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Abstract
Software complexity is widely regarded as an important 
determinant of software maintenance costs.
Increased software complexity means that maintenance and 
enhancement projects will take longer, will cost more, and 
will result in more errors. In this paper we review the Software 
Complexity Measurement and Recitation
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I. Introduction
One way to start the quest for a model of software complexity is 
to examine the origins of the concept. The intention is to be able 
to define what we mean by software complexity by examining 
where it comes from. To solve this problem we set out by looking 
at the different phases of the software product life cycle and try to 
derive different types of complexity from these stages.
Although there is very little written about the origin and nature 
of software complexity, some suggestions of a definition can 
be found. Most of them are based on the notion that software 
complexity is the degree of difficulty in analyzing, maintaining, 
testing, designing and modifying software. Our approach to the 
concept of software complexity, in this master thesis, will be 
similar to the one of these researchers. With this basis it could 
be expected that different types of complexity are created during 
each stage of the product life cycle. Hence, we are suggesting a 
twofold classification of complexity:

complexity of the problem,  which is the inherent complexity, • 
created during the requirements phase, and;
complexity of the solution (also referred to as added • 
complexity), which is the complexity being attached to the 
complexity of the problem. This type of complexity is added 
during the development stages following the requirements 
phase, primarily during the designing and coding phases.

Another way to look at software complexity is to see it as the 
resources needed for the project, or the efficiency of the project. 
With this approach, the complexity of a problem can be defined 
as the amount of resources required for an optimal solution of the 
problem. Then complexity of a solution can be regarded in terms 
of the resources needed to implement a particular solution. These 
resources have at least two aspects: time, i.e. computer time and 
man-hours, and space, i.e. computer memory. The idea behind this 
typology is that when we can measure how and when complexity 
is brought into the project, we will also know which stage in 
the product life cycle we need to focus on, to be able to control 
and hopefully reduce the software complexity. The advantage of 
this approach is also that by concentrating on how to measure 
complexity at different phases of the development, we can create 
models for predicting how much complexity will be added to the 
project later in the process. The fact that complexity is created 
over time makes it also hard to define and measure. How are we 
going to summarize the complexity deriving from the problem, 

the design and the code in one single number? Researchers have 
recognized this difficulty, and therefore suggested that complexity 
should be discussed from several perspectives and that there are 
several characteristics of software that must be measured to get a 
general understanding of what complexity is. This leads us to an 
attempt of defining what we mean by software complexity.

II. Nature of Software Complexity
That complexity is strongly connected to the amount of resources 
needed in a project is something that is stated by most of the 
researchers of software metrics ( Tadesse, Milkias 2013,Syed 
Muhammad Ali Shah, Maurizio Morisio 2013, Sandro Morasca 
2013, Gagandeep Singh  Hardeep Singh 2013, Mark A. Jacobs 
2013). The notion is that a more complex problem or solution is 
demanding more resources from the project, in form of man-hours, 
computer time, support software etc. A large share of the resources 
is used to find errors, debug, and retest; thus, an associated measure 
of complexity is the number of software errors.
But since our intuition tells us that a solution that is more complex 
than another also is more likely to need a larger amount of effort, 
the notion of complexity is naturally bound to the concept of size. 
We think that by examining these relationships, firstly between 
complexity and size and secondly between complexity and number 
of errors, we can also understand how complexity is connected 
to productivity and quality.
We have already recognized that there are many categories of 
software complexity, but that it is hard to combine all these 
categories in one overall measure of complexity. Rather, our 
approach is to interpret complexity in different ways, and then 
try to build a model of how these different aspects of complexity 
is influencing productivity and quality .
In that case, how are we going to properly define software 
complexity? Based on the literature (Tadesse, Milkias 2013,Syed 
Muhammad Ali Shah, Maurizio Morisio 2013,) we would like 
to suggest that software complexity is made up of the following 
parts:

Problem complexity (which is also called computational 1. 
complexity) measures the complexity of the underlying 
problem. This type of complexity can be traced back to the 
requirements phase, when the problem is defined. If the 
problem can be described with algorithms and functions it 
is also possible to compare different problems with each other, 
and try to state which problem is the most complex.
Algorithmic complexity reflects the complexity of the 2. 
algorithm implemented to solve the problem. This is where the 
notion of efficiency is applied. By experimentally comparing 
different algorithms we can establish which algorithm gives 
the most efficient solution to the problem, and thus has the 
lowest degree of added complexity. This type of complexity 
is measurable as soon as an algorithm of a solution is created, 
usually during the design phase. However, historically 
algorithmic complexity has been measured on code, where 
the mathematical structure is more apparent.
Structural complexity measures the structure of the software 3. 
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used to implement the algorithm. Practitioners and researchers 
have recognized for a long time that there may be a link 
between the structure of the products and their quality. In 
other words, the structure of requirements, design, and code 
may help us to understand the difficulty we sometimes 
have in converting one product to another (as, for example, 
implementing a design as a code), in testing a product (as 
in testing code or validating requirements, for instance) or 
in predicting external software attributes from early product 
measures.
Cognitive complexity measures the effort required to understand 4. 
the software. It has to do with the psychological perception or 
the relative difficulty of undertaking or completing a system. 
However, since this aspect of complexity is more an object 
of study for the social scientists and psychologists, we are 
not considering it in this report. Nonetheless, it is important 
to notice that the human mind is a constraint for the software 
process, and that it influences the attributes of the software 
we want to measure, such as quality and productivity.

Algorithmic and structural complexity (together with cognitive 
complexity) can be used to measure the complexity of a solution 
and especially the added complexity. Problem complexity is 
instead directly connected to the complexity that is generated 
by the originally requirements. Therefore, it is obvious that the 
aspects of complexity that are measurable during the software 
development process, are algorithmic and structural complexity. 
But measuring the problem complexity is also of interest to us 
when we want to predict the effort or resources needed for a 
specific project. By comparing new problems with old ones and 
considering the effects of the solutions to the old problems, we are 
able to predict the attributes of the solution to the new problem, 
such as cost, fault density, size etc.

III. Software Metrics
Intuitively one could guess that “software metrics” is involved 
with numbers and measuring different aspects of the software 
development process. But to structure our own minds, and to give a 
more precise idea of what we mean by “software metrics”, we need 
a definition. If we turn to the literature we can find several such 
definitions, which give more or less the same interpretation of the 
term. Goodman (1993) defines software metrics as “the continuous 
application of measurement-based techniques to the software 
development process and its products to supply meaningful and 
timely management information, together with the use of those 
techniques to improve that process and its products” (p. 6). As 
one can understand, this definition covers quite a wide field of 
application, but the main focus is on improving the software 
process and all the aspects of the management of that process. The 
main situation for use of software metrics is in decision making, 
which is emphasized by Grady (1992): “Software metrics are used 
to measure specific attributes of a software product or software 
development process … they help us to make better decisions” (p. 
1. This definition also pinpoints one of the problems of software 
development today: the lack of information for predicting and 
evaluating software projects. We will come back to this in the 
following sections.
Now that we have a more established idea of what software metrics 
is, we also need to ask ourselves if and why software metrics 
matters. Why do we need to measure software? One way to answer 
this question is to identify the problems that could arise if we do 
not use software metrics in our projects. We have identified at 
least three groups of difficulties for developers and managers, 

who do not have a notion of software metrics:
1. They cannot set up measurable goals for their software products, 
since they do not know if they have reached them. For example, 
they can promise that this or that product should be user-friendly, 
reliable and easy to maintain, but as long as they do not clearly 
and objectively specify what they mean by these terms they do 
not know if they have met their goals. 
2.  For most projects it is rather easy to establish the total cost, 
but it is harder to distinguish the costs at different stages of the 
software development process from each other, for example the 
cost of design from the cost of coding or testing. One reason for 
many complaints from the customers is also the failure to give 
a correct estimate of cost. If the managers cannot measure the 
components of cost it is almost impossible to control the total 
cost, and consequently hard to give an accurate quotation to the 
customer.
3. Finally, developers and managers fail to quantify or predict 
the quality of the products they produce. Thus, if the customer 
want to know how reliable a product will be, or how much work 
will be needed to change the product, they cannot give him the 
answer. The result of this is that the customer, since he is lacking 
valuable information, that perhaps other companies supply him 
with, recognizes that he is taking a risk if he chooses their product 
and therefore purchases a substitute. Based on this inventory of 
software development pitfalls we can list three basic activities 
for which measurements are important. First, we can identify 
measures, which are used to understand what is happening during 
the different stages of development and maintenance. Through 
measurements we can see clearly the relationships among 
activities, which factors that influence the development process 
and how they can be influenced. Second, software metrics can 
help us control the activities in our projects. When we understand 
the relationships, we can use our goals and baselines to try to 
predict what will happen and make changes to processes and 
products in order to meet our goals. Third, measurement supports 
the activity to improve our processes and products. For example, 
by sorting out those parts of the project that does not meet our 
quality requirements, and deposit more resources to monitoring 
these parts, we can improve our overall quality.
The components in software metrics
Software metrics includes many types of models and measures 
used in the situations described above. There are many proposals 
in the literature of how to classify these areas and we have tried 
to summarize them in the following categories:
1.   Cost and effort estimation models. The aim of these models is 
to predict the total cost of a software development project mainly 
at the requirement stage, but also to track the costs during the 
whole product life cycle. An example of such a model is Albrecht’s 
Function Points model. The models often share the approach 
of effort expressed as a function of one or more variables (for 
example size, capability of the developers and level of reuse). 
Size is usually computed by counting Lines of Code or number 
of functions points.
2.   Productivity models and measures. When combining measures 
of size and effort or cost there is the possibility to reach a 
productivity measure. Based on the collection of productivity 
data from finished projects, managers can also build models for 
assessing and predicting staff productivity in future projects. These 
models and measures are on different levels of sophistication from 
the traditional ones, that divides size by effort, to ones that take 
more factors into consideration, such as quality, functionality 
and complexity.
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3.   Quality models and measures. As we have noticed productivity 
cannot be viewed in isolation. The speed of production is 
meaningless if the product is of inferior quality. This discovery 
has led software engineers to develop models of quality whose 
measurements can be combined with those of productivity 
models.
4.   Reliability models. Most quality models include reliability 
as a factor, but the need, above all generated from the customers, 
for reliable software has led to the specialization in reliability 
modeling and prediction. Reliability models are usually statistical 
models for predicting mean time to failure or expected failure 
interval.
5.   Structural and complexity metrics. Some quality attributes, 
like reliability and maintainability, are not measurable until the 
operational version of the code is available. To be able to predict 
which modules in a system that are less reliable than others, 
different predictive theories have been established to measure 
structural attributes of the software to support quality assurance, 
quality control and quality prediction. Examples of such theories 
are Halstead’s measures of effort, difficulty, volume and length, 
as well as McCabe’s cyclomatic number.

V. State of Art
Tadesse, Milkias (2013) states that software complexity is • 
one aspect that should be raised during the development of 
software. It is considered as one factor linked with different 
characteristics of quality in software. Since there are multiple 
developers located in different places who commit their codes 
to repositories, there is a need to understand the complexity of 
OSS before using them. A systematic use of object oriented 
design metrics can be useful in helping to solve this. In 
his paper, the complexity of the most popular open source 
software is investigated by the use of statistical assessment 
of the metrics. In order to facilitate this, he includes a case 
study to investigate complexity of ten popular projects that 
are available sourceforge. His case study has shown that 
applying software metrics that would measure the different 
aspects of software would be useful in analyzing, studying 
and improving the complexity of open source software.
Syed Muhammad Ali Shah, Maurizio Morisio (2013) clustered • 
the complexity metric values and defects in three categories 
as high, medium and low. Consequently they observe that for 
some complexity metrics high complexity results in higher 
defects. They called these metrics as effective indicators of 
defects. In the small category of projects they found LCOM 
as effective indicator, in the medium category of project we 
found WMC, CBO, RFC, CA, CE, NPM, DAM, MOA, IC, 
Avg CC as effective indicators of defects and for a large 
category of projects they found WMC, CBO, RFC, CA, 
NPM, AMC, Avg CC as effective indicators of defects. The 
difference shows that complexity metrics relation to defects 
also varies with the size of projects.
Sandro Morasca (2013) described the foundations of • 
measurement established by Measurement Theory and show 
how they can be used in Software Measurement for both 
internal and external software attributes. They also describe 
Axiomatic Approaches that have been defined in Software 
Measurement to capture the properties that measures for 
various software attributes are required to have. Finally, they 
show how Measurement Theory and Axiomatic Approaches 
can be used in an organized process for the definition 
and validation of measures used for building prediction 

models.
Gagandeep Singh, Hardeep Singh (2013) gathered object • 
oriented metrics and studied the changes in the values over 
different releases of software applications. They found that 
software tends to become more complex over the series 
of releases and maintaining them becomes a difficult task. 
They also investigated the applicability of Lehman’s Law 
of Software Evolution using different metrics and found 
that Lehman’s laws related to increasing complexity and 
continuous growth are supported by computed metrics.
Mark A. Jacobs (2013) presented the Generalized Complexity • 
Index (GCI), and illustrates it using publicly available data 
from the cruise line industry. The GCI employs the product 
structure diagram to create a geometric structure from which 
the level of the three dimensions of complexity (multiplicity, 
diversity, and interconnectedness) can be computed. The 
GCI is a function of these three dimensions. A significant 
advantage of the GCI is that it can be applied at multiple levels 
of analysis including product, portfolio, and supply chain. 

VI. Conclusion
Software complexity is the all-embracing notion referring to 
factors that decide the level of difficulty in developing software 
projects. In this master thesis we have examined the concept 
software complexity and its effect (Risk Analysis) on software 
projects.
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