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Ãɲʾ˄ˇ˄ˍʰʽΥ
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Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ
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Ã Hubble Space Telescope
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Ãʃˊʱˁˍˇˊʶˌ ˃ʶ ʵˎ˄ʰˍˈˍʹˍʶˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ʴʽʰ ˍˇ˄ 
ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ʴʶ˄ʽˁˈˍʶˊʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎˌ
(Proactive Agents/Cognitive Robots)

Ã UAV DARPA Grand/Urban Challenge, Honda 

ASIMO
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Ãɾʷˊˇˌ мˇ

Äɳʽˋʰʴ˖ʴʺ ˋˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ 
ˋ˔ʶʵʽʰˋ˃ˇˏ ˃ʶ ʲʱˋʹ ˍʹ˄ ʴ˂˗ˋˋʰ {¢wLt{

Äʃˊˇʷ˂ʰˋʹΣ ˇˉʽˋʻˇ˔˗ˊʹˋʹΣ ˁʰʽ ʶˎˊʶˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ 
ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ

Äɮ˄ʰˉʰˊʱˋˍʰˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ ˋˍʹ˄ t55[

Äʋˊʺˋʹ ˍˇˎ plannerBlackBox
ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ 
ˋ˔ʶʵʽʰˋ˃ˇˏ ˋˍˇ Sokoban
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Ãɾʷˊˇˌ нˇ

ÄVideogames̀ ˍʹ˄ ˎˉʹˊʶˋʾʰ ˍʹˌ ˍʶ˔˄ʹˍʺˌ ˄ˇʹ˃ˇˋˏ˄ʹˌΤ

Äɳʽˋʰʴ˖ʴʺ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʶ˔˄ʹˍʺˌ ˄ˇʹ˃ˇˋˏ˄ʹˌ ʴʽʰ
˔ʰˊʰˁˍʺˊʶˌ όƴƻƴ-playeǊ ŎƘŀǊŀŎǘŜǊǎύ ˋʶ ǾƛŘŜƻ ƎŀƳŜǎ

Äɳ˒ʰˊ˃ˇʴʷˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ˋʶ ʶ˃ˉˇˊʽˁʱ ǾƛŘŜƻ ƎŀƳŜǎ

ÄSimpleFPS: ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ʲʰˋʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ 
ʶ˄ˈˌ First-PersonShooterˋʶ t55[

Äʋˊʺˋʹ ˍˇˎ plannerBlackBoxɹ ʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ 
ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ ˋˍˇ ˉʶʵʾˇSimpleFPS
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Ãɲʾ˄ˇ˄ˍʰʽΥ

Äɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ

Äʅˍˈ˔ˇˌ

Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

ÃɵʹˍʶʾˍʰʽΥ

Äɾʽʰ ʰˁˇ˂ˇˎʻʾʰ ʶ˄ʶˊʴʶʽ˗˄ˉˇˎ ʽˁʰ˄ˇˉˇʽʶʾ ˍˇ ˋˍˈ˔ˇ
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Ã ʃʰˊʱʵʶʽʴ˃ʰ ʰˉˈ ˍˇ˄ ˁˈˋ˃ˇ ˍ˖˄ ˁˏʲ˖˄ όBlocks world)

Äɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ: s0

Äʅˍˈ˔ˇˌ: g

Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌΥ ˃ʶˍʰˁʾ˄ʹˋʹʶ˄ˈˌ ˁˏʲˇˎ 

Âʰˉˈ ˍˇ ˍˊʰˉʷʸʽ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˃ʽʰˌ ˋˍˇʾʲʰˌ ˁˏʲ˖˄

Âʰˉˈ ˍʹ˄ ˁˇˊˎ˒ʺ ˃ʽʰˌ ˋˍˇʾʲʰˌ ˁˏʲ˖˄ ˋˍˇ ˍˊʰˉʷʸʽ

Âʰˉˈ ˍʹ˄ ˁˇˊˎ˒ʺ ˃ʽʰˌ ˋˍˇʾʲʰˌ ˁˏʲ˖˄ ˋʶ ˃ʽʰ ʱ˂˂ʹ ˋˍˇʾʲʰ ˁˏʲ˖˄

ǡ Ǣ ǣ

ǡ

Ǣ

ǣ

s0 g
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Ã ɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ

Äɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍʹˌ 
ˁʰˍʱˋˍʰˋʹˌ ˃ʶ ˂ʶˁˍʽˁʱ ˉˊ˗ˍʹˌ ˍʱ˅ʹˌ 
(first order logic literals)

Ã ɼˈˋ˃ˇˌ ˍ˖˄ ˁˏʲ˖˄
Äɳˉʾόb,x):
Â ˍˇ b ̡ ˊʾˋˁʶˍʰʽ ˉʱ˄˖ ʰˉˈ ˍˇ x, 
ˈˉˇˎ xˁʱˉˇʽˇˌ ʱ˂˂ˇˌ ˁˏʲˇˌ ʺ ˍˇ ˍˊʰˉʷʸʽ 

Äɼʰʻʰˊˈόx):
Â ˍˇ x ʁ ʾ˄ʰʽ ʶ˂ʶˏʻʶˊˇ ʴʽʰ ˄ʰ ˍˇˉˇʻʶˍʹʻʶʾ 
ˉʱ˄˖ ˍˇˎ ʷ˄ʰˌ ˁˏʲˇˌ

ǡ Ǣ ǣ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

s0
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Ã ɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ

Äɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍʹˌ 
ʰˊ˔ʽˁʺˌ ˁʰˍʱˋˍʰˋʹˌ ˃ʶ ˂ʶˁˍʽˁʱ 
ˉˊ˗ˍʹˌ ˍʱ˅ʹˌ όfirst order logic literals)

Äɰʰˋʽˁʱ (ground)ˁ ʰʽ 
˔˖ˊʾˌ ˋˎ˄ʰˊˍʺˋʶʽˌ (function-free)

Äʃ˂ʺˊ˖ˌ ˇˊʽˋ˃ʷ˄ʹ ˁʰˍʱˋˍʰˋʹ ˃ʶ ʲʱˋʹ
ˍʹ˄ ˎˉˈʻʶˋʹ ˁ˂ʶʽˋˍˇˏ ˁˈˋ˃ˇˎ 
(closed-world assumption)

ǡ Ǣ ǣ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

s0
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ǡ Ǣ ǣ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

×ɳˉʾόɮΣɮύ
×ɳˉʾόɮΣɰύ 
×ɳˉʾόɮΣɱύ
×ɳˉʾόɰΣɮύ 
×ɳˉʾόɰΣɰύ 
×ɳˉʾόɰΣɱύ 
×ɳˉʾόɱΣɮύ
×ɳˉʾόɱΣɰύ 
×ɳˉʾόɱΣɱύ 
×ɳˉʾόɮΣɮύ 
×ɳˉʾόɮΣɰύ 
×ɳˉʾόɮΣɱύ 
×ɳˉʾόʆˊʰˉʷʸʽΣɮύ
×ɳˉʾόʆˊʰˉʷʸʽΣɰύ 
×ɳˉʾόʆˊʰˉʷʸʽΣɱύ 
×ɳˉʾόʆˊʰˉʷʸʽΣʆˊʰˉύ 
×ɼʰʻʰˊˈόʆˊʰˉʷʸʽύ 

Ã ɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ

Äʇˉˈʻʶˋʹ ˁ˂ʶʽˋˍˇˏ 
ˁˈˋ˃ˇˎ 
(closed-world 
assumption)

Äʁʽ ˋˎ˄ʻʺˁʶˌ ˉˇˎ 
ʵʶ˄ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ 
ˋˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ 
ˁʰˍʱˋˍʰˋʹˌ 
ʻʶ˖ˊˇˏ˄ˍʰʽ ˈˍʽ 
ʶʾ˄ʰʽ ˕ʶˎʵʶʾˌΗ

s0
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Ã ʅˍˈ˔ˇˌ

Äɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍʹˌ 
ˍʶ˂ʽˁʺˌ ˁʰˍʱˋˍʰˋʹˌ ˃ʶ ˂ʶˁˍʽˁʱ
ˉˊ˗ˍʹˌ ˍʱ˅ʹˌ όfirst order logic literals)

Äɰʰˋʽˁʱ (grounds)ˁ ʰʽ 
˔˖ˊʾˌ ˋˎ˄ʰˊˍʺˋʶʽˌ (function-free)

Äɾʶˊʽˁ˗ˌ ˁʰʻˇˊʽˋ˃ʷ˄ʹ ˁʰˍʱˋˍʰˋʹΥ

ɾʽʰ ˁʰˍʱˋˍʰˋʹsʽˁʰ˄ˇˉˇʽʶʾ ˍˇ˄ ˋˍˈ˔ˇ g
ʰ˄ ˉʶˊʽʷ˔ʶʽ ˈ˂ʰ ˍʰ ˂ʶˁˍʽˁʱ ˍˇˎ g 
όˁʰʽ ˉʽʻʰ˄˗ˌ ˁʰʽ ʱ˂˂ʰ ʶˉʽˉ˂ʷˇ˄ ˂ʶˁˍʽˁʱύ

ǡ

Ǣ

ǣ

ɳˉʾόɮΣɰύ
ɳˉʾόɰΣɱύ

g
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Ã ɶ ʰˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ ˁʰʽ ˇ 
ˋˍˈ˔ˇˌ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ 
ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˃ʶ ˂ʶˁˍʽˁʱ 
ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ:

Äʲʰˋʽˁʱ

Ä˔˖ˊʾˌ ˋˎ˄ʰˊˍʺˋʶʽˌ

Äʻʶˍʽˁʱ

Ã ʶ˄˄ˇʶʾˍʰʽ ʹ ˋˏʸʶˎ˅ʹ

ˍ˖˄ ˂ʶˁˍʽˁ˗˄

ǡ Ǣ ǣ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

ɳˉʾόɮΣɰύ
ɳˉʾόɰΣɱύ

s0 g

ǡ

Ǣ

ǣ
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Ãɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ
Âʰˉˈ ˍˇ ˍˊʰˉʷʸʽ ˋˍʹ˄ 
ˁˇˊˎ˒ʺ ˃ʽʰˌ ˋˍˇʾʲʰˌ 
ˁˏʲ˖˄

Âʰˉˈ ˍʹ˄ ˁˇˊˎ˒ʺ ˃ʽʰˌ 
ˋˍˇʾʲʰˌ ˁˏʲ˖˄ ˋˍˇ 
ˍˊʰˉʷʸʽ

Âʰˉˈ ˍʹ˄ ˁˇˊˎ˒ʺ ˃ʽʰˌ 
ˋˍˇʾʲʰˌ ˁˏʲ˖˄ ˋʶ ˃ʽʰ 
ʱ˂˂ʹ ˋˍˇʾʲʰ ˁˏʲ˖˄

ǡ Ǣ ǣ

s0

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ
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Ãɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ
Âʰˉˈ ˍˇ ˍˊʰˉʷʸʽ ˋˍʹ˄ 
ˁˇˊˎ˒ʺ ˃ʽʰˌ ˋˍˇʾʲʰˌ 
ˁˏʲ˖˄

Âʰˉˈ ˍʹ˄ ˁˇˊˎ˒ʺ ˃ʽʰˌ 
ˋˍˇʾʲʰˌ ˁˏʲ˖˄ ˋˍˇ 
ˍˊʰˉʷʸʽ

Âʰˉˈ ˍʹ˄ ˁˇˊˎ˒ʺ ˃ʽʰˌ 
ˋˍˇʾʲʰˌ ˁˏʲ˖˄ ˋʶ ˃ʽʰ 
ʱ˂˂ʹ ˋˍˇʾʲʰ ˁˏʲ˖˄

ǡ Ǣ ǣ ǡ

Ǣ

ǣ

ɾʶˍʰˁʾ˄ʹˋʹόɰΣʆˊʰˉʷʸʽΣɱύ

s0 s1

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

???
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Ãɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Ã

ÄʃˊˇːˉˇʻʷˋʶʽˌΥ ˂ʶˁˍʽˁʱ 
ˉˇˎ ʵʹ˂˗˄ˇˎ˄ ˍʽ ʻʰ 
ˉˊʷˉʶʽ ˄ʰ ʰ˂ʹʻʶˏʶʽ 
˗ˋˍʶ ʹ ʶ˄ʷˊʴʶʽʰ ˄ʰ 
ʶʾ˄ʰʽ ʶ˒ʰˊ˃ˈˋʽ˃ʹΦ

ÄɳˉʽʵˊʱˋʶʽˌΥ ˂ʶˁˍʽˁʱ 
ˉˇˎ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍˇ˄ 
ˍˊˈˉˇ ˃ʶ ˍˇ˄ ˇˉˇʾˇ 
ʰ˂˂ʱʸʶʽ ʹ ˁʰˍʱˋˍʰˋʹ

ǡ Ǣ ǣ ǡ

Ǣ

ǣ

ɾʶˍʰˁʾ˄ʹˋʹόɰΣʆˊʰˉʷʸʽΣɱύ

s0 s1

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

???
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Ãɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Ã

ÄʃˊˇːˉˇʻʷˋʶʽˌΥ 

Âɳˉʾόb,x)

Âɼʰʻʰˊˈόb)

Âɼʰʻʰˊˈόy)

ÄɳˉʽʵˊʱˋʶʽˌΥ

Âɳˉʾόb,y)

Âɼʰʻʰˊˈόx)

Â×ɳˉʾόb,x)

Â×ɼʰʻʰˊˈόy)

ǡ Ǣ ǣ ǡ

Ǣ

ǣ

ɾʶˍʰˁʾ˄ʹˋʹόɰΣʆˊʰˉʷʸʽΣɱύ

s0 s1

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

???
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Ãɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Ã

ÄʃˊˇːˉˇʻʷˋʶʽˌΥ 

Âɳˉʾόɰ,ʆˊʰˉʷʸʽύ

Âɼʰʻʰˊˈόɰύ

Âɼʰʻʰˊˈόɱ)

ÄɳˉʽʵˊʱˋʶʽˌΥ

Âɳˉʾόɰ,ɱύ

Âɼʰʻʰˊˈόʆˊʰˉʷʸʽύ

Â×ɳˉʾόɰ,ʆˊʰˉʷʸʽύ

Â×ɼʰʻʰˊˈόɱ)

ǡ Ǣ ǣ ǡ

Ǣ

ǣ

ɾʶˍʰˁʾ˄ʹˋʹόɰΣʆˊʰˉʷʸʽΣɱύ

s0 s1

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

???



ʅ˔ʶʵʽʰˋ˃ˈˌ ˃ʶ ˍʹ ʴ˂˗ˋˋʰ STRIPS
26

Ãɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Ã

ÄʃˊˇːˉˇʻʷˋʶʽˌΥ 

Âɳˉʾόɰ,ʆˊʰˉʷʸʽύ

Âɼʰʻʰˊˈόɰύ

Âɼʰʻʰˊˈόɱ)

ÄɳˉʽʵˊʱˋʶʽˌΥ

Âɳˉʾόɰ,ɱύ

Âɼʰʻʰˊˈόʆˊʰˉʷʸʽύ

Â×ɳˉʾόɰ,ʆˊʰˉʷʸʽύ

Â×ɼʰʻʰˊˈόɱ)

ɾʶˍʰˁʾ˄ʹˋʹόɰΣʆˊʰˉʷʸʽΣɱύ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣɱύ

ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόʆˊʰˉΦύ

ǡ Ǣ ǣ ǡ

Ǣ

ǣ

s0 s1
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Ãɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Ã

ÄʃˊˇːˉˇʻʷˋʶʽˌΥ 

Âɳˉʾόb,x)

Âɼʰʻʰˊˈόb)

Âɼʰʻʰˊˈόy)

ÄɳˉʽʵˊʱˋʶʽˌΥ

Âɳˉʾόb,y)

Âɼʰʻʰˊˈόx)

Â×ɳˉʾόb,x)

Â×ɼʰʻʰˊˈόy)

ɾʶˍʰˁʾ˄ʹˋʹόɱΣʆˊʰˉʷʸʽΣɮύ

s1 s2

???

???
ǡ

Ǣ

ǣ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣɱύ

ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόʆˊʰˉΦύ
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Ãɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Ã

ÄʃˊˇːˉˇʻʷˋʶʽˌΥ 

Âɳˉʾόɱ,ʆˊʰˉʷʸʽύ

Âɼʰʻʰˊˈόɱύ

Âɼʰʻʰˊˈόɮ)

ÄɳˉʽʵˊʱˋʶʽˌΥ

Âɳˉʾόɱ,ɮύ

Âɼʰʻʰˊˈόʆˊʰˉʷʸʽύ

Â×ɳˉʾόɱ,ʆˊʰˉʷʸʽύ

Â×ɼʰʻʰˊˈόɮ)

???

ɾʶˍʰˁʾ˄ʹˋʹόɱΣʆˊʰˉʷʸʽΣɮύ

s1 s2

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣɱύ

ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόʆˊʰˉΦύ

ǡ

Ǣ

ǣ

???
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Ãɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Ã

ÄʃˊˇːˉˇʻʷˋʶʽˌΥ 

Âɳˉʾόɮ,ʆˊʰˉʷʸʽύ

Âɼʰʻʰˊˈόɮύ

Âɼʰʻʰˊˈόɰ)

ÄɳˉʽʵˊʱˋʶʽˌΥ

Âɳˉʾόɮ,ɰύ

Âɼʰʻʰˊˈόʆˊʰˉʷʸʽύ

Â×ɳˉʾόɮ,ʆˊʰˉʷʸʽύ

Â×ɼʰʻʰˊˈόɰ)

ɾʶˍʰˁʾ˄ʹˋʹόɮΣʆˊʰˉʷʸʽΣɰύ

s1 s2

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣɱύ

ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόʆˊʰˉΦύ

ǡ

Ǣ

ǣ

???

ǡ

Ǣ

ǣ
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Ãɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Ã

ÄʃˊˇːˉˇʻʷˋʶʽˌΥ 

Âɳˉʾόɮ,ʆˊʰˉʷʸʽύ

Âɼʰʻʰˊˈόɮύ

Âɼʰʻʰˊˈόɰ)

ÄɳˉʽʵˊʱˋʶʽˌΥ

Âɳˉʾόɮ,ɰύ

Âɼʰʻʰˊˈόʆˊʰˉʷʸʽύ

Â×ɳˉʾόɮ,ʆˊʰˉʷʸʽύ

Â×ɼʰʻʰˊˈόɰ)

ɾʶˍʰˁʾ˄ʹˋʹόɮΣʆˊʰˉʷʸʽΣɰύ

s1 s2

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣɱύ

ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόʆˊʰˉΦύ

ǡ

Ǣ

ǣ

ɳˉʾόɮΣɰύ
ɳˉʾόɰΣɱύ

ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόʆˊʰˉΦύ

ǡ

Ǣ

ǣ
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ɾʶˍʰˁΦόɰΣʆˊʰˉʷʸʽΣɱύ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣɱύ

ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόʆˊʰˉΦύ

ǡ Ǣ ǣ ǡ

Ǣ

ǣ

s0 s1

ɾʶˍʰˁΦόɮΣʆˊʰˉʷʸʽΣɰύ

s2

ɳˉʾόɮΣɰύ
ɳˉʾόɰΣɱύ

ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόʆˊʰˉΦύ

ǡ

Ǣ

ǣ
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ɾʶˍʰˁΦόɰΣʆˊʰˉʷʸʽΣɱύ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣɱύ

ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόʆˊʰˉΦύ

ǡ Ǣ ǣ ǡ

Ǣ

ǣ

s0 s1

ɾʶˍʰˁΦόɮΣʆˊʰˉʷʸʽΣɰύ

s2

ɳˉʾόɮΣɰύ
ɳˉʾόɰΣɱύ

ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόʆˊʰˉΦύ

ǡ

Ǣ

ǣ

ǡ

Ǣ

ǣ

ɳˉʾόɮΣɰύ
ɳˉʾόɰΣɱύ

g
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Ã Init(ɳˉʾόɮΣʆˊʰˉʷʸʽύ ØɳˉʾόɰΣʆˊʰˉʷʸʽύ ØɳˉʾόɱΣʆˊʰˉʷʸʽύ 

Øɼʰʻʰˊˈόɮύ Øɼʰʻʰˊˈόɰύ Øɼʰʻʰˊˈόɱύ)

Ã Goal(ɳˉʾόɮΣɰύ ØɳˉʾόɰΣɱύ )

Ã Action( ɾʶˍʰˁʾ˄ʹˋʹόb,x,y),
ʃʄʁʉʃʁɸɳʅɳɹʅΥ ɳˉʾόb,x)Øɼʰʻʰˊˈόb)Øɼʰʻʰˊˈόy)

ɳʃɹɲʄɮʅɳɹʅΥ ɳˉʾόb,y)Øɼʰʻʰˊˈόx)Ø×ɳˉʾόb,x)

Ø×ɼʰʻʰˊˈόy) )

Ã Action( ɾʶˍʰˁʾ˄ʹˋʹʅˍˇʆˊʰˉʷʸʽόb,x),
ʃʄʁʉʃʁɸɳʅɳɹʅΥ ɳˉʾόb,x)Øɼʰʻʰˊˈόb)

ɳʃɹɲʄɮʅɳɹʅΥ ɳˉʾόb,ʆˊʰˉʷʸʽ)Øɼʰʻʰˊˈόx)Ø×ɳˉʾόb,x) )
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Ãʅˎ˃ˉʶˊʰˋ˃ˈˌ ʶ˄ʶˊʴʶʽ˗˄ όreasoning about action)
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Ãʅˎ˃ˉʶˊʰˋ˃ˈˌ ʶ˄ʶˊʴʶʽ˗˄ όreasoning about action)

Ã ɮˉˈ ˍˇ мфтм ˉˇˎ ˉˊˇˍʱʻʹˁʶ ʰˉˈ ˍˇˎˌ R. E. Fikes, N. J. Nilsson

ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ʱ˂˂ʶˌ ˉˇ˂ˏ ˉʽˇ ʶˁ˒ˊʰˋˍʽˁʷˌ ʴ˂˗ˋˋʶˌΗ

ÄH ɹ ˂˗ˋˋʰ ADL ̄ ˇˎ ˉˊˇˍʱʻʹˁʶ ˍˇ мфуу ʰˉˈ ˍˇ˄ Edwin P. 

D.Pednault̡ ʰˋʾʸʶˍʰʽ ˋˍʹ STRIPSΣ ʶˉʽˍˊʷˉʶʽ ˈ˃˖ˌ 
ˁʰˍʰˋˍʱˋʶʽˌ ʰ˄ˇʽˁˍˇˏ ˁˈˋ˃ˇˎΣ ʶ˄ʷˊʴʶʽʶˌ ˃ʶ ʶˉʽʵˊʱˋʶʽˌ 
ˎˉˈ ˉʶˊʾˉˍ˖ˋʹΣ ˉˇˋˇʵʶʾˁˍʶˌΣ ˁʰʽ ʱ˂˂ʰΦ

ÄO ˂ˇʴʽˋ˃ˈˌ ˁʰˍʰˋˍʱˋʶ˖˄ όsituation calculus)̍ˉ˖ˌ 
ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˍˇ˄ мффм ʰˉˈ ˍˇ˄ Ray Reiterόˁʰʽ ʰˉˈ ˍˇˎˌ 
John McCarthy,Patrick J. Hayes ̄ˇ˂ˏ ˄˖ˊʾˍʶˊʰύ ˎˉˇˋˍʹˊʾʸʶʽ 
ˉ˂ʺˊʹ ˋˎ˃ˉʶˊʰˋ˃ˈ ˉˊ˖ˍˇʲʱʻ˃ʽʰˌ ˍʱ˅ʹˌΣ

ÄA languages, fluent calculus, event calculus, Χ



ʅ˔ʶʵʽʰˋ˃ˈˌ ˃ʶ ˍʹ ʴ˂˗ˋˋʰ STRIPS
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Ã STRIPS! ɱʽʰˍʾ ˃ʰˌ ʰˊʷˋʶʽΤ



ʅ˔ʶʵʽʰˋ˃ˈˌ ˃ʶ ˍʹ ʴ˂˗ˋˋʰ STRIPS
37

Ã STRIPS! ɱʽʰˍʾ ˃ʰˌ ʰˊʷˋʶʽΤ

Äɮˉ˂ʺ ʴ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ

Äɳˏˁˇ˂ˇˌ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ʶ˒ʰˊ˃ˈˋʽ˃˖˄ ʶ˄ʶˊʴʶʽ˗˄

Âɮˊˁʶʾ ʹ ˂ʾˋˍʰ ˍ˖˄ ˉˊˇːˉˇʻʷˋʶ˖˄ ˄ʰ ʶʾ˄ʰʽ ˎˉˇˋˏ˄ˇ˂ˇ ˍʹˌ 
ˁʰˍʱˋˍʰˋʹˌΥ ʃʄʁʉʃʁɸɳʅɳɹʅÌS

Äɳˏˁˇ˂ˇˌ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ʵʽʱʵˇ˔ʹˌ ˁʰˍʱˋˍʰˋʹˌ

Âɮˊˁʶʾ ˄ʰ ˉˊˇˋˍʶʻʶʾ ʹ ˂ʾˋˍʰ ˍ˖˄ ʻʶˍʽˁ˗˄ ʶˉʽʵˊʱˋʶ˖˄ ˋˍʹ˄ 
ˁʰˍʱˋˍʰˋʹ ˁʰʽ ˄ʰ ʰ˒ʰʽˊʶʻʶʾ ʹ ˂ʾˋˍʰ ˍ˖˄ ʰˊ˄ʹˍʽˁ˗˄Υ
Sõ = (S / ɮʄɿɶʆɹɼɳʅ-ɳʃɹɲʄɮʅɳɹʅ)Çɸɳʆɹɼɳʅ-ɳʃɹɲʄɮʅɳɹʅ 

Äɳˏˁˇ˂ˇˌ ʷ˂ʶʴ˔ˇˌ ʰ˄ ʹ ˁʰˍʱˋˍʰˋʹ ʽˁʰ˄ˇˉˇʽʶʾ ˍˇ ˋˍˈ˔ˇ

Âɮˊˁʶʾ ˇ ˋˍˈ˔ˇˌ ʰ˄ ʶʾ˄ʰʽ ˎˉˇˋˏ˄ˇ˂ˇ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌΥ G ÌS



ʅ˔ʶʵʽʰˋ˃ˈˌ ˃ʶ ˍʹ ʴ˂˗ˋˋʰ STRIPS
38

Ã STRIPS! ɱʽʰˍʾ ˃ʰˌ ʰˊʷˋʶʽΤ

Äɳʾ˄ʰʽ ʺʵʹ ʽˁʰ˄ʺ ˄ʰ ˉʶˊʽʴˊʱ˕ʶʽ ʰˊˁʶˍʱ ʵˏˋˁˇ˂ʰ 
ˉˊˇʲ˂ʺ˃ʰˍʰΦ

ÄΧʰˌ ʵˇˏ˃ʶ ˃ʶˊʽˁˇˏˌ ˍˊˈˉˇˎˌ ʶˉʾ˂ˎˋʹˌ ˍʷˍˇʽ˖˄   
ˉˊˇʲ˂ʹ˃ʱˍ˖˄



ɮ˄ʰʸʺˍʹˋʹ ˋˍˇ ˔˗ˊˇ ˁʰˍʰˋˍʱˋʶ˖˄
39

Ãɳˉʾ˂ˎˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˋ˔ʶʵʽʰˋ˃ˇˏ STRIPS̀ʰ˄ 
ˉˊˈʲ˂ʹ˃ʰ ʰ˄ʰʸʺˍʹˋʹˌ ˋˍˇ˄ ˔˗ˊˇ ˁʰˍʰˋˍʱˋʶ˖˄ 

ÂInit(ɳˉʾόɮΣʆˊʰˉʷʸʽ) ØɳˉʾόɰΣʆˊʰˉʷʸʽ) ØΧ)

ÂGoal(ɳˉʾόɮΣɰύ ØΧ)

ÂAction( ɾʶˍʰˁʾ˄ʹˋʹόb,x,y),

ʃʄʁʉʃʁɸɳʅɳɹʅΥ ɳˉʾόb,x)ØΧ

ɳʃɹɲʄɮʅɳɹʅΥ ɳˉʾόb,y)ØΧ)

ÂAction( ɾʶˍʰˁʾ˄ʹˋʹʅˍˇʆˊʰˉʷʸʽ(b,x),

ʃʄʁʉʃʁɸɳʅɳɹʅΥ ɳˉʾόb,x)ØΧ

ɳʃɹɲʄɮʅɳɹʅΥ ɳˉʾόb,ʆˊʰˉʷʸʽ)ØΧ)



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

40

Äʀʶˁʾ˄ʰ ʰˉˈ ˍʹ˄ ʰˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ
˖ˌ ˍˊʷ˔ˇˎˋʰ ˁʰˍʱˋˍʰˋʹ

Äɴ˂ʶʴ˅ʶ ʰ˄ ʽˁʰ˄ˇˉˇʽʶʾ ˍˇ˄ ˋˍˈ˔ˇ

Äʇˉˇ˂ˈʴʽˋʶ ˍʽˌ ʶ˒ʰˊ˃ˈˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ 
ˋˍʹ˄ ˍˊʷ˔ˇˎˋʰ ˁʰˍʱˋˍʰˋʹ

Äʇˉˇ˂ˈʴʽˋʶ ˍʽˌ ʵʽʱʵˇ˔ʶˌ ˁʰˍʰˋˍʱˋʶʽˌ

Äɳˉʷ˂ʶ˅ʶ ˃ʽʰ ʰˉˈ ˍʽˌ ʵʽʱʵˇ˔ʶˌ 
ˁʰˍʰˋˍʱˋʶʽˌ ˖ˌ ˍˊʷ˔ˇˎˋʰ

Äɳˉʰ˄ʱ˂ʰʲʶ ˃ʷ˔ˊʽ ˄ʰ ʲˊʶʻʶʾ ˂ˏˋʹ ʺ 
˄ʰ ˁʰ˂ˎ˒ʻʶʾ ˇ ˔˗ˊˇˌ ˁʰˍʰˋˍʱˋʶ˖˄



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

41

Ãʀʶˁʾ˄ʰ ʰˉˈ ˍʹ˄ ʰˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ

ǡ Ǣ ǣ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

42

Ãɴ˂ʶʴ˅ʶ ʰ˄ ʽˁʰ˄ˇˉˇʽʶʾ ˍˇ˄ ˋˍˈ˔ˇ

Äʂ˔ʽΗ

ǡ Ǣ ǣ

ɳˉʾόɮΣɰύ
ɳˉʾόɰΣɱύ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

43

Ãʇˉˇ˂ˈʴʽˋʶ ˈ˂ʶˌ ˍʽˌ ʶ˒ʰˊ˃ˈˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

ÄAction( ɾʶˍʰˁʾ˄ʹˋʹόb,x,y),

ʃʄʁʉʃʁɸɳʅɳɹʅΥ ɳˉʾόb,x)Øɼʰʻʰˊˈόb)Øɼʰʻʰˊˈόy))

ÄAction( ɾʶˍʰˁʾ˄ʹˋʹʅˍˇʆˊʰˉʷʸʽόb,x),

ʃʄʁʉʃʁɸɳʅɳɹʅΥ ɳˉʾόb,x)Øɼʰʻʰˊˈόb))

ǡ Ǣ ǣ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

44

Ãʇˉˇ˂ˈʴʽˋʶ ˈ˂ʶˌ ˍʽˌ ʶ˒ʰˊ˃ˈˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

ÄAction( ɾʶˍʰˁʾ˄ʹˋʹόb,x,y),

ʃʄʁʉʃʁɸɳʅɳɹʅΥ ɳˉʾόb,x)Øɼʰʻʰˊˈόb)Øɼʰʻʰˊˈόy))

ÄAction( ɾʶˍʰˁʾ˄ʹˋʹʅˍˇʆˊʰˉʷʸʽόb,x),

ʃʄʁʉʃʁɸɳʅɳɹʅΥ ɳˉʾόb,x)Øɼʰʻʰˊˈόb))

ÂɾʶˍόɮΣʆˊΣɰύ

ÂɾʶˍόɮΣʆˊΣɱύ 

ÂɾʶˍόɰΣʆˊΣɮύ

ÂɾʶˍόɰΣʆˊΣɱύ

ÂɾʶˍόɱΣʆˊΣɮύ

ÂɾʶˍόɱΣʆˊΣɰύ

ˁʰʽ ʱ˂˂ʶˌ

ǡ Ǣ ǣ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

45

Ãʇˉˇ˂ˈʴʽˋʶ ˈ˂ʶˌ ˍʽˌ ʵʽʱʵˇ˔ʶˌ ˁʰˍʰˋˍʱˋʶʽˌ

ÄAction( ɾʶˍʰˁʾ˄ʹˋʹόb,x,y),

ɳʃɹɲʄɮʅɳɹʅΥ ɳˉʾόb,y)Ø

ɼʰʻʰˊˈόx)Ø

×ɳˉʾόb,x)Ø

×ɼʰʻʰˊˈόy) )

ÂɾʶˍόɰΣʆˊΣɱύ
ɳˉʽʵˊʱˋʶʽˌΥ
Âɳˉʾόɰ,ɱύ

Âɼʰʻʰˊˈόʆˊʰˉʷʸʽύ

Â×ɳˉʾόɰ,ʆˊʰˉʷʸʽύ

Â×ɼʰʻʰˊˈόɱύ

ǡ Ǣ ǣ

ǡ

Ǣ

ǣ

ɳˉʾόɮΣʆˊʰˉʷʸʽύ
ɳˉʾόɰΣʆˊʰˉʷʸʽύ
ɳˉʾόɱΣʆˊʰˉʷʸʽύ
ɼʰʻʰˊˈόɮύ
ɼʰʻʰˊˈόɰύ
ɼʰʻʰˊˈόɱύ



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

46

Ãʇˉˇ˂ˈʴʽˋʶ ˈ˂ʶˌ ˍʽˌ ʵʽʱʵˇ˔ʶˌ ˁʰˍʰˋˍʱˋʶʽˌ

ǡ Ǣ ǣ

ǡ

Ǣ

ǣ

ǡ

ǣǢ

ǡ Ǣ

ǣ

ǡ

Ǣǣ ǡ

Ǣ

ǣ

ǡ

ǣ

Ǣ

ɾʶˍόɮΣʆˊΣɱύ

ɾʶˍόɮΣʆˊΣɰύ

ɾʶˍΦόɱΣʆˊΣɰύ

ɾʶˍόɰΣʆˊΣɱύ

ɾʶˍόɰΣʆˊΣɮύ

ɾʶˍόɱΣʆˊΣɮύ



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

47

Ãɳˉʷ˂ʶ˅ʶ ˃ʽʰ ʵʽʱʵˇ˔ʹ ˁʰˍʱˋˍʰˋʹ ˁʰʽ ʶˉʰ˄ʱ˂ʰʲʶΦΦΦ

ǡ Ǣ ǣ

ǡ

Ǣ

ǣ

ǡ

ǣǢ

ǡ Ǣ

ǣ

ǡ

Ǣǣ ǡ

Ǣ

ǣ

ǡ

ǣ

Ǣ
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48

Ãɳˉʷ˂ʶ˅ʶ ˃ʽʰ ʵʽʱʵˇ˔ʹ ˁʰˍʱˋˍʰˋʹ ˁʰʽ ʶˉʰ˄ʱ˂ʰʲʶΦΦΦ

ǡ Ǣ ǣ

ǡ

Ǣ

ǣ

ǡ

ǣǢ

ǡ Ǣ

ǣ

ǡ

Ǣǣ ǡ

Ǣ

ǣ

ǡ

ǣ

Ǣ

ǡ

Ǣ

ǣ
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49

Ãɳˉʷ˂ʶ˅ʶ ˃ʽʰ ʵʽʱʵˇ˔ʹ ˁʰˍʱˋˍʰˋʹ ˁʰʽ ʶˉʰ˄ʱ˂ʰʲʶΦΦΦ

ǡ Ǣ ǣ

ǡ

Ǣ

ǣ

ǡ

ǣǢ

ǡ Ǣ

ǣ

ǡ

Ǣǣ ǡ

Ǣ

ǣ

ǡ

ǣ

Ǣ

ǡ

Ǣ

ǣ



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

50

Ãɳʾ˄ʰʽ ˋʾʴˇˎˊˇ ˈˍʽ ʹ ˉˊˇʷ˂ʰˋʹ ʻʰ ʲˊʶʽ ˃ʽʰ ˂ˏˋʹ ʰ˄ 
ˎˉʱˊ˔ʶʽΤ

Äɲʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʵʶ˄ ʷ˔ˇˎ˃ʶ ˋˏ˃ʲˇ˂ʰ ˋˎ˄ʰˊˍʺˋʶ˖˄ΦΦ

ÄΦΦɿʰʽΣ ʶ˒ˈˋˇ˄ ʶ˂ʷʴ˔ˇˎ˃ʶ ˍʹ˄ ˁʱʻʶ ʵˎ˄ʰˍʺ ˁʰˍʱˋˍʰˋʹ  
˃ˈ˄ˇ ˃ʽʰ ˒ˇˊʱΦ



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

51

Ãɳˉʷ˂ʶ˅ʶ ˃ʽʰ ˄ʷʰ ʵʽʱʵˇ˔ʹ ˁʰˍʱˋˍʰˋʹΦΦΦ

ǡ Ǣ ǣ

ǡ

Ǣ

ǣ

ǡ

ǣǢ

ǡ Ǣ

ǣ

ǡ

Ǣǣ ǡ

Ǣ

ǣ

ǡ

ǣ

Ǣ

ǡ

Ǣ

ǣ



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

52

Ãɳʾ˄ʰʽ ˋʾʴˇˎˊˇ ˈˍʽ ʹ ˉˊˇʷ˂ʰˋʹ ʻʰ ʲˊʶʽ ˃ʽʰ ˂ˏˋʹ ʰ˄ 
ˎˉʱˊ˔ʶʽΤ

Äɲʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʵʶ˄ ʷ˔ˇˎ˃ʶ ˋˏ˃ʲˇ˂ʰ ˋˎ˄ʰˊˍʺˋʶ˖˄ΦΦ

ÄΦΦɿʰʽΣ ʶ˒ˈˋˇ˄ ʶ˂ʷʴ˔ˇˎ˃ʶ ˍʹ˄ ˁʱʻʶ ʵˎ˄ʰˍʺ ˁʰˍʱˋˍʰˋʹ  
˃ˈ˄ˇ ˃ʽʰ ˒ˇˊʱΦ

Ãɾˉˇˊʶʾ ˈ˃˖ˌ ˄ʰ ˔ˊʶʽʰˋˍʶʾ ˄ʰ ʶ˅ʶˊʶˎ˄ʺˋʶʽ ˈ˂ˇ 
ˍˇ˄ ˔˗ˊˇ ˁʰˍʰˋˍʱˋʶ˖˄.



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

53

ǡ Ǣ ǣ

ǡ

Ǣ

ǣ

ǡ

Ǣ

ǣ

ǡ

ǣ

Ǣ

ǡ

ǣǢ

ǡ

Ǣ

ǣ

ǡ Ǣ

ǣ

ǡ

Ǣ

ǣ

ǡ

Ǣǣ

53

ǡ

Ǣ

ǣ ǡ

Ǣ

ǣ

ǡ

ǣ

Ǣ

ǡ

ǣ

Ǣ



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

54

Ãɮ˄ˍʾʻʶˍʰ ˃ʶ ˍˇ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋʶ ˉˇ˂˂ʱ ˉˊˇʲ˂ʺ˃ʰˍʰ 
ˇ ˔˗ˊˇˌ ˁʰˍʰˋˍʱˋʶ˖˄ ʶʾ˄ʰʽ ˉˇ˂ˏ˃ʁ ʴʱ˂ˇˌΦ

Ãʆʽ ʻʰ ʴʽ˄ˈˍʰ˄ ʰ˄ ʶʾ˔ʰ˃ʶ млл ˁˏʲˇˎˌˁʰʽ 1000 
ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʶ˒ʰˊ˃ˈˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ ˍʹˌ ˃ˇˊ˒ʺˌ 
ɾʶˍʰˁʾ˄ʹˋʹόb,x,y)ˋʶ ˁʱʻʶ ˁʰˍʱˋˍʰˋʹΤ

Ãʂˉ˖ˌ ˁʰʽ ˋˍʰ ˁ˂ʰˋˋʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ʰ˄ʰʸʺˍʹˋʹˌΣ 
˃ˉˇˊˇˏ˃ʶ ˄ʰ ˇˊʾˋˇˎ˃ʶ ʶˎˊʶˍʽˁʷˌˋˎ˄ʰˊˍʺˋʶʽˌ 
ˉˇˎ ʲˇʹʻˇˏ˄ ˄ʰ ʶˉʽ˂ʷ˅ˇˎ˃ʶ ˍʽˌ ˉʽˇ ˎˉˇˋ˔ˈ˃ʶ˄ʶˌ 
ˁʰˍʰˋˍʱˋʶʽˌΦ



ɳˎˊʶˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ʴʽʰ ˉˊˇʷ˂ʰˋʹ
55

Ãʅˎ˄ʱˊˍʹˋʹ ʰ˅ʽˇ˂ˈʴʽˋʹˌ f(s) = g(s) + h(s)

Äg(s): ̱ ˇ ˁˈˋˍˇˌ ˉˇˎ ˔ˊʶʽʱˋˍʹˁʶ ʴʽʰ ˄ʰ ˒ˍʱˋˇˎ˃ʶ ˋˍʹ˄ 
ˁʰˍʱˋˍʰˋʹ sόʰˁˊʽʲʷˌύ

Äh(s):̱ ˇ ˁˈˋˍˇˌ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ ʴʽʰ ˄ʰ ˒ˍʱˋˇˎ˃ʶ ʰˉˈ ˍʹ˄ 
s ̀ ʶ ʷ˄ʰ ˍʶ˂ʽˁˈ ˁˈ˃ʲˇ (̄ ˊˇˋʷʴʴʽˋʹύ

Ãʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʹ˄ f(s) ɹ ʽʰ ˄ʰ ˍʰ˅ʽ˄ˇ˃ʺˋˇˎ˃ʶ ˍʽˌ 
ʵʽʱʵˇ˔ʶˌ ˁʰˍʰˋˍʱˋʶʽˌ ˁʰʽ ˄ʰ ʶˉʽ˂ʷ˅ˇˎ˃ʶ ˍʹ˄ ˉʽˇ 
ˎˉˇˋ˔ˈ˃ʶ˄ʹΦ



ɳˎˊʶˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ʴʽʰ ˉˊˇʷ˂ʰˋʹ
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Ãɴˋˍ˖ ˃ʽʰ ʶˎˊʶˍʽˁʺh(s)˃ ʶ ˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ˍʽ˃ʷˌΥ

ǡ Ǣ ǣ

ǡ

Ǣ

ǣ

ǡ

ǣǢ

ǡ Ǣ

ǣ

ǡ

Ǣǣ ǡ

Ǣ

ǣ

ǡ

ǣ

Ǣ

ɾʶˍόɮΣʆˊΣɱύ

ɾʶˍόɮΣʆˊΣɰύ

ɾʶˍΦόɱΣʆˊΣɰύ

ɾʶˍόɰΣʆˊΣɱύ

ɾʶˍόɰΣʆˊΣɮύ

ɾʶˍόɱΣʆˊΣɮύ

g(s)=1

g(s)=1

g(s)=1

g(s)=1

g(s)=1

g(s)=1

h(s)=2

h(s)=1

h(s)=2

h(s)=1

h(s)=2

h(s)=2
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Ãʃˇʽʱ ʹ ʵʽʰ˒ˇˊʱ ˈ˃˖ˌ ˃ʶ ʷ˄ʰ ˁ˂ʰˋʽˁˈ ˉˊˈʲ˂ʹ˃ʰ 
ʰ˄ʰʸʺˍʹˋʹˌΤ
Âɼʰʽ ˋʶ ʶˁʶʾ˄ʰ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ 
˃ʽʰ h(s)˃ ʶ ʲʱˋʹ ˃ʽʰ ˉʽˇ ˔ʰ˂ʰˊʺ ʰˉˈˋˍʰˋʹ ˍʹˌ s h ˉˈ ˍˇ 
ˋˍˈ˔ˇΣ ˉΦ˔ΦΣ Manhattan distance.

Ãɾˉˇˊˇˏ˃ʶ ˄ʰ ˂ʱʲˇˎ˃ʶ ˎˉˈ˕ʹ ˁʰʽ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ 
ˍ˖˄ ʶ˄ʶˊʴʶʽ˗˄ ʴʽʰ ˄ʰ ˇˊʾˋˇˎ˃ʶ ʶˎˊʶˍʽˁʷˌ
ˋˎ˄ʰˊˍʺˋʶʽˌΗ
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Ãɼʶ˄ʺ ˂ʾˋˍʰ ˉˊˇːˉˇʻʷˋʶ˖˄

Äh(s)=ˋʶ ˉˈˋʰ ʲʺ˃ʰˍʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˇ ˋˍˈ˔ˇˌ 
ʰ˄ ˈ˂ʶˌ ˇʽ ʶ˄ʷˊʴʶʽʶˌ ʺˍʰ˄ ʶ˒ʰˊ˃ˈˋʽ˃ʶˌ ˉʱ˄ˍʰΦ

Ãɼʶ˄ʺ ˂ʾˋˍʰ ʵʽʰʴˊʰ˒˗˄

Äh(s)Ґ ˋʶ ˉˈˋʰ ʲʺ˃ʰˍʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˇ ˋˍˈ˔ˇˌ 
ʰ˄ ˈ˂ʶˌ ˇʽ ʶ˄ʷˊʴʶʽʶˌ ʶʾ˔ʰ˄ ˃ˈ˄ˇ ʻʶˍʽˁʷˌ ʶˉʽʵˊʱˋʶʽˌΦ

Ãɱˊʰ˒ʺ˃ʰˍʰ ˋ˔ʶʵʽʰˋ˃ˇˏ

Ãɮˉ˂ˈ ˉʰˊʱʵʶʽʴ˃ʰΥ h(s) = ʰˊʽʻ˃ˈˌ ˍ˖˄ ˂ʶˁˍʽˁ˗˄ 
ˍˇˎ ˋˍˈ˔ˇˎ ˉˇˎ ʵʶ˄ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍʹ˄ s



ʃˊˇʷ˂ʰˋʹ όprogressionplanning)

59

Äʀʶˁʾ˄ʰ ʰˉˈ ˍʹ˄ ʰˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ
˖ˌ ˍˊʷ˔ˇˎˋʰ ˁʰˍʱˋˍʰˋʹ

Äɴ˂ʶʴ˅ʶ ʰ˄ ʽˁʰ˄ˇˉˇʽʶʾ ˍˇ˄ ˋˍˈ˔ˇ

Äʇˉˇ˂ˈʴʽˋʶ ˍʽˌ ʶ˒ʰˊ˃ˈˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ 
ˋˍʹ˄ ˍˊʷ˔ˇˎˋʰ ˁʰˍʱˋˍʰˋʹ

Äʇˉˇ˂ˈʴʽˋʶ ˍʽˌ ʵʽʱʵˇ˔ʶˌ ˁʰˍʰˋˍʱˋʶʽˌ

Äɳˉʷ˂ʶ˅ʶ ˃ʽʰ ˍʹ˄ ˉʽˇ ˎˉˇˋ˔ˈ˃ʶ˄ʹ ʰˉˈ 
ˍʽˌ ʵʽʱʵˇ˔ʶˌ ˁʰˍʰˋˍʱˋʶʽˌ ˖ˌ ˍˊʷ˔ˇˎˋʰ 

Äɳˉʰ˄ʱ˂ʰʲʶ ˃ʷ˔ˊʽ ˄ʰ ʲˊʶʻʶʾ ˂ˏˋʹ ʺ 
˄ʰ ˁʰ˂ˎ˒ʻʶʾ ˇ ˔˗ˊˇˌ ˁʰˍʰˋˍʱˋʶ˖˄



ɴˊʶˎ˄ʰ ˋˍˇ ˉʶʵʾˇ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ
60

Ãɼ˂ʰˋʽˁˈˌ ˋ˔ʶʵʽʰˋ˃ˈˌ

Äʃˊˇʷ˂ʰˋʹ

Äʁˉʽˋʻˇ˔˗ˊʹˋʹ

Äɳˎˊʶˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ

ÄΧ



ɴˊʶˎ˄ʰ ˋˍˇ ˉʶʵʾˇ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ
61

Ã Planning Domain Definition Language (PDDL)

Äɱ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ

Äʆˎˉʽˁˈ ˋˎ˄ˍʰˁˍʽˁˈ ˋʰ˄ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ

Äɲʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˏʴˁˊʽˋʹˌ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 
˃ʶʻˈʵ˖˄ ʶˉʾ˂ˎˋʹˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ



ɴˊʶˎ˄ʰ ˋˍˇ ˉʶʵʾˇ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ
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Ã Planning Domain Definition Language (PDDL)

Ä International Planning Competition 1998 ð̀ ʺ˃ʶˊʰ

ÄSAT Plan

ÄTL Plan

ÄFF

ÄBlackBox

ÄSHOP2

ÄTALPlanner

Äé

ʃˊˇʲ˂ʺ˃ʰˍʰ 
ˋ˔ʶʵʽʰˋ˃ˇˏ ˋˍʹ˄ PDDL, 
ˉ˔Σ Blocks world, 
Storage, Trucks

ʅˏʴˁˊʽˋʹΗ ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ 
ʴʽʰ ˋˎ˄ʵˎʰˋ˃ˈ ˍʶ˔˄ʽˁ˗˄ ˁʰʽ 
ʶˎˊʶˍʽˁ˗˄ˋˎ˄ʰˊˍʺˋʶ˖˄



Planning Domain Description Language
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Ãɱ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ

Ãʆˎˉʽˁˈ ˋˎ˄ˍʰˁˍʽˁˈ ˋʰ˄ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ

Äɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ(:init é)

Äʅˍˈ˔ˇˌ (:goal é)

Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ(:action é)



Planning Domain Description Language
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Ãɱ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ

Ãʆˎˉʽˁˈ ˋˎ˄ˍʰˁˍʽˁˈ ˋʰ˄ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ

Äɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ(:init 

(on a table)  (clear a)

(on b table)  (clear b)

(on c table)   (clear c)

)

ǡ Ǣ ǣ



Planning Domain Description Language
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Ãɱ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ

Ãʆˎˉʽˁˈ ˋˎ˄ˍʰˁˍʽˁˈ ˋʰ˄ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ

Äʅˍˈ˔ˇˌ (:goal 

(and (on a b) (on b c) )

)

ǡ

Ǣ

ǣ



Planning Domain Description Language
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Ãɱ˂˗ˋˋʰ ˉʶˊʽʴˊʰ˒ʺˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ

Ãʆˎˉʽˁˈ ˋˎ˄ˍʰˁˍʽˁˈ ˋʰ˄ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ

Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ (:action move-block

:parameters (?b ?x ?y)

:preconditions (é)

:effects (é)

)



PDDL: ˍˇ ˉʶʵʾˇblocks
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blocks-domain.txt:
(define (domain gripper)

(:requirements :strips)

(:predicates (on ?x ?y)  (clear ?x))

(:action move-to-block

:parameters (?b ?x ?y)

:precondition (and (on ?b ?x) (clear ?b) (clear ?y))

:effect (and (not (on ?b ?x))

(not (clear ?y))

(on ?b ?y)

(clear ?x)))

¦

blocks-problem1.txt:
(define (problem gripper1)

(:domain gripper)

(:objects  a b c table)

(:init

(on a table)   (on b table)  (on c table)

(clear a)   (clear b)  (clear c)

)

(:goal (and (on a b) (on b c)))

)



PDDL: ˔ˊʺˋʹ ˍˇˎ planner ɰlackɰox
68

Ã blackbox ðo blocks-domain.txt ðf blocks-problem1.txt

----------------------------------------------------

Begin plan

1 (move b table c)

2 (move a table b)

End plan

----------------------------------------------------

ǡ Ǣ C

ǡ

Ǣ

C



PDDL: ˔ˊʺˋʹ ˍˇˎ planner ɰlackɰox
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Ã blackbox ðo blocks-domain.txt ðf blocks-problem2.txt

----------------------------------------------------

Begin plan

1 (move e b d)

2 (move b table e)

3 (move g f table)

4 (move f c g)

5 (move b e c)

6 (move e d f)

7 (move d a e)

8 (move b c a)

9 (move c table d)

10 (move b a c)

11 (move a table b)

End plan

----------------------------------------------------

ǡ Ǣ C

ǡ

Ǣ

C

D E F

G

D

F

E

G



PDDL: ˔ˊʺˋʹ ˍˇˎ planner ɰlackɰox
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Ãɾˉˇˊˇˏ˃ʶ ˄ʰ ˁʱ˄ˇˎ˃ʶ ˍˇ ʾʵʽˇ ʴʽʰ ˈˉˇʽˇ 
ˉˊˈʲ˂ʹ˃ʰ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʶˁ˒ˊʱˋˇˎ˃ʶ ˋʶ PDDL! 



PDDL: ˔ˊʺˋʹ ˍˇˎ planner ɰlackɰox
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Ãɾˉˇˊˇˏ˃ʶ ˄ʰ ˁʱ˄ˇˎ˃ʶ ˍˇ ʾʵʽˇ ʴʽʰ ˈˉˇʽˇ 
ˉˊˈʲ˂ʹ˃ʰ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʶˁ˒ˊʱˋˇˎ˃ʶ ˋʶ PDDL! 

Ãɮˌ ˍˇ ˁʱ˄ˇˎ˃ʶ ʴʽʰ ˍˇ Sokoban..



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
72

Äɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ

Äʅˍˈ˔ˇˌ

Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
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Äɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ

Â(robot-at ?loc)

Â(object-at ?b ?loc)



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
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Äɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ

Â(robot-at ?loc)

Â(object-at ?b ?loc)

c1-1

c1-2

c1-3

c2-1

c2-2

c2-3

c3-2

c3-3

c4-2

c4-3

c4-4

c5-2

c5-3

c5-4

c6-3

c6-4



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
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Äɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ

Â(robot-at c5-4)

Â(object-at box1 c3-3)

Â(object-at box2 c4-3) c1-1

c1-2

c1-3

c2-1

c2-2

c2-3

c3-2 c4-2

c4-4

c5-2

c5-3 c6-3

c6-4



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
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Äɮˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ

Â(adjacent c2-2 c3-2 right)

Â(adjacent c2-2 c1-2 left)

Â(adjacent c2-2 c2-3 up)

Â(adjacent c2-2 c2-1 down)

c1-2

c2-1

c2-2

c2-3

c3-2



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
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Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Âmove(?from ?to ?dir)



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
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Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Âmove(?from ?to ?dir)

:precondition (and 

(robot-at ?from)

(adjacent ?from ?to ?dir)

(empty ?to)

)



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
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Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Âmove(?from ?to ?dir)

:effect (and 

(empty ?from)

(robot-at ?to)

(not (empty ?to))

(not (robot-at ?from))

)



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
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Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Âpush(?rloc?bloc ?floc ?dir ?b)



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
81

Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Âpush(?rloc?bloc ?floc ?dir ?b)

:precondition (and 

(robot-at ?rloc)

(object-at ?b ?bloc)

(adjacent ?rloc?bloc ?dir)

(adjacent ?bloc ?floc ?dir)

(empty ?floc)

)



ʆ Šokobaǹ ʰ˄ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ
82

Äɲʽʰʻʷˋʽ˃ʶˌ ʶ˄ʷˊʴʶʽʶˌ

Âpush(?rloc?bloc ?floc ?dir ?b)

:effect (and 

(robot-at ?bloc)

(object-at ?b ?floc)

(empty ?rloc)

(not (robot-at ?rloc))

(not (object-at ?b ?bloc))

(not (empty ?floc))

)



PDDL: blackbox
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Ã blackbox ðo sokoban-domain.txt ðf sokoban-problem.txt

----------------------------------------------------

Begin plan

1 (push c4-4 c4-3 c4-2 down box1)

2 (push c4-3 c3-3 c2-3 left box2)

3 (move c3-3 c3-2 down)

4 (move c3-2 c2-2 left)

5 (move c2-2 c1-2 left)

é

27 (move c2-2 c1-2 left)

28 (move c1-2 c1-3 up)

29 (push c1-3 c2-3 c3-3 right box1)

30 (push c2-3 c3-3 c4-3 right box1)

End plan

----------------------------------------------------



ʅ˔ʶʵʽʰˋ˃ˈˌ (Planning)
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Ãɾʷˊˇˌ нˇ

ÄVideogames̀ ˍʹ˄ ˎˉʹˊʶˋʾʰ ˍʹˌ ˍʶ˔˄ʹˍʺˌ ˄ˇʹ˃ˇˋˏ˄ʹˌΤ

Äɳʽˋʰʴ˖ʴʺ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʶ˔˄ʹˍʺˌ ˄ˇʹ˃ˇˋˏ˄ʹˌ ʴʽʰ
˔ʰˊʰˁˍʺˊʶˌ όƴƻƴ-playeǊ ŎƘŀǊŀŎǘŜǊǎύ ˋʶ ǾƛŘŜƻ ƎŀƳŜǎ

Äɳ˒ʰˊ˃ˇʴʷˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ˋʶ ʶ˃ˉˇˊʽˁʱ ǾƛŘŜƻ ƎŀƳŜǎ

ÄSimpleFPS: ɮ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ʲʰˋʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ 
ʶ˄ˈˌ First-PersonShooterˋʶ t55[

Äʋˊʺˋʹ ˍˇˎ plannerBlackBoxɹ ʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ 
ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ ˋˍˇ ˉʶʵʾˇSimpleFPS
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Ãɳʾ˄ʰʽ ʹ ˍʶ˔˄ʹˍʺ ˄ˇʹ˃ˇˋˏ˄ʹ ˔ˊʺˋʽ˃ʹ ʴʽʰ ˍʰ video 

games;

Ãɳʾ˄ʰʽ ˍʰ video games̝ ˊʺˋʽ˃ʰ ʴʽʰ ˍʹ˄ ˍʶ˔˄ʹˍʺ 
˄ˇʹ˃ˇˋˏ˄ʹΤ
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Ãɳʾ˄ʰʽ ʹ ˍʶ˔˄ʹˍʺ ˄ˇʹ˃ˇˋˏ˄ʹ ˔ˊʺˋʽ˃ʹ ʴʽʰ ˍʰ video 

games;

ÄɿʰʽΣ ʴʽʰˍʾ é

Äʂ˔ʽΣ ʴʽʰˍʾ é

Ãɳʾ˄ʰʽ ˍʰ video games̝ ˊʺˋʽ˃ʰ ʴʽʰ ˍʹ˄ ˍʶ˔˄ʹˍʺ 
˄ˇʹ˃ˇˋˏ˄ʹΤ

ÄPuzzle gamesΥ ˉˇ˂ˏˉ˂ˇˁʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˂ˇʴʽˁʺˌ

ÄStrategy gamesΥ ˉˇ˂ˏˉ˂ˇˁʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʵʽʰ˔ʶʾˊʽˋʹˌ 
ˉˈˊ˖˄ ˁʰʽ ˂ʺ˕ʹˌ ʰˉˇ˒ʱˋʶ˖˄

ÄFirst-person games: ̝ʰˊʰˁˍʺˊʶˌ όnon-player characters)

˖ˌ ʰˎˍˈ˄ˇ˃ˇʽ ˉˊʱˁˍˇˊʶˌ 
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Ãɳʾ˄ʰʽ ˍʰ video games̝ ˊʺˋʽ˃ʰ ʴʽʰ ˍʹ˄ ˍʶ˔˄ʹˍʺ 
˄ˇʹ˃ˇˋˏ˄ʹΤ

Äʅˎ˔˄ʱΣ ˍʰ ˊʶʰ˂ʽˋˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍˇ˄ ˉˊʰʴ˃ʰˍʽˁˈ 
ˁˈˋ˃ˇ ʶʾ˄ʰʽ ˉˇ˂ˏ ʵˏˋˁˇ˂ʰ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʽˋˍˇˏ˄

Äʆʰ video games̄ ˊˇˋ˒ʷˊˇˎ˄ ʷ˄ʰ ʶˉʾˉʶʵˇ ʰ˒ʰʾˊʶˋʹˌ 
ˉˇˎ ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍʹ˄ ʶˊʶˎ˄ʹˍʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ˄ʰ 
ˉʶʽˊʰ˃ʰˍʽˋˍʶʾ ʶˉʽˁʶ˄ˍˊ˗˄ˇ˄ˍʰˌ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ 
ˉˍˎ˔ʷˌ ˍ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄

Ä ʃΦ˔ΦΣ ʰˎˍˇˁʽ˄ˇˏ˃ʶ˄ʰ ˇ˔ʺ˃ʰˍʰ

Âʅˍʹ˄ ɮʻʺ˄ʰ

Âʅˍˇ Grand Theft Auto
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Ãɳʾ˄ʰʽ ˍʰ video games̝ ˊʺˋʽ˃ʰ ʴʽʰ ˍʹ˄ ˍʶ˔˄ʹˍʺ 
˄ˇʹ˃ˇˋˏ˄ʹΤ

Äɲʽʰʴ˖˄ʽˋ˃ˇʾ ʴʽʰ ʶˊʶˎ˄ʹˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍˇ ˉʶʵʾˇ 
ˍʹˌ ˍʶ˔˄ʹˍʺˌ ˄ˇʹ˃ˇˋˏ˄ʹˌ όˈˉ˖ˌ ˍˇ International 

Planning Competition̄ˇˎ ʰ˄ʰ˒ʷˊʰ˃ʶ ˄˖ˊʾˍʶˊʰύ ˋʶ 
ˉˊˇʲ˂ʺ˃ʰˍʰ ʲʰˋʽˋ˃ʷ˄ʰ ˋʶ video games!
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Ã http://www.pacman-vs-ghosts.net

http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
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Ã http://www.pacman-vs-ghosts.net

Äʊˍʽʱ˅ʶ ʷ˄ʰ ˉˊˈʴˊʰ˃˃ʰ ˉˇˎ 
ʶ˂ʷʴ˔ʶʽ ˍʹ˄ Ms Pac-Manʺ ʷ˄ʰ ʰˉˈ
ˍʰ ˒ʰ˄ˍʰˋ˃ʰˍʱˁʽʰ

Äмр ˒ˇˊʷˌ ˍˇ ʵʶˎˍʶˊˈ˂ʶˉˍˇ ˇ game

server˃ ʶˍʰʵʾʵʶʽ ˍʹ˄ ˁʰˍʱˋˍʰˋʹ
ˍˇˎ ˉʰʽ˔˄ʽʵʽˇˏ ˖ˌ ʶʽˁˈ˄ʰ

ÄJavaAPI

Äʃˊˇʻʶˋ˃ʾʰ ʴʽʰ registrationΥ мт ɮˎʴˇˏˋˍˇˎ

http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
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Ã http://www.pacman-vs-ghosts.net

Äɳˉˈ˃ʶ˄ˇˌ ʵʽʰʴ˖˄ʽˋ˃ˈˌ ˋˍʰ ˉ˂ʰʾˋʽʰ

ˍˇˎ 2011 IEEE Conference on 

Computational Intelligence and 

Games (CIG)

Äʃˊˇʻʶˋ˃ʾʰ ʴʽʰ registrationΥ мт ɮˎʴˇˏˋˍˇˎ

http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/
http://www.pacman-vs-ghosts.net/


StarcraftCompetition
92

Ã http://skatgame.net/mburo/sc2011/

http://skatgame.net/mburo/sc2011/


AIIDE StarcraftCompetition
93

Ã http://skatgame.net/mburo/sc2011/

ÄBrood War Application Programming Interface: 

C++ API˃ʶ ˍˇ ˇˉˇʾˇ ˃ˉˇˊʶʾ ʷ˄ʰ ˉˊˈʴˊʰ˃˃ʰ ˄ʰ

Â˂ʰ˃ʲʱ˄ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ ˍˊʷ˔ˇˎˋʰ ˁʰˍʱˋˍʰˋʹ 

Âʶ˂ʷʴ˔ʶʽ ˍʰ ʵʽˁʱ ˍˇˎ units

Âhttp://code.google.com/p/bwapi/

http://skatgame.net/mburo/sc2011/
http://code.google.com/p/bwapi/
http://code.google.com/p/bwapi/
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Ã http://skatgame.net/mburo/sc2011/

http://skatgame.net/mburo/sc2011/


AIIDE StarcraftCompetition
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Ã http://skatgame.net/mburo/sc2011/

Äɳˉˈ˃ʶ˄ˇˌ ʵʽʰʴ˖˄ʽˋ˃ˈˌ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍˇˎ 2011

Artificial Intelligence and Interactive Digital 

Entertainment Conference (AIIDE)

Äʃˊˇʻʶˋ˃ʾʰ ʴʽʰ registration ̋ ˍʰ˄ м ɹˇˎ˂ʾˇˎΣ ол ˇ˃ʱʵʶˌ 
ʻʰ ʵʽʰʴ˖˄ʽˋˍˇˏ˄ ˋˍʽˌ мр-мф ɮˎʴˇˏˋˍˇˎ

http://skatgame.net/mburo/sc2011/


General Game Playing Competition
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Ã http://games.stanford.edu/

Äʊˍʽʱ˅ʶ ʷ˄ʰ ˉˊˈʴˊʰ˃˃ʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉʰʾʸʶʽ 
(board) gamesΦΦ ʴʶ˄ʽˁʱΗ

http://games.stanford.edu/
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Ã http://games.stanford.edu/

Äʊˍʽʱ˅ʶ ʷ˄ʰ ˉˊˈʴˊʰ˃˃ʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉʰʾʸʶʽ 
(board) gamesΦΦ ʴʶ˄ʽˁʱΗ

Äʅˍʹ˄ ʰˊ˔ʺ ˍˇˎ ʰʴ˗˄ʰΣ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ 
ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ˁʰ˄ˈ˄˖˄ ˍˇˎ ˉʰʽ˔˄ʽʵʽˇˏ  ˋʶ ˃ʽʰ 
ʴ˂˗ˋˋʰ ˉˇˎ ˃ˇʽʱʸʶʽ ˃ʶ ˍʹ˄ PDDL

ÄC++, Java, Prolog APIΣ Χ

http://games.stanford.edu/
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Ã http://games.stanford.edu/

Äʊˍʽʱ˅ʶ ʷ˄ʰ ˉˊˈʴˊʰ˃˃ʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉʰʾʸʶʽ 
(board) gamesΦΦ ʴʶ˄ʽˁʱΗ

Äʁ ˍʶ˂ʶˎˍʰʾˇˌ ʵʽʰʴ˖˄ʽˋ˃ˈˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ 
20-21ɹˇˎ˂ʾˇˎ ˋˍˇ International Joint Conference in 

Artificial Intelligence(IJCAI) 2011

http://games.stanford.edu/
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Ã http://games.stanford.edu/

Äʊˍʽʱ˅ʶ ʷ˄ʰ ˉˊˈʴˊʰ˃˃ʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉʰʾʸʶʽ 
(board) gamesΦΦ ʴʶ˄ʽˁʱΗ

Ä1st German Open in General Game Playing ˋˍʰ 
ˉ˂ʰʾˋʽʰ ˍˇˎ 34th German Conference on Artificial 

Intelligence(KI) 2011

Äʃˊˇʻʶˋ˃ʾʰ ʴʽʰ registrationΥ ʁˁˍ˗ʲˊʽˇˌ нлмм

http://games.stanford.edu/
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Ã http://www.multiagentcontest.org/

Äɴ˃˒ʰˋʹ ˋʶ ˉˇ˂ˏ-ˉˊʰˁˍˇˊʽˁʱ ˋˎˋˍʺ˃ʰˍʰ

Äɼʱʻʶ ˔ˊˈ˄ˇ ʰˉˈ ˍˇ нллр ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋʶ˄ʱˊʽʰ ˉˇˎ 
˖ʻˇˏ˄ ˍˇˎˌ ˉˊʱˁˍˇˊʶˌ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋˇˎ˄ ˖ˌ ˇ˃ʱʵʰ

http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
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Ã http://www.multiagentcontest.org/

http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
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Ã http://www.multiagentcontest.org/

http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
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Ã http://www.multiagentcontest.org/

Äʃˊˇʻʶˋ˃ʾʰ ʴʽʰ registrationΥ у ɮˎʴˇˏˋˍˇˎ

http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
http://www.multiagentcontest.org/
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