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Assignment Solution:

Use Recursion to get the power function, which takes 3 arguments:
X: Base
Y: Power
Z: Final Result

X ~ 0 =1 (Base Step)

XAY=X*X"Y-1) (Recursive Step)

Solution:

Predicates

power (X, 0, 1) :- 1.

power (X, Y, Z) :-
YI=Y-1,
power (X, Y1, Z1),
Z=71*X.
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There are two types of Recursion:

Tail Recursion — Non Tail Recursion.
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By C#:

int power (int x, int y)

{
intp=1;
for int1=0;1<y;it++)

pP=p X

return p;
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By Tail Recursion:

Predicates
power_tail (integer, integer, integer, integer).
Clauses
power_tail (_, 0, P, P):- !.
power_tail X, Y, T, Z) :-
NT=T*X,
NY=Y-1,
power_tail (X, NY, NT, Z).
Goal
power_tail (5, 3, 1, What).

What = 125

feb T
power_tail (integer, integer, integer, integer).
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power_tail X, Y, T, Z) :-
NT=T*X,
NY=Y-1,

power_tail (X, NY, NT, 7).

Temporary J T Jls <Power J' Y Jls Base number J! 33 X J) «Js¥ 2 Rule J g4
output d g2 Z (Y = 0) ualss Recursion J) W aal X J) eelly Value J) Jeds 039 Value

o Omgsan T, X J dad Jsdin New Temp o2 NT Jls <Binded sl X, Y, T J) 43) Juann A
3yl Values du U Function J saiy (pamg Y — 1 J) dad Jadey Al udi NY 1 ..o
‘Base Step J) ® Jidiy Zero IV Juagibe aal J&5 Y J) 13sa

power_tail (_, O, P, P):- ..
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Goal

power_tail (5, 3, 1, What).

Tracing:
X=5Y=3T=1
NT=5*1=5
NY=3-1=2

power_tail (5, 2, 5, Z)
X=5Y=2T=5
NT=5*5=25

NY=1

power_tail (5, 1, 25, Z)
X=5Y=1T=25
NT=5%*25=125

NY=0

power_tail (5, 0, 125, Z)

P =125 (Third argument - binded)
P =125 (Fourth argument)
7.=125

Backtrack

30 Jo¥ Juagila aal ald W Level J gwamg A Level J 2 Z & Assignment Wlaia 7 J) 4ad
.What = 125 J! &5 Function J) Lzb <aadi

US Ua) L) $Tail 4 Sal 4215 $Non-Tail Recursion J\s Tail Recursion JI ¢ & @Al 43
(p: w8 Non-Tail Jb ¢uléld

J) e 2 W New Variables «i g i Prolog ) (4 Calls 4l Ua) W) Tail J) 2
gy 038 (s Variables & Overriding Jei bd ¥ Recursion J! & 54 JS Function
..Memory



21Lé New Variables i AU Level d z9x9 Function e JS Non-Tail J) ¢ ) o
(¥ Tail J) 4% Variables J) 4ad & 418 W Level J) s saisa Level JS clés « 538 Memory

So Tail Recursion is more efficient than Non-Tail Recursion.

Lists

Lists are powerful data structures for holding and manipulating groups of things.
In Prolog, a list is simply a collection of terms. The terms can be any Prolog data
types, including structures and other lists. Syntactically, a list is denoted by
square brackets with the terms separated by commas.
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Defining Lists:
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Domains
ilist = integer *
rlist = real *
.List of Real Numbers ¢ rlist s List of integers 2 ilist ) Ul sas
iilist = ilist *

(C++J 2 X = new int ¢J) Dynamic <ijxiu List J) L2 <List of Lists @2

Matching Lists:

L=11,2,3,4,5]

The brackets are the beginning and the end of the list, and the commas separate
the various elements. Here all the elements are atoms, but a list can contain all
sorts of elements, and different types of element can occur in the same list
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Most prolog code will not define a list explicitly, like these examples, but rather
handle lists of any length, with many possible elements. To handle lists without
knowing what's inside them or how long they are, you use the bar notation:

L=[H | T]



Head represents the leftmost element of the list and the variable Tail represents
the rest of the list represented as another list. A head can be anything, from a

predicate to another list, but the tail is always another list.
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Matching Jext (hasS & S o] element W= 05 a ¥ List JI 43) Wlisa
[1,2,3,4]=[H | T]
:Assignment Jax Free Variables o= T Jig H J) ¢ s Matching Jax

H=1,T=[2 3, 4]

[1,2,3,4]=[H1, H2 | T|

Hi=1,H2=2,T=[3, 4]

[5, 6] = [H1, H2 | T]

Hi=5 H2=6T=[]

[5, 6] = [H1, H, T]
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Example:

Domains

ilist = integer *



Predicates
count (ilist, integer).
Clauses
count ([ ], 0). (Base step)
count ([H | T], C) :-

count (T, CT), C=CT +1.
Goal
Count ([7, 6, 8, 11], What).
What =4

AR aa i List J) sl elements & Counting Jwxi: Count

i Tail s Head d Tail J) aedi Al Wguudi Ao 0255 (a9 Tail 9 Head Jd List J) gy 3 Jf
Backtracking cpi=s .0 &2 Base step J) o Jadia Wislug empty &8 List Jbeaaliisag
198 A element AT L 45555 caali) Function Js¥ g ibe aad Lgsd aa e JS B 1 39555
Ala¥) Head J!

¢Non-Tail Recursion ) ¢ (rasia Ual b 55 Base step J) JAT (8 | Gididaaa s 4

Head J) W Y 4560 Rule J) (b Ja b (i g Jiaa Base step J Juags Ll Lia 14 (lis
:Jaaa Matching Glude gl L Jaas (e Tail Jis

[HIT]#[]
Note:
b A Baalgdala el Count e Sum Wldl 3 o
C=CT+H
M5 92 a9 Head & Value JS g
Example:

get_first ([1, 2, 3], What).

What =1



How??
get_first ((H | T], H).
First element & A Jsh A= Head J) pam Ua

get_last ([5, 6, 7], What).
What =7
How??
get_last ([H], H).
get_last ([H |T], X) :-

get_last (T, X).
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Goal
get_last ([ ], What).
What = no solution.
Note:
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add_to_head (3, [1, 2], What).
What = [3, 2, 1]

How??

Clauses
add_to_head (H, L, [H | L]).
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add_to_tail (3, [1, 2], What)
What =[1, 2, 3]
How??
add_to_tail (X, [], [X]).
add_to_tail X, [H | T], [H | NTJ) :-
add_to_tail (X, T, NT).
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add_to_tail (X, [H | T], NT) :-
add_to_tail (X, T, NT).
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conc ([3, 4, 5], [11, 12], What).
What = [3, 4, 5, 11, 12]

How??

Clauses
conc ([ ], L, L).
conc ([H | T], L, [H | TL]) :-

conc (T, L, TL).



Goal

conc ([3, 4], [5, 6], What).

Tracing:
conc ([3, 4], [5, 6], What).
Al 79 Match < (i Rule Jl (b (idas
H=3,T=[4],L=[5,6], What=[3 | T])] =) [cvel 1
:wisa M Cone saiia
conc ([4], [5, 6], TL)
H=4T=[],L=1[5,6], TL=[4 | TL2] w—) Level 2
:Base step J! Ulay Au empty <i: T J) eas
conc ([ ], [5, 6], TL2)
[1=1[] Matched)
L=15, 6]
TL2 =[5, 6] wee——) [cvel 3
Backtarcking
Level 2:
TL=1[4, 5, 6]
Backtracking
Level 1:

What = [3, 4, 5, 6]

s Sl sl
Goal
conc ([3, 4], [1, 2], [3, 4, 1, 2]).
yes

conc ([3, 4], What, [3, 4, 1, 2]).



What = [1, 2]
conc (What, [2], [3, 4, 1, 2]).
What = [3, 4, 1]
conc (L1, L2, [3, 4, 1, 2])
L1=[], L2=[3,4,1,2]
L1=[3], L2=[4,1,2]
L1=[3,4], L2=[1,2]
L1=[3,4,1], L2=[2]
L1=[3,4,1,2], L2 =]
5 Solutions

L2 s L1 o% Combinations J) Js
conc (L1, [1], [3, 4, 1, 2]).
No Solution
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Example:

Clauses
even_sum ([ ], 0).
even_sum ([H | T], S) :-
H mod 2 =0,
even_sum (T, ST),
S=ST+H.
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even_sum ([H | T], S) :-
Hmod2=1,
even_sum (T, S).
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Clauses
even_sum ([ ], 0).
even_sum ([H | T], S) :-

Hmod2=0,!.

even_sum (T, ST),

S=ST+H.
even_sum ([H | T], S) :-

even_sum (T, S).
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Assignment:

get_at ([3, 4, 5, 6], 2, What)
What =5

(Zero (s 1a) 4l Index J) ANy 4y I v s
even_list ([1, 2, 3, 4, 5], What)
What = [2, 4]
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See Also:

-An Introduction to Prolog



http://www.mars-attacks.org/~boklm/prolog/page_7.html

