C1 L~'el n 1-if1~ LL~':l ~ n M"ru:;YJ'W '<i1'W'Vl1'1 n 1 tJfl1'Yi"lJ'el'l ~ ':l fl :;1"1~iJ'I ~ 1"1 ':l1 ~ LL(;l n 1?11'1 rl'W~ 1 n 

<II 

"" " 
L"J!'Wrl'W .yh1tXm1Jijm~Fl'W~1 (Search Space) t!'W1m1!;'W~1n 1~~1~1~C1.yh-n'W(;l'el'Wfjfh~'1 

~'Wnn ~~~ (;l1~tJn ~1 tX1~ ~fl1 'WL':lfl1~ ~ L~'W1"11 ~~rj'l1~ ml'W'el'W , .. 
" " ~'1t!'W fj'VltJ1~'Yi'Wfi'tlUUlJ~'1 ~'el'l~fjfin1 ~~ ~ n1 ~m flij n1 ~Fl'W~1 ~':ltJfjfin1 ~ .. 

U1'1'elrl1'1 ri'el'W~'"l:; 1-ifi'W(;l'el'Wfjfim n~'1~'Wnm'~~ LLI?1 L~'el fl ~"lJ'W 1 1PI"lJ'el'lm flij m ~Fl'W~1 ~':ltJfjfim ~ 
, 'lJ 

, " 
~,J1 L~'W'el1 'Wfj'VltJ1~'Yi'Wfi'tlUUlJLL~':l1~m 1PI~~1tJ~1 ~fl m ~'Vl ~fl'el'l'"l :;'el'el n~11~ ~fl ~ L"J!'WL~m rlU 

'11'Wfj~tJ"jJ'el'l Nicholas Cole LLfl:;l"1ru:; [9] 



~ 
'U'VI'VI 3 

Lti'fl'l"'l1 m:;'lJ'lJ LmJ'fl'flt.l hnriJ rl'Jl3-J (;]'fl L ti'fl'l~'1 dJt.l~JlIVi LL'J (;I ~'fl3-J~ m3-J 1:;~ 3-J LLn 

n1 ~iStJt.l~"1l'fl'lif ru rulth:;~Mi L(;ItJ1.~~1 Ln3-J'fl'flt.l1.~il""'l1-'13-J11-n'Vl (;I~'fl'lJ Ln3-J'fl'flt.l1.~il"~~ 13-JIL-n1 t.l 
~ ~ ~ ~ 

" , 
,,".c\I a ., 0' '" "I " 

n1~'Vl(;l~'fl'lJt.lrl'fl Ln~LL'in'UI'i'elF\'eI'eI'U ~~'U (Ragnarok Online) "l!'1~:;'lJ'lJ'Vl(;l~'fl'lJ"'l:; b"l!~:;'lJ'lJ 

~3-JL~Lj;J'flf eAthena [11] L~'fl~I~'fl'lL:nf~L'J'flf"ll'fl'lLn3-J Ragnarok Online [1 2] ;t.l3-J1 LL~:;1-n 
'IJ 

nhL'lJ'lJn1~~~I'1Lrl~L3-JL"l!3-J~~I3-JI~(l~lhJ L.jhnr~1-n1t.lhJmm3-J OpenKore [1 0] ~'1 LUt.l 
'IJ 

'11 t.l-:S~ ml. U'lJ;1L~ 'fl n l-nit.lj;J'flt.l'VlI'1 ~t.lD m~3-J LVi ~1:; L -"t.l~ 1"l!i1(;1 ~ n 'jj'ru:;"lI 'fl'l 
q 

" >-

if 'lJ~1 LUt.ln1nJf'lJ ~IVilnil Lj;J'flf~iJ rl'Jl3-J Lnm-if'fl'l nt.l L(;ItJ-nt.lj;J'flt.l'VlI'1~ t.l~m~3-J1.~ LL~ (;I'lL"" L-"t.l 

LL~'J~liJth:;~'VlfiJlIVi LL~ :;rl'Jl3-J L ~3-J1 :;~3-Jl t.ln1 ~~ (;I n1 ~if 'lJ~11 t.ln1 nH'lJ ~IVi 1 n il Lj;J'flf"1l'fl'l 

~ rl1-tJ ~~I~f'lJ r;l'J~:;rl~ ~'1 L"lIt.l~~ n1~'Vl (;I~'fl'l~1~"'llnn1~'Vl (;I~'fl'l"ll'fl'l Nicholas Cole LL~:;rlru:; 
" , >-

t.l'fl n"'ll n-w ~ rl1-tJ ~ n1 ~Vi 1'11t.l~'1 ~ 13-J 1 ~t;l L -if 1 ~~~ 1 ""'fltll t.l~tJ LL'lJ'lJ~ L ~3-J 1:;~ 3-J n'lJ-n t.lj;J'flt.l'VlI'1 
'IJ 'IJ 

" , , 
~t.l~n ~~3-J1~~ :;(;I'J n LL~:;it.lj;J'flt.l'VlI'1~t.l~ n ~~3-J~'1 Lil (;I"lI'fl'l 'Vl I'll "" Ln (;I Vi ~ ~ m~3-J 1 mJ~ ~L(;ItJ~hJ1~ 

m (;I n1~ru1~ n'flt.l1~~ n ~'JtJ L(;ItJ~l3-J 1 ~(l~ lit.lj;J'flt.l'VlI'1~t.lD n ~~3-J1tJtJ :f:;tJ n j;J1-n n'lJ n l:ftJ f'lJ 
q q 

3-Jln~n ~'JtJ Vi11 ""iJ"1lt.l1 (;I"1l'fl'lm Jlil n1:f~t.l~I~1 ~ ru LL(;]nhJ L~3-JI:;~3-J LLn n1:fiStJt.l¥~ ~'fl'l n1:fl "" 
'IJ ~ '" 

" " " L-"t.l~ ~ 1 t.lL 'J ~1'tlt.lit.l 'fltll'1 hn~1 t.ln1:f H'I 1 t.ln'lJ Ln3-J"'l1-'1Ut.l ~ 1 ~'fl'l1 "" L -"t.l~~ ~ Vifl t.lL 'J ~ 1'tlt.lit.l 

il~:;'!t.lcJ L~t.l'fl1"'l L~ n L~t.lLn3-J Ln3-J,!t.l1tJ L~tJ n'flt.l ~'1 ~'fl'l1~fi~ 1 n (;1m Jl ij n1 :f~t.l~11 ~iJ"lIt.l1 (;I~ 
'" '" 
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., 
1~ ~ nvf;''el ~'J1~¥(;lN'"l ~tl1 ~ LiI'Wlh::: brJ"ll'W1 'Wm ~i'l ~~'el'l " . 

LL(;\b~mJ n ~ LL~'J'"l :::~'el1~~"iI'el'l r;l'J ~ :::~~LiI'W91'W'J'W~ 1 n LL~ n 1 ~LLrJ n r;l'J ~:::~ ~L ~'el~1 hm n (;l1 ~ 

'el1~~'"l:::~1~lHl~~mllnm~~'W\nHl'elth'l~lnn(;l1~ LL(;\n~'1~~'J1~tl'lmn1'Wm~9'(9]n1n~n::: " . 

." " 
Ln'W~'J 1 ~91 LiI'W L ~ ~1:::t)' (;l mh:::~'1 rl"lJ 'el'l'l1'W':J9' rJtl Lil 'W hJ L Yl 'el i'l (9] ~'eliJ~ 1 n1 nJ 10] 'W (;l'el'W i'l1'1 • 

':JfimnLrJmJ~:::Llli'l"il'el'l r;l'J~:::~~(;l1~~ m~ru:::mn~'W~l H'I1'W ~'W'"l:::~ ~~ 1 ~~ (9]91'W'J'Wlh:::Llli'l r;l'J 

~:::~~~~'el'l1Jn~'11~ LiI'Wmn~~ ~'J1~~:::(9]'J n 1 'Wm~9' (9]m~ 1 'W"iI ru:::L~rJ'J n'Wn~ (9]m lln m~~'Wvl1 
" 

1 'W~:::iJiJ Ln~ ~'1~ ~~iJ LLiJiJ (;l1~ ~ m~tru:::m ~(;\'el~"iI'el'l r;l'J ~::: ~~ b(9]rJ'"l:::mJ'I n ~~ n1 ~i'l (9]~'el'l'el'el n LiI'W 
" " . ., ., J' .,., 

ri 15 ri ~'1tl'el1'"l~(9]91'W'J'Wn~~~'11min ~'W"lJ'W'eltlniJ~~m~i'l(9]~'el'l1'WLi'h'l~'W ~'1tl cu cu q cu 
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mhJm-if L'J'Vl~'WlJlf~,rtJ~'W'W - m-if L'J'Vl~'WlJlf~,rtJ~'W'W tOj:;hJYhn1~'Vl !?I~'el..:J L'Y'/~I:; 
q qJ q cu q 

" 
(;] 'J ~:; rI ~ 1 'W ~ m~tru:; LUWo) m -if L 'J 'Vl ~ 'W1Jl f~,r tJ ~ 'W 'W~ 'J tJ n'W,r 'W hJ L'Im 1:; ~ ~ (;j'el n 1 n 'el1"J! 'W:;~ 'el 'W 

.. .. q 

I I I I 
~ 1.c::!:iI IV l' ,q.:=l 0 .c::9: Q<}' ,q q I q 11 !.I cv q ~!.I 

~LlJl'el~ L'Y'/~I:;lJll..:J~'Y'/~..:J btOj~lJl'VllJll~ln tOj..:J~ b'eln1~'VltOj:;lJllm~tJn'el'W'VltOj:;Ltl1"J!'W:; b!?l 'el'W~~~ b~n1~ 

'Vl!?l~'el..:JhJ'elltOjth:;~tJ~~~IL~tOj1~ 

" ~1 LL~il..:JtOj:;LntJif'el~~~..:J (;j'el hH1 .. 
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~'Jbblh~ 33 n'l 47 (15 ~'JbbtJ~) Vi1n~bln'tlf~iOl:::Hf-r1nM:::biOl~~tJ~:::;n1fl (-r1nM::: 

~::: 3 Vi1~1~ bln'tlf) 

~'JbbtJ~~ 48 n'l 62 (15 ~'JbbtJ~) Vi1~1~bln'tlf~iOl:::H-r1nM:::biOl~~~:::tJ:::1n~ (-r1nM::: 

~::: 3 Vi1~1~ bln'tlf) 

" "" I I 

-r1'l\j~'JbbtJ~~'lbb~~lbbVIkl'lY11 n'l~lbb~kl'lY1 32 iOl:::btl\,l-if'tl~~"lJ'tl'l~'J~:::I")~ LlfltJ 
'\J 

1"1 1 ~ b n u iOl ::: btl \,l1 tJ In 1 ~ ~ (11 \,l:::"lJ 'tl 'l ~ 'J ~ ::: I") ~ 1 \,l"lJ ru:::,r \,l b~ 'tl n 1 ~ b ~ \,l ~ 1 b ti \,l1 tJ n ~ 1 ~ 1 ~ (1 

btJ~tJ\,lbbtJ ~'l1~ 1n1 ~ n1 ~btJ~tJ\,lbbtJ ~'l"lJ'tl'l ~'J ~:::I") ~ blfl tJ 1"11.] 1'l ~\,liOl :::hH:J n1 ~-W 11tJ1"lJ~ btJ~tJ\,l~1-'tl 
, " , 

n~ltJ~\,lfit \,l"lJ ru:::Y1Hi\,lIn'tl\,l~fi b;n'l~\,lnm~~ bb~iOl::: 1-n~ bij'tliJ n 1 ~~u 1"1 ~'J ~ :::I")~ 1~ bVI~ 1:::~ ~ bb~::: 
q q '\J 

" '" '''' (1nln'tl'lb'V11\,l\,l 
'\J 

" , 
~'J bblh~'l bb~ ~1 bb~kl'lY1 33 btl\,l~\,lltJiOl:::btl\,lVi1~1~ bln'tlfl \,ln1nb~ 1fl'l-r1 nM:::"lJ'tl'l 

, " " 
~'J ~::: I") ~ ~'l ~'J ~::: l")~iOl::: ~tJ\,lrLlfltJ n1 ~tJ fu 1"11 Vi 1 ~1 ~ bin 'tl fb ~ ~ 1\j~ 1 \,li\,ll?l'tl\,l~fi b;n'l~ \,In m~~ 

'\J q 

2) 11")~bb'tl\,lvl"1l'tl'l~b~\,l (Player Client) ~b~\,l~1~1~(1fu']'tl~~1\,lbn~bb~:::~'l 

~li'l bb~ Ifl'l mm"1l'tl'l ~'J~ :::1")~"1I'tl'lIn\,lb'tl'l ~1\,l11")~ bb'tl\,lvl 
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3) U~'Vl (Bot) Lrh..l~·Wltl"ll~'1 ~ L~kl1klLnl-J bC91tl'"l:-;Htfru ruliJJ':-;~~~':tJnlJ'rl'JU rll-J 
- qJ tv tv d.9 q 

, ~ 

nlJ'l11'11kl ~'1'"1:-;1-n~ rl1iJ ~'"Il n ~lkl-if~l-J ~"ll~'1ikl{?l~kl'Vll'1iklfi n J'J'l-J LL~ :-;rl~t1 ~'1 ~~ nl J'l11'11klliJ 
d.I '" q 

~ , 
1 ~VI't.htlikl{?l~kl'Vll'1iklfimJ'l-J LYl~ ~lkl'J ru .. h rl'Jll-J LVll-Jl:-;~l-J LL~:-;~ h'liJJ':-;"]j1 m 1 VI~ 

q 

4) qi'lLn{?lqL~kl (Player Monitor) l11V1~I~i'lLn{?l'Yj~~mJ'l-J"lJ~'1~L~klLL~'J~~iJ 

~~nl-Jl LUkl~ rl1iJ~L~~tJl1iJ Lnu1 kl~lkl-if~l-J~~ rl1iJ ~ 
d.I '" 

5) Slkl-if~lqj~~rl1iJ~"lJ~'1qL~kl (Player Script Database) LUklJlkl-if~lqj~LnU 
~ 

'Yj ~ ~mJ'l-J"ll~'1 ~ L~klri~kltJl~'1l'i~ liJ1 ~Jlkl-if~lqj~"ll~'1ikl{?l~kl'Vll'1ikl~mJ'l-JtJl1iJ1-n nuu~'Vl 

~ 

6) ~lkl-if~l-J~ikl{?l~kl'Vll'1iklfimJ'l-J (Genetic Algorithm Database) LUkl 
.." q 

Jlkl-if~lqj ~ ~ rl1iJ ~~'"I :-;tJl1iJ1-n nuu~'Vl b~t1'"1:-; rl~t1 fu~ rl1iJ ~~ ~ ~1'1l-J 11 VI~b~t1V1t.l'JtI.rrkl{?l~kl'Vll'1 

ikl~mJ'l-J LL~:-;~ rl1iJ~'"I1 nJlkl-if~lqj~~ rl1iJ ~"ll~'1 ~ L~kl 

~ , 
7. Vlt.l'Jtlikl{?l~kl'Vll'1ikl~mJ'l-J (Genetic Algorithm Unit) l11V1~IVlfu-if~lqj~ 

'"11 nu~'Vl L~~tJll-JliJJ':-;l-J'J~ .. h rl'Jll-J L Vll-Jl:-;~l-J L~~~h'liJJ':-;"]jl m1kl1 VI~ bC91tl-if~l-J ~ ~ rl1iJ ~~IV1fu 
q '" , ~ 

iJJ':-;"]jl m1kln C9I liJ'"I:-;tJl1iJ Lnul ~Vl~lkl-if~l-J~ikl{?l~kl'Vll'1iklfimJ'l-J 
III cd III q 

Game 
Server 

Player Script 
Database 

Genetic 
Algorithm 
Database 
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, ", 
1J'tl'VlYl'tltJ1 kl ~klYl L~tJ ') n kl LL~:;~ (;)tJ J':; LJl'Vl'tl tJ1 kl n ~ ~ L~ tJ ') nkl !Oi:;oW l1tJ1-if rr (;) r11 " " , " , 

1i1,)1~ LVI~l:;~~:h~ nkl1 klLL[;]~:;J''tl1JmJ'j11~lkl LL~:;~l L~klikl(;]'tlkl'Vll~~klDmJ'~ b(;)tJ~ 1i11tJ r;]Viij , 

" , 
~klDmJ'~ b(;)tJikl(;]'tlkl'Vll~~klDmJ'~!Oi:;1-ifmJ'1"JJ~LtJ~tJkl 2 ~lLLWt.l~ LL~:;ijb'tlm~1klmJ'n~ltJ , , 

'Yi n ~ n J'J'~ m n~kl"JJ'tl~ ~ L~kl!Oi:; 1~~1J m J'1Jkl Vi n ~~ 1tJ1 kl ~lkl if 'tl~ ~"JJ'tl~ J':;1J1J ~ 1 VI ~1J~ kl ~,r kl LL~:;!Oi:; VI 1J d.9 '\l 

.... I I " 

oWl1tJH n1J1J'tl'Vl1 kl~klYlYl ~:;Wn~'Yi ~ ~ mJ'~ mJ'oWl'Yi ~ ~ mJ'~"JJ'tl~ ~ L~kl~ l1-if~!Oi :;v'h 1 'lX1J'tl'Vl~1~1 

J'(l L~ tJklLL1J1J'Yi ~ ~ n J'J'~ "JJ'tl~ ~ L~kl ~klLUkleJ ~ 1 'IX ~ 1 ~ 1 J'(l ~ (;J,J kll'Yi ~ ~ mJ'~ b(;) m') ~ "JJ'tl~ n ~ ~1~ 

'Yi n ~mJ'~~oWl~l'Vl (;)~'tl~1-if LL~,)!Oi:;ij mJ'oWl'tl'tl n!Oil n ~lklif'tl~~'Yi n ~nn~ ~ L~kl v, d.9 1J'" 'lJ 

.... .... ........ , 
l1~~mJ'oWl'Yi n ~nJ'J'~1tJ Lifl ~lklif'tl~ ~ikl(;]'tlkl'Vll~~klDnJ'J'~,rkl Vll n L ~~'Yi n ~ mJ'~!Oil n ~lklif'tl~ ~ v, dS cu q .. , dB III 

Lifl1tJ1 klJ':;1J1JYl~:;LUkl~lkl,)kl~l n'eJ1!Oiv'h 1 'lXJ':;1J1Jm'tlm~~ 'lJ L~tJ'Yi ~ ~ mJ'~~1~ L1-tJkll~l n'tlkl 

" " , 
Vlih~n1~ ~~ijli1,)l~~l LUkl~'tl~ L~'tl n'Yi ~ ~ n J'J'~!Oil n ~ L~kl~l H~lklL YltJ~ 1i1~~~ :;Vlij~'Yi ~ ~ nn~ 

LL~:;m J''Vl (;)~'tl~!Oi :;hJrr (;) r111i1,)1~ L VI~ 1:;~ ~"JJ'tl~ ~ L~kl1 klJ':;VI~ 1~~ L~kl~l'Vhikl(;]'tlkl'Vll~ ~klDn J'J'~ " , 

l1klYl L 'Yin:;'Yi ~ ~mJ'~ m J'L~kl"JJ'tl~ ~ L~kl'eJ1!Oiijtl!Oi~tJ~v'h 1 'lX1JklVi n H1 kl~kl~mJ'~hi1~ ~kl!Oi:;ij 

eJ~m:;'Vl1J[;]'tlr111i1,)1~ LVI~l:;~~ L'llkl ~klL(;]'tlfL'I1(;]"JJl (;)mJ'L~'tl~ [;]'tl, 1~~1Jb 'VlJ'~'YivlJ':;VI~l~mn~kl 

'fl'tlklL'Yi~mL~:;VI~1JJ':;VI~l~mn~kl LUkl~kl fhrr (;) r111i1,)1~ LVI~l:;~~"JJ'tl~'Yi~ ~mJ'~1 klmn~kl"JJ'tl~ 

~ L~klb(;)tJ (;]N r11~1~'tll!Oi!Oi:;1~1~LL~ (;)~1 'IX L~kl~~ 1i1,)1~ LVI~1:;~~!Oi1~"JJ'tl~'Yi ~ ~nJ'J'~ mJ'L~kl"JJ'tl~ ~ 

L~kl,rkln1~ 
, " , 

Vlln n~~"JJ'tl~ L91,)~ :;1i1J'ij mntJ~tJkl~klYl if'tllqj~'Yi ~ ~n J'J'~"JJ'tl~ ~ L~kl1 kl jlklif'tllqj ~ 

!Oi:;~'tln 1tJ~~kl~1 VI~ ~')tJ b(;)tJ~ jlklif'tllqj~"JJ'tl~~kl~ LLJ'n!Oi :;tJ~ li1~if'tllqj ~"JJ'tl~'Yi ~ ~ n J'J'~'tl~ 1 klnnl1 

"JJ'tl~1J'tl'Vl ~ 1i11tJr;]!Oi:;~'tln H L'llklL~mnkl b(;)tJ li1~if'tl~~~ 1i11tJr;]LL~:;r111i1,)1~ LVI~l:;~~"JJ'tl~~ 1i11tJ (;]1~ 
" " , " 

1 klJ':;1J1J"JJ'tl~~klYl LLJ'n !Oi:;ij mJ'oWl ~ 1i11tJ r;]'tl'tln!Oil m:;1J1J L'tl~Vll n~ 1i11tJ r;],rkl1~1~~1J mJ'~ (;) L~'tln 
" " , 

!Oil nikl(;]'tlkl'Vll~~kl~mnJ LL~:;1J'tl'Vl!Oi:;LL~ (;)~'Yi ~ ~mJ'~1 klYlklVi1 VI~b(;)tJ~ (;) (;]1~ ~ 1i11tJ r;]L~~ n'tlkl 

b(;)tJmJ'v'h~lklij~nMru:;~~J'tJ~ 3.2 
" 



No 
No 

No 

Yes 

Start 

Chromosome 
Random Generation 

Play Test 

Yes 

Copy their Data to 
new Region 

Database 

Yes 

Monitoring Player 
Behavior 

Convert Player 
Behavior to Script 

Add Script into 
Script Database 

Genetic Algorithm 

Player Behavior ->"If---------

No 

Use Script in Queue 
and remove that 

Script 

Yes 

Test record 

Finish 

24 

th~"ll1 mL 'Wt'WLLJ'n LL~'J~1 11J L~'W'Vl ~~'eltJL 'WLL~'W~ L 'W),:::VI~I~ n1n~'W'"l:::Yh n1),~~ Ln 19lYi ~ ~nn~ 

"1l'el~ ~ L~'WLL~:::U'W~ nYi tl ~mn,J,r'W1.rt 'WnJ"1l'el~~ rihJ j;fLL~'J~1 11J LntJ1.rt 'W:iil'W-nmJ ~ ~~'"l~Yhn1), 
qJ "I IU d.9 'U 

"I" I 
1.rt'W~I'W-n'el~~"1l'el~Yl'WVlL m.hr'W~'JtI L~'elViln1n~'W'Vl ~~'eltJ rl)'tJ 30 'W1Vl ('"l1 m1 t1jVll ~1'Wrl'Jl~ 

L~~m"1l'el~ OpenKore n1)'H~I'WI'l'elLti'el~Ln'Wn~1 30 'W1Vi iJrl'Jl~LU'W11J1~~I'"l:::VilL~)':::tJtJiJ 
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[;l~':l"'l~'fltJ~'l dJ'Wth:;'l!'l m~H~ fOihJl'l"'l'l n~'l'W-if'fl~~'Vifl ~ m~~ ~ L~'WV11-'fl hJ ~':ltJ V1'l n hJ~ n"'l:;~'l 
~ ~ VI ~ 

~ fO)'hJ[;l1 'W.l'l'W-if'fl~~~'ll-n LL~:;~tJ~ fO)1tJl'l'!'W'fl'fln"'l'l n j'l'W-if'fl~~ LL~':l~'l1tJ L~'W'Vl ~~'fltJ~'fltJ [;]'fl1tJ 

V1'l n C,J ~ fO):;LL 'W'Wfii'l fO)':l'l~ LV1~'l:;~~~1~'!'WhJ L ~~;'W'flrh~ ~~ fii'l LL~':l nu'WYi n C,J ~ n'l ~'Vl ~~'fl~ LL~':l"'ltJ • 

I '" I '" I 

1 'Wn'l~~'ltJ'Vl'fl ~~ nMru:;Vi LV1~'l:;~~1tJu~ ~':l~ :;fO)~l 'WY1'WViln~ LfiltJ~'I!'W fjfin'l~Vi 
, " , 

ti'l"'l:;1~ C,J~~':l ~ L~':l LL~:;~'l~'l~(l~tJtJ~:;n'W1~~'l ~ m~ru:;Vi~1~~ n'l~~'ltJ'Vl'fl ~ 1tJu~Y1'WVi~'fltJ-if'l~ 
, " 

LL~':l ~'fl n'l~tJ~'fl~ LLfO)~ [;l1fO)~ L~ L'l!~Vi~1tJu~tJ1L':lru-if'l~ LfiltJ~ L~tJ [;l~~ LL[;]fjfitl~ C,J~ L~tJ n~'fl "'l:; Ln ~ 

n 'l~~ 'ltJ 'Vl'fl ~ LfO) ~ L~ L'1I~~ 'l'W':l'W~ 'l n L 'Vi ~'l:; LfO) ~ L~ L '11~~ ~"'l:; ~'fl~ m:;"'l 'l tJ1tJl 'W'Vl nYi Pl'Vl 'l~ LL~:; • 

'W'fln"'l'ln~n'l~.yh~'l L'W'l LfO)~ L~ L'1I~~'l'W':l'W~'l nu~m"'lll ~ L'fln'l~n'l~~ (;J,J'W'l LfO)~ L~ L'1I~1tJl 'W'Vl'l~~ 
LL[;ln [;]'l~'fl'fln 1tJ~n ~':ltJ 

, " 
fjfi n 'l ~Vi~ 'l L~ 'W'fll 'W~ 'l'Wfj'VltJ 'lil'Vi 'Wfitl 9~ l-nV1~ n n 'l ~~'l tJ L 'Vl LfO)~ L~ L 'l!~ [;l 'l ~ ~ L~'W .. 

3.1 .5 n1~'VI~~'el.:J 

fj'VltJ 'lil'Vi'Wfi~LLtJ~ n'l ~'Vl ~~'fl~'fl'fl n dJ'W~ 'l ~ ~':l 'W 1 V1 '1!1 L~ tJ~ rJ [;l ~tJ ~:; ~~!Ol"lJ 'fl~ LL[;]~:;~ ':l'W 

" [;l'l~~'l ~tJ ~~ [;]'fl1tJtl 

1) ~':l'WLLm .yhn'l~'Vl~~'fl~L~'fl~nM'lC,J~"'l'lnn'l~.yhi'W[;l'fl'WL:n~~'Wnm~~LLtJtJ~u~hJ~n'l~ • 

I "I I 

LY1'fl~ ~ill [lij n'l ~~'WV1'l LL~:;'Vl ~~'fl~~'l n'l ~~~tJ~:;'l!'l m'l!'WLL Yl"'l1~ LL~ ':lm 'fl n 'l ~Vi"'l:; 1~tJ ~:;'l!'l n ~Vi ~ .. . 
" I " 

~~ LL[;] ~'WV11-'fl hJ LY1'fl ~ nM'l~'l n'l~~'li''W[;l'fl'W'Vl'l~~'Wnnn~~'ltJ~tJH ntJ~:;tJtJ Ln~'fl'fl'W1~i1.yh 1 tX • 

2) ~':l'W~~'fl~ .yhn'l~'Vl ~~'fl~~'l-if'fl~~ ~ L~'WL-if'l~'l L~1~~h~if 'ld 'ld'ltJ~:;~M! 'Vl ~~'fl~ L~tJ 
n'l~~'l C,J~"'l'l n n'l~i~ Ln [;l ~ L~'W~'l LtJ~tJ'Wl tX'flrJl 'WnJ"lJ'fl~~ fO)1tJ l'lLL~':l~'l1tJ:h~1 'Wn 'l~vl'l'i'W[;l'fl'W 

'IJ 'IJ 'IJ 

'Vl'l~~'W~m~~ L~'fl ~ nM'l n'l~~tJ'Wi"lJ'fl~tJ'fl'Vl L~'fl~ n'l n ~~ ~':l'flrJ'l~'Vi ~ ~ m~~"lJ'fl~ ~ L~'W~'l~~ C,J~ 1 tX 

'" "'" .. J'... '" "",J' ... 1 ' 
n'ln~tJ'W~~ fO)':l'l~~':l ~ L~':l"1J'WV1~'fl C,J~ n'ln~tJ'W~~"1I'WV1~'fl ~ 

'IJ 'IJ 
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SI I I " I , I 

1 'klYi'klVi1 VI~ riiJ n~hJ"ll'f.l\l ~'J ~:::I"l~Vi ~1'klm ~L~rJ'kl~'"l1 nYi'klVi b~~ bb~'J b Yi'f.l ~ nM1 ~ 1 m~Vi ~1'klm ~ 
, qJ 

~rJ'kl~'"l1 n~'kl~~'kl~1n'f.l'kl,r'kl'"l:::~\1 ~~ 1 ""m~~rJ'kl~b~'J~'klVl1'f.l~ I"l bWJl1'Y1 ~~'klVl1'f.l1~ 
qJ qJ' 

3.1.5.1 m~'Vl (;1~'f.l\l1'kl~'J'klbb~n m:::Yi1m~'Vl(;1~'f.l\l~nM1m~~1~W;1'f.l'klb~\I 
~'kl~m~~~1Hi.'klbn~ L(;1rJ~nrJ~:::b~rJ(;1m~'Vl(;1~'f.l\l~\I~ 

1 ) 'f.l'f.lmbiJiJ~:::iJiJif bY bY1ih:::~MJ1(;1rJ~1\1~\I'"l1 n~'kl(;]'f.l'klb~\I~'kl~m~~ 
2) n1V1'kl(;1n~~ih:::"]j1n~ ~'"l:::1-ifriiJm~'Vl(;1~'f.l\l L(;1m~'f.ln~~'J~:::m~1'"l1nn~~ 

, qJ' 

2.19GHz, 2GB of RAM 1'kl""'f.l\liJijiJ~m~~1~1~t;]f'kl1~ vT\I~Vl1n1~bl"li'f.l\l~~n~1~~1H'1'klm~ 
'Vl (;1~'f.l\l ri'f.l1'"lYi11~~1 n n~1 bb~:::~n~1~ 

3) 

iJ~:::"]j1mt'klb~mri'kl bb~:::n1V1'kl(;1Yl\ln-n'kl1"l'J1~ bVI~1:::~~ ~\I'"l:::Yi1 L(;1rJ~nrJ~:::b~rJ (;1 ~\I~ 

1. iJ~:::"]j1mvT\lVI~(;1'"l:::'f.ltH'J~~'kl~b~mri'kl 
qJ 

" , , 
2. Yl\ln-n'kl1"l'J1~bVl~1:::~~ F "ll'f.l\liJ'f.l'Vl b 'I!'kl ~1'"l1n~\lVibn~'f.l'f.l'kl1~trbn'f.liJ'"l:::'Vln , 

, " , 
bn~,j\l ~iJ1 "" ~ b~'kln ~:::Yi1 ~\I'I!'klri~'f.l mnniJ ~1iJ~:::~iJ m~rub Yl'f.l~ (;J.J'kl1 ~'J ~:::I"l ~1 "" b~'J 

qJ 

... " ... 
'kl'f.l n'"l1 n'l!'kltJ\lYi11 "" ~ b~'kl~'f.l\l b~rJ b'J~11 'klm~YJ'kl~Jl1'Y1~ n ~'JrJ 1 'kl~'VlrJ1U'Y1'klfi'tl,jiJu1-if 

qJ 

m~{ (;1~1'Y11~1lJ b(;]'f.lfl ""~ 1"l'J1~ bVl~1:::~~ bbn m~Vl1 ~1iJ~:::~iJm~ru~1~fiJ bti'f.l\l'"l1 n ~1 
i:J n1~(;]1rJ bn (;1~'kl'"l:::~\1 ~~ 1 "" ~'J ~:::I"l~~-rl'JrJ'Y1 ~1 (;1 n1 ~-rl'JrJ b VI~'f.l ~ b~'kl ~\I bij'kl~\I~l~ 1"l'J ~ 

qJ qJ 

~1iJ~:::~iJ m ~ru~~1~1 ~t;] ~:::~ ~ 1~ bb~::: bbiJ~~ n ~'klriiJ~ 1'kl'J'kl1"l f\l~ i:J m ~(;]1 rJ bn (;1;'kl~\l1 "" 

1"l'J1~~1 ~ ru riiJm~(;]1rJ~1 n n~1 ~1iJ~:::~iJ m~ru~~1~1 ~t;]~:::~~1~ ~\ll~MiJYl\l n-n'kl~ 
~ , 

1-il1. 'kl~'VlmU'Y1'klfi~'f.ltJ1 'kl~iJ"1J'f.l\l 
qJ qJ 



F(b) = EXPperHour(b) 
(DeadCount(b) + 1)2 

F(b) ~'eJ ,lHl-n'Wr)"'l"hl"1'J1~LtnJ1:;~~ F 'lJ'eJ'ItJ'eJVl b 
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EXPperHour(b) ~'eJ ~l,j~:;~tJm~ruL'U~tJ~tJ'eJVl b 1~ftJ1 'WL'J~l 1 i'J L~'1 

DeadCount(b) ~'eJ ~l'W'J'Wl"1f'l~tJ'eJVl b 1n1tJ 1'W~:;tJ:;L'J~11n~'eJ"'m~Vl"'~'eJ'I1'W 
LL[;J~d'W,j~:;'l!1m • 

5) ,j~:;"lf1 m~'J'W~ ~11"1'J1~ L VI~l :;~~ ~liOl:;b1 noW 1'eJ'eJ W"ll n ~:;tJtJ LLiJ'I~'J'W~ij 
qJ 

1"1'J1~ LVI~l:;~~~'1 LL~:;~l'eJ'eJn LU'W~'eJ'I~'J'WLvi1 n'W 
qJ 

6) -W1,j~:;"lf1 m~'J'W~ ~11"1'J1 ~ L VI~l :;~~ ~'1 ~1 Vi 1-1' 'W1n'eJ'W Vl1'1~'W~n n~ L"'tJ m ~ 

4'tJ ~~~iOl '" ~ '" L~'eJ ~ '" LM L~ L'lI~~'1~'eJ'I1 'WiOl (;1 L~m n'WLL~'J-W1~11 'lJ~ L,j~tJ'WLL~:;L'eJ m ~~iOl:;ij m~ 
ClJ q q q 

n~ltJ~'Wfi 5% 1'WLL[;J~:;~1 LI"1~ L~L"If~ L(;1tJVl1 n Ln (;1mm~ltJ~'WfiiOl:;Vi1m~~~ ~lYnni'j LIn'eJfi. VI~ . . . 
I I II I '" I 

1,j LLVl'WYi ~1~1~1i'j LIn'eJfL~~Yi ~1 LL Vltl'l LI"1 ~ L~ L "If~'I!'W d1'eJ ~l'W"ll'WIn'eJ'WL~'1~'Wfi n n~ LL~ 'J~'1-W1 ~ ~Yi . 
1~~1 LLVl'W~,j~:;'lI1 m~11"1'J1~ LVI~l:;~~ ~1~ b1 n-W1'eJ'eJ niOl1 m:;tJtJ 

qJ 

7)Vl(;1~'eJ'IiOl'Wn~1,j~:;"lf1n~iOl:;ij~11"1'J1~LVI~1:;~~~1~L~~~'W'eJ~1'1~~~1 • 

mil'J ~'eJ L~'eJ ~11"1'J1~ LVI~l:;~~l~ L~~~'WLn'Wn~l 5% 1'W 10 i'W m~Vl "'~'eJ'I,r'WiOl:;Vl (;1~'eJ'I~1 10 • 
" " 

I"1f'l ntJn~~,j~:;"lf1 n~LL[;J~:;n~~ LYl'eJ 1,n~ ~1 L'U~tJ'lJ'eJ'I L 'J~11 'Wm~~tJ'W~'lJ'eJ'IVl n n~~,j~:;"lf1 n ~ 
q q ClJ q q 

, " , 
9) ~~L~'eJn,j~:;"lf1m~'J'eJ~1'1~lV1i1'1n~~ -W1~lVl(;1~'eJ'ILU'W~1'W'J'W 50 I"1f'l LYl'eJ • • 

Vl (;1~'eJtJ~lijl"1'J1~ Lu'Wl,jl~ LYim1(;11 'Wm~~~1,n~ ~'J~:;I"1~~ij~~ ~nn~ Lri'l miOl ~'1 LL[;J LLm u'WYi n 

~11 'W,j~:;'111 n ~i'W~ (;1Vl1tJ ij,j~:;"lf1 mi'WLLm 1"1'1 L VI~'eJ~1V11'eJ 1~ Vl1 nij ij LU'W~1'W'J'WLVi11", L"'tJ1 'W • • • 

m~Vl(;1~'eJ'Il~~~~h'l,j~:;"lf1m1'Wn~~~[;J'eJ~~'JtJm~LiOl~~~:;tJ:;ln~ - m.jfL'JVl~'Wlnf~'I!tJ~'W'W 
q q ClJ cu ClJ q 

II I '" II 
Q,.' 4 .. 1 dI !.I .diI .dj iI q I 

10) tJ'WVl mL~ :;Mu ~ ~ m ~Vl (;1~'eJ'I L tJ'eJ'I 1n'W "If 'I ~ ~ m ~Vl (;1~'eJ'I LtJ'eJ'I 1n'W'WiOl :;"If'J tJ • 
" , " 4 cv cv ..:::....::liI.::=.. cv Q.o' i.I ,qo..::! 

tJ'WtJ'WI"1'J1~ L VI~ 1:;~ ~"jJ'eJ'I"jJ'WIn'eJ'W'J fi L "If'l~'Wfi n n~ ntJ ~Jl1~ LL'J (;1~ 'eJ~ m ~Vl (;1 ~'eJ'IVl n 1V1'WWll'W • 



0-
<}' Q q CVQ 

b~tll-JJ'lt1~:::I.'elti ~ ~'l'W 
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1) I.~l-J~I.~'W~H' ~'J~:::rlJ'l."li'WI.~tI':l1ilJlJ'el'VlI..jh~11.~'W1 'WVI~l~ l.~tI'd nlJlJ'el'Vl t~tI ~ 
~ ~ 

1.~'W1'WmJ''Vl~~'el'l,r'W tOj:::~h'l;'WtOj1n~rl1tJ~~tJflJl.l.(;]'lt~tI~I.~'WI.'el'l 1.~'el1""~1~1J'tlYi1mJ''Vl~~'el'l 
~ 

Hl'W1'W t~tlhj ~'el'lJ'lJ n'J'W1. 'J~1 mJ'l.~'WtOj1'l 

2) H'~~~mJ'l-J"1l'el'l~I.~'W~~tJdj'W~rl1tJ(;l1'W~mj'ru:::l.~mnlJlJ'el'Vl 
, 0-

3) U1~ rl1tJ ~V1~'ll.n (;ltOj1 n ~ 1.~'W1.1.~:::1"11 rl'J1~ I. VI~1:::~~~li'J~Yi1i'W(;l'el'W'Vl1'l 
~ 

~'WfimJ'l-J ~'l~'elfilJ1t11rJt'Wi'J.jf'el 3.1.4 
q 

4) 1'W 1.1. (;] ~ ::: n ~ ~ tJ J':::"l! 1 n J' tOj::: 'Vl ~ ~ 'el 'l tOj 'W 1 ~ 1"11 rl 'J 1 ~ I. VI ~ 1 ::: ~ ~ I. 'U ~ til. vi 1 n lJ 
q 

, " " l.q I 0 0.0=1 cvcv.cS 

rl11.'U~tI"1l'el'lrl1rl'J1~I.Vll-J1:::~l-JtOj1nmJ''Vl~~'el'l 3.1 .5 .1 'Vl1mJ''Vl~~'el'l"l!1'eln 1 0 rlJ''l lJ'W'Vlm'J~l 

1.'U~tlH I. ~'ell.mtllJ 1.V1t1lJ nlJ I.'J ~ 11 'Wm J'1.1t1'W¥I.'U~tll. ~'el1 m~ 1"11 m1~ I.VI~l :::~~hJ~'elti n~ 1 m J' 
~ 

5)'Vl~~'el'l(;]'elltJtOj'Wn~ltJJ':::"l!lnJ'tOj:::~1"11rl'J1~I.VI~1:::~~~1~1.~~;'W'el~1'l~l-J1"11 
;'ln~'elI.~'el1"11rl'J1l-JI.Vll-J1:::~~1~1.~~;'Wl.n'Wn~1 5% 1'W 10 i'W 1.1.~:::'Vl~~'el'l1'W1.1.(;]~:::n~~tJJ':::"l!lm 

q q 

., II I , 

~l~n 10 rlf'l 1.~'el1m~1"111.'U~tI"1l'el'lI.'J~11'WmJ'iStI'W¥"lJ'el'l'Vlnn~~tJJ':::"l!lm 
~ q q 

~ ~ ~mJ'~"1l'el'l ~ I.~'WI. Vitl'l1~ tOj :::U1 ~'JlJ'el'Vl~ 1"11 rl'J1~ I. VI~l :::~~ dj'W1"111.'U~tltOj1 n n ~l-J ~'J'el~1'l~ 

1~~~rl:::I.I.'W'W~'el'elnl-J1 3 n~~ t~ml.(;]~:::n~~1""~I.~'W 20 rl'W 1.~'W1.t1'W1.'J~1 30 'W1V11.1.~'J~'ellJm~ 
q q ~ 

rl'J1~Yl'l~'el1tOjtOj1 n I.l.lJlJ~'ellJ m~ 

7) U'Wl1 ml.~:::~ J'tJ ~ ~ n1J''Vl ~~'el'l;'l ~ ~ n1J''Vl ~~'el'l1 'W.rr'Wn1 J''Vl ~ ~'el'l~tOj:::"li'J tI 
q 

" ~'W~'Wrl'J1~ I. VI~l:::~~"1l'el'lmJ' H'.jf'el~ ~ m J'I.~'W"1l'el'l ~ 1.~'W"li'Jtl1 'Wi'W(;l'el'W~fi 1.~'l~'Wfin J'J'~ 
~ ~ q 

I I '" I 

1) I.Yi~ntl~:::I.~tI ~"1l'el'l trlJ't~t"l!~ t~tI mJ'l.Yi~.jf'el~~"1l'el'l~ mj'ru:::~'WVlI.I.~:::~'J 
~ 

2) ~1V11ntJJ':::"l!1 nJ'l.tJ~tI'W~'W~ ~'W~tOj:::l.nlJI"11 rl'J1~ I.Vll-J1:::~~~1~ ~I.I.~:::~ rl1tJ~ 
q 

0-

"1l'el'ltJJ':::"l!lnJ'~'WlrJt'(;]'elltJ 
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'" I iI I 

mh ':l ~'tlij ~ t;1 ~~'l'l,j~:; LJl'Vl LL~ ':l rJ'l tJ L91':l ~:; ~~r.l'l n Yl'WVlLri 'l1,j ~'1Yh<l'V1hnJ L"lf'W L~tJ ':l n iJtr':l-if'tl 
'IJ 

I '" I I '" 

3.1.5.2 d~'tlL91':l~:;~ni'lYl'WVlhnJ1'W~:;tJ:;~l-J~'WiOl:;~'1 ~'1H~ ~1',j ~~'l~ ~"lJ'tl'l L91':l~:;~~oJ'W~'tl ~ t;1~'l , 
II I II '" I '" I 

m~rJ'lmi'l~Yl'WVl1vuJoJ'W1"LXij~t;1nLYhniJ1'Wm~'Vl~~'tl'l-r'WVI 3.1.5 tr':li'tl 1) b~tJ~l-Jl-J~1"LXYl'WVI 
'IJ , 

1'1u! LmtJiJ L~;j'tl'Wmnn ~ LL~'W~1 ~~1 'WLnl-J ~ L~'W'Vln ~'WiOl:;~mml-JrJ'ltJl,j~'l~':liOl LL~'W~1 ~~vT'WVI 
'IJ , 

4) tJ'liJ'tl'Vl~ij ~'l~':l'll-J L~l-J'l:;~l-J L't).~tJiOl'lnn~l-J L91':l'tlth'l~l~~~ ~:;LL'W'W~'tl'tlnl-J'l 3 , 

n~l-J b~mL~~:;n~l-J1"LX~L~'W 20 ~'W b~tJ1"LXL~'Wdj'WL':l~'l 30 'W'lVl1"LX~L~'Wt;1'tliJ~':l'll-J~'1~'tl1iOliOl'ln 
q q qJ CI.J 

5) i'l Lnt;1~~m~'Vl ~~'tl'lLL~:;';jL~n:;,xLL~':l~~,j~~m~'Vl~~'tl'l ~~~~'tl'lm~~'tl , 
iI I I "I I iI 

m~~'ltJ L 'Vli'tll-J~iOl'l nYl'WVI~ij'll,j~ nYl'WVI~ij'lij~':l'W"lf':ltJ1 'Wmn1tJ'W~dj'tl'l ~'W"lJ'tl'li1 ru ru'l,j~:; ~M:;f 
CI.J CI.J ~ QI d.9 

" " 
LmtJiJ L VltJ iJ~:;~~'l'l mruijiJ'Wl1 n niJl~iJ'Wl1 ni'tll-J ~ Lri'liOl 'l n m n~'W1 'WYl 'WVI VI ~ L~'Wl~ L~tJ L~'W 

'IJ 'IJ 

" , , 
m ~LLtJ'I Yl'W VI'tl 'tl n LU 'W~ ':l 'W tJ 'tl tJ tJ 'tll-Jyi'l1"LX ~ ':l 'll-J L ~l-J 'l:;~ l-J Vlt)' ~ l~ij 1"11 l"1':l 'll-J 

I it , II 

(Scaling) ~ n ~':ltJ ;'1iOl:;yh 1 "LXm~~'l'W':l ruLu'Wl,jl~'tltJ'l'l~':l ~ L~':l mJ~'lYl'WVlvT'I~l-J ~ 1 'WLnl-JiOl:;ij 

"lJ'W'l ~ 1 ~ ru~'WLU'W~'1~~'l LU'W~'l~fiJ Lnl-J'tl'tl'Wlmr~ ~'tl'lfiJ ~ L~'W~'l'W':l'Wl-J'l n Ii t;1'll-J 
~ 'IJ 

I iI Iii 

VI ~1 'W Yl 'W VI oJ 'W 1,j 
I iI I t I 

m~H~ ~1',j ~~'l~ ~ L;j'tl Li'lYl'WVl1 ~~ b~m':ll-J LL~':ltl'liOl:;1 "LX~~ ~n~'lm~VliOl:;Ll'l-J , 
'" '" t I I 

~ ~~'l~'li:j Lt;1'tlf"lJ'tl'l~ ~1',j t;11 ~~vT'I~l-J ~~'l niJ'tl'Vl L-if'l~Yl'WVl1 ~~ ~'1V1'Vl'l'l en~ tJ ~'tl'l m~'VlniJ Ii~'tl 
'IJ 'IJ 



J':::~l.JL~L,)~ 50 

Yi~'l~l?l 2793 

Yi~'lL/Ol~~ 226 

Yi~'li1'fl'lri'W 44 
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Ltl'W~') ~ :::rlJ'~~Yi ~'l~ l?l LL~:::Yi ~'li1'fl'l ri'W~'l L~m,f') hj~'l ~l.JVl1.J1Vl ~ 1 ~ ru 1 'Wnl J' 
~ ~ 

'" ...... 
Yi~'l"ll,)l?l 962 

Yi~'lL/Ol~~ 272 

Yi~'li1'fl'lri'W 7 

Ltl'W~,)~:::rlJ'~~Yi~'l~ l?l1"1'fl'Wif1'l ~1 LL~:::~Yi ~'li1'fl'l ri'W~l~l n LLl'i~Yi ~'l L /Ol~ ~~ ~'l 
~ 

LL~:::~1~lnl'fl1 ~t1 rl,)1~1~ Lmtl 1J/Ol 1 m:::t1:::L/Ol~~ ~')t1nlJ'~'l L/Ol~~ n'fl'W 'W'fln/Ol1n~ir'l 

~l~lnl~/Ol:::vh nlJ' L/Ol~ ~ LL~,) tl'eltl'el'eln~l'l~'lvh 1 '-"~'el'W~ Ll?l'flfL if1~'l ~') 1~tI1 n vh 1 '-"tl n 
~ ., , 

L/Ol~ ~1~,J'fl tI rl ¥'l L~t1 i') 1tJ~'l ~l.JVll.J 1Vl ~ 1 ~ ru1 'Wn 1 J' L/Ol ~ ~ ~ 111.J ~'W'WLL 'W,)~,J 1/Ol1 n 

J':::~l.JL~L,)~ 50 

Yi~'l~l?l648 

Yi~'lL/Ol~~L,)Vl~'Wl?lf 424 

Yi~'li1'fl'lri'W 13 

~ . 

Ltl'W~,)~:::rlJ'~~Yi~'l~ l?l~1~1 n LL~:::~Yi~'li1'fl'l ri'W~l LLl'i~Yi~'l L/Ol~ ~~~'l~~ ~ 1 'W 
~ . 

iI I l!.t 

nlJ' L/Ol~ ~11'W~1 Ltl'WVi/Ol:::~'fl'll-n L ,)~11 'Wnl J'iltl L,)Vl~'Wl?lfsn'll 'WJ':::~~ 1'l11'W/Ol::: hJ ~1~1 J'tlvh 



""-Yi~'l"l!'l [;] 1103 

Yi~'lLIil~~ 65 

Yi~'lU'el'ln'W 14 
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Ltl'W~'l~~~J'~iJYi~'l:t3 [;]U1'Wn~1'l bL~~iJYi~'lU'el'ln'W~'fl'W.jJ1'l ~1 LLi?liJYi~'l LIil~ ~ 

~1~1n L"'rJvf'l 1ulil~hJiJtJ'mJ1'Vll 'WmJ' LIil~ ~ L~rJ LLi?llil~iJ'IJ'Vl'IJ1'Vl~1 rl '1!'flth'l~1 n 1 'WmJ' 
I" I I 

~-W'IJ~~'W~'l~~~J'~'W ~'lrJmJ'Yl'WYi~'l:t3[;]Vl1'fli1m'l'Vl~'W[;]f~-w'IJ~~'W~'W 1 L-rl'W L~~Yi~'l 
, , , 

'i' ... " I.> "" ... " .J oS... , "I.> '.!' "" .- 11.> g; 
~Iil~ [;] ~VI [;]'l~~~J''el'W ~ 'W-1I'l'l J'~rJ~ L 'l ~1V1'W'l'Vllil ~"l!'l rJ ~Vlm J'[;]'fl \;'l n'IJ~'el'W~ L[;]'flJ'Iil'IJ "'J''l '" LJ''l 

" 

" , 
1. ~'fl'W~L[;]'flf1.'WYl'WvhLm 

LIil~ ~J'~rJ~UJ'~~ '" 

J'~~'lJL~L'l~ 55 

""-Yi~'l"l!'l [;] 7543 

Yi~'lLIil~~ 279 

Yi~'lU'el'ln'W 18 

Iil~ 1~f'IJ ~'l1~ L~rJVl1rJ'flth'lJ''WbbNVl1 n 1~f'IJmJ' LIil~ ~ ~'lrJD1 [;]1 ~ • • 



2. iJ'e)'!.l~L~'e)fl'!.l~'!.l~~'e)~ 

~:::~1JL~L'J~ 52 

.... -Yi~~'l!'J~ 6890 

Yi~~L~iJ~ 428 

Yi~~U'e)~rl'!.l 15 
., 

~::: l~f1J F1'J1iJ L~tJ~1tJ'e)th~~'!.lLLN~1 n l~f1Jn1 ~ L~iJ ~ ~'JtJD1 ~-W1 • • 

", , 

32 

iJ'e)'!.l~ L~'e)fl1~ 2 lh:::LJlVlVi-W1iJ1Vl ~~'e)~ ~1 n1 ~~'J~:::F1~Virh~'!.l~V11 n1~(;]'e)~ rl1JiJ'e)'!.l 
'lJ 

~ L~'e)fLL1J1J ~'J (;]'e) ~'J hJ~1~::: Lil'!.l~'J ~ :::F1~u~::: LJlVl1~ n Lil'!.lluhJ1~~~ :::L'e)1'l!'!.l:::iJ'e)'!.l~ L~'e) f1~ 
Lti'e)~~1 n ~1Yi~~iS ~LL~:::Yi~~ L~iJ ~"1J'e)~iJ'e)'!.l~ L~'e)f~~ n~1'e)th~iJ1 n LL~~1 n l~f1J F1'J 1iJ i'J iJ ~'e) rl'!.l 

'lJ ., 
"1J'e)~ n~iJ ~'J~:::F1~~:::~1iJ1~tlV111 ~n1nm'l!'!.l:::iJ'e)'!.l~ L~'e)f,r'!.lLil'!.llUl~ • 

I I " I 

n~iJViu~:::n'e)1J ~'JtJ ~'J~::: F1~Vi~1JVl1J1Vl1 '!.In 1 ~Lil'!.lLL'!.l'J~~ 111~ ~~~ ~Yi ~~U'e)~ rl'!.lLL~:::Yi ~~ 
• 'lJ 

I " , I 

n~iJVi~l1~ ~'J~:::F1~Vi~1JVl1J1Vl1 '!.lnl~Lil'!.lLL'!.l'J~~1 LL~:::~'J ~ :::F1~Vi~1JVl1J1Vl1 '!.lnl ~ L~iJ ~ • 
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'Ol1 n m J'~n (;]'"l ~ :;~J' L-n L '"l'Vl ~tl(;l f~,r'lJ ~tltlL tln ~~vl1L ~ ~1'Yi ~~~';) (;l"lJ'fl~ (;]'"l ~:; ~J'~ vl1 n 1 J' , , 
>-

L 'Ol~ ~YJtl1~'flth~J''"l (;) L~'"l LL~~1 (;]'"l ~ :;~J'~ I'l'fl~ ~'"ltJ m J' L 'Ol~ ~lh:;:n (;)'Ol:; hi ~1~1 J'(l~ (;) m J'~'fltl~ L(;l'fl f 
" " , " 

1~m.h~J''"l (;) L~'"l,rn LLI'l'Ol1 n ~'"l1~ I'l'fl Ln'fl~L tlmJ'L~tl L(;)tJhl~1 LUtl~'fl~~tJ (;)~ nYJtl'Yi~~~1n,rn vl1 , 

'Ol:;vl1~,J1~ LUtlLLtl'"l~,J1 tl'fln'Ol1 n~tJ~hln ~L-n L'"l'Vl ~tl(;lf~,r'lJ~tltl~~ 1~ 1 J'(lvl1L ~ ~'"l~ :;~J' " , 

L~~'fltl~1~ L~'"l;tl ~~vl1L~~'fltl~ L(;l'flf~1~1J'(l L-ih ~~1~'flth~J''"l (;) L~'"l LL~:;L'Ol~ ~~ I'l'fl~ ~'"ltJ mJ' L'Ol~ ~ 
" " 

I I I iI 

J':;tJ:;1n~ 1~~1tJ 'Ol1 n mJ'Vin'Yi~~i1'fl~ ritl~1~~ mtJ1~~1tJ~~ ~ ru~~u~H~'fl1'Ol~~ ~ ~ n J':;'Vl'lJ I'l'fl , 

'Ol1 n n 1J'~1~n ~'"l ~:;~J'~n'lJ'Vl'lJ1'Vl LUtlLL tl'"l~,J1 LL~:;m -n L '"l'Vl~tl(;l fL'Ol~ ~tJ~ ~'fl~vl1 mJ'i1 tJ 
" , >-

L'"l'Vl~tl(;lf ~~L tlJ':;~~1~,rtl1~~1~1J'(lvl1'fl:;h1~ ~~vl1L ~~'fltl~ L(;l'flf~1~1J'(l L-ih~~ ~'"l LL~:;~~~1J' 

m -n L'"l'Vl~tl(;lfL'Ol~ ~1~'flth~~1tJ (;)1tJ ~~ LUtln~~~m n'Ol :;vl1 ~:;LLtltl1~~ " , 

LL~:;~ 1~1J'(l vl1 n1 J' L'Ol~ ~ LL~'"l (l'fltJ~\l'fl'fl nlA1~'Ol1 n~'fltl~ L(;l'flfLL~'"l~~vl1 n 1 J' L'Ol ~ ~ I'l'fl ~~vl1L ~ 

L'fl m~~'Ol:;mmrtl~ (;)~~'flth~~1 n LL~:;m'flm~~'Ol:;vl1 ~:;LLtltl1~~ L'Yin:;'Yi~~ b'Ol~ ~"lJ'fl~ m'Ol~ ~ 
" 
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, ~ ~ 

'<l1 n nlJ'Yi ~,)~::;r1J''''~~'tl~1 \In ~~~1 dj\l~'tl~ 10n L,)~11 \li1 tJ L,)'Vl~\l~fri'tl\ln 1 J' t'<l~ ~.,,~ ri 
• 'lJ 

~ih~'Vl ~ LL'Vl\lLL\l')~ih 1~ \lJ'::;~U~~~ ~~vl11 ~ m on L,)'Vl~\l~Hj L,)~1~'<l::;i1tJ L,)'Vl~\l~fL ~'tl t'<l~ ~ 
..t 

~1n"lJ\l 

'lJ 

'<l1n nlJ'~ m on L,)'Vl~\l~f~iJu~\l\l~~i~ t '<l~ ~~ ~1~1 n '<l\lLL 'VlU dJ\l hJhJ1~ \lnl n't)1"1!\l::; 
'lJ • 

~ ~ 

~'tl\l~ L~'tlf 1 \lnlJ''Vl ~~'tl~i1~~ hJvl1 nlJ''Vl ~~'tl~ flU ~,)~::;r1m~~i1 . 



4.1 ~~r,nnn1'i\'l~~'!l~ 3.1.5.1 

Q 
'U'VI'VI 4 

ril'Viln~ LIWtlf~l~fU~ 1"1hJ r;l ~'J ~:::1"1 ~1 t.lLmJ'fl'flt.lh,r b~tJ m ~~1'~~I'"l :::~llJl HI1 ~ [:.J~"1I'fl~ 

'Vi ~ ~ m~lJ~~~ n'l~C~tJt.ll~1 t.l~:::~U~ ~ L~t.lYl~'Vi'fl1'"l LL~:::~llJl~bl L1-tJt.lft~1lItJ1 t.lL'J~I~ L~lJl :::~lJ 
" I '" " 

nu~:::uu LnlJ'fl'flt.l1~,r t.l'fl n'"ll nll'"l:::ij n'l~VI ~~'fl~ ~'JtJ~1 b'fl n'l~ n'l ~~ lJlh:::"ll1 n ~Vi ~ ~~ LLr;l LL~mrt.l • ., " 

Ltlt.lL-rlt.lh 1 t.ln'l ~VI ~~'fl~ll LLr;l~:::n~lJ"1I'fl~ ~'J~::: 1"1 nh::: n 'flU ~'JtJ ~'J ~:::1"1 ~Vi1 -if ~ 1"11tJ r;lLLUU I"1~Vi LLVlt.l • ,., ., 
~ L~t.l'"l1~ 1 t.ln~lJ LL~:::~'J ~ :::1"1~~~ltJVi'"l :::vi'l n1 ~~tJt.l~~'J tJont.l[;l'flt.lL~~~t.lfin ~~lJ [;lllJ ~1 ~U ;1~~lJ ~ 
I\J q cu q 

( ~'J~:::I"1~"ll-W~ A - ~'J~:::I"1~"ll-W~ B) b~tJ A LL~::: B ~llJl~mtlt.l~'J~:::I"1~~1-ifit.l[;l'flt.l~1h~~ 
~t.l~m~lJ1t.ln'l~tJfu'Vi~~m~lJ1~~~~ L'Vi~I:::'"lln[:.J~n'l~VI~~'fl~ ~1~fu~'J~:::m~ A. B 1~ 1 hJ 

~1 ~ 1 tJ1~'"l::: Ltlt.l~1 tJ~1-if n 1 ~L1-tJt.l~ [:.J ~ 1"1 :::LL t.lt.lLL~ :::nl ~~ WJt.lI"11'fl~ 1"1 :::LL t.lt.l,!t.l'fl'fl n lJl ij ril 
OJ 

L~ij'flt.lnt.lLtlt.l'flth~ lJl n 1 t.ln'l ~VI ~ ~'fl~ ~'J ~::: 1"1 ~~~~lJ ~'"l::: L~t.l'fl £11 t.lLL[:.J t.l~ L~tJ 'J nt.lLtlt.lL 'J ~1 30 
OJ 

, ., 
t.l1 Vi r;l 'fl ~ 'fl U LL ~ 'J tJ 1 ri 11"1 'J IlJ L ~ lJ 1 ::: ~ lJ Vi 1 ~ '"l1 n n 1 ~ l' ~ lJ 1 Vi Ion t.l [;l 'fl t.l L ~ ~ ~ t.l fi n ~ ~ lJ b ~ tJ LL iJ ~ . 
tJ~:::"ll1 n~Ltlt.l~'fl~~'Jt.lLviI1 nt.lLL~ :::tJltJ~:::"ll1 m~'Jt.l~ I"1:::LLt.lt.l~~ n~llJl~~I~ n~lJtJ~:::"ll1 m1~,j 

b~tJ n'l~1 "lJ~ LtJ~tJt.lLLUU~lJ' ~ ~ ~ LL~:::n'lm~ltJ~t.l~ 1 t.ln'l~VI ~~'fl~~'flU il ~11tJ ~'Jt.l~ I"1:::LLt.lt.l~~ 
n ~1'"l:::bl n Lnu1~ LL~'JtJ 11tJVI ~ ~'fl~ r;l'fl LL~ :::~'Jt.l~ 1"1::: LL t.lt.l~1 n ~ 1'"l::: bl n ~ ~'fl'fl n~~ '"l::: LL VI t.l ~ ~'J tJ 

OJ OJ 
, ., 

tJ~:::"ll1 m 1 ~,j;~ 1~'"l1 n n'l~Vilont.l[;l'flt.lL~~~t.lfim~lJ • 
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~ I I ~ 

Yl'WYl1'W~'el~ ~,)~::f'lJ''Vi~ ~ ';h 1 m'el n1~V1"'l::~l1rJ~~ m::Yluri\J ~~ f'l::LL 'W'W'elrh~~~ Ln ~;'W1~tJ'elrJ 
~ ~ 

" II "I I 

Vli~"'l1 m!'WLLYluhJiJ n1J'~ 1'JJ'W1 L~rJ 'Vi~\1n1J'~ 1'JJ'W1V1tJ'elrJ 'Il1"'l::Ln ~ n1 J'V1iJ f'l,)1l-JVI~1 nVl~ 1rJtJ'elrJ 
.iI II .iI 

L Yln::n1J'V1'Vi~ ~~ ~'elrll 'Wth::UlYl L~rJ,) n'W J',)l-J'Vi~ n1 J'V1'Vi~ ~iJ f'l,)1l-JJ',) ~ L~,) 1 'Wn1J'~1l-J'el'W~ L(;l'elf 
~ ~ ~ 

70000 I 

60000 

50000 I 
a> T 
L-
0 
<.> 40000 1" if) -
a> 
Ol 
ro 30000 L-
a> 

~ 20000 

10000 

0 

1 2 3 4 5 6 7 8 91011121314151617181920212223 

Generations 



70000 1 
i ---60000 

50000 

40000 

30000 -

20000 i 
10000 t 

o J -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Generations 

37 
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I I" I I 

e-J~ n1~Vl ~~'tl'l LL~ ~'11 t.l~,jVl 4.3 ~1~f1J1 t.l"lh'l n1 n1l-J ~t.l,rt.l ~:;LL t.lt.lVlvh 1~ rl'tlt.l-nI'1 ~1 .. 

80000 

70000 t- - --_. 
I _~~~~~~ 60000 -< -----

~ 
8 50000 
if) 

~ 40000 
~ 
(J) 

.{ 
30000 

20000 

10000 

0 

' -! 

L 
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 

Generations 
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I I I I '" 1.1 I 

(:.J ~w~'lvl L'U~mL~ ~'11 'W~uYi 4.4 1 'W"lf'J'I n'l ~iSlJ ~'W rl :::LL'W'W~ 'llJ'l n vl'ltJ'\.l'l"'l:::L U'el'llJ 'l"'l'l n 
'lJ 

rl'J'llJ 'VI~'l n'VI~ 'ltl'Vl 'l'l ~'l'WL 'J'VllJ'W[;lf~'l!u~ 'W'W n'l ~L~'el n 1.if L 'J'VllJ'W[;lfl ~ bl n9'1'V1'J:::"'l :::~'llJ'l ~bl"lf'JtI 
• 'lJ 

1 ~~ I?i'el~ ~'Jtln'l~ L"'llJ ~~:::t1:::u~:::~ ~1?i'eln~'elrJ'l'lilu~:::~'VlfiJl'l~~'WLL~ :::~'1 (:.J ~ 1 ~rl:::LL 'W'W~~'W L~'el 
'lJ " 'lJ 

~ 

80000 r 

i 
I 

70000 t 

60000 +'---

8 50000 
if) 

& 40000 
m 

30000 
'--
<ll 

~ 
20000 

10000 

o 

I 
1-

! -..t--------

I 

1 2 3 4 5 6 7 8 9 1011121314151617181920212223242526 

Generations 
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80000 -r--
i 

70000 

60000 
~ 
0 50000 () 
if) 
Q) 40000 0> m i .... 

30000 ! 
Q) -j 

~ 
20000 

10000 

1 2 3 4 5 6 7 8 9 1011121314151617181920212223242526 

Generations 
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e.J~mJ''Vl~~'el-lLL~~-l1'WnJ~ 4 . 61'WmJ'Li~~'W fOl:;LL'W'W~1~'el'eln~1~1~1n ~-l~tl1fOl:;dj'W 
'lJ 

~ , 
LYiJ'1:;~-l e4l;i'el~ ~':lU mJ' LfOl~ ~J':;u:;1n~ LL~:;m-if L':l'Vl~'Wl?1fLfOl~ ~ iJ fOl':l1~'Vl'W'Vl1'W~1 m-if L':l'Vl~'Wl?1f 

IIlI IIlI 'lI qJ 

~ ~ 

~1~t'UmJ'~ W-J'W1U'W YiU~1 fOl:;LL 'W'W~~'W1~'elrh-l~1 n mn~'el n 1-if L':l'Vl~'Wl?1fl~'elrJ1-l 
" L~~1:;~~iJ e.J~'elrJ1-l~1 n (;]'el fOl:;LL'W'WL YiJ'1:;-n':lU1 "" fOl':l1~ L~':l1 'Wm J'r.r ~ m J'~'el'W~ LI?1'elf~-l~'W~1 n ~~-l 

~ 
0 
u 
(f) 
Q) 

OJ 
ro 
'-
Q) 

~ 

80000 -r 
70000 I 

T 

60000 

50000 

40000 

30000 

20000 

10000 t 

o 

'IJ 

-

1 2 3 4 5 6 7 8 9 1011121314151617181920212223242526 

Generations 
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I I II I '" 

e.J~ n1~'Vl {;1~'el'l LL~ {;1'lL unJyj 4. 7 ~'l~~lJn1~bhJ ~u,rul~ I"l:;LLUU~'l ~'l ~ (;]'el~ ~'"JrJ n1 ~ 
" " " 

80000 1 
I 

70000 . I 

60000 
~ 
0 50000 u 
if) 
<l) 40000 Ol 
(II 
'-

30000 <l) 

~ I 
I 
I 

20000 -t-, -

10000 

0 

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 

Generations 
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I I '" I til 

eJ~ m~'Vl (?1~'el-:J'elrJl 'W~,jYi 4.8 ~1~flJm~iS~ ~'W,r'W fol~LL'W'W'el'el n~1~ r11 ~1 m~Yil1-:J ~9 (?1 
~ ~ ~ 

1'Wm~~[;JJ'W1~~~~1-:Jmn1-rJ'W¥,r'W ~lJ~1fol~LL'W'W~1~1~(l~;'W1~'elrJ1-:J~1n mn~'elnH 
~ ., 

L'J'Vl~'W(;1 fi:1il~ ~1~'elrJ1-:J L ~~ 1~~~1il ~V111 ~~ 1~1~(l"lf'W~~'el'W~ L(;1'elf1~ ~'J (?1 L~'J;'W b'el m ~ (;11rJ9-:J 

~ (?1~-:J ~-:J eJ~ 1 ~~1~1~(l~ [;JJ'W11~~-:J~1n LL~~m~~ LU'W~"lJ'el-:J,j~~IJl'Vl (;]'J~~m~~ fol'J1~~'J (?1 L~'J 1 'W 
~ ~ 

80000 

70000 

60000 
~ 
0 50000 0 

if) 

(I) 40000 0) 

~ 
(I) 30000 
~ 

20000 

10000 

0 

1 2 3 4 5 6 7 8 910111213141516171819202122232425 

Generations 
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, ,., 
~~n1J'Vl(;)~'fl'lbb~ (;)'llwnJ~ 4.9lwn1J'iS~ l~h,l'w'W n1n~'flmj'tJ:;Vl:;ih~'l ~~ (;]'flrl:;bb'W'WfOi1~ 

'" '" '" 

~,r1J~~'W"l:;"ll,)rJL m'fl n1~~"l:;r;1'lrJ~ (;)~'l bb(;]n1J'~12J~I~IJ'Cl"J!'W:;~'fl'W~ b(;l'flfl~(;)rJ~lrJ n~'l ~~ 

m:;Vl1J (;]'fl rl:; bb 'W'WL 'WJllrJ~~'l Ch~1 mn on b ,)Vl~'W(;lf~,r1J~'W'WbU'WeJtJ:;Vl:; m on b ,)Vl~'W(;l f'i:"l~ ~ n"l:; 

, 
dO 

'fl'W 

Q) 
'-
0 
() 

(f) 
Q) 

0> m 
'-
Q) 

~ 

CIJ q cu CIJ 

80000 

70000 

60000 

50000 

40000 

30000 ,-
i 

20000 

10000 

o ~ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Generations 
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~1'W'J'W~'e)1Jn1~'Vl (;1~'e)'1'"l'W'"l1J L'tl.~tJ ~'e) 23.25 ~'e)1J Vl1-'e) ~ (;1 LU'WL'J~1 11 .r'J Ll.-l'l 37 

'W1Vl 30 ';)'W1Vl LL[;]Lti'e)'1'"l1nrhl"1'J1l-JLVll-J1:;~l-JL~l-J;'W'e)th'lhJ~l-Jrl1V11-'e)L~l-J;'WhJ~'1 5% Jl1tJ1'W • " , , 
1 0 ~'e)1Jn1~'Vl(;1~'e)'1 ~'1 ~tJn 1~~1rl11"1'J1l-J LVll-J1:;~l-J,r'Wl~LYll-J~'1'"l (;1Vl ~l-J rl1ri'e)'Wn1~'Vl (;1~'e)'1'"l1JLU'W • • 

" " tI ry ry1U~:;~~i'"l:;~1l-J1~(l ~tJ'Wfl~Jl1tJ 1 'Wiu (;11 'iXLLm "1J'e)'1 n1 n~'WLnl-J (11'11J1"1'J 1l-J~'1'Vi'e) 1 '"l"1J'e)'1 ~ 

L~'W~'e)'1'e)1 ~tJ 1"1'J1l-J L~'W"1J'e)'1 eJ L~'Wlh:;n'e)1J ~'JtJ ~'1 LL~ (;1'11 'W~'J'W[;]'e) lu) .. 

1~~'Vl(;1~'e)'1;'1iju~:;~1Jn1~ru1'Wn1n~'WLnl-J Ragnarok Online [12] ~1'W'J'W 20 

1"1'W vl1 n1~L~'W L(;1tJ~ij ~'J~:;I"1~~Vl1tJ~ ~1'Wn1~L1tJ'Wrl(;1tJij rl11"1'J1l-J L Vll-J1:;~l-J 1n ~ L~tJ'I n1J rl1 L'tl.~tJ .. 
L~'e)'"l1Jn1~~tJ'Wl~1~vl1l-J1~'J'IVlih L~'WI"1'J1J ~lu ~'JtJ L~'WI"1'W~ :;LU'WL'J~1 30 'W 1Vl~1V1f1J ~'J ~:; 1"1~ 

LL[;]~:;n~l-J L(;1tJl~ L~'e)nu~:;"ll1m1 'Wn~l-J~ij I"1:;LL'W'Wn1~L1tJ'W~~~l-J1'Vl (;1~'e)1J~1l-J n ~l-J (Ln'e)1J'Vl n 
iii iii \J iii iii 

n~l-Jl~ I"1:;LL'W'W~l 'W~:;~1J~ L'Yl1 n'W LL[;]hJ~1l-J1~mJ1l-J11 ~eJ L~'W'Vl (;1~'e)1J'Vl n n~l-Jl~ Lti'e)'1'"l1 n ~'e)'11-D' 
iii qj q iii 

"1J'e)'1~Vl1tJ'\.h~'1'Vi'e)1'"lLLrllV1'W L(;1tJij~'JL~'e)n1~LLri ~l-J1n , ~, 'Vi'e)1-D' LL~:; hJ~1'W L(;1tJl~~~"1J'e)'1 

LL1J1J~'e)1Jml-J~'1~u~ 4.10, 4.11, 4.12 .. 



46 

5'11. 

35'11. 
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40" 

e.J~~'el..:J bb1J1J~'el1Jb1'UJtJnn{)~11"l.lVJ n n~~n1~"Vll?l~'el..:J ~ ~ (;l'el1J bb1J1J~'el1Jm~ tl?ltJ 

1 ""fOl':l1~Y;..:JYl'el11Oj 1 "l.lJ':::~1J ~;"l.l1tJhhJ'eltJn~1 60% "1J'el..:Jv1'..:J~~ I?l bb~:::~ ~~ b~"l.l~TU ru ru1tJJ':::~~~~ 
ClJ QI QI c:I.9 
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40 
VI 35 c: 
0 

30 -~ -,----~--~. ---

Q) 25 c: 
Q) 

OJ 20 
'+-
0 

15 '-
Q) 

• last generation of first population 
.0 10 E 
:::l 

5 z 
• Number of generation used 

0 

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 

Experiment number 

I iI I iI I 

~:;~~1~UJ':;"1!1m'vHJ~'J1~Lri,.:m1~~ ,nJ1~,ml9l~~I~h,.l'!!\l~1 b~t1~1nn1J'~~UJ':;"1!1m'~1\l'J\l 16 ~ 
q qJ q qJ 

" i.I tJ I 

11~~~~ 50 ~~~ ~1'elLij\l~1\l'J\l11~~~~ 800 UJ':;"1!1m' YOJ~1h]~uJ':;"1!1m'1~Vl~~1~~~'J1~ • 

'" , '" 
Lri~ n1~ ~~ LLl9l ~~ ~\l'!!\l ~ ~'J1~ Lij\l1U1~U'eltl~1 n 
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4.2 eJ~n1"i"~~'il~ 3.1.5.2 

" , 
n 1 J'Yl (11~'el·rnv11 L Yl'el ~ mt1~1 mJ'L~ tJ'WbblJlJ'Yi ~ ~ n J'J'~"1I'el'l ~ b~'W'"l:::~ ~'J'W-n'J tJ~ I'J.J'W 1 n 1 J' 

~tJ'Wl"]J'el'lif'1! '1!11h:::~'rlJ~1-'el hJ L(11tJ ~1 (11~~'l~1 mJ'~~ ~'J'elrJ1'l'Yi ~ ~ n J'J'~"1I'el'l ~ b~'W~1'"l :::-n'JtJ 1 ~ 
q 11 !:. t t 11 " ~ J' q!lt !lclJ' J cI cv 0::' ...:. 

m J' LJ'tJ 'W J''W 'W bU'W U (11 Cl n Yl1 'I J''J (11 bJ''J tJ '1"11 'W bb ~::: bJ'tJ 'W J' (11 (11"11 'W b~ 'el b Yl tJ lJ n lJ n 1 J'Yl1"11 'W(;] 'el 'W b"ll 'I 
"" " 

.... "I I 

,J1tui'J~1 'WmJ'v11i'W(;]'el'Wb~'l~'WDn J'J'~ 1 'Wm J'Yl (11~'el'li1'"l:::~ L -W~ ~ ~l'u j;JYit~'"l1 n m J'b~ tJ'WbblJlJ ~ 
q " 

" " b~'Wb ;;1tui'J~1 'WmJ'v11iw;]'el'Wb~'l~'WDn J'J'~Vl'l~~ (11 2 ~ ~l'u (;]1 'Wbb~~:::J''ellJm J'Yl (11~'el'l 
q 

3.1.5.1 

,",.!''' 'i' "" .I.co. ",.!''' 'i' "" .1" 1) n~~eJ(;]'eli'l(11'JtJmJ'b'"l~(;]J':::tJ:::uJ':::"ll(11 - eJ(;]'eli'l(11'JtJmJ'b'"l~(;]J':::tJ:::uJ':::"ll(11 eJ~ 
q ClJ ClJ ClJ CIJ 

mJ'Yl (11~'el'l LU'W~'lJ'U~ 4.14 
" 

10 T ---- - ._-

9 

8 

7 
c 
0 6 

.~ 

l- S Q) 
c 

-Individual Average Q) 4 
0 

3 

2 
-All Average 

1 

0 

1 2 3 4 S 6 7 8 9 10 

Experiment number 
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1'Wn1~'Vl~~'e)..:J 1 0 ~'e)iJ ~1'W'J'W~'e)iJn1~'Vl~~'e)..:Jb'tl.~tJlOt'W1~r1:::bb'W'WhJ-w'e)tJn~1n1~ 

'Vl ~~'e)..:J~ 3.1.5.1 ~'e) 5.9 ~'e)iJ vi;''e)ii\ ~ bU'Wb'J~1 2 -ff''J b~N 57 'W1Vl 

,t-'l't- 'i' "" .1"" t-'l't- 'i' "" 1 2) n~l-Je.J(;l'e)'~~'JtJn1~blOtl-J(;l~:::tJ:::u~:::"jj~ - e.J(;l'e)~~'JtJn1~blOtl-J(;l~:::tJ::: n~ e.J~n1~ 
q cu 'lI cu cu 

'Vl~~'e)..:JbU'W~..:J~tl~ 4.15 
'lJ 

9 

8 

7 

c 6 
0 
.~ 5 
Q) 

4 c 
-Individual Average Q) 

(.9 
3 

2 
-All Average 

1 

0 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

1'Wn1~'Vl ~~'e)..:J 1 0 ~'e)iJ ~1'W'J'W~'e)iJn1~'Vl~~'e)..:J L'tl.~tJlOt'W1~ r1:::LL'W'W1~-w'e)tJ n~1n1~ 

'Vl ~~'e)..:J~ 3.1.5.1 ~'e) 5.3 ~'e)iJ Vl1-'e)ii\ ~ LU'WL'J~1 2 -ff''J bl-J..:J 39 'W1Vl 



9 - _...- - ... -.. _.- -

8 

7 +,~--------~+-

6 L 
I 

5 .. t--~-"''''''-~~l'J''''I!'I'OrI-'' 
i 

4 

3 

2 

1 

o 
1 2 3 4 5 6 7 8 9 10 

Experiment number 

51 

-Individual Average 

-All Average 

lWn1~V1(;l~'el'l 1 0 ~'eliJ ~1'W'J'W~'eliJn1~V1(;l~'el'lb'tl.~tllDl'W1Jl~:;bb'W'WhJil'eltlnrj1n1~ 

V1(;l~'el'l~ 3.1.5.1 ~'el 5.1 ~'eliJ ~1'el~(;lbtl'Wb'J~1 2 -B''J t~'1 33 'W1Yl 
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16 

14 

12 

c 10 Q 
~ 
'- 8 Q) 
c 
Q) 

6 <.9 -Individual Average 

4 

2 

0 F
------------
---- -- -

-All Average 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

h!n1J''Vl(;l~'tl'l 1 0 J''tl1J 41'1..l,)'I..lJ''tl1JmJ''Vl(;l~'tl'l b'tl~u'"l'l..l1~rl::;bb'l..l'l..lhJii'tltJn~1 mJ' 

'Vl(;l~'tl'l~ 3.1.5.1 ~'tl 9 .8 J''tl1J Vl1'tl~(;lbtl'l..lb,)~1 4 .r')L~'l 54 'I..l1Vl 



16 

14 

12 +-....--

10 --r-~--~--~~--~~~~ 
8 

6 ~ --- ---- . 

4 1------------ -
I 

2 +------
o 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

53 

-Individual Average 

-All Average 

l'Wn1J"Vl ~~'tl-:J 10 J''tlU ~1'W'J'WJ''tlUn1J''Vl(?l~'tl-:J L'U~tJ'"l'W1~ rl::;LL'W'WhJ~'tltJn~1n1J' 

'Vl(?l~'tl-:J~ 3.1.5.1 ~'tl9.7 J''tlU ~1-'tl~~Li1'WL'J~14 i'Jb~-:J 41 'W1Vi 
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6) mhJ~~'f)~~'JtJn'lJ'b"'ll-J~J':;tJ:;llJ':;~t'l - m.jfL'J'Vll-J'Wj;]f~,riJ~'W'W e.J~n'lJ' 
q III qJ qJ q 

'Vlt'l~'f)'lLil'W~'lJ'll~ 4.19 ., 

12 

10 

c 8 
.Q 
ro 

6 '-
(l) 
c 
(l) 
(9 

4 
-Individual Average 

--All Average 

2 

0 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

1 'Wn'lJ''Vl t'l~'f)'l 10 J''f)iJ ~ 1'W'J'WJ''f)iJ n'lJ''Vl !PI~'f)'l L 'U~tJ"'l'W1~ I"]:;LL'W'WhJU'f)tJ n~ r1n 1J' 

'Vl!PI~'f)'l~ 3.1.5.1 ~'f) 6 .9 J''f)iJ ~1'f)~t'lLil'WL'J~1 3 -B''Jbl-J'l 27 'W1Vl 



LU'W~\I~tJ~ 4.20 .. 

8 

7 

6 

5 

4 

3 

2 

1 

o 
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7) n'Cl~m.jfL'J'Vl~'l.lI;]f~,rtJ~'W'W - cJ(;]'tl~Jl'JfJn1~t~~~~~fJ~tJ~~~~ e.J~n1~'Vl~~'tl\l 
q IIIJ q IIIJ 'lI 

-Individual Average 

--All Average 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

1'Wn1~'Vl~~'tl\l 1 0 ~'tltJ ~1'W'J'W~'tltJn1~'Vl~~'tl\l L'U~fJ~'W1JlI"l~LL'W'Whlu'tlfJn~1 n1~ 

'Vl~~'tl\l~ 3.1.5 .1 ~'tl4 . 5 ~'tltJ ~1'tl~~LU'WL'J~12 -B''Jt~\l15 'W1Vi 



25 

20 

c 
.Q 15 
~ 
0,) 

c 
0,) 10 

C) 

i 
i 

5 ~ .-... -

I o 1 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

56 

-Individual Average 

-All Average 

lUn1:i''VlI'l~'El'l 1 0 :i''EltJ ~1U,)U:i''EltJn1:i''VlI'l~'El'lL'U~tI'"lul~r1::;LLuul~i('Eltln~1n1:i' 

'Vl1'l~'El'l~ 3.1.5.1 ~'El15 . 8 :i''EltJ ~1'El~I'lLtlUL,)~1 7 .r')t~N 54 U1~ 
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nJ~ 4 .22 
'lJ 

14 r --------
12 j -----,,--.. -,,--

10 +---.--.-.---.-... -,,----... ---

8 

6 
--Individual Average 

4 -All Average 

2 

o 
1 2 3 4 5 6 7 8 9 10 

Experiment number 

1'Wn1~Yl"'~'el'l 1 0 ~'el'lJ ~'l'W'J'W~'el'lJn1~'Vl"'~'el'lb'Yl~tliO:l'W1~~:::bb'W'W1lJil'el~m~'ln1~ 

Yl"'~'el'l~ 3.1.5.1 ~'el 7 .2 ~'el'lJ ~1'el~"'btl'Wb'J~'l 3 i'J'i:~\I 36 'W'lYl 
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~'l:i'1.J~ 4.23 
'lJ 

-Individual Average 

-All Average 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

1'\.Jn1:i''Vl1n~'el'l 1 0 :i''el'U ~1'\.J'J'\.J:i''el'Un1:i''VlIn~'el'lb'U~tJiOl'\.Jl~r1:::bb'\.J'\.Jh]il'eltJn~1n1:i' 

'Vlln~'el'l~ 3.1.5.1 ~'el 9.8 :i''el'U 'VI1'elf.ilnbll'\.Jb'J~1 4 at'J h-l'l 54 '\.J1Yl 



biJt.l~'l~U~ 4.24 
'" 

c 
.2 
~ 
(I) 
c 
(I) 

(9 

59 

11) n~l-J~j;j'el~~'Jtln1~L~l-J~h:::tI:::ln~ - m.jfb'J'VIl-Jt.l(;]f~,r1J~t.lt.l e.J~n1~'VI~~'el'l 
~ qJ CU III q 

6 

4 t 
I 

2 -t 

o 1 

-Individual Average 

--All Average 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

1 t.ln1~'VI ~~'el'l 1 0 ~'el1J ~'1t.l'Jt.l~'el1Jn1~'VI ~~'el'l b'tl.~tI~t.ll~ fl:::bbt.lt.lhJ,J'elti n~"ln'1~ 

'VI ~~'el'l~ 3.1. 5.1 ~'el 6.9 ~'el1J 'll;''el~~ biJt.lb'J~'1 3 -B''J Ll-J'l 27 t.l'1Vi 
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12) n~~en-ifI.':l'Vl~'W(;]f~l!tJ~'W'W - ~(;]'f)~~':lrJm~tiOl~~~:;rJ:;ln~ ~~m~'VlI?l~'f)'l 
q IlJ q IlJ IlJ 

1.t1'W~'lnj~ 4.25 
'lJ 

14 

12 

10 
c 
Q 8 
~ 
Q) 

-Individual Average 
c 6 Q) 

(.') 

4 --Ali Average 

2 

0 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

l'Wm~'VlI?l~'f)'l 1 0 ~'f)tJ ~'l'W':l'W~'f)tJm~'VlI?l~'f)'lI.'tl~rJiOl'Wl~I"1:;I.I.'W'WhIU'f)rJ n~'l n'W 

'Vll?l~'f)'l~ 3.1. 5.1 ~'f) 6.7 ~'f)tJ Vl1'f)~ 1?l1.t1'WI.':l~'l 3 -B'':l t~'l 21 'W'lVi 

1 'Wm ~'Vll?l~'f)'l 1 0 ~'f)tJ iJ~'l'W':l'W~'f)tJ m ~'Vl1?l~'f)'l~1~ 1"1:;1.1. 'W'WhJU'f)rJ n~'l m ~ 

'Vll?l~'f)'l~ 3.1.5.1 hJ l"1~tJ'Vl n~'f)tJ I.ti'f)'liOl'l n r)'l 1"1:;1.1.'W'W~1~ 1.~~;'W'f)th'lhJ ~~ r)'l ri'f)'W~ 1"1:;1.1.'W'Wl 'W • • 
" , 

tJ'l'l~'f)tJiOl:;n'lI"1:;I.I.'W'Wl'Wm~'VlI?l~'f)'lVi 3.1.5.1 on'l'f)'liOll.t1'WhJl~~'lm~V1iJm~'Y'Imm~l.~rJ'Wl.l.tJtJ 

'Y'I ~ ~m~wjJ'f)'l~ L~'W(;]~'f) I?l L':l~'liJ ~~~'l n I?l~tl Ll.tJtJl 'Wmn1rJ'Wl"IJ'f)'lUry ry'ltl~:;~~.!v'h 1 ~n'l~ 

iSrJ'W¥ttll~hJn'liOll?l~ 1"1':l~iOl:;LtI'Wl 'WtJ'l'l nnlj 
'lJ • 



4.26 

:: r 
10 4-

I 

: J ~'---r----~r--+--+~ 
i 

4 t 
2 t----- -
o -" 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

61 

--Individual Average 

-All Average 

1t.ln1~'Vl~~'tl'l 1 0 ~'tltJ ~1t.l'Jt.l~'tltJn1~'Vl~~'tl'lL't).~t1'"lt.l1~rl~LLt.lt.lhJii'tltln~ "1n1~ 

'Vl~~'tl'l~ 3. 1.5.1 ~'tl 6 .8 ~'tltJ ~1-'tl~~LtJt.lL'J~1 3 -B''J t~N 24 t.l1~ 
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4.27 

16 1 - --
! 

14 

12 

c 10 .2 
ro 
L.- 8 (l) 
c 

--Individual Average (l) 

6 (9 

4 -All Average 

2 

0 

1 2 3 4 5 6 7 8 9 10 

Experiment number 

lWn1~'VlI'l~~-.l 1 0 ~~U ~1'W'J'W~~Un1~'VlI'l~~-.lL'U.~rJ"'l'W1~~:;LL'W'WhJil~rJnrhn1~ 

'Vll'l~~~~ 3.1.5.1 ~~ 10.1 ~~U V11-~f.1I'lLtI'WL'J~1 5 i'Jt~~ 3 'W1~ 

, , 

t"'l~~ - m.jfL'J'Vl~'W(;lfi:"'l~~ LVi~1""~I~'JI~LV1~I:;~~1~il~rJn~In1~'VlI'l~~-.l~ 3.1 .5.1 ~~ 7.89 
'IJ 

~~Un1~'VlI'l~~~ V11-~ 3 i'Jt~~ 56 'W1~ 42 ';j'WI~ ~~M,j1~~In1~'VlI'l~~~tl'lrJHn1n~rJ'WLLUU~ 
• 'IJ 

" ", 
L~'WL.;rI"ll'JrJ ~1~1~(lYh 1 ""n1~~rJ'W~'iI~-.l~V11rJ1 'WL1j~-.l ~'W ij ~'JI~~'J I'l L~'J~'Wm.h~~ln d~~ LYirJU 

'IJ 

riUn1~'VlI'l~~~~ 3.1.5.1 ~1.jf 13.25 ~~Un1~'VlI'l~~~ V11-~ 6 i'Jt~~ 37 'W1~ 30 ';j'WI~ tl'lrJ1.jfL'J~1 

LYirJ~ 59.55% 'iI~~L'J~I~H1'Wn1~'VlI'l~~~~ 3.1.5.1 ~~M,j1~~I';jfin1n~rJ'WLLuue~\~'W~'W ije.J~ . '" 
o 'I "."1 . I ... .-"" ~ " .. .t , '" 

'Vl1 ~V1u '1J '1Jlu~:;I'l'rt~ L~rJ'Wl ~1'l~'J I'l L~'J'iI'W~m~"l! I'l L "'l'W 
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, " , 
~rihj~LLUUrl~~LL'Vl'l.!~\~'l.!'"l1,n1~'VI~'" 2 ri LYl'elLil'l.!~'J'eltJ1~~1'V1~u1~\~tJ'l.!LLUU 

~ ~ 

,",.!''' 'i' "'" .1" ",.!''' 'i' "'" .1" 1) n~~e.J(;]'el'Ci"''JtJn1~b'"l~(;]~:::tJ:::u~:::"l!'" - e.J(;]'el~"''JtJn1~b'"l~(;]~:::tJ:::u~:::"l!'" e.J~ 
q qJ c:u qJ IlJ 

n1~'Vl "'~'el~ Lil'l.!~~~tl~ 4 .28 
~ 

80000 

70000 +---~------~--~~.-~ 

60000 +--P'~-""~-+----\-7-

~ 
8 50000 
if) 

~ 40000 i 

~ l 
Q) 30000 ------ -- -
~ I 

20000 1-----

'~ t 
1 3 5 7 9 11 13 15 17 1921 23 

Generations 

-Average Score 

--- Log. (Average Score) 

~'el~ rJi''JtJ n1~L'"l~~tl~:::; ",vr~ ri ~~ij~ (;]~1 n1~(;]1tJ~ ~11 'l.!"ll ru:::~y'h rl:::LL 'l.!'l.!1rJl1~ ~~,:rn L"ll'l.!fl'l.! LL~ 
~ ~ ~ 

" , 
rl:::LL'l.!'l.!,:r'l.!~ 1'.l.J'l.!11tllrJi'~n~1 Lij'el1~1rJl1-n n1n~tJ'l.!LLUU ~ b~'l.! 

~ 
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2) mhJcJ[;]'e:l~~'JrJn1J't9~~h::;rJ::;lh::;~~ - cJ[;]'e:l~~'JrJn1J''i:9~~J'::;rJ::;1n~ eJ~n1J' 
.. \J III IIU III 

Vl~~'e:l'lLrhJ~'1J'u~ 4.29 
'IJ 

~ 
o 
(J 

(j) 50000 
(I) 

0> 
~ 40000 
(I) 

~ 30000 

20000 

10000 

o i 

-Average Score 

- Log. (Average Score) 

1 3 5 7 9 11 13 15 17 19 

Generations 
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3) mhJ~~'tl~~'JtJm~L'"l~~h:;tJ:;ln~ - ~~'tl~~'JtJm~L'"l~~h:;tJ:;,j~:;;(;1 ~~m~ 
q qJ ~ qJ IIU 

'Vl(;1~'tl-:lLtltJ~-:J~,j~ 4.30 
'IJ 

Cll 

90000 ]-

80000 ---.. ---- -

70000 

60000 

50000 

~ 40000 
L-

Cll 

~ 30000 

20000 {--

10000 j 
o J 

1 3 5 7 9 11 13 15 17 

Generations 

- Average Score 

- Log. (Average Score) 



80000 

70000 

60000 +---A--#==-"'''-

~ 
o 50000 
~ 
~ 40000 
ro 
L-

ID 30000 
~ 

20000 4 

10000 1 
o j 

1 3 5 7 9 11 13 15 17 19 21 

Generations 

66 

-Average Score 

- Log. (Average Score) 



~ 
o 
u 
if) 

<I> 
0) 
~ 40000 
<I> 

30000 ~ 
20000 t- --
'~ j 

1 3 5 7 9 11 13 15 17 19 

Generations 

67 

- Average Score 

- Log. (Average Score) 



68 

6) n~~~~'tl~~,)un1~h~~h:;u:;tJ~:;:n(?) - m.-n'L,)'Vl~'W(;lf~oJtJ~'W'W ~~n1~ 
q IIJ '\l ClJ q 

'Vl(?)~'tl'lLil'W~'1~tJ~ 4.33 
'lJ 

80000 1- - .. ~ 
70000 ..L-..-__ _ 

60000 
~ 
8 50000 
if) 

~ 40000 
(I) 
"-
OJ 

~ 
30000 I 

20000 t-
10000 t 

o 1 
1 3 5 7 9 11 13 15 17 19 

Generations 

-Average Score 

-log. (Average Score) 

~')U n1~ t'"l~ ~tJ~:;:n (?)ijtJ~:;~'Vlfifl'1Y1;'WLL~ :;fi'l~'1~'1~n~'W~YI~'1~~ (;l1~'tlrh'l ~') (?) L~ ,) v'h 1 'IX n'1 ~ 
'lJ 

~'tl~ Lil'W1tJ1~'tlrh'l ~'tl Lti'tl'l f'l:;LL'W'W;'W1tJ1~~'1 n~'1 Ld'tl hJ1-n' n1 n~u'WLLtJtJ ~ L~'W LL~hJ~'1 noJn 
'lJ 'lJ 'lJ 
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7) n~~m-ifL,)Vl~t.l(;lf~,ru~t.lt.l- ~j;J'fl~~,)tJn1:i't"'l~~:i':;tJ:;U:i':;~~ t:J~n1:i'Vl~~'fl'l 
q '-I q 1lJ \J 

Ltlt.l~'l:i'U~ 4.34 
'IJ 

~ 

80000 1 

70000 

60000 

8 50000 
(fJ 

~ 40000 
~ 
Q) 

> 
(\) 

30000 
i 

20000 l--
10000 t· 

o j 

1 2 3 4 5 6 7 8 9 101112131415 

Generations 

--Average Score 

- Log. (Average Score) 
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80000 T 

70000 

60000 
(1) 
L... 
0 50000 (J 
if) 
(1) 40000 
0> 
ro 
L... 

30000 (1) 

~ 
20000 

-Average Score 

- Log. (Average Score) 

10000 

0 

1 3 5 7 9 111315171921232527 

Generations 
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nJ~ 4.36 
'lJ 

90000 r 
80000 i -
70000 

Q) 
60000 \... 

0 
<.> 

(f) 50000 
Q) 
0) 

40000 m 
\... - Average Score Q) 

~ 30000 

20000 
- Log. (Average Score) 

10000 

0 

1 3 5 7 9 11 13 15 17 19 

Generations 

I I 11 I 

Vi ~1l.J1 n~'1.yh 1 ~ (;nU1~~1U r1:;LL'W'W"r'W~1l.J1J't;l Ln 'Wfil 1 n (;l'e)'WVihJH' n1n~U'WLL1JU1~'e)rJ1'1J',) ~ L~,) 
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~'1~U~ 4.37 
'lJ 

80000 

70000 

60000 
Q) 
~ 

0 50000 (.) 
(j) 
Q) 40000 
OJ m 
~ 

30000 Q) 

~ 
20000 

-Average Score 

- Log. (Average Score) 

10000 

0 

1 3 5 7 9 11 13 15 

Generations 
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11) mil.J~j;j'tl~~')[Jn1:rL'"ll.J~:r:;[J:;1n~ - ej' .. nL,)'Vll.J't.II;]f~,r'U~'t.I'W e.J~n1:r'Vl(;1~'tl~ 
q '\I \l III q 

LU'W~~:i'i.J~ 4.38 
'lJ 

~ 
o 
() 

(f) 

Q) 

90000 1 
80000 1-
70000 t -

I 
60000 t-----

50000 -i----:1I-

g> 40000 
'-
Q) 

~ 30000 

20000 

10000 

o 
1 2 3 4 5 6 7 8 9 1011121314 

Generations 

--Average Score 

- Log. (Average Score) 
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12) mh.Jm-nL'J'Vll-Jt.lf;lf~t!u~t.lt.l - ~~'tl~~'JtJn1~t'"ll-J~h:;tJ:;1n~ e.J~WW'Vl~~'tl'l 
ct '" q CIJ CIJ 

LUt.l~'l~U~ 4.39 
'lJ 

80000 T 

70000 

60000 
Q.) 
'-
0 50000 (J 

(f) 
Q.) 40000 Ol 
(1) 
'- 30000 Q.) 

~ 
20000 

i 

-Average Score 

- Log. (Average Score) 

10000 

1 0 

1 3 5 7 9 11 13 15 

Generations 



4.40 

80000 . 

70000 +-----.,....,,---.,......, ..... 

60000 +--I-~I-""'-__ lL-

4> 
'-
o 50000 
~ 
4> 40000 t--
OJ I 

~ " 4> 30000 -F- -. 
~ I 

20000 -t--

1000: j 
1 3 5 7 9 11131517192123 

Generations 

75 

--Average Score 

- Log. (Average Score) 

~ L'Vh~ ~'d~L~'fl LuhJ'u LYitJ1J n1J'Vii-:J L'"ll-J ~ 'Wl mJ1 ~~ hl LmtJ1J LYitJ1J n1J n1~'Vl (;1~'fl-:J~hJ~ n1 ~ 

L~mm1J1J~ L~'W'"l:;'Vi1J~1 ~~ ~:;LL'W'W~-:J~ (;1~1n~1 L~ n~'fltJ L~'fl-:J'"l1n ~ L~'W1 ~ m1l-J~1 ~ OJ n1J~'d1l-J 
~ 'lI iii ClJ QI 
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4.41 

80000 .~ 

I 

70000 I --
60000 

50000 

40000 

30000 --Average Score 

20000 - Log. (Average Score) 

10000 

0 

1 2 3 4 5 6 7 8 9 101112131415 

Generations 

., 
LL,J ~ 1 ~:;ij en -if L 'J'VIl-J \.l(;l f~ 'W'IJ ~ \.l \.l rl'tl u-rl 'J u ~ \.l yJ Vi ~"l ~';) (;l n (;l1l-J LL(;] rf 1 en -if L'J 'VI 

~ q ~ ~ 



4.42 

<1) 
'-

80000 1 _. 
70000 -J-- - -- -

I 
60000 +--1+- --;:c----L----

8 50000 - -+-~:.
(f) 

~ 40000 
m 
'-
<1) 

~ 
30000 . 

20000 J -

10000 1 

o J 

1 2 3 4 5 6 7 8 9 10111213 

Generations 

77 

--Average Score 

-- Log. (Average Score) 
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... . 
FI~Fl1 • 

30 T 
_._._--

25 1 
I 

20 

15 -Individual Average 

-All Average 
10 

5 

0 

1 2 3 4 5 6 7 8 9 10 

I I I I 11 

nJYl 4.43 L'J 'Cl 11 'WmJ'IS~'W~L'U~~ Li~'el'Vl !?I 'Cl'el'lfOl'Wro11 ~'J1l-J L~l-J1:::~l-J L~l-J~'W'elth'lhJ ~l-J ro11 "" , 

~1-n 23.25 J''el't1n1J''Vl!?l'Cl'el'l ~1'el1-nL'J'Cl1LiJ'W 80.43% "lJ'el'lL'J'Cl1~H1'WmJ''Vl!?l'Cl'el 'l ~ 3.1.5.1 L !?I ~ 

ro11 m1l-J L~l-J1:::~l-JfOl :::~'1fOl!?l~ ~l-J ro11 L~'el ~1'WhJL!?Im'U~~ 8.7 J''ellJ m J''Vl !?I'Cl'el'l ~'1~lJ LiJ'WL'J 'Cl1 4 , , 

. . " 
65.66% "1I'el'l L'J'Cl1YlH1 'WmJ''Vl !?I'Cl'el'lYl 3. 1 .5.1 ~'1~J'tJl~~1';jfimn~~'WLLlJlJ ~ L~'W~'W l1 ~'ClYi 1 1 ~ , " 

" il cy CY1tJJ':::~M!IS~'Wrt~J''J!?I L~'J~'W'eltJ1'1i!?l LfOl'W 
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" V'i'eJH' LL~::: r1'JJ'u¥u1.h'l L~tJ1J1e.J~~'eJ'ILLuu~'eJum~~'1il • 

15" 

40 ... 
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10 ... 10 ... 

35'4 

35'4 
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" 
f')ruJ11Yi"ll'tl\lYi ~ ~ n~nnr'Whtl~LLtJ~\l1 'W~1tJ j;]1"ll'tl\l ~ L~'W 

4.3 eJ'an1"i'VIj;l'a'el.:J 3.1.5.3 

~'l'W"J!'ltJ1 'WnI~iStJ'W~(;]'tl hJ1 'W~'W~1 \U,hl~'tl hJ L~tJ ~1 ~",rr\l~1 nI~~ ~'l ~:;~ nJ 1'Wni n1tJ'W~l-J1 LL~'l 
~ ~ 

" "I I " I I 

iOl:;ij~'l'W"J!'ltJ1 '" ~'l~:;m'l!'WijYi ~ ~ m~l-JYi'W~1'WVl~Vl~1l-J1 ~m~ 1l-J11-if i'll-J1~ niJYi'W~~'W1 (;]'tl hJ LL(;] 

~ :;n~l-J ~'l~ :;~nh:;n'tliJ ~'ltJ ~'l~:; ~~~1.jf ~ ~'hJ I'lLLiJiJ ~\I~ LL'Vl'W~ L~'WiOl1\11 'Wn ~l-J LL~ :;~'l ~:;~ ~ . ~ . 
I I " I 

nln1tJ'W~Vl~ ",1'tl ij ~'l1l-Ji"'W"ll'tl\l m1vJ ~1 L"'l-J1:;~l-J1 'W"J!'l\l LLmVl ~\ll-J1.yh nI ~'Vl ~~'tl\l (;]'tl1 'WYi'WVl 
~ ~ 

~ -if L'l'Vll-J'Wj;]fliOll-J ~ ~~ nI~'Vl ~~'tl\l,r'Wi:n hJ LmtJiJ L VltJiJ niJ n~l-J~ C~l-J ~'WL1tJ'Wn",lJ ~\I LL(;] ~'W1 'W 
~ q ~ 

" , 4 q.::::lll Q.' 

Yi'W'VlL~mn'W 

th:;;~ - ~-ifL'l'Vll-J'Wj;]fliOll-J~ ~ll1l-J1'Vl~~'tl\l (;]'tl1'W~'W~1",lJ LmtJiJ LVltJiJniJn~l-J~ Lil-J~'WL1tJ'W~ 
~ . ~ 

" , " 
1",lJ1'WYi'WVlL~mn'W 1~~~m~'Vl~~'tl\l ~\I~ 



80000 [-.. ---.-.... --. ...-

70000 ,------------ - --

~ 
o 
(J 
if) 

::: F . -.----~~-..... --
I 

~ 40000 -t--
~ I 
OJ 30000 +--------------
~ I 

20000 +----------.-..... -.. -.-.- .. -.. - -.--... , 
! 

10000 t···· 
r 

o 1 

1234567891011121314151617181920 

70000 -, 

60000 t---

Generations 

~ 
50000 +1 - --"FC----.---- -'_0 ---

o 
(J 
if) 40000 
~ i 
~ 30000 t------ ---- ---
~ I 20000 t -- .. 

I 
i 

10000 +--_.--... -

o 1 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Generations 

82 



3) 

LL~l'l'l1'l.ll1.J~ 4.49 

80000 1- .---.-.... --- -
70000 --_._._. 

~ ::::: -~ u 
(f) 

~ 40000 
~ 
(I) 30000 
~ 

20000 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

4) 

LL~l'l'l1'l.ll1.J~ 4.50 

~ 

80000 -

70000 f --- ----
60000 +------

o 50000 
~ 
~ 40000 
~ 
(I) 

~ 
30000 +, - --

I 
20000 i 
10000 ~ 

o l 

Generations 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Generations 

83 



Q) 
'-

80000 

70000 +------

60000 4---4--

o 50000 
~ I 

~ 40000 L--
~ I 
~ 30000 -1----- ----

20000 t- --- -- -- -
1 

10000 t-
O ... -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Generations 

80000 

70000 

60000 +--------:11'-

~ t ~ ::::: - -

~ 
Q) 30000 --
~ I 

20000 +-----
10000 ~ 

I o ~ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Generations 

84 
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~ 1 n eJ~ n1J"Vll')~'e)'1 LL~ I') 'I LoX L ih.d 1 n1 J'~ ~1'Wn1J'L1-tJ'W ~~1 n~'W~~'Wrim.!LL~,) L~'e) 
'" 

o cI J'.cJ 0 ~ i,I I I i.I ~ i; Qj I J' I a ~ it IV 

Vl1 m J'LtJ~tJ'W'Y'j'WVI LL~:;'W1~ 1 LJ'tJ'WJ'l'l'e)~:;"J! ') tJL VI ~ :;LL 'W 'WLJ'~ l'l'W~ m ~ '1"lJ'W'e)tJ 1 'I L VI'W bl')"J! I') L~ 'W 
'" '" 

LmmJ L~ij'e)'Wn1 J'~~Vl1tJl~iJ n1 J'L1-tJ'W~LL~::;~ I')~ 1V1 nM:;~'W ~1'W~ 1 ri'e)'WLL~,) n 1 J'iStJ'W~'1iJ ~') 1~ 
'" ~ '" 

J'') I') L~,)~1 n~'1~'WLLI'l ~::;LL'W'W~ I')vhmr'WiJ ~1 LLl'l n 1'l1'1 n'Whj~1 nun • 

L~'Wm'e)mLUUl'l'e)ur;n~~1 eJ~ n1J'L~'W"lJ'e)'1~Vl1m.h~'1'Y'j'e) L~ LL~l VI'W Ll')tJiJ ~') L~'e)n 1~ LLri ~~1 n , ~ , 

'Y'j'e)H LL~::; ~,)J'tJ~UtJN Ll')tJl~eJ~"lJ'e)'1LLuu~'e)ur;n~~'1d 
• 

30.., 
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50" 
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~~"1l'el'lLLUUMlucn~,jJ'ln!l~11'W'VJnn~~n1J''Vl~~'el'l ~~(;1'elULLUU~'elUcn~ '[~tJ 

1,x~'JI~Yl'l~'el1"'l1'WJ':;~u~~'W1,jhJir'eltJn~1 60% "1l'el'lvr'l~~ ~ LL~:;~ ~:;LL'W'WhJYl'l~'el1"'l '[~m'U~tJ 

L~m 1 .67% ~'1M,jHl~1 ~'Vl ~~'el'l~'J'Whmj Yl'l~'el1"'l nUn1J'L~'W"1l'el'l~~ltJ~ ~1'Wn1J'L1-tJ'W¥LL~'J 
q CIJ Q.I CIJ 



" " 

d 
'l.l'Vl'Vl 5 

';j'Vlu1ilYi~€'tlu1J~U'~1 L'el1i~~'el~L~'1~~D n J'J'l-Jl-J1 ~¥1'1 Lil~n J''el1J nI J'Yi1'11~~ 1~f1J • 

if'1! 'l.! 11h::~~J ~') ~:: ~J'~-rl') U ~ L'Ci~~ ~ 1l-J 1 J'~ L1-U~!1~1J~J'::1J1J Ln l-J'el'el~ lmrLL 1J1J ~ L'Ci ~91~,)~ 
~.nn L(;1ul~~1Lnl-J'"l1'1l-J1H'Vl(;1~'el1J~'el LntlU;nU11'!lF\'!l'!lUl'iU (Ragnarok Online) L(;1UnlJ' 

HJ'::1J1J~l-JL~L~'elf eAthena [11] L~'el91~'el'lL~f~L,)'elf"ll'el'lLnl-J Ragnarok Online [12] ~~l-J1 
'lJ 

LL~::1-nJ'uLL1J1JnlJ'~¥1'1 L~J' Ll-JL8Jll-J~~1l-J1J'~~1 hJ L-if1J'tr~L(;1ul-n ~ hJnLml-J OpenKore [1 0] ~'1 
'lJ 

Lil~LunLn J'l-Jr.r (;1 nI J'1J'el'Vl ~1~f1J Lnl-J LL~n~1J''el ~'el'el~1~'l! nlJ''Vl (;1~'el'lUJ'::~1J e.J~ ~1 L~'"l ~'1 ~,)U ~ 

'"l1ne.J~nlJ''Vl(;1~'el'l~1l-J1J'~L~~1~~1 i~~'el~';jfiL~'1~~DnJ'J'l-J~1l-J1J'~~1l-J11-n~n1J'~u~¥"ll'el'l~,) 
• 'lJ 

" ~~'1'"l1 n nlJ'~u~¥~n~11 ~l-Jl-Jl-J'el'l"ll'el'l ~ L'Ci~ ~'1,r~nln~U~LL1J1J ~ L'Ci~m'"l ~'el~1 hHJ ~,)1l-J~1 Lil~ 
IU II! ClJ cu 

~1-nt(;1m,)l-J,r~hJLL~nr;l1'1'"l1nnlnil-J~u~~~'1LLr;l~~ 'elrJ1'1hn~1l-J nlJ'~~Yi~~mJ'l-J'"l1nLLe.J~~ 
Lri11tn-n'l1~Yi11~~,)~::~J'fm~nYi~~mJ'l-J~~~L~u~u~f1~~ ~'1dj~~'1~~1Lil~1~nlJ'1-n'l1Wl1J 

L~'ell ~~1l-J1J'~ L1-U n l-n'l1~if '1! 'l.!1UJ'::~~J"ll'el'l ~-rl')u ~ L'Ci~1~'"l1 n LUnLml-J OpenKore 

1~nlJ''Vl(;1~'el'l1~Yi1n1J'L;u~LUnLml-J~1~f1J';jr.ru~')u JAVA L~'elYi1n1J'~,)1J~l-J OpenKore ~f~ • 
1J'el'Vl~'1~l-J(;1 L(;1ULUJ'LLml-J~L;U~L~l-J~~'"l::Yi1m~h~~'elU'eh~-if'ell-J~nlJ'Yi1'11~"ll'el'l OpenKore 

'lJ 

" I '" , 

..r'l~l-J (;1 LL~::~1;r'ell-J~~1~l-J1Yi1i~~'el~L~'1~~DmJ'l-J LYi'el~ oo.J~1Yi fl ~mJ'l-J"ll'el'l ~,)~::~J'~~1ul ~ 
'lJ • ·1 

i~r;l'ellU • 

" , , 
n1J'Yi1'11~ ~'elnIij1ni1n1J'~1~;r'ell-J~'"l1n OpenKore ~Yi1~,:(1~LL'Vl~~,)~::~J' rJ'ell-J'"l::1~m1l-J 

'lJ 
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" mJ'Yl~~'t)~,,:::iHf't)~1rl~r,;flnf'l,)1~~'UJ1J'Cl"1l't)~~~ eAthena LL~::: OpenKore L~m:::lJlJ 

~~L~Lj;]'t)f,r'WLrh.lLVimLLlJlJ~1~'t)~"1l't)~J':::lJlJLn~ Ragnarok Online ,,1~ 1'WmJ'.yh~1'WlJ1~f'l¥~~~ 

l.JJ':::~lJU '1d'VI1 LL~ :::f'l,) 1 ~ ~ ~Yi ~1 ~'VI~ 1tJl.J J':::n 1 J' L"ll'W J':::lJlJ~~" 1 n n 1 J' Ln ~1J fil-r111 ~J':::lJlJtJ ~ 

~') L't)~ 'VI1't) ;r't)~~~~~~1ij f'l,)1~~ ~ L~tJ'W"'W-r111 mf'l~ LL't)'WY]Ln~~1'V1flJeJ L~'W~~1Yl ~~'t)lJtJ ~ 
~ ~ 

~~L"ll'W 'hijmJ'Ll.J~tJ'WLL~'W~J':::'VI~1~mn~'W OpenKore ":::~'t)~Lt1'W~1Yi~~~';jj;]"1l't)~~dJ'W 0 -r11 

1~'WYi~~'t)th~L~ml.J~1 ~~~f'l,)1~"1~LL~')~ijYi~~~';jj;]L~~ L~tJ OpenKore ":::Lt1'W~1Yi~~~';jj;] 
~ 

~ n ~'t)~1l1tJ'VI~~~ ~l~flJ f'l,)1~ L~tJ'VI1tJ"1 n mJ' L"~ ~"1l't)~~'t)'W~ Lj;]'t)f U '1d'VI1~YilJ L~m rllJmJ'1-n 

OpenKore ~nlJJ':::mJ''VIn~n~'t) L~'t)-r11mJ'fw;1't) Lti't)~ Ltl'WL,)~1'W1'W,,:::m't) m~~":::Ln ~ Memory 

Leak LL~:::-r111 ~J':::lJlJtJ ~ ~') L't)~ ;~YilJl~tl't)tJ~1 n LL~::: L,) ~1~ Ln ~nhJij f'l,)1~ LLt.!'W't)'WYi ~'t)~~~ 
, " 

f'l1 ~ m nu1~1~ ;~-r111 ~ L~ tJ L,) ~11 'Wm J'Yl ~~'t)~ 11.JL~ tJ Ll.J~11.JJ'::: LmltJ'VI1 nYilJ-n 1 Ln'Wll.J ~~ ij 

" "" 't)th~hn j;]1~ U'1d 'VI 1 tJ'VI1 nij mJ'~~1~ Ln~'t)'t)'Wl~tJj;]1~';jYltJ1ilYi'WfitJYi~'t)~ rllJ Ln~ ~~ LLr;] 

~ l' ,,-4 " " "'.Of ~.,. J' " !:'i'. I LLJ'n ~~tJ ~j;]'t)~Yi~Yi1mJ' ~"llJ':::lJlJ OpenKore nlJ eAthena u'1d'VI1YlLn~"1I'W"1nmJ'~"ll ~umm~ 

~~~'t)~ntJ't)~l~ Ln ~~'W U'1d'VI1~n~1,)~1;r1~ ~'WLtl'WU'1d'VI1~ Ln ~"1 n mJ'1.ifLl.JnLm~ eAthena 

LL~::: Ll.JnLm~ OpenKore 'tl'W~'t) Ltl'W;r't)~ 1 rl ~"1I't)~ Ll.J J'LLnn.j~~ ~'t)~ 'VI11~ij ~ ~ m:::YllJ r;]'t) 

f'l,)1~~1 L~"'VI1't)~l-J L'VI~,)"1l't)~';jYltJ1ilYi'Wfi~LLr;]'t)tJ1~ 1~ 

~1l-J 1 J'Cl~":::~ 1 ~ 1~ (;J.J'W1 J':::lJlJU '1d '1d 11.JJ':::~hj~1~~ n ~ 1 m J'~ (;J.J 'W 1 Ln ~1 'W~1.J LLlJlJ~'W L Yi n::: 

Un 'ru11.JJ':::~'rti,r'Wl~~1":::Ltl'WLLlJlJ1~n j;]1l-J U"(tJ~~1~n I~~ ~"1I't)~ mn1tJ'W¥Ml't) L,)~1 LL~::: .~ ~ ~ .~ q ~ 
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~!9J,J'\..nU'1!'1!11.h:;~~ll~ LU'W'elrh~ ~ LL(;1n(;h--l rlU Ln~1 'WJ':;uu~'W 1 ~hH:j f1,)1~ 1?1'el Lti'el--l rl'W'elrh--l 

Ln~'el'el'Whnr ,yh 1 ~ n 1J'U1U ClH1J11h:;~~~~11-n rlU Ln~'el'el'WL~tr ~ eJ ~ 1 ~~!9J,J'W1 n1 n'el--l 
~ ~ ... 

f1,)1~\;'\1~1J'(11 'Wn1 n1rJ'W~LL~:;~ !9J,J'W1J'U LLUU n1 J'L~'W L~,r'W rJ'el~"'l :;,yh 1 ~ ~ L~'W~ f1')1 ~ ~~ n LLU~ n 
\J qJ CU qJ 

1 '\.uJ"lf')'W1 ~t.h ~ ~ (;11~ LL~:;,yh 1 ~ Ln ~ f1,)1~\;'\'W1"'l1 'Wn1 n~'WLn~~1 n~'W 

~ , ~ 

1 'W';)'VlrJ 1ijYi'WfitlL~'Vl ~ ~'el--l LL~:; LL\;'\ ~--l1 ~ L ~'W~1 n J''elU n 1 J'Y11--l1'WY1L~U 1 L\;'\'W'el,r'W~ 

f1,)1~\;'\1~1J'(11 'Wn1J'~ !9J,J'W1L~ 'WL,)~1~ L~~1:;\;'\~ LL~:;'W'el n"'l1 netJ--l~ eJ~"1l'el--l n1n1rJ'W~~Y111 ~~ 
'IJ 'IJ 

, ~ , 
L tj'el--l"'l1 n n1 J'UJ':;rJ n (;11-ni'W(;1'el'WL~--l~'Wfi n J'J'~Y1~ ~ n~ru:;n1 J'L1rJ'W~LLUU LU'WLU (;11 ~ 

• • 'IJ 

, ~ 

Ln~~Yi~~(;1LLUU~--l~~ (;1 hJUJ'\;'\"lf1 ~ LL~:;~ f1,)1~\;'\~"'l1---l~1n~'W ,rU~1 LU'W'Vl1--l L~'eln"1l'el--l ~~ !9J,J'W1 
'IJ 

" , 
~--l"'l:;L~'WL~"'l1 n n1J''Vl ~~'el--l~1 nJ''elU n1J'Y11--l1'Wtl\;,\1~1J'(1Y1"'l:;I?1'el L~~ L-ih Lu1 'WJ':;UU Ln~ 

un ~~~'elrJ1 'W(;1~1~L~ ;--lLU'W.jf'el~'elrJ1--l~1n ~1n~~ !9J,J'W1 Ln~ ~'el--ln1J''''l:;L~~ nJ''elUn1J'Y11--l1'We 
'IJ 'IJ 
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1) n1~'Vl(;lfi'tl~j;11l-Jfj'VlmU~'Wfl~~1n(;l~~'\.n(;ln~l-J~dJ'WrlLYht~\J ;'11'W~:::uu Lnl-J'tl'tl'Wlfiu 
, 'lJ 

" U1~Lnl-J'tl1~~:::L~'WdJ'Wn~l-J~'W1(;l1V1t1ln~1ij L"ll'W n~l-JiJ~1'W'J'W~'Jfi:::I"1~1~~'1~(;l 3 ~'Jfi:::m 1'W 

Lnl-J Atlantica Online [18] Vl1-'tl ~'1~(;l 4 ~'Jfi:::l"1~ 1'WLnl-J Trickster Online [19] 1'W'I1'W 
'lJ , 

fj'VlmU~'Wfil mJ1 'WLL'W'J'Vl1'1 L~tJ'J n'W~~Vl1 n~:::Ln (;l~'W(;]'tl hJ 1"1'J nil'Wn1 n ~l-J~'W1 (;l~'tl'l n~l-J n1~ , 
i,I.t::II IX J 0 it t CiI X .d q d tv 

'Vl (;lfi'tl'l1 Vll-J~'W1 (;l1 VI'l!~'W "II'I~:::'Vl11 VI 1"1'J 1 l-JVlfi1 nVlfi1tJ~'tl'l n~l-Jl-Jl-J1 n~'W L'W'tl'l~1 n 1 'Wnn1..I'Vl m 
" , , 

fi:::l"1nLtJ~'tl'tlnLil'W 4 lh:::IJl'Vl n1~4'Url~'Jfi:::I"1~t!'W~:::vhn1~4'ul~ 16 LLUU LL(;]Lij'tlL~l-J~'W1(;l~'tl~ 
'lJ 

n~l-J Lil'W 3 Vl1-'tl 4 ~1'W'J'W~ULLUU~~Vll-J (;l~Lil'WhJ1~~:::L~l-J Lil'W 64 LLfi::: 256 j;11l-J~1 ~U ;~ L~l-J~'W 
, 'lJ 

'tl1~~:::fi (;llU LLUU L(;ltJ n1 ~~~ 1 n~l-Jt!'W 1 iJ ~'Jfi :::1"1~1 'Wu'Vlu1'Vl1(;l LL~'JU1'1 ;'1~ :::"ll'JtJ fi (;l~ 1'W'J'W 

~uLLuu1 'Wnnn~1 'Wn~l-JiJ ~'Jfi:::mU~:::IJl'Vl L~mn'WLn'Wn~1 1 ~'Jfi:::l"1~fi'l1~'tlrh~l-J1 n Vl1 n Hi nu 
'lJ , 

", , 
2) 'W'tln~1 nij~'1~'tl1~~ ~'W11~ (;]'tllu n~'tl n1 ~fi (;l L'J fi11 'Wn 1 n1tJ'W ~fi~ l~(;ltJfjfin1 ~~1 n (;l 

'lJ 
, , , 

~~~~:::1 ~~Vl1tJ L1tJ'W~ rl'tll-J~:::vl11 ~'jJ'W1 (;l~'tl'l~U LLUU~~l-Jfi (;lfi'l LLfi:::~~ e.Jfi 1 ~ n1 n1tJ'W~iJ 1"1'J1l-J 
'-I qJ q qJ 

~'J (;l L~'Jl-J1 n~'1~'W 'tlrl1'1 L"ll'WLL 'Vl'W~~:::1 ~~'Jfi:::I"1~~Vl1tJ L1tJ'Wri:(;ltJ n1~'Vl (;lfi'tl~ L~l-J ~ ~'JtJ n1~ L~l-J ~ 
'lJ 

" 
LLUUU n ~ LLfi:::n1 ~ L~l-J ~L(;ltJH L'J'Vll-J'Wj;1f Vl1 n ~ L~'W'Vl~1U'tlrl LL~'J ~1~Vl1tJt!'W hJ~ 1l-J1~bl L ~l-J ~ LLUU 

'lJ 'lJ 

rl'tll-J Vi 11 ~ ~ L~'WiJ 1"1'J1l-J~'1~'tll~l-J1 n~'1~'W ;'1 LmfJU LVifJul~ nu Lnl-J L~fJ'Ii j;1r)Vl1'tl LL(;]'1 ~'J ~ n m 
'lJ , 

" " 
LYitJ'I LYhijnfi~iJ 1"1'W'tlm n L~'WLil'W~1'W'J'Wl-J1 n fi'lhjt!u~'tl1~iJ n1~il1 ~"ll'JtJ ~ L~'W~ ~1'Wn1~iStJ'W~ 

'lJ 'lJ , 

'" I I 'J,I 

LL~ 'Jl-J 1'tl'J (;l n'W Vl1'tl;'tl~ 1 tJ LLfi n L U~ fJ'Wn'W ;~fj'Vl tJ 1 U ~ 'Wfl'U UU ij'tl 1 ~ L il'W~'J ~ (;lU ~:::n 1 tJ~ 'tl'l • 
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3) IOl1nn'l11'l1(;1n'lnlJ"1l!l-l PricewaterhouseCoopers [21 ] 1l.l1l 201 1 (;]fl1(;1"1l!l-lLm.J-i':l 

tflnlOl:;ii~flrh~1n~-l 48 .9 ~l.l~1l.l(;1!lflfl1f ii~(;]11n'lnlOl1ruL~ut(;] 9. 1 % 1l.l 5 1I~~1l.l~ 1 ~-l 
~ ~ 

~1nn~1~ PricewaterhouseCoopers Ll'ltlI'l1(;1n'l1run'lnlOl1'1JL~ut(;]H~ 6.4% t(;1t11l.lL"1l(;]L!lL~t1 
, " 

LLU~Yl nii (;]fl 1 (;11'\!1 'lJ-vl ~ (;1ii lqj fl ~ 1 ~-l ~-l 18 . 8 ~l.l~ 1l.l(;1!lfl fl 1 f ~ 1'\!1;:U 1 l.l!l L~ 1n'l 11 l.l(;] fl 1 (;1 Ln ~ ii 

~fl ~1~-l ~-l 13 ~l.l~1l.l(;1!lflfl1f t(;1mn~1 l.l1:;uu!l!ll.l1mJr.r (;1 LUl.l1U LLUU Ln~~ (;]fl1 (;1ii~ (;] 11 n'l1 
~ ~ ~ 

• LO)Joaula\i 3,700 ,h\JUll1 

• ~n)JjjanD 224 rllUU1l'1 

• UUJflBlIl1fH 1,440 a,UU1l'1 

• ~mnn)ln 455 rl11nJ1l'1 

• muiii 474 chuUll1 
~nulniLflfl 2,304 chuu1'I'I 
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" , 
';j'VltJ1~,''r'i\lfitj1~'Vl ~~'tl'l LL~:;~mtl Lflm n'lJ Lm.J'tl'tl\l1~\l1~rJ l'l~'1 t~rJ1~f'lJ ~ ~ ~1 L~'"l ~'1l'lI6.J 

fi1'JI6.Jth:;~'1 f01 ~'JrJ ~ ~'1 Li'J\lLL\l'J'Vll'1~I'tll'"lin hJ~ ~\l1 dj\lLn6.J'tl'tl\l1~\l1~'"l1'1 u'tl6.J..111 ~Ln6.Jij 

fi1'JI6.J LLtJ~n 1 "uJ LL~:;"h~\l1'"l6.Jln~'1;\l ~\l'"l:;dj\ltJ~:; tml\l1 \In! ~-rl'J'I~'1~ 'J\lLLU'I'Vll'1 n! ~l'l~ 1 ~~ 
ri1~'1ij~ l'l~1 n! ~L'"l1'1! L~'lJtl'l'tlUl'16.Jl n ~'JrJ fi1'JI6.J LLtJ~ n 1 VI~ LL~:;fi1'JI6.J"h~\l1'"l"lJ'tl'l (;]'J Ln 6.J~'"l:; 

~'1 ~ ~ ~ L~\lL.;r 16.J 1'Vl ~ ~'tl'l L~\lLL~:; ~'1 ~ c;) 1'"l1 ~ij n 1 ~L~\lL iJ\l ~:;rJ:; L'J ~ 1 'W 1 \l1~ Vl1-'tl'tll '"l oW l1tJ 
~ ~ ~ 

" , 
4) 1 \In! ~'Vl ~~'tl'll'lI6.J';j'VltJ1~Ymfitjij.jf'tl~1 n C;)VI~lrJtJ~:;n!~ LtJ'tl'l'"l1 n n1 ~oW 1 ttJnLm6.J 

eAthena LL~:; OpenKore ~'1 LL~~:;ttJmm6.Jij.jf'tl~1 n ~'"lln n!~~hJ1~f'lJ n!~'tl'tlmL'lJ'lJ6.Jl L~'tl1.Jf 
" " n'lJn!~'Vl ~~'tl'l1 \l~ n';-n.!:;tjt~rJ l'l~'1 VII n ~~ ~\llij n! ~'Jl'1~:;'lJ'lJ~IV1f'lJm'tl'lJ n 1 ~..11'11\ltj~'11tJ1 \l 

~ 

" " , 
Ln 6.J (;]'1 LL~i\ll'l'tl\ln 1 ~'tl'tl n LL'lJ'lJ L~'tl~ 1 ~~"lJ'tl'l n 1 ~..11'11\lU'tl6.JtJ~:;~'lJ fi1'J 16.J ~ 1 b~'"l6.Jl n n~ 1 n 1 ~ 

" " 
5) LLlJ ~ 11 \In! ~'Vl ~ ~ 'tl'l tj'"l :;..11 'lJ\l Ln 6.J 'tl'tl\l1mrLL'lJ'lJ ~ 'J 6.J 'lJ'Vl 'lJl'Vl Lvi 1 oJ \l (Role-Playing 

Online Game) Ii l'l16.J Lb~~IV1f'lJ Ln6.J'tl'tl\l1~\l1 \lLL'lJ'lJ~\l 1 ~ij ~ n,;-n.!:; L~\l~'tlij fi1'JI6.J ~'tl L ti'tl'l 

b-rl\lL~rJ'J n\l ~'1 ~16.J lHl~'"l :;oWl1tJtJ~:;rJ n l'l1.Jf ~'JrJ n\l1~ 1~1~~1 n ~'tlu LL~ L'YlYi'l :;'lJ\l~:;'lJ'lJLn6.J 
q ~ 

, "" '" II I 

Ragnarok Online Vl ~4'rJ1~.Jf1 \In!~'Vl c;)~'tl'ltjLvhoJ\l '11\ll'lI6.J~'VltJ1~~\lfitj~'11~1~ij.;r'tl~1 n ~Vl 
~ 

" '"l:;~'tl'loWl6.Jl1.Jfn'lJ Ln6.J Ragnarok Online LviloJ\l Lb~fi'l'tl1'"l'"l:;oWl1tJtJ~:;~n l'l1.Jfn'lJ Ln6.J'tl'tl\l1~-W 
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Role-Playing Game (RPG) 

LthuJ r:; LllWlI'tl-.l Lm.J L~tI ~ L~ U~:;~ 'U-lUV1U 1Vl Lll U~ 'l f'l:;Pl r fl1 til U Ln l.J'tl1 ~~:; Lll U~'l f'l:;Pl r'lllii-.l'lll1'tl 
" 

UVl1J1VlLllu~n~ln'tlurjLf'ln~ln7jn~~~-.l41LllU~'tl-.l~:;~l.Jtlr:;~ummrmr[;J'tl~. r'll.Jr'lu~nPl~'ln LLf'l:; 

..J '" I 11 I 1.1 .....,.l'....... ... 
~u Lnl.JL~tlmn'tl1'l1u:;~(;1lVl~ n-.l Pl'l1l.J1U'l1t1l 'III LLn Lf'ln LllU(;1U L~tI Lnl.J'tl1~~:;l.J L U'tl Lr'tl-.l L ~tI-.l LLUU L~tI'l 

'1111'tl'tl1~~:;iJ'III f'l1t1 L 11'tl j'tl-.l~ LL(;1n [;J1-.lttl m l.Jm n~U'lI'tl-.l ~ L~untr;'l 

Massively Multiplayer Online Role-Playing Game (MMORPG) 

Lllutlr:;LllVl'lllrWlI'tl-.l Lnl.J RPG ~-.l ~ L~U~:;~'ll.JUVlU1Vl Lllu~'lf'l :;ml U Lf'l n41f'l'tl-.l~ L'lf'l1~:;~1 Lilu 

ttl (~'tltluur:;UU'tl'tlutf'll! L~tI ~ L~U~ :;~1l.J1rClS1tlljil.J~ufinu ~ L~u~u41U'lUl.J1 n~'tl ~i'll.J Lf'l n41 f'l'tl-.l 
I I .., I 

L~tI'lnutr;\1ultlLLUU L'llU mr-.:i~PJtI"''lttl. mrr'll.Jn~l.JLW'tlYl~(;1~(;1l. mr;'tl'll1mLf'lmtl~tlU~uA'1. '1111'tl 

mr[;J'tl~r:;'III~1-.l~L~UnUL'tl-.l Lllu~u 

Character 

Lllu~'lf'l:;Pl r fl1t1l u Lnl.J~-.l ~ L~UPl'lU PJl.J t~ 

Non-Player Character (NPC) 

Lllu~'lf'l:;Pl m1t1luLnl.J~ ~ L~uhj~1l.J1rClPl'lUPJl.Jtr;'l L~tI~ 1l.J1rCl'tl~tr;\1ultl LLUU L'llU L~1'l1'tl-.l 

LNLLrl.J~~n. vl'tlA'1'l11t1'l1'tl-.l '1111'tll.J'tlu~L(;1'tlfmtlluLnl.J~~L~u~:;~'tl-.lL'tl1'l1u:; 
" 

Game Artificial Intelligence 

LlluLVlPlilPl~\lnliffl1t1luLnl.J L~'tl~11-.l~~~mrl.Jl~LLri NPC fl1t1luLnl.J ~-.lL~tI~'lttl 
Pl'l1l.J~1l.J1rCll umr~ ~~ul~'lI'tl-.l NPC ~:;~'tl-.lCl n41 n ~ L~'tl L '111(;1 ~ f'lVl1-.lr;'l1umH~ufl1t1l ULnl.J 

'IJ • 

~'l'tl~1-.l L'llU 1 umn~-.l~-.l'lJ'tl-.l ~ L~ul ULnl.Jtj-.l~l.Jl.J'tl-.l1.J Pl Plf'l~'IIIii-.l L~tltln ~~:;~'tl-.lrJ Pl'l1l.JPlf'l1 ~ LPl~'tlU 

m n:;Pl'l1l.J~1l.J1 rCl'lJ'tl-.l ~ L~UL'tl-.l LL[;J~ l'111fu N PC LL~'l mr~~:;L~-.l~-.lllli~uLiJ1'111l.J1t1 (;1f'l'tl ~,ru~1l.J1rCl 

~1tr;'l ~-.l'tl1~~:;~1l ~ ~ L~uf~ n hl'tltl1 n L~ULnl.J~hl ~1l.J1 rCl L'tl1'l1U:;t~'III1'tl L'tl1'l1u:;tr;'ltl1n~ULnuhJ 
Pl'l1l.J~1l.J1rCllumr~~~ul~'lI'tl-.l NPC luLnl.J9-.l~:;~'tl-.l\ln41n~t.nur:;~u'IIIii-.l L~tI~:;L~U~1Lnl.J~'lttl ~ 

L~U~:;~ 1l.J1 rCl L~'tl n r:;~u Pl'l1l.Jtl1 n'lJ'tl-.l Lnl.J 1 ~ L 'IIIl.J1:;~ l.Jnu ~'l ~ L~UL 'tl-.ltr;'l 
" 
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Bot 
.c 

LU'Wn1~1l1L'el111i''J~:::PI~'iI'el~~L'~'W (Character) ~1P1'JlJfJ~L~tli1t1Jt1J11h:::~~! (AI) "ll~'el1"l"l::: 

111~11-n~'WVl~1t1ltl LLlJlJ L'll'W Lu'W~"tJn''el~l'''' LLri~L~'W, Vl ~LLVl'Wn1~~1,jt'l1~1n1Vl1~i'J~L~'W~'W, VlT'el 

'll'JtI~'el'WLLN1'Wn1~vhii"lm~~1'WLn~ LUW"'W 

Status 

Luw·ht'l m'W1l1~'iI'el~ 11i''J~:::PI~~~Vl~ ~ L~tI ~ L~ 'W'el 1 "l"l :::1..1 flJ LtI~ tI'W~1 t'l m'W1l1~lJ 1~ ~11c1lVlT'el 
hllc1l LLt\''J LL(;]~1t'lm'W1l1~ L'll'W l'WLn~ Ragnarok Online ~L~'Wt'l1~1nlL~~~1t'lm'W1l1~t'l~i1'kjt1J11c1l 

I '" " I , " 

LL(;]llJt'l1~1~Cl LYl~~1 LLtli'~~1VlflJ1-ihln~:::L~tlJ;1Nlc1ll1~11~1 LLtli'~~1VlflJ LYl~l1n~:::"l:::LYl~~'W L~tlV11~~'el~ 

(;]1~~1t'l~i1 'kjqJ1 LL~:::~:::~lJ'iI'el~I1i''J~:::M LU'Wtli''W 

Skill 

" " 
Yi'W31'W L'll'W lJ~fJtI, LL~mtl~tI'W, L~'W , Vl1'el ~~ LU'Wtli''W LL(;]l1n~:::l'WLn~'el1"l"l:::tli''el~n1~if'el~1n~lJ1~'elth~ 
I'" I I 

LYl'ell""t'l1~1~Cllc1lflJl1n~:::,r'W L'll'W ~1 LUW"'el~;h:::~lJ 11i''J~:::Mii~ m~V1ri1Vl'W~ VlT'el i:jm~~ m~V1ri1Vl'W~ 

LU'Wtli''W t~tI~1VlflJ Ln~ Ragnarok Online ~ L~'W"l:::t'l1~1~m1t1'Wll1 n~:::t1~:::~1'el1~~lc1l(;]'el L~'el ~L~'Wi:j 

~:::~lJ'iI'el~m~~ii~m~~ri1Vl'W~LL~:::tli''el~lifLLtli'~l1n~:::1'Wn1~LL~nLtI~tI'Wl'Wn1~flJl1n~::: 
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~~lfj'Vlmil'Y'nJfi '\..nm'Vl~fimr '\.-ll~~~fj1'Iij,J1.r Lnt'lLntl ~ . PI. 2527 ~lLir.lnl~~m~l~~(~\JmCk!Ck!l 

uru.yj~ l'W~l'lllfj'l!l fj PI')mn.J Pll~~~Uru.n~ "llnrl1 Plfj'l!lfjPl')mnJPltll-J~,) L~tlf Plru~fj PI')m~l-JPll~ ~f 

"ll11~·m~nrl-J'\.-llfj'Vltl1trt.J l'Wtln1~~mtl 2548 "lln,r'W1~ Liil~n'l!tlr;\tll'W'\.-ltrn~ ~~fjPl')nnl-JPll~m . ~ 

o ..... -- _ .. ...., -- - .. - .. 
l-J'\.-llUru"Yl ~ ~1'll1')'l!1,) PI') nnl-J Pltll-J~,) L~tl ~ 'Vl1l1 PI,)'l!l,) PI'mnl-J Pltll-J~,) L~tl ~ PI ru~') PI') nnl-J Pll~m 

,l11~..:Jmnrl-J'\.-llfj'Vltl1trt.J 1 'Wtln1~~n'l!tl 2549 Lt'lt.JiJPI,)ll-J~'Wl"ll'W..:Jl'W~l'Wn1~~h..:Jlf Ck!Ck!11h~~'l!t1 

111 t.Jl'WLnl-J LL~~~~UU L~n L~n'tl'Wl'WLnl-J'tl'tl'W1mr 9..:J1~t11l-J1U ful-n-Liil ~')t.J ri'WLL~ ~t11 L~'W'tl dj'Wfj'Vlmn~'Wfi 
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