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6HPV\Q� LV� DQ� DXWRPDWLF� SODQ� V\QWKHVLV� DOJRULWKP� WKDW�

HQGHDYRUV�WR�IXOILOO�WKH�UHTXLUHPHQWV�RI�IOH[LEOH��LQGXVWULDO�

VWUHQJWK�� QH[W�JHQHUDWLRQ� $,� SODQQLQJ�� � +LVWRULFDOO\�� $,�

SODQQLQJ� V\VWHPV� KDYH� QRW� EHHQ� YLHZHG� DV� SUDFWLFDO�

EHFDXVH�XVHUV�KDYH�KDG�WR�EH�VNLOOHG�DUWLILFLDO� LQWHOOLJHQFH�

SUDFWLWLRQHUV�� � 7KLV� LV� LQ� SDUW� GXH� WR� WKH� IDFW� WKDW� V\VWHPV�

EXLOW�WR�VROYH�ODUJH�VFDOH��UHDO�ZRUOG�SUREOHPV�WUDGLWLRQDOO\�

UHO\� RQ� RSWLPLVDWLRQ�DQG�RU�KHXULVWLF�SURFHGXUHV�� � )XUWKHU�
GLIILFXOWLHV� ZLWK� VXFK� V\VWHPV� DUH� WKDW� RSWLPLVDWLRQ�

SURFHGXUHV� DUH� XVXDOO\� WDLORUHG� DURXQG� VSHFLILF� W\SHV� RI�

SUREOHPV��DQG�WKDW�KHXULVWLF�SURFHGXUHV�DUH�QRW�JXDUDQWHHG�

WR�ILQG�D�VROXWLRQ���7KH�IRUPHU�DSSURDFK�SURGXFHV�SODQQLQJ�

V\VWHPV� WKDW�DUH� LQIOH[LEOH�� �7KH� ODWWHU�DSSURDFK�SURGXFHV�
SODQQLQJ�V\VWHPV�WKDW�DUH�XQVXLWDEOH�IRU�LQGXVWULDO�VHWWLQJV�

WKDW�UHTXLUH�FULWLFDO�V\VWHPV��

�

6HPV\Q��RQ�WKH�RWKHU�KDQG��SHUIRUPV�DQ�H[KDXVWLYH�VHDUFK��

WKHUHE\� UHWDLQLQJ� ERWK� FRPSOHWHQHVV� DQG� IOH[LELOLW\�� � 7KH�

DOJRULWKP� FRPELQHV� ZHOO�NQRZQ� IRUZDUG�FKDLQLQJ� VHDUFK�

�)&6�� DQG� EDFNZDUG�FKDLQLQJ� VHDUFK� �%&6�� VWUDWHJLHV�

IURP� WKH� $,� OLWHUDWXUH� �H�J�� >�@��� � 7KDW� LV�� WKH� FKLOGUHQ�

JHQHUDWLRQ� IXQFWLRQ� RI� )&6� FRQVLVWV� RI� SURGXFLQJ� WKH�

GRPDLQ� DFWLRQV� WKDW� DUH� DSSOLFDEOH� LQ� WKH� FXUUHQW� state��

ZKLOH� WKH�FKLOGUHQ�JHQHUDWLRQ�IXQFWLRQ�RI�%&6�FRQVLVWV�RI�

SURGXFLQJ� WKH� GRPDLQ� DFWLRQV� WKDW� DUH� DSSOLFDEOH� WR� WKH�
FXUUHQW� VHW� RI� subgoals�� � ,QWXLWLYHO\�� FRPELQLQJ� WKH�

DSSURDFKHV� VHHPV� WR� EH� WKH� ULJKW� PRYH�� VLQFH� D� GHVLUDEOH�

RXWFRPH� LV� WKDW� VRPH� subgoals� �QDPHO\�� WKH� WRS�OHYHO�

JRDOV�� DUH� VDWLVILHG� LQ� VRPH� state�� � ,Q� DQ\� FDVH�� )&6� DQG�

%&6� VHSDUDWHO\� VKDUH� WKH� FRPPRQ� IDWH� RI� FRPELQDWRULDO�

H[SORVLRQ��DQG�6HPV\Q�KRSHV�WR�SOD\�WKH�VWUHQJWKV�RI�RQH�

DJDLQVW� WKH� ZHDNQHVVHV� RI� WKH� RWKHU� �LQ� WKH� VSLULW� RI� >�@����

7KLV� LV� GRQH� E\� XVLQJ� D� JHQHUDOLVHG� %&6� WR� FRPSXWH� WKH�

FDXVDO� OLQN� LQIRUPDWLRQ�� DQG� E\� XVLQJ� WKH� )&6� VWDWHV� WR�

LPSRVH�D� WRWDO�RUGHU�RQ� �VRPH�VXEVHW�RI�� WKH�FDXVDO� OLQNV���

7KH�FDXVDO�OLQNV�FRPSXWDWLRQ�PXVW�EH�HIILFLHQW�HQRXJK�VR�

DV�QRW�WR�RXWZHLJK�WKH�EHQHILW�RI�WKHLU�XVH��

�

Classical Backward-Chaining Search 
�

6HPV\Q� LPSOHPHQWV� %&6� LQ� D� EUHDGWK�ILUVW� PDQQHU� DQG�

HPSOR\V� D� VLGHZD\V�LQIRUPDWLRQ�SDVVLQJ� WHFKQLTXH� WKDW�

SURYLGHV�DQ�XSSHU�ERXQG�RQ�WKH�QXPEHU�RI�DFWLRQV�DW�HDFK�

OHYHO� RI� WKH� VHDUFK�� � 7KH� 6HPV\Q� DSSURDFK� FDQ� EH� EHWWHU�

XQGHUVWRRG�LQ�UHODWLRQ�WR�WKH�FODVVLFDO�%&6�DSSURDFK���7KH�

URRW� RI� WKH� FODVVLFDO� %&6� VHDUFK� WUHH� FRQVLVWV� RI� WKH� WRS�

OHYHO� SUREOHP� JRDOV�� � 7KH� URRW
V� FKLOGUHQ� DUH� WKRVH�

GRPDLQ� DFWLRQV� WKDW� ERWK� DFKLHYH� VRPH� WRS�OHYHO� JRDO�

DQG� GRQ
W� GHOHWH� DQ\� RI� WKH� WRS�OHYHO� JRDOV�� � 'RPDLQ�

DFWLRQV� WKDW� PHHW� WKHVH� UHTXLUHPHQWV� DUH� VDLG� WR� EH�

DSSOLFDEOH� WR� WKH� WRS�OHYHO� JRDOV�� RU� PRUH� JHQHUDOO\��

WKH\� DUH� VDLG� WR� EH� DSSOLFDEOH� WR� WKH� FXUUHQW� VHW� RI�

VXEJRDOV���7KH�FXUUHQW�VHW�RI�VXEJRDOV�IRU�HDFK�FKLOG�LV�

FRPSXWHG�IURP�LWV�SDUHQW¶V�VXEJRDOV�E\�UHJUHVVLQJ�WKH�
SDUHQW� VXEJRDOV� WKURXJK� WKH� FKLOG� >�@�� � 7KH� FKLOGUHQ�

JHQHUDWLRQ�IXQFWLRQ� LV� WKHQ� UH�DSSOLHG�WR�HDFK�RI� WKHVH�

QRGHV� WR� SURGXFH� WKH� URRW
V� JUDQGFKLOGUHQ�� DQG� VR� RQ���

:KHQ�%&6�LV�LPSOHPHQWHG�LQ�D�EUHDGWK�ILUVW�PDQQHU�LW�

EXLOGV� DFWLRQ� VHTXHQFHV� RI� LQFUHDVLQJ� OHQJWK�� ZKLFK�
SURYLGHV� WKH� RSSRUWXQLW\� WR� DSSO\� VLGHZD\V�

LQIRUPDWLRQ�SDVVLQJ�WHFKQLTXHV�>�@��

�

Generalised Backward-Chaining Search 
�

6HPV\Q
V� EDFNZDUG�FKDLQLQJ� VHDUFK� �6%&6�� GLIIHUV�

IURP�%&6�LQ�WZR�LPSRUWDQW�ZD\V������,QVWHDG�RI�KDYLQJ�
D�VLQJOH�URRW��WKH�URRW�OHYHO�RI�WKH�6%&6�VHDUFK�WUHH��LQ�

IDFW�� D� JUDSK�� KDV� RQH� QRGH� IRU� HDFK� WRS�OHYHO� JRDO���

7KH� FXUUHQW� VHW� RI� VXEJRDOV� IRU� HDFK� RI� WKHVH� �URRW��

QRGHV� FRQVLVWV� RQO\� RI� WKH� QRGH
V� WRS�OHYHO� JRDO�� � 3XW�

GLIIHUHQWO\�� 6%&6� EXLOGV� SDUWLDO� SODQV�� ZKHUHDV� %&6�

EXLOGV�SODQV���6LQFH�SDUWLDO�SODQV�DUH��KRSHIXOO\��VKRUWHU�

WKDQ� SODQV�� WKH� WRWDO� DPRXQW� RI� ZRUN� LV� VRPHWLPHV�

UHGXFHG�� � ��� 6%&6� WULHV� WR� SDVV� LQIRUPDWLRQ� EHWZHHQ�

SDUWLDO�SODQV�RI�HTXDO�OHQJWK���7KH�VWUDWHJ\�UHOLHV�RQ�WKH�

IDFW� WKDW� WKH� VDPH� GRPDLQ� DFWLRQ� FDQ� EH� DSSOLHG� WR�

PRUH� WKDQ� RQH� VHW� RI� VXEJRDOV� DW� HDFK� OHYHO� RI� WKH�

JUDSK�� � )RU� HYHU\� OHYHO� L� RI� WKH� JUDSK�� DQG� IRU� HYHU\�
GRPDLQ�DFWLRQ�� LI� WKH�DFWLRQ� LV�DSSOLFDEOH�WR�n� VXEJRDO�

VHWV� RI� L�� WKHQ� FUHDWH� RQH� FKLOG� KDYLQJ� WZR� VHWV� RI�

VXEJRDOV���2QH�VHW�RI�VXEJRDOV��u-subgoals��LV�WKH�XQLRQ�

RI� DOO� RI� WKH� n� VXEJRDO� VHWV�� DQG� WKH� RWKHU� VHW� RI�

VXEJRDOV��x-subgoals�� LV�WKH�LQWHUVHFWLRQ�RI�DOO�RI�WKH�n�
VXEJRDO�VHWV�� �1RWH�WKDW�VLQFH�DOO�RI�WKH�n�VXEJRDO�VHWV�

DUH�FRPSXWHG�E\�UHJUHVVLRQ�WKURXJK�WKH�VDPH�DFWLRQ��x-
subgoals� PD\� RQO\�EH�HPSW\� IRU�D� GRPDLQ�DFWLRQ� WKDW�

KDV� QR� SUHFRQGLWLRQ�� � 1RWH� DOVR� WKDW� QRW� FRQVLGHULQJ�

VHFRQGDU\� SUHFRQGLWLRQV� GXULQJ� WKH� UHJUHVVLRQ� PD\�

OHDG�WR�LQFRPSOHWHQHVV���)RU�H[DPSOH��WKLV�RFFXUV�ZKHQ�

DQ� DFWLRQ� A� ZLWK� QR� SUHFRQGLWLRQ� DQG� D� VLQJOH�

FRQGLWLRQDO�HIIHFW�E�KDV�DQ�LQVWDQWLDWHG�SUHGLFDWH�DV�WKH�

DQWHFHGHQW� RI� E�� � ,Q� WKLV� FDVH�� A� LV� IXQFWLRQDOO\�



HTXLYDOHQW� WR� DQ�DFWLRQ� B�� ZKHUH� WKH�SUHFRQGLWLRQ� RI�B� LV�

WKH�DQWHFHGHQW�RI�E��DQG�B¶V�HIIHFW�LV�WKH�FRQVHTXHQW�RI�E��

�
1H[W��ZH�JHQHUDOLVH�ZKDW� LW�PHDQV� IRU�D�GRPDLQ�DFWLRQ� WR�

EH� DSSOLFDEOH� WR� D� VHW� RI� VXEJRDOV�� VLQFH� ZH� QRZ� KDYH� D�

GRXEOH� RI� VXEJRDOV�� � $� GRPDLQ� DFWLRQ� LV� DSSOLFDEOH� WR� D�

VXEJRDO�GRXEOH��u-subgoals��x-subgoals��LI�LW�ERWK�DFKLHYHV�

VRPH�VXEJRDO�LQ�u-subgoals�DQG�GRHVQ
W�GHOHWH�DQ\�VXEJRDO�

LQ�x-subgoals���%HFDXVH�RI�WKH�JHQHUDOL]DWLRQ�LW�LV�SRVVLEOH�
WR�JHQHUDWH�PRUH�FKLOGUHQ�IURP�D�SDUWLFXODU�QRGH� WKDQ� WKH�

XVXDO� ZD\�� EXW� WKH� JHQHUDOLVDWLRQ� DOVR� KDV� WKH� VSHFLDO�

SURSHUW\� WKDW� LW� SXWV� DQ� XSSHU� ERXQG� RQ� WKH� QXPEHU� RI�

FKLOGUHQ�JHQHUDWHG�IRU�D�SDUWLFXODU�OHYHO���,Q�WKH�ZRUVW�FDVH��

HDFK�OHYHO�RI�WKH�JUDSK�FRQWDLQV�QR�PRUH�QRGHV�WKDQ�WKHUH�

DUH�GRPDLQ�DFWLRQV� �LQ� WKH� VSLULW� RI� >�@��� � ,Q�DQG�RI� LWVHOI��

WKH� JHQHUDOLVDWLRQ� RI� VXEJRDO� VHWV� LV� DGPLWWHGO\� QDwYH���

+RZHYHU��RQ�WKH�ZKROH��LW�LV�LQVWUXFWLYH�WR�WU\�WR�FRQYLQFH�

RQHVHOI� WKDW� WKH� 6%&6� JUDSK� FRQWDLQV� DOO� RI� WKH� FDXVDO�

OLQNV��DQG�WKDW�QR�VROXWLRQV�ZLOO�EH�ORVW��

�

Goal-Directed Forward-Chaining Search 
�

6HPV\Q
V� IRUZDUG�FKDLQLQJ� VHDUFK� �6)&6�� LV� UHOHJDWHG� WR�

WKH� WDVN� RI� VHDUFKLQJ� WKH� 6%&6� FDXVDO� OLQNV�� LQ� HIIHFW�

DVVHPEOLQJ� SDUWLDO� SODQV� LQWR� SODQV�� � 7KH� FKLOGUHQ�

JHQHUDWLRQ� IXQFWLRQ� RI� 6)&6� GLIIHUV� IURP� WKDW� RI� )&6� LQ�

WKDW� WKH� FDQGLGDWHV� DUH� QRW� FKRVHQ� IURP� WKH� HQWLUH� VHW� RI�

GRPDLQ�DFWLRQV��EXW�UDWKHU�DUH�FRQVWUDLQHG�WR�EH�RQO\�WKRVH�

GRPDLQ� DFWLRQV� DSSHDULQJ� LQ� DQ� DSSURSULDWH� FDXVDO� OLQN�

HQWU\���,Q�SDUWLFXODU��LI�QRQH�RI�WKH�GRPDLQ�DFWLRQV�DFKLHYH�

DQ\� RI� WKH� WRS�OHYHO� JRDOV�� WKHQ� 6)&6� ZLOO� WHUPLQDWH�

LPPHGLDWHO\� ZLWKRXW� JHQHUDWLQJ� DQ\� FKLOGUHQ�� ZKHUHDV�

)&6�LQ�WKH�ZRUVW�FDVH�GHJHQHUDWHV�LQWR�D�EOLQG�HQXPHUDWLRQ�
RI� DOO� DFWLRQ� VHTXHQFHV� SRVVLEOH� IURP� WKH� LQLWLDO� VLWXDWLRQ���

6)&6� DORQH� KDV� QR� PRUH� SUXQLQJ� DELOLW\� WKDQ� )&6�� � 7KH�

UHVHDUFK�HIIRUW�WKXV�IDU�KDV�MXVW�EHHQ�WR�LQWHJUDWH�%&6�DQG�

)&6�� DQG� WR� HYDOXDWH� WKH� XVHIXOQHVV� RI� GRLQJ� VR�� � ,W� LV�

KRSHG� WKDW� 6HPV\Q� ZLOO� HYHQWXDOO\� SURYLGH�DQ�XVHIXO� WRRO�

IRU�IXUWKHU�VWXG\��

�

Putting It All Together 
�

)LQDOO\�� QH[W�JHQHUDWLRQ� SODQQLQJ� V\VWHPV� ZLOO� QHHG� WR�

LQWHUDFW� ZLWK� WKHLU� KXPDQ� XVHUV�� � 7KLV� ZDV� RQH� RI� WKH�

GULYLQJ� PRWLYDWLRQV� IRU� WKH� UHVHDUFK� FRPPXQLW\
V� PRYH�
IURP� DQ� DXWRPDWLF� WR� DQ� DXWRPDWHG� SDUDGLJP�� � :H� SRVLW�

WKDW� DXWRPDWLF� DOJRULWKPV� FDQ� VWLOO� EH� XVHIXO� DV� VXE�

PRGXOHV� WR� WKH� PRUH� HQFRPSDVVLQJ� DXWRPDWHG� V\VWHPV���

0RUHRYHU�� 6%&6� DQG� 6)&6� KDYH� KXPDQ�XQGHUVWDQGDEOH�

DQG�LQWXLWLYH�FKLOGUHQ�JHQHUDWLRQ�IXQFWLRQV��DV�GR�%&6�DQG�

)&6�� VR� LW� EHFRPHV� DOOXULQJ� WKH� SRVVLELOLW\� WR� DOORZ� WKH�
XVHU� WR� YLHZ� DQG� WR� PDQLSXODWH� WKH� VHDUFK
V� LQWHUQDO� GDWD�

VWUXFWXUHV���WKH\�DUH�VLPSO\�SODQ�IUDJPHQWV���,W�LV�RXU�WKHVLV�

WKDW� XVHU
V� RI� DXWRPDWLF� SODQQLQJ� V\VWHPV� DUH� IUHHG� IURP�

SODQQLQJ�FRQFHUQV��DQG�DUH�DEOH�WR�IXOO\�FRQFHQWUDWH�RQ�WKH�

GRPDLQ�PRGHOLQJ�DVSHFWV�RI�WKHLU�DSSOLFDWLRQV��

�

7KH�LQLWLDO�WHVWLQJ�SKDVH�LV�EHLQJ�FDUULHG�RXW�LQ�FRRSHUDWLRQ�

ZLWK� 6HPV\Q¶V� SDUWLFLSDWLRQ� LQ� WKH� �
� �

� ,QWHUQDWLRQDO�

3ODQQLQJ� &RPSHWLWLRQ� �,3&��� KRVWHG� DW� WKH� �����

,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $XWRPDWHG� 3ODQQLQJ� DQG�

6FKHGXOLQJ�� � 7KH� ,3&� VHULHV� KDV� GHYHORSHG� D�
IRUPLGDEOH� WHVWEHG�� DQG� D� ULJRURXV� HYDOXDWLRQ� RI� WKH�

UHVXOWV�LV�IRUWKFRPLQJ��

�

6HPV\Q¶V� SUHOLPLQDU\� UHVXOWV� DSSHDU� VDWLVIDFWRU\�

LQVRIDU�DV�LW�LV�DEOH�WR�VROYH�SUREOHPV�IURP�D�YDULHW\�RI�

GRPDLQV�� � +RZHYHU�� WKH� DOJRULWKP� KDV� WURXEOH� ZLWK�
GRPDLQV� WKDW� KDYH� UHODWLYHO\� OLWWOH� YDULDWLRQ� LQ� WKH�

GRPDLQ� RSHUDWRUV�� � 7KLV� LV� EHFDXVH� WKH� WUDGLWLRQDO�

ZLVGRP�RI�WKH�UHVHDUFK�FXOWXUH�LV�WR�GHVLJQ�D�VHTXHQFH�

RI�SUREOHPV�RI�LQFUHDVLQJ�GLIILFXOW\�LQ�DQ�DUWLILFLDO�ZD\��

E\� LQFUHDVLQJ� WKH� QXPEHU� RI� DFWLRQV� WKDW� FDQ� EH�

LQVWDQWLDWHG�IURP�D�IHZ�RSHUDWRUV��L�H��E\�LQFUHDVLQJ�WKH�

QXPEHU� RI� SUHGLFDWHV� WKH� RSHUDWRUV� KDYH� DW� WKHLU�

GLVSRVDO���&RQYHUVHO\��LQ�6HPV\Q¶V�YLHZ��WKH�SUHGLFDWHV�

DUH� DNLQ� WR� GDWDEDVH� WXSOHV�� � 7KLV� PHDQV� WKDW� LW� LV� WKH�

XVHU¶V� UHVSRQVLELOLW\� WR� PRGHO� WKH� GRPDLQ� LQ� VXFK� D�

ZD\�DV�WKH�SUHGLFDWH�VSDFH�FDQ�EH�HIILFLHQWO\�H[SORUHG���

,QGHHG�� LW� LV� SRVVLEOH� WR� ZULWH� GDWDEDVH� TXHULHV� WKDW�
GRQ¶W� WHUPLQDWH�� \HW� SHRSOH� URXWLQHO\� XVH� 'DWDEDVH�

0DQDJHPHQW� 6\VWHPV� DV� DQ� LQWHJUDO� SDUW� RI� WKHLU�

RYHUDOO� LQIRUPDWLRQ� V\VWHPV�� � $QDORJRXVO\�� 6HPV\Q¶V�

JRDO� LV� WR� VHSDUDWH� WKH� SODQQLQJ� DVSHFWV� IURP� WKH�

GRPDLQ�PRGHOLQJ�DFWLYLWLHV��DQG�WR�GHYRWH� LWV�HIIRUW� WR�
WKH�WDVN�RI�SODQQLQJ���WKDW�LV�� WKH�HIILFLHQW�FRQVWUXFWLRQ�

RI�SODQV�EDVHG�XSRQ�NQRZOHGJH�HQFRGHG�LQ�WKH�GRPDLQ�

RSHUDWRUV�WKHPVHOYHV��UHJDUGOHVV�RI�LQVWDQWLDWHG�DFWLRQV��
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