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Abstract

This paper presents the descriptive compositional approach
for uncertainty modelling and performance evaluation of dynamic
reconfigurable discrete event systems (ReDES) using rewrit-
ing stochastic reward nets (ReSRN) with Z-fuzzy parameters
(FReSRN) that can modify in run-time their own structure by
the rewriting of the rules. The expected Z-fuzzy values of the
transition and rewriting rule firing rates are calculated based on
credibility theory, the FReSRN model is degenerated to a con-
ventional ReSRN model. A case study for performance modelling
and analysis of particular ReDES is given in order to show the
effectiveness of the proposed method.
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1 Introduction

Currently, dynamic reconfiguration of computational processes is used
in a multitude of applications of dynamically reconfigurable and vari-
ably interconnected discrete event systems (ReDES) with structures
that change dynamically during their operating time, adapting to the
changing requirements and environment. This type of systems includes,
for example: computing systems and networks; mobile robot systems;
mobile dynamic Ad-hock computer networks; reconfigurable manufac-
turing systems and many applications with new technological solutions,
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based on cloud computing and systems with Internet of Things appli-
cations, etc.

As a formal tool, the use of different extensions of Petri Nets (PNs)
[1], such as generalized stochastic PN (GSPN) [2] and stochastic reward
nets (SRN) [3], in the study of discrete event systems (DES), attracts
many researchers. SRNs are a generalization of GSPNs that often result
in more compact models and specify output measures as reward-based
functions for the performance evaluation of complex DES.

Although, PNs (of low or high level), underlying GSPN or SRN,
are a powerful and expressive formal tool. They are unable to spec-
ify /verify, in a natural way, advanced systems having dynamic struc-
tures. To meet the new needs of designers in the analysis of behavioural
qualitative properties of ReDES, some researchers have introduced re-
configurability in several classes of PNs [4]-[6]. This type of PNs focuses
only on the off-line analysis of qualitative properties without taking into
account the quantitative ones. To overcome this problem, researchers
are enriching GSPNs with reconfigurability [7], [8].

When analysing the performance of a DES or ReDES with GSPN
or SRN, the quantitative parameters and, therefore, the state proba-
bilities of this type of model are generally considered accurate and per-
fectly known. However, while analysing the performance of a ReDES,
the known information about values of component’s failure parameters,
attack rates, etc. is, in general, not perfect. The uncertainty of real
values of the quantitative parameters can have two origins [9], [10].
The first source of uncertainty comes from the randomness character
of the information that has a natural stochastic variability. The second
source of epistemic uncertainty is related to the imprecise and incom-
plete character of information because there is no knowledge about
real values of system quantitative parameters, which change dynami-
cally their state. Therefore, in order to make our modelling approach
describing the behaviour of a ReDES more accurate, realistic and ver-
satile, it is necessary to take into account the probabilistic and fuzzy
aspects, which are based on SRN in couple with the fuzzy set theory.

To the best of our knowledge, there is no work in the literature that
treats the dynamic reconfigurability in SRNs with fuzzy Z-parameters
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[10] for modelling dynamic run-time reconfiguration and performance
evaluation measures of modern ReDES.

In order to describe more accurately the expected behaviour un-
certainty and run-time component reconfiguration of ReDES, this pa-
per proposes a new approach for modelling and performance measures
evaluation that introduces run-time reconfigurability in SRN and Z-
fuzzy parameters, which extends the work presented in [7] and [9].
Thus, combining these two paradigms, a new class of descriptive-
compositional SRN with Z-fuzzy firing rates of timed transitions and
rewriting rules is defined, that is called FReSRN. In this context a nu-
merical example is examined to demonstrate the applicability and util-
ity of the FReSRN approach proposed in this paper for performance
modelling of ReDES.

Next, due to the space restrictions we will only give a brief overview
of this topic and refer the reader to papers [3], [7], [9]-[12].

2 Elements of Z-fuzzy numbers and credibility
theory

L. Zadeh proposed in [10] the concept of fuzzy Z-numbers, which also
allows us to take into account the inaccuracy of our knowledge of the
membership function using a joint approach from the standpoint of
probability theory and theory of possibility. The Z-numbers have more
capability to describe the uncertain information. A Z-number is an
ordered pair of fuzzy numbers and is denoted as Z = (g, ]5;) The first
component A plays the role of a fuzzy restriction on the values. It is
a real-valued uncertain variable X. The second one, ﬁ, is the measure
of the reliability for the first component.

Computing with Z-numbers can be realized by directly using Zadeh
expansion principle, which requires very cumbersome calculations and
is extremely difficult when solving complex applied problems. In [11], it
was proposed a method of converting Z-numbers to generalized fuzzy
numbers. Assume Z = (ﬁ, E) is a Z-number. The left of Z is the
part of restriction, and the right of Z is the part of reliability. Let
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A = {(z, pg(z))|z € [0, 1]} and R = {{(z, pg (z))|z € [0, 1]}, where
g () is a trapezoidal membership function and pg () is a triangular
membership function.

Let A = (a1,a2,as,aq;1) is the trapezoidal fuzzy number and « is
the weight of R in Z = (A, R), a=([z-pg @) dz) /([ pp (@) ds).
Then Z%=(a1,as,as,a4; ) and Z' =(ay +/a,as /a, a3 /@, as /a;1)
is a regular fuzzy number.

According to [12], the average credibility value Z=FE [z/] of trape-
zoidal fuzzy variable is determined by the relation z =F [z/]:(\/a) .
(a1 + a2+ as+ a4) /4. This expression will further be used to deter-
mine the credible parameters of a FReSRN model.

3 Rewriting SRN with Z-fuzzy Parameters

Definition and behaviour of FReSRN. Let IN, and IR* be the sets of
non-negative natural and, respectively, non-negative real numbers.
The definition of an FReSRN is derived according to [7] and inherits
most of the SRN characteristics [2]. Thus, the FReSRN, denoted RT,
is defined as a 12-tuple system such that RI' = ( P, E, A,cs, Pri,
GF, GE, KP, My, A, w, p, Lib ), where: P is a finite set of places;
E=T UR is a finite set of events, T'N R=@ , PN E=, where T is
a finite set of transitions and R is a finite set of rewriting rules about
the run-time structural change (reconfiguration) of RI'. The set F is
partitioned into F=Fy U E,, Eg N E,=3 so that: E. is a set of timed
events and Fjy is a set of immediate events; A,.; = <Pre, Post, Inh >
is a set of forward, backward, and inhibition functions, that describe,
respectively, the arcs with marking-dependent weight cardinalities; Pri
defines the dynamic marking-dependent priority function for the firing
of each enabled e E. The firing of an enabled event with higher priority
potentially disables each event e€ E with the lower priority. By default,
Pri( Ey )>Pri( E;); GE:EXINJ‘FP|—> { True, False} is the set of guard
functions associated with each event e E; and GT:RxI NJ‘FP|—> { True,
False} is the set of guard functions associated with all rewriting rules
reR; KP: P x INJ‘FP|—>IN+ U{oo} is the capacity bound of each place
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p;€P, which can contain an integer number of tokens. By default, Kf
is equal to 4+00; Mp is the initial marking; JNX:ET x IN f|—>IR+ is
the function that determines the Z-fuzzy firing rate 0<\ (e, M)<+o0
(the parameters of exponential-negative law) of the timed event e€
E., that is enabled by the current marking M;w:Fy x IN ‘fl—ﬂ R*
is the Z-fuzzy weight function 0<w (e, M)<+oo which determines the
firing probability ¢ (¢, M) of the immediate event ecEy, enabled by
the current marking M and therein describes a probabilistic selector;
p:P U E—IR" is the function that determines the Z-fuzzy function
reward rates (real numbers) assigned to each current marking M and
to each firing event ec E; LspC Lib is the set of RI'), v=1, 2,---, n,
are subnet patterns and/or parameters of the class library involved in
structural reconfiguration of the current RI' configuration by firing of
an enabled rewriting rule reR.

Figure 1 summarizes the graphical representation of all RI' primi-
tive elements.

Timed Normal arc
transition >

Immediate T??.t__e_'r c -

I transition Inhibitor arc
IEI Timed —

rewriting
rule

Immediate
rewriting
rule

Figure 1. The structural primitives of RI" elements

Let AW ={*W, W*, °W} be the weights of the respective types of
arcs in Ap.;. We note by Atrpr={AW, G¥, GF, KP, A, w, p, Pri}
the set of quantitative attributes of the currently activated (sub)nets
of type RI'. Also, let RN =< I', M > be the current configuration of
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RT, where '=RT'\M and M is the current marking of RI.

A dynamic reconfiguration of RN by the firing of enabled r€R is a
map r: {RNp, Atrp}>{RNyw, Atry }, where RNp€Lspry, Atrpec
Lspayr is the left-hand side and RNw€Lsprn, Atryw €Lspaqy is the
right-hand side of the rewriting operator t> assigned to rewriting rule
r, respectively. The operator > represents a binary rewriting operation
which produces a structural change and/or change of attributes in RN
by replacing (rewriting) the fixed current subnet { RNy, Atrp}CRN (
RN, are dissolved with P, CP, E;, CFE and subset of arcs A, CA and/or
Atry, are deleted) and a new { RNy, Atry }€Lsp subnet (with P,CP,
E,CFE and set of arcs Ay and/or Atry are added), belonging to the
new modified resulting underlying net RN'=(RN\RN)U RNy, with
P'=(P\P.)U Py and E'=(E\EL) U Ey, A'=(A — A) + Ay, where
the meaning of operations \ (resp. U) is removing (resp. adding) of
RN, from RNy (resp. to RN).

In this new RN’ net, obtained by the execution of the enabled
r€R (M), the places and the events belonging to RN are fused [7].
So, the current state configuration of an RN net is y=(I", M), i.e. the
current structure configuration RI' of the net together with a current
marking M. Also, the pair yy=(Tg, Mp) is the initial configuration.

Enabling rule of events ecE by current marking is the same
as for GSPN and SRN [2], [3]. Let the E(M)=T (M) U R (M),
T (M) N R(M)=9, be the set of enabled events in a current mark-
ing M, where T' (M) and R (M) are the sets of enabled transitions and
enabled rewriting rules, respectively.

In the following, we will present only the firing rule of a re R (M) .
The event e;eE (M) fires if no other event e € E (M) with higher pri-
ority has been enabled.

Hence, for event e;, if ((e;= t;) V (ej= r;) A (¢ (r;, M)=False)),
then the firing of t;€T (M) or of r;eR (M) changes only the cur-
rent marking: (F,M)L%F,M/)@ (' =T") and M—2 M in
I. Also, for every e;€E, if ((ej=1; ) A (g% (rj, M)=True)), then the
event e; occurs at firing of the rewriting rule r; and it changes the con-
figuration and marking of the current net, such that: (I, M )i]—> (F "M /)
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s (0=r)and M—2—M T

The reachability state graph (RG) of current configuration y=<
I, M > from initial configuration vo=<I'g, My> is the labelled directed
graph whose nodes are states and whose arcs, which are labelled with
events or rewriting rules of RN, are of two kinds:

(i) (RT, M)g(RF, M/) if ((ej=r;) v (ej:rj))/\(gR (14, M):False) :
(i) (RF,M)&(RF/,M/) if (ej=r;) A (g% (rj, M)=True) .

Based on this RG, we can build the embedded continuous time
Markov chain (ECTMC') with fuzzy credible parameters and evaluate
the specified performance measures.

4 Descriptive composition of FReSRN

Enhancing PNs with compositionality properties is an essential feature
that is required today for modelling of large-sized ReDES. It allows con-
structing complex PN models of ReDES by combining smaller entities
of sub-models based on its constitutive descriptive expressions (DE),
which are a compact symbolic representation of these PN sub-models
and their relationships [7].

Details concerning the using of DE approach for compositional con-
struction of PN underlying the GSPN models can be found in [7], as
they require a great deal of space. In this section, we present only the
notion of dezel (descriptive expression element), denoted as bDE, and
some compositional operations that allow constructing in the analyti-
cal form the DE, mapped in PN models, underlying those of FReSRN,
that use the approach proposed in [7] as follows:

bDE = o |SImbiyl Wi W0k |2,
where ye{p, p} is the place-symbol that determines respectively the
type of arc ({ normal, inhibitor} ) with the incident weight W, e
{Pre(eg, p;), Inh(ex, p;)} arc, normal or inhibitor, before the event
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le., and is the weight W,"€{Post (e;, p;)} of the normal arc that gets
out of the event |, and enters the place p;. The translation of bPN
and it derivatives for e;=t; and e,p=t;, are shown in Figure 2. The
attributes of the place p; are, respectively, as follows: mg; — the initial
marking; k; — the place capacity; the place label 8; shows the type of
conditions. The attributes of the events e; and ej are, respectively,
as follows: g; and g; — the guard function; II; and II; — the priority
function; a; and ay, — labels showing the type of action.

P; = P
Hila.f Wi m Wi Hklak HJ‘I:J’ w; .
k'u ﬁl‘ . t: A—l' ﬁf
g & I o

& I :
g
I:j |:,. my, 5 pf W W] 1::|f:* I:j| :‘ my, " pf W, ]
L w, g L H ﬂW" H o
k"rk i l'ﬁ g Ik
my, " pf? ;] mo,* BF W, 15

Figure 2. Translation in bPN of bDFE and its derivatives

If the current marking m? of place p; has zero tokens, we can omit
m{ = 0in bDE. By default, if the label’s action is not mentioned, then
it matches the name of the event. From a bDE we can build more
complex DE of PN components by using composition operations. By
default, if W;r = W, =1, we present bDE and its derivatives as
follows: \ejm?pi les s ]ejm?pi, mgpilek or m?ﬁi\ek.

Any DE of PNis DE::= bDE/DE;+*DE}, /o DE, where % represents
any binary composition operation and o — any unary operation. The
composition operations are reflected at the DE components of PN mod-
els by fusion of places, fusion of transitions with the same name (label)
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or sharing the subnets. For example, when merging the place p of two
different subnets, DE; and DE;, with the respective current markings,
m? and m?, respectively, the number of tokens in this resulting place
p is added, i.e. the resulting marking is (m? + m?)p.

Descriptive compositional operations: 1) Inhibition unary oper-
ation, represented by inhibitory operator “ 7 (place-symbol with over-
bar),describes the inhibitor arc in PN models with a weight function
W; =Inh (pi,e;) ; 2) And-join binary operation, represented by the
operators ¢ o’ or “ ‘A", describes the rendezvous (synchronization
by ex) of two or more conditions represented, respectively, by symbol-
places p; € ®ey, i =1, n, i.e., it indicates that all preceding conditions
of occurrence actions must have been completed; 3) And-split bi-
nary operation, represented by the operator “¢”, determines the causal
relations between activity e and its post-conditions: after comple-
tion of the preceding action of ej, concomitantly several other post-
conditions can occur in parallel (“message sending”); 4) Sequential
binary operation, represented by the operator “|”, determines the logic
of an interaction between two local states p; (pre-condition) and pg
(post-condition) by e; action that are in precedence and succeeding
(causality-consequence) relations relative to this action; 5) Compet-
ing Parallelism binary operation is represented by the “V’ 7 operator,
and it can be applied over two PNy with DE4 = A and PNp with DEp
— B or internally into the resulting PNy with DEr=AV B, between
the places of a single PNi which are the symbol-places or symbol-events
with the same name, respectively fused. The fused places or events will
inherit the arcs in A and B.

Further details on definition and using compositional operations
can be found in [7].

5 Performance modelling of a particular CS
using FReSRN

We will illustrate in this section the application of the FReSRN to a
case study based on a particular data center computing system (CS).
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In this case study, we consider a CS of a data center including three
servers: Svi, Svg, Svs, and two buffers in which two types of jobs are
processed: in the buffer Buf; with the capacity L; of waiting places,
the jobs of class C7 arrive and are stored; in the buffer Buf, with
the capacity Lo of waiting places, the jobs of class Cy arrive and are
stored. In both buffers, the FIFO ” first come, first served” discipline is
implemented. The server Sv; processes Cp class jobs, while the server
Svy is dedicated to Cy class jobs processing. In the initial configuration
70, in order to save power consumption, the server Svs doesn’t work and
stays in standby mode. The Svz is immediately activated and joins the
server Svy (resp. Sve ) when the number of jobs stored in Buf; (resp.
Buf, ) is equal to the threshold ny (resp. msy ). In this case, the CS has
a three-servers configuration, and the transition from -y configuration
to another vy or s is performed depending on the current number of
jobs waiting in those buffers, Bufi or Bufs, respectively.

The behaviour of the CS that has the initial ~y configuration is
described by the RI'gp model presented in Figure 3 in which p; j:=
Pijs tiki=tig ,and rpi=r;; ,i=1, 2, 3.

Figure 3. The model RI'Y of CS in vy that describes the active be-
haviour a) of Sv1; b) of Svg; ¢) the passive behaviour of Svs
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In the RIy, the inhibitory arc Inh (p1 2, r1,1)=b represents the ca-
pacity L;=5 of Buf;, and respectively, Inh (pa2, r2,1)=9 represents
the capacity Lo=9 of Bufs.

Meanings of places and events at configuration g :

Places. p;;1 or py; — the number of tokens at these places
respectively describe the potential number of the type C7 jobs
or those of the type Cy that should be processed by Svy or Sws,
respectively; pi2 and p2o — the buffers Buf; and Bufs. The
number of tokens in these places models the number of jobs in
the CS waiting in the respective buffer to be processed; a token in
p2,3, P33 indicates that a job of respective type is being processed
by one of the servers Svi, Svy or Svz; symbol-places p14, P24,
p3,4 indicate that the respective server Swvy, Svy or Svz has fin-
ished processing jobs of the respective type; symbol-places p; s,
p2,5 or p3 5 indicate that the respective server is in passive state.

Transitions ty 1, t31 are the immediate transitions, the firing of
which leads to the activation of the respective server, Svy or Svs,
to start processing a task of the respective type from its buffer.
The firing of immediate transition ¢33 models the download of
the processed job by the Swvs server; the firing time of timed
transitions t9,t29, t32 represents the processing time of a job
of that respective type.

Rewriting rules. 1y (resp. roy ) — timed rewriting rule, the
firing of which describes the job arrival on the server Swvy (resp.
Svg) if g{?l (M):="False” (resp. gfl (M):="False” ) or recon-
figuration from the initial configuration g to the configuration
1 (resp. 7o to the configuration o ) if g{?l (M):="True” (resp.
ng (M):="True” ); 712 (resp. r22 ) — the immediate rewriting
rule, the firing of which describes the download of the processed
job by the server Sv; (resp. Svy ) and its passing into the pas-
sive state, if gf2 (M):="False” (resp. gfz (M):="False” ) or
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reconfiguration from the configuration 77 (resp. 2 ) to the con-
figuration o, if gfz (M):="False” (resp. 95?2 (M):="True” ).

The descriptive expression DE? of the model RI'g describing
the behaviour of CS in =y configuration showed in the Figure 3 is:
DE°=DE</ DE$, where DE?=DE? |V DE?," DE?;, and DE?,=
(mglpi,l ®Pi2 [wgl])‘m,lpiﬁv DEZO,2: (pi2 ® 1pis) ’ti,lpi,3‘ti,2pi,47 DEZO,?::
Pialr o (Pi1 ©pis), i=1,2 describes the behaviour of Sv; (see the Fig-
ure 3a and Figure 3b), respectively. DE{= D3,5]t5.103,3|t3.,P3,4t5 5 03,5
describes Swvs in the passive state (Figure 3b).

The reconfigurations yo=-y; are described by 7’?71 A gff, gfg >

{DE} | g1, 9.3 Y. j=1, 2; DE}=DES "1p35% Post (t33, pj1) V'
Pre (33, pj1) » 9;7:=((M (pj2)=n;) & (M (p;3)=1) & (M (p33)=0)),
gfgzzFalse, J=1, 2.

Also, rjl.g: {DEg, gf{, gf% }>{DEY, gff, gfg }, describes the re-
configurations =y, j=1, 2, where: gf{::False,jzl, 2.

In Figure 4, there is presented the model RI'}CRI'; given by DE}:

DE{=(2p1,1 @ 1p12[5]) |r, ,p12~

(P12 ®p1,5) |t 1P1,3]t1 P14l , (P11 O PLS),

which describes the active behaviour of Sv; with Svs in vy for process-
ing only jobs of the type C7. Due to the space constraint, the model
RF% that describes the active behaviour of Svo with Svs in s, being
similar to RTAC Ry, is not presented.

The respective models RI'g, RI'1 and RI'y are bounded, live and
reversible according to [1], [2] and [3].

Next, we will present the evaluation of some quantitative measures
[2], [3], [7] only for the case when the jobs of the class C; are pro-
cessed in reconfigurations yp=-y1=-79, because it is similar to the one
for processing the jobs of the class Cs in reconfigurations ~yy="v2=o.
We also mention that in the configurations g and 7 (resp. o and v2)
the server Svg (resp. Swvy) works independently of the other servers.
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Figure 4. The model RI'} of CS in v; that describes the active be-
haviour of Sv; with Svg

The reachability graph RG1 of the model RI'}, which is presented
in Figure 3a, shows the state space in which the server Sv; can be when
processing jobs of the class C; in the configuration ¢ and reconfigura-
tion 9=y, for the capacity L1=>5 and the threshold n;=2 at the firing
of the rewriting rule T?,l- The reachability graph RG1, in the form of a
list with tangible markings Mi0 of the model RI'{ shown in Figure 3a,
is as follows:

0 7‘(lj,ltlvl 0
Mg=(5p1,1p1,5) ———— My,

0
1,277 5

0 r(lj,l 0 0
My=(4p11p1,3)—>>M;, ——>Mg;

t127] 5t11

0 i 0 0
M3=(3p1,1p1,201,3) ——>M3, >MY:

t1.0m9 ot
0 1,27‘1’2 1,1 1
M3=(2p1,12p12p1,3) ———>M,;,
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0
11 . .
—>M01:>t0 recon figuration ;.

Thus, as soon as the number of waiting jobs of the class C1 is equal
to the threshold ni=2, the server Svs is immediately activated. After
that, the server Svs joins the server Sv; to process the jobs from the
buffer Bufi;. As a result, the model RI'} is obtained, described by
DE?, in the configuration v, (see Figure 4).

The reachability graph RG2 of the model RI'}, (Figure 4) shows
the state space in which the servers Sv; and Svs can be in the v,
configuration and reconfiguration ;=g at the firing of the 7’%72. The
RG2, in the form of a list with tangible markings MZ-1 of RT%, is as
follows:

1 1
TLa a1 2Tiofin ooy t3atsstsa

1 1, 1.
My=(2p1,1p1,201,303,3) — M7, i s M
1 Moo teriatin o taotsstsn o g
M7 =(p1,12p1,2P1,3P3,3) My, 0 M
t1,27] ot11 ta ots 3t
1 271,241, 1 3,213,313,1 1.
M;=(3p1,2p1,3P3,3) 1 M
1 T%yl 1 t1,27"%’2 1 t3 ot3 3 1
M3=(3p1,1p1,3p3,33) —Mj, My, M3
1 T%,ltl’l 1 t3,2t3,3 1
My =(4p1,1p1,5P3,3) »Ms s M ;
Lot t1.ord
1 Tl,l 3,1 1 1,271 o 0 . )
Ms5=(4p1,1P1,3P3,5) 3 s Mg =to reconfig. yo;
1t ri ot
1 Tl,l 3,1 1 1,1 1,1 0
Mg=(5p1,1p1,5P3,5) My, > M.

The state transition rate graph, with states sg:Mij, j=0,1, of the
ECTMC [2], associated with the model RI'} in Figure 4, noted as
ECTMC1, is shown in Figure 5. The graph ECTMC1 is built on
the basis of RG1 and RG2 using approach presented in [2], [3]. In this
graph, XT,M:M (p12) - Ar,s XLQ and Xg,g are the firing Z-fuzzy rate of
the timed rewriting rule 71 and those of the timed transitions ¢; 2
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and t3 o, respectively. ¢i1 and g3 1=1—¢11 are the firing probabilities
of the immediate transitions t;; and t31, respectively.

The states of EC'TMC'1 are the reachability markings of the mod-
els DE? and DE%, the respective configurations are ~y or 1, i.e.,
sg:Mij, j=0,1. For this EFCTMC1, we can write the Chapman-
Kolmogorov linear equations system [1]-[3] the solution of which
yvields the steady-state probability distribution over the states =
(7r8 e ,7Tg, wé, e ,wé). The MatLab software was used to this end.
Into configurationy,

~

ECTMC1
of Sv, & Sv,

m y,.

“FJ

Figure 5. The RT (see Figure 3) ECTMCT1 state transition rate graph

Based on these probabilities ?, we can evaluate the performance
measures specified according to some Z-fuzzy parameters that vary in a
defined range. For example, we choose to evaluate the 7,1 average
waiting time in the buffer Bufi of a job type Ci depending on the
Z-fuzzy firing rates: X§2:<X§2, X§2>, where X{‘Q:(l, 2, 2.5, 3.5; 1),

Ay=(0.5, 1, 1.25, 1.75; 1), and My=A,=(0.8, 0.9, 1; 1); ¢1,1=0.6,
q3,1=0.4; A, ;=M (p11) - A\ varies depending on the parameter \.c
0.1, 6.0].
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_ For Z-fuzzy parameters, we obtain: 1) the weight a=0.9 of the
)\52:)\?2 of )\‘1472 and )\3472, respectively; 2) the corresponding average
credibility values are )\1272:2.0250 and X§2:1.0125.

Given the above input data and according to [2] and [3], the
TBuff1=NBuff1/ABuffi- Computation is performed as a function of
the A\.€[0.1, 6.0], where: T, ¢s1 is the average sojourn time of a job in
Bufi; npuppn=500 (MO (pr2) - 70) + 8_o (M} (pr2) - 7b) is the av-
erage jobs number in Buf; and 22:0 (Mli (p11) - 77,&) is the throughput
of r1,1. The obtained results presented in Figure 6 show the reconfigu-
ration from 7y to ; impact on Ty ff1.

Average sojourn time a job in buffer 1

A _values
r

Figure 6. Average job sojourn time in Buf|

Thus, Tpyff1 increases in the configuration vy up to 7‘]%%1:
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2.662317420 for A,=0.425, and then it decreases rapidly down to
7‘?&%1:01433143438 for A,=6.0 upon the activation of Svz in the
configuration ;.

Since the class C5 jobs processing in the CS configurations ~y and
~1 is independent from those of the class ', the evaluation of their
performances can be performed following the approach described in
[2], [7], and [9], with the Z-fuzzy parameters respectively specified.

6 Conclusions

The paper presents the descriptive compositional approach for uncer-
tainty modelling and performance evaluation of ReDES using ReSRN
with Z-fuzzy parameters, called FReSRN, that can modify in run-time
their own structure by some rewriting rules of their components. The
Z-fuzzy expected values of the transition and rewriting rule firing rates
are calculated based on credibility theory, and then the FReSRN model
is degenerated to a conventional ReSRN model. A numerical example
for performance modelling and analysis of a particular ReDES is given
to show the effectiveness of the proposed method.

We will focus in our future works on developing a user friendly
interface visual simulator software tool for verifying and performance
evaluation of FReSRN models involving other kinds of transition time
distributions laws and others firing rules.
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