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Abstract: The procedure of frames exchange between client computers and a wireless access point based on 802.11g
standard is analyzed in details. We have obtained the expressions which allow calculate the potential bandwidth of such

wireless network.
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BCTYN
[IpoGiiemMam TEOPETUYHOTO PO3PaXyHKY 1 BUMIpY
peanbHOL MPOITY CKHOL CITPOMOYKHOCTI y

0E3MPOBITHUX JIOKAJIbHUX KOMITTOTEPHHUX Mepekax
npucBsiueHo psan myOmikanid. [Ipore B nux poborax
BHU3HAYAETHCS NPOIYCKHA CIPOMOXKHICTh JIMIIE Ha
KaHaIbHOMY piBHI ans JokambHuX Mepex IEEE
802.11g [1], mo QYHKIIOHYIOT Yy HE3AICKHOMY
(Ad Hoc) pexumi, abo Ha TpaHCIOPTHOMY piBHI
mumre s Mepexk craHmapry IEEE 801.11b [2],
(dopmatu KaapiB y AKHX iCTOTHO BiAPI3HSIOTHCS Bix
Mepex, 1o BUKoHaHi 3a ctannaptoMm IEEE 802.11g.
Kpim Toro, =i y 6a3oBomy cranmapti IEEE 802.11,
HI B JiTeparypi He pO3TISHYTI 4YacoBi Hdiarpamu
0OMiHY KaJpaMH MiX KIIEHTCHKAMHU CTaHISAMH 1
TOYKOIO JOCTYITy TPU OpraHi3allii ceaHciB 3B'I3Ky B

MepeXi Ha TpPaHCIOPTHOMY piBHI. bBinmbmmicTs
aBTOpiB ~ myOmikamii 3  gaHoi  mpoOiemu
00OMEXYIOTBCS UTIOCTpaIlicto OOMiHY IMIIE MiXK
KkiienTcbkuMu craniigsMu B Ad Hoc-ceTsax, a mesiki
HaBiTh IMOMMJIKOBO TPAaKTYIOTh Iepegady KalpiB
yepes TOUKy aoctymny [3, puc. 2.12].

Mertoro naHOi pOOOTH € AETaJbHE PO3KPUTTS
mpouenypu OOMIHY KaApaMd MK KIII€EHTCHKHUMH
KOMIT'IOTEpaMH 1 6a30BOI0 CTaHLIE Y OE3MPOBIAHNX
JToKanpbHUX Mepexkax WiFi mpu mepenadi JaHWX 110
nporokonax TpaHcrnopTHoro piBHs TCP 1 UDP mns
OTPUMaHHsS BHpa3iB, IO IO3BOJAIOTH OLIHUTH
MakCUMaJbHO MOJIMBY LIBHIKICTH  Hepeaadi
KOpHUCHOi iHpopMaIii MK KOpHCTyBadaMH MeEpeKi
IEEE 802.11g sx y 0a30BOMYy pexXHMi, TaK i
HAsBHOCTI TPHXOBAHMWX CTaHIil 3a BIiJCYTHOCTI
KOJI3ii 1 mepenmtkoa y KaHami 3B's3Ky. llpm mpomy
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nepen0adaeTbesi, IO  Mepeka — Ipalioe B
THQPACTPYKTYpHOMY pPEKHMi, TpPU SKOMY OOMiH
KaJpaMH B MeEpexXi 3HIHCHIOETBCS dYepe3 TOUKY
noctymy AP (Access Point).

IIpomyckna CIPOMOJXKHICTB (edpexTrBHA
LIBUIKICTh Tepeadi JaHWX) BIpTyaJIbHOTO KaHaly
MDK JBOMa KIIEHTCHKHMH CTaHIIIMH MEpexi,
CTBOPEHOTO Yy TIPOIIeCi BCTAHOBJICHHS 3'€THAHHS Ha
TPaHCIIOPTHOMY DiBHI, OOYHCIIOETHCS KUIBKICTIO
KopucHOI iHpopMarii y 6itax Np, IO BHUIAETHCA
oJIep KyBadeBi 3a 4ac CeaHcCy 3B'A3Ky B CeKyHAax T,

Vetr=Ng/ Ts. (1)

IIponienypa ceancy 3B's3ky mo mpotokoiry TCP
MDK 1BoMa KiieHTChbKUMH cTaHiisMu STA-1 1 STA-
2 uyepe3 Touky gmoctymy AP Brmouae dazy
BCTAHOBJICHHS  3'€MHAHHI MDK  JDKEpeloM 1
onepxkyBaueM, (asy mepemaui jmaHux, (¢asu
3akpUTTSA 1 po3'ennanHs [2, 3]. 3 ypaxyBaHHSIM

Or0 Yac CeaHcy 3B'I3Ky MPEINCTAaBUMO Y
HACTYIIHOMY BHUIJISIIII:
Ts=Tc + Tor-rer + T, ()

ne Tc —yac BCTaHOBJICHHS 3'¢qHAaHHA, Iprrcp — Yac
(hasu mepemaui manux; Try — yac (a3u 3aBepIIeHHS
Ta po3'€THaHHS.

Jdnst BU3HA4YeHHS TpuBaioCcTi (a3 3'€JHaHHS,
nepeaadi AaHuX 1 pos'eIHAHHA MOOYAYyEMO YacoBi
JiarpamMy CeaHcy 3B'A3Ky MiX JBOMa KIEHTCHKHMHU
KOMITIOTepaMH. 3 Ii€l0 MeToH OYyB MpoBeIeHHH
JNETabHUM aHalli3 Tpolecy OOMiHYy Kajapamu B
OE3MpOBiAHINA JIOKANBHIA Mepexki, 10 TMpamie B
IHQPACTPYKTYpHOMY  pEXHUMi, 3a  JTOTIOMOTOIO
NporpaMd  MOHITOPHHTY Ta aHaji3y MepeKeBUX
naketiB CommView for WiFi.

Yacosa miarpama oOMiHy KaJpaMu i TakKeTaMH Ha
KaHAJIBFHOMY 1 TpPaHCIIOPTHOMY pIBHIX Yy Ipoleci
BcraHoBieHHS TCP-3'3mHanHs 300paxkeHa Ha puc.l.
Jus  pospi3HeHHS  OJIOKIB  TOBIOMIIEHB, IO
MepeaaroThCsl Ha KaHaJBLHOMY piBHI Bim OJIOKIB,
nepeaadi Ha TPaHCHOPTHOMY piBHI, Ha Jiarpami
BHKOpHCTaHi BimmosimHo Ha3Bu "Kaap — Frame" i
"[laker — Packet".

Kmienrceka craniis STA-1, BUSBHMBIIH, IO
KaHaJ »3B'SI3Ky BUIBHUIA, BUTPUMYE OOOB'SI3KOBY
may3y Tps, MCIA 3aKiHYEHHS SKOI 3aITyCKAEThCS
TCHEpaTOp BUMAJKOBHX YHCEN 1 OOYMCIIOETHCS Yac
3BopoTHOro BimIiky (Backoff) Tgo. Skmo kanan
3B'SI3Ky ~ MmicAsA  3aKkiHYeHHs  iHTepBaly  Ipo
3QJIAMIAETHCS BUTHHUM, TO cTaHIliss STA-1 dbopmye
TCP-cerment  3i BCTaHOBJIEHUM parnopoMm
cunxponizanii SYN1:1 i HyJTb0BUM TONIEM IaHHX.
Ileth cerMeHT Ha MEpPEKEBOMY PiBHI TOTIOBHIOETHCS
IP-3aronoBkoM, B sIKOMYy BKa3ywoThcsi [P-aapecu
cranuiil npusHauenns STA-2 i BignpaBauka STA-1.

ChopMoBanuii TakeT IHKAICYIIOEThCA B KaJp
KaHaJIbHOTO PiBHS, Y KoMy MicTsaTbca MAC-anpeca
toukn nocrymy (BSSID), omepxysaua STA-2 i
mxepena STA-1. Touka noctymy mnpuiimae TCP-
makeT 3 0ITOM CHMHXPOHI3aIlil i, 32 BiICyTHOCTI B HIM
MIOMMJIOK, MICISl BUTPUMKH OOOB'SI3KOBOi KOPOTKO{
Mixkaapooi nay3u SIFS, Bianpasmnsie craniii STA-
1 xamgp mATBEpKEHHSI Ha KaHAIBHOMY piBHI (Kamp
MAC-ACK).

STA-1 AP STA-2
ToiFs : :TI:IIFS
Too | Packet TCRSYNT | [ Tea
TSYN __TSYN
FaiFs 1 Frame Mac-4cK __Tsws
Tackmac | Tackmac
Tors | ToiFs| ToiFs
oo | Teo | Packet TCP:Syn1:1 | TB0
TN Tevn
TsiFs Tairs

+ 1 Frame MAC-ACK
T.ﬁ.l: K—Mﬁ.l:“ /___TM Kb
ToiFs | ToiFs

Teo Packet TCP:
SYMNZ 1, ACK: Tea

T il 1
ACK-TCP | TackTer

.
SIFS Frame MaC-aCHK | /5IFS

TM K-M: ix TM KA

ToiFs | 1 Toirs
Too Packet TCP: Too
T 4 SNZ L BOK T
ACEKE-TCP / TﬁEK—TCF
Tars ]| 1 T
1 FrameMAC-ACK 1 -_TS'FS
T KL \_)- Tackmas
ToiFs 1 L Toirs
Too | packetTcPackt | 1 Ts0
TMK—TCF“ __TMK-TCF
.
TS P2 | Frame Mac-acK___| IRELE
.ﬁEK—MﬁE- 1 __T.&EK-M&E
v f - # - #

Puc.1 — Yacosa aiarpama o0MiHy kagpamu i
NMaKeTaMHU MiK KJIIEHTCbKUMH CTAHIISIMU i TOYKOI0
aoctyny B nmpoueci BctanobyeHHs1 TCP-3’eqnanns

Ha nactynHoMy erami To4ka JOCTYIy, HApiBHI 3
KIIIEHTCHKUMH CTaHIIISIMH MEPEXi, BKIIOYAETHCH Y
KOHKYPEHTHY OOpoThOy 3a OTpHMaHHS IOCTYITY IO
cepenoBuma. JIisi bOro BoHa Bifytiuye 00OB'I3KOBI
inTepBanu Tprrs Ta Tpo 1, 32 BIICYTHOCTI HECY4OrO
CUTHAJy B KaHAIi, BiATpaBIIsie CTaHI[il MPU3HAYCHHS
MaKkeT 3aluTy Ha BCTAHOBJICHHS 3'€qHAHHS (TTaKEeT
TCP: SYNI1:1).

STA-2 migTBepIKye TMPAaBWIBHICTh MPHHAOMY
Kaapy Ha KaHAJTLHOMY PiBHI 1 MICISI KOHKYPEHTHOT
OopoTeOM 3a KaHaJd  BIANpaBIse TMakeT 31
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BCTAaHOBIECHUMH Yy 3arooBky TCP mpamopamu
MiATBEPKECHHS BCTAHOBJICHHS 3'€qHaHHs (TIpamop
ACK BcraHoBneHu# B 1) i 3aUTy Ha BCTAaHOBJICHHS
3'eqHanHs 3 Ooky craHmii 2 (mpamop SYN2:1).
IMotim anamoriuauM umHoM makeT TCP:SYN2:1;
ACK:1 JIOCTaBIISIETHCS cTaHmil STA-1.
[linTBep/KeHHST BCTAHOBIEHHS 3'€MHAHHS 3 OOKY
STA-1 mepemaeTbCcsi aHAIOTITHO OKPEMHUM ITAKETOM
31 BcraHOBJIeHUM Y 3aronoBky TCP 6itom ACK, abo
y CKJaJli HACTYITHOTO TaKeTy AaHuX. llel maker Ha
JacoBiil miarpami He MOKa3aHUH.

[puknanue TIOBiJJOMJICHHS nepeacTbes
oJepKyBaueBi (parmMeHTamMu po3MipoM He Oinblie
1460 GaiiTiB y 3B'SI3Ky 3 THM, III0 PO3MIp MaKeTy Ha
IP-piBHi 3 BpaxyBanHsM TCP- i IP-3aromoBkiB He
nmoBuHeH  mepeBuuryBat 1500  OGaiitiB. VY
KpaiiHbOMY, TipIIIOMY, BHITQJKy B TpOIEci 0OMiHY
iHbopmMarliero MK  KITEHTCBKUMHU  CTaHIlISIMH
0e3repepBHO NEePEIAEThCS JIUIIEC OJUH MaKeT JTAaHHX.
BoueBuap, mo egekTrBHA MBUAKICT B TAKOMY pasi
Oylle MiHIMQJIBHOIO YHACIIJOK HAsSBHOCTI BEJIHMKOL
OUTOMOT ~ 4YacTWHHM  ciayxOoBoi  iHQopmamii i
TpuBanux OOOB'A3KOBUX IHTEPBAIIB UYEKAaHHA MiX
repeaadeto Kaapis.

VY peallbHEX yMOBaX KUIBKICTh TaKETIB JaHUX,
1110 Oe3MepepBHO MEePeNalThCsA 063 UCKaHHS MaKeTy
migrBeppkeHHss TCP:ACK 3anexxuTh Bif IIUPHHA
BikHa Window, MakCUMaTbHHH PO3MIp SKOTO MOXE
mocsrati 64 KoOaiit, To0TO0 44-X  makeriB
MakCHUMajJbHOI  JOBXMHH.  EKcHepuMeHTaIbHi
JOCIIUKEHHS MOKAa3ajad, 10 KUIBKICTh MaKeTIiB, IO
Oe3repepBHO nepeIaloThCS y JIOKaNbHIA
0E3MPOBIIHINM MEPekKi KOTUBAETHCS BiJl 2-X 10 6-TH.

YacoBa miarpama OOMiHY KaJpaMHu 1 MakeTaMu
MK KTIEHTCBKUMH CTaHIIISIMHA 1 TOYKOIO JIOCTYIIY TI0
nporokony TCP y ¢asi nepenaui janux 300pakeHa
Ha puc.2. Ha pmiarpami moOKa3aHO BHUMAIIOK
Oe3mepepBHOI TIepenadi MBOX MmakeTiB maHux. [lepen
MoyaTKOM Tmepenadi makeTiB  craHmis STA-1
MOBUHHA BUTpPaTH y KOHKYPEHTHiH OopoThOi 3a
noctyn 1o cepenosuina. Lle BinOyBaeTbes nuimie B
pasi, SKIIO Yac 3BOPOTHOTO BiMIKy Io B HaHii
craHuii Oynme HaliMeHmIe Yy TOpPIBHAHHI 3
AHAIOTIYHAM TapaMeTpoM B IHIIUX CTaHIIAX
JIOKaTBHOI MEpeXi, IM0 HaMararoThCsA iCTaTH
JOCTYN A0 KaHally, BKIIOYAIOYH i TOYKY JOCTYILY.
Ha piarpami, 3 MeTol0 3MEHIIEHHS ii PO3MIpiB,
inTepBan 1po, MO BUTPUMYETHCS CTAHITISIMH TIEPE
Bianpaskoto nakery miarBepmkeHHs TCP:ACK, ne
MOKa3aHUil.

[Iporiec 3akpuTTA 3'€THAHHS TOJNATAE B TOMY,
10 OJIHA i3 CTaHIlIN IMMOBHMHHA BiIIIPAaBUTH ITaKeT 31
BCTAHOBJIEHUM B OJAMHWYHUHN cTaH mpanopom FIN.
[linTBep/KeHHST TPAaHCTIOPTYBaHHS TaKOTO IIaKeTy
3MIACHIOETHCS OKPEMO SK Ha KaHAJIBHOMY, TakK 1 Ha
TPAHCIIOPTHUX PIBHIX.

BiampaBka onHi€0 i3 cTraHId Makery 3i
BCcTaHOBJIeHUM mparnopoM RST mpusBoguts 110
po3puBy  3'enHanHs. YacoBa  jgiarpama  mi€i
MPOIEAYPH aHAJIOTIYHA Aiarpami, o 300pakeHa Ha
puc.1.

STA-1 AP STA-2
Tors | 1 1 Tares
Teo 1 Packet TCP: Data; ACK | 1 Teo
TData Tosta
. 1 | 1
HFE L Framemacack L 1 Teirs
TACK—IUME ‘_(_/__‘_/"' TMK—M&C
BiFs | packet TCP:Dats; ACK | 1 TaEs
Thata Tosta
. 1 A 1
SIFS | FrameMAaC-aCK__| 1 Tsirs
TACK—IU‘IP\E TMK—MﬁC
Toirs | Toirs | Toirs
Too L TB'Z'_ Packet TCP: Date; ACK | 780
TData Tosta

.
SIFS | Tairs

T <+ Frame MAC-ACHK
TACK—IUME__ _‘_////:_ TAEK—I\.IU—‘LC

Toirs | Packet TCP-Data; 20K | Toirs
TData 1 | Tosts
Tairs

; 1 4 Frame MAC-ACK - Tsirs
ACHMAC | | «//_ | Tackmac
Toirs T

. 1 T Packet TCR-ACK - (DIFS
ACK-TCR| / Fack-Tcp
TSIFS 1 1 Frame hMAC-ACH 1 TSIFS
Taginac| 1 | Tacknac
ToiFs Toirs

T + Packet TCPACK r T
ACK-TCP ‘/"’_/__- I TACK_TCP

ik | Framemac-ack 1 Tairs
TMK—IUU—‘\E

I | Tackmeac
t i i
Puc. 2 — Yacosa aiarpama nepeaadi 1aHuX Mix
KJIieHTCbKUME cTaHliavu o TCP-npoTokosry

CymapHi 4YacoBi BHTpPaTd HAa BCTAHOBJICHHS
3'emHanHs Tc, epenady naHux 1pr.rcp 1 3aBEPIICHHS
3'eqHanHs Try O€3 BpaxyBaHHS BTpaT KaJpiB i iX
MOBTOPHOI Tepe/avi  BH3HAYAETHCS HA  OCHOBI
MIPUBEICHUX YaCOBHUX Jiarpam.

Tc = 4(TowstTeot Tack-mac) T2(Tsyn + Tack-tep), (3)
Tro-rer = 4(Toiws + Tso + Tsips + Tack-mac) +
+ 2(Toata + Tack-tcp)s “4)

e TACK—MAC, TACK—TCP 1 TSYN - TpI/IBaJ]iCTB KaﬂpiB
niarBepkeHHss Ha MAC-piBHi, TCP-piBHi 1 makery
CHUHXpOHI3amii BigmoBigHO; TpaTa — Yac mepemadi
MaKeTy JaHUX 3 pO3MipoM iHPOPMALIHOTO TONS B
Kajpi JaHux Npata OQMTIB.

VY 3B'A3Ky 3 THM, LI0 YacoBa niarpama ¢asu
po3'eqHAHHS aHAJOTiYHA JiarpaMi BCTAHOBJICHHS
3'eqHaHHd, TO ITpn = Tc [Ana  po3paxyHKy
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IHTEpBANIB  4Yacy, MNOTPIOHMX IS  Tepenadi
CIIy’)kOOBUX KaJApiB 1 KajpiB Tmepenavi JaHUX,
PO3TISIHEMO CTPYKTYPY KalpiB, IO periaMeHTOBaHa
craamaprom [EEE 802.11g [5]. Ho ckiamy Oynb-
SIKOTO KaJpy BXOJSATH MpeamOyiia, CIy>KOoBe moie
SIGNAL i mone nanux xopuctyBaya (puc. 3).

PLCD Rate
15 | Preambie 4 Bits
LS 17 Reserved
Syrmbals 1 Bit
= o
its
ws | 1 OFDM
Syrmbal Parity
1 Bit
Tail
G Bits
DATA Senvice
OFD- 16 Bits
Svimbals
PSDU
Tail
G Bits
G Signal Pad
HE | Extension Bits

Puc. 3 — CtpykTypa Kaapy nepejavi 1aHux 1o
cranpapry IEEE 802.11g

[Ipeambyna ckimamaeTbcsl 3 KOPOTKHX 1 JOBTHUX
MOCITiJOBHOCTEH HaJaIITyBaHHS, 3arajbHa
TpUBANICTh AKUX cKnagae 16 mxc. Y momi SIGNAL
MICTSATBCS BiIOMOCTI TIpO IIBHIKICTH Teperadi
iHpOpMAaIiiHOT YacTUHH KaApy 1 JOBXKHHY TaKeTy.
Y HBOTO TaKOX BKJIIOYEHHUH OIT KOHTPOJIO NapHOCTI
Ta ImmectuOiToBUil XBocToBHK (Tail), OiTm sikoro
BCTAHOBJIEHI B HYJIbOBE 3HAYEHHS. XBOCTOBHK
npu3HaueHuid 1yist po3mexxyBaHHs monst SIGNAL i
MONIsi JNaHuX 1 CHYXXUTh Ui YCTaHOBICHHS B
MOYaTKOBUM CTaH 3roprajlbHOro kojepa. Iloze
SIGNAL «xonyetrbes omaum  OFDM-cumBomowMm,
TPHUBAIICTh SKOTO Pa3oM i3 3aXUCHHM IHTEPBaJIOM
nopiBatoe 4 wMkc. llepem  iHdopmariitHuMU
CUMBOJIAaMH TIONII JTaHWX pO3TamoBaHo 16-0iToBe
nonie SERVICE, mo BUKOHYe ciy)00BYy (QyHKLIIO i
sske (QOpMambHO BITHOCHUTHCS MO 3arojioBky. Cim
Woro mepmmx OiTiB MarOTh HYJHOBE 3HAYCHHS 1
CIyXaTh IS iHiIiam3amii ICeBIOBUIAAKOBOL
mociiIoBHOCTI ckpemOnepa. Hactymni 9 6itiB €
PE3EpBHUMH 1 TAKOK MAIOTh HYJIHOBE 3HAUYCHHSI.

Ilome pmaHMX 3aBepuIyloTh 6  XBOCTOBHX
HyboBUX OiTiB (Tail) i mekinbka momaTkoBUX OiTiB
(Pad). XBoctoBuk Tail cmykuth s iHimiami3amii
3TOPTAFHOTO Kojaepa, a Oitm Pad momoBHIOIOTH
octaHHI iH(popMaIliiiHi 6iTh 10 MOTPIOHOT KITBKOCTI,

sakoi Opakye mis kKomyBaHHS iXx omamM OFDM-
cuMBoJioM. 3a mpeamOynoto cmigye PLCP-
3arojIoBOK Kajpy, mo Bikiarouae momst SIGNAL i
SERVICE. Ilicna nepenayi OFDM-cumMBomiB mosns
JAHWX BBEJICHO 1HTEPBAJ PO3LUIMPEHHS TPUBATICTIO 6
MKC, TIPOTSITOM SIKOTO CHTHAJIM B KaHAJ 3B'I3Ky HE

nepenatoThest. Llei  iHTepBanm  BBENEHO  JUIA
3aBepIICHHS TpUIIMayeM MpPOIEAYpPH 3rOPTaIbHOTO
JIEKOlyBaHHS.

3 ypaxyBaHHAM TOTO, 110 MaKeTn
MIATBEPDKEHHS  KaHAIBHOTO 1  TPaHCTIOPTHOTO

pIBHIB, a TaKkOX NaKeTH JaHUX MEPENalOThCS Y
cKi1afi KaapiB Gi3UUHOrO PiBHA, TO BUTPATH Yacy Ha
ix mepemady OOYMCIIOIOTBCS — BIAMOBIAHO IO
dbopmymax.

Tsyn= Tor + Tsig+ Tex + Tsym X r(NSERV + Nrail +

+ 8(Hwmac + Hsnar + Hip + Hrcpsyn) ) / Nogps | ,(5)

Tack-mac= Tor+ Tsig+ Tex + Tsym %

X r(NSERV + Nrait T 8 Nack-mac ) /NDBPS—l , (6)

Tack-tp= Tor + Tsig+ Tex + Tsym X r(NSERV + Nrait +

+ 8(Hwac + Hsnap + Hip + Hrepack)) / Nogps | , (1)

Toara = Ter + Tsi6 + Tex + Tsym X |_(NSERV + Nrail +

+ 8(Hwmac THsnar tHip +Hrcp +Npata)) / NDBPS—L (8)

ne Tpr 1 Tsym — 4ac mepeaaui npeamOyJIu 1 OJHOTO
cuMBoOJIa BignoBimHO, Hycp, Hip, Hyac 1 Hsnap —
po3Mmip  3arojoBkiB y  OadTax  BIANOBiTHO
TPAHCIIOPTHOTO, MEPEKEBOTr0, KaHAIbHOTO 1 SNAP
PiBHIB; Nack.mac—PO3MIp Kajpy MiITBEPKCHHS
npuiiomy Ha MAC-piBHI y 0aiitax; Npgps
Kigpkicth 0iT Ha omuH OFDM-cumBon; Tgx —
1HTEpBaJ PO3IINPEHHSI.

[Mapamerpu moniB kagpy anst cranaapty IEEE
802.11g  [5], MmO  BUKOPUCTOBYBAJUCH Y
po3paxyHkoBux (opmynax (5-10) MarTh HACTYIHI
3HAYCHHS:

TPHUBAIICTh TaliM-cIOTy At=9 MKC; MiXKaapOBOi
nay3u SIFS Tsrs =10 Mic; MixkkampoBoi may3u DIFS
Toirs=28 w™kc; mpeamOynmu Tpr=16 MKc; mONA
SYMBOL Tsyy=4 mic; moasg SIGNAL Tgig = 4 MKc;
TPUBATICTh PO3MIUPEHHS [Ex=60 MKC; PO3Mip OIS
SERVICE Nggry =16 0iriB; mons Tail Nr,; =6 OirtiB;
3aronoBky MAC Hyac=34 OaiiTh; po3Mip Kaapy
ACK-MAC Nack.mac=14 06aiiTiB; po3mip 3arojoBKY
SNAP Hsnap=5 OafiTiB; 3aromoBky I[P  Hp=20
OaiiriB; 3aronoBky TCP Hrycp=32 OaiiTa; 3aroioBky
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UDP Hypp =8 0aiiTiB; MiHIMaJbHE 3HAYEHHS
JTYUATIBHUKA 3BOPOTHOTO BiTKY Chin=15.

Sk mokazaB aHadi3 MEpPEKEBOrO TOTOKY Mixk
KIIIEHTCHKUMH CTaHI[SIMH 1 TOYKOIO HOCTYITY, IUIS
YOPaBIiHHSI TOTOKOM BHUKOPUCTOBYETHCS BIKOHHUN
QITOPUTM, 3TiHO SKOMY TepeiaBay BiAmpanisie Ny
MaKeTiB JaHWX, HE YEeKAIOYH ITiITBEPIKCHHS Bill
omepxyBaua. Ilaker miarBepmxenas ACK-TCP
BIAMpPABISETECS HA TPYNy TAKeTiB [aHWX, IO
3aJIa€EThCA MIMPUHOI BikHA Ny. Y IbOMY BUNAIKY
dhopmyna (4) mpuiiMae HACTYITHHIA BUTIIS;

Tro-ter = 2 Nw (TowrstTsot Toata T siestTack-mac) +

+ 2(TowrstTsot Tsies T Tack-mactTack-ter),  (9)

OOMiH [aHMMH Ha TPAHCIIOPTHOMY piBHI II0
nporokoxy UDP 3giiicHIoeThCst 0€3 TMOTepeIHb0To
BCTaHOBJICHHs 3'€qHaHHA 1 0e€3 MiATBEPIKEHHS
MPaBUIBHOCTI NpUiioMy nakeTy. B Takomy pasi uac
rmepemadi TMakeTy BiJ CTaHINi BiANpaBHUKA IO
CTaHWIl oJep)KyBada 3 BpaxyBaHHSM PETPAHCIISLI]
MakeTy TOYKOK JOCTYIY pO3pPaxoBYETHCS IO
HACTYIHIN GopMyi:

Trp-upe = 2(TorestTeot Tsirst ToaratTack-mac), (10)

Y  OesmpoBimHUX Mepexax 3 (pyHKIiEO
po3noaiaeHol KOOpJIUHALIT  JTOCTYITy qac
3BOPOTHOTO BimliKy 7o BU3HAYAETHCS SK JOOYTOK
JNOBXHHHU TaiM-CJIOTy Ha BUmankose uucio Ci, 10
TCHEPYEThCS TEHEPaTOPOM BUIAJKOBHX YHCEN 3
pIBHOMIpHUM 3aKOHOM posmoniny [4]. Y paHii
pobotri mpu pospaxyHKy Tgo B skocti Ci
[IpUiMaocs cepelHe 3HAYEHHs, SIKe BHOpaHe 3
BHIIaJIKOBOT'O IHTEepBaly, 1o (opmyeThCs
reHepaTOpOM BHITAJIKOBUX YHCEN Y Hiama3oHi Bix 0
10 Cupin, T100TO  To=(AtXCiyin)/2. lLleit uyac,
BUXOIAuM 13 craHmaptHux 3HadeHb At 1 Cpin,
JIOpiBHIOE 67,5 MKC.

Ilpu po3paxyHKy NOTCHUIHOT MPOIMyCKHOT
CIPOMO’KHOCTI mependayaniocs, 10 3a 4Yac CEaHCy
3B'I3KYy MEPEIAETHCS Ay)KE BETNKA KUTBKICTh TTAKETiB
manux (>1000). B Takomy pa3i dacom, 110
BUTPAYa€ThCs HAa YCTAHOBKY 3'€QHAHHS 1 Ha HOTro
3aBEpPILICHHS, MOXKHA HEXTYBAaTU 3Ba)KalOUM Ha HOTO
May Belu4uHy. Po3mip BikHa Ny Oyno y3sTo
piBHUM 7, SKHH TPUHHATO 32 YMOBYAHHIM Y
mporokoni TCP. 3MiHIOIOYM KiJBKICTH OalTIB y
osomi Big 256 mo 1460, Ta miaCcTaBIAOYU HOTO Y
dopmymu  (9), (4-8) 1 (1) orpumyemo rpadik
3aJIe)KHOCTI TEOPETUIHOT MaKCUMAaIIbHOI e(peKTHBHOT

MIBUAKOCTI  Tepemadi  JaHUX 3 BIKOHHUM
aIroput™MoM  Vycpws 3 Tepenadero  OJHOTO
MiATBEpPDKEHHS  Ha TpHU MEpedaHi MakeTh 1 3

MiATBEPIKCHHSIM KOKHOTO TIakeTy V rcp.wi (pHUC. 4).

Ha mpomy »x Tpadiky TOKazaHa 3aJeXHICTh
e(eKTUBHOI MIBHAKOCTI Iepenaui JaHux Fypp IO
nporokony UDP. 3naukaMm X Ha MalloOHKY
Mo3HaueHa cepeqHs MIBUAKICTh Mepeaadi MaHuX I10
npotokony TCP, sika BU3HaueHa €KCIICPUMEHTAIBHO
3 BUKopucTaHHaM nakery [xChariot.

15

256 12 Filsis] 1024 1536

Puc. 4 — 3anexxnocti TeopernyHoi i peaabHOL
e(peKTHBHOI MIBHKOCTI Mepeaayi JaHUX HA
TPaHCNIOPTHOMY PiBHi Bif po3Mipy moas gaHux

Bumip eekTHBHOI IBUIKOCTI TPOBOIUBCS TPU
TeXHIYHIM mmBUAKOCTI mepemadui 54 MOit/c. 3a
KOJKEH ceaHC 3B'I3Ky mnepenaBaiocs 10 Moaiir
TEKCTOBHX TOBioMIIeHb. B mporeci BumipiB
3MiHIOBaJIacss JOBXKHMHA iH(OpMAIiitHOT YacTHHH
nakeTy nanux. [lepenaya 3aidicHIOBaIacs MiX IBOMa
CTalLliOHAPHUMH KOMIT'IOTepaMH, PO3TAIIOBAHUMH Ha
BigcTani 3 M OIMH BII OJHOro, 3a0e3ledYeHuMH
pamioamantepamu tumna D-Link, 1mo mpaioroTs mo
aNropuTMy, BHU3HadyBaHoMy craHjgaproM IEEE
802.11g y pexumi "only g". B sxocti 06a3zoBoi
CTaHLil BHKOPUCTOBYBaJacsi TOYKA NOCTYIYy THILY
LinkSys WRT-54GL.

Sk BuAHO 3 HaBeneHHX TpadikiB, po3paxoBaHa
mo oTrpuMaHuXx (opMmynax eQeKTHBHA IIBHIKICTH
nepeiavi JaHWX J0Ope 30iraeThCs 3 JaHWMH, IO
OTpHMaHi IpH  EKCIEPUMEHTAJbHUX  BUMipax
MPOITYCKHOI CIIPOMOXKHOCTI Ha peaJbHUX Mepexkax.
BinxuneHHst peanbHOI NMPOIMYCKHOI CIPOMOKHOCTI
BiJl TEOPETHUYHOI TOB'I3aHE 3 BTPATOIO IMAKETIB 3a
paxyHOK TepelIko]| i TMepenoBHIOBaHHA Oydepa, a
TaKOX Tepenaucio IyOOI0UNX MaKeTiB. Y MpoIleci
EKCIICPUMEHTY  CIIOCTEpIrajcs BHUIAIKH, KOJH
MaKCHUMalbHa  CKCIIEPHUMEHTaJbHAa  IIBHIKICTbH
NepeBHIyBaja TEOPETUUHY Ui BUNAAKY Iepenadi
OJTHOTO KaJpy MiATBEPIHKEHHS Ha KOXEH NepeIaHui
JoxepenioM nakeT (Vrcp-wi), IO IMOBIPHO TOB's3aHE
3 mepejavucro Kaipy MiATBEpAKCHHS Ha NEKUIbKa
makeTiB maHuxX. IlpoTe BUNAAKIB TEPEBUIICHHS
MaKCHUMaJbHOI IIBUAKOCTI BENWYMHU Vrcp.w; HE
criocrepiranocs.
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Abstract: The procedure of frames exchange between client computers and a wireless access point based on 802.11g
standard is analyzed in details. We have obtained the expressions which allow calculate the potential bandwidth of such

wireless network.
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INTRODUCTION

The purpose of work is the detailed revealing of
the procedure of frame exchange between client
computers and base station in WiFi WLANS during
the data transfer over protocols of a transport level
of TCP and UDP for receipt of expressions, allowing
to estimate maximally possible speed of payload
transfer between the users of the network of IEEE
802.11g in the base mode in default of collisions and
hindrances in a communication channel. It is thus
assumed that the network works in the
infrastructural mode while the frame exchange in the
network is carried out over the access point (AP).

The throughput of virtual channel between two
client stations of the network, created during the
connection establishment on a transport level, is
determined by payload content in the bits of N,
given to the recipient during the session of
connection in seconds 7Ts, i.e. is a transfer of
effective data rate V= Np/ Ts.

Procedure of connection session on protocol of
TCP between two client stations of STA-1 and STA-
2 through the access point AP includes the phase of
establishment of connection between a source and
recipient, phase of data transfer, phase of closing
and disconnection. For determination of duration of
connection phases, data transfer and disconnection
by the author temporal diagrams of connection
sessions between two client computers were built
and the detailed analysis of exchange process of
frames and packages in WLAN, working in
infrastructural mode with the help of program of
monitoring and analysis of network packages of
CommView for WiFi was conducted.

On receipt of calculation formulas it was taken
into account, that the client station of STA-1 during
the transmission of TCP-packages before consuming
the channel analyses its state. On discovering that
the communication channel is free, the station
maintains the obligatory pause Tprs, after expiration
of which the random numbers generator starts and
time of the reverse counting (Backoff) Tso 1is
calculated. If a communication channel remains free
upon termination of interval of Tpo, the station of
STA-1 forms a TCP-segment with the set flag of
synchronization of SYN1:1 and zero data field. This
segment on network-level is supplemented by an IP-
header, in which the IP-address of the destination
station of STA-2 and sender stations STA-1 is
specified. The formed package is encapsulated in the
frame of data link layer, in which MAC-address of
access point (BSSID), recipient STA-2 and source of
STA-1 are contained. The point of access accepts a
TCP-packet with the bit of synchronization and, in
default of errors in it, after self-control of obligatory
short interframed pause of SIFS, the frame of
confirmation sends the stations of STA-1 on the
channel level (a frame MAC-ACK).

On the next stage the access point, along with the
client stations of network, joins competition for the
receipt of access to the environment. For this
purpose it counts off the obligatory intervals of Tpjgs
and Tpo and when there is no supportive in a
channel it sends the package of request for
connection establishment (package of TCP:
SYN1:1) to the destination stations. STA-2 confirms
the correctness of frame reception on channel level
and after competition for a channel a package with
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flags of confirmation of connection establishment
set in the header of TCP (flag ACK is set in 1) and
request for connection establishment from the
station 2 (flag of SYN2:1) are sent. Then in a similar
way a package of TCP:SYN2:1; ACK:1 is delivered
to the station of STA-1. Confirmation of connection
establishment from STA-2 is sent similarly in a
separate package with set in the header of TCP by a
bit ACK or in composition of the next package of
information.

In the article the temporal diagram of exchange
of frames and packages between the client stations
and access point on protocol of TCP in the phase of
data transfer is presented. The case of continuous
transmission of two data packages is shown in the
diagram. During the construction of the diagram it
was taken into account that before the beginning of
packages transmission the station of STA-1 must
win the competition for access to the environment. It
happens only in case when time of the reverse
counting Tgo in this station is the least compared
with an analogical parameter in other stations of
local network, trying to get access to the channel,
including the access point. On a diagram, in order to
diminish of its sizes, the interval 7o, maintained by
the stations before the sending of package of
confirmation of TCP:ACK, is not shown.

The process of closing of TCP-connection is that
one of the stations must send a package with the flag
FIN set in the single state. Confirmation of transfer
of such package is carried out separately both on a
channel and on transport level. The sending of
package by one of the stations with the set flag RST
results in the break of connection. The temporal
diagram of this procedure is analogical to the
diagram of connection establishment.

On the basis of the temporal diagrams built by an
author the formulas are received, allowing counting
temporal expenses on connection establishment T¢,
data transfer of Tpr.rcp and completion of connection
Triv without considering the losses of frames and
their repeated transmission (5-9). The expenses of
time on the transmission of packages on data link
and transport levels were counted considering that
confirmation packages, and also data packages are
transferred in composition of of theoretically most
effective data rate Vrcp.wsc by a window algorithm
with the transmission of one confirmation on three
sent packages and with confirmation of every
package Vycp.wiare shown. On the same picture the
graph of effective data rate Vypp on protocol UDP is
represented. The average data rate on protocol TCP,
which is determined experimentally with the use of
package of Chariot, is shown with the symbols x. the
frames of physical level. In the article the formula
(10) of time expense for data transfer is shown also
on transport level on protocol of UDP Trpypp

considering retransmitting of package by the access
point. In the article the graphs of dependence

Measuring of effective rate was made at technical
transmission speed of 54 Mbit/s. For every
connection session 10 MByte of text messages were
transmitted. During measuring the length of
informative part of package of information was
changed. The transmission was carried out between
two stationary computers, located in the distance of
3 meter from each other, supplied with radioadapters
of D-Link type, working on an algorithm,
determined by the standard of IEEE 802.11g in the
mode of “only g”. As the base station the access
point of LinkSys WRT-54GL was used.

Researches showed that the effective data rate
calculated by the obtained formulas coincides well
enough with data, received during the experimental
measuring of throughput on the real networks.
Deviation of the real throughput from the theoretical
is connected with the loss of packages due to spikes
and buffer overflow, and also with the transmission
of doubled packages. In the process of experiment
there were cases, when high experimental rate
exceeded theoretical for the case of transmission of
confirmation frame on every package (Vrcp.wi) sent
by a source, that is obviously connected with the
transmission of one confirmation frame for a few
data packages. However there were no cases of
exceeding of maximum rate of the value Vrcp.ws.
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