Prolog Lists

Lists Manipulation in Prolog

« A Non-list Example

« Represent data in the form of lists

o Prolog’s List notation

« List manipulation techniques

« Use built-in predicates to manipulate lists

« Append

« Running definitions forwards and backwards

* Define predicates to work through a list element by element from left to

right using recursion.

This lecture describes a flexible type of data object called a list. It shows how to
work through a list element by element from left to right using recursion to perform
the same or a similar operation on each element, how to manipulate lists using built-
in predicates and how to create a list containing all the possible values that would
satisfy a specified goal.
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Representing Data as Lists Al 988 i) Jfiad

A list is written as a sequence of values, known as list elements, separated by
commas and enclosed in square brackets,

e.g. [dog, cat, fish, man].
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A list element does not have to be an atom. It can be any Prolog term, including a
bound or unbound variable or another list,
so [X, Y, mypred(a, b, ¢), [p, q, r], z] is a valid list.

A list element that is itself a list is known as a sublist. Lists can have any number of
elements, including zero. The list with no elements is known as the empty list and is
written as [].

For non-empty lists, the first element is known as the head. The list remaining after
the first element is removed is called the tail.

For example, the head of the list [dog, cat, fish, man] is the atom dog and the tail
Is the list [cat, fish, man].

The head of list [X, Y, mypred(a, b, ¢), [p, q, r], z] is the atom X. The tail is the
list [Y, mypred(a, b, ¢), [p, q, r], z].

Another example list: [X, 2+2, [a,b,c]], X= head, [2+2, [a,b,c]] = tail.

Some further examples of lists are:
[john, mary, 10, robert, 20, jane, X, bill]
[[portsmouth, london, glasgow], [portsmouth, london, edinburgh], [glasgow]]

[[john, 28], [mary, 56, teacher], robert, parent(victoria, albert), [a, b, [c, d, €], f], 28]

1. [john, 28]: This is a sublist that contains two elements:
o john: likely a name (atom).
o 28:anumber (atom).
2. [mary, 56, teacher]: Another sublist with three elements:
o mary: another name (atom).
o 56:anumber (atom).



o teacher: possibly a profession (atom).
3. robert: An atom representing a name. It stands alone and isn't part of any
sublist.
4. parent(victoria, albert): A compound structure (or term) that likely
represents a relationship:
o parent: this could be a functor or a predicate.
o (victoria, albert): these are the arguments indicating that victoria is a
parent of albert.
5. [a, b, [c, d, €], f]: A more complex sublist containing:
o aand b: atoms.
o [c, d, e]: another sublist.

o f:anatom.
This illustrates nesting, where a sublist is contained within another
list.
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6. 28: Another standalone atom, which is a number.
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Notation for Lists ol S8 (g3
Up to now lists have been written as a sequence of list elements written in order,
separated by commas and enclosed in square brackets. We will call this 'standard

bracketed notation'.

Lists are generally, although not always, written in this notation in queries

entered by the user at the system prompt, for example
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?- X=alpha,Y=27,Z=[alpha,beta],write('List is: "),write([X,Y,Z]),nl.
List is: [alpha,27,[alpha,beta]]

X =alpha,

Y =27,

Z = [alpha, beta].
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person(john, smith, british).
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For example, [one|[two,three]] represents [one,two,three].
[one,two,three] Jiw[one|[two,three]] «Jbal) Juw e
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[alpha,beta,gamma,delta]
[alpha|[beta,gamma,delta]]
[alpha,betal[gamma,delta]]
[alpha,beta,gammal[delta]]
[alpha,beta,gamma,deltal[]]
[alpha,betal[gamma][delta|[]]]]

The cons notation for a list can be used anywhere the 'standard bracketed form'
would be valid, e.g.
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?- write([alpha|[beta,gamma,delta]]),nl.
[alpha,beta,gamma,delta]
yes
?- write([alpha,beta,gamma|[delta]]),nl.
[alpha,beta,gamma,delta]
yes
?- write([alpha,beta,gamma,delta|[]]),nl.
[alpha,beta,gamma,delta]
yes
?- write([alpha,betal[gamma,delta]]),nl.
[alpha,beta,gamma,delta]
yes
?- write([alpha,betal[gamma|[delta|[]]]]),nl.
[alpha,beta,gamma,delta]
es

In the common case where the elements part of [ elements | list ] consists of just
one term, the 'cons' notation can be used to construct a list from its head and tail,
which are the parts to the left and right of the vertical bar respectively. Thus
[a|[b,c,d]] denotes the list [a,b,c,d].
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As illustrated so far, there would be no benefit gained by using the ‘cons’
notation rather than the standard bracketed notation. The former is of most value



when the list part is a variable and/or the elements part contains one or more
variables. )
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For example, if variable L is bound to a list, say [red,blue,green,yellow], we can

represent a new list with the atom brown inserted before the elements already there
by [brown|L].

?- L=[red,blue,green,yellow],write([brown|L]),nl.
[brown,red,blue,green,yellow]

If variable A is bound to the list [brown,pink] and variable L is bound to the
list [red,blue,green,yellow], the list [A,A,black|L] represents
[[brown,pink],[brown,pink],black,red,blue,green,yellow].

We are now in a position to write a clause or a query that uses a list b without
knowing in advance how many elements it will have. This example shows a new list
L1 created from a list L input by the user.
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?- write("Type a list'),read(L),L1=[start|L],write('New list is "),write(L1),nl.
Type a list[[london,paris],[Xx,y,z],27].

New list is [start,[london,paris],[X,y,z],27]

L = [[london, paris], [X, Y, z], 27],

L1 = [start, [london, paris], [X, Y, z], 27]

The 'cons' notation for lists is so much more flexible than the standard

bracketed notation that some would say that it is the ‘correct’ notation for lists, and
that a list written in the standard bracketed notation, such as [dog,cat,fish,man] is
just a more human-readable version of [dog|[cat|[fish|[man|[]]]]].
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Decomposing a List daildl) Julas

A common requirement is to perform the same (or a similar) operation on every
element of a list. By far the best way of processing a list is to work through its
elements one by one from left to right. This can be achieved by breaking the list into
its head and tail and processing each separately in a recursive fashion. Paradoxically,
breaking a list into its head and tail is often done using the list constructor.
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The predicate writeall defined below writes out the elements of a list, one per
line.

The second clause of writeall separates a list into its head A and tail L, writes
out A and then a newline, then calls itself again recursively. The first clause of
writeall ensures that evaluation terminates when no further elements of the list
remain to be output.

/* write out the elements of a list, one per line */
writeall([]).
writeall ([A|L]) :- write(A),nl,writeall (L) .

?- writeall([alpha,this is a string',20,[a,b,c]]).
alpha

this is a string

20

[a,b,c]

yes

This definition of writeall is typical of many user-defined predicates for list
processing. Note that although writeall takes a list as its argument, its definition
does not include a statement beginning
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writeall (L) : -

Instead, the main part of the definition begins

writeall ([A|L]) :-

This makes the definition of the predicate considerably easier.
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When a goal such as writeall([a,b,c]) is evaluated, it is matched against (unified with)
the head of the second clause of writeall. As this is written as writeall(JA[L]) the
matching process causes A to be bound to atom a and L to be bound to list [b,c].
This makes it easy for the body of the rule to process the head and tail separately.

The recursive call to writeall with the tail of the original list, i.e. L, as its argument
Is a standard programming technique used in list processing. As is frequently the
case, the empty list is treated separately, in this case by the first clause of writeall.

padind ol A sl g el Adas S ¢ L (gl dalia) Al b ae writeall 4 _Siall ele ivy)
Oo V) Alaall alasiind 2y Al o3 8y cJuadia JS5 Ao Ul Aaildll Jalel LS 5 a0l 5il) Aallaa b
writeall

The predicate write_english defined below takes as its argument a list such as

[[london,england],[paris,france],[berlin,germany],[portsmouth,england],
[bristol,england],[edinburgh,scotland]]

Each element is a sublist containing the name of a city and the name of the country
in which it is located. Calling write_english causes the names of all the cities that
are located in England to be output.
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The second clause of write_english deals with those sublists that have the atom
england as their second element. In this case the first element is output, followed by
a new line and a recursive call to write_english, with the tail of the original list
as the argument. Sublists that do not have england as their second element are dealt
with by the final clause of write_english, which does nothing with the sublist but
makes a recursive call to write_english, with the tail of the original list as the
argument.
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write english([]).

write english([[City,england] |L]) :-
write (City) ,nl,
write english(L) .

write english([A|L]):-write english(L) .

go:- write english([[london, england], [paris, france],
[berlin,germany] , [portsmouth, england],

[bristol,england],

[edinburgh, scotland]]) .

Base Case:
write_english([]).

This predicate defines the base case for the recursion. It states that if the list is
empty ([]), there’s nothing to write, and the predicate succeeds.

Recursive Rule for English Cities:



write_english([[City, england] | L]) :-
write(City), nl,
write_english(L).

This rule matches a non-empty list where the head is a list containing a city and the
term "england".

City is extracted from this head.
write(City) prints the name of the city.
nl moves the output to the next line.

The predicate then calls itself recursively with the tail L, allowing it to handle
remaining elements.

Recursive Rule for Other Elements:
write_english([A | L]) :- write_english(L).

This rule handles any other elements that do not match the specific pattern of a city
in England.

It simply discards the head (A) and continues checking the tail (L).
This allows the program to ignore cities that don’t fit the [City, england] format.
Goal Predicate:

The go predicate serves as the entry point to execute the program. When go is
called, it invokes write_english with a predefined list of cities. The list contains
pairs of cities and their corresponding countries. Only cities in England will be
printed due to the structure of the recursive rules.

?- go.
london
portsmouth
Bristol

Yes
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The predicate replace defined below takes as its first argument a list of at least one
element. If the second argument is an unbound variable, it is bound to the same list
with the first element replaced by the atom first. Using the ‘cons' notation, the
definition takes only one clause.

replace ([A|L], [first|L]) .

Predicate Definition

Purpose: This predicate serves to replace the first element of a given list with
the atom first.

Structure:

Input: The first argument is a list of at least one element denoted as [A | L],
where A is the first element and L is the rest of the list.

Output: The second argument is a new list where the first element (A) is
replaced by first, while the rest of the list (L) remains unchanged.

How It Works

Pattern Matching: When the replace predicate is called, it uses pattern matching
to decompose the first list into its head (A) and tail (L).

Replacement: It constructs a new list with first as the head and the unchanged
tail (L).

Binding: If the second argument (L in the example) is an unbound variable (i.e.,
it hasn't been assigned a value yet), Prolog binds it to the newly constructed list.

First Example:

?-replace([1,2,3,4,5], L).

Input: A list [1, 2, 3, 4, 5].
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Output: L = [first, 2, 3, 4, 5].

Explanation: The first element 1 is replaced with first, and the rest of the list
([2, 3, 4, 5]) remains the same.

Second Example:

?- replace([[a,b,c],[d,e,f],[g,h,i]], L).
Input: A list of lists [[a,b,c],[d,e,f],[9,h,i]].
Output: L = [first, [d, e, ], [g, h, i]].

Explanation: Similar to the first example, the first element [a,b,c] is replaced
by first, while the rest of the list ([[d,e,f],[g,h,i]]) remains unchanged.

Built-in Predicate: member

The ability to represent data in the form of lists is such a valuable feature of Prolog

that several built-in predicates have been provided for it. The most commonly used

of these are described in this and the following sections.

The member built-in predicate takes two arguments. If the first argument is

any term except a variable and the second argument is a list, member succeeds if

the first argument is a member of the list denoted by the second argument (i.e. one

of its list elements).
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?- member(a,[a,b,c]).

yes

?- member(mypred(a,b,c),[q,r,s,mypred(a,b,c),w]).
yes

?- member(x,[]).

no

?- member([1,2,3],[a,b,[1,2,3],c]).
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yes

If the first argument is an unbound variable, it is bound to an element of the list
working from left to right (thus if it is called only once it will be bound to the first
element). This can be used in conjunction with backtracking to find all the
elements of a list in turn from left to right, as follows.
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Predicate get_answer2 defined below reads a term entered by the user. It loops
using repeat, until one of a list of permitted answers (yes, no or maybe) is entered
and the member goal is satisfied.

get answer2 (Ans) :-repeat,
write ('answer yes, no or maybe'),read(Ans),
member (Ans, [yes,no,maybel] ),

write('Answer is ') ,write(Ans),nl, !.

?- get_answer2(X).

answer yes, no or maybe: possibly.
answer yes, no or maybe: unsure.
answer yes, no or maybe: maybe.
answer is maybe

X = maybe

Built-in Predicate: length
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The length built-in predicate takes two arguments. The first is a list. If the second
Is an unbound variable it is bound to the length of the list, i.e. the number of
elements it contains.
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?- length([a,b,c,d],X).

X=4

?- length([[a,b,c],[d,e,f],[g,h,i]],L).
L=3

?- length([],L).

L=0

If the second argument is a number, or a variable bound to a number, its value
Is compared with the length of the list.
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?- length([a,b,c],3).
yes
?- length([a,b,c],4).
no
?- N is 3,length([a,b,c],N).
N=3

Built-in Predicate: reverse

The reverse built-in predicate takes two arguments. If the first is a list and the
second is an unbound variable (or vice versa), the variable will be bound to the
value of the list with the elements written in reverse order, e.g.
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?- reverse([1,2,3,4],L).
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L =14,3,2,1]

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

L =14,3,2,1]

?- reverse([[dog,cat],[1,2],[bird,mouse],[3,4,5,6]],L).
L =[[3,4,5,6],[bird,mouse],[1,2],[dog,cat]]

Note that the order of the elements of the sublists [dog,cat] etc. is not reversed.
If both arguments are lists, reverse succeeds if one is the reverse of the other.
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?- reverse([1,2,3,4],[4,3,2,1]).
yes

?- reverse([1,2,3,4],[3,2,1]).
no

The predicate front/2 defined below takes a list as its first argument. If the
second argument is an unbound variable it is bound to a list which is the same as
the first list with the last element removed. For example if the first list is [a,b,c],
the second will be [a,b]. In the body of the rule the first list L1 is reversed to give
L3. Its head is then removed to give L4 and L4 is then reversed back again to give
L2.

front (L1,L2) : -

reverse (L1,L3),remove head(L3,L4) ,reverse (L4, L2) .

remove head([A|L],L).

?- front([a,b,c],L).

L = [a,b]

?- front([[a,b,c],[d,e,f],[9,h,i]],L).

L =[[a,b,c].[d.ef]]

The front predicate can also be used with two lists as arguments. In this case it
tests whether the second list is the same as the first list with the last element
removed.
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?- front([a,b,c],[a,b]).

yes

?- front([[a,b,c],[d,e,f],[9,h,i]].[[a,b,c],[d,e,f]]).

yes

?- front([a,b,c,d],[a,b,d]).

No

Built-in Predicate: append

The term concatenating two lists means creating a new list, the elements of which
are those of the first list followed by those of the second list. Thus concatenating
[a,b,c] with [p,q,r,s] gives the list [a,b,c,p,q,r,s]. Concatenating [] with [X,y] gives
[x,y].

The append built-in predicate takes three arguments. If the first two arguments

are lists and the third argument is an unbound variable, the third argument is bound
to a list comprising the first two lists concatenated, e.g.

?- append([1,2,3,4],[5,6,7,8,9],L).
L=101,2,34,5,6,7,89]

?- append([],[1,2,3],L).

L=11,23]

?- append([[a,b,c],d,e,f],[g,h,[i,j,K]],L).
L =[[a,b,c],d,e,f,g,h,[i,j,K]]

The append predicate can also be used in other ways. When the first two
arguments are variables and the third is a list it can be used with backtracking to
find all possible pairs of lists which when concatenated give the third argument, as
follows.

?- append(L1,L2,[1,2,3,4,5]).
L1=1],
L2=1[1,2,3,45];
L1=11],

L2 =[2,3,4,5];
L1=112],
L2=[3,45];
L1=11273],

L2 =[4,5];
L1=11,2,34],
L2 =[5];
L1=1[1,2345],
L2=1];
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no
This example shows a list broken up in a more complex way.
?- append(X,[Y|Z],[1,2,3,4,5,6]).

X=1],

Y=1,
Z=12,3456];
X=[1],
Y=2,

Z =[3,4,5,6] ;
X=[12],
Y=3,
Z=[456];

X =[1,2,3],
Y=4,
Z=[56];

X =[1,2,34],
Y=5,
Z=[6];

X =[1,2,3,4,5]
Y=6,

Z=1];

No

List Processing: Examples

This section shows some examples of list processing, all of which illustrate the use
of recursion.

Example 1

The predicate find_largest/2 takes a list of numbers as its first argument and
assigns the value of the largest element to its second argument (assumed to be an
unbound variable). It is assumed that the list contains at least one number.
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find largest ([X|List],Maxval) : -

find biggest (List,Maxval, X) .

find biggest ([],Currentlargest,Currentlargest) .

find biggest ([A|L] ,Maxval, Currentlargest) : -
A>Currentlargest,
find biggest (L,Maxval, A) .

find biggest ([A|L] ,Maxval, Currentlargest) : -
A=<Currentlargest,

find biggest (L,Maxval, Currentlargest) .

Calling the find_largest goal with the list of numbers as its first argument

causes the first element of the list to be removed and passed to find_biggest as its
third argument (the largest number found so far). The remainder of the list is
passed to find_biggest as its first argument (a list of the numbers not yet
examined). The second argument of find_largest (Maxval) represents the overall
largest number and is unbound because the value is not yet known. It is passed to
find_biggest as its second argument.

The three arguments of find-biggest/3 represent in order:

» the list of numbers not so far examined

* the overall largest number (to be passed back to find largest)

* the largest number found so far.

So the first clause of find_biggest can be read as: 'if there are no more numbers
remaining unexamined, return the largest number so far (third argument) as the
value of the overall largest number (second argument)'. The second argument
becomes bound.

The second clause of find_biggest can be read as: 'if the list of numbers so far
not examined begins with value A and A is larger than the largest so far found, call
find_biggest (recursively) with L, the tail of the (first argument) list, as the new
first argument (list of unexamined numbers) and with A as the third argument
(largest number so far)'. The second argument (Maxval) is unbound.

The final clause of find_biggest can be read as: 'if the list of numbers so far not
examined begins with value A and A is not larger than the largest so far found, call
find_biggest (recursively) with L, the tail of the (first argument) list, as the new
first argument (list of unexamined numbers) and with the third argument (largest
number so far) unchanged'. The second argument (Maxval) is unbound.
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?- find_largest([10,20,678,-4,-12,102,-5],M).
M =678

?- find_largest([30,10],M).

M =30

?- find_largest([234],M).

M =234

Example 2

The front/2 predicate was defined in Section 9.6 as an example of the use of the
reverse built-in predicate. It takes a list as its first argument. If the second
argument is an unbound variable it is bound to a list which is the same as the first
list with the last element removed. For example if the first list is [a,b,c], the second
will be [a,b].

The predicate can be defined more efficiently using recursion as follows.

front ([X], []).
front ([X|Y], [X|Z]) :-front (Y, Z) .

The two clauses can be read as 'the front of a list with just one element is the
empty list' and 'the front of a list with head X and tail Y is the list with head X and
tail Z where Z is the front of Y', respectively.

?- front([alpha],L).

L=1]

?- front([alpha,beta,gamma],LL).
LL = [alpha,beta]

?- front([[a,b],[c,d,e],[f,0,h]],L1).
L1 =[[a,b],[c,d,e]]

Example 3

One area in which different Prolog implementations can vary considerably is the
provision of built-in predicates for list processing. If your implementation does not
have member/2, reverse/2 or append/3 (described in Sections 9.4, 9.6 and 9.7
respectively) you can define your own with just a few clauses as shown below.
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member (X, [X|L]) .

member (X, [ |L]) : -member (X, L) .

reverse (L1,L2) :-rev (L1, [],L2).

rev([],L,L).

rev([A|L],L1,L2):-rev (L, [A|L1],L2).

append ([],L,L) .

append ( [A|L1],L2, [A|L3]) :-append (L1,L2,L3).

The two clauses defining member/2 just state that X is a member of any list

with head X (i.e. that begins with X) and that X is a member of any list for which it
Is not the head if it is a member of the tail.

The definitions of the other two predicates are slightly more complex and are

left without explanation.

If your implementation of Prolog has any or all these predicates built-in,
attempting to load the above program will cause an error, as it is not permitted to
attempt to redefine a built-in predicate.

However the definitions can be tested by renaming the predicates
systematically as mymember, myreverse and myappend, say, giving the
following program.

mymember (X, [X|L]) .

mymember (X, [ |L]) : -mymember (X, L) .
myreverse (L1,L2) :-rev (L1, [],L2).

rev([],L,L).
rev([A|L],L1,L2) :-rev (L, [A|L1],L2).
myappend ( [],L,L) .

myappend ( [A|L1],L2, [A|L3]) : -myappend (L1,L2,L3) .

This can then be tested using some of the examples in Sections 9.4, 9.6 and 9.7,
for which it gives the same results in each case.
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?- mymember(mypred(a,b,c),[q,r,s,mypred(a,b,c),w]).
yes

?- mymember(x,[]).

no

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

L =[4,3,2,1]

?- myreverse([[dog,cat],[1,2],[bird,mouse],[3,4,5,6]],L).
L =[[3,4,5,6],[bird,mouse],[1,2],[dog,cat]]

?- myappend([1,2,3,4],[5,6,7,8,9],L).

L =1[1,2,3,4,5,6,7,8,9]

?- myappend([],[1,2,3],L).

L =1[1,2,3]

Using findall/3 to Create a List

It would often be desirable to find all the values that would satisfy a goal, not just
one of them. The findall/3 predicate provides a powerful facility for creating lists
of all such values. It is particularly useful when used in conjunction with the
Prolog database.

findall(Template, Goal, List).
Template — what you want to collect

Goal — the condition or pattern to satisfy

List — where the results go
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If the database contains the five clauses

person (john, smith, 45, london) .
person (mary, jones, 28, edinburgh) .
person (michael,wilson, 62,bristol) .

person (mark, smith,37,cardiff) .

person (henry, roberts, 23, london) .

a list of all the surnames (the second argument of person) can be obtained using
findall by entering the goal:

?- findall(S,person(_,S,_, ),L).

This returns

L = [smith,jones,wilson,smith,roberts]

L is a list of all the values of variable S which satisfy the goal person(_,S,_, ).

The predicate findall/3 has three arguments. The first is generally an unbound
variable, but can be any term with at least one unbound variable as an argument (or
equivalently any list with at least one unbound variable as a list element).

The second argument must be a goal, i.e. must be in a form that could appear

on the right-hand side of a rule or be entered at the system prompt.

The third argument should be an unbound variable. Evaluating findall will

cause this to be bound to a list of all the possible values of the term (first argument)
that satisfy the goal (second argument).

More complex lists can be constructed by making the first argument a term
involving several variables, rather than using a single variable. For example

?- findall([Forename,Surname],person(Forename,Surname, , ),L).
returns the list
L = [[john,smith],[mary,jones],[michael,wilson],[mark,smith],[henry,roberts]]

The term (first argument) can be embellished further, e.g.
?- findall([londoner,A,B],person(A,B,_,london),L).

returns the list
L = [[londoner,john,smith],[londoner,henry,roberts]]
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Given a database containing clauses such as

age (john, 45) .
age (mary, 28) .
age (michael, 62) .
age (henry, 23) .
age (george, 62) .
age (bill,17).

age (martin, 62) .

the predicate oldest_list/1 defined below can be used to create a list of the names
of the oldest people in the database (in this case michael, george and martin, who
are all 62).

It begins by calling findall to find the ages of all the people in the database and
put them in a list Agelist.

It then uses the predicate find_largest (defined previously) to find the largest

of these values and bind variable Oldest to that value. Finally, it uses findall again
to create a list of the names of all the people of that age.

oldest list(L):-
findall (A,age( ,A),Agelist),
find largest (Agelist,Oldest),
findall (Name, age (Name, Oldest) ,L) .

?- oldest_list(L).

L = [michael,george,martin]

The final example in this section shows a predicate find_under_30s used in
conjunction with the age predicate from the previous example to create a list of the
names of all those people under 30. This requires only one new clause.

find under 30s (L) :-findall (Name, (age (Name,A) ,A<30),L).

?- find_under_30s(L).
L = [mary,henry,bill]

The second argument of findall is the goal (age(Name,A),A<30). It is
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Important to place parentheses around it so that it is treated as a single (compound)
goal with two component subgoals, not as two goals. Omitting the parentheses
would give a predicate named findall with four arguments. This would be an
entirely different predicate from findall/3 and one unknown to the Prolog system.

Practical Exercise

(1) Define and test a predicate predl that takes a list as its first argument and
returns the tail of the list as its second argument, e.g.

?- predl([a,b,c],L).

L =[b,c]

(2) Define and test a predicate inc that takes a list of numbers as its first argument
and returns a list of the same numbers all increased by one as its second argument,

e.g.
?-inc([10,20,-7,0],L).
L =[11,21,-6,1]

(3) Define and test a predicate palindrome that checks whether a list reads the
same way forwards and backwards, e.g.

?- palindrome([a,b,c,b,a]).

yes

?- palindrome([a,b,c,d,e]).

No

(4) Define and test a predicate putfirst that adds a specified term to the beginning
of a list, e.g.

?- putfirst(a,[b,c,d,e],L).

L =[a,b,c,d,e]

(5) Define and test a predicate putlast that adds a specified term to the end of a
list,

e.g.
?- putlast(e,[a,b,c,d],L).
L =[a,b,c,d,e]

(6) Using findall define and test predicates pred1/2, pred2/2 and pred3/2 that
modify a list, as shown in the following examples:
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?- predl([a,b,c,d,e],L).
L = [[a].[b].[c].[d].[e]]

?- pred2([a,b,c,d,e],L).
L = [pred(a,a),pred(b,b),pred(c,c),pred(d,d),pred(e,e)]

?- pred3([a,b,c,d,e],L).
L = [[element,a],[element,b],[element,c],[element,d],[element,e]]

Explanation of the example in the list

member (X, [X|L]) .

member (X, [ |L]) : -member (X, L) .

reverse (L1,L2) :-rev (L1, [],L2) .

rev([],L,L).

rev([A|L],L1,L2):-rev(L, [A|L1],L2).

append ([],L,L) .

append ( [A|L1],L2, [A|L3]) : -append (L1,L2,L3) .

1. member(X, List)

member(X, [X]|L]).

member(X, [_|L]) :- member(X, L).

[1 The first clause: X is the head of the list — success.

[1 The second clause: if X # head, skip the head, and check the tail recursively.
@ Example:

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

Step-by-step:
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1. Listis[1,2,3,4], head is 1 # 3 — try member(3, [2,3,4])
2. Head is 2 #3 — try member(3, [3.,4])
3. Head is 3 == 3 — then success

2. reverse(L1, L2)
Reverses L1 into L2 using an accumulator (the second argument in rev).

reverse(L1, L2) :- rev(L1, [], L2).
rev([], L, L).
rev([A|L], L1, L2) :- rev(L, [A|L1], L2).

(A3 aBail g (1L2) Lgmie A gSae A8l L) 5 (1) 4adl® 32Y (reverse) ousall diua ania
(accumulator) S s aladicl; dudedl) GulSaN) ddas a0 A ¢ rev 13e lua il addiuy

reverse(L1, L2) :- rev(L1, [], L2).

o L1: The input list that we want to reverse.
o L2: The output list that will hold the reversed version of L1.
« Functionality: It calls the helper predicate rev, passing:

o L1 (the list to reverse),

o Anempty list [] as an initial value for the accumulator (this will build
the reversed list),

o L2, which will store the final reversed list once the recursion
completes.

rev([], L, L).

o When rev is called with an empty list [], it means that all elements have
been processed.

o Here, Lis the accumulated list that has been built up during the
recursion. The predicate succeeds and returns L as the final output.

o The important thing is that when the input list is empty, the second and
third arguments (L and L) are the same, meaning that whatever is
in L gets returned as the result.

Lgindlee Cadi 8 jualinll aaas O ing 12g8 ([] 42 )l 4aildy rey sledinl xic

26



(o 7 ARS Lo aa s el ety ) SN oL e glis) a3 ) AS) el Aclall o L cAladl oda b

O (sixa Laa cpalilatal s L il g S Gl o)) )68 de 5l JLaay) Aaild () <5 Laie 43l 58 agall
A @i L B asmse 3a e S

rev([A| L], L1, L2) :- rev(L, [A | L1], L2).
o Parameters:

o [A|L]: This pattern matches a non-empty list, where A is the head (the
first element) and L is the tail (the rest of the list).

o L1: The current state of the accumulator that holds the reversed
elements.

o L2: The target variable where the reversed list will be returned.

) QA sal 5 (JY) eaiall) ul 1 o8 A s de b e AailE ae Jaaill 1 Gl [A | Idx\
(il

A sSaall yualiall Jasy 53 (accumulator) aessell i) Al L1
Al A Sl Al s ) o o) Coaginall yaaiall |2
« Functionality:

o The head element A is added to the front of the accumulator: [A | L1].

o The recursion proceeds with the tail L (the rest of the original list). The
updated state of the accumulator is now [A | L1] for the next recursive
call.

o This pattern continues until the entire original list has been processed.
Each call pushes the current head onto the accumulator, effectively
reversing the order.

D [A | L1] aS)all dadia N A il ) puais il

[A | L1] oY) aS) yall &dadl) Aad) sl (Aalua¥) daildll Al) L il aa ) Sl jaieny
(A s ) S ele diadl
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1. Initial Call:
o reverse([1, 2, 3], L2): Calls rev([1, 2, 3], [], L2)

2. First Recursive Call:

o rev([1,2,3],]], L2):
Matches A=1and L =[2, 3]
Makes the call rev([2, 3], [1], L2)

3. Second Recursive Call:

o rev([2, 3], [1], L2):
Matches A =2 and L =[3]
Makes the call rev([3], [2, 1], L2)

4. Third Recursive Call:

o rev([3], [2, 1], L2):
Matches A=3and L =]
Makes the call rev([], [3, 2, 1], L2)

5. Base Case:

o rev([], [3, 2, 1], L2):
Base case is reached, so it returns [3, 2, 1] as L2.

Notes

« The reverse/2 predicate is an efficient way to reverse a list using tail
recursion.

« Anaccumulator (L1) is used to collect the reversed elements during the
recursive calls.

« The process continues to build up the list from the last element to the first
until the original list is fully traversed.

« When the base case is reached, the accumulated list is returned as the reverse
of the original list.
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@, Example:
?- reverse([a,b,c], R).
Step-by-step:

reverse([a,b,c], R) calls rev([a,b,c], [], R)

rev([a,b,c], [], R) — calls rev([b,c], [a], R)
rev([b,c], [a], R) — calls rev([c], [b,a], R)
rev([c], [b,a], R) — calls rev([], [c,b,a], R)
Base case: rev([], [c,b,a], R) = R =[c,b,a]

abrwphE

?- reverse([1,2,3], L2).
Step 1:

reverse([1,2,3], L2)
— calls rev([1,2,3], [], L2)

Step 2:

rev([1,2,3], [], L2)

— head =1, tail =[2,3]
— calls rev([2,3], [1], L2)
Step 3:

rev([2,3], [1], L2)

— head = 2, tail = [3]

— calls rev([3], [2,1], L2)
Step 4:

rev([3], [2,1], L2)

— head = 3, tail =[]

— calls rev([], [3,2,1], L2)
Step 5:

rev([], [3,2,1], L2)
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— base case — L2 =[3,2,1]

&= Final Result:

?- reverse([1,2,3], L2).
L2 =[3,2,1].

3. append(L1, L2, Result)
append([], L, L).
append([A|L1], L2, [A|L3]) :- append(L1, L2, L3).
Appends two lists: L1 and L2 into Result.
« Base case:
append([], L, L).
« Ifthe first list is empty ([]), then appending it to L just results in L.
append([A|L1], L2, [A|L3]) :- append(L1, L2, L3).

« If the first list is [A|L1] (head A and tail L1), then the result starts with A,
followed by the appending of the tail L1 and list L2.

The predicate takes two lists and produces their concatenation.

It works by removing the head of the first list and recursively appending the
remaining tail to the second list, rebuilding the result step-by-step.

Example: append([1,2], [3.4], R).
It matches the recursive rule:
A=1, L1=[2], L2=[3,4], Result=[1|L3]

then recurse with:
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append([2], [3,4], L3)

Again, recursive step:

A=2, L1=[], L2=[3,4], L3=[2|L4]

recurse with:

append([], [3.,4], L4)

Base case:

L4=[3,4] (since when first list is empty, result is the second list).
So

L4=[3,4]

L3=[2|L4]=[2,3,4]

Result=[1|L3]=[1,2,3,4]

?- reverse([1,2,3], Rev), append(Rev, [4,5], Result), member(2, Result).

1. Reverse [1,2,3] — Rev =[3,2,1]
2. Append [3,2,1] + [4,5] — Result =[3,2,1,4,5]
3. Check if 2 is a member — yes
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