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Abstract—Functional programming languages were originally
developed in late 1970’s. With its rod in Lanbda calculus and
combinatory calculus this proved to be the best choice for math-
ematicians,Its applications were visible in areas varying from
differential calculus to rough set theory. The main aimwas to provide
compact nation for writing programmainly for synbolic conputation
and applicaions basal on listprocessing. The main concem lies in
functionality and not storage and assgnment sequences, it also
provides features like lazy evaluation, higher order functions and
pattern matching. This paper is a brief survey on the inpact of
functional programming on current research in the field of
mathematics. We took many papers and analyzed the impotance of
these languaesin shaping the nodern mathematics. .

|.  INTRODUCTION

Programming languages were written keeping in mind the need
for communication between machine and humans. From classica
assembly languages to high level languages we had sav huge
differences in the way we wrote their syntax. Earier their used to be
machine deendent syntax and operations which were replaced by
architecture dependent syntax. Later we saw the languages which
were platform and architectureindependent as wel. With the advent
of C++, i.e. object oriented programming (OOP) we were able to
write programs with lesser complicated ard lesser confusing syntax.

Functional Programming hase a well-defined semantics,they are
written clealy and have implicitly defined flow ofcontrol. It appears
complicated to someone who B unaware of this concept but on the
other hand it is concke and self-explanatory for one who krows the
ins and out of this nodel. The lazy evaluation technique helps in
describing mathematical objects which intum helps in implementing
things in quantum mechanics so that sdentists can use them. This
nodel has helped mathematicians believe that conputers were made
out of mathematics and now they can hdp mathematics to ©lve the
problems which wereonce unsolvable. With intendgve explotation of
packages provided hy these languages, the programmer can easily
write semantics for formula processing and numerical evaluations. .
There existnumerous such packages like Symbolicpackages, algebra
topology packages etc. This proves the atove fact.

A. Structure of Functional Programminglanguage
1) Data Types: Inany language, varidle(data)should
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be declared before it can be used in program Data types
are the keywords, which are used for assigning atypeto a
variable.

Syntax for declaration ofavariable:
datatype varialde name;

Example: int a,b;

String: A stringis a datatype used in pro- gramming, such
as an integer and floating point unit,but is usa to represent
text rather than numbers. It is comprised of a set of
characters that can also ®ntain spaces and numbers. For
example, the word “hamburger” ard the phrase "I ate 3
hamburgers” are both drings. Even”12345” could be
considered a stiing, if specified correctly. Typically, pro-
grammers must enclose strings in quotation marks for the
data © recognize as a string and not a number or
variablename.

Character: Use the Chardata typewhen you need to hold
only asingle character and do not need the overhead of
String. In some cases you can use Char (), anarray of Char
elements, to hold multiple charactes. The default value of
Char & the character with a code point of 0. It holds
unsigned 16-hit (2-byte) code points ranging n value from
0 thraugh 6553%. Each code poirt, or character code,
represents a singe Unicode character.

Float: The Float data type is an alias for a Real or
Precision datatype, depending on the precision you specify.
Integer: Integer data type allows a variable to store
numeric vaues. int keyword is usel to refer integer data
type. The storage size of int datatype is 2 or 4or 8 byte. It
variesdepend upon theprocessor inthe CPU that we use. If

we are using 16 bit processor, 2 byte (16 bit) of menory
will beallocated for int daa type. Lkewise, 4 byte (32 bit)

of menory for 32 bit processor and 8 byte (64 bit) of
memoty for 64 bit processor is allocated for intdatatype.
Lists: A list is a sequential data structure. It differs from
the stack and queue data structures in that additions and
removals can bemade at anyposition
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in the list. The List operations are Add: adds a new
node. Set: update the contents of a node. Remove: removes a
node ISEmpty: reports whether the list is empty. IsFull: reports
whether the list is full intialize: aeates/initializes the list.
Destroy: ddetes the contents of the list (may be implemented
by re- initializing thelist)

3) Classes: When you define a dass, you define
a blueprint for an object. This doesn’t actually define any data,
but it does define what the dass name means, that is, what an
object of the class will consist of and what operations can be
performed on such an object.

4) Functions: A functionis a group of statenents that
together perform a task. Every C program has at least one function,
which is main (), and al the most trivial pragrams can define
additionalfunctions.

You can divide up yaur code nto separate functions. How
you divide up your code among different functions is up to you, but
logically the division usually is so each function performs a specific
tak.

The generad form of a fundion definition in C pro-
gramming language is as follows:

return type function name( parameter list )
{
body of the function

A function definition in C programming language
consists ofa function header and a function body. Hereare all
the parts ofa function:

5) The Lambda calculus and computation
theory: The Lambda-calculus s the computational model the
functional languages are based on. It is a very simple mathematical
formalism. Inthe theory ofthe lambda calculus oneis enabledto
formalize study and investigate properties and notions common to all
the functional languages, without being burdened by all the
tedhnicalities ofactual languages, useless froma theoretical point of
view.

In a sense the lambda calaulus it is a paradigmatic
and extremely simple functional language. The con- cepts the
Lambda-cdculus is based on are those that are fundamental in
all functional programming languages:

Variable (formalizable by X, y, z,) abstraction (anonymous
function) (formalizable by lanbda.x.M where Mis a termand x a
variable) application (formalizable by MN, where Mand N are terms)

We have seen that these are indeed fundamental rmotions in
functiona poogrammirg. It seers, however, that there are otherimportant
naions: basic elements, basic gperators ad the passibility of giving
names to expressions. Even if it could appear very strange, ths notions
actually are rot really fundamentd ones.

The formadization of the notion of computation in
Lambda calculus: The Theory of Beta reduction

In a functiona language, to compute means to evauae
expressionsmaking the meaning of a given expression more axd more
explicit. Up to now we have formalized in the lambda-calculus the
notions of programs and data (the terms in our case). Let ussee now
hov to formalize thenotion of computation. In particular, the notion
ofbasic
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“computational step”. We have noticed in the introducion
that in the evaluaion of a term, if there is a function
applied to an argument, this application is replaced by the
body of the function in which the formal parameter is
replaced by the actual argument.

Il. FUNCTIONAL PROGRAMM ING-FEATURES

In a functional programming , a function is a mapping taking
one or more arguments and producing a single result, and is
defined using an equation that gives a name for the function, a
nare for each of its arguments, and a body that spedfies how the
resut can be calculated in tetms of the arguments. When a
function is applied to actual arguments, the result is obtained by
substituting these argunents into the body of the fundion in place
of the argunent names. Some of the common features are
enunerated bdow

) Concise programSyntax
Powerful typesystem
Polymorphism
Listcomprehensions
Reaursivefunctions
Lazyevaluation
Overloading
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1. MATHEMATICS AS

BUILDINGBLOCK FOR

FUNCTIONALPROGRAMMING

Mathematics has always been considered as Queen ofadl

sciences. In ase of Functional programming this statement
holds true. There areseveral features which were inherited
by modern languages from Mathemaics. Mawy of the
calaulation strategies which are present in functional
programming comes from trivial concepts like recursion,
algebra, double recursion, co-agebra etc

| Recursion and Algebra Recursion holds a great
importance inmodern programming languages. Dda structures
likelists, andtrees canbe best implemented usingthis concept.
If we consider mathematical operations, recursion is very
usefil. Seweral algorithms pertaining to mathematical
foundations can be easily dedt with recursion. A concept
called co-recursion (dual recursion) is also useful in
programming Algebra and co-dgebra is used to describe the
behavior of structures ikeautomata.

I. Category Anothersuch feature is category. A category cis
defined as a mathematical structure containihg of objects. Herewe

our concern lies both on objects and norphism. Objects are
mapped and they are composable a well. These categories follow

rules like trarsitivity and assodiativity. These categories are very

usefl in defining structures in a  Functiona
P rogramminglanguage.

V. MILONGA-A
MODULARFUNCTIONAL LANGUAGE
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MILONGA stads for modular implemertation laguage
ofiented to nonlinear geometry applications. This was designed
specificaly for gemetrical interpretaon and applicatiors. The
concept saysthat a ine or a curve can beeasily represented by using
an equation, we haveto use function instead ofsymtolic

Expressions. It was cleady observed that Functional programming
paradigm would be useful in such scenario. Solving a polynomial
equation or a curnve becomes easy by MILONGA by taking
polynomials and integers as basic data structure, the MILONGA
language aso allows the inplementaion of nost fundamenta
algorithms commonly used Hr polynomial equation solving. In
particular, This language is expensive but still useful and expressive.
It is also capable of solving elimination based algorithms. For its
execution, a given MILONGA program is mapped into C++. The
compiler for this waswritten in HASKELL which is a non-structured
programming language. Other ron-strict programming languages can
also be used for creating such @mpilers. Thanks to this tool, namely
Haskell s nonads, ittook only one man-nonth to develop the whole
MILONGA compiler. MILONGA is based on abstract machine,
which was basically an inspiration from G machine pf bhnson.
These kinds of languages allow the applications to be very specific,
optimized and preferment. The compiler transforns the code into a
highly optimzed C++code.

V. CONCURRENCY ANDPARALLELISM

When mnultiple execution threads operate on same data it is
known as concurrency while paralelism is the case where a
computational task or tasks are divided into more than one
communicaing processes or processors. This @ncept is rapidly
gaining importance in current computing scenario. There areseveral
occasions where the need of such computations can be observed..The
main reaso is that rate of ed or performance gain in single-
processor isnot improving at e pace it used to. There is aways a

need for effcient programming language which can understand and
utilize the architecture for gaining performance usng multiple cores
and multiple cpus. Most of thelanguageswhich are used for parallel

and concurrent programming are error-prane andinefficient.

Functional programming can be thought of as a great atemative
for these Iaguages, the semantics that we write using concept of
algebra and functions can be mathematically remodeled to inplement
concurrency so that parts of program executed by one thread can be
executed simultaneowsly with parts executed with other threads. It
nust be inpossible for one execution thread to modify data that
another one is reading or writing a the same time. So, if several
threads need to modify a data kem, they must do so in a coordinated
way and such coordination can be easily modeled by using functional
programming strategies.

VI. FUNCTIONAL PROGRAMMING INSOFT
COMPUTING

Soft computing is a collection of techniques in computation
which conprises of artificial intelligence, machine leaming, fuzzy
logic and traditional mathematics as well. Its an attempt to study and
analyze vely complex phenomena whichwere either left unsolved or
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were inefficiently solved by convertional methods. In the fields like
rough sets, fuzzy sets or fuzzy rough sets, weneed to derive functions
for modeling data modelsbased on which furher data predictions can
be made. In sud situations functional programming is very useful.
There are severd packages which were specially desgned for such
pumpose. Languages like Java or C were unable towork efficiently
when data size were high. In case of machine learning the leaning
models can also be created and understood easily udng functional
programming. Functional programning provides simple, powerful,
concise and peristent way to write code for such paradgms. In case
of rough sets when the attributes are high in number we require
storage structures to be efficient and conventional languages were
unableto dothat. With pakages provided by finctional languagesone
can operate on themeasily.

VIl. DATA MANAGEMENT ANDFP

During design or production usually a large amownt of data is
generded, by large industrial projects. For instance, if we consider a
non-linear modd being converted into a linear model with severa
operating points will have its own analysis data. These data have
complex interrelationships and they evolve dynamically and needs to
be kept in a consistent stae as changes are nmade to data. Managing
this kind of dataunaided is difficult and error-prone. These data are
usually statisticdly very important. Other fields like stock market
also produces lage amourt of datathat should be managed in oder
to predict or analyze the situatiors. Datab&es and programming
languayes have evolved adong different lines, mainly because they
were developed for different purposes. Recent attempts have been
made to integrde databases and programming languages in one
uniform environment, Functional Programming has also given
significant contribution to enhance the way huge databaes are used ,
let us take an example Poly EX, this language supports semantic data
modeling features and have powerful structuring facilities. It also
have options to define new data types and storage structure for
databases.

VIII.  FUNCTIONAL PROGRAMMING IN
EMBEDDEDSYSTEMS

Enbedded Systems developmentis slow ad costly be-cause i is
low level nature. The programming is close to machine. We need
tools which can provide abstraction to those details and let the
programmer write a high level program to work on those systems.
The systems on the other hand should be reliable and fast. In some
situations sensos are used and those sensors analyze the data usng
mathematical finctions. Because of thee requirements the

complexity of these systems makes it even harder to develop them.
We hase seen arapid increase in the number of devicesusing Linux

environment. Development is no longer tied © hardware. Embedded

applicaions should also use the operating system as their interface to
the hadware. Those operding systems are usually realtime OS and
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require mathematical libraries. Pack-ages provided by functional
langueages lets the developer write cades for performing such
mathematical calculations. There are several examples of functional
programming languages, one such language is OCaml which is a
general-purppse programming language that supports functional
programming kKeeping in mindsafety and reliability as well.Due to
its highperformance nature this is widely used in current times.
Other advantage of this language is that it suppors object oriented
and portability also. It consists ofa huge mathematical library which
allows Lser to write  programs with lssLOC.
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IX. CONCLUSION

We have seen the huge and promising possibility of the use of
functional programming in various domains which are dominated by
imperative and datadriven gpproaches which were implenented in
low level languages. We then presented the examples demonstrating
the areas where functional programming found its application which

is not

limited to nathematic and computer sciences. We also

demonstrated its usein soft conputing and saw how it helps when the
data is big and imporant. Another thing hat was discussed isthat we
can write scripts based on functional Iaaguages by converting the

syntax
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into XML typesemantics.
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