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Abstract

This research focuses on two types of finite abelian groups: the group of integers under addition modulo n, and the
group of integers under multiplication modulo n, where n is any positive integer up to 300. The computations in this
study revolve around various properties of these groups, including the order of the group, the order and inverse of each
element, the identification of cyclic subgroups, and the determination of generators within the group. To facilitate these
calculations, a specialized program was developed using MATLAB. With this program, users can obtain answers for the
aforementioned properties of these groups for any integer ranging from 0 to 300.
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1. Introduction

Bjarne Stroustrup pioneered the development of an extension to the C programming language, known as CTF, during
the early 1980s [1]. In the late 1980s, Microsoft Corp.TM introduced its C*+ compiler, bundled with a collection of
library functions known as the Microsoft Foundation Classes (MFC) [2]. The MFC compiler proved to be a robust tool,
empowering programmers to effortlessly design buttons, menus, dialog boxes, as well as incorporate text and graphics
to visualize problem-solving. It offered a streamlined approach to making corrections and modifications. This enhanced
user-friendliness and visual appeal of the program.

MATLAB was primarily developed by Cleve Moler, a renowned computer scientist and mathematician [3]. Moler’s
vision for MATLAB was to create a user-friendly environment for matrix computations and numerical analysis. His work
on MATLAB has had a profound impact on scientific and engineering fields, as MATLAB has become an indispensable
tool for researchers, engineers, and students worldwide, facilitating complex computations and data analysis. Cleve Moler’s
contribution to computational mathematics and software development is highly regarded in the scientific community.

MATLAB, as highlighted in [7], stands as a high- performance language tailored for technical computing tasks. Its
distinguishing feature lies in its seamless integration of computation, visualization, and a comprehensive programming
environment. Furthermore, MATLAB presents itself as a contemporary programming language environment, replete with
advanced data structures, in-built editing and debugging utilities, and robust support for object- oriented programming.
These characteristics collectively position MATLAB as an invaluable resource for both educational and research purposes.

In comparison to traditional programming languages such as C and FORTRAN, MATLAB boasts numerous advantages
when it comes to addressing technical challenges. Notably, MATLAB operates as an interactive system where arrays serve
as its fundamental data element, eliminating the need for explicit dimensioning. This software package, commercially
accessible since 1984, has achieved the status of a standard tool across numerous universities and industries worldwide.

MATLAB impressively incorporates potent built-in routines that facilitate an extensive array of computations. Addition-
ally, it offers user-friendly graphics commands that promptly provide visual representations of results. Specific applications
are conveniently bundled in packages known as toolboxes, each tailored to distinct domains like signal processing, symbolic
computation, control theory, simulation, optimization, and various other fields within applied science and engineering.

This research centers on the analysis of various properties within Group Theory, encompassing the determination of group
order, individual element orders and inverses, identification of cyclic subgroups and compilation of generator lists. In a prior
study, Mohd Ali and Sarmin [4] developed a C** program interface to display the properties of two finite abelian groups:
the group of integers under addition modulo n, denoted as Z,, , and the group of integers under multiplication modulo n,
denoted as (Z,)*, where n represents a positive integer. However, the previous program had limitations, restricting input

values of n to a maximum of 120 and displaying all group properties in a single interface. Later on, Mohd Ali, Noor Azhuan,
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Sarmin, and Johar [5] endeavored to simulate these group properties for extended integer values, specifically n < 200, while
allowing users to select their preferred property for display.

Inspired by the work of Mohd Ali, Noor Azhuan, Sarmin, and Johar [5], who explored the computation of properties
of additive and multiplicative groups of integers modulo n using C*+ programming, this research report delves into the
same domain but with a novel approach. In this study, we leverage the power of MATLAB as our primary computational
tool, offering enhanced capabilities and versatility. Notably, our research extends the boundaries by accommodating values
of n up to 300, addressing a limitation present in the previous work. This novel software additionally empowers users to
select their preferred property for display, offering a tailored and customizable experience. Through this endeavor, we aim

to provide a comprehensive and refined analysis of these groups, shedding new light on their properties and applications.

2. The groups 7, and (Z,)*

In this section, we provide relevant definitions and properties of groups. Additionally, we offer an explanation of how
to derive certain properties of Z,, and (Z,)*.

Definition 2.1. Order of a Group [6]

The number of elements of a group is called the group’s order. The notation |G| is used to denote the order of G.

Definition 2.2. Order of an Element [6]
The order of an element g in a group G is the smallest positive integer n such that g™ = e (in additive notation, it would
be ng = 0). The order of an element g is denoted by |g|.

Definition 2.3. Cyclic Subgroup [6]
Let G be a group and a € G. Then {(a) = {a"™ | n € Z} is called a cyclic subgroup of G generated by a.

Definition 2.4. The Group Z, [5]
The set Z, ={0,1,2,...,n—1} for n <1 is a group under addition modulo n. For anyi in Z, , the inverse of i is n —i.

This group is commonly known as the group of integers modulo n.

Theorem 2.1. [6] In a finite group G, the order of each element a in G divides the order of G. In symbols, we write
lal||G|, for all a € G.

Next we give an example of the group Z5, the group of integers under addition modulo 15, with some of its properties.

Example 2.1. The elements of Z15 are {0,1,2,3,4,5,6,7,8,9,10,11,12,13, 14}.

Hence, its order is 15. The computations of the order of the elements are as follows:

|0] = 1 since the order of the identity element is always 1.

1] = [2| = 4 = [7] = [8] = [11] = [13] = [14] = 15

since 15 x1=0,15x12=0,15x4=0

[10| = |5] = 3 and |3| = |6] = |9| = |12| = 5.

Now, to get the inverse of each element, we use the formula n — i, where i is the element in Zys. Therefore, 071 =0 (the
inverse of the identity element is itself), 171 =14, 271 =13,37 1 =12,471 =11,5"1=10,6"1 =9, 71 =8,8 1 =7,
971 =6,10"1 =5,11"1 =4,1271 =3, 137 =2, and 1471 = 1.

The elements 1, 2, 4, 7, 8, 11, 13, and 14 are generators of this group, since their order is the same as the order of Z15. The
cyclic subgroups of Z15 are obtained by generating each element of Z15. The following subgroups are the cyclic subgroups of
Zys:

<0>={0}, <5 >=<10>={0,5,10}

<1>=<2>=<4>=<T7>=<8>=< 11 >=< 13 >=< 14 >= 75

<3>=<6>=<9>=<12>={0,3,6,9,12}

Definition 2.5. The Group (Z,)*. [6]
(Z) is defined to be the set of all positive integers less than n and relatively prime to n for each n > 1. Then (Z,)* is a

group under multiplication modulo n.

Now we give an example of the group (Z7;, the group of integers under multiplication modulo 15, with some of its

properties.



Example 2.2. The elements of (Z55 are {1,2,4,7,8,11,13,14}. So its order is 8.

The orders of the elements are as follows:

[1| =1 since the order of the identity element is always 1.

|2| = 4 since 2 =16 = 1 (mod 15),

|4| = 2 since 42 =16 = 1 (mod 15),

|7| = 4 since 7* = 2401 =1 (mod 15),

I8] = 2 since 82 = 64 =1 (mod 15),

|11| = 4 since 11* = 14641 =1 (mod 15),

|13| = 4 since 13* = 28561 = 1 (mod 15),

|14| = 2 since 14> =196 = 1 (mod 15).
The inverses of each element are: 171 =1,271=8,4"1=4,71=13,81=8, 1171 =11, 137 ' =7, and 147! = 14.
The inverse of the identity element is itself.
Moreover, this group has no generator and the cyclic subgroups of (Zi; are also obtained by generating each element of
(Zi5. The following subgroups are the cyclic subgroups of (Z3is:

(1y = {1}, (2) = (8) = {1,2,4,8}, (4) ={1,4}, (7) = (13) ={1,7,4,13}, (11) = {1,11} and (14) = {1,14}.

3. The program code for the group 7,

Within this section, we provide programming code snippets along with their corresponding output displays. The purpose
of the program is to comprehensively analyze various aspects of the group Z,. Specifically, it is designed to ascertain the

complete set of group elements, the group’s order, an element’s inverse, an element’s order, group generators, and cyclic

subgroups.
To utilize the program effectively, one must input the value of interest, prompting the program to present a menu of

available properties. Users can then select their desired property, and the program will promptly generate and display the

corresponding output.
The following provided code is instrumental in determining each property within the context of the group Z,,. Next, we

will explore an example with n ranging from 0 to 300, for the group Z,.

s> n - input ('Enter the value of n (1 to 300): '}
ifm<1 || n> 300
error('Invalid value of n. Please enter a value between 1 and 300.");
end
elements - mod(0:n-1, n); % Elements of the additive group modulo n
disp(['The order of the additive group modulo ', num2str(n), ' is ', numZstrin)]);
generators = [];
i-1lm
element - elements(i);

subgroup - mod(element * (0:n-1), n);

if numel(unique (subgroup)) = n % Check if all elements are distinct

generators - [generators, element]:

f the additive group modulo n');

the elements');

of the elements');

¢ generators of the additive group module n');

¢y cyclic subgroups of the additive group modulo n');

option - input ('Enter the option number: ');

switch optien
case 1
disp('Elements of the additive group medulo n:'};
disp(elements);

case 2
disp({'Orders of the elements:'});
for i = 1:n
element - elements(i);
element_order = 1;

power - mod(element, n);

while power — 0
power - mod{power + element, nj;
element_order - element_order + 1;

end

disp(["Element ', num2Zstr(element), ': Order ', numZstr(element order)]});
end



>» n = input('Enter the value of n (1 to 300): *);
if =21 || n > 300

error('Invalid value of n. Please enter a value between 1 and 300.');
end
elements - mod{0:n-1, n); % Elements of the additive group medula n
disp{['The order of the additive group modulo ', numZstrin}, " is ', num2atr(n)]}:
generators - []:
for 1 = 1:n

element = elementa (i}

subgroup - mod{element * (0:n-1), n};i

if numel (unique (subgroup)) == n % Check if all elements are distinct

generators = [generators, element);
end



while true
disp('Choose an option:'};
disp('l. Display elements of the additive group modulo n'):
disp('2. Display orders of the elements');
disp{'3. Display inverses of the elements'};:
disp('4. Display generators of the additive group module n'):
disp('5. Display cyclic subgroups of the additive group medulo n');
diap{'€. Exit');

option = input{'Enter the option number: *};

awitch option
case 1
disp({'Elements of the additive group module n:');
disp{elements);

case 2
disp('Orders of the elements:');
for i - 1:n
element = elements(i);
element_order = 1;
power - mod{element, n):

while power ~= 0
power - mod{power + element, n};
element_order = element_oprder + 1;

end
disp({['Element ', numZstr{element), ': Order ', numZstri{element_order)]);
end
case 3
disp('Inverses of the elements:');
for i = 1:n
element = elements{i};
inverse = modin = element, nj; & Compute additive inverse
disp(['Element ', num2str(element), ': Inverse ', numZstr(inverse)]):
end
case 4

disp('Generators of the additive group modulo n:*);
if isemptyigeneratora)
disp('There are no generators for the given additive group modulo n.');
elze
disp(generators);
end

case 5

disp('Cyclic subgroups of the additive group module n:');

for i = 1:n
element = elements{i};
eyelic subgroup - mod(element * (D:n-1}, n)s
cyclic subgroup str = ['Cyclic subgroup generated by element ', numZates’

{element), ': [', strjoin(string(unigue (eyelic_subgroup)), ', "), '}']:

displeyclic subgroup str);

end

case &
disp("Exiting the program...'):
return;

otherwisze
disp('Invalid option. Please choose a walid option.'):



3.1 The computations in the group (Zsn

Enter the value of n (1 to 300): 209

The order of the additive group modulo 20% is 209

Choose an option:

1. Display elements of the additive group modulo n

Display orders of the elements

Display inverses of the elements

Display gensrators of the additive group moduls n
Display cyclic subgroups of the additive group modulo n
Exit

oo W

Enter the option number: 1
Elements of the additive group medule n:
Columns 1 through 18
0 1 2 3 4 5 & T ] El 10 11 12
14 15 16 17
Columns 13 through 38
18 13 20 21 22 23 24 25 28 27 28 23 30

iz 33 34 3s
Columns 37 through 54
38 37 38 392 40 41 42 43 44 45 46 47 48
50 51 52 53
Columns 55 through 72
54 55 56 57 58 59 60 61 62 63 64 a5 66
[1:] (3] 70 71
Columns 73 through 30

T2 T3 74 75 ] 7 78 79 80 81 82 83 84
86 87 :1:] as
Columns 91 through 108
20 91 92 93 94 85 98 97 8 99 100 101 10z

108 105 106 107
Columns 10% through 128
108 109 110 111 112 113 114 115 116 117 118 113 1zo0
122 123 122 125
Columns 127 through 144
126 127 128 129 130 131 132 133 134 135 136 137 138
140 141 142 143
Columns 145 through 162
144 145 146 147 148 149 150 151 152 153 154 155 156
158 153 160 161
Columns 163 through 180
162 163 164 165 186 167 168 169 170 171 172 173 174
176 177 178 179
Columns 181 through 198
180 181 182 183 184 185 186 187 188 18% 190 191 192
194 135 196 197
Columns 199 through 209
198 193 200 201 202 203 204 205 206 207 208
Choose an option:
1. Display elemsnts of the additive group modula n
2. Display orders of the elements
3. Display inverses of the elements
4. Display generators of the additive group modulo n
5. Display cyclic subgroups of the additive group moduls n
6. Exit
Enter the option number: 2
Orders of the elements:
Element 0: Order 1
Element 1: Order 209
Element 2: Order 209
Element 3: Order 209

Element 4: Order 209
Element 5: Order 209
Element €: Order 209
Element 7: Order 209
Element B: Order 204
Element 9: Order 209
Element 10: order 209
Element 11: Crder 19

13

LTS

7

EET'S

103

121

139

157¢

175¢

193¢



Element 12: Order 209
Element 13: Order 209
Element 14: oOrder 209
Element 15: Order 209
Element 16: order 209
Element 17: Crder 209
Element 18: Crder 209
Element 1%: order 11
Element 20: Order 209
Element 21: order 209
Element 22: Order 19
Element 23: Order 209
Element 24: Order 209
Element 25: Order 209
Element 26: Order 209
Element 27: Crder 209
Element 28: Crder 209
Element 2%: Order 209
Element 30: Order 209
Element 31: Order 209
Element 32: Crder 209
Element 33: order 19
Element 34: Order 209
Element 35: order 209
Element 36: Order 209
Element 37: Crder 209
Element 38: Order 11
Element 3%: Order 209
Element 40: order 209
Element 41: Crder 209
Element 42: Crder 209
Element 43: oOrder 209
Element 44: Order 19
Element 45: Order 209
Element 46: Crder 209
Element 47: Crder 209
Element 48: Order 209
Element 49%: Order 209
Element 50: Order 209
Element 51: Crder 209
Element 52: order 209
Element 53: Order 209
Element 54: Order 209
Element 55: Order 19
Element 56: Crder 209
Element 57: order 11
Element 58: Order 209
Element 5%: order 209
Element &0: Crder 209
Element &1: Crder 209
Element &2: Order 209

Element 63: Crder 209
Element 64: Crder 209
Element 65: Crder 209
Element 66: Crder 19
Element 67: Crder 209
Element 68: Crder 209
Element @%: Order 209
Element 70: order 209
Element 71: Order 209
Element 72: Order 209
Element 73: Order 209
Element 74: oOrder 209
Element 75: order 209
Element 76: Crder 11
Element 77: Crder 19

Element 78: Crder 209
Element 79%: order 209
Element B0: COrder 209
Element B1: Order 209
Element B2: Order 209
Element B3: Order 209
Element B4: Order 209
Element BS5: Order 209
Element BE: Order 209
Element B7: Crder 209
Element B8: Crder 19
Element B%: Crder 209
Element 90: order 209

Element 9 order 209
Element 9. order 209
Element 9 order 209
Element 9 order 209
Element 9 Order 11
Element 9 Order 209
Element o order 209
Element 9 order 209
Element 9 Crder 19

Element 100: Order 20%
Element 101: Order 20%
Element 102: Order 20%
Element 103: Order 20%
Element 104: Order 20%
Element 105: Order 20%
Element 106: Order 20%
Element 107: Order 20%
Element 108: Order 20%
Element 109: Order 20%
Element 110: Order 19
Element 111: Order 20%
Element 112: Order 20%
Element 113: Order 20%



Element 114: Order 11
Element 115: Order 20%
Element 116: Order 20%
Element 117: Order 20%
Element 118: Order 209%
Element 11%: Order 20%
Element 120: Order 20%
Element 121: Order 19
Element 122: Order 20%
Element 123: Order 20%
Element 124: Order 20%
Element 125: Order 20%
Element 126: Order 20%
Element 127: Order 20%
Element 128: Order 20%
Element 129: Order 20%
Element 130: Order 20%
Element 131: Order 20%
Element 132: Order 19
Element 133: Order 11
Element 134: Order 20%
Element 135: Order 20%
Element 136: Order 20%
Element 137: Order 20%
Element 138: Order 209
Element 13%9: Order 20%
Element 140: Order 20%
Element 141: Order 20%
Element 142: Order 20%
Element 143: Order 19
Element 144: Order 20%
Element 145: Order 20%
Element 146: Order 20%
Element 147: Order 20%
Element 148: Order 20%
Element 149%: Order 20%
Element 150: Order 20%
Element 151: Order 20%
Element 152: Order 11

Element Order 209
Element Order 19
Element Order 209
Element Order 209
Element + Order 209
Element Order 20%
Element order 209
Element Order 209
Element Order 209
Element : Order 209
Element Order 209
Element order 209
Element Order 19
Element order 20%
Element Order 20%
Element oOrder 20%
Element order 209
Element Order 20%
Element Order 11
Element Order 20%
Element order 20%
Element : Order 20%
Element : Order 20%
Element + Order 189
Element Order 20%
Element order 209
Element : Order 20%
Element : Order 20%
Element : Order 20%
Element : Order 20%
Element + Order 20%
Element Order 20%
Element order 209
Element : Order 20%
Element : Order 19
Element : Order 20%
Element : Order 20%
Element Order 11
Element oOrder 20%
Element order 209
Element Qrder 20%
Element order 20%
Element Order 20%
Element oOrder 20%
Element order 209
Element Order 19
Element order 209
Element Qrder 20%
Element order 20%
Element Order 20%
Element order 20%
Element order 209
Element oOrder 20%
Element order 209
Element Qrder 20%
Element order 20%

Choose an option:
1. Display elements of the additive group modulo n

2. Display orders of the elements

3. pisplay inverses of the elements

4. Display generators of the additive group medule n

5. Display cyclic subgroups of the additive group modulo n
B, Exit

Enter the option number: 3
Inverses of the elements:
Element 0: Inverse 0
Element 1: Inverse 208
Element 2: Inverse 207
Element 3: Inverse 206



Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element

Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element
Element

LH

5:

6:

7:

B:

a:

10:
11:
12
13+
14:
15:
16:
17:
18:
19:
20z
21:
22:
23:
24:
25:
ZE:
27:
282
29:
30:
31
32:
33:

38
37:
38:
39
a0:
41:
42:
43:
ads
45:
46
47:
48:
49:
50:
51:
52:
53:
LLH
55:
56:
57:
S58:
59:
60:
B1:
B2:
B3z
[-TH
B5:
662
a7+
[1:5
69:
T0:
1
72:
73:
T4:
75:
T6:
77
78:
792
BO:

Inverse 205
Inverse 204
Inwverse 203
Inverse 202
Inverse 201
Inverse 200

Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse
Inverse

Inverse
Inverae
Inverse
Inverae
Inverse
Inverae
Inverse
Inverse
Inverae
Inverse
Inverae
Inverse
Inverae
Inverse
Inverae
Inverse
Inverse
Inverae
Inverse

1989
138
197
196
185
194
133
13z
191
130
189
lag
1a7
186
1as
184
183
1az
181
180
179
178
177
178
178
174
173
17z
171
170
169
168
187
166
165
184
163
162
161
160
158
158
157
156
155
154
153
152
151
150
149
148
147
146
145
144
143
142
141
140
138
138
137
136
135
134
133
132
131
130
128

128
127
126
125
124
123
122
121
120
114
118
117
116
115
114
113
112
111
110



Element 100: Inwverse 109
Element 101: Inwverse 108
Element 102: Inwverse 107
Element 103: Inwverse 106
Element 104: Inwverse 105
Element 105: Inwverse 104
Element 106: Inwverse 103
Element 107: Inwverse 102
Element 10B: Inwverse 101
Element 109: Inwverse 100
Element 110: Inwverse 39
Element 111: Inwverse 98
Element 112: Inwverse 37
Element 113: Inawerse 96
Element 114: Inwverse 35
Element 115: Inverse 94
Element 116: Inverse 33
Element 117: Inwverse 32
Element 11E: Inwerse 31
Element 119: Inwverse 30
Element 120: Inwverse 89
Element 121: Inwverse 8B
Element 122: Inwverse 87
Element 123: Inverse 86
Element 124: Inwverse 85
Element 125: Inverse 84
Element 126: Inverse 83
Element 127: Inverse 82
Element 12B: Inwverse 81
Element 129: Inwverse 80
Element 130: Inwverse 79
Element 131: Inwverse 7B
Element 132: Inverse 77
Element 133: Inverse 76
Element 134: Inverse 75
Element 135: Inverse 74
Element 136: Inverse 73
Element 137: Inwverse 72
Element 13B: Inverse 71
Element 139: Inwerse 70
Element 140: Inwverse €9
Element 141: Inwverse 6B
Element 142: Inverse €7
Element 143: Inverse €6
Element 144: Inwverse €5
Element 145: Inverse &4
Element 146: Inverse €3
Element 147: Inverse €2
Element 14B: Inwverse €1
Element 149: Inwverse &0
Element 150: Inwverse 59

Element Inverse 38
Element Inverse 57
Element Inverse 36
Element Inverse 35
Element Inverse 34
Element Inverse 53
Element Inverse 32
Element Inverse 51
Element Inverse 30
Element Inverse 49
Element Inverse 48
Element Inverse 47
Element Inverse 46
Element Inverse 45
Element Inverse 44
Element Inverse 43
Element Inverse 42
Element Inverse 41
Element Inverse 40
Element Inverse 39
Element Inverse 38
Element Inverse 37
Element Inverse 36
Element Inverse 35
Element Inverse 34
Element Inverse 33
Element Inverse 32
Element Inverse 31
Element Inverse 30
Element Inverse 29
Element Inverse 28
Element Inverse 27
Element Inverse 26
Element Inverse 25
Element Inverse 24
Element Inverse 23
Element Inverse 22
Element Inverse 21
Element Inverse 20
Element Inverse 19
Element Inverse 18
Element Inverse 17
Element Inverse 16

Element
Element
Element
Element
Element
Element
Element
Element

Inverse 15
Inverse 14
Inverse 13
Inverse 12
Inverse 11
Inverse 10
Inverse 2
: Inverse &

Element 202: Inverse
Element 2Z03: Inverse
Element 2Z04: Inverse
Element 2Z05: Inverse
Element 2Z06: Inverse
Element 2Z07: Inverse
Element Z0B: Inverse
Choose an option:

HOR W& e

1. Display elesents of the additive group moduls n
2. Display orders of the elements

3. Display inverses of the elements

4. Display generators of the additive group medule n

S. Display cyclic subgroups of the additive group meduls n

6. Exit
Enter the option number: 4

Generators of the additive group module n:

Columns 1 through 18
1 2 3 4
16 17 18 20
Columns 19 through 36
21 23 24 25
37 39 40 41
Columns 37 through 54
42 a3 45 46

5

26

47

13

27

7

2B

29

50

10

30 31 3z 34 35

51 52 53 54 56

156

36



59 &0 61 62
Ceolumns 55 through 72
&3 64 85 87
BOD Bl az E3
Celumns 73 through 90
a4 BS BE 87
101 10z 103 104
Ceolumns 91 through 108
105 106 107 108
122 123 124 125
Columns 109 through 126
126 1z7 128 129
142 144 145 146
Ceolumns 127 through 144
147 la8 149 1s0
163 164 166 167
Ceolumns 145 through 162
168 169 170 172
184 185 1886 1e8
Columns 163 through 180
183 191 192 193
205 206 207 zp8
Choose an eption:

&3

130

151

173

134

2]

90

T0

71

2z

1. Display elesents of the additive group meduls

2. Display orders af the elements

3. Display inverses of the elements
4. Display generators of the additive group modula n

El

a3

S. Display cyclic subgroups of the additive group medule n

6. Exit
Enter the option number: 5

Cyclic subgroups of the additive group

mCyelic subgroup g.."
mCyelic subgroup g
mCyelic subgroup g.
mCyelic subgroup g.
mCyelic subgroup g.
mCyelic subgroup g
mCyelic subgroup g.
"Cyelis subgroup g
mCyelic subgroup g.
mCyelic subgroup g
mCyelic subgroup g.
g
g
g
g
g
g
g
a.

"Cyelic subgroup
"Cyelic subgroup
mCyelic subgroup
"Cyelic subgroup
"Cyelic subgroup
mCyelic subgroup
"Cyelic subgroup
mCyelic subgroup
mCyelic subgroup g..
mCyelic subgroup g
mCyelic subgroup g.
"Cyelis subgroup g.
mCyelic subgroup g.
mCyelic subgroup g
mCyelic subgroup g.
"Cyeliec subgroup g.
mCyelic subgroup g
mCyelic subgroup g.
mCyelic subgroup g.
mCyelic subgroup g.
mCyelic subgroup g..
mCyelic subgroup g.
mCyelic subgroup g.
mCyelic subgroup g.
mCyelic subgroup g
mCyelic subgroup g.
"Cyelis subgroup g
mCyelic subgroup g
mCyelic subgroup g.
mCyelic subgroup g.
"Cyclic subgroup g..

"Cyclic subgroup
"Cyelic subgraup
"Cyelic subgraup
"Cyclic subgraup
"Cyelic subgraup

ny=
nym

ngm

nym

nym

ngm

nge

nym

ng=

nge

nige
nyie
nyze
ny3e
nygm
nyse
nige
nye
nige
nige
nage
naye
naze
nagm
nag
nase
nagm
nzm
nage
nage
n3ge
w31
n3zm
n33m
nggm
n3sm
n3gm
ng7m
n3ge
n3gm
nage
ng1m

nyze
ng3m
nian
ngse
nige

module n:

-
-
-
i
-
-
-
i~
-
-
i
i
s
I
s
i
I
s
i
s
I
s
o
s
I
s
o
I
s
s
i
I
s
i
s
I
s
o
I
s
s
o

nge
"0,
"0,
"0,
"0,
"0,
"0,
"o,
"0,
"0,
=0,
=0,
=0,
=0,
=0,
=0,
=0,
=0,
"0,
=0,
=0,
=0,
"0,
=0,
=0,
=0,
=0,
=0,
=0,
=0,
=0,
=0,
=0,
"0,
=0,
=0,
=0,
"0,
=0,
=0,
=0,
=0,

1,
1,
1,
1,
1,
1,
1,
1,
1,

2
2
2
2
2
2
2
2
2

1,
11,
1,
1,
1,
1,
1,
1,
1,
19,
1,
1,
11,
1,
1,
1,
1,
1,
1,
1,
1,
1,
1,
11,
1,
1,
1,
1,
19,
1,
1,
1,

e
e 3
e 3
. 3
e 3
e 3
e 3
. 3
e 3
e 3
2,
2z
2,
2,
2,
2,
2,
2,
2,
3B
2,
2,
22
2,
2,
2,
2,
2,
2,
2,
2,
2,
2,
2z
2,
2,
2,
2,
3B
2,
2,
2,

3,
3
3,
3,
3,
3,
3,
3,
3,

73

94

a,
3,
a,
a,
a,
a,
a,
a,
i,

« 57,

3,
3,
. 3
3,
3,
3,

3,
. 3
3,
3,
3,
3,

a,
a,
3,

3,
a,
a,
a,
a,

« 57,

3,
3,
3,

"0, 1, 2, 3, 4,

"0, 1
"0, 1
=0, 1
"0, 1

11

1,

2,

3,

2z,

2,
2,

3,
3,

a,
33,
i,
a,

T4

96

75

a7

=
=
wym
=
=
=
wym
=

=

=
=
=
=
=
=
=
wym
=
=
=
wym
=
=
=
i
=
=
=
=
=
=
wym
=
=
=
wym
=
=
=

i

"=
wym
wym
nym

=

a8

oK

1o0#

1zo0

141’

1E26"

1836

204



nCyelie
noyelie
nCcyelie
nCcyelie
nCyelie
“Ccyelic
“cyelic
noyelie
nCcyelie
nCcyelie
nCcyelie
“Ccyelic
“cyelic
"Cyelie
"oyelie
nCcyelie
nCcyelie
nCyelie
“cyelic
nCyelie
noyelie
nCcyelie
nCcyelie
nCyelie
“Ccyelic
“cyelic
noyelie
nCcyelie
nCcyelie
nCcyelie
“Ccyelic
“Ccyelic
nCyelie
"oyelie
nCcyelie
nCcyelie
nCyelie
“cyelic
nCyelie
noyelie
nCcyelie
nCcyelie
nCcyelie
“Ccyelic
“cyelic
noyelie
"oyelie
nCcyelie
nCcyelie
“Ccyelic
“Ccyelic

nCyelie
nCyelie
nCyelie
"oyelie
noyelie
“Cyelic
“Cyelie
nCyelie
nCyelie
nCyelie
"oyelie
noyelie
“Cyelic
nCyelie

meyelie
meyelie
"Cyclic
meyelie
meyelie
meyelie
meyelie
mCyelie
meyelie
meyelie
"Cyclic
meyelie
meyelie
meyelie
meyelie
mCcyelic
meyelie
meyelie
"Cyelie
meyelie
meyelie
meyelie
meyelie
"Cyclic
meyelie
meyelie
neyelie
meyelie
meyelie
meyelie
meyelie
mCyclic
meyelie
meyelie
meyelie
meyelie
meyelie

subgraup
subgraup
subgraup
subgraup
subgraup
subgroup
subgroup
subgraup
subgraup
subgraup
subgraup
subgroup
subgroup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgroup
subgroup
subgraup
subgraup
subgraup
subgraup
subgroup
subgroup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgroup
subgroup
subgraup
subgraup
subgraup
subgraup
subgroup
subgroup

subgraup
subgraup
subgraup
subgraup
subgraup
subgroup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgroup
subgraup

subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgroup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup
subgraup

ngm
ngge
ngge
nsgm
ns1m
nsz
n53m
ng g
n55m
nsg
ns7m
nsge
n5ge
ngo=
ng1m
ngzm
ng3m
g
ng5
nggm
ngTm
ngE
nggm
nrge
P
wyze
ng3m
g
nygm
nrge
e
nyge
n7ge
nEo
nE1m
nEz
nE3m
nEgm
ngs=
nEg"
g7
nEE
nEg
ngge
ng1
ngam
ng3m
nggm
ng5e
ngg
ng

ngge
ngge

"1o0"
R
nipzan
"103"
"1o4"
"105"
"106"
RV
"1o8"
n1ogn
"110"
n111n

"iiz"
113"
"1l14"
"115"
"116"
117"
"11B"
119"
mizo"
"iz1"
miza"
miz23"
miz4"
miz25"
"126"
"z
"1zB"
miz9"
m1l3o"
"i31"
mi3z"
"133"
"134"
m135"
"136"
"137"
mi3g"
"139"
"140"
"i41"
mi4z2"
ml43"
"144"
"145"
m145"
"147"
"14B"

"

i
i
"
i
i
"
i
i
i
i
"
i
i
"
i
"
i
i
"
i
i
i
i
"
i
i
"
i
i
"
i
"
i
i
"
i
i

=0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
=0, 11, 22, 33,
"0, 1, 2, 3, 4,
=0, 18, 38, 57,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
=0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
0, 1. 2, 3, 4,
"0, 1, 2, 3, 4,
=0, 11, 22, 33,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
=0, 18, 38, 57,
"o, 11, 2z, 33,
"0, 1, 2, 3, 4,
=0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
=0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
=0, 11, 22, 33,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"o, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
=0, 18, 38, 57,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
=0, 11, 22, 33,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
=0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
-0, 11, 22, 33,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,

"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
=0, 11, 22, 33,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
"0, 1, 2, 3, 4,
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nye
e
e
e
"y
"y
"y
e
e
e
e
"y
"y
nym
e
e
e
"y
"y
mym
e
e
e
"y
"y
"y
e
e
e
e
"y
"y
mym
e
e
e
"y
"y
mym
e
e
e
e
"y
"y
e
e
e
e
"y

"y

e

e
-y
-y
e
-y
-y
-y
-y
-y
-y
e
-y

-y

-y
-y
==
-y
-y
-y
-y
-y
-y
-y
5=
-y
-y
-y
-y
==
-y
-y
=y
-y
-y
-y
-y
==
-y
-y
-y
-y
-y
-y
-y
==
-y
-y
-y
-y

-y



nCyelie
nCyelie
neyelie
"Cyelie
nCyelie
nCyelie
nCyelie
nCyelie
nCyelie
nCyelie
nCyelie
nCyelie
"Cyelic
"Cyelic
"Cyelic
"Cyelic
nCyelie
nCyelie
neyelie
"Cyelie
"Cyelie
nCyelie
nCyelie
nCyelie
nCyelie
nCyelie
nCyelie
nCyelie
nCyelie
"Cyelic
"Cyelic
"Cyelic
"Cyelic
"Cyelic
nCyelie
nCyelie

meyelie
mCyelie
meyelie
meyelie
meyelie
meyelie
meyelie
meyelie
meyelie

subgraup
subgraup
subgraup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgraup
subgraup
subgraup
subgraup
subgraup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgraup
subgraup
subgraup
subgraup

"Cyelic
"Cyelie
"Cyelic
"Cyelic
"Cyelie
"Cyelic
"Cyelie
"Cyeclic
"Cyelic
"Cyelie
"Cyclic
"Cyelic
"Cyelie
"Cyelic
"Cyelie

subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup
subgroup

subgraup
subgroup
subgraup
subgraup
subgroup
subgraup
subgraup
subgroup
subgraup
subgroup
subgraup
subgraup
subgroup
subgraup
subgroup

Chosse an sptisn:
1. Display elesents of the additive group meduls n
2. Display orders af the elements

3. Display inverses of the elements
4. Display generatars of the additive group medula n
S. Display cyclic subgroups of the additive group moduls n
6. Exit

Enter the option number:
Exiting the program...

=

m14am
"150"
"151"
m152m
"153"
"154m
m155"
"156"
"157"
"158"
m153m
"160"
"161"
m162"
"163"
"164"
"165"
"166"
"7
"168"
"1ga"
m170"
m1T
m172m
"173"
"1
"175"
"176"
n1T7n
"178"
"173"
"180"
"1E1"
"1g2"
"183"
"1B4"

"1B5"
T1RE"
T1ET"
"18B"
m1E9"
190"
191"
192"
"193"
NI
195"
"196"
197"
"198"
m19gm
mzoo"
mzo1"
mz202"
m203"
mZ204"
m205"
m208"
mz207"
mzo0E"

1]

"
"

=0,
=0,
=0,
=a,
"o,
"o,
"o,
"o,
"o,
"o,
"o,
=0,
=0,
=0,
=0,
=o,
=0,
=0,
=0,
=a,
=a,
"o,
"o,
"o,
"o,
"o,
"o,
=0,
=0,
=0,
=0,
=0,
=0,
=o,
=0,
=0,

i -
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1,
1,
1,
13,
1,
11,
1,
1,
1,
1,
1,
1
1,
1,
1,
1,
11,
1,
1,
1,
1,
1,
13,
1,
1,
1,
1,
11,
1
1,
1,
1,
1,
1,
1,
1,

0

2, 3, 4,
2, 3, 4,
2, 3, 4,
3m, 57,
2, 3, 4,
22, 33,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2 3, A,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2, 3, 4,
22, 33,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2, 3, 4,
3s, 57,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2, 3, 4,
22, 33,
2 3, A,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2, 3, 4,
2, 3, 4,

1,

-y
-y
-y
-y
-y
-y
-y
-y
-y
-y
-y
-
-
-
-
-
-y
-y
-y
-y
-y
-y
-y
-y
-y
-y
-y
-
-
-
-
-
-
-
-y

-y

e
g
-
e
i
-y
-y
-ym
-y
g
-
-y
i
-y
-y
-y
-y
-y
-y
-y
-y
-y
-y

-y



4. The program code for the group (Z,)*

Within this section, we provide programming code snippets along with their corresponding output displays. The purpose
of the program is to comprehensively analyze various aspects of the group (Z,)*. Specifically, it is designed to ascertain the
complete set of group elements, the group’s order, an element’s inverse, an element’s order, group generators, and cyclic
subgroups.

To utilize the program effectively, one must input the value of interest, prompting the program to present a menu of
available properties. Users can then select their desired property, and the program will promptly generate and display the
corresponding output.

The following provided code is instrumental in determining each property within the context of the group (Z,)*. Next,

we will explore an example with n ranging from 0 to 300, for the group (Z,)*.
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dimp|"E. Exiz

Extar

aptiss = dinput( s opbics nushes: ®

muitck opricn
cans 1
atap('Elsmscta of the
diap s lemasts

iziplicative group modul

cans 2
diap{'drdsrs cf the slsmsn
o lemectal

Eox 4 = 1

alemast = mlessnts|i}:
alemsct _crdar = 17
pouwsr = mod {slessst, nl;

whils powes == 1
powar = mod(powsr © slsssst, nl:
slsmant_ocdsc = slamant_ordsr + 17

and

dimp|"Elamant ', senlatsislsmest], ": Ordsr ', mmIstc|slesant_scdsc)]);

snd

cans 1
Slap{' Irrecasa of the slasance:

fox 1 = l:lengthislesectal
alemsct = slessntaiil:
=] = godislessnt,

cEm
*: Imwecas ', nualstoiinvecss)]

ora of the multiplicative group modulo n:

4f imsmpty|genaatars)
diwp|"Thars ars no genarstors for tha gives muleiplicstive groop modelo §f

diwp|gacaratoc

and

cans 3
dlap{'Cyclic subgroups of thae multiplic s group madula
dlapi'Ideztizy Subgroeps [1}");

foz i = I:crdax

crialessctaii]ll, ": {", atriainist

laubgrampl, . "1,

tha progranm. ..

ctiarwias
alap{" Inm

cption. Fleass chocas & valid optico.

4.1 The computations in the group (73,

Enter the value of n (1 to 300): 210
The order of the multiplicative group module 210 is 48
Choose an option:
1. Display elements of the multiplicative group medulo n
2. Display orders of the elements
3. pisplay inverses of the elements
4. Display generators of the multiplicative greup medule n
5. bisplay cyclic subgroups of the multiplicative group medulo n
6. Exit
Enter the option number: 1
Elements of the multiplicative group medulo n:

Columns 1 through 17

1 11 13 17 15 23 29 31 37 41 43 47 53 59¢
61 67 71

Columns 18 through 34

73 79 83 89 97 101 103 107 109 113 121 127 131 137¢

Columns 35 through 48
151 157 163 167 169 173 179 181 187 191 193 197 199 209

Cheose an opticn:

1. Display elements of the multiplicative group medule n
2. Display orders of the elements

3. Display inverses of the elements

4. Display generators of the multiplicative group modulo n
5. Display cyclic subgreups of the multiplicative group modulo n
6. Exit

Enter the option number: 2

Orders of the elements:

Element 1: Order 1

Element 11: Order 6

Element 13: Order 4

Element 17: Order 12

@

Element 19: Order
Element 23: Order 12
Element 28: Order 2
Element 31: Order

Y

15



Element 37: Order 12
Element 41: Order
Element 43: Order
Element 47: Order 12
Element 53: Order 12
Element 53: Order
Element 61: Order
Elemsnt &7: Order 12
Element 71: Order 2
Element 73: Order 12
Elemsnt 79: Order &
Element 83: Order 4
Element 89: Order 6
Element 97: Order 4
Element 101: QOrder &
Element 103: Order 12
Element 107: Order 12

Ry

LS

Element 109: Order 6
Element 113: Order 4
Element 121: Order 3
Element 127: Order 4
Element 131: Order 6
Element 137: Order 12
Element 13%9: Order 2
Element 143: Order 12
Element 149: Order 6
Element 151: Order 3
Element 157: Order 12
Element 163: Order 12
Element 167: Order 4
Element 169: Order 2
Element 173: Order 12
Element 179: Order &
Element 181: Order 2
Element 187: Order 12
Element 191: Order &

Element 193: Order 12

Element 197: Order 4

Element 199: Order &

Element 208: Order 2

Choose an option:

1. Display elements of the multiplicative group moduloc n
2. Display orders of the elements

3. Display inverses of the elements

4. Display generators of the multiplicative group medule n
5. Display cyclic suhgroups of the multiplicative group moduls n
6. Exit

Enter the option number: 3

Inverses of the slements:

Element 1: Inverse 1

Element 11: Inverse 191

Element 13: Inverse 37

Element 17: Inverse 173

Element 13: Inverse 139

Element 23: Inverse 137

Elsment 23: Inverse 23

Element 31: Inverse 61

Element 37: Inverse 193

Element 41: Inverse 41

Element 43: Inverse 127

Element 47: Inverse 143

Elsment 53: Inverse 107

Element 59: Inverse B9

Element 61: Inverse 31

Element 61: Inverse 31
Elemsnt &
Element 71: Inverse 71

Inverse 163

Element 73: Inverse 187
Element 79: Inverse 108
Element 83: Inverse 167
Element 89: Inverse 39
Element 97: Inverse 13
Elemsnt 101: Inverse 131
Element 103: Inverse 157
Element 107: Inverse 53
Element 109
Elemsnt 113: Inverse 137
Element 121: Inverse 151

Inverse 7%

Element 127: Inverse 43
Elemsnt 131: Inverse 101
Element 137: Inverse 23
Element 139: Inverse 139
Element 143: Inverse 47
Elemsnt 149: Inverse 179
Element 151: Inverse 121
Element 157: Inverse 103
Element 163: Inverse &7
Element 167: Inverse B3
Element 1é9: Inverse 189
Element 173
Elemsnt 179: Inverse 149
Element 181: Inverse 181
Element 187: Inverse 73

Inverse 17

Element 191: Inverse 11

Element 193: Inverse 37

Element 197: Inverse 113

Elemsnt 199: Inverse 19

Elemsnt 209: Inverse 209

Choose an option:

1. Display elements of the multiplicative group modulo n
2. Display orders of the slements

3. Display inverses of the elements

4. Display generators of the multiplicatiwe group modulec n

16



5. Display cyclic subgroups of the multiplicative group modulo n
6. Exit

Enter the option number: 4

Generators of the multiplicative group medulo n:

There are no generators for the given multiplicative group meodulo n.
Choose an option:

1. Display elements of the multiplicative group modulc n

2. Display orders of the elements

3. Display inverses of the elements

4. Display generators of the multiplicative group modulo n

5. Display cyclic subgroups of the multiplicative group modulo n
6. Exit

Enter the option number: S

Cyclic subgroups of the multiplicative group modulc n:

Identity Subgroup: {1}

"Element " n11n "o "1, 11, 121, 71, 1 "
"Element " "13" "o "1, 13, 169, 97" npm
"Element " RER L "oq "1, 17, 79, B3, 15.." nym
"Element " m1ge LERE "1, 1%, 151, 139, .." b
"Element " n23" "o "1, 23, 109, 197, .." "
"Element " n2g" "o "1, 29" "
"Element " "3l L "1, 31, 121, 181, .." "
"Element " 37" L "1, 37, 108, 43, 1,." mpn
"Element " na1n e "1, 41" e
"Element " REER "o "1, 43, 169, 127" "y
"Element " naqn e "1, 47, 109, €3, "
"Element " "53" o "1, 53, 79, 187, 1.." mpn
"Element " "55" e "1, 5%, 121, 209, myn
"Element " ng1n "eoqm "1, 61, 151, 181, .." nyn
"Element " "g7" e "1, &7, 79, 43, "
"Element " n71n o "1, 71" e
"Element " n73" e "1, 73, 7%, 97, 15.." "y
"Element " nygn " "1, 79, 151, 169, "
"Element " e LA *1, 83, 169, 1&7" "
"Element " "eam LA "1, &%, 151, 20%, .." "
"Element " g LA "1, 97, 169, 13* "
"Element " "ip1* R "1, 101, 121, 41, .." i
"Element * "i03" L L "1, 103, 109, %7, .." "
"Element " "7 LERN A "1, 107, 109, 113,.." e
"Element " "ing" LERN A "1, 109, 121, 1&9,,." e
"Element " "113" R "1, 113, 1&%, 137" i
"Element * "iz1v L "1, 121, 151" .y
"Element " iz LA A "1, 127, 1&%, 43" e
"Element " i LERN A "1, 131, 151, 41, .." e
"Element " "Ly LERN A "1, 137, 7%, 113, .." e
"Element " "13%" R "1, 139" "
"Element * 143" LR A "1, 143, 7%, 1&7, .." "
"Element " "149" LERN A "1, 149, 151, 29, .." e
"Element " "im1v LERN A "1, 151, 121" iy
"Element " 157" LERN A "1, 157, 7%, 13, 1.." e
"Element * 163" L "1, 163, 10%, 127,.." e
"Element * "1E7" L L "1, 167, 1&%, 83" A
"Element " "169" LERN A "1, 189" "y
"Element " "i7an LERN A "1, 173, 109, 1&67,.." e
"Element " "17e" R "1, 179, 121, 2%, .." b
"Element * "ig1v LR A "1, 181" "
"Element " "1E7" LA A "1, 187, 109, 13, .." "
"Element " "ie1v LERN A "1, 181, 151, 71, .." e
"Element " "ia3v LERN A "1, 193, 7%, 127, .." e
"Element " e I A "1, 1%7, 16%, 113" "
"Element " "igg" LERE A "1, 189, 121, 13%, " "
"Element * 209" " "1, 209" "

Choose an option:

Display elements of the multiplicative group modulo n
Display orders of the elementa

Display inversesz of the elements

Display generators of the multiplicative group module n
Display cyclic subgroups of the multiplicative group medulo n
Exit

Enter the option number: €

Exiting the program...

>
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5. Summary

This software has been developed with the explicit purpose of calculating various properties of a group. These properties
encompass the identification of all elements within the group, determination of the group’s order, computation of the
inverses and orders of individual elements, identification of group generators, and the exploration of cyclic subgroups within
the groups Z,, and (Z,)*.

To utilize the program, you simply input your desired value for 'n’ and then select one of the available options. Sub-
sequently, the program will generate and display the relevant properties based on your selection. It is our aspiration that
this program will serve as an initial step towards the creation of more advanced and sophisticated software tools for similar

purposes.
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