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Introduction

The fundamental aspect of the intelligent network
(IN) is the ability to support the creation of services for the
end customer in a rapid manner. Traditional telephone
services are not growing much, and to survive in the
marketplace, many services providers are looking for new
services that will meet the customers’ needs and bring in
revenue. The advanced IN network provides the
multimedia communications include the videophone, video
teleconferencing and remote access to multimedia
databases.

The IN network basic call model is done. This model
describes the operations that the service switching point
(SSP) and service control point (SCP) executes. The two
types of calls arrive according to a Poisson process with
rates 41, 4, and are served by two separate IN nodes with
exponentially distributed service times. Using the Markov
chains exact analytical queueing model was created for IN
network call service process. The Markov chains state
transition diagram is taken. A careful IN network
performance analysis effort is taken by accurate analytical
model and by means of simulation. IN network queueing
performance measures such as mean queue lengths, the
mean waiting times, call loss probabilities in finite buffers
system is taken.

Simulation statistics were compared with results given
by analytical model. This paper describes a general
methodology for analysis call services over IN network.

We also discussed the need for traffic analysis and
proposed traffic model that is available for adoption in
evaluation of IN systems that carry multimedia traffic.

Some calculations results are taken on graphics.

Companies of all sizes depend on their communication
network for mission-critical business transactions. Most of
the work on the development of intelligent network
technology is generally coordinated by International
Telecommunication Union [2,4,5,8]. The intelligent
network uses the technology of signaling system number 7
(SS7). The intelligent network service creation requires a
structured and disciplined approach, it requires the
development of a formal analytical or simulation method or
model.
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IN is modeled through the IN conceptual model,
which is published in ITU-T Rec. Q.1201. The model is
organized around two principal elements: (a) basic call
processing, (b) intelligent service call processing. Basic
call processing is the conventional IN operation of setting
up and disconnecting a call and does not entail special
feature [1,6]. The call model is a representation of a
sequence of procedures executed by an IN points to set up
and clear an IN session. For IN performance issues more
evolving due the integrated service facilities offered by the
network and the employment of IN capabilities across
existing networks [11].

Intelligent network architecture

In general, an IN architecture has two dimensions:
functional description and performance description [11].
The functional part of the architecture is described through
a block schematic with appropriate annotations and is
provided in Figure 1. Note that not all functional entities
are invoked. The performance part of IN is described
through a model of the system in the next section.

A large number of service switching points (SSP) co-
operate with the intelligent service control points (SCP) to
make IN services accessible to users. The IN architecture
model is organized around two principal elements: a) basic
call processing, b) IN service call processing. The IN
service call is directed to SCP and finally this call is
processed like a basic call in SSP with new data. Basic call
processing is the conventional operation of setting up and
disconnecting a call and does not requires and does not
entail special features of IN.

Intelligent network performance model

Call from the users arrives according to a Poisson
process intensity A. This call flow is divided in basic call
flow intensity 4; and intelligent service call flow intensity

2 s0, that A = 4; + 4, . Both types calls arrival processes

are independent and not correlated. The classical M/M/1/K
queue system with finite buffer model is used to analysis
system performance measures [14].
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Fig. 1. Functional architecture for the advanced intelligent network

A basic call is served in SSP with intensity p,=1/T).
An intelligent service call is served in SCP with intensity
w=1/T,, where T), T, - mean value of basic call and
intelligent service call processing times in SSP and SCP
respectively. Service times 7), 7, are exponentially
distributed. An intelligent service call is processed in SCP
and SSP with intensities 1 and u, consequently.

In our case of finite SSP (N) and SCP (K) buffer
capacities we have losses in both points of service.

In order to provide guaranteed services, SSP and SCP
nodes channels call service intensities uy, 4, and buffer
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resources have to be reserved for all kind of IN calls.
Intelligent network analytical model

The different types of queueing systems are analyzed
mathematically to determine performance measures from
the description of the system. The IN system shown in the
Fig.2 is represented there by means of continuous time
Markov chains when the system is in stable state. It is pos-
sible to describe the behavior of a finite buffer queueing IN
system by means of the each system state probability vector
[13].
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Fig. 2. Basic call and intelligent service call processing model
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Each system state is described by four parameters X,
X5, x1, x5, where X;-number of basic calls in the SSP buffer,
Xo-number of calls in the SCP buffer, x;=0 when the SSP
service channel is empty, and x;=1 when the SSP service
channel is busy. Analogous to x; parameter x, represents
state of SCP service channel.

Intelligent network model describes a system with a
boundary on a finite set of states in which the system can
operate as well as a finite state transitions that are possible

from one state to another. System events are associated
with the transition from one state to another and the IN
performance measures associated with each event are
evaluated. Fig. 3 shows IN system Markov chains when
SSP and SCP buffer capacities equal 2 (N=2, K=2). Using
the global balance concept, we can easily write down the
following equations (1) for system state vector probability
evaluation.
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Fig. 3. Continuous-Time Markov chains for the intelligent network call service with call losses

1 Pooro + #2 - Pooor — (A1 +42) Pogoo =0;

Uy - Poory + A1 - Pioro — (41 +42) - Pagro = 0;

4 - Poayy + Az - Poror — (12 + A1) Pogor =0;

APy + Ay - Popny — (g + 1) Prap = 0;
ZPXlexlxz :1'
all

Hy - Poor1 + 42 - Poror + A2 - Poooo — (42 + A1 +42) - Pooor = 0;
4y -Pioro + 4 - Poor1 + 41 - Poooo — (41 + 41 +A2) - Pooro = 0;
ty-Pioyy + #p - Borpy + 4y - Pogor + A2 - Pooto — (s + 4 + Ay +42) - Pyor = 0;
- Poriy + #2 - Pooor + A2 - Pooor = (12 + 41 + A2) - Poro1 = 0;
Hy - Pagro + Ha - Piory + A1 Pooro — (41 + 41 +42) - Poro =0

w1 Pogro + 2 - Pt 40 Boorr + 42 - Proto — (a1 + 2 + 41 + 42) - Po1 =0
P un - Poo + 41 Poror 42 - Poorn — (i + 2 + A+ 22) - Por11 =0; )

Uy Py + A1 Piorn + 4y - Pagro — (i + pa +42) - Paor1 = 0;
my-Poyyy + pp - P+ 4y - Pornn + 42 - Pon — (i + iy + A4 +42) - By =05
My - Piopy + 4y Pogor + A2 - Pornn —(uy + pa + A1) - Pop1y = 0;
My - Pyoyy+ 24Py + Ay - Pagry —(py + sy +42) - Py = 0;
Py + A1 Poprn + A2 - Py — (i + pa +44) - P =0;



Once we have obtained the IN system states
probabilities Py, from equations (1), we now proceed
to find other IN performance measures.

1) Mean value of calls in SSP buffer is then given by

Ngt =PFo1o +Fon + P + o +

+2(Pao10 + Pro11 + Par11 + Pooi)- )
2) Mean value of calls in SCP buffer is given by
Ng2 =Fyro1 +Porni + A + P +
+2(Po2o1 + Poar1 + Pia1n + Poar1)- (3)
3) Basic and intelligent service call losses in the SSP
Pssp = Pao10 + Pro11 + P11t + Pao11- 4)
4) Intelligent service call losses in the SCP
I)INS :R)ZOI +R)211 +Ezn +P2211' (5)

5) Mean value of call losses of IN system for both types of
arrivals

_ A+ A0 -Pns)Pssp . A2Pins
Py = . (6)
M+ M+
6) Mean value of call waiting time in SSP buffer using
Little’s theorem
— Nl
Wssp = ¢ : (7
A (1= Pgsp) + Ay (1 - Ppys)
7) Mean value of intelligent call waiting time in SCP
— qu
Wscp = ——. )]
(1= Pyys)
8) Mean response time for basic calls
Rpc =T1 +W ssp. )
9) Mean response time for intelligent service call
Rins =T2+W ssp +W scp. (10)
10) SSP channel theoretic and real utilizations
L+,
PSSPT =— >
# (1

psspr =1=Poooo — Pooto — Foro1 — Fozo1-

11) SCP channel theoretic and real utilizations
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PsspPT :fz_i; Psspr =1="Poooo = Fooro —
—Fo10 = Pao10- (12)
12) The probability of empty system
Fy = Fyp- (13)

Results by an analytical model

This steady state performance measures are derived
without assuming anything about the queueing discipline
and they hold for all queueing disciplines [12].

We estimate IN performance measures such as call
losses in finite buffers of SSP and SCP nodes, delay
parameters for different A and i values.

Evaluation results are given using for this purpose
classical one channel queuing models M/M/1/K.

MI/M/1/K queuing model represents the processes in
intelligent network system (Fig. 2) with Poisson call
arrivals, infinite buffer capacities (&, K) in both IN nodes,
exponentially distributed service times (73, 7»), and the
calls are served by a single separate channels for SSP and
SCP nodes with constant service intensities respectively u;,
Ha.

Some calculated system performance measures
results, using an analytical model, are presented in Fig.
4,5,6.

Wssp 07

0,6
0,5
0,4 1
0,3 +—
0,2 1
0,1

0

0,5 2,5 3

p1

Fig. 4. Mean value of call waiting time in SSP as function of z,,
when 4, =1, =1, u, =1, N=K=2

| BRins  ORbc

RBc, RINS
’ 3,5

3 ks
k5
pessssd

pessssd
pessssd
pessssd
pessssd
pessssd
pessssd
pessssd
pessssd
ks
)

3

3
3
k29

k]

s
fetentess

\ BN

3 p1

_

Fig. 5. Mean value of call response time in system as function of
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Fig. 6. Mean value of call losses in IN system for both types of
arrivals as function of 4, when 1,=, u;=u,=2, N=K=2

Intelligent Network performance parameters permit
operators to determine if a system is meeting the
requirements for quality of services, and if a system is
being used efficiently.

Conclusions

In particular, we have outlined an analytical model to
evaluate a service of the intelligent network performance
measures. An analytical model is extremely accurate in the
case of the basic and intelligent service call Poisson traffic;
exponential service times in SCP and SSP nodes. Both call
flows from users are independent and not correlated. The
classical M/M/1/K queue system with finite buffer model is
used to analysis IN performance measures. Queuing
performance measures such as mean queue length, mean
waiting times, loss probabilities in finite buffers, call
response time is computing using global balance equation
for the Markov chains. An exact system analytical model is
very complicated when the buffer sizes in SSP and SCP are
large, because Markov chains has a large number of states
and more general study of system may be achieved via
simulation.

IN performance evaluation constitutes a widely accep-
ted technique for estimating the system response and
provide valuable feedback to system design process.

The results reported here support the evaluation
process of services provided by IN network operators.

We fell that the proposed approach represents a
possible starting point for future research works analyzing
the processes in intelligent service systems.
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R. Rindzevi¢ius, J. GvergZdys. Intelektualaus tinklo apkrovos srauty analizé // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2005. — Nr. 1(57). — P. 28-33.

Pagrindin¢ intelektualaus tinklo paskirtis — nedelsiant suteikti vartotojui jo reikalaujamas paslaugas. Tradiciniy telefoniniy
paslaugy poreikis vis mazéja, todél paslaugy teikéjai, atsizvelgdami | paslaugy rinkos pokycius, iesko naujy paslaugy, kurios tenkinty
vartotojo poreikius ir duoty teikéjams pelno. Siuolaikiniai intelektualiis tinklai teikia vartotojui daugialypes telekomunikaciju
paslaugas: balso, vaizdo perdavimo, vaizdo konferencijos rySio sudarymo, prieigos prie jvairaus tipo duomeny ir informacijos baziy.

Pateikiamas intelektualaus tinklo bazinio skambugio ir intelektualaus aptarnavimo skambudio modelis. Sis modelis atspindi
procesus, vykstancius skambucio aptarnavimo metu intelektualaus tinklo skambuciy komutavimo ir valdymo mazguose. Dviejy tipy
skambuciy duomeny pakety Puasono srautai intensyvumais 4; 4, patenka i sistema ir yra aptarnaujami dviem skirtingais kanalais.
Pakety ilgiai ir jy perdavimo kanaluose trukmés pasiskirsCiusios pagal eksponentinj désnj. Pasitelkus Markovo grandines sudarytas
tikslus skambuciy aptarnavimo sistemoje modelis. Pateikta Markovo grandinés per¢jimo i§ vienos biisenos | kita diagrama.
Intelektualaus tinklo darbo naSumas tiksliai jvertintas analitiniu biidu apskai¢iuojant Siuos sistemos darba nusakancius parametrus:
vidutines laukimo eilé¢je trukmes, skambuciy neaptarnavimo tikimybes, vidutinius eilés ilgius esant ribotoms buferiy talpoms.
Rekomenduojama sudétingesnés sistemos analizei taikyti imitacinio modeliavimo metodus, nes, esant didelei buferiy talpai, Markovo
grandinés tampa labai komplikuotos ir imlios skai¢iavimy. II. 6, bibl.14 (angly kalba; santraukos lietuviy, angly ir rusy k.).
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The fundamental aspect of the intelligent network (IN) is the ability to support the creation of services for the end customer in a
rapid manner. Traditional telephone services are not growing much, and to survive in the marketplace, many services providers are
looking for new services that will meet the customers’ needs and bring in revenue. The advanced IN network provides the multimedia
communications include the videophone, video teleconferencing and remote access to multimedia databases.

The IN network basic call model is done. This model describes the operations that the service switching point (SSP) and service
control point (SCP) executes. The two type data packets of each call arrive according to a Poisson process with rates A;, A, and are
served by two separate channels with exponentially distributed transmission time. Using the Markov chains exact analytical queueing
model was created for IN network call service process. The Markov chains state transition diagram is taken. A careful IN network
performance analysis effort is taken by accurate analytical model. IN network queueing performance measures such as mean queue
lengths, the mean waiting times, call loss probabilities in finite buffers system is taken. An exact system analytic model is very
complicated when the buffer sizes in SSP and SCP are large, because Markov chains has a large number of states and more general
study of system may be achieved via simulation. Ill. 6, bibl. 14 (in English; summaries in Lithuanian, English and Russian).

P. PunmzaBuutoc, 10. I'Beprixauc. McciienoBanne noTokoB BbI30BOB B HHTEUIEKTYAJIBHOH CeTH CBA3H // DJIEKTPOHHUKA U
snexTpoTrexHnka. — Kaynac: Texnoaorus, 2005. — Ne 1(57). — C.28-33.

OcHoBHOE Ha3HaueHHe HHTe/UekTyansHOi cetn (MIC) — HEMEIJICHHO NpeNOCTaBUTh MOJIB30BATENI0 €ro JKEIaeMyH YCIyry.
[oTpebHOCTh TpaJUIMOHHBIX TeIe(OHHBIX YCIyr BCE YMEHBIIAETCS, MO3TOMY ONEpaTOpHl, MPEJOCTABISIOINE YCIYTH U OLCHUBAS
N3MEHEHUSI B PHIHKE TEJICKOMMYHHUKAILIMOHHBIX YCIYT, MILYT HOBBIX YCIYT, YJOBJECTBOPSIOUIMX HMX KIMEHTOB M [JAIOIIUX JIOXO[.
Cospemennble MC npenocTaBisiioT IOJb30BATENIO pa3HblE  TEJIEKOMMYHHKAILMOHHBIC YCIYTH, TaKHe Kak ToJoC, BHIEO,
BHUJICOKOH(EPEHIIHsI, 1aTa, JOCTYI K pa3HbIM OaHKaMm JaHHbIX 1 uH(opmauuu. [Ipenocrasisercs Moaeab 00CayKuBaHus 6a30BOro U
HHTeIUIeKTya pHOoro 3BoHKa B MIC. Mozens o0ciykuBaHus 0a30BOro M MHTEICKTyalbHOro 3BoHKa B MIC oTOOpakaeT mporecchl B
y3J1aX KOMMYTalluy U YIIPaBICHUS.

[TyaccoHOBCKHE MOTOKHU JAHHBIX OT JBYX THIIOB 3BOHKOB MHTEHCHBHOCTBIO 4|, 1, MOCTYIAIOT B CUCTEMY M OOCITY)KUBAIOTCS IBYMSI
pa3IMYHBIMU KaHajamu. JIMHA MakeToOB JaHHBIX M BpeMs HX Iepeladd MO KaHallaM paclpeesieHO SKCINOHeHIuanabHo. Ha ocHoBe
nenn MapkoBa co3iaHa MOJENb OOCIY)KMBaHUS 3BOHKA M IIOJIy4€Ha CHCTEMa JIMHEHHBIX alreOpandecKux YypaBHEHUH Uit
OIIpe/ieIeHNs BEPOSITHOCTEH COCTOSTHMI MapKOBCKOM nenu. /Uit TouHOH oleHKH npoun3BoutesbHOCTH VC npuBeqeHbl BBIPAKEHUS
JUISL pacyeTa CPeIHEro BPEeMEHH OXKHIAaHHs, CPEIHEeH UIMHBI OYepeld, BEPOSITHOCTH HEOOCIIy)KMBAaHUS 3BOHKA B CIy4ae KOHEYHOM
emroctu Oydepos. Pexomenmyercss mia aHammza Oosiee cinokHOi MC cucTeMBI NMPUMEHSATH METOIBI MOJAEIMPOBAHMSA, TAaK Kak
aHAJTUTHYECKUI METOJ aHalM3a CTaHOBHTCS OYEHb CIOXHBIM M TpyaoeMkuM. Min.6, 6ubn.14 (Ha aHrmuiickoM si3bike; pedepatsl Ha
JIMTOBCKOM, QHIJIMHICKOM U PYCCKOM $3.).
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