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Abstract: The concept of groupoid was offered by Brandt (1926). The structure 

of the topological groupoid was given by Ehresmann (1958). A groupoid action 

is a significant appliance in algebraic topology offered by Ehresmann. Another 

algebraic notion is a covering given by Brown (1988). The topological group-

groupoids (Γ-groupoid) were first put forward by Icen & Ozcan (2001). The 

definition of coverings of topological Γ groupoid and actions of topological Γ-
groupoid were also presented by Icen et al. (2005). In this paper, we are going to 

create a category TΓGpdCov(Γ) of covering morphisms of TΓ-groupoid and a 

category TΓGpdOp(Γ) of actions of TΓ-groupoid. We will then prove that these 

categories are equivalent. 
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Özet: Grupoid kavramı Brandt (1926) tarafından tanımlandı. Topolojik 

grupoidin tanımı Ehresmann (1958) tarafından verilmiştir. Grupoid etki, cebirsel 

topolojide Ehresmann tarafından sunulan çok önemli bir araçtır. Diğer bir 

cebirsel kavram ise Brown (1988) tarafından verilen bir örtü kavramıdır. 

Topolojik grup-grupoidler (Γ-grupoid) ilk olarak Icen & Ozcan (2001) 

tarafından tanımlanmıştır. Topolojik Γ-grupoidinin örtülerinin ve topolojik Γ-

grupoidin etkisinin tanımı Icen ve ark. (2005) tarafından verilmiştir. Bu 
çalışmada, topolojik Γ-groupoid örtülerinin bir TΓGpdCov(Γ) kategorisi ve 

topolojik Γ-groupoid etkilerinin bir TΓGpdOp(Γ) kategorisi tanımlandı. Daha 

sonra bu kategorilerin denk olduğunu ispatlandı. 

  

1. Introduction  

 

Action and covering are very interesting fields in algebraic topology. They are important in the 
applications of groupoids. Since Ehresmann’s description of the topological groupoid a lot of studies 

have been made in this area. Let Λ be a topological space with a universal covering. So Brown & 

Danesh-Naruie (1975) showed that 𝜋1 is a topological groupoid. And then Brown et al. (1976) proved 

that if 𝑝: ̃ →   is a covering map and , ̃ have universal coverings, then 𝜋1𝑝: 𝜋1̃ → 𝜋1  is a 

covering morphism. In the same paper they defined a category 𝑇𝐺𝑝𝑑𝐶𝑜𝑣(Γ) of coverings of topological 

groupoid Γ and a category 𝑇𝐺𝑝𝑑𝑂𝑝(Γ) of actions of topological groupoid Γ. They proved that these 
categories are equivalent. 
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Icen & Ozcan (2001) first defined topological group-groupoids (𝑇Γ −groupoid) and topological 

crossed modules. In that work, they have obtained a category 𝑇Γ𝐺𝑝𝑑 of topological group-groupoids 
and a category 𝑇CrsM of topological crossed modules. They proved that these categories are equivalent 

at the same time. Icen et al. (2005) defined coverings of 𝑇Γ −groupoid and actions of 𝑇Γ −groupoid. 

Let Γ be a 𝑇Γ −groupoid. In this study, we are going to create a category 𝑇Γ𝐺𝑝𝑑𝐶𝑜𝑣(Γ) of 

coverings morphism of Γ and a category 𝑇Γ𝐺𝑝𝑑𝑂𝑝(Γ) of actions of Γ. And then we are going to prove 
that these categories are equivalent. 
 
2. Material and Methods 

 
A groupoid can be defined as a category in which all of the morphisms are an isomorphism.  

A topological groupoid (T-groupoid) is a groupoid such that Γ and Γ0 have a topology. Here, Γ 

is called the space of morphisms, and Γ0 is called the space of objects. In addition, the source map 𝛼: Γ →
Γ0, the target map 𝛽: Γ → Γ0, the object map 𝜀: Γ0 → Γ, 𝑥 → 1𝑥, and the composition ⊛: Γ𝛼 ×𝛽 Γ → Γ, 

(𝑎, 𝑏) → 𝑎 ⊛ 𝑏 are continuous (Γ𝛼 ×𝛽 Γ = { (𝑏, 𝑎): 𝛼(𝑏) = 𝛽(𝑎)} is a pullback). 

Let Γ be a T-groupoid. For 𝑥, 𝑦 ∈ Γ0, Γ(𝑥, 𝑦) is set such that all morphisms from x to y are in it. 

The set Γ𝑥 = 𝛼−1(𝑥) and the set Γ𝑥 = 𝛽−1(𝑥) are called star and costar at x, respectively. The object or 

vertex group at x is shown by Γ(𝑥) = Γ(𝑥, 𝑥).  

Let Γ and Γ′ be two T-groupoids. A T-groupoids morphism consists of maps 𝑓: Γ′ → Γ and 

𝑓0: Γ′0 → Γ0 such that 𝛼Γ ⊛ 𝑓 = 𝑓0 ⊛ 𝛼Γ′, 𝛽Γ ⊛ 𝑓 = 𝑓0 ⊛ 𝛽Γ′   and 𝑓(𝑏 ⊛ 𝑎) = 𝑓(𝑏) ⊛ 𝑓(𝑎) for all 

(𝑏, 𝑎) ∈ Γ′𝛼 ×𝛽 Γ′. 

Let 𝑓: Γ′ → Γ  be a morphism of T-groupoids. If the restriction map 𝑓𝑥: Γ′𝑥 → Γ𝑓0(𝑥)  is a 

homeomorphism, then f is a topological covering morphism, for all 𝑥 ∈ Γ′0. Let Γ𝛼 ×𝑓0
Γ′0 = {(𝑎, 𝑥) ∈

Γ × Γ′0: 𝛼(𝑎) = 𝑓0(𝑥)}  be the pullback. Hence, we have a lifting morphism 𝑠𝑓 : Γ𝛼 ×𝑓0
Γ′0 → Γ′ 

assigned to the pair (𝑎, 𝑥) ∈ Γ𝛼 ×𝑓0
Γ′0 the sole element 𝑏 of Γ′𝑥 such that 𝑓(𝑏) = 𝑎. It is clear that 𝑠𝑓  

is the inverse to (𝑓, 𝛼): Γ′ → Γ𝛼 ×𝑓0
Γ′0. The necessary and sufficient condition for 𝑓: Γ′ → Γ to be a 

covering morphism is that (𝑓, 𝛼): Γ′ → Γ𝛼 ×𝑓0
Γ′0 is a homeomorphism. 

Let 𝑓: Γ′ → Γ be a morphism of T-groupoids and �̃� ∈ Γ′0 be an object. The characteristic group 
of f at �̃� is defined by the subgroup 𝑓[Γ′(�̃�)] ⊂ Γ(𝑓(�̃�)). If f is a covering morphism then Γ′(�̃�) and 

𝑓[Γ′(�̃�)] are isomorphic. We call that 𝑓: Γ′ → Γ is a universal covering if Γ′(�̃�, �̃�) has only one element. 

Let Γ be a T-groupoid and  be a topological space. 𝑤: → Γ0 be a continuous map. A left 

topological action of Γ on  via w is a continuous map 𝜙: Γ𝛼 ×𝑤  → , (𝑎, 𝑥) ↦ 𝑎 ∙ 𝑥 satisfying the 

following conditions: (i) 𝑤(𝑎 ∙ 𝑥) = 𝛽(𝑎), (ii) 𝑏 ∙ (𝑎 ∙ 𝑥) = (𝑏 ⊛ 𝑎) ∙ 𝑥 , (iii) 1𝑤(𝑥) ∙ 𝑥 = 𝑥,  for any 

𝑎, 𝑏 ∈ Γ and 𝑥 ∈ . So, if Γ acts on  via w, then there is an action groupoid Γ ⋈ . Object set is Γ0 =
, set of morphisms is Γ𝛼 ×𝑤  , source map is defined by 𝛼(𝑎, 𝑥) = 𝑥 and target map is defined by 

𝛽(𝑎, 𝑥) = 𝑎 ∙ 𝑥, and finally the composition is defined by (𝑏, 𝑦) ⊛ (𝑎, 𝑥) = (𝑏 ⊛ 𝑎, 𝑥) (Brown et al., 
1976). 
 

2.1. Covering of  𝐓𝚪-Groupoids 

 
Definition 2.1.1: Let Γ be a T-groupoid. If Γ is also a topological group and the following maps 
are morphism of T-groupoids, then Γ is called a topological group-groupoid (TΓ-groupoid). 

i.  𝑚: Γ × Γ → Γ, (𝑎, 𝑏) ↦ 𝑎 + 𝑏, group sum, 

ii. 𝑢: Γ → Γ, 𝑎 ↦ −𝑎, inverse map in  the  group 
iii. 𝑒: (∗) → Γ, where (∗) is a singleton groupoid. 

 

Note that we have the interchange law (𝑏 ⊛ 𝑎) + (𝑑 ⊛ 𝑐) = (𝑏 + 𝑑) ⊛ (𝑎 + 𝑐), whenever both 

𝑏 ⊛ 𝑎 and 𝑑 ⊛ 𝑐 are defined.  

Example 2.1.2: Let (Γ,⊕) be a topological group. We obtain a TΓ-groupoid Γ × Γ with the object 

set Γ . The set of morphisms is defined by Γ × Γ = {(𝑏, 𝑎):  𝑎, 𝑏 ∈ Γ}  (Icen et al., 2005). The 

composition is given by (𝑐, 𝑏) ⊛ (𝑏, 𝑎) = (𝑐, 𝑎). The Group sum is given by (𝑑, 𝑐) ⊕ (𝑏, 𝑎) =



YYU J INAS 27 (3): 667-673 

Özcan and İçen / Topological Group-Groupoids and Equivalent Categories 

 

 

669 

 

(𝑑 ⊕ 𝑏, 𝑐 ⊕ 𝑎). Since the Γ topological group, Γ × Γ has product topology. So every structure 

maps of Γ × Γ become continuous. Then Γ × Γ is a TΓ-groupoid. 
We know from Brown & Spencer (1976) that if X is a topological group, then the fundamental 

groupoid 𝜋1𝑋 becomes a Γ-groupoid. The following result is given by Icen & Ozcan (2001). 

Proposition 2.1.3: Let  be a topological group such that  has a universal covering as a 

topological space. Then  𝜋1 becomes a TΓ-groupoid. 

Proposition 2.1.4: Let Γ be a TΓ-groupoid and e the identity of Γ0. Then the transitive component 
of e is a TΓ-groupoid (Icen & Ozcan, 2001).  

Let Γ and Γ' be two TΓ-groupoids. A morphism of TΓ-groupoids from Γ' to Γ is a morphism on 
the underlying topological groupoids that hold group structure. 

Definition 2.1.5: Let Γ and Γ′ be two T Γ-groupoids and 𝑓: Γ′ → Γ a morphism of T Γ-groupoids. f is 

called a covering morphism of T Γ -groupoids if f is a covering morphism on the underlying T-groupoids. 

 Thus we can obtain a category T ΓGpdCov(Γ). The set of objects consists of 𝑝: Γ′ → Γ covering 
morphisms of TΓ-groupoids and a morphism from 𝑝: Γ′ → Γ to 𝑞: Γ′′ → Γ is a morphism 𝑟: Γ′ → Γ′′  
such that 𝑝 = 𝑞 ⊛ 𝑟. This can be given by the following commutative diagram. 
 

 
Figure 1. The morphism from 𝑝 to 𝑞. 
 

Structure maps of the category are defined by 𝛼(𝑟) = 𝑝, 𝛽(𝑟) = 𝑞 and 1𝑝: Γ′ → Γ′. For 𝑟: Γ′ → Γ′′ and 

𝑟′: Γ′′ → Γ′′′, the composition is defined by the following commutative diagram. 
 

 

Figure 2. The composition between 𝑟 and 𝑟′. 
 

2.2. Action of  𝐓𝚪-Groupoids 

 

Definition 2.2.1: Let Γ be a 𝑇Γ-groupoid over Γ0 and X be a topological group. Let 𝑤: 𝑋 → Γ0 be a 
topological group morphism. If there exists a topological group morphism 𝜑: Γ𝛼 ×𝑤 𝑋 → 𝑋, (𝑎, 𝑥) ↦
𝑎 ∙ 𝑥 such that this morphism is satisfied the following conditions, we say that Γ acts on X via w and 𝜑 
is the left action. This action is shown by (X,p). 

i) 𝑤(𝑎 ∙ 𝑥) = 𝛽(𝑎) 

ii) 𝑏 ∙ (𝑎 ∙ 𝑥) = (𝑏 ⊛ 𝑎) ∙ 𝑥 

iii) 1𝑤(𝑥) ∙ 𝑥 = 𝑥 

Similarly, we can define for right action. 

Example 2.2.2: Let Γ be a 𝑇Γ-groupoid over Γ0 and X be a topological group. Assume that Γ acts over 

X via 𝑤: 𝑋 → Γ0. So, Γ ⋈ X action groupoid is obtained over object set X via this action. This action 

groupoid’s morphisms set is Γ𝛼 ×𝑤 𝑋. Namely, a morphism is (a,x) such that 𝑎 ∙ 𝑥 = 𝑦 for 𝑥, 𝑦 ∈ 𝑋 

from x to y. Source map is𝛼(𝑎, 𝑥) = 𝑥, target map is 𝛽(𝑎, 𝑥) = 𝑎 ∙ 𝑥 = 𝑦. Unit map is 𝑥 ⟼ (1𝑤(𝑥), 𝑥). 

Inverse map is (𝑎, 𝑥)−1 = (𝑎−1, 𝑎 ∙ 𝑥). Composition is defined by (𝑏, 𝑦) ⊛ (𝑎, 𝑥) = (𝑏 ⊛ 𝑎, 𝑥). Icen 

et al. (2005) shown that Γ ⋈ X  is a 𝑇Γ -groupoid. Now we show that Γ ⋈ X  is a 𝑇Γ -groupoid. 

(Γ ⋈ X )0 = 𝑋 has a topological group structure, since it is defined with X. The group structure on Γ ⋈
X is defined as follows. 

+:(Γ ⋈ X) × (Γ ⋈ X) → Γ ⋈ X, ((a,x),(b,y)) ⟼ (a,x)+(b,y)=(a+b,m+n) 
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𝑢: Γ ⋈ X → Γ ⋈ X, (a,x) ⟼ (-a,-x) 

where + and u are the topological group operations on Γ . Therefore Γ ⋈ X  is a group-groupoid. 
(Γ ⋈ X )0 = 𝑋 is already a topological group. Γ𝛼 ×𝑤 𝑋 has a relative topology from product topology 

on Γ⋈X. Since Γ and X are topological groupoid and topological group, respectively, their structure 

maps and operations are continuous. So Γ ⋈ X is a 𝑇Γ-groupoid. 

Thus, we obtain a category whose objects are all actions of the 𝑇Γ-groupoid Γ denoted by 

TΓGpdOp(Γ). The objects of this category are actions (𝑋, 𝑤) and a morphism from (𝑋, 𝑤) to (𝑋′, 𝑤′) is 
given by the following commutative diagram. 

 

 
Figure 3. The morphism of actions from (𝑋, 𝑤) to (𝑋′, 𝑤′). 
 

The maps 𝛼 and 𝛽 maps are given with 𝛼(𝜙) = (𝑋, 𝑤) and 𝛽(𝜙) = (𝑋′, 𝑤′), respectively. A 

identity map is defined by 1(𝑋,𝑤): (𝑋, 𝑤) → (𝑋, 𝑤). Finally, composition operation is defined by the 

following commutative diagram. 
 

 
Figure 4. The composition between the morphism of actions. 

 

Example 2.2.3: Let 𝑝: Γ̃ → Γ  be a morphism of 𝑇Γ -groupoids. We assume that 𝑋 = Γ̃0  and 𝑤 =
𝑝0: Γ̃0 → Γ0 then Γ acts 𝑋 = Γ̃0 via 𝑤 = 𝑝0. The action is defined by 𝜑: Γ𝛼 ×𝑝0

Γ̃0 → Γ̃0, (𝑎, �̃�) ⟼ 𝑎 ∙

�̃� = 𝛽(�̃�). Since p is the covering morphism, there is unique �̃� lifting of a (𝛼(�̃�) = �̃�) such that for �̃� ∈
𝑋 = Γ̃0 and 𝑎 ∈ Γ𝑝0(�̃�), 𝑝(�̃�) = 𝑎 and 𝑝0(�̃�) = 𝑥 . Now we show that action conditions are satisfied. 

𝑤(𝑎 ∙ �̃�) = 𝑝0(𝑎 ∙ �̃�)𝑝0 (𝛽(�̃�)) = 𝛽(𝑎) . 𝑏 ∙ (𝑎 ∙ �̃�) = 𝑏 ∙ 𝛽(�̃�) = 𝛽(�̃�)  and (𝑏 ⊛ 𝑎) ∙ �̃� = 𝛽(�̃� ⊛

�̃�) = 𝛽(�̃�) So we have that 𝑏 ∙ (𝑎 ∙ �̃�) = (𝑏 ⊛ 𝑎) ∙ �̃� . Finally, 1𝑝0(𝑥) ∙ �̃� = 𝛽(�̃�) = �̃� . So, the action 

conditions are satisfied. Since p is the covering morphism of the 𝑇Γ-groupoid and w is defined by 𝑝0, it 

is a topological group morphism. Similarly, it is a topological group morphism since 𝜑 is defined by 𝛽 

target morphism of Γ̃. 
 

3. Results 

 

Theorem 3.1: Let Γ be a 𝑇Γ-groupoid.  𝑇ΓGpdCov(Γ) category of coverings of 𝑇Γ-groupoid, and 

 𝑇ΓGpdOp(Γ) category of actions of 𝑇Γ-groupoid are equivalent. 

Proof: A functor 𝐹: 𝑇ΓGpdOp(Γ)→ 𝑇Γ𝐺𝑝𝑑𝐶𝑜𝑣(Γ) is defined as follows: Suppose that Γ acts on a 

topological group X via 𝑤: 𝑋 → Γ0. This action is given with 𝜑: Γ𝛼 ×𝑤 𝑋 → 𝑋, (𝑎, 𝑚) ↦ 𝑎 ∙ 𝑚. In this 
case, we have the action 𝑇Γ -groupoid Γ ⋈ X from Example.2.2.2. If a morphism 𝑝: Γ ⋈ X → Γ  is 

defined by (𝑎, 𝑚) ↦ 𝑎 and 𝑝0 =w on the morphisms and on the objects, respectively, then p is a 
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covering morphism of 𝑇Γ -groupoids. We have that 𝑝((𝑏, 𝑛) ⊛ (𝑎, 𝑚)) = 𝑝(𝑏 ⊛ 𝑎, 𝑚) = 𝑏 ⊛ 𝑎 =

𝑝(𝑏, 𝑛) ⊛ 𝑝(𝑎, 𝑚) , from the definition of p. Since p is defined by w on objects, we have that 

𝑝(1𝑤(𝑚), 𝑚) = 1𝑤(𝑚) = 1𝑝(1𝑤(𝑚) ,𝑚). So, p is a groupoid morphism and a continuous map since p is 

defined by the projection map. At the same time, it is a topological covering morphism, since (𝑎, 𝑚′) is 

only one element of Γ ⋈ X with 𝛼(𝑎, 𝑚′) = 𝑚′ and 𝑝(𝑎, 𝑚) = 𝑎 , for 𝑎 ∈ Γ(x, y) and 𝑚′ ∈ 𝑤−1(𝑥). 

Thus (𝑝, 𝛼) is bijective. Since p, 𝑝0 =w and 𝛼 are continuous, (𝑝, 𝛼) is homeomorphism. Furthermore 

we have that p((a,m)+(b,n))=p(a+b,m+n)=a+b=p(a,m)+p(b,n). Therefore p also F(X,w) is a 𝑇Γ -
groupoid morphism. 

If (X,w) and (𝑋′, 𝑤′) are actions of 𝑇Γ-grupoid Γ, then F(X,w) and 𝐹(𝑋′, 𝑤′) are topological 
coverings of 𝑇Γ-groupoid Γ. Let these coverings be 𝑝: Γ ⋈ 𝑋 → Γ and 𝑞: Γ ⋈ 𝑋′ → Γ. If 𝜙: 𝑋 → 𝑋′ is a 

morphism of topological actions, then 𝐹(𝜙) = 𝑟 is a morphism of topological covering morphisms with 

𝑟0 = 𝜙 and 𝑟 = 1 × 𝜙. This situation is given in the following commutative diagram 
 

 
Figure 5. The morphism from 𝑝 to 𝑞. 
 

In addition, if 𝜙: 𝑋 → 𝑋′ and 𝜙′: 𝑋′ → 𝑋′′ are morphisms of 𝑇Γ-groupoid actions then we have 

that 𝐹(𝜙′ ⊛ 𝜙) = 𝐹(𝜙′) ⊛ 𝐹(𝜙). For F(X,w) = Γ ⋈ 𝑋, 𝐹(𝑋′, 𝑤′) = Γ ⋈ 𝑋′, 𝐹(𝑋′′, 𝑤′′) = Γ ⋈ 𝑋′′, 
𝐹(𝜙) = 𝑟 and 𝐹(𝜙′) = 𝑟′, we have that 𝜙′ ⊛ 𝜙: 𝑋 → 𝑋′′ and 𝐹(𝜙′ ⊛ 𝜙) = 𝑟′ ⊛ 𝑟 = 𝐹(𝜙′) ⊛ 𝐹(𝜙). 
This situation is given in the following commutative diagram. 

 

 
Figure 6. The composition between 𝑟 and 𝑟′. 

 
Therefore, F is a functor. 

Define a functor 𝐺: 𝑇Γ𝐺𝑝𝑑𝐶𝑜𝑣(Γ) → 𝑇ΓGpdOp(Γ) as follows: 

Let 𝑝: Γ̃ → Γ be a topological covering morphism of 𝑇Γ-groupoids. If we suppose that 𝑋 = Γ̃0 

and 𝑤 = 𝑝0: Γ̃0 → Γ0 then (𝑋, 𝑤) is an action of 𝑇Γ-groupoid over X from example.2.2.3. Namely 𝜑 is 

an topological action of 𝑇Γ-groupoid Γ over X. Thus if 𝑝: Γ̃ → Γ and 𝑞: Γ̃′ → Γ are topological covering 

morphisms of 𝑇Γ-groupoids then 𝐺(𝑝) and 𝐺(𝑞) are topological action of 𝑇Γ-groupoid Γ over Γ̃0 and 

Γ̃0′ topological groups via 𝑝0 and 𝑞0, repectively. Let these actions be denoted by (Γ̃0, 𝑝0) and (Γ̃0′, 𝑞0). 

We known that if p and q are topological covering morphisms of 𝑇Γ-groupoids then 𝑟: Γ̃ → Γ̃′ is the 

topological covering morphisms of 𝑇Γ-groupoids with 𝑝 = 𝑞 ⊛ 𝑟. Therefore 𝑟0 = 𝜙 and 𝐺(𝑟) = 𝜙 are 
morphisms of the topological group actions. This situation is given the following commutative diagram. 

 

 
Figure 7. The morphism from 𝑝0 to 𝑞0. 
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We see that the action is protected from the following commutative diagram since we have that 

𝑝 = 𝑞 ⊛ 𝑟 and 𝑝0 = 𝑞0 ⊛ 𝑟0. 
 

 
Figure 8. The morphism of the actions. 
 

Let 𝑟: Γ̃ → Γ̃′ be a morphism from 𝑝: Γ̃ → Γ to 𝑞: Γ̃′ → Γ and let 𝑟′: Γ̃′ → Γ̃′′ be a morphism from 

𝑞: Γ̃′ → Γ to 𝑝′: Γ̃′′ → Γ. Then we have that 𝐺(𝑟′ ⊛ 𝑟) = 𝐺(𝑟′) ⊛ 𝐺(𝑟). For 𝐺(𝑝) = (Γ̃0, 𝑝0), 𝐺(𝑞) =
(Γ̃0′, 𝑞0) , 𝐺(𝑝′) = (Γ̃0′′, 𝑝′0) , 𝐺(𝑟) = 𝜙  and 𝐺(𝑟′) = 𝜙′ , 𝑟′ ⊛ 𝑟: Γ̃ → Γ̃′′  a topological covering 

morphism of 𝑇Γ-groupoids. So, we find 𝐺(𝑟′ ⊛ 𝑟) = 𝜙 ⊛ 𝜙′ = 𝐺(𝑟′) ⊛ 𝐺(𝑟) This is seen from the 
following commutative diagram. 

 

 
Figure 9. The composition between 𝑟 and 𝑟′. 
 
Therefore, G is a functor. 

 

It is obvious that 𝐹𝐺 ≅ 1𝑇Γ𝐺𝑝𝑑𝐶𝑜𝑣(Γ) and  𝐺𝐹 ≅ 1𝑇Γ𝐺𝑝𝑑𝑂𝑝(Γ). 

 

4. Discussion and Conclusion 

 

Topological group-groupoids are internal categories in the category of topological groups. 

Coverings and actions of groupoids are also important in algebraic topology. So, it would be interesting 
to develop these results in terms of topological groupoids with operations and internal categories rather 
than special categories. 
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