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Abstract

this ability in fuzzy UML, practically leaves the customers and market’s need
without response in this important and vital area. Here, the available sequence
diagrams in fuzzy UML will map into fuzzy Petri net. However, the formal
models ability will be added to the Semi-formal fuzzy UML. This formalization
will add the automatic processing ability to the Semi-formal fuzzy UML.

Further more, the other advantages of this mapping is: access to non-functional
parameters such as reliability automatically to the considering systems, study the
verification of the designed plan and also decrease the expenses because of satiety
to make lab sample before its implementation. Using the fuzzy UML mapping
into fuzzy Petri net in control, critical and real-time systems will be more
applicable.

Keywords: non-functional parameters, fuzzy UML, sequence diagram, fuzzy Petri
net, Formalization.

1.Introduction

In object oriented systems, function tasks are done through the interaction of
objects, which exchange messages with each other. Interaction diagrams are used
for modeling object interactions with one another. Interaction is the method of
exchanging messages with each other to do a task. In UML, there are different
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forms of interactive diagrams: sequence diagrams, graphs browsing interactive
charts and graphs scheduled communication.

Class diagrams, modeling the static structure of system, while the interactive
diagrams, modeling the dynamic aspects of system. That means these figures
show how an object is interacting with another object to accomplish the high level
tasks which each of the objects alone are not able to do. Sequence diagrams are
used to show this interaction, and thus messages are emphasized over time. Here,
we will talk about sequence diagram.

As you know, UML” is one of the most commonly used modeling languages for
modeling and software development.

However, the semi-formal characteristic of this method is a limitation for
verification operations and predicting non-functional parameters of the software,
especially in the first cycle of the software production. This problem is more
critical for control, critical, reactive and real time systems.

On the other hand, since the majority of the real world information is uncertain,
therefore fuzzy UML diagrams have been extensively used by system analyzers.
Several researches have been performed to tackle with the semi-formal problem of
UML. Some of these researches have only used a transformation algorithm, which
transforms the created UML model into a Petri net as a mathematical and formal
model that, in turn, contains the visual aspect of modeling and pursues the
verification operations with further ability [1, 2, 3, 4, 5, 6, 7, and 8].

Some of the researches in this field besides representing a transformation
algorithm (or without representing an algorithm and only by using the available
Algorithm); evaluate the capability of the non-operational parameters and
commonly qualitative parameters on the obtained Petri nets created by the UML
model [9, 10, 11, 12].

Certainly, the lack of features such as non-operational parameters in calculated
UML model leaves the customer requirements and market practice without the
same response in this important and sensitive areas and this problem reduces the
importance and the value of such researches. In the previous studies [13, 14, 15,
16, 17] in addition to providing mapping models for some common types of UML
diagrams, especially state and activity diagrams, they were provided with some
methods for evaluating quality parameters.

In this paper, Fuzzy UML sequence diagram is mapping to fuzzy Petri net, that
this mapping added formalization and automated processing to Fuzzy UML
model. This mapping will also be an introduction to achieve non-functional
parameters such as reliability. At first, we will introduce Sequence charts and
Fuzzy Petri networks and then we will describe an algorithm for mapping
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sequence diagram created in the Fuzzy UML standards, in the end as a case study,
we will study the application of this model for Washing machine system.

2.Fuzzy UML

Now days, UML is known as one of the most important tools in extending object
oriented systems. This language makes the visual modeling possible so that the
system developers will be able to standardize and make the ideas understandable
and establish a more effective mechanism in relations with other patterns [18, 19].
Since the real world information is mostly uncertain in a proposed general pattern,
in many cases these types of information cannot be modeled by UML. Recently a
model named fuzzy UML has been introduced [20, 21, 22] which has the UML
characteristics, and it is also able to model uncertain concepts.
fuzzy sequence diagram:

In UML for materializing the practical cases we use the sequence diagram.

If the case is uncertain, the sequence diagram will be uncertain, too.

Message C

)

1 >
D (%) L]

Message D

figure 1. Fuzzy metod in Fuzzy sequence diagram

Most of messages in sequence diagrams are conversable to method [23].

Uncertainty in the method have two-level of fuzzification. First, the degree
method belongs to you and then the second method is the logic. figure 1 C method
that is rooted Post C. Degree between 0 and 1 belong to the object B is owned (the
first level fuzzification). The other message D and the subsequent method D is an
Uncertainty nature (the second level fuzzification). Degrees awarded methods in a
sequence diagram, the user relevant degrees awarded shows. For example, in
figure 1 have.

T g (X), 15 (X)]= 5,5 (X)
where t:[0,1]x[0,1] —[01]

Fuzzy Petri net:

Fuzzy Petri net are used for modeling fuzzy rules. In addition to features such as
concurrency, being visual, formal being, basic math, etc, the ability to use fuzzy
variables has also been added.
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Fuzzy Petri net offers following capabilities [24].

I.  Permiting the implement part of the graph.
Il.  Fuzzy values can be put in places, transitions and tokens.

1. having the capability to transfer parameters (variables). The parameters of
a place can be transferred to another place.

IV. In Petri events and conditions can be used for modelling rules. (For create
rules Can use events and condition.)

V. Using type of induction and active rules for modelling.
VI.  Having fuzzy deduction(inference).

VII.  Fuzzy petri net can be used for Fuzzification, Combination, Concurrency,
Composition and Sup—Min.

VIII. It can be used to analyze the static rules.
The structure of a fuzzy Petri net is as following:

(P,P,,P,, T, T.,TRTF,A,1,O0,TT,TTF, AEF, PR, PPM,TV)

Mapping algorithm:

In this section, an algorithm for mapping the fuzzy UML sequence diagram to
Fuzzy Petri net will be provided.

Step One: Calculate fuzzy value for each variable using the membership
function

For each method, the condition and state of the system after the implementation
(running) of method and its membership function for all variables (fuzzy / crisp)
must be detects. In figure 2 an instance of the rules including the condition and
status of the implementation of the system condition is presented as a sample.

Rule Event Condition State

R1 el is ell Gl Ss1

R2 el is ell C1AND C2 S2
e2 is e21

R3 el is el3 c3 S3

Cl:IF(el is el1l)THEN...
C2:IF(e2 is e21)THEN ...
C3:IF (el is e13 ) THEN ...

figure 2: An example of created rules
And also an example of membership function for a sample event (variable) will be
provided in figure 3 and figure 4. Obviously, the membership function for each of
the linguistic variables is designed by an expert.
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0
ell el2 el3

el
figure 3: Membership function for event (variable) el
q
o -: i
[}
Ltr b | L]

el

figure 4: Membership function for event (variable) e2

Then for completing this step, for each events (variables) all states of possible
linguistic variables are obtained on the Membership function, and for each of the
states put a place (the first fuzzification rule). For example, for el Membership
function we obtain the first step of the Petri net and have shown in figure 5.

Also we can save fuzzy variable value using token in each of the places. And then
each of the input linguistic variables using the transition variable to each of the
cases may be to connect. This must be done for all events (variables) in the
system.

figure 5: calculate Fuzzy value for each variable using the membership function

Step Two: Calculate the output value of the fuzzy rules

Create fuzzy Petri net from fuzzy rules and events (variables) that have been
calculated in the previous stage. And also reviews condition (calculated rules
result) and transfer the results to the next place.
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At first, we must review condition accuracy. Therefore, we must create a mapping
to do it. For each condition we can create a transition that will review the accuracy
of next place results in the net.

Which means that the token with given fuzzy value continues his life cycle. And
the token value can be between 0 and 1:

0> token value > 1

Results at the end of Condition analysis C will be according to the primary values
of a fuzzy value.

At first we put the original condition values as token in the places, and then
connect equivalent transitions to the place with the edge. Also we will connect
transitions that have not been used to the end place.

Then, for each of the rules, the places requiring fuzzy value are connected by the
transition to the place that intended for putting rule result, which are shown in
figure 6.

figure 6: second step, calculate value of output rules

Step three: combine fuzzy rules

Here we have a place for each rule in which a token two-part name of the fuzzy
rule and fuzzy value, exists. Here using a transition we put token that have the
highest fuzzy value, with the rule number, in the next place which indicate rule
that have the maximum fuzzy value. In figure 7 extract a fuzzy rule and that fuzzy
value using a transition are shown.
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figure 7: extract a fuzzy rule and that fuzzy value between amounts of existing fuzzy rules

Step Four: Adding fuzzy state method to fuzzy Petri net

In the previous stages we survey fuzzy state for method inputs (linguistic
variables). The values (variables) entered as input to the method were fuzzy. (The
first level of fuzzification)

But if your method is a fuzzy state, that means if a fuzzy method is occurring, it
will be analyzed at this stage. To do so, we act as follows.

Here we use a transition method to add fuzzy state to the net that support the
combination of rules fuzzy state (the first level fuzzification) and method fuzzy
state (second-level fuzzification) that calculated as following:

Hein = (Mei xi * Pmethod )

Obviously, the fuzzy value of occurrence method, can take value between zero to
one.

Hmethog = [0.1]

Also, if the method has not a fuzzy state, we can renunciation this stage, or put 1
value instead of the method fuzzy value.

Hmethod = 1

figure 8 shows adding a second level fuzzification of a membership function to
the existing net.
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figure 8: Adding fuzzy state to the running method

step Five: continuing or ending of token life in Fuzzy Petri net

Since after adding the Fuzzy method state to the network, the Fuzzy variable
(token) may take some value that in the network has not the condition to move.
We must move token outside the network. And display of the token life cycle to
get out of the show, we use the final location. Petri network to show that a token
will be getting out or staying in the life cycle is shown in figure 9.

R1 Mgy

g2 Mraa2 \ Hgixi i K iy HRiy
() ' | )l
/ I [ O__’
/ Hzi * Hatethod
max (x)
3 Hraxs / Hoaiy

figure 9: Reviews more or end of life token

Step six: Fuzzificating and calculating the final value of fuzzy Petri net

As the fuzzification in primary and middle stages of inference can help to
evaluation rules, the final results of the combined output of all rules must be as a
crisp value. Therefore, it should be defuzzification, instead of the range of output
values, a certain amount of fuzzy set obtained.

There are various methods for defuzzification. Center of gravity method ("COG"),
Center of Area method ("COA"), Center of Sums method ("COS"), Mean of
Maxima method ("MOM™") and sugno defuzzification method. Here we use Center
of gravity method.

In the following Center of gravity method is shown.

b b
!
oG = " Hax X ri.tll,f " Hax dx
r] r]
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In the previous stages, we just do operations in fuzzy value. But at this stage we
must convert created fuzzy values to ultimate tangible values. Meens should map
the fuzzy values to the membership function and extract the ultimate values
(linguistic values) from them.

In this stage use antecedent Fuzzy values for Measure consequent.

Transition used here to use correct antecedent value for consequent membership
function.

/"R:..x‘: H &i ¥ Y
O )‘31 g VN VA N BN BV
T \_/ I\
Hri * Kmethod
H Ri )

figure 10: fuzzification Process from Fuzzy Petri net

Doing this is displayed by transition in figure 10.
H gy ¥
[

Since the result of combining fuzzy rules together like figure 9, will be fuzzy set
of combined outputs and because the final output of fuzzy systems must be a crisp
value, you can use the defuzzification operations.

Input of the fuzzification process, is a fuzzy set while the output is a crisp value.

the benefits of using the proposed algorithm

Briefly, the advantages of participation in the proposed algorithm can be found in
this paper would name as follows.

I.  Injecting Uncertainty in modeling information system

Il. Using a standard language and the advantages of compatibility with the
different sectors towards software development

1. Ability to implement the method in complex systems

IV.  Formalization of the semi-formal Fuzzy UML model for using the benefits
of formal models

V. Automatic map building in the Fuzzy UML sequence diagram to Fuzzy
Petri net

Case Study
Fuzzy Petri net for sequence diagram of a clothes washing machine
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We want design a Fuzzy Petri net for clothes washing machine sequence diagram,
that by regarding the rate and the amount of being greasy and dirty the time will
be set to wash clothes. Then a method to add other participants dress redolence
substance is called a fuzzy method that will work (second level of fuzzification).
For example, the amount of clothes being fragrant is fuzzily and equal 0.75.

In figure 11 Washing machine system Sequence diagram are shown, in which the
input linguistic variables are fuzzy.

B

Dirty and Greasy Adjustment of Dress |

Redolent Adjustment being Dress.

figure 11: System sequence diagram for Washing Machine Case

To do this, first must diagnose all rules - statements - events (variables) Fuzzy /
crisp in the system. figure 12 shows rules of the first method.

Rule Event Condition State

R1 | Dress is Dirty IF( Dress is Much Dirty ) then | Washtime is Min

R2 | Dress is Greasy IF( Dress is Little Greasy ) then | Washtime is Medium
Dress is Dirty IF ( Dress is Much Dirty )

R3 | And And IF (Dress is Much Greasy) | Wash time is Long
Dress is Greasy then

figure 12: Rules of the first method

Also we must design fuzzy membership functions for each of the events
(variables). Obviously, the membership functions design must be done by an
expert. figure 13 shows membership functions for the events (variables)
antecedent or consequent fuzzy.
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antecedent Degree Of Membership
1 o [
little normal much
o

o 30 40
Greasy Adjustment of Dress

ntecedent
1
little normal much
o
o 10 20 40 50
Dirty Adjustment of Dress

0

0z ot

awil ysem

juanbasuod

0s ot

Degree Of Membership  Degree Of Membership

figure 13: Display membership functions for fuzzy variables,

the first method
In the first method the inputs were linguistic variables and fuzzy, but the method
was not fuzzy state. Then another method (second method) is called in which
linguistic variable "Redolent” will be added to the system. And the amount of the
aromatic Article is diagnosed. figure 14 shows the rules of the second method. In
this method (second method) the method of input variables and the method state is
fuzzy.

Rule Bvent Condition State

R | Dress i Redolent | F( Mach Redolent Require | then | Amount Of Redolent is Many
R | Dress i Redolent | IF( Litle Redolent Require then | Amount Of Redolent is Low

figure 14: Rules of the second method
Also we must design membership functions for each events (variables) of Fuzzy

second method. figure 15 shows membership functions for fuzzy events
(variables) of antecedent or consequent second method.

antecedent consequent
1
Little X Normal ¥ Much Low >( Medium x Many
0 0

0 10 20 40 50 0 10 20 40 50
Redolent Adjustment of Dress Amount Of Redolent Stuff

Degree Of Membership
Degree Of Membership

figure 15: Display membership function for fuzzy variables, the second method

Now having all the required rules and also required membership functions we can
creat fuzzy Petri net for sequence diagram clothes washing machine, using the
steps described earlier established which are shown in figure 16.
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O—

max (x)

figure 16: Fuzzy Petri net for clothes washing machine sequence diagram

3. Conclusions

Changing the semi-official Fuzzy UML models to formal models feature Fuzzy
Petri note symptoms such as formulating graphical processing and analysis tasks
automatic offers. In this paper has been tried to model fuzzy formal Petri net in
the Fuzzy UML sequence diagram, to access the capabilities of the formal models.
It can provide capabilities such as automated processing and formulating of
graphical symbols and analysis task. Because before the implementation fuzzy the
system, calculated non-operational factors such as system reliability and error
tolerance and etcetera was not possible and a prototype system was built to the
above factors should be calculated.

Here it is tried to automatically mapping the Fuzzy UML sequence diagram to
Fuzzy Petri net to step to calculate these parameters before the initial prototyping
and to occur automatically. This automatically building reduces the cost and
evaluation prototypes systems. That these efforts will be reduce the software
construction costs.
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