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Abstract

The theory of fuzzy sets has a wide range of applications, one of which is that of fuzzy groups. Part of its
applications is to provide formalized tools for dealing with the imprecision intrinsic to many problems.
Denote the number of chains of subgroups of a finite group G which ends in G by h(G). The method of
computing h(G) is based on the application of the Inclusion-Exclusion Principle. In this context , h(G)
is actually referred to as the number of district fuzzy subgroups for the finite nilpotent p-group. This

work is therefore designed as part to classify the nilpotent groups formed from the Cartesian products of
p-groups through their computations. In this paper, the Cartesian products of p-groups were taken to
obtain nilpotent groups. the explicit formulae is given for the number of distinct fuzzy subgroups of the
Cartesian product of the dihedral group of order eight with a cyclic group of order of an n power of two

for, which n is not less than three.

Keywords: Finite p-groups, Nilpotent group, Fuzzy subgroups, Dihedral group, Inclusion-exclusion

principle, Maximal subgroups.

1lIntroduction

1IPreliminaries

A group is nilpotent if it has a normal series of a finite length n.
That iS, G= GO 2 G1 Z G2 2 s 2 Gn = {6}, where Gi/Gi+1 S Z(G/Gl+1)
By this notion, every finite p-group is nilpotent. The nilpotence property is an hereditary one. Thus,

(i) Any finite product of nilpotent group is nilpotent.

(ii) If G is nilpotent of a class c, then, every subgroup and quotient group of G is nilpotent and of class < c.
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Nilpotent groups are so called because the "adjoint action" of any element is nilpotent.

Proposition 1. (i) Every abelian group is nilpotent. (ii) Every finite p-group is nilpotent.
Lemma 1. Let G be a nilpotent group. Then every maximal subgroup of G is normal in G.

Definition 1. A maximal subgroup of a group G is a subgroupM < G such that there is no sub-
group H with M < H < G. Thus a maximal subgroup is a proper subgroup which is largest amongst the
proper subgroups.

Thus a maximal subgroup is a proper subgroup which is largest amongst the proper subgroups. This tells us that
the study of finite nilpotent groups reduces to understanding p-groups.

Theorem 1. Let G be a finite group. The following conditions on G are equivalent: (i) G is nilpotent; (ii)
every Sylow subgroup of G is normal; (iii) G is a direct product of p-groups (for various primes p)

Proposition 2. Every nilpotent group is solvable

Theorem 2. Let G be a finite group. The following are equivalent: (i) G is nilpotent; (ii) every
maximal subgroup of G is normal; (iii) G is a direct product of p -groups.

Theorem 3. (i) Every subgroup of a nilpotent group is nilpotent. (ii) Ever quotient group of a nilpotent group
is nilpotent.

Proposition 3. If G1,---,G) are nilpotent groups then the direct product G; x --- x Gy is also
nilpotent.

Corollary 1. If p1,--- ,pr are primes and P; is a p; -group then P, X --- x Py is a nilpotent
group.

Theorem 4. Let G be a finite group. The following conditions are equivalent. (i) G is nilpotent.
(ii) Every Sylow subgroup of G is a normal subgroup. (iii) G isomorphic to the direct product of its Sylow
subgroups.

Example 1. Finite p-groups are nilpotent.

1.1IFuzzy Setsn

The notion of a fuzzy set is derived from the generalisation of the concept of a crisp set. Unlike in classical set
theory where membership of an element of a set is viewed in binary terms of a bivalent nature (is a member of
or is not a member of), the generalisation of classical sets to fuzzy sets allows for elements of a set to partially
belong to that set.

Definition 2. Zadeh(1965): A fuzzy subset of a set X is a function 1 : X — I = [0, 1].

In an alternative manner, the fuzzy subset © : X — I = [0,1] can be represented by px(x) = ¢ for
z € X, 0 <t <1and we say t is the degree to which x belongs to the fuzzy subset 1 x. This gives a crisp set
if the image set is {0, 1}. We denote the set of all fuzzy sets of a set X by IX.

Definition 3. Zadeh(1965): The Height of a fuzzy set
ht(p) = sup{u(z) : © € X}. We say the fuzzy set is normal if ht(u) = 1.

Definition 4. (fuzzy set). Let X be a nonempty set. A fuzzy set A in X is characterized by its
membership function
pa:X —[0,1]
and 4 () is interpreted as the degree of membership of element x in fuzzy set A for each x € X.
It is clear that A is completely determined by the set of tuples
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A = {(u,pa(u))|lu € X}. Set A(z) = ppa(z). The family of all fuzzy sets in X is denoted by F(X). If

X ={x1,...,x,} is a finite set and A is a fuzzy set in X then the following notation is often used.
A :Ml/xl ++/4Ln/xnv
where the term u;/x;, ¢ = 1,...,n signifies that y; is the grade of membership of x; in A and the plus sign

represents the union.

Example 2. The membership function of the fuzzy set of real numbers “is close to 1”, can be
defined as

A(t) = exp(=f(t = 1)*)

where £ is a positive real number.

Definition 5. (support) Let A be a fuzzy subset of X; the support of A, denoted supp(A), is the
crisp subset of X whose elements all have nonzero membership grades in A. supp(A4) = {x € X|A(x) > 0}.

Definition 6.  (normal fuzzy set) A fuzzy subset A of a classical set X is called normal if there ex-
ists an z € X such that A(z) = 1. Otherwise A is subnormal.

Definition 7.  (a-cut) An a-level set of a fuzzy set A of X is a non-fuzzy set denoted by [A]a and
is defined by
{t € X|A(t) > a}, if a >0,
[Ala =
cl(suppA), if =0,
where cl(suppA) denotes the closure of the support of A.

Example 3. Assume X = {-2,-1,0,1,2,3,4}and A =0.0/ —2+0.3/ -1
+0.6/0 + 1.0/1 +0.6/2 + 0.3/3 + 0.0/4,
in this case
{—2,-1,3,4}, if0<a <03,
[Ala = ¢ {0,2}, if 0.3 <a<0.6,

{1}, if 0.6<a<1.

Definition 8.  (convex fuzzy set) A fuzzy set A of X is called convex if [A]a is a convex subset of
X V a € ]0,1]. In many situations people are only able to characterize numeric information imprecisely.

For example, people use terms such as, about 5000, near zero, or essentially bigger than 5000. These are
examples of what are called fuzzy numbers. Using the theory of fuzzy subsets we can represent these fuzzy
numbers as fuzzy subsets of the set of real numbers.

Definition 9. (fuzzy number) A fuzzy number A is a fuzzy set of the real line with a normal,
(fuzzy) convex and continuous membership function of bounded support. The family of fuzzy numbers will be
denoted by F'.

Definition 10.  (quasi fuzzy number) A quasi fuzzy number A is a fuzzy set of the real line with a
normal, fuzzy convex and continuous membership function satisfying the limit conditions

tlggo A(t) =0, tln}loo A(t) = 0.

Let A be a fuzzy number. Then [A] is a closed convex (compact) subset of R for all v € [0, 1]. Now, let
ai(y) = min[A]y, az(y) = max[A]y.

In other words, a1 (vy) denotes the left-hand side and as(+y) denotes the right-hand side of the ~y-cut. It can be
deduced that if « < 3 then, [AJa D [A]S. Furthermore, the left-hand side function

0512[0,1]—>R
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is monotone increasing and lower semicontinuous, and the right-hand side function
az:[0,1] — R
is monotone decreasing and upper semicontinuous.
Let
[Aly = [a2(9), a2(7)]-

The support of A is the open interval (a1(0), a2(0)).
If A is not a fuzzy number then there exists an y € [0, 1] such that [A]~ is not a convex subset of R.

Definition 11.  (triangular fuzzy number) A fuzzy set A is called triangular fuzzy number with peak
(or center) a, left width a > 0 and right width 8 > 0 if its membership function has the following form

1—2t ifa—a<t<a,

—!
Aty=q 1-13% ifa<t<a+tp,
0, otherwise,

and the notation A = (a, «, ) is thus, used. It can easily be verified that [A]y = [a — (1 — y)a, a + (1 — ) 0],
for all v € [0, 1]. The support of A is (a — a, b+ f3). A triangular fuzzy number with center a may be seen as a
fuzzy quantity ” z is approximately equal to a”.

Definition 12. (trapezoidal fuzzy number) A fuzzy set A is called trapezoidal fuzzy number with
tolerance interval [a, ], left width «v and right width 3 if its membership function has the following form

1-(a—t)/a, fa—a<t<aq,
1, if a<t<b,

1—(t—b)/8, ifa<t<b+p,

0 otherwise,
and we use the notation A = (a, b, o, ). It can easily be shown that
[Aly = o= (1 =7y)a,b+ (1=7)8], ¥ v <€[0,1].

The support of A is (a — a,, b+ [3). A trapezoidal fuzzy number may be seen as a fuzzy quantity
“z is approximately in the interval [a, b]”.

Definition 13. Any fuzzy number A € F' can be described as
Lty iftela—a,ad,

1, if t € [a,b],

R(;;E), if tebb+ Al

where [a, ] is the peak or core of A,
L:[0,1] — [0,1], R:[0,1] — [0,1],

are continuous and non-increasing shape functions with L(0) = R(0) = 1 and R(1) = L(1) = 0. This fuzzy
interval is called the L R-type . It is denoted by A = (a, b, v, B) .. The support of Ais (a — a, b + §).

Let A = (a,b, a, 8) g be a fuzzy number of type LR. If a = b then the notation A = (a, o, 8) g is used in
this case and hence, A is known as a quasi-triangular fuzzy number. Furthermore if L(z) = R(z) = 1 — x then
instead of A = (a,b, «, 8) L, simply write A = (a,b, a, ).

Definition 14.  (subsethood) Let A and B be fuzzy subsets of a classical set X. We say that A is a
subset of B if A(t) < B(t), Vte X.
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Definition 15. (equality of fuzzy sets) Let A and B be fuzzy subsets of a classical set X. A and B
are said to be equal, denoted A = B, if A C B and B C A. We note that A = B if and only if

A(z) = B(x) for z € X.

Definition 16. (empty fuzzy set) The empty fuzzy subset of X is defined as the fuzzy subset ¢ of X such that
(x) = 0 for each 2z € X. Observe that ¢ C A holds for any fuzzy subset A of X.

Definition 17. The largest fuzzy set in X, called universal fuzzy set in X, denoted by 1lx, is de-
fined by 1x(t) =1,V ¢t € X. We have A C 1x holds for any fuzzy subset A of X.

Definition 18.  (Fuzzy point) Let A be a fuzzy number. If supp(A) = {xo} then A is called a
fuzzy point. The notation A = %, is then used.

Let A = Z( be a fuzzy point. This implies that
[A]" = [0, w0] = {20}, Vv €[0,1].

1.2|0perations on Fuzzy Sets

The classical set theoretic operations can be extended from ordinary set theory to fuzzy sets. All those
operations which are extensions of crisp concepts are reduced to their usual meaning when the fuzzy
subsets have membership degrees that are drawn from {0, 1}. For this reason, when extending operations to
fuzzy sets the same symbols as in set theory are used. Let A and B be fuzzy subsets of a nonempty (crisp) set X.

Definition 19. (intersection) The intersection of A and B is defined as:
(AN B)(t) = min{A(t), B(t)} = A(t) A B(t), forall t € X.

Definition 20. (union) The union of A and B is defined as: (A U B)(t) = max{A(t), B(t)} = A(t) V B(¢),
forallt € X.

Definition 21. (complement) The complement of a fuzzy set A is defined as
(~A)() = 1 — A()
A closely related pair of properties which hold in ordinary set theory are the law of excluded middle
AV-A=X

and the law of noncontradiction principle

AN-A=¢p
It is clear that -1 x =  and = = 1x, however, the laws of excluded middle and noncontradiction are not
satisfied in fuzzy logic.

A(t

Lemma 2. The law of excluded middle is not valid. Let pA(t VteR,

= (mAVA)(t) = max{-A(t

= mnaXx {

)}
Lemma 3. The law of noncontradiction is not valid.
Let A(t) =1/2, Vt € R, then this shows that

(mA A A)(t) = min{—A(t), A(t)} = min{l — 2 2} =1/2 #0.
However, fuzzy logic satisfies De Morgan’s laws
-(AANB)=-AvV-B,~AvVB=-AA-B

~—

(t

~—

)

1
T2

l\D\)—l

1.3IProduct Sets

Definition 22. An ordered pair can be intuitively defined as two elements x,y such that one of them is
designated as the first element and the other as the second element. Such a pair is denoted by (z, y) with the
understanding that two pairs (z,y) and (u,v) are equal if and only if z = u and y = v.

In general, an ordered n-tuple written (¢1,...,%,) can be considered as a set of n-elements t¢1,...,%, not
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necessarily distinct, one of which is designated the first element, another the second element, etc. Also, if
(t1,...,tn) = (#,...,¢,) then it implies that t; = t|,to = th, ... t, = ¢,
Definition 23. Suppose that P and () are two sets. The Cartesian product (or product set) of P
and @, also written as P X @, is the set of all ordered pairs (x,y) such that z € P and y € Q. Generally, the
cartesian product P; X - -+ X Py of k sets Py, ..., Py can be defined as the set of all n-tuples (¢y, ..., ) for
which, t; € P;, ¢ € {1,2,...,k}. This means that (¢1,...,tx) = (¢}, ...,t},) if and only if ¢; = ¢ for all ¢.

Definition 24.  Let ¢ be the set {1,2,...,n} and {A,},c. a family of groups indexed by e. The
Cartesian product X A, of {A,} is the set of all n-tuples (x1,...,2,), ; € A;. This can alternatively be
defined as the set of choice function from e to p|J!"_; A,. Now, let G = X, ¢. A, be the Cartesian product of the

groups A,.. We define a binary operation “x” on G. For x = (21, 22,...,2,) and y = (y1,¥2,.-.,Yn) € G,
where z x y = (z1y1, 2Y2, - - -, TnYn)-

Theorem 5. [(Kuku(1992)] (G, x) is a group. If each A, is abelian, then G is abelian. If each A,
is finite of order b; then G is finite of order t1t5 . . . t,.

Definition 25.  The group G = XA, is known as the external direct product of the A’s. This is
denoted by I1,.c. A,

2|Introduction

The problem of classifying the fuzzy subgroups of a finite group has so far experienced a very rapid progress.
One particular case or the other have been treated by several papers such as the finite abelian as well as the
non-abelian groups. The number of distinct fuzzy subgroups of a finite cyclic group of square-free order has
been determined. Moreover, a recurrence relation is indicated which can successfully be used to count the
number of distinct fuzzy subgroups for two classes of finite abelian groups. They are the arbitrary finite cyclic
groups and finite elementary abelian p-groups. For the first class, the explicit formula obtained gave rise to
an expression of a well-known central Delannoy numbers. Some forms of propositions for classifying fuzzy
subgroups for a class of finite p-groups have been made by Marius Tarnauceaus. It was from there, the study was
extended to some important classes of finite non-abelian groups such as the dihedral and hamiltonian groups.
And thus, a method of determining the number and nature of fuzzy subgroups was developed with respect
to the equivalence relation. There are other different approaches for the classification. The corresponding
equivalence classes of fuzzy subgroups are closely connected to the chains of subgroups, and an essential role
in solving counting problem is again played by the inclusion - exclusion principle. This hereby leads to some
recurrence relations, whose solutions have been easily found. For the purpose of using the Inclusion - Exclusion
principle for generating the number of fuzzy subgroups, the finite p-groups has to be explored up to the maximal
subgroups. The responsibility of describing the fuzzy subgroup structure of the finite nilpotent groups is the
desired objective of this work.

3IMethodology

We are going to adopt a method that will be used in counting the chains of fuzzy subgroups of an arbitrary finite
p-group G . That is the number of fuzzy subgroups of a finite group G which end in G. This is denoted by
h(G), and it is actually the number of district fuzzy subgroups for the finite nilpotent group .

Now , let G be a finite nilpotent group , and suppose that M7, My, ..., M, are the maximal subgroups of G,
and denote by h(G) the number of chains of subgroups of G which ends in G. In order to obtain h(G), the
simple application of the Inclusion-Exclusion Principle is thus put in place . and we have as follows :

WGy =2(> hM)— > WM, NM,,) +-~+(—1)“h<ﬂ M>> (1)

1<ri<re<t

In [6], (1) was used to obtain the explicit formulas for some positive integers n.

Theorem 6 (This can be credited to Marius . Please see [1]). The number of distinct fuzzy subgroups of
a finite p-group of order p™ which have a cyclic maximal subgroup is:

() M(Zyn) = 2", (i) W(Zp X Lpn—1) = 2" "2+ (n — 1)p]
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We are going to apply this theorem at some points or the other in our computational processes .

4IThe District Number of The Fuzzy Subgroups of The Nilpotent Group of (Dy: x Com)
Form > 3

The number of distinct fuzzy subgroups for the Cartesian product of the dihedral group of order eight and the
abelian (cyclic) group of order 2™ for any integer m > 3 was fully computed in [14] . And so, the following
propositions and theorem were used for the proof.

Proposition 4 (see [13]). Suppose that G = Z4 x Zgn,n > 2. Then, h(G) = 2" [n? + 5n — 2]

Proof: G has three maximal subgroups of which two are isomorphic to Zs X Zon and the third is
isomorphic to Zy X Zgn-1.

Hence, h(Zy X Zon) = 2h(Zo X Zign) + 2 W(Zg X Zign—1) + 22W(Zg X Zign—2)

—+ 23h(ZQ X Z2n—3) =+ 24h(ZQ X ZQn—zl) + -4 2”72h(Z2 X ZQ2)

n—2

= 2""2(n+1)+ ) [(n+1) -]

j=1
=2"12(n+ 1)+ i(n—2)(n+3)] =2"[n*> +5n—2],n > 2

We have that : A(Zg X Zgn—1) = 2" [(n — 1)2 +5(n — 1) — 2]
=2""1n?+3n—6l,n>2 O

Corollary 2. Following the last proposition, h(Zy X Zos), h(Zy X Zioe ), h(Zy X Zo7) and h(Zy X Zgs) =
1536, 4096, 10496 and 26112 respectively.

Theorem 7 (see [15]). Let G = Ds»n x (5, the nilpotent group formed by the cartesian prod-
uct of the dihedral group of order 2" and a cyclic group of order 2. Then, the number of distinct fuzzy
subgroups of G is given by : A(G) = 22"(2n +1) — 2" n >3

Proof: the group Ds» x (3, has one maximal subgroup which is isomorphic to Zg X Zgn-2, twWo
maximal subgroups which are isomorphic to Dyn—1 x Cy, and 22 which are isomorphic to Dan.
It thus, follows from the Inclusion-Exclusion Principle using equation,

1
ih(DQTL X 02) - h(ZQ X ZQn—l) + 4h(D2n) - 8h(D2n—1) - 2h(ZQ X ZQn—Q) + 2h(D2n—1 X 02)
By recurrence relation principle we have :
h(Dgn x Cy) = 2*"(2n + 1) — 2" n >3

By the fundermental principle of mathematical induction,

set F(n) = h(Dan x C2), assuming the truth of F(k) =h(Dar x C3) = 2h(Za X Zj_1)

+ Sh(ng — 16hD21c—1 — 4h(Z2 X Zk,g) + 4h(D2k—1 X Cg) = 22k(2]€ + 1) — 2k+1,

F(k+1) = h(D2k+1 X 02) = 2]’L(Z2 X ng) + 8]7,(D2k+1 — 16h(D2k — 4h(Z2 X Zk—l)

+ 4h(Dgx x Cy) = 22[22k(2k — 3) — 2K], which is true. O

Proposition 5 (see [12]). Suppose that G = Dsyn x (4. Then, the number of distinct fuzzy
subgroups of G is given by :

n—3
2202 (64n + 173) + 3 Y 27 1H) (20 4 1 — 2)

j=1

Proof: Jh(Dyn X Cy) = h(Dan x C2) + 2h(Dgn-1 x Cy) — 4h(Dan-1 x Co) + h(Zy X Zyn-1)
- 2h(Z2 X ZQn—l) - 2h(Z4 X Z2n—2) + Sh(ZQ X ZQn—Z) + h(ZQn—l) - 4h(Z2n—2)
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h(Dan xCy) = (n—3).227+2422(n=3)(1460)4-3[2" (2n—1)+2"1 (2n—3) +2"T2(2n—5) +- - -4+7(22("~2))]

n—3
= (n—3).22""2 + 22" (1460) + 3> 2" (20 + 1 — 2j)
j=1
n—3 .
=22 (64n +173) + 3 2" (20 + 1 — 2j)

j=1

Proposition 6 (see [10]). Let G be an abelian p-group of type Z, X Z, X Zy, where p is a
prime and n > 1. The number of distinct fuzzy subgroups of G is
M(Zy X Ly X Lipn) = 2"p(p+1)(n—1)(3+np+2p) + (2" —2)p* — 2" T (n— 1)p* + 2" [p> + 4(1 + p+p?)].

Proof: there exist exactly 1 + p + p? maximal subgroups for the abelian type Z, X Z, X Zyn,
[Berkovich(2008)]. One of them is isomorphic to

Ly X Ly X Zipn—1, while each of the remaining p + p? is isomorphic to Z, x Zpn. Thus, by
the application of the Inclusion-Exclusion Principle,we have as follows: h(Z, x Z, X Zp) =
2p(p + 1)(n — 1)(3 + np + 2p) + (2" — 2)p* — 27+ (n — 1)p? + 2°[p° + 4(1 + p + p?)] And
thus,

WZy X Lp X Lyn—2) = 2"72[4+ (3n—5)p+ (n* = 5)p° + (n® — 5n + 8)p®] — 2p*.

Corollary 3. From (3) above, obsreve that, we are going to have that:
WZs x T3 x Zzn) = 2"T1[18n% 4 9n + 26] — 54
Similarly, for p = 5, using the same analogy, we have
WZs x Zs x Zsn) = 2[30h(Zs X Zsn) + h(Zs X Zs X Zgn-1)
—p*h(Zsn) — 30h(Zsn-1) + 125]
And forp =17,
W(Zr X Lz X Lon) = 2[56h(Zy X ZLign) + h(Zy X Lz X Lgn—1) — 343h(Zyn) — 56 (Zgn—1) + 343]
We have, in general, h(Zy, X Zy, X Zyn-2) = 2" 2[4+ (3n — 5)p + (n* — 5)p? + (n? — 5n + 8)p*] — 2p* O

Proposition 7 (see [14]).
Let G = (Dgs x Com) form > 3. Then , h(G) = m(89 — 23m) + (85)2™+3 — 124

Proof: there exist seven maximal subgroups , of which one is isomorphic to Dss x Com_1, two
being isomorphic to Com X Cy x Cy), two isomorphic to Com X Cy, and one each isomorphic to Com X Cy,
and Cym respectively. Hence , by the inclusion - exclusion principle, using the propositions [1], [2], [3], and
Theorem 2 , we have that : A(Dgs X Com) = (46m — 3).2m+1 + 26 4 (46m — 49)2™+! + 27 + (46m —
95)2m+1 4 28 4 23h(Dgs x Com-s)

=2+ [(46m — 3) + (46m — 49) + (46m — 95)] + 26 + 27 4+ 28 4 23 (Dys x O3 3)

_ 96 497 4 98 4 ... 4 95tk

series (1)
+ 2mHL [46mk+ (=3—-49—-95--- (=3 —46(k — 1)))]

series (2)
+2Fh(Dgs x Com 1),k € {1,2.3.---n € N}

For the series (1) , we have that, U,, = 26.2m=1 = 25+F 1y 4+ 5 = k +5,= m = k. We have that
Spp = 26[2=1] = 26(2k 1)

And for the series (2), we have that , T,,, = =3+ (m —1)(—46) = -3 —-46(k—1)=m—-1=k—-1,n=%k
] =

Hence , S, = k = 5[2(=3) + (k — 1)(—46) 5(—6 — 46k + 46) = %(40 — 46k), We have that
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h(Dgs x Com) = (40—46k)+25(2%.1)+2%h(D3 x Cam _. By setting m = k we have that k = m—3.Hence
, h(Das x Com) = (m — 3)(20 — 23m) + 26(2m=3 — 1) + 2™ — 3h(D3 x Cys)

h(G) = (m —3)(20 — 23m) 4 26(2m=3 — 1) 4+ 2m=3(5376) = (m — 3)(20 — 23m) + 23 — 26 4 2m+5(2])
=20m — 23m2 — 60 + 69m + 2mF3 — 26 1 (21)2mF5 = (89m — 23m? — 60) + 2m+3 — 26 4 (21)2m+5 =
m(89 — 23m) — 124 + (85)2m+3 O

Theorem 8 (see [11]). Let G = Zon x Zs, then h(G) = 3(2" ) (n® 4 12n? + 17n — 24)
Proof: the three maximal subgroups of G have the following properties :

one is isomorphic to Zg X Zgn-1), while two are isomorphic to Zy X Zan) .

We have : éh(G) = 2h(Z4 X Zgn) + h(Zs X Zzn—l) - 3h(Z4 X ZQn—l) + h(Z4 X Zanl)
=2h(Zy X Zan) + h(Zg X Zign—1) — 2h(Zy X Zign—1)

= h(Zg X Zzn—l) + 2h(Z4 X Zgn) - h(Z4 X Zznfl)

Hence , h(G) = 4h(Zy X Zan) — 4h(Zgy X Zgn—1) + 2h(Zg X Zgn—1)

= 4h(Z4 X Zgn) + 4h(Z4 X Zgn—l) + 8h(Z4 X ZQn—z) — 16h(Z4 X Zgn—s)

+ 32h(Zg X Lon—3) — 32h(Zy X Zgn-1) + 16h(Zg X Zion-1)

= 4h(Zy X Zan) + 4h(Zg X Zign—1) + 8h(Z4 X Lgn—2) + 16h(Zy X Zon-3)

+ 32h(Zy X Zign-a) — 64h(Zy X Lgn—s) + 32h(Zg X Zgn—s) + -+ — 27F W(Zy X Zign—3)
+29h(Zg X Zign-s) ,forn —j =3

n—3
= 4h(Zy X Lon) + 2" W(Zs X Los) — 2" W(Zg X Ls) + 3 _[2XT h(Zig X Zign-i)
k=1

=2"F2[n% 4 50+ 3] + Y027 h(Za X Zga-i) = 27F2((n + 5n+ 3) + £(n — 3)(n? + 9n + 14))
= 5(2")(n® + 1202 + 17n — 24),n > 2. 5

Proposition 8 (see [16]). Suppose that G = Dyn x Cg. Then, the number of distinct fuzzy subgroups of G
is given by :

n—3
22 (6n 4 113) + 2"[13 — 6n. — 20> + 3 2071 (2n 4 1 — 2j)]
j=1
1 n—>s
+§(2”+2)[(n — 1%+ (n—2)° +24n> = 38n — 30+ »_2¥[(n—2 - k)® +12(n — 2 — k)> + 17(n — k) — 58]
k=1

Proof. h(DQn X Cg) = Qh(ZQn—l) + Qh(DQn X Z4) + 2h(D2n—1 X Cg)

+ 4h(Zyn-2 x Cg) + 24h(22n73 x Cg) + 26h(Z2n74 x Cg) — 28h(ZQn75 X Zg3)

— 4h(Zon—1 X Lg2) + 2'00(Zgn—5) X Zy> — 2°h(Zon—5) — 2°h(Dgn-a x Cy2)

+ 28h(D2n—4 X 023)

=2"+ Qh(Dgn X 04) + 2h(ZQn—1 X 223) + 22h(ZQn—2 X ng)

— 22 =3 B (Ziga X Zigs) + 222D (Zigo X Lz — 22h(Zgn—1 X ZLig2) — 22" O (Zy2)
— 2275 (Dygs X Zgz) + 223 h(Dys x Zys)

n—>5

+ 3 22 h(Zyn-2-i X Los)

i=1
as required. a

Theorem 9. Let G = Dos X Cos. Then , h(G) = 61384

Proof: there exist seven maximal subgroups . Two isomorphic to Dys x Chs. two isomorphic to Dgs X Coa.
two isomorphic to Doa X (a2, while the seventh is isomorphic to Zos. Hence , we have that : ;h(G) =
2h(Das X Zgz) 4 2h(Das X Zgs) + 2h(Dags X Zaa) — 6h(Das X Zos) — 6h(Zos X ZLgz) — 3h(Zgs X Zoz) —
6h(Zoa) + 2h(Das X Zgs) + 28h(Zos X Zaz) + 2h(Zas X Zaz) 4 2h(Zo1) + h(Zas X Zgs) — 35h(Zgs X
222) + 21h(ZQS X ZQZ) — 7h(223222) + h(ZQS X 222)

= 2[h(D24 X 222) + h(D24 X 223) + h(.D23 X Z24) - 2h(D23 X ng) — 2h(Zg4 X Zgz) — h(Zp X Zzs) +
4h<D23 X Z22> — 3h(ZQ4) + ;h(Z%)]
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- h(G) = A[700 + 8416 + 10744 — 107521088 + 162 + 704~ 40]
= 4[15346] = 61384 O

SIComputation for G = Dys x Con,n > 4.

Our computation on the algebraic fuzzy structure given actually has an outcome which involves multiple sums.
As usual, there exist seven maximal subgroups of which their intersections were constructed using GAP( Group
Algorithms and Programming ). This was then followed by applying the Inclusion-Exclusion principle.

We have as follows :

The maximal subgroups are : (D1 X Cgn—1),2(Das X Can ), 2(Dan X Caz), (Dan x C33) and (Can ). We have
that : %h(G) = h(D24 X Cnfl) + 2h(D23 X Cn) + 2h(D2n X 022) + h(DQn X CQJ) + h(CQn) — Gh(Dgs X
Zign—1) —6h(Zaon X Zg2) — 3h(Zogn-1 X Zgs) — 6h(Zan ) +2h(Da3 X Con-1) +28h(Can—1 X Can ) +h(Can-1 X
C3)+2h(Can x Ca2)+2h(Zan ) —35h(Can—1 X Co2)+21h(Con-1 x Ca2 ) = Th(Con-1 X Co2 ) +h(Can-1 X Ca2)

= h(D24 X 0271—1) + 2h(D23 X Cg') + 2]’L(D2n X 022) + h(DQn X CQS) — 4h(D23 X Zgn—l) — 4h(ZQn X
222) — Qh(ZQn“l X ZQS) + 8h(Z2n—1 X 222) — 3h(ZQn)

1
ih(G) = h(D24 X ZQn—k) —+ 2h(D23 X ZQn) — 4h(D23 X Zgn—k) — 4h(ZQn X 222)

k k k
—2h( Ly X L3 )+ 8M(Lgn—ic X L2 ) + > h(Dan-rss X Zys) +2 Y W(Dan-rs X L2) =3 > h(Ziynsrs)
j=1 j=1 j=1
k—1 k—1 k—1
~2 "h(Dos X Zoyn—3) +4 Y (Dau-y X Ly2) =2 h(Dan_j x Los),
j=1 j=1 j=1

whence ,n—k =4,= k=n—4. . h(G) = 2h(Da1 X Zga ) +4h(Dss X Zon) — 8h(Das X Zga) — 8h(Zan X
Zgn) — 4h(ZQ4 X 223) + 16h(ZQ4 X Z22)+

n—4 n—4 n—4
2 Z h(D2n—1+j X ng) +4 Z h(DQn—H-j X Zgz) -6 Z h(Z2n+1—j)
j=1 j=1 j=1
n—>5 n—>5 n—>5
—4 Z h(Dgs X Zign—3) + 8 Z h(Dan_j X Zp2) — 4 Z h(Dyn-; X Zys)
j=1 j=1 j=1
n—4
S h(G) = 2"T3(422 — n® — 5n) — 9n® 4 3561 — 29160 + 2 Y h(Dyn-1+s X Zos)
j=1
n—4 n—4 n—>5 n—>5 n—>5
+4 Z h(DQn—l+j XZQ2)*6 h(ZQn+1—j)*4 Z h(DQS XZQn,—j)+8 Z h(DQn_j XZQZ)*ZL Z h(DQn—j XZQS)
j=1 j=1 j=1 j=1 j=1
n—4
= 2"3(422—n® —5n) —9n” +356n— 29160+ Y _[2h(Don-1+5 X L3 ) +4h(Dgn-145 X L) —6h(Zgns1-5)]
j=1
n—>5

— Y "[4h(Das X Zoyn—s) — 8h(Dan_j X Zo2) + 4h(Dan-; x Lys)]
j=1
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Hence , proved as required O
6lApplications

The computations so far by the use of GAP ( General AlgorithmAlgorithms and Programming ) and the
Inclusion - Exclusion Principle can be certified here as being very useful in the computations of the district
number of fuzzy subgroups for the finite nilpotent p - groups .

7lInstances

We have the following examples as parts surfacing from our computations so far. The readers may consider the
examples below in tabular format.

Example 4. Now, since the stipulated condition that m > 3 must definitely be fulfilled then the readers may
consider the examples below in tabular format.

Table 1
Table Summarizing some Number of Distinct Fuzzy Subgroups of (Dj: x Cy».) FOR
n>4

S/N for the Number of n 4 5 6
h(G) = (Dga x Can),n >4 | 20,200 | 375,648 | 3, 893, 800

8IConclusion

The discoveries from our studies so far , has helped to observe that any finite product of nilpotent group is
nilpotent. Also, the problem of classifying the fuzzy subgroups of a finite group has experienced a very rapid
progress. Finally, the method can be used in further computations up to the generalizations of similar and other
given structures.
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