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Today's Topics

• So far for regular languages:
• FSA: yes; regex: yes ; regular grammars: no

• Today: 
• a quick introduction to our programming language: Prolog
• we'll be using this to explore regular grammars (and beyond)

• Homework 12:
• install SWI-Prolog for next time



Homework 12



Homework 12

• Install SWI-Prolog
https://www.swi-prolog.org/download/stable e.g. installer for Windows or macOS 

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


Homework 12



Homework 12: Ubuntu

• Ubuntu: PPA for SWI-Prolog



Homework 12: 
Ubuntu

sudo apt-get install 
swi-prolog



Homework 12



Homework 12: macOS

Using the commandline tools
The traditional command line tools are included in the app. To access them from 
the Terminal application, add the directory
• /Applications/SWI-Prolog.app/Contents/MacOS
to $PATH



Homework 12: macOS

• Mac problems:

• option-click on application

https://www.xquartz.org
• also Xcode needed

https://www.xquartz.org/


Homework 12: macOS

• Command line alternative to the application:
https://www.macports.org/install.php

port install swi-prolog

• Another one is Homebrew 

https://brew.sh
brew install swi-prolog

https://www.macports.org/install.php
https://brew.sh/


SWI-Prolog

• Good for:
1. formal logic
2. directly handling non-determinism (through backtracking)
3. phrase structure grammars (PSG)
4. partially instantiated data structures (lists, terms)

• Not good for:
• regex (there is a library though)
• math (linear algebra: arrays etc.)
• looping



SWI-Prolog

https://book.simply-logical.space/src/simply-logical.html

https://book.simply-logical.space/src/simply-logical.html


SWI-Prolog
SWISH



SWI Prolog Cheatsheet

• At the prompt ?-
1. halt.  ^D
2. listing. listing(name). 
3. [filename]. loads filename.pl
4. trace.    
5. notrace.
6. debug.
7. nodebug.   
8. spy(name).   
9. pwd.  
10.working_directory(_,Y). 
 switch directories to Y

• Anytime
• ^C (then a(bort) or h(elp) for other 

options)

Notation:
\+ negation
,  conjunction
;  disjunction
:- if
Facts:
predicate(Args).
Rules:
p(Args) :- q(Args) ,.., r(Args).
Data structures:
list: [a,..b]
empty list: []
head/tail: [head|List]
Atom:
name, number
Term:
functor(arguments)
arguments: comma-separated terms/atoms

s(np(dt(the),nn(man)),vp(vbz(sings)))

[the, man, sings]

sing(man).

sing(X) :- human(X).
sing(X) :- bird(X).

man, 12



Example: as a logic programming language

Learn Prolog Now! 
P. Blackburn, J. Bos & K. Striegnitz
free online version
http://www.learnprolognow.org

Notation:
\+ negation
,  conjunction
;  disjunction
:- if
Facts:
predicate(Args).
Rules:
p(Args) :- q(Args) ,.., r(Args).
Data structures:
list: [a,..b]
empty list: []
head/tail: [h|List]
Atom:
name, number
Term:
functor(arguments)
arguments: 
comma-separated terms/atoms

http://www.learnprolognow.org/


Prolog Recursion

• Example (factorial):
• 0! = 1
• n! = n * (n-1)!  for n>0

• In Prolog:
• factorial(0,1).
• factorial(N,NF) :- M is N-1, factorial(M,MF), NF is N * MF.

• Prolog arithmetic built-in is/2:
• X is <math expr>
• compute expr and assign value to variable X

• Run
 ?- factorial(5,X). (hit ; for more answers)



Prolog Recursion

• In Prolog:
• factorial(0,1).
• factorial(N,NF) :- M is N-1, factorial(M,MF), NF is N * MF.

• Problem: infinite loop when you press ; for more answers



Prolog Recursion

• In Prolog:
• factorial(0,1).
• factorial(N,NF) :- M is N-1, factorial(M,MF), NF is N * MF.

• Fix: 2nd case only applies to numbers > 0
• factorial(N,NF) :- N>0, M is N-1, factorial(M,MF), NF is N * MF.



Prolog Recursion

• Formal language example: 
• Suppose alphabet Σ={a, b}, enumerate Σ*

Run (hit ; for more answers)
?- sigmastar(L).

L = [] ;
L = [a] ;
L = [b] ;
L = [a, a] ;
L = [b, a] ;
L = [a, b] ;
L = [b, b] ;
L = [a, a, a] ;
L = [b, a, a] ;
L = [a, b, a] ;
L = [b, b, a] ;
L = [a, a, b] ;
L = [b, a, b] ;
L = [a, b, b] ;
L = [b, b, b] ;
…

backtracking



Prolog Recursion and Non-determinism
?- sigmastar(X), length(X,N), (N>5 -> ! ; format('~|~t~p~13+',[X]), fail).

     []      [a]      [b]     [a,a]     [b,a]     [a,b]
    [b,b]    [a,a,a]    [b,a,a]    [a,b,a]    [b,b,a]    [a,a,b]
   [b,a,b]    [a,b,b]    [b,b,b]   [a,a,a,a]   [b,a,a,a]   [a,b,a,a]
  [b,b,a,a]   [a,a,b,a]   [b,a,b,a]   [a,b,b,a]   [b,b,b,a]   [a,a,a,b]
  [b,a,a,b]   [a,b,a,b]   [b,b,a,b]   [a,a,b,b]   [b,a,b,b]   [a,b,b,b]
  [b,b,b,b]  [a,a,a,a,a]  [b,a,a,a,a]  [a,b,a,a,a]  [b,b,a,a,a]  [a,a,b,a,a]
 [b,a,b,a,a]  [a,b,b,a,a]  [b,b,b,a,a]  [a,a,a,b,a]  [b,a,a,b,a]  [a,b,a,b,a]
 [b,b,a,b,a]  [a,a,b,b,a]  [b,a,b,b,a]  [a,b,b,b,a]  [b,b,b,b,a]  [a,a,a,a,b]
 [b,a,a,a,b]  [a,b,a,a,b]  [b,b,a,a,b]  [a,a,b,a,b]  [b,a,b,a,b]  [a,b,b,a,b]
 [b,b,b,a,b]  [a,a,a,b,b]  [b,a,a,b,b]  [a,b,a,b,b]  [b,b,a,b,b]  [a,a,b,b,b]
 [b,a,b,b,b]  [a,b,b,b,b]  [b,b,b,b,b]

X = [a, a, a, a, a, a],
N = 6.

If-Then-Else: (Condition -> Then ; Else)
!   (cut: cut off previous choice points), 
fail (cause backtracking)
Formatted output: https://www.swi-prolog.org/pldoc/man?predicate=format/2

width: 6 x 13 = 78

https://www.swi-prolog.org/pldoc/man?predicate=format/2


Prolog Recursion and Non-determinism

Built-in predicates:
• Goal 
• can succeed or fail

• findall(Variable, Goal, List) 
• accumulate values for Variable in Prolog Goal when it succeeds into a List
• always succeeds

• true 
• succeeds (No operation) – does nothing.

• fail 
• fails – purpose is to initiate backtracking to find more answers (if they exist).



Prolog Recursion and Non-determinism
?- set_prolog_flag(answer_write_options,[max_depth(0)]).
true.

• A list of solutions:
?- findall(X, (sigmastar(X), length(X,N), (N>5 -> !, fail ; true)), List).

List = [[], [a], [b], [a,a], [b,a], [a,b], [b,b], [a,a,a], [b,a,a], [a,b,a], [b,b,a], [a,a,b], 

[b,a,b], [a,b,b], [b,b,b], [a,a,a,a], [b,a,a,a], [a,b,a,a], [b,b,a,a], [a,a,b,a], [b,a,b,a], 

[a,b,b,a], [b,b,b,a], [a,a,a,b], [b,a,a,b], [a,b,a,b], [b,b,a,b], [a,a,b,b], [b,a,b,b], 

[a,b,b,b], [b,b,b,b], [a,a,a,a,a], [b,a,a,a,a], [a,b,a,a,a], [b,b,a,a,a], [a,a,b,a,a], 

[b,a,b,a,a], [a,b,b,a,a], [b,b,b,a,a], [a,a,a,b,a], [b,a,a,b,a], [a,b,a,b,a], [b,b,a,b,a], 

[a,a,b,b,a], [b,a,b,b,a], [a,b,b,b,a], [b,b,b,b,a], [a,a,a,a,b], [b,a,a,a,b], [a,b,a,a,b], 

[b,b,a,a,b], [a,a,b,a,b], [b,a,b,a,b], [a,b,b,a,b], [b,b,b,a,b], [a,a,a,b,b], [b,a,a,b,b], 

[a,b,a,b,b], [b,b,a,b,b], [a,a,b,b,b], [b,a,b,b,b], [a,b,b,b,b], [b,b,b,b,b]].



Prolog Recursion and Non-determinism
?- findall(X, (sigmastar(X), length(X,N), (N>5 -> !, fail ; true)), List), length(List, M).

List = [[], [a], [b], [a,a], [b,a], [a,b], [b,b], [a,a,a], [b,a,a], [a,b,a], [b,b,a], [a,a,b], 
[b,a,b], [a,b,b], [b,b,b], [a,a,a,a], [b,a,a,a], [a,b,a,a], [b,b,a,a], [a,a,b,a], [b,a,b,a], 
[a,b,b,a], [b,b,b,a], [a,a,a,b], [b,a,a,b], [a,b,a,b], [b,b,a,b], [a,a,b,b], [b,a,b,b], 
[a,b,b,b], [b,b,b,b], [a,a,a,a,a], [b,a,a,a,a], [a,b,a,a,a], [b,b,a,a,a], [a,a,b,a,a], 
[b,a,b,a,a], [a,b,b,a,a], [b,b,b,a,a], [a,a,a,b,a], [b,a,a,b,a], [a,b,a,b,a], [b,b,a,b,a], 
[a,a,b,b,a], [b,a,b,b,a], [a,b,b,b,a], [b,b,b,b,a], [a,a,a,a,b], [b,a,a,a,b], [a,b,a,a,b], 
[b,b,a,a,b], [a,a,b,a,b], [b,a,b,a,b], [a,b,b,a,b], [b,b,b,a,b], [a,a,a,b,b], [b,a,a,b,b], 
[a,b,a,b,b], [b,b,a,b,b], [a,a,b,b,b], [b,a,b,b,b], [a,b,b,b,b], [b,b,b,b,b]],

M = 63.



Prolog Recursion and Non-determinism

?- set_prolog_flag(answer_write_options,[max_depth(10)]).
true.

?- findall(X, (sigmastar(X), length(X,N), (N>5 -> !; true)), 
List), length(List, M).
List = 
[[],[a],[b],[a,a],[b,a],[a,b],[b,b],[a|...],[...|...]|...],
M = 63.



Prolog Recursion and Non-determinism

Is 63 the right answer?
• L = {s | s ∈ Σ*, |s| ≤ 5, Σ = {a, b}}
• length 0: [] (1)
• length 1: choice of either a or b (2)
• length 2: (4)
• length 3: (8)
• length 4: (16)
• length 5: (32)
• 32 + (16 + 8 + 4 + 2) + 1 = 63


