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Introduction

The use of quality of service mechanisms to provide
prioritization for various traffic types is a key element
needed for voice and data network convergence [1].
However, it is not sufficient if the networks components
are unreliable. The focus of this article is to address the
reliability aspects to priority traffic transmission over an
unreliable channel. Analytical and simulation methods are
applied to analysis priority queuing data network. The
quality of data packet transmission is primarily a function
of data packet loss and delay. The need to support real-
time service has driven the development of priority data
control mechanisms and technologies [2]. The objective is
always to guarantee prioritization of voice and video flows
and service providers need reliable and high performance
networks.

This article analysis how priority queuing network an
unreliable transmission channel impacts the data packets
loss and delays. Analytical model is based on Markov
chains and analyzes unreliable channel with exponential
times between failures and times to restorations. A typical
time between failures of data network components is in
range 10000-300000 hours and the failed component is
recovered by reset, which typically takes several minutes,
or replaced, which takes some hours [3]. To reduce
channel failure impacts the channel is often redundant.
There are many data network node reliability issues to be
resolved in order to achieve acceptable reliability. High
availability with extremely short interruptions in case of
failure is needed for acceptable QoS in real-time dialog
services such as telephony or video conferencing [3].

An asymmetric data network node with unreliable
channelsisinvestigated in reference [4].

In this paper we will propose the analytical models of
data packets transmission with two different approaches:
when transmission channel is trusty (without failures) and
when the channel is unreliable.

In summary, we clam that the proposed models
would be very worthwhile to analyze the processes on real -
time services providing data network node.
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Analytical model for performance evaluation of reliable
priority queuing network node

We will study telecommunication network gqueuing
node, which uses one unreliable transmission channel to
transmit low and high priority Poisson data flows, which
are coming into the channel via two different FIFO buffers.

Let’'s suppose that two priorities Poisson data packets
flows arriving to the buffers length K; and K, with rates 1,
and A, each. The transmission intensities of data packets
over the channel are equal to the p; — for high priority data
packets and W, — for low priority data packets respectively.
Network node structureis givenin Fig. 1.

Al = 111111
Zh
C
_ Kg ,"1;,"2
LI

Fig. 1 Network queuing node structure with two separated buffers

System parameters:

A — flow intensity of high priority data packets,

A2 —flow intensity of low priority data packets,

l, — mean value of high priority data packet length,
E —mean value of low priority data packet length,
K — buffer, which contains high priority data
packets, size,

K — buffer, which contains low priority data packets,
Size,

C —data packet transmission constant bit rate in
channel,

M1 M2 — high and low priority data packet transmission

intensities through the channel.
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Fig. 2. Continuous time and discrete state Markov birth-death process of the network node with reliable transmission channel with two
buffers

The data packet lengths 1, |, are exponentialy Using global balance concept, we can write down
distributed with mean values E E3 P(Ii < k)=1— ek/li’ equations system (1) to evaluate state probabilities Pxy; :
i=1,2; k=0,1,2,... . oo (A2 + 1) =P 4 =0

Data packets transmission intensities by channel are  |Por (o +1) —Poig- 4 —Poog 4 =0
givenby: i, =C/l,, i=12. Pooor 1y =Po1pr A —Pooy 4 =G

Transmission durations of data packets through the RPag (M +45 + 1) — P 4 =0
channel: 7, =Y/ =1;/C, i=12. Py (b +24+15)—Por A —Poo 4 =0

System utilization parameter: p = (4, + 4,)/ 1, where Poo (M +165) — Py Ay — P11 A, =0
mean value of data packets transmission intensity via Pooo (4 + 2 + 1)~ Ryoo A —Rog: th —Poog: 1 =Q
channel : H ('u.l faf G 22)) + stz /12./(11 * 1.2)) ' Por ( +42+ 12) =Pooo 22 = Roz- 11 = Fooz 12 =Q
Let's begin from the case with reliable data -
transmission channel. Both priorities data packets are Poz (4 + 1) ~Poor 22 =0
accepted to the system until their buffers are not full. But Roo (. +42) —Roo 14 —Fooo 2 =0
low priority data packets are not served by the channel Roo (y+ 2+ 1) Py A — Rio 14 — Py 1o =0 1
until the high priority buffer is not empty. That why we B Uy 70+ 1) P Jo— P 16 —Por 11, =0
will need to make a model of birth-death process for such tor (h+%+14)=Roo o ~Rar 14 =P 4 =
Markov queuing system measures evaluation. Each system Roo (4 +14)—Ror A —Rax 14 =Py 15, =0
state may be described by vector of three parameters X, Y R0 4+ +14) ~PRoo 4 —Plao 14 —Proo 1 =0

and Z. _

X describes channel states: 0 — channel is free; 1 — Rur i+ +14)=Ror A =R 2= Rav 14~y 1 =0
channel is transmitting high priority data packet; 2 —  |Riz (h+)—Ror A —Rir A —Ror th =Pz 1 =0
channel istransmitting low priority data packet. Roo (A +14)—Rig 4 =0

Y — number of high priority packets in the first buffer . B P —
inour case 0, 1 or 2, when buffer capacity K,= 2 packets. Ror (ot 1) ~Rur A —Rao 72 =0

Z — number of low priority packets in the second Roo th—Ri2 4 —Ror 4, =0
buffer in our case 0, 1 or 2, when buffer capacity K= 2 > Raz=1

packets. allxvz
System state transition diagram on Fig. 2 is build for a
system, which buffers sizes are K;=K,=2 data packets. We now proceed to find system performance measures

Therefore, we will have to investigate system with data  suchas:
packet losses. Data packet loss probability basically ) o o
depends from buffers capacities and throughput of the & highand low priority data packets|oss probabilities.

channel. Piloss = 2, Px2z » (2
aixz
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PoLoss = Z Py 3
allxy

b) mean number of high and low priority data packets in
buffer waiting to be served:

N_ql = ZYPXYZ ) (4)
ally=1,2

Ne2= > 7Pz ; )
allz=1,2

¢) mean vaue of waiting times for the high and low
priority packetsin the queue:

— N
W=——% 6
' 21(1_ PlLOS) ( )
L_ ©)

Analytical model for performance evaluation of
unreliable priority queuing network node

Now let's analyze the case when the transmission
channel is unreliable. Consider that the channel failure
intensity y and the channel repair rate r are distributed

exponentially we can draw a Markov system state
transition diagram as shown in Fig. 3.

The Markov chains state for the node with unreliable
transmission channel has one more state (Pxyzj) vector
parameter J. Parameter J shows is the transmission channel
working properly (J=0) or are there some channel failures
(J=1). Mean time between channel faillures (MTBF) is a
basic measure of the system reliability. It is typically
represented in to the expected number of operating hours
before the channel fails. The channel failure rate y is the
inverse of the mean time between failures.

The channel repair rate r is the inverse of the mean
time to repair. Mean time to repair (MTTR) or recover is
the expected time to recover channel from a failure. This
may include the time it takes to diagnose the failure, the
time it takes to get a repair technician onsite, and the time
it takesto physically repair the channel.

The mean time between channel failures and the mean
time to repair can be modeled as an exponentially
distributed random variable. Equations (8, 9) illustrate
MTBF and MTTR variables distributions

P(MTBF <t)=1-e™, 0>t<w, (8)
P(MTTR<t)=1-e ™, O>t<ow. (9)

Consider, that our system is a continuous time and
discrete Markov chain and then using globa balance
concept, we can write down equations system (10) to
evaluate states probabilities Pyy,; .
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Fig. 3. Continuous time and discrete state Markov birth-death process of the network node with unreliable transmission

channel and two buffers



Rooo” (44 + 22 +7) = Rooo® t4 = Poooo” 12 —
—Fooo F =0,

Rooo' (4 + 2+t +7) = Ryooo* 4 — Roo” 14 —
—Poioo o = Ryo1 1 =0,

Rioo" (W + 2+t +7) —Rooo 44 = Rooo t4 —
—Poooo* 1y =01 T =0,

Pooo' (A2 + 14 +7) = R0 4 =0;

Rowo' (W + 24+t +7) —Rooo A2 —

= R0t = Poato o = P11 =0;

Rio M+ 4+ +7)—Rowo A —

—Ri100" 42 = R210" th = P10 o = Rop11° T =0,
R210° (%2 + 14 +7) = Ri10- 4 — Raoo 42 =0,

Rozo- (4 + 14 +7) —Roto- A2 = Razo- 14—

= Po1og" o = Fogo1 1 =0,

Rz (M + 14 +7) —Rozo 4~ R0 A2 —

—Roo0 11— Poooo 1y = Ropp1 1 =0,

R0 (th +7) = Razo 4 — RB210" 4 =0,
Poooo* (4 + A2 + 2 +7) — Ryooo* A2 =

—Roto 4= Pooro" 2 = Foora 1 =0,

Poioo* (44 + 22 + 1t +7) = Pogoo* 41 =0;

Poooo' (Ao + o +7) = Py 4 =0;

Poto- (i + 22 + 12 +7) = Pooo Ao —Rogo- tn —  (10)
—Paozo 112 =Rz T =0,

Poio (M +42 + 1 +7) = Pogro* A — Prygo 42 =0;
P10 (Ao + 1 +7) = Poig" 4 = Popo 42 =0,
Poozo' (4 + o +7) = Pogo- 4, =0;

Poroo (U + to +7) = Poogo 2 — Por1o" 4, =0

Poozo (12 +7) = Porgo* 4 = Popio 4, =06,

Rz (F + 4 +42) =¥ - (Ryooo+ Rooo + Poood) =0;
Poaor (T + 4 +42) =7 - (R100+ Potoo) — R0 4 =0;
Rooor (T +42) =7 - (R200+ Po2oo) = Buor- 4 =0;
Roir (T + 4+ 45) =7 - (Roio+ Poo1d) — Ryoor 42 =0;
R (r + A4 +42) =7 - (Ri10+ Poi1o) —
=R 4 —Ruo 42 =0,

Rz11 (r +242) =7 - (Ba10+ Po1g) —

=R —Roo =0,

Roz1 (T +4) =7 - (Rozo+ Poozo) — o1 42 =0;
P21 (r +4) =7 - (Ri20+ Poizo) —

— Rz A =R 4 =0,

P21 =7 (R220+ Pozod) = Bouor 4 = Rop11- 42 =0,

Z Pozy=1.
allxvz

Using equation system (10) we can evaluate system
performance measures such as;

a) high and low priority data packets loss probabilities:

Plos = Z Pxozo + Z Puvzi (11)
allxz allxyz

Poloss = Z Pyy2o + Z Pxvz1 (12)
allxy allxyz

b) mean number of high and low priority data packets
waiting in the buffers to be served:

allXyzJ
Ngo = ZZ'PXYZ.J ; (14
allXyzJ

¢) mean value of the high and low priority data packets
waiting time in the queue:

J— qu
W=t (15)
)".L(l_ F?I.Loss)
_ N
q2
=— 2 (16)
? /12 (1_ PZLOS)

Simulation results

Classica Markov model is simple and gives precise
results only when incoming data packets flow process and
transmission time is exponentially distributed. An exact
system analytica model is very complicated when the
buffers sizes are large, because Markov chains has a large
number of states and more general system performance
measures study may be achieved via simulation.

The simulation experiments were run on Pentium
based PC with program developed using object oriented
library for developing simulation models specified by
aggregate approach [5] and C# programming language in
the Microsoft.Net environment. To estimate the node
performance measures each simulation was repeated with
different parameters and simulation durations. Some
investigation results of system performance measures
achieved by means of proposed analytical and simulation
methods are shown in Fig. 4,5,6,7. The incoming data
packets flows to the network node are Poisson, and packet
transmission time via channel distributed exponentially.

High priority 0140+
packet '
|losses 0,120

0,100

0,080

0,060
0,040

0,0201

0,000

\n Analytical O Simulation \

Fig. 4. High priority data packets loss as a function of
transmission channel bit rate, when 1,=1,=25, K;=K,=2 and

I,=1,=8Kkb

Using simulation method we verified performance
measures calculations by analytical model. As shown in



Fig. 4 the differences between calculated system
performance measures and given by simulation are
acceptable.

By means of simulation the network node
performance measures are compared in Fig. 5, when data
packets flows are Poisson and data packets lengths |, are
exponentially distributed in one case, and when |y IS
constant in other case.
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Fig. 5. The mean waiting time in queue for low priority data
packets as a function of transmission channel bit rate, when

A=A,=25, Ki=K,=2 and E = E = 8kb

Mean waiting time in queue for high priority data
packets as a function of channel data transmission hit rate
is illustrated on Fig. 6, when data packets length is
distributed exponentialy in one case and is constant in
other case.
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Fig. 6. The mean waiting time in queue for high priority data
packets as a function of transmission channel bit rate, when 1,=
12=25, Ky= K5=2,r=0,003, y=0,00001, and |, = |, = 8kb

Both priority data packets losses as a function of
channel failure intensities y areillustrated in Fig. 7.
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Fig. 7. High and low priority data packets 10Ss Pyjos, Paoss @ @
function of channel failure rate y, when 1;=1,=25, K;=K,=2,
U1:|>12:64, r:01003 and |1 = |2 =8kb

Conclusions

Our proposed analytical and simulation models would
be very worthwhile to analyze the processes on real-time
services providing data network node. The Markov chains
give possibility for easy and quick analysis of data packet
transmission processes via an unreliable channel.

To improve network node performance measures for
higher priority data packets it is necessary to use constant
length of these packets, as shown in Fig. 6.

Data packet flows management is not necessary when
transmission channel utilization is very low (p<0,25), in
other case applying our proposed priority queuing system
improve data network node performance measures.

For the exponential time between channel failures,
failure rater isindependent of time. This meansthat in our
proposed models channel failure rate for t-years old
channel isthe same as for a new channel.

The proposed models will help in evaluation of
network nodes, which are transmitting data packets over
unreliable channel with priority queuing.
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We propose analysis of the priority queuing network node, which is using for transmission unreliable channel with constant bit
transmission rate. For queuing system with two separated finite capacity buffers for each priority data packet flows we investigate
performance measures in two cases: when transmission channel is reliable and when transmission channel is unreliable. The inter arrival
time of high and low priority data packet flows and the transmission times of each priority data packet are exponentialy distributed. The
arrival process of each priority data packet is assumed to be independent of each other and the transmission process. Data packet leaves
the buffer in first come first service manner. Non-preemptive priority queuing model is analyzed. Research is in progress to develop
analytical and simulation models for such network data packets transmission node. Using our proposed analytical models we can easily
evaluate system performance measures for each priority data packet, such as data packet losses, mean value of waiting time in buffer,
mean number of data packets in queue, mean number of data packets in the system. The results from analytical and simulation model of
some performance measures are taken in figures. The processes in the priority queuing network node are based on the Markov chains.
The proposed analytical system models are suitable for analysis network node with finite data packets buffer. When the system buffer
capacity is high anayticad model for such queuing system node becomes very complicated. Simulation method alows investigate
system with large capacities and exponential or constant data packets arrival process when transmission time so is exponential or
constant. Our proposed analytical and simulation models would be very worthwhile to analyze the processes on real-time services
providing data network node. I11. 7, bibl. 5 (in English; summariesin English, Russian and Lithuanian).

P. Punpsasuuroc, M. Ayrycraiituc, II. Tepsuauc, B. IImnkayckac. IIpoumsBoguTeJbHOCTL Yy3/1a CeTH INIPHOPUTETHOIO
00CJIy:KHBAHUS OYepelH ¢ HeHaJAEKHBIM KaHAJIOM nepeaadn // DJIeKTPOHUKA U dleKkTpoTexHuka. — Kaynac: Texnouorus, 2008.
—Ne 3(83). — C. 3742,

IIpenoxkeHHas MozeNnb aHaIM3a y3/la CETU INepefadyd JAHHBIX, UCIOJB3YIOLIEro [UIi Iepeladyd JaHHBIX HEHAJAEXKHBIM KaHal C
TIOCTOSIHHOM CKOpOCTBIO TNepenaun AaHHeIX. CHCTeMa OXHAAHMSA MMeeT ABa OTAeleHHble Oydepa KOHEUHOH €MKOCTH IS Ka)IOTro
MOTOKA MMakeToB. MBI HccenyeM KpUTEPHH KadecTBa pabOThl CUCTEMBI B IBYX CITydasX: KOTrJa KaHal Iepefadd HaJeKeH U KOTia KaHal
nepenayy HeHaJexeH. Bpems MexIy MoCTymaroeMyu MOTOKAaMU MAaKeTOB ABYX NMPHUOPUTETOB M BpeMsl Mepefaun KaKIoro U3 Kiacca
MAKEeTOB PACMpPE/eTIeHO SKCMOHEHNUanbHO. IIpomecc mpuOBITHS KakAOTO M3 Pa3HBIX MPHOPUTETOB MMAKETOB [AHHBIX, SBIAETCS
HE3aBUCUMBIM JIPYT OT Jpyra, TakkKe KaK W OT Hpoliecca nepeiayu Mo KaHary cBs3u. IlakeTbl JaHHBIX OCTaBJAIOT Oy(depa coryiacHo
npasway FIFO. Pa3paGoTanbl aHanmuTHueckne MOAENH IS aHAIM3a y3Jla CEeTH IIepefadd MAHHBIX, HCIIOIB3YIONIEro HaAE&XKHBIH U
HeHaEKHBII KaHaNbI Iepefayn JaHHbIX. Ha ocHOBEe aHaIuTHYECKON MOJENN JIEKO OLEHUTH IIapaMeTphl [Iepelaun IaKeTOB, TAKUe KaKk
BEJIMYMHA [10TEPh [IAKETOB, CPEAHEE BpeMsl 0>KUIaHKs [1aKeTa B OYEpEeid, CPEJHEE YUCIIO TAKETOB B OYEpEIH, CPEIHEE YUCIIO IIAKETOB B
cucteme. Ha ocHOoBe pacu€ToB HONydeHBI HEKOTOpHIC IMapaMeTphl KadecTBa Mepeladd MaKeTOB NPEACTABIEHbI B rpadukax. AHamm3
MPOLECCOB, MPOUCXOMANIMX B Yy3/I€ CeTH Iepefaud JaHHBIX C OXKHJaHUeM, OasupyeTcs Ha 1emsx Mapkosa. IIpemnoxena
aHaJIUTHUYECKask MOJIENb IPUMEHHMA ISl aHAlIM3a CUCTEM Iepejaull JaHHbIX ¢ KOHEYHOH EMKOCThIO Oydepa s makeToB. B pesynprare
UCCIIEI0OBaHNS CO3/1aHbl aHATUTUYECKHE MOJEIH ISl CHCTEM C HEHAAEKHBIMU KaHAJlaMH Tepelaudl JaHHbIX. AHAIUTHYECKas MOJENb
CTaHOBHTCS TOBOJIBHO CIIOXKHOM, Korja cucrema umeeT Oydepa Oonplioit éMkocTu. B ToM ciayuae [uisi aHanu3a CHCTEMbI Iepefadn
JaHHBIX IEeIeco00pa3sHO NMPHMEHUTH METoJ] MojenupoBaHus. Mm. 7, 6ubn. 5 (Ha aHIIHHCKOM s3bIKe, pedepaTbl HA AHTIIMHCKOM,
PYCCKOM U JIUTOBCKOM $3.).

R. Rindzevi¢ius. M. Augustaitis, P. Tervydis, V. Pilkauskas. Tinklo mazgo, aptarnaujandio prioritetines eiles, esant
nepatikimam perdavimo kanalui, nasumo rodikliai // Elektronikair elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 3(83).
—P. 37-42.

Pasitlyta prioritetinio tinklo mazgo, naudojancio nepatikima kanala duomenims perduoti pastovia sparta, analiz¢. Eiliy sistemos su
dviem atskirais ribotos talpos buferiais kiekvieno prioriteto duomeny pakety srautui charakteristiky tyrimai atlikti dviem atvejais: kai
perdavimo kanalas yra patikimas ir kai perdavimo kanalas yra nepatikimas. Laikai tarp tiek auksto, tiek zemo prioriteto srauty pakety
gavimo, bei kiekvieno prioriteto duomeny pakety perdavimo laikai yra pasiskirste eksponentiskai. Bet kurio prioriteto duomeny pakety
gavimo procesai yra nepriklausomi vienas nuo kito ir nuo paties perdavimo proceso kanale. Duomeny paketai palieka buferj pagal
»pirmas iéjo — pirmas is¢jo" aptarnavimo taisykle. Tyrimas atliktas norint sukurti andlitini ir imitacini modelius tokiam duomeny
perdavimo mazgui tinkle. Remiantis pasitilytais matematiniais modeliais nesudétinga jvertinti tiriamos sistemos nasumo rodiklius,
tokius kaip duomeny pakety praradimo tikimybe, viduting paketo laukimo eiléje trukmé, vidutinis pakety skai¢ius elléje, vidutinis
pakety skaicius sistemoje. Kai kurie rezultatai, gauti naudojant anditinj ir imitacini modelius, yra pateikti grafikuose. Duomeny
perdavimo .procesy tinklo mazge tyrimas remiasi Markovo grandinémis. Pasitlytas analizés modelis tinkamas sistemoms su ribotos
talpos buferiais. Matematinis analitinis modelis tampa komplikuotu didinant buferio talpa ir siam atvejui tikslinga panaudoti imitacini
modeliavima. Pasitilytas analitinisir imitacinis modeliai yra naudingi norint isanalizuoti tinklo mazga, teikiantj paslaugas realiu laiku. 1.
7, bibl. 5 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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