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3OiQRYiQt�MH�YH�VYp�SRGVWDW �XYDæRYiQt�R�K\SRWHWLFNp�LQWHUDNFL�PH]L�DJHQWHP�D�SURVW HGtP��0RWLYDFt�
SOiQRYDFtKR�SURFHVX�MH�WHG\�XYDæRYDW�R�PRæQëFK�DNFtK��NWHUp�Y\YRODMt�]P Q\�Y�SURVW HGt�]D�FtOHP�GRVDæHQt�
FtORYpKR�VWDYX��~ORKD����

3OiQRYiQt�QHQt�UR]YUKRYiQt�→�3 L�SOiQRYiQt�MH�W HED�XYDæRYDW�æH�MHGQRWOLYp�NRPSRQHQW\�SOiQX�VSROX�PRKRX�
VRXYLVHW�D�LQWHUDJRYDW��3 L�UR]YUKRYiQt�WRWR�QHQt�SUREOpP�D�MHGLQp�FR�MH�W HED� HäLW�MH�RSWLPiOQ �S L DGLW�Y� DVH�
MHGQRWOLYp�]GURMH�GDQëP�~ORKiP��3OiQRYiQt�VH�VStä�KRGt� HäLW�]QDORVWQtP�LQæHQëUVWYtP��]DWtPFR�UR]YUKRYiQt�
VRIWRFRPSXWLQJHP��V\PEOLF�IXQFWLRQDOLVP�MH�YODVWQ �WHRULt�SUR�NQRZOHGJH�HQJLQHHULQJ��

�

5HSUHVHQWDFH�VWDY �D�FtO �
3RSLV�GRPpQ\�SOiQRYiQt�VH�VNOiGi�]�MD]\ND�/�SUR�SRSLV�GRPpQ\�SUREOpPX�D�]�PQRæLQ\�RSUiWRU �2�SUR�SRSLV�
VFKRSQRVWt�DJHQWD���

-D]\N�/�MH�GHILQRYiQ�MDNR�RPH]HQë�MD]\N�VNOiGiMtFt�VH�]�SUHGLNiW ��FRQVWDQW��SURP QQëFK�D�QHJDFt��7HUPHP�]GH�
UR]XPtPH�NRQVWDQW\�D�SURP QQp�Y�/��$WRP�MH�YëUD]��

S�W���«��WQ��

NGH�S�MH�SUHGLNiW\�DULW\�Q�D�WL�MVRX�WHUP\��/LWHUiO�MH�DWRP�QHER�MHKR�QHJDFH��.DæGë�VWDY�MH�WHG\�SRSViQ�MDNR�
PQRæLQD�UHSUHVHQWXMtFt�NRQMXQNFL�OLWHUiO ��&tO�MH�YODVWQ �LQVWDQFH�VWDYX��

3 tNODG��

have(white-wine) ∨ have(red-wine)�

at(X) ∧ sells(X,milk) 

]QD t�EëW�Y�Q MDNpP�REFKRG ��NGH�SURGiYDMt�POpNR��

5HSUHVHQWDFH�2SHUiWRU �
2SHUiWRU�MH�GHILQRYiQ�MDNR��

α�≡�〈DNFH��SRGPtQN\��HIHNW\��FHQD〉�

2�RSHUiWRUX� HNQHPH��æH�MH� iVWH Qt�LQVWDQFLRYiQ�NG\æ�MHKR�PHWD�SRSLV�REVDKXMH�SURP QQp��MLQDN�²�RSHUiWRURYp�
VFKHPD���2SHUiWRU�MH�SOQ �LQVWDQFLRYiQ�NG\æ�MVRX�YäHFKQ\�MHKR�SURP QQp�QDKUD]HQ\�NQRVWDQWDPL��

2�RSHUiWRUX�α� HNQHPH��æH�MH�DSOLNRYDWHOQë�QD�PQRæLQ �SOQ �LQVWDQFRYDQëFK�OLWHUiO �SRSLVXMtFt�GDQë�VWDY�VY WD�²�
6Q��NG\æ�YäHFKQ\�SRGPtQN\�α�SODWt�Y�PQRæLQ �6Q��$SOLNDFH�RSHUiWRUX�α�Pi�]�QiVOHGHN�S HFKRG�VWDYHX�6Q�GR�VWDYX�
6Q����1D]YHPH�'HO�PQRæLQX�OLWHUiO �RGVWUDQ QëFK�DSOLNDFt�α��3DN�

6Q���→��6Q�²�'HO���∪�(II�α��



5HSUHVHQWDFH�3OiQRYDFtKR�3UREOpPX�
3OiQRYDFt�SUREOpP�MH�WHG\�GHILQRYiQ�MDNR��

SS�≡�〈6LQLW��6JRDO��2〉�

NGH�LQLW�MH�PQRæLQD�OLWHUiOX�SR iWH QtKR�VWDYX��JRDO�MH�PQRæLQD�OLWHUiOX�FtORYpKR�VWDYX�D�2�MH�PQRæLQD�
SOiQRYDFtFK�RSHUiWRU ��

$OJRULPWXV��NWHUë� Hät�SOiQRYDFt�SUREOHP�QD]Y P �SOiQRYD HP��9�SRGVWDW �UR]OLäXMHPH�SURJUHVQt�D�UHJUHVQt�
SOiQRYD H��NWHUp�SURKOHGiYDMt�VWDYRYë�SURVWRU�VLWXDFt��%XGHPH�OL�SRUKOHGiYDW�SURVWRU�SOiQ �MH�SOiQRYDFt�
SUREOHP�GHILQRYiQ�MDNR��

SS�≡�〈Π iVWH Që��Π~SOQë��2〉��NGH�

SOiQRYDFt�RSHUiWRU\�QDG�VY WHP�SOiQ �MVRX�S LGiQt�NURNX��YD]ED�PH]L�SURP QQëPL��S LGiQt�XVSR iGiQt��

5HSUHVHQWDFH�3OiQX�

3OQ �XVSR iGDQé�SOiQ�

6HNYHQFH�SOQ �LQVWDQFLRYDQëFK�RSHUiWRU �Π�MH� HäHQtP�SOiQRYDFtKR�SUREOpPX�NGH�NDæGë�RSHUiWRU�MH�FKiSiQ�
MDNR�NURN�SOiQRYiQt��3UYQ�t�NURN�MH�DSOLNRYDWHOQë�QD�SR iWH Qt�VWDY��L�Wë�NURN�QD�SURGXNW�DSOLNRYiQt�NURNX�L����
.DæGë�OLWHUiO�FtORYpKR�VWDYX�SODWt�SUR�QiVOHGQtND�SRVOHGQtKR�NURNX��3OiQ�Π�MH�~SOQ �XVSR iGDQëP�SOiQHP�D�MH�
SRYDæRYiQ�]D�NRUHNWQt��

üiVWHýQ �XVSR iGDQé�SOiQ�

3OiQ�Π�QD]YHPH� iVWH Q �XVSR iGDQëP�SOiQHP�QHQt�OL�SR DGt�YäHFK�RSHUiWRU �SOQ �VSHFLILNRYiQR��W�M��H[LVWXMt�OL�
DOHVSR �GYD�RSHUiWRU\�NWHUp�QHMVRX�QDY]iMHP�XVSR iGiQ\��þiVWH Qp�XVSR iGiQt�5�QD�PQRæLQ �8�MH�QHUHIOH[LYQt�
D�WUDQVLWLYQt�ELQiUQt�UHODFH��3ODWt��

�
- ∀�D��D�∈�8���D��D��∉�5�
- ∀�D��E��F�∈�8����D��E��∈�5�∧��E��F��∈�5��→��D��F��∈�5�

�

3RXætYiPH�]QD HQt�V�� �V��SUR�NDæGRX�GYRMLFL��V��V���∈�5��ÓSOQ �XVSR iGDQë�SOiQ�O]H�RGYRGLW�]�Π�OLQHDUL]DFt�
SOiQX��W�M��S LGiQtP�GDOätFK�UHODFt�XVSR iGiQt��3OQ �LQVWDQFLRYDQë�SOiQ�MH�WDNRYë�SOiQ��NGH�MVRX�YäHFKQ\�SURP QQp�
Yi]iQ\�QD�NRQVWDW\��

�

3 tNODG��3RS�^^D� �E`�^D� �F`�^F� �G`�^E� �H`�^H� �I`�^G� �I�``� �^^D� �E� �H� �I`�^D� �F� �G� �I``�
RGSRYtGi�PQRæLQ �äHVWL�7RS���

6WUXNWXUD�SOiQX�

3OiQ�MH�WHG\�GHILQRYiQ�MDNR�VWUXNWXUD�REDVKXMtFt��

- PQRæLQX�NURN ��NGH�NURN�MH�DSOLNDFH�MHGQRKR�]�RSHUiWRU �SOiQRYDFtKR�SUREOpPX�6�Π��

- XVSR iGiQt�NURN �5�Π��

- PQRæLQD�VSHFLILNXMtFt�YD]E\�PH]L�SURP QQëPL�MHGQRWOLYëFK�NURN �%�Π��

- PQRæLQD�NDX]iOQtFK�OLQHN�&�Π��

.DX]iOQt�/LQND�

.DæGë� iVWH Q �XVSR iGDQë�SOiQ�P æH�REVDKRYDW�NDX]iOQt�OLQN\�²�UHODFH�PH]L�NURN\�YH�VP\VOX�VSOQLWHOQRVWL�
SRGPtQHN��.DX]iOQt�OLQND�〈�V��→S�V��〉� tNi��æH�NURN�V��QDVWDYt�SRGPtQNRYë�OLWHUiO�SUR�V���W�M��



- S�MH�SRGPtQNRX�SUR�V��

- S�MH�HIHNWHP�SUR�V��

- V�� �V��SODWt�Y� iVWH Q �XVSR iGDQpP�SOiQX�

9ODVWQRVWL�.RUHNWQtKR�3OiQX��

&KiSHMPH�NRUHNWQt�SODQ��MDNR�SOiQ�NWHUë�O]H�Y\NRQDW�D�]DUX t�QiP�æH�VH�GRVWDQHPH�]�SR iWH QtKR�GR�FtORYpKR�
VWDYX�MDNR� HäHQt�SOiQRYDFtKR�SUREOpPX�� HäHQtP�SOiQRYDFtKR�SUREOpPX�MH�~SOQë�D�NRQ]LVWHWQt�SOiQ��3OiQ�MH�~SOQë�
Y�S tSDG ��æH�NDæGi�SRGPtQND�NDæGpKR�RSHUiWRUX�MH�VSOQ QD�DSOLNDFt�MLQpKR�RSHUiWRUX�D�QHQt�]UXäHQD�MLQëP�
RSHUiWRUHP��

∀�6�∀�F��F�∈�SUH�6����∃�6����F�∈�HII�6���∧�¬�∃�6�����¬F�∈�HII�6����

.RQ]LVWHWQt�SODQ�MH�WDNRYë�SODQ��NGH�XVSR iGiQt�PH]L�RSHUiWRU\�DQL�YD]HEQt�RPH]HQt�QHS LQiät�NRQWUDGLNFL��

∀6��∀6����6�� �6��⇒�¬�6�� �6��

ÓSOQ �VWHMQ �QHO]H�EYi]DW�MHGQX�SURP QQRX�QD�GY �NRQVWDW\�E KHP�MHGQRKR�NURNX�Y� �$�D�Y� �%��9]KHOHGP�N�
WUDQVLWLYQRVWL�UHODFH� �SODWt�æH�6�� �6��∧�6�� �6��∧�6�� �6��MH�URYQ æ�QHNRQ]LVWHQWQt��

�

3 tNODG���
323,6�69 7$��

DW�SODFH���KDYH�LWHP���VHOOV�ZKHUH�ZKDW��

start:^DW�KRPH�∧VHOOV�+:6�GULOOV�∧VHOOV�60�PLON�∧�VHOOV�60�EDQDQD�`�

finish:^KDYH�GULOO�∧KDYH�EDQDQD�∧KDYH�PLON�`��())�nil�

�

23(5É725<��
〈$&7,21��go(there),35(&��^DW�KHUH�`��())�^¬DW�KHUH�∧DW�WKHUH�`〉�

〈$&7,21��buy(this),35(&��^DW�VWRUH�∧VHOOV�WKLV�VWRUH�`��())�^KDYH�WKLV�`〉�

�

2KURæHQt�NDX]iQt�OLQN\�
.DX]iOQt�OLQND�〈�VL�→S�VM�〉��MH�RKURæHQD�NURNHP�VN�SRNXG�WHQWR�NURN�]QHPRæ XMH�DSOLNDFL�NDX]iOQt�OLQN\��
.URN�VN�MH�SDN�FKiSDQ�MDNR�RKURæHQt�OLQN\�〈�VL�→S�VM�〉��2KURæHQt�P æH�EëW�EX �SR]LWLYQt�QHER�QHJDWLYQt��
1HJDWLYQt�RKURæHQt�NXD]iOQt�OLQN\�〈�VL�→S�VM�〉�SRPRFt�NURNX�VN�Y�UiPFL�SOiQX�Π�SODWt�OL��

�L�� YD]E\�VL�→�VN��D�VN�→�VM�MVRX�NRQ]LVWHQWQt�V�SOiQHP�Π��D��

�LL�� H[LVWXMH�HIHNW�T�∈�(II�VN��WDN�æH�¬�T�∈�3UH�VM��

3R]LWLYQt�RKURæHQt�NXD]iOQt�OLQN\�〈�VL�→S�VM�〉�SRPRFt�NURNX�VN�Y�UiPFL�SOiQL�Π�SODWt�OL��

�L�� YD]E\�VL�→�VN��D�VN�→�VM�MVRX�NLQ]LVWHQWQt�V�SOiQHP�Π��D��

�LL�� H[LVWXMH�HIHNW�T�∈�(II�VN��WDN�æH��T�∈�3UH�VM��

2KURæHQt�VH�RäHW t�SRPRFt�GHPRWLRQ�W�M��S LGiQtP�SRPRFQpKR�RPH]HQt�VN�→�VL��QHER�SURPRWLRQ�S LGiQtP�
SRPRFQpKR�RPH]HQt�VM�→�VN��QHER�VHSDUDWLRQ�W�M��RGG OHQRX�YD]ERX�SURP QQëFK�SDUDPHWU ��



�

$OJRULWP\�3OiQRYiQt�

323/$1�²�3DUWLDO�2UGHU��%DFNZDUG�&KDLQLQJ�$OJRULWKP�

�
(i) OpenList ← 〈init → goal〉 

(ii) Π ← chepest(OpenList), OpenList ← OpenList – Π  

(iii) if correct( Π) return ( Π)  

(iv) if not(OpenList ← OpenList + expand( Π, O)) return(failed) 

(v) if exists-threats(Π)  Π ← resolve-threat(Π) 

(vi) get-back (ii) 

 

Correct ²��3OiQ�Π��SRYDæXMHPH�]D�NRUHNWQt�MH�OL�KR�PRæQR�GHNRPSRQRYDW�QD�PQRæLQX�SOQ �
XVSR iGDQëFK�SOiQ ��-HGQi�VH�YODVWQ �R�WDNRYë�SOiQ�Π��NWHUë�QHERVDKXMH�æiGQRX�RWHY HQRX�SRGPtQNX�
S�NURNX�V��W�M��SRGPtQNX�SUR�NWHURX�QHH[LVWXMH�æiGQi�NDX]iOQt�OLQND�〈�V��→S�V��〉��
Expand ²�VQDæt�VH�]SUDYD�UR]EDOLW�YD]E\�→� iVWH QpKR�XVSR iGiQt��WDN�æH�LGHQWLILNXMt�RWHY HQp�
SRGPtQN\�S�NURNX�FR�QHMEOtæH�N�FtOL�WtP��æH�QDFKi]t�RSHUiWRU\��NWHUp�PDMt�S�MDNR�HIHNW��

�

(i) find in Π step S with unachieved precondition c 

(ii) if not(S ← find in Π step S´, c ∈ Eff(S´)) 

a. Links( Π) ← Links( Π) + S´ →F�S  

b. Ordering( Π) ← Ordering( Π) + S´ �S 

c. if not present  

i. Steps( Π) ← Steps( Π)  + S´ 

ii. Ordering( Π) ← Ordering( Π) + Start �S´ �Goal 

(iii) return( Π) 

�
Resolve-threads�²�VQDæt�VH�RäHW LW�GHWHNRYDQi�RKURæHQt�NDX]iOQtFK�OLQHN�SRPRFt�SURPRWLRQ��GHPRWLRQ��
VHSDUDWLRQ���

For each S t threatening S 1→F�S2 ∈ Π 

do either: 

(a) Ordering( Π) ← Ordering( Π) + S t �S1 

(b) Ordering( Π) ← Ordering( Π) + S 2 �St 

If not consistent( Π) than fail 

 

723/$1�²�7RWDO�2UGHUHG��)RUZDUG�&KDLQLQJ�$OJRULWKP�

�
(i) OpenList ← 〈init〉 

(ii) Π ← chepest(OpenList), OpenList ← OpenList – Π  

(iii) if goal ∈ Π → return( Π) 

(iv) OpenList ← OpenList + expand( Π) 

(v) get-back (ii) 



�
Expand�²�1DMGH�YäHFKQ\�PRæQp�QiVOHGQtN\�]�SUR�GDQë�SOiQ��W�M��S tGi�GR�Π�]D�NDæGë�NURN�VL��NWHUë�
QHPi�QiVOHGQtND�YäHFKQ\�RSHUiWRU\�α��WDNRYp��æH�(II�VL��≡�3UH�α���V�RKOHGHP�QD�YD]EX�SURP QQëFK 

�


