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Abstract. The SE term known as Software Evolution can be understood in two 

senses. First, as changes that software experiences over its development cycle; 

second, as changes that software goes through in its lifetime. Software architec-

tures, in both cases, should lead, support and ease any software modifications, 

reconfiguration or adaptation to a changing environment. At the moment, it is 

acknowledged that design and architectural patterns must be used for carrying 

out any software development focused on quality. We present here the analysis 

of several design and architectural patterns for sustaining software evolution 

w.r.t. two complementary perspectives, one connected with maintainability and 

the other with dynamicity of any software design. 

Keywords: Software Architecture, Architectural Patterns, Design Patterns, 

Software Quality Factors. 

1 Introduction 

Over the last two decades and after publishing seminal works as [1], Software Archi-

tecture (SA) has increasingly created interest in the SE community. Researchers and 

ICT professionals have come to acknowledge the paramount importance of SA in ob-

taining quality characteristics of software [2][3][4]. 

Some selected methods and techniques have been defined to early assess such char-

acteristics through an architectural point of view [6]. 

Design Patterns, Architectural Styles and Patterns are particular cases of architec-

tural mechanisms to be considered in early stages of software development. Firstly pro-

posed in research papers published in the nineties [7], these architectural mechanisms 

have experienced a great use since then due to Object-Oriented Programming and con-

current and distributed systems dissemination. Different studies have been carried out 

until now to assess the effect of Design Patterns to software quality, mainly through 

empirical methods [8] [9] [10] [11], however their conclusions with regard to quality 

characteristics show different and controversial results. 

Thereof, we only found few articles in SA literature regarding the importance of de-

sign patterns for successful software evolution [12]. 
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The main objective of this paper is to present an initial proposal for reviewing the 

most popular GoF Design Patterns [7] to determine their usefulness in evolutionary 

software and dynamic architectures. Our baseline here is to analyze each pattern with 

respect to the quality characteristics established by the ISO 25010 standard [5]. 

Since our study is deeply based on architectural and design patterns, we needed to 

identify a significant subset of GoF patterns, which analysis could give us a good foun-

dation to predict quality characteristics of many software applications that normally 

make use of these patterns. 

Section 2 is devoted to introduce some previous background on the impact that pat-

terns have in the quality of evolutive software and then, in section 3, the selection of 

the set of patterns for our study is explained. 

Then, we will present our approach and show that is capable of identifying the im-

portant benefits and "sensibility points" that can propitiate some software quality char-

acteristics and inhibit others at the same time. 

In Section 4 a set of Design Patterns are presented in order to analyze their main 

properties and to conclude different degrees of maintainability for software systems 

that use each one of these patterns. Section 5 presents a second set of patterns, in this 

case architectural patterns, in order to study their distinct support degree of dynamic 

software architecture reconfiguration. Finally the future work and conclusions are pre-

sented in Section 6. 

2 Background 

The basic idea behind this research is that the desired quality of any software piece can 

be firstly attained by the level of concordance between selected architectural decisions 

and the functional and nonfunctional requirements of the system being modeled. 

Among the diverse architectural decisions that software architects can make, the usage 

of certain design patterns and styles is of interest for this investigation because these 

are capable of providing software quality. 

On other hand, we will name evolutionary software the software that goes through 

different versions over the development process. Distinct versions can be also under-

stood as successive versions of the same software, which perform changes that corre-

spond to the product specification stage, and these changes can be performed either by 

adding or removing requirements. 

Our investigation is based on a previous study [3] that we have adapted to the new 

alignments established by the standard above. In Figure 1 we can see the ISO 

25010based ontology of "evolutionary software", where we can observe that evolu-

tionary requirements of software can be expressed in terms of Maintainability and Re-

liability characteristics. This ontology allows us to establish metrics, which are in-

spired on the sub-characteristics of software quality related to software evolution and 

are disclosed in the referred work [3]. 
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Fig. 1. Ontology for Maintainability according to ISO 25010 model, adapted from [3]. 

In order to analyze the level of concordance between architectural decisions and system 

requirements, we firstly need to establish the quality characteristics associated to the 

evolution of a software product. In order to achieve that objective, we use the acknowl-

edged ISO 25010 quality standard quality [5]. 

3 Patterns Selection 

Among the set of 23 GoF patterns [7] in Table 1, we selected the emphasized ones to 

conduct our study. We are more interested in patterns whose scope are objects, not 

classes, since the kind of software that we want to address here is based on complex 

structures that need collaborative relations between objects. 

In current applications, objects get created and deleted dynamically in accordance 

with the real world, which is plenty of ubiquitous devices filled up with business logic 

and intelligence. Factory (method), Singleton, Adapter (class), Interpreter and Tem-

plate method are therefore not selected for analysis of quality characteristics either in 

this preliminary stage of the research. 

Secondly, the maintainability of any software architecture is neutral to those design 

patterns like Memento that only temporally store the state of an object or a software 

application, or those that only traverse a structure of objects (Iterator) or Composite 

that makes an easier representation and traversal of complex object hierarchies by re-

cursive searches like DFS. 

We will need to select a concrete set of patterns to analyze with respect to the quality 

features that each one can enhance or inhibit, and then we will translate these into ISO 

25010 quality characteristics. In doing so, we will need to follow a critical analysis 

process in order to assess quality characteristics of each selected pattern/style as the 

next one proposes: a) to identify the maintainability sub-characteristics in which we 
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want to focus our valuation; b) to determine which design or architectural patterns can 

enhance and which ones can punish each selected sub-characteristic; c) finally, to rec-

ommend the usage of a subset of well-assessed patterns. 

Table 1. GoF Patterns [7]. 

By purpose  Creational Structural Behavioral 

By scope 

Class Factory method 
Adapter (class) Interpreter 

Template method 

Object 

Abstract factory Adapter (object) Chain of responsibility 

Builder Bridge Command 

Prototype Composite Iterator 

Singleton Decorator Mediator 

 Façade Memento 

 Flyweight Observer 

 Proxy State 

  Strategy 

  Visitor 

 

We did not include Abstract Factory (AF) design pattern as it leads to an appreciable 

code redundancy, since this pattern induces duplication of code and then causes further 

problems to build and later maintenance of software. Factory-classes and their descend-

ants need to be changed if new products are needed in the catalogue, thus AF pattern 

shows lack of flexibility with respect to new inclusions of concrete classes' objects. 

Moreover, any future changes to be performed, or any error or fault correction that 

might arise, will impact to all the variants of the same code. As consequence, the use 

of AF turns the code complex and difficult to analyze or change. Thus, we decided not 

to assess the patterns: Abstract Factory, nor other creational patterns like Builder, Pro-

totype and Singleton in the first approach of our study. 

We can conclude that using the pattern Observer the characteristics of modifiability 

and testability of any software can be seriously inhibited, since error traceability be-

comes difficult if not impossible to carry out if this pattern in used in a software design. 

Testing with guarantee any software that uses Observer becomes quite complex. We 

can therefore affirm that the sub-characteristics known as testability and recoverability 

will be affected if we use the Observer pattern to design the software. 

In Section 4, we present in a more systematic way the results of the rest of design 

patterns: Façade, Adapter (object), Chain of Responsibility, Wrapper, Command, Me-

diator and Visitor, emphasized in Table 1. 

On other hand, we are also interested in conducting an analysis of patterns that en-

capsulate behavior, at any execution instant of a software application, without resorting 

to unnecessarily populate the code with conditional statements. By doing so, State and 

Strategy patterns store the internal state of the application objects and make possible to 

change its behavior at run time in a flexible way. 
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The pattern Strategy therefore supports dynamic reconfiguration at run time and 

greatly improves the maintainability of any software and thus, together with Configu-

rator, Decorator, Bridge, Interface, Interceptor, Broker and Reflection, are studied in 

Section 5. 

The analysis conducted on patterns facilitates software evolution by easing software 

changes throughout software development phases and further maintenance of the final 

product. 

4 Patterns Propitiating Higher Maintainability Levels 

A theoretical and critical analysis that includes a brief description of every selected 

pattern, their components and application, has been carried out and the results can be 

seen in Table 4. The pros and cons of using each pattern in terms of ISO 25010 quality 

characteristics are shown. For each pattern and selected ISO characteristic, in the two 

last columns of Table 4, we identify whether that characteristic (5th column) gets en-

hanced (+) or inhibited (-), as the 4th column shows. 

The results shown in that table can be considered a characteristic-based assessment 

regarding the deployment of these patterns in any software design, and have been ob-

tained by application of the appropriate metrics, which are in accordance with the Main-

tainability Ontology Model in Figure 1. 

 

4.1 Design Pattern Analyzed 

Wrapper-Façade. The design pattern known as WrapperFaçade (Wf ) encapsulates 

functions and data provided by non-object oriented existing APIs inside more concise, 

robust, portable, easy to maintain and cohesive interfaces. 

By creation of a class named Wf that encapsulates spare functions and data through-

out nonobject oriented coded APIs, conditional compilation, scripts and other inclu-

sions in the object-oriented base code become unnecessary, as the methods defined in 

the Wf interface are called instead of any macro expansion. Thus, our aim when using 

this pattern is to avoid the deployment of conditional compilation directives and direct 

programming of APIs that make the code difficult to under-stand, debug, transfer and 

evolve. 

In Table 2 we can see a compilation of attributes and ISO quality characteristics that 

seem to get enhanced or inhibited if we use the Wf pattern to design any software. In 

doing so, the following quality characteristics and sub-characteristics were enhanced in 

the final software product: Maintainability, Modifiability, Analyzability, Testability, 

Reliability, Fault tolerance, Maturity, Functionality, Suitability, Portability, Adapta-

bility. 

As a conclusion of the analysis presented above, we can affirm that software main-

tainability gets enhanced because Wf pattern creates cohesive and reusable components 

that can be interconnected inside container-components through inheritance relation-

ships and generic types. Moreover, encapsulation and cohesiveness propitiate applica-

tion stability since changes are mainly bounded to component interfaces and not to 

components’ implementation. 
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We can identify several ISO 25010 characteristics associated to pattern Wf through 

the following attributes, Accessibility, Cohesiveness, Flexibility, Deployability, Dy-

namicity, Encapsulation, Independence, Integrity, Modifiability and Reusability. The 

majority of them are enhanced by the pattern Wf and 5 of them get inhibited: Accessi-

bility, Flexibility, Deployability, Dynamicity and (partially) Integrity. 

Adapter. This pattern turns a class interface to the one expected by a specific client 

class, and thus it can make interface incompatible classes work together. Any part of a 

soft-ware system or application correctly designed with the Adapter pattern must en-

dorse the following quality attributes: Efficiency/Response time, Maintainability/Mod-

ifiability and Analyzability. 

As Table 2 shows, the use of the Adapter pattern might cause higher level of com-

plexity than not to adapt the interfaces. This is because interface adaptation can obscure 

the functionality of that interface and thus can cause and additional complexity to clas-

ses implementing it. More specifically, the adapter can modify the adaptee behavior or 

its functionality through the inheritance relationship and thus can make a piece of soft-

ware more difficult, unmodifiable, and prone to unwanted modifications. 

The Adapter pattern propitiates the ISO 25010 quality characteristics of Maintaina-

bility and Performance Efficiency (Table 2). Although the functionality of the software 

system could be inhibited (with respect to not using the pattern) in some cases because 

of the rise of complexity derived from performing the adaptation. 

Modifiability becomes improved as consequence of the functionality extension that 

Adapter intrinsically brings to any software component. However, the induced com-

plexity of the pattern might be an important weakness of this technique if it involves a 

huge adaptation effort of not yet adapted interfaces. 

Chain of Responsibility. The pattern Chain of Responsibility prevents a software ap-

plications from coupling between calling and target objects, since it makes possible that 

more than one object attends the call. A software design derived with this pattern links 

target objects to the source objects, and thus the call for service is handed over the chain 

of objects until one of them takes up the call. 

The use of Chain of Responsibility pattern will ease to produce software with low 

coupling between components, higher modifiability, flexibility, faulttolerance, accu-

racy, exception handling, scalability and simplicity. All of them are accepted as quali-

ty attributes and sub-characteristics of software [5] according to ISO 25010 model. 

The pattern might however induce the occurrence of lost calls if, because of con-

figuration mistakes, there are calls that can reach the end of the chain unattended. Mod-

ifiability analysis yields as result that the pattern effectively makes easier to carry out 

changes. However, this mechanism is not flexible enough and does not help the dy-

namic reconfiguration of a software system at run time. Through the inheritance mech-

anism, it makes implicit the use of events that come from system's environment. A long 

chain of objects threats response-timeliness of calls and real-time properties of any sys-

tem that uses the pattern since it is statically unpredictable to know how many objects 

a call must go through before being served. 
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Command. This pattern encapsulates calls as objects, which permit to parameterize 

different kinds of client demands; queues client calls and supports reversible operations. 

Command pattern provides a excellent support to obtain high levels of Maintainability 

and Modifiability in derived designs, without compromising any other system’s sub-

characteristic or characteristic of quality. The pattern uses implicit events to affect the 

system behavior. 

A summary of quality sub-characteristics that are improved if a software system is 

designed with the pattern Command is shown in Table 2. We can see that no disad-

vantages were found, i.e., no sub-characteristics may become inhibited as consequence 

of using it. 

Additional benefits, aligned with ISO 25010 desired characteristics, were identified 

as consequence of using the pattern Command, such as extensibility, ease of transaction 

aggregation and auditing (Log), which can be considered as derived from prior quality 

attributes. 

Mediator. This pattern encapsulates the way in which a set of objects interact to each 

other. The pattern propitiates low coupling since it keeps objects as implicit references 

and thus these can be changed on an independent basis without affecting the behavior 

of other objects. 

If we carry out a maintainability analysis to developed software designed with the 

pattern Mediator, we will see that the enhanced attribute Modifiability is enhanced, 

which is mainly due to the encapsulation mechanism and low coupling among peers 

that make way easier to extend objects functionality. 

As shown in Table 2, due to the complex ways in which objects interact, sometimes 

the actual implementation of Mediator can turn a specific design in something very 

difficult to verify, and thus the derived software with this pattern quite hard to maintain. 

Visitor. The pattern is intended to provide an operation that should be performed by all 

the elements that belong to same object's structure. The pattern allows a new operation 

definition without being necessary to change the element classes which the operation 

acts upon. 

From the above analysis, and mainly due to the high extensibility and flexibility of 

the proposed mechanism, we can infer that the Visitor pattern propitiates an important 

way to obtain the desired easiness to changes to any software. The Visitor class hierar-

chy can be considered as a negotiable characteristic during system architecture defini-

tion, since an extended hierarchy of visitors touring an excessively complex architec-

ture of classes to visit can yield an inefficient software. In that case the pattern Visitor 

may compromise quality characteristics such as Reliability and Performance efficiency 

of the produced software system. 

Façade. This pattern is mostly intended to encapsulate object oriented subsystems, ra-

ther than non-low level object-oriented APIs. This design pattern provides a unified 

interface for a set of separate interfaces within a single sub-system. A high abstraction 

level interface is defined to obtain a more user-friendly subsystem, thereby to provide 

a simpler and unique interface to the majority of general facilities that provides a given 
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software system. The preferred communication mechanism between components 

within the Façade design pattern must be delegation. 

Table 2. Quality characteristics of a subset of GoF [7] design patterns. 

Pattern Characteristic Sub-characteristic Im-

pact 

Metric 

Wrapper- 

Façade 

Maintainability 

Testability 

- 
+ 
+ 

Dynamicity 
Encapsulation 
Avoids API program and compila-
tion directives 

Modifiability 
+ 
+ 

Cohesiveness 
Coupling (low) 

Reusability + Reusable components existence 

Modularity 
+ 
+ 

Cohesiveness 
Coupling (low) 

Analyzability 
+ 
- 

Inheritance relationships and  
generic types 
Dynamicity 

Performance 
Response time - Contextual consistency 
Resource usage + Encapsulation 

Portability 
Flexibility 
Accessibility 

- 
- 

Compatibility 
Environmental dependencies 

Security Integrity(*) 
+ 
- 

Cohesiveness 
Contextual consistency 

Reliability Maturity 

+ 
+ 
+ 
- 
- 

Encapsulation 
Complexity 
Cohesiveness 
Conformance to standards 
External dependencies 

Compatibility 
 

Co-existence + Coupling (low) 

Interoperability + Unified interfaces  

Usability 

Appropriateness + Simplicity 

Learnability + Complexity (low) 

Operability - Deployability 

User error protection + Cohesiveness of interfaces 

User interface aesthetics + Avoids APIs direct programming 

Accessibility - Flexibility 

Functional  
suitability 

Completeness + Analyzability 

Correctness + Compositionality of interfaces 

Appropriateness + Traceability 

 

Table 2 shows the quality characteristics that are enforced. We can observe that the use 

of this pattern propitiates Modifiability without affecting Maturity of the system. More-

over, software Reliability is enforced by using this pattern. In addition, two more quality 

characteristics: Performance Efficiency and Portability could be promoted if the Fa-

çade pattern is used for software design; in both cases, these benefits are obtained due 

to a simpler communication and a lower level of coupling between components. 

 

 



9 

Pattern Characteristic Sub-characteristic Im-

pact 

Metric 

Adapter 

Maintainability 

 
Modifiability 

+ Functional extension 
- Interfaces comprehension and in-

tegrity 
- Reusable components 

Reusability +  

Analyzability 
- 
- 

Complexity 
Unexpected changes  

Performance 
Response time + Deployment 
Resource usage + Class hierarchies reduction 

Security Integrity 
+ Flexibility 
- Reconfiguration 

Reliability 
Fault tolerance 
Maturity 

- Adaptor’s inheritance  

- Difficult error handling of adaptees 

+ Calls handling 

+ Encapsulation 

Chain of 

Responsi-

bility 

Maintainability 
Modifiability + Unified interfaces 
Reusability + Low coupling 
Analyzability - Dynamicity 

Performance 
Response time - Response predictability 
Resource usage + Encapsulation 

Security Integrity 
+ 
- 

Flexibility 

Reconfiguration 

Reliability 

Fault tolerance 
- 
+ 

Lost calls 

Scalability 

Maturity 
+ Coupling 

+ Accuracy 

Command 
Maintainability 

Modifiability + Unified interfaces 

Analyzability + Auditing (logs) 

 + Simplicity 

Testability + Traceability 

Performance Resource usage + Encapsulation 

 

Pattern Characteristic Sub-characteristic Im-

pact 

Metric 

Mediator 

Maintainability 

Modifiability + Encapsulation 

Reusability + Cohesiveness 

Analyzability + Coupling (low) 

Testability - Complexity (increasing) 

Performance Resource usage + Encapsulation 

Portability Interoperabilty + Contextual independence 

Security Integrity  Consistency (internal, external) 

Visitor 

Maintainability 
Modifiability + Encapsulation 
Analyzability + Dynamicity 
Testability + Occurred events monitoring  

Security Integrity + Consistency 

Performance 
Resource usage + Abstract visit draws code economy 
Response time - Class hierarchies extension 

Reliability Fault tolerance + Error handling centralization 

Portability Adaptability + Interoperability 
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Façade 

Maintainability 
Modifiability + Simplicity 
Analyzability + Interfaces unification 
Testability + Encapsulation 

Portability Adaptability + Interoperability 

Performance 
Resource usage + Coupling (low) 

Response time + Simpler communications 

Security Integrity + 
Encapsulation 

Reliability Maturity + 

5 Patterns for Dynamic Architectures 

Dynamic architectural reconfiguration is an important evolutionary aspect in software 

development nowadays, especially, for the requirements of self-adaptability, multicore 

load balancing and resilience to failures that ubiquitous and collaborative applications 

present today. The fundamental characteristics and importance of these patterns regard-

ing software evolution are shown in Table 3.  

We conducted a theoretical and critical analysis of these patterns in order to better 

complete our evaluation of patterns for evolutionary software. As a rationale for Dy-

namic Configuration analysis we assessed those services provided on the server side, 

such as scheduling mechanisms for clients and servers.  

Component Configurator. It allows dynamic reconfiguration of software applica-

tions, thus permitting remote distribution of software components (i.e.: global load bal-

ancing) or task reassignment and rescheduling of tasks and threads within processes 

limits (i.e.: local load balancing) at run time. CC pattern solves the problem of remote 

configuration of components by decoupling component interfaces from their imple-

mentations. This pattern makes applications independent from those points in which 

component implementations are configured within applications processes. The pattern 

can make changes in a dynamic and transparent way, thanks to its configurator com-

ponent. 

Interceptor. This pattern allows different services to be transparently added to a frame-

work and to be automatically released on the occurrence of certain events. The archi-

tectural pattern is based on the idea of dynamic inclusion of services by applications to 

extend a framework in a transparent way to the applications and the system. There are 

predefined interfaces that allow new software services inclusion as if they were 

plugandplay devices on a computer main board. There should be a queue of filter 

objects that implement new (dynamically) added services to the framework. 

Therefore, the Interceptor pattern will enhance maintainability through promoting 

easiness to changes/inclusion of new services and call manager objects in the inter-

ceptor structure. On the other part, the interceptor list of filters can grow unpredictably 

and processing timeliness of calls is not guaranteed in general. And thus, efficiency, 

real time and static analysis of application properties become inhibited. 
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Extension Interface. This pattern aims at multiple interfaces exportation by only one 

component, so that modification or extension of component functionality will not break 

the source client code or prevent the definition of interfaces with a high level of com-

plexity. 

The fundamental insight we must obtain from this pattern is separation of concerns 

when programming client-software, so that any client can access a component through 

separate interfaces, i.e., one interface per component role instead of mixing all the roles 

in the same interface or component implementation. Even though Extension Interface 

is an effective mechanism, application timeliness can be compromised because it is 

complex and prone to experience locks. The interesting characteristic lies in that this 

pattern promotes more the use of interfaces and the implementation of abstract methods 

than defining subclasses. Thus, the development of factory-based software components 

becomes promoted if we use this pattern. 

Decorator. This pattern dynamically adds responsibilities to an object. It gives a flex-

ible alternative to sub-classing for extending functionality of classes. The general idea 

consists of to encapsulate the component object into another called the decorator by an 

aggregation relation between objects, and thus the existence of the decorator object 

becomes transparent to client objects. From an operational point of view the decorator 

redirects demands to the component and performs actions before and after that redirec-

tion. 

Strategy. A family of algorithms is defined with this pattern. It encapsulates each one, 

and makes interchangeable the algorithms, which then can independently change their 

clients. The Strategy pattern directly benefits the maintainability of a software system. 

Nevertheless, the complexity of the class hierarchy, as well as the object proliferation 

that arise in applications using this pattern, might impact some characteristics as Per-

formance and Efficiency and could lead to cause accuracy leaks of the software system. 

The dynamic reconfiguration in this pattern mainly depends on the inheritance/sub 

classing mechanism, which tends to be complex, and yields poor performance and be-

comes unreliable in large class hierarchies. 

Broker. There is a common distributed software system architecture that includes de-

tached components, which are released by remote service calls, which is conveniently 

represented by this pattern.This pattern promotes a flexible, interoperable, dynamically 

reconfigurable mechanism for distributed software components development, however 

an actual implementation of it requires an efficient implementation of an object bus 

(similar to CORBA ORB) through which clients and servers can interoperate. Marshal-

ling of parameters and results in method calls between distributed objects requires the 

implementation of object adapters or proxies to make interoperable different sources 

and data representations on the network. 

Reflection. Programming languages currently support this feature, understood as a pro-

gramming characteristic included in programming languages used today like Java. Re-

flection's principle mechanism is based on access by class name without the instantiated 
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object references, object methods or other class attributes directly invoked. Reflection 

is also the name of an architectural pattern that provides a mechanism to change struc-

ture and behavior of software systems dynamically. The pattern propitiates dynamicity 

of architecture by deployment of layers and meta-objects into which that behavior is 

defined. 

Table 3. Quality characteristics of a subset of dynamic patterns. 

Pattern Characteristic Sub-characteristic Impact Metric 

Component 

Configurator 

Maintainability 

Testability + Independence 

Modifiability + Dynamicity 

Reusability + Cohesiveness 

Modularity + Functional extension 

Analyzability - Comprehensibility 

Performance 
Response time - Complexity 

Resource usage + Low coupling 

Portability Adaptability - Standardization 

Security Integrity - Vulnerability 

Reliability Maturity - Integration 

Interceptor 

Maintainability 

Modifiability + Encapsulation 

Reusability 

+ Extensibility 

+ Flexibility 

+ Coupling 

+ Dynamicity 

+ Complexity 

Analyzability 

- Extensibility 

- Flexibility 

- Complexity  

Performance 
Response time - Complexity 

Resource usage + Monitoring control 

Reliability 
Fault tolerance 

- Defective timeliness 

+ Monitoring control 

Maturity - Defective timeliness 

Extension 

Interface 

Maintainability 

Modifiability + Cohesion 

Reusability 

+ Polymorphism 

+ Coupling 

+ Dynamicity 

Analyzability - Complexity 

Performance 
Response time - Complexity 

Resource usage - Complexity 

Compatibility Interoperability 
- Complexity 

+ Extensibility 

Reliability 
Fault tolerance 

- Lock 

+ Monitoring Control 

Maturity - Timeliness lock 

Decorator 
Maintainability 

Modifiability 

+ Flexibility 

+ Extensibility 

+ Dynamicity 

Analyzability 
+ Flexibility 

- Complexity 

Testability - Complexity 

Performance Resource usage - Complexity 

Maintainability Modifiability + Extensibility 
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Strategy 

Reusability 
+ Simplicity 

+ Dynamicity 

Analyzability - Complexity 

Testability 
+ Extensibility 

+ Simplicity 

Performance Resource usage - Complexity 

Functional suita-
bility 

Completeness + Extensibility 

Compatibility Interoperability - Complexity 

Broker 

Maintainability 

Modifiability + Flexibility 

Analyzability - Simplicity 

Testability - Hiding 

Compatibility Interoperability - Transparency 

Performance 

Resource usage - Optimization 

Capacity + Scalability 

Response time - Complexity 

Reliability Fault tolerance - Hiding 

Portability Adaptability + Multiplatform 

Reflection 

Maintainability 

Modifiability 
+ Extension 

+ Dynamicity 

Analyzability - Complexity 

Testability - Complexity 

Functional suita-
bility 

Correctness + Accuracy 

Performance Resource usage - Complexity 

Reliability 
Maturity - Complexity 

Fault tolerance - Failure biased 

 

Because Reflection is based on dynamic execution, we cannot trust on performance 

estimates for precompiled object libraries or third parties COTS products. Direct access 

to legacy utility libraries to dynamically obtain method addresses is not permitted, and 

thus efficiency of that software might be affected. Due to dynamicity of the mechanism, 

it is necessary to deal with frequent exceptions during the execution of any reflective 

software. There would be necessary catching all these exceptions in the code and thus 

efficiency could get reduced too. 

Reflection leads to code bloat, reduced code readability and difficult Maintainability 

of software due to extra complexity brought in by a more complicated method of pro-

gramming applications. 

6 Conclusions and Future Work  

A variety of software architectural mechanisms, such as low coupling, encapsulation, 

inheritance, complexity, among others, have been assessed in this study to forecast the 

ISO 25010-based quality characteristics of software designed with a selected subset of 

Design and Architectural Patterns from GoF catalog [7].  

We also observed in our study that software Maintainability, and its sub-character-istics 

(testability, modifiability, reusability, analyzability …), are rarely achieved without 

punishing others like Performance Efficiency and Reliability. Thereof, the sensibility 
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points (tradeoffs) shown in the tables must be considered when any of these patterns in 

the proposed GoF subset is deployed. 

According to the results obtained in this research, we can affirm that the usage of 

patterns is an effective way of building software of quality if we want to make a soft-

ware easy to maintain and evolve. 

Due to their different structure and goals, design patterns have shown a higher lev-

el of detail than the architectural ones. Therefore, they present a distinct impact on 

quality characteristics and sub-characteristics of software systems. Whereas architec-

tural patterns propose more general solutions, design patterns use lower of levels of 

abstraction. We can see that these patterns presented are not excluding alternatives, but 

it is advisable to combine several of them, thus causing a greater heterogeneity in the 

target software architecture and then it makes sense to perform architectural assess-

ments that take into account the effect of applying a set of these patterns. 

The obtained results allow us to establish a preliminary set of hypothesis for an em-

pirical evaluation of the affected characteristics and sub-characteristics. As future work, 

we work in the preparation of different experiments within to confirm the results. 
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