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W ]

\FGO!N7br!Z9kqN*Jj!H=NBursF9k%^:MVN>

QKpE$?7br!PD=H9k?a$7bNjAKP) (conflict)r3~9k%

3lOCjN>0NHKP7F7brjA9kbNG$7b' ‘A ∧ ¬A’K_il

kh&J>0lWN)B,J$%=N?a7b'hjb-$7b,jAD=G"

k%3NP)r3~9k?aKO$P)50N8grjA9k,W,"k%=3

GlCNeL<LX8+i$gxX8KP9keti;Nroj (meet) rQ$F

P)50raak%3lKhjP)3~K*1kM*i4NZ:r^k%!ZK

Q$k!*N1O$!N!`'r$*@*H%@}Wm0i` (EDLP: extended

disjunctive logic programming) GA0=7?bNH9k%!`'rP]K9kN

O,'H7FraD=J3HKhk%^? EDLP rA0=j!H7F*VNO$

!`',*r*"kr}D3HKhk%^?3N!*N1O$s[DJbNK)

B5lk%3lO!*N1+i@ilkk@KP7!*,rr]Z9k?aG"

k%3N!*N1O[\,'+i=.5lk%=3GP)N!ZGO>bd@r

Q$$"k!`',,Q5lku7r>j7$=N!`'HP)9k!`',1

~K=Nu7K,Q5lF$J$+r!:9k%3lKhj@}*KO7bGO

J$,$!*N1H7F7bG"k,'N8gr!P9k%\&f,sF9k!

Zj3-O$BuD=G$+DBQ*G"k3Hr\*H9k%7?,CF$G<

?NEM$=NqN*J8.}!$=7FBQ-r*F7?!Zj3-rsF9

k%\FNBuO0h}oH!ZoK,1ilk%0h}oOXMLG-R5l?

!ZNpCG<?r!ZoKgo;?A0KQ97$=7F!Zo,aakG<

?rjP9k%!ZoO=NG<?ru1hj$@}d@,X89kh}det

i;rT&%^?3liNBZB3H7F$\FNBurQ$FY3)Nrcr

!Z9k%=7F=NkLr(9%
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h 1O

O8aK

!,OO0g*G"k3H,aailk [39,85]%,OHOTYd=Gd>Ar

T&]Np`r$$$!,OHO!,jak,ON3Hr$&%7)K!,OO

V!&1NN.w,+JNT0Np`H7FuF7$+JNT0N5v=N}3d

>MNT0KP9kWa&|T"k$OcqN}3H7Fx*KQ$kbNWH

5lk%3N,O,j_K0g*G"kHO$V,Oj_,/J/Hb,QvcK

D$FP)9kk@KjiJ$3HWH5lk [22,37,93]%D^j!,0g*G"

kHO$"kvcKP7j?9kk@r}D!,1~K,Q5lJ$3Hr$&%

!K0g-,aailkNO$=N!,Or0sJ7KF'7g&MN&1N

r!&1N,RqHFPlk+iG"k%RqN.wORqr,j9k!,Or

p`KT07F$k%b7!,0g*GJ$JiP$!Oj?9kk@rRqK

b?i9%c(P"k!,Orp`K7?RqK*$F$"k.w,"ku7G

"k!'Nk@r|T7FT0r9k%7+7!,0g*GJ1lP$LN.w

O=N!'Nk@HOj?9kzLr|T9k3HHJk%=l>lKX8,J

/L9Nu7KV+lF$klgO=Ndj,2_=9k3HOJ$%7+7>

T,1lNu7<NvvTG"klg$=NsMN!&1NN.wORq*Kj

?9kTYr7?3HKJk%hCF!O0g*GJ1lPh0TN)lH7F

hhrhj9kH$&=Or}?J/Jk%

3N!N0g-KD$FO$\*,[Jk!1NG"kJiPT0gGbh$

H$&M(b"k%vB$!'KOl+9kH7b7F$kHHlkbNb"j$

^?=l,!H7F=K?Q5lF$k%=Nh&Jl+P)9k!,j_K?
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QG-F$k}3O$!raH$&jg,!N,QK]7F4^lk3HKhk%

!,Or)j9k!a8O8zsG"j$=l,BRqKP7FBTr<&zO

r}DKO!a8,INh&JU#r=9N+!ra,Tolk%l+P)9k

!,j_K?QG-F$kNO$!raKhCFk@,P)7J$h&Jra,

?(ilF$k+iG"k%3N3HO!,!a8NJ,GT0gG"k,f(

raKhCF=Ndjrsr7F$k3Hr=9bNG"j$!,T0gGbd

j,J$3Hr=9bNGOJ$%!,\h0g*G"lP$raKe49k,

WOJ$%7?,CF\FGO$!O}[*KO0g-G"kY-G"kH$&

)lrHk%

Je+i!OKO0g*K)j5lk,$~5Khj=N0g-,<+5lk%

BcH7F$\FNB!P]G"kY3)Nrc,s2ilk%2002 /KY3)

GOFo=ArER*jJGT(kh&rcr)j7?%J<O=N68G"k%

Y3)rc 54f h 3r

(ERpsh}H%Khk=Ay)

)N!XO=AyN&Av:=AyKX9k>NrcyN,jKhj

qLyKhjT&3HH7F$kbNKD$FOv:rcyN,jK

++oi:,'GjakH3mKhjERpsh}H% ()N!XNH

QK8kERW;! (~POuVr^`J<18)H=Ayr9kTN

HQK8kERW;!HrE$L.s~G\37?ERpsh}H%

r$&)rHQ7FTo;k3H,G-k

3lOr#Nps;QN/8KHbJ$$T/j3ZSFoN=ArWeb eG

D=K9k?aK)j5l?rcG"k%v3J,i$3Nr8NICKhjY

3)GO{8rcHN0g-r!Z7?%=NH-V=AOqLyGTol$q

LyO*}*JbNG"kWH$&3Hr0sH9kr8djAJIr/xH9

kT0g,+D+C?%3N3HO$!ZJ7N~5GO!,T0gt,r^`

D=-r(69kbNG"j$1~K~5~N!ZN,W-HEW-r(9bN

G"k%

5iK3N!~5Or1k3H,G-J$3H,djHJk%{K)j5l?

!,0g*G"kNJiP$!N~5OKO7J$3H,=N0g-r]DeG

2



O-xG"k%7+7Rq,OGb"k!O$Q=9kRqNWaK~8F~5

5lJ1lPJiJ$%!&1NG"kRqOMV,.wH7F=.5l$=N

~edp*KhCF.wNAMQd!&1NKP9kWa,Q=9k%!HO=

N~5,TolJ$BjQ=7J$E*J8_G"k,?a$=NWaK~(k

?aK~55l31FT+J1lPJiJ$%5bJ/PRqNBpHNVK9

[,8^l$!&1NNpCG"kH$&=Or:&%

7+7=N!!ZnHO$#(GDgG"k3H,djG"k%=N!ZnH,

DgG"k}3O${8N!,gLK8_9k3H,Gbg-J}3G"k%!O

~B)!dCj!GJ$Bjp\*K1W!G"k%9JoA{8N!ro|9

k7!,)j5lk+=N!ruF9k&1N,J/JiJ$Bj${8N!O

!H7FNzLr}AJ,i8_731k%hCF{8N!O_9HQ_EMil

gLK8_9k%!N!ZnHGO3N{8N!H77/)j5lk!,0g*

G"k+I&+,!Z5lk%D^j{8N!,gLG"k3HO1~K$!Zn

H,DgG"k3HrU#9k%b&lDN!ZnH,#(G"k}3O$3N

{8N!,#(G"k3HG"k%!O1HG0k7F$kbNb"k,$=N

?/O>N!HX87F$k%!~5K*1k!ZGO$77/)j5lk!H

>\*KX8r}D{8N!N_rhjP7!ZG-lPh$o1GOJ$%=

N>\*X8r}D!,5iKX87F$k!^G!Z9k,W,"k%hCF

!ZnHO$gLK"k{8N!N$#(JX8r3r-J,i7!HNX8U

jrv$P9,W,"k%

^?!ZO$F"-r}D3HbdjKJk%3Nl"N!ZnHKhjs0

g*Uj,!P5l?lg$viN~5!KC(0g-r]89k?aN~5!

b,WK~8FIC5lk%7+73N$5ZS~5!NIC,TolkH$F

S1MN!ZnH,=liKP7F,WKJk3HO[|Kq/J$%

3Nh&K!~5~N!ZnHHO$VgLWG+DV#(WJ{8N!KP7

FTolkeKVF"*WJ!Z,aailk%3Nh&JnHrM,T&H$M

Y*_9KhCF0g-r:&6xUjr+(9D=-O]jG-J$%7+7

J,i3l@1$qJnHKbXoi:$=uOMjKhCF~Vr+1FTo

lF$k%=3G\FGO$3N!N0g-!ZKP9k!#*Ygr\*H7$

qN*J!Z}!ZSBursF9k%

3



!N!ZnHrW;!KhCFYg9k3H,|TG-k;QH7F$!a)

X [94] ,"k%!a)XO$gK!*N1 (legal knowledge-base) d$!*T

Y (legal argumentation) JIr$A0*KW;!eG"D+&&f,nG"k

[11,24,36,63,84]%3N&A!*N1KX9k&fO$!*Jpsr@}*KQ$

k?aK=NA0=r&f9k,nG"k [60]%!*N1N&fGO$A0=rT

&P]O!a8@1GOJ/$[=yGN[=1d[nN^?O!!1JI,=N

)@KQ$kN1$=7F!nGTolk@hJIbP]H5lk [10,74]%l}!

*TYN&fO$gK@hH$&TYrA0=9k&fG"k [10,59,69,72,73,76]%

@hTYHO$"k)@r]j9k3HG=N)@r@KJ5z=K9kJIN

3HG"k%D^j$)@rINh&K5z=9k+$^?N1+iINh&K

=N5z=N?aN)@rnk+JI,&fNP]HJCF$k%

3lirL7F+k3H,G-kNO$3li!a)XN&f,nGO@}X

*&L+iN/-+1,g-$3H,s2ilk%=lO@}X,$ofk57

5rA0*K&f9k,nG"k3H$=7F3liN&f,N1+iNih$7

bN!P$5iK_$N)@K*1k7b@NX&d]j,G@HJCF$k+

iH$(k%hCFe-!a)XO$!N0g-!ZNh&JVN1N@}*E

v-Wr!Z9k3HK-Q-$,Q-,"kHM(ilk [9, 38,85]%

\&fGO3liN&fr~Q7$!N0g-N!Zr!#*KYg9k?a$

=NqN*J!Zj3-NsFHBurT&%?@7=B*JdjH7F$B]

KMV,T&!N!Z)xN4Fr!#*KT&3HOq7$%\&f,P]H

9k3HN\YO 2$3OGb@9k%

!a)Xr~Q9kKO$!r!#*K7&?a!*N1NA0=j!H7b

NjA$=7F=N7bN!P}!H!K*1k!ZNP]OOrqN*Kha

k,W,"k%!a8O@}0d@}Wm0i`JIGA0=5l!*N1H5

lk [59]%3N!*N1rn.9k]KOxQ\*K~8?,ZJA0=NOr

*PJ1lPJiJ$%A0=j!,,ZGJ$lg$\*H9kkLr@il

J$P+j+$\*JeNA0=Khj$,WNJ$39H,/89k%

3N@}*A0=j!KOM9"k%c(PA3@} (deontic logic) [4] rNQ

7?bN [35,52],"k%A3@}O$Mji;RrQ$F$VA3 (O)WHV"x

(P)WH$&50r@}*Khj7&@}NOG"k%3lO$!N,Q$D^j

4



O"xNTHrih9k]KQ$ilk3H,?$%3N[+Kb!*N1NA

0=KO0*@} (dynamic logic) [40] rQ$?bNb"k [33]%3lO0*JQ

=rHbJ&N1KP~7?bNG$CKQ+9kD@JIr"D+&NKQ$

ilk%^?H%@}rQ$?bNb"k [76]%3lO$*r*J"krQ$F

Tolk!*@hN&fG"k%=N[+$3N!*N1NA0=KO$=l>

lN&fGQ$ilkBuKgo;?$H+NA0=j!rQ$?bNb?t8

_9k [9, 36,81,82]%

\&fGO!*N1NA0=j!H7F*@*H%@}Wm0i` (EDLP: ex-

tended disjuctive logic program) [31]rNQ9k%3lO\&fN\*G"k,O

j_N7br!P9k?aKOJ<N3H,=NA0=j!KWa5lk%=N

WaHO$^:!N,OrA0=D=G"k3H%=7F!K$=N!,_$K

7brz-/37F$J$+r==D=G"k3HG"k%[76]+ib+ilkh

&K$EDLPO3liNWar<?9HM(?%

!K\&f,=N!*N1KP7FT&!ZKD$FRYk%\&fN!ZO$

0g-$CK7bN!PrT&%^:!P9kY-bNH7F$,',}DE[

*J7b,e2ilk%3N,'NE[*J7bHO$,',_$N"kKj?

9kk@r}DlgN3Hr57$@}*KO7bHOJiJ$,$!*N++

iT0gH7F!P9k [9, 37,81]%3lihT&fO=N,ONE[*J7br

$/D+N}!G!P9kh&K7F$k%Bench-CaponN&fGO$CjN,

'NAKP7F=lr7bK`9kbNH7FCLK"D+CF$k%7+7C

jNAVKP77bHjA9k3HO$=N@}NOr#(K7F7^&dj,

"k%SartorN}!GO$,'N0sr[K?(Fj?9k"kr@(*Kih

9k3HG=N7br!P7F$k%?@3NlgO?(k0srMV,QU7

J1lPJiJ$dj,"k%J*HageN&fO3N,Oj_NE[*J7br

A0=7?bNG"k%=3G\FGO$NO=NbNr#(K9k3HJ/^

?$MjN39HrG.BK9k?a$"V@/7gsrQ$F,'N0sr?

(k%3lKhCF@(*K0sr?(k,WbJ/$,',"kK}Dk@,

j_K7br/37F$J$+!ZD=HJk%

=7F3N7b!PK*$F$\FGOP) (conflict) [26] r3~9k%e-&

fb^a?/Nlg7bNjAKO7b' ‘A∧¬A’ ,Q$ilk%7+73Nj

5



AO$MVN>Qd!N7bHO=0oJ$%=lO7b'O>0NlWraa

k+iG"k%3lKhjMV,7bH+J9bNNfGblt7+==9k3

H,G-J$%P)OJ3.2.1OK>0K{ilJ$hj@pJ7bNjA,D=

G"k%hCFP)rQ$k3HGhjMVN>QK=C?7br==7!P9

k3Hrn_k%J*P)N3~KD$FO$B]N?QeQU9kG<?,}

g9kdj,"k3H,,+CF$k%=3G\FGO$lCNeL<L50N

G<?rQ$k3HG=Ndjrrh9k%

J*$\&fNh&J!+i7brhj|/H$&)lKP7$!O\h7b

7?bNG=NT0gJ!+iih,D=G"lPh$H9k&fb"k [13,

15, 23, 25, 56, 78, 82, 83]%CK3liK*$FO$7bvF@} (paraconsistence

logic) [5, 43, 77]rxQ7?bN,?$%7bvF@}N?/O$d@,'+i7

bKhkd@,' (ex falso quodlibet) ‘ϕ ∧ ¬ϕ ⊢ ψ’ (33G$ϕ, ψO$UN@}

0H9k) rhj|$?bNG"k%3N,'O$7b+iO$UN@}0rih

7Fh$3HrU#9k?a$V@}*z/WJIHFPlk%3N,'N|0K

hCF$7bvF@}GO$ϕ ∧ ¬ϕ ⊢ ϕ d ϕ ∧ ¬ϕ ⊢ ¬ϕ Nh&K$N1K7b

,^^lF$klgGb$N1HX8N"kk@OihD=KJj$^?N1H

OX8NJ$@}0 ψ KD$FO$ϕ∧¬ϕ 0 ψHJk%e-&fr~Q9k3H

G$!,0g*GJ/Hb$@}*z/rHbJo:KihrT&3HOD=G

O"k%?@73N)lr'akH$!O7b7F$Fbdj,J/$?@$UN

u7KP7Fhhr@k3H5(G-lPh$H$&3HKJk%!OCjNu

7KP7FN_,~G-lPh$bNGOJ$%&1NK*1k&L'1*J,

ON1GJ1lPJiJ$%b77bvF@}rQ$F7b7?!+ihhr@

k3H,D=HJC?H7Fb$=Nk@,P)7F$FOe-GRY?h&K

Rq,OH7FNrdr}?J$%hCF!GO$e-cG7b9kh&Jk@

r}D,'rhj|+J1lPJiJ$%f(K$T0g*Gb!'zLrih

D=+I&+,EWJNGOJ/$0g*G"kH$&=NvB,!GOEWG

"kHM($!K\h"kY-0g-r|~;:K=lr]D?aK!ZrT&%

J*7bvF@}O$?@7br5k7?bNKa.J$H$&c=b"k [26]%

JerU^($\&fN\*OJ<K^Hailk%

• !*N1KP7F$7b'GO!P7K/$MVN>QKa$s0g-N!

6



Prn_k

• BuTD=J}@GOJ/$=BK?QD=J;QH7F$=NqN*EM

HBursF9k

• ?QD=-NZ@H7F$=BN!a8KP7sFBurQ$F!ZrT&

\@8OJ<N=.r}D%^: 2O G$\FNsFj3-GQ$kpC;Q

rb@9k%3O GO$2O G(7?;Qr\FK3~9k%4OGO$qN*J

G<?NA0=*hS$!Zj3-KD$FRYk%=7F$5OGY3)rcK

P7F$\FN!Zj3-r,~7?kLKD$FRYk%=7FGeK$6OG

^HarRYk%

7



h 2O

!ZKXokpC;Q

\OGO$\F,Q$kpC;Qrb@9k%33G(5lkjAO$N1N

A0=KX9kjAHd@KX9kjAK,`G-k%^:N1NA0=KXo

kjAH7F$!,O&!`'&!6'$EDLP$s[D@}Wm0i`rb@9

k%=7F!K$d@KXokjAH7F$roj (meet)$P)$"V@/F#

V@}Wm0i` (ALP: abductive logic program)$D@ (argument)KD$Fb

@r9k%

2.1 N1NA0=KX9kpC;Q

2.1.1 !a8&!,O&!`'&!6'

\OGO$!a8&!,O&!`'&!6'H$C?$!NBNKX9k!aQ

lKD$Fb@9k%

!O!a8KhCF,j5lk%=7F3N!a8HO8ON3Hr=9%\

&fG!a8rM(kH-$3N!a8KO=NBV,8qH7F8_7J$l

g,"k3HKmU9k,W,"k%=N}3O!a8,a?J!a8KhCF

q-9(ilF$klg,"k+iG"k%3Na?*Kq-9(kHO$!a

8A,!a8BN8LKD$FQ9rX(9k3Hr$&%qNcH7FV?.

=e/=ln0=|!'h4s=fWrs2k%?.=e/=ln0=|!'h

4s=fN!'Gq-9(K++okt,OJ<G"k%
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F$au`j}yhy!ZSpoy=$!Nltr~59k!'

h0r

H%*JHaNh3ZSHa}WN,)yKX9k!'J?.=l/

!'h40=;fKNltr!Nh&K~59k#L=hsh=7f

fVh0=lrNshlfJF$J0NpoN5vD=$KWrVh0

=lrN0hlfJF$ZSF$FJ0NpoN5vD=$KWK~

ak#

3N!'O!a8VH%*JHaNh3ZSHa}WN,)yKX9k!'J?

.=l/!'h40=;fKNL=hsh=7fWKD$F$8zsVh0=lr

NshlfJF$J0NpoN5vD=$KWrVh0=lrN0hlfJF$Z

SF$FJ0NpoN5vD=$KWKQ99kX(G"k%3Nh&Ka?*J

~5!,8_9klg$!a8NBVO=Nq-9(r?G7?bNKJk%hC

F3Nh&Ja?Jq-9(ru1?!a8NB]N8O$!Xe8_7J$%3

Nq-9(rX(7?!'r?G9k3HOVO+7~_WJIHFPlk%

!N0g-!ZO3NO+7~_eN!a8KP7FT&,W,"k%J<J

iP=l,=BN!r=9+iG"k%hCF\&fGOJe$3NO+7~_

nHeK@ilkG**J8ON3Hr!a8HFS$=lr!a8K*1k!

ZNP]H9k%J*3Nh&JO+7~_r+0GT&3Hrn_F$k&f

b"k [64]%7+7=J,GOBQKjCF*i:$3NO+7~_eN!a8

r+0Gh@9k3HO$=~@GO$qG"k3HrRYF*/%

!a8,=9U#N3Hr!,OH$&%!,OO!a8,jak!N,'d

zLd50JIrlL*K59%D^j!,OO$!a8rM,I_$=7F!

rarTCF/=9kbNH$(k%3N!,OOg-/ 2 DK,1ilk%=

N 1 DO!6'HFPl$Dkb& 1 DO!`'H$olk%

!6'HO!a8rra9k]K=NXKHJkh&K$=N!r)j7?U

^d\*JIr5g*K=7?bNG"k%3lOLoj]*JbFrbCF,

j5lk%c(PJ<O=N!6'N!a8G"k//!Nm'G"k%

//!

hlO m'
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J3N!'N\*K

hlr 3N!'O"//Nr4Ji.r|7"sTN"k//KP7

F-JN:5ZSD-N40KX9k]nh,rT&HHbK"//

ZS//N!cr29k.MN:vvoKD$FCLN<VrV:k

3Hr\*H9k#

3Nh&Km'OqN*JvcKP7F?i+Nhhr,j9kbNGOJ$%

=N!'N)j}3d$^?=N[+Nr`K*$F?i+NhV,hj5lk

H-M85lkY-j]*vFr-\7F$kKa.J$%7?,CF$3N!

6'O@NJ,'H7Fra9k3H,q7$%

b&RHDN!,O,!`'G"k%3lOqN*u7KP9khhr,j7

?,'G"k%1//!GOhs=7r,=N!`'H7Fs2ilk%

//!

J%g9kh,N40K

hs=7r

]nh,NQ3f"\MKP7F-a=h,Nj7?H-O"]nh

,r7?Hm[=jO"jvH'akH-O"hjrbDF"=N]

nh,rhjC93H,G-k#

3lOVv://KD$F$]nh,,Q3fG"j$+D-a=h,Nj7

?JiP$Hm[=jO]nh,rhjC9WH$&h&K$,'H7Fra,

D=G"k%D^j!`'O5g*J!6'HO[JjqN*J!H$&3H,

G-k%

3Nh&J@NJ,'N,j}!rVroWm0i`WJIH$&%3Nro

Wm0i`HO$sTrlN,Qr0sH7?AG,j5lkbNH5l$7)

KOVqN*JvcGdjHJkM&*&TYJI,$"i+8ajail?l

L*J+F4j<K09kH-$=liKP7Fhl*K18zL,b?i5l

kAG"kWH5lk [93]%33G$roWm0i`N,QKD$F~?9Y-

rorVWoW$=NkL@ilkk@rV!'zLWJIHFV%
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2.1.2 EDLP

EDLPNb@N0K$J1K@}Wm0i`Nb@r9k%^:@}Wm0i

`NNOO5^6^8_9k%=NbCHbp\*J@}Wm0i`O$[<s

a (Horn clause) [41]HFPlkbNG"k%[<saOgK,' (rule) G,j5

lk%=N,'HOJ<NArHk%

head ← body0, . . . , bodyn. (2.1)

3NH-$head , body i (0 ≤ i ≤ n, i, n ∈ N)O=l>l"H`1G"k%^?

‘←’O8~-N^U$‘,’O@}Q$‘.’O,'N*<rU#9k%J*3N[<s

aO$p$qr=l>l body , head H=9H9kH$J<N@}0H[\yAKr

aG-k%

(p0 ∧ . . . ∧ pn)→ q (2.2)

D^j@}Wm0i`G"k[<saO$N1==KHQD=J@}0re-

KBj7?bNG"kH$(k%

3Nh&K)sNg-$@}Wm0i`,W;!eNN1==A0H7F?/

Q$ilk}3O$@}0rZ@9k$q5K"k%+3J@}0O$=NZ@

,soK#(G$^?W;L,?$%@}NOH7F-/NilkE5gA@}

GO Wang N"k4j:` [34]KhCF7<1sHW;rQ$Fhj*+Dz(

*JZ@}!,(5lF$k%7+7J,i@}0rN18gH7FQ$?Z@

rT&lglL*K=N@}0O/J/J$%+3J@}0NZ@GON1NL

KP7Fit*K=NZ@N)x,}g9k%7?,CF+3JArv7?g-

JN1rQ$FihrT&3HOBQeNdj,"k%l}@}Wm0i`rQ

$?N1GNZ@HO$Bj*J@}0KP9kZ@}!G"k SLD3PKhC

FTol$=NW;LO+3J@}0NZ@KfYc$%7?,CF@}NON

===OH$h}FW5NPis9rhC?lg$W;!eK*1kN1==K

O$@}Wm0i`rQ$k3H,=B*G"kH$(k%

1"H`HOl,Rl@}K*$FRl-f$ztNQtG=.5lkGbWj_F#VJ@}

0$^?O?j@}K*1k?jQtN3Hr$&%c(P ‘p(x)’d ‘a’,=lKv?k%
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?@7e-Nh&K[<sa,}D)sOsoK//$=N==OOc$%^

?r#NW;!N-=~e$"k4j:`N~IKhj$@}NON)BrKB

7?@}Wm0i`NNO,$/D+8_9k%=NRHD,EDLPG"k%=

N EDLPOJ<Nh&KjA5lk%

jA 1 EDLP

EDLPO$J<N,'N8gH7FjA5lk%

L0| . . . |Li ← Li+1, . . . , Lj, notLj+1, . . . , notLk

33G Ln (0 ≤ n ≤ k; i ≤ j ≤ k)OjFik2G"j$‘←’hj8&rXCI

t$&&r\G#tH$&%XCItN ‘|’ O@}Br$\G#tN ‘,’ O@}Q

r$‘←’ O^Ur$‘¬’ H ‘not ’ O]jr=9%3N 2 DN]jO ’¬’ ,@}]j

r=7$‘not ’ , :TKhk]j (NAF: Negation as Failure) r=9%J*F9N

-fO@}Wm0i`GN-fG"k3HKmU9k%

EDLPNC'O 2D"k%RHDOXCItK@}B,HQG-k3HG"k%

=7Fb&RHDO$2DN]jr}D [57]3HG"k%

XCItK*1k@}BNHQOg-J==ONH%HJk%[<saOXC

It,b91DNjFik+iJk?a$b91DN5jFikr}Da,jFi

kN*@8`OHyAG"k%EDLPGOXCItK@}B,v5lkNG$$

UDtN5jFikr}DH$&g-J===ONHg,5lF$k%

D.NC'H7F EDLPGO 2DN]jrHQ9k3H,G-k%3N 2DN

]jHOe-N@}]jH NAF G"k%@}]jHO$?6Mr?>5;k1

`i;R ‘¬’ rU#9k%b& 1DN]jN:TKhk]jO$@}Wm0i`

NC'*J]ji;RG$lLK ‘not ’H-R5lk%3NH-$‘ϕ ← not ¬ϕ’,

‘¬ϕ← not ϕ’H$&3liN,'rNQ9k+I&+G3li]jNhj7$O

[Jk%3lrNQ9kHNAFO@}]jHyAKJj$^?@}Wm0i`K

-R5lF$J$vBO4F@}]jN7$KJkJclosed world assumptionK%

3Nh&JEDLPNU#@KOBjbGkU#@ (stable model semantics) [30]

,Q$ilk%BjbGkHO$"k@}Wm0i`N8gKP7FoKZ@D

2jFikHO$"H`+$^?O@}]jrHbJC?"H`r59%
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=JvBN8gr$&%BjbGkU#@GO?jNZ@KD$F$=NZ@9

k?j,?(il?@}Wm0i`NBjbGkK^^lF$k+I&+G=L

9k%

2.1.3 s[D@}Wm0i`

s[D@}Wm0i` [45]O$@}Wm0i`NbtKD$F[D7?,',

J$h&K)B9kbNG"k%[D7?,'HO$@}Wm0i`NBTgx

rM(kH,+k%@}Wm0i`OXCIt+i\G#tXH$&.lGBT

5lk%\G#tN"kaX~#9kH$^?=NarXCItK}D,',!

w5l$+D+lP=N,',1MK7FBT5lk3HKJk%[DHO3N

h&JBTNgxK*$FD)rA.9kt,N3Hr$&%

?@7$=ND)O4FNlgK*$F1lN-Ar}Do1GOJ$%c(

P"kD)NltO$]ji;RrHbJC?aKhCFA.5lklgb"k%

^?5jFikNFSP7KhCF4F=.5lF$klgb"k%@}Wm0

i`NBTK]7=NF9KD$FroKhCFO[D7Fbv5lklgb"

k%hCF=liNlgbM87?[D@}Wm0i`OJ<Nh&KjA5l

F$k%

jA 2 s[D@}Wm0i`

#J<NH%@}Wm0i`rM(k%

A1| . . . |Ak|not B1| . . . |Bl ← C1, . . . , Cm, not D1, . . . , not Dn.

33GAi, Bj, Cs, Dt(k, l,m, n, i, j, s, t > 0, i ≤ k, j ≤ l, s ≤ m, t ≤ t) OjFi

kH9k%^?go;FXt l : Lit → N r?(k%@}Wm0i`N8gΠK

P=9kjFikN8gr Lit H7?H-$4FN L ∈ Lit KD$F$=NFS

P7N<5KX7+3t,djvFilF$kH9k%3lrVlYkWHFV%

Xt lOztNjFikNlYkrV9XtG"k%

3NH-J<NroKhj$@}Wm0i`ΠO 3DK,`5lk%

1. 4FN i, sKD$F l(Ai) > l(Cs)G"kH-$ΠOV5s[DWH$&%=

&GJ$lgrV5[DWH$&%
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2. 4FN i, j, sKD$F l(Ai) > l(Bj)G"j$+D l(Ai) ≥ l(Cs)G"kH-$

ΠOVis[DWH$&%=&GJ$lgrVi[DWH$&%

3. Π, (item:1), (item:2)r<?9H-$ΠrVs[DWH$&%

D^jJ1Ks[D@}Wm0i`G"kHO$"kihK*$FlYFSP

5l?,'X~#D=J,',FSFSP5lJ$$H$&3Hr=7F$k%3

N-AO!*N1K*$FEWJU#r}D%

2.2 d@KX9kpC;Q

2.2.1 P)

@}XK*1k]jOlL*K ar?jQt^?O@}0H7?H- ‘¬a’G=

5lk%3N]jO@}]jHFPlk%@}]jOU#@e?jQtN?6M

r?>5;knQr}D%=7F=8e$@}*]jO@NJP]N]jr==

9k3H,,+k%3N-AOtXeOdjJ$,$+3@lNh&JP]rA

0=9klg$=NjAN7)-,==Or)B7F$k%

CK=N==ONB&,2xK=lkbN,7bNjAG"k%7bNjAG

"k7b'O$]ji;RrQ$F ¬A ∧A ≡ ⊥ HjA5lk%3NjAO$H

Q7F$k]j,@(*JjAG"k3H+iBj*JP]KN_nQ7$=l

J0r7bHO'aJ$H$&x@Hg@r}Ago;k%D^j3Nlg ‘A’K

*1k5iNHGJ1lP7bKOJiJ$%MND@d^?+3@lrA0=

9k?aKO$3N7b'GO7)a.k%

e-]ji;RO+3@lGVAGJ$WKjv9k%D^j7b'Kjv9

kh&J+3@lHO$VVG"j+DVGJ$WNh&JbNHJk%3Nh&

J8r7bH7F=G9k3H,EvG"k3HK?$OJ$%7+7+3@l

O?MJAr}A=NOOrFWK[(k%c(PVa:G"j+DNUG"kW

JIO=N5?G"k%MO3Nc,7br^sG$k=GG-k%7+7e-

N7)J7b'NjAK7?,&JiP$3N7bO7b9k@}0H7F==

G-J$%
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3lKP7FVP)WO$CjN>0NHKP7F7brjA9kbNG"k%

3lO7b'NjA+i]ji;RN7)5rKB7?bNH$(k%=N?a

]jNP]r=8KhCFGj5lk3H,J/$hj+3JP)=$NjA,

D=HJk%=NP)OJ<Nh&KjA5lk%

jA 3 P)

⊥r7b$̂ ? α, β r?jQtH9k%3NH-αH β NP)r$⊢ (α∧β)→ ⊥

Hq/%^?3N α H βrP)50H$&%

3lO)s@}Wm0i_s0 [50]N)s (constraint) Kw?bNG"k%)

sOlLKJ<Nh&K=5lk%

⊥ ← C1, . . . , Ci, . . . , Cn.

3NCiO=N)srot,G"k%3N)sOgKih9kMNOOr)B9k

?aKHQ5lk%2xJcO)s@}Wm0i`NHH_rhj~l?"V@

/7gsJI,s2ilk [?]%3NlgN)sO$@ilk>br)B9k%3

l+i)sO7bNjAHOU#,[Jk3H,,+k%3lKP7FP)O$c

(PjA 3KD$F$α = ¬βHM(?lg$=NjA,7b'rbq7F$k3

H,,+k%\FGO"/^G7b'rpCH7F7brH%9k%

2.2.2 roj

gxX8Njail?8gKP7FOi;,jA5lk%=NlDK$Vro

jW[16],"k%=NrojOJ<NV<&WHV<BWNjArQ$FjA5l

k%J*$=l>lNjAGQ$ilkgx8g 〈Γ,≤〉NgxX8≤O$?M'$

d\'$?PN'JjA??$??$??Kr~?9bNH9k%

jA 4 <& (lower bound)

〈Γ,≤〉 rgx8g$∆r ΓNt,8gH9k%∆N$UN5 δKP7F$γ ≤ δ

r~?9 γ ∈ ΓN8gr∆NV<&WH$&%

jA 5 Gg5 (maximum)

〈Γ,≤〉 rgx8g$∆rΓNt,8gH9k%3N∆N"k5 δ,$∆N$UN

5 δ′KP7F δ′ ≤ δr~?9H-$=N δr∆NVGg5WH$&%
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jA 6 <B (infimum)

〈Γ,≤〉 rgx8g$∆r ΓNt,8g$Σr∆N<&H9k%3NΣ,Gg5 σ

r}DH-$σr$∆NV<BWH$&%

JeNjAJjA 4$5$6KrQ$F$rojOJ<Nh&KjA5lk%

jA 7 roj (meet)

〈Γ,≤〉 rgx8g$∆O∆ = {α, β}G$α, β ∈ ΓG"kH9k%3NH-$∆K

<B χ,8_9kJiP$χr α, βNVrojWH$&%^?=lr$α ⊓ β = χ

H=9%

rojNi;cr^ 2.1Ks2k%

a

b dc = a ⊓ c

e = b ⊓ c

⊤

⊥ = a ⊓ d

^ 2.1: rojNc

^ 2.1O$gx8g

〈A,≤〉

A = {a, b, c, d, e,⊤,⊥}

≤ = {aR⊤, dR⊤, bRa, cRa, eRb, eRc, ⊥Re, ⊥Rd}

r=9%?H(P$3Ngx8gK*$F$a ⊓ crM(k%aJ<NWGO

{a, b, c, e,⊥}G"j$cJ<NWGO {c, e,⊥}G"k%3lr=l>l δa, δcH9
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k%AK*1k {a, c}N<&O$δa ∩ δc = {c, e,⊥}HJk%3N8gK*$FO$

⊥ ≤ c, e ≤ c, c ≤ c,.j)D%hCF$AK*1k {a, c}N<BO cG"j$

a ⊓ c = c G"k%

2.2.3 "V@/7gs&ALP

d@Og-/,1F 3o`8_9k%=lOihd@ (deduction)$"<d@

(induction)$=7F"V@/7gs (abduction) G"k%ihd@O"kN18g

+i"kr3/3HG"k%c(PN18g,∆ = {ϕ, ϕ → ψ}NH-$∆ ⊢ ψ

N ψr3/3HG"k%l}"<d@O$vBN8g,8_7=3+i"kvB

,d@5l?H-$=NkLrb?i9,'rd@9k3HG"k%e-NcK

Ji&H$ϕ→ ψr3/3HKJk%=7F3N"V@/7gsOk@r3/?

aK,WJvBr>j9kHH_G"k [53]%@$9(kJiP$ihd@NU

~-Nd@Hb$(k%?H(P=lO$∆ = {ϕ→ ψ}KP7F$ψr@kKO

INvB,,WJN+rd@9k3HK"?k%3NcKD$F>jD=JvB

N8g ‘{. . . , ϕ, . . . }’,jA5lF$?JiP$=3+iϕr*SP93HrU#

9k%

3N"V@/7gsKQ$ilk@}Wm0i`NHH_rVALPWHFV [54]%

lLK$"V@/7gsOJ<Nh&KjA5lk%

jA 8 "V@/7gs

ALP 〈P,A〉 K*$F$P r@}Wm0i`N8g$A ruGJ$6R@}0N

8gH9k%3NH-$Wa αKP7

P ∪H ⊢ α

P ∪H is consistent.

H ⊆ A

r~?9h&J>bN8g H raak3Hr$"V@/7gsH$&%

3N"V@/7gsrQ$kH-]jKJk3HO>bN*rG"k%"V@

/7gsGOe-jAKpE-$WaKP7F,WJ>bN8g,>bD=J8
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gJjAbGOAK"?kKNt,8gH7F*Plk%3NH-War~?9

>b8gOlLKOlUKh^iJ$%c(P 〈P,A〉KD$F P = {ϕ → ψ},

A = {ϕ, χ}H7?H-$Waψr~?9>b8gO {ϕ}, {ϕ, χ}NU?DrM(k

3H,D=G"k%"V@/7gsGOINh&K7F>br@k+bEWG"

k,$IN>brNQ9k+,EWJ]jHJk%3liN3HKX7FO?/

N&f,8_9k [20, 46–48,51,80,87]%

^? ALPKO)s@}Wm0i`rhj~l?HH_ ACLP(abductive con-

straint logic program)b"j$=NHH_O 〈P,A, IC〉H$&HGjA5lk%3

NH- ICO)sN8gG$lS-)s (integrity constraint)HFPlk%ACLP

GOe-jANh&K>b8gr@klg$ICK?7J$OOG>br@k%3

lOJ<Nh&KjA5lk%

jA 9 /[)s@}Wm0i_s0 (ACLP: abductive constraint logic program)

ACLP 〈P,A, IC〉,"kH9k%33G$P r@}Wm0i`N8g$A ruG

J$6R@}0N8g$ICr)sH9k%3NH-QrWaH7?H-$

P ∪H ⊢ α

P ∪H ⊢ IC

P ∪H is consistent.

H ⊆ A

r<?9Hr*SP9%

2.2.4 D@

D@ [71] O"kk@KP9kihNaxrA0=9kbNG"k%MVO"k

k@r@k?aKO)@rT&%=lO?(il?vBK,QG-k,'r*S

P7$\*H9kv]K~#5;k3HrU#9k%@hNh&Kk@rZ@G

-k+I&+hjINh&K7F=Nk@r@?N+,EWG"klg$3N)

@rD@KhCFA0=9k,W,"k%

D@,Q$ilk2xJcO!*@hN&fG"k%!*@hGO)@H=l

KP9k?},INh&KJ5lF$k+,&f5lk%=N?a@hNPar
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A0=9k?aK3ND@,Q$ilk3H,?$%qN*K!*@hGO$"

k(<8'sHJX9e33GO$/@Tr(<8'sHHlL=7FFN9kK

,8.7?)@KP7$=Nk@r5z=9k?aK>N(<8'sH,=N)

@r]j9kh&LN)@r8.9k%=7F3l,+jV5lF_$K+,N

g%,]45lkh&K@hr+jV9%3l+ibINh&Kk@r@?N+$

=7F=Nk@r@k^GKQ$ilk)@OINh&JbN+JI,mk5l$

D@KhkA0=,-QK//%\&fGO3N)@NP)r$!*N1K^^

lk7b@N!PKP7FQ$k%,QN\YO 3.2.4OGRYk%

\&fGQ$kD@r$J<Nh&KjA9k%

jA 10 D@

P r@}Wm0i`N8g$F rvBN8g$ϕrk@H9k%3NH-D@

Argϕ = 〈F, P, ϕ〉 O$J<Nror~?9%

F ∪ P ⊢ ϕ (2.3)

F ∪ P 0 ⊥ (2.4)

∀ψ ∈ (F ∪ P )$(F ∪ P ) \ {ψ} 0 ϕ (2.5)

3N F ∪ P O$ϕNY} (support)HFPlk%

3NjAOD@ Argϕ = 〈F, P, ϕ〉,"kH-$=NY} F ∪P O ϕ rih9k

?aNG.BN8gG"k3HrU#9k%^?=NY}O7b7FOJiJ$%

3NjArQ$kH$"kD@OJ<Nh&K=5lk%Arg = 〈F, P, ϕ〉rD

@H7$F = {ψ}, P = {ψ → χ, χ → ϕ} H9k%3NH-k@ ϕ rY(F$k

Y}O F ∪ P = {ψ, ψ → χ, χ→ ϕ}HJk%
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h 3O

!Zj3-XNtpC;QN3~

\OGO 2ONjAr\FN!Zj3-KH_~`UArRYk%

3.1 N1==K*1kpC;QN,Q

^:!ZP]N!*N1N==KP7FX"&f$!`'$EDLP$s[D@}

Wm0i`r3~9k%

3.1.1 !`'

!a8O+3@lG-R5lk%+3@lOolol,}DGgN==Or}C

?-RA0G"k%7?,CF$RqN,Orjak!r+3@lG-R9k3

HO4/+3G"kH$(k%7+7+3@lOW[r-RG-k[IK+3G

"k3H,!ZN82KbJk%\FK*1k!ZHO$A0*Jj!rQ$F

!*N1r!:7$^?Tqg,^^lF$kJiP=N6xUjr@i+K9

knHG"k%7?,CF=N!ZP]OA0*Khj"D+&3H,G-J1

lPJiJ$%+3@lO#fJ==,D=G"j$=NraKOMV,}D=

O,,WG"k%+3@lN!a8r=N^^!Z9k3HO=~@GOTD=

Ka$%hCF!*N1N!ZKO$!a8rA0=7$!*N1XHQ99k

nH,,WHJk%
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3l+i!ZD=J!OA0=D=J!NWGKBilk%"kWG,A0=

D=+I&+O$=N]KQ$kA0=j!N===OKM89kH3mb"k

,$,\*KOP]Nps,@}*G@NG"k+I&+,GbEWJ@G"k%

@}*J=$r}FP,'H7F-RG-kD=-,"k%

2.1.1OGRY?h&K$!NpsKO!6'H!`',"k%3N&A!6'

O5g*JbFG"k?a$=NA0=,q7$%^?>KA0=7?lgGb$

A0=HO#f-NS|H$&-Ab}D?a$!6',}D5g-r:&3H

KbJk%9JoA$=J,GO!6'OA0=$qJe$5}KA0=r7F

b!6'N5g-,:olk%hCF!6'O$!ZNP]H;:!*N1KO

^aJ$3HH9k%

=3K*$F!`'O,'H7F-R,D=G"k%!`'O 2.1.1OG(7?

h&KroWm0i`H7FraG-k%D^j!NpsNfGbA0=5lk

3HK~$?psG"kH$(k%

Je+i\&f,!ZP]H9k!*N1O$!a8+ihjP7?!`'r

A0=7?N1H9k%

3.1.2 EDLP

\FGO!`'NroWm0i`rEDLPGA0=9k%=N?a^:!`'

NroWm0i`,INh&J=$r}DN+@i+K9k%

roWm0i`O [93]NjAr2MK$g^+KJ<Nh&JAH7F=93

H,G-k%

jA 11 !`'NroWm0i`

!'zL1| . . . |!'zLm ←Wo1, . . . ,Won (3.1)

3NH- ‘|’O@}Br=9bNH9k%33G!'zLNt,,@}B ‘|’K

hCF,d5lkNO$!`'N!'zLKO*r,8_9k+iG"k%!`

'N5?*JcG"kV:! 199rWr+kH=N3HO@i+G"k%
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:! hs=;O &MNa

h 199rJ&MK

Mr&7?TO"`:tO5|c7/O^/JeN(rKh9k#

3N:! 199rOJ<Nh&JroWm0i`KraG-k%

`: |5|(r |(r 5/Je←Mr&7?T (3.2)

33GO!aQlVtOWr ‘|’GV-9(F$k%33G==5l?!'zL

N*rHO$V`:W$V5|(rW$=7FV^/JeN(rW3N 3DG"k%3

l,*rG"k3HO@i+G"jDLK,1k,W,"k%J<JiPV`:

tO5|c7/O^/JeN(rKh9kWH$&!'zLNt,,lDN?j

G"k3HO"j@J$%B]Ko,QTO=N$:l+RHDN!'zLru

F7F$k%

3l+i!'zLO*r*k@r-9k%hCFroWm0i`rA0=9k

?aKO@}Wm0i`K!'zLNt,$9JoA@}Wm0i`NXCIt

K*$FVtOJc7/OKWH$&*rr==G-k3H,GcBaailk%

EDLPOjA 1$11+ib,+kh&K$e-NWar<?9%5iKEDLPO

roWm0i`N@}=$r==9kJeNT,WJ#(5r}?J$%3N#

(5HO$C[Ji;RdlgKhCFCLk9k,WN"kHSr,WH;:$

^?lCNMjJIN==3Yr.5/5;k=$JIr}?J$H$&3Hr

U#9k%C[Ji;ROW;N"k4j:`r#(K9k%^?==3Y,.

5/Jj9.kH$Rl-frT,WJ[I#(JA0G-R9k,W,88k

e$BI3^GY+/-R9lPh$N+H$&djb88k%\F,!ZNP

]H9kNO$,'N@}=$G"j$P)rpH7?T0gN!PG"k%J

eN3H+i$!`'N@}*=$KX7F!Z9kK]73NEDLPrA0=

j!H7FQ$k3HO,ZG"kHM($NQ7?%

22



3.1.3 s[D@}Wm0i`

!*N1O@}Wm0i`N&L+i$=7F!NQ@+ibs[DJjA 2K

G"k3H,>^7$%=lO$!*N1+i@il?k@KO!*,r,aa

ilk3H,}3KJk%!*,rHO@il?!'zLKP7Fb@D=J3

Hr=7$^?=Nb@KQ$ilF$kvB,=BK@il?vBZS!a8

btGjA5l?QlKpE$?vAG"k3HG"k%!*N1K[Dt,,

8_9kH3liN!*,r,@ilJ$2l,"k%

c(PJ<NrG!NcrM(k%

rG!

J<GA3TK

h;r r`N=$TO"=N=$l+i\P7?r`KD-"rGr

<akA3,"k#

3N!a8O$J<Nh&J@}Wm0i`GM(k3H,G-k%

<ak (x,w, y, z)←

r` (y),=$T (x),=$l (w),rG (z),=$ (x, y, w),\P (y, w).

3N@}Wm0i`OV=$T x,$=$lwG=$7?r yr$=$lw+

i\P7?lg$=$T xOrG zr<akWHraG-k%3NH->Kk@

H7FV=$T aO=$l bG=$7?r cKD$FrG dr<akWJ<ak

(a,b,c,d) K,@il?lg$=N!*,rOe-@}Wm0i`rU~-K?

Ij@ilk%=lO$“r` (c), =$T (a), =$l (b), \P (c,b), rG

(d), =$ (a,c,b)”HJk%>Ke-rG!N!`'KC(F$J<Nh&J,

',s[Dt,H7F!*N1bK8_9klgrM(k%

=$T (x)←<GT (x).

<GT (x)←=$T (x).

3Nlg$,',[D7F$k?aV=$TWNU#,hjG-J$%kL*

K3NlgV=$TWr,rH7F@k3H,G-J/Jj$<ak (a,b,c,d)
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N!*,r,hjG-J/Jk%3Nh&K!*Q@+i!*N1Os[DG"

k3Haailk%

^?@}Wm0i`NQ@+i+Fb3N[DO$CLJh}rToJ$Bj

BT~K5Bk<Wr6/9kN18gG"kH$(k%5Bk<WO@}Wm0

i`Nh}e)f9k3HOD=GO"k,$=N8_,%^7$HO$(J$%

JeN3H+i\FN!*N1Os[DK)B9k%=N?aP)KX9k0

g-!ZN0K$0h}H7F[Dt,N!PrT&%

3.2 !Z)xK*1kpC;QNH_~_

\aGO7bN!ZKP7FX"&f$P)$roj$"V@/7gs$D@

r3~9k%

3.2.1 P)

LoNlg$7bNjAKO7b',Q$ilk%!*N1N7b!PKXo

k$/D+N&f [9, 38]Gb=lOc0GOJ$%7b'KhCF7b,Jj?

D?aKO$jAe@}0AH ¬AK*$FA,lW7J1lPJiJ$%

2.2.1OGs(7?P)JjA 3KO>0NHKP7FD9K7brjA9kb

NG"k%3lKO7b'K"k>0NlWH$&=8*J)s,J$%hCF

P)rQ$kH$7b'rbq7DDb7b'hjb-$7bNjA,D=G"

k%7?,CF$3NP)r7bNjANpCH9k3HG$7b'G7bHG

-J$bNrCL7$9k3HJ/}l*K!*N1N7bH7F==G-k%

7b'GO==G-J$,P)rQ$k3HG==D=KJkP]O$@}0

‘A ∧ B’ K*$F$Rl A, B NRl>$b7/O?jN>0,J<N 3DNl

g [58] N$:l+NlgG"k%J*7bNp\*JWGG"k]jNo`KO

33Ghj7&bNJ0Kb?/M(ilF$k, [57]$=~@OQ0*JbN

OhjV-A0=D=-,"klCH7F@(*J]jX8r=N!ZNP]H

7F$k%

J<O=NP)NNQKhj==D=KJk7bNX8G"k%
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1. PAlNHG"k

2. ]j-,D$?bNH$=l+i]j-r|$?bNNHG"k

3. S>*JX8K"kHG"k

qNcO=l>lJ<Nh&JbNKJk%

1. NU (a) ∧a: (a)JPAlK

2. D= (a) ∧TD= (a)J]j-K

3. M (a) ∧V (a)JS>*X8K

3liNcO$:lbRl>,[Jk?a7b'eGO7bGOJ$%7+7;

-7?=l>lN}3+ib!*N1H7FO7b7F$kH_J9Y-G"k%

?@73li 3DNlgKP7FO$J<Nj!rHk3HG7b'rQ$F

7br3/}!bM(k3HOD=G"k%

1. PAlNHNl}r$b&R}N]jH7F==9k}!

2. ]j-r]j-fKV-9(k}!

3. UMXtGS>*JX8rjA9k}!

3lKhkH$c (1), (2) OJ<Kq-9(k3HKJk%

(1):NU (a) ∧ ¬NU (a)

(2):D= (a) ∧ ¬D= (a)

3liNj!O!*d@GO,ZGJ$%^:3NPAl$]j-NHr=l>

l*_$N]jH7F==9k}!KD$Fb@9k%3lOsU*J==}!G

"k3H,djG"k%J<JiVa:WNPAlOVNUWG"k,$‘a: (x)’

r ‘¬NU (x)’H-R9k3HORl>Va:WNU#rgn5;?==G"k%

^?3N-ROVNUGJ$Jia:G"kWH9k3HHy7$%NUGJ/

a:NJ$lgb8_9k%D^ja:HNUO04KdNX8K"kbNGO

J$%7?,CF3N}!O!*N1K*1k==}!H7FO,ZGJ$%!
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KUMXtrdj"Fk}!KD$FRYk%lLKl,Rl@}K*1kP]

N8gOC;5BN8gG"k%7?,CF$P]=l>lKUMrdjvFk

}!,,ZHOM(K/$%^? ‘∀x[M (x)∧V (x)→ ⊥]’HLSlL*KS>*

X8rjA9k3HO$P)r3~9k3HH1AHJk%3Nh&K7b'@

1GO!*N1N7br,ZK==G-J$+$^?=l,,ZJ}!HO$(

J$%

Je+i\FGO$7b'NeojKP)rQ$$PAlNH$]j-rHb

JC?bNH]j-rhj'C?bN$S>*X8K"kbN$=l>lrP)

eNVP)50WH7F}l*KjA9k%3lKhjsU*K>0rQ(k3

HJ/7b9k3HrjAG-kh&KJk%

3.2.2 roj

P)r3~9k?aKO=Np`G"kVP)50WN8grjA7F*+J

1lPJiJ$%P)50HOV"k50>AHBOHbKJj?D3HOJ$W

H$&3Hr=9HN3HG"kJjA 3K%"kN18gKP7F3NP)50

r7)KjA9k?aKO$=NN18gKP=9k?j^?ORl>N4FN

H_go;KP7F$=li,P)50JN+I&+rM,=L7$-R7F*

/,W,"k%N18g,.5$lg3N3HOdjH7F2_=7J$%7+

7"kxYNg-5rbC?B]N!r"D+&lg$=N4FNH_go;r

MjKhCF=G9k3HOsoKjV,++j$=B*$BQ*J}!HO$

(J$%\F,HQ7?Y3)NcGb=lO@i+G$HQ7?!a8,rc

4NNltG"jJ,i$B3G 30000JeNH_go;,!P5l?%3lr

MjG=l>l=L$-R9kNO=B*J}!GOJ$%

=3G\FGO$lCNeL<LX8+igx8gKP9ki;G"kVro

jWrQ$FP)50rjP9k}!rsF9k%3lKhjG.BNjVGP

)50rjA9k3H,D=KJk%7)JW;j3-OBu\YH</Xok

?a 4.4.1OGRYk%

3NP)50O$W;G@k3H+i=N:YKdj,Dk3Hb,+CF$

k%D^j3NW;KhCFjP5lkP)50O$,:7bVP)7F$kWH
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OBiJ$%=N}3OeL<L50NG<?=NbN,N1H7F04GOJ

$3H,}3H7Fs2ilk%c(PP)7F$J$NKP)50HmCF'

15lklg,"k%3lOeL<LX8K*$F$<L50NjA,T-7F

$kHM(ilk%b7b"k50NHKP7F&L<L50,8_7F$?l

g$=liOrojNW;eP)50HOJiJ$%UKP)50G"jJ,i

P)50H7FW;5lJ$lgOVcC?<L50,jA5lF$kHM(i

lk%

^?eL<LX8r-R9k@lN===ONB&KhkpsNT04-b=

N:YKX87F$k%=_OWLd-R@}Jdescription logicKJIG9sK

&f5lF$k*sHm8<&fGO$50=l>lKVrigidG"kWJIN5

00-r?(F,`9kJIN}!,!$5lF$k [91]%3N rigidHO$T0

*50+$0*50+r=90-G"k%c(PVX8WH$&50O~V*K

Q09k0*50G$VMWH$&50OT0*50K"?k%!*N1KX9k

*sHm8<GO*}*+Q0*+JIN0-bQ$ilk%3Nh&J7)J

jAr}?J$A0GeL<L50NjArTC?lg$50N"kMjK*1

k.1,/89kD=-,"k%c(P!'eV!MWOVMWH7F'15l

k%^?qRH%OV!MWG"k%7?,CF1cKOqR <!M, !M <M

J33G ‘<’OeL<LX8r=9KNh&J50,Xrnk3H,G-kNG"

k,$3NgxX8GOW;eVqRWHVMWrP)50HO+J93H,G

-J$%7+7qRHMKX7FOlLKOP)9k50H7F7&Y-G"k%

3Nh&J@rrh9kKO$e-Nh&J500-rIC7$hj7)JN1

reL<LX8lCG<?K-R9k,WJI,"kHM(k%

JeNh&K$rojKhCFjP5lkP)50N:YOIl@17)Ke

L<L50rn.9kN+H$&3HHJk%?@7$3N:YNb$P)50

r@k?aKeL<LX8lCG<?r7)K-R9kjVO$P)50NH_

go;rMjG=L9kjVhjb/J1lPJiJ$%hj/J$jVGhj

:YNb$P)50rjP9k}!O#eN]jG"k%
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3.2.3 "V@/7gs

\FN7bOP)HP)50rpKjA5lk,$=N7br!*N1+i!

P9kKO"V@/7gsr3~9k,W,"k%=lO!*N1,gK,'+

i=.5lF$k3HH$,'Nk@,7b9kH-!O7b7F$kH_J9

Y-G"k3H,}3G"k [9, 81]%

0g*J!GO18Wo+iP)9k!'zLr3$FOJiJ$%c(P=

lO ‘{A→ B, A→ C}’Nh&J,',"kH-$B, C ,P)7FOJiJ$3

HrU#9k%b73NB, C,P)7F$?lg$!*N1 ‘{A→ B, A→ C}’

O0g*GJ$!G"kH7F!P7J1lPJiJ$%

7+7LoNd@}!GOe-N,',7br/37F$k+I&+r=GG

-J$%^U,k@Khj7br/39KO$=N0o,<?5l$eo,@(

*K3-P5l?eG7br/37F$k,W,"k%3lOe-cG$&Ji

P$B, C,P)50G"kH-$ A ,vBH7F?(ilF$J1lPP)r

/37F$kH_J;J$3HrU#9k%7?,CF!N0g-r!Z9k?

aKO$3N,'N0oAr>j9k,W,"k%

=3G\FGOjA 8N"V@/7gsr3~9k%"V@/7gsOe-Nh

&JlgKWar BH C H7$=l>lN)@K,WJ>b Ar@kd@G"

k%9JoA3NAr!Z~K>bH7F@k3HG$,',=.9kP)r!

PG-kh&KJk%hCF!Zj3-GO$!`'NWoJ0oKr"V@/

7gsG>j7$=N,'Nk@,7b7F$J$+r!:9k%

J*ALPNRHDG"kACLPJjA 9KrQ$k3HG$N1,7br^`

+I&+KX7FOlL=1G-k3Hb@Z7F*/%=lO$J<NP~rH

k3HKhk%

• P)NP)508gr$lS-)sH9k

• >jD=vBr$N18gbGXCItKP=7J$RlH9k

• WaKP7F>b,@ilJ$H-r$7bH9k

1lL=HO\FN}!@,B=D=G"k3HrU#7J$%A0*K==D=G"kH$&

U#GQ$F$k%
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?@7ACLPr=N^^!ZKNQ9kKOJ<N 2@D$Fdj,"k%R

HDO\FN\*,N18gK7b,"k+I&+r=L9k3HGOJ/$7

b,"kH-=N6xUj,I3K"kN+rs(9kH$&3HG"k%ACLP

NlS-)sO>bNOOr)B9k?aNrdrL?9%>b,@ilJ$l

gN1,7br^`H=LD=Gb$INlS-)s,6xG>br@ilJ+C

?+O=LG-J$%ACLPeG3lrB=9kKO6xUjrCj9k?aL

Sj3-r3~9k,W,88$=lO\F,3~9kF9N;QrQ$k3H

HQoiJ$%b&RHDOBTz(NLG"k%ACLPNlg$jAelDN

>br@k?aKO=l>lNWaKP7F4FNlS-)sr<?7F$kN

+=L9k,W,"k%\FNlg$ACLPNlS-)sKP~9kP)50N

8gO.5$bNGOJ$%B3GO 10000H2a/,=lG"C?%BTD-,

=,G"kJiPdjKOJjK/$,$=$H7F^`KOz(e%^7$b

NGOJ$%

3.2.4 D@

\FN!ZN\*O7bN6xrf<6Ks(9k3HG"k%P)rz-/

39,'N8gO9JoA$!,0g-r;J&!a8NUjG"kH$(k%=

lrf<6Xs(9k3HGiaFW.K!a8NN'9Y-ljK?Ije/

3H,G-kh&KJk%

3.2.3OG"V@/7gsr3~7?3HKhj$P)50B,CK*$F { A→

B, A→ C }Nh&JN18g+iP)r!P9k3HOD=KJC?%7+7"

V@/7gsOP)N6xUjrCj9kbNGOJ$%=lO"V@/7gs

,e-cK*$F,' A → B H A → C ,P)N6xUjG"kHCj9kb

NGOJ$+iG"k%

s(t,G"kP)N6xUjO$D@KhjVP)9kD@W[75]H$&A

GA0=G-k%=lO$^:P)50 ϕ, ψr>j9k%3NH-=l>lKP

9kD@Argϕ = 〈Fϕ, Pϕ, ϕ〉, Argψ = 〈Fϕ, Pψ, ψ〉,"V@/7gsKhj@? Fϕ

KhCF@il?H9k%J*$D@ArgϕH ArgψK*$F Fϕ,&L7F$k

23lOeL<L50+iW;5l?P)50tG"k%

29



NO$V0g*J!O18Wo+iP)9k!'zLr3$FOJiJ$WH$&

3Hr!Z9k?aG"k%3l+iP)9kD@Argϕ, Argψ,$=N PϕH Pψ

Khj=N!*N1bK*$FP)rz-/37F$kHG-k%5iK3N Fϕ

O$War ϕH7F@ilk>bG"k3H+i$PϕH PψKD$FP)N6x

UjO$>br@k?aKHQ5lFO$J+C? PψHG-k%hCF$PψK

^^lk,',F!$9kY-!NUjNudHG-$f<6Xs(9kUjN

udHJj(k%
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h 4O

!*N1N!Zj3-HBu

\OGO\F,sF9k!Zj3-NBuKD$F\Yrb@9k%^:+L

7rI/9k?aKh}jgN5Wr(9%=7F\Bu,Q$kFG<?N8

.}!*hSEMKX7FRYk%=Ne=liNG<?rHQ7?qN*J!

Zj3-rRYk%

4.1 !Zj3-HBuN5W

\BuO0h}oH!ZoK,1ilk%0h}oNrdO~O5l?G<?

+i!Zo,,WH9kG<?rjP7$^?=lr!ZoKgo;?-RKQ

99k3HG"k%3N~OG<?HO$^ 4.1K(5lkh&K$!ZP]HJ

k!`'NG<?$ZSP)50jPN?aNeL<L50lCG<?$3li 2

DG"k%3N~OG<?O$:lbXMLG-R7F$k%3liN~OG<?

rh}9k0h}oO Ruby [1]GBu5lF$k%3N@lN*r}3O Ruby

,^kAP$H8zN8zsh},FWJ3HKC($*V8'/HX~@lG

"k3H$ZL@lG"jBu39H,c$3H$=7F XMLX"Ni$Vi

j,<B7F$k3HJI,}3Ks2ilk%3li~OG<?+iO0h}

oKhj!ZK,WJG<?,jP$Q95lk%=3G8.5lkfVG<?

O^ 4.1K(5lkh&K$682HG<?$!ZQ!`'G<?$"jF#G<

?$lC0iUG<?$duG<?$N 5DG"k%$:lb$!ZoKgo;F$

PrologN=8GPO5lk%!ZoOe-N0h}oKhCFQ9$ZS8.5

31



l?G<?r5K$d@r,WH9kt,$gK!*N1N!ZrT&%=lO

lC0iUG<?H"jF#G<?rQ$F!P9k7bN?aKP)50rj

P7$=7FduG<?$!ZQ!`'G<?KP7F=N7bN!ZrT&%3

Nh&K!ZoGO$eti;*hS7bN!ZJIN$d@*h}rT&%hC

Fd@h}NBuK,7F$k PrologrBu@lH7?%^?h}OH7FO-

/Nilk SWI-Prolog [2]rHQ7?%

79F`4NNT&h}5WOJ<Nh&KJk%JeNaG3li5WN`

\KD$F=NEMJIN\Yrb@7F$/%

1. V!`'G<?WO$!`'rEDLPGA0=7?bNrXMLG-R7?

bNG"k%3N!`'G<?r!ZoQKgo;?-RA0NV!ZQ!

`'G<?WXHQ99k%

2. VeL<LX8lCG<?WO!a8KP=9klCNeL<LX8rXML

G-R7?bNG"k%3NeL<LX8lCG<?+i 2 o`NG<?r

hjP9%RHDaO!ZQ!`'N1rd&VduG<?W$=7Fb&

RHDOlCNeL<LX8r0iUG<?XHQ97?VlC0iUG<

?WG"k%

3. (2) NlC0iUG<?+iVP)50G<?WrhjP9%

4. (1)N!ZQ!`'G<?H$(2)NduG<?$3lirgo;?bNrV!

ZQ!*N1G<?WHFV%3N!ZQ!*N1G<?,s[DG"k+

!:r9k%=7F[DUj,!P5l?lg$=NkLrV[Dt,!P

kLWH7FPO9k%

5. (3)NP)50G<?rQ$$!ZQ!*N1G<?,P)r/37F$J

$+!:9k%=7FP),!P5l?lg$=NUjrVP)t,!Pk

LWH7FPO9k%

J*$e-5WK*$FO$h}5W`\ (1)–(2)r$0h}o,4v9k%D

jN$h}5W`\ (3)–(5)O$!Zo,4v9k%e-5,NF`\GO$Fh

}`\GgKxQ5lkG<?N_(7F$k%hCF$JeNP~9kaGN\
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YJb@GO$v5WN`\K=lF$J$G<?,HQ5lk3Hb"k%G<

?N04Jo`$=lr8.9kWm0i`$=7F=NM8X8O^ 4.1K(5

lk%

!`'G<?

(XKIF)

eL<LX8lCG<?

(OWL)

0h}o (ruby)

682HG<?

!ZQ!`'

G<?

"jF#G<?

lC0iUG<?

duG<?

!Zo (prolog)

!ZQ!*N1

G<?
P)50G<?

[Dt,!PkL P)t,!PkL

^ 4.1: FG<?NM8X8H8.Uj

4.2 0h}oXN~OG<?`

\aGO0h}oK~O5lk$!`'G<?$eL<LX8lCG<?$3l

i 2o`NG<?KD$FRYk%J*$3liNG<?O$MjGn.5lk

bNG"kNG$=N-RNEM$n.N}!JIKD$Fb@9k%

4.2.1 !`'G<?

!`'G<?OJ<NjgKhCFnilk%J*J<N`\J1K– (3)KX7

FO$3.1.1$3.1.2OGRY?H*jG"k%
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1. !a8,jak!,O+i!`'rhjP9

2. !`'rroWm0i`H7Fra9k

3. roWm0i`r EDLPGA0=9k

4. \F,jakXKIFA0GU!$kK-R9k

33G` (4)NXKIFHO$\F, KIF (knowledge interface format) [32] r2

MK7Fvj7?N1-RQNXMLA0G"k%J*KIFHON1Nj_?Q

-rN]9k?aKvj5l?-REMG$LISPKw?=8r}D%3NKIFO

p\*Kl,Rl@}N-Rr\*H7F$k%?@77)Jl,Rl@}K'

9ko1GOJ/$hj@pJ-R,G-kh&KJCF$k%

!`'G<?r3NXMLG"kXKIFG-R9k}3O=UH&'"NI_~

_FQ-rN]9k?aG"k%I_~_FQ-HOG<?KCLJC)r\9

3HJ/#tN=UH&'",I_~_D=+I&+rU#9k%XMLO-/N

il?G<?-RA0G3NI_~_FQ-,b$%XMLrNQ9k3HG=N

G<?r-R$T89k]K$CjN=UH&'"r7?KQU9k,W,J/

Jk%vBXMLKP~7?=UH&'"O?t8_9k%=liN{8Nq:r

xQ9k3HG$H+NG<?A0rN1NG<?KNQ7J,ib$c39H

GFWJT8*hSn.,D=HJk%XMLrNQ7J$lg$c39HNG<

?n.}!H7F-RQ=UH&'"N+/;:F-9HG<?r>\(G#?

JIG-R9kH$&}!bM(ilk%7+7=lhjb{8NXML-RQ=

UH&'"rQ$?},$f<6<$s?<U'<9,0w5lF$k3H+i

hjz(*JG<?Nn.,D=G"k3HO@i+G"k%

^?G<?h}NQ@+ibXMLNNQKOx@,?$%\F,0h}oNB

u@lH7FNQ7F$kRuby@lGO$XMLNI_~_$h}9k?aNi

$Vij,<B7F$k%3Nh&K$XMLrI_~`?aN$s?<U'<9

O=~@G[HsIN@l,w(F*j$M9J7$,JWKJk%

5iKXMLO_j+3Y,b$3H,NilF$k%XMLO?0HFPlk

PN^</"CWG=$=G<?r-R$jA9kbNG"k%3N=$=G<

?HO$G<?KP7FZ=$rU?9k3HG"k%=NlgQ$ilk?0
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OBj*JbNGOJ/$f<6,+3K_jD=G"k%7?,CF$XMLH

$&A0K'jJ,ib$=N=$KP9kU#E1Nt,Gf<6N+3YO

b$%

3liG<?NI_~_FQ-$f<6<jAN+3Y$h}D-JIN@+

i XMLON1N-RK,7F$kHM(il?%7?,CF\FGO3N KIF

rXMLGvj7?XKIFr!`'G<?N-RA0H7?%=NXKIFNEMr

J<K(9%

^:!`'G<?r-R9k?aKOEDLP,-RG-J1lPJiJ$%7

?,CFXKIFGOEDLPN@}Wm0i`r-R9k?0rjA7?%=NH

-KHQ5lk?0$=7FP~9k EDLPN@}-fO= 4.1HJk%

J*\F,7&G<?O$chJEDLPN@}Wm0i`H$&-JN_r}C

F$ko1GOJ$%G<?OEDLPN@}Wm0i`G"kH1~K$!*N

1H$&&Lb}Ago;F$k%=3GXKIFKO!`'N@}Wm0i`J

0K$r8>$rt$O>$=7F`tJIN!*N1C-Npsb-R9k3H

,G-kh&K?0rjA7?%=N-RKHQ5lk?0O= 4.2K(5lk%

?0> U#

<logic> @}Wm0i`t, -

<implies> ^U ←

<and>1 \G#t@}Q ,

<or> XCIt@}B |

<not> @}]j ¬

<unp> :TN]j not

<clause> 6RjFikt, -

<predicate> Rl> -

<argument> ztNh -

<var> Qt-f -

= 4.1: EDLP -RQ XKIF N?0HP~

3lO$@-,,WJH-KBCFHQ5lk%

35



?0> U#

<ordinance> r8>

<subject> `\>

<section> rt

<paragraph> `t

= 4.2: !'ps-RQN XKIF N?0

D.KXKIFrQ$?@}Wm0i`N-R}!rb@9k%^:"k@}0

r P H9k%3N P O@}Wm0i`NRHDK"?kbNH9k%=NH-$

P Nt,@}0r ϕ, ψ, θH9k%^?$K(ϕ), K(ψ), K(θ)O@}0r=l>l

XKIFG=7?bNG"kH9k%J*K(ϕ)O

<X>

K(γ)
...

K(σ)

</X>

Nh&K$"k?0J33GOX9e ‘<X>A</X>’KGO^l?bNH9k%3

li+i$

ϕ ∧ ψ ∧ θ

H$&@}0O

<and>

K(ϕ)

K(ψ)

K(θ)

</and>
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H-R5lk%J*$*@ ‘∨’KD$Fb$1MNA0G$<or>rQ$F-R5

lk%

^Ur=9 ‘<implies>’?0O$DOM (Document Object Model) eNh 1W

G,XCIt$h 2WGJ_,\G#tKjv9kh&KJCF$k%3lOJ

<N@}Wm0i`,"kH-$

ϕ← ψ, θ

J<Nh&KXKIFG-R5lk3HKJk%

<implies>

K(ϕ)

K(ψ)

K(θ)

</implies>

GeK ‘not’, ‘unp’?0Nh&J1`@}i;Rr=9bNOWGr 1D@1}

DbNH9k%hCF ‘not ϕ’d$‘¬ϕ’OJ<Nh&K-R9k%

<not>

K(ϕ)

</not>

hCF

<not>

K(ϕ)

K(ψ)

</not>

Nh&JG<?OXKIFNXSD (XML schema definition)U!$kK*$FE

vGOJ$%

D.Ki;RJ0N$WGKD$Fb@9k%3NXKIFG-R5lk@}W

m0i`N"H`O$‘<clause>’,‘<predicate>’,‘<argument>’,‘<var>’?0rQ$
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F=.5lk%<clause> ?0Oar=9%J1KO$"H` 1DKjv9kH

M(Fh$%<predicate>ORl-frjA9k?0G"k%Rl-fNjAO$

<predicate>?0NbtN0- ‘value’K-R9kAG5lk%<argument>?0O

"H`Nztr=9?0G"k%=NRWGKOeRNQt>rjA9k<var>?

0r}D%<argument>?0NgJrdOQtNgxr]89k3HG"k%XML

GODOM=$eFRX87+jA5lJ$%RNWG,gxr}Dlg$LS

=Npsrq/,W,"k%"H`OQtNgx,]85lJ1lPJiJ$N

G$3N<argument>?0N0- ‘number’GQt,"H`N?V\NQtJN+H

$&psr]}9k%GeK<var>?0OQt>Nk@r0- ‘name’KhCFj

A9k%

3lrQ$$‘T/# (x)’Nh&JRlO$J<Nh&KXKIFG-R5lk3

HHJk%

<clause>

<predicate value=’T/#’/>

<argument number=’1’>

<var name=’x’/>

</argument>

</clause>

J*?0<var />Nh&K?0NGeK ‘/’rq/NO*;?0N,-G$3l

OXMLNEMG"k%

=N[+N!*N1C-NG<?N-R$@}i;RJIbgo;$3NXKIF

N-RcH7FB]NG<?rJ<Ks2k%J*3NcO$\F,B3KQ$

?G<?NltG"k%

^:J<NEDLPN@}Wm0i`O$!'>VY3)T/j3rc W$rt

Vh 8rW$`tVh 1`WH7FP=7F$?%

=ATY (x, y, z)←v'Dy (z),=AT (x),T/# (y).

3N,'re-N!*JpsHgo;XKIF G=9H^ 4.2Nh&KJk%
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4.2.2 eL<LX8lCG<?

0h}oK~O5lkeL<LX8lCG<?OMjKhjOWL [86] G-R

5lk%OWLOe=*J*sHm8-R@lG$XMLeGvj5lF$k%\

FOG<?NFQ-rN]9k?aKOWLreL<LX8lCG<?N-RK

NQ7?%3NFQ-HO$XMLKhkI_~_FQ-NN]KC($3NeL

<LX8r\FN!ZN_NHQrBj7J$3HrU#9k%

3NOWLNNQOOWL,}DU#@r,WH7?bNGOJ$%OWLO-

R@} (description logic) [6, 61, 89]rpCH7F.j)CF*j$=NraO7

JJbNHJCF$k%=NU#@K7)K7?,&H\F,\*H9k3HK

=0oJ$Uj,"k%qN*K=lO$*sHm8<K-R5l?lCrl,

Rl@}XI_X(kH-Q$ilkL|}!KX7FG"k%5iKOWLO

-YJ!=r}D,$=N4Fr\FO,WH7J$%7?,CFeL<LX8

lCG<?OOWLN SchemeKD$FEvG"kJD^jOWLrT8D=J=

UH&'"KD$FO=NI_~_D=-,]c5lkK,$=NxQKD$F

OOWLNU#@K04KO`r7J$}!GltQ$kbNH9k%

\F,HQ7F$kOWLN?0OeL<LX8r-R9k?aN ‘Class’ H

‘subClassOf’ ?0G"k%"klC`\ p1H p2,V p1 O p2 N<LlG"k

Jp2 O p1 NeLlG"kKWH$&X8K"kH-$=lrJ<Nh&K-R9

k%3Nh&J-RN8g,eL<LX8lCG<?HJk%

<owl:Class rdf:ID="p1">

<rdfs:subClassOf>

<owl:Class rdf:ID="p2"/>

</rdfs:subClassOf>

</owl:Class>

J*33GOBj*KG<?Nltr(7F$k,$B]KO=N[+b-R

,"k%?@7=liOOWLN SchemeGEvG"k?a@1K,WJ-RG"

k?ad&7?%
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4.3 0h}oKhkfV8.G<?`

\OGO!`'G<?HeL<LX8lCG<?=l>l+i0h}o,8.

9kG<?`KD$F=N}!HEMrb@9k%

4.3.1 !`'G<?+i8.5lkG<?`

0h}oO!`'G<?+iJ<NG<?r!ZoKgo;FPrologN3<I

H7FhjP9%

• "jF#G<?'RlN"jF#r-?7?G<?

• 682HG<?'5N!`'G<?r PrologN=8K>7?G<?

• !ZQ!`'G<?'!ZD=JAK!`'G<?rQ97?G<?

J<NOG=l>lNEM$8.}!KD$Fb@9k%

"jF#G<?

"jF#G<?O!`'G<?KP=9kRlNztNtrhjP7=lr-

?7?bNG"k%3lOeR9k,$eL<LX8lCG<?+iduG<?

J4.3.2$4.3.2OKdP)50J4.4.1OKrjP9k]KHQ5lk%

"jF#G<?NA0OJ<KJk%

arity(predicate name,[arity1, . . . ]).

predicate name ORl-fr$arityi O=NRl-f,}D"jF#r=9%"

jF#O#to`ND=-,"k3H+ij9HA0G-?5lk%c(PRl

-f pKX7F!`'G<?bK ‘p(X)’H ‘p(X,Y)’ H$&h&JP=,"C?l

g$"jF#G<?O ‘arity(p, [1, 2])’ HJk%

J<K=NjPcr(9%
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c 1 J<N,',!`'G<?K-R5lF$?H9k%

P0(x, y)|P1(x, y)← P2(x), notP3(x),¬P4(y)

P0(x)← P2(x)

3l+i@ilk"jF#G<?OJ<KJk%

arity(p0,[1,2]).

arity(p1,[2]).

arity(p2,[1]).

arity(p3,[1]).

arity(p4,[1]).

682HG<?

682HG<?OXKIF N?0N~lR=$rPrologNj9HN~lR=$G

-R7?bNG"k%3lO!ZfKbHN!`'NArN'9k,W,88?

H-KQ$ilkbNG$3l=NbNr!Z9ko1GOJ$%J*XKIF+

iPlorogN=8KQ99kNO$!Zo+i!`'G<?rxQ7d9/9k?

aG"k%J<K 4.2.1ONXKIFr682HG<?KQ97?crJ1Ks2k%

ordinance(Y3)T/j3rc,[

section(h 8r,subject(}3Ns(),[

paragraph(h 1`,[

logic([

implise(=ATY (X,Y,Z),[

v'Dy (Z),

=AT (X),
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T/# (Y)

]),

]),

]),

]),

]).

!ZQ!`'G<?

!ZoO!`'N,'r PrologN,'H7F=7?bNrWa9k%3lO$

!`', ‘H:-B1,B2, · · · ’Nh&J PrologN3<IN,'H7F~O5lk3H

rU#9k%7?,CFEDLPN!`'O3N0h}oKhCF$PrologN3<

IN,'XHQ95lk%3N}!rHk}3O.5JjVG!ZNBT.Yr

e2k?aG"k%

\FGHQ7F$k Prologh}O SWI-Prolog O3<IrI_~`H=lr

WAM (Warren’s abstraction machine) QNfV@lK3sQ$k9k%3N3s

Q$kGO3<INBT.YG,=b1~K5lk%D^j!`'rPrologN,

'H9k3HG$+0G!ZBT.YKXokG,=,+~^lk%

Lo3Nh&J!ZWm0i`rBu9klg$!ZG<?O8zsH7FI

_~_$8zsh}eGd@r9klg,?$%=lO@pJ-R=OHd@!

=rY(k?aG$!ZON Isabelle [62]d$Coq [14]JIKb=5lk%7+7

8zsh}Gd@r9klg$=NBT.Yre2k?aKOsoKjV,++

k%=lOe-G(7?!ZOK+ilkh&K$=l@1G 1DN&f,nr

J9%

!ZJIW;L,57Fg-$&fP] [21] Nlg$BuK*1kb.=O5

kG-J$djG"k%7+7=Nlg\hN\*H1~K$Bu$h}$P}

N39HrM(k,W,"k%\FNlg!ZoBu@lH7F PrologrNQ7

F$k%d@h}K*1kPrologN-R=OOb/$=NBu39HO>N@l

rg-/esk%?@7PrologOBT.Y,5[Ib.GOJ$@lH7FbN
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ilF$k%\FO=NBuN?aN39HH$b.=N?aN39HP}r*

F7F=_NBuAVrNQ7F$k%3N,'rPrologN,'XQ99k=_

N!Z}!NBT.YO$h}ON.YH1yG"k%3lJeN.Yraak

lgPrologNh}Ornj>9,W,"k%=lOe-}3+i\@+i0lk

3HKJk%

JeN}3+i$!`'OPrologN3<IKQ95lk%7+73N3HO$1

~K!`'N==A0,PrologN}D)sK{ilF7^&3HbU#9k%!

`'G<?O EDLPGA0=5lF*j$XCItK@}Br^ak3H,v5

lF$k%7+7Prolog O[<sarpCH7F$k3H+i$p\*KOXC

ItK@}Br^ak3HOG-J$%3N@KX7FOhjzL*J Prologe

GNN18gNBu [27–29] rM89k,W,"kHM(k,$=lO#eN]

jG"k%

hCF\FGO$Q$kG<?,chJEDLPGOJ/!`'H$&!*N1

G"j$^?!ZQNG<?G"kH$&C-rQ$F$=NPrologN)s,!

ZedjKJiJ$h&h}rT&%=N?aKO^:!`'G<?rPrologN

=8K<aJ1lPJiJ$%=3G [8, 79] r2MK$XCItN@}BK~8

F,'r,d7[<saK}ak%=N,dNcrJ<Ks2k%

c 2 J<N EDLPN,',"kH>j9k%

p0(x)|p1(x)← p2(x), p3(x).

3lr$XCItN@}BK7?,CF$J<N3<IXQ99k%

p0(x)← p2(x), p3(x).

p1(x)← p2(x), p3(x).

3N,'N,dKhj!ZQ!`'G<?O4FXCItK@}B,8_7J

$@}Wm0i`XHQ95lk%3NH-Q9,bHN,'HyAG"kQ9

r7?bNGOJ$3HKmU9k%yAJQ9rT&KO$[?]K"kh&J,

d~K|07?XCItNWGN]jar\G#tK^aJ1lPJiJ$%\

FGO=N@r2HQG<?r,9Q$k3HGdCF$k%hCF3NyAG
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J$,d5l?,'r!Z9k3HO$\hN,'r!Z9k3HHO[JCF

7^&H$&|0,"k%7+7\FGO=lOdjHOJiJ$%=N}3O

J<N 2DG"k%

1. +3JihGOJ/$\F,jak}!GV!ZWr9kH$&C-

2. !*N1K*1k!'zLN*rr=9VtOJc7/OKWO@}XeN

@}BGOJ$3H

^:RHDaN` (1)G"k%ihHON1N8gr∆H7$Z@7?$?j

rϕH7?H-$79F`, ∆ ⊢ ϕ ,<-5lk+I&+rd@,'rN18g

K,~7F!:9k3HG"k%33G+3JihHO$f<6, ϕ$D^j/

(jr$UK_j7Fh$3HrU#9k%b73N+3JihrvF9kJi

P79F`O=NN18g,pCH7F$k@}NONZ@!=r04Kw(k

,W,"k%^?=NZ@!=rw(?79F`eGO$0QA,1M`GJ1

lPJiJ$%9JoA=Nlg$e-GRY?yAGJ$EDLPN,'N,d

Ov5lkbNGOJ$%7+7J,i\FGO!Z9k3H,\*G$=lJ

0NzLO|T7J$%V"k!'zLrbD,'+i$INh&JvB,3+l

k+%^?=l,3+lkH>j7?lg$P)r/37F$J$+W$3N@N

_,\F,79F`KaakWaG"k%D^j ‘ϕ|ψ ← χ1, . . . , χn.’Nh&J,

'+i$ϕ|ψr3/3Hd$$UN@}0,N18gGZ@D=+I&+H$&3

HO\&fN!ZGOEWGOJ$%B]K$ϕ *hS ψ ,3+l?H>j7?

H-$IN,',HQ5l?N+$=7F=lKhCF!NbtGP)50G<

?,,j9kP),ihD=+r4Yk3H,G-lP=,G"k%7?,CF$

,'r,d7$XCItK=lF$?=l>lNRl-fKD$F$=NP)N

!Z,D=G"lP3N,',dOdj,J$%3liN\YKX7FO 4.5OG

RYk%3Nh&J!Z@1Km\7FCl=5l?ihNOrbD&fO1M

N!ZKXok&fGb+ilk%J*e-Nh&J@}Br^`?jrH%@

}Wm0i`+iih9k&fb"k [47],$e-N3H+i=~@GOM89

k,WOJ$HM(k%

!K` (2)G"k%!*N1K*1k!aQlVtOWJIO$lLK@}XG

$&V@}BWHO7)KO[Jk%@}XK*1k@}BO ‘ϕ∨ ψ’H"C?l

44



g$ϕ^?O ψ,?G"kH-H$=lKC(1~K?G"kH- ϕ ∨ ψO?K

JkH-r=9%3N3HO8g@*KOEvJbNG"k%7+7J,i\F

,!Z9kN1O@}X+iJj?DbNGOJ/!*N1G"k%!*Jra

H@}X*JraNIAir%h9kY-+M(?lg$=Nz(O+@G!*

rar%h9kY-G"k%!aQlNVtOWO*rr=9H"k%D^j@

}XG@}BN0,?HJkroNRHDG"k`N 2D,1~K?G"kH-

rM89k,W,J$%3N@+ib!*N1K*$FO@}BN`N=l>l

rL9K!:9k3HG,W=,G"k3H,,+k%J*H%@}Wm0i`

N@}BKhk"kKP7F$%hgLr_1k&fb"k,$#sO=N4F

,!ZP]KJkNG=lOM(J$ [18]%

!`'G<?+i!ZQ!`'G<?r8.9kjgrJ<Kb@9k%

0h}oO!ZQ!`'G<?N8.K*$F 2DNC)r\9%RHDO!Z

QNRl-frda~`3H$b&RHDOh[IRY?,'N,dh}G"k%

^:!ZQNRlNda~_O$!ZRl ‘head hook’ H ‘body hook’ G,'

K=lkRlr$&3HrT&%qN*KOJ<Nh&JjFik,"k,'N

\G#tK^^lF$?H9k%

T/# (x)

3lr=N!ZRl-fG$$$J<Nh&K5lk%

body_hook(T/# (x), Ruleinfo, Opt)

33G RuleinfoO$=N"H`,?f?r?`N!a8N,'K^^lF$?

+H$&psrJ<7F$k%=7F OptO$0nN?arJ<9k%3N0n

N?aO$!ZRl,"H`BT0deK$UNdj~_h}r^~9krdr

4&3HKX89k%\FGO3l^Gb@7?h&K$!`'G<?O Prolog

GBTD=J,'H7F-R5lF$k%D^j!Z9k3<IH$!Z5lk

3<IKOp\*Kh,,J$%!ZrT&KOo!Z3<IKP7F?i+N

a?*Jh,rB=9k!=,,WHJk%=l,3N!ZQRl-fG!Z5
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lk,'KP=9k"H`r$&H$&3HG"k%?@7!ZNnHH$&b

NO"kla-Nh}G*(k3HOG-J$%=lO 3.2.3OGb,+kh&K$

!Z9k?aKlYN1r4YknHJI,,WHJk%b7b=NnH4HK

!ZQRlrQU7?JiP$=l>lLNRlG$C?G<?rDLKQU9

k,W,"jsz(G"k%7?,CF3N OptKhCF=NDINh}bFr

ZjQ(F$k%J*3Ndj~_h}G!Z*hSkLN-?,TolF$k%

J*b&RHDN0h}oGTolkC)$,'N,d,dh}KD$FO$e

-GRY?LjG"k%

3&7F!ZQRl-fK$ol?!ZQ!`'G<?O$!ZP]N"H`

P KP7$J<Nh&Jh}N.lr}D3HKJk%

1. head_hook(P , Ruleinfo, Opt),BT5lk%

2. head_hook(P , Ruleinfo, Opt)rXCItK}D,',*Plk

3. *Pl?,'N\G#t$?H(P body_hook(Q , Ruleinfo, Opt),B

T5lk

4. Rl body_hookO$OptNbFKhCF$!`'NRl QKP7Fh}r

T&

5. Rlbody_hookO$bth},*;7?e$head_hook(Q , Ruleinfo, Opt)

rBT9k

3Nh&K7F$Prologh}ON!=rGgBxQ7J,i!`'rBT7d

j~_h}btG!Z,TolF$/%

!`'G<?+i!ZQ!`'G<?r8.9kB]NcrJ<Ks2k%J

*cKO,',dO9GKTol?bNH9k%

c 3 XKIFN!`'G<?K$V!'> a $`\> b$rt m $`t nW G$J

<N,',"kH9k%

p0(x, y)← p1(x), p2(y)

3N,'rQ97F@ilk!ZQ!`'G<?OJ<N3<IKJk%
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head_hook(p0(X,Y), Ruleinfo, Opt):-

Ruleinfo = [

ordinance(’a’),

section(’m’),

subject(’b’),

paragraph(’n’)

],

body_hook(p1(X), Ruleinfo, Opt),

body_hook(p2(Y), Ruleinfo, Opt).

!ZG"H`,!Z`\K?7?lgOdj~_h}btG RuleinfoNM,-

?5lk%9JoA!ZeKs(5lkD@NpsO3Nr8Nps RuleinfoH

Jk%

4.3.2 eL<LX8lCG<?+i8.5lkG<?`

eL<LX8lCG<?+iO0h}oKhjJ<N 2 DNG<?,8.5

lk%

• eL<LX80iUG<?'eL<LX8r-~0iUKQ97?bN

• duG<?'!`'G<?KE[Nrd&bN

J<=l>lrb@9k%

lC0iUG<?

lC0iUG<?OeL<LX8lCG<?K*1klCNgx 2`X8r-

~0iUH7F PrologN3<IKQ97?bNG"k%=NQ9}!O$V p1 O

p2 N<LlG"kJp2 O p1 NeLlG"kKWH$&eL<LX8rJ<Nh

&J3<IX1M7?bNG"k%
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relation(p1, p2).

!ZoO3N>gx8g+iP)50rW;9k%33GmU9k3HO$\

G<?OlC0iUG<?K^^lkeL<LX8r=N^^gxX8Kq-9

(?G<?G"kH$&3HG"k%hCF$\G<?O+H7FN-Ar]Z

7F$J$%D^j3NG<?K*$F$$UNWGNHKP7Froj,8_

9kHOBiJ$%

duG<?

!a8KOlCNX"JINo1NOFK,`5lkh&JE[*JN1O$C

jNlCNjAr|$F@-5lJ$%3liOlLN1 (normative knowledge)

HFPlk%c(P=lOVVOh*G"kWH$C?h&JbNG"k%eL<

LX8lCG<?O=NE[Nrlt8a?bNH$(k [3, 17,81]%=lO$e

L<LX8lCG<?NgxX8,^UNU#r}D+iG"k%

3N3H+ieL<LX8lCG<?O$,'KI_X(k3H,G-k%c

(P50> p1H p2KV p1 O p2 N<LlG"kJp2 O p1 NeLlG"kKW

H$&eL<LX8,"kH9k%3NH-V"kbN, <Ll p1 G"kJi$

=lO eLl p2 Gb"kWH$&^UN@}0 ‘p1(x)→ p2(x)’KI_X(k3

H,G-k [7]%

7?,CF$eL<LX8lCG<?NgxX8r!ZQ!`'G<?1MN

,'KQ97$=N,'r!ZQ!`'G<?KIC9k3HG$!ZQ!`'

G<?KP7F!a8KO@-5lF$J+C?lLN1Nltrd0G-k3

H,|T5lk%3NlLN1r!ZQ!`'G<?KIC9kUAOg-$%J

<JiP=NN1NICKhCF$J<Nh&J7?K!PD=J!P9kY-

P),8_9k+iG"k%

?H(P!ZQ!`'G<?K ‘{⊤ → p, p→ q, r → s, r → t}’H$&,',8

_7$s H t ,P)50G"C?H9k%3NH-b7b q H r NVKE[*J

eL<LNX8,"C?JiP$3N!`'N8gKOP),^^l$=lr!
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P9k3H,>^lk%33GE[N q → r H$&N1r!ZQ!`'G<?K

d&3H,G-?lg$3Ne-,'8gK^^lk s, tKX9kP)r!PG

-k%

eL<LX8r!ZQ!`'G<?KC(k?aKO=NgxX8r@}Wm

0i`N,'K>9,W,"k%=N?aKOgxX8,jA5lF$klC>

r$=NQ9eN@}Wm0i`K=lkRl-fH_J93HrT&%7+7

=NH-RlN"jF#rI&9kY-+mUr'&,W,"k [88]%

eL<LX8lCG<?r-R7F$k OWL NU#@GO$/i9>N"j

F#O 1$m<k>O 2 KBj5lk%/i9>HOlLKbNN-Ar=9%c

(P=lOVMWdVVWH$C?h&JbNG"k%=7Fm<k>HOrd

rJIr=9%3Nh&KOWLeNG<?rl,Rl@}KI_X(kjA,

OWLKO8_7F$k%3lOOWL,-R@}rpCH7F$k3HK3h9

kbNG"k%

OWLNU#@rHQ9k\*NbHG7)KlC,jA5lF$klgO$=

Nra}!OEvG"k%7+7\FO!ZKP7FeL<LX8lCG<?@

1rHQ9kbNGOJ/$^?3NG<?,!Z9kP]G"ko1GbJ$%

\FGO~OH7F3NeL<LX8lCG<?KC($!`'G<?,8_9

k%=7Fp4HJkN18gO!`'G<?G"k%qN*KO$b7"kl

C> p,eL<LX8lCG<?K8_7$!`'G<?Kb=N prRl-f

H9k"H`,8_7?lg$%hgLH7F%h5lkY-=NRl-f,}

DpsO$!`'G<?K^^lkbNG"k%hCF\FGOeL<LX8l

CG<?r,'XQ99k]$=NRlN"jF#O!`'G<?+i@?"j

F#G<?rQ$Fhj9k%

?@7"jF#G<?rQ$?@}Wm0i`XNQ9KOljN)Br_1

F$k%=N)BHO$eL<LX8lCG<?GeL<LX8N"klC> p1

H p2 ,&L7?"jF#r"jF#G<?eG}CF$klgN_=N"jF#

rQ$F@}Wm0i`KQ99kH$&bNG"k%3lO,'K+3JQt

,P=9k3HrI0?aGb"k%J*3Nh&JOWLNlCKP7F 3Je

N"jF#r?(k&fb>K8_9k [42, 66,67]%

j3- 1Hj3- 2KeL<LX8N1+iduN1XNqN*Q9j3-r(
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9%J*j3- 1K*1k ‘p ≤ q’ OVpO qN<LlG"kWr=9bNH9k%

Input: A:"jF#G<?

Input: T :eL<LX8G<?

Output: KN :d0N1

begin

KN := ∅ ;

forall p1 ≤ p2 ∈ T do

if arity(p1, A) ∩ arity(p2, A) 6= ∅ then

forall n ∈ arity(p1, A) ∩ arity(p2, A) do

KN := KN ∪ {p2(x1, . . . , xn)← p1(x1, . . . , xn)} ;

end

end

end

end

j3- 1 eL<LX8+i@}Wm0i`XNQ9

Input: A:"jF#G<?

Input: p:Rl>

Output: N:"jF#N8g

begin

if arity(p,N) ∈ A then

return N ;

else

return ∅;

end

end

j3- 2 Xt arity()

j3- 1Hj3- 2Khkh}bFOJ<HJk%

^:j3- 1GeL<LX8lCG<?+i$UNgx 2`X8rhjP9%!

K=Ngx 2`X8K"k 2DNlCrRl-fH_J7$=li,}D"jF#

rXt arityrQ$F"jF#G<?+i4Yk%=7F=N 2DNRl-f,&

L7?"jF#r}DH-$lCr=N"jF#K7?,C?RlXQ97$!

ZQ!`'G<?GRY?h&J@}Wm0i`XQ99k%

J*lCrRlKQ99k]NQt>O$=N 2DNRlKP7F18gxG

?(F$k%3lO$"jF#,y7/=3KeL<LX8,8_9lPztN

?Ngxb18G"k$H$&>jrV$??aG"k%c(P p1H p2KgxX

8 p1 < p2
2,"j$"jF#, 3GlW7F$?H9k%3NH-=lrJ<N@

2x < yO yO xNeLlrU#9kbNH9k%
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}0H7FQ99k3HrU#9k%J*QtN>0O=l>lcC?bNr8

.9k%

p2(X1, X2, X3)← p1(X1, X2, X3).

3NQ9GmC?@}Wm0i`,8.5lkD=-H7F]jG-J$%=

lO p1H p2N"jF#,lW7F$F$QtNgx,[JklgG"k%c(P

J<Nh&J@}Wm0i`,57$H5lklgJIG"k%

p2(X1, X2, X3)← p1(X1, X3, X2).

3NQtNgxr7)Krh9k?aKO$Q99kpsNbHG"k!`'

G<?NRl-fNztK?Nps,,WKJk%c(PV?>9k (x,y)WH$

&Rl,"C?lg$=NRlNztKP7FV?>9k (x:M, y:h*)WH$C

?h&KQt=l>lKINh&J50,~k+@(9k3HrU#9k%3l

O?,X@}JIG&f5lF$k3HGb"k%7+73Nh&JRlNzt

K?r?(k3HKOrh7J1lPJiJ$dj,"k%?r?(k}!H7

FM(ilkNO 2D"k%RHD,$!`'G<?GQ$ilkRlr4F5

NKOWLeGjA7F7^&}!G"k%7+73N}!Oe-GRY?h&

K"jF#N)B,77/$=~@GOWL,!*N1KQ$ilkRl-fNp

sr-R9k=Or}Ago;F$kHO$$K/$%^?OWLrH%7F=

NRlrjA9k3HbM(ilk,$=NlgOH%OWLr7?KjA9k

,W,88$lCX"`\G<?H7FNI_~_FQ-rg/3HHJk%=

NlgNTxWO 4.2.1O GRY?LjG"k%hCF?U-N-Rr=N^^N

Q9k3HOG-J$%

^?b&RHDN}!O$!`'G<?K-R5lF$k@}Wm0i`K?

psr?(k3HG"k%3NlgO!r@}Wm0i`K>9]KM,=Nzt

KP7F?(kY-EvJ?rd,7F?(k3HHJk%3N3HO-R39

HN}gH&KLNdjbz-/39%=lO [90] GQ$ilF$kh&K$=

N?N1l=R,?,XH7F8_9k+3/!=,BuK,WHJk3HG"

k%?H(P$e-NcGRYkH$p1K

51



p1(x :M, y :V, z :lj)

H$&?,?(ilF$kH9k%^? p2KO

p2(x :M, y :sVl, z :h*)

Nh&J?,?(ilF$kH>j9k%3NlgMVG"kJiP$Lo p1

NVVWN?H p2NVh*WH$&?OX8,"kH+J7$=NQt,=l>

lKP~9kH=LG-k%D^j33KO1l=R,8_9k%7+73lr

!#*KT&lgO$?,XK*$F=l>lN?,X8r}D+4Yk,W,

"k%lLKO3lO?d@HFPlk%3Nh&K!`'G<?KP7F?p

sr"?(k3HO$G<?n.~NM*39HN}gH$hj#(Jih79

F`,,WHJk%

JeN3H+i=~@GO$?OgxN^^lW9kH$&>jr*$?%3

N@KX9k7)JrhO#eN]jGb"k%

J<K$duG<?N8.crs2k%

c 4

#$eL<LX8lCG<?K

p1 ≤ p2, p1 ≤ p3

,^^l$"jF#G<?K

arity(p1, [1, 2, 3]).

arity(p2, [1, 2]).
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,^^lF$?H9k%3lrQ$F$p1 ≤ p2, p1 ≤ p3+i$p1H p2$p1H

p3N"jF#,fS5lk%=NH-$p1H p2KO"jF#1$2GlW,N'

G-k%7?,CF$J<N 2DN,',duG<?H7F8.5lk%

head_hook(p2(X1), RuleInfo, Opt):-

RuleInfo = [normative],

body_hook(p1(X1), RuleInfo, Opt).

head_hook(p2(X1, X2), RuleInfo, Opt):-

RuleInfo = [normative],

body_hook(p1(X1, X2), RuleInfo, Opt).

3NH-8.5lk3<IO$4.3.1OG(7?!ZQ!`'G<?H[\1M

G"k%[Jkt,O$r8N>0drtJIrJ<7F$k RuleInfo NM,$

duG<?r=9M ‘normative’ KJCF$k3HG"k%

=~@GOduG<?K^^lF$keL<LX8+inil?,'rDLK

1L9k?aNpsOJ$%7?,CF$b7bP),3NduG<?KhCF

!P5l?lg$=N:v9kduG<?N,'r-?9kjJH7FO$=N

,',duG<?K^^lF$?H$&[+J$%3N@KX7FO$#e=l

iduG<?N,'KP7FfK</JVfr6kJI7FP~9k3H,M(

ilk,$=NpsOOWL&Kb^ak,W,"k%=lOOWLNH%b<&

?a#eN]jH7F$k%

4.4 !ZoGN0h}

!ZoOP)Khk7b!:N0K 2DNh}r9k%=NRHDOP)50

G<?NW;G"k%=7Fb&RHDNh}O[D!:G"k%
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4.4.1 P)50G<?

^:P)50reL<LX8lCG<?H"jF#G<?KX"5;FJ<N

h&KjA9k%

jA 12 P)50G<?K^^lkP)50

∆r@}Wm0i`N8g$∆Ar∆+i@il?"jF#G<?$G = 〈V,E〉

reL<LX8r=9-~0iUH9k%3NH-$V N"kWG vi, vj (i 6= j)

,GeG vi ⊓ vj = ⊥G"j$+D arity(vi,∆A) ∩ arity(vj,∆A) 6= ∅G"kH

-$3N (vi, vj)rGKhk∆NP)50H9k%

3NP)50NjAO$0h}oNQU7?lC0iUG<?Groj,⊥K

Jj$5iK"jF#G<?G&L"jF#r}Dh&JlCNHN8gH9k

3HrU#9k%3lO?,X@} [7]K*1kS>*=<H [55]r2MK7?b

NG"k%

sdi [55] NS>*=<HO?,X@}NU#@KpE$?501NNS>X

8G"k%?,X@}K*$F=N50>O$V=<H (sort)WHFPlk%=<

HHO$P]N8g,QU5lF$kH-K=Nt,8gKP7F>0rU1?

bNH7F7olk%D^j$P]N8g U ,8_7?H9k%3NH-=<H

sGO$=<HNraXtr [[·]]rQ$F$X8 [[s]] ⊆ U ,.j)D%=7F=N

=<H1N,=.9k?,XHO$=NP]N8g [[s]]Nq^X8KhCFU#E

1ilF$k%?,X@}GO$=<H sH s′VK"kq^X8r s ⊑ s′H-R

9k,$3NX8OU#@e [[s]] ⊆ [[s′]],~?5lk3HKJk%7?,CF$3

N?,X@}NU#@KpE/=<HVNS>*X8HO$[[s]] ∩ [[s′]] = ∅ ,~?

5lk=<H sH s′KP7FjA5lF$k%

\hJiP3NS>*=<HNjAr=N^^NQ9k3H,>^lk,$\

FK*$FOJ<N}3+i=lOG-J$%^:e-N?,X@}GO$=<

H,1`RlKQ9G-k3H,0sG"k%\F,Q$k50>OduG<?

8.~Kb@7?h&K$"jF#,!`'G<?KM87Fhj5lk?a1

`RlG"k3H,]Z5lF$J$%!K$S>*=<HO=NS>X8,P

]N8grQ$kU#@KpE$F$k%D^j$=N=<Hd50>,L|5

lkP]N8g,jA5lF$J1lPS>*X8K"kN+I&+=LG-J
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$%vBe-&fGO$=NS>*X8OW;KhCFaakbNGOJ/$5

0>K"i+8ajA5lk%D^j3lO$S>*X8r=l>lMjGjA

9k,W,"k3HrU#9k%3N3HO$P)50r$50>NH_go;

4FKD$FMjGjA9k3HH18G"k%

hCF\FGO$$/D+N>jrV/3HKhj$04GOJ/aw*K3

NP)50rW;KhCFaak}!rsF9k%=l,J<Gb@9k>jH$

"jF#)Br<$J,igxX8KP9ki;VrojWKhCFaak3H

G"k%

^:>jHO$V$UN 2DN50K*$F$1~K.j)DP],8_9kl

g$=N&LP]N8gKO,:50>,?(ilF$kWH$&>jG"k%e

-&fK*$FO$b7 [[s]] ∩ [[s′]] = ∆,∆ 6= ∅ G"kH-$sH s′KP9kro

jO⊥KJkD=-,"k%=lO∆K@(*K50>,?(il*i:$eL

<LX8eGO=N8g,N==5lF$J$lgG"k%=3Gb7=N∆K

50> s′′,?(ilF$?JiP$s, s′, s′′ KP7F$s′′ ⊑ s, s′′ ⊑ s′ H$&g

xX8,8_9k?a$sH s′NrojO$⊥KJi:$s′′KJk%7?,CF$

3Nh&J&LP]N8gKO,:50>,jA5lF$kH$&>jr*/H$

P)50G"kHG-k50NHO1~K.j)D3H,J$HG-k%J*?

,X@}NeL<LX8N-f⊑Od\'r/J/Hb~?7F$kbNH9k%

hCF\FGO$&L<L50,"klgO,:=N>0,eL<LX8lCG<

?GjA5l$^?=l,jA5lF$J$lgO$=N 2DN50>KP7F

&L7?P]OVNilF$kOOGO8_7J$WH9k%

!K$\FKP7FS>*X8,=N^^NQG-J$}3OP]8gNdj

G"k%?,X@}GQ$ilkraXt [[·]]$3lO$=<H>rP]8gU N

t,8gXL|9kXtG"k%7?,CF$U ,${a1, a2, . . . }Nh&JP]N

8gG"klg$v3=<HO1`RlHy7$U#KJk%\`GQ$k50

>O$e-GRY?h&K1`G"kHOBiJ$%=3G\FGO$=NP]

8gHraXtKD$FJ<Nh&K9k%=lO$P]8gU ,8_7?H-$

=N U NY-8g B(U)rM(k%=7F$eL<LX8lCG<?K^^lk

50>KP9kraXtr [[·]]BH7?lg$3N [[·]]BO50>rB(U)KL|9k

XtG"kH9k%3Nh&KM(k3HG$50>,1`G"k,WOJ/J
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k%?@73N^^GO$b7"k50> p1H p2,8_7$=l>lN"jF#

,$n, m (n 6= m)G"C?JiP$p1H p2OU#@eP)50G"kH9kN

,EvHJCF7^&%7+73Nh&J"jF#,[Jk50>1N,P)5

0G"kH9k3HKO!ZeUA,J$%=lO$"jF#,[JlP=li

O 3.2.1OGRY?$?Ul$]j-N^-lC$>lNU#eNS>*X8$$

:lKb:v7J$+iG"k%=3G\FGO$^:rojrW;9k0K=

li50>N"jF#,y7$lgH$&)sr_1F$k%3lKhj5U#

JP)50rW;9k3Hr!5(k%

3li>jNbH$rojrQ$FP)50rW;9k%

P)50NqN*JW;j3-rj3- 3K(9%J*j3- 3K*$F$G =

〈V,E〉OlC0iUG<?$V OeL<LX8lCG<?K^^lklCN8g$

EO V NWGKP9kgxX8N8gH9k%^?$‘G : v ⊓ w = u’OV0iU

GeG v ⊓ w = ur_?9WHra9k%

Input: G = 〈V,E〉: lC0iUG<?

Input: A: "jF#G<?

Output: C: P)50G<?

begin

C := ∅;

G′ = complement graph(G);

forall v ∈ V do

forall u ∈ V do

if arity(v,A) ∩ arity(u,A) 6= ∅, G′ : v ⊓ u = ⊥ then

C := C ∪ {conflict(v, u)} ;

end

end

end

return C;

end

j3- 3 P)50jP

j3- 3H$=lK++okj3- 4KD$Fb@9k%

j3-3O0iUG<?,+G"k3Hr]c7J$?a$Xtcomplement graph

rQ$F0iUG<?NgxX8KP7eH<K⊤H⊥GD8kd0r9k%0

iUG = 〈V,E〉,⊤H⊥KP7FeH<KD8F$kHO$V N$UNWG vK

P7$v ≤ ⊤+D⊥ ≤ v,EeGJj?D3Hr$&%3NH-≤Od\'r~

?9bNH9k%P)50O v ⊓ w = ⊥r~?9 vHwr\93HG"k%D^

j0iUOCK<KD8k,W,"k%5bJ1lP$<&,8_7GgB,8
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Input: G = 〈V,E〉: 0iU

Output: G′ = 〈V ′, E′〉: d0Q_0iU

begin

V ′ := V ∪ {⊥,⊤};

E′ := E;

forall v ∈ V do

if not (∃u ∈ V, v 6= u, v ≤ u ∈ E) then

E′ := E′ ∪ {v ≤ ⊤};

end

if not (∃u ∈ V, v 6= u, u ≤ v ∈ E) then

E′ := E′ ∪ {⊥ ≤ v};

end

end

return G′;

end

j3- 4 Xt complement graph()

_7J$lgH$<&,uG"k3HNhL,D+J/Jk%J*⊤KX9kd

0O#eNH%rM(FN3HG"j$\FGOCKHQ7J$%

!Kj3- 3Od05l?0iU G′ N:@8g V ′ +i$UK 2 DN50>

v, w(v, w 6= ⊥, v 6= w)r*V%=7F$v, w ,_$K&L7?"jF#r}D

+!:rT&%b7&L"jF#,8_7?lg$=li50> v, w, v⊓w = ⊥

r~?9+!:9k%b7~?;P=NHrP)50H7-?9k%

4.4.2 [D!:

!ZoO7b!ZN0K^:!ZQ!*N1G<?,s[D+!:r9k%=

N,W-O??OGRY?H*jG"k%

[D!:O-~0iUeGTolk%3N!ZQ!*N1G<?HO$!ZQ

!`'G<?HduG<?rgo;?bNrU#9k%duG<?OlC0iU

G<?H7FyAJ-~0iU,9GK"k%7?,CF[D!:O$!ZQ!

`'G<?r-~0iUK7?bNH$lC0iUG<?Hrgo;?bNKP

7FTolk%

!ZQ!`'G<?r-~0iUXQ99kj3-OJ<Nh&K=5lk%

L1, . . . , Ln, Lm rjFik$∆r ‘Lm ← L1, . . . , Ln’Nh&JWGr}D@}Wm

0i`H9k%J*,' Lm ← L1, . . . , Ln KP7$L1, . . . , Ln r\G#t$^?

Lm rXCItHFV%3NH-$body r\G#tK^^lkjFikN8gr
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V9Xt$head r[<saNXCItK^^lkjFikN8grV9Xt$lit

r@}Wm0i`K^^lkjFikN8grV9XtH9k#=3G$J<N

-~0iUG = 〈V,E〉r$@}Wm0i`+iQ97?-~0iUH9k%J*$

ENWGG"kU (Li, Lj) O Li +i Lj XN}~r=9%

V = {Li|C ∈ ∆, Li ∈ lit(C)}$

E = {(Li, Lj)|C ∈ ∆, Li ∈ body(C)$Lj ∈ head}$

c(P$

<ak (x,w, y, z)←

r` (y),=$T (x),=$l (w),rG (z),=$ (x, y, w),\P (y, w).

Nh&J@}Wm0i`,!ZQ!`'G<?K"kJi$3lO

V = {<ak,r`,=$T,=$l,rG,=$,\P }

E = {(r`,<ak), (=$T,<ak), (=$l,<ak),

(rG,<ak), (=$,<ak), (\P,<ak)}

H$&-~0iUKQ95lk%

3N-~0iUrQ$?[D!:NqN*Jj3-r j3- 5 K(9%J*j

3- 5GHQ5lF$kgxX8 ‘<’ O$d\'r<?7$?M'r<?5J$b

NH9k%3lOF:@KD$F+J~#D=+I&+GD),8_9k+=G

9k+iG"k%^? ‘G : x < y’rV0iUGeG x < y,<?5lkWH9k%

j3- 5GO$^:0iUN$UN:@r 1D*SP9%!K$=N:@,?M

'r~?5J$gxX8eG+J~#D=+I&+r!:9k%?M'r}?J

$gxX8G+J~#D=J:@O$"kD)eK"k:@G"k%

\FGO=N+J~#D=J:@N8gr*SP9@1G[D!:r*oiJ

$%=N:@,INh&J[DrA.7F$k+rCj9k%D)O#t8_9

kD=-,"j$^?=N=l>lND)Or97F$?j$GG"C?j9k%

=Nh&JD)NuVrrO7s(9k3HKhj$f<6OINh&KN1r

$59kY-+XKKG-k%=ND)=.NCj}!OJ<KJk%
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^:[D!:KhCF8ail?+J~#D=J:@8g+i$$UN 2DN:

@r*SP9%=7F=N 2:@,_$K~#D=+!:9k%3Nlgb$=N

gxX8O?M'r<?5J$%3lO"kP)ND)HLNP)ND),&L

7?:@r^sG$klg$=N=l>lND)eK"k$UN:@O$18=

l>lND)eN$UN:@X~#D=G"k3HrxQ7$_$KGJD)X

H+J~#D=J:@8gr,d9k?aG"k%3Nh&K7F=l>lND

)rhL9k%3NH-3li:@O$!ZQ!`'G<?H$lC0iUG<

?K^^lkbNG"kNG$:@,IN!`'G"C?+$^?OeL<LX

8lCG<?K^^lF$?bN+I&+$H$&psr}CF$k%7?,C

F$f<6KO$V3ND)KO$XX! h nr m`NRl p,^^lkWJIH

$&ps,(5lk%

J*3Nh&JD)r^`-~0iUKP7$=ND)rrC9k?ao|9

kUrG.=9ktX*J&fO"k%7+7\FNlgObHHJkN18g

,!*N1G"k?a$[DUjKD$Fo|$$59Y-t,,I3+O!N

U#rM89k,W,"k%hCFtX*K=lOhjG-J$NG$+0G3

ND)rrC9k3HOn_J$%"/^G$f<6,$59k?aK,WHJ

kpsrs(9kK_ak%
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Input: K : !ZQ!`'N1G<?

Input: Gt = 〈V t, Et〉 : lC0iUG<?

Output: U : [DUj

begin

/* i|_j */

V := V t ;

E := Et ;

G = 〈V,E〉 ;

L := ∅ ;

/* ,'+i-~0iUXNQ9 */

forall R ∈ K do

R = L0 ← L1, . . . , Ln;

V := V ∪ {L0} ;

for i = 1 to n do

V := V ∪ {Li};

E := E ∪ {Li ≤ L0};

end

end

/* [Dt,N:@}8 */

forall v ∈ V do

if G : v < v then L := L ∪ {v} ;

end

/* BJ8gX,d */

forall v ∈ L do

U ′ := {v} ;

forall v′ ∈ L do

if v ≤ v′ ∈ E & v 6= v′ then

L := L \ {v′};

U ′ := U ′ ∪ {v′};

end

end

U := U ∪ {U ′} ;

end

U := U ∪ L ;

return U ;

end

j3- 5 [DUj!Pj3-

4.5 !*N1N!Z

\OGO!ZQ!`'G<?H$duG<?rgo;?!ZQ!*N1G<?

KP9k!ZN\Yrb@9k%!ZGO"V@/7gsrQ$F!ZQ!*N

1G<?KP),^^lF$J$+r!:9k%P),!P5l?lg$=NP

)O"k 2DN50KhCF.j)CF$k%=3G=NP)50=l>lKP

9kD@raak%P)9kD@O$!*N1btK^^lkP)N=$r=9%
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hCF3NP)9kD@rf<6Ks(9k3HKhj$f<6O$59kY-

!*N1XW.K?Ije1$!ZnHNZ:HJk%

^:!ZNqN*j3-$j3- 6, 7r(9%3Nj3- 7$6,h}9k5W

OJ<KJk%

1. "k!,.)9ku7r>j9k

2. >j7?u7KP7F$P)9k!,1~K,Q5lJ$+!:9k

J<NaG$3N 2DN)xKD$Fb@9k%
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Input: C: P)508g

Input: Kv : !ZQ!*N1G<?

Input: Ko: 682HG<?

Output: Cp: Z@Q_P)508g

Output: Rc: !P5l?P)KHQ5lF$?,'N8g

begin

Cp := ∅;

/* P)50r*V */

forall (α, β) ∈ C do

if A := arity(Kv, α) = arity(Kv, β) 6= ∅ then

forall n ∈ A do

/* 33G c1, . . . , cn Ojt */

Pα = pα(c1, . . . , cn) ;

Pβ = pβ(c1, . . . , cn) ;

K′v := Kv ;

if Pα|Pβ · · · ← L1, . . . , Ln ∈ Ko then

/* OR N,'o| */

K′v := K′v \ {Pα ← L1, . . . , Ln};

K′v := K′v \ {Pβ ← L1, . . . , Ln};

end

E := get evidence(K′v, Pα) ;

E′ := ∅;

forall Es ∈ E do

/* not U-NWGo| */

E′

s := ∅;

forall f ∈ Es do

if f 6≡ not lit then

E′

s := E′

s ∪ {f} ;

end

end

E′ := E′ ∪ {E′

s} ;

end

if E′ 6= ∅, ∀E′

s ∈ E′[E′

s 6= ∅, E′

s ∪Kv ⊢ Pβ ] then

/* Z@Q_P)50N-? */

Cp := Cp ∪ {(α, β)};

/* β Z@~KHQ5lF$?,'O^</5lF$k%Xt find O=N-?psr?@8aF/k%^</OZ@N

?SKhs/j"5lF$k% */

Rc
(α,β) = find();

Rc := Rc ∪ {((α, β), Rc
α,β)};

end

end

end

end

end

j3- 6 !*N1!Zj3-
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Data: G: Wa

Data: P : @}Wm0i`

Result: Amain : >b8g

begin

Amain := ∅ ;

if G ≡ not G′ then Glit := G′ else Glit := G;

if Glit ← L1, . . . , Ln 6∈ P then /* v<h} */

Amain := {{G}} ;

else /* ,'h}'F"FSP7KhCF>br}8 */

forall Glit ← L1, . . . , Ln ∈ P do

Arule := ∅;

for i = 1 to n do

Arule
temp := ∅ ;

Eclause := get evidence(P, Li) ;

forall As ∈ Arule do

forall Es ∈ Eclause do

Arule
temp := Arule

temp ∪ {As ∪ Es};

end

end

Arule := Arule
temp ;

end

Amain := Amain ∪ Arule ;

end

end

/* >b8.fN7b!: */

forall As ∈ Amain do

if (α, not α ∈ As) | (α,¬α) ∈ As then

Amain := Amain \ {As};

end

end

/* XCI, NAF GFSP5l?H-N>bN8+ */

if G ≡ not G′ then

Adir := ∅;

forall As ∈ Amain do

m := length(As);

S1 := · · · := Sm := ∅;

i := 1;

forall f ∈ As do

if f ≡ not f ′ then

Si := {not f ′, f ′}

else

Si := {not f, f}

end

i := i + 1;

end

/* ‘×̇’ OsgxPKX9k>Q */

Adir := Adir ∪ {S0×̇ . . . ×̇Sm};

end

Amain := Adir \ Amain ;

end

return Amain ;

end

j3- 7 Xt get evidence()

4.5.1 u7N>j

!`'O"ku7KP7Fhl*J,Qr\*H7FroWm0i`NAG-

R5lk%=7F0g*J!HO$"kvB+iP)9kk@r8_P5J$3

HG"k%roWm0i`O$0sro,8_7?lg$5roG,Q5lkb
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NG"k%7?,CF$b7"ku7KP7FP)9kh&J!`',1~K,

QD=G"kJiP$=lO!,P)r^`3HKJj$3lrS|9k,W,

"k%

3N!N0g-r!Z9k?aKOe-K=5lF$kh&K$"ku7KP

7FP)9k!`',1~K,~5lF$J$+4Yk,W,"k%3NV"k

u7Wr@k?aK$"V@/7gsrQ$k%qN*KO$^:!Z9kP)5

0rhj9k%!KR}NP)50N50>rk@K}Dh&J!`'r=N!

ZN4H7$=N!`'r.j)?;kh&J>br@k%c(P!`'AHB

,8_7$=l>l,k@K*$F_$KP)9kbNr}CF$?H9k%=

NlgR}N!`'Arl~*KV57$!`'G"kWH>j9k%=7F!

`'ANk@rWaH7F"V@/7gsrT&%3lKhj!`'A,,Q5

lk>b$9JoAA,,Q5lkVu7Wr@k3%

3N@il?>bKD$F$!`'AKP7P)9kh&J!`',.j)?

J$3Hr!:r9k%b7P)9k!`',.j)?J1lP!`'A,,Q

5lku7KP7F$!O/J/Hb!ZQ!*N1G<?e\F,!Z9kp

`KD$F0g*G"C?H$(k%3Nj3-rJ<Gj3- 6$7K`8Fb

@9k%

^:j3- 6GP)50G<?+i!Z9kP)50r 1D*V%3NH-hj

P5lkP)50O$‘(α, β)’Nh&J50>NPG"k%J*!ZnHOP)5

04FKP7FBT5lkNG$Ilr*V+r$K9k,WOJ$%

!KP)50 (α, β) +i>br@k?aIAir4H9k+r*V%33GO

=N4r αK9k3HK9k%J*P)50NH 1DKP9k!ZO$αr4K

7?lgH$βr4K7?lg=l>lKP7FTolkNG$3NhjN}!O

$K9k,WOJ$%

3N α O50>G"k%hCFj3- 6G"jF#G<?rQ$ α +i"H`

r8.9k%=NQ9G$αN"jF#, nH9kH-$α(x1, . . . , xn)Nh&J"

H`,nilk%3N"H`XNQ9}!O 4.3.2OGNduG<?8.KHol

?bNH[\1MG"k%?@7ztKOQtGOJ/$jt,djvFilk

33&7F>bbHK7?N1N57b-]}79F`N&fb"k [48, 51]%
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@,[Jk4%Je3N50>+inil?"H`r PredαH-R9k%

8.5l?"H`PredαOj3- 7KO5l$PredαN>bH=lKhj.j)

DvBN8gr@k%=Nj3- 7Nh}5WOJ<KJk%

1. Predα NZ@KQ$ilk,' Pα r!ZQ!*N1G<?+i*j9k%

3NH-XCItN@}BKhCFxQD=J,'H=&GJ$bN,8_

9k%

2. PB
α r PαN\G#tK^^lk"H`N8g$P

H
α r PαNXCItK^^

lk"H`N8gH9k%3NH-$Abα = PB
α \ P

H
α r>jD=J8gH

9k%

3. Pα+i Predαrih9k?aK,WJvB Fα r Abα +i*S$Pα ∪ Fα

G.j)DvBN8graak%

` (1)GO>br@k?aK Pαr!ZQ!*N1G<?+i*j9k%3NH

-PαO+3K!ZQ!*N1G<?+i*PlJ$%PαN*jO 4.3.1OGRY

?h&K$682HQG<?rQ$FXCItN@}B,M85lk%3lKhC

F)B5l?!ZQ!*N1G<?+i*Plk3HKJk%qN*KO!ZP

]NP)50NH, (α, β) G"kH9k%3NH-J<Nh&K$"H` Predα

r@}BGXCItK^`,',682HG<?K8_9kH>j9k%

Predα |Pred θ · · · ← L1, . . . , Ln (4.1)

3Nh&J,',682HG<?K"klg$4.3.1ON,',dKhCFJ<

N,',!ZQ!*N1G<?K^^lF$k%























Predα ← L1, . . . , Ln

Predβ ← L1, . . . , Ln

...























(4.2)

43lO@ilku7NQtrjtG+{9k?aG"k%
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JeNh&K!ZP]G"kP)50 Predα rXCItK@}BG^`,'J,

' 4.1K,682HG<?K"kH-$=lr,d7F@il?,'J,' 4.2KO

Pα K^aJ$%=lO$XCItN@}BNbHHJk!aQlVtOJc7/

OKWNU#K/x9kJ4.3.1OK%!aQlNVtOW$Vc7/OWO$!'z

LN*r [92]r-R9k?aKQ$ilk%hCF=lirQ$FB-5l?!

'zLO#tr1~K,~9k3HO0sH7J$%3N3H+i!`'GNXC

IN@}BO$@}XeN@}BGOJ/$S>*@}BH+J93H,EvG

"k%D^j ‘Predα|Predγ ← L1, . . . , Ln GH$&,'rQ$F!'zLr@kl

g$XCItK"k!'zL Predα H Predγ OS>*@}BKhCF*r*K*

Pl,Q5lk3HKJk%9JoA3N,'NXCItK"kP)50O9G

KS>*JX8G"j$3N,'+i,d7F@il?,'KX7FO!Z9k

,W,J$%c(P$

q] |vD←=A (4.3)

JIH$&!`',>K8_7?lg$=lr,d7F@ilk,'

q] ←=A (4.4)

vD ←=A (4.5)

3li,P)r/37F$J$+!:9k,WOJ$H$&U#G"k%?@7$

!Z, (α, β)Je-cGO$‘q]’^?O ‘vD’r^`P)50KJ0NP)50

KD$FTolkH-O$3liN,'bQ$F!Z5lk%J*B]NPαN*

jH,'N|0O$!ZQ3<I head hookH body hookKhkbtdj~_h

}KhCFTolF$k%

!K (2)G>jD=8gAbα,$PαK^^lk"H`N8g+i*Plk%}

@*KOJ<Nh&JOO,=N>jD=8gKJk%^:PαK^^lk,'N

XCItKP=9k"H`N8grPH
α $^?\G#tKP=9k"H`N8gr

PB
α H9k%3NH-Abα O Abα = PB

α \ P
H
α HJk%D^jAb O Pα rQ$F

Predα rZ@9kH-Q$ilk"H`G"j$+D=l+HrXCIK}D,

',J$"H`N8gH$(k%B]Nh}GOXCItK8_7J$"H`N

BT,Tol?H-$!ZQ3<IKhCF>bH7F=N"H`,}85lk

3HKJk%
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GeK` (3)KD$Fb@9k%j3- 7O>braa?e$=lKhCFZ@

D=KJkvBN8gr8ak%3lraakNO$!Z9k]NBueNdj

G"k%!ZN@}*=$O$Wa PredαKP9k>br!ZQ!*N1G<?

KC($Wa PredαHP)9k50+inil?"H` Predβ ,1~KZ@D=

+r!:9k3HHy7$%7+7 Predβ rZ@9kH-$,'rHQ7F>b

K"e5;khjbZ@SfGZ@D=JvB8gK"e5;?},z(,h$%

=NQ@+i=~@GO3Nh&KZ@D=vBN8gr@F$k%^?,'N

xQ,7<1s7ckJ}!G9`3Hb}3H7F"2ilk%J*3N}!

O$W;Lr:i9+ojKabjz(r>7K7F$k%3N@Nhjz(*

JBu}!O#eN]jGb"k%

J<K3liNjgNBTcrs2k%

c 5 #682HG<? LO,J<Nh&KJCF$kH9k%

LO =























α← β, not χ

α |ϕ← γ

χ← ¬δ, not ε























(4.6)

3NH-!ZQ!*N1G<? LV OJ<Nh&KJCF$k%

LV =



































α← β, not χ

α← γ

ϕ← γ

χ← ¬δ, not ε



































(4.7)

3N!ZQ!*N1G<? LV K*$F$P)50r (α, β)$War αH7$D

@Aα = 〈Pα, Fα, α〉r@k3HrM(k%D@AαO$Y} Pα,WaNZ@Kx

Q5lk,'N8g$vBFα,>bKjv9k%Z@D=vBO3NPαHFα+

iZ@D=J?jKjv9k%^:OY}G"k,'N8gPαr*V%Y}Oe

-GRY?h&KPrologh}ONBTKhj*r5lkNG$33GON1 4.7+

i=N|0,'r*j9k3HKJk%=3G682HG<? LO r4Yk%LO

KO,' ‘ α |ϕ← γ ’,^^lF$k%3l+i$"H` α, ϕ ,=N,'N1l
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NXCItK8_9k3H,,+k%7?,CF LV K^^lF$k$,',d

G8.5l?,' ‘α ← γ’ H ‘ϕ ← γ’ ,D@AαK*1kY}NP]+iO05

lk%hCF$AαK*1k>br@k?aKQ$ilk,'N8g Pα OJ<N

h&KJk%J*=N Pαr LVαH-R9k%

LV(α,ϕ) =







α← β, not χ

χ← ¬δ, not ε







,'N*L,Tol?e$3NN1+i>br@F=lrpK7?Z@D=v

BN8gr@k%^:3NN18gKP7Wa α ,BT5lk%33G,' α←

β, not χ ,XCItK α r}DNG$=N\G#t,BT5lk%\G#tNB

TgxOh}OKhk,$33GO not χ,FSP5lkbNH9k%not ORl

-fNRHDH7FBu5lF*j$=Nzt χr\G#tH9k,'H18B

TrT&%7?,CF!K χrXCItK}D,',BT5lk3HKJk%

FSP5l? χN,'O\G#t=l>l,=lirXCItK}D,'r}

?J$%7?,CF>bD=JvBKJk%=3G=N\G#tNa=l>lK

>brda~`%=NkLOJ<Nh&KJk%J* χrXCItK}D,'O

not KhCFFSP5lF$k%=3GXCItKOVnot χG3N,'OFSP

5l?WH$&urX9eD1F$k%B]NBTb3lH[\1MK not GF

SP5l?3Hr-?7F$k%

α← β, not χ

χnot ← {{¬δ}}, {{not ε}}

e-Nh&K\G#tKO=l>lNaK=Nar<-9k?aN>b,8a

ilk%e-cGOX9e=lr8gNAG-R7F$k%hCFD@AαK*1

kvB FαHY}N,'8g Pαr@?3HKJk%

!K3lrQ$Fg!Z@D=vBN8gr\H`"CWK=[7F$/%^

:OXCIt χr<-9k?aNvBr@k?aaN>bN>QrHk%=lO

J<Nh&KJk%
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α← β, not χ

{{¬δ, not ε}}not ← {{¬δ}}, {{not ε}}

XCItN χt,O3Nh&K8g2KJk%3N8gN@}*U#O$8g

2NWGG"k=l>lN8gO@}BGDJ,lk%^?=N8gNWG1N

O@}QGDJ,lF$kbNH9k%?H(P$

{{a, b}${c}}

3lO$

(a ∧ b) ∨ c

r=9%

3N χN,'O not χH7FFSP5lF$?%=N?aJ<Nh&K=N8

gO8+,Tolk%

α← β, not χ

{{not ¬δ, not ε}, {¬δ, ε}, {not ¬δ, ε}}

← {{¬δ}}, {{not ε}}

3lObHN8gKP7FY-8grHkbNH[\y7$%?@[Jk@O$

=NY-8gOFWGKP7F not rD1k+]+KhCFTolk%3lKhC

F αN,'N\G#tK not χNZ@D=vB8g,?(ilk%3l+i βN

>bHgo;J<Nh&KJk%

α← {{β}}, {{not ¬δ, not ε}, {¬δ, ε}, {not ¬δ, ε}}

GeK=li,^Hail$αKP9k>brQ$?Z@D=vB8gOJ<

KJk%
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{β, not ¬δ, not ε},

{β,¬δ, ε},

{β, not ¬δ, ε}























←























{not ¬δ, not ε},

{¬δ, ε},

{not ¬δ, ε}























@il?Z@D=vB8g+iO not ND/vBONFilk%kL$ {β},

{β,¬δ, ε}, {β, ε} , αNZ@D=vB8gH7F@ilk%

4.5.2 !ZN)x

P)50NR}ND@Argαr@?e$!ZQ!*N1G<?HArgα+iP)5

0N"H`Predβ,Z@G-k+r4Yk%b7Z@,D=G"C?lg$Predα

rk@K}Dh&J!`',,Q5lku7<GO$P)9k Predβ rk@K}

D!`'b^?hl*K,Q5lk3HrU#9k%=NlgO$!ZQ!*N

1G<?,P)50 (α, β)K*$FP)r^`3Hr(69k%

3N!ZOJ<Nh&K=5lk%J*3NH-LVO!ZQ!*N1G<?H

9k%

Fα ∪ L
V ⊢ Predβ

3lKhjP),!P5lkH$/J/Hb=N!a8KO$MV,N'9Y

-r`,8_9k%7?,CF$=Nr`Nps,f<6Ks(5lk%

=Ns(UjHO$Argα = 〈Fα, Pα,Predα〉H$=lKP)9kD@ Argβ =

〈Fα, Pβ,Predβ〉 K*$F$Pβ \Pα N,'G"j$5iK\G#tKZ@D=vB

NWGr^`bNH7F$k%3lrs(t,H9k}3O$D@ ArgαHArgβ

NY},FαKMr7F$k3HKhk%FαOArgαNPredα,,Q5lku7r

>j7?bNG"k%D^jFαr@k?aKO$Pα$D^j$Predαrk@K}

D!`'H$=lK++ok!,57/J1lPJiJ$%5bJ1lP$=N

@?>j=NbN,mC?!rpK7F@?3HHJj$=N>jrpCK!Z

rTC?kL=NbNN5v-$Ev-,:olk%7?,CF$>j5l?u

7, FαG"kJiP$PαO=NH-N>jrQ$k!Z~GOCj*K57$
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H9k,W,"k%D^jP)9k!`',Jj?C?lg$mjr^sG$k

NO>jr@k3HKHQ7J+C?P)9k!`'K++okt,G"kH$

&3HG"k%JeN}3+i$P)9kD@ArgβNv:UjrWN'UjH7

? [75]%J*3N3H+i,+kh&K$\&f,!P9kP)KO}~-,"

k%3lO7bN6xKgxrD1ilkD=-,"k?a$3lrxQ9k3

HGs(UjrhjJk3H,|TG-k%

\FGO7bN!PK3Nh&JP)9kD@N=$rxQ7F$k,$7b9

kN1+iD@r@k&f [12]JIb"k%#eO3Nh&J&frNQ7$P

)9kD@rIAi,p4H$&3HJ/hjP93H,,WG"kHbM(k%

=lKhjP)50NHNWGrhL9k3HJ/7bNUjrs(G-kD=

-,"k%

GeK!ZKQ$?>bKD$FRYk%>bOWaKP7F#t@ilkD

=-,"k%0aGZ@D=vBN8g,#t"k3H,=lr(7F$k%\

FGO3N4FNZ@D=vBKP7F!ZrTC?%=7Fb74FNZ@D

=vBKD$FP),^^lkJiP$=NkLrs(9k3HK7F$k%3

lO [49]K+ilkh&JV{?*Jk@WrNQ7?kLG"k%

c 6 P)KX9k!ZNcr^ 4.3rQ$Fb@9k%^ 4.3OP)N!Z)xr

=9^G"j$puO@}Wm0i`N^Ur=9%!ZQ!*N1G<?LV,

J<N@}Wm0i`N8gG"kH9k%

LV =















































P0(X,Y )← P1(X,Y ).

P1(X,Y )← P2(X,Y ).

P2(X,Y )← P3(X), P4(Y ).

P6(X,Y )← P3(X), P5(Y ).

P5(X)← P4(X).















































3N!ZGOP)50N8g+i$(P0, P6) NH,*Pl?H>j7F$k%^

:>br@k?aK4r P0K7?bNH9k%50> P0+iO"H`,nil

k%3Nlg"jF#G<?+i@il?"jF#, 2G"C?H9kHP0(X,Y )

,nilk%J*P0(X,Y ) NztKO$,vJjt,dj6ilk?a$c(P
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P0(a, b) Nh&J"H`,BT5lk%=N P0(a, b)rBTfK$v<N"H`,

>bH7F@ilk%=lKhj>br FP0$HQ5lk,' PP0$Wa P0(a, b)

H7F$D@ArgP0
= 〈FP0 , PP0 , P0(a, b)〉,=.5lk%J*=N>b FP0O$J

<KJk%

FP0 =







P3(a)

P4(b)







3ND@KP9kZ@D=vBAnsP0r@k%=lOJ<KJk%

AnsP0 =















































P0(a, b)

P1(a, b)

P2(a, b)

P3(a)

P4(b)















































!KP)50Nb&R}N50> P6+i"H` P6(X,Y ) ,nil$=l,.

j)D+!Z,Tolk%3N8.5lk"H`KO$P0(a, b)KhCFnil?

Z@D=vBK1l=9k?a$ztKQt,V+lk%=7F P6(a, b) ,b7

ArgP0
KhCFJj?FP$3NN18gOP)50 (P0, P6) KD$FP0+iP6

XNP)r^sG$k3HH=G5lk%hCFf<6KOk@P6K++ok,

'H7FP3 → P6, P4 → P5,WN'UjH7Fs(5lk3HKJk%J*1M

N!Z, P0H P6r~lX(Fb&lYTolk%
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<?xml version="1.0" encoding="utf-8" ?>

<ordinance id="Y3)T/j3rc" xmlns="http://www.webgen.co.jp/"

xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"

xsi:schemaLocation="http://www.webgen.co.jp/ ordinance-logic.xsd">

<section id="h 8 r">

<subject>}3Ns(</subject>

<paragraph id="h 1 `">

<logic lang="xkif">

<implies>

<clause>

<predicate value="=ATY"/>

<argument number="1"><var name="x"/></argument>

<argument number="2"><var name="y"/></argument>

<argument number="3"><var name="z"/></argument>

</clause>

<clause>

<predicate value="v'Dy"/>

<argument number="1"><var name="z"/></argument>

</clause>

<clause>

<predicate value="=AT"/>

<argument number="1"><var name="x"/></argument>

</clause>

<clause>

<predicate value="T/#"/>

<argument number="1"><var name="y"/></argument>

</clause>

</implies>

</logic>

</paragraph>

</section>

</ordinance>

^ 4.2: XKIFNBc
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P0(X,Y )

P1(X,Y )

P2(X,Y )

P3(X) P4(Y )

P5(Y )

P6(X,Y )

P3(a) P4(b)

P0(X,Y )Nd@

P6(X,Y )

Nd@

P0(X,Y )KP9k>b8g

P)50NH: (P0, P6)

^ 4.3: !ZaxNc
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h 5O

!ZkL

HQ7?G<?OXML=7?Y3)NrcJY3)rc 54fh 1r]h 10r$

Y3)rc 55fh 1r]h 7r$Y3)T/j3rc$Y3)jtArc$Y3

)&w9qrc$Y3)GrcP3OPrcKH=lrpKnil?lCNeL

<LX8rQ$?1%

3NG<?+inil?!ZQ!`'G<?KO,', 278 D,"C?%eL

<LX8lCG<?+iOP)50 11602 H,W;5l?%

BTD-O$CPU:Intel(R) Xeon(R) CPU X3350 @ 2.66GHz$Memory:3.2GB$

OS: WindowsXP SP3$0h}o:ruby 1.8.7 (2008-06-20 patchlevel 22) [i386-cygwin]$

!Zo:SWI-Prolog (Multi-threaded, 32 bits, Version 5.6.52)G"k%BT~VO

\B3,OK*$F4FrL7s 1 ,xYG"k%

B3kLKD$Fb@9k%[Dt,H7F 2DNUj,!P5l?%J<K

=NPOkLr\;k%

1\G<?Nn.OJtK$sFC/&&'V&"sI&2N`&$sU)^F#C/9KMj

7? [95]%
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Cycle:[MvQwqN,', xBQwqN,', }QQwqN,', QwqN,

', 5iQwqN,', ,']

MvQwqN,' -> QwqN,' :is OWL.

xBQwqN,' -> QwqN,' :is OWL.

}QQwqN,' -> QwqN,' :is OWL.

QwqN,' -> ,' :is OWL.

5iQwqN,' -> QwqN,' :is OWL.

,' -> MvQwqN,' :is FOL relation.

rc: Y3)rch 54f, h 10r

>0: ,'

ft: h 1`

,' -> xBQwqN,' :is FOL relation.

rc: Y3)rch 54f, h 10r

>0: ,'

ft: h 1`

,' -> }QQwqN,' :is FOL relation.

rc: Y3)rch 54f, h 10r

>0: ,'

ft: h 1`

,' -> 5iQwqN,' :is FOL relation.

rc: Y3)rch 54f, h 10r

>0: ,'

ft: h 1`

Cycle:[{q, =AbF, =Aq]

{q -> =Aq :is OWL.

=AbF -> {q :is OWL.

=Aq -> =AbF :is FOL relation.

rc: Y3)T/j3rc, h 8r

>0: }3Ns(

ft: h 1`

^ 5.1$5.2OPOkL+i@il?=l>lND)r^(7?bNG"k%

^ 5.1GO,'K"k

• ,' → MvQwqN,'
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PSfrag replacemen
MvQwqN,'

xBQwqN,'

}QQwqN,'

5iQwqN,'

,' QwqN,'

^ 5.1: D) 1

{q =Aq =AbF

^ 5.2: D) 2

• ,' → xBQwqN,'

• ,' → }QQwqN,'

• ,' → 5iQwqN,'W

KX89kq^X8,mj@H=L5l?%POkL+i,+kh&K$:l

b!`',mjN6xG"C?%?@7=l>l:v9k68r2H7?H3m

68KdjO+D+iJ+C?%7?,CF3lO68r!`'N1K>9~@

G.~7?!`'G<?N-RmjG"kH=G5lk%

^ 5.2GOeL<LX8N1

• =AbF → {q

,mjG"kH=L5l?%eL<LX8lCG<?OMjKhCFn.5l

?bNG$5iK!`'G<?Nh&JpCHJkbNrQ$F$J$%hCF

n.7?MV,mCF3NX8rn.7?bNHM(ilk%

e-G!P5l?[Drhj|$?!*N1KD$FP)N!PrTC?,3

lO!P5lJ+C?%hCF!N@}*=$,b?i9P)Khk7bO!K

OJ$D=-,b$HM(il?%?@704K!K7b,J$H]ZG-kb

NGOJ$%3lO"/^G\FNj3-GbGk=7?!*N1KP7F!P

77



D=JP),8_7J+C?3HrU#9kbNG"k%7+7J,i\F,3

N!ZKQ$?!a8Ov3J,ix[5lF$kbNG"j$7b,J$h&

lgHKhj!:,Tol?bNG"k%hCF\oGP),!P5lJ+C?

3HOEvHbM(ilk%

J*79F`,5oK0n7F$k+N'N?aMY*Kmjr^s@!`'

G<?bQU7$=lKD$FB3bTC?%v:G<?K*$F=NP)t,

,5oK!P9k3H,G-?%3lKhj$!ZKQ$?!`'G<?+iP

),!PG-J+C?3HO$79F`eNmjGOJ$3H,N'G-?%
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h 6O

^HaH]j

\@8Ns?9kH3mOJ<N 3@K^Hailk%

1. !*N1N7b!PKP7P)NjAr3~7$^?=lrBQ-N"kj

!H9k?aeL<LX8+iP)50rjP7=lrHQ7?%

2. !Z79F`H7FXMLG<?+i,WJpsrhjP7A0rQ99k

0h}oH$B]K!ZrT&!ZorBu7?%

3. @}Wm0i`N;QrB]K~Q7$=BNdjH7FY3)rcN!Z

r7?%

` (1)KD$FRYk%^:7bNjAKP)r3~7?3H,s2ilk%P

)N3~Khj@}XeN7bG"k7b'rqg7J,ib$hjMVN>Q

Ka$7bb!PG-kh&K7?%?@73NP)N3~KO$p`HJkP

)50rjA9k,W,"kdj,@i+KJC?%=3GeL<L50G<?

rQ$Faw*K=NP)50rW;Gaak}!rs(7?%3lKhj$P

)50r9YFMNjKhjjA9k,W,J/Jj$/J$+OGP)50r

Q$k3H,G-?%

7bN!Z}!KX7FO"V@/7gsdP)9kD@JIN3~rTC?%

3N3~Khj!*N1,btG7br/37F$k+I&+N=jN_Ji:$

qN*K7bN6xUjrf<6Ks(9k3H,G-?%J*P)OB3G!

P5lJ+C?NGqN*Jvcrs2k3H,G-J$%7+7sU*KQU

7?G<?rQ$F=N6xUjrs(G-k3HrN'7?%
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` (2)KD$FRYk%\FOsF7?!Zj3-KP9kqN*JBur(7

?%33GOsFj3-NBu@1GOJ/$Q$kG<?N-RA0dA0=

}!$^?!ZD=J!NWG3liNpC*J3HKD$FbsF7?%3l

iKhjj3-NBuD=-HBz-r(7?3HKC($BuedjKJk3

Hr@i+Kb7?%qN*KO$50>+iRlr8.9k]KztK?ps

,-QG"k3Hd$W;KhCFaailkP)50N:Y$^?!`'N-

R==OHBT.YNX8JIG"k%

` (3)KD$FRYk%\FNBuO"kxYNg-5N!*N1KP7F$=

B*J~VG!ZrBTG-k3Hr(7?%?@75NJW;LJIO=~@

GOaaF$J$%?@7it*KW;L,}(k3HO+@G"k%

B3kLKD$FO$P)O!P5lJ+C?,sU*JG<?GOP)Uj

rs(9k3H,G-?%5iK$[D9k,'NqN*JUjrf<6Ks(

9k3H,G-?%3N!P5l?UjO$eL<LX8lCG<?+iIC5

l?duG<?KhkbN$^?!`'G<?,6xKJC?UjG"C?%3

lKhj$\j3-*hS79F`O!a8N!ZK*$FduH7F!=G-

k3H,(65lk%

#eN]jH7FOJ<,s2ilk%

^:N1-R}!K*1k===ONHgG"k%=~@GOP)N3~Kh

jMN>QKa$7bN!PKOP~7?%7+7hj7)K!N7br!P9

k?aKO$,'KP7==ONb$A0=}!$^?=lHBQ-r>)5;

?!Zj3-r!$9k,W,"k%=N?aKO$B]K!*N1+i!*k

@r3/h&J&f [65,68]GINh&Jps,Q$ilkN+$^?Wa5lk

N+$3liKD$F5iK\7/4Yk,W,"k%^?@}Wm0i`=N

bNKP7F7br!P9k&fb"k [19]%PrologN=8rN1N==H7F

Q$kNG"lP$3Nh&J;Qbhj~lk3H,,WG"k%

!*N1,/39P)KO}~-,"k%3lO 4.5.2OGRY?h&K$!Z

r9k]K"k!'zL,,~5lk3Hr0sH7Fu7r>j7$=7F=N

u7rbHK!Z,Tolk3HKhk%3N}~-OD@N/39P)N}~H

=NP)NgxX8r=93H,G-k%3N?aP),!P5l?H-$f<6

Ks(5lk$5@Nud$3lrJk3HK#exQD=GOJ$+HM(k%
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!N!ZkLO=N!N$5r%9bNG"k%b7s(Uj,B]K$5r

,WH9kt,G"C?JiP$=lO1~K~5!N,W-^?O$=NIC!

N$5rU#9k%3lO 1OGbRY?,$!ZkLru1?$5KP7FOF

"*J!Z,,WHJk%3Nh&J~$5lkN18gN!ZK*$F$s14

d@K*1kN18gN>bd@d^?P)D@N8.JI,M8G-k [44,70]%

#e3Nh&J&frNQ7$~Os*J!ZbM(k,W,"k%

=~@GO!Zr!a8=NbNKP7FTCF$J$%"i+8aM,!a

8rI_$=lr!*N1H7FBu7?bNKP7FTCF$k%!a8Of

S*$+3@lG"jJ,ibA0*J-RK'CF$k%hCF#eO+0G

@}*=$rjPG-kh&J&f,,WHM(k%
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U-

\&frTJ&Kv?j, *OfX3rroC?lr R5xK<UW7^9.

GeK, \@8r^HakKv?CFf(O$?@$?lr&f<Nt;K|/

fi=7e2^9.
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