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CTpeMUTENBHBI POCT TOMYJISAPHOCTH BCeMUpHOH ceth UMHTepHeT W (DaKTHYECKHM ITOBCEMECTHOE
ucnonp3oBanue nporokona IP (Internet Protocol) oka3amu cepbe3HOC BIMSHHUE HA  TCHICHIUH Pa3BUTHSA
TEJICKOMMYHHKAIUN U MPUBEIH K IMOSBICHUIO OOJIBIIIOTO YKCIa HOBBIX TEXHOJOTHU. B mocieanee Bpems, HarmpuMmep,
OYCHb MHOTO TOBOPHUTCS O KOHBEPICHIIMH TPAIUIIUOHHBIX CETEH C KOMMYTAIlMEH KaHAJOB C CETSIMH C KOMMYyTaluei
MAKETOB C HWCIOJb30BaHUEM TMpoTokona IP. Pa3nmuyHble TpPOHM3BOJWTENM HAYMHAIOT IIOCTABJIATh HA PHIHOK
obopymoBaHue, obyieryaroniee MoCTPOSHNE W TUIAHUPOBAHUE TaKWX OOBETUHEHHBIX ceTel. OIHUM M3 THUIIOB TaKOTO
obopynoBanus sBisieTcs obopynoBanue ymiotHeHus Iudposeix kanamoB DCME (Digital Circuit Multiplication
Equipment) ¢ mocnenmyromei makeTm3anueil mHGOpMAnMHM W Tepemadei ee MO CeTSAM IMaKeTHON KOMMYTAaIlud C
HCIONIb30BaHWeM TpoTokoyia IP, B wactHocTH, 1o ceTsiM Internet. Camo obGopynoBanne DCME mpumensiercs st
YIUIOTHEHUS pedeBoit mHopmarym, noctymaromei n3 TOOII.

OpHako, BCIIEACTBUE HOBU3HBI M TEXHHYECKHX OCOOCHHOCTEH HEKOTOPHIX MPUMEHSEMBIX B 000pYIOBaHUHU
METOJIOB KOMIIPECCHH PEYH, a TAK)KE BCICICTBHE BCe 0OJIEe BO3PACTAIONICH CIIOKHOCTH MPUMEHSIEMBIX JUTS IepeIadn
pedn cerell, 3aKOHOMEPHO BO3HUKAIOT ONPEACICHHBIC TPYJHOCTH NPHU TUIAHUPOBAHMH U OPTaHU3alUU CETCH CBS3U C
ucnonp3oBanueM obopynoBanuss DCME [1]. OgHuM ¥3 BaXXKHEWIIMX MapaMETPOB, OINPEICIIONINX KadyeCTBO
mepeiadyd ToJ0COBOM WH(pOPMAILUY, SBISIOTCS BPEMCHHBIC 3aJCPIKKU, KaK AITOPUTMHUYECKUE, TaK U CHUCTEMHBIC,
Ooydepubie. B IP cersix BOMpoOC 0 BPEMEHHBIX 3aJIepXKKaX TaKKe MMECT OTPOMHOC 3HAUCHHE, YTO O0YCIIaBIMBACTCS
npoOieMaMu, crienuuaeckuMu s ipoTokoia IP mpu nepenade roJocoBoit HHGOpMAIIHK.

B mamHOM nOKIaze paccMaTpuBaeTCS MOJENb M ONHMCAHHMS OPTaHM3AIlNH CBS3H MEXIy TepMHHAIAMHU
DCME. C ee mOMOIIBIO TPOBOJUTCS OIIEHKA BEPOSTHOCTHOTO paclpe/esIeHUs] BPEMEHHBIX 3a/IepyKeK TpH Tiepeiade
TOJI0OCOBOM HH(OpMAIK MeX Ty TepMUHATIaMu 110 IP cetn.

B nuTeparype mo Teopuu MaccoBOro oOchmyuBaHUS [2,3] paccMaTpHBaeTCS HECKOJBKO MaTeMaTHUECKUX
MoJienel, ONHCHIBAIOMIMX MpPOIECCHl O0pabOTKM MakeToB uHGopManuu. s yHOpomeHHs MaTeMaTHIECKIX
BBIYUCIICHUHA W BBHIKJIAJOK PACCMOTPHM OJHOPOIHYIO MAapKOBCKYIO IICIMb, COCTOSIIYIO M3 JBYX COCTOSHUH. s
JATBHCHIIIETO HWCCICIOBAHUS pPACHpPEACICHUS 3aJCPKEK MOXHO TakXKe MPUMEHITH U 0OJee CIIOKHBIC MOJCIH,
KOTOpBIE 00JICe TOYHO OMUCHIBAIOT Pa3roBOPHI ADOHEHTOB U IMOBEICHIE CUCTEMBI.

PaccmarpuBarotcs Ba aboHeHTa, A M B, KaxIplii U3 KOTOPBIX B JIFOOOW MOMEHT BPEMCHH JTMOO TOBOPHT,
00 MOTYUT (Pa3roBapHBAaIOT MO OYepeaH, Oe3 May3 M MPOMEXKYTKOB THINMHBI MeXTy (pasamu). BepostHocTH
Mepexofa M3 OJHOTO COCTOSIHHS B Jpyroe moka3zaHsl Ha puc.l. Ock BpeMeHH pa3OMBAacTCs Ha paBHBIC OTPE3KU
(dpeiiMbl), B KOTOPBIX TIEPEIAIOTCS TTAKETHl HHPOPMAITUH.

A roBopwuT, p A monuuT,
B monuut B rosoput
r
1-p 1-r

Puc.1 1Ba cocTtosiHua mopenu

ITockoNBbKY MOCHUTKM MAKETOB MH()OPMAIMH OIMUCHIBAIOTCS OJHOPOJHOW MapKOBCKOH IEMbIO, TO Pa3roBOp
Ka)J0ro abOHEHTa MOYKHO CUMTATh HE3aBUCHMBIM HCHbITaHHeM bepHymim. Torna BeposiTHOCTh TOTO, YTO B CHCTEME
HaXOJUTCS k TAaKETOB M Pa3roBapuBacT m aOOHEHTOB OyJeT paBHA

P= Cn’”qk( 1-qg )" rae ¢ — BEPOATHOCTD MOCHUTKM a0OHEHTOM HEITyCTOTO TTaKeTa.

Bynem cuutaTh, YTO MakeThl OT [-T0 TepMHUHAJIAa MPHUOBIBAIOT B MOMEHTHI BpeMeHH t;=nh+il. 3nech h —
pasmep dpeiima, £ — nmuraa nmakera, n=0,1,2,...- aucio gpeiMoB. bBynem cuuTath Takxke, 9YTO TEPMUHAT 000PYIOBaH
Oydepom, padoratouum 1o npuanuy FIFO (niepBblii BoIel, MepBbIi BhImen). J[1s TpoCTOTHI pearoiaraem, 4ro B
KaXIblii MOMEHT BpPEMCHHM TEPMHHAI oOpadaThiBaeT OIWH TakeT. Eciu TepMmuHAN 3aHAT 0OpabOTKOW Makera,
comepkuMoe Oydepa momernaercs B odepenb. [Ipeamnonaraercsi Takke, YTo IMOBeAeHHE aOOHEHTOB HE 3aBHCHUT OT
cocrosiHus Oydepa u ouepenu.

CunTas, 4T0 MaKeTHl NPUXOT B Oydep ¢ BEepOsSTHOCTBIO p, N 0003Hauas depe3 T;=1 u 7=0 cOOTBETCTBEHHO
YCIICIIHBIA ¥ HEYCHCITHBIN UCXOBI MTPUXO0/a KaXIOTO MaKeTa, MOXKHO 3aIucaTh

P(t=1) =p, P(1=0) = I-p

0O0603HaYNM BEPOSATHOCTH TOTO, YTO BpeMsi 00pabOTKH OHOTO TakeTa S = j uepes

P(S=j)=S;, j=1.23,...

[MousiTHO, 4YTO BpeMmsi, HEOOXoAUMOe JJisi OOpabOTKM BHOBb MPHIIEIIIETO MAKeTa, 3aBHCUT OT TEKYIIEro
coctossHUS Oydepa, a Takke OT BpeMEHH OOpabOTKM TaKeTOB, Haxoisdmmxcs B odepemu. Ilycte W,- Bpewms,
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Tpebyromieecs sl 00padOTKU N MPHIIEANINX MAKeTOB (CTaTyc odepean). PekyppeTHOe COOTHOIIEHUE IJIsi BpEMEHH
W, +; TOT/1a MOXHO 3amHcaTh B BUAEC

Wy=0,

Wi = max(0, W, — E) + T S

Kak u Bcerma mpu pemeHnH MOZOOHBIX 3a/1a4, HAC HHTEPECYET CTAIIMOHAPHOE, YCTAHOBUBIIIEECS COCTOSTHUE
o4Yepeqr U CHCTEMEI TIpH 11 — . [TooxuB

W=IlimW,, ©,=P(W,=)) 1 o= ljinwmj,n

n—oo

MOXKHO HOJIYUUTH CIACAYIOMICC PEKYPPECHTHOC COOTHOMICHUEC JI BEPOSATHOCTU 3aJICPIKKU:

[y
0o = (1-p) ZO(D:',

0 1
;= ( pS; Z_:O(J)i) + (Z_lPSj-i 0g4) + (1-p) oy, j=1,2,3,...

B [4] moka3aHo, 94TO B 001IeM CiTydae CpeaHss 3a7iepiKKa IPH Tiepeade Mo KaHaly CBS3U paBHA

3/4 —pl2
A= ———*u, rtme 0<p<l - 3arpy3ka CUCTEMBI, a |l — BpeMs Iepeaadn
I-p OJIHOTO TAaKeTa Mo KaHally CBSI3H.

Boo0rie, BpeMeHHasl 3aiepiKKa sBIsieTCs (PYHIMEH HECKOIBKUX MapaMeTpOB, TAKKX KakK MPOITyCKHAs MoJjoca
kaHana C, [uiMHa makeTa {, JUIMHA 3arojioBKa /i, CKOPOCTh MOCBUIKH OUTOB TEPMHHAIOM B, YHCIO OJHOBPEMCHHO
TOBOPSIINX a0OHCHTOB 1.

t+h £[0.75-mB/4C)-mBh/4C
A = *
C L[1-mB/2C]-mBh/2C

[IpuBenenHsIe B TOKJIAZE MOJEIH U CIOCOO MCCIIEIOBAaHMS BPEMEHHBIX 3aJlepyKeK MU Iepeade ToI0COBON
WHGOPMALIUHU TO3BOJIAET CO3/IaTh HOBBIE MOIXO/BI, YIIOPSAAOYUTE U YIPOCTUTH INIAHWPOBAHKE U CTPOUTENECTBO CeTel
JUTSL TIPEIOCTABIICHHUS TOJIOCOBBIX YCIYT C MPAMEHEHHEM npoTokoia IP.
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The fast growth of popularity of the Internet and actually ubiquitous usage of IP protocol seriously influence
on the tendency of telecommunications development and have resulted in emerging a large number of new
technologies. Recently, for example, it is spoken a lot about a convergence of traditional circuit switched networks
and packet switched networks which are using the IP protocol. The various vendors begin to deliver to the market the
equipment which is facilitating planning and construction of such integrated networks. One of the types of such
equipment is the DCME equipment (Digital Circuit Multiplication Equipment), which is used with subsequent
packetization of information and transfering it via the IP network, in particular, through the Internet. The DCME itself
is used for compressing a voice information arriving from PSTN,

However, due to novelty and technical peculiarities of some compression methods, used in the equipment,
and also owing to more and more growing complexity of networks, naturally there are certain difficulties when
planning and organizing of voice networks with usage of the DCME equipment [1]. One of the major parameters
which are defining the quality of voice traffic are delays, both algorithmic and system, and buffer delays. In IP
networks the problem of delays also has huge significance, what is caused by issues specific to IP protocol when
transmitting a voice information.
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The model of communication between DCME terminals is considered in the given report. With the aid of this
model the probabilistic evaluation of delay distribution while transfering a voice traffic between terminals connected
with IP network is carried out.

Several mathematical models for description of packet processing are considered in the literature on queueing
theory [2,3]. For simplification of calculations we shall consider a homogeneous Markov chain consisting of two
states. It is possible also to apply more complicated models which more precisely describe speaker’s and system
behaviour for further investigations of delay distribution.

Two speakers are considered, A and B, each of them either speaks or is silent at any moment. The
probabilities of transition from one state to another are shown on the Figure 1. A time-slotted environment in which
the speech takes place is assumed.

As the supplying packets is described by a homogeneous Markov chain, it is possible to consider the talk of
each speaker as independent Bernoulli trial. Then the probability that there are k packets and m speakers in a system
will be equal

A speaks, b Asilent, P=C,"q"(1-q)™*, where q is probability of supplying a
B silent B speaks nonempty packet.

Let's consider, that packets from i-th terminal arrive

r at instants #;=nh+i€. Here h is a size of the frame, { - length

of a packet, n = 0,1,2, ... - number of the frames. Let's

1-p 1-r consider also, that the terminal is equipped with the buffer

Figure 1. Two-state model operated in first in, first out (FIFO) mode. For a simplicity it

is assumed, that at any instant the terminal processes one

packet. If the terminal is occupied with a nonempty packet, the contents of the buffer is placed in queue. It is supposed
also, that the behaviour of the speakers does not depend on a buffer status.

Let’s consider, that the packets come in the buffer with probability p, and let’s designate t; = 1 and t; = 0
accordingly successful or unsuccessful outcomes of packet arrival, that is to say P(t;=1) = p, P(t;=0) = 1-p

Let's assume the probability of the fact that the service time per packet S =jis P(S=j) = S}, j=1,2,3,...

It is clear, that the service time for a new packet depends on a current buffer status and also on time of
processing of packets which were in queue. Let’s W, is the time required for the processing of n arrived packets.
Recurrence relation for time W, ; then can be noted as W, = 0, W,,,; = max(0, W, — ) + 1,., S
We are interested in finding a steady state solution when n — . So assuming that

W=limW, ®;,,=P(W,=j) n o;,=limo,,

n—o0

n—oo

it is possible to obtain the following recurrent relation for probability of delay:

[y
0o = (1-p) ZO(D:',

0 1
;= ( pS; Z_:O(J)i) + (Z_lPSj-i 0g4) + (1-p) oy, j=1,2,3,...

In [4] it is shown, that generally average delay is equal

3/4 —p/2
A= T *u, where 0<p<l - utilization of the system,
I-p and  is a transmission service time for a packet.

Generally, the delay is a function of several parameters, such as a bandwidth of the channel C, length of a

packet £, length of the header £, rate of a bit supplying by the terminal B, number of simultaneous speakers m.
t+h L[0.75-mB/AC]-mBh/AC
A = *
C L[1-mB/2C]-mBh/2C

The model and the method of investigation of delay distribution considered in the report allows to create the
new approaches, to simplify planning and construction of networks for granting voice services with application of IP
protocol.
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