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Lists (cont.)

Assignment Solution:

1. even_list ([1, 2, 3, 5, 6, 8], What)

What = [2, 6, 8]

even_list ([], [D.
even_list (H|T], [H| ET) :-
Hmod2=0,

even_list (T, ET).

even_list ((H | T], ET) :-
Hmod2=1,

even_list (T, ET).

:Base Step J 3aalg Jsl 3 Rules Ll Ual Uia
even_list ([], []).
Apiald Tist g i duald o 5< List J) 4
:(lsea 5 List J) gagia (U oag) Even ¢S Wl 4l Rule 24y
even_list (H|T], [H|ET)) :-
Hmod2=0,
even_list (T, ET).

Jia Even 288 o (H mod 2 = 0) Condition J! /& Check < 2 Rule J! (2 Jam a8l
(even_list (T, ET)) 4wdi e saiw g (True &> 235 Zero « Remainder J) dny 2 e daudll
.Even Tail J' Recursion J! ¢» gaun9 Input parameter & Tail J) b

Jaaasi H (even_list ((H|T], [H|ET]) Rule J) <= Conclusion J) 2 cplada o
8 4 Output



ay e g0 Ul A Even Number J) b iié (H mod 2 = 0) Condition J @&k H J clis
JIgale 2559 ET J) 8« JS a9 Backtracking Jaxx Base Step J dwasy Levels Ju Jista
List J) & Even Number Jsl 488 H Jly i) Recursion Js¥ duagie 3al 038 ga  Jadyg H

) O poAm g @aue (e (H mod 2 = 0) Condition J& Odd ady s 238 List J) daag 2 o
Odd & Handling Jaxi &l Rule Ul oS (lés List J) 24 = Checking J«$# (iag Rule
:Numbers

even_list ((H | T], ET) :-
Hmod2=1,
even_list (T, ET).

Tail J) g8y Wudi o o2ty cpay Odd 055 480 One < & Remainder J) W H mod 2 = 1
J8 2 Rule & Output J) s &) @l ¢ s Rule A6 ¢ Output & ET J) gasis Input &
.Condition J! (i88aiia alale Even Number Ads (e b gléde H JI € o0 o= ET .. Level

Note:

088 Rule 6 (A3l (San @
even_list (H|T], [H| ET)) :-
Hmod 2=0,!,
even_list (T, ET).
1038 43 Rule <db ¢» Condition J) Jedis
even_list ((H | T], ET) :-
even_list (T, ET).

«Even a8l g8 o bW AW Rule ! Backtracking J) gaia Cut J! Last Section (2 Lkl 5
A gl ) celiy Speed J) sasyg

Get at (3, [5, 6, 11, 7, 8, 13], What)

What =7

Get_at(0, [H|_], H) :- .
Get_at (I, [H | T], X) :-
NI=1-1,
Get_at (NI, T, X).



Zero-Based W) Jalails Ual (List J) ¢ 42 Value d) Jse s Index (s Ua

(NT) New Index J) <u3 One 4% uadiyg (I) Recursive Step ! 2 Index J) 2aby 1 s
&9 Base Step J 2 JAy Zero < (88 T Jle 2l 038 Jarn 5y JS ¢ AU 4udil Tl J) ae
Adjgle Ual g N AL Element J)

Rule J' = Backtracking J«xia (I = 0) Base Step J Jasi I JI Wi 43 Cut J) £ (e
Empty List & Jagile 3l 0389 -2 o A g Lid B AU JAX ctmyg -] o g 4Ll

Ul A Viaue J gasig oY) o« Rule ¢f e Matching s (e olds Ciltia Lgis L
.Memory s Time We 25i¢ (I = 0) Jw 2 Backtrack ¢ 4} giaid Cut JI o < jgle

Example:

del (4, [1, 3, 4, 5, 7], What)
What = [1, 3, 5, 7]

Value J) Judisia a2 List J) (A2 9 <List J) (= Delete ) Jsle A Value J) 4y

del (H, [H | T], T).
del (X, [H | T], [H | NTJ) :-
del (X, T, NT).

s (H) Delete Wles! 355 M Value I 81 L aad 4udll Tail J) cans Head J) dudiss 5 JS
ou T b ielug Base Step J clay

List J) < WS Values J) ¢ 34 JS Recursive Step J) 2 NT J) ae H J) gab Lala
.8 Delete 4ladl W Element J) 1asta ¢ AY) (& a5

038 & Goal J) o cub
Goal

del (4, [1, 4, 3, 4, 5, 4, 7], What).
:Solution 13 allaa 523

What=[1,3,4,5,4,7]
What=[1,4,3,5,4,7]
What=[1,4,3,4,5,7]
3 Solutions
o2 Qutput J alb 4
436 Rule J) &= Backtracking Jex# Solution glkug 4 Jsl Delete (Al 2 )2 (lis
Ja 4 adlyg ey A 4 B Delete Jarg Tail & Al :abs Head @2 4 J) Uiy



Head 4 ) sisg 454 Rule J) s Backtrack (2 ¢eis «Solution J! ¢ #3528 Head
1l 2 Fours J) (a4 s 8 e JS 0388 5 gua » Solution J) o Walkigs

:Rule dgi & Cut bais w4 Jsl Delete (2 4aliig o3 JS adai olie
del(H,[H | T], T):- .

What=[1,3,4,5,4,7]
1 Solution

08 ath 4yl

44 Rule J) pildslag iégd Cut J) (& Backtracking e ¢l 4 Js¥ Delete Jesla 3y (lis
.3 Solution J alhag

108 Jardd | Jsb Ao 45 ) JS Delete o (/& crile
del_all (, [1,[D.
del_all (H, [H | T], NT) :- !,
del_all (H, T, NT).
del_all (X, [H | T], [H | NTJ) :-
del_all (X, T, NT).

Head <is X J) of ol Rule AU dadald List g 4xald List J) o Base Step J) ¢2 Rule Jgf
Tail J gé Gils ¢l e Baal gl

2 3 H= HJwds Delete ¢ 43) o @AY ¢(52) gagdin oS W glagh 3lb Fven List ¢ 2
434 3 Conditions

:Del 4 o2 Goal J) <iis o
Goal
del (4, What, [1, 2, 3]).
08 albad Cut J o Geldy ow

What=[4,1,2,3]



What=[1,4,2,3]
What=[1,2,4,3]
What=[1,2,3,4]
4 Solutions

& 4 (e 4i%all Combinations JI JS allasd [1, 2, 3] 4 4 J) e Delete 8! (W List J 43
.2 List J)

Tracing:
:Base Step J & Jatn 84 J
H=4, What=[H | T], T =[1, 2, 3]
What = [4, 1, 2, 3]
Backtrack
:Rule ¢
X =4, What=[H |T], [H| NT] =[1, 2, 3]
:Rule Jsl 8 Jaxs Tail [2, 3] Ik 4udi o oaly
H=4, What=[H | T], T =[2, 3]
What = [4, 2, 3]
Al H J) Wele 35505 What (4, 2, 3) W J) 4%l T Jb Rule 6 o aa
[H |T] =11, 4, 2, 3]
What =[1, 4, 2, 3]

.Solutions J Js alhale aal 48y jlal) iy

:Insert g&a @2 Delete 888 Jariu) (Sas
insert_all (X, L, NL) :-
del X, NL, L).
Goal
mnsert_all (4, [1, 2], What).

P23, d8 X J Insert @ S L At X J) ghe il o A Possible Lists J) JS quas 4d) 5 88l
it glsa AT, J)

6



N )
What=[4,1,2]
What=[1,4,2]
What=[1,2,4]

3 Solutions

Example:
conc ([1, 2], [5, 6, 7], What).
What =[1, 2, 5, 6, 7]
List a9 Input d 2 Lists 3y gany Ao 2 Lists gk lgd) @ld N gdsul) Cong Uadl
03 Goal Wlisd o qub
conc (L1, L2, [1, 2, 3, 4]).
List [1, 2, 3, 4] J) (i oo Ao aghinan o1 2 Lists Jgle 4d) 088 (dra
.2 Lists J! 4i%all Combinations J JS s
L1=[], L2=[1,2,3,4]
L1=[1], L2=[2,3,4]
L1=[1,2], L2=[3,4]
L1=[1,2,3], L2=[4]
L1=[1,2,3,4], L2=[]
5 Solutions
:X & Delete desi e Conc culaniad g 3 <Al (b
del (X, L, NL) :-
conc (L1, [X|L2], L),
conc (L1, L2, NL).

by Gean g o(List (U 2 Head Walis) agle 8aaly 152 Bagaga X J) ussua 2 Lists L ) pmid
XJ) o e List Wa A NL gans <L1 &« Concatenate Yo Tail W A 1.2



Goal
del(5,[2, 5, 6, 7], What).

What=[2,6,7]

Example:
permute ([1, 2, 3], What).
List J) & W a3 Permutations J) «uad 2 Permute ¢uists
:Js¥) Output JI 8 g
What=[1,2,3]
What=[2,1,3]
What=[2,3,1]
What=[1,3,2]
What=[3,1,2]
What=[3,2,1]
6 Solutions

058 List J) 49) Base Step J) <Recursive Step 4ililly Base Step 33alg 33alls 2 Rules Jaxia
:Empty

permute([ ], [ ]).
:Recursive Step J! s
permute ([H | T], NL) :-
permute (T, NT),
insert_all (H, NT, NL).
23 Tail J ga oS¥) JS (& H 3 Insert daw cpares Tail du 4l 1o sl 8 e JS
903 38 (513)
Tracing:
permute ([1, 2, 3], What).
‘Rule U & Jdws Empty o 29 Empty List ¢4ie Matching et (e Rule Jgf ge

H=1,T=[2 3], NL = What



permute ([2, 3], NT)

H=2 T=[3], NL=NT

permute ([3], NT)

H=3T=[],NL=NT

permute ([ ], NT)

H=3, NT=[]

msert_all (3, [ ], NL)

NL = NT = [3]

H=2, NL=[3]

msert (2, [3])

NL =[2, 3]

‘Rule U <& 2 Match <& ¢is Rule Jgf

:Rule U <Match <a Gis Rule Jsf

:Base Step J (2 Jawa o

:Rule W g2

1 AN [] 93 ox Combinations J) JS < insert_all

4ld U Level J aau

L A Combinations J! Js

(sl i AU Gaa g Solutions allug Jo¥) 25D aa) g Jsl) sas sl aaum Js2 O Solution Js

H=1,NL=[2 3]

msert (1, [2, 3])

What=[1,2,3]
What=[2,1,3]

What=[2,3,1]

4ld U Level J aa

o)



43lW) Combination J) Csas s
H=1,NL=[3, 2]

msert (1, [3, 2])

M S
What=[1,3,2]
What=[3,1,2]
What=[3,2,1]
Fabid) pald 038

Compound Objects:

Compound <ils A g Lists J) «Simple DataTypes (Atoms) G\S sbadj A Js B gl aal
S el ga p Ua Domains 2 Wiss U Elements J) < cuiSy

Al 13X Wi Ald A (C++ J A Classes Jls Structs J ¢S g2 Compound Objects J)
Struct J) asls Lail a ¥ g3 4alall Access 2 Laly 4l

.Object J! 15 A8 W Data J) dséa Variable ) o2 Functor e dals 4l g
Example:
Domains
fullname = name (symbol, symbol).

.2 Symbols Jsx name .. Functor 43y Fullname 4a) Data Type «iie W

Predicates
nondeterm employee (fullname).

.Fullname g ¢+ Objects o5 A3 Employee ¢} s (parag

Clauses
employee (name (ahmed, hossam)).

employee (name (ali, hossam)).



employee (name (omar, sami)).

Goal

employee (Who).

Who=name("ahmed","hossam")
Who=name("ali","hossam")
nn

Who=name("omar","sami")

3 Solutions

employee (fullname).

.Simple Objects J) 2 LUR) M 55 Lade Facts ¢y

.tk Constraints cisa glde dala JS a5 Us Who

.Fullname g & ¢» Object W _siaxn ¥ Predicate W sian (s 53 Employee

&= Match < Values J\s Fullname J) J$é e A5 2 3¥ Employee J) 15 4ala g) 028 ¢lie

Goal

employee (name (Who, _)).

Fullname

(Al aga (e (Name 4 oS ol Employee JS 2 Name Jgf 3l 4 gy oas

Who=ahmed
Who=ali
Who=omar

3 Solutions

employee (name (ahmed, _)).

yes

<ilS o Yes gass gt 2 A Facts J) &« Matching Ja g su= Yes Or No Question o2

Match < eaj by 4dals & Matched



Example:

038 5§ 8 Compound Object ¢/ $2 Compound Object Jari (Saa

Domains
fullname = name (symbol, symbol).
birthdate = date (integer, integer, integer).

student = stud (fullname, birthdate, real).

Predicates

nondeterm school (student).

Clauses

school (stud (name (ahmed, ali), date (12, 5, 1990), 90)).
school (stud (name (omar, hossam), date (15, 3, 1991), 90)).
school (stud (name (hossam, zaki), date (17, 3, 1990), 85)).
school (stud (name (sami, amr), date (1, 7, 1992), 88)).

school (stud (name (sami, ali), date (12, 5, 1990), 92)).

Goal
school (stud (name (Who, _), _, 90)).
Who=ahmed
Who=omar
2 Solutions
Birthdate J' ¥5 4 agelis Last Name J) age e 90 Omla A JS Ao Sl 198 La
school (stud (_, date (_, _, 1990), G)).
G=90
G=85

G=92



3 Solutions

Day J' Y5 Month J) age oias 1990 4w & 4slis Birthdate J (W (sl Grade J) o8 Jim Lia
(G i g Name gy

Example:

Domains
point = pnt (integer, integer).
line = In (point, point).
rectangle = rect (point, point).
circle = cr (point, integer).
& x, v coordinates J) L 2 integers < i Point <é e Ui Ua

.integer (Radius) s Point (Center) ¢» Circle J's <2 points ¢» Rectangle J\s Line Jls

Shape = pnt (integer, integer) ;
In (point, point) ;
rect (point, point) ;
cr (point, integer).

";" Semi Colon J' «Circle s Rectangle sl Line s} Point & ¢Sas 4} e i 23 Shape
.OR Qliza

Predicates

area (shape, real).

Clauses
area (pnt (_, ), 0).
area (In (, _), 0).
.Zero < Line J's Point J! Area J!
area (rect (P1, P2), A) :-

P1=pnt (X1, Y1),



P2 = pnt (X2, Y2),
W = abs (X1- X2),
H =abs (Y1 - Y2),
A=W *H.

Point & Coordinates J's Point Js¥ Coordinates J! 33k b Wy Rectangle J) Area
Area J @2 (A8 (B A agpal (o Height (Y1 - Y2) Jls Width (X1- X2) J) el g

Absolute Value J! lragw Visual J! & 334l Function 2 abs

area (cr (_, R), A) :-
A=(22/7*R*R.

T s Wi A Ll R J) 240 Ll <ol Point J) <dls ¢l Circle J) <l Area J) @2

Goal

area (rect (pnt (10, 10), pnt (50, 60)), Area).
Area=2000

1 Solution

Good Luck



