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Abstract 
 

The study of generating sets and bases in semigroup theory started with the experience in the 
topics in vector spaces, and so with comparison, theorems on independent generating sets of 
Semigroup that vary from those about independent generating sets in vector spaces due to some 
differences in their structures are given. The paper shows that there may exist a maximal 
independent set of elements in a semigroup which does not form a generating set. It reveals that 
there may exists independent set in a semigroup which cannot be expanded to a generating set, 
and that adding an element independent from an independent set may make the independent 
set dependent in a semigroup. Also, given is an important condition fulfilled by a Basis in a 
semigroup. The paper gives an interesting property that serves as a relevant test tool for 
independent generating sets in the developed algorithms for determining the basis of any given 
semigroup. The resulting algorithm works for determining the basis any semigroup including 
classes of semigroups. 
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1    Introduction  
 

The characterization of an algebraic structure has as one of its popular tasks, the problem of solving 
for an independent generator of the algebraic structure. Such independent generators are called the 
bases. So many papers have been written on independent generating sets or bases of semigroups. 
Some recent ones are [1], [2], [3] and [4]. The paper [2], gives universal solution algorithm for the bases 
problem of semigroups. The paper [1] discusses certain semigroups in which the number of 
independent elements is larger than the basis, hence being just independent alone does not guarantee 
it being the basis of a semigroup. A later paper by [4] improved upon this algorithm which this paper 
further advances with more theorems that serve as easier tools for implementing the algorithm.,   
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         It is a common practice to study individual classes of semigroup as part of the numerous efforts 
to characterize semigroup in general. The approach, II. (in figure 1) which summarizes the solution 
approach used in this paper for determining the independent generator of semigroups is different 
from what is often found in most literatures that utilize the Greens equivalences. The green points 

𝑡𝑖, 𝑖 ∈ 𝑁, in figure 1 which represent classes of semigroups are likened to trees of the forest (forming 
the whole semigroup) while the central spots in each of figures I and II respectively represent the 
researcher trying to study desired structure of the ‘forest of semigroups. The researcher in I analyses 
from within the ‘forest’ while that in II. analyses from outside the ‘forest’ with a clearer view of the 
entire ‘forest structure’ but not afforded a detailed understanding of the individual properties of the 
trees as I. would be more privileged to. 

 

The dots 𝑡𝑖, 𝑖 ∈ 𝑁 represent Classes of Semigroups while the central spots represent the researcher I 

and II respectively. 

This work will for now centre on constructing the algorithm for determining the bases of any 

semigroup. In a later paper, we will present the utilization of the ideas raised here in determining the 

Basis of classes of semigroup.  

Definition 1.1. Let the set 𝑃(𝑊 ) be the power-set of the non-empty set 𝑊. A set 𝐴 ∈ 𝑃(𝑊) with a 

property 𝑝𝑟 is maximal (minimal) if ∄𝑈 ∈ 𝑃(𝑊) with the property 𝑝𝑟 such that 𝐴 ⊂ 𝑈 (𝑈 ⊂ 𝐴) and 

𝐴 ≠ 𝑈. 

Definition 1.2. The set 𝐻 ⊂ 𝑉 is a generating set if 𝐿(𝐻)  =: < 𝐻 > = 𝑉 . 

Definition 1.3. Let ∅ ≠ 𝐻 ⊂ 𝑉 then 𝑥 ∈ 𝑉 is independent from 𝐻 if 𝑥 ∉ 𝐿(𝐻). 

Definition 1.4. The set 𝐻 ⊂  𝑉 is an independent set if 𝑥 ∉ 𝐿(𝐻 \{𝑥})  = < 𝐻 \{𝑥}) >, ∀ 𝑥 ∈ 𝐻. 
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Definition 1.5. An independent generating set 𝐵 ⊂  𝑉 is called a basis. 

Let {𝑉, +,∗} be a vector space over a field 𝐹 and let 𝐻 ⊂  𝑉 . The statements of the following theorem 

are popularly known to be true. 

Theorem 1.1  

1. A maximal independent set 𝐵 ⊂ 𝑉 is a basis. 

2. A minimal generating set 𝐵 ⊂ 𝑉 is a basis i.e. it is independent; 

3. If 𝐻 ⊂ 𝑉 is an independent set and 𝑣 ∈ 𝑉 is independent from 𝐻 then 𝐻 ∪ {𝑣} is an independent 

set. Equivalently any independent set has an extension to a basis. 

4. In a vector space {𝑉, +,∗} over a field 𝐹 the cardinality of all maximal independent sets is the same, 

which is the dimension of a vector space. 

Proof. We prove them one after the other in the order they are given: 

Proof of 1. Readers can also look up detailed explanations and proof in sections 1.3.1 – 1.3.2 of [6]. 

A slightly similar proof is also given by Sampson et. Al in [2] and [7].  

Proof of 2. We show first as given in [2] that a generating set 𝐺 being minimal ⇒ 𝐺 is independent: 

Let 𝑥 ∈ 𝐺 be any element. We assume that G is dependent ⟹ ∃𝑥 ∈ 〈𝐺\{𝑥}〉 then 

(𝐺 \ {𝑥}) ∪ {𝑥}) ⊂ 〈𝐺\{𝑥}〉 ⟹ 𝑉 = 〈𝐺〉 = 〈(𝐺\{𝑥}) ∪ {𝑥})〉 ⊂ 〈〈𝐺 \ {𝑥}〉〉 

Which contradicts with the minimality of 𝐺. Hence 𝐺 is rather independent, and also being a 

generating set implies that it is a basis. This completes the proof of 2. 

Proof of 3.  

See lemma 22 of [6] for the proof of 3. 

Remark 1.6.1 (About proof of 4). The proof of 4 is directly implied from the Steinitz Exchange 

(Replacement) Lemma (see theorem 31 of [6]) about exchange of elements of bases of a set. It states 

that if there are two bases of a set, then taking one basis, each element of it can be replaced by one 

element of the other basis. Hence the second basis has at least as many elements as the first one has. 

Next, the roles of the bases are exchanged. Repeating the process for more bases justifies the equality 

of the dimension of all the bases of the set. 
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Example 1.1.1 (Example 2.9 of [2]).  Let {𝑝𝑖}𝑖=1
𝑚  , 𝑛 = ∏ 𝑝𝑖

𝑚
𝑖=1  and {𝑍, +} a group. Let 

𝐺𝑚 ≔ {
𝑛

𝑝𝑖
|1 ≤ 𝑖 ≤ 𝑚} 

Let 
𝑛

𝑝𝑖
∈ 𝐺𝑚 be selected: 

𝑛

𝑝𝑖
= 𝑝1 × 𝑝2 × … .× 𝑝𝑖−1 × 𝑝𝑖+1 × ⋯ × 𝑝𝑚. 

Since  𝑝𝑖 is not in the product, 𝑝𝑖 is not its factor. 

Consider 𝐺𝑚\ {
𝑛

𝑝𝑖
}. Then ∀𝑧 ∈ 𝐺𝑚\ {

𝑛

𝑝𝑖
},   𝑝𝑖/𝑧 ⟹ ∀𝑢 ∈ 〈𝐺𝑚\ {

𝑛

𝑝𝑖
}〉 , 𝑝𝑖|𝑢  while 𝑝𝑖 ∤

𝑛

𝑝𝑖
 

In summary, 
𝑛

𝑝𝑖
∉ 〈𝐺𝑚\ {

𝑛

𝑝𝑖
}〉 meaning that {

𝑛

𝑝𝑖
} is independent from 𝐺𝑚\ {

𝑛

𝑝𝑖
}. 

Remark 1.1.1 It can be shown with examples (see Example 1.8) that handling generating sets and 

independence including construction of bases in semigroup theory requires a technique different from 

the technique used in vector spaces. Important conclusions are the deviations from the properties 

discussed in Theorem 1.6 about vector spaces stated in theorem 1.10 about semigroups. 

1. Independence: There may exist maximal independent set of elements in a semigroup which 

does not form a generating set. 

2. There may exists independent set in a semigroup which cannot be expanded to a generating 

set. 

3. Adding an element independent from an independent set may make the independent set 

dependent in a semigroup. 

1.2 Construction of generating sets and bases in semigroups. 

We will first analyze the basis construction in vector spaces. 

1.2.1. Basis in Vector Spaces. 

The algorithm to select a basis in vector spaces is based on the properties of independence. 

Let {𝑉, +,∗} be a vector space over a field 𝐹 and let 𝐵 ⊂  𝑉 hold the selected basis elements, let 𝐵 =

 ∅ for starting. Let 𝐺 ⊂  𝑉 be the starting system of vectors. Then 

(a) If 𝐺 ≠  ∅ then ∃𝑥 ∈  𝐺 otherwise [exit]; 
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(b) If 𝑥 ∉  𝐿(𝐵) then 𝐵 = 𝐵 ∪ {𝑥} 𝑎𝑛𝑑 𝐺 = 𝐺\𝐿(𝐵) otherwise 𝐺 = 𝐺\{𝑥}. 

(c) goto (a). 

This algorithm collects a basis in B by the Theorem 1.6 (1) and (3). Since these ((1) and (3)) are not 

necessarily true in semigroups, this cannot be adopted to semigroups. One most important 

consideration is that a maximal independent subset of a semigroup may not be a generating set and a 

basis must be a generating set. Since a generating set may not be reached from an independent set, we 

will work from starting with a generating set and we will sustain it throughout the process. Note that 

if {𝑆,∗} is a semigroup then 𝑆 ⊂ 𝑆 =< 𝑆 > is a generating set. Therefore 𝐺 = 𝑆 always can serve as 

a starting generating set. 

Example 1.8. Consider the following semigroup {𝑆,∗} where S := {a, b, c}, and the operation 

is defined by the operation table (Table 1.): 

∗ 𝑎 b c 

𝑎 𝑎 c c 

b c b c 

c c c c 

 

Table 1: The operation table of {S, ∗}. 

Theorem 1.2 The structure {S, ∗} is a semigroup, the operation is associative. 

Proof. It suffices to check that associativity holds for ∗ in (𝑆,∗): 

 𝑎 ∗ (𝑏 ∗ c) = (𝑎 ∗ b) ∗ c = 𝑐,    𝑎 ∗ (𝑐 ∗ b) = (𝑎 ∗ c) ∗ b = 𝑐,    

𝑏 ∗ (𝑎 ∗ 𝑐) = (𝑏 ∗ 𝑎) ∗ 𝑐 = 𝑐,   𝑏 ∗ (𝑐 ∗ 𝑎) = (𝑏 ∗ 𝑐) ∗ 𝑎 = 𝑐,  

 𝑐 ∗ (𝑏 ∗ a) = (𝑐 ∗ b) ∗ a = 𝑐,   𝑐 ∗ (𝑎 ∗ 𝑏) = (𝑐 ∗ 𝑎) ∗ 𝑏 = 𝑐. 

Clearly  ∀𝑥, 𝑦, 𝑧 ∈ 𝑆, 𝑥 ∗ (𝑦 ∗ z) = (𝑥 ∗ y) ∗ z, so {S, ∗} is a semigroup 

Theorem 1.3 In the semigroup {𝑆,∗}  given in Example 1.8, the following are true. 

1. The subset {𝑏, 𝑐}  ⊂  𝑆 is a subsemigroup of S. The members of {𝑏, 𝑐} are independent: 

{𝑏, 𝑐} \ {𝑏} = {𝑐} and 𝑏 ∉< {𝑐} >= {𝑐}. Similarly, {𝑏, 𝑐}\{𝑐}  =  {𝑏} and 𝑐 ∉< {𝑏} >=

{𝑏}. 
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2. The subset {𝑎, 𝑏}  ⊂  𝑆 is a generating set of 𝑆 and 𝑎 and 𝑏 are independent hence it is a basis 

and  

𝑎 ∈  𝑆 is independent from {𝑏, 𝑐} ⊂ 𝑆 since this set is a sub semigroup of 𝑆 and 𝑎 is not in 

it. 

3. Since {𝑏, 𝑐}  ⊂  𝑆 is an independent subsemigroup, there is only one element in 𝑆 which is 

independent from this set, it is 𝑎 ∈  𝑆 and adding 𝑎 to {𝑏, 𝑐} forms a dependent set: 

{𝑎, 𝑏, 𝑐} \ {𝑐}  =  {𝑎, 𝑏}  ⊂  𝑆 𝑔𝑖𝑣𝑒𝑠 < {𝑎, 𝑏} >=  𝑆 ∋  𝑐. 

Proof. We proved the statements of the theorem in the theorem so this does not require a separate 

proof. 

1.2. Remarks. The example shows that handling generating sets and independence including 

construction of bases in semigroup theory requires a technique different from the technique used in 

vector spaces. Important conclusions are the deviations from the properties discussed in Theorem 1.6 

about vector spaces now stated in theorem 1.0 about semigroups. 

1. Independence: There may exist maximal independent set of elements in a semigroup which does 

not form a generating set. 

2. There may exists independent set in a semigroup which cannot be expanded to a generating set. 

3. Adding an element independent from an independent set may make the independent set dependent 

in a semigroup. 

 

2    Bases of Semigroups: The Algorithm. 
 
The following is the first presented algorithmic for obtaining the bases set of any semigroup. We present some 

below. 

Let {𝑆,∗} be a semigroup and let ∅ ≠ 𝐺 ⊂ 𝑆 be a generating set. Let 𝑆 ⊃ 𝐵 = ∅.  

(a) If 𝐺 ≠ ∅ then ∃𝑥 ∈ 𝐺 and 𝐺𝑡𝑒𝑠𝑡 = 𝐺 \ {𝑥} otherwise [exit]; 

(b) If 𝑥 ∉  𝐿(𝐺𝑡𝑒𝑠𝑡 ∪  𝐵) then 𝐵 =  𝐵 ∪  {𝑥} 𝑎𝑛𝑑 𝐺 =  𝐺 \ 𝐿(𝐵) otherwise 𝐺 = 𝐺𝑡𝑒𝑠𝑡; 

(c) goto (a). 
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Remark 2.1.  

(1). At starting 𝐺 ∪  𝐵 =  𝐺 is a generating set. 

(2). In step (a) 𝐺𝑡𝑒𝑠𝑡 =  𝐺 \ {𝑥} removes x from 𝐺 hence the test 𝑥 ∉ 𝐿(𝐺𝑡𝑒𝑠𝑡 ∪  𝐵) in (b) checks 

for 𝑥 ∉  𝐿((𝐺 ∪  𝐵)\{𝑥}) which checks if 𝑥 is independent from the generating set 𝐺 ∪  𝐵. 

Observe that in the case of vector spaces we check for the independence from B only. 

(3). In step (b) we change 𝐵 to a new value 𝐵𝑛𝑒𝑤 =  𝐵 ∪ {𝑥} and 𝐺𝑛𝑒𝑤 =  𝐺 \ 𝐿(𝐵𝑛𝑒𝑤) if 

the independence of 𝑥 holds otherwise 𝐺𝑛𝑒𝑤 =  𝐺𝑡𝑒𝑠𝑡  𝑎𝑛𝑑  𝐵𝑛𝑒𝑤 =  𝐵. The set 𝐺𝑛𝑒𝑤 ∪ 𝐵𝑛𝑒𝑤 is 

a generating set in the step (c): At step (a) (𝐺 ∪  𝐵) was a generating set at starting since 

𝐵 = ∅ and 𝐺 was a generating set. 

After selecting 𝑥 ∈ 𝐺 we have two options: 

i). 𝑥 ∉ 𝐿( 𝐺𝑡𝑒𝑠𝑡 ∪ 𝐵) : Then 𝑥 ∈ 𝐵𝑛𝑒𝑤(=  𝐵 ∪ {𝑥}) and 𝐺𝑛𝑒𝑤  =  𝐺𝑡𝑒𝑠𝑡  hence 𝑥 ∈ 𝐺 moves 

from 

𝐺 into 𝐵 ⊂  𝑆. The final value of 𝐺 is 𝐺𝑛𝑒𝑤,𝑓 = 𝐺𝑛𝑒𝑤 \ 𝐿(𝐵𝑛𝑒𝑤). 

The set 𝐺𝑛𝑒𝑤,𝑓 ∪ 𝐵𝑛𝑒𝑤 is a generating set: 𝐿(𝐺𝑛𝑒𝑤,𝑓 ∪ 𝐵𝑛𝑒𝑤)  ⊃  𝐺𝑛𝑒𝑤,𝑓  ∪  𝐿(𝐵𝑛𝑒𝑤)  ⊃ 𝐺𝑛𝑒𝑤 ∪

 𝐵𝑛𝑒𝑤. Then 𝐺𝑛𝑒𝑤 =  𝐺 \ {𝑥} and 𝐵𝑛𝑒𝑤 =  𝐵 ∪ {𝑥}  ⇒  𝐺𝑛𝑒𝑤 ∪ 𝐵𝑛𝑒𝑤  =  𝐺 ∪  𝐵. Since 𝐺 ∪  𝐵 

was a generating set and 𝐿(𝐺𝑛𝑒𝑤,𝑓 ∪ 𝐵𝑛𝑒𝑤)  ⊃  𝐺 ∪  𝐵, 𝐺𝑛𝑒𝑤,𝑓  ∪ 𝐵𝑛𝑒𝑤 is a generating set.  

ii). 𝑥 ∈ 𝐿( 𝐺𝑡𝑒𝑠𝑡 ∪  𝐵) : Then 𝐺𝑛𝑒𝑤  =   𝐺𝑡𝑒𝑠𝑡 and 𝐵𝑛𝑒𝑤 =  𝐵. 

Since in this case 𝑥 ∈  𝐿( 𝐺𝑡𝑒𝑠𝑡 ∪  𝐵) holds, 𝐿( 𝐺𝑡𝑒𝑠𝑡 ∪  𝐵)  ⊃   𝐺𝑡𝑒𝑠𝑡  ∪  𝐵 ∪  {𝑥}  =  𝐺 ∪  𝐵. 

Hence 𝐺𝑛𝑒𝑤  ∪  𝐵𝑛𝑒𝑤 is a generating set. 

(4).  𝐺 ∪  𝐵 ⊃  𝐺𝑛𝑒𝑤,𝑓 ∪ 𝐵𝑛𝑒𝑤  and 𝐺 =  𝐺𝑛𝑒𝑤,𝑓 moreover if 𝑥 ∈ 𝐺 is selected in step (a) then 

𝑥 ∉ 𝐺𝑛𝑒𝑤 ⊃ 𝐺𝑛𝑒𝑤,𝑓 hence or otherwise, any x can be selected only once. Therefore, if we select basis 

vectors 𝑥1, 𝑥2, . . . , 𝑥𝑘, . .. one after the other then  

𝐺0 ∶=  𝐺, 𝐵0 ∶=  𝐵 =  ∅,      𝐺1 ∶=  𝐺𝑛𝑒𝑤,𝑓 , 𝐵1 ∶=  𝐵𝑛𝑒𝑤, . . .,  𝐺𝑘 ∶=  (𝐺𝑘−1)𝑛𝑒𝑤,𝑓 , 𝐵𝑘 ∶=

 (𝐵𝑘−1)𝑛𝑒𝑤, . . .. 

Then the system of sets {𝐺𝑆, 𝐵𝑆}1≤𝑠‘<∞ and the selected points {𝑥𝑆}1≤𝑠≤∞ fulfil: 

(𝐺𝑘  ∪  𝐵𝑘) ⊃  (𝐺𝑘+1  ∪  𝐵𝑘+1);   𝐺𝑘 ⊃  𝐺𝑘+1  𝑎𝑛𝑑 𝐺𝑘  ≠ 𝐺𝑘+1  ∀ 0 ≤  𝑘 <  ∞ 
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𝑥𝑗  ∈  𝐵𝑗   ∀ 1 ≤ 𝑗 < 𝑘,   𝐵𝑘 = {𝑥𝑗  | 1 ≤ 𝑗 ≤  𝑘}, ∀ 𝑘 ∈  𝑁 .  (11) 

Theorem 2.1.  

The set 𝐵𝑘 ⊂ 𝑆 is independent ∀1 ≤ 𝑘 < ∞. 

Proof. The proof is a direct implication of Remarks 2.1 (1) – (4), populating the set 𝐵𝑘 is done with 

independent elements at each stage, giving rise to a set in which each element is not in the 

subsemigroup generated by the remaining elements up to the last set 𝐵𝑘. Hence 𝐵𝑘 is independent. 

Theorem 2.2.  

In any semigroup {𝑆,∗} there exists an independent generating set B ⊂ S (basis). If in the semigroup 

𝑆 ∃𝑥, 𝑦, 𝑧 ∈  𝑆 such that 𝑥 ∗  𝑦 =  𝑧 and 𝑧 ∉  {𝑥, 𝑦}, then there exists a basis 𝐵 ⊂  𝑆, 𝐵 ≠  𝑆 (𝐵 is 

a proper subset of 𝑆). 

Proof. The existence follows from our reasoning above. If there exists x, y, z ∈ S as stated in the 

theorem then let us select 𝑧 ∈  𝐺 =  𝑆 as the first choice. Then 𝑆\{𝑧} ⊃ {𝑥, 𝑦}  ⇒  𝑥 ∗ 𝑦 = 𝑧 ∈
〈{𝑥, 𝑦}〉 ⊂  〈𝐺\{𝑧} 〉 hence 𝑧 is not independent from 𝐺\{𝑧} hence 𝑧 is not a selected basis element. 

Therefore, the selected basis 𝐵 is a proper subset of 𝑆. 
 
 
 

3     Discussions and Conclusion 

In any semigroup there exists a maximal independent subset that is a generating set hence that is a 

basis. With the example of the semigroup of integers in [7] and [4], we proved that there are bases in 

a semigroup which can have different numbers of elements. With the example we showed that in a 

semigroup there may exists a maximal independent set of elements which is not a generating set.  

The idea of the algorithm is as follows: When we select the next candidate to be a basis element from 

the current generating set then we assure that it is independent from all the previously selected basis 

elements (this is B) and it is independent from all possible future selections (this is the current G). 

This puts 𝑥 ∉ (𝐺 ∪  𝐵) \ {𝑥} into the selection condition. 

4      Recommendation 

This work has for now been focused on constructing the algorithm for determining the bases of any 

semigroup. In a later paper soon, we will present the utilization of the ideas raised here in determining 

the Basis of some classes of semigroup. This will take us off the need to rely on the popular green’s 

equivalences that have been the tools in several articles over the years. It will be an interesting exercise 

to compare results starting with bases in Abundant Semigroups, Superabundant semigroup, 

Orthogroup, the Cyber Group and the Brandt Semigroup as given in [8], [9], [3], [5], [10] and [11]. 
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The characterizations in [11] are used for presenting an algorithm in [7] for generators of the Additive 

Semigroup of Integers. 

 

References  
 

[1]    Sampson M.I. (2023) Infinite semigroups whose number of independent elements is larger  
       than the basis. IJRTI | Volume 8, Issue 7 | ISSN: 2456-3315.  
[2]   Sampson M.I., L. Zsolt, Achuobi J.O., Igiri C.F., Effiong L.E. (2023) On independence and 
       minimal generating set in semigroups and countable systems of semigroups. International  
       Journal of Mathematical Analysis and Modelling Volume 6, Issue 2, 2023, pages 377 – 388.  
[3]   X.M. Ren, K.P. Shum (2007). On superabundant semigroups whose set of idempotents forms a 
       subsemigroup.  Semantic Scholar. DOI:10.1142/S1005386707000223Corpus ID: 122226849.  
[4]   Zsolt, Lipcsey and Sampson M.I. (2023). On existence of minimal generating sets and maximal  
       independent sets in groups and the additive semigroup of integers. IOSR Journal of  
       Mathematics (IOSR-JM). e-ISSN: 2278-5728, p-ISSN: 2319-765X. Volume 19, Issue 4 Ser. 1  
      (July. – August. 2023), PP 57-64 www.iosrjournals.org. 
[5]   Udoaka O.G, and Sampson, Marshal I. (2018). Direct product of brandt semigroup and its rank  
       as a class of algebra 
[6]   Lior Silberman (2022). Linear Algebra Lecture Notes.  
       https://personal.math.ubc.ca/~lior/teaching/2122/223_W22/223-notes.pdf 
[7]   Sampson, M.I. Generating Systems of Semigroups and Independence. PhD Thesis.  
       University of Calabar, CRS, Nigeria.  
[8]   Abdulsalam El-Qallali (1990). On the construction of a class of abundant semigroups.  
      Acta Mathematica Hungarica 56, 1990.  
[9]  Abdulsalam El-Qallali (1991) Left regular bands of groups of left quotients. Glasgow Math. 
       J. 33, 29-40.  
[10]  Michael N. J., Sampson M.I., C. F. Igiri, O.G. Udoaka, L.E. Effiong, Jackson A. (2024). A study  
        on the relationship between minimal generating sets and independence in semigroups.       
        International Journal of Computer Science and Mathematical Theory (IJCSMT) E-ISSN 2545- 
        5699 P-ISSN 2695-1924 Vol 10. No.1 2024 www.iiardjournals.org. 
[11]  Sampson M.I., Zsolt Lipcsey(2019). rank of semigroup: generating sets and independent  

  sets conference: International Conference on Mathematics, Istanbul, Fatih Sultan Mehmet  
  University, Istanbul, Turkey. 

 

http://www.iosrjournals.org/
http://www.iiardjournals.org/

