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(Principles of logic programming)
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flight (flight number, from city, to city, departure time,
arrival time)
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flight (flight number, “Bangkok”, “Los Angeles”, departure time,
arrival time)
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flight (flightl, “Bangkok”, X, departl, arrivel),
flight (flight2, X, “Los Angeles”, depart2, arrive2),
depart2 >= arrivel + 30

v
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(Fundamentals of logic)
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p unuilszTen “Mary speaks Russian”
q unuilszlen “Bob speaks Russian”

runuilszloa “Mary and Bob can communicate with each other”

PAq unuise loa “Mary and Bob both speak Russian”
pvq unuise loa “Either Mary or Bob speak Russian”
paqor unuilsglen “If Mary and Bob both speak Russian, then they can

communication with each other”

A a zg 4 a o A a 1 a 1 Y
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T
=

Y
MINIAIANNISIUINI 5 Terloisines aaagii 10.1

L1}

P 4d|PAq | PVq | P>2q | P=q | 7P
T|T| T T T T F
T|F| F T F F F
F|T| F T T F T
F|F| F F T T T

514 10.1 msnsanuesaveslonlosiaes il Tuinarins ow Tndgdu

o ] 1 Y Y Y I 1 g a Y1 g a Y1 g < 1 a
AIDYNUTU DU p Tiduaniuesa q Tantuese r Wandume srensamainuese

Yo

voszlon (pv ) o ldeail

-pvaqg | (pveDr

ﬂ
d
=

ST o B o R | S S} Bl =
el I T L | S R I R
= = ™| 3] ™ 43 =™ o—
= = = = ™| ™| ™ =
= 3| 3] 3| ™| T 43| 4
eI e I L T I T s

v
fariu manuaseveslszlen (-p v q) o r Wanduie

242



yn#l 10 M5 1sunsurinssne

ATINAAATINIALAR

s a A o o ' o a . o A a
ATINANAATNTANG HIDVNATUTINTIUAAAAINIANG (predicate calculus) USuilguiudy
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Fydnual ANNHINEY HINEIHEYAIDENS

true, false Boolean (truth) constants

p,q, Boolean variables

-p Negation of p True if p is false; otherwise false

pPAQ Conjunction of p and q True if p and q are both true

pVvq Disjunction of p and q True if either p or q (or both) is true

poq Implication: p implies q Logically equivalent to =p A q

pP=q Logical equivalence of p and q True if p and q are bot true or both
false

VxP(x) Universally quantified expression For all values of x,P(x) is true

IxP(x) Existentially quantified expression There is an x for which P(x) is true

p is a tautology | Proposition p is always true E.g., q v = q s a tautology

p(X) is valid Predicate p(X) is true for every value of x | E.g., even(x) v odd(x) is valid

A a s a o s a
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AManin AN

Commutativity pvq=qvp PAQ=qAp

Associativity (pvqQvr=pv(qvr) A AT=pA(qAT)

Distributivity pvagar=(pvqQAa(pvr) PA(QVI)=EpAqQVDPAT

Idempotence PVp=p PAP=Dp

Identity p Vv -p=true p A —p = false

deMorgan a(pvq=-pa-q a(pAq=-pvq

Implication pOq=-pAq

Quantification = VxP(x) = Ix~P(x) = 3xP(x) = Vx-P(x)
31 10.3 faauiAvesinoilunssnemaasimsina

Y 7

W@ﬂ??ﬂglf&lﬂﬂaﬂiu

) ¢ g 2 M) a 1 A v
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E4
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~ 1 a 1 dy 9 o a [
(head) tazt38n py, pa.... pa IUNTAAATIUVDA (body) ﬁuammgﬂzmuaamumamwumwmmmmm
@ = a = 1 a 1 z:y A a SN Y A (= a 3 ¥
Wizlimsamainod daunsanaludiuved wlinmsaman lanie ilimsamaaon 14 (lun1w Prolog
~ Y A~ a 1 ] 12 a 1 z;’l 9 A J a A

wiEendeanuiimmzmsanadiuii lag lulimsdnadiuuedin Joanuiiiluaienie fact)

9 = ' I3 a g1 A 3 A

VAN h < P,Pas...,Pn HANUKNII 1 TUITINADIND py UAT Py 1AL ... 1AL p, 1TUITY

v o A ey R A a9 g A
AIUUATOINNIY 7 AUNUANUYNIEY AND 139 A (GlummProlog WITINVDANULUUVUI NY) WID

rule)

@ [l 1 dy 9 Jd A ' a A A Id a g A~
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A A a A S e ' A <3
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snowing (c) < precipitation (c), freezing (c)

(
Y s Yy a : o a Yo &
foanugduuneesuinsdu annsalousgluzluuunandmmsamalddail

precipitation (c) A freezing (c) D snowing (c)
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&£ 9

Y
FAANUNVDIToANVIZNEUINTUTRA NN 111

-precipitation (c) v —freezing (c) Vv snowing (c)

§ 1 o 1 @ a J
donnunndoanuieglugluuvees uannsognuasldedlugiuvuunagdmnsdma  ualu
- = Y @ a Ay Y 3 7 :4[ csy
nenauiueivisdeanulugluuunaagdamsanai liaansomladldidugiuoveesu N4l
A 9 S @ o & o a Y Y !
wesnndeanuluvveseswiludugavewnagdamsana  uaddeanulaamnsauaailugiuuy
s o v

gosu Jupoulumsutlasezilsznoudie

o Y o W d . . .

(1) nagyanyd implication
[ I
Wy p o qazgauilauilu -pvq
s § A v 4 <
2) Mngwesuounu (Demorgan’s laws) tiverdeudyanal - 141 TneTuruduy
[} I
WU = (p A q) zgauauilu-pvaq
o v w ] a F) a { 4 o . . §
(3) MIadatelsua 3 Aremaiianiseniimsiia Taawy (skolemization) Feazinu
1 { o { I
Ix p(x) Aremned ¢ wazih iimemlasugihilu p(c)

@ 4

1 Fa
4) thodnialsina v Tswiuindudeany niniudadydnual v eennndeoanulimderiios
Y o A 9 9 a 1 o
anurneedandwlinnainisngluteanudesiiarsannnaivesails
(5) wasudeanuldegluziuvuinauuunouseiivl (conjunctive normal form)
A S 4 v o 4 9 4 9
wiogluuunFeumeudie A (menduluernsendianiomuie v 1d)

(6) nlasudoanulneglugiuuy implication

% 1 ] 9 1 dyd 1 @ = 1 o [ Y 3
A10619 19U Joanuae lliiloueglugduuuunagae Janunuen dmsuaunnaudiaueg 1
Tu'ldsumsanyudanag luamusamou uag lueunsaoumisde lauddnau@en
Vx (-literate(x) v (owrites(x) A -3dy (reals(x, y) A book(y))))
Y v v
doanuilannsagaulaslieglugduuvsesu (Tufegiuun h « pyp,....p,) 14aail
o v W o J . . .
(1) maaduanyal implication
Vx (literate(x) Vv (-writes(x) A -dy (reads(x,y) VvV book(y))))

) raeu ~ 15T lunedy
Vx (literate(x) Vv (-writes(x) A Vy(—nreads(x,y) VvV —book(y))))

3) 'aidi 3 3913d09% skolemization

4) e v 1 PBnihdenny

VxVy (literate(x) Vv (—~writes(x) A (nread(x, y) VvV —book(y))))
=literate(x) A (-writes(x) A (-reads(x, y) VvV =book(y)))
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(5) wilasguvunoudany

(literate (x) Vv —writes(x)) A (literate(x) v -reads(x, y) V
—book (y))

= (nwrites(x) v literate(x)) A (—oreads(x, y) VvV —-book(y) Vv
literate(x))

(6) nias —|pvq!,‘1dJuqu
(writes (x) D literate(x)) A
((reads (x, y) A book(y)) D literate(x))

e

q’/’ ' ' A A = ' J Yo A
AMNUUUADSINDUIDINULIATOINNIY D mmmmauagiugﬂgmuaaiu'lﬂmu

literate (x) <« writes (x)
literate(x) <« reads(x, y), book(y)

Y = 9 o ' Y Y = = = A Y £~ <3|
dutasudennuludiedredieduiu ﬂullﬂﬁ?fﬂ‘kl"lnﬂﬂuﬁ"m"I'im"llfluﬂ'i’f)?ﬂuulﬂ Faeuilu

[ a Yo dy
unagacnsAing 1adadl
Vx (literate(x) D reads(x) VvV writes(x))
M g ¢ { o
Tuduaoumsutaauilugluuveesu aiimsulasugidonnuliasi

=Vx (—nliterate(x) VvV reads(x) Vv writes (x))

=-literate(x) Vv reads(x) Vv writes (x)

= Jliterate(x) D reads(x) VvV writes (x)
fudeunglugduuy h < pypo,....p. 9214

reads (x) VvV writes(x) <« literate (x)

& 1q 1 s a ' v A ' = a o & 9 o a Y v
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10.3 151 wgvunazgiingy

(Resolution and unification)

Jumsi Tdsunsudnssng Tlsunsuazdseneudietennuinidueie 2 Uszan Aedonnun
WuaTalaslifidouly Fonih anwese (fact) uazdennuiiluaTsdiiouluiluese Gonding (rule)

4
f0019UpIANITIAZNg Laad lAail

speaks (Mary, English)
talkswith (X, Y) <« speaks (X, L), speaks(Y, L), X # Y

¥ A a A : o v = A A a
FoANUITNAD AWIFINTZYI Mary Wan1p18angy tazdoanufiaofiongnion ez
Hidouly Nszyd yanaaesaulas (unudie X uag Y) X amnsoqeny Y 1481 X wanw1 L uag Y ya

M1 L (Wude X wag Y wanmeudeaiv) uaz X nu Y lilsyananudenu

I a [l A a Aa 1 a ltiy
mstszuanallsunsuilumsaglanueialvia snanuasuaunied myajilanuasaluid

= ' o a_ o . ) 9 9 Yy 9 oo a o A qyny
Fon1 My (deduction) 15U Mndeanudosdtoanudiedu mansahiisioie v ldaw

a 1A g 1 o @ 9 1w 4
v lninilungszyin Mary aunsogeny Y 61Y wanmwdangeld vaz Y lilydn Mary osdaiou

4
=1

oglugiuuudeniueesulde

talkswith(Mary, Y) <« speaks (Mary, English), speaks (Y, English),
Mary # Y

0o A o A I Y a Il yas A ' 0 o . £
mshisdaie1# 1danwesalndg a1435msnGendn msius Tagdu (resolution) Fuilums

a A a . [ 1 Id a . .
g lao 35U a5 (refutation) w3eiondnod1alddn ilumsigeinda (contradiction)

[
{ g a 1 a a : a 1 g
msasdeagliduaueiddwininanuesuduiiod  anwesalninagydldvziSonini

g1 A

=
s
Y Yo a d Y a ~
anaoiiie lasumsngaiuarnesaluynnsal

anwese (lidnzdhwuuiiGeoulunse luiliden luiaw)

(Foni1 valid) iy ludeanuidlumsagianuasaln

talkswith (Mary, Y) <« speaks (Mary, English), speaks (Y, English),
Mary # Y

9 2 a ' a yyld 1 A a u’ulyu ] g a o ' A
"U’E’Jﬂ'ﬂllll%gliElﬂ'ﬂﬂfl'liﬁ]i\?llﬂﬂ@@m@ mmmquw ﬂ'ﬂ"llfi]ﬂ')'m!,ﬂuﬂiﬂﬂﬂnﬂﬂ'l"llaﬂ Y we
= ) = Y  a s a o A a

Y wmamuﬂﬂaim GluT&m uu'ﬁll']flﬂ\?li1§°'IENWq%uﬁ'lﬂ31uﬂiﬂﬂﬂﬂ§$%1ﬂ31@ﬂﬂu1uiﬁﬂ (W@T%ﬂgllll'lﬂ

2 Y o Y &£ g a IA o v A o 0 nm vy aad o P VoA
deriudan)  Fuilumsigainmldennieluieasionnzilildee  F5am1ddennems

a 3 a a { = T o - I
Agaiuds sdufe sm@linnumsdlminagdldtisuduwie nimiul¥msigainassnzguiums i
<

a

a Il { a I 1 o a a { ] ' a Il {
miguaveanwesalnd  (Mauydlimduie) Swduaueseauilieg ladeaginanueieduy @

a
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agq Y I <3 A A 1 o A a aa 9 Y v J I <3 o 1 a 1A
awyd i) Wennsanswiuansuaundeglimaansidumaeue duudan anwaieluin

a S ] S ] a a ' ' a 1 Aa
avydlddwilianuilwnueaue fasdoulfeas) vioyaldonedrenanuesalmiilussuaue

E4
19 v A

Fredumsfigainnueselmifiaglinnnanueduduiiteddinits Tagiu uansldaad
aNuaTuau(l): p,
ANWATUAN(2): p1 D q
ANNATUAN(3): ;D Qs

anusalmifiasy1f (@):

a 7Y ad o
MangaaleIss lvgvu

msagUanuaselnianuasudy: (1) A (2) A (3) o (4)

ax a o

Fiquivaude: auydlimsagdifudie dufe - (1) A @) A (3) > @)

Sdeauydilufiolunnnsdl uite - (1) A 2) A (3) D (4)) = FALSE

a a

4
v o

WU (= (1) A (2) A (3) D (4))) = ~FALSE
=TRUE
e (1) A (2) A (3) o (4) Wusa
Fuiu @) fuanulnifiagd 18nnanedidu (1) ez (2) waz (3)

9
dunoumsignivaunds:

((HA@)AB)D4)
=M v=@Q)v-B)vE4)
= (HA@AB)A=#
(1) fle p,
@@ -piva
(3)Ae-qva
(4) flo g
=pACEP VA ACQ V@) AT
=@ATP)V(EPIAQ) A QY ) AT
=FALSEv (piAgq)A(=qi V@) ATQ,
=P AQACQYERIATG
=PIAGUAGCQATR) V(@A)
=piAqQiA(0qiATq) Vv FALSE

=i A ATGATQ
:DLAFALSE/\ i)
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=FALSE

fariu 2= ((1) A (2) A (3) D (4)) ua3a uazuaaad (4) Lﬂummﬁﬂwuﬁﬁ;ﬂ"lﬁ'mﬂmmﬁuﬁu (1)
uaz 2) uaz (3)

M A d v Yy 9 9 v A9 ) a v o A
"U‘Ll@]EJL!miW’qji]u"llﬂ!,LENﬁUN@]ufﬁiJﬁﬂsl“H"Uu@]@uﬂﬁuﬁﬂﬂ’)ﬁlmﬂumii%g%u AU
PIACPIVA) A(qIV Q@) A Qs

=qACqQyY@IAng

“AiATq)
=FALSE

matiag Tegdulismsgusmmoenasuneuinson IngdunielulinTosueasiu wu mou

p1 HAZINON 1y v ¢ WIOWINGFU p; uag —p; WIATOIMNIBANAUTIATOGUTINNON LAIFA Py, ~p,

A A o 1 d;/ Y A
DONINABDINEN ﬂ']i’i/nl“lﬂlllllﬂluﬂ\FMﬂ

piA(pPIva)Dq

@

£ . . . A g a a sy ' a e
Faudu implication nduasuaue TVITONFIUAIAITNATNNVITI AU

P1 | Q1 | pinAqr p1v(=p1var) piv(ep1vai) D qi
T T T T

T F F F T

F T T F T

F F T F T

a Jd o Yy 9 a o = 1 Yo dy
myigaidaudadiomaiag Tsgduamnsadoued lugdvesumunin il

b1 piva
L
qQi qivQ
L ——
qQ2 2
L —
]

1n5e9vNTeY [ Glﬁfﬁmummmﬂa FALSE
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lunsdlvownagdamsann  montAazineuwsouAazinsAlnaT s ola s e lums A
(3

AMNATUAN (1): speaks (Mary, English)

AT UAN (2): speaks (Bob, English)

ANNATUAN (3): talkswith (X, Y) < speaks(X,L), speaks(Y,L), X # Y

9
@

m3lfnaing Tegdu oigainiuinazd1dlvi  talkswith (Mary, Bob) deslidunoui
Q’ Lg A 1w a’ Y a a = ::' A [ =) qg/’ dyl ) a
udufieo msunumanse IiimsAmagounsanaligluuuiimiiouny Sonduaouiin nisrigiil

1AYY (unification)

a [ { a . T a { 4 y
m3lfinaiing Tsgduieignd talkswith (Mary, Bob) 2uiluninssiduilieannnmsa (1)

E4
v A

uaz (2) waz (3) WuaTauaauiuumuninlddail

—talkswith(Mary, Bob) -speaks(X,L) v =spesks(Y,L) v = (x=y) v talkswith (X,Y)

X = Mary
Y = Bob
- speaks(Mary, L) v = speaks(Bob, L) v = (Mary#Bob)  speaks(Mary, English)

L = English

= speaks(Bob,English) v = (Mary=Bob) speaks(Bob, English)

- (Mary=Bob)

[

{ v Jd 1 a A [l . I a
msimaansiilu FALSE uaasinnuesaiaglldlvi  talkswith(Mary, Bob) 1fluase lu

q’/’ a <Y @ 9 =~ o any @ A o Y a = = v 9
Tuppumsigaualus legduszdesimmgiilingy  wiemamldmsAmalglunu@ernudiems
unudmlsareane iy Mgiiadu talkswith(X, Y) /1 - talkswith(Mary, Bob) dremsunusar X

@10 Mary azunu Y a2g Bob

251



yn#l 10 M5 1sunsurinssne

msigiilindureunsamadeunsanaIzAo101/eIs n1sunuAIs (substitution) NM3531)
maunumendenldh X = Mary, Y = Bob n3eewszideudredadnual (Mary/X, Bob/Ymiie
unuasludals fullld 3 nsdl de masii, dulson, uasilafau mamgiinduiadunszuiums
Juguwniisu (pattern matching) 1umiv‘hI‘]Jiuﬂimfl?m'5'5ﬂsgﬁﬂm%mﬂuﬂa”lﬂﬁﬁtyﬁmm Prolog

19 lumsilszuiana

10.4 nanmsWugMveImulilsdon
(Fundamentals of Prolog)

Y] ' < 2 g ' ~ o A
VDAITUAN 1uﬂ1y1iﬂﬁa@ﬂﬂ3$ﬂaUﬂlui]']ﬂﬁflﬂll L’i/lfi]llﬁ1l|’l§ﬂlﬂuﬂ1ﬂ\1°1/l, ﬁﬂllﬂﬁ, niv

1 { [~ < o { a v a =]
Iﬂi\?ﬁ%ﬁ\? ﬂ']ﬂQﬁfﬁ]']i]%3!ﬂu§]3§]§]n°ﬂ§alﬂu%1u')umﬂl RIAZIIN ﬁ’t] ﬁi’fammﬁg%uziuﬁuéﬁﬂmwuwmﬂ
' . . A g Y A A l A o A 9 9 L) e [l
1% tiger, zebra, a, big_bear Woiludonnuiivsuodlunioarmeayalaze 1T NAUAIA NN 11ig)

' . ' { o < 0 < o a Y
14 ‘Bob’,’Mary’,"My Tiger’ mnsfiszianinnuavorndumyiuiu@uriomuiiaueia fn

a J

Fd
v @ v o Y I o [l 1
ulsseneudunndonus (A-Z, a-z, ) lasdasnusdusnazdeuiludiudlvg u X, Y, Bob

v
Tasear31a (structure) 1130 V19ATAUToNI ANUFUITUT (relation) Ap sAMANTIIUINBITNIMUA 0, 1,

A ' @ ] v v INY 1
HI9UINNIT 1 DY NUDIANUAUNWUT hlﬂllﬂ

n(zebra)
speaks (Who, russian)
np (X, Y)

=KX A '

maweulsunsulumullsdon Ao msdsemadoanuinidiuss  Faleg 2 dszian Ae

U

Y A a e A ~ 1 a Y A d a A A :}; =i
Fonnuiiuagawuy liliGeuly Foni anuede (fact) wazdeanuiniuvsuiiotou lviauanszy
[~ a v @ 1 1 Y a qs./‘ <}
Wuese Ben ng (rule) drednae liiinansnnueswazngniounamems (w1 llsaenld

4 I~ a a 1
lﬂ%‘ﬂ\ﬁ’ill'lﬁl % lﬂuﬁﬁlﬂﬂ'ﬂllﬂll'lfllﬁiﬂ ) fi]‘ﬁﬂ1flﬂ')13JWN']El"ll'f]\?ﬂ')'luﬂﬁxulazﬂ;]uﬁﬁg"lﬁlj@

% Example of Prolog program
% Every fact and rule must end with a period
% Facts: eats(x, y). means x eats y

eats (fred, meat).

eats (wilma, meat).

eats (betty, vegetables).
eats (wilma, vegetables).
eats (barney, meat).

eats (barney, vegetables).
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% Rules:
% Symbol:- in rule is equivalent to <— in Horn clause.
carnivore (Individual) : - eats (Individual, meat).
carnivore (Individual) : - eats (Individual, meat),
eats (Individual, wvegetables).
food (Thing) : = eats(Individual, Thing).
% First rule means: If someone eats meat then they are a carnivore.
% Second rule means: If someone eats meat and vegetables then they are an omnivore.

% Third rule means: If someone eats X then X is food.

= a Y J <
MIsuaNUITIazng sz ldglunuvetseiy JuuuveIngzily

term:- term;, term,,.., term,

= Y s A
“']N?li\iﬂﬂzﬂllﬂﬂaaﬁu o

term¢« term;, term,,.., term,

a a Y1 A d‘d 1 &Y = dy
AMW959 (fact) er9n1san lanaeng Mlmwzdinidlag lilidiuved

mssuldsunsuTisden Ao msmusauneaduanueiwazngilszmaliludalusunsy

U NITDINAIDIN

Is meat a food?
Is Fred a carnivore?
Is dirt a food?

Is are the omnivore?

< v a g & A4 9 o
mstszuanallsunsvazitlumsaumananuaswazagiananateluTdsunsuinerveany
o 2 a 7Y an o ' o A Aan o vy = o S
Ao iiveNee NG IAI03Ds Trgdu (Swnumatiagiiingy) Ndeanuidsinglusinmiuai
S lnifansaaginnanusuazng luTdsunsy wielud 1y lddmen Yes (wdoumduilsiiiio
4 1 v
unudemiud il ldmnoy Yes) uadr sowdsdodluanuaialndiiseyTaedld liamwnsoaglls

nnanwesazngluTsunsy vz ladmen No

I

' { v o A a o <
Aoufvzdesulysunsuldvzfesiinni Isunsudeednes udriuiinTusunsuiuIidnil
[l . ag/l a I v o o o
wwana .pl 1wy flint.pl 1imiuldnoulwassnieduaeiniames mulsdendefulisunsudloids
4 ' v
consult(flint.pl) w3ioldguuy [flintpl’] @redreae lfiuaaamsdssulsunsy wagmsasdinm

A g v v o A Y v o W & A o
LW@iﬁIﬂﬁuﬂﬁNﬂuW1ﬂ1ﬁﬂﬂ (ITRINVYNITOUITUAF i]m‘l]ulﬂi@ﬂﬁlﬂﬂﬂ1ﬂ"lll ?-)
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?-[‘flint.pl’'].
flint.pl compiled, 0.00 sec, 1,512 bytes.

Yes

?—food (meet) .

Yes

?—-carnivore (fred)

Yes

?-food(dirt) .

No

?-omnivore (Indivivual) .

Individual = wilma

Yes

MM fuldsunasuTdsdense 14ds halt.(udnautly return)

?-halt.

15 IgFunazgunin gy

4 < I o o o
weadnldsunsuTsdenuazaon Indlsunsunds  msnszduldTsunsushaui laomsas
o o = a 7Y an @ 1o g2 A
RTREY mamauvee lsunsuazilumsneeungaiaiedss Isgrunmouiudmagilanuen
a & A A ' o 3 = g ¥ =
anwsananaentegluTsunsuwioly  nszvaumsihavvesmm llsdaendaiumsdurumenh
Usinglu facts naz meudlsngidiuiives rules ivensrvdeuniimenlanaunsoiunldlums
o o A o o ' < {
RuslegFunenoudodiomvesdlys  dedalisunsuae luiiiuldsunsuiez 1d)senoumsuaas

9
) o <
Tupoumsmauvesnv lilsaon
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speaks(allen, russian).

speaks (bob, english).

speaks (mary, english).

talkswith (Personl, Person2):-speaks(Personl, L),
speaks (Person2, L),

Personl =\= Person2.

3 v
tlnsudald Tsunsuhnudlismsaiini “Bob eunsoyanimsengs 1dlanse 1o~
2
sUnpufowiluamnlisdenzily
?-speaks (bob, english).

A o < v o 9q ¥ a Y 1y A 9 o v
LﬂJ’EJ@l’J‘lIi%lI’Jﬁwaiﬂiaﬂﬂﬁﬂﬂ1ﬂﬁﬁﬂﬂﬁﬂ"b’ ﬂﬁg‘]J”JuﬂﬁWE;ﬁ]uﬂ’JfJL'iI“ﬁ@fb'u VLLTUAUNIIUNIY

4
%

Y ~ v o = Y o A A A a Ia 4
NIIAUNUNBUNATINUATNIY “']Ni]gllﬂW]’E]llsluﬂﬁiﬂﬂﬂﬁﬂﬂﬂlﬂﬂiﬂﬂlﬂﬁll’i/lll NHEDINIAAA LASDITNAINUR

YoUNIAAATAT I v‘iﬂﬁ’mmmumiﬁqwﬂlé’ (gﬂﬁ' 10.4)
speaks(bob, english). ?-speaks(bob, english).

[

51/ 10.4 upunmuaaIMsigais101ua8351s Targiu

u

4 a o v a a ;I §
wewamsguiillu FALSE (unuade D) udasi areanuasaauianuaiilsngluTisunsy
§ o . | a = a a 4
donnunszylumnin (2-speaks(bob, english).) 1Wlunnwaselwinannsoaslidannaimusudaund

?

e

sUnuvvestennuuuveesuilyluTdsunsunldsden 195unn

heal :- term;, term,

9
v A

Fazasanuglnuums Anauaagdaaetl

term; A term, D head

sazamnsaudasguunIdiiy

- (term; A term,) Vv head

= aterm; A -term, v head
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v & A A o & A g a .. . g
auimenidsingidiuiivedng azdhunenindluuin (Seni positive literal) tazmont

4 1
dwwedvesny  wilumeniidluilias (Soni negative literal) Tuldsunsunwnldsdonaziliing

P ' A a o a A g s A
UDANUDY 3 152101 Ao AN (fact), ng)(rule) az MOIM(query)  ANVITIADUBANULUUIDIUN

A csy 1A .. . A 9 ¢ Aa qs.: 1 @ 1 c:y
laifigauved (@I NIE positive literal) NHADUDANUUVVIDTUNUATUNIAIUNILALAIUVOA

o Ay P ' e | A . . v o A s

UAEAININ ADVIANUULUIDIUNUIRWICAIULDA (LAANNNRNIL negative literal) AIUUNITWGIUAN
§ I o @ 1 . . a . .

uwumwiugﬂﬁ 10.4 %’Né’u'ﬁmﬂumimgﬂmgﬁymzmn positive literal (AI1939) a2 negative literal

v
(R1913) Aall

speaks(bob, english) = speaks(bob, english)
L]

\ o < 4 o v o
JonnuusazussialuTdsunsulsdensz@eunudis anunue AND aaiuTdsunsudnadu

= % dy
SUANUNUIYAIU

speaks (allen, russian) A speaks(bob, russian) A....

o o Y Yy =K 9 = = [
mimgﬂmg%ummmmmm’nwmama‘umm‘u

speaks (bob, english) A -speaks (bob, english)

4 v o v o o o &
a9z lawaansiilu FALSE daiumsdszuianasioinialamaouiiu Yes

?-speaks (bob, english).

Yes

Tunsaindralanganls s
?-speaks (Who, russian) .

Aa [ I 4 o
Tumsiszananadiemswnowiguidaudanaaagihilu FALSE (iielifneu Yes) vzdosiimsunu
(-] d’ 9 d' v o Y o Y o
mawals Who wenereuivennululilsunsunasaunudeanuludionny  mMsaunIznszii

E

A o o A = o 9 v o v A A o v
1TV UAVTINAN 1 GlUIﬂillﬂillanl'ﬁ]Uﬂquﬁiwﬂq@ﬂ/ﬂﬂ ﬂ\iuuﬁllaﬂa'lllﬂ3@!1/‘]@3“/]@‘7-]“']“']1{’]51“

A 2y o & o A
mMIngaidos Tagiuaziiugail

speaks(allen, russian) = speaks(Who, russian)
\/Who= allen
L]
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4
g

o < o A Y99 ¥ o &
Quu@')ﬂﬁguaawaiﬂﬁaaﬂ i]$Llﬁﬂﬂﬂ1ﬁaﬂﬂﬂaﬂqwslﬂﬁjsl%w3“Jﬂ\ju

[

?-speaks (Who, russian)

Who = allen
9q ¥ a o A sy A o vy o A o A Yy A yyve
AlFamnsonuiiniesnane < iovendlszuanaldnummasvudusniiull1d e ldsy
M < @nlszuanavszen@anmaunumdinals Who @aeainan allen uazdumidonnuae 1y

b

{ a I . % o A ) a
Tulsunsuifiuwmiswilu speaks(..., russian) Favzldavennuluussiai 3 vaziiwniguiales lag

FUAITS
speaks(mary, russian) = speaks(Who, russian)
L”’,,,,———”””—V§E;=Inmy
L]

@

v o o oA ~ < =
gafumaansnilsingneeninaziiuaail

?-speaks (Who, russian)

Who = allen;

Who = mary;
No
. & 2 4 v o ' , oA A d
mildmids < afafaedddwadnilu No ffesninluldsunsylifinnnnTdudnisey

1A

anuduiusNylasnansayamsae
ER]

Tunsdiidinmiumsoides¥nglulsunsuiedins Tegdu  dsdredramause Ty

M3 “Bob amnsanadoa1sny Mary 1aw3ela?”
?-talkswith (bob, mary).

0 @ A 9 Y = A a ~ ) A A
MINNUYBIAIUTENIANAZISUAWNTAUNUNDN 1ID FOINTAIAA NATINUAIDIY (Ao %0

a . & -
msana talkswith) Falullsunsuiidennuder fie Jonnuidlung

talkswith (Personl, Person2):-speaks(Personl, L),
speaks (Person2,L),

Personl =\= Person?

2 Y A 1 1 a Id
Fanuveued luglnuvunagammsamaazily

—speaks(Personl, L) v = speaks(Person2, L) v = (Personl#Person2) v

talkswith(Personl, Person2)
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A o 9

Y A o 1 v o { & . A
diohdeanuiluniigiis Tagiuswiusinwiiludoniw - talkswith(bob, mary) v lakamsigol

Fuaasluguii 10.5

~speaks(Personl, L) v—speaks(Person2, L) v
(Personl = Person2) v talkswith(Personl, Person2) —talkswith(bob, mary)
Personl= bob
Person2= mary
= speaks(bob, L) v speaks(bob, english)
—speaks(mary, L) v
(bob=mary)
L= english
- speaks(many, english) speaks(mary, english)
(bob=mary)

(bob=mary)

]

& o A ¢y an o A o 4 9 o
51/ 10.5 Funeumiignideits Tagduiiofmomunedoatung

nngtzdunalaiuemonldinsdine  talkswith @lszananas: llAununsdnai
@ 4 IS a 1 @ ;I
mmw’?wmﬂumimﬂ@mummmﬂg talkswith (Personl, Person2) :—.. . ly
o A L4 <3| o an 3 A o 9 . IS
TupaunsnvoImngadzitlumsigiilingu  Aeilvn talkswith (Personl, Person2) ¥
9 v Ed i1
JUHUUATIAUAY  talkswith (bob, mary) wnnuuRaeunsamaiiszgnanoenll (ilesnn
talkswith (bob, mary) A -talkswith (bob, mary) WIﬂWFALSE) INADNINTTAIU
& Ao v v 4 ) 4 a y 0 o
vedvongialszuanaszdos lidumluldsunsumemdeanuims inaas snuuiius Tagiuae 11
o an o [ o A o A o w A 1 d;/ Y =X o any
mshgindunazs TegdusznszifiazmentaziiGesdraunnmoenn 1 ludiuued udrvaliligia

o v A

@ Y { < o w o :al :al o
lﬂ"]ﬂlllagljI“]f@“’]fuﬂﬂlﬂﬂllﬁﬁ@\?hlﬂlﬂuﬁ1ﬂﬂﬂufﬂﬂ ﬂQuuﬂ']ﬁLlﬁﬂﬂ"llu@]fi]uﬂ1§1ﬂ'lliT%Q%H%Qllﬂuﬂllllﬁﬂﬂ

09/} 'ag/l { IS o a o
aetumounduaaz 1¥tonulugluuvsefuunuizduguuuunagdamsama  dsgdd - 10.6

H H 9 4
@nurnelugli 10.6 a2 ludengali 10.5 WisauamsudasiuaouznszsUT)
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talkswith(bob, mary)

speaks(bob, L) speaks(mary, L) bob =\= mary
L= english l 2 3 4 5 Yes
speaks(bob, english) speaka(mary, english)
Yes Yes

4
v W

A 3 o <} A a o a o
g‘ﬂﬂ 10.6 M Uﬂlu@ﬁ]ufﬂi1/1'l\ﬂ‘lnl"llfNIﬂ3ﬁ@ﬂlW@Wﬂ1U1NWQ%Hﬂ'ﬂM%§Q‘llfiNﬂ'lﬂ']ﬁJ
?-talkswith(bob, mary)

Yy 9
v A o

tdmunaowilu 2-talkswith(bob, allen) lunsadisinmaz luifluasuwsiz Bob liansona

4 @ ag/l o <] 1% y 1 :Jl Y A o Ay Y Y

doesiy Allen duasumsiiauveslisaonuandldsgin 10.7 ualuasifilodmgilindunuued

{ . o I . ] a { @

meuiiaeq speaks(allen, english) 3z lamadniiflu fail dAeliansamansalulysunsuiasedy
=y v Yo < 1Y o v A4 A & A

mowitld msdszuanavznganazIndmenilu No Tagludeshnunumeniivaeluved (fe mow

[ < o E4
bob\= allen) Foanuiilsnguuvenmmaziluasil

?-talkswith (bob, allen)

No

talkswith(bob, allen)

6 fail
l\r
speaks(bob, L) speaks(allen, L)
L=english : 5
2\r 4
speaks(bob, english) fail

4
v

§ o < § a 4 a o .
717 10.7 TumeumsihaivedlsdenioNgauanuewesfom ?-talkswith(bob, allen)
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Mideunay

Y % . a d? d’ q’/‘ a 4 a o =1 c!' c!' 9
M3dounay  (backtracking) vznavle luTuAEUNGIUAINITIWOIMA AN MINEITOA
1 = < 9 J a Y Y 9 n v ~ 1
wnnwiteng  Tilsdenvz ldngusnneulunszurumsigaiaes Togiu Singusnlildwa (Senh
. ' ° o M ' 3 Y 4 A o '
fail L‘w:i13”l,ummmm;ﬂ«ug%uﬁmmzm”lﬁm FALSE) Tﬂ5a'e)ﬂfn$?J"e)uﬂamﬁawmaqu%u%nﬁ'amg
c:' 1 9 [ [ c:' 1 a 1 q’/’ < ]
hdes  wazlugrwesmsdounaudulsiinegnunuainzen@nmsunuaniy (M lUsaenlioygne
H [ 1 4 [ 4 I 4 1 1 1 a 1
Tmsnlasuamdnnls wu 910 x Al 10 szlaswdly x+1 weldia 11 Tld udeusasnianan
a ! \ ; a 1w Y < ¢
@undd 1 x Banludld FanszurumsendnadautlsiilunalameluvesnvTisaen Tasunsuues
Tiamnsoszyirdeniugulasasald)
o [ 1 dy 9 [ Y o I = 9 A a
aodnTsunsuae 1l uaasdeyannuduiusvosyanaluasounss  Imsldngivouiion

v o ' < g A < ' ! '
ANUFUIWUT parent(A, B) 11 A 11Ju parent ¥od B dndeiiie A Wuvieves B w5e A Wunives B

4
a

v o J = 4 9y tiyd ) v o J
ANUAUNUST parent UUIUAWAHADIUD UBNINUUMTUSNUANUTUNUT grandparent(A, C)

X A v W o Qo S A 3 '
Fuflumstewanuduius 1, 61, m wie 1w Tas A wdlutldraree ves C 18 Adeiie A ifuvie

u

Wiouvee B ud B lidlunwenseuives C ﬂ’Jmﬁuﬁ’uﬁ'ﬂjmmmiumam%’aﬁumq“lé‘ﬁﬂmmumw
T¥agI7 10.8

mother (mary, bill).

mother (mary, sue).

mother (sue, nancy).

mother (sue, Jjiff).

mother (jane, ron).

father (john, sue).
father (john, bill).
father (bob, nancy).
father (bob, jiff).
father (bill, ron).

parent (A, B) :- father (A, B).
parent (A, B) :- mother (A, B).
grandparent (A, C) :- parent (A, B), parent (B, C)
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john mary

bob sue jane
A \
\ \\ \
\ N \
\ - \
~ \ " T
= ——
) “a $ father .{erk
nancy Jeft ron “mother” link = —>

51/41 10.8 urunmuaaslnssaduanuduiusvesyanalunsounin

u

' | ] '
flimsoun Mary 111 grandparent 499 Ron o150 1312

?-grandparent (mary, ron)

o I3 A 9 a A o Y Py a
nszuaumMInuvesllsaenazisuaunnmsamanidumon  udmeemdununsanalu
{ @ 4 a @ 1 Ia 4 Il @ o any o 4 1w
Tilsunsufiasenu Mremsanaasenuuaeisnauuanieluluasiuszigilndunomnuaidls1d
Y oa A o . o A sy v N N Y
laosnauuudnaseiu  donniusziigaiaies Txgdudinszuiumsigaila FALSE vzaou Yes
a q’/‘ a Y = o 3 a d A 1
Haziivazaoy No msweewngaiaemsdaednuniuthminevesnszuiumsigal Goni ms
a d v . ¢ & a { < 1 a 4
gormuudoundy (backward chaining proof) Fuiluisnldlunmmlisaen uadinszuaumsiigod
v & ! A 9 Y Y] S o w &1191 a 1A
w1veyanrualuTsunsuilugasuauuamesuimgraniduddusunsena ldanuesalninas
v o A P 2 a ! a v b ..
Aume nszuaumsigaiuuuiagGeni msfigarilidrewi (forward chaining proof)

9
Y

ﬂJlmaumsﬁqfnﬁzm°ué’auﬂﬁmﬁamﬁmauiﬁ’ﬁuﬁmm%’wéfmmmzﬂuﬁﬁu"lﬁﬁqf:
?-grand parent(mary, ron)

A=mary |1

B=ron
parent(mary, B) parent(B, ron)

A=mary | 2

father(mary, B)
fail
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ag/l a g = A a A o Y <] Y
TuduneuveansWgal parent(mary, B) Ungiieninedny parent aoedo lilsaonsznaanely
ngusneulumsiigul 1nnsnzuaumsts legiunli ldmey father(mary, B) & hiannsavgiiflia

A

Fuae 118 wude liansanunsamannlullsunsufiasiumen father(mary,...) ¥ldmsiiug Tag
o 3 49191 VoA a o v An Y Ao nm Y o a I =
Fuluduaouiidumar ualoannngnedny parent dalidndondsbilahwnnnsan Tisdenaziimg
9 Y ] o a ' oA a o 9 o ] 9
foundunsouitenianmsunui A=mary Tugeh 2 vesmsngnimsdounauszunudioduilsy)

Y o o 9 ¥ A o c:y
ud s ygHuAIeng parent Uo7 2 A9l

?-grandparent(mary, ron)
A=mary
C=ron 1

parent(mary, B) parent(B, ron)
A=mary f ‘\‘3 4 \ A=mary

father(mary, B)
fail

mother(mary, B)
5 T B=bill
mother(mary, bill)

succeed

A g9 1 2o g v o ¢ = o
m3ngad lugusniiduianszennsomanuduiusonluldsunsuiiag iy mother(mary,
v v v 4 v
B) T B vzdosgnunuidleainad bill shlilumeuidesvesuedueing grand parent Wufio mow
parent(B, ron) vzdesgaunualindeusuilfimeniiaesiionsiaumudiilu parent(mary, bill) uaz

a oo a 1 @ d;/
ﬂﬁ$1J’Jllﬂ']§1/\qul]uﬂ'lluu§l@hlﬂﬂ\1u
?-grand parent(mary, ron)

parent(mary, B) parent(bill, ron)
B=bill 6 7| A=bill
B=ron
mother(mary, bill)
succeed father(bill, ron)

succeed
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A a 4 Y 9 < ° Ay Y=
WBNTEUIUMITWFIUIVAIAWANNTUID (succeed) ﬂ’lﬁaﬂﬂhlﬂi]%ﬂu

?-grand parent (mary, ron)

Yes

Y J o
013 19W9N%y assert uag retract

v £
TusgnmssuTsunsuldsdendldmusanindoyalvidreilaidu assert dail

?-assert (sibling(x, y):-parent(w, x), parent(w, y),x =/= y)).

s g

o o ¢ . < A o o ' d Ay o A A
ANUTUNUD 31b11ng Lﬂumi‘LlEﬂlIﬂ’NM’ET?JW‘L!‘EW‘LA?NT@W%H’N X W UN I y D X Uae y U parent
2 [ 9 ] 1 = %

AULAYINU LAY X LD Y ﬁaQ"laflﬁmﬂﬂaﬂumamu

A~ A 9 v q Yo o A o [ v

m'eJ3JmiL‘wmagauasmmﬁuwuﬂwﬂﬂmﬂ‘ﬂiumu LF1FINTODIUAIDIULNYIND Slbhng "],ﬂ
o A
JU

?-sibling (ron, joe).

Yes

'Y Y a v A o o 2 Yo do Yo A
ll@]ﬂ’]ﬁaﬂﬂ’]iﬂﬂlaﬂﬂlay’aﬂﬁaﬂ’ﬂuﬁuwuﬁ ﬁ’]u’]iﬂl“ﬁﬂ\jﬂ“ﬁu retract hlﬂﬂ\ju

?-retract (mother (jane, ron)).

MIAIUANMISIOUNEUR I CUT

A v o 9 ¥ ' = Y} o v 3 Yy
mytewanuduiusladiengunniminde  hldduaeumsiszuianaveslsaonizdodl
9 1Y A a o 9 A ~ A o o 3
msdounauiie linaassigninungdeduninae  Tisunsuwesaunsanrvgumsihavvesllsaen
o g 2 o AN 1o & v o 7o 4
Iainuldstulasaamsdounauin liduilu - msauaumsdounduih lddreilsndu CUT Fawmu

Y 'ﬂ' X3 kX
AYLATDINNY !

a ISP

@ ' 3 1 Y A o ] ' @ S
dedTisunsuTisdende ltiuaasmstemilsddu £ 41 f vz limanadnsiilu 0 Sr5unaiian
Y a S

v v dg a 1 ;I 1 1 L~
vooni 3 Tdwadnsitlu 2 Mduneliaidue 3 wdslosni 6 waznstigaieliwaansiilu 4 Srouyal

a

1 1 A 1w
AWINNNNIDINING 6
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% Example of a binary relation f(x, y)
% Rulel: ifx <3 theny=0

% Rule2: if 3<x<6theny=2

% Rule3: if 6 < x then y =4

f(x, 0) :- x < 3.
f(x, 2) :-= 3 =< x, x < 6.
f(x, 4) :- 6 =< Xx.

Sidowldiguiiemves y Tasszymdunaiu 1 uasiifouluimdnimadniozdosd
AN 2 (A309M11E ©,” INUANMUNINY AND)
?2-f(1, yv), 2 < y.

nszvaumsdszinanasznenuiiguimnudensldngden 2 uazdlivszaunadiusotn

4
@

9 o Y A X oy 9 v o Yo
ﬂzﬂauﬂaummamﬂgmw 3 %Qlﬂum@q@‘ﬂ18 uﬁmuwumwmiﬂummmau"lﬂ U

2.(1,y), 2 <y.
x=1 A: x=1 x=1
y=0 /," y=2 y=4
| <3AND2<0 /. 6=<1AND2<4
fail fail
3=<1AND 1<6AND2<2
fail

o < . o 0 v & ' ¥
naminaaodldngis 3 doldilu fail nadeshlddmeuildily No maelifianuduiug

lo a < o gda ' & a < o od c:
dolansusuwailu 1 wazliwadnsniiannnnd 2 (mnngns 3 Jo Srounailu 1 wadnsndeuilv 0)
Yo = Y A a 1 < dgl v ag/l
afmeuNgnAvsunlowAuuaAnNIUszIIaNas WU 1zAATUAOY

u

i1 ] 4
oundulinaassngdodus Taglisuiiu ildTasldiaTesmune | dail

msSulgaTalsunsaunive 1w

f(x, 0) :=— x < 3, !.
f(x, 2) (= 3 =< x, X < 6,!.
f(x, 4) :- 6 =< x.
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Y A =1 1 o @ csy
M3 lwaTearuie | dnanemslssulanaiiay ail

(1, y), 2 <y.

x=1 “\\ +
y=0 %
\ 4

1<3AND!AND2<0

true true false ¥

fail

4 S a o @
wieamune | szgnilszunanalilianiiueiuaue laswadrufsves CUT weihldnmsdoundu
o A A o 4
lilhadondus vod f gnaais

fiewvesileddu CUT Aot ! singludonanw iwu

head :- terml, term2, ! , term3, termd.

A A do oy Mo A o a " e A ! A A
NNADNDU VYOI head, terml, term2 ‘Vlfl\jvlilU],ﬂu”llﬂ‘Wﬁﬂ5m1ﬂ3gﬂﬂﬂﬂ1ﬂlaﬂﬂlﬂa1uu%ﬂ UANNLIDNDU

Y
(&%) ¥4 term3 uag termd LigndAadna

ﬂ7§ﬁ7ﬂ3mw7dﬂﬂ?ﬁﬂ7ﬁﬁ{

@

& ay to A 4 q 9 0 - ¢ v oA
munTlsaenilansunugiumelslunumuunnaameaas agil

e abs(X), sign(X), float(X), floor(X), ceiling(X), truncate(X), round(X), float-fractional-
part(X), float-integer-part(X)
* max(X,Y), min(X, Y)

«  random(X) MeuogIzNI19 0 19 x-1

o sqrt(X), log(X), log10(X), exp(X)
e sin(X), asin(X), cos(X), acos(X), tan(X), atan(X)

«  succ(X, Xplus), pred(X, Xminus) Handuiiomsiinaazans x
4 Ed
o A =~ ~ 1 = Y a da oy dou A
Msmuunug Utz snfTsumeumzesuneguuuinaisungaail
o mamun: (X*Y), (X+Y), (X-Y), (X/Y), (X**Y)

o mMImsRviudn : (X/Y), (X mod Y), (X rem Y)
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unii 10 msi TsunsuFaassng
o mafFeudieua: (X<Y), (X>Y),(X=<Y),(X>=Y), X==Y),(X==Y)
e M3 bitwise : (X <<Y), (X>>Y), X vY), X AY), (X xorY), (\X)
o m3l¥is ilefamat : Xis Y 19 X is 4%2 i ldsaunls X fidh 8 udduden X = 4%2

Y
< @ Il a
wiflumsunuainds X aremon 4*2 Taglilimsgaunaiy

M35ua 1¥Md4 read(Term) uazmsianina 198189 write(Term) 1102 write_In(Term) 195U

?-read(X), Y is sqgrt(X).
| 4
X =4

Yes
?-write In(‘foo’).

foo

Yes

o o Y Y a 14
ﬂ7§WNTlJﬂll7?750?7’57\761]@%[@@@'@7

a o 1 <3 a 1 [ a o [
Taseadedadazdonogmeluiudy [ ] sazamFnuaazdimeludadazuenniniudie
4 ] s o v A 4 4
IATOMNY 13U [red, green, blue] Tewloswmesniinududad Ae wieanme < 1¥lumsuen
a 1 o a o 1 9 & a o~ A ]
FINTNAIUNIVDIREADONIINGIUNY FuTluaaanviae 1wy
?-[red, green, blue] = [Head|Tail].
Head = red
Tail = [green, blue]

Yes

?-[red, green, blue] = [A, B|Tail].
A = red
B

green

Tail = [blue]
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a o Y o o t4 & A = TR

agaNumuAIedyanyal [ ] 1azniearuedna1y (underscore) ITUNUANNKNIBINIUA

< ' IS a ' a { a @ o ' A o

oxlsi & u [, , blue] Wumsszyuwnisuiundesmsaadniansn 3 &1 Tassmuaaninda
gamedouilu blue nazamnFnaosdmsniiuez 150 14

o [ A o v Aa 4 ) J Ao Aa I 1 Aa a 4

aegnllsunsuihaududad launlUsunsy member AFvBunadlus@INTnuazdad

qs./‘ 1 U A A I a 1 a Jd Aa A ]
i]'lﬂuuiﬂillﬂill‘ﬂzGli’J‘ﬂﬁ’f]‘]J’J'lﬂ']ﬁlﬂ"]fﬂ’i/l3314Lﬂuﬁh?%ﬂ@giuﬁﬁﬁ%iﬂﬁiaqu

member (Element, [Element |  1).

member (Element, [ | Tail ]) :- member (Element, Tail).

S ‘ )y o 2 0 & $ t o - H
T1Jsunsy member iuTsunsuiGondned Tedoasuduiidsdronsdiiugudaiunsaidefige 1u

a

fio Element #udunalsingiuainsndusnludad madoudadludnyas [ Element | ] Wums

a

@ A

Ad a 2 ' A A g 39 ¥ ' A A Y a '
FEYUNMNATUVBIATANAMTNAD Element dauiaoiuez 1snla uazdimwimdosziiludaderu’ls
vy v o A < o A o A a o a /g og o
ala Yeanuluvussianassveslisunsudluduasuisonduoss Tune ausndusnluaad il

Yo A o A Y a a J A A . 2y
Element l#dadu¥naausneonnnmanngan  udusenadadiuiitiaon Tail (32yanunngiiaig

Fa v v
UWNEASY [ | Tail]) 91m1iu5en 115154 member 13288199 member(Element, Tail) danainms

£4
a 1

@ g’ o 031 a J @ a ¢ o {
EE]ﬂG]'JL’EN‘]ﬁ'H]%ﬁﬂﬂﬁuq@LWi?glmagiﬂﬂﬂlﬁ]\iﬂ']il%ﬁlﬂ@]')l@\?ﬁ]ﬂ ﬁﬁ@]‘ﬂzgﬂ@]ﬂﬁﬂ'l“lfﬂ@@ﬂﬁﬁﬂ@n ﬂuluﬁ’qa
Y =X =1 9 A J ] a 4 a o o Slqs./’ A I a CAl
DINNTULRAITIYIAAND AN Element "lnﬂam;ﬂuaamaﬂ a’m%Qﬂml'ﬁ’duawumamﬂuaﬁmw

[ % I
Tsunsuazasdineunaviilu false

v 9 a ~ o S Yo o VYo o ' ' =
DIADINTIAAATUNITLTYNAIDIN ﬁ"liJ”Iiﬂi%ﬂ”l?N trace Ulﬂﬂ\i@l']ﬂfﬂﬂﬂﬂllﬂu

?-trace.

?-member (a, [b, c]).
call: member(a, [b, c]).
call: member(a, [c]).
call: member(a, []) .
fail: member(a, []) .
fail: member (a, [c]) .
fail: member(a, [b, cl).

No
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10.5 M dsunsudaasanzlumwulisaon

(Logic programming in Prolog)

o ] { o a 4 1 o I
faeeii 1 uaaamsm lUsunsudeassnziieuinmsiuiuarluensisd uauldsdenldlnseadhs

a 4 J o
AFAALNUDITLTY)

03O Nk LW~

W RN NN NDNDNDNNDNMFEEFE ==\
SOOI ANNPAEWNN—= OOV P WN—=O

%editor data.prolog
/*Read in data as a Prolog Relation*/
datavals(4,[1,2,3,4]).
%editor pgm.prolog
go :- reconsult(‘data,prolog’),
datavals(A,B),
INSUM is 0,
for(A,B,INSUM,OUTSUM),nl.
write(‘sum ="),write(OUTSUM),nl.
/*for loop executes ‘I’times*/
for(I,B,INSUM,OUTSUM):- not(I=0),
B=[HEAD|TALL],
write(HEAD),
NEWVAL is INSUM+HEAD,
for(I-1, TALLNEWVAL,OUTSUM).
/*If Lis 0, return INSUM computed valued*/
for(_, ,INSUM,0OUTSUM):- OUTSUM = INSUM.
not(X) :- X,!,fail.
not( ).
%prolog
|?-consult(‘pgm.prolog’).
{consulting/aaron/mvz/book/pgm.prolog...}
{/aaron/mvz/book/pgm.prolog consulted,30 msec 1456 bytes}
yes
|?-go
{consulting/aaron/mvz/book/data.prolog. ..}
{/aaron/mvz/book/data.prolog consulted, 10 msec 384 bytes}
1234
SUM =10
Yes
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A0 2 naasmsi llsunsudassnzednumaviesudsa@mgasdaulugli 10.9)

de _ 0 ¢ 18 a constant
dx
dx
= = 1
dx
%(u +v) = % + % u and v are functions of x
ii(u——v)z L
dx dx  dx
d v du
£ —u— +v—
I (uv) = u i 0

i E =V du — U @ 1?2
dx\ v dx dx

711 10.9 ngnlFlumsdrunamanivesuiva

@ o A a 4 a o a 9 Id
msdainnamanmosuFealdmsGonmsama d No15nauud 3 dre13nanuddansnilu x

o A 3 a sy o a ) ~ o Ia o A ) w ~q ¥
mwamgﬂuumummmimﬂwmaﬁuwﬂamamu X UAZDITNANUNAIN 3 Lﬂu@’mﬂiﬂif’]ﬂlﬁﬂ\m’d

{ QBII o I 4 Q'l o Aa v a 4
antgaie 31 10.10 uaasduaoumsinuveslilsaon WedwihavlomwBanuiined 2+x+1

d(Xx,
d(X,
d(Xx,
d(Xx,

d(X,
diix,

U+vy, DU+DY) :- d(X, U, DU), d(X, V, DV).

U-v, DU-DV) :- d(X, U, DU), d(X, V, DV).

U=y, U*DV + Vv*DU) :- d(X, U, DU), d(X, V, DV).
Uusv, (V*DU - UXDV)/(V*V)) .- d(X, U, DU), d(X, ¥V, DV).
C, 0) :- atomic(C), C\=X.
. SOy

269



yn#l 10 M5 1sunsurinssne

d(x, 2*x+1, Ans)

Ans =2*1 +x*0+ 0
1 v
d(x, 2*x, _G268) dx, 1, _G269)
A
! 9
_G268 = 2*%1 + x*0 G269 = 0
2} 8]
d(x, 2, _G278) d(x, x, _G275) d(x, 1,0)
6
G275 =1
3 v 5
dx, 2,0) dix.x. 1)

v
o

319 10.10 Funeumsrinuvedlsunsumurumarives wrsa
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da06197 3 M llsunsuFeassnzendilym word puzzle Tasilaszy

v
“Baker, Cooper, Fletcher, Miller (82 smith mﬁﬂﬂgﬁluﬁﬂ 5 %u
v Y
Baker lai1dWnogndus
v Y 1
Cooper li'ldvinagndumniia

v Y 4
Fletcher T lainndunugansioaisga uaz lildegsuaany Smith w3e Cooper

q q
v Y 1

Millerﬁﬂﬂé%}umﬁﬂ‘f?uﬁ Cooperiin

o A @ IQSJ’ 9/ .9
mawaelaswnegyulatieg

Y @ ' c:y o F Y a 2L~ = o o @ d;/
ﬂmzﬂﬂtymaﬂymm%uu am15am"lmwmﬂﬂﬁuﬂimmmaﬂz Gmmwazzaaﬂmﬁﬂuiﬂmﬂmmu

floors([floor( ,5),flooxr( ,4),floor( ,3),floor( ,2),floor( ,1)]).

building (Floor) :- floors(Floors),
member (floor (baker,B), Floors), B =\= 5,
member (floor (cooper, C), Floors), C =\=1,
member (floor (fletcher, F), Floors), F ='=1, F =\= 5,
member (floor (miller, M), Floors), M >
member (floor (smith, S), Floors),
not (adjacent (S,F)), not(adjacent(F, C)),
print floors(Floors).

member (X, [X] 1) .

member (X, [ |Y) :— member (X,Y) .
adjacent (X,Y):— X =:= Y+1.
adjacent (X,Y):— X =:= Y-1.

print floors([]).

print floors([A|B]):- write(A), nl, print floors(B).

v Y
msdald Tsunsuianulsmsdeiiay

?-building (X) .
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o a dd’ U U
10.6 ﬂ"l'i‘Vl"Ii‘]J'illﬂiN!‘lNﬂiiﬂ%!lﬂﬂu!ﬁ@‘lﬂﬂlﬂﬁﬂ‘u

(Constraint logic programming)

dedullsunsuTlsdende I lumsinsanae il long  $smoway I Tundiduin
puiimItesdeniy 1,123.58.1321,...  mlundazdsumiuiannanauinuesmludumisana
dumisdountiiu 1y 5 fann 243, 8 Mann 543 Smualdsumiawsndudunisiigud
Tdsunsu fib(N, F) $vdhiig s I o F vesdumiadi N

fib(0,1).

fib(1,1).

fib(N,F) :-N1 is N-1, fib (N1, F1),
N2 is N-2, fib(N2,F2),
F is F1 + F2.

ag/l o d’ 1 A o 1 d’ I [ dy
msdamouivemiat W TuunFdwmuan 8 aziludatl
?-fib (8, Answer).

Answer = 34
Yes

' E
Tagiou lumsdumdinoudil

?-fib(8, Answer).

N=8 Answer=34
F=Answer
Nlis8-1 fib(7,F1) N2is 82 fib(6, F2)Answer is F1+F2

7 N=7 6 N\ ...
l F=F1
NI’ is 7-1

fib(6, F1’) N2’ is 6-2
fib(5, F2°)  Flis FI"+F2’

=6
F=F1’

N”is 6-1
fib(5, F17) N2”is 6-2

/ / fib(4, F2”)  F1’is F1"+F2”
N1>°°"’1s 2-1 \returnZ

fib(1, 1) N27»is2-2  fib(0, 1) F1”°””is 1+1
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ualumsowmoiung 34 duay I Tuunssgreunmils?

?-fib (Position, 34).

£
Y

° <
JunpuMsmmnoUztily

?-fib(Position, 34).
N = Position
F=134
N1 is Position-1  fib(N1, F1) N2 is Position-2 34 is F1 + F2
Fail
Tilsdonazlidnoniiy No mswludunouusnvesmsiamde N1 is Position-1 isunsamean’ld

w1z ldansonszsiimsaumena i N1

ma TlsunsuFassazuuuiifou lufsduudilamitidemssulgalysunsudu
fib (0, 1).
fib (1, 1).
fib(N, F1 + F2) := N >= 2, fib(N-1, F1), fib(N-2, F2).

4 v
v o o o

4
AU ?-fib (Position, 34) wUTUABUNMITHINUAIY

?-fib(Position, 34)
l N = Position

F1+F2 =34

Position >=2  fib(Position-1, F1) ﬁb(Position*—Z, F2)
N’ = Position-2
F1’+F2” =FI’

Position-1 >=2  fib(Position-2, F1°) fib(Position-3 ,f 2%)

N> = Position-2
F1”+F2” =F1’

o Yo o Y Y R J ° Yo A
ﬂﬁ?i'lﬂ'l@]fz]ﬂsh’iﬂiJﬂ'lﬂHJﬁUNG]‘LH]Qlﬂuﬂ1§ﬂ1ﬂ1ﬁﬂﬂiﬁﬂﬂlﬂﬂuqﬂl

F1+F2 =34 Position >= 2
(FI’+F2°)+F2 =34 Position >=3
((F1”+F2”)+F2°)+F2 =34 Position >= 4

4 { { 1 o o 1 o v ' o ]
welafiviwauan F w34 TaTdsunsuezngamsianuudrdsdineunauusidwmis
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10.7 a1

MM Tsunsudenssnsinnuuandaedannnnmsin llsunsugemdalumsi lisunsy
A o o J o 17 o qs.: ad 2 I 1o 1
wemdaTlsunsuwes s dmuailymaziuaduaouitedwazideamerih lighnevvesilyn  ua
o a J 1 v o da { v o
lumsi Tsunsudassnz Tdsunsuwes fiesualsemaanuduiusisnssngMnedadosnuilym ms
o I { { o . . o o
Aumdmeudunihivesllsunsulszuanafivzagiiiaoy (infer a solution) MNAMWELIUTAI
ngnilszmea13

@

sUnuvestlsemennuduius  azldgluuvvewnagdmwsamaniidodmuailuuday
Y

9 A = A g .. . ~ = tiy
1oANN(1T0 Aapd--claus) azUmouNIUUIN (position literal) tNeANDUIAY? mamm“lugﬂuuumz

~ ' 9 7 q’/’ o 9y a a A A '
138NN "UE]ﬂ’J']lIEﬂLL‘U‘U?]E]iu (Horn clause) uazmumumiﬁgﬂmmmﬂ%mﬂuﬂmiwqi}umiamw

aQ

o £ g a dI1 o =~ Y a Jas a1 o I~ < ¥y A a
slwgiu  Fuumsignindweviagy Idiueswglisauyanmaeuiuidnionans g
| < S a d a Jd o IS o a a ) a Eall
Gy Suflumsiigaidszianiiguidands nSedlumsdnlfasdoulfas sduie Sidesmsngain

o { 3. A i a1 o ST 4 a =] S o
daouiazlldaiuese  wl¥iFauyanmaoudufwuduionamsiguiiuie - Suilumsdudui

o { I a < s { o a A o
faou Ididuess muldsdengailumenldlumsildsunsuFmssnzag ldmadias Tagiu
1 o o an @ A o Y Ax o ' A Y o w o Al
sawnumsigiiesu e ldmennizlunuassiuneuiazangldennulimudidvaunszialden
< csy A v o Yo a k4 [ < Y a 9 @ A
v wennindilunsdifnnuduiius 1asumsiion Bwanednsay Tsdenaz 1fmaiiadounauions
a L4 v o J9 Y [ o a =2 Y til ~ 1 o _o
Wgnlanuduiusidasugadnvae  memldsunsuganssnsdaldnanazitionnitennuiiduau
A 19 ! o dy A I ax o @
mnemsszuiana  uadaiauvesmsi lsunsulunuimii Ao HudsmsiTdsunsuluszay

A o o q ¥ A ] o a ¢ o 9
HIUDITY NID 011!53@]‘1]@\11]1?! ‘Vnsl‘ﬂl‘ﬂ?ﬂgﬁll‘ﬂi]gsl%ﬂu‘l]iy,iyﬁjigﬂ‘]ﬁlﬁ HAZIMUNAWITEUURIFUIBIRY
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nuuinaMauNi 10

AONUOAIE
1. WAAIMNTNAINNNII (truth table) vosiinaiide 11
I.1p—gq
1.2q—p (converse Y84 p — q)
1.3 =p—-q (inverse ¥odp — q)
1.4 ~q— —-p (contrapositive Y94 p — q)
2. fMvuatennu
“Eunamselii 1 hifadu udumgnsai 2 ity
a0 mso i
2.1 mz%wffammﬁiugﬂuumm puazq
2.2 dsumsnmanuiuazive 4.1
2.3 viEoudoanui ImiTagTiaanuasanilouay
3. @ia"lﬂfi%’asl@gﬂﬁm
@ @P—9 =((C9—("p)
() (pAq) =p
(© (pq) =p
(d) ~(pAg)  =(=qv(~p)
4. uaaliviuganun
P—9A@—p)
IManusumnu
y

4
1 I~ @ .
5. aoluiifluiuguueananns resolution

=l =)
aub UMY

—avc  UA1939
4 A a
wld ave  TA959
WLAAIAT WAINNINDT
d’ =) o 1 dy
6. tefinsanminsziiiae 11l

(~q) — (—p) 1A1959

D 1A1939

wld q WuaTanse lu

4
(a) woestnenteazuiiiluate mansdivie’li)
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A
(b) 2051185181115 191ENMNT chaining-based inference Arvanymz i lanse il

E
. . a L
9314 unification veatinaiae lil

(this what Is what)
(What Class is thin)
TagndnvuduaeddnuId lng fe dauls

{o A v o v ' {
TasNMNVUAUAIFIDNYIANAN AD AIAIN

@

MAuveIIuenTua (quantification) HANUAIAYADNITHIITUIAIAINITINBTUIEAIIN

. . g
UANAI F2HI4 2 statement §19 11)7

Vx(Jy hates (%, y))
Ix(Vy hates (X, y))

d’ = . 13 2 99
19 hates (x, y) ¥AI0HUYI “X INAUA Y

° ya P ° . . A
ArualiinaiNeyinms unification Ao

a) (xay)
(yzb)

b) (ABCD)
(abcd)

Y
Aa [ [ I 1 . .
29051191 a9 lTidlumsunumved unification Yo la
9.1 {y/x, a/z, y/z, a/x}

9.2 {y/z, alz, a/x, X/y}

9.3 {a/z, zly, aly}

9.4 {xly, alz,yl/z, aly}

2314 resolution iflefigaiii myagii 1 uaz 2 fanugndes
dugRui 1 P —

augAgui2 P —Q

auyATIui 3 (RAQ) — S

doagliil  :Q

doa3i2  :R—S
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o o QYA o s g &
ﬂ”lflﬂlu‘ijﬁ‘ir!ﬂ. 1ﬁlﬁﬂﬂﬂ1@ﬂﬂﬂgﬂﬁﬂﬂﬂq@

1. fmua Tsunsy Prolog Triasse 117

father(bob).
man(X) :- father(X).

Y a J o

Miimds 2man(X).  Tusunsanzuaainadng la 2

n. yes 4. no
f. X =bob d. father(bob)
yes yes

Ed
2. f1 parent(john, mary) ¥1094 john iluvio/ul ¥oda mary dolade liiiflennmsswysy (ancestor)
lagndesiiqa 2
. parent(john, mary).
ancestor(john, mary).
9. parent(john, mary).
parent(X, Y) :- ancestor(X, Y).
f. ancestor(john,mary).

ancestor(X, Y) :- parent(X, Y).

. ancestor(X, Y) :- parent(X, Y).
ancestor(X, Y) :- parent(X, Z), ancestor(Z, Y).

a . . dd’ ~ =S U 1 1
3. MBI Ing (logic programming language) l¥eiRondnegaiednals ?
. declarative language 9. calculus language

fl. non-functional language d. logical language

4. YolananIdgndeuneany query Tunw Prolog ?

=

IS . @
n. 1ludennunilszneudie 1 predicate wazaunsaldduls

v

<3 9 as ' . A Y A
. Wudoanunil ldunnai 1 predicate tazi¥oud1onIo NG ;

P '

<3 9 s . A Y A
a. Wudoanunil ldunnai 1 predicate uazi¥oudoniosnang

Y & o 19 Y o ..
1. s lmaiesrune - Mvuanlimfmeunuy forward chaining
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5. Tumm Prolog msmvuam linuds Seniesls 2

f.

declaration 9. instantiation

f. resolution d. chaining

6. M1 Prolog 1¥nszuaumslalumsaeu query 2

. resolution 9. forward chaining

f. instantiation d. binding

v
7. Siuadenuluniu Prolog Tridsena'liil

Sum is Sum + Number.

dnanludelagndesiiqa 2

.

€.

f.

J.

yd o 1
%@ﬂﬂ?uﬁlﬂuﬂ13ﬁﬂﬂ'}ﬂﬂ1 Sum 8¢ Number

v
FonNuT 1N AeI7U Sum = Sum + Number.
9 dya [ = '
YoANUHUAA M31E Sum luenusanlasuan

4

9 Aaa 10 VA 9 Y
UBAIUUNA LW'inlﬂJﬂﬁ’iuﬂﬂuiiJﬁmsl‘Vi Sum

4
8. Suadonulunu Prolog 1¥asne lii

parent(X, Y) :- mother(X, Y).

dnanludelagndesiiga 2

.

€.

fl.

J.

'
A A

I o @ =~

Wumsmvua rule Gluaﬂymswmqau"lﬂl

g = s Y = 99
WumsHeuanuvuen parent NNAUISADIN mother
< a o oo

wumsdenuidlandu mother(X,Y)

I = Aa A Y ~ a =}
WuMsveuniaLie991n mother ABINNITINDT ALY
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