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ABSTRACT 

The aim of  the present study is to discuss the union and intersection operations on chaotic 

graphs with density variation; the adjacency and incidence matrices representing the chaotic 

graphs induced from these operations will be introduced when physical characters of chaotic 

graphs have the same properties.  

There are several applications that have been utilized on chaotic graphs with density variation. 

The most practical applications of these kinds of operations on chaotic graphs with density 

variation are the internet signal speeds and the variation of green color for different parts of the 

plant. For example, in botany, in some cases several plants suffer from a lack of chlorophyll in 

the damaged parts of the plant. In this case the plant is represented by a chaotic graph and the 

proportion of chlorophyll is represented by the density property, then the appropriate process is 

applied to increase the chlorophyll percentage in the appropriate place, so these operations helps 

us to choose the suitable operator that satisfy our desires and requests.   
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 المـلـخـــص

 وهما الكثافة خاصية تحمل التي ( المُشوّشة ) الفوضوية المخططات على الجبرية العمليات بعض مناقشة يتم سوف البحث هذا في

 (الاسقــاط) والوقوع (المجاورة )التأثير مصفوفتي صورة في العمليات هذه نتائج استعراض سيتم كذلك والتقاطع، الإتحاد عمليتا

 .واحدة  خاصية يحمل  المشوش مخططال يكون عندما

 الكثافة خاصية تمثيل يمكننا حيث ،(الفوضوية) المشوّشة المخططات لدى الكثافة مستوى على العمليات هذه تأثير يناقش البحث هذا

 لمخططل المختار التطبيق متطلبات حسب فعلى الشبكة، على الإنترنت إشارات بسرعة أو النباتات في الكلوروفيل مادة بتركيز

 الأخرى، دون الشبكة من معينة مناطق في الإنترنت سرعة تحفيز أو زيادة الممكن فمن لذلك المناسبة إختيارالعملية يمكن المشوّش

 النباتات أجزاء على التأثير دون لإنعاشها للتلف المعرضة النباتات من معينة أجزاء في الكلوروفيل نسبة تحفيز يمكننا كذلك

 .الأخرى

   مصفوفتي دراسة عليها، الحصول أهمية و المطلوبة النتائج على الحصول يمُكّننُا المناسبة العملية مع المناسب التطبيق ستخداما

 على التركيز عملية في وتساعده المشوّش للمخطط الإرتكاز نقاط فهم في الباحث تساعد (الإسقــاط) والوقوع (المجاورة )التأثير

  .المشوش للمخطط وبةالمطل للأجزاء الكثافة مستوى

، كثافة، إتحاد، (المشوش)، المخطط الفوضوي (الإسقاط)، مصفوفة الوقوع (المجاورة)مصفوفة التأثير : الكـلمـات المفـتاحـيـة

 .تقاطع
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1. INTRODUCTION 

Scientists of all physical systems are searching for a simple structure that describe the topology 

of the system in a simple way which help them to develop the performance of the system, the 

theory of chaotic graphs is introduced to describe most of these physical systems, it visualizes 

the topology of the system, so scientist can apply their physical character on the system and 

understand the behavior of the physical character. In this research, the physical character is 

presented by the density character; the density character can represent many physical 

applications in different fields such as biology fields (i.e. Chlorophyll degree, Bacterial grows, 

nerve system), chemical systems (i.e. atoms topology), internet technology (i.e. web internet 

signal speed) and many other different fields. [1, 2] 

Our interest is applying the algebraic part of the chaotic graph and translated on the chosen 

applications, so the theory of chaotic graphs can help scientists to understand and control their 

applications. 

Basic topological definitions and backgrounds are relevant to this article are cited in this 

background. 

1.1. Definitions and backgrounds 

● Simple graph  ),( EVG  : Is a graph with no loops or multiple edges [3]. 

● Adjacency and incidence: Let v  and w  be vertices of a graph, if  v  and w  are joined 

by an edge  e  , then v  and w  are said to be adjacent. Moreover, v  and w  are said to 

be incident with  e  , and e  is said to be incident with v  and  w   [4, 5, 6].   

● The adjacency matrix: Let G  be a graph without loops, with n -vertices labeled 

n,...,3,2,1 the "adjacency matrix" )(GA  is the nn  matrix in which the entry in row i   

and column j  is the number of edges joining the vertices i  and j  [4, 5, 6]. 



ARID International Journal for Science and Technology (AIJST) VOL: 4, NO 7, June 2021 

 
 01 

ARID International Journal for Science and Technology (AIJST) 

 
 

● The incidence matrix: Let G  be a graph without loops, with n -vertices labeled 

n,...,3,2,1  and m - edges labeled m,...,3,2,1 .The" incidence matrix" )(GI  is the mn  

matrix in which the entry in row i  and column j  is 1  if vertex i   is incident with edge 

j  and  0    otherwise  [4, 5, 6]. 

Example: Consider the graph G  in Figure (1): 

0v

2v

3e

2e

1e

1v

3v

4e
5e

Loop

Multiple edges

 

Figure (1): Multiple graph 

The adjacency matrix )(GA  is:   





















0200

2011

0111

0110

)(GA     

And its incidence matrix )(GI  is:  





















11000

11110

00011

00101

)(

1

GI  

Noting that the symbol (  11  ) in the second row and first column means that we have one 

loop at the vertex 1v  with the edge 1e . Also, if we have two loops at the same above vertex, 

we symbolize it by 111 . Moreover, if we have an infinite number of loops at any vertex, say iv , 

we use the symbol ...11111   to represent them [1]. 

● Chaotic graph ),( hhh EVG : Is a geometric graph that carries many physical characters, 

these geometric graphs might have similar properties or different [5, 7, 8, 9]. 
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● Null graph: Is a graph consists of a set of vertices and no edges [9, 10]. 

● Loop: A loop is an edge which starts and ends on the same vertex [6, 7, 8]. 

● Multiple edges: Tow or more edges joining the same pair of vertices are called 

"multiple edges" [2]. 

● Density (d): Is a physical property of matter, as each element and compound has a 

unique density associated with it [11]. 

● The "union" G  of two graphs 1G and 2G  is a graph 21 GGG  having 

               )()()( 21 GVGVGV   and )()()( 21 GEGEGE  such that )()( 21 GVGV   [ 10]. 

● The "intersection" of two graphs ),( 111 EVG   and ),( 222 EVG  , with at least one vertex 

in common than their intersection will be the graph of vertices and edges defined as 

follows: )()()( 2121 GVGVGGV    and )()()( 2121 GEGEGGE    [9]. 

 

1.2. The matrix representation for fixed and different densities of chaotic graphs: 

In this part we will obtain the adjacent and incidence matrices for two cases:       

1. When degree of density is fixed, for example degree of green color of a leave is a perfect 

green. 

2. Degree of density is different and various between chaotic levels and areas. For example 

degree of green color of a leave is various between different parts of a leave. 

We will denote the degree of each area on the chaotic graph by pqd , where p  denotes level of 

chaotic graph, while q  denotes different areas on each level of chaotic graph [11] .See Figure (2) 



ARID International Journal for Science and Technology (AIJST) VOL: 4, NO 7, June 2021 

 
 01 

ARID International Journal for Science and Technology (AIJST) 

 
 

0

jhv 1

jhv
1

0 he

1

1 he

1

2 he

1

he

 

                       Figure (2): 1-Simplicial chaotic graph 

And the adjacent and incidence matrices are: 
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2. Union and intersection of chaotic graphs with density variations: 

2.1. Union of chaotic graphs with density variation 

This part will discuss and explain the union of two chaotic graphs with density variation, we 

shall show the union of two simple and multiple chaotic graphs inducing the adjacent and 

incidence matrices of the resulted, discussion can be understand it clearly via examples. 

Consider two simple chaotic graphs with density variation 
1

hG  and 
2

hG  which are

}...2,1,0;{ 11

0

01  jvevG jhhjhh  
, },...2,1,0;{ 24433222  jvevevevG jhjhjhjhjhjhjhh and their union 

},...2,1,0;{ 244332211021  jvevevevvevGG jhjhjhjhjhjhjhjhjhjhhh   is shown in Figure (3) 
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Figure (3): Union of two simple chaotic graphs 
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Both the adjacent and incidence matrices of  1

hG  , 2

hG   and 
 

21

hh GG   respectively are: 
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As the above result the total density of the resulted graph is increased. 

Consider two multiple chaotic graphs with density variation ),( 111

hhh EVG and ),( 222

hhh EVG such that

}...2,1,0;,{ 101  jvvV jhjhh }...2,1,0;{ 11  jeE jhh , },...2,1,0;,,{ 4322  jvvvV jhjhjhh

}...2,1,0;,,,{ 54322  jeeeeE jhjhjhjhh .See Figure (4) 
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Figure (4): Union of two multiple chaotic graphs 

Both the adjacent and incidence matrices of 21, hh GG and 21

hh GG 
 
respectively are: 
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The union of two chaotic graphs with density variation is another chaotic graph with more 

extremer density value to the resulted chaotic graph. The adjacent and incidence matrices 

representing the union of two chaotic graphs can be obtained from the adjacent and incidence 

matrices of representing each of the given chaotic graphs constituting such a union of both of 

them by adding to them some chaotic zero matrices. 

2.2. Intersection of chaotic graphs with density variation: 

The operation of intersection on chaotic graphs is quite interesting compared to the operation of 

union; the following discussion explains the intersection of any two chaotic graphs with density 

variation by examples in several cases (i.e. disjoint, common vertices and common edges). The 

results of intersection of any two chaotic graphs are based on the intersection of any two 

geometric graphs. 

2.2.1. Disjoint intersection of chaotic graphs with density variation: 

Consider two simple chaotic graphs with density variation ,...}2,1,0;{ 1101  jvevG jhjhjhh and

,...}2,1,0;{ 433222  jvevevG jhjhjhjhjhh . See Figure (5)  
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Figure (5): Two simple chaotic graphs 
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Applying the intersection on 1

hG  and 2

hG , (i.e. 21

hh GG  ) results the empty graph, and both the 

adjacent and incidence matrices representing the chaotic graphs with density variation 21, hh GG and 

21

hh GG  are: 

.

10

11

01

,

010

101

010

,
1

1
,

01

10

)...012()...012(

)...012()...012(

)...012()...012(

2

)...012()...012()...012(

)...012()...012()...012(

)...012()...012()...012(

2

)...012(

)...012(1

)...012()...012(

)...012()...012(1























































































hh

hh

hh

h

hhh

hhh

hhh

h

h

h

h
hh

hh

h

pqdpqd

pqdpqd

pqdpqd

pqdpqdpqd

pqdpqdpqd

pqdpqdpqd

pqd

pqd

pqdpqd

pqdpqd

IA

IA

 

While the adjacent and incidence matrices of the intersected chaotic graph 21

hh GG   is the 

.matrix, (I.eـ matrixAh  , matrixIh  ).  

So; if any two chaotic graphs with density variation are disjoint, then both of the adjacent and 

incidence matrices representing that intersection are ,matrix and the density value of the 

intersected graph is zero. 

2.2.2. The intersection of two chaotic graphs with density variation common in one vertex 

or more vertices: 

 Consider two simple chaotic graphs with density variation ...}3,2,1,0;{ 1101  jvevG jhjhjhh and

...}3,2,1,0;{ 231202  jvevevG jhjhjhjhjhh , then their intersection 21

hh GG   is the null graph of only two 

chaotic vertices ...}2,1,0;,{ 10 jvv jhjh . See Figure (6). 
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Figure (6): Two chaotic graphs common in two vertices 

The density value in the intersected graph is greater than the original two chaotic graphs. The 

adjacent and incidence matrices of 1

hG , 2

hG and 21

hh GG   are: 
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The adjacent and incidence matrices of the intersection of two chaotic vertices with density 

variation in the case if they are common in one vertex or many vertices and without any common 

edges are zeros matrices, but they have a double density in the intersected chaotic vertices. 

2.2.3. The intersection of two chaotic graphs with density variation common in more than 

one edge: 

Consider two simple chaotic graphs with density variation 

,...}3,2,1,0;{ 33221101  jvevevevG jhjhjhjhjhjhjhh and ,...}3,2,1,0;{ 44332212  jvevevevG jhjhjhjhjhjhjhh .See Figure 

(7) 
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The intersection of 21

hh GG 
 
results another simple chaotic graph with denser value at these 

locations, and the adjacent and incidence matrices of 1

hG , 2

hG  and 21

hh GG    are: 
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 Figure (7): Intersection of two simple chaotic graphs common in two edges 
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If any two chaotic graphs with density variation are intersected in one edge or in many edges, 

then both the adjacent and incidence matrices representing that intersection are not zero matrices 

and they are not sub matrices of those representing the given two chaotic graphs and the total 
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density of the intersected graph will be reduced as it is a sub-graph of the two graphs, while it is 

increased in the intersected area. 

2.2.4. The intersection of two chaotic graphs with density variation common in more than 

one edge and vertex in another way: 

Consider   two multiple chaotic graphs
 
with density variation ...}}2,1,0,9,8,5,3,2,1{;{  jiei

jh

and ,...}};3,2,1,0{&}4,3,2,1{;{2  jivG i

jhh  ...}}2,1,0,8,7,6,5,4,3,2{;{  jiei

jh . See Figure 

(8). 
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Figure (8): Intersection of two chaotic graphs common in more than one vertex and edge 
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An important point is that both the adjacent and incidence matrices of the intersection of two 

multiple chaotic graphs are not sub matrices of those representing the given two multiple chaotic 

graph.  

3. Applications 

 There are several applications applied on chaotic graphs with density variation such as the 

internet signal speeds and the variation of green color for different parts of the plant, for 

example, in botany, in some cases some plants suffer from a lack of chlorophyll, in this case the 

plant is represented by a chaotic graph  and the proportion of chlorophyll is represented by the 
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density property, and then the appropriate process is applied to increase the chlorophyll 

percentage in the appropriate place. 

4. Conclusions 

In this paper, the union and intersection of chaotic graphs with density variation was discussed. 

The union of two chaotic graphs result a new chaotic graph with more extremer density value. 

The intersection operation discussed in several cases, in all cases the density value will increase 

in the intersected area, but the total density of the resulted graph will be reduced compared to the 

original two graphs.  If any two chaotic graphs with density variation are disjoint, then both the 

adjacent and incidence matrices representing that intersection are ,matrix and the density 

value of the intersected graph is zero, while the adjacent and incidence matrices of the 

intersection of two chaotic graphs common in more than one vertex with density variation and 

without any common edges are zeros matrices, but they have a double density at the intersected 

chaotic vertices. 

If any two chaotic graphs with density variation are intersected in more than one edge, then both 

the adjacent and incidence matrices representing that intersection are not zero matrices and they 

are not sub matrices of those representing the given two chaotic graphs such as the case of the 

intersection of two geometric graphs and the total density of the intersected graph will be 

reduced as it is a sub-graph of the two graphs, while it is increased in the intersected area. 

The intersection of two chaotic graphs with density variation common in more than one edge and 

vertex resulted more extremer density in the intersected area as the total density will be reduced 

as it is a sub-graph of the intersected two graphs and both the adjacent and incidence matrices of 

the intersection of those graphs are not sub matrices of those representing the given two multiple 

chaotic graph.  
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In future work, more advanced study on chaotic graphs will be discussed such as the unfolding 

transform and how it effects on the density value of the chaotic graph. Moreover; a comparison 

study will be discussed between the un-folding and folding transform which had been studied in 

previous paper. 

 List of Abbreviations: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d density 

)(GAh  Adjacency matrix of chaotic graph 

)(GIh  Incidence matrix  of chaotic graph 

h An index represents chaotic graph 

G graph 

hG  Chaotic graph 
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