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1. INTRODUC?ION

+ 72.5663706 + 28.27433385 + 3.141s9265 52

+ 40.84069445 + 3.L47s926s E2 =+ 40.8406944s + 3.t4tsg26s 2s
+ 40.84069445 + 28.t4159265 + 68.982287t

The underlined expressions are those selected to be reduced, and are
called rederes. The evaluation stops when all redexes have been reduced.

Expressions made only of values and predefined functions and oper-
ators can easily become cumbersome. One such example is expression
(1.1), where we wasted effort to write several times similar functionality:

1. The numeric approximation 3.14159265 of the value of zr is long
and possibly hard to remember.

2. The code for the computation of the area of a circle occurs repeat-
edly, for different values of the radius.

This way of writing code is bad practice. The Principle of Abstrac-
tion states the following: "Each significant piece of functionality in a
program should be implemented in just one place in the source code.
Where similar functions are carried out by distinct pieces of code, it
is generally beneficial to combine them into one by abstracting out the
varying parts." [37]

Programming languages support this principle with various defini-
tional mechanisms. A definitional mechanism allows to name objects
of interest, and to refer to them later, whenever they are relevant for
further computations. For example, a language like C++ allows to name
values and functions, Iike:

float pJ. = 3.14159265;
float circleArea(f1oat r) { return pi*r*r; }
and to replace expression (1.1) with the equivalent expression

circleArea(2) + circreArea(3) -l circleArea(S) (1.2)

As we shall see, functional programming is exactly about this: comput-
ing by evaluating expressions.

1.2 What is functional programming?

Functional programming is a programming paradigm which views
every computation as the evaluation of an expression. Programs consist
of naming constructs, mainly function definitions, which simplify the
writing of expressions.
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1. IAITRODUCI|ION

L.2.L Other programming paradigms

Imperative programming

Imperative programming views every computation as a sequence of com-
mands that act on an implicit program state, until we reach a state
containing the desired result. Historically, this is the first proposed
programming paradigm: The notion of implicit state was inspired by
hardware, to reflect the values of variables stored in the memory of
the computer. The order of commands is important, and imperative
programming languages typically provide programming abstractions for
control flow (e.g., block constructs, conditional statements, and whi,le

Ioops) to permit a precise and deterministic control over the program
state. This way of thinking is similar to descriptions of everyday rou-
tines, such as food recipes which prescribe the steps to be performed to
achieve a desired result. The main programming abstraction is the pro-
cedure, which abstracts the actions of one or more commands, and can
be called as a single command. For this reason) imperative programming
is also called procedural programm'ing.

For example, the pseudocode of an imperative implementation for
the computation of the minimum element of a list L of n numbers .L is
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ninlist (tr, n)
r <- ,[0]
i<-1
while i<n do

r +- nin(r, r[i])
end while
return r

nin(a, b)
if a< b then

m<-a
else

m<-b
endif
i +- i+7
return m

The minimum is computed by the procedure call ninlist(L,n).
auxiliary procedure min(o, b) groups together three commands:

1. a conditional statement whose overall effect is to store the
mum of a and b in the state variable rn,

2. an assignment which increments the value of i, by 1, and

3. the command which returns the value of rn.

The

urini-
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1. INTRODUCTION

mands, OOP changes the states of objects by sending them messages

consisting of method invocations. OOP can be viewed as an improve-
ment of imperative programming with several new features, including:

o Encapsulat'ion: The facility to bundle data with methods (or other
functions) operating on that data.

o Dynam'ic di,spatch: When a method is invoked on an object, the
object itself determines what code gets executed by looking up the
method at run time in a table associated with the object.

o Inheritance: Objects defined by classes can inherit flelds and be-
haviour (that is, methods) from pre-existing classes, superclasses,
or parent classes.

Logic Prograrnrning

Logic programming (LP) is very much different from the other three
programming paradigms. It is based on the following way of thinking:

Answer cluestions by search accord'ing to a fired, predi,ctable strategy.

This way of thinking is useful for solving problems related to the ex-
traction of knowledge from basic facts and relations. The programmer
must describe what he knows as facts and rules collected in a program,
and leave to the compiler of interpreter of the programming language
the task of answering the questions that he may ask afterwards. LP is
considered a declarative programming style because programming con-
sists only in declaring what we know; how to answer arbitrary questions
is predefined by the built-in search strategy of the language, e.g., SLD
resolution in Prolog, which is a representative language for LP.

For example, a logical model for the computation of the'minimum
element of list of numeric values is given by the following facts and rules
of inference:

o Fact: The minimum element of a singleton list made of number
rTL TS M.

o Rules of inference:

1. The minimum of r and y is r if r < y.

2. The minimum of r and A is A if y < r.
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1. INTRODUCTION

job is the business of the search engine of the language, which im-
plements a predefined search strategy (e.g., SlDNF-resolution in
Prolog) which is guaranteed to find all possible answers.

o In functional programming, the programming activity resumes to
specifying what we know, by encoding knowledge as function def-
initions. Solving a problem is modelled as finding the value of
an expression, and this job is the business of an evaluator that
implements a predefined reduction strategy.

Although declarative programming seems to make programmers'life eas-

ier by relieving them from the details of how to compute the solutions,
for effi.ciency reasons it is very important to understand the predeflned
strategy of the language. In particular, the performance of programs
written in LP and FP can be greatly improved if we follow a few pro-
gramming guidelines, such as writing tail-recursive specifi.cations.

1.3 Characteristics of functional programming

As already mentioned, functional programming (FP) is based on the
principle

Compute by eualuati,ng erytressi,ons.

The evaluation of an expression e0 to a value u car be viewed as a
sequence of reduction steps eo + er + ... ) en - u, where every step
e6 ) eial selects a subexpression of e;, called a reder, and replaces it
with a simpler one. When the redex coincides with e;, we may write
e; ) eiay instead of. ei + ea1y.

The simplest expressions are combinations of ualues and uariables.
Before going any further, it is important to clarify what ar'e values, what
are variables, and what data structures are used to get their meaning.

1.3.1 Values

Every programming language has a predefined collection of datatypes
to work with. Typical examples are integers, booleans, lists of integers,
etc. The elements of a datatype are called values.

Most datatypes have literal representations of their values. For ex-
ample, the literal representation of number two in Java is 2. There may
be, however, datatypes with no literal representation for their values.
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