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$%675$&7
/RJLF SURJUDPPLQJ LV D SRZHUIXO WRRO IRU VRPH SUREOHPV� 7R

WDNH DGYDQWDJH RI WKLV WHFKQLTXH ZKHQ LW LV DSSURSULDWH� KRZHYHU�

WKH SURJUDPPLQJ ODQJXDJH LQ XVH PXVW VXSSRUW LW� 7KLV SDSHU

SURSRVHV DQ DSSURDFK WR LPSOHPHQWLQJ ORJLF SURJUDPPLQJ IHD�

WXUHV LQ &�� WKURXJK D FODVV OLEUDU\� 7KLV DSSURDFK GRHV QRW LQ�

YROYH LQWHJUDWLQJ &�� ZLWK D VHSDUDWH RU VXERUGLQDWH 3URORJ UXQ�

WLPH RU SURYLGLQJ D &�� LPSOHPHQWDWLRQ RI D ³PLQL LQWHUSUHWHU´

IRU ORJLF UXOHV� ,QVWHDG� LW SURSRVHV D QDWXUDO HPEHGGLQJ RI ORJLF�

VW\OH FRPSXWDWLRQ LQ &�� FODVVHV� 1R ODQJXDJH PRGLILFDWLRQV RU

FRPSLOHU H[WHQVLRQV DUH UHTXLUHG WR VXSSRUW WKH OLEUDU\� 7KH LP�

SOHPHQWDWLRQ VWUDWHJ\ LV SUHVHQWHG� WRJHWKHU ZLWK H[DPSOHV DQG D

GLVFXVVLRQ RI LVVXHV UHTXLULQJ IXWXUH ZRUN�

&DWHJRULHV�DQG�6XEMHFW�'HVFULSWRUV
'���� >3URJUDPPLQJ 7HFKQLTXHV@� /RJLF 3URJUDPPLQJ� '����

>3URJUDPPLQJ /DQJXDJHV@� /DQJXDJH &ODVVLILFDWLRQV²

PXOWLSDUDGLJP ODQJXDJHV� '���� >3URJUDPPLQJ /DQJXDJHV@�

/DQJXDJH &RQVWUXFWV DQG )HDWXUHV²FODVVHV DQG REMHFWV�

*HQHUDO�7HUPV
0XOWL�SDUDGLJP SURJUDPPLQJ�

.H\ZRUGV
)XQFWLRQDO SURJUDPPLQJ� FRQWLQXDWLRQ SDVVLQJ� WHPSODWH� SUR�

JUDPPLQJ SDUDGLJP� SDUDGLJP LQWHJUDWLRQ�

��� ,1752'8&7,21�
/RJLF SURJUDPPLQJ LV DQ DSSURDFK WR VRIWZDUH FRQVWUXFWLRQ WKDW LV

EDVHG RQ SKUDVLQJ FRQGLWLRQV RU FRQVWUDLQWV LQ D PDQQHU VLPLODU WR

V\PEROLF ORJLF� DQG WKHQ XVLQJ D ORJLFDO LQIHUHQFLQJ SURFHVV WR

GULYH WKH IORZ RI FRPSXWDWLRQ� /RJLF SURJUDPPLQJ LV GHFODUDWLYH

UDWKHU WKDQ LPSHUDWLYH²DV WKH SURJUDPPHU� \RX H[SUHVV WKH IRUP

DQG ORJLFDO SURSHUWLHV RI WKH GHVLUHG UHVXOW� UDWKHU WKDQ SURYLGH

LQVWUXFWLRQV RU DQ DOJRULWKP IRU KRZ WR DUULYH WKHUH� 3URORJ >�@ LV

SHUKDSV WKH PRVW ZHOO NQRZQ ORJLF SURJUDPPLQJ ODQJXDJH� ,W KDV

D V\QWD[ DQG VHPDQWLFV UDGLFDOO\ GLIIHUHQW IURP PRVW LPSHUDWLYH

DQG REMHFW�RULHQWHG ODQJXDJHV LQ ZLGHVSUHDG XVH�

:KLOH LW LV FOHDU WKDW ORJLF SURJUDPPLQJ LV QRW WKH SHUIHFW WRRO IRU

HYHU\ VRIWZDUH SURMHFW� WKHUH DUH VRPH DSSOLFDWLRQ DUHDV ZKHUH LW

GRHV H[FHO� /RJLF SURJUDPPLQJ SURYLGHV D YHU\ SRZHUIXO SDUD�

GLJP IRU VROYLQJ JRDO�GLUHFWHG RU UXOH�GULYHQ FRPSXWDWLRQDO WDVNV�

0DQ\ SODQQLQJ SUREOHPV DUH HDV\ WR SKUDVH LQ WHUPV RI JRDO�

GLUHFWHG VHDUFKLQJ� RQH OD\V RXW D EDVLF IUDPHZRUN RI HOHPHQWDU\

PRYHV RU VWHSV� WKHQ SRVHV D GHVLUHG JRDO ZLWK WKH DLP RI GLVFRY�

HULQJ VRPH SODQ RI DFWLRQ �D VHULHV RI PRYHV� WKDW ZLOO DFKLHYH WKH

JRDO� /RJLF SURJUDPPLQJ LV DOVR D QDWXUDO PHGLXP IRU H[SUHVVLQJ

PDQ\ V\PEROLF UHDVRQLQJ WDVNV�

/RJLF SURJUDPPLQJ EULQJV D GLIIHUHQW VHW RI EHQHILWV �DQG GUDZ�

EDFNV� WR D SURJUDPPHU¶V WRROER[� LQ FRPSDULVRQ WR WKH REMHFW�

RULHQWHG SDUDGLJP� 1HYHUWKHOHVV� PRVW SURJUDPPHUV XQGHU�

VWDQGDEO\ GR QRW ZLVK WR ZULWH WKH PDMRULW\ RI WKHLU FRGH LQ D ORJLF

SURJUDPPLQJ ODQJXDJH� &DQ ORJLF SURJUDPPLQJ LQVWHDG EH

EURXJKW LQWR WKH SURJUDPPHU¶V FXUUHQW ODQJXDJH DQG HQYLURQPHQW�

DV DQRWKHU WRRO WR XVH ZKHQ DSSURSULDWH"

7KLV SDSHU SUHVHQWV WKH FRUH RI DQ DSSURDFK WR LPSOHPHQWLQJ ORJLF

SURJUDPPLQJ IHDWXUHV LQ &��� 7KLV DSSURDFK GRHV QRW LQYROYH

VLPSO\ LQWHJUDWLQJ &�� ZLWK D VHSDUDWH RU VXERUGLQDWH 3URORJ UXQ�

WLPH RU SURYLGLQJ D &�� LPSOHPHQWDWLRQ RI D ³PLQL LQWHUSUHWHU´

IRU ORJLF UXOHV� ,QVWHDG� LW SURSRVHV D QDWXUDO HPEHGGLQJ RI ORJLF�

VW\OH FRPSXWDWLRQ LQ D OLEUDU\ RI FODVVHV WKDW FDQ EH XVHG IRU ORJLF

SURJUDPPLQJ WDVNV LQ &��� 1R ODQJXDJH PRGLILFDWLRQV RU FRP�

SLOHU H[WHQVLRQV DUH UHTXLUHG WR VXSSRUW WKH OLEUDU\� 6XFK D OLEUDU\

SURYLGHV WKH SURJUDPPHU ZLWK WKH FKRLFH RI XVLQJ D ORJLF SUR�

JUDPPLQJ DSSURDFK ZKHQ LW LV WKH PRVW VXLWDEOH WHFKQLTXH IRU D

JLYHQ VXESUREOHP� ZKLOH QDWXUDOO\ LQWHJUDWLQJ VXFK D VROXWLRQ ZLWK

RWKHU REMHFW�RULHQWHG FRGH LQ WKH FRQWH[W RI D ODUJHU DSSOLFDWLRQ�

6HFWLRQ � SURYLGHV VRPH JHQHUDO EDFNJURXQG RQ LQWHJUDWLQJ ORJLF

SURJUDPPLQJ ZLWKLQ RWKHU SURJUDPPLQJ SDUDGLJPV DQG RXWOLQHV

WKH VROXWLRQ DSSURDFK XVHG KHUH� 6HFWLRQ � SUHVHQWV WKH FHQWUDO

FODVVHV WKDW VXSSRUW WKH DSSURDFK� 6HFWLRQ � LOOXVWUDWHV KRZ WKH

DSSURDFK LV XVHG ZLWK D YHU\ VLPSOH H[DPSOH� ZKLOH 6HFWLRQ �

GLVFXVVHV VRPH RI WKH FRQYHQLHQFH IHDWXUHV DQG DGG�RQV WKDW DUH

SRVVLEOH� /LPLWDWLRQV RI WKH FXUUHQW LPSOHPHQWDWLRQ DUH SUHVHQWHG

LQ 6HFWLRQ �� 6HFWLRQ � EULHIO\ RXWOLQHV UHODWHG ZRUN�

��� 72:$5'�$�62/87,21�
,QWHJUDWLQJ PXOWLSOH SURJUDPPLQJ SDUDGLJPV ZLWKLQ RQH SUR�

JUDPPLQJ ODQJXDJH SURYLGHV VHYHUDO EHQHILWV� %XGG GHVFULEHV WKH

UHDVRQV WKLV ZD\ >�@�

3HUPLVVLRQ WR PDNH GLJLWDO RU KDUG FRSLHV RI DOO RU SDUW RI WKLV ZRUN IRU

SHUVRQDO RU FODVVURRP XVH LV JUDQWHG ZLWKRXW IHH SURYLGHG WKDW FRSLHV DUH

QRW PDGH RU GLVWULEXWHG IRU SURILW RU FRPPHUFLDO DGYDQWDJH DQG WKDW

FRSLHV EHDU WKLV QRWLFH DQG WKH IXOO FLWDWLRQ RQ WKH ILUVW SDJH� 7R FRS\

RWKHUZLVH� RU UHSXEOLVK� WR SRVW RQ VHUYHUV RU WR UHGLVWULEXWH WR OLVWV�

UHTXLUHV SULRU VSHFLILF SHUPLVVLRQ DQG�RU D IHH�

2236/$ ¶��� 1RYHPEHU ���� ����� 6HDWWOH� :DVKLQJWRQ� 86$�

&RS\ULJKW ���� $&0 ���������������������«������
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'LIIHUHQW SDUDGLJPV DULVH EHFDXVH SUREOHPV LQ GLVSDUDWH

DUHDV UHTXLUH GLYHUVH DSSURDFKHV WR VROXWLRQ� DQG HYHQ LQ

D VLQJOH DUHD FRQWUDVWLQJ WHFKQLTXHV DUH RIWHQ DGYDQWD�

JHRXV�

)LUVW DQG IRUHPRVW� LW DOORZV WKH SURJUDPPHU WR FKRRVH WKH ³PRVW

DSSURSULDWH WRRO IRU WKH MRE�´ PL[LQJ SDUDGLJPV RU VROXWLRQ VWUDWH�

JLHV DV KH RU VKH VHHV ILWV� 6HFRQG� IURP DQ HGXFDWLRQDO SRLQW RI

YLHZ� RQH ODQJXDJH RIIHULQJ PXOWLSOH SDUDGLJPV PD\ SURYLGH D

EHWWHU WHDFKLQJ WRRO WKDQ WKH WUDGLWLRQDO DSSURDFK RI VZLWFKLQJ

DPRQJ VHYHUDO ODQJXDJHV WR LQWURGXFH VWXGHQWV WR QHZ SDUDGLJPV

>�@� 6WXGHQWV PD\ EH DEOH WR IRFXV PRUH RI WKHLU HQHUJ\ RQ OHDUQ�

LQJ WKH FRQFHSWV EHKLQG GLIIHUHQW SDUDGLJPV UDWKHU WKDQ EHLQJ

GLVWUDFWHG E\ VXSHUILFLDO V\QWDFWLF GLIIHUHQFHV� H[HFXWLRQ HQYLURQ�

PHQWV� FRPSLODWLRQ WRROV� RU HUURU PHVVDJHV�

%HFDXVH RI WKHVH EHQHILWV� LQWHJUDWLQJ ORJLF SURJUDPPLQJ LQWR

&�� KDV QRWDEOH SRWHQWLDO� 7KH VWUDWHJ\ UHSRUWHG KHUH DOVR EULQJV

IXQFWLRQDO SURJUDPPLQJ LQWR WKH PL[� OD\LQJ WKH IRXQGDWLRQ IRU

PXOWLSOH SDUDGLJPV ZLWKLQ &�� ZLWKRXW UHTXLULQJ DQ\ FKDQJHV WR

WKH ODQJXDJH�

���� $�&RQWLQXDWLRQ�3DVVLQJ�$SSURDFK�
0DQ\ SHRSOH ZKR KDYH VWXGLHG 3URORJ DUH IDPLOLDU ZLWK LWV LP�

SOHPHQWDWLRQ LQ WHUPV RI :DUUHQ¶V $EVWUDFW 0DFKLQH �:$0� >�@�

,PSOHPHQWLQJ :$0 LQ &�� ZRXOG OHDG WRZDUG DQ LPSOHPHQWD�

WLRQ WKDW KDG WKH IODYRU RI D ³3URORJ LQWHUSUHWHU ZLWKLQ &���´

,QVWHDG� WKH LPSOHPHQWDWLRQ DSSURDFK SURSRVHG KHUH LV EDVHG RQ

WKH IXQFWLRQDO SURJUDPPLQJ FRQFHSW RI FRQWLQXDWLRQ SDVVLQJ�

6LPSO\ SXW� D FRQWLQXDWLRQ LV D IXQFWLRQ WKDW HPERGLHV ZKDW WR GR

DIWHU WKH FXUUHQW DFWLRQ LV FRPSOHWHG� $ FRQWLQXDWLRQ FDQ EH

WKRXJKW RI DV WKH ³IXWXUH DFWLRQV´ WKDW ZLOO WDNH SODFH DIWHU WKH

FXUUHQW VWHS LQ D SURJUDP� $ FRPPRQ IXQFWLRQDO SURJUDPPLQJ

VWUDWHJ\ LV WR XVH FRQWLQXDWLRQ�SDVVLQJ VW\OH� D IXQFWLRQ WDNHV D

FRQWLQXDWLRQ DV D SDUDPHWHU WKDW FDQ EH H[SOLFLWO\ PDQLSXODWHG�

7KLV JLYHV WKH IXQFWLRQ ³FRQWURO´ RYHU KRZ WKH IXWXUH DFWLRQV DUH

LQYRNHG� DQG DOORZV RQH WR EXLOG XS DQG PDQDJH VHYHUDO SRVVLEOH

IXWXUHV WKDW FDQ EH VHOHFWLYHO\ IROORZHG� 7KLV DOORZV YLUWXDOO\ DQ\

SRVVLEOH FRQWURO IORZ SDWWHUQ WR EH HVWDEOLVKHG� DQG LV D FRPPRQ

DSSURDFK WR SURYLGLQJ WUDGLWLRQDOO\ LPSHUDWLYH FRQFHSWV �H[FHS�

WLRQ KDQGOLQJ� VKRUW FLUFXLW HYDOXDWLRQ� DEQRUPDO WHUPLQDWLRQ� HWF��

ZLWKLQ D SXUHO\ IXQFWLRQDO IUDPHZRUN�

&RQWLQXDWLRQV FDQ EH XVHG WR LPSOHPHQW ORJLF SURJUDPPLQJ >��

�@� :KLOH WKH DSSURDFK LV ZHOO SURYHQ� LW GRHV UHTXLUH ILUVW�FODVV

VXSSRUW IRU IXQFWLRQDO SURJUDPPLQJ LQ RUGHU WR ZRUN ZHOO�

���� 7KH�)&���/LEUDU\�
6ROLG VXSSRUW IRU IXQFWLRQDO SURJUDPPLQJ ZLWKLQ &�� LV D QHFHV�

VDU\ SUHFRQGLWLRQ IRU WKH FRQWLQXDWLRQ�SDVVLQJ DSSURDFK XVHG

KHUH� )RUWXQDWHO\� RWKHU UHVHDUFKHUV KDYH H[SORUHG ZD\V WR VXS�

SRUW IXQFWLRQDO SURJUDPPLQJ LQ &��� 2QH RI WKH PRVW SRZHUIXO

OLEUDULHV LQ WKLV DUHQD LV WKH )&�� /LEUDU\ GHYHORSHG E\ 0F1D�

PDUD DQG 6PDUDJGDNLV >�� ��@� :KLOH WKH &�� 6WDQGDUG 7HPSODWH

/LEUDU\ SURYLGHV VRPH OLPLWHG VXSSRUW IRU IXQFWLRQDO SURJUDP�

PLQJ� )&�� SURYLGHV IXOO VXSSRUW IRU ILUVW FODVV� KLJKHU RUGHU

IXQFWLRQV� LQFOXGLQJ SDUDPHWULF SRO\PRUSKLVP LQ WKH VW\OH RI

6WDQGDUG 0/ RU +DVNHOO� LQ D ZD\ WKDW LV FOHDQO\ LQWHJUDWHG ZLWK

WKH ODQJXDJH¶V W\SH V\VWHP� 'HWDLOV RQ WKH GLIIHUHQFHV EHWZHHQ

)&�� DQG RWKHU DSSURDFKHV WR IXQFWLRQDO SURJUDPPLQJ LQ &��

DUH GLVFXVVHG HOVHZKHUH >�@�

,Q )&��� ³IXQFWLRQV´ DUH UHSUHVHQWHG E\ REMHFWV WKDW SURYLGH DQ

DSSURSULDWH LPSOHPHQWDWLRQ RI WKH IXQFWLRQ DSSOLFDWLRQ RSHUDWRU�

operator() � 6XFK DQ REMHFW LV FDOOHG D IXQFWRLG LQ )&���

$Q\ FODVV WKDW SURYLGHV DQ DSSURSULDWH GHILQLWLRQ IRU opera-
tor() WRJHWKHU ZLWK WKH QHFHVVDU\ W\SH VLJQDWXUH LQIRUPDWLRQ LV

FDOOHG D GLUHFW IXQFWRLG�

1RWH WKDW GLIIHUHQW IXQFWRLGV WKDW SURYLGH operator() GHILQL�

WLRQV ZLWK WKH VDPH VLJQDWXUH QHHG QRW LQKHULW IURP WKH VDPH EDVH

FODVV� 7KLV LQWURGXFHV D FKDOOHQJH ZKHQ RQH ZDQWV WR FUHDWH D

YDULDEOH WKDW FDQ UDQJH RYHU DOO IXQFWRLGV ZLWK WKH VDPH VLJQDWXUH�

)&�� SURYLGHV D FODVV WHPSODWH IRU FUHDWLQJ LQGLUHFW IXQFWRLGV WR

VROYH WKLV SUREOHP� $Q LQGLUHFW IXQFWRLG LV D FOHYHU ZUDSSHU VLPL�

ODU LQ LPSOHPHQWDWLRQ WR D VPDUW SRLQWHU� ,Q HIIHFW� LW FRQWDLQV D

UHIHUHQFH WR D GLUHFW IXQFWRLG� DQG FDQ EH XVHG WR FUHDWH YDULDEOHV

ZKRVH YDOXHV FDQ UDQJH RYHU DOO �PRQRPRUSKLF� IXQFWRLGV ZLWK

WKH VDPH VLJQDWXUH� 7KH H[WUD OHYHO RI LQGLUHFWLRQ DOORZV G\QDPLF

ELQGLQJ WR VHOHFW WKH FRUUHFW LPSOHPHQWDWLRQ RI operator()
EDVHG RQ WKH DFWXDO W\SH RI WKH GLUHFW IXQFWRLG KHOG LQVLGH�

��� 7+(�&25(�/2*,&�,03/(0(17$7,21�
7KH FHQWUDO FODVV LQ WKH ORJLF LPSOHPHQWDWLRQ LV FDOOHG D

Logic_Relation � )URP D IXQFWLRQDO SURJUDPPLQJ SRLQW RI

YLHZ� RQH FDQ WKLQN RI D Logic_Relation DV D ERROHDQ SUHGL�

FDWH WKDW WDNHV RQH SDUDPHWHU� D FRQWLQXDWLRQ UHSUHVHQWLQJ WKH

UHPDLQLQJ ORJLF LQIHUHQFH DFWLRQV WR WDNH� SUHVXPLQJ WKH UHODWLRQ

ZLOO UHWXUQ WUXH�

7KH XVH RI ³UHODWLRQ´ LQ WKH FODVV QDPH FRPHV IURP WKH 3URORJ

YLHZ RI ORJLF UXOHV DV UHODWLRQV� )RU H[DPSOH� RQH PLJKW GHILQH D

3URORJ�VW\OH ORJLF UXOH FDOOHG parent(P, C) � WDNLQJ WZR DUJX�

PHQWV� 6XSSRVH WKH LQWHUSUHWDWLRQ JLYHQ WR WKLV UXOH LV WKDW par-
ent(P, C) LV WUXH LI P LV WKH SDUHQW RI C� $OWHUQDWLYHO\� ZH FDQ

WKLQN RI parent DV D PDWKHPDWLFDO UHODWLRQ EHWZHHQ SDUHQWV DQG

FKLOGUHQ� 7KH JRDO parent(P, C) VXFFHHGV �WKDW LV� UHWXUQV

WUXH� LI WKH SDLU (P, C) LV D PHPEHU RI WKH UHODWLRQ SDUHQW� DQG

IDLOV RWKHUZLVH� )XUWKHU� ORJLF SURJUDPPLQJ DSSURDFKHV DOVR DO�

ORZ RQH WR V\VWHPDWLFDOO\ LWHUDWH RYHU DOO YDOXHV IRU ZKLFK D UHOD�

WLRQ KROGV WUXH�

7KH EDVLF FRQFHSW EHKLQG /RJLFB5HODWLRQ LV VLPSOH�

class  Logic_Relation 
{ 
public : 
  bool operator() ( 
      const Logic_Relation& ) const 
  { 
    // implementation here    
  } 
}; 

+HUH� operator() ZRXOG EH XVHG WR LPSOHPHQW D JLYHQ ORJLF

UXOH� ZKLFK ZRXOG DOVR WDNH DV D SDUDPHWHU D FRQWLQXDWLRQ UHSUH�

VHQWLQJ DQ\ IXWXUH ORJLF UXOHV WR SXUVXH� +RZHYHU� EHFDXVH FXU�

UHQW DQG IXWXUH ORJLF UXOH DFWLYDWLRQV QHHG WR EH VWRUHG DQG PD�

QLSXODWHG LQ EXLOGLQJ QHZ FRQWLQXDWLRQV� WKH /RJLFB5HODWLRQ FODVV

PXVW EH DQ LQGLUHFW IXQFWRLG²EDVLFDOO\� D YDULDEOH WKDW FDQ KROG

DQ\ SRVVLEOH ORJLF UXOH �RU FRPSRVLWLRQ RI UXOHV��
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class  Logic_Relation : public  Fun1< Logic_Relation, bool > 
{ 
public : 
  // A copy constructor for initializing from other Logic_Relations  
  Logic_Relation( const  Logic_Relation& r) : 
    Fun1<Logic_Relation, bool>( ( const  Fun1<Logic_Relation, bool>&) r ) {} 
 
  // Take a specific direct functoid as an initial value  
  template  < class  DF> 
  Logic_Relation( const  DF& df ) : Fun1< Logic_Relation, bool >( df ) {} 
 
  // Take a pointer to a direct functoid as an initial value  
  Logic_Relation( int x, Impl i ) : Fun1< Logic_Relation, bool >( x, i ) {} 
}; 
 
 
// A base class for direct functoids storable in Logic_Relations  
class  Logic_Relation_Operator : public  Fun1Impl< Logic_Relation, bool > 
{}; 

)LJXUH �� ,QGLUHFW DQG GLUHFW IXQFWRLGV IRU UHSUHVHQWLQJ ORJLF UHODWLRQV�

class  Succeed : public  Logic_Relation_Operator 
{ 
public : 
    bool operator ()( const  Logic_Relation& ) const  { return true; } 
} succeed; 
 
class  Fail : public  Logic_Relation_Operator 
{ 
public : 
    bool operator ()( const  Logic_Relation& ) const  { return false; } 
} fail; 

)LJXUH �� )XQFWRLGV IRU succeed DQG fail �

class  Logic_Or : public  Logic_Relation_Operator 
{ 
public : 
    Logic_Or( const  Logic_Relation& left, const  Logic_Relation& right ) : 
        left_relation (left), right_relation (right) {} 
 
    bool operator ()( const  Logic_Relation& future ) const  
    { 
        if  ( left_relation( future ) ) 
            return  true; 
        else 
            return  right_relation( future ); 
    } 
private : 
    Logic_Relation left_relation; 
    Logic_Relation right_relation; 
}; 
 
inline 
Logic_Relation operator  || ( const  Logic_Relation& left, 
                             const  Logic_Relation& right ) 
{ 
    return  Logic_Relation( 0 , new Logic_Or( left, right ) ); 
} 

)LJXUH �� 2U¶LQJ WRJHWKHU ORJLF UHODWLRQV�
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)LJXUH � VKRZV WKH EDVLF GHILQLWLRQ IRU Logic_Relation DV DQ

LQGLUHFW IXQFWRLG� 7KH Fun1 EDVH FODVV LV WKH )&�� WHPSODWH IRU

RQH�DUJXPHQW LQGLUHFW IXQFWRLGV� ,WV SDUDPHWHUV VSHFLI\ WKH W\SH

VLJQDWXUH RI WKH IXQFWRLG� LQ WKLV FDVH� LW WDNHV RQH

Logic_Relation DUJXPHQW DQG UHWXUQV D bool UHVXOW�

/RJLFB5HODWLRQ LQKHULWV LWV RSHUDWRU�� IURP WKLV EDVH FODVV� 7KH

RQO\ GHILQLWLRQV DGGHG LQ WKH /RJLFB5HODWLRQ FODVV DUH SXEOLF FRQ�

VWUXFWRUV XVHG LQ SURYLGLQJ LQLWLDO YDOXHV IRU Logic_Relation
REMHFWV� 7KHVH FRQVWUXFWRUV VLPSO\ FDOO WKHLU HTXLYDOHQWV LQ WKH

Fun1 EDVH�

)LJXUH � DOVR VKRZV WKH Logic_Relation_Operator FODVV�

ZKLFK LV D EDVH FODVV IRU GLUHFW IXQFWRLGV WKDW FDQ EH VWRUHG LQ

Logic_Relation YDULDEOHV� 7KLQN RI D ORJLF UXOH²RU D

Logic_Relation ²DV EHLQJ D FRPSOH[ ORJLFDO H[SUHVVLRQ

FRPSRVHG RI HOHPHQWDU\ FODXVHV �Logic_Relation_Opera-
tor LQVWDQFHV��

7KH WZR VLPSOHVW ORJLFDO RSHUDWRUV DUH succeed DQG fail �

7KHVH RSHUDWRUV DUH VKRZQ LQ )LJXUH �� 7KH succeed IXQFWRLG

LJQRUHV DQ\ FRQWLQXDWLRQ SDVVHG WR LW DQG UHWXUQV WUXH²D ³VKRUW

FLUFXLW´ VXFFHVV RSHUDWLRQ� 7KH fail IXQFWRLG SURYLGHV WKH GXDO

EHKDYLRU�

���� 6XSSRUWLQJ�/RJLFDO�2U�
)LJXUH � VKRZV WKH FRGH IRU D ³ORJLFDO RU´ RSHUDWRU WKDW FRPELQHV

WZR ORJLF UHODWLRQV� 7KH UHVXOW ZLOO VXFFHHG LI HLWKHU RI WKH WZR

FRPSRQHQW UHODWLRQV VXFFHHGV� ,Q 3URORJ V\QWD[� IRU H[DPSOH� RQH

PLJKW ZULWH�

parent(P, C) :- father(P, C) ; 
                mother(P, C).  

+HUH� 3 LV WKH SDUHQW RI & LI HLWKHU 3 LV WKH IDWKHU RI & RU 3 LV WKH

PRWKHU RI &�

7KH Logic_Or FODVV VXSSRUWV WKLV IRUP RI FRPELQDWLRQ� ,W WDNHV

WZR ORJLF UHODWLRQV DV FRQVWUXFWRU SDUDPHWHUV DQG VWRUHV WKHP LQ

ORFDO GDWD PHPEHUV� /DWHU� ZKHQ WKH IXQFWRLG LV HYDOXDWHG� LW ZLOO

DWWHPSW WKH ILUVW UHODWLRQ IROORZHG E\ WKH JLYHQ FRQWLQXDWLRQ� ,I

WKLV FRPELQDWLRQ IDLOV� LW ZLOO WKHQ DWWHPSW WKH VHFRQG UHODWLRQ

IROORZHG E\ WKH JLYHQ FRQWLQXDWLRQ� ,I ERWK DOWHUQDWLYHV IDLO� WKHQ

WKH FRPELQDWLRQ ZLOO IDLO� )RU QRWDWLRQDO FRQYHQLHQFH� DQG RYHU�

ORDGLQJ RI operator|| WKDW WDNHV WZR ORJLF UHODWLRQV KDV DOVR

EHHQ SURYLGHG�

���� 6XSSRUWLQJ�/RJLFDO�$QG�
)LJXUH � VKRZV WKH FRGH IRU D ³ORJLFDO DQG´ RSHUDWRU WKDW FRP�

ELQHV WZR ORJLF UHODWLRQV� 7KH UHVXOW ZLOO VXFFHHG LI ERWK RI WKH

WZR FRPSRQHQW UHODWLRQV VXFFHHG� ,Q 3URORJ V\QWD[� IRU H[DPSOH�

RQH PLJKW ZULWH�

grandparent(G, C) :- parent(G, P), 
                     parent(P, C).  

+HUH� * LV WKH JUDQGSDUHQW RI & LI WKHUH LV VRPH 3 VXFK WKDW * LV

WKH SDUHQW RI 3 DQG 3 LV WKH SDUHQW RI &�

7KH Logic_And FODVV VXSSRUWV WKLV IRUP RI FRPELQDWLRQ� ,W

WDNHV WZR ORJLF UHODWLRQV DV FRQVWUXFWRU SDUDPHWHUV DQG VWRUHV

WKHP LQ ORFDO GDWD PHPEHUV� /DWHU� ZKHQ WKH IXQFWRLG LV HYDOX�

DWHG� LW ZLOO FUHDWH D QHZ UHODWLRQ FRQVLVWLQJ RI WKH ILUVW UHODWLRQ

IROORZHG E\ WKH VHFRQG� WKHQ LQYRNH WKLV FRPSRVLWLRQ ZLWK WKH

JLYHQ IXWXUH FRQWLQXDWLRQ� )RU QRWDWLRQDO FRQYHQLHQFH� DQG RYHU�

ORDGLQJ RI operator&& WKDW WDNHV WZR ORJLF UHODWLRQV KDV DOVR

EHHQ SURYLGHG�

���� /RJLF�9DULDEOHV�
2QH NH\ DVSHFW RI ORJLF SURJUDPPLQJ LV WKH ZD\ ORJLFDO YDULDEOHV

DUH PDQDJHG� /RJLF YDULDEOHV SOD\ D UROH VLPLODU WR IUHH YDULDEOHV

LQ PDWKHPDWLFDO IRUPXODV� 7KH\ W\SLFDOO\ VWDUW RXW EHLQJ XQ�

ERXQG� WKDW LV� QRW DVVRFLDWHG ZLWK DQ\ VSHFLILF YDOXH� $V DSSOLFD�

WLRQ RI ORJLF UXOHV SURFHHGV� VXFK D YDULDEOH PD\ EH FRQVWUDLQHG WR

D VSHFLILF YDOXH� )URP WKLV SRLQW RQZDUG� WKH YDULDEOH GRHV KDYH D

YDOXH� ,I DW WKLV SRLQW VRPH ORJLF UHODWLRQ IDLOV� WKH FRPSXWDWLRQ

EDFNWUDFNV WR DQ HDUOLHU SRLQW ZKHUH DQ DOWHUQDWLYH LV DYDLODEOH �D

³FKRLFH SRLQW´ LQWURGXFHG E\ D ORJLFDO RU FRPELQDWLRQ� DQG DW�

WHPSWV WR SURFHHG DORQJ DQ DOWHUQDWH SDWK� $Q\ YDULDEOH ELQGLQJV

WKDW ZHUH PDGH DV SDUW RI WKH IDLOHG SDWK DUH UHYHUVHG RU ³XQGRQH�´

FDXVLQJ WKH FRUUHVSRQGLQJ YDULDEOHV WR UHYHUW EDFN WR DQ XQERXQG

VWDWH EHIRUH VZLWFKLQJ WR WKH DOWHUQDWH SDWK�

7KH QRWLRQ RI XQLILFDWLRQ DQG WKH DELOLW\ WR ELQG YDULDEOHV DQG

ODWHU FDQFHO ELQGLQJV WKURXJK EDFNWUDFNLQJ LV EXLOW LQWR 3URORJ� ,Q

&��� KRZHYHU� ORJLF YDULDEOHV PXVW EH LPSOHPHQWHG IURP WKH

JURXQG XS� 6XSSRUW IRU ORJLF YDULDEOHV LQ WKLV DSSURDFK LV SUR�

YLGHG WKURXJK D Logic_Variable WHPSODWH� 7KLV WHPSODWH

GHVLJQ LV EDVHG RQ D VPDUW SRLQWHU GHVLJQ GHYHORSHG E\ %DWRY >�@�

7KH Logic_Variable WHPSODWH FDQ EH WKRXJKW RI DV D ³VPDUW

UHIHUHQFH´ WKDW FDQ EH G\QDPLFDOO\ ERXQG WR D VSHFLILF YDOXH� DQG

WKDW DOVR VXSSRUWV ³FDQFHOODWLRQ´ RU UHPRYDO RI VXFK D ELQGLQJ DW D

ODWHU WLPH� 7R VXSSRUW SURSHU XQLILFDWLRQ VHPDQWLFV� ORJLF YDUL�

DEOHV DUH LQWHUQDOO\ UHSUHVHQWHG DV D VLQJO\ OLQNHG FKDLQ RI UHIHU�

HQFHV� SRVVLEO\ ZLWK D YDOXH DW WKH HQG� 7ZR XQERXQG YDULDEOHV

FDQ WKXV EH WLHG WRJHWKHU� VR WKDW ZKHQ RQH SLFNV XS D YDOXH ODWHU�

WKH\ ERWK UHIHU WR WKH VDPH REMHFW�

%DVHG RQ %DWRY¶V GHVLJQ� WKH Logic_Variable WHPSODWH FRQ�

WDLQV DQ HODERUDWH VHULHV RI WHPSODWH FRQVWUXFWRUV� FRS\ FRQVWUXF�

WRUV� DVVLJQPHQW RSHUDWRUV� DQG FDVW RSHUDWLRQV WKDW DOORZ D

Logic_Variable<T> WR FRQWDLQ D UHIHUHQFH WR DQ DFWXDO YDOXH

RI DQ\ VXEFODVV RI T ZKLOH VWLOO EHKDYLQJ SURSHUO\� )XUWKHU� D

ORJLF YDULDEOH FRQWDLQLQJ D YDOXH RI W\SH T FDQ EH XVHG DQ\ SODFH

ZKHUH D T REMHFW LV H[SHFWHG� DOORZLQJ VHDPOHVV LQWHJUDWLRQ RI

ORJLF YDULDEOHV LQWR UHJXODU &�� FRGH�

)LJXUH � RXWOLQHV WKH VDOLHQW FOLHQW�YLVLEOH IHDWXUHV RI WKH

/RJLFB9DULDEOH WHPSODWH� $OWKRXJK WKH IXOO GHWDLOV RI WKH WHP�

SODWH¶V LPSOHPHQWDWLRQ DUH EH\RQG WKH VFRSH RI WKLV DUWLFOH� FRP�

SOHWH VRXUFH FRGH LV DYDLODEOH IURP WKH DXWKRU�

���� 8QLILFDWLRQ�
$ ORJLF YDULDEOH WKDW LV GHFODUHG ZLWKRXW DQ LQLWLDO YDOXH LV XQ�

ERXQG� $WWHPSWV WR DFFHVV WKH YDOXH DVVRFLDWHG ZLWK DQ XQERXQG

ORJLF YDULDEOH UDLVHV DQ H[FHSWLRQ� /DWHU� DQ XQERXQG ORJLF YDUL�

DEOH FDQ EH ERXQG �FRQGLWLRQDOO\� WR D VSHFLILF YDOXH� $ ORJLF

YDULDEOH¶V unify() RSHUDWLRQ VXSSRUWV WKLV ELQGLQJ�

,Q EULHI� XQLILFDWLRQ LQ D ORJLF SURJUDPPLQJ ODQJXDJH LV GULYHQ E\

D ORJLFDO RSHUDWRU WKDW VXFFHHGV LI WZR JLYHQ LWHPV ³PDWFK�´ ,I WKH

LWHPV EHLQJ PDWFKHG LQYROYH ORJLF YDULDEOHV� WKHVH YDULDEOHV DUH

ERXQG WR WKH PLQLPXP H[WHQW QHFHVVDU\ WR VXSSRUW D SRVLWLYH

PDWFK� )RU XQLILFDWLRQ H[SUHVVLRQV LQYROYLQJ VLPSOH ORJLF YDUL�

DEOHV� WKH SURFHVV LV VLPSOH� ,I ERWK YDULDEOHV KDYH SUHYLRXVO\

EHHQ ERXQG WR YDOXHV� WKH YDULDEOHV PDWFK LI WKHLU YDOXHV DUH HTXDO�

$OWHUQDWLYHO\� LI RQH RI WKH YDULDEOHV LV XQERXQG� WKHQ LW FDQ EH

ERXQG �RU WLHG� WR WKH RWKHU E\ OLQNLQJ WKHLU UHIHUHQFH FKDLQV� ,I

ERWK YDULDEOHV DUH XQERXQG� WKH\ EHFRPH WLHG WRJHWKHU� HYHQ

WKRXJK QHLWKHU KDV \HW DFTXLUHG D VSHFLILF� FRQFUHWH YDOXH�
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class  Logic_And : public  Logic_Relation_Operator 
{ 
public : 
    Logic_And( const  Logic_Relation& left, const  Logic_Relation& right ) : 
        left_relation( left ), right_relation( right ) {} 
 
    bool operator ()( const  Logic_Relation& future ) const  
    { 
        Logic_Relation composite ( 
                Compose_Continuations( right_relation, future ) 
            ); 
    } 
private : 
    Logic_Relation left_relation; 
    Logic_Relation right_relation; 
 
    class  Compose_Continuations : public  Logic_Relation_Operator 
    { 
    private : 
        const  Logic_Relation& future1; 
        const  Logic_Relation& future2; 
    public : 
        Compose_Continuations( const  Logic_Relation& f1, 
                               const  Logic_Relation& f2 ) : 
            future1(f1), future2(f2) {} 
 
        bool operator ()( const  Logic_Relation& ) const  
        { return  future1( future2 ); } 
    }; 
}; 
 
inline 
Logic_Relation operator  && ( const  Logic_Relation& left, 
                             const  Logic_Relation& right ) 
{ 
    return  Logic_Relation(0, new Logic_And( left, right ) ); 
} 

)LJXUH �� $QG¶LQJ WRJHWKHU ORJLF UHODWLRQV�
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template  < class  Data > 
class  Logic_Variable 
{ 
public : 
    explicit  Logic_Variable(); 
    Logic_Variable( const  Data& item ); 
    Logic_Variable( const  Logic_Variable<Data>& ref ); 
    template  < class  Other > 
    Logic_Variable( const  Logic_Variable<Other>& ref ); 
    // template constructor to initialize Data via a one-arg ctor  
    template  < class  Arg1 > 
    Logic_Variable( const Arg1& arg1 ); 
    // multi-arg and non-const versions are provided as well ...  
 
    operator  Data& () const ; 
 
    bool is_bound() const ; 
 
    class  Binding { /* ... */ }; 
 
    void  Unify( Logic_Variable<Data> rhs, Binding& b, bool& result ); 
    template  < class  Other > 
    void  Unify( Logic_Variable<Other>& rhs, Binding& b, bool& result ); 
    static void  Cancel_Binding( Binding b ); 
 
    Logic_Variable< Data >& operator = ( const  Logic_Variable<Data>& src ); 
    template  < class  Other > 
    Logic_Variable<Data>& operator=( const  Logic_Variable<Other>& src ); 
 
    template  < class  Other > 
    Logic_Variable<Other>& cast(); 
 
    // other details elided ...  
}; 

)LJXUH �� 7KH Logic_Variable<T> FODVV WHPSODWH�
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template  < class  T> 
class  Unify : public  Logic_Relation_Operator 
{ 
public : 
    Unify( const  Logic_Variable<T>& left_obj, 
           const  Logic_Variable<T>& right_obj ) : 
        left( left_obj ), right( right_obj ) {} 
 
    bool operator ()( const  Logic_Relation& future ) const  
    { 
        typename  Logic_Variable<T>::Binding binding; 
        bool result; 
        Logic_Variable<T> l( left  ); 
        Logic_Variable<T> r( right ); 
 
        l.Unify( r, binding, result ); 
        if  ( result && future( succeed ) ) 
        { 
            return  true; 
        } 
        else 
        { 
            l.Cancel_Binding( binding ); 
            return false; 
        } 
    } 
private : 
    Logic_Variable<T> left; 
    Logic_Variable<T> right; 
}; 
 
template  < class  T> 
Logic_Relation operator  |= ( const  Logic_Variable<T>& left, 
                             const  Logic_Variable<T>& right ) 
{ 
    return  Logic_Relation( 0, new Unify<T>( left, right ) ); 
} 
 
template  < class  T1, class  T2> 
Logic_Relation operator  |= ( const  Logic_Variable<T1>& left, 
                             const  T2& right ) 
{ 
    return  Logic_Relation( 
            0, 
            new Unify<T1>( left, Logic_Variable<T1>( right ) ) 
        ); 
} 

)LJXUH �� 8QLI\LQJ ORJLF YDULDEOHV�
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7KH unify() RSHUDWLRQ VXSSRUWHG E\ Logic_Variable UH�

WXUQV WUXH IRU VXFFHVVIXO XQLILFDWLRQ RU PDWFKLQJ� DQG IDOVH IRU D

IDLOHG PDWFK� 6XFFHVVIXO PDWFKHV DOVR SURGXFH D Logic_-
Variable<T>::Binding REMHFW²DQ HQFDSVXODWHG UHSUHVHQ�

WDWLRQ RI ZKLFK LQWHUQDO OLQN� LI DQ\� ZDV PRGLILHG WR PDNH WKH

PDWFK VXFFHHG� 7KLV ELQGLQJ FDQ EH SDVVHG WR WKH ORJLF YDULDEOH¶V

Cancel_Binding() PHWKRG ODWHU WR ³EUHDN´ WKH WLH FUHDWHG E\

XQLILFDWLRQ�

:KLOH Logic_Variable<T>::unify() VXSSRUWV WKH ELQG�

LQJ RI YDULDEOH YDOXHV� LW GRHV QRW GLUHFWO\ VXSSRUW WKH LQFOXVLRQ RI

XQLILFDWLRQ H[SUHVVLRQV ZLWKLQ ORJLFDO UXOHV VLQFH LW LV QRW D ORJLF

UHODWLRQ� )LJXUH � VKRZV D WHPSODWH FODVV IRU XQLILFDWLRQ H[SUHV�

VLRQV� Unify<T> WDNHV WZR ORJLF YDULDEOHV WR XQLI\ DV FRQVWUXF�

WRU SDUDPHWHUV� :KHQ operator() LV DSSOLHG� WKH ORJLF YDUL�

DEOH¶V unify() RSHUDWLRQ LV FDOOHG� 2Q VXFFHVV� WKH ELQGLQJ LV

VDYHG ZKLOH WKH IXWXUH FRQWLQXDWLRQ LV DWWHPSWHG� ,I WKH FRQWLQXD�

WLRQ IDLOV� WKH ELQGLQJ LV XQGRQH EHIRUH UHWXUQLQJ WKH UHVXOW WR WKH

FDOOHU�

)RU QRWDWLRQDO FRQYHQLHQFH LQ ORJLF H[SUHVVLRQV� WKH UDUHO\ XVHG

operator|= KDV EHHQ FR�RSWHG WR PHDQ XQLILFDWLRQ� )LJXUH �

VKRZV D WHPSODWH YHUVLRQ RI WKLV RSHUDWRU WKDW VXSSRUWV FRQFLVH�

QDWXUDO ORJLF UHODWLRQ H[SUHVVLRQV�

���� 8VHU�GHILQHG�5XOHV�
7KH SUHFHGLQJ VXEVHFWLRQV OD\ RXW WKH FRUH SURJUDPPLQJ VXSSRUW

QHHGHG WR LPSOHPHQW ORJLF SURJUDPPLQJ� ,Q PRVW FDVHV� RQFH D

SURJUDPPHU KDV PDVWHUHG WKH OLEUDU\� XVHU FRGH LV ZULWWHQ LQ D

YHU\ GLIIHUHQW IODYRU� 7KLV VHFWLRQ GLVFXVVHV WKH GHILQLWLRQ RI QHZ

ORJLF UXOHV DQG 6HFWLRQ ��� GHVFULEHV KRZ UXOHV DUH DSSOLHG RU

LQYRNHG�

)LJXUH � SUHVHQWV Logic_Rule � ZKLFK VHUYHV DV WKH EDVH FODVV

IRU DOO XVHU�GHILQHG ORJLF UXOHV� 7KLV FODVV SURYLGHV D FRPPRQ

GHILQLWLRQ IRU RSHUDWRU�� WKDW SURYLGHV WKH FRUUHFW FRQWLQXDWLRQ

KDQGOLQJ EHKDYLRU ZKLOH GHOHJDWLQJ WKH UHDO ZRUN RI WKH UXOH WR WKH

SXUH YLUWXDO Rule_Definition() PHWKRG� 7KLV VPDOO DGGL�

WLRQ WR WKH FODVV UHOLHYHV WKH HQG�XVHU IURP KDYLQJ WR FRQWLQXDOO\

WKLQN DERXW SURSHU PDQDJHPHQW RI FRQWLQXDWLRQV� DOORZLQJ RQH WR

XVH ORJLF SURJUDPPLQJ IHDWXUHV ZLWKRXW UHTXLULQJ D GHHS XQGHU�

VWDQGLQJ RI WKH XQGHUO\LQJ LPSOHPHQWDWLRQ WHFKQLTXH�

)LJXUH � DOVR VKRZV D VDPSOH ORJLF UXOH GHILQLWLRQ IRU D Parent
UHODWLRQVKLS� (DFK ORJLF UXOH GHILQLWLRQ IROORZV WKH EDVLF SDWWHUQ

RI WKLV H[DPSOH� DQG LV GLYLGHG LQWR WKUHH PDLQ VHFWLRQV� )LUVW�

ORFDO GDWD PHPEHUV WR KROG UXOH SDUDPHWHUV DUH GHFODUHG� 6HFRQG�

WKH FRQVWUXFWRU IRU WKH UXOH VLPSO\ LQLWLDOL]HV WKHVH GDWD PHPEHUV�

³VDYLQJ DZD\´ WKH ORJLF YDULDEOHV WKDW ZLOO EH RSHUDWHG RQ IRU ODWHU

DFFHVV� 7KLUG� WKH UXOH GHILQLWLRQ LWVHOI DSSHDUV� 7KH GHILQLWLRQ IRU

Parent VKRZQ KHUH SUHVXPHV WKDW UXOHV IRU Mother DQG Fa-
ther KDYH DOUHDG\ EHHQ GHILQHG�

���� ,VVXLQJ�*RDOV�
([HFXWLQJ� RU DSSO\LQJ� D ORJLF UXOH FRUUHVSRQGV ZLWK LVVXLQJ D

JRDO LQ D ORJLF SURJUDPPLQJ ODQJXDJH� ,Q &��� WKLV FRQVLVWV RI D

WZR�VWHS SURFHVV� )LUVW� RQH PXVW VWDWH WKH JRDO� ZKLFK WDNHV WKH

IRUP RI DQ H[SUHVVLRQ FRPSRVHG IURP ORJLF UHODWLRQV DQG ORJLF

UHODWLRQ RSHUDWRUV� ,Q )LJXUH �� IRU H[DPSOH� Parent::-
Rule_Definition FRQWDLQV D JRDO H[SUHVVLRQ�

class  Logic_Rule : public  Logic_Relation_Operator 
{ 
public : 
    virtual  Logic_Relation Rule_Definition() = 0; 
    bool operator () ( const  Logic_Relation& future ) const  
    { 
        return  Rule_Definition()( future ); 
    } 
}; 
 
class  Parent : public  Logic_Rule 
{ 
private : 
    // Declare a place to store rule parameters here  
    Logic_Variable<string> parent; 
    Logic_Variable<string> child; 
 
public : 
    // The constructor simply saves away the parameters for later use  
    Parent( const  Logic_Variable<string>& the_parent, 
            const  Logic_Variable<string>& the_child ) : 
        parent( the_parent ), child ( the_child  ) {} 
 
    // This is the real definition of the logic rule  
    Logic_Relation Rule_Definition() 
    { 
        return      Mother( parent, child ) 
                || Father( parent, child ); 
    } 
}; 

)LJXUH �� 8VHU�GHILQHG ORJLF UXOHV�
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   Mother( parent, child ) 
|| Father( parent, child ) 

,Q WKH FRQWH[W RI WKH Parent UXOH� WKLV H[SUHVVLRQ UHSUHVHQWV WKH

³VXEJRDO´ WR VROYH LQ RUGHU WR GHWHUPLQH ZKHWKHU RU QRW WKH Par-
ent UXOH VKRXOG VXFFHHG� 7KLV H[SUHVVLRQ LQYROYHV WZR FRQVWUXF�

WRU DSSOLFDWLRQV� HDFK RI ZKLFK FUHDWHV D QHZ Logic_Rule RE�

MHFW� 7KHVH REMHFWV DUH WKHQ FRPELQHG LQWR D QHZ Logic_Or
REMHFW� 7KLV H[SUHVVLRQ GRHV QRW FDXVH DQ\ JRDO�GLUHFWHG FRPSX�

WDWLRQ WR EH FDUULHG RXW� KRZHYHU²LQVWHDG LW VLPSO\ FRQVWUXFWV D

FRPSRVLWH ORJLF UHODWLRQ UHSUHVHQWLQJ WKH GHVLUHG JRDO�

6HFRQG� RQFH VXFK D ORJLF UHODWLRQ REMHFW LV FRQVWUXFWHG� LW FDQ EH

HYDOXDWHG� ,Q WKLV FRQWH[W� HYDOXDWLRQ PHDQV LQYRNLQJ WKH UHOD�

WLRQ¶V operator() � ZKLFK UHTXLUHV D FRQWLQXDWLRQ DV DQ DUJX�

PHQW� ,Q PRVW FDVHV� WR GHWHUPLQH LI D ORJLF UHODWLRQ LV VDWLVILDEOH�

RQH FDQ VLPSO\ DSSO\ LW WR WKH SUHGHILQHG ORJLF UHODWLRQ succeed �

   Parent( P, C )( succeed ) 
7KLV H[SUHVVLRQ ZLOO UHWXUQ D %RROHDQ YDOXH� WUXH LI 3 DQG & DUH LQ

WKH UHODWLRQ� DQG IDOVH RWKHUZLVH� ,I HLWKHU 3 RU & LV DQ XQERXQG

ORJLF YDULDEOH� WKH\ ZLOO EH XQLILHG WR WKH H[WHQW QHFHVVDU\ WR VDW�

LVI\ WKH ORJLF UHODWLRQ� 7KH QHZO\ ERXQG YDOXH�V� RI WKH YDULDEOHV

ZLOO EH YLVLEOH DIWHU WKLV UHODWLRQ DSSOLFDWLRQ�

if  ( Mother( parent, child )( succeed ) ) 
{ 
    cout << parent 
         << " is the mother of " 
         << child << endl; 
} 

��� $�6,03/(�(;$03/(�
7KH XVHU�GHILQHG ORJLF UXOHV LQ )LJXUHV � DQG � DUH EDVHG RQ D

FODVVLF 3URORJ H[DPSOH IURP &ORFNVLQ DQG 0HOOLVK >�@� 7KH\

GHILQH VRPH EDVLF JHQHDORJLFDO UXOHV� VXSSRUWHG E\ VRPH HOHPHQ�

WDU\ IDFWV DERXW 4XHHQ 9LFWRULD DQG D IHZ RI KHU PDQ\ GHVFHQ�

GDQWV� )LUVW� WKH Male DQG Female UHODWLRQVKLSV GHILQH WKH

FKDUDFWHUV LQ WKLV H[DPSOH²WKH XQLYHUVH RI GLVFRXUVH IRU WKH SXU�

SRVHV RI WKH UXOHV VKRZQ� 1H[W� D VHULHV RI UXOHV GHILQLQJ IDPLOLDO

UHODWLRQVKLSV DSSHDU�

7KH H[DPSOH UXOHV DUH VHOI�H[SODQDWRU\ DQG JLYH D IODYRU RI KRZ

ORJLF SURJUDPPLQJ LQ &�� XVLQJ WKLV IUDPHZRUN FDQ EH FDUULHG

RXW� 7KH Sibling � Aunt � DQG Ancestor UXOHV VKRZ KRZ RQH

FDQ LQWURGXFH ORFDO YDULDEOHV ZLWKLQ D UXOH¶V GHILQLWLRQ WR JLYH

QDPHV WR ORFDO YDOXHV� )XUWKHU� WKH Ancestor UXOH W\SLILHV WKH

ZD\ UHFXUVLYH ORJLF LQIHUHQFHV DUH ZULWWHQ�

��� $'',7,21$/�)($785(6�
:KLOH 6HFWLRQV � DQG � SURYLGH WKH EDVLF IRXQGDWLRQ IRU ORJLF

SURJUDPPLQJ LQ &��� WKHUH DUH D QXPEHU RI VLPSOH H[WHQVLRQV DQG

DGGLWLRQV WKDW HQKDQFH WKH XVDELOLW\ RI WKH DSSURDFK� )LUVW� LW LV

HDV\ WR SURYLGH D ZLGHU YDULHW\ RI PRUH QDWXUDO DSSURDFKHV WR

H[HFXWLQJ JRDOV� )LJXUH �� VKRZV D PL[LQ FODVV WKDW FDQ EH DGGHG

DV DQRWKHU VXSHUFODVV RI ERWK Logic_Relation DQG

Logic_Rule � 7KLV XWLOLW\ FODVV SURYLGHV DQ operator 
bool() LPSOHPHQWDWLRQ WKDW IRUFHV HYDOXDWLRQ RI D ORJLF UXOH� ,W

DOVR SURYLGHV for_first() � repeat_until() � DQG

for_all() � 7KHVH WHPSODWH PHWKRGV WDNH D XVHU�SURYLGHG IXQF�

WRLG DV D SDUDPHWHU� ,Q WKH FDVH RI for_first() DQG

for_all() � WKLV IXQFWRLG UHSUHVHQWV VRPH XVHU�GHILQHG DFWLRQ WR

SHUIRUP RQ VXFFHVVIXO FRPSOHWLRQ RI WKH JLYHQ ORJLF UHODWLRQ� )RU

H[DPSOH� RQH PLJKW SDVV LQ D print_variables IXQFWRLG WR

FDXVH YDULDEOH ELQGLQJV WR EH SULQWHG LI WKH UXOH FRQFOXGHV VXF�

FHVVIXOO\� 7KH for_first() PHWKRG ILQGV WKH ILUVW VHW RI ORJLF

YDULDEOH ELQGLQJV WKDW VDWLVILHV WKH JLYHQ ORJLF UHODWLRQ� 7KH

for_all() PHWKRG V\VWHPDWLFDOO\ HQXPHUDWHV DOO SRVVLEOH VROX�

WLRQV� FDOOLQJ WKH JLYHQ IXQFWRLG RQFH IRU HDFK GLVWLQFW VROXWLRQ

IRXQG�

$V LQGLFDWHG E\ LWV QDPH� WKH repeat_until() PHWKRG HQX�

PHUDWHV VROXWLRQV WR D ORJLF UHODWLRQ XQWLO D JLYHQ FRQGLWLRQ LV

DFKLHYHG� 7KH IXQFWRLG SDVVHG LQWR WKH PHWKRG PXVW UHWXUQ D

%RROHDQ YDOXH� 7KLV IXQFWRLG LV LQYRNHG DIWHU HDFK VROXWLRQ LV

IRXQG� DQG VROXWLRQV FRQWLQXH WR EH HQXPHUDWHG XQWLO WKH IXQFWRLG

UHWXUQV WUXH RU XQWLO QR PRUH VROXWLRQV H[LVW� )RU H[DPSOH�

if  ( ! Ancestor( A, B ).for_all( 
    print_variables( list_with( A, B ) ) ) 
{ 
    cout << "no solutions found" << endl; 
} 

,W LV DOVR SRVVLEOH WR DGG DGGLWLRQDO UHODWLRQDO RSHUDWRUV WKDW FRQ�

WURO WKH HYDOXDWLRQ EHKDYLRU RI ORJLF UHODWLRQ H[SUHVVLRQV� )LJXUH

�� VKRZV repeat_until � ZKLFK LV WKH HTXLYDOHQW RI WKH re-
peat NH\ZRUG LQ 3URORJ� repeat_until WDNHV D ORJLF UHODWLRQ

DV LWV DUJXPHQW DQG SURGXFHV D QHZ ORJLF UHODWLRQ WKDW IRUFHV FRQ�

WLQXDO UHSHWLWLRQ RI WKH LQFRPLQJ ORJLF UHODWLRQ XQWLO WKDW UHODWLRQ

VXFFHHGV� ,W LV RQO\ XVHIXO ZKHQ VRPH SRUWLRQ RI WKH ORJLF UHODWLRQ

LW LV JLYHQ KDV VLGH HIIHFWV� DQG ZKHUH WKDW UHODWLRQ ZLOO HYHQWXDOO\

FKDQJH LWV VXFFHVV FRQGLWLRQV WKURXJK VXFK VLGH HIIHFWV� 7KLV

RSHUDWRU LV DGGHG LQ WZR SDUWV� )LUVW� WKH Logic_-
Repeat_Until FODVV GHILQHV WKH W\SH RI ORJLF UHODWLRQ SURGXFHG

E\ D repeat_until H[SUHVVLRQ� 1H[W� Repeat_Until LV D

IXQFWRLG FODVV WKDW WDNHV D ORJLF UHODWLRQ DQG SURGXFHV D ORJLF UHOD�

WLRQ LV LQWURGXFHG� )LQDOO\� repeat_until LV GHILQHG DV DQ

LQVWDQFH RI WKH Repeat_Until FODVV� VHUYLQJ DV D KLJKHU�RUGHU

ORJLF IXQFWRLG WKDW FDQ EH GLUHFWO\ DSSOLHG LQ H[SUHVVLRQV�

��� ,668(6�)25�)8785(�(;3/25$7,21�
7KH ORJLF SURJUDPPLQJ LPSOHPHQWDWLRQ VWUDWHJ\ SUHVHQWHG KHUH

SURYLGHV D VLPSOH EXW FDSDEOH ORJLF SURJUDPPLQJ IUDPHZRUN LQ

&��� )XUWKHU� EXLOGLQJ ORJLF SURJUDPPLQJ RQ WRS RI WKH )&��

OLEUDU\ SURYLGHV D WUXH PXOWL�SDUDGLJP SURJUDPPLQJ SODWIRUP WKDW

VXSSRUWV LPSHUDWLYH� REMHFW�RULHQWHG� IXQFWLRQDO� DQG ORJLF SUR�

JUDPPLQJ VW\OHV� $W WKH VDPH WLPH� KRZHYHU� WKHUH DUH VHYHUDO

DVSHFWV RI WKH DSSURDFK WKDW GHVHUYH IXUWKHU DWWHQWLRQ�

)LUVW� WKH GLVFXVVLRQ RI XQLILFDWLRQ SUHVHQWHG LQ WKLV SDSHU RQO\

DGGUHVVHV ORJLF YDULDEOHV� )&�� LQFOXGHV D SRZHUIXO� RSWLPL]HG

OLVW DEVWUDFWLRQ WKDW VXSSRUWV OD]\ OLVWV� 7KLV )&�� IDFLOLW\ LV PRG�

HOHG RQ +DVNHOO¶V OD]\ OLVWV� 7R VXSSRUW ORJLF SURJUDPPLQJ PRUH

FRPSOHWHO\� XQLILFDWLRQ QHHGV WR EH H[WHQGHG WR RWKHU VWUXFWXUHV�

LQFOXGLQJ OLVWV� )XUWKHU� D SUDFWLFDO VWUDWHJ\ IRU H[WHQGLQJ XQLILFD�

WLRQ VXSSRUW WR XVHU�GHILQHG REMHFWV LV DOVR HVVHQWLDO�
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class  Male : public  Logic_Rule 
{ 
private : 
    Logic_Variable<string> person; 
public : 
    Male( const  Logic_Variable<string>& the_person ) : 
        person( the_person ) {} 
 
    Logic_Relation Rule_Definition() 
    { 
        return  ( person |= "Albert" ) || ( person |= "Edward" ) || ( person |= "George" ); 
    } 
}; 
 
class  Female : public  Logic_Rule 
{ 
private : 
    Logic_Variable<string> person; 
public : 
    Female( const  Logic_Variable<string>& the_person ) : 
        person( the_person ) {} 
 
    Logic_Relation Rule_Definition() 
    { 
        return  ( person |= "Alice" ) || ( person |= "Mary" ) || ( person |= "Victoria" ); 
    } 
}; 
 
class  Father : public  Logic_Rule 
{ 
private : 
    Logic_Variable<string> father; 
    Logic_Variable<string> child; 
public : 
    Father( const  Logic_Variable<string>& the_father, 
            const  Logic_Variable<string>& the_child ) : 
        father( the_father ), child( the_child  ) {} 
 
    Logic_Relation Rule_Definition() 
    { 
        return    ( ( father |= "Albert" ) && ( child  |= "Edward" ) ) 
               || ( ( father |= "Albert" ) && ( child  |= "Alice"  ) ) 
               || ( ( father |= "Edward" ) && ( child  |= "George" ) ); 
    } 
}; 
 
class  Mother : public  Logic_Rule 
{ 
private : 
    Logic_Variable<string> mother; 
    Logic_Variable<string> child; 
public : 
    Mother( const  Logic_Variable<string>& the_mother, 
            const  Logic_Variable<string>& the_child ) : 
        mother( the_mother ), child( the_child  ) {} 
 
    Logic_Relation Rule_Definition() 
    { 
        return    ( ( mother |= "Victoria" ) && ( child  |= "Edward" ) ) 
               || ( ( mother |= "Victoria" ) && ( child  |= "Alice"  ) ) 
               || ( ( mother |= "Mary"     ) && ( child  |= "George" ) ); 
    } 
}; 

)LJXUH �� *HQHRORJ\ UXOHV DQG 4XHHQ 9LFWRULD�
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class  Sibling : public  Logic_Rule 
{ 
private : 
    Logic_Variable<string> sib1, sib2; 
public : 
    Sibling( const  Logic_Variable<string>& the_sib1, 
             const  Logic_Variable<string>& the_sib2 ) : 
        sib1( the_sib1 ), sib2( the_sib2 ) {} 
 
    Logic_Relation Rule_Definition() 
    { 
        Logic_Variable<string> mother, father; 
        return     Father( father, sib1 ) && Father( father, sib2 ) 
               && different( sib1, sib2 ) 
               && Mother( mother, sib1 ) && Mother( mother, sib2 ); 
    } 
}; 
 
class  Aunt : public  Logic_Rule 
{ 
private : 
    Logic_Variable<string> aunt, nephew; 
public : 
    Aunt( const  Logic_Variable<string>& the_aunt, 
          const  Logic_Variable<string>& the_nephew ) : 
        aunt( the_aunt ), nephew( the_nephew ) {} 
 
    Logic_Relation Rule_Definition() 
    { 
        Logic_Variable<string> parent; 
        return  Female( aunt ) && Sibling( aunt, parent ) && Parent( parent, nephew ); 
    } 
}; 
 
class  Grandparent : public  Logic_Rule 
{ 
private : 
    Logic_Variable<string> grandparent, child; 
public : 
    Grandparent( const  Logic_Variable<string>& the_grandparent, 
                 const  Logic_Variable<string>& the_child ) : 
        grandparent( the_grandparent ), child ( the_child ) {} 
 
    Logic_Relation Rule_Definition() 
    { 
        Logic_Variable<string> parent; 
        return  Parent( grandparent, parent ) && Parent( parent, child ); 
    } 
}; 
 
class  Ancestor : public  Logic_Rule 
{ 
private : 
    Logic_Variable<string> ancestor, descendant; 
public : 
    Ancestor( const  Logic_Variable<string>& the_ancestor, 
              const  Logic_Variable<string>& the_descendant ) : 
        ancestor( the_ancestor   ), descendant( the_descendant ) {} 
 
    Logic_Relation Rule_Definition() 
    { 
        Logic_Variable<string> child; // Ancestor's child 
        return     Parent( ancestor, descendant ) 
               || ( Parent( ancestor, child ) && Ancestor( child, descendant ) ); 
    } 
`�

)LJXUH �� $GGLWLRQDO JHQHRORJ\ UXOHV�
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template  < class  LR_Base > 
class  Utilities_Mixin_For 
{ 
public : 
    virtual  bool operator () ( const  LR_Base& ) const  = 0; 
    operator  bool() const             {  return operator ()( succeed );                   } 
 
    template  < class  DF > 
    bool for_first( const  DF& df )    {  return operator ()( For_First_DF< DF >( df ) );  } 
 
    template  < class  DF > 
    bool repeat_until( const  DF& df ) {  return operator ()( Until_DF<DF>( df ) );        } 
 
    template  < class  DF > 
    bool for_all( const  DF& df ) 
    { 
        For_All_DF<DF>* df_wrapped = new For_All_DF<DF>( df ); 
        Logic_Relation df_wrapper( 0, df_wrapped ); 
        operator ()( df_wrapper ); 
        return  df_wrapped->triggered; // df_wrapped is cleaned up when df_wrapper destructs  
    } 
 
private : 
    template  < class  DF > 
    class  For_First_DF : public  Logic_Relation_Operator 
    { 
        const  DF& df; 
    public : 
        For_First_DF( const  DF& the_df ) : df( the_df ) {} 
        bool operator ()( const  Logic_Relation& ) const  {  df();  return  true;  } 
    }; 
 
    template  < class  DF > 
    class  Until_DF : public  Logic_Relation_Operator 
    { 
        const  DF& df; 
    public : 
        Until_DF( const  DF& the_df ) : df( the_df ) {} 
        bool operator ()( const  Logic_Relation& ) const   {  return  df();  } 
    }; 
 
    template  < class  DF > 
    class  For_All_DF : public  Logic_Relation_Operator 
    { 
        const  DF& df; 
    public : 
        bool triggered; 
        For_All_DF( const  DF& the_df ) : df( the_df ), triggered( false ) {} 
        bool operator ()( const  Logic_Relation& ) const   
        { 
            // record that at least one case worked  
            bool& trig = const_cast < bool& > (triggered); 
            trig = true; 
            df(); 
            return  false; // To force further iterations  
        } 
    }; 
}; 
 
class  Logic_Relation : public  Fun1< Logic_Relation, bool >, 
                       public  Utilities_Mixin_For< Logic_Relation > 
{ 
    // ... 
`�

)LJXUH ��� $ PL[LQ FODVV DGGLQJ IHDWXUHV WR ORJLF UHODWLRQV�
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6HFRQG� WKLV DSSURDFK WR LPSOHPHQWLQJ ORJLF SURJUDPPLQJ UHOLHV

KHDYLO\ RQ GHOD\HG HYDOXDWLRQ� ([SUHVVLRQV WKDW IRUP ORJLF UHOD�

WLRQV EXLOG DQ REMHFW VWUXFWXUH WKDW UHSUHVHQWV D TXHU\� 4XHU\

H[HFXWLRQ KDSSHQV ODWHU� KRZHYHU� ZKHQ WKH FRUUHVSRQGLQJ

operator() LV LQYRNHG� %HFDXVH FRQWLQXDWLRQV DUH HYDOXDWHG

VHOHFWLYHO\� RQO\ VRPH RI WKH VXEH[SUHVVLRQV LQ D JRDO PLJKW DFWX�

DOO\ EH H[HFXWHG LQ DQ\ JLYHQ TXHU\ DSSOLFDWLRQ� 7KLV EHKDYLRU LV

IDPLOLDU WR WKRVH ZLWK ORJLF SURJUDPPLQJ H[SHULHQFH� EXW GLUHFWO\

FRQIOLFWV ZLWK WKH VWULFW HYDOXDWLRQ SROLF\ RI &��� &��� OLNH PRVW

LPSHUDWLYH DQG REMHFW�RULHQWHG ODQJXDJHV� HYDOXDWHV DOO DUJXPHQWV

EHIRUH FDOOLQJ DQ RSHUDWLRQ� 7KLV ³HDJHU HYDOXDWLRQ´ VWUDWHJ\

PDNHV LW GLIILFXOW WR VLPSO\ LQVHUW SODLQ &�� FRGH IUDJPHQWV GL�

UHFWO\ LQVLGH ORJLF UHODWLRQ H[SUHVVLRQV� &�� FRGH IUDJPHQWV LQ�

VHUWHG WKLV ZD\ DUH HYDOXDWHG DV WKH ORJLF UHODWLRQ LV EHLQJ EXLOW�

UDWKHU WKDQ EHLQJ GHOD\HG DQG RQO\ HYDOXDWHG FRQGLWLRQDOO\ DV WKH

UHODWLRQ LV EHLQJ LQYRNHG ODWHU� $Q DSSURDFK WR SURYLGLQJ FOHDQO\

LQWHJUDWHG SURPLVHV �WKDW LV� GHOD\HG FRPSXWDWLRQV� ZRXOG PDNH LW

HDVLHU WR HPEHG &�� FRGH DFWLRQV ZLWKLQ ORJLF UHODWLRQ H[SUHV�

VLRQV�

7KLUG� WKH IXQFWRLG FRQWLQXDWLRQV XVHG LQ WKLV &�� LPSOHPHQWDWLRQ

DUH OLPLWHG LQ VFRSH WR RQH �DUELWUDULO\ ODUJH� ORJLF UHODWLRQ LQYRFD�

WLRQ� $V D UHVXOW� WKHUH DUH LPSOLFLW ERXQGDULHV WR KRZ IDU EDFN�

WUDFNLQJ FDQ UHWUHDW LQ VHDUFKLQJ IRU D ORJLF VROXWLRQ� (DFK ORJLF

H[SUHVVLRQ KDV DQ LPSOLFLW EDFNWUDFNLQJ ERXQGDU\� DQG H[HFXWLRQ

ZLWKLQ WKH FRQWH[W RI D ORJLF H[SUHVVLRQ SURFHHGV VRPHZKDW GLI�

IHUHQWO\ WKDQ QRUPDO� VWUDLJKW�OLQH &�� FRGH� 7KLV UHVXOWV LQ D

VPDOO LPSHGDQFH PLVPDWFK EHWZHHQ QRQ�ORJLF�EDVHG FRGH VH�

TXHQFHV WKDW FRQWDLQ LVRODWHG ORJLF TXHULHV� ,Q D ODQJXDJH OLNH

6FKHPH WKDW VXSSRUWV call-with-current-
continuation � LW LV SRVVLEOH WR DFKLHYH D WRWDO HPEHGGLQJ RI

WKH ORJLF H[HFXWLRQ IHDWXUHV ZLWK WKH ODQJXDJH¶V QDWLYH PRGHO RI

FRPSXWDWLRQ� 7KH &�� VROXWLRQ KHUH LV UHPLQLVFHQW RI ,&21 LQ

WKLV UHVSHFW²VHPLFRORQV �DQG RWKHU ORFDWLRQV� UHSUHVHQW FKHFN�

SRLQWV DFURVV ZKLFK EDFNWUDFNLQJ PD\ QRW FURVV�

)LQDOO\� WKH ZRUN UHSRUWHG KHUH ZDV GHYHORSHG XVLQJ J�� YHUVLRQ

��[� DQG KDV DOVR EHHQ FKHFNHG RQ Y�������� %HFDXVH RI WKH UH�

TXLUHPHQWV RI )&�� DQG WKH KHDY\ XVH RI WHPSODWH PHWKRGV� LQ�

FOXGLQJ WHPSODWH PHWKRGV QHVWHG ZLWKLQ WHPSODWH FODVVHV� WKH FXU�

UHQW FRGH LPSOHPHQWDWLRQ UHTXLUHV D FRPSLOHU WKDW VXSSRUWV WKHVH

IHDWXUHV�

��� 5(/$7('�:25.�
7KH DSSURDFK GHVFULEHG KHUH UHOLHV KHDYLO\ RQ )&�� DQG D ZHOO�

NQRZQ WHFKQLTXH IRU LPSOHPHQWLQJ ORJLFDO LQIHUHQFH� 7KH FRQWUL�

EXWLRQ OLHV LQVWHDG LQ GHPRQVWUDWLQJ WKH IHDVLELOLW\ DQG SUDFWLFDOLW\

RI SDFNDJLQJ WKLV DSSURDFK LQ D JHQHUDOO\ UHXVDEOH FODVV OLEUDU\� $

FRPSDULVRQ RI WKH IXQFWLRQDO SURJUDPPLQJ DSSURDFK XVHG LQ

)&�� ZLWK RWKHU DSSURDFKHV WR VXSSRUWLQJ ILUVW�FODVV IXQFWLRQV

WKURXJK REMHFWV LV DYDLODEOH HOVHZKHUH >�@�

$ QXPEHU RI RWKHU UHVHDUFKHUV DUH DFWLYHO\ LQYHVWLJDWLQJ PXOWL�

SDUDGLJP ODQJXDJHV� %XGG GHYHORSHG /HGD VSHFLILFDOO\ DV D

PXOWL�SDUDGLJP ODQJXDJH IRU WHDFKLQJ >�@� 7KH 2] ODQJXDJH VXS�

SRUWV IXQFWLRQDO DQG ORJLF SURJUDPPLQJ LQ D FRQFXUUHQW� REMHFW�

RULHQWHG IUDPHZRUN >��� ��@� /,)( �/RJLF� ,QKHULWDQFH� )XQF�

WLRQV� DQG (TXDWLRQV� DLPV WR SURYLGH FOHDQ LQWHJUDWLRQ RI FRQ�

VWUDLQW ORJLF SURJUDPPLQJ DQG IXQFWLRQDO SURJUDPPLQJ ZLWK VROLG

REMHFW�RULHQWHG IRXQGDWLRQV >�@� +DQXV SURYLGHV D GHWDLOHG GLVFXV�

VLRQ RI WKH VWDWH RI WKH SUDFWLFH LQ LQWHJUDWLQJ IXQFWLRQDO SURJUDP�

PLQJ ZLWK ORJLF SURJUDPPLQJ >�@�

,Q FRQWUDVW WR WKLV SULRU ZRUN� LQVWHDG RI GHYHORSLQJ D QHZ� PXOWL�

SDUDGLJP ODQJXDJH� WKH IRFXV KHUH LV RQ DGGLQJ QHZ SDUDGLJPV WR

DQ H[LVWLQJ ODQJXDJH ZLWKRXW UHTXLULQJ DQ\ ODQJXDJH PRGLILFD�

class  Logic_Repeat_Until : public  Logic_Relation_Operator 
{ 
public : 
    Logic_Repeat_Until( const  Logic_Relation& r ) : relation( r ) {} 
 
    bool operator () ( const  Logic_Relation& future ) const  
    { 
        while (! relation( succeed ) ) 
        { 
            // loop until it succeeds, then proceed  
        } 
        return future( succeed ); 
    } 
 
private : 
    Logic_Relation relation; 
}; 
 
 
class  Repeat_Until : public  CFunType< Logic_Relation, Logic_Relation > 
{ 
public : 
    Logic_Relation operator  () ( const  Logic_Relation& relation ) const  
    { 
 return  Logic_Relation( 0, new Logic_Repeat_Until( relation ) ); 
    } 
} repeat_until; 
 

)LJXUH ��� $GGLQJ D repeat_until RSHUDWRU�
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WLRQV RU FRPSLOHU H[WHQVLRQV� :KLOH LW LV SRVVLEOH WR SURYLGH

FOHDQHU� PRUH V\QWDFWLFDOO\ SOHDVLQJ UHVXOWV E\ VWDUWLQJ IURP

VFUDWFK� LW LV XQOLNHO\ WKDW VXFK HIIRUWV WRZDUG QHZ ODQJXDJH GH�

YHORSPHQW ZLOO VHH WKH VDPH VFRSH RI LQVWDOOHG XVHU EDVH DV &��

KDV DW DQ\ SRLQW LQ WKH QHDU IXWXUH� 7R PD[LPL]H WKH SRWHQWLDO IRU

EHQHILWLQJ SUDFWLFLQJ SURJUDPPHUV �DQG SURJUDPPHUV LQ WUDLQLQJ��

LW LV KHOSIXO WR IRFXV RQ ODQJXDJHV FXUUHQWO\ LQ XVH�

��� &21&/86,216�
7KHUH DUH SRVLWLYH EHQHILWV WR EH JDLQHG E\ VXSSRUWLQJ PXOWLSOH

SURJUDPPLQJ SDUDGLJPV LQ RQH ODQJXDJH� ,W EURDGHQV WKH SUR�

JUDPPHU¶V VHOHFWLRQ RI DYDLODEOH VROXWLRQ WHFKQLTXHV� ,W PD\ DOVR

VLPSOLI\ WKH SURFHVV RI OHDUQLQJ DOWHUQDWLYH SURJUDPPLQJ SDUD�

GLJPV� 7KLV SDSHU SUHVHQWV WKH FRUH RI DQ DSSURDFK WR LPSOHPHQW�

LQJ ORJLF SURJUDPPLQJ IHDWXUHV LQ &�� WKURXJK D OLEUDU\ RI

FODVVHV DQG WHPSODWHV EDVHG RQ WKH )&�� OLEUDU\� 1R ODQJXDJH

PRGLILFDWLRQV RU FRPSLOHU H[WHQVLRQV DUH UHTXLUHG WR VXSSRUW WKH

DSSURDFK� 3DFNDJLQJ ORJLF SURJUDPPLQJ VHUYLFHV LQ WKLV ZD\

SURYLGHV WKH SURJUDPPHU ZLWK WKH FKRLFH RI XVLQJ D ORJLF SUR�

JUDPPLQJ DSSURDFK ZKHQ LW LV WKH PRVW VXLWDEOH WHFKQLTXH IRU D

JLYHQ VXESUREOHP� ,W DOVR SURYLGHV D QDWXUDO SDWK IRU LQWHJUDWLQJ

VXFK D VROXWLRQ ZLWK RWKHU REMHFW�RULHQWHG FRGH LQ WKH FRQWH[W RI D

ODUJHU DSSOLFDWLRQ� :KLOH PDQ\ SURJUDPPHUV PD\ KDYH FRQVLG�

HUHG ORJLF SURJUDPPLQJ WR EH DQWLWKHWLFDO WR D ODQJXDJH OLNH &���

LW LV FOHDUO\ IHDVLEOH WR SURYLGH QDWLYH VXSSRUW IRU WKLV SDUDGLJP�

��� $&.12:/('*0(176�
, JUDWHIXOO\ DFNQRZOHGJH WKH FRQWULEXWLRQV WR WKLV ZRUN SURYLGHG

E\ 'DYLG 0F3KHUVRQ� ZKR ZRUNHG RQ WKH LQLWLDO ORJLF SURJUDP�

PLQJ LPSOHPHQWDWLRQ� DQG 0LNH 2¶/DXJKOHQ� ZKR KDV KHOSHG

UHILQH VRPH RI WKH LPSOHPHQWDWLRQ LGHDV DQG LV FXUUHQWO\ ZRUNLQJ

RQ H[SHULPHQWDO HYDOXDWLRQ� &RPSOHWH VRXUFH FRGH IRU WKLV DUWLFOH�

LQFOXGLQJ H[DPSOHV� LV DYDLODEOH E\ VHQGLQJ H�PDLO WR WKH DXWKRU�

���� 5()(5(1&(6�
>�@ $wW�.DFL� +� DQG 3RGHOVNL� $� 7RZDUGV D PHDQLQJ RI /,)(�

7HFKQLFDO 5HSRUW 35/�55���� 6FKRRO RI &RPSXWLQJ 6FL�

HQFH� 6LPRQ )UDVHU 8QLY�� ����� DYDLODEOH RQ�OLQH�

� KWWS���ZZZ�LVJ�VIX�FD�OLIH�!

>�@ %DWRY� 9� 6DIH DQG HFRQRPLFDO UHIHUHQFH FRXQWLQJ LQ &���

&�&�� 8VHUV -RXUQDO� -XQH �����

>�@ %XGG� 7�$� %OHQGLQJ LPSHUDWLYH DQG UHODWLRQDO SURJUDP�

PLQJ� ,((( 6RIWZDUH� -DQ� ����� ����� ������

>�@ %XGG� 7�$� 0XOWLSDUDGLJP 3URJUDPPLQJ LQ /HGD� $GGLVRQ

:HVOH\� 5HDGLQJ� 0DVVDFKXVHWWV� �����

>�@ &DPSEHOO� -�$�� HG� ,PSOHPHQWDWLRQV RI 3URORJ� (OOLV +RU�

ZRRG� �����

>�@ &ORFNVLQ� :�)�� DQG 0HOOLVK� &�6� 3URJUDPPLQJ LQ 3URORJ�

6SULQJHU�9HUODJ� %HUOLQ� �����

>�@ *ULVZROG� 5�(�� DQG *ULVZROG� 0�7� 7KH ,FRQ 3URJUDPPLQJ

/DQJXDJH� 7KLUG (GLWLRQ� 3HHU�WR�3HHU &RPPXQLFDWLRQV�

�����

>�@ +DQXV� 0� 7KH LQWHJUDWLRQ RI IXQFWLRQV LQWR ORJLF SURJUDP�

PLQJ� )URP WKHRU\ WR SUDFWLFH� -� /RJLF 3URJUDPPLQJ� �����

��	�����������

>�@ 0F1DPDUD� %�� DQG 6PDUDJGDNLV� <� )&��� )XQFWLRQDO SUR�

JUDPPLQJ LQ &��� ,Q 3URF� ,QW¶O &RQI� )XQFWLRQDO 3UR�

JUDPPLQJ �,&)3�� 0RQWUHDO &DQDGD� 6HSW� �����

>��@0F1DPDUD� %�� DQG 6PDUDJGDNLV� <� )XQFWLRQDO SURJUDP�

PLQJ LQ &�� XVLQJ WKH )&�� OLEUDU\� $&0 6,*3/$1 1R�

WLFHV� $SULO ����� ������������

>��@0�OOHU� 0�� 0�OOHU� 7�� DQG 9DQ 5R\� 3� 0XOWL�SDUDGLJP

SURJUDPPLQJ LQ 2]� ,Q 9LVLRQV IRU WKH )XWXUH RI /RJLF 3UR�

JUDPPLQJ� /D\LQJ WKH )RXQGDWLRQV IRU D 0RGHUQ 6XFFHVVRU

RI 3URORJ� 'HF �����

>��@6PROND� *� 7KH 2] SURJUDPPLQJ PRGHO� ,Q &RPSXWHU 6FL�

HQFH 7RGD\� 6SULQJHU�9HUODJ� �����

�


