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1. Download and Installation: 

Step1: download SWI prolog from the following link (64 bits for windows 

recommended). 

https://www.swi-prolog.org/download/stable 

Step2: follow the instruction of the program installation. 

2. What is Prolog 

Prolog= Programming in Logic. So prolog is a compiler for logical 

programming. 

The major difference between functional and logic programming is the 

"building blocks": functional programming uses functions while logic 

programming uses predicates. A predicate is not a function; it does not have 

a return value. Depending on the value of it's arguments it may be true or false; 

if some values are undefined it will try to find the values that would make the 

predicate true. 

3. Facts, Rules and Queries: 

Facts are knowledge already defined. 

Rules are used to detect new facts from the defined facts. 

Queries are questions formed to consult the prolog program that contains 

facts and rules. 

Both of facts and rules are called knowledge base. 

The following table contains some of the important logical operations used 

in the prolog context. 

Statement And If Or Not 

Prolog 

representation 

, :- ; not 

4. What is a prolog predicate? 

https://www.swi-prolog.org/download/stable
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• Prediacate is similar to function in other languages like C++ in its 

role. 

• Predicate may have arities ( objects or parameters) or not 

• Predicate with different number of arities are different too. As in 

the following figure there are two predicates called father. One has 

one arity, and the other has two. This sitruation is similar to 

function overload in C++. 

 

5. Exercise: 

From the facts bellow create the following rules: 

Rules: 

Write a rule to detect a bird 

Facts: 

Penguin is an animal. 

Flamingo is an animal. 

Cow is an animal. 

Penguin has wings. 

Flamingo has wings. 

Butterfly is an insect. 

Butterfly has wings. 

Solution: 

Step1: From the file menu select  new menu item of the SWI prolog 

compiler choose new to open new .pl file. 
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Step2: Write the required facts and rules in the prolog context as in the 

following  

 

 

 

Step3: To test the code and write queries go to the console and coose file-

>consult as in the following: 
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Step 4: Choose the file you want to write query about as in the following 

figure: 

 

 

Then, write any query in the prolog syntax as written before in rules. See the 

following examples in the following figure. The queries are marked in 

yellow. 
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There are predicates resevred in prolog like write. It take one argument 

and couldn’t be used as  

6. Objects 

Objects are devided in to two main types: 

• Atom(constant): begins with small letter. 

• Variable: begins with capital letter. 

 

7. Comments 

Single line coments: %example 

Multiline comments: /* example 

Lab1*/ 

8. Homework: 
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1. Write a prolog program to apply the following facts and rules: 

Facts: 

Joe is a father of three chilidren : paul, mary, and hope. 

Jane is a mother of three chilidren: paul, mary, and hope. 

Paule is a male. 

Mary is a female. 

Hope is a male. 

Rules: 

Write a prolog rule to descover sons, daugthers, and siblings. 

 

2. Write a prolog program to apply the following facts and rules. 

Facts: 

Fig is a plant. 

Fig have seeds. 

Tomato is a plant. 

Tomato has seeds. 

Cereal is a plant. 

Caroot is a plant. 

Rules: 

If any plants has seeds then it is a fruit. 

If any plant does not have seeds then it is a vegetable.  
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1. Arithmetic operation 
Operation Prolog Example 
Assignment(=) is X is Y+1 

 
Addition  + X is 7+1=8 
Subtraction - X is 7-1=6 
Division with 
float results 

/ X is 7/3=2.3 

Division with 
integer result 

// X is 7//3=2 

Multiplication * X is 4*3 =12 
Power ** X is 4**2=16 

 

2. Recursion 
There are no loop operations in prolog. The only way to express loop is by applying 
recursion. 

3. Example 1: 
 in C++, writing recursion function for counting from six to 0 will be as the following: 
void function loop (int x) 
{ 
x--; 
if (x!=0) 
loop (x) 
} 

To do the same task in prolog should be interpreted logically as in the following figure: 

 

4. Backtracking 
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Backtracking is the process of going back to a previous goal and 
trying to satisfy it, i.e. to find another way of satisfying it. 

5. Example 2 
Write a prolog program to find at least one path in the following graph 
where a is start state and c is the goal. 
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Solution: 

 
 
It could be noticed how backtracking is proceeded by the compiler from 
the results. 
The path takes firstly node b to search for goal, which is the first edge 
presented in the facts. However, there are two other nodes are 
representing edge with a which also could lead to the goal. Thus, the 
compiler saves the others and finished with node b to the end. Then, it 
proceeds the same activity respectively with nodes c and d. 
 

6. Exercise 1: 

Write a prolog program to print output of integer numbers in a range of 
First-Last where First is the first number in the series while last is the last 
number in the series. 

Solution: 
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The loop of the output value is terminated when both arguments are the 
same. 

 

7. Exercise 2:  

Define a predicate to find the sum of the integers from 1 to N (say for N 
= 100). 

Solution: 
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8. Homework: 
a. Write a prolog program to convert from degree to Fahrenheit. 
b. Write a prolog program to find factorial of N. 
c. Write a prolog program to find power of Nm. 
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1. What is List? 

List is a group of terms, which is useful for gathering items together, or 

for dealing with large data, etc. See bellow some examples of list 

• [red, white, black, yellow] 

Lists are enclosed by square brackets, and items are separated by 

commas. The length of a list is the number of items it contains. The 

length of this list is 4. 

• [nick, nefarious(nancy), N, 10, nick] 

Lists can contain repeated items, and items can be any kind of Prolog 

term, including: atoms (constant string), numbers, variables, and 

complex terms. The length of this list is 5. 

• [] 

This is a special list known as the empty list. It has no items, no 

internal structure, and is length 0. 

• [nick, [michael, mary], [lucy, lucky(liam)]] 

Lists can contain other lists as items. The length of this list is 3, as 

each sublist is counted as one item. 

• [[], alive(adam), [2, [tom, tim]], [], Var, [2, [tom, tim]]] 

This list combines the features from the previous examples. Its length 

is 6. 

2. Extracting Information 

We can think of a list as being made up of two parts: the first element, 

known as the Head, and everything else, called the Tail. Prolog uses a built in 

operator, the pipe ( | ) in order to give us this split for a list. 

If we use unification with the first example list above and this new operator, 

as follows: 

[Head|Tail] = [red, white, black, yellow]. 

we will get this output: 

Head = red 

Tail = [white, black, yellow] 
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It is important to notice that the Tail of the list is itself also a list, and 

therefore, we can repeat this procedure as long as there are elements left in 

the Tail. 

We can also specify that we want to extract more than one item from the 

beginning of the list, by using multiple variables before the pipe. Everything 

that remains will become the Tail. 

[H1, H2|T] = [red, white, black, yellow]. 

H1 = red 

H2 = white 

T = [black, yellow] 

We can use the anonymous variable here if we want to just extract particular 

items. For example, [_, H2, _, H4|_] will extract just the second and fourth 

items of a list, discarding the rest. 

One very important fact is that trying to unify [H|T] with [] will fail. This is 

because the empty list has no internal structure, and cannot be split into a Head 

and Tail. This is extremely important when you want to recurse through a list. 

3. Recursion with Lists 

The fact that the Tail of a list is also a list makes it easy to see how you can 

recurse through all of the elements of a list. Since the empty list cannot be 

split into a Head and Tail, it will often serve as a way of stopping the recursion 

going on forever, like a base case should. 

4. Example 1 

We’re working as a bouncer at a nightclub, and we want to write a predicate 

which will let us know whether someone should be allowed in or not, based 

on whether their name is on the guestlist. If their name is on the list, 

then they should be permitted to enter. Otherwise, they will have to wait 

outside. 
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Since we need to recurse through the guestlist, we will first need a base case. 

For this example, we can say that 

if the person’s name is the first one on the list, then they should be let in 

straight away without having to check any other names: 

onTheGuestlist(Name, [Name|RestOfTheList]). 

If the person was not the first name on the guestlist, we need to start 

checking the rest of it. We should write our recursive case in order to look at 

the other names: 

onTheGuestList(Name, [FirstPerson|Rest]) :- onTheGuestList(Name, Rest). 

And that’s all we need to do. If the person is the first name on the list, they 

will be allowed in. Otherwise, we discard the first name, and check the 

second name, which acts like the new first name in our shortened list. If that 

one’s no good, we keep going until the list is empty. If we get to that point, 

we can no longer split the list into a 

Head and a Tail, so we know the person’s name was not on the guestlist, and 

they should not be allowed in. 

5. Example 2 

We want to write a predicate which will ensure that there is always a 

balance between yin and yang. If there is too much of one or the other, then 

the world will be thrown into chaos, and we don’t want that. We should also 

ensure that we have only yin and yang in our balance, and not their cousin, 

yon. 

Our base case will handle the situation where there is no yin, and no yang: 

yinAndYang([], []). 

In this scenario, we have balance: 0 on the left, and 0 on the right. Now we 

have to deal with the more complex situation where we have both yin and 

yang in our lists: 

yinAndYang([yin|Tail1], [yang|Tail2]) :- yinAndYang(Tail1, Tail2). 
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Once again, that’s all we need to do in order to maintain balance in the 

world. This recursive predicate will take the first yin off the left-hand list, 

and the first yang off the right-hand list, and then compare the two list-tails 

to make sure that they are also balanced. 

This way, we don’t have to worry about yon getting into the mix, since he 

won’t be able to unify with either of the list-heads in the rule-head of the 

recursive rule. 

We can also use this predicate to generate the appropriate amount of yin or 

yang in order to create balance: 

?- yinAndYang([yin, yin, yin], Y). 

will return Y = [yang, yang, yang]. 

Example 3:- 

Consider the following definition of the predicate 'member/2'. 

member(X,[X|R]). 

member(X,[Y|R]) :- member(X,R). 

One can read the clauses the following way, respectively: 

• X is a member of a list whose first element is X. 

• X is a member of a list whose tail is R if X is a member of R. 

This program can be used in numerous ways. One can test membership: 
?- member(2,[1,2,3]). 

Yes 

One can generate members of a list: 
?- member(X,[1,2,3]). 

X = 1 ; 

X = 2 ; 

X = 3 ; 

No 

Here is a derivation tree showing how this last goal generated all of the 

answers. 



University of Baghdad 
College of Science 
Department of Computer Science 
Third Class -1st Semester 

Lab -3-  :مدرسي المادة 
 أ.م. د. رواء داود 
 م.م. فاتن صادق 

 م.م. غصون غازي  

Artificial Intelligence Lab 
 

5 
 

 
Fig. 2.7 

Each left branch corresponds to a match (unification) against the first clause for 

'member' and each right branch corresponds to a match against the second 

clause. The subgoal 'member(X,[])' on the lowest right branch will not match 

the head of any 'member' clause. In particular '[]' will not unify with a pattern of 

the form '[X|R]' because the latter represents a list with at least one element. 

We will find many other uses for 'member'. This example query ... 

?- member([3,Y], [[1,a],[2,m],[3,z],[4,v],[3,p]]). 

Y = z ; 

Y = p ; 

No 

... suggests a use where one intends to search in order to find elements paired 

with a specified element. Here is another, finding elements of a list which 

satisfy some constraint: 
?- member(X,[23,45,67,12,222,19,9,6]), Y is X*X, Y < 100. 

X = 9   Y = 81 ; 

X = 6   Y = 36 ; 

No 
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Example 4: - write a prolog program to find a member in a list defined in 

knowledge base. 

Solution:- 

 

 

Exercise 1:- write a prolog program to find a strong connectivity by using 

lists in knowledge base between two person. Each one has two social media 

accounts. 

Exercise 2:- Write a prolog program to depict the following graph using 

lists. 
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Homework:-  Write a prolog program to calculate an average of all subjects 

degrees for a specific student and check if he/she passed in the semester or 

not. 
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1. bagof 

The built-in predicate bagof(+Template, +Goal, -Bag) is used to collect a list 

Bag of all the items Template that satisfy some goal Goal. Example: assume  

likes(mary, pizza). 
likes(marco, pizza). 
likes(Human, pizza) :- italian(Human). 
italian(marco). 

Then  

?- bagof(Person, likes(Person, pizza), Bag). 
Bag = [mary, marco, marco] 

Notice that Bag contains the item marco twice, because there are two ways 

to prove that marco likes pizza - the fact and via the rule. bagof fails if Goal 

has no solutions.  

2. findall 

The built-in predicate findall(+Template, +Goal, -List) is used to collect a 

list List of all the items Template that satisfy some goal Goal. Example: 

assume 

likes(mary, pizza). 

likes(marco, pizza). 

likes(Human, pizza) :- italian(Human). 

italian(marco). 

Then 

?- findall(Person, likes(Person, pizza), Bag). 

List = [mary, marco, marco] 

findall succeeds and binds List to the empty list, if Goal has no solutions. 

This can be convenient if you don't want your goal to fail just because the 

collection of solutions is empty. (In other cases, you would want the goal to 

fail if there are no solutions.) 

Another difference between bagof and findall is the extent of backtracking 

done before binding the third parameter (List). For example, assume: 

believes(john, likes(mary, pizza)). 

believes(frank, likes(mary, fish)). 
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believes(john, likes(mary, apples)). 

Then bagof and findall exhibit the following behaviour: 

?- bagof(likes(mary, X), believes(_, likes(mary, X)), Bag). 

Bag = [likes(mary, fish)] ; 

Bag = [likes(mary, pizza), likes(mary, apples)] ; 

false. 

 

?- findall(likes(mary, X), believes(_, likes(mary, X)), Bag). 

Bag = [likes(mary, pizza), likes(mary, fish), likes(mary, 

apples)] ; 

false. 

You can see that bagof is collecting frank's beliefs about what mary likes, 

binding Bag, then backtracking and collecting john's beliefs and re-

binding Bag, while findall finds everybody's beliefs and binds them all 

to Bag, just once. 

3. setof 

 

The built-in Prolog predicate setof(+Template, +Goal, -Set) binds Set to the 

list of all instances of Template satisfying the goal Goal. 

For example, given the facts and rule: 

happy(fido). 

happy(harry). 

happy(X) :- rich(X). 

rich(harry). 

it follows that 

?- setof(Y, happy(Y), Set). 

Set = [fido, harry] ; 

false. 

Notice that: 

• there are two ways to prove that harry is happy 
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o from the fact happy(harry). 

o from the rule and the fact rich(harry). 

However, harry only appears once in the binding for Set; 

• the binding for Set is in sorted order. 

Compare: 

?- bagof(Y, happy(Y), Bag). 

Bag = [fido, harry, harry] ; 

false. 

and 

?- findall(Y, happy(Y), Bag). 

Bag = [fido, harry, harry] ; 

false. 

The differences between bagof and findall on the one hand, and setof on the 

other hand, include the fact that with setof, you get sorted order and no 

repetitions.  

setof will fail (and so not bind Set) if the there are no instances 

of  Template for which Goal succeeds - i.e. effectively it fails if Set would be 

empty. bagof also fails in these circumstances, while findall does not (it binds 

the variable that is its third argument to the empty list, or, if the third argument 

is instantiated, it succeeds if the third argument is the empty list). 

 

4. Negation 

 

The concept of logical negation in Prolog is problematical, in the sense that 

the only method that Prolog can use to tell if a proposition is false is to try to 

prove it (from the facts and rules that it has been told about), and then if this 

attempt fails, it concludes that the proposition is false. This is referred to 

as negation as failure. An obvious problem is that Prolog may not have been 

told some critical fact or rule, so that it will not be able to prove the 

proposition. In such a case, the falsity of the proposition is only relative to the 
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"mini-world-model" defined by the facts and rules known to the Prolog 

interpreter. This is sometimes referred to as the closed-world assumption. 

A less obvious problem is that, depending again on the rules and facts known 

to the Prolog interpreter, it may take a very long time to determine that the 

proposition cannot be proven. In certain cases, it might "take" infinite time. 

Because of the problems of negation-as-failure, negation in Prolog is 

represented in modern Prolog interpreters using the symbol \+, which is 

supposed to be a mnemonic for not provable with the \ standing for not and 

the + for provable. In practice, current Prolog interpreters tend to support the 

older operator not as well, as it is present in lots of older Prolog code, which 

would break if not were not available. 

Examples: 

?- \+ (2 = 4). 

 

true. 

 

?- not(2 = 4). 

 

true. 

Arithmetic comparison operators in Prolog each come equipped with a 

negation which does not have a "negation as failure" problem, because it is 

always possible to determine, for example, if two numbers are equal, though 

there may be approximation issues if the comparison is between fractional 

(floating-point) numbers. So it is probably best to use the 

arithmetic comparison operators if numeric quantities are being compared. 

Thus, a better way to do the comparisons shown above would be: 

?- 2 =\= 4. 

 

true. 

 

5. Comparison operator 
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Prolog has two main classes of comparison operators - arithmetic 

comparison operators (and similar alphabetic comparison operators) and 

unification-style operators: 
Comparison Definition Evaluates? 

X = Y succeeds if X and Y unify (match) in the Prolog sense No 

X \= Y succeeds if X and Y do not unify; i.e. if not (X = Y) No 

T1 == T2 succeeds if terms T1 and T2 are identical; e.g. names of 

variables have to be the same 
No 

T1 \== T2 succeeds if terms T1 and T2 are not identical No 

E1 =:= E2 succeeds if values of expressions E1 and E2 are equal Yes 

E1 =\= E2 succeeds if values of expressions E1 and E2 are not equal Yes 

E1 < E2 succeeds if numeric value of expression E1 is < numeric value 

of E2 
Yes 

E1 =< E2 succeeds if numeric value of expression E1 is ≤ numeric value 

of E2 
Yes 

E1 > E2 succeeds if numeric value of expression E1 is > numeric value 

of E2 
Yes 

E1 >= E2 succeeds if numeric value of expression E1 is ≥ numeric value 

of E2 
Yes 

T1 @< T2 succeeds if T1 is alphabetically < T2 No 

T1 @=< T2 succeeds if T1 is alphabetically ≤ T2 No 

T1 @> T2 succeeds if T1 is alphabetically > T2 No 

T1 @>= T2 succeeds if T1 is alphabetically ≥ T2 No 

is is not a comparison operator, but is frequently confused with = by novice 

Prolog programmers. Briefly, you use X is Exp to evaluate an arithmetic 

expression, like Y + 2, that contains an arithmetic operator, like +, and bind 

the resulting value to the variable X to the left of the the operator is. 

As an example of @< and its relatives, 

?- likes(mary, pizza) @< likes(mary, plums). 

true. 

This succeeds because likes and mary are the same in both terms, 

and pizza alphabetically precedes plums. 

http://www.cse.unsw.edu.au/~billw/dictionaries/prolog/is.html
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1. bagof 

The built-in predicate bagof(+Template, +Goal, -Bag) is used to collect a list 

Bag of all the items Template that satisfy some goal Goal. Example: assume  

likes(mary, pizza). 
likes(marco, pizza). 
likes(Human, pizza) :- italian(Human). 
italian(marco). 

Then  

?- bagof(Person, likes(Person, pizza), Bag). 
Bag = [mary, marco, marco] 

Notice that Bag contains the item marco twice, because there are two ways 

to prove that marco likes pizza - the fact and via the rule. bagof fails if Goal 

has no solutions.  

2. findall 

The built-in predicate findall(+Template, +Goal, -List) is used to collect a 

list List of all the items Template that satisfy some goal Goal. Example: 

assume 

likes(mary, pizza). 

likes(marco, pizza). 

likes(Human, pizza) :- italian(Human). 

italian(marco). 

Then 

?- findall(Person, likes(Person, pizza), Bag). 

List = [mary, marco, marco] 

findall succeeds and binds List to the empty list, if Goal has no solutions. 

This can be convenient if you don't want your goal to fail just because the 

collection of solutions is empty. (In other cases, you would want the goal to 

fail if there are no solutions.) 

Another difference between bagof and findall is the extent of backtracking 

done before binding the third parameter (List). For example, assume: 

believes(john, likes(mary, pizza)). 

believes(frank, likes(mary, fish)). 
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believes(john, likes(mary, apples)). 

Then bagof and findall exhibit the following behaviour: 

?- bagof(likes(mary, X), believes(_, likes(mary, X)), Bag). 

Bag = [likes(mary, fish)] ; 

Bag = [likes(mary, pizza), likes(mary, apples)] ; 

false. 

 

?- findall(likes(mary, X), believes(_, likes(mary, X)), Bag). 

Bag = [likes(mary, pizza), likes(mary, fish), likes(mary, 

apples)] ; 

false. 

You can see that bagof is collecting frank's beliefs about what mary likes, 

binding Bag, then backtracking and collecting john's beliefs and re-

binding Bag, while findall finds everybody's beliefs and binds them all 

to Bag, just once. 

3. setof 

 

The built-in Prolog predicate setof(+Template, +Goal, -Set) binds Set to the 

list of all instances of Template satisfying the goal Goal. 

For example, given the facts and rule: 

happy(fido). 

happy(harry). 

happy(X) :- rich(X). 

rich(harry). 

it follows that 

?- setof(Y, happy(Y), Set). 

Set = [fido, harry] ; 

false. 

Notice that: 

• there are two ways to prove that harry is happy 
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o from the fact happy(harry). 

o from the rule and the fact rich(harry). 

However, harry only appears once in the binding for Set; 

• the binding for Set is in sorted order. 

Compare: 

?- bagof(Y, happy(Y), Bag). 

Bag = [fido, harry, harry] ; 

false. 

and 

?- findall(Y, happy(Y), Bag). 

Bag = [fido, harry, harry] ; 

false. 

The differences between bagof and findall on the one hand, and setof on the 

other hand, include the fact that with setof, you get sorted order and no 

repetitions.  

setof will fail (and so not bind Set) if the there are no instances 

of  Template for which Goal succeeds - i.e. effectively it fails if Set would be 

empty. bagof also fails in these circumstances, while findall does not (it binds 

the variable that is its third argument to the empty list, or, if the third argument 

is instantiated, it succeeds if the third argument is the empty list). 

 

4. Negation 

 

The concept of logical negation in Prolog is problematical, in the sense that 

the only method that Prolog can use to tell if a proposition is false is to try to 

prove it (from the facts and rules that it has been told about), and then if this 

attempt fails, it concludes that the proposition is false. This is referred to 

as negation as failure. An obvious problem is that Prolog may not have been 

told some critical fact or rule, so that it will not be able to prove the 

proposition. In such a case, the falsity of the proposition is only relative to the 
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"mini-world-model" defined by the facts and rules known to the Prolog 

interpreter. This is sometimes referred to as the closed-world assumption. 

A less obvious problem is that, depending again on the rules and facts known 

to the Prolog interpreter, it may take a very long time to determine that the 

proposition cannot be proven. In certain cases, it might "take" infinite time. 

Because of the problems of negation-as-failure, negation in Prolog is 

represented in modern Prolog interpreters using the symbol \+, which is 

supposed to be a mnemonic for not provable with the \ standing for not and 

the + for provable. In practice, current Prolog interpreters tend to support the 

older operator not as well, as it is present in lots of older Prolog code, which 

would break if not were not available. 

Examples: 

?- \+ (2 = 4). 

 

true. 

 

?- not(2 = 4). 

 

true. 

Arithmetic comparison operators in Prolog each come equipped with a 

negation which does not have a "negation as failure" problem, because it is 

always possible to determine, for example, if two numbers are equal, though 

there may be approximation issues if the comparison is between fractional 

(floating-point) numbers. So it is probably best to use the 

arithmetic comparison operators if numeric quantities are being compared. 

Thus, a better way to do the comparisons shown above would be: 

?- 2 =\= 4. 

 

true. 

 

5. Comparison operator 
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Prolog has two main classes of comparison operators - arithmetic 

comparison operators (and similar alphabetic comparison operators) and 

unification-style operators: 
Comparison Definition Evaluates? 

X = Y succeeds if X and Y unify (match) in the Prolog sense No 

X \= Y succeeds if X and Y do not unify; i.e. if not (X = Y) No 

T1 == T2 succeeds if terms T1 and T2 are identical; e.g. names of 

variables have to be the same 
No 

T1 \== T2 succeeds if terms T1 and T2 are not identical No 

E1 =:= E2 succeeds if values of expressions E1 and E2 are equal Yes 

E1 =\= E2 succeeds if values of expressions E1 and E2 are not equal Yes 

E1 < E2 succeeds if numeric value of expression E1 is < numeric value 

of E2 
Yes 

E1 =< E2 succeeds if numeric value of expression E1 is ≤ numeric value 

of E2 
Yes 

E1 > E2 succeeds if numeric value of expression E1 is > numeric value 

of E2 
Yes 

E1 >= E2 succeeds if numeric value of expression E1 is ≥ numeric value 

of E2 
Yes 

T1 @< T2 succeeds if T1 is alphabetically < T2 No 

T1 @=< T2 succeeds if T1 is alphabetically ≤ T2 No 

T1 @> T2 succeeds if T1 is alphabetically > T2 No 

T1 @>= T2 succeeds if T1 is alphabetically ≥ T2 No 

is is not a comparison operator, but is frequently confused with = by novice 

Prolog programmers. Briefly, you use X is Exp to evaluate an arithmetic 

expression, like Y + 2, that contains an arithmetic operator, like +, and bind 

the resulting value to the variable X to the left of the the operator is. 

As an example of @< and its relatives, 

?- likes(mary, pizza) @< likes(mary, plums). 

true. 

This succeeds because likes and mary are the same in both terms, 

and pizza alphabetically precedes plums. 

http://www.cse.unsw.edu.au/~billw/dictionaries/prolog/is.html
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1. Example 1: Backtracking (Symbolic evaluation of arithmetic) 

Write a prolog program for symbolic evaluation that satisfy 

plus(1,mult(4,5))? 

Solution: 

 
 

Discussion: 

 

Q: How does Prolog evaluate: 

eval(plus(1, mult(4,5)),Ans) 

A: 

Step 1, see if the first matching clause is true 

eval(plus(A,B),C) :- eval(A,A1), 

eval(B,B1), 

C is A1 + B1. 

In this case the variable bindings are: 

A = 1, B = mult(4,5) and C = Ans 

Step 2: Next it looks at the body of the rule. 

The body of the clause with head 

eval(plus(A, B),C) and variable bindings 
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A = 1, B = mult(4,5) and C = Ans is: 

eval(1,A1), 

eval(mult(4,5),B1), 

Ans is A1 + B1. 

This is a conjunction: all parts must be true for the clause to be true. 

 

Step 3: the body is checked term by term from left to right 

First part of the body: eval(1,A1) 

Try: eval(plus(A,B),C) :- eval(A,A1), eval(B,B1), C is A1 + B1. 

Fail because 1 does not unify with plus(A,B) 

Try: eval(mult(A,B),C) :- eval(A,A1), eval(B,B1), C is A1 * B1. 

Fail because 1 does not unify with mult(A,B) 

Try: eval(A,A). 

Succeed: eval(1,A1) is true if A1 = 1 

Though, eval(1,A1) was provable, with the side-effect of binding: 

A1=1.  

 

Step 4: 

As term1 succeed, the compiler will substitute the result and continue 

verifying other terms. 

The following figure of the code snippet and how it look after 

verifying term1. 

 
Term 2 which is as the following: 

eval(mult(4,5),B1) will bind B1=20: 

eval(1,1), 

eval(mult(4,5),20), 

Term3 will bind the results of the previous terms. 

Ans is 1 + 20. 
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Ans will be bound to 21, after “is” does its job. 

eval(1,1), 

eval(mult(4,5),20), 

21 is 1 + 20. 

 

Main important note: the compiler does not stop when it find the true 

solution. As in verifying term2  

 

 

 

 

2. Cut (!) 

Cat can change the logical meaning of your program. 

 

 

3. Example2: Symbolic evaluation of arithmetic with cut: 

Write a prolog program for symbolic evaluation that satisfy 

plus(1,mult(4,5))? 

Use cut for faster solution. 

 

Solution: 

eval(plus(A,B),C) :- !,eval(A,A1), eval(B,B1), C is A1 + B1. 

eval(mult(A,B),C) :- !,eval(A,A1), eval(B,B1), C is A1 * B1. 
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eval(A,A). 
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1. Debugging 

SWI Prolog allows you to trace the route that Prolog takes through a program 

when looking for a solution to a particular query. 

There are 2 ways to do this, the graphical and the non-graphical trace. Both 

yield up the same information but do so in different ways. 

1.1. Non-Graphical Debug 

Launch Prolog and Click on File, Consult to load up the example program. 

At the prompt, type 

1.1.1. Example 1 

Type in the following program and save it as office.pl. 

 

 

 

 

and on the next line, type 

 

Press enter to start your query and you will see the text below. You will need 

to press enter after each line to make the debugger move to the next 

instruction. 

 

Step Over Description 

 
/*office program */ 
adminWorker(black). 
admnWorker(white). 
officeJunior(green). 
manager(brown). 
manager(grey). 
supervises(X,Y) :- manager(X), adminWorker(Y). 
supervises(X,Y) :- adminWorker(X), officeJunior(Y). 
supervises(X,Y) :- manager(X), officeJunior(Y). 

?-trace. 

 

[trace] ?- supervises(Who, green).. 
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[trace]  ?- supervises(Who, 

green). 

User Input 

Call: (7) supervises(_G501, 
green) ? creep 

Finds the first rule for supervises(X, Y) and instantiates Y to green to 
match the query. The word creep appears where you press enter. It 
means that Prolog has been told to move to the next instruction. 

Call: (8) manager(_G501) ? 
creep 

Prolog tries to satisfy the first subgoal of the rule. It tries manager(x). 

Exit: (8) manager(brown) ? 

creep 

Brown is found as a manager. Prolog will test whether this leads to a 

solution. The word Exit on the left reflects the fact that Prolog has found 
a solution to its last call and will set X to brown. 

Call: (8) 

adminWorker(green) ? 
creep 

If Brown manages green, green must be an adminworker. 

Fail: (8) 
adminWorker(green) ? 
creep 

Since green is not an admin worker, the second subgoal of the rule 
cannot be satisfied. 

Redo: (8) manager(_G501) 
? creep 

Prolog goes back to the first subgoal and picks up where it left off 
with manager(x). 

Exit: (8) manager(grey) ? 
creep 

It finds grey and sets now instantiates X set to this value. 

Call: (8) 
adminWorker(green) ? 
creep 

It again tests whether green is an adminworker. 

Fail: (8) 
adminWorker(green) ? 
creep 

And again fails. This means that the rule cannot provide a solution. 

Redo: (7) 
supervises(_G501, green) ? 
creep 

Prolog returns to point A to continue processing the top-level goal. 

Call: (8) 

adminWorker(_G501) ? 
creep 

This time it looks for an admin worker as the supervisor (the second 

rule). 

Exit: (8) 
adminWorker(black) ? 
creep 

It finds black and sets X to this value. 

Call: (8) officeJunior(green) 
? creep 

It checks whether, the second subgoal is satisfied. 

Exit: (8) officeJunior(green) 
? creep 

Green is an office junior and therefore this subgoal is satisfied. 

Exit: (7) supervises(black, 
green) ? creep 

The top level goal is satisfied. 

You may have noticed that Prolog took no account of the fact that Brown also 

supervises Green. It followed the logic of the program one-step at a time until 

it found the solution. There are 3 types of supervisor in the scenario. Prolog 

exhausted the possibilities of the first type of supervisor before looking at the 

rule for the second type of supervisor. If you press the semicolon key when 

you get the result, you will find that White, Brown and Grey also supervise 

Green. Prolog finds them in that order when it follows this program's logic. 
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1.2. Graphical Debugger 

To activate the graphical debugger, click on Debug, Graphical Debugger on 

the menu. Then type the trace command followed by the query. Press the 

spacebar to follow the pretty colours and the logic. 

 

 

1.3. Which Tool Is Best? 

There are advantages to each of the tools. Both allow the programmer to see 

exactly what happens when their code is executed. The non-graphical 

debugger has all of the same information but arrives a bit more concisely. You 

can view all of the information at once and scan through large amounts at a 

time. The graphical debugger shows you what is happening in your code. You 

can isolate problems in your rules and see exactly what Prolog is doing. 

2. Cut (!) 
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The cut is a Prolog predicate, so we can add it to rules in the body. Cut is a 

goal that always succeeds. 

Cut can change the logical meaning of your program. The following figure 

shows how cut affect your program. 

 
 

2.1. Example 1 

 

 

 
 

 
 The tree of the backtracking will be like in the following figure: 

%cut free program 
p(X):- a(X). 
p(X):- b(X), c(X), d(X), e(X). 
p(X):- f(X). 
a(1). 
b(1). b(2). 
c(1). c(2). 
d(2). 
e(2). 
f(3). 

?- p(X). 

X=1; 

X=2; 

X=3; 

no 
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If we add cut to the program 

 

 
 

%with cut program 
p(X):- a(X). 
p(X):- b(X), c(X), !,d(X), e(X). 
p(X):- f(X). 
a(1). 
b(1). b(2). 
c(1). c(2). 
d(2). 
e(2). 
f(3). 
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The results will be as the following:

 
The backtracking tree will be as in the following figure: 

 
2.2.  Example 2: 

 Max function with cut and without cut. 

 
 

?- p(X). 

X=1; 

no 

 

%without cut program 
max(X, Y, X) :- X > Y. 
max(X, Y, Y) :- X =< Y. 
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?- p(X). 

X=1; 

false 

 

%with cut program 
max(X, Y, X) :- X > Y,!. 
max(X, Y, Y) :- X =< Y. 

?- p(X). 

X=1. 
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1. Depth First Search 

 

This section explains how to write Depth First Search algorithm as a prolog 

program. First lock at the tree of the following paragraph: 

 

 
 

The tree should be represented as facts in a knowledge database. Then, the 

other steps of the other algorithms applied on the knowledgebase to find 

the goal. 
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%--------------------------------------------------------------% 
%   Uninformed Graph Searching Algorithms                      % 
%   The graph should be represented as a set of facts          % 
%   arc(Node1,Node2) loaded in the database               % 
%   (C) 1998 Zdravko Markov                                    % 
%--------------------------------------------------------------% 
%--------------------------------------------------------------% 
%Database or Knowledgebase                                     % 
%--------------------------------------------------------------% 
arc(a,b). 
arc(a,c). 
arc(a,d). 
arc(b,d). 
arc(b,e). 
arc(b,f). 
arc(c,g). 
arc(c,h). 
arc(d,i). 
arc(e,k). 
arc(e,l). 
arc(f,l). 
arc(f,m). 
arc(g,n). 
arc(e,l). 
arc(h,o). 
arc(h,p). 
arc(i,p). 
arc(i,q). 
arc(j,r). 
arc(k,s). 
arc(l,t). 
arc(p,u). 
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To find all succeeded goals: 

 

 

Note: the first goal is the best one. 

2. Breadth First Search 

 

This section explains how to write Breadth First Search algorithm as a prolog 

code. The tree of the first section will be used here too. The same way of the 

tree representation in the above section, will be represented here too. 

 

 
%--------------------------------------------------------------% 
%   Depth-first search by using a stack                        % 
%   call: depth_first(+[[Start]],+Goal,-Path,-ExploredNodes).  % 
%--------------------------------------------------------------% 
depth_first([[Goal|Path]|_],Goal,[Goal|Path],0). 
depth_first([Path|Queue],Goal,FinalPath,N) :- 
    extend(Path,NewPaths), 
    append(NewPaths,Queue,NewQueue), 
    depth_first(NewQueue,Goal,FinalPath,M), 
    N is M+1. 
 
extend([Node|Path],NewPaths) :- 
    findall([NewNode,Node|Path], 
            (arc(Node,NewNode), 
            \+ member(NewNode,Path)), % for avoiding loops 
            NewPaths). 

?- depth_first([[a]],l,Path,ExploredNodes). 

Path = [l, e, b, a], 

ExploredNodes = 10 ; 

Path = [l, e, b, a], 

ExploredNodes = 12 ; 

Path = [l, f, b, a], 

ExploredNodes = 15 ; 

false. 
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%--------------------------------------------------------------% 
%   Uninformed Graph Searching Algorithms                      % 
%   The graph should be represented as a set of facts          % 
%   arc(Node1,Node2) loaded in the database               % 
%   (C) 1998 Zdravko Markov                                    % 
%--------------------------------------------------------------% 
%--------------------------------------------------------------% 
%Database or Knowledgebase                                     % 
%--------------------------------------------------------------% 
arc(a,b). 
arc(a,c). 
arc(a,d). 
arc(b,d). 
arc(b,e). 
arc(b,f). 
arc(c,g). 
arc(c,h). 
arc(d,i). 
arc(e,k). 
arc(e,l). 
arc(f,l). 
arc(f,m). 
arc(g,n). 
arc(e,l). 
arc(h,o). 
arc(h,p). 
arc(i,p). 
arc(i,q). 
arc(j,r). 
arc(k,s). 
arc(l,t). 
arc(p,u). 
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To find all succeeded goals: 

 

 

Note: the first goal is the best one. 

 

%--------------------------------------------------------------% 
%   Breadth-first search                                       % 
%   call: breadth_first(+[[Start]],+Goal,-Path,-ExploredNodes).% 
%--------------------------------------------------------------% 
breadth_first([[Goal|Path]|_],Goal,[Goal|Path],0). 
breadth_first([Path|Queue],Goal,FinalPath,N) :- 
    extend(Path,NewPaths), 
    append(Queue,NewPaths,NewQueue), 
    breadth_first(NewQueue,Goal,FinalPath,M), 
    N is M+1. 
extend([Node|Path],NewPaths) :- 
    findall([NewNode,Node|Path], 
            (arc(Node,NewNode), 
            \+ member(NewNode,Path)), % for avoiding loops 
            NewPaths). 

?- breadth_first([[a]],l,Path,ExploredNodes). 

Path = [l, e, b, a], 

ExploredNodes = 12 ; 

Path = [l, e, b, a], 

ExploredNodes = 13 ; 

Path = [l, f, b, a], 

ExploredNodes = 14 ; 

false. 
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1. Problem and Brainstorming. 

AI problems need mainly a skill of brainstorming to let the machine think like 

a human or better. Though, it needs overthinking and many practices until you 

master solving problems like that. This section has two practices that teach 

you how to think up to the level of AI problems.  

 

 

 

1.1 Example 1 

Write a prolog program to split a list into two lists (even and odd). 

Solutions: - 

Bellow are seven solutions. Some of them have errors. Others have less 

efficiency. 

Look at the first solution and try to guess it’s impact. 



University of Baghdad 
College of Science 
Department of Computer Science 
Third Class -1st Semester 

Lab -9-  :مدرسي المادة 
 أ.م. د. رواء داود 
 م.م. فاتن صادق 

 م.م. غصون غازي  

Artificial Intelligence Lab 
 

2 
 

 

 

This solution is failed because the lists O & E remained unknown. Here is 

the second solution which solves the first problem.  

 

It succeeded after adding the opposites of the true conditions steps. This will 

inform the program to do if the conditions are not true and the list needed to 

scan its next member. 

 

The third solution shows a change in splitEven to accept its members in the 

forward debugging stage. The results of even members have been 

disappeared. 

% Solution 1  

splitEven([],_). 

splitOdd([],_). 

splitEven([H|T],[H|E]):- 0 is mod(H,2) ,splitEven(T,E). 

splitOdd([H|T],[H|O]):- 1 is mod(H,2),splitOdd(T,O). 

splitOddEven(M,O,E):-splitOdd(M,O),splitEven(M,E). 

 

?- splitOddEven([1,1,2,3,4,5,6,7],O,E). 

false. 

% Solution 2 

splitEven([],[]). 

splitOdd([],[]). 

splitEven([H|T],E):- 1 is mod(H,2),splitEven(T,E). 

splitOdd([H|T],E):- 0 is mod(H,2),splitOdd(T,E). 

splitEven([H|T],[H|E]):- 0 is mod(H,2),splitEven(T,E) . 

splitOdd([H|T],[H|O]):- 1 is mod(H,2),splitOdd(T,O). 

splitOddEven(M,O,E):-splitOdd(M,O),splitEven(M,E). 

 

?- splitOddEven([1,1,2,3,4,5,6,7],O,E). 

O = [1, 1, 3, 5, 7], 

E = [2, 4, 6] ; 

false. 
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Next, we amended the stop condition and we left even list collecting its 

members in the forward debugging stage. 

 

The result is falsified because the stop condition of the even list does not work. 

 

All previous solutions are problematic except for the second one. However, it 

shows the following predicates’ warning about its’ predicates’ arrangement: 

%Solution 3 

splitEven([],_). 

splitOdd([],[]). 

splitEven([H|T],E):- 1 is mod(H,2),splitEven(T,E). 

splitOdd([H|T],E):- 0 is mod(H,2),splitOdd(T,E). 

splitEven([H|T],E):- 0 is mod(H,2),splitEven(T,[H|E]) . 

splitOdd([H|T],[H|O]):- 1 is mod(H,2),splitOdd(T,O). 

splitOddEven(M,O,E):-splitOdd(M,O),splitEven(M,E). 

 

?- splitOddEven([1,1,2,3,4,5,6,7],O,E). 

O = [1, 1, 3, 5, 7] ; 

false. 

%Solution 4 

splitEven([],[]). 

splitOdd([],[]). 

splitEven([H|T],E):- 1 is mod(H,2),splitEven(T,E). 

splitOdd([H|T],E):- 0 is mod(H,2),splitOdd(T,E). 

splitEven([H|T],E):- 0 is mod(H,2),splitEven(T,[H|E]) . 

splitOdd([H|T],[H|O]):- 1 is mod(H,2),splitOdd(T,O). 

splitOddEven(M,O,E):-splitOdd(M,O),splitEven(M,E). 

 

 

?- splitOddEven([1,1,2,3,4,5,6,7],O,E). 

false. 



University of Baghdad 
College of Science 
Department of Computer Science 
Third Class -1st Semester 

Lab -9-  :مدرسي المادة 
 أ.م. د. رواء داود 
 م.م. فاتن صادق 

 م.م. غصون غازي  

Artificial Intelligence Lab 
 

4 
 

 

Though, each group of predicates has been arranged to be together in the 

solution file as in the following: 

 

Solution 5 is accepted. However, it is still needed to be improved by adding 

cut to satisfy the efficiency as in solution 6. 

 

 

%Solution 5 

splitEven([],[]). 

splitEven([H|T],E):- 1 is mod(H,2),splitEven(T,E). 

splitEven([H|T],[H|E]):- 0 is mod(H,2),splitEven(T,E). 

 

splitOdd([],[]). 

splitOdd([H|T],O):- 0 is mod(H,2),splitOdd(T,O). 

splitOdd([H|T],[H|O]):- 1 is mod(H,2),splitOdd(T,O). 

splitOddEven(M,O,E):-splitOdd(M,O),splitEven(M,E). 

 

 

?- splitOddEven([1,1,2,3,4,5,6,7],O,E). 

O = [1, 1, 3, 5, 7], 

E = [2, 4, 6] ; 

false. 

%Solution 6 

splitEven([],[]):-!. 

splitEven([H|T],E):- 1 is mod(H,2),!,splitEven(T,E). 

splitEven([H|T],[H|E]):- 0 is mod(H,2),splitEven(T,E),! . 

 

splitOdd([],[]):-!. 

splitOdd([H|T],O):- 0 is mod(H,2),!,splitOdd(T,O). 

splitOdd([H|T],[H|O]):- 1 is mod(H,2),splitOdd(T,O). 

splitOddEven(M,O,E):-splitOdd(M,O),splitEven(M,E). 
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Solution 6 is not an optimal solution idea. As we can improve the idea to be 

simpler and more efficient like in solution 7. 

 

1.2 Example 2 
 

Write a prolog program to shift any member of list n positions to the right. 

 

Solution: 

 

 
and the goal is 

 

%Solution 7 

splitOddEven([],[],[]):-!. 

splitOddEven([H|T],O,[H|E]):-0 is mod(H,2),!,splitOddEven(T,O,E). 

splitOddEven([H|T],[H|O],E):-1 is mod(H,2), splitOddEven(T,O,E). 

 

shiftright1(X,0,T,[X|T]):-!. 

shiftright1(X,SH,[H|T],[H|L2]):-SH >0,!,SH1 is SH-1,shiftright1(X,SH1,T,L2). 

shiftright([X|T],0,SR,L2):-shiftright1(X,SR,T,L2),!. 

shiftright([H|T],I,SR,[H|L2]):-K is I-1,shiftright(T,K,SR,L2). 

 

?- shiftright([a,b,c,d,[445],g,h,f],4,2,L2). 

L2 = [a, b, c, d, g, h, [445], f]. 
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1. Heuristic Search (Breadth_First_Search). 

 

This section explains how to write Breadth First Search with heuristic 

algorithm as a prolog program. First lock at the tree of the following 

paragraph: 

 

 
 

The tree should be represented as facts in a knowledge database. Then, the 

other steps of the other algorithms applied on the knowledgebase to find 

the goal. 
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arc(a,b). 
arc(a,c). 
arc(a,d). 
arc(b,e). 
arc(c,f). 
arc(d,g). 
arc(d,h). 
arc(g,f). 
arc(e,i). 
arc(f,g). 
arc(g,k). 
arc(k,j). 
arc(i,l). 
arc(i,m). 
arc(c,f). 
arc(j,m). 
arc(j,n). 
h(a,100). 
h(b,37). 
h(c,33). 
h(d,30). 
h(e,42). 
h(f,15). 
h(i,10). 
h(g,8). 
h(l,3). 
h(m,5). 
h(f,15). 
h(n,11). 
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extend([Node|Path],NewPaths) :- 
    findall([NewNode,Node|Path], 
            (arc(Node,NewNode), 
            \+ member(NewNode,Path)), % for avoiding loops 
            NewPaths). 
 
sort_queue1(L,L2) :- 
    swap1(L,L1), !, 
    sort_queue1(L1,L2). 
sort_queue1(L,L). 
 
swap1([[A1|B1],[A2|B2]|T],[[A2|B2],[A1|B1]|T]) :- 
    hh(A1,W1), 
    hh(A2,W2), 
    W1>W2. 
swap1([X|T],[X|V]) :- 
    swap1(T,V). 
 
 
%--------------------------------------------------------------% 
%   Breadth with heuristic % call: 
%   breadth_H(+[[Start]],+Goal,-Path,-ExploredNodes). 
%   % 
%   --------------------------------------------------------------% 
 breadth_H([[Goal|Path]|_],Goal,[Goal|Path],0). 
 breadth_H([Path|Queue],Goal,FinalPath,N) :- 
    extend(Path,NewPaths), 
    sort_queue1(NewPaths,Queue1), 
    append(Queue,Queue1,NewQueue), 
    breadth_H(NewQueue,Goal,FinalPath,M), 
    N is M+1. 
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To find all succeeded goals: 

 

 

Note: the first goal is the best one. 

2. Modal dialogs: prompting for answers 

A modal dialog is a dialog that is displayed and blocks the application until 

the user has finished answering the questions posed in the dialog. Modal 

dialogs are often used to prompt for values needed to create a new entity in 

the application or for changing settings. 

 
 
%--------------------------------------------------------------% 
%   Heuristic functions                                        % 
%--------------------------------------------------------------% 
 
% check if the heuristic function is ok. 
hh(State, Value) :- 
    h(State,Value), 
    number(Value), !. 
hh(State, Value) :- 
   write('Incorrect heuristic functionh: '), 
   write(h(State, Value)), nl, 
   abort. 
 
h(_,1).  % default value (must be redefined for each problem) 
 
 
%--------------------------------------------------------------% 

?- breadth_H([[a]],n,Path,E). 

Path = [n, j, k, g, d, a], 

E = 20 ; 

Path = [n, j, k, g, f, c, a], 

E = 24 ; 

Path = [n, j, k, g, f, c, a], 

E = 26 ; 

false. 
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Modal windows are implemented using the methods `frame<-confirm' 

and `frame->return'. `Frame<-confirm' invokes `frame->open' if the 

frame is not visible and then starts reading events and processing 

them. `Frame->return: value' causes `frame<-confirm' to return with the 

value passed as argument to ->return. The following code is a very simple 

example opening a dialog and waiting for the user to enter a name and 

press RETURN or the Ok button. 

 

The dialog and result are like the following figure: 

 

:-use_module(library(pce)). 
ask_name(Name) :- 
        new(D, dialog('Prompting for name')), 
        send(D, append, 
             new(TI, text_item(name, ''))), 
        send(D, append, 
             button(ok, message(D, return, 
                                TI?selection))), 
        send(D, append, 
             button(cancel, message(D, return, @nil))), 
        send(D, default_button, ok), % Ok: default button 
        get(D, confirm, Answer),     % This blocks! 
        send(D, destroy), 
        Answer \== @nil,             % canceled 
        Name = Answer. 


