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ABSTRACT

Algebra is defined as the manipulation of symbd®Isday, algebra is commonly known as abstract algebmodern algebra.
Algebra is mainly used to describe the symmetriggatterns in the mathematics. Operations that noadalgebraic structures
are basic thing in the computer algebra algorith8et, functions (arithmetic, numerical, symbolii¢/d, group, semi-group,
abelian group and rings are the basic things irb#séc algebraic systems. Computer algebra is imsegrious applications and
fields like computer science, chemistry, physicsl mechanics and so on.

Index Terms— Algebra, Algorithms

. INTRODUCTION TO COMPUTER ALGEBRA

Computer algebra is the research field and itsirsiv.  manipulation is a field of scientific computatiohat
force mainly comes from various applications. These implements, analyzes, develops and uses the algebra
applications range from computer science and algorithms. Typical features of the algebraic
mathematics over physics and engineering. Computercomputation are:

algebra system is simply a software program which e computation with the functions

facilitates symbolic mathematics. Computer Algelsra  (e.g., sin,cos)

also called as Algebraic Manipulation, Formula . symbolic operations ( Integration,

Manipulation or Symbolic Computation. Computer (ifferentiation, factorization, etc)

Algebra is the scientific field in mathematics and , computation with variables and symbols
computer science. Here, the computation is perfdrme (e.g., x)

on the symbols and it represents mathematical sbjec computation with the arbitrary precision
other than their numeric values. According to Wankl numbers (no rounding)

[4], computer algebra is a part of computer scieanmt . manipulation of formulas

it helps in analyzing, designing, implementationd a
applied in algebraic algorithms.

The data mining can be gained by classification and
prediction, association discovery, predictions,
clustering and sequential Patterns. )
a) ALGEBRAIC CAL CULATIONS: It produces approximate results

Algebraic computation or computer algebra or symbol : It prodgces only -nume.nc results
. Numeric evaluation will be performed

There are two types of algebraic computation:
Numerical Computation and Symbolic Computation.
Numerical Computation:

Computations are done only with the numbers
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Symbolic Computation: 0  TYPESOF EXPRESSIONS:

* Computations are done in algebraic Structures e expressions that manipulated in computer aigebr

(finite fields, polynomial rings, etc...) and also it ically include standard functions of expressions
computes with the numbers (algebraic number ,honential, sine, etc); polynomials in multiple

domains). variables; arbitrary functions of expressions; vasi

. It produces exact results special functions (Bessel functions, etc.); deies,

. It produces only symbolic results sums, optimization; integrals; simplifications; dan

. It has symbolic simplification products of expressions; matrices of expressions;

truncated series with expressions and so on. litiadd

) o to these, numeric domains supported may include
Arithmetic is the oldest and most elementary brapich complex, real, rational, interval and algebraic.

the mathematics. Arithmetic is used by everyone and pjihmetic operations will be performed according
ranging from day-to-day counting to advanced busSine 1, the order of the operations. Many programming

and science calculations [1]. There are four basic languages are using the precedence levels like in
operations in arithmetic and they are: additics), (

subtraction £), multiplication &) and division £). In
addition to these, arithmetic operation includesreno

b) ARITHMETIC:

mathematics. Smalltalk and APL have no operator
precedence rules. All programming languages are
borrowed the precedence rules from C which have an
advanced operations such as square  roots,q qereqd logical bitwise operators, for e.g. PHP#C+
exponentiation, percentages and logarithmic funstio and Perl.

The following table illustrates the numeric Versus theo relative precedence levels of the operators tha
symbolic arithmetic. found in most of the languages are as follows:

Numeric Arithmetic Symbolic Arithmetic o= Grouping, Scope, aajmember access

200~ -+t & ooizeaf typecaster X (most)unary operations, sizeaf and fype casts

Zero  detection:  number
sufficiently small?
Maximize size of pivots to

promote stability

equivalent to zero?
Minimize  complexity of
pivots to stunt expression

growth.

. Norma"y inexact . Always exact IM1% lﬂl\mmltaﬂﬂﬂdl‘v‘\S\Uﬂm‘JdLI\‘J
Usually produces some sort Frequently cannot produce 4t - Addtion and suntraction
of answer (may suffer loss of an answer (problem s A leg s Biwise shiftefl and right
accuracy, fail to converge, intractable, expression swell, Blee s e Comparsans; ess-han,
ete) ete) |k Comparisans: qual andntequal
Arithmetic relatively cheap Arithmetic often expensive 1l Biice AND
Zeroes usually not given Zeroes can greatly simplify " ‘
s Bitwice excusive OR
special treatment except to calculations by making some — :
10 Bitwize inclusive (normal) OR
avoid computational of them unnecessary
. . , , & Logical AND
singularities Zero detection: expression
12 Lagical CR

Y=tz 2t = Y b= = %= aem sz Condlional eipression (emary) and assionment aprators

1,

Carnma operator

Table: Precedence Levels of the Operators
Source: Rithche D [2]: The development of C langydg

Table: Numeric versus Symbolic Arithmetic History of Programming Languages, 2nd ed., ACM $res
Source: Liska et al [3], COMPUTER ALGEBRA, 1996.
Algorithms, Systems and Applications, February1i999.

Ravindra Pawauiet al. 59



APPLICATIONS OF COMPUTER ALGEBRA

I. THEEUCLIDEANALGORITHM For example:
The Euclidean algorithm is the basic algorithm in Tracing the algorithm with given input f = 1 and

computing the greatest common divisors (GCDS) and 5 = : gives
it is extremely frequent operation in the computer
algebra computation. i Fi-1 7y Firl = P TEmM 74
Let be the ring and a,b,c €. Then here, is the 1 126 35 21
gcd or greatest common divisor of and if: > 35 21 14
. 3 21 14 )
. ¢ |aandc | b (c divides botha andb), ’
<4 14 7 0
. if d| @andd | b, thend | ¢, foralld € R.
: . - . - b) THE EXTENDED EUCLIDEAN
In the Euclidean domain , it is possible to div
P &% ALGORITHM

a,b € R, b # with the remainder , and quotient
, S0 that: a = gb +. Then the used notation is

g = adirand r = arem.

The classical Euclidean algorithm always works with
the computes and normalized remainders and not only

with the greatest common divisor, but also
. The unitu € R will be any element with the representation of it as the linear combinatiomeiits.
multiplicative inverser € R, thenuy = 1. A function  normall is used. ThenR =,
normal{a) = |, and R = F]|,

. Two elementsz, b are associate i = ub for
the units € R, and then it is denoted &as:~ b.

In general, greatest common divisors need not be

unique. All greatest common divisors @fand b are
associates of one of them. For example: the onitg un
in Z are1 and—1. The greatest common divisors 1%
andi5 in Z are3 and—3 and these are associates [5].

a) THE CLASSICAL EUCLIDEAN

ALGORITHM:

The following algorithm computes gcd (greatest
common divisors) in the arbitrary Euclidean domain.

Input: f, g € R, where R 1 a Euclidean domain,
Output: ged of fand g

T
fi=l

whiler, 20dor, r=rremr; 1 =i+l

return rio

Ravindra Pawauiet al.

coefficient of

normal(a) = a/lc(, here lgi is leading

(by convention, 1c(0) =).
Input. f, ¢ € R. (R is a Euclidean domain with normal form).

Output: ged(fg), 5. t € R, such that sf+ g = ged(f). I as computed below.
!

@iz, mi=omall),  si=ac,  fi=0
a:=lfg), ri=womallg), s:=0,  fi= a
=1
while r; 20 do

g =t dive

1 = le(rq remr)

it +=nomal(r,; rem 7))
St 2= (854 -48) | @
fiet = (1= git) | a1
i=it];

|1=i-1;

refurnr., 5.4 L.
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In this process the chosen techniques of clastdita
are concerned on similar techniques for predictind It & B, aring with identity, i € N{n20)
classification specifically in data mining.

A
The variables used in the algorithm are (hiput e R

: Euclidean length of the pair  (f,. Find the binary representation =24y T 2o ne (1]
: the quotients; : the remainders;

hi=q

and from "iteration satisfy: s,f + t,g = for all T
fori:= £LEL .. 0do

0 =i =14 Particularly, for i =, the output of

. . ) : ‘

algorithm and satisty ifn,=1thenh:=Fucheh =
sf + tg = rl = ged(f,; They are known as the

Bézout coefficients of and . refurn b

C) APPLICATIONS OF THE EUCLIDEAN

This procedure useslog squaring plus at mostlog
ALGORITHM

multiplications by  (if binary representation ofs all
Modular arithmetic: 1's).

In the modular arithmetic, one computes with the
remainders arithmetic expressions mod some nonzero
integer. Taking the number, two integers and are |t is concluded that modern algebra is one of the
equal modulo if they have same remainder on sections of computer science and it helps in aealyz

Il. CONCLUSION

division by . applies, designs and implements algebraic algosthm
a =bmodm = m|(a—, ie a-is divisible Algebra involves various operations and functions t
by . find the solutions. In that, groups are the basitding
blocks of modern algebra [6]. Theories and algarih
The rule for computing with the congruences is: in modern algebra help to many applications arid it
a = bmoedm = axc = b+xcmod, used in various fields and industries. Modern Algeb
where a,b,c € and=is one of +,-. is the powerful component with applications and

algorithms throughout mathematics [7].

Modern algebra is mainly used in the computer
programming to find the solutions for complex
programs. In addition to these, modern algebrasésiu

in other fields like physics, chemistry, and medban
and so on. It can be clearly understood that, today
modern algebra is almost used in all the majodsiel
and industries. Several programming languages are
using modern algebra to find the results for their
An important tool for the modular exponentiatioritis complex programs. Almost all researcher are
repeated squaring (multiply and square). This considering that systems of modern algebra hasttend

technique will works in any set with the associtiv generate the solutions fast and also without méstak
multiplication. Here, it is used in the residuesslaing.

The modular exponentiation is required for commutin - REFERENCES

modular inverses. The following algorithm is uded 1) Cunnington, Susan, (1904)he Story of Arithmetic: A
modular exponentiation: Short History of Its Origin and Development, Swan
Sonnenschein, London, 1904

Using the rule inductively, the expressions will be
computed modulo efficiently by reducing all the
integers modulo , and then by step by step,
performing the arithmetic expression in and by
reducing the result modulo again. Likewise,
intermediate results never exceet!.

Modular exponentiation:
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