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Abstract 

Requirements modeling is an important activity in software engineering and is more 

basic than other activities. But for scale domain, Requirements modeling usually suffers 

from limited knowledge of developers. In order to get a complete requirements model, 

software engineers have used domain ontology to capture requirements. However, 

previous approaches only can automatically capture requirements and the final software 

system is difficult to maintain. In this paper, we decompose old domain ontology into some 

sub ontologies and organize them into a tree model, which is called as Ontology Tree. 

Accordingly, we generate requirements model from Ontology Tree rather than old 

ontology. From real application, our approach shows a better development and 

maintainability of software. 
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1. Introduction 

In software engineering, the main phases of developing a software system usually 

include four parts: requirements modeling, system analyzing, system designing and system 

implementing [8]. Requirements modeling aims to get domain model, which is premise of 

system analysis. But for scale business domain, requirements modeling usually suffers 

from limited knowledge of developers so that final domain model is usually incomplete. 

Namely, domain model can’t reveal the real activities well. Ontology is explicit 

specification of conceptualization of some domain and aims to make data sharable and 

reuse. So In order to get a complete domain model, software engineers have used domain 

ontology to capture requirements [1, 2]. These approaches based on ontology showed a 

good improvement for capturing complete requirements. But an unavoidable problem is 

that final software system is still hard to maintain. An obvious fact is representation model 

of domain ontology dominates quality of software [7]. So it becomes a key problem how to 

get a good representation model of domain ontology. In this paper, we represent domain 

ontology as a tree model, which is called as Ontology Tree. Accordingly, domain model is 

built based on Ontology Tree. From real application, our approach shows a better 

development and maintainability of software. 

This paper is organized as follows. The whole framework for building a requirements 

model is given in Section 2. And algorithm of decomposing domain ontology is introduced 

in Section 3. We describe how a domain model obtained from ontology tree model in 

Section 4. A case study is given in Section 5. The related works are mentioned in Section 6 

and conclusion and the next work are arranged in the last section. 
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2. Whole Framework 

As you see from Figure 1, we obtain requirements model through two steps. The first 

step is responsible to decompose an initial domain ontology into an ontology tree, which 

consists of some sub ontologies. In second step, the requirements model is built from 

ontology tree. Next, we will elaborate the framework. 

 

 

 

 

 

 

 

 

 

 

 

3. Ontology Decomposition 
 

3.1. Ontology and Concept Lattice 

Definition 1. An ontology 𝕆 is defined as a 5-tuple: 𝕆={C, P, R, A, I}, where: 

 C is the set of classes, which represents various entities in some domain being modeled. 

We assume that classes are named by one or more natural language terms and are 

normally referenced within the ontology by a unique identifier. 

 P is a set of properties. For example, for class “country”, “have population” is a 

property. 

 R is the set of relationships between classes. For instance, synonym of, kind of, part of, 

instance of, property of. But in this paper, only kind of relationship is considered. 

 A is a set of axioms, usually formalized into some logic language. These axioms specify 

additional constraints on the ontology and can be used in ontology consistency 

checking and for inferring new knowledge from the ontology through some inference 

mechanism. 

 I is set of instances. 

Although it may get a more complete domain model to apply a domain ontology to 

requirements modeling, hugeness of domain ontology give rise to higher degree of 

coupling, which will make it difficult to develop and maintain software. In order to get a 

domain model which has a lower degree of coupling, domain ontology needs be 

decomposed. 

 

3.2. Concept Lattice 

As it is mentioned [17], ontology is high similar to formal concept lattice in structure. 

And formal concept analysis is often applied to ontology construction. So there is an 

inherent mapping between ontology and concept lattice. The mapping rule is as follow. 

 Classes are mapped to formal concepts. 

 Instances are mapped to objects.  

 Properties are mapped to attributes.  

Figure 1. The Whole Framework for Building a Domain Model 

 

Decomposing Modeling 

Domain Ontology 

Domain Model Ontology Tree 
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 Synonym of relationship between classes is mapped to inheritance between formal 

concepts. 

By the high similarity between ontology and concept lattice, we applied algorithm of 

evaluating sub-lattice from a concept lattice to decompose initial ontology. 

Definition 2.  A formal context FT is defined as a 3-tuple: FT=(O, A, R), where 

 O is a set of formal objects. 

 A is a set of formal attributes. 

 ROA. For any oO and aA, (o, a)R holds iff object o has attribute a. 

Definition 3. Given a formal context FT=(O, A, R) and XB, YA. X’={aA|(b, a)R, 

bX} is said to be the common attributes of X. Y’={bB|(b, a)R,aY} is said to be 

the common objects of Y. 

Definition 4. Given a formal context FT=(O, A, R).  A 2-tuple fc=(X, Y) is said to be a 

formal concept from FT iff Y=X’ and X=Y’ hold.  

Definition 5. Given two formal concepts (X1, Y1) and (X2, Y2) of a formal context (O, A, 

R), (X1, Y1) is said to be superconcept of (X2, Y2) and (X2, Y2) is said to be subconcept of 

(X1, Y1) if X2X1 or Y1Y2 holds. The relationship is represented as (X2, Y2)≼(X1, Y1). 

Definition 6. Given a formal context (O, A, R), consider the set of all formal concepts of 

this context, indicated as FC(O, A, R). Then 𝕃=(FC(O, A, R),≼) is a complete lattice called 

concept lattice. 

For example, consider a formal context called European Cities where O={Athens, 

Courmayeur, Innsbruck, London, Paris, Reykjavik, Rome}, A={Ska_Area, Beach, Lake, 

Euro, River, Skiing_Area} and R is showed in Table 1 [17]. Concept lattice from the 

formal context shown by Table 1 is shown in Figure 2. Ska_Area, Beach, Lake, Euro, 

River and Skiing_Area are abbreviated to Ska, Bea, Lak, Eur, Riv and Ski respectively. 

Also, Athens, Courmayeur, Innsbruck, London, Paris, Reykjavik and Rome are abbreviated 

to A, C, I, L, P, Re and Ro respectively. 

Table 1. The European Cities Context 

 Skating_Area Beach Lake Euro River Skiing_Area 

Atehns       

Courmayeur       

Innsbruck       

London       

Paris       

Reykjavik       

Rome       

 

3.3. Decomposition Algorithm 

Definition 7. Given two formal context (O1, A1, R1) and (O2, A2, R2),  𝕃1=(FC(O1, A1, 

R1),≼) is said to be a sub concept lattice of 𝕃2=(FC(O2, A2, R2),≼) iff A1A2 and 

R1={(o,a)|(o,a)R2 and aA2-A1} hold. 

For example, let the formal context be (O1, A1, R1) shown in Table 1 and let the formal 

context be (O2, A2, R2) shown in Table 2. 𝕃2=(FC(O2, A2, R2),≼) is said to be a sub-concept 

of 𝕃1=(FC(O1, A1, R1),≼). 
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Table 2. The European Cities Context without Attributes of Ska_Area and 

Beach 

 Lake Euro River Skiing_Area 

Atehns     

Courmayeur     

Innsbruck     

London     

Paris     

Reykjavik     

Rome     

In order to decrease scale of concept lattice but not lose information, we propose a 

concept lattice decomposition algorithm based on semantic similarity of attributes. 

From Table 1, it can be found easily that attribute River is close to attributes Beach and 

Lake in semantic. Attribute Skating_Area is close to attribute Skiing_Area. So it can be 

deduced that not of all attributes are same in semantic distance. By semantic distance, we 

may decompose formal context and fulfill concept lattice decomposition. 

 

3.3.1. Attributes Clustering Based on Semantic Similarity 

Formula 1 is used to evaluate similarity as(a,b) between two words a, b in Wordnet
[18]

. 

From formula 1, it is noted that, 

 The similarity between two words (a,b) is the function of their distance and the 

lowest common subsume lso(a,b).  

 If the lso(a,b) is root, depth(lso(a,b))=1,as(a,b)>0; if the two words have the same 

sense, the word a, word b and lso(a,b) are the same node. len(a,b)=0. as(a,b)=1; 

otherwise 0<depth(lso(a,b))<deep_max, 0<len(a,b)< 2*deep_max, 0<as(a,b)< 1. 

Thus, the values of as (a,b) are in (0, 1]. 

Figure 2.  The Formal Concept Lattice from Formal Context Shown in 
Table 1 

({A,C,I,L,P,Re,Ro},{}) 

({A,L,P,Re,Ro},{Lak}

) 
({I,L,P,Ro},{Riv}) ({C,I,Re},{Ski}) ({A,C,I,P,Ro},{Eur}) 

({A,P,Ro},{ Lak,Eur}) ({L,P,Ro},{ Lak,Riv}) ({I,P,Ro},{Eur,Riv}) ({C,I },{Eur,Ski}) 

({A,Ro},{Ska,Bea, Lak,Eur}) ({P,Ro},{ Lak,Eur,Riv}) ({I},{Eur,Riv,Ski}) 

({Ro},{Ska,Bea, Lak,Eur,Riv}) 

({},{Ska,Bea, Lak,Eur,Riv,Ski}) 

({Re},{ Lak,Ski}) 
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                                             Formula (1) 

Algorithm 1 is used to cluster a group of attributes. {Ska_Area, Beach, Lake, Euro, 

River, Skiing_Area} can be clustered into three groups All={WinterSports, Water, Eur}, 

WinnerSports={Skating_Area, Skiing_Area}, Water={Lake, River, Beach}, where All, 

WinnerSports and Water are cluster name. 

 

 

3.3.2. Formal Context Decomposition 

Algorithm 2 is used to decompose formal context. The decomposed formal context from 

Table 1 is shown in Table 3.1. In Figure 3.1, a concept lattice is generated from the formal 

context shown Table 3.1. Limited to page area, objects of every formal concept is replaced 

by the format “#n”. #1, #2, #3, #4, #5, #6, #7 and #8 are {A, C, I, L, P, Re, Ro}, {A, C, I, P, 

Ro}, {A, C, I, Re, Ro},{A, I, L, P, Re, Ro},{A, C, I, Ro},{A, I, P, Ro},{A, I, Rey, Ro} and 

{A, I, Ro}. Because formal concept ({A, I, L, P, Re, Ro},{Wat}) is top one including 

compound attribute Wat, a sub concept lattice from formal context shown in Table 3.2 is 

associated to attribute Wat is shown in Figure 3.2. Because formal concept ({A, C, I, Re, 

Ro},{Win}) is top one including compound attribute Win, a sub concept lattice from formal 

context shown in Table 3.3 is associated to attribute Wat is shown in Figure 3.3. 

We can compare denseness of the concept lattice shown in Figure 3 to the old one 

shown in Figure 2 by evaluating the number of dependence relation. We regard a pair of 

super-sub classes as a dependence relation. The number of dependence relation shown 

Figure 2 is 26 and the number of dependence relation shown Figure 3 is 23 because the 

numbers of dependence relation shown in Figures 3.1, 3.2 and 3.3 are 12, 7 and 4, 

respectively. The denseness of new concept is smaller than the old one. 

 

Algorithm 1:ACSS(A) 

Input: A, a group of attributes 

Output: Root. 

1. FOR any two a1 and a2 in A 

2.   IF b1,b2A, as(a1,a2)>as(b1,b2) AND (a1=b2a2=b1) AND (a1=b1a2=b2) 

3.        delete a1 and a2 from A;   

4.        tlso(a,b);  Add t to A; 

5.        children(a1,t);       children(a2,t);//set a1 and a2 as children of t. 

6. IF A={a}   //There is only one element a in A. 

7.     Roota 

8. RETURN Root 

Algorithm 2: FCD(FC, r) 

Input:   FC, formal context FC=(O, A, R) 

             r, ACSS(A) 

Output: FCs, a set of formal contexts. 

1. A*set(r);  //evaluate set of attributes. 

2. R*={(o,a)|(o,a)R and aA*} 

3. FCs FCs{(O, A*, R*)}; 

4. IF r has children 

5.    For every child c of r  

6.          FCD(FC, c); 

7. RETURN Root 
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4. Ontology Decomposition and Domain Modeling 

By algorithm 2 and the mapping rule between ontology and concept lattice, a domain 

ontology can be decomposed in a ontology tree. And according to ontology tree, a domain 

model is generated by followed mapping rule. 

 Classes in ontology are mapped to classes in domain model. 

 Instances are mapped to entities.  

 Properties in ontology are mapped to properties in domain model.  

 synonym of relationship between classes is mapped to inheritance between classes. 

Table 3.1. Top Formal Context of European Cities 

 WinnerSports Water Euro 

Atehns    

Courmayeur    

Innsbruck    

London    

Paris    

Reykjavik    

Rome    

Table 3.2. Sub-formal Context of European Cities 

 Lake River Beach 

Atehns    

Innsbruck    

London    

Paris    

Reykjavik    

Rome    

Table 3.3. Sub-formal Context of European Cities 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1. The Formal Concept Lattice from Table 3.1 

 

 

 Skatting_Area Skiing_Area 

Atehns   

Courmayeur   

Innsbruck   

Reykjavik   

Rome   
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5. A Study Case 

We applied our approach to a restaurant management information system for a hotel. 

We state our approach by domain modeling and model maintaining. 

An initial hotel ontology is provided by staff and managers. The ontology contained 78 

classes and there are average 6 properties for a class. There are 128 dependence relations. 

After we apply our approach to the ontology, the ontology is simplified. 21 sub ontologies 

and 110 dependence relations are obtained.  

More important, the top domain ontology contains only 15 classes, which is effective to 

avoid being drowned by trivial details for top managers and is easier to interactive between 

top managers and requirements model staff. Also, bottom ontologies are more detailed, 

which is more suitable to hotel staff. For maintenance of requirement model, part to be 

changed is easier to be located accurately and the influence scope is easier to be evaluated 

according to the mapping between requirement model and ontologies. 

 

6. Related Work 

Requirements modeling is an important and basic activity in software engineering. 

Three kinds of approaches are paid more attentions. They are Goal-Oriented approach
 
[3], 

Intention-Oritented approach [4] and approach based on problem framework [5]. 

Goal-Oriented approach is actuated by final goal. Requirements engineers decompose, 

refine and abstract final goal step by step. After the course is done iteratively, an and-or 

tree model is obtained. Related concepts can be extracted from an and-or tree. KAOS is a 

famous implemention of the approach[6]. 

Intention-Oritented approach underline contribution of every attendance. Every 

attendance’s activity is thinked as independent requirements modeling. And then 

requirements information from attendances, including all kinds of dependences related to 

goals, tasks, resources and soft goals, are reconciled and intergrated and reach to a 

complete requirements model. A standard implement is i
*
 modeling framework[9]. 

Approach based on problem frame is a promising one in recent year. Interaction 

between reality and software is emphasized. The analysis for structure of interaction is a 

main activity in requirements modeling. Some effective problem frameworks such as 

Context Effect frame, Small Problem Frames, User Interaction Frame, etc., are proposed 

[10].  Also, two methods for solving problems are given. The first is based on problem 

decomposion. Some decomposion stragies such as structure-oritented decomposion[11], 

goal-oritented decomposion[12] and decomposion based on ontology[13], are put forward. 

Approach based on problem frame has been applied to some fields successfully. Problem 

frame can provide requriements specification in eXtreme Program. Problem frame is used 

Figure 3.2. The Formal Concept 
Lattice from Table 3.2 

({A,I,L,P,Re,Ro},{}) 

({A,L,P,Re,Ro},{Lak}) ({I,L,P,Ro},{Riv}) 

({A,Ro},{Bea,Lak}) ({L,P,Ro},{Riv,Lak}) 

({Ro},{Riv,Lak,Bea}) 

({A,C,I,Re,Ro},{}) 

({A,Ro},{Ska}) ({C,I,Re},{Ski}) 

({},{Ska,Ski}) 

Figure 3.3. The Formal Concept 
Lattice from Table 3.3 
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to describe Web service[14]. It is used to model web software development[15] and 

distributed system[16] in such fields as e-commerce, insruance, etc. 

 

7. Conclusion 

In this paper, we propose an effective approach to requirements modeling. We 

decompose domain ontology into some sub ontologies and organize these sub-ontologies 

in manner of tree. By ontology tree, requirement model can be built well. From real 

application, the tree model representation for ontology can support development and 

maintenance of software better.  
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