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This paper considers the application of fuzzy logic for the E-
nets to simulating functions quality of service in multiservice netw-
orks. The basic rules for control transitions of E-nets with the fuz-
ziness in their predicates and developed rules for determining the
predicates of the MX and MY transitions are formulated
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1. Introduction

2. The principles of E-net operations

The development of technologies for the transmission
of information in the telecommunication systems and in
the computer networks is inseparably connected with the
problem of integrity and of ensuring high reliability during
the whole process of transmission.

The dynamic increase in the speed of information tra-
nsmission in the communication systems and channels of
networks brings about stringent requirements for the per-
formance. Centralized models for network control become
ineffective in case when increase requirements to transmi-
ssion rate, bandwidth, and time reaction to the increasing
network load.

At the present time more effective to use a distributed
control systems. The main elements of such systems are
control agent [1]. In this case the network is controlled by
multiple agents who distributed over a network; agents ex-
change management information among themselves. Set of
control agents is generalized distributed network control
system. The behavior of control agents can be described by
fuzzy logic (FL) [2, 3]. Usage of FL allows more flexibility
to implement functions of quality of service (QoS), in the
case of multiservice networks.

To investigate such systems are currently the most
commonly used methods of simulation. For this purpose,
the existing mathematical apparatus made additions that
allow describing the fuzziness of the system behavior. In
this case using of fuzzy logic modifies the basic properties
of the device simulation, which results in inappropriate
modeling results and produce incorrect indicators of ne-
twork quality. Thus, need to develop principles and rules
of administration for FL structures by high-level language
simulation.

In [4, 5] noted that the one of the most effective tools
of networks and communication protocols simulation is an
E-net tools.

E-net is means of research and quantitative analysis
of complex systems, such as data transmission system
(DTS).

Use of E-nets allows:

- to simulate asynchronous parallel interacting pr-
ocesses, reflecting the overall dynamics of the discrete
system,

- to allow any semantic interpretation of its componen-
ts, that enables simultaneous modeling of both information
flows and hardware, for the whole DTS;

- to allow different interpretation of its elements in
terms of abstraction (detail), that allows to build hiera-
rchical models in which transition can be translated to
the subnet at a lower level of detail. This reduces conflict
between the requirements for simplicity and adequacy of
the model.

Formally, E-net is defined as a bipartite directed graph,
described by set:

E=(P,H,LDAM,),

where P — a finite set of state, called places;H — a
finite set of transitions; L — a direct function of inci-
dence; D — inverse function of incidence; A - finite
set of characteristics of transition; M, — initializes the
network.

A distinctive feature of the E-nets is the use of a control
transitions MX and MY. MX and MY transactions are
shown in fig. 1 (a and b)
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Fig. 1: a) MX transition, b) MY transition

The control transitions make possible to analyze the pr-
ocesses of control data flow, priority in the processing of in-
formation, based on the values of the control predicate r .

The condition for adaptation of fuzzy logic to E-net
theory is required to use E-net (in particular, MX and MY
transitions) for modeling the fuzzy multi-agent networks.

-

3. Application fuzzy logic in transition predicates

where x — a sample value from X, X determined at
a certain interval, for example, blocking probability P, is
[0,1];

a,b,c,d — the numerical parameters, ordered by relat-
ion a<b<c<d, where parameters a,d characterize the
lower base of the trapezoid, and b,c — upper base of the
trapezoid.

Respectively, the predicate r of the control transition
takes the following values:

p =M, Xelad]
p, =1y, Xe€ [drg]

pn—1 = Hn—1’X € [g’h]

(4)

where parameters a<d<g<he[X, X, ..]-

A graphical representation is depicted in fig. 2.
In this case, the transition firing rule has the next form:

(m,f£,£, M(p,,) = L£,£,M(p,) = 0) = (R £,£, M(p,,) = 0.£,£, M(p,) = 1), (5)

To prove the possibility by using fuzzy logic in
controlling protocol necessary to show that input fuzzy logic
in E-net not change the basic rules of the transition [4, 5]

1) Condition of transition activity

The application of fuzzy logic in the MY transition (eq-
ual classical):

where f—{0,1} — the possible token of input places; R

— undefined value of predicates after the transition firing.
Value of the predicate r is determined from the expr-
ession (4). Predicate at the same time takes n—1 values.
If at the time of the activity transition value of parameters
x belongs to interval defined by me-

(p, e LAMY)M(p) =1]}v...vp, , e LIMY){M(p, ) =) Ap, e DIMY){M(p,)=0},(1)  mbership function p,, , then the pre-

where M —a markup vector; M(p,) — vector definition in
i -th place, M:P —{0,1} , where P — a set of whole states.

If at any point input E-net has token, and output place is
empty then the transition is active.

Similarly, for MX:

p; € LIMX){M(p)) = 1]} A(p, € LIMX){M(p,) =0V ...vp, € DOIMX){M(p,) = 0}).(2)

Its means that transition MX is active now: if the input
space p, has token and some of output place p, is empty.

2) Transition function (TF)

Consider this function for control transition MY.
Membership function is associated to each input places
{PysPyr Pyt 125 3] {1y, 1y, b, ) - The data of membership
function show a grade of membership of possible transfer of
token from a particular input plac-
es to the output control transition.
Membership function defined on the
characteristic set to X, specified by on a particular interval.
For example, the characteristic of transition may be a packet
blocking probability, input load, etc.

For DTS should be used tr-
apezoidal form of TF, based on

dicate has the value M ; at the same
place the token from p, will be sent with all the attributes
to output space p, .

Annotation: If place p,, have no token transition functi-
on will define by special predetermined rules.

If the value x gets to coincident point of TF transition
function will define by the predeterm-
ined rules.

For transition MX rule defined as
follows:

p, =My, X €[ad]
ps =H,, X e[d,g]

p, =M, Xe[gh]

(6)

(m,M(p,) = 1,M(p,)=0,1,£,M(p,, ) =0) = (R, M(p,) = 0,M(p,) = 0,£,f, M(p,,) = 1).(7)

Value of the predicate r is determined from the expr-
ession (6). If at the time of the activity transition value of
parameter x belongs to interval defined by membership

necessity to set of properties of  Fuzzy concepts { (S pE= izl o Activity )
uncertainties such as “located in <low. medium. high. saturated > < inactive. active >
the interval”, Fhe following: sets P 7 at
0,x<a (membership i
Ca functions) '
,a<x<b , . | ,
—a Universes of [ ; !
0 100 0 1
w,(X)={1,b<x<c ,(3) discourse
d=x <x<d R AT = <0.6.0.25. 0.1. 0.05 >concentration < 0.7. 03 >acivity
d-c¢ 777
0,d<x Fig. 2. The value of predicate r




function W, , the predicate is set to m. While token of the
input space p, will be given with all the attributes in the
output spacep,, .

However, in practice a more interesting case when the
same value x will correspond to two or more membership
function, as displayed in fig. 3.

mn
1.“

Hq Ha

%

Fig. 3. The values of predicate in the situation when x
correspond two or more membership function

For defined the values x occurs uncertainty in the cho-
ice of a membership function and in compliance with places
for sending /receiving tokens.

To make a decision in this condition of indeterminacy
will be used the following algorithms:

Algorithm «triangle area»:

1. Use the expressions (4), (6) to determinate predicate
of control transition.

2. Depending on the control transfer to determine the
type of transition functions.

3. In the case when in the moment of transition activity
x belongs to range of indeterminacy must be calculated
exact values of TF for each of input/output places p¥ . Exact
values calculated by the perpendicular intersection from the
point x (fig. 4).

Fig. 4. Algorithm «triangle area»

4. Find the area of the triangles formed by the perpend-
icular to the step 3.

5. In general, select the triangle with maximum area of a
set to max{S(u; ),S(u3 )., S(UY )}, where S(u’) —areaof n
-th triangle, contained in indeterminacy.

6. Take the value of the predicate r equal to the value of
the number of TF with the highest area maxS(u} ) followi-
ng rule: r=m <> maxS(u’).

7. This value is used in expression (5) for MY and expr-
ession (7) for MX in determining the input/output places of
sending/receiving tokens with all attributes.

The algorithm maintains efficiency at any number of TF
within the indeterminacy.

Annotation: If all the triangles formed by perpendicular,
have the same area, the transition will work on the predete-
rmined rules.

If perpendicular creates the no triangle field predicate
will possess the value with number of FT which belongs to
this area.

Algorithm <«rules of the triangle»:

1. Using the expressions (4), (6) to determinate predica-
te of control transition.

2. Determine the type of transition functions depending
on control transition.

3. Find point x , using the expression for trapezoidal (2).
Point x is shown in fig. 5.

Fig. 5. Algorithm «rules of the triangle»
For the case displayed in fig. 4 sides of the triangle defi-
ned by the following equations:

dex’ "
V)= v = ()
d-c f—
Where x :
. ec—df
—x =9 9
e e+c—f—d ©)

4. Determine intervals on axis X , formed perpendicul-
ars from the point x to the point x, and they belong to a
certain TF: X,(u,)e[x,d]; X,(u,)elex), where d,e - pa-
rameters for first and second TF formed the indeterminacy
(fig. 4 and fig. 5).

5. Identify the controlling value of the predicate r
equal number of TF according to the following conditio-
ns: r=mexeX (W) r=m+1e xeX,(W,) . If at the time
of transition activity value x lies in the interval defined
by m -th TF, the predicate will assumes the value m .

Annotation: If value x falls in the middle of segment,
formed by perpendicular from x  then operates the input/
output place will define by the predetermined rules.

For example, consider the case of controlling transition
MX of E-net that simulates the processes of routing and
the branching processes. This transition models response
of control agent area A, of the node on the probability of
congestion which is derived from the value of the packet loss
probability (fig. 6).
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Fig. 6. lllustration for routing and branched processes



In this transition:

p, — initial state of communication network (node);

p, — state «Congestion is possible, get a transmission
time-out»;

p, — state «No congestion»;

p, — state «Congestions;

ps — further processing of packets in the network;

ps — network reaction to congestion;

t, — transmission time-out and return to the original
state.

Fuzzy predicate which depend on parameter of the pa-
cket blocking probability P,;, determined by the following
expression:

“’(pZ)’Pl; 6[0,4,(),8]’
A = “(p:s)vpn €[0;0,5]; ,
u(p,), P, €(0,81]

(10)

where interval P, and shape of TF initialized a priori
(experimental value).
The reachability tree for this transition is shown in fig.
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Fig.7. Reachability tree for transition with fuzzy predicate

The corresponding markup {M,...,M,} given by equation
(7), based on value of parameter P,;. The uncertainty of the
intersection of two transition functions in certain markup
disclosed, using the algorithms «triangle area» and <rules
of the triangle».

Conclusions

The results of activity (1), (2) and functions for control
transition of fuzzy logic (5), (7) do not contradict their
definition, obtained in [5] to clear the E-nets, and they are
complementary in the case of fuzzy control.

The received definition of the predicate rules and algo-
rithms for the disclosure of the fuzziness do not contradict
the classical definition of the predicate.

They can be interpreted in the framework of the well-
known simulation system. Accordingly, these rules do not
change the logic of E-nets and their properties [5], and
therefore do not reduce degree of adequacy of models based
on them.

We formulated the basic rules of control transitions
with fuzzy predicates. It is allows to create simulation mo-
dels for DTS which include elements of TF. On the basis
of control transitions were received simulation models of
distributed fuzzy control system.

On the basis of transitions E-nets with fuzzy logic can
be obtained simulations model with distributed fuzzy co-
ntrol system that implements the functions of QoS, built
on different protocols such as IP, TCP, UDP, and ATM.
This allows us to conclude what type of protocol is more
efficient to use as a base for multiservice networks under
certain conditions.
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