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ABSTRACT

Modern algebra is the study of algebraic structuned also about their properties. Modern algebrtheset of several
advanced topics of algebra which deals with #hgebraic structures other than the number systeiifse important
structures of the modern algebraic structuresialgsf groups and rings. This study discusses adblbthe basic lements
of the modern algebra such as growgt®lian group, rings and lattices.

Index Terms—Groups, Rings, Lattices, Fields and Modern algebra

[. INTRODUCTION TO MODERN ALGEBRA

Modern algebrais the area of mathematics whichll- BASIC ELEMENTS OF MODERN ALGEBRA

studies the algebraic structures such as fieldgsyi  This section discusses about the basic elements of
modules, groups, algebras and vector spaces [4]. Thmodern algebra such as groups, fields, rings and
phrase modern algebra was coined in the 20th genturlattices.

from algebra which studies focus on manipulating GROUPS:

algebraic expressions and formulae such as real an roup is the set on which it can able to define the

complex numbers ‘but now which is callgd as binary operation which is associative, has therse®
elementary algebra [3]._Modern. algebr_a studies thefor each of its elements and also has the identity
Kr)n&::ﬁ(rar;iatis:ld Eé?lgirtgs ivr\wlhIChcon?Irflgiral\t/leo detrhneelement. Group is the algebraic structure thatistms

) P ' of set together with the operation which combines
algebra is also known as Abstract algebra, Computeany two elements in order to form third element [7]

algebra and Boolean algebra [14]. . ... To be a group, the operation and set must satisfy 4
Some of the examples of algebraic structures with o X
conditions called the group axioms [12]. The group

single binary operations are: i -
axioms are:
* Magmas,
. e Closure,
Qua§|grOUps,  Associativity,
» Semigroups, * |dentity and
* Monoids and
¢ |nverses

e Groups. . .
In addition to these, there are some complicate .group (G '_S the nonempty set together Wlt,h_ the
inary operation on  so, the following conditions

examples that included in algebraic structures are:
P g should be hold to be group.

» Fields, : .
+ Rings Closure: For all a,in G{a,b< ,element a -is
« Lattices and the uniquely defined element of the

« Modules Associativity: For all For

all a,and in G{ab,c <, we have



ELEMENTS OF MODERN ALGEBRA

a*(brc)=(a*b) e The following figure indicates the various elements
of the groups:
Magma:Magma is one of the basic kinds of the
algebraic structure. Magma consists of theMsehat
era=aanda‘e=a equipped with the binary operatidi x M — M. The
foral a=. binary operation is closed by the definitions amer¢
will be no other axioms are involved in the operati
Semigroup: Semigroup is the algebraic structure that
consists of the set together with the associatinvarip
operation. Semigroup generalizes the monoid and it
does not need identity element. Semigroup is also a

Identity: There exists an identity
element in G{e<=such that,

Inverses; For each in G{a< there exists the
inverse element a in  G(a~! € such that

aral=candal-a=c¢.

Examples: group and it does not have any inverse. The binary
Real numbers  with addition: operation of the semigroup is denoted
e x,VER=x+ yvE multiplicatively x.v or xy and it results while
e (x+y)+z=x+(y+ applying in semigroup is just like the ordered pair
« The identity  element is as (%)
r+0=0+x= Quasigroup: Quasigroup is the algebraic structure
* The inverse of is - as  which resembles the group where, division is always
¥+ (—x)=(—x)+x = possible in it. Quasigroup mainly differs from the
e x+y=7y+ groups and they are not need to be associative. The

In modern algebra, field is a commutative ring that quasigroup with the identity element is known as
contains multiplicative inverse for the nonzero loop.The quasigrouf?,+),where the set ig with the
elements and then the nonzero elements may form thginary operatioa (which is magma), such that:

abelian group under multiplication [1]. Field iseth  poreach, ands in @, there exist the unique elements
algebraic structure with notation of multiplication xandy in @ such that:

division, addition and subtraction that the appiater
distributive law and abelian group equations [11].° & * * = &
The commonly used fields are the field of rational® ¥ * a = b.
numbers, the field of complex numbers, and thelfiel
of real numbers but there are also some finiteliel b)FIELDS:
algebraic number fields and field of functions. In modern algebra, field is a commutative ring that
Magma contains multiplicative inverse for the nonzero
elements and then the nonzero elements may form the
abelian group under multiplication [15]. Field et
algebraic structure with notation of multiplicatjon
division, addition and subtraction that the appiatpr
identity identity distributive law and abelian group equations [9}eT
commonly used fields are the field of rational
Loop Monoid numbers, the field of complex numbers, and thelfiel
of real numbers but there are also some finiteldiel
associativity invertibility algebraic number fields and field of functions [5].
The field is a set which is equipped with main
Group operations such as: subtraction, addition,
Figure: Elements of Group multiplication and division which have the usual

Source: Allenby, R.B.J.T. (1991ings, Fields and properties [10]. The fields do not have other
Groups, Butterworth-Heinemann

divisibility associativity

Quasigroup Semigroup
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operations likeR has powers, roots, logs and other d)LATTICE:

myriad functions likesinex, cos x. Lattice is the partially ordered set, where any two
Example: elements have infimum (also known as meet or
Field of Rational numbers: greatest lower bound) and supremum (also known as

It consists of numbers that is written as fractionsjoin or least upper bound). Lattices are also atgjeb
a/bwherea andb are the integers an#t = 0. The  structures which satisfies particular axiomatic
additive inverse of that fraction is-a/b, and identities (Olsder et al, 1990). If two definitioase

multiplicative inverse is%/a. equivalent, then the lattice theory draws on both
universal algebra and order theory (Gréatzer, 1971).
b a ba —1 The following figure illustrates the general corisep
a ,5 ab ) of partially ordered sets (lattice) of the modern
algebra.
The required field axioms are reduced to the stahda
properties of the rational numbers (the distrilityiv o {;JM;‘\

law or associativity law or commutativity law). i S
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C)RINGsS:
Ring is the algebraic concept which generalizes anc Qmm@ ( mwwD (i
abstracts the algebraic structure of the integacst
particularly two operations such as addition and
multiplication. The concepts of rings mostly appiear m,m\,“,‘I.‘,‘,km,d‘,m

—

i

umun lmnr
the fields including geometry and mathematical ———“‘* e ’J
analysis with the groups [8]. ‘*-H__
A ring is the triple B, +,-) whereR is the set, and i)
and + are the binary operations oR (called
multiplication and addition respectively) so that: N
* (R,+)is the abelian group (its identity is denoted o
by 0 and the inverse of% £ R denoted as—x, as l
usual.) ——
« Multiplication is associative. A
 The following distributive laws may hold Figure: Partially Ordered Sets (Lattice)
X,y ZER Source:Burris, Stanley N., and H.P. Sankappania®,,
* Right distributive law: (1981): A cource of universal algebra, Springeri&gr
(x+¥)z = xz + yz ISBN 3-540-90578-2

o Left distributive law:

The algebraic structur@, v, fﬁ‘) consists of the set
x(v+z) = xyv + xz

L. and two binary operation's, and/, on the lattice
L, if following axiomatic identities can hold the
elements, b, ¢ of L.
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7)Robinson, Derek John Scott (1998).course in the

Commutatve aws ~ Associatve [aws Absorption ws theory of groups, Berlin, New York: Springer-Verlag.
Vb=V u,v(b\/g):(a\/b)\/@ a\\/(a\/\b):u.\ 8)Rowen, Louis H., (1988)Ring theory. Vol. I, II. Pure
_ _ _ and Applied Mathematics, 127, 128. Academic Priess,
ahb=bha  ah(bAd=(aAblAc ah(eVh=0 Boston, MA, 1988. ISBN 0-12-599841-4, ISBN 0-12-
599842-2

The two identities are usually considered as theg)Bjyth, T.S.; Robertson, E. F. (1988roups, rings and
axioms, and they are followed from two absorption fields: Algebra through practice, Cambridge university
laws: press, See especially Book 3 (ISBN 0-521-27288#) a
Book 6 (ISBN 0-521-27291-2).
10) James Ax (1968)The elementary theory of finite

Idempotent laws fields, Ann. of Math. (2)88, 239-271
a a = . 11) Mackie, D. (2002). Using computer algebra to
M= encourage a deep learning approach to calculus, 2nd

International Conference on the Teaching of Mathasa

at the Undergraduate Level, July 1-6, Hersonis€oste ,
Here, both(Z, V) and(L, /\) are the semilattices. Greece

12) Guin, D. and Trouche, L. (1998). The complex

process of converting tools into mathematical unsients:
1. CONCLUSION the case of calculators. International Journal @m@uters

for Mathematical Learning, 3 No 3, 195-227
It is concluded that modern algebra uses varios&ba 13) Olsder G J, Resing J A C, De Vries R E, Keane M S
structures and functions to perform the operationsand Hooghiemstra G (1990), Discrete event systeitis w
The basic functions and operations are buildingstochastic processing times. IEEE Transactions on
blocks of the modern algebra.Modern algebraicAutomatic Control, AC-35:299-302
expressions and formulae help to solve variousl4) Gray, E-M. and Tall, D.O. (1994). Duality, ambiguit

complex programs. Modern algebra is used manyand flexibility. A proc_eptual view _of S|mple_ar|trarnc.
Journal for Research in Mathematics Education, d62N

applications and programming languages. In addition115_141

to these, modgrn algebr.a is used in Var|0u§ ingsstr 15) Berry J, Monaghan J, Kronfellner M and Kutzler B
such as physics, chemistry, and so on.This researchgw), The state of computer algebra in mathematic
concludes that groups, fields, rings and lattice ar gqycation. Chartwell-Bratt, Bromley

most basic and general concepts that used in the

modern algebra. These are the basic elements that

come throughout the modern algebra.
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