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Abstract

The purpose of this paper is to identify how gang of four design patterns impact the
maintainability of micro services-based systems. Design patterns were introduced as
solutions to common problems that occur in programming. These are supposed to
improve the maintainability of a system by improving the code quality. But with
modern programming languages, frameworks, and integrated development
environments, whether these patterns serve their purpose is a question that is not fully
addressed. This paper proposes a tool that can be used to identify whether use of a
specific design pattern by a specific developer for a particular micro service-based
project can improve its maintainability or not. To do this a model has been created by
analyzing enterprise micro service-based applications and gathering data from
developers who were involved in the development of those projects. This data is used
to create models for maintainability metrices coupling, lack of cohesion, duplication
and cyclomatic complexity. This tool will help to decide whether the system is more
maintainable with or without the use of selected design patterns. This helps better
decision making in deciding how to write new code or refactoring existing code.
Results of this research have shown that lack of cohesion is not affected by developer
experience, design patterns or the language used in enterprise micro service-based
applications. Cyclomatic complexity was only affected by the language used. Also,
use of certain design patterns decreased the coupling in the system. But some of the
design patterns caused duplications to be increased. So, the results showed that use of
design patterns can have a negative and positive impact on the maintainability of a
microservice depending on the design pattern used. This research also emphasizes the
importance of code review process and code quality analysis automation.

Keywords: GOF design patterns, micro services, software maintainability



TABLE OF CONTENTS

Declaration of The Candidate and SUPEIVISOI ..........cccooeriiirininieieiere e [
ACKNOWIEAGEMENT. ... I
N 0L = Tod PSPPSRI ii
TabIE OF CONTENTS .....eiiiiie et esae e 1\
LISE OF FIQUIES ...t viii
LISE OF TaDIES.... et nre s X
LiSt OF ADDIEVIATIONS. .. ..o e Xii
LiSt OF APPENGAICES ..ot xiii
I Lo (0o [0 ox o o ISR 1
1.1 Software maintainability ..o 1
1.2 GOF DESIgN PALLEINS. ....vveiveeeieieiteeite ettt sre e sreesreenaenneas 1
1.3 MHICTO SEIVICES ...eveeiieiieie ittt sttt sttt bbb n e 2
1.4 BACKOIOUNG ..ottt ettt sra e te e be e e nnenne s 3
1.5 Problem in DIIET. ... 5
1.6 ReSEarch MOLIVALIONS ........cccoiiiiiiiieieie e 6
1.7 AIM ANd ODJECHIVES ....vvveeiiecie ettt re e sne s 6
I O o] 1= od 1Y USSR 6
1.8 Overview of the proposed SOIULION. ..........ccveieiieiiic e 7
I O =T T g0 410 0] [ USROS 8
2. REIAEA WOTK ... 9
2.1 A Controlled Experiment in Maintenance Comparing Design Patterns to
SIMPIEE SOIULIONS. ...t sre e 9
2.2 Maintainability INEX ........ccocivoiiiiieiecce e 11
2.3 SIG maintainability model ... 12
2.4 IMOOD MELIICS ..evvetieieeieeiee st ieetee s ste et e st e steeseesneesreeseesreesneeneeaneeneens 13
2.5 Coupling and cohesion (towards a Valid Metrics Suite for Object-Oriented
ANALYSIS AN DESIGN)...oiiiieiiieiie et 14
2.6 Myth or Reality Analyzing the effect of Design Patterns of Software
MaINtAINADTILY ....oeoiieie e sree s 15
2.7 What Do We Know about the Effectiveness of Software Design Patterns?.... 15
2.8 Impact of design patterns on software maintainability. .............cccccovverriinnnnn 15

2.9 An application of Bayesian network for predicting object-oriented software
MAINTAINADTIITY. ....veeiiice e 16



2.10 A Comparative Literature Survey of Design Patterns Impact on Software

QUAITEY ettt ettt ettt ere e re b neenre s 17
2.11 An Empirical Investigation on the Impact of Design Pattern Application on
Computer Game DETECES .......ccueiiiiiiierieeee e 17
2.12 An empirical study on the evolution of design patterns [19]. .........ccccenneen. 17
2.13 Prediction in Multiple Regression [20] ........cccooviiriiiiiiieieseeseeeeee, 18
2.14 RESLAICH GAP ... etiiieeiieeee e 18
2.15 CaPer SYNOPSIS. .. .vvueeueenretestesie sttt b ettt 19
. Proposed SOIULION ........c.ooiiiiiic e 20
3.1 Identifying maintainability parameters. .........c.ccoovieieieiene e, 20
3.2 Maintainability METIICS. ......ccviiiieieieiee e 21
3.3 Design patterns used in the analysis. .........ccocevveiiiiiieeie e 22
3.4 Data analySiS PrOCESS......cvciueeieieeiie e steeste e steesre e sreeste e sreesteessesraesteareesres 22
3.5 Maintainability prediction prototype.......cccocevieiiiiiieeie e 24
3.6 TOOIS USed iN the reSEAICN. ........ccciiiiieiere e 24
3.6.1.S0NA ClOUM ... e et 24
3.6.2 COUEMR ... .ottt e 24
3.6.3 GOOGIE FOMMS ...ttt ae e nne s 25
B84 EXCEI .. 25
3.7 Chapter SYNOPSIS. ....cviiiiitieie ettt ettt te ettt e s sre et e eraesreenbeaneenres 25
. Conceptual EValUBLION .........ccooviiieiice e 26
4.1 Data collection and CONVEISION .......cceveiverenieniniseeieee e 26
4.1.1 Code parameters data COlIECTION ...........ccccoviiiiiiiiiiece e 26
4.1.2 Code parameters data CONVEISION. .........ccvririeieiienienieniesie et 27
4.1.3 Design pattern density data COllection ............ccccoveveiininininiiecee 29
4.1.4 Developer experience and Language data collection. ..........c.ccocvvvviennnnn. 29
4.2 Initial Data analysis and preparation. ..........c.ccoueeeeeienene e 30
4.2.1 Design Pattern deNSILY .......c.coveierereieieiise e 30
4.2.2 Duplication code Metric data ..........cooereiiriiiniiieiese e 33
4.2.3 Coupling code MELriC data. .....cc.ovvereerieiiiiieseee e 34
4.2.4 Cyclomatic complexity code Metric data...........cccceverereneneneninieieieen 35
4.2.5 Lack of Cohesion code mMetric data............ccvvveveieieneienene e 36
4.3 REGIreSSiON @NAIYSIS ....ccvveiiiiiiieiie et 37
4.3.1 Coupling iNtrodUCTION .......eeiuiiciie e 37



4.3.2 Coupling regression analySisS. .........cceoiiieiienenie e 38

4.3.3 Coupling regression analysis reSults. ..........ccocooeieieiiiinincniicceen 40
4.3.4 Coupling best line fit analysis. ... 43
4.3.5 Duplication INrOAUCTION. .........c.ooveiiiiiiiiiiisieeee e 44
4.3.6 Duplication regression analysis. ..........ccccceivvereiiesiiesie s 45
4.3.7 Duplication regression analysis results...........cccccoveviviveiiienie e 47
4.3.8 Duplication best line fit analysis...........cccovveriiiiiiieie e 50
4.3.9 Lack of Cohesion iNntrodUCHION. .........ccoviiiiiiniiieese e 52
4.3.10 Lack of cohesion regression analysis...........cccccevvereeiesieseenesee e 53
4.3.11 Lack of cohesion regression analysis results. ..........ccccccooevvviieiicveennee. 54
4.3.12 Cyclomatic Complexity introduction. ............cccocveviviveiieiiese e 60
4.3.13 Cyclomatic complexity regression analysis. ..........ccccocceeeereeieieesnesnenn 60
4.3.14 Cyclomatic complexity regression analysis results. ...........ccccvvvevvenenne. 63
4.3.15 Cyclomatic complexity best line fit analysis. ..........ccccceveviiiviiicivenee, 64
4.4 Chapter SYNOPSIS. ...cciuiiieiieieeiesteeste e steeste et e steeste e e e steesteseesreessesseesreenteaneesreas 65
5. IMPIEMENTATION ... e 66
5.1 High level architecture of the proposed validation prototype. ...........cc.cccveeee. 66
5.2 USEI INTEITACE .. .ecveeiieieeie ettt e e snaenne s 67
5.2.1 Low level design of the Ul application.............coceieiiienineninisicieenn 68
5.2 APL SBIVET ..ottt ettt 69
5.2.1 API specification of the AP SEIVEr .........cccoviiiiiiiiice e 69
5.2.2 Low level design of the AP SEIVET .........cociiiiiiiiieicesc e 73
5.2.3 Metric calculation process in APl SEIVET ..........coceeiiieneneniieseeieeee 74
5.3 DALADASE .....eveeeeeeee ettt er e nre et aneenres 79
5.3.1 Database SCNEMA...........cccueiieiiiiesiece e 79
5.3.2 Database schema initialization............cccoocoviiiiinineieee e 79
5.3.3 Data insertion to the database. ..., 80
SR O g P 1 (T )Y/ 11 0 1S] 1SR 82
6. RESUIS @Nd DISCUSSION. ......eiutiiiiiiiieiieiie sttt 83
6.1 Reasoning for design pattern density results. ...........ccccovvviivie i, 83
6.2 Reasoning for coupling analysis results ..........ccccoceiveeieiii v 84
6.3 Reasoning for duplication analysis results. ...........ccccccevieiviicie e 86
6.4 Reasoning for lack of cohesion analysis results. .........c.cccovveveiiiciic e, 88

Vi



6.5 Reasoning for cyclomatic complexity analysis results...........cccocoovevieiiiinnnnns 89

6.6 Prototype maintainability prediction results. ..o, 91
6.7 Overall impact of design patterns in maintainability. ...........cc.ccocviiiinennn, 92
6.8 ChapLer SYNOPSIS. .. .uveieeiieieieeite s 92
7. CONCIUSION <ot 93
7.1 Achievement Of ODJECHIVES .......cc.oiieiieie e 93

7.1.1 Identify whether the implementation of Gang of Four (GoF) design
patterns contributes to an enhancement in maintainability within systems based
ON MICIOSEIVICES ArChITECTUIE. ....ovieieicee e 93

7.1.2 Develop a tool that can predict the maintainability using maintainability

PATAMEBTETS. ...ttt nnne s 94

7.2 RECOMMENUALIONS ...ttt 95
7.3 New skills obtained during the research............c.ccoovvieiiieieien e, 95
7.4 Challenges and DIffICUITIES ...........cooiiieiiiee e 95
7.5 FULUIE TMPIOVEMENTS.....viiiiiitiieisiesiieie ettt 96
7.6 ClOSING FEMAIKS.....ccueiitiiieiie et se ettt e e aearaenre s 97
RETEIENCE LISt ...ttt 98
APPENTIX-A ..ottt ettt et et e e e e e ra e reanrenres 103
APPENTIX-B ... e nre s 106

Vil



LIST OF FIGURES

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20
Figure 21
Figure 22
Figure 23
Figure 24
Figure 25
Figure 26
Figure 27
Figure 28
Figure 29
Figure 30
Figure 31
Figure 32
Figure 33
Figure 34
Figure 35
Figure 36
Figure 37
Figure 38
Figure 39
Figure 40
Figure 41
Figure 42
Figure 43

Maintainability parameter generation process in SUMMary............c.cc...... 22
Metrics CalCulation PrOCESS.........ceveieieriiiierierie s 23
Design pattern density Chart ............cccvoveiieeveiie i 31
Design pattern knowledge of developer’s chart .........ccocceeviiiiiiiiiiinnnnne, 32
Duplication per line of code for micro services chart............c.ccccoeeveienenn 34
Coupling per LOC for micro services chart. .........cccccceeveieiieinciesienn, 35
Cyclomatic complexity per LOC for micro services chart....................... 36
Lack of Cohesion per LOC for micro services chart. ............ccccceverennnnn 37
Coupling residual PIOt. ... 40
Factory design pattern usage chart for coupling.........cccoccevcvviiieieiinnnnn 41
Facade design pattern density chart for coupling. ..........cccccociiiiniiinnnn, 41
Average experience for developer chart for coupling. ..........cccovevvinenen, 42
Strategy pattern density chart for coupling..........ccccoovveviiiiiiicie e, 42
Factory method pattern density line plot for coupling. .........ccccceevviienenn 43
Avg experience per developer line fit plot for coupling........c..cccccoveunnee, 43
Facade pattern density line fit plot for coupling.........cccccoecvviiiiiinninnnn, 44
Strategy pattern density line fit plot for coupling. .........cccccovivevviiviiennenn, 44
Duplication residuals plot. ..........ccooeiiiiiiniie e, 48
Facade pattern density for duplication.............cccocevviieiiienenie e 48
Strategy pattern usage for duplication. ...........ccccceveieeiiiic i, 49
Observer pattern density for duplication. ..........ccccccoevveviiiieiicie e, 49
Builder pattern usage for duplication. ............ccccovveviiieiiecve e 50
Facade pattern usage line fit plot for duplication. ............cccccoeeveiiienen, 51
Strategy pattern density line fit plot...........ccocoooiiiiiiiie, 51
Observer pattern density line fit plot for duplication.............c.cccceevenennn. 52
Builder pattern density line fit plot for duplication. .............cccccoviviiennee. 52
Avg experience per developer for lack of cohesion. ..........cc.ccocvviiienn, 56
Lines of code for lack of CONESION. .........ccccoviiiiiiiiic 56
Factory method pattern density for lack of cohesion. ...........c.ccccceveienin. 57
Facade pattern density for lack of cohesion. ...........ccccovviviiiiiiccicene, 57
Observer pattern density for lack of cohesion. ............cccocevveiiiiciienen, 58
Strategy pattern density for lack of cohesion. .........c.ccccvvvviieiiviieiienenn, 58
Builder pattern density for lack of COhesion..........cccoccvvvvevevieneenieienn, 59
Language for lack of CONESION. .........ccovviiiiiiiiiee 59
Factory and builder pattern for lack of cohesion. ...........ccccccoovviveivinnen, 60
Language for cyclomatic COmMPIEXItY. ........ccoovriiiiiiiiieiesceseeeees 64
Language line for plot for cyclomatic complexity. .........ccccoovviiieiieinnne, 65
Component diagram for validation tool............ccccccceeviiiiiiiici e, 66
Sequence diagram for the modules. ..o, 67
React component diagram for Ul module. ..........c.ccooeviiiiiiiiiiiincee, 68
User interface of the validation tool. ...........c.ccooviiiiiiiene, 69
Class diagram of the AP SEIVEN. .......ccoiiiiiiiiiieieerese e 73
Flow diagram of the metrics calculation process. ..........cccccocvvvrirerennnen. 75

viii



Figure 44
Figure 45
Figure 46
Figure 47
Figure 48
Figure 49
Figure 50
Figure 51
Figure 52

Entity relationship diagram for the database. ...........ccccooeviniiniiiiiinnnn, 79
Design pattern usage Chart. ..........cooveiieiiiiieeee e, 83
Design pattern knowledge chart. ..........ccoooeiiiieiiiniie e 84
Coupling residual PIOt. .........cocoveiiiieiece e 85
Duplication residuals plot. .........cccovveiiiieiiieiece e 87
Lack of cohesion scatter plot without lines of code. .........c.cccccevveiviiennenn 88
Lack of cohesion scatter plot for LOC. .......c.ccocevviviiiieiiee e 89
Language for cyclomatic COmplexity. ......cccccoveeieniiiiniiee e 90
Developer responses on the impact of design patterns. ............c.cccveveneee. 92



LIST OF TABLES

Table 1 Controlled experiment in maintenance comparing design patterns to

simpler solutions expectation and reSUIL. ...........cccooiriiiriiincee e, 10
Table 2 Classification of design patterns used in this model. ..............ccccoveviinnnnn. 22
Table 3  Tools used for data COHECTION. .....ccoeveiiiiiiier e, 23
Table 4 Collected parameter VAIUES. ..........cccveieiiieiieie e 26
Table 5 Converted parameter VAIUES..........cccveciiiieiieie e 27
Table 6 Final parameter values for analysiS..........ccocovveiiieninin i 28
Table 7 Design pattern density table ..., 29
Table 8 Developer experience and language USed. ..........ccovervrieiieieniieiienenie e 29
Table 9 Design pattern knowledge of developers. ..o, 31
Table 10 Duplication per line of code per micro service table .............ccococviieieneee, 33
Table 11 Coupling per LOC for micro services table. .........cccccooevviiiiiciiciicenn, 34
Table 12 Cyclomatic complexity per LOC for micro services table ....................... 35
Table 13 Lack of Cohesion per LOC for micro service table. ...........ccccocevvveviinennen. 36
Table 14 Variable data for first analysis for coupling..........cccccoveviveiieiiiiieiicien, 38
Table 15 P-values for first analysis for COUPIING .........cooviriiiiiiieieeee, 38
Table 16 Variable values for second analysis for coupling. .........ccccocvininiiiniennn, 39
Table 17 P-values for second analysis for coupling...........ccocevvvinenniineniiiceen, 39
Table 18 Regression statistics for COUPIING. .....ccooiriiiiinireee e, 40
Table 19 Coefficient values for COUPIING.........cccoveiiiiiicic e 42
Table 20 Data for first regression analysis for duplication. ............c.ccccceeviveiiiienen. 45
Table 21 P-values for first regression analysis for duplication..............c.ccccecvenenee. 46
Table 22 Data for second regression analysis for duplication. ..............ccccceevinenen. 46
Table 23 P-values of second regression analysis for duplication. ............c.ccccevneen. 47
Table 24 Regression statistics for dupliCation. ..........c.ccoceeveiinenenneeeee, 47
Table 25 Coefficients for dupliCation. ..o, 50
Table 26 Data for first regression analysis of lack of cohesion. ..............cc.ccooveeeee. 53
Table 27 P-values from the first analysis for lack of cohesion. .............ccccceeviiein. 54
Table 28 Regression statistics for the lack of cohesion analysis. ..........c.c.ccccceeienee. 54
Table 29 Data for second analysis for lack of cohesion..............cccocovviviiiiiiienen, 54
Table 30 P-values from the second analysis of lack of cohesion...........c.c.cccccooene. 55
Table 31 Regression statistics for the second analysis of lack of cohesion.............. 55
Table 32 Data for first analysis of cyclomatic complexity. .........ccccocrininiiiinnnnnn, 60
Table 33 P-values from the first analysis of cyclomatic complexity. ............cccc....... 61
Table 34 Data for second analysis of cyclomatic complexity.........c.ccocoevviiiniennen, 61
Table 35 P-values for second analysis of cyclomatic complexity. ..........cc.coovenneee. 62
Table 36 Data for third analysis of cyclomatic complexity. ........cccccoevvviieeiiieinnnnn, 62
Table 37 P-values for third analysis of cyclomatic complexity...........ccccovvevveinnnene, 63
Table 38 Regression statistics for cyclomatic complexity.........ccccovveviiiiieeiiecinnenn, 63
Table 39 Coefficients for cyclomatic complexity. ........ccccovvevieiiiiiieiie e, 64
Table 40 Predicted metric change for teSt SErVICES. ......vcvvviveveiie e 91
Table 41 Predicted maintainability change for test SErviCes. ........ccocvvrenineneennen, 91
Table 42 Actual metric change for teSt SEIVICE. ........cooovviiieicieee e, 91

X



Table 43 Actual maintainability change for test SErvices. ........coccvvevivniiiienicsinnnnn, 91
Table 44 Design pattern maintainability IMPact. ..........ccoocovveriiniiiieieeeceeeee e 94
Table 41 Maintainability metric referenCes. .......cccvvvieiiiiiene e 94

Xi



LIST OF ABBREVIATIONS

Abbreviation Description

AHEF Attributed hiding effectiveness factor
AlF Attribute inheritance factor

ALT Alternative version without patterns
API Application programming interface
Avg Average

CAM Cohesion among methods

CBO Coupling between objects

CcC Cyclomatic complexity

CF Coupling factor

COM Percentage of comments per module
GOF Gang of four

HTML Hypertext markup language

HTTP Hypertext transfer protocol

HV Halstead volume

IDE Integrated development environment
IF Internal inheritance factor

LCOM Lack of cohesion methods

LOC Average number of lines per module
LOC Lines of code

MI Maintainability index

MIF Method inheritance factor

MOOD Matrices for object-oriented design
OHEF Operation hiding effectiveness factor
PAT Pattern version

PF Polymorphism factor

PPF Parametric polymorphism factor
P-value Probability value

RFC Response for a class

Ul User interface

xii



LIST OF APPENDICES

Appendix Description Page

Appendix - A Survey for data collection from developers 103

Xiii



