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ABSTRACT

This paper proposes a new technique for the measurement of
ACOS and ASSOS of the Statechart diagram using Program
Slicing. The Statechart diagram contains the dynamic
information of the Object-Oriented system. In this research
work, State Dependency Graph (STDG) is generated from the
Criteria table of the Statechart diagram. Then, the STDG is
dynamically sliced, which results easy understandability of
statechart diagram for an effective communication among the
developers. These slices can be further used to measure
accurate ACOS represents cohesion & ASSOS represents
coupling, from values of COS and SS respectively. The
objective of this new approach is to measure the accurate
results of ACOS and ASSOS in contrast to the previous
research.
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1. INTRODUCTION

A state diagram used to model dynamic nature of a system
and describes a state machine. It basically deals with different
states of an object during its lifetime so describes the flow of
control from one state to another state. These states are
changed in respond to certain external or internal events. In
fig 1 the state diagram [1] is showing the behavior of a light
system with the five different states (1, 2, 3, 4, and 5). Each
state represents the state of an object with different value of
brightness and ON or OFF semantic [1].

2. RELATED WORK

For evaluating understandability of the statechart diagram,
semantic based Cohesion and Coupling has been proposed in
[1] and slicing of State-based Models has been proposed in
[8], [5], [9]. Data dependence for Slicing Statechart and data
dependence from Statechart is given in [6], [7], which
describes the dependence graph in a better way. Defining and
validating Metrics for UML Statechart has been described in
[4]. In the coming parts of this paper , first draw a state
dependency graph , then apply slicing technique over graph ,
then calculate COS and SS, further apply ACOS and ASSOS
metrics over the sliced parts and observe and comparing the
results.
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3. STATE DEPENDENCY GRAPH

3.1 Statechart Diagram

Fig 1 shows the Statechart diagram of a Behavior of a light
system. Now we have to draw its state dependency graph by
following criteria given below in table [1]. In this Statechart
Diagram, we have two semantics like ON, OFF with
corresponding (b=1, 2, 3; bright=1, 2, 3) event fired on a state
then it moves to another state. Figure is taken from [1].
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Fig 3: Statechart diagram of light system

3.2 Draw a Criteria table for STDG

In above Table , we have two semantics ON and OFF, When
an event is fired on state of an object with appropriate event
value like b=1,2,3 or bright=1,2,3 , then it moves to next state,
[7] following the above criteria table , we can draw the State
Dependency Graph (STDG) [6], [7].
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Table 1: A Criteria table

Semantic | Event State Next
State

ON b=1 S2 S3

S3 S3

S4 S3

S5 S3

b=2 S3 S4

S5 S4

S3 S5

b=3 S5 S5

S2 S5

S3 S5

S4 S5

OFF bright=1 S3 S1

bright=2 S4 S1

bright=3 S5 S1

3.3 Draw a final STDG

Draw a STDG by following the criteria table [7]. A state will
be represented by a circle and dependencies will be shown by
directed edges between the circles [6], [7]. By following the
criteria table of the Statechart Diagram, we can draw a state
dependency graph shown in figure 2. In state dependency
graph, we have five states s1, s2, s3, s4, s5 and corresponding
dependencies can be shown by the directed edges between
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States. Fig 2: State Dependency Graph (STDG)

4. DYNAMIC SLICING OF STDG

A slicing technique is basically used to facilitate the process
of testing and debugging [8], [5], [9]. There are two types of
Slicing like Static slicing and dynamic slicing. A static slicing
is formed by eliminating those parts of the program that are
not relevant to the values stored in the selected set of variables
at the selected point of interest. A dynamic slice is regarding
with finding all statements that can affect its value for the
current input, instead of  all the statements that could
influence the value of the variable for any inputs [9]. In this
paper we have applied the dynamic slicing because the state
of the object in these types of diagram is continuously
changing[8], [5]. Dynamic slices of the State Dependency
Graph are shown in figure 3
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Fig 3: Dynamic Slices of STDG

5. VARIOUS CONCEPTS

5.1 Cohesiveness of a State (COS)

Cohesiveness of a state (s) is denoted by COS(s). When a
state has more than one semantic then there will be less
cohesiveness of a state corresponding understandability of a
state will less and vice versa [1].

COS(s):=1/ |[SEM |
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5.2 Similar States (SS)

Two states S1, S2 are similar, when both have same start state
and event, have one or more incoming transitions and one or
more outgoing transitions, have one or more outgoing
transitions, respectively, then S1 and S2 are similar states [1].

6. CALCULATING ACOS
Average Cohesiveness of States [1]

ACOS (SD) =Y COS(s)/|S|,
S is no of states of a state diagram [1]. When all the states of a
State Diagram have only one semantic then cohesion of each
state of SD will be 1, then ACOS will be 1 [1]. In Table 2,
first, we have calculated the value of COS of different states
of a slice, like COS of states s1, s2, s3 for slice 1, second,
have calculated the values of ACOS form values of COS of
different slices [3].

Table 2: Calculate COS and ACOS
Slices COSs ACOS

Slice1 | COS(s1)=1 COS(s2)=1

COS(s3)=1 3/3=1
Slice2 | COS(s1)=1 COS(s2)=1

COS(s4)=1 3/3=1
Slice3 | COS(s1)=1 COS(s2)=1

COS(s5)=1 3/3=1
Slice 4 | COS(s1)=1/3,COS(s2)=1

COS(s3)=1,COS(s4)=1
Slice 5 | COS(s1)=1/3,COS(s2)=1

(3+0.33)/4=0.83

COS(s4)=1,COS(s5)=1
Slice 6 | COS(s1)=1/3,COS(s2)=1

(3+0.33)/4=0.83

COS(s3)=1,COS(s5)=1 | (3+0.33)/4=0.83

7. CALCULATE ASSOS
Average Number of Similar States of States [1]
ASSOS(5):=Y|SS(s)|/|S|

S is a no of states of a state diagram. When each state
represents different semantics, then value of ASSOS will be 0
[1]. In Table 3, first, we have calculated the value of SS of
different states of a slice, like ASSOS of states s1, s2, s3 for
slice 1, second, have calculated the values of ASSOS form
values of SS of different slices [3].

Table 3: Calculate SS and ASSOS

Slice 2 SS(s1)=0 ,35(s2)=1 2/3=0.667
SS(s4)=1

Slice 3 SS(s1)=1 SS(s2)=1 2/3=0.667
SS(s5)=1

Slice 4 SS(s1)=0, SS(s2)=0 2/4=05

SS(s3)=1, SS(s4)=1

Slice 5 SS(s1)=0, SS(s2)=0 2/4=05

SS(s4)=1, SS(s5)=1

Slice 6 SS(s1)=0, SS(s2)=0 2/4=05

SS(s3)=1, SS(s5)=1

8. COMPARTIVE STUDY OF RESULTS

We have calculated the values of ACOS and ASSOS of the
different slices of state dependency graph of a Statechart
diagram shown in fig 1. Here, values resulted are more
accurate than previously calculated in [1]. Here, calculated
value of ACOS is 0.915 which is more than previously
calculated ACOS value 0.85 in [1], which shows the more
cohesiveness of states of the Statechart Diagram. Calculated
value of ASSOS is 0.58 according to our criteria followed
through Program Slicing, which is less than previously
calculated ASSOS value 1.2 in [1], which shows less coupling
among the states of the Statechart Diagram

Table 4: Compartive study of results

Current/Previous Values of ACOS and ASSOS

Research

Current Researched
ACOS

Average ACOS =5.49/6 =0.915

Current Researched
ASSOS

Average ASSOS=3.51/6 =0.58

Previous Researched 0.85
ACOS

Previous Researched 1.2
ASSOS

Slices SS ASSOS
Slice 1 SS(s1)=0, SS(s2)=1 2/3=0.667
SS(s3)=1

9. CONCLUSION

For the more understandability of the system, there should be
high value of cohesion and less value of coupling, a system
with more understandability, facilitates the easy maintenance,
because of fewer interactions of states with each other which
consequently increases the reusability of the system. In this
paper, we have calculated accurate values of ACOS and
ASSOS, in which, there is low value of ASSOS represents
low cohesion means less interactions between states and high
value of ACOS represents high cohesion means self contained
functionality. Using our approach using dynamic slicing,
resulted values have more accuracy than previous researched
values of ACOS and ASSOS in [1]. Our approach, using
dynamic slicing, facilitates easy the understandability of
statechart diagrams.
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10. FUTURE SCOPE

In future, this Approach can be used for calculating the value
of cohesion and coupling using program slicing over the
various types of the UML diagrams to analyze the static and
dynamic aspects of the system.
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