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Anomauia—Y cTaTTi HaBEIEHO Pe3y/IHTATH 3aCTOCYBAHHS KOHIENIIl BIipTyaJIbHOT0 KOHKYPEHTHOT0 BiKHA 1151 BU3HA-
YeHHS TAKMX SIKICHMX MOKAa3HUKIB fIK MPOIYCKHA 31aTHiCTh 6e3npoBo1oBoi Mepeski Wi-Fi, 3aTpuMka nepegaBaHHs aKeTy
JaHUX 4Yepe3 0e3NMPOBOAOBMII KaHAJ, IIMOBIPHICTh BTPATH NMaKeTy JAaHMX, JkiTep. IIpakTuuni po3paxyHku 3po0ieHo 1is
Mepexi, o pyHkuionye 3a cnenudpikauicro 802.11a B peskumi RST/CST 3 ypaxyBanusaM KoJi3iid, 10 MalOTH Micue B Mepe-
JKax 3 BEJIHKOI0 KiIBKICTIO AKTUBHHUX CTaHI{iil. Y cTaTTi po3risiHyTO igeaibHy Mepexy. TodTo Taky, 1l AKOI 3HEXTYBaJIH
BILIMBOM 3aBajl Ta IEPeIKo/, 110 MAaI0Th Miclie B peaJibHill 6e31poBoaoBiii Mepeki.

bi6.. 4, puc 5.

Kniouogi cnosa — 6e3npoeodosa mepesica; eipmyanshne KOHKypeHmHue GiKHO; KONi3iA; KOHKYPEHMHUI 00CMYN; KOpUcHe

Hasanmajx)cenns; nponyckna 3oamuicmo; pexscum RST/CST.

I. Bcrvn

Hait011p11 BiIOMUM ITIAXO0A0M 10 BU3HAYEHHS TMOBI-
PHICHHMX XapaKTEepUCTHK Nporecy (QyHKIIOHYBaHHS 0e3-
MIPOBOJIOBOI MepeXi € miaxix 3anpomoHoBanuii B [1]. Lei
MiAXi TPYHTYETbCS Ha JOCTIJKCHHI O€3MpOBOIOBOL
Mepexi B HACHYCHOMY PEXXHMi 1 BU3HaYCHHI HMOBipHic-
HHUX TIOKa3HWKIB JUIi MiHIMAJBHOTO CHCTEMHOT'O 4aco-
BOTO iHTEpBay — yacoBoro cioty. [IpoTe Takwmii miaxin
HE JI03BOJISIE OE3MOCEpPEeHBO0 OTPHMATH PO3PaXyHKOBI
CHIBBITHOIICHHS SKICHUX JJISI MEPEXi 3 PI3HOIO KiNbKi-
CTHO aKTUBHUX CTaHIIH.

VY pobori [2] aBTOpamu OyJ10 3aIpONIOHOBAHO PO3TIIS-
HYTH TIpOIIeCH B 0E3MPOBOOBI Mepexi 3 HaCHUESHUM
HaBaHTaXXCHHSM SIK KBa3icTallioHapHi mporecn. Ha minr-
PYHTI Takoi HpOTMO3HIlii OYJ0 yBEACHO Iapamerp, IO
OTpHUMaB Ha3BY BipTyalbHE KOHKYPEHTHE BiKHO. Y 3raja-
Hil BHIIe pOOOTI OYJI0 3aIIPONOHOBAHO HU3KY PO3PaxXyH-
KOBHX CITiBBiJJHOILICHb, OTPUMAHUX i3 3aCTOCYBaHHSIM
MEBHUX CIIPOIICHb Ta HAOIMKEHB. 3p00JICHI HAMH TOCITi-
JOKCHHS TO3BOJIMIIN OTPHMATH PO3PAaXyHKOBI CITIBBITHO-
IICHHS, 1[0 BCTAHOBJIIOIOTH OJHO3HAYHHH 3B’SI30K MIX
CHUCTEMHUMH TIapaMeTpaMH MEPEkKi 1 CTOXaCTHIYHHMH
napameTpamH mnpolecy QyHKIIOHyBaHHS MEpPExi.

MeTor0 10CIiPKeHb, PE3YJIbTATH SIKMX MOAAHO B Mil
cTarTi OyJO0 YTOYHHWTH PO3PAXyHKOBI CITiBBiIHONICHHS

JUIS BU3HAYCHHS MapaMeTpiB SKOCTI 0e3mpoBOIOBOT
mepexi 802.11 B pexuMi KOHKYPEHTHOTO AOCTYITy.

B HaBeneHHX po3paxyHKax HE BpPaxOBaHO BIUIHB
3aBa]] Ta IEePELIKO/, 110 MAIOTh MiCIIe B peallbHii Oe3mpo-
BOJIOBIl MEpexi.

II. PO3PAXVYHOK IIPOITYCKHOI 3JIATHOCTI
BE3IIPOBOJOBOI MEPEXI CITELIUDIKALIIT 802.11A
B PEXXUMI RST/CST TA IHIINX SKICHUX ITOKA3HUKIB

TexHooTist KOHKYPEHTHOTO MOCTYIy IO KaHaly
€ 0a3oBor0 TexHojoriero cranmapry 802.11 i 3ammmia-
€Tbcsi  0a30BOIO  TexXHoJOTi€l0 B crenuikamisx
802.11n/ac. 3okpema i 3aCTOCOBYIOTH Ha €TaIli MPOCIy-
XOBYBaHHS KaHATy 1 BU3HAYCHHS TapaMeTpiB KaHaITy JUIsl
opraizamii nmepeJaBaHHA CHTHAJIBHUX IOTOKIB Pi3HUM
aboHeHTam [3].

VYci po3paxyHKOBI CHiBBiAHOIIEHHS OyI0 OTPUMAaHO
Ha MiATPYHTI KOHUENUii BipTyaJbHOTO KOHKYPEHTHOTO
BIKHA.

BipryanbHe koHKypeHTHE BikHO VCW —11€ cTOXacTH-
YHUA TapaMmeTp Oe3MpoBOMOBOI MEpexi CTaHmapTy
802.11, siKmii yrCeNbHO JOPIBHIOE YCEPETHEHOMY YHCITY
€JIeMEHTApHUX YaCOBHX IHTEPBAJiB (JaCOBHX CIOTIB),
NPOTATOM SKHX JIYMJIBHUK 3BOPOTHOTO BiJUIIKY 31iiic-
HIOE BIIJTIK 1HTEpBaNy BIACTPOYKH IIICJIS 3aBEPIICHHS

(@)
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nepeaaBaHHs IONEPeIHBOr0 Kaapy A0 I0YaTKy nepena- N* N* 5, N* 3 N* .,

BaHHS HACTYIHOTO KaJApy JaHHX. ne = TPC +7Pc +7Pc te +7Pc =
ﬁMOBipHiCHi BEJIMYMHH, SKi Tpeda 3aCTOCYBaTH I N* 1-p /" . (3)

PO3paxyHKY SIKICHHX TOKAa3HUKIB MO)KHAa BH3HAYHTH i3 =p,— —

3aCTOCYBaHHSAM (OPMYIL, HABEICHHX B [2, 4]. 2 l-p.

WmogipHOCTI KOIi311, 11T OKpeMOi CTaHIIi] 3a HassBHO-
CTi N akTHBHHX CTaHLill 3 HACHYEHHM HaBaHTAKCHHSM:

pe=1-(1=ps )" (1)
ne p.y =1/CW . — iiMoBipHicTb KOIi3ii 3 OnHIEK 3 ak-
TUBHHX CTaHLil Oe3npoBonosoi mepexi. CW;, — mo-
YaTKOBE 3HAYCHHS KOHKYPEHTHOI'O BiKHa (JOpiBHIOE 15).

VIMOBipHiCTb YCIIIIHOTrO NIepeaBaHHs:
R
(1= pol1-(P4)"]

(1-Pe4)

Je R — KUIBbKICT MOBTOPHUX cCIIpo0 IepepaTH Kaup
JaHUX.

R Peict
P, =(1—PC)Z(7C)I_ = ,(2)
i=1

KimpkicTh KOMi3il 3a wac peanizamii BipTyaabHOTO
KOHKYpPEHTHOTO BiHa!

DIFS + BigcTpouyka

Jqe N*¥ — KUIbKICTh aKTHBHUX CTaHIil B Mepexi; N*/2 —
KUIBKICTh Map, MK SKHMH MOXXE€ BHHHKHYTH KOJI3isl.
CraHIii, mo NOTpamwid B KOMNi3il0, UIA HACTYITHOL
crpoOu 301IBIIYIOTh KOHKYPEHTHE BIKHO, TOMY KUIBKICTh
ctaHniit N*, mo Oe3mocepeTHp0 OepyTh YIaCTh B KOHKY-
PeHIIl 32 AOCTYI J0 KaHally MEHIIE 3arajbHOro 4Yucia
aKTUBHUX CTaHIIi B Mepexi N.

I3 BU3HaYeHHS BIPTYaJbHOI'O KOHKYPEHTHOI'O BiKHA
Oe3nocepeIHHO BUILTUBAE, MO KiTBKICTh BUTHHUX 9aco-
BUX CJIOTIB JOPIBHIOE Oe3M0CcepeIHhO 3HAUCHHIO BipTya-
JIBHOTO KOHKYPEHTHOT'O BiKHA

ng =VCW . (4)

Haseneni Buie criBBiIHOIIEHHS JaI0Th MOYKIUBICTE
BpaxyBaTH OCHOBHI MIPOIIECH, [II0 MAIOTh MicCIle B Oe3mpo-
BoJoBil Mepexi 802.11 mix yac nmepenaBanus iH(opma-
IIAHUX TTOTOKIB.

Po3paxyHku 3poOneHO A BUMANKIB, KOJH JIaHi
mepenaroTs i3 3actocyBanHsaM npoTokoiiB TCP ta UDP.
YacoBy miarpamy (YHKIIOHYBaHHS MEpEXi B PEXUMI
RTS/CTS napuc.1 [1].

BianpasHuk | | RTS OAHI t
|
I
| <> <> <>
[ SIFS SIFS SIFS
Otpumysay ! ! cTs ACK t
| |
|
| |
| | !
| |
| DIFS ;
IHwi | e NAVRTS) ——————» / / Bincpouka
| I
| b NAV (CTS) >, BigcTpouka nicns
BigKknageHoro AocTyny
Puc.1 — Jliarpama pexxumy RTS/CTS 6e3npoBooBoi Mepexi cranmapty 802.11a
T sMoire 2075 Mirlo
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Puc.2 — MakcuMainbHa IIPOITYCKHOI 3aTHICTE 0e3poBOIOBOT Mepeski
cranzaapry 802.11a B pexxumi RTS/CTS

0 200 400 600 800 1000 1200 1400 1600

Puc.3 — IlpomyckHa 3maTHiCTH 0e3mpOBOJOBOI MeEpexi CTaHAAPTY
802.11a B pexxnmi RTS/CTS 3 ypaxyBaHHAM KOMi3iid
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Puc.4 — 3ajexHiCTh CEpeHBOr0 Yacy 3aTPHMKH IepeaBaHHs KaJapy
nanux B Mepexi 802.11a B pexxumi RTS/CTS

ITix wac po3paxyHKy BpaxoOBaHO BUTPATH Yacy Ha
nepeaBaHHsl 3arojoBKiB Ta TIEPEBIPOYHUX OJIOKIB
nepen0aYeHNX 3raJJaHiMH MPOTOKOJIAMH, a TAKOX BH-
TpaTH, 00yMOBJICHI BUKOPHCTaHHSIM NpoTokoiy SNAP.
Po3paxyHok 3po0eHO /Uil KaapiB 3 pi3HUM HaBaHTaKCH-
HsM, a came: 64, 128, 256, 512, 1024, 1500 GaiitiB, mjs
MEpeX, B IKUX KUTBKICTh aKTUBHUX CTAHIIIN 3MIHIOETHCS
Bix 2 10 14. Jlns po3paxyHKy BHKOPHCTAHO MapameTpH
(hYHKITIOHYBaHHST MEpeXKi, sKi mepe0adeHo Jsl CHrHa-
nbpHOT mBHAKOCTI 24 MOiT/c (MakcuManbHa 000B’sI3K0Ba
MBHUIKICTE crierudikarii 802.11a).

Pe3ynbraTi po3paxyHKiB HaBeZeHO Ha puc.2 Ta 3.

Sk BummuBac 3 rpadika, HaBeIeHOTO Ha puc.2 3a ine-
AIBHUX YMOB IlepelaBaHHs 0e3 ypaxyBaHHS 3aTPHMOK
00pOOJICHHSI CHTHAJYy alapaTHUMH 3aC00aMH MaKcHUMa-
JBHA TIPOITyCKHA 3JATHICTh KaHAIy MepeXi CTaHIapTy
802.11a B pesxumi RTS/CTS morke Biipi3HATHCS B KiJIbKa
pa3iB IOPIBHSHO i3 3asiBIIEHOIO MBHIKICTIO 24 MbiT/C.

PesynbpraTi po3paxyHKy cepelHbol 3aTPHMKH 4acy
nepeaBalHs KaJpy JaHUX Ta HEPIBHOMIPHICTH 3aTpH-
MKH (JDKMTEp) HaBeJIeHO Ha puc. 4 Ta puc.5.

BUCHOBKHI

3acTocyBaHHsI KOHIICMIT BIpTYalbHOrO KOHKYPEHT-
HOTO BIKHA JI03BOJIIE€ YCT@HOBUTH UITKHH 3B’SI30K MIX
yciMa CHCTEeMHHMH ITapaMeTpaMH Mepeki 1 iIMOBipHic-
HUMH TTOKa3HUKaMH NPOLIECy MepeaaBaHHs IaHHX.

Po3paxyHOK pOmycKHOI 3IaTHOCTI Mepeki JO3BOIIIE
00TpyHTYBaTH HEOOXITHICTh 30UTBIIYBATH OOCATH KOPH-
CHOTO HAaBaHTAXCHHS B KOKHOMY KaJpi Ui 301IbIICHHAS
MPOITYCKHOT 3/JaTHOCTI MEPEXKi.

3aTpuMKa TepenaBaHHS KaApy JaHHUX 3aJEXKHO Bif
TUIy MYyJIbTHMEAiHHOI iHpopMarii (Manmi oOcsru uis
rojocoBoro Tpadika 1 BeIMKI I TepenaBaHHI
Hapiitnuia no penakuii 24 ksiTus 2019 p.
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Puc.5 — I'padix 3MiHN [pKUTEpa B MEPEXKi 3 PI3HOIO KIIBKICTIO CTaHIIH
B pa3i KOPUCHOTO HAaBAaHTAXKCHHS BCIX KaapiB 64 OaiiTiB

(POBHX TaHHUX) MOXKE 3MiHIOBATUCH B JTyXKe MIUPOKUX
Mexax Big 450 mo 1300 mkc, a mxutep Big 600 1o Maiibke
4000 Mxc (Ha mpukiani Gairie 3 KOPUCHAM HaBaHTaKEH-
HsAM 64 OaiiTiB).
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DakynbTeT MEKTPOHUKH

HanuonaneHbll TEXHUYECKUH YHUBEPCUTET Y KPAUHBI

"KueBckuii monuTexHUIecKuid THCTUTYT nMeHN Uropst Cukopckoro”
Kues, Ykpauna

Annomayun—B cTaTbe NMpUBeeHbI Pe3yabTATH NPUMEHEHHs] KOHIENMIMH BHPTYAJIBLHOI0 KOHKYPEHTHOTO OKHA ISt
omnpe/eleHHs] TAKAX KaYeCTBEHHBIX IOKa3aTeJeil Kak NMponyckHasi cnoco0HocTh OecripoBojaHoii cetn Wi-Fi, 3agepikka
nepeiayyn Nakera JaHHBIX 4Yepe3 0eclIPOBOIHON KaHAJ, BEPOATHOCTh NMOTEPH MaKeTa JaHHBIX, JukuTTep. IlpakTHUeckne
pacueTsl ceJaHbl 1A ceTH, pyHKuuoHupywomei no cnenuduxanuu 802.11a B pe:xxume RST / CST ¢ yuerom kosu3mi,
HMEIOLINX MeCTO B CeTSX ¢ 00JIbIIMM KOIHYecTBOM aKTHBHBIX cTaHIMii. B craThe paccMoTpeHna nieanbHast ceTb. To ecTh
Takasi, 111 KOTOPOil He YYHTHIBAIOT BJMSIHHE IIOMeX U NPensiTCTBHIl, KOTOPble HMEIOT MeCTO B peajibHOI GecrpoBOHOI
ceTH.

buba. 4, puc. S.

Knrouesvie cnoea — becnpoeoonasn cems; gUpmyanbHoe KOHKYPeHMHOe OKHO; KOJLMU3UA; KOHKYPEHMHbLIL 00CHYn; noie3-
Hasa Hazpy3ka; nponycknas cnocoonocmu; pexcum RST/ CST.
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Abstract—The article presents the results of the application of the concept of a virtual competitive window to determine
such qualitative indicators as the bandwidth of the wireless network Wi-Fi, delay transmission of the data packet through
the wireless channel, the probability of loss of data packet, jitter. Practical calculations was made for a network operating
on the 802.11a specification in RST / CST mode, taking into account the collisions occurring on networks with a large num-
ber of active stations. The article considers the ideal network. That is, the one that was neglected by the effects of interference
and interference occurring in the real wireless network.

The paper examines processes in a wireless network with saturated load as quasi-stationary processes. On the basis
of such a concept, the parameter named "Virtual Competitive Window' was introduced. Our research has allowed us to
obtain the calculated relations, which establish the unequivocal connection between the system parameters of the network
and the stochastic parameters of the network operation process.

The results of the research are useful for improving the settlement ratios for determining the parameters of the quality
of the 802.11 wireless network in the mode of competitive access.

The above calculations do not take into account the effects of interference and interference occurring in the real wireless
network.

The calculation takes into account the time spent on transmitting the headings and checking blocks provided by
the mentioned protocols, as well as the costs associated with the use of the SNAP protocol. The calculation is made for frames
with different loads, namely: 64, 128, 256, 512, 1024, 1500 bytes, for networks in which the number of active stations varies
from 2 to 14. To calculate the parameters of the network operation, which are provided for signal speed, are used. 24 Mbps
(maximum required speed of the 802.11a specification).

The calculations are made for cases where the data is transmitted using the protocols TCP and UDP. Chart of network
operation in RTS / CTS mode is presented in the article.

Thus, the results of the research are graphical dependencies for maximum bandwidth of the 802.11a wireless network
in RTS / CTS mode, 802.11a wireless network bandwidth in RTS / CTS mode with allowance for collisions, the dependence
of the average latency of data transmission on the 802.11a network in RTS / CTS mode and jitter change curve in a network
with a different number of stations in the payload mode of all frames of 64 bytes.

Determined that the transmission delay of the data frame depending on the type of multimedia information (small vol-
umes for voice traffic and large for the transmission of digital data) can vary in very wide ranges from 450 to 1300 micro-
seconds, and jitter from 600 to almost 4000 microseconds (for example, files from payload of 64 bytes).

The research is relevant because, under ideal transmission conditions, without taking into account signal processing
delays by hardware, the maximum bandwidth of the 802.11a network channel in RTS / CTS mode may vary several times
compared to the declared 24 Mbps rate.

Ref. 4, fig. 5.

Keywords — wireless network; virtual contention window; collision; competitive access; payload; bandwidth; RST / CST
mode.
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