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 Background: In this article the main concepts and methods related to the data 

optimization and the performance of software are presented, taking into account the 

characteristics of the workloads and the architectures of the computational systems.  
Objective: Present the main concepts of software performance optimization, the 

relationship between methods and techniques of optimization and the software 

development process. Results:From the start of the software development process 
attention should be given to the architecture to be utilized and the consideration of the 

optimization of data performance.  The main techniques and optimization methods are 

analysed, at different levels of abstraction, singling out among these those that are 
based on the suitability of the characteristics of the workloads for the architectural 

characteristics of the computational systems.  Techniques and methods related to the 

optimization in the source codes, in the compiling process and in the executable codes 
are analysed.  Finally, some real and practical examples of optimization of applications, 

with different computational demands and focused on the software performance and 

projects of technological innovation are given.  Practical examples of optimization of 
software performance, considering applications with low and high computational 

demand are also considered.  Among the examples we single out the optimization of a 

source code and of an executable code utilizing appropriate tools, whose objectives are 
applications in technological environments. Conclusion: Evidence regarding the level 

of improvement of performance reached with the application of the optimization 

methods and techniques utilized, the measurements of execution times made before and 
after the optimizations, in applications of the digital processing of images are presented 

as concluding aspects. 
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INTRODUCTION 

 

 Before dealing with the contexts of software 

performance optimization or the relevance of this 

theme for the technological environment it is 

important to understand what is in fact software 

performance optimization. In computing, 

optimization is the process of modifying a system or 

software with the intention of improving its 

efficiency, this being the capacity to act and produce 

with the minimum of waste, expense or unnecessary 

effort (Almasi and Gottlieb, 1994).Therefore, the 

optimization of performance is a method of reaching 

the greatest efficiency of the software. In this 

manner, to identify what is the balance point between 

the cost and the performance becomes essential.  

 Before optimizing it is necessary to understand 

the problem or the scope of the software to be 

developed, so that one knows how much 

performance is necessary to it.  It is very important to 

pay the proper attention to this aspect, because the 

performance inadequate for the computational 

demand of the software may affect even its 

functionality and the resolution of the problem 

proposed.  In a hypothetical situation, the 

development of software faces risks, when it is 

released to the market, but without the due 

acceptance of the initial demands of the project and 

the workload (Cabral and Casey, 1993). 
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 In this manner, it becomes extremely necessary to 

consider optimization of performance in the whole 

software development process. Even in the cases 

where the performance and its optimization have not 

been considered from the start of the software 

development process, even then some a posteriori 

measures can be applied. The methods and 

techniques to be presented, discussed and 

exemplified in the following sections will permit 

performance gains to be made even after the start of 

the process, according to the scope of the project and 

the phase at which is finds itself. Concern with 

optimizations, refers to the method applied in the 

process of software development, that comprises a 

series of techniques based on the architecture of the 

computational system in which is active mainly 

instruction level parallelism (ILP), processor level 

parallelism (PLP), use of message passing, (3 e 4), 

efficient use of memory hierarchy, computational 

instructions and resources involved. 

 The software development process (SDP) and the 

proper moment to consider the performance will be 

discussed in the Review of the Literature.  This 

section will also present the main concepts of 

software performance optimization, the relationship 

between methods and techniques of optimization and 

the software development process.  Also in this 

section some optimization techniques will be 

presented, among them: the use of in-line functions; 

loop-unrolling, the best way to go through matrices; 

prefetch, utilization of optimized processor in 

instructions and the fitting of the compiler to the 

machine architecture.  

 The examples based on an important operational 

digital processing of images called filtering or the 

convolution of images, with an ample possibility for 

the analysis of data and the performance of software 

are presented in the results section.  

  Finally the conclusions and contributions are 

presented, in addition to the perspectives and future 

work related to the theme present in this article. 

 

Theoretical reference: 

 In this section the main concepts of software 

performance optimization are presented and in which 

stages of the process it is interesting to consider the 

aspects related to the optimization of performance.  

Evidence is provided that from the start of the 

software development process one should concern 

oneself with the definition of the architecture to be 

utilized and consider the optimization of 

performance. 

 But before dealing with the concepts of 

optimization of software performance themselves it 

is important to understand the software development 

process.  In this way will be possible to evaluate 

when or at what stage of the development one should 

consider the ideal performance or its optimization. 

Software Development Process and Artificial 

Intelligence: 

 A software development process (SDP) can be 

seen as a set of activities, practices and Trans 

formations carried out from the conception to the 

liberation of the product (Carlson et al., 1997; 

Bhandarkar andDing, 1997). 

 According to (Genius and Lelait, 2001), the 

software development process makes possible the 

control of the development process itself and 

provides the basis for the construction of quality 

software. And the construction of software includes 

the following stages: 

 Analysis of requirements; 

 Project; 

 Construction of the program; 

 Testing; 

 Maintenance. 

 In Figure 1, one can observe what has been 

stated previously, that is, the software development 

process consists in the analysis of a problem, by 

means of a series of activities that utilize tools and 

procedures, to arrive at the solution of the problem. 

 According to Agrawal (1986), the software 

development process deals with three large generic 

phases of development: definition, development and 

maintenance. 

 The definition of a software process is concerned 

with the real problem to be dealt with.  In this phase 

the software engineer tries to identify what the 

information is that must be taken into consideration 

in the system that is being developed, in other words 

it is concerned with the behaviour that the system 

should possess. 

 The development of a software process is 

concerned with the adoption of technologies for the 

solution of real problems.  In this phase the software 

engineer projects the software that is being 

developed specifying how the system is to be 

implemented. 

 For Falbo (1996), there is no software process 

that can be applied in all situations.  The 

technologies involved must be considered, the type 

of software, the domain of application, among other 

characteristics of the product and of the organization. 

 But whatever the process of development 

defined for an organization, the following phases 

must exist in this process: (1) analysis of 

requirements, (2) project, (3) construction of the 

program, (4) testing and (5) maintenance.  These 

phases are important and necessary, because as 

previously mentioned, they make possible the control 

of the development process and provide a basis for 

the construction of quality software. 

 Understanding the phases that make up the 

software development process and that all are 

interconnected, a change in one phase generates 

changes in the other phases.  For example, the 

modification of a requirement implies alterations also 

in the subsequent stages, such as in the project, 
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programme, testing and maintenance.  This means 

that it is essential to identify at what moment it is 

necessary to consider the performance, because 

achieving ideal performance may become more 

expensive and more difficult, in addition to reducing 

the chances of success in greatly optimizing the 

performance.  In the section below, the performance 

in the software development process is presented.  

 

 
                                        Data,    reports, procedures, restrictions           Activities                    Software                        

                                                                    Problem                                                                           Solution 

 

Fig. 1: Software Development Process. 

Source:Genius and Lelait (2001). 

 

Performance in the Software Development Process: 
 The optimization of performance may occur in 

one or more stages of the software development 

process, but it has to be foreseen previously, before 

starting the project, as the needs of different levels of 

performance may alter project choices, such as the 

manner of programming, among others.  This being 

the case, the listing of requirements, characteristic of 

the first phase of the software development process, 

needs to deal with at what level the application will 

be, as an non-functional requirement.  In listing the 

requirements it will be necessary to respond to the 

question of how much the software needs 

performance, so that the next phases can be planned 

and executed. 

 Gastaldo et al.(2004),provides evidence through 

a case study that the causes of reworking in the 

software development process are very often related 

to the non-functional requirements of performance, 

that are not met because they have not been 

incorporated since the start of the project.  This 

generally occurs because the cost and the deadline 

are high due to the insertion of the non-functional 

performance requirement not projected initially.  It is 

very often necessary to change the software 

architecture, the hardware and even the conception of 

the solution of the system to meet a non-functional 

performance requirement. 

 Non-functional performance requirements are 

those that refer to the speed of operation of the 

system.  Different types of requirements may be 

specified, they being (Kung, Ruane and Yen, 1983): 

 Response Time: specifies the time acceptable 

from the client’s point of view for some operation to 

be concluded. 

 Throughput: specifies the quantity of data that 

needs to be processed in a predefined time interval. 

 Temporization: specifies how rapidly the system 

needs to realize the processing for it to be an entry of 

another subsystem. 

 Kung and Picard (1981), proposes a division of 

non-functional performance requirements into 

requirements of time and space.  The requirement of 

response time is subdivided into requirements of 

response time and processing time (throughut) and 

the space requirement is divided into main memory 

and secondary memory. 

 In the face of that set out, the initial stage of the 

software development process (analysis of 

requirements) is perhaps the activity most critical to 

the development process, above all because it defines 

the characteristics of the software product to be 

generated.  In this way, the incorrect definition of the 

requirements will lead to inadequate systems being 

obtained. 

 It is important and ideal to consider the software 

performance to be constructed as a requirement, 

making this clear at the start of the project in the 

listing phase and/or in the analysis of requirements.  

In this manner work is facilitated so that the project 

phases can be carried out with the objective of 

meeting also this requirement.  This is essential, as it 

can even be necessary to change the software 

architecture, the hardware architecture and even the 
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conception of the solution of the system to meet a 

non-functional performance requirement not initially 

identified. 

 In this article, the importance of having a 

concern with and considering the performance and its 

optimization from the start up to the final program 

development process is emphasized, because in the 

listing of requirements it is necessary to perceive 

how much the software needs performance so that it 

will be necessary to deal with the optimization of 

performance during the development process.  Only 

in this way can we guarantee that efforts will be 

expended in accordance with the real demand of the 

system. 

 To achieve these performance demands 

optimization methods and techniques related to the 

source code are considered, to the generation of 

codes directed to the architecture of the processors, 

to the process of compilation in the generation of 

executables and the optimization in the executable 

code.  But before choosing the optimization method 

or the techniques it is necessary that the problem be 

characterized.  From an understanding or 

characterization of the problem related to the 

application to be developed the methods and 

techniques can be identified by their potential for 

performance optimization.  

 

Methods of Performance Optimization: 

 The methods of performance optimization refer 

to their application in the software project in 

accordance with Figure 2. 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Methods of Performance Optimization.  

Source: Hopf and Ertl, (1999). 

 

 A method of performance optimization can be 

seen as a combination of the processing, 

optimization, communication, programming, 

compilation and its execution.  A determined 

optimization technique can be utilized at different 

phases of the software development.  For example, a 

specific technique can be used to optimize the 

performance in programming time or maybe utilizing 

another technique for the compilation, reaching the 

same target. 

 It is emphasized that there is no specific method 

to be utilized in all cases in which one desires to 

optimize software performance.  Really, the method 

is related to the software development process, as it 

refers to the choice of specific techniques to be 

utilized or applied in determined stages of the 

development process in accordance with the problem 

and the scope of the software.  The main techniques 

of performance optimization are now presented:: 

 In-line functions: adoption of open codes and 

redundant systems, reducing the software execution 

times, making them more efficient, in accordance 

with (Jain, 1992) and (Jamro and Wiatr, 2001). 

 Loop-unrolling: systems for the reduction of 

interaction, improving the performance of the 

software, in accordance with (Eyre,1998)  and 

(Diefendorff and Dubey,1997). 

 Prefetch: consists in utilizing the data in the 

computer’s memories, before the processors are 

started.  In this way, the processing capacity is 

improved and made more agile. 

 SIMD (Single Instruction Stream, Multiple Data 

Streams) Instructions: these are specific instructions 

in modern processors, using the capacity for 

optimization and data processing in accordance with 

(Doshi and Varman,1987). 

 In general, the principle techniques for 

performance optimization should be used to help in 

the software performance and in the data analyses for 

real problems.  

  

MATERIALS AND METHODS 

 

 The present study is a qualitative piece of 

research consisting of a review of the specialized 

literature, done between February 2013 and 

December 2014, in which international periodicals 

were consulted, in addition to adopting tests based on 

operations of the treatment of images in 

computational systems.  The survey in these 

periodicals attests to the search for up-to-date 

research, future trends and aspects related to its 

applicability in projects of technological innovation.  

 Following this, it was sought to understand the 

results of the software performance optimization, 

highlighting the treatment of images and data 

analysis in high computational demand.  

 

Results: 

 In this section we present the optimization of 

software performance applied to innovation projects 

highlighting technological innovation for the 

Axis 1: 

 

Processing  

Storing  

Communication  

Axis 2: 

 

Programming  

Compilation  

Execution  
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treatment of images, considering data analysis in 

high computational demand.  We highlight the 

optimization of a source code and of an executable 

code utilizing the tool Microsoft Visual C++, Dev 

C++ and AMD CodeAnalyst Performance Analyzer.  

To demonstrate the level of improvement reached 

through the methods and optimize techniques chosen, 

we carried out the measurements of the times spent 

before and after optimization of the image data. 

 

Real Problem: 

 The results presented in this section are based on 

an important operation of digital image processing 

called image filtering. 

 This operation was chosen to manipulate data in 

the form of matrices, and that possess, in their turn, 

many repetition loops.  Normally, the repetition 

loops are the points where we can obtain significant 

improvements in terms of performance, seeing that 

each optimization is multiplied by the number of 

times the loop is executed.  We also have the 

optimization in these cases that are utilized in the 

repetition lopes. 

 When the filtering operation occurs in the space 

domain it is called convolution.  The term space 

domain refers to the junction of pixels that are part of 

an image and the operations in the space domain are 

the procedures applied directly to these pixels.  

 The operation of convolution is carried out for 

each pixel in the image, in which the convolution is 

applied in accordance with the pixels of the mask.  

Depending on the filter (mask) the convoluted image 

may be smudged, highlighting its borders and the 

noises removed. 

 To exemplify the utilization of the techniques, 

Figure 3 presents the stretch of code of a convolution 

(filtering) of images as a basis for the results reached.  

That code was written in the C/C++ programming 

language. 

 

 
 

Fig. 3: Source Code Basis of the Convolution.    

Source: authors (2015) 

 

 The code of Figure 3 is composed of two 

functions: (1) one that does the convolution of a pixel 

and (2) another that does the convolution of an 

image.  In the main function, after the declaration of 

the variables, image load of the file and filter load, 
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we call the function one of convolution and then 

write the resulting image in an exit file. 

 Algorithm optimization techniques for 

optimizing data presented in Figure 3 are now 

presented. 

 

Utilization of Algorithm techniques: 

 For the utilization of algorithm techniques 

attention should be directed to the compiler which 

will interpret it.  As the compiler already optimizes 

some parts of the algorithm, it is not necessary to 

have complex codes which are difficult to maintain.  

The interesting thing is to concern oneself with the 

alterations that help the compiler to generate a more 

efficient executable code.  For this purpose it is 

necessary to execute some functions: (1) allocation 

of matrices in the memory, (2) parallelism of the 

processor, (3) techniques of the compiler and (4) 

code generation technique.  

 For the unique innovation project focused on the 

treatment of images for the hospital sector, the results 

obtained were as follows:  

 Graph 1 shows the execution times of images, 

when the size of the filter mask increases, execution 

time is proportional, due to the number of operations 

also increasing.  Note that the proportion of 

processing time in relation to total time increases 

when the filter mask size is greater, because the 

number of operations in the processing of the image 

increases considerably. 

 

 
 

Graph 1: Image Processing Time Version 1. 

 

 In Graph 2 on the other hand the performance is 

better due to the architectural characteristics of the 

computer utilized, involving the processor, main and 

secondary memory, proportioning better performance 

in the execution of the code. 

 

 
 

Graph 2: Image Processing Time Version 2. 

 

 Graph 2 shows the execution times of version 1 

in computers whose use of the source code 

optimization has improved the performance of the 

application considerably.  

 Graph 3 presents the times obtained in the 

execution of version 2 in computers with superior 

velocity compared to Version 1 with a gain in time 

higher than six times. 

Graph 4 shows the execution times of version 3 in a 

computer with processors, in which its version was 

optimized fitting the executable code to the 

architectural characteristics of the two available 

processors.  Performance improved considerably 

when compared to the original version.  Maximum 

velocities attained are analysed in Graphs 5 and 6. 

 Graph 5 shows the maximum velocity obtained 

using image resolution with greater performance 

compared to the previous Graphs.  As a proposal for 

future work research is suggested on the processing 

velocities, the images used and possible risks in the 

minimization of optimization of images.  
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 Graph 6 shows the processing velocity attained 

using greater image resolution for the computers 

available for testing. 

 

 
 

Graph 3: Image Processing Time Version 3. 

 

 
Graph 4: Image Processing Time Version 4. 

                                                                           

 
 

Graph 5: Image Processing Time Version 5. 

 

 
 

Graph 6: Image Processing Time Version 6. 
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Conclusions: 

 This article has suggested that one should think 

of optimization of software performance from the 

start of any software development process (SDP) 

until the a posteriori programming stages.  The fitting 

of the architectural characteristics of the computer to 

be utilized in the execution of software developed is 

extremely important and should make up part of the 

SDP.  It is also suggested that it is possible to obtain 

quite significant gains in relation to the execution 

performance, although there are still improvements 

to be analysed and proposed as studies for future 

work.  

 It is believed that the main contributions of this 

article will be to divulge the utilization of 

performance optimization related to architecture and 

parallel processing; to emphasize that the software 

development process should take into consideration 

the possibilities of software performance 

optimization considering the suitability of the same 

to the architecture in which it will be executed; 

present the application of performance optimization 

in real applications for example in technological 

innovation projects. 

 It is suggested that the path to obtaining high 

performance is not always the utilization of clusters 

and multiprocessors.  One can also use architectural 

characteristics related to the internal parallelism of 

the processors and obtain gains in technological 

optimization.  

 As a proposal for future studies, we suggest the 

utilization of other optimization techniques for better 

performance of the applications adopted here, 

highlighting technological innovation and future 

applications in business environments. 
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