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In recent years, the influences of design patterns on software quality have attracted 

increasing attention in the area of software engineering, as design patterns encapsulate 
valuable knowledge to resolve design problems, and more importantly to improve the 
design quality. Our previous research has proposed a utilization evaluation method to 
assess the design pattern's quality. As the versions of evaluated software project grows, 
the analysis time increases in pace with the increasing source code size. The computation 
performance cannot be applicable to the practical data analysis. However, the computa-
tion performance and large data processes can be improved by cloud computing which 
provides internet-based and scalable infrastructure, platforms and services. In this re-
search, we draw a picture of implementing a software quality evaluation cloud by devel-
oping a utilization evaluation cloud service based on powerful computing capability to 
process a large amount of data. The experimental results show that the cloud service ar-
chitecture can indeed improve the computation performance. 
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1. INTRODUCTION 
 

Design patterns are accumulated knowledge of the experience of many program-
mers as proposed by Gamma et. al [1] to provide programmers explanations and guide-
lines when occurring the same problem in software design. Recently, design pattern de-
ployment has proved to be an applicable architecture to encapsulate object-oriented de-
sign knowledge, they capture successful solutions to recurring problems that arise when 
building software systems [2, 3, 4]. Generally, programmers deploy design patterns not 
only because it can encapsulate valuable knowledge to resolve design problems, but also 
more importantly to provide a flexible architecture. 

In our previous research [5], a design pattern is analyzed from different perspectives 
to see how it can help software development. Based on the analysis, design patterns are 
classified as activity-facilitator for facilitating design activities; quality-improver for 
handling non-functional requirements and improving software quality; problem-solver 
for solving design problems; and conflict-resolver to resolving design conflicts. For in-
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stance, Observer design pattern can play the role of quality improver to reduce the cou-
pling between subject object and observer objects, the role of activity facilitator to facili-
tate design decomposition, as well as the role of problem solver to prevent data incon-
sistency. 

Most quality-improver patterns address the maintainability issue- if the design ap-
plies the design pattern, it would be easier to add, remove or update some components in 
the future. In other word, the applied design patterns are utilized to fulfill the original 
purpose of improving quality. To evaluate the effectiveness of the utilization, we have 
proposed an analysis method to evaluate the utilization of the deployed quality-improver 
patterns in software evolution [6]. The utilization of deployed design patterns is defined 
as the degree of conformance between consecutive versions of design changes of de-
ployed design patterns. It is used to inspect whether the deployment of design patterns 
meets the original design purpose over all the system evolution. A higher degree means 
frequent utilized pattern applications and implied greater contributions to the evolution. 

However, the utilization evaluation method takes enormous computation resources 
to analyze the collected open source software (OSS) source code in versions of software 
projects, to detect design patterns and to evaluate the detected design patterns in evolu-
tion. Take the assessment results of jMemorize as an example in Table 1, it takes about 3 
hours to run the evaluation. The problem of unrealistic evaluation performance is not 
practical for programmers to analyze a software project for hours. If we can reduce the 
evaluation time, the programmers can inspect the benefit of design pattern deployment 
earlier, and increase the willingness to improve the system design. 

Table 1. Execution time of Evaluated OSS Projects. 

OSS Project jMemorize JHotDraw  FreeMind JUnit  
Total # of Versions 12 8 16 19 
Min. File Size (KB) 1,791 414 70 91 
Max. File Size (KB) 4,075 2,079 2,536 248 
Execution Time (Mins) 169.3 33.3 15.4 0.7 

 
In order to solve the time-consuming problems, a scalable and distributed compu-

ting environment must be applied. Hadoop, with reliable and distributed computing 
characteristics, is open source system and utilized by Google. HDFS [7], a distributed file 
system, provides high throughput access and low latency for data applications. 
MapReduce [8, 9], a software framework developed for distributed processing of vast 
amount of data sets on HDFS. Hadoop is being used as a solution not only to provide the 
flexibility of computing ability, but also to offer a way to solve the high performance 
computing which needs a high throughput I/O. 

Recently, the emergence of open source software has changed the way for research-
es on software quality. The open source software source code and the associated data can 
be archived in a public version control system which provides a transparent way for re-
searchers to evaluate software quality. SourceForge has provided 3.4 million developers 
to create powerful software in over 324,000 projects until the first quarter of 2013. Their 
popular directory connects more than 46 million consumers with these open source pro-
jects and serves more than 4,000,000 downloads a day [10].  
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The huge amount of open source software can provide world-wide software devel-
opers valuable design experiences if the quality analysis of each OSS project can be 
achieved on demand. In this paper, we apply Hadoop techniques to implement a cloud 
service for evaluating design patterns in software evolution. The system conceptually 
incorporates software-as-a-service (SaaS) to implement a software quality cloud service. 
Our research’s contributions include: 

� Developing an assessment cloud service of design patterns. The cloud service 
can improve performance more than 10 times than the previous Pattern Utiliza-
tion Analyzer (PUA) system [6] for large software systems in our experiments; 

� Performing experiments on well-known open source software to verify the OSS 
quality evaluation architecture; 

� Providing an analysis approach for programmers to monitor the utilization of the 
design patterns in software evolution. 

The remainder of this paper is structured as follows: Section 2 discusses background 
and related work. Section 3 introduces our approach to analyze the utilization of design 
patterns in software evolution. In Section 4, we demonstrate the system design approach. 
The experimental results and discussion are reported in Section 5. Finally, conclusion 
remarks are given in Section 6. 

2. BACKGROUND AND RELATED WORK 

In this section, we begin by describing related work of design pattern evaluation. 
Next, we present essential background on the Hadoop infrastructure. 

 
2.1 Design Pattern Evaluation 

 
Gamma et al. [1] propose twenty-three design patterns which are aimed for solving 

software design problems. They advocate that design patterns can reduce system com-
plexity by naming and defining abstractions. 

Vokac [11] tries to find a relation between the presence of specific design patterns 
in software and the number of defects. He investigates whether classes participating in 
deployed design patterns are less fault-prone than those not participating in any deployed 
design patterns. The results show that, Observer and Singleton are correlated with larger 
code structures and more prone to faults than non-participants. Factory Method pattern is 
more compact and less closely coupled to be less prone to faults than non-participants. 

Prechelt et al. [12] test whether the use of some specific design patterns is helpful 
for participants with different backgrounds. They perform paper-based programming 
exercises and measure the time and correctness of given maintenance tasks. The results 
show the Decorator pattern is easier to change than other patterns. Similar related studies 
[13, 14] discuss the usage of design patterns and its importance for software mainte-
nance. 

Aversano et al. [15] report a correlation between crosscutting concern scattering 
degree and the number of defects in design pattern classes. They observe that patterns 
induce crosscutting concerns in pace with increasing the number of defects on their clas-
ses. Despite the usage of design patterns can introduce high maintainability, developers 
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should pay attention to effects induced such as increasing defects. 
Tsantalis et al. [16] use similarity scoring algorithm between graph representations 

to automatically detect modified design patterns. Dong et al. [17] propose a DP-Miner 
toolkit to recover instances of design pattern based on the use of matrix and weight. 
DP-Miner builds a matrix from source code instead of the graph representation to im-
prove the accuracy of pattern detection. It can perform static behavioral analysis, but 
does not support pattern deviations and dynamic analysis. 

Recently, there are papers which survey the effective usage of deployed design pat-
terns. Cheng et al. [18] investigate how extensive usage of design patterns has been sub-
jected to empirical study by conducting a systematic literature review in the form of 
mapping study.  

Those above mentioned researches either evaluate the software on single version or 
perform group questionnaire investigation. There is still a dearth of research which eval-
uates the quality of deployed design patterns over software evolution by an automatic 
method. In our study, we develop an automatic evaluation tool to assess the utilized us-
age of deployed patterns when software evolves. This is the pioneer study of quality 
evaluation of deployed design patterns in software evolution. 

 
2.2 Hadoop Infrastructure 

 
To implement the proposed cloud service evaluation method, the Hadoop Distrib-

uted File System and MapReduce will play the key roles. 
 

2.2.1 HDFS 
 

Hadoop Distributed File System (HDFS) [7] is the storage system developed by 
apache project and used by Hadoop applications. It creates multiple replicas of data 
blocks, distributes them on computing nodes through a cluster for reliable, and extremely 
rapid computations. HDFS is created for distributed storage and commodity hardware 
has been designed to use for distributed processing. With the above characteristics, 
HDFS is simple to expand, fault tolerant, and scalable. 

HDFS has master/slave architecture. HDFS cluster includes a single namenode, a 
master server for managing the file system, and regulating files access by clients. There 
are a lot of datanodes which are clustered and attached to the nodes to run on them. 
HDFS creates a file system namespace for user to store data. Internally, a file split into 
one or more blocks and is stored in a set of datanodes. As shown in Fig. 1, the namenode 
is responsible for the namespace operations of the file system, for instance, opening, 
closing, renaming files, directories, and determines the mapping of blocks to datanodes. 
The datanodes are responsible for reading and writing requests from clients of the file 
system. Meanwhile, the datanodes is in charge of the creation, deletion and replication 
with indication from the namenode. 

 



A CLOUD SERVICE IMPLEMENTATION FOR EVALUATING DESIGN PATTERN IN SOFTWARE EVOLUTION 

 

5

 

 

Fig. 1. HDFS architecture. 
 
The namenode and datanode are designed to run on commodity machines which run 

on a Linux operating system. HDFS is built with the Java language; any computing node 
that supports Java can execute the software in the namenode or the datanode. By using 
Java language, HDFS can be deployed easily on a wide range of commodity machines. 
 
2.2.2 MapReduce 

 
MapReduce is an integral part and well known for its simplicity, applicability, and 

being able to process a large set of distributed applications of Hadoop. It is a software 
framework developed for distributed processing on computing clusters. MapReduce [7, 
8, 9] processes large amounts of data with its characteristics of in-parallel on large clus-
ters of commodity hardware with a reliable, fault-tolerant method. MapReduce jobs split 
the input dataset into the independent chunks; these chunks are processed by the map 
tasks under a parallel method. The framework sorts the maps’ output, then input to the 
next step to reduce tasks. The input and output files of the job will be stored in HDFS, 
and the framework will do the scheduling tasks, monitor the task and re-execute the 
failed tasks. The cluster of storage nodes are the same with datanodes. It means the 
MapReduce framework and the HDFS are running on the same set of cluster, as shown in 
Fig. 2. 
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Fig. 2. MapReduce architecture. 
 
Fig. 3 shows the system components of the MapReduce framework. Namenode 

stores the file system metadata which tracks the block locations assigned on datanode. 
The datanode is where the actual data resides. The jobtracker manages the tasktrackers, 
tracks resource availability and is responsible for the task life cycle management. The 
tasktracker follows the orders of the jobtracker and updates the jobtracker with its pro-
gress status periodically. 

 

 

Fig. 3. System component. 
 
The MapReduce framework includes a single master jobtracker and namenode 

which manages slave tasktracker and datanode separately in each cluster-node. The cli-
ent applications submit MapReduce jobs to the jobtracker. The jobtracker pushes work 
out to available tasktracker nodes in the cluster, striving to keep the work as close to the 
data as possible. With a rack-aware file system, the jobtracker knows which node con-
tains the data, and which other machines are nearby. If the work cannot be hosted on the 
actual node where the data resides, priority is given to nodes in the same rack. 
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3. UTILIZATION EVALUATION OF DESIGN PATTERNS 

To evaluate the utilization of a design pattern in a software evolution, we have to 
define the context of its application in the design, and its application evolution. Thus, 
pattern application context and pattern application evolution are defined in section 3.1 
and 3.2. Based on the definition, the utilization evaluation is described in section 3.3 and 
the evaluation analysis is described in section 3.4. 
 
3.1 Pattern Application Context (PAC) 
 

Pattern application context is to describe an application context design pattern dp in 
a design D. Design D includes a design element element and a participation role r. We 
define a PAC as: 

                     

 PAC(dp, D) = {<element, r>}.  (1) 
 
For example, we may apply a Strategy pattern in a design for data compression. The 

Strategy pattern contains design elements DataCompression, CompressionTool, RAR and 
ZIP which play the roles of Context, Strategy and Concrete Strategy, respectively. Fig. 4 
shows the Pattern Application Context of a Strategy pattern applied in a design D. The 
PAC of Strategy pattern in a design D can be defined as: 

 
PAC(Strategy, D) = {< DataCompression, RC>, < CompressionTool, RS>, 

<RAR, RCS>, <ZIP, RCS>},  (2) 
 

where RC, RS, RCS denote the roles of Context, Strategy, Concrete Strategy, respectively. 

 
Fig. 4. Pattern Application Context of Strategy pattern in a design D. 

 
3.2 Pattern Application Evolution (PAE) 

 
Pattern application evolution is defined to describe the expected application context 

of a pattern in a software evolution. A PAE is defined as: 
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 PAE(dp) = {<role, operator>}. (3) 
 
For a design pattern, role is the element in a design pattern dp and operator is the 

expected operation applied to a design when conducting the pattern. The operator may be 
add (+) or delete (-). Take Strategy pattern as an example, we expect to add a new strat-
egy or remove an existing strategy without modifying other design elements. In other 
words, we expect to add/remove a design element which plays the “Concrete Strategy” 
role to/from the design. Thus, we can define the PAE of Strategy pattern as: 

 
 PAE(Strategy) = {<RCS, +>, < RCS, ->}. (4) 
 
Again, the RCS denotes for the role of Concrete Strategy. 

 
3.3 Utilized Design Pattern Application 
 

According to the definition of PAC and PAE, a design pattern is declared to be uti-
lized when its PAC evolves conform to the PAE. We define the predicate δ(dp, Dj+1) to 
represent if a design pattern dp is utilized at certain version Dj+1 . The formal definition is 
as below: 

   

     
 

  (5)
 

 
 

 
where ∆PAC((dp, Dj), PAC(dp, Dj+1)) denotes the context difference between PAC(dp, Dj) 
and PAC(dp, Dj+1). The Dj and Dj+1 deploy the same design pattern dp.  

As presented in Fig. 5, the design Dj deploys a Strategy pattern. The intent behind 
the application of applying a Strategy pattern is to provide flexible alternatives to inher-
itance for combining behavior with new functionalities [1]. Adding “7-zip”, a data com-
pression tool 7-zip which plays the role of ∆PAC((dp, Dj), PAC(dp, Dj+1)) in this design, 
in a later version of Dj+1, is to utilize the design pattern Strategy to satisfy the quality 
requirement of extensibility. Programmers can inspect the utilization of Strategy pattern 
in software evolution and evaluate the benefit of applying a flexible architecture of de-
sign pattern. 
 

⇔+ ),( 1jDdpδ

∃D j,∆(PAC(dp,D j ),PAC(dp,D j+1))

)(dpPAEtoconforms
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Fig. 5. Utilized pattern application. 
 
3.4 Utilization Analysis 
 

The utilization analysis is to calculate the percentage of utilization of a design pat-
tern's application in a software evolution. A higher utilization percentage means frequent 
pattern application and implies a greater contribution to the evolution. However, it is 
hard to identify that a deployed application is useful or not. It relies on the developers' 
active intervene. The degree of utilization over a period of evolution (denoted as DoU) 
can be defined as: 

 

DoU = 
evolutionpatternof

nsapplicatioutilizedof

#

#
 (6) 

 
The DoU can help programmers understand the utilized status of design pattern ap-

plication. Fig. 6 shows a software with eight versions (V1-V8) and five applied design 
pattern instances (dp1-dp5). The black triangle means a design pattern is deployed at that 
version. “X” means that the design pattern instance is removed from that version. The 
number of utilized applications includes the counts of changes between software versions. 
The number of evolution is the total number of versions minus one. 
 

A design pattern instance dp1 is deployed at V1 and stays alive consecutively for 
eight versions. The number of evolution is seven and the number of utilized applications 
is two for (V3-V4) and (V4-V5). The DoU of dp1 is 2/7. Pattern instance dp2 is deployed at 
V1 and stays alive consecutively for eight versions. The number of evolution is seven and 
the number of utilized applications is three for (V3-V4), (V4-V5) and (V6-V7). The DoU of 
dp2 is 3/7. Pattern instance dp3 is deployed at V3 and stays alive consecutively for six 
versions. The number of evolution is five and the number of utilized applications is one 
for (V4-V5). The DoU of dp3 is 1/5. Pattern instance dp4 is removed after two versions. 
The number of evolution is two and the number of utilized application is one for (V3-V4). 
The DoU of dp4 is 1/2. Pattern dp5 is not utilized at any version. The DoU of dp5 is 0/5. 
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Fig. 6. Utilization analysis of five instances during eight versions. 

 

4. CLOUD SERVICE DESIGN 

In this section, we introduce the cloud service based architecture of PUA. The de-
sign of PUA is described in section 4.1. In section 4.2, we introduce the concept of the 
applied MapReduce design. An improved cloud service based PUA design and the ex-
periment processes are presented in section 4.3. 
 
4.1 PUA System Design 

 
In our previous study [6], we developed a web-based tool Pattern Utilization Ana-

lyzer (PUA) to demonstrate our proposed approach which is shown in Fig. 7. There are 
three system modules: version control, PAC and PAE modules. The version control 
module manages the collected source code of different versions; PAC module analyzes 
the pattern application context for different design patterns; PAE module verifies if the 
PAC conforms to the PAE between consecutive versions. The system process is de-
scribed as follows: 
Step 1: Collecting and managing OSS projects source code files. 

The OSS source code files are downloaded from the SourceForge site which pro-
vides the development information of each OSS project. The version control module 
manages the collected source code by their versions. 

 
Step 2: Detecting applied design patterns from open source code files. 

PUA applies a pattern detection tool Pattern4, developed by Nikolaos Tsantalis [19], 
to detect the pattern applications in source code. The detected results provide the system 
the information of roles and corresponding classes of applied design patterns. 

 
Step 3: Generating PAC from applied design patterns. 

From the generated results in step 2, the PAC module generates the pattern applica-
tion context for different design patterns. The results are packed as an XML file which is 
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shown in Fig. 8. Each XML file is for a single project at one version. The pattern name 
indicates the detected design pattern type for each OSS source code file. The role name 
indicates the detected pattern structure and the element indicates where the code locates. 

 
Step 4: Analyzing pattern utilization and evaluating DoU. 

The PAE module verifies if the PAC conforms to the PAE between consecutive ver-
sions. The utilization analysis is to calculate the degree of utilization of a design pattern's 
application in a software evolution. 

 
Fig. 7. System architecture of Pattern Utilization Analyzer. 

 

 
Fig. 8. PAC XML file  

 
4.2 MapReduce Design 
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To design the utilization analysis tool (Pattern Utilization Analyzer; PUA) to Cloud 
Computing service, we apply MapReduce framework design in our research which is 
shown in Fig. 9. There are three phases in our design: map, shuffle and reduce phases. 

 

 

Fig. 9. MapReduce Design 
 

At the map phase as shown in Fig. 9, the OSS file handles are fetched by their pro-
ject names and version numbers to be the input of the MapReduce job. After the input 
splitting and distribution, the map function runs the individual map tasks. Each task finds 
the corresponding OSS file stored in HDFS and executes the pattern detection tool Pat-
ten4. The PAC is generated by the analysis tool for detected patterns and related versions. 
The PAC results are packed as XML output file. Then, the system generates the reducer 
key and writes them to the reducer list. The output list listm(Key, Value) of map function 
is defined as: 

 
listm(Key, Value)=listm<ProjectName,(Vi, PAC)>,           (7) 

 
where listm is representing the list of map function. The key of list is the OSS project 
name. The value of list is the PAC of OSS project for version Vi. 
 

The work in the shuffle phase is mainly to manage the project files and sorts them 
by their versions for later processing. Finally, the system gets the file handle by their 
project names and creates file stream in the reduce phase. The reduce function is to ana-
lyze the changes of design patterns between consecutive versions in evolution. The out-
put list r (Key, Value) of reduce function is defined as: 

 
listr(Key, Value)= 
listr<(ProjectName,(Vi,PACi),(Vi+1,PACi+1)), PAE>,        (8) 
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where listr is representing the list of reduce function. The key of list is the PAC between 
consecutive version Vi and Vi+1 of the OSS project. The value of list is the defined PAE of 
OSS project. 
 

The value of Vi+1 is set to Null if the version Vi is the last version. The PAE verifies 
the changes of design patterns between consecutive versions. The output results are 
stored to database and analyze the degree of utilization of design patterns. 
 
4.3 PUA Cloud Service Design 
 

This paper proposes an improved design for PUA by transforming the previous 
web-based application into a cloud service. The system architecture is shown in Fig. 10. 
We apply our MapReduce design to implement the PUA cloud service. There are also 
three modules in the system: PAC modeler, PAE analyzer, and evolution manager.  

PAC modeler collects pattern application context from different open source files 
with diverse versions. PAE analyzer verifies if the PAC conforms to the PAE between 
consecutive versions of each open source. All the collected information of the utilization 
analysis is stored in evolution manager module. Then, the analysis results are sent back 
to the client user. In the following, we introduce the processes to apply our tool and our 
approach. 
 

 

Fig. 10. System architecture of PUA cloud service. 
 
Step 1: Collecting open source code files. 

The first step in our experiments is to collect source code files from the SourceForge 
web site [20]. Those files are then imported to the HDFS of the PUA cloud service.  
 
Step 2: Performing utilization analysis by the PUA cloud service. 

In this step, the utilization analysis of design patterns in the evolution are evaluated 
by the detected design patterns of each version of selected open source software. A de-
sign pattern is declared to be utilized if its PAC evolves conforms to the PAE.  
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Step 3: Evaluating the DoU of design patterns in software evolution. 

In the last step, the analysis results are generated to show the degree of utilization of 
each deployed design pattern in the evolution.  
 

5. EXPERIMENT 

This section reports the experimental context, results of DoU analysis, required ex-
ecution time by cloud service, and discussion. The context description of the selected ten 
open source software is described in section 5.1. In section 5.2, the DoU analysis results 
are reported, and the execution time results of the cloud service are reported in section 
5.3. Discussion is presented in section 5.4. 
 
5.1 Context Description 
 

This context of this study consists of ten open source software projects. The consid-
eration of software selection is that the software should be developed for a long period of 
time and through a certain versions of release. 

JHotDraw is a Java GUI framework for technical and structured Graphics. It has 
been developed as a “design exercise” but is already quite powerful. Its design relies 
heavily on some well-known design patterns. We collect the project from version 5.2 to 
version 7.6. The file size grows from 414 KB to 2049 KB. 

JUnit is a simple framework for writing and running automated tests. We collect the 
project source from version 3.4.0 to 4.10.0. The project size grows from 91 KB to 248 
KB. 

FreeMind is a premier free mind-mapping software which is written in Java lan-
guage. This project source is collected from version 0.0.2 to version 0.9.0. The size of 
project source code grows from 70 KB to 2536 KB. 

The other 7 OSS projects are Jena, jGnash, jMemorize, PDFsam, Pixelitor, 
TuxGuitar and Weka. Jena is a Java toolkit for developing semantic web applications 
based on W3C recommendations for RDF and OWL. JGnash is a cross platform personal 
finance application written in Java. JMemorize is written in Java and uses Leitner flash-
cards to make memorizing facts not only more efficient but also more fun. 

PDFsam (PDF Split and Merge) is an easy to use tool to merge and split PDF doc-
uments. Console and GUI versions are available. The GUI is written in Java Swing and it 
provides functions to select files and set options. Pixelitor is a free and open source im-
age editing software that supports layers and image effects. TuxGuitar is a multitrack 
guitar tablature editor and player written in Java-SWT. Weka is a collection of machine 
learning algorithms for solving real-world data mining problems. It is written in Java and 
runs on almost any platform. 

The required cloud service experiment environment specification of hardware and 
software are listed in Table 2. The experiments are performed in our laboratory which 
provides 19 nodes to implement the evaluation system. 

Table 3 lists the basic project information of ten evaluated open source projects. The 
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number of versions and versions list the collected versions for each project. The three 
fields indicate the evaluated size of each project for minimum, maximum and total file 
size. The projects are classified as small and large systems in according to the total file 
size if it is larger than 10,000 KB. The first five projects are small systems and the last 
five projects are classified as large systems. 

Table 2. Hardware and Software Specification. 

Item Specification 

CPU 
Intel® Core™ i5 CPU 650 3.20 GHz 

Intel® Core™ 2 Duo CPU E7600 3.06 GHz 

Memory 2G DDR3*2 
OS Ubuntu 10.4 

Platform Hadoop 0.21 

 

Table 3. Evaluated OSS Projects. 

Project # of  
Versions 

Versions Min. Size 
(KB) 

Max. Size  
(KB) 

Total Size  
(KB) 

JUnit 19 3.4.0-4.10.0 91 248 3,079 

PDFsam 14 1.0.0-2.2.1 202 503 4,818 
TuxGuitar 11 0.2-1.2 232 1,079 6,706 
FreeMind 16 0.0.2-0.9.0 70 2,536 8,774 
JHotDraw 8 5.2-7.6 414 2,049 8,977 
Pixelitor 34 0.1.0-1.1.2 206 1,074 26,022 

JMemorize 12 0.7.0-1.3.0 1,791 4,075 31,584 

Jena 17 2.0-2.6.4 1,836 2,831 37,388 
Weka 13 3.0.1-3.7.5 1,535 6,246 50,611 

JGnash 26 1.0.1-1.10.5 584 5,373 75,505 
 
5.2 DoU Results 
 

Fig. 11 shows the DoU experiment results for the ten open source projects. The 
DoU results are not as high as expected and the maximum value is around 0.35. 

The results show that design patterns are commonly applied in the projects such as 
Jena, JGnash, JHotDraw and JMemorize. The JHotDraw project performs better than the 
other three projects. The highest DoU among these projects and patterns is 0.350 of Ob-
server pattern for the JHotDraw project. 

For the FreeMind project, the evaluated results are relatively higher than all the oth-
er projects. Prototype, Composite and Visitor patterns are not deployed in FreeMind pro-
ject and Decorator, Observer and State-Strategy patterns are performed well as the DoU 
values are greater than 0.3.  

Factory Method pattern plays an important role for TuxGuitar project. For Weka, 
the State-Strategy pattern pair is the highest utilized deployed pattern. There are only 
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three patterns deployed in PDFsam project but only State-Strategy pattern pair is utilized. 
The DoU results are relatively lower or not applicable for JUnit and Pixelitor projects. 

 

Factory
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State/Strategy

Visitor

0

0.1

0.2

0.3

0.4

0.5

D
o

U

Factory Prototype Command Composite Decorator Observer State/Strategy Template Visitor  

Fig. 11. DoU Results for OSS projects. 
 

5.3 Execution Time Results 
 

The execution time results for the small OSS projects are listed in Table 4. The val-
ue of PUA row is the time required by our previous PUA system. We perform our cloud 
service system experiments with diverse computing nodes to analyze the impact of the 
number of computing nodes. The number of nodes is from 2 to 19. 

Table 4. Time results (minutes) for small OSS projects. 

 JUnit PDFsam TuxGuitar FreeMind JHotDraw 

PUA 0.74 1.65 12.34 15.40 33.29 
Node*2 2.65 2.69 9.79 9.18 20.96 
Node*3 2.36 1.99 5.85 7.03 15.71 
Node*4 2.06 1.68 5.87 4.14 7.55 
Node*5 1.91 1.63 5.94 3.79 6.90 
Node*7 1.53 1.39 5.71 3.36 6.37 
Node*9 1.29 1.15 5.29 3.29 6.30 
Node*11 1.17 0.99 5.18 2.99 5.20 
Node*13 0.96 0.96 5.33 2.88 6.98 
Node*15 0.91 0.84 5.42 2.73 5.88 
Node*17 1.11 0.75 5.46 2.08 6.26 
Node*19 1.54 0.94 5.39 1.60 4.64 

 
Fig. 12 shows the results of FreeMind project of small system group. We can ob-

serve the performance improved with cloud service system. The execution time decreases 
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from 15.40 minutes to 1.60 minutes by 19 nodes computation. 
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Fig. 12. Time results for FreeMind. 
The execution time results for the large OSS projects are listed in Table 5. Fig. 13 

shows the results of jMemorize project of large system group. The execution time de-
creases from 169.32 minutes to 24.57 minutes by 19 nodes computation. 

 

Table 5. Time results (minutes) for large OSS projects. 

 Pixelitor jMemorize Jena Weka jGnash 

PUA 47.46 169.32 120.00 477.37 926.66 
Node*2 30.18 94.83 65.43 258.07 475.24 
Node*3 18.93 63.48 37.70 233.90 336.46 
Node*4 11.23 51.77 19.22 219.51 266.82 
Node*5 9.75 42.51 16.29 218.05 197.06 
Node*7 8.87 36.64 14.72 218.13 176.92 
Node*9 7.82 38.14 12.34 232.14 157.29 
Node*11 7.80 37.58 13.25 195.59 99.81 
Node*13 7.39 36.44 10.64 191.80 97.23 
Node*15 7.12 38.15 11.80 218.15 95.30 
Node*17 6.93 37.73 12.24 220.49 96.16 
Node*19 7.31 24.57 11.70 218.19 94.27 
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Fig. 13. Time results for jMemorize. 
 
In our experiments, we divide the OSS projects into two groups by file size. We an-

alyze the performance improvement by calculating the ratio between PUA and PUA 
cloud service with diverse nodes. For example, the PUA execution time of FreeMind is 
15.40 minutes and the time for evaluation with Hadoop node*2 is 9.18 minutes. The 
performance improvement ratio of Hadoop node*2 is 1.68 which is 15.40 divided by 
9.18. Fig. 14 shows the performance improvement chart of small systems. The FreeMind 
and JHotDraw projects perform well in pace with the increasing number of computing 
nodes. The JUnit, PDFsam, and TuxGuitar projects perform gradually with the increasing 
number of nodes. The best performance in small systems is 9.64 times by FreeMind with 
19 nodes. 
 

2 3 4 5 7 9 11 13 15 17 19

Junit (19) 0.28 0.31 0.36 0.39 0.48 0.57 0.63 0.77 0.81 0.66 0.48 

PDFsam (14) 0.61 0.83 0.98 1.02 1.19 1.44 1.67 1.73 1.96 2.21 1.76 

TuxGuitar (11) 1.26 2.11 2.10 2.08 2.16 2.33 2.38 2.32 2.27 2.26 2.29 

FreeMind (16) 1.68 2.19 3.72 4.07 4.58 4.68 5.15 5.34 5.65 7.40 9.64 

JHotDraw (8) 1.59 2.12 4.41 4.82 5.23 5.29 6.40 4.77 5.66 5.32 7.18 
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Fig. 14. Performance for small systems 
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For large systems, Fig. 15 shows the performance improvement results. All projects 
perform well in pace with the increasing number of computing nodes except Weka pro-
ject. The best performance in large systems is 11.28 times by Jena with 13 nodes. 
 

2 3 4 5 7 9 11 13 15 17 19

Jena (17) 1.83 3.18 6.24 7.37 8.15 9.73 9.06 11.28 10.17 9.80 10.26 

Pixelitor (34) 1.57 2.51 4.23 4.87 5.35 6.07 6.08 6.42 6.66 6.85 6.50 

jGnash (27) 1.95 2.75 3.47 4.70 5.24 5.89 9.28 9.53 9.72 9.64 9.83 

Weka (12) 1.85 2.04 2.17 2.19 2.19 2.06 2.44 2.49 2.19 2.17 2.19 

jMemorize (12) 1.79 2.67 3.27 3.98 4.62 4.44 4.51 4.65 4.44 4.49 6.89 
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Fig. 15. Performance for large systems 
 
5.4 Discussion 
 

The key benefit of applying design patterns is their ability to anticipate changes re-
garding both new and existing requirements, maximizing reuse and making the system 
robust to design changes [1]. The utilization analysis of design patterns can help pro-
grammers to evaluate the status of utilization of design patterns in software evolution. 

From the perspective of deployed design patterns, Command, Template Method, and 
State-Strategy patterns are the most deployed patterns and Visitor is the least deployed 
pattern for evaluated open source projects. Among the deployed design patterns, Ob-
server and State-Strategy patterns are the most utilized design patterns. The results imply 
that Observer may not be the favorite pattern by programmers but it can truly provide 
design flexibility due to a high degree of utilization. The State-Strategy patterns do not 
only provide design flexibilities but also be more favored by most programmers. 

The goal of our work is to provide a cloud service architecture to improve the com-
putation performance and demonstrate it is an applicable architecture for a software qual-
ity evaluation cloud. As we know, the evaluation processes include data fetch and CPU 
operations. The performance of evaluation can be affected by the data fetch speed of disk 
I/O, especially for smaller systems such as JUnit and PDFsam projects. Such cases hap-
pen less when the system size grows. 

The performance improvement trend is upward for both small and large systems. 
We can conclude that the experimental results show that the PUA performance by 
Hadoop can be indeed improved, especially for large systems. The best performance im-
provement can reach more than 10 times. Moreover, the performance of PUA cloud ser-
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vice can be improved by increasing the Hadoop nodes. We believe the proposed archi-
tecture can be applicable for developers in practical analysis if the system is implemented 
with thousands of nodes. 

 

6. CONCLUSION 

This paper proposes a utilization evaluation cloud service based on Hadoop frame-
work. The powerful computing capability of the service can process a large amount of 
design pattern applications on open source projects. Furthermore, the service provides 
valuable and practical evaluation of design pattern’s quality which can help developers to 
monitor the utilization of design patterns in software evolution. 

Our work draws a picture of implementing a software quality evaluation cloud. The 
researches include a design pattern evaluation over software evolution and a cloud ser-
vice implementation. With the huge amount of open source software and a software 
quality evaluation cloud service, programmers can exploit valuable design experiences 
on demand. The proposed approach conceptually incorporates SaaS to implement a 
software quality cloud service. 
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