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Abstract: This research paper proposes a Software Complexity Code Framework Based on an empirical analysis of Software Cognitive Complexity 
Metrics using an Improved Merged Weighted Complexity Measure. Software Development Industry in Kenya is dominated by a myriad of Small 
Software Developers firms. It was observed that majority of the Small Software Developers Organizations have 2 - 20 employees indexed by 62.4%, 
whereas Large Software Developers Organizations index 30.4% [1]. The increased complexity of modern software applications also increases the 
difficulty of making the code reliable and maintainable. This research paper measures one internal measure of software products, namely software 
complexity. I develop a Software Code Complexity Framework using a proposed cognitive complexity metric for evaluating design of object-
oriented (OO) code. The proposed metric is based on important features of the Object Oriented Systems: Inheritance, Control Structures, Nesting and 
Size. The proposed metric is applied on a real project for empirical validation and compared with Chidamber and Kemerer (CK) metrics suite [2]. 
The practical and empirical validations and the comparative study prove the robustness of the measure. The outcome of this Model leads to a 
development of Software Code Complexity Framework; a tool-set for static analysis of Java/C/C++ source code: a combination of automatic code 
review and automatic coding standards enforcement. 
 
Keywords: Software Code complexity, Metric, Framework, Object Oriented System, Cognitive Complexity  

I. INTRODUCTION 

Object Oriented scheme have come to control software 
engineering over the last two decades. The improvement and 
modification in these techniques are still undergoing 
research [1]. More and more organizations are adopting 
these techniques into their software development practices. 
A result of the growth in popularity of object oriented 
programming is the introduction of number of software 
design metrics. Although most of these metrics are 
applicable to all programming languages, some metrics 
apply to a specific set of programming languages [2], among 
these metrics some have been proposed based on cognitive 
complexity called Cognitive Complexity Metrics. Wang [3] 
observed that the traditional measurements cannot actually 
reflect the real complexity of software systems in software 
design, representation, cognition, comprehension, and 
maintenance. Today, the relevant literature provides a 
variety of object oriented metrics [4-5], to compute the 
complexity of software.  

The metrics presented in this survey are for Object–
oriented programming. Still there are other Object Oriented 
Cognitive Complexity Metrics specially developed for 
Object Oriented programs. Cognitive complexity measures 
are the human effort needed to perform a task difficulty in 
understanding the software. The cognitive complexity is an 
ideal measure of software functional complexities and sizes, 

because it represents the real semantic complexity by 
integrating both the operational and architectural 
complexities. In this research paper, an attempt has been 
made to develop a very simple Framework for calculating 
the complexity of code in terms of cognitive weights. This 
method is the most suitable due to not only its simplness but 
also it provides the complete information about the 
information contents of a Program code. There is continuous 
effort to find a comprehensive complexity metric, which 
addresses most of the parameters of software. The outcome 
of this research paper leads to automation of the Merged 
Weighted Complexity Metric including other complexity 
metrics by developing a; Software Code Complexity 
Framework; a tool-set for Static Analysis of Object Oriented 
Systems Source Code. a combination of Automatic Code 
Review and Automatic Coding Standards Enforcement. 

II. SOFTWARE COMPLEXITY 

Bill Curtis [6] has reported two types of software 
complexity; (i) Psychological complexity affects the 
performance of programmers trying to comprehend or 
modify a class/module. (ii) Algorithmic or computational 
complexity characterizes the run-time performance of an 
algorithm. Brooks [7] states that the complexity of software 
is an essential attribute, not an accidental one.  Essential 
complexity arises from the nature of the problem and how 
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iterative control structures like for loop, while .. do, do .. 
while contribute more complexity than decision making 
control structures like if .. then .. else. Therefore, we assign 
different weights to different control structures.  

C. Nesting of Control Structures: 

A statement which is at the deeper most level of nesting 
( the inner most level ) of control structures is harder to 
understand and thus contributes more complexity than 
otherwise. We also take effect of nesting of control 
structures by assigning weight 1 to statements at level one 
i.e. the outer most level, weight 2 for those statements which 
are at level 2 i.e. the next inner level of nesting and so on. 
The weight for sequential statements is taken as zero.  

D. Size: 

Size is also considered one of the parameter of 
program/class complexity. A class with more methods is 
harder to understand than a class with less number of 
methods and hence contributes more complexity [23]. Large 
programs incur problem just by virtue of volume of 
information that must be absorbed to understand the 
program and more resources have to be used in their 
maintenance. So, size is a factor which adds complexity to a 
program/class.  

By taking these factors into account, a weighted 
complexity measure for an object-oriented program P was 
suggested as: 
 

     n 

Cw =          Ek * (Wt )k   ……. Equation 1 
                         

   k=1 
Where; 
 
Cw   - Improved Merged Weighted Complexity Measure    

[IMWCM] of Program P, 
 
n    - Total Number of Executable Statements in Program P, 

 
Σ    - Summation Symbol, 
 
*   - Multiplication Symbol, 
 
k    - Index Variable,  

 
(Wt)k     - Total Weight of kth Executable Statements in Program 

P, 
ΣEk     - Summation of kth Executable Statements in terms of 

{Operators, Operands, Methods, Strings & Functions}. 
 

∑Ek = Eo + Es + Em + Es + Ef    ……………….…………..  (1) 
 
Where; 
Eo    - Number of Operators in an Executable Statement [P] 
Es    - Number of Operands in an Executable Statement [P] 
Em   - Number of Methods in an Executable Statement [P] 
Es    - Number of Strings in an Executable Statement [P] 

Ef  - Number of Functions in an Executable Statement [P] 
 

 
Wt = Wn + Wi + Wc ………………………………. (2) 

 
Where; 

 
Wn = weight due to Nesting Level of Control Structures where it is;  

 = 0 for sequential statements,  
 = 1 for statements inside the outer most level of control 

structures,  
 = 2 for statements inside the next inner level of control 

structures and so on.  
Wi = weight due to Inheritance Level of Statements in classes 

where it is; 
 = 0 for statements inside the outer most level of 

inheritance i.e. inside base class,  
 = 1 for statements inside the next level of inheritance i.e. 

first derived class,  
 = 2 for statements inside the next deeper level of 

inheritance i.e. next derived class  
    and so on.  

Wc = weight due to Types of Control Structures where it is; 
 = 0 for sequential statements,  

 = 1 for decision making control statements like if .. then 
.. else,  

 = 2 for decision making control statements like while .. 
do, for loop, do .. while,  

 = n for switch statement with n cases.  

IX. COMPARATIVE STUDY OF THE WEIGHTED 
COMPLEXITY MEASURE METRIC 

In this section, the research paper adapts a ‘C’ program 
for analysis of the result then calculates the Cognitive 
Weight Complexity Measure (CWCM) for the program 
codes. Finally compares Cognitive Weight Complexity 
Measure with Cognitive Functional Size. The value of 
Cognitive weight complexity measure and cognitive 
functional size are given in the following respective tables 
below.. 

Table 6: Calculation of Metric Cw for Prog 1- [(S)j] 

Statement Number  Executable Statement  (S)j  

s1  void Abc::input()  4  

s2  count<<“enter value”  3  

s3  cin>>a>>b>>c  7  

s4  void Abc::output()  4  

s5  count<<“A=“<<a  5  

s6  count<<“B=“<<b  5  

s7  count<<“C=“<<c  5  

Table 7: Calculation of Metric Cw for Prog 1 – [(Wt)j] 

Statement 
Number  

Executable 
Statement  

Wa  Wi  Wc  (Wt)j  

s1  void Abc::input()  0  1  0  1  

s2  count<<“enter 
value”  

0  1  0  1  

s3  cin>>a>>b>>c  0  1  0  1  

s4  void Abc::output()  0  1  0  1  

s5  count<<“A=“<<a  0  1  0  1  
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B. Metrics: 

It can gather large number of metrics including many 
basic metrics, some advance metrics and some custom 
metrics. During the evaluation of this tool it is found that 
some of the commonly used metrics aren't included in this 
tool, for example is it missing all Halstead metrics. It is also 
observed that all metrics aren’t available for all the 
languages the tool can analyzed. However it can gather 
about 74 metrics and most of the metrics are available for 
C/C++.  

C. Features: 

It is a GUI tool for all operating systems this tool 
supports. It outputs reports in graphical, textual and HTML 
format. It comes with a programming editor. It has a code 
check feature that checks the code for coding standards. The 
coding standards it has for code check are Effective C++ 
(3rd Edition), MISRA-C 2004 and MISRA-C++ 2008. A 
very nice feature of this tool is the plug-in support which 
allows users to define and add new metrics to the 
functionality.  

D. Critical Analysis: 

This tool is more useful for the developers than the 
management. It has features like code check and code editor 
that aren't generally needed for the management. Although 
this tool can gather large variety of metrics but it doesn't 
provide any recommended maximum and minimum values 
for the metrics. The feature of comparison among various 
releases of software is also not a part of this tool. Project is 
created manually and since it has the GUI interface it is 
maybe hard to automate it. Manually created projects with 
an in-built feature of code editing allow for unwanted 
changes to the code and lead to the problems of code 
security and safety. It has no in-built support for integration 
with any code repository; therefore code has to be available 
locally before the analysis can perform. During the analysis 
on actual code it produced some strange results. Value of 
4576376.0000 is calculated for a metric “CountPath” when 
this tool was analyzing a package "Test". This value is way 
too strange and with no recommended maximum or 
minimum guidance, it even becomes more confusing.  

XVI. EVALUATION SUMMARY OF ALL TOOLS  

The tools evaluation proved that functionality wise the 
tools differ greatly. Some of the tools try to do too much, 
from complexity measurements to coding standard checks, 
from function level to project level, from bug detection to 
bug prevention and some provide code editing facility as 
well. On the other side, some tools keep their focus on 
complexity measurements only with either small or large 
number of metrics. Language support also varies among 
tools. Some tools support multiple languages at the same 
time while others are one language specific tools. Some 
tools work as standalone but some has integration features 
with IDE's. Visual Studio has its own complexity 
measurement feature in it. LOC or its variants and McCabe 
Cyclomatic complexity are the most common metrics for 
every tool. The way of creating code analysis reports is also 

different in most tools. Most of the tools are designed to 
help software developers, especially those tools that can be 
integrated with IDE's and gather large number of metrics.  

XVII. PROPOSED SOFTWARE CODE COMPLEXITY   
FRAMEWORK TOOL BASED ON A MERGED 

WEIGHTED COMPLEXITY MEASURE METRIC 

Among all the tools analyzed in this research paper there 
were no tools that adapted or used Cognitive Informatics 
metrics. Therefore this shows that there is a big gap and a 
great need for a new Software Code Complexity Analysis 
And Measurement Tool that adapts or is based on Cognitive 
Weights and Informatics for greater comprehensibility of 
software codes and entire complete programs at large out 
there in the market. 

Software Code Complexity Framework will provide a 
way to check your code using; 
a. The Improved Metric  [Merged Weighted Complexity 

Measure Cw] 
b. Published Coding Standards 
c. And Custom Standards. 

These Checks can be used to verify Naming Guidelines, 
Metric Requirements, Published Best Practices, or any other 
Rules or Conventions that are important. Complexity 
Measurement and Analysis is a process where key figures 
are derived from existing source code. These key figures 
then serve as indicators to judge a source code’s quality. 
Obtaining key figures is accomplished by certain 
arithmetic’s directly applied to the source code. In General, 
arithmetics that are applied in complexity measurements are 
called Metrics. They make up a set of formulae that is 
provided by code metrics tools. Software Code Complexity 
Framework [Software Code Complexity Framework] is 
tool dedicated to measure the complexity of source code 
written in C, C++ .  

A. Published Coding Standards [40]: 

You will find many "checks" straight from the following 
published standards: 

i. Effective C++ (3rd Edition) Scott Meyers 
ii. MISRA-C 2004 

iii. MISRA-C++ 2008 

B. Software Code Complexity Framework Metrics: 

Software Code Complexity Framework is very efficient 
at collecting metrics about the code it analyzes. These 
metrics can be extracted automatically via command line 
calls, viewed graphically, dynamically explored in the GUI, 
or customized via the Software Code Complexity 
Framework Java - NetBeans API. They can also be reported 
at the Project Level, for Files, Classes, Functions or User 
Defined Architectures. Most of the metrics in Software 
Code Complexity Framework -  can be categorized in the 
following;   

i. Improved Metric [Merged Weighted Complexity Metric 
Cw] 

ii. Complexity Metrics (e.g. McCabe Cyclomatic) 
iii. Volume Metrics (e.g Lines of Code) 
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XXIII. CONCLUSION 

The outcome of the Framework developed from the 
improved merged weighted complexity metric shows that; 
The tool is capable of performing code analysis 
automatically on regular basis. It proves that the automatic 
measurement of source code complexity is possible to 
implement. The tool is helpful for developers to view the 
quality of their code in terms of code metrics. Potentially 
fault-prone code can easily be identified which can suggest 
developers about the code that requires refactoring. The 
change of code may also help the testers to focus their 
testing efforts on those parts of code that are changed.  The 
automatic logging feature will allow for real-time 
monitoring of the tool. The configuration interface shall 
allow for simple addition/alteration of configuration 
specification. As complexity and code size grow for each 
year, so does the problem of releasing high-quality software. 
An Improved Weighted Composite Complexity Measure has 
been used which takes into account different aspects of 
complexity: size, control structures, their nesting and 
inheritance level of statements in classes. The research 
paper shows that the effect of these structures on complexity 
is quite significant.  It is a robust method because it 
encompasses all major parameters and attributes that are 
required to find out complexity.  
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