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Abstract. Gang-of-Four design patterns are valuable architectural artefacts in 

object-oriented design and implementation. Detection of design patterns in an 

existing code takes an important role in software evolution and maintenance. 

A lot of work has been devoted to development of methods and tools that sup-

port automatic detection of design patterns. There have been scarcely any at-

tempts to detect design patterns in C# programs. We have focused on the re-

finement and extension of the approach of A. Nagy and B. Kovari. In this paper 

we discuss the rules for mining of a subset of GoF design patterns in C# appli-

cations. These rules have been used to enhance the program that detects design 

patterns in C# applications. The mining results of both tools were compared. 

Keywords: Software maintenance, Design patterns, Design pattern detection, 

Gang of Four, C#. 

1 Introduction 

Gang-of-Four design patterns belong to the mostly used pattern category in software 

development [1]. These general architectural ideas have successfully been applied 

while implementing programs in different notations, including the C# language [2]. 

Detection of design patterns in an existing code is an important issue of software 

evolution and maintenance [3,4]. Knowledge of patterns used in a program might 

support comprehension of its design, especially if we are not in touch with an author 

of the code, we need to maintain a legacy software or one prepared by external col-

laborators via outsourcing, etc. Information about patterns pointed up could also be 

applicable in software refactoring or in quality software evaluation [5,6]. 

Many approaches to design pattern detection have been studies and implemented in 

various software engineering tools [7-10]. However, there is a gap in mining and 

evaluation design patterns in C# programs. 

The work of Nagy and Kovari [11] has been focused on a language-independent 

solution. They employed general structure-based criteria. One of implementations of 

this approach was the only one used to evaluate C# programs. Based on this solution, 
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we have proposed similar criteria that were refined in case of several design patterns. 

Moreover, the list of considered patterns was extended with five additional ones. 

In this paper, we have presented the structural-based criteria to design pattern de-

tection in C# programs. The proposed criteria were implemented in a tool used for 

static analysis of C# programs and applied in some case studies. According to exper-

iment results, it can be seen that even the minor refinements could have a significant 

effect on the design pattern detection.  

In the paper Design Patterns will be abbreviated as DP. This paper is organized as 

follows. The next section summarises approaches to DP detection and other related 

work to DP in C# applications. In Sec. 3 criteria of DP detection used during static 

analysis of C# programs are presented. Sec. 4 describes briefly tool support to analy-

sis of C# programs and comparison of results. Finally, Sec. 5 concludes the paper.  

2 Background and other Related Work  

In general, design pattern detection approaches can be divided into two main types: 

those focused on the static program analysis, and the second that take into account 

some behavioral program features. Static program analysis is mainly based on the 

structural analysis, in which inter-relations between classes are examined. Structural 

approaches use direct code analysis, usually in some intermediate form of the code as 

AST (Abstract Syntax Tree), or other graph representations based on the reverse en-

gineering techniques. In behavioral analysis, constraints could be satisfied by a candi-

date instance to be classified as a “valid” design pattern.  

Yu et al. [9] used a code representations of Class-Relationship Directed Graphs in 

which sub-patterns are discovered and jointed to compare with DP templates and 

method signatures. Combination of static analysis with subsequent dynamic verifica-

tion can be found in ePAD
evo

 [12]. Guéhéneuc et al. [13] combined former experienc-

es with constraint programming and numeric signatures in design motifs to deal with 

complete and incomplete occurrences of DP.  

One of the problems is existence of many variants of a pattern. Stencel and 

Wegrzynowicz used static analysis and SQL to find many implementations of DP in 

Java code [14]. Multiple variants were treated in [15] by machine learning. 

Design pattern identification could be proceeded by a filtering step in order to im-

prove performance and precision rate. A metric-based approach to preliminary selec-

tion of pattern candidates and their further evaluation was described in [16].  

Many different tools have been developed to support design pattern mining in a 

source code. They can mainly detect patterns in Java or C++ programs, but also in 

Eiffel, Smalltalk, UML or XML.  

Rasool et al. [7] have evaluated different tools that recognize design patterns in 

source code. However, neither of six compared tools, nor 30 only reviewed in the 

paper, were detecting patterns in C# programs. Moreover, it has been noted that many 

tools give only results about the number of recovered patterns but do not show an 

exact location in the source code. In a PhD thesis by Zanoni [8], many pattern detec-

tion tools have been described. Though, there were no candidates to assist mining of 
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C# programs. More recent list of design pattern detecting tools could be found in [10]. 

But also in this survey, no tools dealing with C# have been mentioned.  

Design patterns could be developed in the C# programming language as in other 

object-oriented ones. The basic discussion of pattern implementation and their vari-

ants related to C# has been presented by Metsker [2]. However, not much work has 

been published that considered research or experiments on C# programs.  

Gatrell et al. [17] examined a C# system in order to confirm a hypothesis that pat-

tern-based classes were less change prone than other classes. In this work detecting of 

13 GoF DP was not automated but based on manual code inspection. 

Rasool et al. [18] reported on development of a customizable approach to feature-

based pattern recognition. Apart from parsers supporting Java and C++, a module for 

C# was also implement. However, experiments were dealt only with two first lan-

guages and not with any C# programs. 

To the best of our knowledge, the only tool practically used for mining DP in C# 

programs was one of implementations of the approach described in [11]. Nagy and 

Kovari employed static program analysis of an AST  form and structure-based criteria 

for DP. The approach was not bounded by developer intentions, and could also reveal 

patterns that were not deliberately designed. Our work follows their method. 

3 Criteria of Pattern Detection in C# Programs 

3.1 Preliminaries 

We have modified the approach of [11] focusing only on the variant for the C# lan-

guage. Nagy and Kovari intended to have a programming language independent solu-

tion, hence, language-independent criteria. In their tool, there were separate modules 

for processing of a source code, C# and Java code in particular. A data model from 

one of those modules was transmitted to a common criterion matching algorithm that 

used a list of criteria to design pattern analysis, and returned DP instances.  

Based on the evaluation of many papers presented by Budgen [19], the mostly 

studied patterns have been Composite, Observer and Visitor. Observer and Composite 

appeared also to be the mostly useful patterns according to the conducted survey. 

Results of Visitor were mixed, as it was useful for limited purposes. Therefore, select-

ing new patterns to extend the tool, we have added Observer and Visitor, as Compo-

site was already one of the patterns implemented in the tool [11]. Besides, two struc-

tural patterns were supplemented, namely Adapter and Proxy, that were not counted 

to a group of “patterns of little real use”. In result, we propose the refined detection 

criteria that cover the list of DP supported in the original tool plus the additional five 

patterns mentioned above. 

3.2 Criteria of Design Pattern Detection 

The presented DP detection criteria are based on static analysis, i.e. general object-

oriented structural program features, but taking into account objectives of C# as a 

source program. In general, classes that are components in a pattern are recognized by 
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interrelations they meet and additional conditions of their fields and methods. In the 

following criteria, classes will be denoted by capital letters: A, B, etc. If two classes 

are named by different letters, it is assumed that they are different, e.g. A≠B.  

A rule of each DP is illustrated by a class diagram. The diagrams do not define the 

rules but improve their readability. A diagram presents only one structural variant of a 

pattern, if a rule implies existence of two possible relations, e.g. an inheritance or 

realization of an interface. Usually only the solution with a base class is shown.  

The class diagrams (Fig.1. - Fig.10.) do not replicate exactly the known original 

models that explain DP at the modelling level [1]. They should be interpreted as a 

UML reverse engineering design at the implementation level. Therefore, generaliza-

tions reflecting code inheritance relations are shown, but simple associations or ag-

gregations are not present. In some cases, class fields are presented that are checked 

in the rule. They are mainly code level realizations of associations of various kind. 

Elements in the diagrams are additionally annotated with stereotypes «..» that re-

late to their roles in a pattern. It should be noted that they are not a part of the code 

under concern, but could only easy comprehension of particular design pattern com-

ponents. They could be added to elements recognized as design pattern members in 

their comments or code annotations, if source code modifications were considered.  

1. Singleton 

a) There exists class A that has only private and 

protected constructors. 

b) Class A includes exactly one non-public and 

static field which is of the same type as the class A. 

c) Class A includes exactly one public static meth-

od that returns an object of type A.         Fig. 1. Singleton     

2. Factory method 

a) There are classes A and B such as B inherits from A or class B implements an 

interface A. 

b) Class B includes a method operation() that overrides the method of class A. 

c) There exist also classes C and D such as D inherits from C or D implements an 

interface C. 

d) According to its signature the method operation() returns an object of type C. In 

its body in B, the method returns an object of type D.  

 

Fig. 2. Factory method 
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3. Proxy (Fig. 3) 

a) There are classes A, B and C such as B and C inherit from A or classes B, C im-

plement an interface A. 

b) Class C includes a field that stores a reference to an object of type B.  

c) Class A includes a method operation(). The method is overridden in B and C. 

d) The method operation() from class C calls the method operation() from class B. 

4. Decorator (Fig. 4) 

a) There exist classes A, B and C such as B and C inherit from A, or classes B, C 

implement an interface A. 

b) Class C includes a field that stores a reference to an object of type A.  

c) Class C includes a constructor C that has a parameter – an object of type A.  

d) Class A includes a public, protected or default method operation() that is over-

ridden in class B and in class C. 

e) The method operation() from class C calls the method operation() from class A.  

 

 

 

 

Fig. 3. Proxy             Fig. 4.   Decorator 

5. Composite (Fig. 5) 

a) There exist classes A, B and C such as B and C inherits from A.  

b) Class C cannot inherit from B. 

c) Class C includes a collection of elements of type A.  

d) Class A includes a method operation() that is overridden in B and C. 

e) Inside the method operation() in class C, method operation() of the class A is 

called for elements of type A.  

6. Adapter (Fig. 6) 

a) There exists classes A, B and C such as C inherits from A and implements an 

interface B. 

b) Class A does not implement interface B. 

c) Class A has its public method specificOperation(). Interface B has a public 

method operation() and class C has a public method operation() such as it over-

rides the method from interface B. The method specificOperation() from class A is 

called inside the method operation() from class C. 
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Fig. 5. Composite            Fig. 6. Adapter 

7. Mediator (a variant with two communicating classes). 

a) There exists classes A, B and C such as B and C inherit from A. 

b) There exists classes D and E such as E inherits from E. 

c) Each of classes A, B, and C has at least one field that stores a reference to an 

object of type D. 

d) Class E includes one field storing a reference to an object of type B, and one 

field storing a reference to an object of type C. 

 

Fig. 7. Mediator 

8. Chain of responsibility 

a) There exist at least two classes B and C 

that inherit from class A. 

b) Classes A, B, and C includes at least one 

field that has a reference to class A. 

c) Class A has a public, non-static method 

operation() that is overridden in class B and in 

class C. 

d) Methods from classes B and C call the 

method operation() for an object o type A.  

Fig. 8.. Chain of responsibility     

9. Observer  In the case of this design pattern, there are omitted conditions that 

assume existence of a base class for the observer. 
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a) There are classes A and B. 

b) Class A includes a collection of elements of type B. 

c) Class A has a method 

that calls another method 

included in class B for 

any component of the 

collection. 

d) The method in class B 

has a parameter that is an 

object of type A or one 

of base class of class A.         Fig. 9. Observer  

10. Visitor 

a) There exist classes A, B, C and D such as B inherits from A or implements an 

interface A, and D inherits from C or implements an interface C. 

b) Class A includes a method operation() that has a parameter – an object of type 

C. 

c) Class B includes a method that overrides the method operation() from class A. 

d) Class C includes a method oper2() that has a parameter – an object of type B. 

e) Class D includes a method that overrides the method oper2() from class C. 

f) The method from class B has a parameter of an object of type C, and calls the 

method from class C. 

Fig. 10. Visitor 

4 Design Pattern Detecting with C# Analyzer  

C# Analyzer has been developed to integrate different functionalities basing on static 

analysis of C# programs. The mail goals of the tool are the following: 

 Identification of classes and methods that implement selected design patterns. 

 Calculation of software metrics. 

 Support of a project comprehension. 

 Support of software quality analysis based on the above results. 
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The tool was designed as an extension of the Visual Studio environment. A signifi-

cant part of C# Analyzer is a module responsible for detection of DP. It inputs code of 

a program under analysis, and creates a data model, i.e. its syntax tree. The tree is 

generated using .NET platform compiler - Roslyn. Then, the source program is ana-

lyzed according to the given criteria. The tool points at classes that participate in DP 

under concern. The detection program is a modified version of the tool implemented 

for C# programs by [11]. The main revisions have referred to the following areas: 

1. mechanism of creating model data, 

2. criteria to qualify a code extract as a design pattern, 

3. addition of new patterns to be detected, 

4. identification of all class components in a pattern. 

A modification within the first area has been taking into account relations to interfac-

es in the data model, which can be used in C# programs. Another adaptation implies 

usability of fields and methods that are inherited from a base class. Based on a recur-

rent approach, all base classes of a given class are visited starting from the top level 

class in its inheritance tree. During return routine, the corresponding methods are 

substituted by overriding methods, and the fields accordingly. In result, all fields and 

methods accessible due to public or protected modifiers are recognized in the data 

model of a descendant class. 

The program has been extended with detection facility for additional DP (Adapter, 

Composite, Observer, Proxy and Visitor), and refinement of other DP detection crite-

ria. The criteria for detection of the design pattern set supported by the current tool 

are given in Sec. 3.2.  

The former detector has identified and outputted only a main class that was accept-

ed as a central component of a pattern. Currently, all classes that are pattern compo-

nents are recognized. In an output file, they are annotated with the name of a pattern 

being detected, and a role served in the pattern, i.e. symbols A, B, C, D,… according 

to the diagrams illustrating the criteria (Sec. 3.2).  

Experiments conducted on a set of programs have confirmed usefulness of the so-

lution [20]. Not all DP supported by the detector occurred in the tested programs. 

Therefore, a set of C# benchmark programs was prepared illustrating application of 

different DP. All kinds of the patterns were identified in these experiments. 

In comparison to the former approach [11], we could detect new patterns and pat-

tern instances corresponding to more structures of C#. On the other hand, some poten-

tial patterns were excluded due to criteria refined with regard to the C# language. 

In Tab. 1. we have shown the numbers of different patterns detected in the Log4net 

C# library. It was used in experiments both with the previous tool [11] and C# Ana-

lyzer. Therefore, we could compare DP detection abilities of the tools. In the experi-

ments, 22 pattern instances were detected by the old tool whereas 28 by the new one.  

Only in case of Singleton, both tools recognized exactly the same pattern instances. 

Diversities in other cases followed from the differences in the pattern recognition 

criteria. In evaluation of Decorator, the former tool only used limited criteria 4.a and 

4.c. While taking into account additional criteria (4.b, 4.d, 4.e) two cases were not 

classified as Decorator. The similar situation refers to Composite. All four pattern 
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instances were not accepted due to an extra condition (5.d) about a collection of ele-

ments of type A implemented in class B. An opposite situation can be experienced in 

case of Factory Method. This pattern specification takes into account two additional 

relations, namely: detection of interface realization and inheritance of fields and 

methods. Therefore, 3 additional occurrences of Factory Method were recognized 

apart from 10 instances previously accepted. Finally, Proxy was not addressed before 

but was detected by the current tool. 

Table 1. Numbers of design patterns detected by tools in the Log4net C# library 

Tool Design pattern occurrences  

 Singleton Decorator Composite Factory method Proxy Sum 

Tool [11] 5 3 4 10 - 22 

C# Analyzer 5 1 0 13 9 28 

5 Conclusions 

In this paper we have presented a design pattern detection approach based on static 

code analysis towards structural feature mining. The approach was adopted to the C# 

programing language and implemented in the enhanced tool. The tool was combined 

within the C# Analyzer system that was integrated with the Visual Studio. Other 

components of the system refer to software metrics. Evaluation of results of pattern 

detection in the relation to the software metrics is described in [20]. 

Introduced improvements have resulted in higher number of recognized pattern in-

stances mainly due to additional types of pattern detected. However, more refined 

criteria have eliminated some of pattern instances accepted formerly, as they counted 

now being false positive. It should be noted, that the former tool applied to C# pro-

grams was an instance of the language-neutral concept of pattern detection. All in all, 

it could be questionable whether it is not better to have language-specific solutions 

based on a general one, as proposed in this paper. 

The presented tool could further be extended with detection of remaining GoF de-

sign patterns and other patterns. Moreover, other criteria to design pattern recognition 

could be added, taking into account e.g. naming conventions, comments, or meta-

data. Open issue remains also investigation of different pattern variants in respect to a 

general structure and specific features of the C# language, performance evaluation of 

detection facilities, as well as thoroughly estimation of detection precision. 
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