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1. Introduction

A co-inversion of the permutation f is a pair
(i,j) suchthat i< j and f(i)< f(j) which
is denoted as Coinv(f) and the number of co-
inversion f denoted by Coinv(f):|C0inv(f)|

The concept of derangements in
permutation groups (that is permutations
without a fix element) has proportion in the

underlying symmetric group Sn [1] used the

concept to develop a scheme for prime
numbers P = 5and Q © N which generate the
cycles of permutations (derangements) using
@ :((1)(1+|)mp (1+2I)mp"'(1+(p_1)l)mp)

to determine the arrangements. It is difficultfor
a set of derangements to be a permutation
group because of the absence of the natural
identity element (a non- derangement). The
construction of the generated set of
permutations from the work of [1] as a
permutation group was studied by [2]. They
achieved this by embedding an identity
element (although not a permutation) into the
generated set of permutation (strictly
derangements) with the natural permutation
composition as the binary operation (the group

was denoted as GP Some of the algebraic

properties of the structure were investigated
and some fascinating results were obtained. A

study on this permutation group GP by [3] is

the extension of the permutation group GP (of
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prime number of entries greater than or equal
to 5) by modular arithmetic and concatenation

map in which another algebraic structure GP'

was obtained and its group theoretic properties
were studied, which shows that the group is
Abelian. [4] modified the scheme of [1] to two-
line notation and the scheme generated a set
of permutations with a fix at 1 (which
generated the natural
identity). This obtained set of permutations
form permutation group called the 1 non-
deranged permutation group and is denoted as

GF,rl . [5] studied the Fuzzy ideal of function f

Fl -non deranged permutation group GF,Fl and

established that it is one side fuzzy ( only right
fuzzy but not left) also the a-level cut of f

. . r, 1 .
coincides with G,'* if @ =— . [6] considered

ascent on I';-non deranged permutation group

GF,rl in which recursion formula for generating
Ascent number, Ascent bottom and Ascent top
was develop and also observe that AsC(a@)
union Asc(w,,) is equal to AsC(w,). [7]
provided very useful theoretical properties of
I'; -non deranged permutation s in relation to
exceedance and shown that the exceedance set

ofall @, in G," suchthat @, #¢€ is %(p -1).
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[8] established that the intersection of descent
set of all I';-non derangement is empty, also

observed that the descent number is strictly less
than one [9] established that inversion number

and major index are not equidistributed in I';-

non deranged permutations and also established
that the difference between sum of the major
index and sum of the inversion number is equal

to sum of descent number in I';-non deranged
permutations. [10] studied standard
representation of I'; -non deranged permutations

and also identified relation to ascent block by
partitioning the permutation set in which a
recursion formula for generating maximum
number of block and minimum number of block

were develop and it is also observed ar(w,)

that is equidistributed with asc(w,) for any
arbitrary permutation group. [11] recognized that
in I',-non deranged permutations, the radius of

a graph of any o,
o errl

of @, 4

is zero, the graph of any
is null, and by restricting 1, the graph
is complete. [12] established that the

Right embracing number of I';-non deranged
permutations of @ Res(w.) is equidistributed
with the Left embracing Les(w) and then
Res(w,) is equidistributed with Res(w, ;) and
also observed that the height of weighted
motzkin path of @, is the same as the height of

p—des(e) [13]
investigated some algebraic theoretic properties

of fuzzy set on G'p using constructed

weighted motzkin path of

membership function of fuzzy set on G'p and
established the result for algebraic operators of
fuzzy set on G;) which are algebraic sum,

algebraic product, bounded sum and bounded
difference and also constructed a relationship

between the operators and fuzzy set on G'p . [14]
studied partition block coordinate statistics on
', -non-deranged permutations and observed
that left opener bigger block l0bTC(@) is
equidistributed with right opener bigger block
robTC(@.). More recently [15] established that
the admissible inversion descent aid(@,,) is

equi-distributed with descent number
des(w, ;) and also showed that the admissible
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inversion set Ai(®.) and admissible inversion

set Ai(w, ;) are disjoint. Hence, we will in this
paper show that the diameter and radius of the
graph of any @, is one, the graph of @, is
complete and also showed that the graph of any
®, € Ggl

is simple.

2. Materials and Methods

In this section before we outline the main result
results in this research paper, we attempt to
define some basic concept that will help in further
understanding of this work

Definition 2.1 [15]

Let I be a non-empty set of prime cardinality
p>5 suchthat TI'< N A bijection won I

of the form
1 2 3 ... p
P W)y @20 - o QH(P-D)) ey

is called a Fl—non—deranged permutation. We

denoted G , o be the set of all I', -non-deranged
permutations.

G, ={®, w,, 05, w,, w5, s} is the setof all T, -

non-deranged permutations where p =7

By definition 2.1, G, is generated as follows:

12 3 456 7
), =
1123 456 7

12 3 456 7
1357 2 406

|
S IPERR
ol s

345 6 7
2 6 3 7 4
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Proposition 3.1

o = 12 3 56 7 Let @, , € G, .Then the graph Gay, , is
*l16 42 75 3 simple
Proof:
Forany G,",
(1 2 3 456 7] 1 2 3 0
17 65 432 cop1=[1 o pi ... Zj.Theref
Definition 2.2 [9] ore Coinv(w, ;) ={(12),....(L, p-1)( p)} by

using the set of co-inversion as the edge set, and
value of permutation as the set of vertices, we
observed that no pair is repeated an no pair has
some coordinates, so the graph has neither loop
nor multiple edges. Hence its simple

The pair G b and the natural permutation com
position forms a group which is denoted as

GPrl .This is a special permutation group
Proposition 3.2

Foranym € Gprl.The graph G, is complete
Definition 2.3 [4] Proof:

For any Gprl,

which fixes the first element of T

A co- inversion of permutation
¢ 1 2 3 .. .n . o = 12 . .. p-1p
= is a = .
f@Q) f@ f@. . fn) a2 ... p-1op
pair Gi,j) such that i < jand by definition of co-inversion, it will consist of all
f(i)< f(j).The co-inversion set of f possible pairs of the letters of @, Hence all
C': . £ is i vertex is adjacent to each other this complete the
denoted as Coinv(f), is given by proof.

Coinv(f) = {(i, D:l<i<j<nand f(i)<f (j)}CoroIIary 33
Forany @, € Gprl. The graph G, is regular

Proof.

It is obvious that every complete graph is
regular, thus the result shows by proposition 3.2
Example 2.1 Proposition 3.4

For any @, errl. Then the graph of @, has
one component

, the co-inversion number of f , denoted by

coinv( ) =|Coinv(f)|.

ATy
Forw, in Gg

Proof:
— 12345 The vertex (1) is adjacent to every vertex hence
4 1 5 4 3 2 no vertex or vertices are isolated, this it has one

component. Hence the proof.

Proposition 3.5
The graph Ga)pf1 is a tree in I'; -non-deranged

Coinv(w,) = {(1, 2),(1,3),(L4), (1 5)}

coinv(w,) =4 permutations.
o Proof:
Definition 2.4 For any @, errlthen, ®,, is of the form

Permutation graph is a graph whose vertices o, =1pp-1...2 therefore by computing
b1

represent the element of a permutation and _ ) ] ) )
whose edges represent the pairs of element that ~ the co-inversion, 1 is adjacent to all letters while

are reversed by the permutation. the relaxing 1, the other letters are in decreasing
sequence, SO no vertex is adjacent to another.
3. Results and Discussion Hence vertex 1 is the root vertex. Hence Ga, ,

In this section, we discuss the details of the has no cycle. Therefore, it is a cyclic.
investigations and results obtain.
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Proposition 3.6

For any o G, Then the
diam(Gw,) =rad(Gw,) =1.
Proof:

The result follows since the graph of (Ga,) is

always complete
Proposition 3.7

Let o € Gprl. Then, the maximum degree
A(Gw)=P-1.

Proof:

We have that for any A(Ga,) is adjacent to all

other vertices. So vertex (1) is adjacent to
p—1 vertices, therefore deg(l) = p—1 which is

the maximum vertex with maximum degree.
Hence A(Gw)) =p-1

Proposition 3.8
Forany @, , € G,'*. Then the

E(Ga, ;)= :L]l(l, k+1)

Proof:

For any G,", @, ,=1p(p-1)...2t so we
can have co-inversion at letter (1) only, which is
the least and it is at the left most hand side.

Therefore, the co-inversion contains only the
pairs of (1) with each Iletter that is

p-1
Coinv(e, ,)=U (Lk+1) and since
k=1

Coinv(w, ,) = E(Gw, ;) The result follows.

Proposition 3.9

Let @ €G,'"*. Then the
E(Gw)VE(Gaw, ;) =E(Gaw, )

Proof:

Suppose then

@ =8,,8,,8,...,8,,,8,

@, =8,a,,a ,...,8

since it's the least and the first position, @, is

so by restrictinga, ,

the reverse of w .Hence the

p—i
Coinv(a) \1NCoinv(w, ;)\1=2 , hence the

letters which pairs contains 1.

4. Conclusion

This paper has extended permutation graph with
inversion of [11] to permutation graph with co-
inversion in which we have shown that the graph

ofany @, , € Ggl is simple and also shown that

the diameter and radius of the graph of any @,

CaJoST, 2023, 2, 127-131
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in I';- non-deranged permutations is one and

complete.
Conflict of Interest

The author declares that there is no conflict of
interest.

Acknowledgements

The authors are thankful to the editorial board for
the excellent services which has improved the
quality of the journal

References

[1]. Garba, A.l., and Ibrahim, A.A. (2010). A new
method of Constricting a Variety of Finite
Group Based on Some Succession
Scheme. International Journal of Physical
Science, 2(3):23-26.

[2]. Usman, A., and Ibrahim, A.A. (2011). A New
Generating Function for Aunu Patterns:
Application in Integer Group Modulo n.
Nigerian Journal of Basic and Applied
Sciences, 19(1): 1-4.
DOI:10.4314/njbas.v19i1.69337

[3]. Garba, A. I. and Abubakar, J. (2015).
Construction of an algebraic structure using
a concatenation map. Nigerian Journal of
Basic and Apllied Sciences , 23(2)117-120.

[4]. Ibrahim, A.A, Ejima, O., and Aremu,
K.0.(2016). On the Representation of I',-

non deranged permutation group Gprl.

Advance in pure Mathematics ,&: 608 — 614,
DOI:10.4236/apm.2016.69049

[5]. Aremu, K.O., Ejima, O.,
M.S.(2017). On the

and Abdullahi,

Fuzzy [I',--non

deranged permutation Group GF,F1 Asian

Journal of Mathematics and Computer
Research , 18(4):152-157.

[6]. lbrahim, M., Ibrahim, A.A., Garba, A.l., and
Aremu, K.0.(2017). Ascent on I';- non-

deranged  permutation  group Gprl.

International Journal of Science for Global
Sustainability , 4(2):27-32.

[7]. Ibrahim, M., and Garba, A.l.(2018).
Excedance on I', -non-deranged
permutations. Proceedings of Annual
National Conference of Mathematical

Association of Nigeria (MAN) , 197-201.

© 2023 Faculty of Science, Sokoto State University, Sokoto. | 130


http://dx.doi.org/10.4236/apm.2016.69049

Permutation graphs with co-inversion on I', -non deranged permutations

8.

[9].

[10].

[11].

[12].

[13].

[14].

[15].

CaJoST, 2023, 2, 127-131

Ibrahim, M., and Garba, A.l.(2019). Descent
on I';-non -deranged permutation group.

Journal of the Mathematical Association of
Nigeria ABACUS, 46(1):12-18.

Garba, A.l, and Ibrahim, M. (2019).
Inversion and Major index on I';-non

deranged permutations. International
Journal of Research and Innovation in
Applied Science, 4(10):122-126.

Ibrahim, M., and Muhammd, M.(2019).
Standard Representation of set partition of

I',-non-  deranged permutations.
International Journal of Computer Science
and Engineering, 7(11):79-84.

DOI:10.26438/ijcse/v7i11.7984

Ibrahim, M., and Ibrahim, B.A.(2019).
Permutation Graphs with Inversion on Fl-

non deranged permutations. IOSR Journal
of the Mathematics, 15(6):77-81.
DOI : 10.9790/5728-1506057781

Aremu, K.O.,Garba, A.l.,lbrahim, M., and
Buoro S.(2019). Restricted Bijections on the

Fl—non deranged permutation Group.Asian

Journal of Mathematics and Computer
Research , 25(8):462-477.

Ibrahim, A.A. Garba, A.l. Alhassan M.J. and
Hassan. A. (2021) Some Algebraic theoretic

properties onI'; -non deranged permutations

IQSR Journal of Mathematics 17(3) 58-61.
DOI: 10.9790/5728-1703035861

Magami, M.S and Ibrahim, M. (2021)
Partition block coordinate statistics on I’ -

non deranged permutations Quest Journal
of Research in applied Mathematics
7(9)28-33

Magami, M.S., and Ibrahim, M. (2021).
Admissible inversion on I';- non- deranged

permutations. Asian Research Journal of
Mathematics , 17(8): 44-53.
DOI :10.9734/ARJOM/2021/v17i830322.

Full paper

© 2023 Faculty of Science, Sokoto State University, Sokoto.|131



