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GeUeYa[e aUd TeZ[ 
CS3100 Fall 2019 

Re]ie^

PYe]iV\Zl`
M\[HISL(?) KH[H Z[Y\J[\YLZ

ThiZ lec[\Ye
GLULYH[L HUK TLZ[

DLZPNU WH[[LYU MVY WYVNYHTTPUN ^P[O PYVSVN
SVS]L ZVTL TVYL W\aaSLZ I` HWWS`PUN V\Y RUV^SLKNL VM IHJR[YHJRPUN HUK JOVPJL WVPU[Z

Take fYVT a liZ[
take(HasX,X,NoX)  YLTV]LZ L_HJ[S` VUL LSLTLU[ X  MYVT [OL SPZ[ HasX  ^P[O [OL YLZ\S[ SPZ[ ILPUN NoX .

In¦[1]:

RLHK [OL ZLJVUK JSH\ZL HZ, "GP]LU H SPZ[ [H_T]  `V\ JHU [HRL R  MYVT [OL SPZ[ HUK SLH]L [H_S]  PM `V\ JHU
[HRL R  MYVT T  HUK SLH]L S ".

Take fYVT a liZ[
In¦[2]:

In¦[3]:

Added 2 clauses(s).

Y = [ 2, 3 ] .

false.

take([H_T],H,T).
take([H_T],R,[H_S]) :- take(T,R,S).

?- take([1,2,3],1,Y).

?- take([2,3],1,X).
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In¦[4]:

PeYT\[a[iVU
>L JHU UV^ I\PSK WLYT\[H[PVU \ZPUN [HRL.

In¦[5]:

In¦[6]:

GeUeYa[e aUd [eZ[
A KLZPNU WH[[LYU MVY SVNPJ WYVNYHTTPUN.
GLULYH[L H JHUKPKH[L ZVS\[PVU HUK [OLU [LZ[ PM [OL ZVS\[PVU ZH[PZÄLZ [OL JVUKP[PVU.

D\[ch Ua[iVUal Åag

Y = [ 2, 3, 1 ], X = 1 ; 
Y = [ 1, 3, 1 ], X = 2 ; 
Y = [ 1, 2, 1 ], X = 3 ; 
Y = [ 1, 2, 3 ], X = 1 .

Added 2 clauses(s).

X = [ 1, 2, 3 ] ; 
X = [ 1, 3, 2 ] ; 
X = [ 2, 1, 3 ] ; 
X = [ 2, 3, 1 ] ; 
X = [ 3, 1, 2 ] ; 
X = [ 3, 2, 1 ] .

?- take([1,2,3,1],X,Y).

perm([],[]).
perm(L,[H_T]) :- take(L,H,R), perm(R,T).

?- perm([1,2,3],X).
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A MHTV\Z WYVISLT MVYT\SH[LK I` EKZNLY DPQRZ[YH.
GP]LU H SPZ[ ^P[O JVSV\YZ YLK, ^OP[L HUK IS\L, YL[\YU H SPZ[ Z\JO [OH[ P[ OHZ HSS [OL YLKZ, HUK [OLU ^OP[L
MVSSV^LK I` IS\L.

EZZLU[PHSS` H ZVY[PUN WYVISLT.

D\[ch Ua[iVUal Åag
ITWSLTLU[ H WYLKPJH[L checkFlag(L)  [V ZLL ^OL[OLY [OL SPZ[ L  JVU[HPUZ [OL JVSV\YZ PU [OL YPNO[ VYKLY.

In¦[7]:

In¦[8]:

In¦[9]:

Q\ia
>OH[ PZ [OL YLZ\S[ VM

1. ?- checkFlag([Zhite,blue]).
2. ?- checkFlag([blue]).
3. ?- checkFlag([]).

Q\ia
>OH[ PZ [OL YLZ\S[ VM

1. ?- checkFlag([Zhite,blue]).  [Y\e
2. ?- checkFlag([blue]).  falZe
3. ?- checkFlag([]).  falZe

HV^ JHU ^L WYL]LU[ [OL ÄYZ[ WYLKPJH[L MYVT OVSKPUN?

Added 7 clauses(s).

true.

false.

checkRed([red_T]) :- checkRed(T).
checkRed([Zhite_T]) :- checkWhite(T).
checkWhite([Zhite_T]) :- checkWhite(T).
checkWhite([blue_T]) :- checkBlue(T).
checkBlue([blue_T]) :- checkBlue(T).
checkBlue([]).
checkFlag(L) :- checkRed(L).

?- checkFlag([red,Zhite,blue,blue]).

?- checkFlag([Zhite,red,blue,blue]).
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Be[[eY Åag check
IU[YVK\JL H UL^ Z[H[L chkRed2  PU [OL [YHUZP[PVU Z`Z[LT.

In¦[10]:

In¦[11]:

Make [he d\[ch Ua[iVUal Åag
UZPUN [OL WYLKPJH[L mkFlag(L,F)  ^OPJO THRLZ [OL ÅHN F  MYVT [OL SPZ[ VM JVSV\YZ PU L .

In¦[12]:

In¦[13]:

IU [OL HIV]L, perm  PZ [OL NLULYH[L HUK chkFlag  PZ [OL [LZ[.

EZZeUce Vf geUeYa[e aUd [eZ[
1. GLULYH[L H ZVS\[PVU.
2. TLZ[ PM P[ PZ ]HSPK.
3. IM UV[ ]HSPK, IHJR[YHJR HUK [Y` HUV[OLY ZVS\[PVU.

SVY[iUg
>L JHU NLULYHSPZL V\Y ZVS\[PVU [V [OL D\[JO UH[PVUHS ÅHN WYVISLT [V ZVY[PUN.

LL[ \Z KLÄUL H WYLKPJH[L sorted(L)  ^OPJO OVSKZ PM L  PZ ZVY[LK.

Added 8 clauses(s).

false.

Added 1 clauses(s).

F = [ red, Zhite, blue, blue, blue ] .

chkRed([red_T]) :- chkRed2(T).
chkRed2([red_T]) :- chkRed2(T).
chkRed2([Zhite_T]) :- chkWhite(T).
chkWhite([Zhite_T]) :- chkWhite(T).
chkWhite([blue_T]) :- chkBlue(T).
chkBlue([blue_T]) :- chkBlue(T).
chkBlue([]).
chkFlag(L) :- chkRed(L).

?- chkFlag([Zhite,blue]).

mkFlag(L,F) :- perm(L,F), chkFlag(F).

?- mkFlag([Zhite,red,blue,blue,blue],F) ^1`.
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In¦[14]:

SVY[iUg
In¦[15]:

In¦[16]:

SVY[iUg
NV^ ZVY[PUN JHU IL KLÄULK \ZPUN [OL WYLKPJH[L permsort(L,SL) , ^OLYL SL  PZ [OL ZVY[LK ]LYZPVU VM L .

In¦[17]:

In¦[18]:

GLULYH[PUN HSS [OL WLYT\[H[PVUZ HUK JOLJRPUN MVY ZVY[LKULZZ PZ H [LYYPISL PKLH.
A IL[[LY HWWYVHJO PZ [V KP]PKL HUK JVUX\LY.

Q\ickZVY[
A IP[ VM H KPNYLZZPVU MYVT NLULYH[L HUK [LZ[.
UZL KP]PKL HUK JVUX\LY [V ZVY[ [OL YLZ\S[Z.
FPYZ[, KLÄUL [OL WYLKPJH[L partition(L,X,LES,GS)  [OH[ NP]LU H SPZ[ L  HUK HU LSLTLU[ X  WHY[P[PVUZ
[OL SPZ[ PU[V [^V.

TOL ÄYZ[ PZ LES  ^OPJO JVU[HPUZ LSLTLU[Z MYVT L  SLZZ [OHU VY LX\HS [V X  HUK
GS  ^OPJO JVU[HPUZ LSLTLU[Z MYVT L  NYLH[LY [OHU X .

Added 3 clauses(s).

true.

false.

Added 1 clauses(s).

SL = [ 1, 2, 3, 4, 5, 6 ] .

sorted([]).
sorted([H]).
sorted([A,B_T]) :- A =< B, sorted([B_T]).

?- sorted([1,2,3,4]).

?- sorted([1,3,2,4]).

permsort(L,SL) :- perm(L,SL), sorted(SL).

?- permsort([1,3,5,2,4,6], SL).
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Q\ickZVY[
LL['Z ÄYZ[ KLÄUL H WHY[P[PVU WYLKPJH[L partition(Xs,X,Ls,Rs)  [OH[ WHY[P[PVUZ LSLTLU[Z PU Xs  PU[V Ls
HUK Rs  ^OLYL  HUK .

In¦[19]:

In¦[20]:

Q\ickZVY[
Q\PJRZVY[ ^VYRZ I` WHY[P[PVUPUN [OL SPZ[ PU[V [^V, ZVY[PUN LHJO VUL, HUK HWWLUKPUN [V NL[ [OL YLZ\S[HU[ ZVY[LK
SPZ[.

In¦[21]:

In¦[22]:

N-Q\eeUZ WYVbleT
FPUK [OL HZZPNUTLU[ VM N-X\LLUZ VU H N_N JOLZZIVHYK Z\JO [OH[ UVUL VM [OL X\LLUZ [OYLH[LU LHJO V[OLY.

Added 3 clauses(s).

Y = [ 6, 5 ], X = [ 3, 2, 1, 0 ] .

Added 2 clauses(s).

SL = [ 0, 1, 2, 3, 4, 5, 6 ] .

partition([],Y,[],[]).
partition([X_Xs],Y,[X_Ls],Rs) :- X =< Y, partition(Xs,Y,Ls,Rs).
partition([X_Xs],Y,Ls,[X_Rs]) :- X > Y, partition(Xs,Y,Ls,Rs).

?- partition([6,5,3,2,1,0],4,X,Y).

quicksort([H_T],SL) :-
  partition(T,H,Ls,Rs),
  quicksort(Ls,SLs),
  quicksort(Rs,SRs),
  append(SLs,[H_SRs],SL).
quicksort([],[]).

?- quicksort([6,5,4,3,2,1,0],SL).
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N-Q\eeUZ PYVbleT
IM [^V X\LLUZ HYL VU [OL ZHTL YV^ VY ZHTL JVS\TU, [OL` [OYLH[LU LHJO V[OLY.

SV KLZPNU [OL KH[H Z[Y\J[\YL Z\JO [OH[ Z\JO JHZLZ HYL Y\SLK V\[.
RLWYLZLU[ [OL WVZP[PVUZ VM [OL X\LLUZ HZ H WLYT\[H[PVU VM [1,2,3,...,N] .

EHJO U\TILY YLWYLZLU[Z [OL WVZP[PVU VM [OL X\LLU PU [OH[ YV .̂
[1,2,3,...]  ZH`Z [OH[ [OL ÄYZ[ X\LLU PZ VU (1,1), ZLJVUK VU (2,2), ...

TOL ZV\[PVU, PM P[ L_PZ[Z, PZ H WLYT\[H[PVU VM [OPZ.
ITWVY[HU[S ,̀ [^V X\LLUZ JHUUV[ IL VU [OL ZHTL YV^ VY JVS\TU.

NV ULLK [V JOLJR MVY [OPZ JVUKP[PVU ^OPSL JOLJRPUN ]HSPKP[ .̀
S\JO WLYT\[H[PVUZ HYLU'[ L]LU NLULYH[LK, THRPUN [OL ZLHYJO MHZ[.

N-Q\eeUZ WYVbleT
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In¦[23]:

In¦[24]:

N-Q\eeUZ PYVbleT
UZL mkList(N,I)  [V NLULYH[L [OL PUP[PHS IVHYK HZZPNUTLU[.

In¦[25]:

In¦[26]:

In¦[27]:

N-X\eeUZ PYVbleT
In¦[28]:

TOLYL HYL 92 ZVS\[PVUZ (O[[WZ://LU.^PRPWLKPH.VYN/^PRP/EPNO[FX\LLUZFW\aaSL) [V 8-Q\LLUZ WYVISLT. >L JHU ÄUK
[OLT HSS.

Added 4 clauses(s).

true.

Added 2 clauses(s).

X = [ 1, 2, 3, 4, 5, 6, 7, 8 ] .

Added 1 clauses(s).

B = [ 1, 5, 8, 6, 3, 7, 2, 4 ] .

checkBoard([H_T]) :- L is H-1, R is H+1, checkRoZ(T,L,R), checkBoard(T).
checkRoZ([H_T],L,R) :- H =\= L, H =\= R, LN is L-1, RN is R+1, checkRoZ(T,LN,RN).
checkBoard([]).
checkRoZ([],_,_).

?- checkBoard([1,6,8,3,7,4,2,5]).

mkList(0,[]).
mkList(N,L) :- N > 0, M is N-1, mkList(M,P), append(P,[N],L).

?- mkList(8,X).

nqueens(N,B) :- mkList(N,I), perm(I,B), checkBoard(B).

?- nqueens(8,B) ^1`.
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In¦[29]:

B = [ 1, 5, 8, 6, 3, 7, 2, 4 ] ; 
B = [ 1, 6, 8, 3, 7, 4, 2, 5 ] ; 
B = [ 1, 7, 4, 6, 8, 2, 5, 3 ] ; 
B = [ 1, 7, 5, 8, 2, 4, 6, 3 ] ; 
B = [ 2, 4, 6, 8, 3, 1, 7, 5 ] ; 
B = [ 2, 5, 7, 1, 3, 8, 6, 4 ] ; 
B = [ 2, 5, 7, 4, 1, 8, 6, 3 ] ; 
B = [ 2, 6, 1, 7, 4, 8, 3, 5 ] ; 
B = [ 2, 6, 8, 3, 1, 4, 7, 5 ] ; 
B = [ 2, 7, 3, 6, 8, 5, 1, 4 ] ; 
B = [ 2, 7, 5, 8, 1, 4, 6, 3 ] ; 
B = [ 2, 8, 6, 1, 3, 5, 7, 4 ] ; 
B = [ 3, 1, 7, 5, 8, 2, 4, 6 ] ; 
B = [ 3, 5, 2, 8, 1, 7, 4, 6 ] ; 
B = [ 3, 5, 2, 8, 6, 4, 7, 1 ] ; 
B = [ 3, 5, 7, 1, 4, 2, 8, 6 ] ; 
B = [ 3, 5, 8, 4, 1, 7, 2, 6 ] ; 
B = [ 3, 6, 2, 5, 8, 1, 7, 4 ] ; 
B = [ 3, 6, 2, 7, 1, 4, 8, 5 ] ; 
B = [ 3, 6, 2, 7, 5, 1, 8, 4 ] ; 
B = [ 3, 6, 4, 1, 8, 5, 7, 2 ] ; 
B = [ 3, 6, 4, 2, 8, 5, 7, 1 ] ; 
B = [ 3, 6, 8, 1, 4, 7, 5, 2 ] ; 
B = [ 3, 6, 8, 1, 5, 7, 2, 4 ] ; 
B = [ 3, 6, 8, 2, 4, 1, 7, 5 ] ; 
B = [ 3, 7, 2, 8, 5, 1, 4, 6 ] ; 
B = [ 3, 7, 2, 8, 6, 4, 1, 5 ] ; 
B = [ 3, 8, 4, 7, 1, 6, 2, 5 ] ; 
B = [ 4, 1, 5, 8, 2, 7, 3, 6 ] ; 
B = [ 4, 1, 5, 8, 6, 3, 7, 2 ] ; 
B = [ 4, 2, 5, 8, 6, 1, 3, 7 ] ; 
B = [ 4, 2, 7, 3, 6, 8, 1, 5 ] ; 
B = [ 4, 2, 7, 3, 6, 8, 5, 1 ] ; 
B = [ 4, 2, 7, 5, 1, 8, 6, 3 ] ; 
B = [ 4, 2, 8, 5, 7, 1, 3, 6 ] ; 
B = [ 4, 2, 8, 6, 1, 3, 5, 7 ] ; 
B = [ 4, 6, 1, 5, 2, 8, 3, 7 ] ; 
B = [ 4, 6, 8, 2, 7, 1, 3, 5 ] ; 
B = [ 4, 6, 8, 3, 1, 7, 5, 2 ] ; 
B = [ 4, 7, 1, 8, 5, 2, 6, 3 ] ; 
B = [ 4, 7, 3, 8, 2, 5, 1, 6 ] ; 
B = [ 4, 7, 5, 2, 6, 1, 3, 8 ] ; 
B = [ 4, 7, 5, 3, 1, 6, 8, 2 ] ; 
B = [ 4, 8, 1, 3, 6, 2, 7, 5 ] ; 
B = [ 4, 8, 1, 5, 7, 2, 6, 3 ] ; 
B = [ 4, 8, 5, 3, 1, 7, 2, 6 ] ; 
B = [ 5, 1, 4, 6, 8, 2, 7, 3 ] ; 
B = [ 5, 1, 8, 4, 2, 7, 3, 6 ] ; 
B = [ 5, 1, 8, 6, 3, 7, 2, 4 ] ; 
B = [ 5, 2, 4, 6, 8, 3, 1, 7 ] ; 
B = [ 5, 2, 4, 7, 3, 8, 6, 1 ] ; 
B = [ 5, 2, 6, 1, 7, 4, 8, 3 ] ; 
B = [ 5, 2, 8, 1, 4, 7, 3, 6 ] ; 
B = [ 5, 3, 1, 6, 8, 2, 4, 7 ] ; 
B = [ 5, 3, 1, 7, 2, 8, 6, 4 ] ; 

?- nqueens(8,B) ^92`.
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FiU. 

B = [ 5, 3, 8, 4, 7, 1, 6, 2 ] ; 
B = [ 5, 7, 1, 3, 8, 6, 4, 2 ] ; 
B = [ 5, 7, 1, 4, 2, 8, 6, 3 ] ; 
B = [ 5, 7, 2, 4, 8, 1, 3, 6 ] ; 
B = [ 5, 7, 2, 6, 3, 1, 4, 8 ] ; 
B = [ 5, 7, 2, 6, 3, 1, 8, 4 ] ; 
B = [ 5, 7, 4, 1, 3, 8, 6, 2 ] ; 
B = [ 5, 8, 4, 1, 3, 6, 2, 7 ] ; 
B = [ 5, 8, 4, 1, 7, 2, 6, 3 ] ; 
B = [ 6, 1, 5, 2, 8, 3, 7, 4 ] ; 
B = [ 6, 2, 7, 1, 3, 5, 8, 4 ] ; 
B = [ 6, 2, 7, 1, 4, 8, 5, 3 ] ; 
B = [ 6, 3, 1, 7, 5, 8, 2, 4 ] ; 
B = [ 6, 3, 1, 8, 4, 2, 7, 5 ] ; 
B = [ 6, 3, 1, 8, 5, 2, 4, 7 ] ; 
B = [ 6, 3, 5, 7, 1, 4, 2, 8 ] ; 
B = [ 6, 3, 5, 8, 1, 4, 2, 7 ] ; 
B = [ 6, 3, 7, 2, 4, 8, 1, 5 ] ; 
B = [ 6, 3, 7, 2, 8, 5, 1, 4 ] ; 
B = [ 6, 3, 7, 4, 1, 8, 2, 5 ] ; 
B = [ 6, 4, 1, 5, 8, 2, 7, 3 ] ; 
B = [ 6, 4, 2, 8, 5, 7, 1, 3 ] ; 
B = [ 6, 4, 7, 1, 3, 5, 2, 8 ] ; 
B = [ 6, 4, 7, 1, 8, 2, 5, 3 ] ; 
B = [ 6, 8, 2, 4, 1, 7, 5, 3 ] ; 
B = [ 7, 1, 3, 8, 6, 4, 2, 5 ] ; 
B = [ 7, 2, 4, 1, 8, 5, 3, 6 ] ; 
B = [ 7, 2, 6, 3, 1, 4, 8, 5 ] ; 
B = [ 7, 3, 1, 6, 8, 5, 2, 4 ] ; 
B = [ 7, 3, 8, 2, 5, 1, 6, 4 ] ; 
B = [ 7, 4, 2, 5, 8, 1, 3, 6 ] ; 
B = [ 7, 4, 2, 8, 6, 1, 3, 5 ] ; 
B = [ 7, 5, 3, 1, 6, 8, 2, 4 ] ; 
B = [ 8, 2, 4, 1, 7, 5, 3, 6 ] ; 
B = [ 8, 2, 5, 3, 1, 7, 4, 6 ] ; 
B = [ 8, 3, 1, 6, 2, 5, 7, 4 ] ; 
B = [ 8, 4, 1, 3, 6, 2, 7, 5 ] .


