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Abstract 
 

Technical debt is one of the crucial issue within the realms of software development. 

Companies have heavily invested in the improvement of the code quality of their 

software systems. Those who don’t care about the technical debt lands into the deep 

waters of maintainability issues and higher cost of maintenance with extreme level of 

complexity. On contrast design patterns are the best practices to solve a problem, 

design patterns are used to solve the problem in the best possible ways to achieve 

longer maintainability and loose coupling.  

 This paper tries to address the impact of design pattern on the technical debt 

by comparing the results of technical debt on the problem solved with and without the 

implementation of design patterns. This research paper focus on identifying a ratio or 

difference using which anyone can easily pick a design pattern to refactor the code 

and dramatically reduce the technical debt from the software systems under 

consideration.  
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1. Introduction 
 

Software Architects are always eager to improve the design and quality of their 

system’s architecture. They always plan to eliminate the sub-optimal quality areas 

of their software application with the robust, high performance and maintainable 

code [1]. While developing gigantic software solutions maintainability is always 

kept in mind. Software architects work hard to reduce the complexity of the system 

and rely on different practices to keep the operational code of the system as flexible 

as possible. While working towards the hard deadlines to achieve certain 

functionality usually some shortcut have been taken to complete the feature set 

within the provided time, this leads to a sub optimal source code quality often 

referred to as technical debt. 

 Senior management within a company is always focused on ROI (return on 

investment). They want to get the facts and figures using which they can take the 

decision. Middle managers and technical leads do realize the impact of technical 

debt and the impact that will be caused in near future, but they aren’t able to 

quantify the technical debt [2] in term of numbers. They are also unable to quantify 

how much improvement the new suggested approach will bring. This research will 

provide a quantifiable figure to the technical leads or Managers, using which they 

can suggest a design pattern to solve their existing problem without worry to justify 

their approach. 

Technical debt denotes the inadequate ways in which a project is executed and 

from the project initiation till its closure it accumulates a debt that keeps on 

accumulating unless it is paid back. 

In fact technical debt doesn’t directly conflict with the existing feature and 

functionality of the system under consideration but refers to the systems 

maintainability and enhancement that needs to be done in future [3]. It becomes 

very had and complex to add or enhance the features within the system containing 

heavy technical debt. 

Technical debt ratio is the figure which describes the maintainability of the system 

under consideration in a long run. It is a metaphor which is coined by Martin Flower, 

if this is not addressed in a system properly it grow with the induction of every new 

feature and it keeps on increasing at a much higher rate as compared to the 

previous rate on a previous date. This behavior make it equivalent to the financial 

debt that keep on increasing on the amount of interest in addition to the principle 

amount.  
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Shown below is the cost of change of a system compared to the lifecycle of product 

in years. 

 

Figure 1. Technical debt based on COC and Years [4] 
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2. Literature Review: Technical debt 
Technical debt refers to the practices used to solve problem in a manner which 

aren’t the best possible ways to solve a problem.  

2.1. Technical Debt 
Software teams are usually bound to a deadline or delivery date on which they 

have to deliver the software. Sometime due to inappropriate estimation or due 

to unforeseen issues it take more than the expected time to deliver the system. 

In such type of scenarios software teams focuses on getting things done, this 

causes the focus to remains on getting things done rather than the 

changeability or maintainability aspect of the product. This eventually lead to 

technical debt [5].  

2.2. Sources of Technical Debt 
There are several root causes for the accumulation of technical debt that 

includes but aren’t limited to uncompleted business requirements, improper 

timelines, negligence on code quality, no coding standards, inappropriate 

consideration towards architectural design, focus on delivering stuff rather than 

quality stuff. 

2.3. Inappropriate Architecture 
This is another cause for technical debt, if due attention isn’t paid at the 

initiation of project on the architecture on the long run architecture will be the 

main cause for technical debt. This will hinder modifications [6] and if 

modification are done on the existing architecture it will keep on accumulating 

the debt and a point of time comes when the whole system needs to be re-

written from scratch. 

2.4. No or weak coding practices 
Different programmers have different style of writing code some prefer to use 

camel casing for variables some prefer to use Pascal casing for variables. This 

difference in style if not properly addressed and a proper coding standard isn’t 

defined for the declaration of several entities, leads to a code that refers to 

different entities with the same naming convention. These practices do 

accumulate a technical debt [7]. If not addressed properly and well in time it will 

create confusions for the other programmer in future. 
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2.5. Inappropriate Deadlines 
Deadlines refers to the timeline provided to complete a task within the specified 

time. Sometimes the estimates provided to complete a task aren’t realistic and 

it creates an immense pressure within the team that are dedicated to complete 

this task. This pressure and inappropriate timeline forces the team to focus on 

the completion of work rather than the quality of code [8]. They focus on the 

possible solutions at hand and proceed with them, they don’t have the time to 

come up with the ways that will help them reduce the technical debt as they 

proceed. 

2.6. Technological Constraints  
As the time is proceeding so the languages are evolving. New features for 

programming languages have been researched and made part of the new 

language [9]. This helps the programmers to achieve the same task in more 

than one ways. If an inappropriate technology or language is chosen to address 

a problem in the long run it creates several limitation and become a cause for 

accumulating the technical debt. 

2.7. People Aspect 
People aspect [10] is one of the major concern for the cause of technical debt. 

They create a project successful or they are the cause of failure too. Ownership 

of the product from every team member create a starting point toward the 

success of project but if people don’t take responsibility and just get things done 

without being concerned about the overall quality the end product is an 

immature product full of technical debt.  

There are several issues with people like political influence, lake of interest in 

the project, lack of knowledge transfer, lack of discussion among the team 

regarding quality of the product. Sometime lack of expertise cause the technical 

debt to accumulate, people try to achieve the problem with the solutions they 

are aware of without looking for the best possible solutions. Induction of 

inexperience resource at a place where an experience resource is required 

also creates room for the technical debt to accumulate. 

2.8. No or Weak Processes 
Absence of processes leads to a catastrophic environment where everyone is 

allowed to do the things in his/her manner irrespective of the consideration of 

best practices. People aren’t directed to follow any standard operating 
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procedures (SOP) [11]. This creates an environment full of chaos. This leads 

to a product or project full of variety of different experiences where the novice 

programmer have learnt by experimenting over a live product making it directly 

prone to errors and deficient code quality. These weak processes accumulates 

technical debt and cause issues in the long run. 

2.9. Absence of Leadership and Vision 
Strong leadership provide purpose and vision to the product under 

consideration. Companies usually under take a project for the sake of revenue 

and for this purpose sometime they look for short term goal missing the long 

term vision. This lack of vision sometime have various strings attached to it in 

the form of legal obligation. If project goes wrong it not only cause a financial 

impact but also creates a strain on the reputation of the company pursuing this 

project. 

2.10. Quality Debt 
Quality debt refers to the diminishing quality happens as a consequence of 

technical debt [2]. 

2.11. Configuration Management Debt 
Configuration and deployment of new release become a nightmare that cause 

extreme risk and threat to the correct deployment. Deployment on production 

environment takes longer creating a longer downtime for the product. 

2.12. Design Debt 
This refers to debt accrued due the design level short cuts taken initially. This 

make new feature induction almost impossible or at least more costly than 

creating the whole system from scratch 

2.13. Platform Experience Debt 
As the product keeps on evolving new people get inducted and old people 

leaves creating a gap in terms of knowledge of the software under 

consideration this refers to the platform experience debt [12] if the new people 

aren’t trained properly or educated properly in terms of software’s domain and 

technical knowledge this keeps on increasing. 
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3. Symptoms of Technical Debt 
There are several indications that leads to the fact that technical debt is present 

within the project under consideration and some remedial actions needs to be 

taken in order to remove the technical debt. 

Following are some of the symptoms that can help us identify the technical debt:- 

3.1. Cascade Breaking:- 
This situation occurs when someone try to fix something and all the thing 

related to that specific things come to a halt as something get broken with that 

stuff. Sometime programmers try to fix the problems in a haste and get things 

up and running to hit the deadline, in the same situation other issues arises as 

such the code get broken from any other part of the application. This lead to 

the cascade breaking where one thing got broken or fixed cause other to broke 

too. 

In a legacy application where the turnover of the programmer is at large the 

situation occurs where programmer try to fix things without knowing the actual 

impact [14]. This situation alarms about the presence of technical debt 

3.2. Spaghetti Code:- 
Spaghetti code refers to the code in which no standards have been followed 

and people have taken the route which they prefer to take. There is not such 

architecture and design involved in this type of code. Patches have been 

implemented over the period of time to get the job done but no architectural 

improvement or re-structuring have been done to facilitate the one going 

maintenance or enhancement. 

3.3. Less or no Documentation:- 
Usually no attention is paid to the documentation process and things usually 

remain undocumented, sometime people don’t prefer to document anything at 

all or if forced to do so they don’t do it on a regular basis, this leads to a stale 

pile of outdated documents. This condition is such problematic that as the time 

proceed the changes remain in the head of the programmer and no such 

information exists on paper. 
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3.4. Inappropriate communication 
Inappropriate communication between the team members usually leads to 

improper way of solving a problem. Let say product manager asks a 

programmer to solve a problem in a way name A whereas the programmer has 

solved the problem in a way named Z. When this type of issues keep occurring 

technical debt remain hidden unless and until the issues have been identified 

during code review or by any other programmer working on any part related to 

this functionality. 

4. Modes of Technical Debt 

4.1. Deliberate Technical Debt 
Sometime it’s the need of the time to accelerate the pace of project by taking 

some short cuts that deliberately induct or induce the technical debt. As these 

types of technical debt have been induced deliberately [15] it can be tracked 

easily and should be planned to be paid at a later time or stage. 

4.2. Accidental Technical Debt 
Technical Debt can be acquired deliberately or it can be accidental due to the 

negligence on the part of the team responsible for executing the project or 

unawareness of the team accumulate accidental debt. This debt is never been 

shown on the list until it has been explicitly identified using any other source. 

This accidental technical debt is a major concern to keep an eye on as loosing 

focus on this will result in poor code quality without the knowledge of anyone 

on the team. 
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5. Effects of Technical Debt 
Technical debt not only reduced the productivity of the team it overall increase the 

cost of maintenance and changeability, as the software continues to grow with the 

technical debt its cost of maintainability keep on increasing [16]. There are a lot of 

issues and effect associated with technical debt. 

5.1. Unreliable behavior 
Due to the increased technical debt the application moves toward a situation 

where it is not easy to identify the exact impact of the change to be done. 

Sometime changes are done with some consideration in mind but in actual the 

work isn’t done that way. E.g. if a singleton pattern is used to keep the 

configuration of the application in a centralized place and some programmer 

has inadvertently doesn’t make use of these configuration and created on copy 

of his own. If any other programmer tries to change the code he might expect 

the desired behavior by just changing the item on a single place but he have 

to change the item at the other place too, to keep that variable updated as 

well. These type of issue do induct bug if not properly noticed a rectified. 

5.2. Narrowing road of enhancement 
As the technical debt creeps in the possibility of incorporating new changes 

keep diminishing with the passage of time, as the technical debt grows it 

become more difficult and challenging to incorporate any new change request. 

If the systems are developed in a tightly coupled manner it become a 

nightmare for the programmer to add a single new feature. Management 

doesn’t realize this situation soon but they get awareness at a very late stage. 

5.3. Lack of Ownership 
As the product grows people keep coming and going out of the project, if due 

diligence isn’t taken several knowledgeable items will be missed out and no 

one will undertake that stuff and will refrain from taking the ownership of the 

product. This leads to behavior where people don’t prefer to undertake the 

ownership of the whole product they just take the responsibility of their own 

patch only. 

5.4. Project Failure 
Negligence to adhere to best practices or coding standard sometime troubles 

with the legal obligation as well. If the project is completed for a company that 

have a keen eye on the software quality, negligence on the code quality part 
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don’t only lead to project termination but also the legal and financial obligation 

to be faced by the company executing the project. 

 For such project specific code quality requirement needs to be done for 

the focus on quality of code.   
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6. Design Pattern 
“Design pattern are the tested and verified methods of solving a problem in the 

best possible ways.” 

6.1. Types of Design Pattern  
There are three types of design patterns:- 

6.1.1. Structural Patterns 
Structural patterns [17] focuses on the composition of the objects and classes 

to create big and complex structures. 

Following is the list structural design patterns:- 

1. Façade Design Pattern 

2. Decorator Design Pattern 

3. Proxy Design Pattern 

4. Bridge Design Pattern 

5. Composite Design Pattern 

6. Flyweight Design Pattern 

7. Adapter Design Pattern 

6.1.2. Behavioral Patterns 
Behavioral pattern realized the common communication between objects and 

facilitate them on these basis. 

Following is a list of behavioral design pattern 

1. Strategy Design Pattern 

2. State Design Pattern 

3. Template Method Design Pattern 

4. Chain of responsibility Design Pattern 

5. Command Design Pattern 

6. Iterator Design Pattern 

7. Mediator Design Pattern 

8. Observer Design Pattern 

9. Visitor Design Pattern 

10. Interpreter Design Pattern 

11. Memento Design Pattern 
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6.1.3. Creational Patterns 
Creational Patterns focuses on the creation of object by following the approach 

of lose coupling. 

Following is a list of creational design patterns:- 

1. Singleton Design Pattern 

2. Prototype Design Pattern 

3. Factory Method Design Pattern 

4. Abstract Factory Design Pattern 

5. Builder Design Pattern 

6.1.4. Design Patterns Used 
My aim in this research is to focus on the singleton and facade design pattern 

and to implement the same design pattern using several programming 

languages. Implementing this pattern in several languages will help the results 

to be more accurate and widely accepted across several people using different 

programming languages. 

Singleton design pattern [18] is used to restrict the creation of an object of a 

class to a maximum of one object. This way only one object can be created at 

max and all of the requesting entities are provided with the reference to the 

same object. 

Façade design pattern is used to hide the complexities of the system under 

consideration and provide an interface to access the underlying system. 
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7. Manual techniques for Technical debt investigation 
Several techniques are used to identify the technical debt within an application. 

These techniques facilitates the team to investigate the technical debt from 

different angles. Below mentioned is a chart that identify the area of technical debt. 

 

Figure 2. Technical debt visibility chart [15] 

 

Following are few techniques among the well renowned techniques to identify the 

technical debt:-  

7.1. Peer to Peer Reviews 
In these types of reviews team members sits aside to discuss on the several 

areas of the application. In these types of reviews it is suggested to have an 

experienced and skilled person to review the code of the inexperienced or less 

skilled resource. These types of reviews if conducted in a controlled and 

professional environment cause a great impact on the code quality and overall 

skill and knowledge of the resources get increased. This increase in 

knowledge of the resources diminishes the chances of technical debt in future 

project. 

 There is also a downside of this type of code review. If the code review 

focus on the person rather than the actual piece of code, it gives management 

a chance to humiliate the person responsible or accountable for the code. This 

type of activity cause a loss of morale of the team accountable for code reviews 

and create a gap between the team members especially between the 

experienced and inexperienced resources. 
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7.2. Cross team Inductions 
Sometime people get use to of their mistake and they become so habitual with 

it that it become impossible for them to identify the mistake they have done. 

They keep on doing the same mistake again and again without having the 

knowledge about the fact that they are doing something wrong. In such type 

of scenarios it is feasible to switch the team members around in diverse teams 

so they not only contribute their good practices in the new teams but also learn 

new dimension of the coding and problem solving. 

7.3. White box testing 
Most of the time companies prefer to do black box testing. This helps them 

identify the behavioral deficiencies within the system. Testers and Quality 

Assurance people quickly identify the flaws and short comings in the functional 

and non-functional aspects of the programs or product under consideration for 

testing. But the code quality or the fulfilment to the coding standard can’t be 

justified or identified using this black box testing. So it is recommended to 

perform white box testing to not only improve the code quality but also to avoid 

the causes of technical debt. 
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8. SonarQube 
SonarQube [19] is an open source project which aims at identifying the technical 

debt within an application. Using sonarqube we can identify the technical debt in 

terms of days and the effort required. 

 To test a project for the sake of technical debt sonar cube server needs to be 

setup first. SonarQube support several languages but for each language you have 

to setup the necessary plugin to get it working for that specific language. 

8.1. Sonar Runner 
To run analysis on project sonar runner needs to be setup first and then 

relevant plugins of that language needs to be setup to run a quick analysis. 

8.2. SonarQube Dashboard 
Sonarqube come with a dashboard to view the result of the analysis performed 

on a project via sonar runner. 

8.3. SonarQube Plugins 
To perform analysis on a specific language its related plugin needs to be 

installed. Following are the few plugin that have been added to facilitate the 

experimental proceedings:- 

8.3.1. Java Plugins 
 “sonar-java-plugin-1.5” is used with the Sonarqube to run analysis on the java 

based project. 

8.3.2. Flex Plugins 
 “sonar-flex-plugin-2.0.1” is used with the Sonarqube to run analysis on the 

flex based project. 

8.3.3. Python Plugins 
 “sonar-python-plugin-0.9” is used with the Sonarqube to run analysis on the 

python based project. 

8.3.4. PHP Plugins 
 “sonar-php-plugin-1.8” is used with the Sonarqube to run analysis on the php 

based project. 
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9. Software Quality Assessment based on Lifecycle 
Expectation (SQALE) 
The tool I am going to use for the assessment of technical debt is sonar and sonar 

uses SQALE [21] method to access or quantify the technical debt so it is better to 

discuss the SQALE method before proceeding with the experimentation done 

using sonar. 

SQALE method is used to quantify the technical debt based on its nine principles. 

Following are the basic nine principles of SQALE:- 

1. One of the critical non-functional requirement is Source Code Quality. 

2. Non-functional requirement for source code quality should be formalized using 

the requirement document. This helps validating the achieved quality. 

3. Source code quality assessment is done by identifying the distance between 

its current state and the expected state. 

4. SQALE access the difference in conformity of a requirement keeping the cost 

of conformity. 

5. SQALE access the cost of non-conformity if the software doesn’t adhere to the 

conformity 

6. SQALE assess the representation condition 

7. SQALE sums up the remediation and non- remediation cost. 

8. SQALE follow an orthogonal quality model approach where one requirement 

is mapped to only one quality characteristic. 

9. SQALE model keeps the software lifecycle model into account. 
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9.1. SQALE Quality model structure 
Below shown figure describes the 3 levels of mapping for the SQALE model. 

The first level describes the eight characteristic whereas the second level 

defines the sub-characteristics and the third level describes the non-functional 

requirements mapped against the sub-characteristics. 

 

Figure 4.SQALE quality model [21] 

 

Following are the eight characteristics of SQALE:- 

1. Reliability 

2. Security 

3. Portability 

4. Efficiency 

5. Reusability 

6. Maintainability 

7. Changeability 

8. Testability 

  



                   

23 

 

Shown below is the mapping of a characteristic with a sub-characteristic and 

requirements 

 

Figure 4. Organization of right code requirement [21] 

 

 

 

 

 

 

 

  



                   

24 

 

10. Proposed Solution 
This research is aimed at identifying a quantifiable ratio of technical debt that can 

be reduced if a design pattern is used instead of normal practices to solve a 

problem. 

10.1. Strategy 
An experimental study have been done that involves creating different sample 

application using design pattern and without using design patterns. Both types 

of sample application are tested using “Sonarqube” to identify the difference in 

terms of technical debt. 

Based on the results achieved in both types of application a comparative 

analysis has been done to produce a quantifiable ratio between the two types 

of application. This helps me identify a number which could be mentioned in 

advance before proceeding for any refactoring of any application containing 

technical debt to get the benefit of design patterns.  

10.2. Analysis using Singleton Pattern 
Below is a program written using Java language, aim of the program is to just 

allow a single instance of the object at any time? No more than one instance of 

the class can be created or instantiated  
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10.2.1. Problem solved using Singleton Pattern (JAVA) 

10.2.2. Analysis Performed using Sonar 
 

 

  

public class SingletonForTD 
{ 
 private static SingletonForTD SingletonInstanceForTD = null; 
 private SingletonForTD() {} 
 public static SingletonForTD GetInstanceForTD() 
 { 
  if (SingletonInstanceForTD == null) 
  SingletonInstanceForTD = new SingletonForTD(); 
  return SingletonInstanceForTD; 
 } 

} 
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10.2.3. Problem solved without using Singleton Pattern 
(JAVA) 

10.2.4. Analysis Performed using Sonar 
 

 

  

public class WithoutSingletonForTD 
{ 
 private static int singletonInstanceCount = 0; 
 public WithoutSingletonForTD() {} 
 public void setSingletonInstance(int SingletonInstance) 
 { 
  singletonInstanceCount = SingletonInstance; 
 } 
 public int getSingletonInstance() 
 { 
  return singletonInstanceCount; 
 } 

} 
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10.2.5. Problem solved using Singleton Pattern (C#) 

10.2.6. Analysis Performed using Sonar 
 

 

  

using System; 
using System.Collections.Generic; 
using System.Linq; 
using System.Text; 
 
namespace mySingletonForTD 
{ 
    class SingletonForTD 
    { 
        private static SingletonForTD SingletonInstanceForTD = null; 
        private SingletonForTD() { } 
        public static SingletonForTD GetInstanceForTD() 
        { 
            if (SingletonInstanceForTD == null) 
                SingletonInstanceForTD = new SingletonForTD(); 
            return SingletonInstanceForTD; 
        } 
    } 

} 
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10.2.7. Problem solved without using Singleton Pattern 
(C#) 

10.2.8. Analysis Performed using Sonar 

 

 

  

using System; 
using System.Collections.Generic; 
using System.Linq; 
using System.Text; 
 
namespace mySingletonForTD 
{ 
    public class WithoutSingletonForTD 
    { 
        private static int singletonInstanceCount = 0; 
        public WithoutSingletonForTD() { } 
        public void setSingletonInstance(int SingletonInstance) 
        { 
            singletonInstanceCount = SingletonInstance; 
        } 
        public int getSingletonInstance() 
        { 
            return singletonInstanceCount; 
        } 
    } 
} 
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10.2.9. Problem solved using Singleton Pattern (VB.NET) 

10.2.10. Analysis Performed using Sonar 
 

 

  

Imports System 
Imports System.Collections.Generic 
Imports System.Linq 
Imports System.Text 
 
Namespace mySingletonForTD 
    Public Class SingletonForTD 
        Private Shared SingletonInstanceForTD As SingletonForTD 
        Private Sub New() 
        End Sub 
 
        Public Shared Function GetInstanceForTD() As SingletonForTD 
            If IsDBNull(SingletonInstanceForTD) Then 
                    SingletonInstanceForTD = new SingletonForTD(); 
            End If 
            return SingletonInstanceForTD; 
        End Function 
 
    End Class 
End Namespace 
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10.2.11. Problem solved without using Singleton Pattern 
(VB.NET) 

10.2.12. Analysis Performed using Sonar 
 

 

 

 

 

 

Imports System 
Imports System.Collections.Generic 
Imports System.Linq 
Imports System.Text 
 
Namespace mySingletonForTD 
    Public Class SingletonForTD 
        Private Shared SingletonInstanceForTD As SingletonForTD 
        Private Shared singletonInstanceCount As Integer = 0 
        Public Sub New() 
        End Sub 
 
        Public Sub setSingletonInstance(ByVal SingletonInstance As 
Integer) 
            singletonInstanceCount = SingletonInstance 
        End Sub 
        Public Function getSingletonInstance() As Integer 
            return singletonInstanceCount; 
        End Function 
 
    End Class 

End Namespace 
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10.2.13. Problem solved using Façade Pattern (JAVA) 

  

////////////// SQUARE //////////////////////// 
public class Square implements Shape 
{ 
 @Override 
 public void draw() 
 { 
  System.Out.println("Square"); 
 } 
} 
///////////// Rectangle //////////////////////// 
public class Rectangle implements Shape{ 
 @Override 
 public void draw() 
 { 
  System.Out.println("Rectangle"); 
 } 
} 
////////////// Circle //////////////////////// 
public class Circle implements Shape{ 
 @Override 
 public void draw() 
 { 
  System.Out.println("Circle"); 
 } 
} 
public interface Shape 
{ 
 void draw(); 
} 
///////////////////Main Implementation ///////////////// 
public class FacadePatternDemo { 
   public static void main(String[] args) { 
      FacadeClass oFacadeClass = new FacadeClass(); 
 
      oFacadeClass.drawCircle(); 
      oFacadeClass.drawRectangle(); 
      oFacadeClass.drawSquare();   
   } 

} 
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10.2.14. Analysis Performed using Sonar 

 

////////////// Facade Class ////////////////////// 
public class FacadeClass { 
   private Shape circle; 
   private Shape rectangle; 
   private Shape square; 
 
   public FacadeClass() { 
      circle = new Circle(); 
      rectangle = new Rectangle(); 
      square = new Square(); 
   } 
 
   public void drawCircle(){ 
      circle.draw(); 
   } 
   public void drawRectangle(){ 
      rectangle.draw(); 
   } 
   public void drawSquare(){ 
      square.draw(); 
   } 

} 
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10.2.15. Problem solved without using Façade Pattern 
(JAVA) 

  

///////////////////Main Implementation ///////////////// 
public class NonFacadeDemo{ 
   public static void main(String[] args) { 
 Shape oRectangle = new Rectangle(); 
 Shape oSquare = new Square(); 
 Shape oCircle = new Circle(); 
 
 oRectangle.draw(); 
 oSquare.draw(); 
 oCircle.draw(); 
 
 Shape oRectangle1 = new Rectangle(); 
 Shape oSquare1 = new Square(); 
 Shape oCircle1 = new Circle(); 
 
 oRectangle1.draw(); 
 oSquare1.draw(); 
 oCircle1.draw();     
   } 
} 
public class Square implements Shape 
{ 
 @Override 
 public void draw() 
 { 
  System.Out.println("Square"); 
 } 
} 
public interface Shape 
{ 
 void draw(); 

} 
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10.2.16. Analysis Performed using Sonar 

 

////////////// Circle //////////////////////// 
public class Circle implements Shape{ 
 @Override 
 public void draw() 
 { 
  System.Out.println("Circle"); 
 } 
} 
///////////// Rectangle //////////////////////// 
public class Rectangle implements Shape{ 
 @Override 
 public void draw() 
 { 
  System.Out.println("Rectangle"); 
 } 
} 
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10.2.17. Problem solved using Façade Pattern (C#) 

 

////////////// Facade Class ////////////////////// 
public class FacadeClass 
{ 
    private Shape circle; 
    private Shape rectangle; 
    private Shape square; 
    public FacadeClass() 
    { 
        circle = new Circle(); 
        rectangle = new Rectangle(); 
        square = new Square(); 
    } 
    public void drawCircle()    {circle.draw();    } 
    public void drawRectangle() {rectangle.draw(); } 
    public void drawSquare()    {square.draw();    } 
} 
public interface Shape 
{    void draw();} 
 
public class Circle : Shape 
{    public void draw()    {        Console.Write("Circle");    }} 
using System; 
public class Rectangle : Shape{ 
public void draw(){Console.Write("Rectange");}} 
using System; 
 
public class Square: Shape 
{ 
public void draw() 
{Console.Write("Square");} 
} 
 
///////////////////Main Implementation ///////////////// 
public class FacadePatternDemo 
{ 
    public static void main(string[] args) 
    { 
        FacadeClass oFacadeClass = new FacadeClass(); 
 
        oFacadeClass.drawCircle(); 
        oFacadeClass.drawRectangle(); 
        oFacadeClass.drawSquare(); 
    } 
} 
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10.2.18. Analysis Performed using Sonar 
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10.2.19. Problem solved without using Façade Pattern (C#) 

///////////////////Main Implementation ///////////////// 
public class NonFacadeDemo 
{ 
    public static void Main(string[] args) 
    { 
        Shape oRectangle = new Rectangle(); 
        Shape oSquare = new Square(); 
        Shape oCircle = new Circle(); 
        oRectangle.draw(); 
        oSquare.draw(); 
        oCircle.draw(); 
        Shape oRectangle1 = new Rectangle(); 
        Shape oSquare1 = new Square(); 
        Shape oCircle1 = new Circle(); 
        oRectangle1.draw(); 
        oSquare1.draw(); 
        oCircle1.draw(); 
        System.Console.ReadLine(); 
    } 
} 
public interface Shape 
{ 
    void draw(); 
} 
using System; 
public class Circle : Shape{ 
    public void draw(){ 
        Console.Write("Circle"); 
    } 
} 
using System; 
public class Rectangle : Shape{ 
    public void draw() 
    { 
        Console.Write("Rectange"); 
    } 
} 
using System; 
 
public class Square: Shape 
{ 
    public void draw() 
 { 
  Console.Write("Square"); 
 } 

} 
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10.2.20. Analysis Performed using Sonar 
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10.2.21. Problem solved using Façade Pattern (Vb.NET) 
 

 

Imports System 
Public Class Circle 
    Implements Shape 
    Public Sub draw() Implements Shape.draw 
        Console.Write("Circle") 
    End Sub 
 
End Class 
 
Public Class FacadeClass 
    Dim circle As Shape 
    Dim rectangle As Shape 
    Dim square As Shape 
 
    Public Sub FacadeClass() 
        circle = New Circle 
        rectangle = New Rectangle 
        square = New Square 
    End Sub 
 
    Public Sub drawCircle() 
        circle.draw() 
    End Sub 
    Public Sub drawRectangle() 
        rectangle.draw() 
    End Sub 
    Public Sub drawSquare() 
        square.draw() 
    End Sub 
End Class  
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10.2.22. Analysis Performed using Sonar 

 

Public Class FacadePatternDemo 
    Sub Main() 
        Dim oFacadeClass = New FacadeClass 
        oFacadeClass.drawCircle() 
        oFacadeClass.drawRectangle() 
        oFacadeClass.drawSquare() 
    End Sub 
End Class 
 
Imports System 
Public Class Rectangle 
    Implements Shape 
    Public Sub draw() Implements Shape.draw 
        Console.Write("Rectangle") 
    End Sub 
End Class 
 
Public Interface Shape 
    Sub draw() 
End Interface 
 
Imports System 
Public Class Square 
    Implements Shape 
    Public Sub draw() Implements Shape.draw 
        Console.Write("Square") 
    End Sub 

End Class 
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10.2.23. Problem solved without using Façade Pattern 
(VB.NET) 

Imports System 
Public Class Circle 
    Implements Shape 
    Public Sub draw() Implements Shape.draw 
        Console.Write("Circle") 
    End Sub 
End Class 
Imports System 
Public Class Rectangle 
    Implements Shape 
    Public Sub draw() Implements Shape.draw 
        Console.Write("Rectangle") 
    End Sub 
End Class 
Public Interface Shape 
    Sub draw() 
End Interface 
Imports System 
Public Class Square 
    Implements Shape 
    Public Sub draw() Implements Shape.draw 
        Console.Write("Square") 
    End Sub 
End Class 
Public Class NonFacadeDemo 
 
    Sub Main() 
        Dim oRectange = New Rectangle 
        Dim oSquare = New Square 
        Dim oCircle = New Circle 
        oRectange.draw() 
        oSquare.draw() 
        oCircle.draw() 
 
        Dim oRectange1 = New Rectangle 
        Dim oSquare1 = New Square 
        Dim oCircle1 = New Circle 
        oRectange1.draw() 
        oSquare1.draw() 
        oCircle1.draw() 
    End Sub 

 
End Class 
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10.2.24. Analysis Performed using Sonar 

 

 

10.3. Comparison Table 
 

Languages JAVA (DoTD*) C# (DoTD*) VB.Net (DoTD*) 

With Singleton 0.1  0.1  0.2  

Without Singleton 0.3  0.4   0.4  

Difference in debt 0.2  0.3  0.2  

 

Languages JAVA (DoTD*) C# (DoTD*) VB.Net (DoTD*) 

With Façade 0.2 0.2  0.3  

Without Facade 0.4 0.4   0.5  

Difference in debt 0.2  0.2  0.2  

  *DoTD = Day of Technical Debt 

 

On the basis of above figures on technical debt it been conclude that there will be a 

reduction of approximate 0.2 day of technical debt. So using the design patterns at 

least the reduction in debt can be minimized. This way the design pattern proved to be 

debt reduction utility for the projects under consideration. People can easily use the 

design patterns and the debt will be reduced as compared to the improper usage of 

code. 
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11. Future Work 
 I have studied the impact of some design pattern on technical debt, there do 

exist several other design pattern upon which experimentation can be done and 

based on those result new quantifiable figures can be suggested. Future work also 

includes the expansion of the list of languages used for this experiment. There do 

exist several other language using which this experiment can be run and new 

results and figures can be achieved. 

 Technical debt is a very broad topic and there do exist several design patterns 

that not only focus on design but there do exist some architectural patterns as 

well. Future work can include the impact of any architectural pattern like MVC 

where a similar application can be developed using MVC or without MVC pattern 

and the effect of technical debt can be analyzed on both of the applications 

resulting figures can describe the impact of those architectural pattern. There do 

exist several concurrency pattern, impact of those concurrency patterns can be 

identified with the current practices used for multithreading applications. Any other 

tool could have been used to perform the analysis of technical debt. Another 

method other than SQALE could have been used to measure the technical debt.  
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12. Conclusion 
 

After proceeding with several experimentation it have been identified that using 

design patterns, technical debt can be reduced. Not only it will reduce the technical 

debt but also the quality of code will be enhance and the maintainability of code 

will be enhanced as well. Technical debt removal should always be planned as 

the part of the project plan and design patterns should be considered as compared 

to the non-design pattern practices. Using design pattern not only reduces the 

technical debt but it also make the system more scalable and maintainable in the 

long run. 

 Using design pattern not only reduces the technical debt but also stabilizes the 

level of complexity of the system under consideration. As using design patterns is 

a de-facto standard and most of the programmer or software engineers are not 

only acquainted with them but they are also skilled in implementing them. This 

make the system under consideration more readable and understandable for the 

new resources inducted on the team. 

 It’s also concluded that whatever practices we follow it is possible to 

accumulate the debt so proactive strategies of using design pattern will help the 

team to stay on the right path. This research can be very helpful for the application 

that are going to be refactored as well. The audience will know in advance that by 

using a new design pattern they can reduce the technical debt. 
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