
2013. 7 ᱶᅕŝ⦺⫭ḡ 9

íᯥᨱᕽ᮹�ᱩ₉ᱢ�ᔾᖒ�ʑᚁ	1$(


IT University of Copenhagen ᱶᮅĞ ႑ᄲ℁*

1. Թ ૬1)

íᯥᮡ�᪅ఌ࠺ᦩ�᪅௞�༊ᱢᮝಽ�⪽ᬊࡹᨕ�᪵ .݅ ə
్ӹ�↽ɝ�⍕⥉░�ə௹⦞ŝ�᜽ဍ౩ᯕᖹ�ʑᚁ᮹�ၽᱥ, 
ᜅษ✙⡑᮹�ᅕɪᮝಽ�ᯙ⧕�ᨕॵᕽӹ�íᯥᮥ�ᷱʙ�ᙹ�

ᯩíࡹ�໕ᕽ�íᯥᮡ�Ʊᮂ, ⬩ಉ, ⩍ᜅ⍡ᨕ, Łಚ⪵�ྙ

ᱽᨱ�ᯕ෕ʭḡ�ə�⪽ᬊ�ᇥ᧝ෝ�⪶ݡ⦹Ł�ᯩ .݅ íᯥᯕ�

⩥ᝅᱢᯙ�ྙᱽෝ�݅൉íࡹ�໕ᕽ, íᯥᮡ�ᯙe᮹�ḡ܆

ᮥ�༉ᔍ⦹ಅ۵�ᯙŖḡ܆᮹�⦺᜖�ʑᚁᮥ�ᝅᱽ�ྙᱽᨱ�

᮲ᬊ⦹۵�↽ᱢ᮹�⥭ఌ⡝ᮝಽᕽ�⪽ᬊࡹŁ�ᯩ .݅ 
Ⅹ₞ʑ�íᯥ�ḡ܆ᯕ�NPC(Non-Player Character)᮹�

��ᱽᨕӹ�Ğಽ�₟ʑ(path-finding) ྙᱽෝ�⧕đ⦹۵࠺⧪

��ᵝಽ�Ⅹᱱᮥ�฿⇵ᨩ݅໕, ↽ɝᨱ۵�íᯥ�⍉▱⊁ෝߑ

Ł�ᯩࡹ⧪ᮝಽ�ᔾᖒ⦹۵�ᩑǍa�⪽ၽ⯩�ḥ࠺ᯱ .݅ í
ᯥ�⍉▱⊁۵�ḡ ,ࠥ ḡ⩶, ౩ᄉ, ᜅ☁ญ, ⑹ᜅ✙, ᱢ, í
ᯥ�Ƚ⊺, íᯥ�ᱥఖ, ᦥᯕ▽, ⋕ີ௝�॒�íᯕນ᮹�Ğ⨹

ᨱ�ᩢ⨆ᮥ�ၙ⋁�ᙹ�ᯩ۵�ᖅᱶ�a܆⦽�᫵ᗭෝ�⡍ťᱢ

ᮝಽ�⡍⧉⦽ .݅ PCG ʑᚁᨱᕽ۵�íᯕນ᮹�⥭౩ᯕ�Ğ

⨹ᨱ�ᩢ⨆ᮥ�ၙ⊹ḡ�ᦫ۵�ᖁ┾ᱢ�⍉▱⊁۵�݅൉ḡ�ᦫ

۵݅Ł�ᱶ᮹⦹Ł�ᯩḡอ[31], ᨕਅ�⍉▱⊁a�ᖁ┾ᱢᯙ

ḡ۵�íᯥᨱ�঑௝ݍ�௝ḥ .݅ ᩩෝ�ॅ໕, íᯥ�⪹Ğԕ

᮹�ӹྕӹ�ᰆ᜾⣩ॅᮡ�ᯝၹᱢᮝಽ�ᖁ┾ᱢ�᫵ᗭಽ�ᯙ᜾

�ɝ�⟹ᯕᜅᇢ(Facebook) ʑၹ�ᗭᖽ�íᯥᮝಽ↽ ,ߑ۵ࡹ

}ၽࡽ�Petalz1) íᯥᨱᕽ۵�Τ᮹�༉᧲ᮥ�íᯕນa�ᖁ

┾⦹Ł�݅ෙ�ᔍᬊᯱ᮹�Τŝ�Ʊ႑᜽�݅ �ᮭᖙݡ᮹�Τ�┅

ᬑ۵�äᯕ�íᯥ⥭౩ᯕ᮹�⧖ᝍᯕ .݅ ə࠺�ᦩ�ᖁ┾ᱢ�᫵

ᗭಽ�ᯙ᜾ࡹᨕ�᪵᳑�޹໦ᯕӹ�ᮭᦦ�ᩎ᜽�íᯥ᮹�✚ᖒ

ᨱ�঑௝�⦥ᙹ�᫵ᗭಽ�eᵝࢁ�ᙹ�ᯩ .݅ ᯕ్⦽�íᯥ�⍉

▱⊁ෝ�íᯥ�ॵᯱᯕթa�ᦥܩ௝�ʑĥa�ᯱ࠺ᮝಽ�ᔾᖒ

ᅙྙם�ᮡ�ᮁ ౞�ᩑ⧊�⟡ऽ�FP7 ICT project SIREN(project no: 258453)
ᨱ�᮹⧕�ḡᬱၼᦥ�᯲ᖒࡹᨩ .݅ ᅙྙם�᮹�᯲ᖒᨱ�ࠥᬡᮥ�ᵡ�ITU 
Center for Computer Games Research ə൚᮹�Georgios Yannakakis᪡�

Julian Togelius, Antonios Liapis, Noor Shakerᨱ�✚ᄥ⦽�qᔍෝ�ᱥ⦽ .݅

1) http://petalzgame.com/

⦹۵�ʑᚁ �ᮥᱩ₉ᱢ�⍉▱⊁�ᔾᖒ(PCG; Procedural Con-
tent Generation)ᯕ௝�ᇡ෕໑�ᮁᱥ �ᯱ᦭Łญ ,᷹ đᱶ�✙

ญ, ᯙŖ�ᝁĞ฾, ┱ᔪ�॒᮹�ᙹ⦺�ʑၹ�ʑĥ⦺᜖�ʑᚁᮥ�

ᵝಽ�ᯕᬊ⦽ .݅ 
PCG۵�íᯥ�ᔑᨦᨱ�ᝅḩᱢᮝಽ�ᱢᬊࢁ�ᙹ�ᯩ۵�ʑ

ᚁᯕ .݅ [31]ᨱ�঑෕໕, íᯥ�ॵᯱᯕթ᪡�}ၽᯱaݕ�

Ł, ӹᦥa�íᯕ⦹⪵࠺�Ḳ᧞ᱢ�ᨦྕෝ�ᯱ࠺י�۵⦹ݚ

ນ᮹�݅᧲⦽�ᜅ┍�ᙹᵡŝ�ᖁ⪙ෝ�ၹᩢ⦹ᩍ�⍉▱⊁ෝ�

ᔾᖒ⧉ᮝಽ៉�}ᯙᱢ�Ğ⨹ᮥ�⬉ŝᱢᮝಽ�⨆ᔢ᜽┅۵�

ᨱ�ʑᩍ⧁�ᙹ�ᯩߑ .݅ ੱ⦽, íᯥ�ॵᯱᯕթa�ᔾb⦹ḡ�

༜⧩޹�ᔩಽᬕ�}ֱ᮹�íᯥᮥ�₞ᦩ⦹Ñӹ�ॵᯱᯕթa�

₞᮹ᱢᯙ�ॵᯱᯙᮥ�⧁�ᙹ�ᯩࠥಾ۵࠶��ᩎ⧁ᮥ�⦹ʑࠥ�

⦽ .݅ ₙŁಽ, íᯥ�ॵᯱᯙ�ᇥ᧝ᨱᕽࠥ�PCGʑᚁᮡ�ࠥ

Ǎ(Tool), ᰍഭ(Material), ॵᯱᯕթ(Designer), əญŁ�ࠥ

ີᯙ�ᱥྙa(Domain Expert) ॒᮹�ᩎ⧁ �ᮥ⧁�äᮝಽ�ʑ

Ł�ᯩ⦹ݡ [݅13]. 
PCG }ֱ �ᮥ₞ᦩ⦽ߕ�ษⓍ�⎵⟽⦹ñ᮹�ITU(IT Uni-

versity of Copenhagen) ⍕⥉░�íᯥ�ᩑǍ�ᖝ░(Center 
for Computer Games Research)ᨱᕽ۵�Łᱥᱢ�íᯥᯙ�

ᙹ⟝�ษญ᪅�íᯥ᮹�౩ᄉ�ᔾᖒᨱᕽᇡ░�ᬑᵝᖁ�ॵᯱᯙ, 
Ʊᮂᬊ�ມ❑⥭౩ᯕᨕ�íᯥ᮹�⑹ᜅ✙�ᔾᖒᨱ�ᯕ෕ʑʭ

ḡ�݅᧲⦽�᳦ඹ᮹�íᯥ�⍉▱⊁ᨱ�PCG ʑᚁᮥ�ᱢᬊ⦹

Ł�ᯩ .݅2) ᅙ�Łᨱᕽ۵�ʑĥ⦺᜖�ʑၹ᮹�PCG ʑᚁᯕ�

ᱢᬊࡽ�ᔍಡෝ�Łₑ⦹Ł�ྙᱽᱱŝ�⨆⬥࠺�⨆ᨱݡ�⦹ᩍ�

⦽�Łᯱ⦹ם .݅ 

����1$(�ʑᚁ᮹�Ǎᖒ�᫵ᗭ�

ᅙ�ᰆᨱᕽ۵�PCGʑᚁ᮹�ᖙ�aḡ�ʑᅙ�᫵ᗭ, �ᷪ⍉▱

⊁�⢽⩥�ႊ᜾, ⍉▱⊁�ᔾᖒ�ʑᚁ, ⍉▱⊁᮹�⠪a�ႊჶ

ᨱݡ�⧕�ʑ᳕ᨱ�ITU ᩑǍḥᯕ�ၽ⢽⦽ם� [ྙ31] �ᮥၵ┶

ᮝಽ�eఖ⯩�ᖅ໦⦽ .݅ 
ℌṙ, íᯥ�⍉▱⊁۵�ʑĥ�⦺᜖�ʑᚁᯕ�݅൑�ᙹ�ᯩ۵�

ႊ᜾ᮝಽ�⢽⩥ࡹᨕ᧝�⦽ .݅ ᩩෝ�ॅᨕ, ⥭ఌ⡝�íᯥ�౩

2) http://game.itu.dk/pcg/

ྥฝ൜ߏ�=



10 ✚ḲᬱŁ�I íᯥᨱᕽ᮹�ᱩ₉ᱢ�ᔾᖒ�ʑᚁ(PCG)

ᄉ᮹�Ğᬑ�ᰆᧁྜྷ �ᮥॵᜅ⥭౩ᯕᨱ�ᐭಅḥ�⪵ᗭ�႑ᩕಽ�

⢽⩥⧁�ᙹࠥ�ᯩŁ, ᰆᧁྜྷ᮹�մᯕ᪡׳�ᯕಽ�⢽⩥⧁�ᙹ

ࠥ�ᯩ .݅ ᨕਅ�ႊ᜾ᯕÕeᨱ�⍉▱⊁�ᔾᖒ�᦭Łญ᷹ᯕ�

݅൑�ᙹ�ᯩ۵�ႊჶᮝಽ�⢽⩥⧕᧝�⦹໑, ə్⦽�⢽⩥Ǎ

᳑ෝ�ᮁᱥᯱ⩶(genotype)ᯕ௝�ᇡෙ .݅ ၹ໕, ᔍ௭ᯕ�ᯕ

⧕⦹Ñӹ�⠪a�⧉ᙹa�⧕ᕾ⧁�ᙹ�ᯩ۵�⢽⩥�Ǎ᳑۵�⢽

⩥⩶(phenotype)ᯕ௝�ᇡෙ .݅ aɪᱢᯕ໕�ᱡ₉ᬱᮝಽ�

⢽⩥⧁�ᙹ�ᯩŁ, ᮁᱥᯱ⩶ᨱᕽ᮹�ᄡ⪵a�⢽⩥⩶ᨱ �ࠥᮁ

ᔍ⦽�ᱶࠥ᮹�ᄡ⪵ෝ�Ⅹ௹⦹۵�ǎḡᖒᯕ׳�ᮡ�ႊ᜾ᯕ�

ᱢ⧊⦽ߑ, ᮁᱥᯱ⩶᮹�a܆⦽�Ŗe �ᮥ᪥ᱥ⯩�┱ᔪ⦹۵�

᦭Łญ᷹ᯕ࠺�᜽ᨱ�⢽⩥⩶ᯕ�a܆⦽�Ŗe �ᮥ༉ࢱ�┱ᔪ

⧁�äᯕ௝�ʑࡹݡʑ�ভྙᯕ .݅ 
ჩṙ, ᔾᖒ�᦭Łญ᷹ᮝಽ۵�ʑĥ�⦺᜖�ʑᚁᯕ�ᖁࢱ

�⦽ə�ᯕᮁ۵�íᯥ�ॵᯱᯕթa�ᩩᔢ⦹ḡ�༜ ,ߑ۵ࡹ⪚

ᔩಽᬕ�⍉▱⊁ෝ�íᯕນ᮹�íᯥ�⥭౩ᯕӹ�⠪a�⧉ᙹᨱ�

฿⇵ᨕ�ᔾᖒ⦹Łᯱ�⦹۵�PCG ʑᚁ᮹�༊⢽�ভྙᯕ .݅ 
঑௝ᕽ, ʑ⪙ᱢ�ੱ۵�ᱩ₉ᱢ�ႊ᜾᮹�ᯙŖḡ܆�ʑᚁᮡ�

ᔢݡᱢᮝಽ�႑ᱽࡹ໑, PCG ʑᚁᯕ�᮹ࠥ⦹۵�⍉▱⊁۵�

✚ᱶs᮹�᯦ಆᨱݡ�⧕�⇽ಆsᯕ�᪥ᱥ⯩�ᩩ⊂�a܆⦽�ä

�ࠥᦥܩŁ�ə౨݅Ł�ᱥ⩡�ྕ᯲᭥⦽�⍉▱⊁ �ࠥᦥܩᨕ᧝�

⦽ .݅ ঑௝ᕽ, đᱶᱢ�᦭Łญ᷹ᨱ�ྕ᯲᭥ᖒᯕ�ᅕ᪥ࡽ�

ḥ⪵�᦭Łญ᷹ᯕ�PCG ʑᚁ᮹�⍉▱⊁�ᔾᖒ�ႊჶᮝಽ�

ᖁ⪙ࡹŁ�ᯩ .݅ 
ᖬṙ, ⍉▱⊁᮹�ᔾᖒᨱ�aᰆ�ⓑ�ᩎ⧁ �ᮥ⦹۵�äᮡ�⠪

a�ႊჶᯕ .݅ ᦭Łญ᷹ᯕ�✚ᱶ�⍉▱⊁ෝ�ᔾᖒ⧩ᮥ�ভ, 
⠪a�⧉ᙹ۵�⍉▱⊁a�ᱢ⧊⦽ḡ�ᩍᇡ᪡�᨝ษӹ�ᱢ⧊⦽

ḡෝ�ᙹ⊹⪵⦹Ł, ᯕ�ᙹ⊹a�aᰆ׳�ᮡ�⍉▱⊁a�݅ᮭ�

ᖙݡෝ�ᔾᖒ⦹۵�ᇡ༉�⍉▱⊁ಽ�ᖁᱶࡹᨕ�↽ �᳦⍉▱⊁�

ᔾᖒᨱ�ʑᩍ⦹ʑ�ভྙᯕ .݅ ⠪a�⧉ᙹෝ�ᨕਜí�ᖁᱶ⦹

۱Աᨱ�঑௝�ᔾᖒ۵ࡹ�⍉▱⊁᮹�ḩᯕӹ�ᖒ܆ �ࠥ⩥Ċ⦹

í�₉ᯕa�ӽ .݅ ੱ⦽, ⠪a�⧉ᙹa�ᯕ⧕⧁�ᙹ�ᯩࠥಾ�

⍉▱⊁a�⢽⩥ࡹᨕ᧝�⦹ʑ�ভྙᨱ�᭥ᨱᕽ�ℌჩṙ�᫵ᗭ

ಽ�ᨙɪ⦽�⢽⩥�Ǎ᳑ᨱࠥ�ᩢ⨆ᮥ�ၙ⊽ .݅ 
᫵᧞⦹໕, PCGʑᚁᨱᕽ�ᔾᖒ�᦭Łญ᷹ᮡ�ʑ᳕᮹�ʑ

ĥ⦺᜖�ႊჶᮥ�ᯕᬊ⦹Ł�ᯩᮝ໑, ᖙჩṙ�᫵ᗭᯙ�⠪a�

⧉ᙹa�⍉▱⊁�ᔾᖒᨱ�ᱩݡᱢᯙ�ᩢ⨆ ��ᯕ۵ߑ۵⊹ၙᮥ�

ℌჩṙ�᫵ᗭᯙ�⢽⩥�ႊ᜾ �ᮥđᱶ⦹íࡽ� .݅ ,ᷪ ᔾᖒ⦹

ಅŁ�⦹۵�⍉▱⊁ෝ�ᱶ᮹⦹۵�äŝ�ᯕ�⍉▱⊁ෝ�ᨕਜ

í�ᙹ⊹⪵⦹۵aa�ᵲᱱ�ŝᱽᯕ .݅ ⠪a�ႊჶᨱ۵�Ⓧ

í�ᖙ�aḡa�ᯩ۵ߑ, a) ॵᯱᯕթa�✚ᱶ�ᱽ᧞�᳑Õᮥ�

ḡᱶ⦹۵�ႊჶ, b) íᯕນa�᜽ᜅ▽ŝ�ᯙ░௺❑ቭ⦹í�

⍉▱⊁ෝ�⠪a⦹۵�ႊჶ, c) ⠪a⧉ᙹෝ�ᱶ᮹⦹۵�ႊ

ჶᯕ�ᯩ [݅33]. ᯕ�ᵲ, íᯕນa�⍉▱⊁ෝ�⠪a⦹۵�ႊ

ჶ �ᮥĞ⨹ᨱ�᮹⦽�ᱩ₉ᱢ�⍉▱⊁�ᔾᖒ(EDPCG; Experi-

ence-Driven Procedural Content Generation)ᯕ௝�ᇡ෕

໑�✚⯩�ᙹ⦺ᱢ, ~šᱢᯙ�⠪a�⧉ᙹෝ�ᱶ᮹⧁�ᙹ�ᨧ۵�

Ğᬑӹ�ၙ⦺ᱢᯙ�⠪a⃹ౝ�ᵝšᱢᯙ�Ğᬑ, əญŁ�}

ᯙ᮹�ᖁ⪙ࠥᨱ�฿⇵ᨕ�ᔾᖒ⦹۵�Ğᬑ�ᵝಽ�ᔍᬊ݅ࡽ

[10,11,16,21,23,24,27,32]. EDPCG۵�ᯙŖḡ܆᮹�ᔍᬊ

ᯱ�༉ߙย�ᇥ᧝᪡�ၡᱲ⦹í�ᩑšࡹᨕ�ᯩᮝ໑, ᅕ݅�ᯱ

ᖙ⦽�äᮡ�᧝ӹ⋕┅ᜅ᪡�☁õญᬑᜅ(Yannakakis and 
Togelius)᮹�šಉם� [ྙ33]ᮥ�ₙŁ⦹ʑ�ၵ௡ .݅ 

2. ಟക౷࣢�PCG ׆২

����౩ᄉ

íᯥ�౩ᄉ�ॵᯱᯙᮡ�⥭ఌ⡝�ʑၹ�íᯥ3)ᨱᕽ�⥭౩ᯕ�

a܆⦽�íᯥ�Ŗe, Ǎℕᱢᮝಽ۵�⥭ఌ⡝ŝ�ᰆᧁྜྷ�॒

ᮥ�ᖅĥ⦹۵�äᮥ�᮹ၙ⦽݅[26]. ITU᮹�ᚱᯕ⍅(Noor 
Shaker) ॒ᮡ�[23,24]ᨱᕽ�᪅⥩�ᗭᜅᯙ�ྕ⦽�ษญ᪅�ቭ

௝޵ᜅ(Infinite Mario Bros)4)ᨱᕽ�ᔍᬊ۵ࡹ�⥭ఌ⡝ᮥ�

íᯥ�ᔍᬊᯱ᮹�↽ᱢ�Ğ⨹ �ᮥ᭥⧕�ᯱ࠺ᮝಽ�ॵᯱᯙ⦹۵�

ᩑǍෝ�ḥ⧪⧕�᪵ .݅ ᩍʑᕽ�౩ᄉᮡ�⥭ఌ⡝e�✩᮹��

ᙹ, ✩᮹�⠪Ɂ�մᯕ, ᰆᧁྜྷ᮹�ᙹ᪡�႑⊹, ၶᜅ᮹��ᙹ�

॒᮹�ๅ}�ᄡᙹෝ�ᯕᬊ⦹ᩍ�⢽⩥⦽ .݅ ə�᫙�íᯕນ᮹�

Ğ⨹ �ᮥᩩ⊂⦹ʑ�᭥⧕�݅᧲⦽�ᧂᖹ �ᮥᙹ⧪⦹۵ߑ�ᨱ�ᗭ

᫵۵ࡹ�᜽e, ⥭౩ᯕᨕ᮹�íᯥ�ᧂᖹ, ⥭౩ᯕᨕ᮹�᯦ಆ, 
ᦥၵ┡᮹�ᔍ฾�⬀ᙹ᪡�ᬱᯙ�॒ᮥ�íᯥ�⥭౩ᯕ᮹�✚Ḷ

ᱱᮝಽ�ʑಾ⦽ �ᯕ░�ᙹḲᮥ�᭥⧕�íᯥ�ᔍᬊᯱ۵ߑ ݅.

⦽�ᝮ᮹�íᯥ �ᮥᙹ⧪⦽�⬥ࢱ��íᯥe᮹�ᖁ⪙ࠥෝ�ࠥᱥ

+d, +e,

ຢ #ᩦ4 +d,#㖶ᡕ㒦#ᖾ⠺⠢⟮#⋕⠺ᤆ#㔆㚮=#3⟪#㑳㑳㘆#ถ⤚/#4

⟪#ሼ⠞ಪ#⩇ಪ/#5ጾ#ሼ⠞ಪ#಺∶/#6⟪#ᄇ/#7ጾ#⎆⠻

⟮#⠂Ტ㘆ᎎ1#+e,#◮⠞㈆⠂#㔆㚮=#3⟪#◮⠞㈆⠞#♰ጾ#

ഭ/#4⟪#⢫⠂#⤞⡖/#5ጾ#ᒃ⢮⠂#⤞⡖/#6⟪#⢫ඦ#ᒃ⢮⠞#

ᒃ⎆♺#⤞⡖㘒⟮#⠂Ტ㘆ᎎ^56`1

3) Łᱥ�íᯥᯙ࠺�┅�⏊(Donkey Kong, ܭ▱ࠥᔍ�1981 ⇽᜽)ŝ�ᙹ⟝�ษ

ญ᪅�ቭಽᜅ(Super Mario Bros, ܭ▱ࠥᔍ�1985֥�⇽᜽), ᦥ⍡ᯕऽ�

íᯥᯙ�ქትქት(Bubble Bobble)ᇡ░�↽ɝ᯲ᯙ�ᜅษ✙⡑�ʑၹࢱ�

ॅᱱ⥥(Doodle Jump, Lima Skyᔍ�2009֥�⇽᜽)᪡�❕❕᮹�༉⨹(the 
Adventures of Tintin, Ubisoftᔍ�2011֥�⇽᜽) ॒�β ಽ�ᱱ⥥�ᧂᖹᮥ�

ᯕᬊ⦹ᩍ�⥭ఌ⡝e�ᯕ࠺⦹໕ᕽ�ᰆᧁྜྷᮥ�⦝⦹۵�äᯕ�༊⢽ᯕ .݅
4) https://mojang.com/notch/mario/ ᨱ�᪅⥩ᗭᜅa�Ŗ}ࡹᨕ�ᯩ .݅
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+d,#ಫಫ⠂#Ტ⢫#㍣⇛♺#⸆⢫⼂ᨦ#ᶞ⠞ጾ#❚⦦⇊#ᖾ⠺⠢

+e,#Ⅶಫ㚿+Frqwdlqphqw#zlwklq#Wuldqjoh,#∷⇛#⸆⢫⼂ᨦ#ᶞ⠢#❚⦦⇊⠂#6G#᭒ᐢ

ຢ #ᩦ5 ಫಫ⠂#Ტ⢫#㍣⇛♺#⸆⢫⼂ᨦ#ᶞ⠞ጾ#❚⦦⇊#ᖾ⠺⠢ඦ#6G^49`

(Challenge), ༑ (᯦Engagement), ᳭ᱩq(Frustration)᮹�⊂

໕ᨱᕽ�đᱶ⦹Ł, ᯕෝ�íᯥ�౩ᄉᮥ�⢽⩥⦹۵�ᄡᙹ�ၰ�

✚Ḷᱱŝ�⧉̹�᜽②ᜅ�ษᯕܾ(Sequence Mining)ŝ�ᝁ

Ğ฾ �ᮥᯕᬊ⦹ᩍ�ᔍᬊᯱ᮹�íᯥ�Ğ⨹ �ᮥᩩ⊂⦹ᩡ .݅ ᔍ
ᬊ �ᯱ༉ߙᯕ�Ǎ⇶ࡹ໕, ࠥᱥ, ༑ ,᯦ ᳭ᱩq�ᵲ�✚ᱶ�⬉ŝ

ෝ�↽۵⦹⪵ݡ�౩ᄉ�ॵᯱᯙ �ᮥ₟ʑ�᭥⧕�ḥ⪵�᦭Łญ᷹

ᮥ�ᔍᬊ⦽ .݅
ᚱᯕ⍅a�᜽ࠥ⦽�᭥᮹�ႊ᜾ᮡ�݅ෙ�íᯥ᮹�౩ᄉ�ॵ

ᯱᯙᨱ �ࠥ⪽ᬊࡹᨩ .݅ ᵝᨕḥ�ญᗭᜅෝ�↽ݡ⦽�Ŗ⠪⦹

íࢱ��❡ᨱ�႑ᇥ⦹۵�⥥ಽ☁┡ �᯦íᯥ[10]ᨱᕽ۵�౩ᄉ�

ॵᯱᯙ(౩ᄉ�౩ᯕᦥᬤ᮹�Ⓧʑ, ౩ᄉ �ᮥᙹ⧪⦽�᜽e, ࢱ�

}᮹�❡ᨱ�⧁ࡽݚ�ญᗭᜅ᮹�ᙹ) ๅ}ᄡᙹ�s �ᮥ᯦ಆၼ

ᦥᕽ�⥭౩ᯕᨕa�ᨕਜí�ᇥ႑⧁�äᯙḡෝ�ᝁĞ฾�᦭Ł

ญ᷹ �ᮥᯕᬊ⧕�ᩩ⊂⦹Ł, ᯕ�ᩩ⊂sᮡ�݅ �ᮭ౩ᄉ �ᮥᔾᖒ⦹

ʑ�᭥⦽�ᮁᱥᯱ�᦭Łญ᷹᮹�⠪a�⧉ᙹᨱᕽ�⪽ᬊࡽ .݅ 
ᯕ᫙ᨱ �ࠥၙǎ�ᗭᰍ�ᔑ┡�Ⓧ൉ �ᷩ⋹ญ⡍ܩᦥݡ�⦺ᨱ

ᕽ�}ၽ⦽�ು⊹➉ऽ(LaunchPad)5) ᩎ᜽�2D ⥭ఌ⡝�í

ᯥᨱᕽ᮹�౩ᄉ �ᮥᔾᖒ⦹۵�ॵᯱᯙ�ᱡ᯲�ࠥǍಽ�}ၽࡹ

ᨩ .݅ ು⊹➉ऽ۵�ᦿᕽ�ᗭ}⦽ࢱ��ႊ᜾ŝ�ᮁᔍ⦽�ႊ᜾

ᮝಽ�౩ᄉ �ᮥ⢽⩥⦹ḡอ, ᱽ᧞�อ �᳒ྙ (ᱽConstraint Sa-

5) http://users.soe.ucsc.edu/~mjennin1/platformer/platformer.htmlᨱᕽ�᜽

ᩑ�a܆⦹ .݅

tisfaction Problem) ⧕đ�᦭Łญ᷹ᮥ�ᔍᬊ⦹໑�⥭౩ᯕ

ᨕ�Ğ⨹ᮥ�Ḣᱲᱢᮝಽ�༉ߙย⦹ʑᅕ݅۵�íᯥ�ॵᯱᯕ

թa�౩ᄉ�ॵᯱᯙ᜽�Łಅ⦹۵�ᱥྙaᱢ�ḡ᜾ �ᮥ⪽ᬊ⦹

ᩍ�⥭౩ᯕᨕෝ�༉ߙย⦹۵ߑ�ᨱ�₉ᯕᱱᯕ�ᯩ .݅

����ᦥᯕ▽

íᯥ�ᦥᯕ▽ᮡ�íᯥ�⪹Ğ᮹�ə௹⦞�ᯱᔑ(Asset) �ᮥ᮹

ၙ⦹໑, ⋱ฎ░᮹�᪘�ੱ۵�ᝁၽ⃹ౝ�}ᯙ᮹�≉⨆อᮥ�

⢽⩥⦹۵�݉ᙽ⦽�~ℕᇡ░�ྕʑ, ᬑᵝᖁ, Õྜྷ⃹ౝ�ᅖ

ᰂ⦽�ʑ܆ᖒ�ᦥᯕ▽ʭḡ�݅᧲⦽�᳦ඹa�ᯩ .݅ ၙǎ�ᖝ

✙ౕ�⥭ಽญᦥݡ�⦺᮹�Evolutionary Complexity ᩑǍ�

ə൚6) ॵ౪░ᯙ�⍡օᜅ�ᜅ╁ญ(Kenneth Stanley) Ʊᙹ

۵�2006֥ᇡ░�ḥ⪵�᦭Łญ᷹ �ᮥᯕᬊ⦹ᩍ�íᯥ᮹�݅᧲

⦽�ᦥᯕ▽ᮥ�ᯱ࠺ᮝಽ�ᔾᖒ⦹۵�ᩑǍෝ�ḥ⧪⦹Ł�ᯩ

.݅ ᖝ░ᨱᕽ�}ၽ⦽�GAR(Galactic Arms Race)7)ᮡ�ᬑ

ᵝෝ�႑Ğᮝಽ�⦽�32ᯙ�ມ❑⥭౩ᯕᨕ�ᛩ❦�íᯥᮝಽ�

ᯙŖᝁĞ฾᮹�⦽�᳦ඹᯙ�CPPNs(Compositional Pattern 
Producing Networks)᪡�NEAT(NeuroEvolution of Aug-
menting Topologies) ᦭Łญ᷹ᮥ�ᯕᬊ⦹ᩍ�ྕʑෝ�ḥ

⪵᜽⍽�ᔾᖒ⦽ [݅11]. ݅ �ᮭᖙݡ�ᇡ༉�ᖁᱶ �ᮥ᭥⧕�⩲ಆ

6) eplex.cs.ucf.edu
7) http://gar.eecs.ucf.edu
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ᱢ�⍉▱⊁�ḥ⪵(Collaborative Content Evolution)᮹�}

ֱᯕ�ᔍᬊࡹᨩ۵ߑ, ݅ᙹ᮹�⥭౩ᯕᨕᨱ�᮹⧕�aᰆ�ฯ

ᯕ�ၽᔍྕ�ࡽʑa�ᱢ⧊⦽�äᮝಽ�ᖁ┾ࡽ .݅ íᯥ�ॵᯱ

ᯕթॅᯕ�ᔾb⦹ḡ�༜⧩ྕ�޹ಅ�379,081aḡ᮹�݅᧲⦽�

᳦ඹ᮹�ྕʑa�⦽ݍอᨱ�⃽ᩍ໦᮹�⥭౩ᯕᨕॅ᮹�íᯥ�

⥭౩ᯕෝ�☖⧕�ॵᯱᯙ۵ࡹ�ᖒŝෝ�ᅕᩡ ᯝ⦽�ႊ᜾࠺ ݅.

ᮝಽ�Facebook ⥭ఌ⡝ᮥ�ʑၹᮝಽ�}ၽࡽ�Petalz8) í
ᯥᨱᕽ�Τᮥ�ᔾᖒ⦹ᩡ [݅21]. 

ITU᮹�ญᦥ⦝ᜅ(Liapis) ॒ᮡ�CPPN-NEAT ᦭Łญ᷹

ᨱ�FI-2Pop(Feasible-Infeasible Two-Population) ᮁᱥᯱ�

᦭Łญ᷹�}ֱᮥ�ᱢᬊ⦹ᩍ�ᬑᵝᖁ�ॵᯱᯙᮥ�ḥ⪵᜽⎑

[݅16]. ᬑᵝᖁ�༉᧲�⠪a�ʑᵡᮝಽݡ�⋎ᖒ, ⦹ၹᇡ᮹�

aᵲ⊹, x⇶�ᵲᝍᇡ᮹�aᵲ⊹, y⇶�ᵲᝍᇡ᮹�aᵲ⊹, e
đᖒ, ᓱᵞᓱᵞ⧉, ᔝb⩶ᨱ�ॅᨕa۵�ᱶࠥ�॒ᮥ�ᙹ⊹

⪵⦹۵�⠪a�⧉ᙹෝ�ᱶ᮹⦹Ł�}ᄥ�⧉ᙹᨱᕽ�⇽ಆࡹ

۵�s�⪚ᮡ�ᯕ �ॅ⧉ᙹ᮹�᳑⧊ �ᮥɚݡ⪵�᜽┅۵�ႊ⨆ᮝ

ಽ�ᬑᵝᖁ �ᮥḥ⪵᜽⎑ .݅ }ᄥ�⧉ᙹs �ᮥɚݡ⪵᜽┉�ᬑ

ᵝᖁ᮹�ॵᯱᯙᮡ�əฝ�2ᨱ�ӹ┡ӹ�ᯩ .݅ 
↽ᱢ⪵ࡽ�ॵᯱᯙᯕ�⪶ᱶࡹ໕�2Dӹ�3D ༉ߙಽ�ᄡ⪹

ࡽ .݅ əฝ�2᮹�(b)۵�ᔝb⩶ᦩᨱ�ॅᨕa۵�ᱶࠥෝ�⊂

ᱶ⦹۵(Containment within Triangle) ⠪a�⧉ᙹᨱ�᮹⧕�

↽ᱢ⪵ࡽ�ॵᯱᯙᯕ�ᝅ �ᱽíᯥᨱᕽ�ᔍᬊࡹʑ�᭥⦽�༉ߙ

ಽ�ᄡĞࡽ�äᮥ�ᅕᩍᵡ .݅ ITU᮹�ᬑᵝᖁ�ॵᯱᯙᯕ�ၙ

ᱢ�ʑᵡᨱ�฿⇵ᨕ�ḥ⪵⦹۵�äᨱ�ၹ⧕, ๆ޵⦝᪡�❱┡

ญቭ(McDuffee and Pantaleev)a�}ၽ⦽�݅ᵲ�⥭౩ᯕ

ᨕ�ᛩ❦�íᯥᨱᕽ۵�ྕʑ�ၽᔍℕ᮹�ᖒ܆ �ᮥ↽ᱢ⪵᜽┅

۵�äᯕ�༊⢽ᯕ [݅18]. ၽᔍℕ᮹�ᗮ ,ࠥ ᵲಆ, Ⓧʑ, ᔢ
౩ᯕᨕᨱí�᯦⯭�⦝⧕᮹�ᱶ⥭�ݡ ,ࠥ ⦝⧕᮹�Ⓧʑ, ᰆ
ᱥ᜽�ၽᔍ�a܆⦽�⬀ᙹ, ၽᔍ�eĊ�॒ᯕ�ྕʑ᮹�ॵᯱ

ᯙᮥ�⢽⩥⦹۵�ๅ}ᄡᙹಽ�ᔍᬊࡹ໑, ⠪a�⧉ᙹ۵�ᯕ�

ๅ}ᄡᙹ�᮹�ᙹ⦺ᱢ�ᩑᔑᮝಽ�⢽⩥ࡽ .݅ 
íᯥᨱᕽ�ᔍᬊ۵ࡹ�ᦥᯕ▽�ᔾᖒᮡ�እƱᱢ�⢽⩥ᯕ�ᛞ

Ł�᳦ඹa�݅᧲⦹໑�ʑ᳕�ʑĥ⦺᜖�ʑᚁᮥ�əݡಽ�ᯕ

ᬊ⦹ʑ�ভྙᨱ, íᯥ�ḡ܆ᨱ�šᝍᮥ�wŁ�PCG ʑᚁᮥ�

᯦ࠥ⦹Ł �ᯱ⦹۵�ᯙŖḡ܆�ᩑǍᯱᨱí�ᱢ⧊⦹ .݅ ၹ໕, 
ᦥᯕ▽ �ᮥ⠪a⦹۵�ႊ᜾ᯕ�ᔍ௭᮹�ᵝšᱢ�⠪aᨱ�᮹᳕

⦹ʑ�ভྙᨱ�ḥ⪵ŝᱶᨱ�ᔢי�⦽ݚಆŝ�᜽eᯕ�ᗭ᫵ࡽ

.݅ ঑௝ᕽ�ᯕ్⦽�ྙᱽෝ�Łಅ⦹ᩍ�݅ᙹ᮹�ᔍᬊᯱa�

ᛞí�ᱲɝ⧁�ᙹ�ᯩ۵�᭚�ੱ۵�ᜅษ✙⡑�⥭ఌ⡝�ʑၹ᮹�

íᯥᮥ�}ၽ⦹۵�äᯕ�ᱢ⧊⧁�äᯕ .݅ 

����ḡ �ࠥḡ⩶

ḡ �ࠥၰ�ḡ⩶ᮡ�íᯥ�Ƚ⊺ᯕӹ�౩ᄉ, ᦥᯕ▽ŝ�zᯕ�

8) http://finchbeak.com

íᯥ�ḥ⧪ �ᮥ᭥⦽�⦥ᙹ�᫵ᗭ �ॅᵲ�⦹ӹᯕ .݅ ᯝᯙ⋎�ᔍ

Ċ�íᯥ(FPS)ᯕӹ�೅�⥭౩ᯪ�॒�݅᧲⦽�ᰆ෕᮹�íᯥ

ᨱᕽ�ᵲ᫵⦽�ᩎ⧁ᮥ�⦹ḡอ, ✚⯩�ᱥఖ�íᯥᨱᕽ᮹�í

ᯥ�⥭౩ᯕᨱ�ᵲ᫵⦽�ᩢ⨆ᮥ�ၙ⊽ [݅29,31]. PCG ʑᚁ

�ᮥᯕᬊ⧕�íᯥ�ḡ⩶ᯕӹ�ḡࠥෝ�ᯱ࠺�ᔾᖒ⧁�Ğᬑ�í

ᯥ�ᯱℕ᮹�ᙹ໦ᮥ�ᩑᰆ⧁�ᙹ�ᯩ݅۵�ᰆᱱ�᫙ᨱ ,ࠥ í
ᯥ�⥭౩ᯕᨕ�bᯱ᮹�≉⨆ŝ܆�ಆᨱ�฿۵�ḡ �ࠥੱ۵�ḡ

⩶ �ᮥᔾᖒ⧁�ᙹ�ᯩ݅۵�ᰆᱱᯕ�ᯩ (݅ ,݉ ມ❑�⥭౩ᯕᨕ�

íᯥ᮹�Ğᬑ�݅᧲⦽�ᔍᬊᯱ᮹�}ᖒŝ�≉⨆ᮥ�༉ࢱ�อ

᳒᜽┍�ᙹ۵�ᨧᮝအಽ�a܆⦽�ฯᮡ�⥭౩ᯕᨕॅ᮹�íᯥ�

⥭౩ᯕෝ�Łಅ⦽�ḡࠥ�ၰ�ḡ⩶ᮥ�ᔾᖒ᜽┅۵�äᯕ�ၵ

௭Ḣ⦹ )݅[29].
ᦿᨱᕽ�ᨙɪ⦽�ä⃹ౝ�┱ᔪ�ʑၹ᮹�ᱩ₉ᱢ�⍉▱⊁�

ᔾᖒ�ʑᚁ(Search-Based Procedural Content Generation)
ᮡ�ᮁᱥ�᦭Łญ᷹�॒ᮥ�ၵ┶ᮝಽ�⍉▱⊁ෝ�ᔾᖒ⦽�⬥�

ᔾᖒࡽ�⍉▱⊁�⬥ᅕॅ᮹�ᱢ⧊ᖒ �ᮥ݅₉ᬱ�ᄡᙹ�▭ᜅ✙

ෝ�☖⧕�↽ᱢ᮹�⍉▱⊁ෝ�₟۵�PCG ႊჶᯕ݅[29,31]. 
ITU ⍕⥉░�íᯥ�ᩑǍ�ᖝ░᮹�☁õญᬑᜅ(Togelius) ॒
ᮡ�íᯥ�⥭౩ᯕᨕ�༉ߙยᮥ�☖⧕�౩ᯕᝒ�íᯥ᮹�✙௺

ᮝಽ�ḥ⪵᜽┅۵�ႊჶŝ[27], ᝅ᜽e�ᱥఖ�íᯥ࠺ᯱᮥ�

ᯙ�ᜅ┡Ⓧ௹⥥✙ᨱᕽ�ḡࠥෝ�ᔾᖒ᜽┅۵�ႊჶ [ᮥ30] b
b�ᱽᦩ⦹ᩡ .݅ əฝ�3ᮡ�┱ᔪ�ʑၹ᮹�ᱩ₉ᱢ�⍉▱⊁�

+d,#ᢲ⠞⎛#ശ⠮#൧㚂⠞#᩸⟪#㖶ᢲ⠞♞#᭒ᐢᩫ⟮#

⠞❓㘆#ᅆ⠞ᑮಪ#ሼ⟪#ᢲ⠞⎛#㍢ᡃ#

+e,#ᢲ⠞⎛#ശ⠮#൧㚂⠞#⢫⟪#㖶ᢲ⠞♞#᭒ᐢᩫ⟮#

⠞❓㘆#ᅆ⠞ᑮಪ#ᅘ⟪#ᢲ⠞⎛#㍢ᡃ#

ຢ #ᩦ6 ⅖❓⠺#⺒㙏#Ჹ#ፏᣏ⟮#ඊᣎ㘂⚖#⩮㛾ᓆ#ᢲ⠞⎛#㍢ 1ᡃ#

+d,⠂#ᢲ⠞⎛#㍢ᡃඦ#Ữ෺㘞⇆#+e,⠂#㍢ᡃ⟪#⛮᩶㘆#

⾎Ặᨦ#ೀඊ#⠲ᎎ^5:`1
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ᔾᖒ�ʑᚁ �ᮥᯕᬊ⧕�ᔾᖒࡽ�౩ᯕ �ᝒ✙௺ᮝಽ�ᕽಽ�݅ෙ�

ᨩࡹ⪵౩ᯕᨕ᮹�≉⨆ᮥ�Łಅ⦹ᩍ�ḥ⥭�ࢱ .݅ 

����⋕ີ௝�ᱽᨕ	$BNFSB�$POUSPM


ᩢ⪵�ੱ۵�ᔍḥᮥ�⁮ᮥ�ভ�⋕ີ௝᮹�᭥⊹, b ,ࠥ š
ᱱ�॒ �ᮥ᯲᳑⧉ᮝಽ �៉ɚᱢ�⬉ŝෝ�aᲙ᪍�ᙹ�ᯩ۵�ä

⃹ౝ, íᯥ�ၰ�aᔢ�⪹Ğᨱᕽࠥ�šᱱ, ᭥⊹, b  ॒ࠥᮝ

ಽ�⢽⩥۵ࡹ�⋕ີ௝�⥥ಽ❭ᯝᮥ�ᯱ࠺ᮝಽ�ᱽᨕ⧉ᮝಽ

៉�↽ᱢ⪵ࡽ�ᔢ┽ᨱᕽ�íᯥᮥ�ᷱʙ�ᐱ�ᦥܩ௝�⥭౩ᯕ

ᨕ᮹�qᱶ ᔢ┽ෝ�ᱽᨕ⦹ಅ۵�ᩑǍa�⪽ၽ⯩�ḥ⧪ࡹŁ�

ᯩ [݅12,31].
íᯥŝ�qᖒ�⍕⥉❦(Affective Computing)[20], əญ

Ł�PCG ʑᚁ �ᮥᮖ⧊⦽�ᖁǍᱢ�ᩑǍ�ᵲ�⦹ӹಽᕽ�᧝ӹ

⋕┅ᜅ�॒ᮡ�ີᯕᷩᅝ(Maze-Ball)ᯕ௝۵�➊้�íᯥŝ�

ᮁᔍ⦽�⩶┽᮹�3₉ᬱ�íᯥ �ᮥᯕᬊ⧕�⋕ີ௝�Ǎᖒ�᫵ᗭ

a�ᔍᬊᯱ᮹�ᔾญᱢ�ᄡ⪵�əญŁ�ᱥၹᱢᯙ�íᯥ�Ğ⨹

ᨱ�ၙ⊹۵�ᔢš�šĥෝ�ᩑǍ⦹ᩡ [݅32]. ີᯕᷩᅝ�íᯥ

ᨱᕽ�⥭౩ᯕᨕ۵�90Ⅹ᮹�ᱽ⦽ࡽ�᜽e࠺�ᦩ�10໦᮹�ᯙ

Ŗ�ḡ܆�᧞┩ �ᯱ⋱ฎ░(Predators)ෝ�⦝⧕�ၙಽ�ᗮᨱ�⯊

ᨕᲙ�ᯩ۵�⫊ɩᮥ�༉ᮝ໑�ᱱᙹෝ�⫮ा⦽ .݅ ⋕ີ௝�⥥

ಽ❭ᯝᨱ�ᔍᬊ۵ࡹ�Ǎᖒ�ᄡᙹಽ۵ݡ�ᔢŝ᮹�ᔢݡᱢ�Ñ

ญ, ׳ᯕ, ᯱᩑᜅ్ᬕ�⋕ີ௝�ᯕ࠺ �ᮥ᭥⦽�⥥౩ᯥe�⋕

ີ௝�ᯕ࠺�ᗮࠥ᮹�ᖙ�aḡ�ᄡᙹෝ�ᱶ᮹⦹ᩡ .݅ ᝅ⨹ᮥ�

᭥⧕�⋕ີ௝�ᱽᨕ�Ǎᖒ�ᄡᙹ�s᮹�8aḡ�a܆⦽�᳑⧊

ᮥ�ᯕᬊ⦹ᩍ�íᯥᮥ�Ǎᖒ⦹Ł, ⦝ᝅ⨹ᯱa�íᯥᮥ�⦹

�ᙹ, ⦝ᇡ�ᱥࠥᖒ, əญŁ࠺ᦩ�ᔾญ⦺ᱢ�ᄡ⪵(ᝍၶ࠺�۵

⩩ᦶ)ෝIOM ၵᯕ᪅⦝ऽ႒�ᰆ⊹ಽ�⊂ᱶ⦹Ł, ⥭౩ᯕᨕ

a�ᵝšᱢᮝಽ�❱݉⦽�Ğ⨹(ᰍ ,ၙ ࠥᱥ�॒᮹�7aḡ)ᮥ�

ᖅྙḡෝ�ᯕᬊ⦽�ᯱʑ�ᅕŁෝ�☖⧕�ᙹḲ⦹ᩡ .݅ ᝍ⨹�

đŝ, ᝍၶ࠺ᙹ᪡�íᯥ�⥭౩ᯕᨕa�Ğ⨹⦹۵�qᱶ (ॅᰍ
,ၙ ḡ൉⧉, ࠥᱥ, ᳭ᱩq) ᔍᯕᨱ׳�ᮡ�ᔢš�šĥa�ᯩ

ᮭᯕ�ӹ┡ԍ .݅

3. PCG૕�ਆഠࠤ

ᕽುᨱᕽ�ᨙɪ⦽�ä⃹ౝ�PCG ᩑǍᨱᕽ۵�ʑĥ�⦺᜖�

ʑᚁᯕ�ᖁ⪙ࡹ໑�ʑ⪙�ʑၹ�ᯙŖḡ܆�ʑᚁᮡ�ᵲᱱ�ᩑ

Ǎݡ�ᔢᯕ�ᦥܩᨩ .݅ ၹ໕, ᜅ☁ญ۵�ᔍ௭ᯕ�ᯕ⧕⧁�ᙹ�

ᯩ۵�ᔍÕᮥ�ᯙŝ�šĥ᪡�᜽eᱢ�ᙽᕽෝ�Łಅ⦹ᩍ�႑

ᩕ⦽�äᯕʑ�ভྙᨱ�ྕ᯲᭥ᱢᮝಽ�ᔾᖒࢁ�ᙹ�ᨧᮝ໑, 
᮹ၙa�ᯩ۵�ᔍÕᮥ�ᔾᖒ⦹ʑ�᭥⧕�Ƚ⊺�ʑၹ�᜽ᜅ▽

ᯕӹ�⇵ು, ĥ⫮, ᯙŝšĥ�ə௹⥥� �॒ʑ⪙�ʑၹ�ʑᚁᯕ�

ᖁ⪙ࡽ [݅1,3,6]. 
PCGʑᚁŝ�ᜅ☁ญ�ᔾᖒ �ᮥđ⧊⦹ಅ۵�᜽ࠥಽᕽ�ITU

᮹�ḡᦥӹ☁ᜅ(Giannatos) ॒ᮡ�ᯙ░௺❑ቭ�ᜅ☁ญ▵ย

(Interactive Storytelling)ᨱ�ฯᯕ�ᔍᬊ۵ࡹ�aḡ⩶�ə௹

⥥᮹�Ǎᖒי�ऽ᪡�ᨱḡෝ�ᮁᱥᯱ�᦭Łญ᷹ᮥ�ᯕᬊ⦹

ᩍ�íᯥᨱᕽ�ᔾᖒ⦹ᩡᮝ໑[8], ᜅ☁ญ᮹�ʑᅙ�᫵ᗭ�ᵲ�

⦹ӹᯙ�ᧂᖹ �ᮥᯙŖḡ܆�⥭௹ (ܾPlanning) Ǎ᳑ᨱ�ʑၹ

⦽�ᖁ᳑Õ(Precondition) ၰ�⬥᳑Õ(Postcondition or Ef-
fect)ᮝಽ�⢽⩥⦹Ł�ᯕෝ�ᮁᱥ �ᯱ᦭Łญ᷹᮹�⦽�᳦ඹᯙ�

FI-2POP᪡�ᜅ☁ญ᮹�ᕽᜅ⟽ᜅෝ�⊂ᱶ⦹۵�⠪a�⧉ᙹ

ෝ�ᯕᬊ⦹ᩍ�ᔩಽᬕ�ᧂᖹᮥ�ᔾᖒ⦹ᩡ [݅9]. ᯕ౨í�ᔾ

ᖒࡽ�ᧂᖹᮡ�íᯥ�ॵᯱᯕթa�ᖁ/⬥᳑Õ �ᮥᅕŁ�⧕ᕾ⦹

۵�ŝᱶ �ᮥÑℱ�᮹ၙෝ�ᇡᩍ�ၼᦥ�ᔩಽᬕ�ᜅ☁ญෝ�อ

ऽ۵�Ǎᖒ�᫵ᗭಽ�ᔍᬊࡽ .݅ 
ᜅ☁ญ�ʑᅙ�Ǎᖒ�᫵ᗭෝ�ᯱ࠺ᮝಽ�⦺᜖⦹ಅ۵�᜽ࠥ

۵�✚⯩�Ⓧ௝ᬑऽᗭ (ᝒCrowd-sourcing) ʑᚁŝ�฿ྜྷಅ�

ḥ⧪ࡹŁ�ᯩ݅. MIT ၙॵᨕఊ᮹�᪍┉ŝ�ಽᯕ(Orkin 
and Roy)۵�౩ᜅ☁௲ᨱᕽ�᳦ᨦᬱᯕ�ᗱܹᮥ�᮲۵⦹ݡ�

ᔢ⫊ �ᮥíᯥ9)ᮝಽ�Ǎ⩥⦹Ł�ᯕ�íᯥ �ᮥᔍ௭ᯕ�Ḣᱲ�ᙹ

⧪⦽�10,000Õ᮹�íᯥ�⥭౩ᯕߑ�ᯕ░ෝ�ᙹḲ�ᇥᕾ⦹ᩍ�

ᔢ⫊ᨱ�฿۵�⧪࠺ŝݡ�⪵ෝ�ᔾᖒ⦹ᩡ [݅19]. ᳑ḡᦥ�▮

᮹�ษⓍ�ญᨱ (ॅMark Riedl) Ʊᙹa�ᯕҥ۵�ᨵ░▭ᯙຝ

✙�ḡ܆�ᩑǍᝅ(Entertainment Intelligence Lab) ᩎ᜽�Ⓧ

௝ᬑऽᗭᝒ�ʑᚁᮥ�ʑၹᮝಽ�݅ᙹ᮹�ᔍᬊᯱಽᇡ░�ᙹ

Ḳ⦽�ႊߑ�⦽ݡᯕ░ෝ�⪽ᬊ⦹ᩍ�ᜅ☁ญෝ�ᔾᖒ⦹۵�ᩑ

Ǎෝ�ḥ⧪⦹Ł�ᯩᮝ໑[15], ݅᧲⦽�ᔢ⫊(౩ᜅ☁௲, ߑᯕ

✙� )॒ᨱᕽ᮹�a࠺⧪�⦽܆�➉▕ �ᮥ݅ᙹ᮹�ᝅ �ᱽᔍᬊᯱ

ಽᇡ░�ḡ᜾ �ᮥ᯦ಆၼᦥ�aᰆ�Ŗ☖ᱢᯙ�᫵ᗭෝ�⇵⇽⦹

ᩍ�ᔢ⫊�ᜅⓍพ✙ෝ�ᯱ۵⦹⪵࠺�ʑᚁ�}ၽᨱ�ๅḥ⦹Ł�

ᯩ .݅
íᯥᨱᕽ�⑹ᜅ✙, ᷪ�íᯥ�⥭౩ᯕᨕᨱí�ᵝᨕḡ۵�

ᯥྕ۵�ᜅ☁ญ᪡�ၡᱲ⦽�šĥa�ᯩ۵ߑ, íᯥᮡ�₦ᯕ

ӹ�ᩢ⪵⃹ౝ�ᯝႊᱢᮝಽ�ᯕ᧝ʑෝ�ᱥݡ�۵⦹ݍᝁ�í

ᯕນ᪡᮹�ᔢ⪙᯲ᬊ �ᮥ☖⧕�⥭౩ᯕᨕa�ᜅ☁ญ᮹�⦽�ᇡ

ᇥᮝಽ�ₙᩍ⧁�ᙹ�ᯩ۵�ᩍḡෝ�ษಉ⧕᧝�⦹ʑ�ভྙᯕ

.݅ ⑹ᜅ✙۵�íᯥ�⥭౩ᯕᨕa�ᜅ☁ญᨱᕽ�⧕᧝�⧁�ᩎ

⧁ �ᮥ᦭ಅᵝʑ�ভྙᨱ�ᩑᖙݡ�ᩑǍḥᯕ�ᙹ⧪⦽�ᩑǍ⃹

ౝ[14] ⑹ᜅ✙a�ᕽಽ�ᯙŝ�šĥෝ�๛Ł�íᯥ�⥭౩ᯕᨕ

a�ᵝᨕḥ�ᯥྕෝ�ᖒŖᱢᮝಽ�᪥ᙹ⦽�Ğᬑ�ᜅ☁ญෝ�

᪥ᖒ⦹۵�ᰆ⊹aࡽ� .݅ [14]ᨱᕽ۵�⟹✙ญ�֘�ʑᚁᮥ�

ᯕᬊ⦹ᩍ�օქ᭩░ӹᯕ✙(Never Winter Night) íᯥ�⥭

ఌ⡝ᨱᕽ�⑹ᜅ✙�ʑၹ�⥭೐ᮥ�Ǎ⩥⦹Ł, íᯥ�⯩ᜅ☁

ญ᪡�ᄁᯕḡᨙ�օ✙ᬭⓍෝ�ᯕᬊ⦹ᩍ�íᯕນ᮹�ᮁ⩶ᮥ�

⦹ऽ⎵ᨕ(hard-core type) ⪚ᮡ�⋱ᵝ᨝(causal player)ᵲ�

⦹ӹಽ�❭ᦦ⦽�⬥, əᨱ�ᱢ⧊⦽�⑹ᜅ✙ෝ�ᔾᖒ⦹ᩡ .݅
ITU ⍕⥉░�íᯥ�ᩑǍ�ᖝ░ᨱᕽ۵�EU FP7 ⥥ಽ᱾✙

9) http://web.media.mit.edu/~jorkin/restaurant/
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ᯙ�ᔍᯕ౭(SIREN: Social games for conflict resolution 
based on natural interaction)10)ᨱᕽ�ᨕฑᯕෝ�᭥⦽�i

�॒⧕ᗭ�Ʊᮂᬊ�íᯥ �ᮥǍ⩥⦹ᩡᮝ໑[2,4,5](əฝ�4), ⩥
ᰍ�ᮁ౞᮹�⦺ᔾॅ ᯕ░ෝ�ᙹߑ�ᔢᮝಽ�íᯥ�⥭౩ᯕݡᮥ�

Ḳ⦹Ł�ᯩ .݅ ᯕߑ�ᯕ░۵�⦺ᔾ�ᔍᬊᯱ᮹�}ᄥᱢᯙ�í

ᯥ⥭౩ᯕᨱ�ᯱ࠺ᮝಽ�ᱢ᮲⦹۵�⑹ᜅ✙�ᔾᖒ �ᮥ᭥⦽�ᔍ

ᬊᯱ�༉ᮥߙ�Ǎ⇶⦹۵ߑ�ᨱ�ᔍᬊࡽ .݅ ᔍᬊᯱ�༉ߙ�Ǎ

⇶ᨱ۵�kNN(K-Nearest Neighbor)ᯕӹ�ᝁĞ฾�॒᮹�ʑ

ĥ⦺᜖�ʑᚁᮥ�ᔍᬊ⦹໑�⑹ᜅ✙᮹�ๅ}ᄡᙹ�ᖅᱶᨱ۵�

ʑᅙᱢᯙ�⪶ශ�ʑၹ�ႊ᜾ᮥ�ᔍᬊ⦹Ł�ᯩ .݅ 
᫵᧞⦹໕, ᜅ☁ญ�ʑၹ�PCG᮹�Ğᬑ�ʑĥ⦺᜖�ʑᚁ

ᅕ݅۵�ᜅ☁ญෝ�⢽⩥⦹۵�ə௹⥥᪡�☖ĥᱢ�ႊ᜾ �ᮥᔍ

ᬊ⦹۵�äᯕ�݅ෙ�íᯥ�⍉▱⊁ෝ�ᔾᖒ⧁�ভ�ᔍᬊ۵ࡹ�

ʑᚁŝ᮹�₉ᯕᱱᯕ௝Ł�⧁�ᙹ�ᯩ .݅

4. PCG૕�՚ହ�ॺડ�

ᯙŖḡ܆�ʑᚁ �ᮥᔍᬊ⦹ḡ۵�ᦫḡอ, ྕ᯲᭥�ႊ᜾ᮝ

ಽ�íᯥ᮹�⍉▱⊁ෝ�ᯱ࠺ᮝಽ�ᔾᖒ⦹۵�ʑჶᮡ�PCG ʑ
ᚁ�⇽⩥�ᯕᱥᇡ░�ᯕၙ�íᯥᨱ�ᱢᬊࡹŁ�ᯩᨩ .݅ 1980
 ,�ASCII ▮ᜅ✙�ʑၹ�íᯥᯙ�ಽə(Rogueࡽᨱ�}ၽݡ֥
1980)11)᪡�Elite(Acornsoftᔍ�1984 ⇽᜽)ᇡ░�↽ᝁ᯲ᯙ�

☁⊹௝ᯕ✙(Torchlight 2, Runicᔍ�2012 ⇽᜽)᪡�ྙ໦�

V(Civilization, 2010֥�⇽᜽)ᨱᕽ�PCG᮹�ʑᅙ�}ֱᮥ�

ᯕᬊ⦹ᩍ�íᯥ�౩ᄉᮥ�ᔾᖒ⦽�ၵ�ᯩ .݅ ݉ᙽ⦽�⦞ᖡಽ�

Ǎ⩥ࡽ�íᯥᯙ�⋱թၽ✙(Canabalt)12)۵�íᯕນ᮹�ᦥၵ

10) http://sirenproject.eu/
11) http://www.hexatron.com/rogue M. Toy᪡�G. Wichmana�}ၽ

12) Saltsman, A. 2009. Canabalt. http://www.adamatomic.com/canabalt/

┡a�Ҿᨧᯕ�ĥᗮ۵ࡹ�⥭ఌ⡝ᨱᕽ�ᰆᧁྜྷ �ᮥ⦝⦹໑�୑

ᨕa۵�äᯕ�íᯥ᮹�⧖ᝍᯕ໑�ᦥၵ┡aݍ�ฑ�Ñญa�

ň�íᯥ᮹�ᜅ⎵ᨕaࡽ� .݅ ಽə᪡�⋱թၽ✙ᨱᕽ۵�ᄥ

ࠥ᮹ߑ�ᯕ░a�ᨧᯕ�ᔩಽᬕ�౩ᄉᮥ�᜽᯲⧁�ভษ݅࠺�

ᱢᮝಽ�౩ᄉᮥ�ᔾᖒ⧉ᮝಽ៉�ᱡᰆ⧕᧝⧁�ᱶᅕ᮹�Ⓧʑ

ෝ�⩢ᝁᱢᮝಽ�ᵥᯕ໕ᕽ�ྕ⦽⦽�íᯥ⥭౩ᯕෝ�ᱽŖ⧁�

ᙹ�ᯩ .݅ ੱ⦽, ݅Ⓧᜅ⡍ᨕ(Darkspore, Electronic Arts
ᔍ�2011֥�⇽᜽)ᨱᕽ۵�íᯥᨱᕽ�ᱢᮥ�ᔾᖒ⦹໑�ᅕ޵

௽ऽ(Borderlands) ᜽ญ 1ᷩ3)ᨱᕽ۵�ྕ᯲᭥ᱢᯙ�ႊ᜾ᮝ

ಽ�⃽�⋁႒อ�᳦᮹�ྕʑෝ�ᔾᖒ⦽ [݅22]. 
႙ቭ(Valve)ᔍ᮹�౩⥥✙⡍ߑऽ(Left4Dead)14) íᯥᨱ

ᕽ۵�ᱩ₉ᱢ�᷾᜾(Procedural Population)ᯕ௝�ᇡ෕۵�

ʑᚁ �ᮥᯕᬊ⦹ᩍ�ᱢ(Enemy) �ᮥᔾᖒ⦽ .݅ ⧎ᔢ�✚ᱶ�ᰆ

ᗭᨱᕽ�ᱢᯕ�ӹ┡ӹ۵ݡ�ᝁ�ᯕ࠺Ğಽ᪡�íᯕນa�ᅝ�

ᙹ�ᯩ۵�᜽᧝(Potential Visibility)ෝ�Łಅ⦹ᩍ�ᇩ✚ᱶ⦽�

ႊ᜾ᮝಽ�ᱢ �ᮥᔾᖒ⦽ .݅ ᯕ౨í�⧉ᮝಽ �៉⦽ᱶᱢᯙ�í

ᯥ�๖ᯕ�Ⅹ௹⦹۵�ᩩ⊂�a܆⦽�íᯥ⥭౩ᯕ᮹�⦽ĥෝ�

ɚᅖ⧉ᮝಽ �៉ĥᗮ⦹ᩍ�íᯥ �ᮥ⥭౩ᯕ⧁�ᙹ�ᯩࠥಾ(Re-
playability) ʑᩍ⦽ .݅ ᅙŁᨱᕽ۵ݡ�⢽ᱢᮝಽ�ᨙɪ۵ࡹ�

íᯥॅอᮥ�݅൉ᨩᮝӹ, ⋕ᬕ░�ᜅ✙௝ᯕⓍ(Counter- 
Strike), ❡�⡍✙ญᜅ(Team Fortress), ߑᯕ�᪅ቭ�ॵ⦰

(Day of Defeat), ᨹญ✙(Elite), ྙ໦(Civilization), ॵᦥ

ትಽ(Diablo) ॒᮹�íᯥᨱᕽ�PCG᮹�ʑᅙ�}ֱᮥ�⪽ᬊ

⦽�ၵ�ᯩ [݅26]. ʑ᳕᮹�݉ᙽ⦽�ᦥᯕ▽ �ᮥᔾᖒ⦹۵�ʑᚁ

ᨱᕽ�⦽⊖޵��ḥᅕ⦹ᩍ�ᄁᖙᜅ݅(Bethesda)ᔍ᮹�2011
֥ࠥᨱ�⇽᜽ࡽ�íᯥᯙ�ᨹ޵�ᜅⓍ೅�ᜅ⋕ᯕฝ(The Elder 

13) Gearbox Software. Borderlands, 2009, Borderlands 2, 2012.
14) http://www.valvesoftware.com/games/l4d.html
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Scrolls V: Skyrim)15)ᨱᕽ۵�⑹ᜅ✙ෝ�íᯕນ᮹�íᯥ⥭

౩ᯕᨱ�฿⇵ᨕ࠺�ᱢᮝಽ�ᔾᖒ⦹۵�᜽ࠥෝ�⦹Ł�ᯩ .݅ 
íᯥ�ᦥᯕ▽ᮥ�ᯱ࠺ᮝಽ�ᔾᖒ⧕ᵝ۵�ᔢᨦᱢᯙ�⥥ಽ

əఉࠥ�॒ᰆ⦹ᩡ .݅ ᬵऽ�ນᝁ(World Machine)16)ᮡ�3
₉ᬱ�ḡ⩶ ,ᮥ əญŁ�ᜅ⦝ऽ✙ญ(SpeedTree)17)۵�3₉ᬱ�

Ł⣩ḩ᮹�ӹྕ�༉ᮥߙ�ᔾᖒ⦽ .݅ ᯕ్⦽�íᯥ�ᔑᨦ᮹�

᫵Ǎෝ�ᱢɚᱢᮝಽ�ᇡ᮲⦹ᩍ�⦺ĥ᮹�ᩑǍ�ੱ⦽�ĥᗮ

Ł�ᯩࡹ [݅17,26]. ITU᮹�⍕⥉░�íᯥ�ᩑǍ�ᖝ░ᨱᕽ�

ᖁᅕᯙ�PCG ʑᚁŝ�íᯥ�ॵᯱᯙ�ʑᮥ܆�đ⧊⦽�ᱡ᯲

ࠥǍᨱᕽ۵�ॵᯱᯕթa�ᱡ₉ᬱ᮹�ḡࠥෝ�อॅ໕�⥥ಽ

əఉᮡ�ḡࠥ᮹�⥭౩ᯕ�a܆ᩍᇡ(Playability)ෝ�▭ᜅ✙

⦽�⬥, ݅᧲⦽�⠪a�ʑ (χResource safety, Safe area, Ex-
ploration) �ᮥʑၹᮝಽ�íᯕນ᮹�íᯥ⥭౩ᯕ(Player bal-
ance)ෝ�ᩩ⊂⦽ [݅17]. əฝ�5ᨱᕽ�ᯕ్⦽�⠪asॅᮡ�

ᯙ░⟹ᯕᜅ᮹�ᵲe�ᇡᇥᨱ�⢽᜽ࡹᨕ�ᯩᮝ໑, ᯕෝ�ᯕ

ᬊ⧕�íᯥ�ॵᯱᯕթ۵�᳡޵��ӹᮡ�đᱶᮥ�⧁�ᙹ�ᯩ .݅ 
ੱ⦽, ॵᯱᯕթa�อु�ḡࠥෝ�ʑၹᮝಽ�ᮁᱥᯱ�᦭Ł

ญ ,᷹ FI-2POP, ᯙŖ�ᝁĞ฾, ┱ᔪ�॒᮹�݅᧲⦽�᦭Ł

ญ᷹ᮥ�ᱢᬊ⦹ᩍ�᨜ᨕḥ�ḡࠥෝ�᪅ෙ⠙ᨱ�ᱽ᜽⧉ᮝಽ

⦽��ᅖᰂ⦽�ḡࠥෝ�ᛞí�อॅ�ᙹ�ᯩࠥಾ޵�៉ .݅
ၙǎ�ᔑ┡�Ⓧ൉ᷩݡ�⦺ᨱᕽ�}ၽ⦽�ᱡ᯲ࠥǍᯙ�ು

⊹➉ऽ(LaunchPad)[26]۵�ᯱ࠺ᮝಽ�ᔾᖒࡽ�౩ᄉ᮹�݅

᧲ᖒ �ᮥ⠪a⦹ʑ�᭥⧕�ᖁ⩶ᖒ(Linearity; ౩ᄉᯕ�ᙹ⠪ᖁ

ᨱ�฿⇵ᨕ�႑ᩕࡽ�ᱶ )ࠥŝ�šᬊᖒ(Leniency; ⥭౩ᯕᨕ

15) http://www.elderscrolls.com/skyrim/
16) http://www.world-machine.com/
17) http://www.speedtree.com/video-game-development.php

a�ᖒŖᱢᮝಽ�౩ᄉ �ᮥᙹ⧪⧁�ᙹ�ᯩ۵�ᱶ )ࠥ �ᮥᱶ᮹⦹

ᩡŁ, ᯕ్⦽�ʑᵡᮝಽ�౩ᄉ �ᮥ᜽b⪵⧉ᮝಽ �៉íᯥ�ॵ

ᯱᯕթa�౩ᄉ�ᖁᱶᮥ޵��ᛞí�⧁�ᙹ�ᯩࠥಾ۵࠶� .݅

5. ր୪ܛ�޹ࢠ�ࢫ�ේ

ITUᨱᕽ۵�ๅ �֥PCG ᬭⓍᕖ �ᮥíᯥ�šಉ�ǎ �ᱽ⦺ᚁ�

ෝ�☖⧕�}↽⦹Ł�ᯩ⫬ݡ .݅ FDG(Foundations of Di-
gital Games)᪡�IEEE ⬥ᬱ᮹�CIG(Computational Intel-
ligence in Games) ⦺⫭ᨱᕽ۵�PCG௝۵�ᱽ༊ᮝಽ�}

↽⦹Ł�ᯩᮝ໑, AAAI(Association for the Advancement 
of Artificial Intelligence) ⬥ᬱ᮹�AIIDE(AI and Interac-
tive Digital Entertainment) ⦺⫭ᨱᕽ۵�íᯥ�ॵᯱᯙ�ŝ

ᱶᮥ�᭥⦽�ᯙŖḡ܆(AI in the Game Design Process)
ᯕ௝۵�ᱽ༊ᮝಽ�ᬭⓍᕖᮥ�ᵝ↽⦽ .݅ PCG ʑᚁᮡ�Ḣ

ᱲᱢᮝಽ�íᯥᨱ�⪽ᬊ۵݅ࡽ�ᰆᱱᮝಽ�ᯙ⧕�ๅ֥�ᖒ

⫊ญᨱ�ḥ⧪ࡹŁ�ᯩ .݅ 
PCG ʑᚁᯕ�⩥ᰍ�íᯥ�ᔑᨦŝ�⦺ĥᨱᕽ�༉ࢱ�ᵝ༊

ᮥ�ၼŁ�ᯩḡอ, ᩍᱥ⯩�⦽ĥ۵�᳕ᰍ⦽ .݅ 2013֥ࠥ�

FDGᨱᕽ�ᩕฑ� PCG ᬭⓍᕖᨱᕽ۵�r᯲ᜅ్ᬕ� PCG 
ʑᚁ᮹�ᇡᔢᮝಽ�ᯙ⧕�⧕ษ݅�ฯᮡ�ᙹ᮹ॅྙם�ᯕ�ၽ

⢽ࡹŁ�ᯩᮝӹॅྙם�᮹�ḩᱢ�ᙹᵡ �ᮥ~šᱢᮝಽ�⠪a

⧁�ᙹ�ᯩ۵�᜽ᜅ▽�ੱ۵�á᷾ᨱ�ᔍᬊ۵ࡹ�⢽ �χߑᯕ░

a�ᨧ݅۵�ᱱᨱݡ�⧕ᕽ�ᵲᱱᱢᯙם�᮹a�ᯩᨩ .݅ PCG
ᨱᕽ�݅൉۵�ᇥ᧝۵�ๅᬑ�Ųჵ᭥⦹໑�ᔾᖒࡽ�đŝྜྷ

�ᮥ~šᱢᮝಽ�⠪a⦹ʑ�ᨕಖʑ�ভྙᨱ�PCGᨱᕽ�ᯕ్

⦽�Ŗ☖ߑ�ᯕ░ෝ�đᱶ⦹۵�äᮡ�ᛞḡ�ᦫ .݅ ᩩෝ�ॅ

໕, ᬑᵝᖁ�ॵᯱᯙ᮹�~šᱢ�⠪a�ʑ ,χ íᯥ�⪹Ğᨱᕽ
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᮹�ḡࠥ�ḡ⩶᮹�ᮁᬊᖒ, ⠪aᨱ�ᔍᬊ۵ࡹ�ʑၹᱢ�ḥญ

(ground truth) ॒ᮡ�༉ࢱ�ᛞí�đᱶࢁ�ᙹ�ᯩ۵�ᔍ⧎ᯕ�

ᦥܩ .݅ ᫵᧞⦹ᯱ໕, ‘ྕᨨ’ᮥ�á᷾ݡ�ᔢᮝಽ�ᔝᮥ�ä

ᯙa᪡�‘ᨕਜí’ ~šᱢᮝಽ�⠪a⧁�äᯙa᮹�ྙᱽ۵�

ᦥḢ�⧕đࡹḡ�ᦫᦹᮝ໑�PCG šಉ�ᩑǍ�⍅စܩ❑ᨱ

ᕽ�ḡᗮᱢᮝಽם�᮹⦹Ł�đᱶ⧕᧝�⧁�ᔍ⧎ᯕ .݅ 
ᯕᱽʭḡ�PCG۵�݅᧲⦽�íᯥ�⍉▱⊁ෝ�ᔾᖒ⦹۵ߑ�

ᨱ�Ⅹᱱ �ᮥ฿⇵ᨕ�᪵ᮝ໑�↽ɝ�ॅᨕ�⩥ᝅᨱᕽ�ᙹḲ�a

�ᯕ░(Big Data)ෝ�ᱢɚᱢᮝಽߑ�ᯕ░, ✚⯩�ኦߑ�⦽܆

ᯕᬊ⦹ᩍ�íᯥ�⍉▱⊁ෝ�ᔾᖒ⦹ಅ۵�Ğ⨆ �ᮥᅕᯕŁ�ᯩ

[݅34]. ੱ⦽�ə࠺ᦩ�ᇩa܆⦹݅Ł�ᩍĉ᪵޹�ᜅ☁ญ᮹�

ʑᅙ�݉᭥ෝ�Ⓧ௝ᬑऽᗭᝒᮥ�☖⧕�ᔾᖒ⦹ಅ۵�ᬡḢᯥ

ࠥ�⪽ၽ⦹ ᯕ░ෝ�ᯕᬊߑ��ӹᦥa�ᝅᖙĥ޵ .[15,19݅]

⦹ᩍ�íᯥᮥ�ॵᯱᯙ⦹۵�ᩑǍࠥ�ḥ⧪ࡹŁ�ᯩ۵ߑ, ᩢ
ǎ�ᱶᇡa�Ŗ}⦹Ł�ᯩ۵�ࠥ᜽ᄥ�b �᳦☖ĥ�ᙹ⊹ߑ�ᯕ

░(ԁᦉ, ࠥ᜽᮹�ᯙǍ᪡�ჵᴥᮉ�॒)᪡�Ǎɡᯕ�ᱽŖ⦹

۵�ḡࠥ�ၰ�Ñญ᮹�ᔍḥᮥ�ᯕᬊ⦹ᩍ�༉י⡕ญ�íᯥᮥ�

ॵᯱᯙ⦽�äᯕ�ə�ᩩᯕ [݅7]. 

6. էߨ�

ᱩ₉ᱢ�⍉▱⊁�ᔾᖒ(PCG)ᮡ�2000֥ݡ�ᵲၹᇡ░�᜽

᯲ࡽ�ᝁᔾ�ᇥ᧝ಽᕽ�íᯥ�ᔑᨦ�ᖒᰆŝ޵�ᇩᨕ�bŲၼ۵�

ʑᚁᯕ .݅ PCG ʑᚁᮡ�íᯥ�⍉▱⊁�₞᳑ᨱ�⦥᫵⦽י�

⊀▱໕ᕽ�ӹᦥa�}ᯙ�฿∅⩶�⍉޽��Ḳ᧞ᱢ�ᙹŁෝ࠺

ෝ�ᱽŖ⦹۵�äᯕ�༊⢽ᯕ .݅ íᯥ�⍉▱⊁۵�౩ᄉ, íᯥ�

⪹Ğ �ᮥǍᖒ⦹۵�ᦥᯕ▽( :ᩩ ᬑᵝᖁ, ྕʑ), ḡ �ࠥၰ�ḡ

⩶, Õ �ྜྷ॒᮹�እƱᱢ�݉ᙽ⦽�~ℕෝ�እ೐⦹ᩍ�íᯥ�ᱥ

ఖ�ၰ�ᱢ�ᨱᯕᱥ✙�⧪࠺�ᔾᖒ, ⑹ᜅ✙, ᜅ☁ญ, ᮭᦦʭ

ḡ�ᅖᰂ⦽�⍉▱⊁ෝ�⡍⧉⦽ .݅ ⩥ᰍ�PCGᨱᕽ�ᮁᯝ⦹

í�݅൉ḡ�ᦫ۵�⍉▱⊁۵�ᔍ௭᮹�ḡ᳦�ᮥ܆⧊ᱢᮝಽ�

༉ႊ⧕᧝�⦹۵�ḡ܆ᱢᯙ�NPC(Non-player Character) ⧪
�ᔾᖒᯕ௝Ł�⧁�ᙹ�ᯩ࠺ .݅ ↽ɝ�PCG ʑᚁ᮹�ɪĊ⦽�

ᇡᔢᮡ�íᯥ�}ၽᨱ�⦥ᙹᱢᯙ࠺י��Ḳ᧞ᱢי�ಆŝ�ႊ

��íᯥ�⍉▱⊁�ᱡᰆᨱ�⦥᫵⦽�ີ༉ญෝ�ᵥᯕಅ۵⦽ݡ

íᯥ�ᔑᨦĥ᮹�᫵Ǎ᪡�ᇡ⧊⦽�đŝᯕ .݅ PCG ᇥ᧝᮹�

዁ෙ�᧲ᱢ�ᖒᰆᨱ�እƱ⦹ᩍ�ᩑǍ�ᖒŝෝ�~šᱢᮝಽ�

á᷾⧁�ᙹ�ᯩ۵�Ŗ☖�᜽ᜅ▽ᯕ�ᨧ݅۵�äᯕ�ᦿᮝಽ�⧕

đ⧕᧝⧁�ŝᱽᯕ .݅
ᅙྙם�ᨱᕽ۵�⍉▱⊁ᄥ�PCG ʑᚁ �ᮥŁₑ⦹Ł�šಉ�

ŝᱽ᪡࠺�⨆ᮥ�᳑฾⦹ᩡ .݅ ᯕ᫙ᨱ�íᯥ�Ƚ⊺[25,28], 
íᯥ�ᱥఖ[35], ᱢ᮹�⧪࠺�ᔾᖒ� �॒ḡ໕᮹�⦽ĥಽ�݅൉

ḡ�༜⦽�íᯥ�⍉▱⊁a�ᯩ .݅ ⩥ᰍʭḡ�PCG۵�ʑĥ⦺

᜖�ʑᚁ, ✚⯩�generate-and-test ʑჶᮥ�ʑၹᮝಽ�⦹۵�

ḥ⪵�᦭Łญ᷹ᮥ�ᵝಽ�ᔍᬊ⧕�᪵ᮝӹ, մᮡ�ჵ᭥ಽ۵�

íᯥ�⍉▱⊁ෝ�ᯱ࠺ᮝಽ�ᔾᖒ⧁�ᙹ�ᯩ۵�ᨕਅ�᦭Łญ

᷹ࠥ�⡍⧉⧁�ᙹ�ᯩ .݅ PCG ʑᚁᮡ�Ŗ☖ᱢᮝಽ�⥭౩ᯕ

ᨕ᮹�Ğ⨹ᯕӹ�⠪a�⧉ᙹᨱ�᮹᳕⦹ᩍ�ḥ⪵�᦭Łญ �᷹॒

ᮥ�ᔍᬊ⦹ᩍ�⍉▱⊁ෝ�ᔾᖒ⦽ .݅ ⍉▱⊁᮹�ᖁᱶ�ႊ᜾

ᯕ�íᯕນ᮹�ᵝšᱢ�❱݉�⪚ᮡ�ᔾญ⦺ᱢ�ᝁ⪙ᨱ�᮹᳕

⦹۵�Ğ⨹�ʑၹ(Experience-Driven) PCG ʑᚁ᮹�Ğᬑ, 
~šᖒ�⪶ᅕෝ�᭥⧕�Ⓧ௝ᬑऽᗭ �ᝒႊ᜾[10,11,16,21,23, 
24,27,32]ᮥ�ᔍᬊ⦹ᩍ�⦽ĥᱱᮥ�ɚᅖ⦹ಅ۵�Ğ⨆ᯕ�ᯩ

.݅ əe�PCGᨱᕽ�᯹�݅൉ḡ�ᦫᦹ޹�ᜅ☁ญ�ᔾᖒ�ᇥ᧝

ᨱࠥ�Ⓧ௝ᬑऽᗭᝒ�ႊ᜾ᮥ�⪽ᬊ⦹ᩍ�⧕đ⦹ಅ۵�ᬡḢ

ᯥᯕ�a᜽⪵ࡹŁ�ᯩ .݅ ⍉▱⊁�ᔾᖒᨱ�Ⓧ௝ᬑऽᗭᝒᮥ�

ᱢɚᱢᮝಽ�ᯕᬊ⦹ಅ۵�⇵ᖙ۵�ኦߑ�ᯕ░�ၰ�ᝅᖙĥ�

ᇩᨕ�ᯙŖḡ޵�ᯕ░�ᙹḲᯕ�ᬊᯕ⧕ḥ�⩥ᰍ᮹�ᩍÕŝߑ

ᨱߑ��ʑᚁᯕ�ᝅᔾ⪽�ྙᱽෝ�Ḣᱲ�⧕đ⦹۵܆ �ࠥⓑ�ʑ

ᩍෝ�⧁�ᙹ�ᯩᮥ�äᯕ .݅ 
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