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Mpeano>xxeH HOBbIN MeToA4, MO3BOJISIOLUNA
BbIMOJIHUTD MPOrHOCTUYECKYIO OL€HKY
nponycKHOW CrIoCOOGHOCTY KaHana cBI3u
AJ151 MUHUMU3auun BpeMeHU rnepeaayv
AaHHbIX B TeJIEKOMMYHUKaLNOHHON

ceTtu, onpenennTb «y3Kue Mecra»

1 n36bITOYHOCTH MPONYCKHOro pecypca

Ha aTane npoeKkTupoBaHusl. CaenaHbl
COOTBETCTBYIOLME PacyeTbl, 060CHOBaHbI
OLeHOYHbIe KPUTEepPU NPOU3BOANTEISIbHOCTH
ceTeli U NX 3/71IeMEHTOB, BEJINYNHbI

KO3 PuumneHTa 3a8epXXK ceTesoro
obopynoBaHus. Pe3ynbrarbi
SKcrnepuMeHTasIbHOM MPOBEpPKU rnoKa3asu,
YTO MOJIy4eHHbIe pac4YeTHble 3Ha4YeHUs
Ka4yecTBa ceTeBbIX yCNYr AJisl Pa3/INYHbIX
TUNOB MHPOPMaLMM OTBE4aloT Tpe6oBaHUIM
pexkomeHgaunii MC3-T G.1010.

Knro4eBbie cnoBa: kaHas CBSI3u,
TE/IEKOMMYHUKALNOHHbIE CETU, MPOIMYyCKHasi
CcrocobHOCTb, TPapuK, 3aepxka nepenayu,
n36bITOYHOCTb, CpeAa nepeaayv gaHHbIX,
ceTeBoe yCTPOVCTBO.
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NPOBJIEMBbI YIIPABJIEEIA

NMporHocTuyeckasa oueHka
NPOMNYCKHbIX CNOCOOHOCTEN
KaHaJ10B CBA3U

Cagponosa Hpuna Eezenv-
e6Ha — 00KMop mexHu-
uecKux HayK, npogheccop
Mockoeckoeo eocydap-
CMBEHHO20 YHUBEpCUMEe-
ma nymeii coooujerus
(MHUHUT), Mocksa,
Poccus.

loadosckuii SIkoe Muxaii-
A06uM — KaHouoam mex-
HU4eCcKUx Hayk, 0oyeHm
MHUHUT, Mockea, Poccus.

2Keaenxoe bopuc Baa-

oumupoeuu — KaHouoam

MexXHU4ecKux Haykx,
Bopwuc XXEJIEHKOB douenm MUHUT, Mockea,
Boris V. ZHELENKOV Poccus.

naHHblii MoMeHT OAO «Poccuiickue

KeJIE3HbIE JOPOIM» UMEET eAUHYIO

MHGOPMAIIMOHHO-BBIYHUCIUTETHHYIO
MHQPACTPYKTYPY, 00beIMHEHHYIO B KPYITHEM -
1IIy10 B CTpaHEe BOJIOKOHHO-ONTUYECKYIO Maru-
CTpaJIbHYIO ITUMPOBYIO CETh MMepeaun JaHHBIX,
KOTOpasl MOCTOSIHHO pa3BuBaeTcs. [loMumo
3TOTr0, COBEPIICHCTBYIOTCS JTJOKAJIBHBIE CETH
JIJ1s1 oOecrnieueHrst TH(OPMALIMOHHOTO OOMeHa
B IIpeesiaX OTASAbHBIX TEXHOJOTUUECKUX
Y4YacTKOB (CTaHLMS, ero U T.i.) [1].

B nporiecce mpoeKTUpoBaHUS ceTeil BO3-
HHUKaeT mpobJeMa BbIOOpa ceTeBoro 000pyno-
BaHWUS C OTPEAeACHHOM MPOMYCKHOM CITOc0o0-
HOCTbI0. 31eCh MOXXHO MOUTH MO IBYM Ha-
MpaBJIeHUSIM — SKCTEHCUBHOMY U MUHTEHCUB-
Homy. [Ipu ucmonb30BaHUM SKCTEHCUBHOTO
MOAXoAa CETU CTPOSITCS MO CTaHAAPTHOMY
11adJIoHY, 0e3 yueTa UHIAUBUIYaJIbHBIX TPEOO-
BaHU OpraHu3aluu. DTO YacTO MPUBOAUT
K TIOCTPOCHUIO «M30BITOYHBIX» CETEil, pOCTY
MX CTOMMOCTHU Y YBEJTMYCHUIO CPOKOB peaju-
3auuu. [IpyMeHeHe MHTEHCUBHOTO TTOAX0aa
TpeOyeT Ha HauaJbHOM 3Tarie MPOBECTU MPO-
THOCTHUYECKYIO OIIEHKY M0 KPUTEPUSIM, KOTO-
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PBIC IIEPBOCTCIICHHLI IJIAA MHTEPECOB OpraHu-
3alluun, U YK€ B COOTBETCTBMU C OTHUM ITPOCK-
THUPOBATb CCTh.

ONPEAEJIEHVE NPOMYCKHOM
CNMNOCOBHOCTHU

Kak n3BecTHO, OTHUM 13 OCHOBHBIX KPH-
TEpUEeB OLIEHKM KaueCTBA TeJIEKOMMYHUKAIIU -
OHHBIX CETEH SIBIISIETCS IPOU3BOAUTETLHOCTD,
KOTOpasi CKJIaIbIBAETCSI N3 BPEMEeHU peakinu,
MPOITYCKHOM CITIOCOOHOCTH, 3a/IEPKKU Tepe-
nauyu v ee Bapuaumii. [IponyckHast cnoco0-
HOCTb TIOJIpa3/iefisseTcss Ha MTHOBEHHYIO,
MaKCUMAaJIbHYIO, CPEIHIO0, OTAEIbHBIX 2JIe-
MEHTOB (HarpuMep, KaHAJIOB CBSI3M), a TAKXKE
oO1ryto 115t Beeit cetu [2].

Llenbi0o MPOTHOCTUYECKOI OIIEHKU TIPO-
MYCKHOW CITOCOOHOCTY KaHaia CBSI3U CTAHO-
BUTCSI MUHUMU3ALMS BPEMEHU Tiepenadu
J@HHBIX B ceTH (7, ). Bpemst mepenauu Ha i-m
KaHaJjie (tmpj) onpenenseTcsT IMPOITYyCKHOMI
CIOCOOHOCTBIO U OOBEMOM MPOXOASIIETO
Tpacduka [2, 3]:

V.
tn.cp.i = ﬂ/_l ’ (1)

1

e V,— 00beM TIPOXOSALIETO TpahUKa 1o i-My
KaHajly CBA3M, OaiiT, A, — IPOIyCKHas CIo-
COOHOCTE /-TO KaHalla, baiiT/c.

Kanan cBs3u B 110001 TeleKOMMyHUKa-
IIMOHHOM CETH SIBJISIETCSI COCTaBHBIM. 311eCh
O/ KaHAJIOM CBsI3M OyjieM TTOHMMAaTh Habop
3JIEMEHTOB CETH, KOTOPbIe HEOOXOMUMBI TSI
nepepadyn nHMOpMaIMu MexmIy mapoit abo-
HEHTOB (TTOJIb30BaTe/Iei, KIIMEHTOM U CepBe-
poMm).

ITpomyckHast CrtOCOOHOCTD i-TO KaHaja
CBSI3U OTPEIEIISIETCSI TIPOITYCKHOM CITIOCOOHO-
CTBIO COCTaBHBIX 2JIEMEHTOB CETH: CETMEHTOB
(busmyeckoi cpeapl nepenayn nHbopma-
UMM — MHOXECTBOM A , @ TaKXe CETEBOTO
000pyIOBaHUSI — MHOXECTBOM A .

MmuoxectBa A, u A, comepxar cieayo-

H_II/IC BHCMeHTH'
Ay =0y R M, )
rz[e 7“,,,-, — TIPOTYCKHas CMIOCOOHOCTD j-TO Cer-
MeHTa (PU3MICCKON CpeIbl Mepeaayy JaHHBIX
Ha i-M KaHaJie CBsI3M, 0aliT/C; kK — 9uCIIo cer-
MCHTOB'
_{kml dj,"" xdik—l}’ ) 3
rme A 4j — TIPOTTYCKHast CITOCOOHOCTB j-TO ce-
TEBOTO YCTPOMCTBA Mepeaayr JaHHBIX Ha i-M

KaHaJje, 6aiit/c.
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IIponyckHasg cmocoOHOCTH OyneT onpe-
JNeJSIThCS MO CaMOMY XyAlIeMy U3 COCTaB-
HBIX 2JIEMEHTOB KaHaJia cBsa3u. CienoBa-
TeJIbHO, HY>XHO BbIOpaTh MUHUMAaJbHBIE
3HAYECHUS DJIEMEHTOB MHOXECTB Apl.I/I A,

OGO3HAYNM UX COOTBETCTBEHHO Uepe3 A"
" ﬂ,;?in
CITOCOOHOCTH i-T'0 KaHalla CBSI3U [JIsl CETH:
A= ﬂ'imin = min(Adi UApi) 5 (4)

= {7»”’..., A} IPUYEM

. Torna oxunaemas OpoImyCKHasd

rme A=Ay, VA, A=

Aychu A, cA,.

Tak Kak MOIIHOCTb MHOXECTBAa A, He-
BEJIMKA, TO IJIST HAXOXICHNUS MUHUMAJIbHBIX
3HAYCHMUU IIeJIecO00pa3HO MCITOIb30BaTh
METOJ ITOJTHOTO Tiepebdopa [4].

MaxkcumanbHas NpOIyCKHasl CII0C00-
HOCTB DJIEMEHTOB, BXOISIINX B MHOXECTBO
Api, ABIIsIeTCS (PUKCUPOBAHHON U OIIpese-
JnseTcs npousBoautenem [4, 5—7]. Makcu-
MYM 3JIEMEHTOB, BXOASAIIMX B A, TOXE
omnpenesieTcsl IPOMU3BOAUTEIEM, HO 31eCh
CITOCOOHOCTb CTAHOBUTCS OJIOKUpPYIOLIEH —
«y3KAM MECTOM» B ClIy4ae, eClu 00beM
MIPOXOIsIIero TpaduKa B eIMHUILY BpeMe-
HHU O0OJIbIE MPOMYCKHON CITOCOOHOCTH
BHYTPEHHEI WJIM BBIXOJHOTO mopTa [5—7].

Torma ¢ yaeToMm mpenmnojaraeMoro o0b-
eMa TpadrKa MOXHO OIPeaeInTh Koahhu-
IIACHT 3aIepXKW Ha CETeBOM O0OOpymoBa-
Huu [4]:

)

B, (girpoe
J G L5

30f min min
ﬂ‘dij Vmin ﬂ“dij

IJie N, — 9MCIIO OPTOB CETEBOro 0OOPYLOBA-
Hus ij; V, — pasMep TepenaBaeMoro nakera,
Oaiit; V. — MUHUMaJIbHBIA pasMep Nakera,
0aiiT; S — YMCIO CErMEHTOB (PU3NUYECKOI
cpenbl nepenadyr MH(GopMaLuu, MOAKII0YeH-
HbIX K JTaHHOMY ceTeBOMy 000pYI0BaHUIO.

IIpu pacuete z " HeobXOIUMO YUUTBI-

Pij
BaTh IIPOMYCKHYIO CITOCOOHOCTD (DM3MIECKOM
CpeJIbl Ha BXOJIe CETEBOTO 000PYIOBAHMSI U €TO
BBIXOJIC.

st onipenesieHUsT CpeHETO BPEMEHU
rnepenayu JaHHBIX B KaHaJe CBSI3U MOXHO
WCITOJIB30BAaTh BhIPAKCHUE:
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Ta0muua 1

ITponyckHble ClIOCOOHOCTH BHYTPEHHEH MIMHBI PA3JINYHBIX CETEBBIX YCTPOHCTB

ITponyxr Tun [IponyckHasi cnocoOHOCTh
BHYTPEHHE! ILIMHbI
3750x24T/3750x24P KommyTarop 95 Mpps
3750x48T/3750x48P Kommyrarop 101.2 Mpps
catalyst 4500E KommyraTop 250 Mpps
7600 SIP-400 Mapiupyrusarop 6,2 Mpps
7600 SIP-600 Mappyrusarop 25 Mpps
ASR 1004,/1006 Mapuipyrusarop 8 Mpps
(ZS: min j o MpeHeOpeyb Mpy ONpeae/IEHUN CPEIHETo BpeMe-
= Py ¢ " HU Sa,Z[(Zpl)KKI/I Ha KaHaJI€ CBSI3U:
———n, .
fps = o| — B |- ta= 2t K ). (10
A A a 1
et 4 — BPEMS 3A1IEPKKY, /-TO CETEBOTO YCTPOW-
CTBa nepeaayn JaHHBIX Ha [-M KaHaJl€ CBA3U,

S .
[[$

s min min
//i’i L Vmin ° ﬂ’dij

V.

i
min 3 °
7

(6)
C yueToM dopmyJbl (4)
ﬂ/imm :l;;m +zﬂ;:;n , (7)
s=1
CJIEAJOBATEJIbHO:
4

=LK, @®)
l{;‘;}ln +Z/1mm
s=1

12

Homumo t, . JUIst OLEHKN paGoThl KaHaa
CBSI3U MOXKET MCIIOJIb30BaThCsl Cpe/iHee BpeMst
3aepKKHM B ceTH (t, ). Bpemst saepxku Ha i-M
KaHaJjie (tm‘i) OIIpEIeIISICTCS CYMMOIT BpeMeH
3a/lepKeK Ha Beex ero aneMeHTax. K ouenket,
TIPUMEHIM TTOJIXOJT, AHAJIOTUYHBII Y3Ke pacCMO-
TPEHHOMY, ¥ TIOTOMY B pacyeTax MOTYT MPKUCYT-
CTBOBaTh BpeMsI 3a[ePXKKU (DPU3NUECKOM Cpeibl
repefadyn JaHHbIX (t. ) W BpeMsl 3aIepPKKU

obopynosanus (t, ).
k
t&pizits'.pij’ (9)

raet, . — BPeMs 3aepXKI J-TO cerMeHTa (hu3u-
YECKOU Cpe/ibl Mepeaadyu JaHHbIX Ha i-M KaHaJle
CBSI31, C; k — 9ICJI0 CETMEHTOB.

I1pu 5TOM OMSITH XK€ ClIenyeT OTMETUTh, YTO
BpeMs Iepeaadn yepes (PUu3nJecKuii CerMeHT He
SIBJISIETCST OJIOKUPYIOLIMM U OCTAeTCsI OTHOCU-
TEJIbHO MaJIOW BEJIMYMHOM, KOTOPOU MOXKHO

3.cpi
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KOTOPOE€ CIYXXUT MACIOPTHBIM 3HAYEHUEM
YCTPOYCTBA.
‘Torna BeIpaxkeHue V15 OLIEHKU op; SATTILICT-

CsI CITEIYIOIIMM 00pa3oM:

k-1
ta.cp.i = ta.di = Z(tady ® Kaij)' (11)
PACHET KO9®DDPULMEHTA SAOEP)XKU
CETEBOIo O6OPYAOBAHUA

B kauecTBe nprMepa pacCMOTPUM CETEBOE
000pYIOBaHK1E OTHOTO 13 U3BECTHBIX ITPOM3BO-
nuteneti Cisco (tabmuma 1) [5—7].

Hna kommyTtatopa (3750x24T/3750x24P
Series Switch) mpomyckHasi CHOCOOHOCTb BHY-
TpeHHel mHbI 95 Mpps. Paccuuraem o gop-
myJe (5) KoahhULIMEHT 3a1ep:KKU MpHY repena-
Ye KaJpoB cpeHel ITMHbBI — 764 Oaiira (K.3.764)
M KaJIpOB MaKCUMaJIbHOM IuHbI — 1500 Oaiit
(K.3.1500).

2+(100+10°)-764 ,,
64+8
K. = ~1,18.
76 95¢ 10: -64
2-(1006-‘108)-1500 2
Kosw =95 1077ea 2>

KoadduipmeHT 3aaepXKi KoMMyTaTopa 3-ro
ypoBHs (3750x24T/3750x24P) coctaBasier
1,18 m1s1t KanpoB cpemHei ATMHBI U 2,32 15 Ka-
JIPOB MaKCHUMaJbHOW IIUHBI. [IpomyckHas
CMOCOOHOCTh (DU3MYECKOI Cpelbl Ha BXOIE
M BBIXOJIe OMMHaKoBas v paBHa 100 Mowurt/c.

Hanee o dopmysie (8) u ¢ yueroMm hopMyt
(1) — (7) paccunThIBacM BpeMsl Iiepeaadu TaHHBIX
Ha i-M KaHaJie CBSI3U, B KOTOPbIA BXOAWUT JaHHBII
KOMMYTATOP, 151 KAPOB CPEIHE IUTMHbI X MaK-
CUMAJIbHOM.

CadoHoea U.E., lonpoeckumn 9. M., XXeneHkor b. B. [[porHocTuyeckas oLeHKa NponyCcKHbIX CTOCOOHOCTEN
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7648
A18=72.12
100+10° e

150048
2,32=278
~100-10° MKe.

Taxkum obpazom, paccuntaB Bee Koahpuiim-
€HTBI 3a/IeP3KEK CETEBOr0 000PYIOBAHMS, MOSKHO
TIPOBECTH TIPEABAPUTEIBHYIO OLIEHKY BPEMEHU
repenavyn TpedyeMoro oobemMa JaHHBIX U BpeMe-
HM 3a[epXKH, YTO TTO3BOJISIET 1aTh MPOTHOCTU-
YECKYIO OLIEHKY MPOIMYCKHON CIOCOOHOCTH
TMIPOEKTUPYEMOM CETH.

tn.cp i

nepi

SAKJTOMEHUE

J1st perieHust 3a1a4 IPOSKTUPOBAHMS Te-
JIEKOMMYHMKAIIMOHHBIX CETEll MMEETCS] MHO-
JKECTBO MOJIEJICi 1 METO/IOB, OJTHAKO pa3pado-
TaHHBI MeTOJ siBJsieTcs1 HOBLIM [3, 8—10].
CyuiecTByloliye (KiacCuyeckue) CrocoObl
IIPOEKTUPOBAHMUSI OIMPAIOTCS Ha TTIOCTPOEHUE
TUIOBBIX CXEM M HE YUMTHIBAIOT MHTECHCHUB-
HOCTb ITPOXOXACHUS TpahuKa, YTO IIPUBOIUT
K MOBBIIIEHHOI U30BITOYHOCTH, HU3KOM (-
(beKTUBHOCTHU UCITOJIB30BaHUST 000PYIOBAHUS
M BBICOKO# CTOMMOCTHU TipoekTa [2, 8—10].
JleMOHCTpUPYeMbIii METOI SIBJISIETCST YHUKAITb-
HbIM, TTOCKOJIbKY IO3BOJISIET OIPEACTUTh «Y3-
KKME MeCTa», U30BITOYHOCTb B CETH YXKe Ha
HavyaJIbHOM 3Talle e¢ CO3IaHMsI M BHECTU HE00-
XOIMMBbIE U3MEHEHUSI.

Pe3sybratel 3KCepUMEHTAIBHOM IPOBEPKU
MOKa3aJli, YTO MOJIyYeHHbIE pacyeTHBIC 3HAYC-
HMSI IPUMEHUTEIbHO K KAUYeCTBY CETEBBIX YCIIyT
JUTS1 PA3TMYHBIX TUTIOB MH(OPMALIMY ITOJTHOCTBIO
COOTBETCTBYIOT TPEOOBAHUSIM PEKOMEHIAINIA

MCD-T G.1010. MeToxn JIeTKO aBTOMAaTU3UPY-
eTCsl Y amarTUpyeTcsl K MBMEHEHUIO (hyHKIINO-
HAJIBHBIX 3aBUCUMOCTE, OH MOXET ObITh UC-
TOJIb30BaH B CUCTEMAax MOJETMPOBAHUS U IPO-
€KTHPOBAHUSI TEJICKOMMYHUKALIMOHHBIX CETEIA.

PaspaboTtaHHbIif METOI (OCHOBHBIE PACYETHI)
TIPUMEHSIICS TTPY IMTPOESKTUPOBAHUY ceTh Pecity-
omuku Coto3 Mbstima [11].
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PROGNOSTIC ASSESSMENT OF COMMUNICATION CHANNEL TRANSIT

CAPACITY

Safonova, Irina E., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Goldovskiy, Yakov M., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Zhelenkov, Boris V., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

A new method is proposed to perform predictive
assessment of communication channel capacity in
order to minimize transmission time in telecommu-
nication network, to identify «bottlenecks» and re-
dundancy of throughput resource in the design
phase. Appropriate calculations are made, evaluation

criteria of network performance and their elements
are justified, as well as delay coefficient of network
equipment. The results of experimental verification
showed that obtained calculated values of the quality
of network services for different types of information
meet the requirements of ITU-T G.1010 recommen-
dations.

Keywords: communication channel, telecommunication networks, capacity, traffic, transmission delay,

redundancy, communication media, network device.
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Background. Currently JSC «Russian Railways» has a
unified information-computer infrastructure, implemented
in the country’s largest fiber-optic backbone digital data
transmission network, which is constantly evolving. Besides
local networks are being improved for information exchange
within individual process sections( stations, depots, etc.) [1].

In the process of network design problem of choice of
network equipment with a certain network capacity arises.
Here it is possible to go in two directions — extensive and
intensive. If we use an extensive approach, networks are
built according to default template, without regard to indi-
vidual requirements of the organization. This often leads to
construction of «excess» networks, increase in their costand
increase in terms of implementation. The use of intensive
approach requires initially to carry out a prognostic assess-
ment on criteria that are paramount to the interests of the
organization andto design a network in accordance with this.

Objective. The objective of the authors is to consider
issue of prognostic assessment of communication channel
capacity.

Methods. The authors use general scientific and engi-
neering methods, mathematical methods, evaluation ap-
proach.

Results.

Determination of network capacity

As itis known, one of the main criteria for assessing the
quality of telecommunication networks is performance,
which consists of response time, network capacity, transmis-
sion delay and its variation. The network capacity is divided
into immediate, maximum, average, of individual elements
(e.g., communication channels), overall network capacity
[2].

The purpose of prognostic assessment of channel ca-
pacity becomes minimization of data transmission time in
the network(t,,, ). The transmission time on the i-th channel
(t,.)10s determined by the network capacity and traffic
volume [2, 3]:

lywi =7 (1)
where V. istraffic volume on the i-th communication channel,
bytes; A,is capacity of the i-th channel, bytes / sec.

The communication channelin any telecommunication
network is an aggregate link. Here, the communication
channelwillmean a set of network elements that are required
to transmitinformation between a pair of subscribers (users,
clients and servers).

The capacity of the i-th communication channel is de-
termined by the capacity of constituent elements of a net-
work: segments of physical medium of information transmis-
sion — set A and network equipment or devices - set A ;.

Sets A and A, contain the following elements:

P S (2)
ere 7‘: 5 IS cgbaCItypof the j-th segment of physical
medium of data transmission on the i-th communication
channel bytes/sec k is a number of segments;

{}\' dit,” dl/ o dlk (3)
Where Ay IS capac:ty of the j-th network device for
data transm/ssmn on the i-th channel, bytes/sec.The
capacity will be determined by the worst of constituent
elements of the communication channel. Therefore, it is
necessary to select minimum values of the elements of the

sets A,and A, Let’sdenote themrespectivelyas A" and
ﬂ;‘in
channel for the network:

A =A""=min(A,UA,),

. Then the expected capacity of i-th communication

(4)

where A, =A,; VA, , A= L.} and A, cA

pij {7”/1"“’
and A, cA,.
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Since the cardinality of the set A, is small, then in order
to find minimal values itis appropriate to use fullenumeration
method [4].

The maximum capacity of the elements included in the
set A, is fixed and determined by the manufacturer [4-7].
Maximum of elements included in A is also determined by
the manufacturer, but here the capacity becomes block-
ing — the «bottleneck» arises in the case if the traffic volume
per unit time is more than internal carrying capacity either
than port bandwidth [5-7].

Then, based on the projected traffic delay factor can be
determined at the network equipment [4]:

[Zl:/l;;m) V 5 .
Ksi/' = i“?.in = V. e i;x.in 4 (5)

min

where n, is a number of ports of network equrpment
ij; V, is size of transmitted package, bytes; V . is
m/n/mum size of package, bytes; S is a number of
segments of physical medium of information
transmission connected to this network equipment.

In calculating Z/l,‘,’,}'“ it is necessary to consider the
physical environment capacity at the input of the network
equipment and at its output.

To determine the average data(package) transmission
time in the communication channel the expression can be

used:
g
= V: Vmin nii =
av.pi — Aimin ﬂ,“{;in -
(6)
v, (zl’r’?’mj%.n"’ v,
- e,
ﬂimm Vmin .A;‘-jm limm u
With account of the formula (4)
limin =/‘L;;in +zi;;n , (7)
hence:
v
tav.p.i =7Cdel.ij . (8)

A;iun z ﬂ/mm

In addition to t,, .to assess the performance of the
communication channel the average delay time in the net-
work(t,, ..,) canbeused. The delayinthei-th channel(t,, ,,.)
is the sum of delay times on all its elements. Estimatingt,, .
we can apply approach similar to already considered, and
therefore in the calculation we can see the delay time of the

physical medium of data transmission(t,, ., . Janddelay time
ofequipment (t,, ).

k
tdez.pizztael,pij’ (9)

where t oot is delay time of the j-th segment of physical
medium of data transmission on the i-th communication
channel, sec; k is a number of segments.

Here again it should be noted that the transmission
through a physical segment is not blocking and remains
relatively small quantity, which can be neglectedin determin-
ing the average delay time within the communication chan-

Safonova, Irina E., Goldovskiy, Yakov M., Zhelenkov, Boris V. Prognostic Assessment of Communication

Channel Transit Capacity



nel:

k=1
tdel.di = Z(tdel.df/ ° Cdel.i/‘) o

wheret,, . is delay time of the j-th network device for data
transmission within the i-th communication channel, which

is the certified value of the device.

(10)

Then the expression for the evaluation oft , . .is written
as follows:
k=1
Fovari =Fauai™ zll(tdelmj ® Cdeljj)' (11)

Calculation of delay coefficient of network equip-
ment

Let’s consider as an example network equipment ofone
of the famous manufacturers Cisco (table 1) [5-7].

For commutator (3750x24T/3750x24P Series Switch)
bandwidth of internal bus is 95 Mpps. Let’s consider using
the formula (5) delay coefficient when transmitting frames
of medium length - 764 bytes (C,_,764) and frames of
maximum length — 1500 bytes (C,,1500).

2¢(100010°) 0764,
6408
95¢10° 0 64

2¢(100#10°) #1500 ,
648
95¢10° 0 64

Delay coefficient of commutator of the 3 level
(3750x24T/3750x24P) s 1, 18 for frames of medium length
and 2,32 for frames of maximum length. The capacity of the
physical environment at the input and output s identical and
equal to 100 Mbit/s.

Further, using the formula (8) and taking into account
formulas (1) — (7) we calculate data transmission time
within the i-th communication channel, which includes this
commutator for frames of medium and maximum length.

24

=1,18,

Cdel764 =

24

=232,

Cdd 1500 =

764:8
=18 18=7212 ms;
100-10° &

150048
Favpi 10010° 2,32=278 ms.

Thus, after calculating all delay coefficients of network
equipment, it is possible to conduct a preliminary assess-
ment of the required data transmission time and delay time
that allows a prognostic assessment of projected network
carrying capacity.

Conclusion. To meet the challenges of designing
telecommunication networks there are many models and
methods, however, developed method is new [3, 8-10].
Existing ( classic) design methods are based on the construc-
tion of templates and do not account for the intensity of the
traffic, resulting in an increased redundancy, low efficiency
of equipment and high cost of the project [2, 8-10]. Dem-
onstrated method is unique because it allows to identify
«bottlenecks», redundancy in the network at an early stage
of its creation and to make necessary changes.

The results of experimental verification showed that the
obtained calculated values in relation to the quality of network

av.p.i

Table1
Bandwidth of internal bus of various network
devices

Product Type Bandwidth of

internal bus
3750x24T/3750x24P Commutator 95 Mpps
3750x48T/3750x48P Commutator 101.2 Mpps
catalyst 4500E Commutator 250 Mpps
7600 SIP-400 Router 6,2 Mpps
7600 SIP-600 Router 25 Mpps
ASR 1004/1006 Router 8 Mpps

services for different types of information fully comply with
the requirements of recommendations of ITU-TG. 1010. The
method is easily automated and adapted to changes in
functional relationships, and can be used in systems of
modeling and engineering of telecommunication networks.

The developed method (basic calculation) was used in
the design of the network of the Republic of the Union of
Myanmar [11].
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