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Organisation

Today’s Aims

‣ To discuss the logic semantics of “pure” Prolog

‣ To discuss negation in Prolog
✓ Negation-as-Failure

✓ Implementation of NF

‣ To introduce “extra-logical” language
✓ cuts

✓ database access (reflection)

✓ input / output

✓ set-predicates
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SemanticsNegation, Cuts, and Extra-Logical features

Semantics of Prolog

‣ So far we have mainly talked about the procedural semantics of 
Prolog, i.e. how it is executed.

‣ What we are really interested in is the logical semantics
✓ formulated in terms of mathematical logic

✓ independent of execution model

‣ There are two alternative characterizations of logic semantics:
✓ declarative

✓ denotational

‣ All three characterizations of Prolog’s semantics are consistent 
(describe exactly the same). That’s the beauty of it. We have a 
procedural model that implements exactly the abstract 
semantics. This is limited to “pure” Prolog.
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SemanticsNegation, Cuts, and Extra-Logical features

Semantics of Prolog (Preliminaries)

The Herbrand Universe U(P) is the (infinite) set of all ground 
terms that can be formed using the constants and function 
symbols in P.

The Herbrand Base B(P) is the set of all ground goals that can be 
formed from the predicates in P and the terms in U(P).

An Interpretation is a subset of B(P).

An interpretation I is a Model for P if for each ground instance 
(A :- B1, ..., Bn) we have A is in I if B1, ..., Bn are in I.
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Declarative Semantics of Prolog 

The declarative meaning of a logic program P is its minimal model.

This is the model that is the intersection of all models for P.

The basic idea is that the minimal model should only contain things 
that are necessarily true, but nothing that could additionally be 
assumed. 
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Denotational Semantics of Prolog 

The denotational semantics, in a sense comes closest to the idea of 
“generating” the minimal model (without defining how this is 
performed. This is the task of the procedural semantics).

Let Tp(I) be a mapping from interpretations to interpretations (i.e. a 
function on interpretations).

6

The denotational meaning of a program P is given by the 
least Þxpoint of Tp(I).

Tp(I) :=
{

A ∈ B(P ) | (A : −B1, . . . , Bn) is a ground instance of a clause inP
and B1, . . . , Bn ∈ I

}
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CutsNegation, Cuts, and Extra-Logical features

Impure Logic Programming:  The Cut

member finds duplicate solutions, e.g. 
member(a, [a,b,a,c,a,d]) succeeds three times. 

What if we are only interested in a yes/no answer for member?
We don’t want to consider the alternative solutions after the first element is found?

A Cut (written as ‘!’) can be used to prune unwanted alternative solutions
that could be found upon backtracking from the search tree. 

7
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member(X, [X|_]).

member(X, [_|T]) :- member(X,T).
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Impure Logic Programming:  The Cut

member finds duplicate solutions, e.g. 
member(a, [a,b,a,c,a,d]) succeeds three times. 

What if we are only interested in a yes/no answer for member?
We don’t want to consider the alternative solutions after the first element is found?

A Cut (written as ‘!’) can be used to prune unwanted alternative solutions
that could be found upon backtracking from the search tree. 
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member(X, [X|_]).

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

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

member(X, [_|T]) :- member(X,T).
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A Trace of Cut Usage

member(a, [a,b,a])

member(X, [X|_]), X=a member(a, [b,a])

member(a, [a])

member(X, [X|_]), X=a

member(X, [X|_]), a≠b

member(a, [])

!

!
8
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member(X, [X|_]) :- !.

member(X, [_|T]) :- member(X,T).
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The Cut
‣ cuts off all subsequent rules for the predicate that follow the cut as alternatives

 for this particular call of the predicate

r(X) will never be tried if test(X) succeeds.

‣ cuts off all alternative solutions for predicates left of the cut in this rule
‣ it does not influence any predicates to its right.


 
 


will generate only the solutions p(a,l) and p(a,m), but not p(a,n).
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p(X) :- test(X), !, q(X).

p(X) :- r(X).



() 2 / 2April 2009FIT 3082 Semantic, Cuts, Negation and ...Bernd Meyer  (Monash, FIT)

CutsNegation, Cuts, and Extra-Logical features

The Cut
‣ cuts off all subsequent rules for the predicate that follow the cut as alternatives

 for this particular call of the predicate

r(X) will never be tried if test(X) succeeds.

‣ cuts off all alternative solutions for predicates left of the cut in this rule
‣ it does not influence any predicates to its right.


 
 


will generate only the solutions p(a,l) and p(a,m), but not p(a,n).

9

p(X) :- test(X), !, q(X).

p(X) :- r(X).

p(X,Z) :- q(X,Y), !, r(Y,Z).

q(a,b). q(a,c). 

r(b,l). r(b,m). r(c,n).



() 2 / 2April 2009FIT 3082 Semantic, Cuts, Negation and ...Bernd Meyer  (Monash, FIT)

CutsNegation, Cuts, and Extra-Logical features

Cuts and Unification

A typical use of cuts is to avoid duplicate conditions in mutually exclusive tests.

You might be tempted to rewrite this as:

But this is not correct anymore. Why? 
The removal of the explicit condition has changed the meaning of the program.

Give an example.

10
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minimum(X,Y,X) :- X <= Y.

minimum(X,Y,Y) :- X > Y.
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Cuts and Unification

A typical use of cuts is to avoid duplicate conditions in mutually exclusive tests.

You might be tempted to rewrite this as:

But this is not correct anymore. Why? 
The removal of the explicit condition has changed the meaning of the program.

Give an example.

10

minimum(X,Y,X) :- X <= Y.

minimum(X,Y,Y) :- X > Y.

minimum(X,Y,X) :- X <= Y, !.

minimum(X,Y,Y) .
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Cuts and Unification (cont)

For this program (with cuts) to be correct, we have to delay the unification

and insert the cut after the decision has been made, but before the remaining 
unifications are executed:

Note: You could still execute the unification in the head in the second rule.

11
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Cuts and Unification (cont)

For this program (with cuts) to be correct, we have to delay the unification

and insert the cut after the decision has been made, but before the remaining 
unifications are executed:

Note: You could still execute the unification in the head in the second rule.

11

minimum(X,Y,Z) :- X <= Y, Z=X.

minimum(X,Y,Z) :- X > Y, Z=Y.
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Cuts and Unification (cont)

For this program (with cuts) to be correct, we have to delay the unification

and insert the cut after the decision has been made, but before the remaining 
unifications are executed:

Note: You could still execute the unification in the head in the second rule.

11

minimum(X,Y,Z) :- X <= Y, Z=X.

minimum(X,Y,Z) :- X > Y, Z=Y.

minimum(X,Y,Z) :- X <= Y, !, Z=X.

minimum(X,Y,Z) :- Z=Y.
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Red Cuts

Red Cuts are those whose removal changes the meaning of the program.
These have to be used with great care.

12

A typical example is the omission of explicit conditions as in the example 
above.
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Red Cuts are those whose removal changes the meaning of the program.
These have to be used with great care.
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minimum(X,Y,Z) :- X <= Y, !, Z=X.

minimum(X,Y,Z) :- Z=Y.

A typical example is the omission of explicit conditions as in the example 
above.
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Green Cuts
Green Cuts, in contrast, are those whose removal does not change the meaning 
of the program. They only serve to make explicit a deterministic execution that 
would otherwise only be implicit.

13

As the compiler/interpreter itself would no be able to figure out that the 
execution is deterministic, it would have to store choice points for backtracking 
if no cuts are used. Thus the execution would be less efficient.

Beware, though: A green cut can become red through other changes elsewhere 
in the program! How?
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Green Cuts, in contrast, are those whose removal does not change the meaning 
of the program. They only serve to make explicit a deterministic execution that 
would otherwise only be implicit.
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minimum(X,Y,X) :- X <= Y, !.

minimum(X,Y,Y) :- X > Y, !.

As the compiler/interpreter itself would no be able to figure out that the 
execution is deterministic, it would have to store choice points for backtracking 
if no cuts are used. Thus the execution would be less efficient.

Beware, though: A green cut can become red through other changes elsewhere 
in the program! How?
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Negation

To negate a test we write \+(G) (read as “not G”).

\+(G) is true if G is false, 
\+(G) is false, if G is true.

14
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Negation

To negate a test we write \+(G) (read as “not G”).

\+(G) is true if G is false, 
\+(G) is false, if G is true.

14

maximum(X,Y,X) :- \+( X <= Y ), !.

maximum(X,Y,Y) :- \+( X > Y ), !.
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Closed World Assumption (CWA)

Prolog does not allow us to explicitly introduce negated facts, such as 

not child(john, hannah).

or negated rules such as 

not child(X,Y) :- father(Y,X).

Instead, goals are assumed to be false if they cannot derived from the database. 

This is a version fo the “closed world assumption”:
✓Everything that is true is known.
✓Everything that is known is specified.

15
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NegationNegation, Cuts, and Extra-Logical features

Negation as Failure

16

Procedurally, negation for a goal G under the CWA can be implemented by 
attempting to prove G and assuming it to be wrong if the proof fails:



1. G is executed. If G succeeds, the call to \+(G) fails.
2. If G fails, the call to \+(G) succeeds.

This “Negation as failure” is implemented as:

Note that G is a meta-goal here:
A variable that stands for a goal, i.e. an executable piece of code. 
It must be ground when the clause is executed.

Do we need the cut here?



() 2 / 2April 2009FIT 3082 Semantic, Cuts, Negation and ...Bernd Meyer  (Monash, FIT)

NegationNegation, Cuts, and Extra-Logical features

Negation as Failure

16

Procedurally, negation for a goal G under the CWA can be implemented by 
attempting to prove G and assuming it to be wrong if the proof fails:



1. G is executed. If G succeeds, the call to \+(G) fails.
2. If G fails, the call to \+(G) succeeds.

This “Negation as failure” is implemented as:

not(G) :- G, !, fail.

not(G).

Note that G is a meta-goal here:
A variable that stands for a goal, i.e. an executable piece of code. 
It must be ground when the clause is executed.

Do we need the cut here?
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Negation is dangerous

Two important things to keep in mind, when using negation:

1. Negation never gives back any bindings


 for example: \+(child(john,X)) will never bind X.

 so you cannot use this call to generate examples of persons that are

 not children of john. How do you overcome this?

2. Only the first successful execution of G is executed by the program.

 can you explain why?

17



() 2 / 2April 2009FIT 3082 Semantic, Cuts, Negation and ...Bernd Meyer  (Monash, FIT)

Extra-logical FeaturesNegation, Cuts, and Extra-Logical features

Extra-Logical Features
A number of features in Prolog have no interpretation in the pure 1st order 
logic semantics (and cannot easily be included as classical 1st order logic has 
no concepts for them):
!  input and output

- user input is “unpredictable”, i.e. outside of the specified world. 
Classical logic deals with a static state of the world

!  manipulation of the database 

- classical logic deals with a static world (there are logics of action that 
would be able to deal with this, eg. linear logic)

!  set-oriented statements (next lecture...)

- this would be (at least monadic) 2nd order logic
!  Construction and deconstruction, inspection of terms (next lecture...)

18
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Input / Output
I/O in standard Prolog is very primitive. Individual 
implementations may allow you to do much more. Negation 
has no place in the purely logical interpretation of Prolog.

19

Input!

see(X), seeing(X), seen.!
to switch to a different Þle (ÔuserÕ is the console)

read(Term)!
to read a  Prolog term

get and get0(CharCode)!
to read a  single character 
(get/1 skips non-printable characters)

consult(X), reconsult(X) to read an entire Prolog program into DB.

Output

tell(X), telling(X), told.
to switch to a different Þle (ÔuserÕ is the console)

write(Term)
to write a  Prolog term

put(CharCode)
to write a  single character
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Database Manipulation

2017

The following predicates can be used to access the program database. 
:- dynamic(Functor/Arity) !
declares this predicate to be accessible in the dynamic part of the database. 
This is a declaration!

assert((Head :- Body))! ! ! inserts a clause into the database 
asserta((H:-B)), assertz((H:-B))! ! insert as first/last clause

retract((Head:-Body))
 
 
 deletes the first matching clause
retractall(Head)! ! ! ! deletes all clauses with this head

clause(Head, Body)! ! ! ! checks for matching clause heads
! ! ! ! ! ! and unifies body with the clauses 
! ! ! ! ! ! body (or fails if none).

An empty body (e.g. in “child(john, hannah).” is identical to “true”). So the call 
clause(child(john, X), Body) would give X=hannah, Body=true.
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SummaryLogic Programming Basics

Summary

‣ Logic 1st Order Semantic of Prolog (1st order)

‣ Cuts, Negation 

‣ Extra-Logical Predicates

21

Homework

- Read Chapters 5, 11 and 12 of Sterling and Shapiro

- Rewrite the member predicates with cuts. Does this change the 

meaning of the program? How?

- Rewrite the quicksort program using cuts. Where does it make sense 

to use them?


