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Introduction but it was rather difficult to automate it and it required a lot
of time resources and overview of various conditions. And

Wilfred Brauer [1] described the automata, their types ~ our proposed model (the convolution of Moore and Mealy

and behaviour very widely in his book ,,Introduction to the ~ automata) is more efficient and it lets to simulate the

automata theory*. system using four surjections.

Recently Moore and Mealy automata have been very We have noted that to the explored system such
popular, but the studies on the conjunction of these  mathematical description can be created, for formation of
automata are not numerous. which only few logical expressions are necessary.

A.A.Shalyto in his work [2] showed that automata
theory can be useful for engineering, developing and  Description of the convolution of Moore and Mealy
documentation of multi-agent systems. Algoritmization  automata
and programming principles for logical control were

formulated, regarding algorithms and programs as finite The conjunction of Moore and Mealy automata, as
automata. A.A.Shalyto in [3] the finite automata used in  shown in Fig.1, will be called the convolution of them. The

object-oriented  programming and in programming  following surjections define the work of this convolution:
protocols.

K.Svozil [4] tried to enumerate  some rationall.y g, . WxY oW, (1)
conceivable forms of complementarity or logic-algebraic
structure of propositions. He described some examples, f.o WX, 2)
originated from quantum systems and automata theory,
including the serial and parallel composition of fii XxZ->7Y, 3)
deterministic Moore and Mealy automata.

In the theory of computation, Moore and Mealy g XxZ—>Z, “4)

automata are the finite state machines that have only a
finite constant amount of memory. This kind of model is
widely applied in the sciences of computation and
languages [4].

So, the classical Moore and Mealy automata have
only a finite number of states [4], but when we use them
for describing the service systems, it is expedient to fill
their states up to infinite number. Besides, the convolution
of automata means that output signals of one automaton

where W — a set of states of Moore automaton; X — a set of
output signals of Moore automaton (the input signals of
Mealy automaton); ¥ — a set of output signals of Mealy
automaton (the input signals of Moore automaton); Z — a
set of states of Mealy automaton.

The logical unitary Hevisaide function is used for
description of surjections

becomes the input signal to another automaton. Then it is 1) = 0, ¢<0, 5)
sufficient to make four surjections for creating the L, t>0;
calculation program.

Our investigation object is a queueing instead of usually in the automata theory [4] used
telecommunication system [5, 6]. At first a method of  Kronecker symbol, defining the transmission and output
controlling sequences was taken to simulate the system,  functions.
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Moore automaton

Wn+1 :gr(wnayn) @

I
)|

ntl
| Xn+1 :fr(wn+1)

|_>@ fl(xn;zn—l):: Yn

gl(xn;zn—l):: Zn

Mealy automaton
Fig. 1. The convolution of Moore and Mealy automata

Let‘s suppose that1(x)=1-1(x).
The symbol Inf (it means +o0 ), that meets the conditions:

(6)
(7

a+Inf =Inf,a—Inf =—Inf,x 2 0;
Inf —Inf =0,Inf-0=0,Inf-B=Inf, >0,

is used as well.

Let‘s suppose that x, e X, y, €Y, z,€Z,w, eW .

Then the presentation of the work of the convolution of
the automata can be presented as in Fig.2.

— @ gr(WIaYI)=W2

— frw)=x 1r(wy)=x,

_ = fix1,20) =y = filx.21)=y2 =
/

gz(x1’20)=21 gl(XZsZI):Zz

Fig. 2. The presentation of the work of the automata
convolution

Besides, the convolution of the automata begins
operating on entering the initial states w; and z,. The

convolution of the automata can work unlimited time.

It must be noted that when the particular convolutions
of Moore and Mealy automata are let to work, the
definition or the surjections depends on the selection of the
initial states w; and z, Therefore these states must be
concerted among themselves, because otherwise the results
of mappings g,, f,, f;,g; can be obtained not correct.

Description of telecommunications queueing system
with two service channels and finite queue

We’ll take a service system [7, 8] that consists of two
service channels and the buffer of infinite capacity M

(Fig.3).
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Fig. 3. The queueing telecommunication system structure

A virtual service system (Fig.4) will be created to
imitate this system. It is different from the investigated
system, because it is closed and ,,0-th* service channel
with infinite number of packets in queue, has been placed
in it.

(@)
[@

|
>

:

Fig. 4. The virtual model of queueing telecommunication system

O

The mission of 0-th channel is to generate the flow of
packets for the ,,Ist“ and ,,2nd“ service channels. Such
solution of the task lets to interpret everything like the
conjunction of the same three Moore and Mealy automata
convolutions.

Therefore we will consider that the ,,0-th* channel
generates the packets, the ,,1st* and ,,2nd“ channels really
execute the service of the packets. Infinite number of
packets are waiting at the “0-th” buffer, and the packets
served in the ,,1st” and ,,2nd* channels return to the end of
the “0-th” buffer. If a packet arrived at the ,,1st buffer
finds it busy, the packet is rejected.

Thus we have created a closed service system. It
unifies the creation of surjections that describe the
operation of such system.

The events occurred in the queueing system will be

denoted: A,(,k ) _ the n-th packet arrived at the k-th channel;

B,(,k) —the k-th channel began to serve the n-th packet;
C,gk) — the servicing of n-th packet was finished in A-th
channel (k=0,1,2;ne N).

Consider that the servicing time of n-th packet in i-th
channel is fj(»k). Note that “0-th” channel, generates the

packets at time moments &;,¢& +&,,8 +&, +&;,..., the
,1st“ and ,2nd*“ channels service the packets during the
: (1) (2)

times £/ and &7

The ,,1st* channel has the preference for servicing, if the
both channels are spare at moment ¢,, .

Such event presentation, shown in Fig.5, describes
the investigating system.

tn 0 153

C(k)

events i

Al(l)Bl(l)

Fig. 5. Event presentation of the queueing system



The creation of surjections of Moore and Mealy
convolution

We will introduce variables for creation of
surjections. Put the case that ne N, k=0,1,2, r=0,1.

Then:
o t, —taimer” — (¢, =0, 0<¢ <t, <...) it defines
the time moment, when any event occurs;
o 78— (W =_10) —if y% =—1 then k-th
channel at time moment ¢, finished to serve the packet,
and it y %)

»’ =0, then the servicing is not finished or the

channel hasn’t worked,;

. vEI’) - (vfl’) =0,1) — if v,(f) =1, then the packet
arrives at “r-th” buffer at time moment ¢, , and if v,(f) =0
- there are no arriving packets;
this zﬁ,o) =Inf, and
zﬁ,l) =0,1,...,M ) — defines the number of packets in the
“r-th” buffer;

. zﬁ,r) - (in case

n n—1 n T Xn = [}’lf > (8)
2= (an—l +y 4 W +;(,(,2))><
xl(M —(an-1 +yl) 4 0 +;(,£2)))+ 9)
+z(1) -I(M - z”{l +v£1) +;(,(,l) +;(,(12)»,

o sH) (S ,(fi)l > 0) — controlling variables, defining

n+l

the time moment ¢,,; , when the value ¢, is known (if the

k-th service channel does not work, then S (k) Inf , and

n+l =

otherwise S (k)

a1 <+ ).

Using the introduced logical variables we can create
such logical expressions:

i glk) s gl
1(s - s0)= {L liiigk);ssfg,)” (10)
159 ={1’ r8y) < (i

" o, it sW = gy,

when k,/=0,1,2 and k=1 .
Then

PO _1(551) _ S}(zo)).l(gigz) _ S}go))’ (12)
20 = —1(S,§°) _551)).1(5}9) —S,Sl)), (13)
20 = afs©) — s )a(sW —s2); (14)
t, = min(s®) ‘k:O, 12), (15)
N I TR | R D

Such logical variables are needed, too:
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worked at time moment ¢
channel hasn’t worked,;

et om=12 - (¢ =1,0) - if z{" =1, then
there is at least one packet in the “Ist” buffer, that could be

- (7;(1k) :1»0) — if }/,(,k)zl, k-th channel
and if nk ) =0, then the

nos

served in m-th channel, and if r,ﬁ’”) =0 - then there is no
one packet in channel.

(m)

The introduced logical variables ;/,(,k), T,  can be
expressed as:

2 150 1ap), a7

I N ) ) (18)

e e ) R

The recursion surjections will be defined using such
logical variables, too:

e 0l — (0% =0,1) — if @) =1, then the k-th
channel begins of servicing of the next packet at the time
s if @E{‘) =0, then the channel don‘t begin of
serving of the next packet;

e A% — (AW =0,1) it A =1, the k-th channel
stopped after it served the packet because of shortage of
packets;

J ,Ek) - (F,Ek) = 0,1) if l“,(lk) =1, defines that at the

time moment ¢, nothing happened in k-th channel, and if

moment ¢

r,ﬁ" ) -0 , defines that something happened in k-th channel.
The logical variables oW , A¥ T®) with all # and k

n n n

are related with such relation:

0¥ + Ak L T®) (20)
The logical variables are related:
00,0 @1
ol = T, @
0@ =, (1,00 _,0) () (23)
AD =0, el
A=) D, &
Al Z )70, 26)
[*’Sk) :1_@%)_[\(’/’0). 27)

The states of Mealy and Moore automata will be
defined as follows:

(s ]k =0.1.2).

0) )

Zy :(Zn > “n

(28)

(29)

WI‘I



Consider that the initial state of the system is:
zy = (zgo); z(()l)): (Inf, 0),

wy = (58| & =0,1,2)= (&0, 1y 1oy )

(30)

(€2))

because the mapping g,, f,, f, g at these initial conditions
are the surjections.

The surjections will be defined using recursion
formulas.

%, =0, 70500, 050, (32)
o frlw)=x, (33)
21 = (05 280 ), (34)
Yn = (tn; VSIO)’ Zr(IO)’ 2510—)1; V)(11)’ 511)5 Zr(IZ)’ ZSLI—)l)ﬂ (35)
o Silwz)= (36)
s gl(xn’zn—l)zzn' (37)
) NG
We will describe two vectors 7, and C, for
creating the controlling sums S,glfr)l .
j=i+el). (38)
NG

Ty = (tn +§,£k); Inf; S,sk)), (39)

(k)
Cn =(®ff‘);1\(,f);l",gk))~ (40)
We will express the controlling sums S ,(lk)l by the
N0

QNG

scalar product S,Sﬁ)l =|Tyn ;Cun | of two vectors T,
N
and Cp .
So,

® 8r (Wn > Vn ) =Wyt - (36)

+ 7%

Note that if the capacity of buffer “1°” M is changed
into /nf, we will have infinite buffer.

Then I(Inf—(zs_)l + v,(}) + ;(,(11) »E 1 and
N I)

The convolution of Moore and Mealy automata,
describing the work of service system, is got after the
surjection of state creation of Moore automaton has been
filled up with the packets’ servicing times.

The sets (fj(k), jeN ) of random positive quantities
fj(k) can be deterministic or distributed by any probabilistic

distribution.
It is expedient for the convolution to work until a
fixed number of members of the sequence 1,2,...,K will

be taken from the set (ffj(o), jeZO). After particular
sequences (fj(k), j=L2,...,K ) have been presented, the
concrete presentation of the service system is obtained.
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The work results of these automata is the expression
of the given service system.

Case study

The work of the convolution of Moore and Mealy
automata and at the same time the operation of the service
system will be illustrated with the concrete example
(Table 1).

Performance characteristics of queueing system,
necessary for a user, may be calculated from the
presentation (Table 1.). For example, the inter-arrival times
between packets; the mean value of packets servicing time;
the system working time; the probability, that will be
0,1,2,... packets in the system; the mean queue length; the

mean value of waiting time in a queue; the probability, that
the system is spare, etc.
In Fig.6 we show the probability that at moment ¢, in

the “Ist” buffer will be 0,1,2,... packets when we have

changed the packet flow. For this case it was taken
deterministic_1 packet flow with the parameter 7,4, =2

deterministic_2 packet flow with the parameter 7,4, =3 ;
exponential 1 packet flow with the parameter 75, =2;
exponential 2 packet flow with the parameter 7., =4;

and the random servicing times from 1 to 8 in both service
channels.

0k 4 Fli)
B determ inistic 1
05 O determ iristic [
gl Oerporwttiall
04— Hi Beponertiald [
oz H
g
g
0z - Hi
] g
el g
g g
o4 +— | B H
o B
E g |'| |
g |
I:I = T T I- |_| 1
] 4 5 ¢

Fig. 6. Probabilities distribution of the number of packets
in the “lst” buffer when the packet flows inter-arrival
times are: 74y =2, Toger =3, T3exp =25 Thexp =4 and

M=5, éei(l)aé:i(z) € [LS]-

Conclusions

Applying the proposed method, the work of
telecommunication queueing system can be described
using the few surjections, describing the convolution of
automata, which can be divided into smaller components
that would help to software implementation.



Table 1. Example of the work of queueing telecommunication system using the convolution of Moore and Mealy automata

(0 k=12, )=(222222222.) 0 k=12..)=(64743642..) (P k=12.)=(5364543.)
N ] 0 T 2 3 2 5 6 7 5 9
50 * 2 4 6 6 8 10 12 12 14
sO 1« | o | s 8 8 8 12 12 12 19
5 * Inf Inf 5 Inf 11 11 11 14 14
VO s 0 0 1 0 1 0 1 1 1
P N 1 0 1 gy 1 0 1 1
2 V| ome | o | o | omf Inf Inf Inf Inf Inf
y 1 1 0 1 1 1 0 1 1
PR 0 0 0 0 1 0 0 1 0
PO 0 0 1 0 0 0 1 0 0
E1OM 1 2 1 2 2 3 2 2 2
‘, 0o | 2 4 5 6 8 10 1 13 14
events |+ | 4l | 4V AV Al 40 Al Al

<50 0 510 0 50
* BI(Z) Cl(2) B£2) ng) Bgz) C3(2) Bé(f)

(19), (22), (26), (36) formulas, used for creating of
surjections, are common for various types of
telecommunication systems, consisted of three service
channels, and (16) — (17) formulas are individual for
particular system.

In future it is planned to improve the creation of
surjections and to offer a generalized method consisting of
several surjections. This method would facilitate to create a
simulation model of a big complex telecommunication
system at the same time demanding less resources. To this
end, more detailed researches of the convolution of Moore
and Mealy automata are being performed.
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A. Zvironien¢, Z. Navickas, R. Rindzevitius. Telekomunikacinés sistemos analizé panaudojant Muro ir Milio automaty sasuka //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2005. — Nr.3(59). — P.64—69.

Siuo metu yra ypaé¢ aktualis jvairias telekomunikacines sistemas aprafantys imitaciniai modeliai, realizuojami elektroninémis
skaiCiavimo priemonémis. Todél iSkyla problema: telekomunikacines sistemas apraSyti tokiomis matematinémis — informacinémis
savokomis, kad po to, blity galima sudaryti atitinkamas skaiCiavimo programas, skirtas apskaiciuoti jvairioms telekomunikaciniy
sistemy charakteristikas. Patirtis parodé, kad tokiy sistemy aprasymui tinka Muro ir Milio automaty sastikos. Klasikiniai Muro ir Milio
automatai turi tik baigtinj biiseny ir signaly skaiéiy, bet kai jie panaudojami telekomunikaciniy sistemy apraSymui, ju biiseny ir signaly
skaiCiy tikslinga papildyti iki begalinio skaiCiaus. | automatus ivedama ir laiko savoka. Be to, sasiikos terminas reiskia, kad vieno
automato i$éjimo signalai tampa kito automato j&jimo signalais. Tada pakanka sudaryti atitinkamas siurjekcijas, pagal kurias yra
sudaromos skaic¢iavimo programos. Pateikiamas nagriné¢jamos telekomunikacinés sistemos su eile apraS§ymas Muro ir Milio automaty
sastika. Il. 6, bibl. 7 (angly kalba; santraukos lietuviy, angly ir rusy k.).
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A. Zvironiene, Z. Navickas, R. Rindzevicius. Telecommunication Systems Analysis Using The Convolution Of Moore And Mealy
Automata // Electronics and Electronicall Engineering. - Kaunas: Technologija, 2005. — No0.3(59). — P.64-69.

At present imitation models, describing various telecommunication systems and realized by computers, are particularly topical.
Problems how to describe the telecommunication systems using such mathematical — informational concepts that would enable to create
corresponding simulation models which are used for calculating the various telecommunication systems characteristics. The experience
showed that the convolutions of Moore and Mealy automata are suited for the description of such systems. Classical Moore and Mealy
automata have only the finite number of states and signals, but when they are used for the description of the telecommunication systems,
it is expedient to augment the number of their states and signals until the infinite number. The time is included into automata, too.
Moreover, the convolution of the automata means that the output signals of one automaton coincide with the input signals of another
automaton. Then it is sufficient to create corresponding surjections, according to which the simulation model can be created. A
description of queuing telecommunication system using the convolution of Moore and Mealy automata is presented. Ill. 6, bibl. 7 (in
English; summaries in Lithuanian, English and Russian).

A. Keuponene, 3. Hapuukac, P. PunasaBuyioc. AHajiu3 TeJIeKOMMYHHKAIIMOHHBIX CHCTEM IPH NOMOINM CKPYYHBAHUS
apToMaToB Mypa u Muis // DjileKTPpOHHKA U dj1eKTpoTexHuka. - Kaynac: Texnosorus, 2005. — Ne 3(59). — C.64-69.

B nocnennee BpeMs 0COOEHHO aKTyallbHbI MMUTALIOHHbBIE MOJIEIH, OIMCHIBAIOIINE Pa3INYHbIe TEIEKOMYHHUKALUOHHbBIE CHCTEMBI,
KOTOpbIE peaH3yloTcs KoMIbloTepamu. [103ToOMy BO3HHMKaeT mpoOiemMa OIMCAaHUsS TEIeKOMMYHHKAIIMOHHBIX CHCTEM HCIOJb3Ys
MaTeMaTH4ecKue - MH(GOPMALMOHHbIE TEPMUHBI, KOTOPbIE MO3BOIMIN Obl CO3JaTh COOTBETCTBYIOIIME BBHIYUCIMTENbHBIC IPOIPAMMBI,
MpeIHa3HAueHBbI IS ONPeeIeHHs XapaKTePUCTHUK TeIEKOMMYHHUKAIIMOHHBIX cucTeM. OMBIT MOKa3all, YTo JUIs OMHCAHUS TaKUX CHCTEM
XOpOIIO MPUMEHUMBI CKpYUYMBaHMs aBTOMaToB Mypa u Muns. Knaccuueckuit apromatsl Mypa U Muiist XapakTepu3yloTcss KOHEUHBIM
YHCIIOM COCTOSIHUM M CUTHAJIOB, HO B CIIy4ae UX HCIIOJIBb30BAHUS IS ONMCAHUS TEICKOMMYHHKAIMOHHBIX CHCTEM YHCIO COCTOSHHHN 1
CUTHAJIOB HAJ0 HEOIPAHUYEHHO YyBeJU4uTh. IIpu KMCIONB30BaHMU aBTOMATOB TAKKE BKIOYaeTca U BpeMsa. CMBICI CKpY4YMBaHUS
aBTOMATOB 3aKI/II0YAeTCAd B TOM, YTO CHIHAIbl Ha BBIXOJE OJHOIO aBTOMAaTa CTAHOBATCS BXOJHBIMHM CUTHalaMu Ui apyroro. s
CO3/laHMsl BBIYMCIUTENIPHBIX HMMTALMOHHBIX IPOTPaMM JIOCTATOYHO IIOCTPOUTH COOTBETCTBYIOLIME CypbeKuuH. JlaHO omnucaHue
TEJIEKOMMYHUKAI[IOHHOIM CHCTEMBI C O4Yepeabl0 METOIOM CKpydYHBaHMs aBToMaroB Mypa u Mwis. Un. 6, 6ubn. 7 (Ha aHMIMHCKOM
SI3BIKE; pedepaTsl Ha IUTOBCKOM, AHITIMICKOM U PYCCKOM $13.).
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