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ABSTRACT

The objective of the software system is the ability to
quickly solve complex requirements and to have a
more flexible architecture to apply changes faster. In
general the software requirements grow more
complex from time to time. Also the software
should be highly configurable in no time or very less
time the product should hit the software market
before the competitor product reaches the market.
This paper analyses the metrics of the software
developed using automated multi-agent based
framework prototyping a process in comparison to
other engineering industry.
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I. INTRODUCTION

Recent statistical study says “17 percent of
large IT projects go so badly that they can threaten
the very existence of the company, on average, large
IT projects run 45 percent over budget and 7 percent
over time, while delivering 56 percent less value
than predicted [11]”. These numbers suggests there
are still some fundamental issues with respect to
software development. After comparing with other
engineering disciplines, Jack Greenfield and Keith
Short [12]prescribed One-off development or
development in isolation, Monolithic system -
increasing system complexity, working at low levels
of abstraction, process immaturity and rapidly
growing demand for software systems as the
primary reasons for lack of predictability in software
development.
Current software languages and tools work at low
levels of abstraction to provide greater flexibility.
Even though the third generation languages do
justice by increasing the level of abstraction without
compromising flexibility, still the level of
abstraction is not higher enough to produce reusable
code across domain and platforms. Software
development processes are not matured enough in
comparison with other engineering disciplines to

produce flexible and predictable software. Rapidly
growing demand of software increases along with
the size and the complexity of the software. This
brings in the necessity of standardization of software
systems like other engineering divisions where two
entirely different products could exchange their
parts.

AGENTS BASED SOFTWARE DESIGN

Design of multi-agent based software in order to
achieve

a. Reusability of behaviors by the way of agent

design
b. Reactive, proactive, autonomous and decision
making skills

c. Dynamically configure agent behaviors,
actuators, sensors and construct agents using
configuration

d. Create more modular mechanism

e. Achieve secure communication

f.  Achieve greater separation of concern

VALIDATING AGENT BASED SOFTWARE
SYSTEM

In the process of quantitative analysis, four
open source software is chosen and various
parameters from the code metrics were analyzed.
They were named as software “A”, “B”, “C” and
“D”. Software “D” is agent based software has
closer practices followed in this research. Even
though software “D” did not use models and code
generation but chooses technology of agent
framework. In the perspective of validation the
model development and code generation is outside
the scope of quantitative analysis.

Using software metrics tools the data is
collected for all the four software chosen to the
method and class level. The abstract data looks like
given in figure 1. The summary values for the
software “A”, “B”, “C” and “D” is given in figure 2,
3, 4 and 5 respectively.
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Cyclomatic
Complexity (CC) |IL Cyclomatic Complexity (ILCC) [NbTypesUsingMe [NbTypesUsed |Instability  |Depth of inheritance |# Children |Association Between Types (ABT) |Lack of Cohesion Of Methods (LCOM) |Rank

fileController

fileController

Figure 2: Summary metrics values for software “A”

Cyclomatic Complexity (CC) (IL Cyclomatic Complexity (ILCC) |[NbTypesUsingMe |NbTypesUsed |Instability Depth of inheritance |

' Figure3: Summary metrics values for software “B”
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sums 4428 6179 1 248 4292 232.5589176 498
A\-‘erage:l 15.?02' 23.494 4.2887 14.749 0.799171538 1.8652
Minimum:l 0 Q 0 2 0.043478261 1
Maximum: 203 293 66 95 1 7
Standard deviation: 23.873 35.435 7.9374 12.575 0.224458988 1.5005
Wariance: 569.93 1 255 63.003 158.12 0.050381838 2.2515
Sum: 128 4 755 96.664 169.85 228 13 310
Average: 0.50593 16.34 0.36754 0.58368 1.916 50.608
Minimum: 0 0 0 0.15 1 0
Maximum: 18 151 1 7.33%6 6 668
Standard deviation: 2.179 23.326 0.37079 0.93329 1.1492 78.56
Variance: 4.748 544,11 0.13748 0.87102 1.3207 6171
Figure 4: Summary metrics values for software “C”

sum; 822 1411 561 1832 103.8419215 199

Average: 9.1333' 11.857 4,218 13.774  0.780766327 1.6179

Minimums: 1] 1] 0 Z  0.064516129 1

Maximum: 54 a3 39 74 1 7

Standard deviation: 11.497 16.241 7.1455 12.757 0.20852428 0.87903

Variance: 132.18 263.77 51.058 162.75 0.043482375 0.77269

Sum: 63 1698 25.009 91.048 96 2124

Average: 0.6 12.767 0.21016 0.68457 1.6 17.849

Minimum: 0 0 0 0.15 1 i

Maximum: 29 17 1 7.9377 5 116

Standard deviation: 3.1308 18.565 0.31478 1.1432 1.052 26.152

Variance: 9.8019 344,66 0.099089 1.3069 1.1067 683.93

Figure 5: Summary metrics values for software “D”

The metrics and their analysis is given below in
Figure 6

i) Lines of Code (Loc) — Number of lines of
code available with a specific class

i) Lines of IL instructions (ILoc) — Number
of lines of code available in the intermediate
language in Common Language Runtime (CLR).
iii) Afferent coupling (Ca) — Number of types
outside this package that depend on types within
this package.

iv) Efferent coupling (Ce) — Number of types
within this package that depend on the types
outside this package.

V) Instability (I) — ration of efferent coupling
to total coupling

i.e.1=Ce/(Ce+Ca)
Instability = O indicates completely stable package,
painful to modify.

Instability = 1 indicates completely instable
package.
vi) Cyclomatic Complexity (CC) - The

number of decisions that can be taken in a
procedure, this depends on number of branching,
looping statements available in the code of a
particular method.

For a method CC > 15 then it would be hard to
understand CC > 30 the method is extremely
complex.
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Figure 6: Software Metrics comparison of agent based software with other software’s

I1. CONCLUSION

The analysis proves the agent based
software development addresses the key issues of
software development by raising the level of
abstraction, providing necessary modularity and
providing better results for the range of software
metrics. Additionally the design carried out for
simulation indirectly satisfies the challenges of
solving complex requirements, reducing time to
market, faster implementation of change in
requirement, lowering cost of production and
maintenance. Overall the agent based software
developments provides a step towards resolving
challenges in the software industry in providing

practices equivalent to other engineering
disciplines.
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