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Chapter 3: Recursion

* Theory
— Introduce recursive definitions in Prolog
— Go through four examples

— Show that there can be mismatches between
the declarative and procedural meaning of a
Prolog program

e EXxercises

— Exercises of LPN chapter 3
— Practical work



Chapter 3: Recursion

'-,1
- s
=\

‘o

3
N o

o

0.
! !
¢
.

T v~ -
.v,.;'—" y
B A ™
> ® ) o
&

T R AT 3
I
e

——— -




© Patrick Blackburn, Johan Bos & Kristina Striegnitz

Recursive definitions

* Prolog predicates can be defined
recursively

» A predicate is recursively defined if
one or more rules in its definition
refers to itself



Example 1: Eating
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Example 1: Eating

isDigesting(X,Y):- justAte(X,Y).
isDigesting(X,Y):- justAte(X,2), isDigesting(Z,Y).

justAte(mosquito,blood(john)).
justAte(frog,mosquito).
justAte(stork,frog).

?-
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Picture of the situation

justAte

1sDigesting
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Picture of the situation

justAte

1sDigesting

JustAte 1sDigesting

1sDigesting
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Example 1: Eating

isDigesting(X,Y):- justAte(X,Y).
isDigesting(X,Y):- justAte(X,2), isDigesting(Z,Y).

justAte(mosquito,blood(john)).
justAte(frog,mosquito).
justAte(stork,frog).

?- isDigesting(stork,mosquito).
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Example 1: Eating

isDigesting(X,Y):- justAte(X,Y).
isDigesting(X,Y):- justAte(X,2), isDigesting(Z,Y).

justAte(mosquito,blood(john)).
justAte(frog,mosquito).
justAte(stork,frog).

?- isDigesting(stork,mosquito).

yes
2.
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Another recursive definition
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Another recursive definition
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Another recursive definition

?-p.
ERROR: out of memory




Example 2: Decendant

Descendants of Francois Rembert

Francois
Rembent [~

Andre Anne
Rembent =4 Bressau
1736 1662 - 1733
|
[ I I L I I I I 1
Andre Judith Anne Pierre Gersosme Susanne Jeane Jean Madelsine Marguerite
Rembent = - 1774 Rembert Remben Rembernt Rembert Rembert Rembert Rembert Rembert
1687 - 1721 1686 - 1691 - 1689 - 1693 - 1697 - 1695 - 1699 - 1702 -
|
[ | |
Andrew Rembert Esther Jane Caleb
3rd = DuBose Rembert Rembert
17171775 <1774
1
[ | [ 1
Abijah Elizabeth Publius James Andrew Esther
bert =1 English Rembert Rembert Rembert
1743 - 1805 1748 - 1812 -1775
|
[ | | I [ 1
James English Sarah George Scarborough Edward Amelia Mary Ann Thomas
Rem! = Martin Rembert Rembert Rembert Rembert Rembert
1800 - 1883 1803 - 1887 - 1819 1798 - 1880 - 1820
|
[ | | | | 1 1 1
Edward James Esther Gourdin Elizabeth Jane Robert Henery Martha Louisa Sarah Addie Margarite Thomas Martin Julia Rebecca
Rembert = Gaillard Rembert Rembert Rem! Rembert Rembert Rembert Rembert
1828 - 1897 1830 - 1867 1821 - 1887 1826 - 1865 1831 - 1899 1839- 1923
|
[ 1
Edward English Christine Elizabeth Arthur Gaillard
Rembert = Saunders Rembert
864 - 1937 1860 -
1
[ | | | 1
Arthur Pauline Gaillard Esther Gourdin Janet Andre Dorothy Edward
Rembert =1 Bergen Rembert Rembert Gardner =4 Reml f——x Stevenson Rembert
1895 - 1966 1907 - 1891 - 1940 1893 - 1966 1899 - 1972 921 - 1901 -
I H [_l
[ |
Paul Nancy Gaillard Mur Andre Gardner Judge D Vemon Fritz Hill
Rembert = Gallot Rembert =1 Mulholland Rembert Rembert = Jr
1930 - 1932.- 1936 - 1940 - 1921 - 1945 1942 - 1939
I |
[ | 1 | |
Alexander Marie Christopher Paul Nancy Grey Darren Andre Bryan Keith Fritz Michael Kimberly Rence Robert Arthur Frances Labruce
Rembert =1 Jones Rembert Rembert Rembert Rembert Hill Day Hill Barfield
1958 - 1962 - 1960 1962 - 1969 - 1970 - 1962 - 1964 - 1963 - 1963 -
Fritz Michael Hill Kelsey Morgan l.xhur A
Jr Hill Hill
1990 .

1989 - 1992 -

Davis Alexander
Rembert
1998 -
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Example 2: Decendant

child(bridget,caroline).
child(caroline,donna).

descend(X,Y):- child(X,Y).
descend(X,Y):- child(X,2), child(Z,Y).
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Example 2: Decendant

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- child(X,Y).
descend(X,Y):- child(X,Z), child(Z,Y).
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Example 2: Decendant

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- child(X,Y).
descend(X,Y):- child(X,Z), child(Z,Y).

?- descend(anna,donna).

no
?-
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Example 2: Decendant

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- child(X,Y).
descend(X,Y):- child(X,Z), child(Z,Y).
descend(X,Y):- child(X,2), child(Z,U), child(U,Y).
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Example 2: Decendant

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- child(X,Y).
descend(X,Y):- child(X,Z), descend(Z,Y).
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Example 2: Decendant

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- child(X,Y).
descend(X,Y):- child(X,Z), descend(Z,Y).

?- descend(anna,donna).
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Search tree

Draw search tree for

?- descend(anna,donna).



Example 3: Successor
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Example 3: Successor

Suppose we use the following way to
write numerals:

1. 0is a numeral.
2. If Xis a numeral, then so is succ(X).
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Example 3: Successor

numeral(0).
numeral(succ(X)):- numeral(X).
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Example 3: Successor

numeral(0).
numeral(succ(X)):- numeral(X).

?- numeral(succ(succ(succ(0)))).

yes
2.
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© Patrick Blackbur

Example 3: Successor

numeral(0).
numeral(succ(X)):- numeral(X).

?- numeral(X).
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Example 3: Successor

numeral(0).
numeral(succ(X)):- numeral(X).

?- numeral(X).

X=0;

X=succ(0);

X=succ(succ(0));
X=succ(succ(succ(0)));
X=succ(succ(succ(succ(0))))




Example 4: Addition
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Example 4: Addition

?- add(succ(succ(0)),succ(succ(succ(0))), Result).
Result=succ(succ(succ(succ(succ(0)))))
yes
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Example 4: Addition

add(0,X,X). % %% base clause

?- add(succ(succ(0)),succ(succ(succ(0))), Result).
Result=succ(succ(succ(succ(succ(0)))))
yes
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Example 4: Addition

add(0,X,X). % %% base clause
add(succ(X),Y,succ(Z)):- %% % recursive clause
add(X,Y,2).

?- add(succ(succ(0)),succ(succ(succ(0))), Result).
Result=succ(succ(succ(succ(succ(0)))))
yes




Search tree

Draw the
search tree!
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Prolog and Logic

* Prolog was the first reasonable attempt
to create a logic programming language
— Programmer gives a declarative

specification of the problem, using the
language of logic

— The programmer should not have to tell
the computer what to do

— To get information, the programmer
simply asks a query
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Prolog and Logic

* Prolog does some important steps in
this direction

* Nevertheless, Prolog is not a full logic
programming language!

* Prolog has a specific way of answering
queries:

— Search knowledge base from top to
bottom

— Processes clauses from left to right
— Backtracking to recover from bad choices



Four different descend/2

Descendants of Francois Rembert

Gersosme | | Susanne Jesne Jean Madelsine | [ Marguerite
Rembent | | Rembert | | Rembert | | Remben | | Rembert Rembert
1689~ 1693 - 1697- 1695 - 169 1702-

I I T I T T 1
Edward James | [ Esther Gourdin | [ Eizaben Jane | [ Robert Henery | [ Martha Lovisa Sarah Addie Margarite | [ Thomas Marin | [ sulia Rebecea
e Gailard Rembert Remt Rembert Rembert Rembert

1528 1897 1830- 1867 57 1826 - 1865 1831-1899 1835 1923

Vemon Fritz Hill
i

1939

Nancy Grey Robert Arhur | [ Frances Labruce
Renbert ] uted
o6 ) 1963 Vo6
Davis Alexander Fritz Michae Hil Zachan A
Remben i T il
o 1959 1 150



© Patrick Blackburn, Johan Bos & Kristina Striegnitz

descend1.pl

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- child(X,Y).
descend(X,Y):- child(X,Z), descend(Z,Y).

?- descend(A,B).
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descend1.pl

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- child(X,Y).

descend(X,Y):- child(X,Z), descend(Z,Y).

?- descend(A,B).
A=anna
B=Dbridget

FIRST SOLUTTON
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descend2.pl

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- child(X,Z), descend(Z,Y).
descend(X,Y):- child(X,Y).

?- descend(A,B).
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descend2.pl

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- child(X,Z), descend(Z,Y).

descend(X,Y):- child(X,Y).

?- descend(A,B).
A=anna
B=emily

FIRST SOLUTTON
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descend3.pl

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- descend(Z,Y), child(X,Z).
descend(X,Y):- child(X,Y).

?- descend(A,B).
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descend3.pl

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- descend(Z,Y), child(X,Z).
descend(X,Y):- child(X,Y).

?- descend(A,B).
ERROR: OUT OF LOCAL STACK




© Patrick Blackburn, Johan Bos & Kristina Striegnitz

descend4.pl

child(anna,bridget).
child(bridget,caroline).
child(caroline,donna).
child(donna,emily).

descend(X,Y):- child(X,Y).

descend(X,Y):- descend(Z,Y), child(X,Z).

?- descend(A,B).

HOW mANY SOLUTIONS WILL THIS
QUERY GENERATE BEFORE
RUNNING ouT OF MEMORY?
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Summary of this lecture

* |n this lecture we introduced recursive
predicates

 We also looked at the differences
between the declarative and the
procedural meaning of Prolog programs

* We have identified some of the
shortcomings of Prolog seen as a
logical programming language



Exercise 3.2: Matryoshka dolls
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Exercise 3.2: Matryoshka dolls

First, write a knowledge
base using the predicate
directlyln/2 which encodes
which doll is directly
contained in which other
doll.

Then, define a recursive
predicate in/2, that tells us
which doll is (directly or
indirectly) contained in
which other dolls.

katarina
olga
natasha
irina
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Next lecture

* Introduce lists in Prolog

— Important recursive data structure
In Prolog programming

— Define the member/2 predicate, a
fundamental Prolog tool for working
with lists

— Discuss the idea of recursing down lists



